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USE OF TRIODE CONNECTED TETRODES AS GROUNDED GRID AMPLIFIERS 

T h e  tetrode tube may be connected for hi-mu triode operation by placing t h e  grid and screen elements  a t  

the  same d.c. and s ignal  potential  (figure 1). Low-mu triode operation may be a p  p r o  x i  m a t e  d with t h e  

same tube by c o  n n e c t i n g the  sc reen  to the  pla te  (figure 2). T h i s  connection is not recommended for 

grounded-grid operation, a s  the  tube amplification factor is extremely low. 

Hi-mu triode connection, however, offers several  advantages  for sideband operation. F i r s t ,  no grid b ias  

or screen power suppl ies  a re  needed. In addition, the  drive l eve l  of t h e  grounded grid s t a g e  is compat- 

ab le  with t h e  power output l eve l  of the  modem sideband exciters.  Final ly ,  neutralization is not  required 

in a properly designed amplifier employing modem tubes .  

Certain te t rodes  do not perform well when connected i n  the grounded grid c o n f i g u r a t i  o n of figure 1. 

T h e s e  tubes  a r e  characterized by high p e r v e a n  c e, together with extremely small  spac ing  between the  

grid bars,  and between the  grid s t ructure  and the  cathode. Thus,  while performing in excel lent  fashion a s  

high gain t e t r o d e s, t h i s  family of tubes  a r e  unsuited for grounded grid operation. T u b e s  of the  4 -65A, 

4X150A/7034, 4CX250B and 4CX1000A type a re  in t h i s  c l a s s .  

For  proper operation of the  tetrode the screen requires much larger vol tages  than the  control grid. When 

t h e s e  e lectrodes  of t h e s e  high perveance tubes  a r e  t ied together t h e  control grid tends to draw tremen- 

dous currents  and there is grave risk of destroying i t .  For  example, in the  following table ,  the  control 

grid current of t h e  4X150A is 1.3 amperes a t  the  posi t ive  peak of the  driving cyc le  and t h e  screen cur- 

rent is about 0 .5  a m p  e r e  s. At the  same instant ,  the  p la te  current is only about  0.8 amperes. In other  

words, the  p la te  is getting only a third of the  current e m  i t t e d  by t h e  cathode instead of nearly a l l  the  

current! By any s tandards ,  such  a triode is unsatisfactory. Observe that  t h e  grid diss ipat ion is one thou- . 
sand times a s  great for the  high-mu connected tetrode a s  i t  is for the  tetrode-biased tube. 



4 x 1  50A Tetrode Comparison of Tetrode Biased and High-mu Triode Operation 
of Driven Cathode Amplifiers 

Hi-mu Tetrode Biased 
(Not recommended) 

D-C Plate Voltage 2000 2000 volts 
D-C Screen Voltage 0 250 volts 
D-C Grid Voltage 0 - 50 volts 
D-C Plate Current 250 250 ma 
D-C Screen Current 105 20 ma 
D-C Grid Current 30 5 3 ma 
Plate Dissipation 145 145 watts 
Screen Dissipation 5.7 6.3 watts 
Grid Dissipation 18 0.02 watts 
Plate Power Output 355 355 watts 
Plate Power Input 500 500 watts 
Driving Power 38 13.0 watts 
Stage Gain 10 28 
Cathode Impedance 86 120 ohms 

By far the best way to operate tetrodes such a s  the 4X150A, 4X250B or 4CX300A in a cathode driven I 

linear amplifier i s  to ground the grid and screen through bypass capacitors and to operate them at their I 

rated d.c. voltages, a s  shown in figure 3. The grid dissipation reduces to little or nothing when this i s  
I 

done and the stage gain i s  greatly increased. The screen dissipation i s  nearly the same a s  in the tet- 

rode connection. Greater stage gain can be obtained with this circuit because the driver does not have 

to supply large screen and grid losses. If it i s  desired to d i  s s i p  a t e  some excess of driving power, it 

should be expended in a resistive load (figure 4). 

Tetrodes such a s  the 4-125A, 4-250A, 4-400A and the 4-1000A are suitable for connection a s  grounded 

grid tetrodes because of their more favorable current division characteristic. In the case of the smaller 

tubes, the maximum power capability i s  limited by maximum grid dissipation. 

The following ratings apply to these tubes for triode connected, grounded grid service. 

OPERATING CHARACTERISTICS, ElMAC TETRODES, GROUNDED GRID CONFIGURATION 

4-125A 

D-C Plate Voltage 
0-signal D-C Plate Current 
Single-Tone D-C Plate Current 
Single-Tone D-C Screen Current 
Single-Tone D-C Grid Current 
Single-Tone Driving Power 
Driving Impedance 
Load Impedance 
Plate Input Power 
Plate Output Power 

volts 
ma 
ma 
ma 
ma 
watts 
ohms 
ohms 
watts 
watts 
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4 -400A 
(ratings apply to 4 -250A, within   late dissipation rating of 4-250A) 

0 D-C Plate Voltage 
Zero-Signal d.c. Plate Current 
Single-Tone d.c. Plate Current 
Single-Tone d.c. Screen Current 
Single-Tone d.c. Grid Current 
Single-Tone Driving Power 
Driving Impedance 
Load Impedance 
Plate Input Power 
Plate Output Power 

D-C Plate Voltage 
Zero-Signal d.c. Plate Current 
Single-Tone d.c. Plate Current 
Single-Tone d.c. Screen Current 
Single-Tone d.c. Grid Current 
Single-Tone Driving Power 
Driving Impedance 
Load Impedance 
Plate Input Power 
Plate Output Power 

volts 
ma 
ma 
ma 
ma 
watts 
ohms 
ohms 
watts 
watts 

volts 
ma 
ma 
ma 
ma 
watts 
ohms 
ohms 
watts 
watts 

P 
In all cases, grid current should be monitored. This may be accomplished by grounding the control grid 

through a 1-ohm composition resistor, bypassed by a . O 1  ufd disc ceramic capacitor (figure 5). The R-C 

combination serves to hold the control grid very near to ground potential. Grid current i s  monitored by 

measuring the voltage drop across the resistor. The indicating meter is calibrated in terms of grid cur- 

rent. For example, to have a meter range of 100 milliamperes, the series resistor plus the internal meter 

resistance should equal 100 ohms. 

For voice o p e r a t i  o n, the plate or grid current (as read on the meter) will reach some peak value less 

than the single tone meter reading. Under average conditions, the "voice" current peaks should be ap- 

proximately one-half the indicated single tone current. For example, a single tone plate current of 300 

ma i s  approximated by voice meter peaks of 150 ma. Driving the indicated voice meter peaks to equal the 

value of single tone current will result in severe overload distortion. 

Use of a high-C tuned cathode circuit in any grounded grid amplifier is mandatory if maximum efficiency 

and lowest intermodulation products are desired. The circuit need have only a Q of 2 or so. 

Page 3 
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GROUNDED SCREEN OPERATION OF TETRODE AMPLIFIERS 

One of the  design problems encountered i n  tetrode amplifiers is ensuring that  the  sc reen  element  o f  t h e  
tube is a t  rf ground even though a d c potential is applied to  it. T h e  problem a r i s e s  because  the  per- 
fec t  sc reen  bypass  capacitor h a s  not yet  been invented. Even the  bes t  capacitor con ta ins  residual in- 
ductance which (when added to  the  inductance of the  screen lead  of the  tube) inhibi ts  neutralization and 
encourages VHF parasi t ics .  One solution t o  t h i s  problem is to  eliminate the  sc reen  bypass  capaci tor  by 
rearranging the circuit .  

Figure 1 shows the  conventional d c return pa ths  wherein a l l  power suppl ies  are  returned t o  t h e  ground- 
ed cathode of the  s tage.  Meters a re  placed in the  common return l eads ,  and e a c h  meter reads  only the  
current flowing in  the  particular circuit .  

T h e  d ~ c  ground connection is removed from the  cathode in  figure 2 and placed a t  t h e  sc reen  terminal o f  
the  tube. Circuit  operation is s t i l l  the  same a s  a l l  power supply returns a r e  s t i l l  made to the  ca thode  of  
the  tube. T h e  only change is that the  screen r f  ground and d c ground a re  now the  same. The  cathode 
circuit  is a t  a negative potential  with respect  to the  c h a s s i s  by an  amount equal  to  the  sc reen  voltage. 
Also, the  return of the  high voltage p la te  supply and the  grid b ias  supply a r e  now negat ive with respec t  
to ground by the screen potential. T h e  cathode is bypassed to  ground, a s  shown. 

A pract ical  version of th i s  c i rcui t  is shown i n  figure 3. T h e  grid b ias  and sc reen  suppl ies  a r e  incorpo- 
rated in the  amplifier and terminals a re  provided for posi t ive  and negative connect ions  to  the  high volt- 
a g e  supply. A "tune-operate" switch is added which removes t h e  screen potential  for tune-up purposes.  
T h e  negative o f  the  p la te  supply "floats" below ground by the  value of the  sc reen  voltage. A res is tor  is 
placed a c r o s s  the  p la te  milliammeter a s  a sa fe ty  device to prevent the  circuit  from being accidental ly  
opened by chance  failure of the  meter. Note tha t  the  cathode bypass  capacitor must be  rated to withstand 
the full  sc reen  voltage. 

Operation of th i s  c i rcui t  is normal in  a l l  r espec t s  and i t  may be applied t o  any form of tetrode amplifier 
with good results.  

Another version of t h i s  circuit  is shown i n  figure 4. T h e  screen supply is placed between the  cathode 
and ground, and the supply must be capable  of pass ing  the  d c plate  current. T h e  screen current is t h u s  
"swamped" by the  pla te  current. Aside from the  extra  complication of high current screen supply, t h e  
advantage of an extremely s t a b l e  screen voltage source is gained, plus the  fact  that the sc reen  potential  
is added to  that  of t h e  p la te  power supply. The  plate  voltage, t h e r e  f o r e ,  is the  sum of t h e  p la te  and ' 
screen supply voltages.  

Screen current and plate  current should be monitored separately,  because  sc reen  current is s t i l l  t h e  bes t  
indicator of loading in  a tetrode amplifier s t age ,  and a l s o  because the  screen diss ipat ion rating must b e  
observed. 

The  res i s to rs  "R" se rve  to t i e  the  pla te  and screen suppl ies  to  ground in the  even t  of meter burn-out. 
T h e  res i s to rs  a r e  jus t  large enough s o  that they do not materially affect the  accuracy of t h e  meters. T h e  
grid meter and power supply a r e  "off ground'' by the  amount o f  the  d c  screen voltage and must be  ade- 
quately insulated. 





amateur service newsletter 
W6SAI 

T H E  3-4002  and 3 -10002  FOR AMATEUR SERVICE 
by William I. Orr, W6SAI 

The EIMAC 3 -4002 and 3 -10002 are zero bias triodes d e s i g n e d for grounded grid service in the high 
frequency spectrum. The tubes are rated a t  400 and 1000 watts plate dissipation, respectively. No exter- 
nal bias supply is required over the plate potential operating range of 2000 to 3000 volts. 

These tubes are especially suited for single sideband operation in the amateur service. Costly and bulky 
t 

screen and bias supplies are not required. The tubes are small and rugged, and are designed to fit into I 

modern, compact transmitter design. Best of all, the 3-4002 and the 3-10002 provide improved linearity I 

and a reduction of bothersome intermodulation products when operated in an approved circuit. 
I 

The 3 -4002 i s  r a t e d to 1000 watts P E P  input, and the 3 -10002 is rated to 2000 watts P E P  input. 
These ratings are established a t  moderate plate p o  t e n  t i  a 1 s, and result in third-and high-order product 
distortion figures better than -35 decibels below maximum output! 

Preliminary operating data for these tubes is given in figure 1, and suggested circuits are shown in fig- 
ures 2 and 3. 

Circuitry for the 3 -4002  

A simple operational circuit for the 3-4002 is shown in figure 2. The input circuit comprises a high-C 
tank (Ll-Cl), with excitation applied a t  a point which matches a 52 ohm driving source. The coil is bifi- 
lar wound, with the f i 1 am e n  t voltage applied to the tube via the coil. The grid of the tube i s  a t  ground 
p o  t e n  t i  a1  for both d-c and r-f The plate circuit consists of a pi-network (C5-L2-C6) with the output 
voltage monitored by a simple diode voltmeter. 

The Cathode Circuit 

Capacitors C3 and C4 form part of the cathode tuned circuit and comparatively high valves of r-f current 
flow through them. The specified capacitors are satisfactory for the 3-4002 tube in continuous service, I 
and will serve for the 3-10002 in intermittent duty. These two capacitors should be grounded to a com- I 
mon point at  the rotor of capacitor C1. Capacitor C2 carried the full excitation current and should be a 
transmitting type, a s  specified. i 

r 
Although specifically designed for c lass  B service, the 3-4002 may be operated a s  a c lass  C power am- 
plifier or oscillator or a s  a plate-modulated radio-frequency power amplifier. One can take advantage of 
the zero bias characteristic of the 3-4002 in c lass  C amplifiers operating a t  plate voltages below 3000 
volts by em p 1 o y i n g only grid-leak bias. If driving power fails, plate dissipation is then kept to a low 1 
value because the tube will be operating at the normal stat ic zero bias conditions. Operating conditions 
are listed below: I 

AS- 3 



Air Sockets and Chimneys for the 3-4002 and 3-10002 

In order to properly cool the seals and envelope of the 3-4002 and 3-10002, use of the EIMAC Air System 
socket i s  recommended. The SK-400 and SK-500 sockets are satisfactory; however, the new series SK- 
410 and SK-510 sockets are r e  c o m m e n d e d  for new equipments. These modernized sockets feature low 
cost, lighter weight design and simplified mounting. Low lead inductance insures proper tube operation. 

MAXIMUM RATINGS 

DCPLATEVOLTAGE 
D CPLATECURRENT 
PLATE DISSIPATION 
GRID DISSIPATION 

T Y P I C A L  OPERATION 

D C Plate Voltage 
D C Plate Current 
D C Grid Voltage 
D C Grid Current 
Grid Driving Power 
Plate Output Power 

The SK-410 socket may be used with the 3-4002, 4-250A, 4-400A series tubes, in conjunction with the 
SK-416 chimney (for the 3-4002) or the SK-406 chimney (for the 4-250A or 4-400A). The SK-510 socket 
may be used with the 3-10002 (with the SK-516 chimney) or the 4-1000A (with the SK-506 chimney). See 
tube data sheet for air flow and full cooling information. 
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Class C Amp. or Osc. 

4000 VOLTS 
350 MA 
400 WATTS 

20 WATTS 

3000 volts 
333 mA 
-75 volts 
130 m A 
25 watts 

730 watts 

f 

Class C Plate-Modulated 

3000 VOLTS 
275 MA 
270 WATTS 
20 WATTS 

3000 volts 
245 m A 
-90 volts 
100 m A 

18 watts 
550 watts 



Using the 3 -4002 on 50 MHz I 
The 3-4002 i s  rated for maximum service to over 100 MHz and makes an excellent ground e d grid . 
linear tube for 6 meter band. A suitable circuit for this service i s  shown in Figure 6. Neutralization i s  
not required and the am p 1 i f i e r i s  stable and free of parasitics. A standard tuned cathode input and pi- 
network output circuit are used, with the grid and plate current meters placed in the d-c ground return. 
The power supply shown in Figure 3 can be used with this amplifier. 

The amplifier may be built on a 10" x 14" x 3" a 1 urn i nu m chassis-box. Cathode circuit components are 
mounted within the box, with the plate circuit components placed atop the box. A complete cabinet, or 
enclosure should be built atop the chassis using perforated aluminum sheet. This will contain the various 
harmonics and reduce coupling between input and output circuits. The three grid pins of the 3-4002 soc- 
ket (EIMAC type SK-410) are grounded directly to the chassis by means of wide copper straps passing 
through the adjacent socket slots. The straps (cut from flashing copper) are soldered to the socket pins, 
then bolted to the chassis directly next to the socket. Tuned cathode circuit L l / C l  i s  mounted close to 
the socket to insure short leads. The "cold" end of the bifilar filament coil (Ll) is bypassed with two 
ceramic capacitors in parallel on each lead to bypass any r-f current flowing at this point. Input tuning 
capacitor C1 i s  mounted to the chassis in close proximity to the tube socket. All leads should be short 
and direct. Coupling capacitor C2 i s  placed near the tuned circuit and the lead from C2 to the input con- 
nector may be a length of 52 ohm coaxial cable. 

The blower i s  m o u n t e d to the chassis, forcing air into the box which escapes via the tube socket and I 

chimney. I 

F IGURE 1 
Operating Data For 

EIMAC 3-4002 and 3-10002 

Filament: 5 volts @ 14.5 amperes 

Socket: EIMAC SK-400 Air System Socket 

Cooling: Radiation and forced air 

Maximum Operating Temperatures: Base, 200" C; Plate seal, 225" C 

Typical Operation for minimum distortion products with 1 kw PEP input 
DC Plate Voltage - - - - - - - - - - - - - - - - - - - - - - 2 500 volts 

Zero Signal Plate Current - - - - - - - - - - - - - - - - - - 73 mA\ 

Single Tone d-c Plate Current - - - - - - - - - - - - - - - - 400 m A 

Single Tone d-c Grid Current - - - - - - - - - - - - - - - - - 142 m A  

Two Tone d-c Plate Current - - - - - - - - - - - - - - - - - 274 m A  

Two Tone d-c Grid Current - - - - - - - - - - - - - - - - - 82 m A  

Useful Power Output (PEP) - - - - - - - - - - - - - - - - - 560 watts 

Resonant Load Resistance - - - - - - - - - - - - - - - - - - 3450 ohms 

Intermodulation Products - - - - Typically more than -35 decibels below PEP level 
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Filament: 7.5 volts @ 21.3 amperes 

Socket: EIMAC SK-500 Air System Socket 

Cooling: Radiation and forced air 

Maximum Operating Temperatures: Base, 200" C; Plate Seal, 225" C 

Typical Operation for minimum distortion products with 2 kw PEP input 
DC Plate Voltage - - - - - - - - - - - - - - - - - - - - - - 2500 volts 

Zero Signal d-c Plate Current - - - - - - - - - - - - - - - - 162 m A 

Single Tone &c Plate Current - - - - - - - - - - - - - - - - 800 m A 

Single Tone d-c Grid Current - - - - - - - - - - - - - - - - - 254 m A 

Two Tone d-c Plate Current - - - - - - - - - - - - - - - - - 550 m A 

Two Tone d-c Grid Current - - - - - - - - - - - - - - - - - - 147 mA 

Useful Power Output (PEP) - - - - - - - - - - - - - - - - - 1050 watts 

Resonant Load Resistance - - - - - - - - - - - - - - - - - - 1700 ohms 

Intermodulation Products - - - - Typically more than -35 decibels below PEP level 

Figure 2: Grounded grid circuitry 
driven circuitry. Good tube lineari 
power sideband amplifier. 

e 1 i m i n a t e  s expensive bias and screen supplies required with grid 
.ty, plus use of tuned cathode circuit results in low distortion, high 

Parts List: 

C1 - -  1000 pF (Three gang b-c variable, with sections connected in parallel. J.W. Miller #2113). 
C2 - -  . O 1  p F ,  mica. 1200 volt. Aerovox type 1446. 

C3 - - . O 1  pF ,  mica. 500 volt. Aerovox type CM-30B-103. 

C4 - - same a s  C3. 
C5 - -  3500 volt rating. Effective tuning capacity; 2.5 pF per meter. 
C6 - -  500 volt rating. Effective tuning capacity; 25 pF per meter. 

L1 - -  See text. Resonates to operating frequency with C1 setting of approximately 13  PF per meter. 
Approximate dim e n  s i o n s are: 80 meters, 10 turns, 1-5/8" i.d., 3-1/4" long, tap 6 turns from 
ground. 40 meters, 6 turns, a s  above, 2" long, tap 3-1/2 turns from ground. 20 meters, 4 turns, 
a s  above, 1-1/4" long, tap 2 turns from g rou  n d. 15 meters, 3 turns, a s  above, 1" long, tap 2 
turns from ground. 10 meters, 1 turn, a s  above, tap 1/2 turn from ground. Make of 1/4-inch cop- 
per tubing, threaded with #12 insulated wire. 

L2 - - Make of 1/4-inch copper tubing, 3" i.d. To resonate to frequency with settings of C5 and C6 a s  
specified above. 

MI-- 0-750 m A  M 2 - - 0 - l m A  M 3 - - 0 - l m A  
R1 - - Internal resistance of meter M3 plus R1 totals 550 ohms. Meter reads 0-500 mA, full scale. 
T l  - - 5 volts at 14.5 amperes. Chicago type F-516. 
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RFCl - -  HF choke. B & W type 800. 

RFC2 - -  VHF choke. Ohmite 2-144. 

PC - - Three 100 ohm, 2 watt com p o s i t i  o n' resistors in parallel; shunt coil i s  3 turns, 1" diameter, 
length of resistors. 

9 B - -  115 volt blower. Minimum of 15 cubic feet per minute. Ripley #82. 

F I G U R E  3 

T1 - 2900-0-2900 volts @ 500 mA CCS. 115-230 volt primary. 1600 VA capacity. Chicago #P-2126. 

T2 - For 866A tubes: 2.5 volts @ 10 amp. 9 kV insulation. Chicago #F-210H. 
For 872A tubes: 5 volts @ 15 amp. 10 k V  insulation. Chicago #F-520HB. 

CHl - 10 Henries @ 500 m A.Resistance 40 ohms. Chicago #R-105 

RYL - DPST relay. Potter & Brumfield PR7AY, with 115 volt a-c coil. 

Note: 866A rectifier tubes may be used with 3-4002. Use 872A rectifier tubes for 3-10002. Xenon type 
3B28 may be substituted for 866A, and 4B32 for 872A. 

F I G U R E  4 
Pi -n  etwork circuit  for 3-10002 

C1 - 1250 volt, transmitting-type mica capacitor. Aerovox type 1446 or 1651-L. Two capacitors may be 
connected in parallel to obtain odd values of capacitance. 

80 meters: 1000 pF 15 meters: 150 pF 
40 meters: 450 pF 10 meters: 100 pF 
20 meters: 220 pF 

C2 - Same as  C1. Capacitance a s  follows: 

80 meters: 900 pF 15 meters: 90 pF 
40 meters: 375 pF 10 meters: 30 pF 
20 meters: 150 pF 

C3 - Same as C1. 0.02pF 

L1 - May be made of B & W Miniductor coil stock, a s  follows: 

80 meters: 2.5 pH 15 turns, 1" diameter, 8 turns per inch. (B & W #3014). 
40 meters: 1.1 p H  8 turns, same as  above. 
20 meters: 0.55 pH 7 turns, 3/4" diameter, 8 turns per inch. (B & W #3010). 
15 meters: 0.37 pH 6 turns, same as  above. 
10 meters: 0.3 p H 6 turns, 1/2" diameter, 8 turns per inch. (B & W #3002). 

Network may be adjusted by shorting capacitor C2 and trimming coil L1 until L1-C1 resonates to center 
of band of operation, or by making C2 variable and adjusting for maximum grid drive. 

B - 115 volt, 60 cycle blower. Ripley #81. 45 cubic feet per minute. 

RFCl - 30 ampere bifilar filament choke. Barker & Williamson FC-30 

Note: An alternative arrangement is to eliminate the bifilar filament choke and substitute a low-capac- 

ity filament t ran  s f o r m e r. (7.5 volts at 21.3 amperes). A suitable transformer i s  made by Tr ansformer 

Technicians, Inc., 2608 No. Cicero Avenue, Chicago, Ill. (Type #TTI-4173). 
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The Untuned Cathode Circuit 

Shown in figure 5 i s  a simple g r o  u n d e d grid amplifier circuit employing r-f chokes in the cathode in 
place of a tuned circuit. This  circuit i s  very popular, and may be employed with the 3-4002 or 3-10002 
provided the limitations of the circuit are  understood by the user. 

Any single-ended Class  B s tage  (regardless of the tube used) draws grid and plate current over only a 
portion of the operating cycle (approximately 180"). The input impedance of such a s tage,  therefore, does  
not represent a constant load. The waveform delivered by the exciter to  the grounded grid s tage  i s  great- 
ly distorted over the portion of the cycle that the  amplifier draws grid and plate current. Although pub- 
lished "input impedance" values may look a t  t r a c  t i  v e ,  they actually represent only the fundamental 
component of input impedance (useful for tank circuit "Q" calculation). Since the input load impedance 
of the c l a s s  B grounded grid s tage  is not a constant value, i t  i s  necessary to transform i t  to a constant 
impedance which will resemble 50 ohms over the complete operating cycle. This  i s  best done by a high 
C tuned circuit placed directly a t  the cathode of the grounded grid stage. 

The  3-4002 and 3-10002 are not unique in requiring a tuned cathode circuit. Good engineering practice 
requires i t  for any grounded grid amplifier to achieve best  1 i n e a r i  t y un l e s s  the amplifier i s  operating 
c l a s s  A. In short, grounded grid amplifiers may be built without the cathode tank circuit, but the fullest 
capabilit ies of the equipment will not be realized. Power output will be sacrificed, and poorer values of  
odd-order product distortion will be observed when the cathode tank circuit i s  omitted. The  degree o f  de- 
gradation will vary with the particular driver/amplifier combination used, and with the length of inter- 
connecting coaxial line. Typical measurements made with a c l a s s  A driver s tage  (well swamped) and a 
short length of interconnecting coaxial l ine between the driver and a grounded grid amplifier showed that 
when the amplifier cathode tank was  removed, the power output of the  amplifier s tage  dropped about 5%, 
the third order products increased a p  p r o  x i  m a t e  1 y 3-5 decibels,  and the fifth order products increased 
5-7 decibels.  The higher order products a l so  rose accordingly. I t  i s  possible that with an exciter having 
poorer output circuit Q, and with other lengths of interconnecting coaxial l ine that a greater degradation 
might have been noticed in performance when the tuned tank was removed. 

The  tuned cathode tank can be thought of a s  a refinement necessary for bes t  performance of a grounded 
grid c l a s s  B linear amplifier. I t s  u s e  i s  highly recommended. 

Filament coi l  L 1  i s  made of a section of %-inch diameter copper tubing with a length of #12 insulated 
wire passed through the center hole. Heavy conductors are soldered to each  end of the coil to  serve a s  
filament circuit leads. After the correct position of the excitation tap has  been found, i t  may be soldered 
in position. 

It is necessary to u se  some form of tuned circuit a t  this  point and to res i s t  the temptation to subst i tute  
untuned filament chokes. Use of the latter by t h e m s e 1 v e s will result  in  degradation of linearity to  a 
marked degree, and will make the amplifier more difficult to drive properly. 

Circuit Detai ls  

Pla t e  meter M I  i s  placed in the B-minus lead to the amplifier in order to  register plate current instead of 
cathode current (a combination of grid and plate current). The  negative return of the power supply, there- 
fore, should be "floating" a s  shown in figure 3. 

Since a great deal of power i s  produced in a small package, an EIMAC air system socket  and blower are 
recommended for use  with these  tubes in order to maintain the envelope and sea l s  a t  a low temperature. 
An alternative arrangement may be two separate  blowers, one directed a t  the envelope of the tube, and 
the other a t  the bottom of the tube socket.  
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Amplifier Construction and Adiustment 

In order to complement the excellent internal shielding of the grounded grid tubes i t  i s  necessary to iso- 
la te  the input and output circuits. The cathode circuit should be placed below the  metal chass i s ,  en- 
closed in a metal box. P l a t e  circuit components should be mounted above the chass i s .  A s  a TVI pre- 
ventive measure, the complete a m  p 1 i f i e  r should be enclosed within a metal shield made of perforated 
material. The  grid t e r m  i n a 1 s are bypassed to ground by means of three . O 1  pF ceramic capacitors 
mounted (one a t  each socket  terminal) by the shortest possible leads. Also placed a t  each  grid terminal 
i s  a 3.3 ohm, 1-watt composition resistor. These  resistors "de-Q" the capacitors and provide a short ,  
direct ground return for the r-f and d-c currents in the grid circuit. Meter M3 measures the slight volt- 
age drop across  the resis tors  and i s  calibrated in terms of grid current for tuning purposes. 

Before the amplifier is adjusted, the filament voltage a t  the tube socket  should be checked to ensure 
that excess ive  voltage drop does  not ex is t  in  the tuned circuit. Approximate set t ing for the tap of L 1  i s  
given in figure 2. The exact  point may be found by 1 o a d  i n g the amplifier to full input and varying tap 
placement until maximum grid current i s  obtained a t  the same set t ing of capacitor C 1  that provides min- 
imum SWR on the exciter coaxial line. At incorrect tap settings, minimum SWR figure and maximum grid 
current set t ings of capacitor C 1  do not coincide. 

When properly loaded and tuned, grid current runs about 1 /3  the value of plate  current. P l a t e  loading and 
tuning and the excitation level adjustments should be conducted to adhere closely to this  ratio o f  grid/ 
plate  current. After the amplifier i s  loaded to maximum input in  this  fashion, the pi-network should then 
be overcoupled (C6 reduced in capacitance) slightly until the r-f output measured on M2 drops about 3%. 
This  will approximate a condition of maximum linearity. Do not apply full excitation to the tube without 
plate  voltage and proper loading a s  grid dissipation will be  exceeded. 

In sideband service, for voice waveforms, the indicated plate current measured on M 1  will be  approxi- 
mately one-half the peak d-c plate current. One kilowatt P E P  input to the 3-4002, for example, may be  
achieved on voice by plate current meter peaks of 200 milliamperes a t  a plate potential of 2500 volts. 

Notes on the 3-10002 tube 

The circuit of figure 2 may be used for the 3-10002. However, the higher filament current of this  tube 
requires that a heavier bifilar coil  be used having a length of #10 insulated wire for the center  conduc- 
tor. Also, a s  the input impedance of this tube i s  c lo se  to 52 ohms, the filament tap point for C2 occurs 
near to the top (filament end) of the coil. Adjustment of the tap point may not be  required. 

It may be somewhat eas ie r  from a mechanical point of view to  substitute a pi-network input circuit for 
the parallel L-C circuit, a s  shown in figure 4. Untuned filament chokes are used to supply filament volt- 
age  to the tube, and a simple fixed tuned pi-network circuit i s  employed to couple the exciter to the fil- 
ament circuit of the 3-10002. The transformation ratio of the network i s  1:1, matching the l ine  to  the 
tube, yet  providing the "Q" necessary for proper circuit operation. The pi-network circuit and filament 
choke may be used for the 3-4002 tube, if desired. 

To  a s s i s t  in  proper adjustment of the  amplifier, an output tuning device should be placed in the coaxial 
lead to  the antenna. A SWR power meter or r-f ammeter may be used. The amplifier i s  adjusted for max- 
imum power output a t  the proper plate and grid current values. Carrier i n j e c t  i o n  may be used for the 
tuning process, and antenna loading and grid drive adjusted to provide the current data given in figure 
1 for 3-4002. 

AS-3  
Page  9 



FIGURE 6 
50 MHz Linear Amplifier for 3-4002 

C l  - 100 pF. Bud MC-1855 (dauble bearing) 
C2 - .001 mica capacitor 

C3 - 15 pF. 3 kV (.075" spacing). Johnson 155-8 capacitor may be used, with 
every other rotor plate removed. 

C4 - 200 pF. Bud MC-1858 (double bearing) 
L 1 -  2 turns of 1/4-inch copper tubing, 1 inch inside diameter, 1-1/2 inches long. 

Pass #12 in  s u 1 a t e  d wire through center before winding coil. Tap for C2 
placed at center of coil. Con n e c t i  o n s between L 1  and C l  should be made 
with 1/8-inch copper strap. 

L2 - 3-1/2 turns of 1/4 inch copper tubing, 2 inch inside diameter, 3 inches long. 
Mount between stator terminals of C3 and C4 with short leads. 

PC - Plate lead to 3-4002 i s  made of 1/4-inch copper strap. The parasitic choke 
(PC) i s  made of a section of this lead with three 47 ohm, 2 watt resistors in 
parallel placed across the lead, a s  shown in Figure 6. Resistors are mounted 
side by side. 

RFC1 - 8.3 pH. Space-wound on 1/2-inch diameter ceramic insulator, 2-1/2 inches 
long (Birnbach 447). Wind #28 double silk covered wire spacewound about 
wire diameter. Winding 1-3/4 inches long. Teflon rod may be used. (Avoid 
polystyrene a s  it may melt or deform from heat of tube). 

RFC-2,3 - VHF choke. Ohmite 2-50. 
M l  - 0-200 mA(grid current) 
M2 - 0-500 mA(p1ate current) 

B - 115 volt blower. Minimum of 15 cubic feet per minute. Ripley #82 or Dayton 
2C782 

T l  - 5 volts at 14.5 amperes. Chicago-Standard F-516 
Socket: EIMAC SK-410 Chimney: EIMAC SK-616 

Note: 500 pF, 10 kV capacitors are TV "door-knob" type. Aluminum chassis box 
10" x 14" x 3" i s  used. 
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T H E  KW-2. AN ECONOMY GROUNDED GRID L INEAR AMPLIF IER 
by William I. Orr, W6SAI 

The KW-2 sideband amplifier is designed for use with 4-400A, 4-250A, or 4-125A tubes, and will operate 
on the 80, 40, 20, 15 and 10 meter amateur bands. A pi-network output circuit i s  used, capable of match- 
ing 52 ohm or 75 ohm coaxial an  t e n  n a circuits. Maximum power input i s  2 kilowatts (p.e.p.), or 1 kilo- 
watt, C.W. The amplifier may be driven by any of the popular SSB exciters having 70 to 100 watts output. 

Full input may be achieved with the use of 4-400A tubes, but the unit may be run at reduced power rating 
with 4-250A or 4-125A tubes. No circuit alterations are necessary when tube types are changed. 

The amplifier employs a passive (untuned) input circuit, and an adjustable pi-network output circuit. Air 
tuning capacitors are used in the network in the interest of economy and with no sacrifice in performance. 
The complete am p 1 i f i e r i s  housed in a TVI-suppressed perforated metal cabinet measuring 17%" x 12" 
x 12%" - small enough to be placed on the operating table next to your receiver. 

Ampli f ier Ci rcu i t  

The schematic of the .amplifier i s  shown in figure 2. Two tetrode tubes are operated in parallel, cathode 
driven, with grid and screen elements grounded. The sideband exciting signal i s  applied to the filament 
circuit of the tubes, which i s  isolated from ground by an r.f. choke. The resistance of the windings of 
the choke must be limited to . O 1  ohms or less, a s  f i 1 a m en t current i s  30 amperes for two 4 -250A or 
4-400A tubes. Neutralization i s  not required because of the excellent circuit isolation afforded by the 
grounded elements of the tubes. 

The Input Ci rcu i t  1 
The input signal i s  fed in a balanced manner to the filament circuit of the two tubes. Ceramic capacitors 
are placed between the filament pins of each tube socket, and excitation i s  applied to each tube through 
two 1250 volt, mica capacitors. The latter are employed because of the relatively high value of excita- 
tion current which may cause capacitor heating if ceramic units are employed at this point. 

I 
The filament circuit i s  wired with #10 stranded i n s u 1 a t e d wire to hold voltage drop to a minimum. The 
leads from the choke to the filament transformer are run in shielded loom which i s  grounded to the chas- 
s is  at each end of the wire. The use of s h i e l d  e d leads for all low voltage d.c. and a.c. power wiring 
does much to reduce TVI-producing harmonics. 

The Grid C i rcu i t  

The grid circuit of this amplifier i s  simplicity itself. Screen terminals of both sockets are grounded to 
the chassis of the amplifier. The best and easiest way to accomplish this i s  to bend the terminal lead of 
the socket down so that it touches the chassis. Chassis and lead are then drilled simultaneously for a 
4-40 machine screw. Low inductance ground paths are necessary for the high order of stability required 
in grounded grid service. 

I 

It i s  helpful to monitor the control grid current for tuning purposes, and also to hold the maximum current ' 

within the limits given in the data chart. Maximum grid current for the 4-400A i s  100 milliamperes. Under 
normal voice conditions this will approximate a peak meter reading of 50 milliamperes. 



Grid current can be observed by grounding the control grid of each tube through a 1-ohm composition re- 
sistor, bypassed by a . O 1  ufd disc capacitor. The voltage drop across the resistor i s  measured by a sim- 
ple voltmeter calibrated to read full scale when 100 milliamperes of grid current are flowing through the 
resistor monitoring grid current of either tube. With incorrect antenna loading, i t  i s  possible to exceed 
maximum grid current rating with some of the larger size SSB e x c i t e r s. No circuit instability i s  intro- 
duced by this metering technique. 

The  P la te  Circuit  

Power i s  applied to the plate circuit via a heavy duty r.f. choke bypassed at  the "cold" end by a 500 
uufd, 10 KV "TV-type" ceramic capacitor. In addition, a VHF choke and capacitor are used to suppress 
high frequency harmonics that might pass down the plate lead and be radiated through the power supply 
wiring. Two .001 ufd, 5 KV ceramic capacitors in parallel are used for the high voltage plate blocking 
capacitor, and are mounted atop the plate choke. 

The pi-network coil i s  an Air-Dux #195-25 inductance, designed for service a t  a ki-lowatt level, and sil- 
ver plated for minimum circuit loss. Use of the cheaper model having tinned wire i s  not recommended for 
continuous service at  maximum power. 7he bandswitch i s  a Communications Products #88 high voltage, 
ceramic switch. 

A circuit Q of 15 was chosen to permit a r e  a s o n  a b l  e value of capacitance to be used a t  80 meters. In 
this case, a 150 uufd variable air capacitor i s  employed for operation above 80 meters, and an additional 
50 w f d  parallel capacitance i s  switched in the circuit for 80 meter operation. The 50 w f d  padding capa- 
citor i s  the small vacuum capacitor found in the "Command" se t  antenna relay boxes. These capacitors 
seem to be plentiful and inexpensive. A satisfactory substitute would be a 50 w f d ,  5 KV mica capacitor, 
also available on the surplus market. 

The pi-network output capacitor i s  a 1500 uufd unit. It  i s  sufficiently large to permit operation at 80 me- 
ters into reasonable antenna loads. For operation into very low impedance antenna systems that are com- 
mon on this band, the loading capacitor should be paralleled with a 1000 uufd, 1250 volt mica capacitor. 
This capacitor may be connected to the unused 80 meter position of the bandswitch. 

The Metering Circuits 

It i s  alwavs handy to have an output meter on any linear amplifier. A simple r.f. voltmeter can be made 
up of a germanium diode and a 0 - 1  d.c. milliammeter. The scale range i s  arbitrary, and may be se t  to any 
convenient value by adjusting the potentiometer mounted on the rear apron of the chassis. Once adjusted 
to provide a convenient reading at maximum output level of the amplifier, the control i s  left alone. Under 
proper operating conditions, maximum output meter reading will concur with resonant plate current dip. 

It i s  d a n g e r o u s  practice to place the plate current meter in the B-plus lead to the amplifier unless the 
meter i s  insulated from ground, and i s  placed behind a protective panel so  that the operator cannot acci- 
dentally touch it. If the meter i s  placed in the c a t h o  d e return the meter will read the cathode current 
which i s  a combination of plate, screen and grid current. This i s  poor practice, a s  the reading i s  confus- 
ing and does not indicate the true plate current of the stage. A better idea i s  to place the meter in the 
B-minus lead between the amplifier chassis  ground and the power supply. The negative of the power sup- 
ply thus has to be "undergrounded", or the meter will not read properly (figure 5). A protective resistor 
i s  placed across the meter to ensure that the negative side of the power supply remains close to ground 
potential. Make sure that the negative lead between the power supply and the amplifier i s  connected a t  
all times. 
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T h e  Cooling System 

I t  is necessa ry  to provide a current of cool a i r  about the b a s e  s e a l s  and plate  s e a l  of the  4-250A and 
4-400A tubes.  If  small  blowers a r e  mounted beneath e a c h  tube socke t  i t  is poss ib le  to d i spense  with the  
special  a i r  socke t s  and chimneys, and u s e  the  inexpensive "garden variety" of socket.  A Barber Cole- 
man type DYAB motor and impeller is mounted in  a vertical position centered on t h e  socket ,  and about 
an inch below it. Cooling air  is forced up through t h e  socke t  and around the  envelope of t h e  tube. T h e  
perforated metal enclosure  provides maximum v e n t i  1 a t i  o n,  ye t  effectively "bottles up" the  r.f. f ield 
about the  amplifier. In order to  permit a i r  to b e  drawn into the  bottom of t h e  amplifier c h a s s i s ,  small  rub- 
ber "feet" a re  placed a t  each corner of the  amplifier cabinet ,  ra is ing i t  about %-inch above the  sur face  
upon which i t  s i t s .  

Amplifier Construction I 
The  amplifier is built upon an a l u m i n u m  c h a s s i s  measuring 13" x 17" x 3". Input c i rcui t  components, 
power c i rcui ts ,  and the  blower motors a r e  mounted below the  c h a s s i s ,  and t h e  p la te  c i rcui t  components 
are  mounted above the deck. Placement  of par ts  is not crit ical,  except  that  t h e  l e a d s  between t h e  band- 
switch and the p la te  coi l  must be short ,  heavy and direct. One-half inch, s i lver  pla ted copper s t rap  is 
used. T h e  s t raps  a r e  bolted to t h e  bandswitch with 4-40 nu ts  and bolts.  Each  lead is tinned and wrapped 
around t h e  proper coil  turn and soldered in  p lace  with a large iron. T h e  operation should b e  done quickly 
to prevent softening of the  insulat ing coi l  material. Low res i s tance  joints a r e  imperative a t  th i s  point o f  
the circuit. T o  play sa fe ,  you can  s u b m e r g e  the  coi l  in a can of water, with jus t  the  top of  t h e  turns 
showing above the  surface. T h i s  will prevent the  body of the  coi l  from overheating during the  soldering 
process.  I t  is a l s o  helpful to depress  a turn on each  s i d e  of the  tap in order to provide suff ic ient  clear- 
ance  for the  soldering iron. T h i s  may be done by placing the blade of the  screw driver on the  wire, and 
hitt ing i t  with a smart tap. 

T h e  co i l  assembly is supported on four ceramic pi l lars ,  and placed immediately behind t h e  band change i 
switch, which is mounted on a sturdy aluminum bracket. T h e  coi l  is positioned s o  tha t  the  t a p s  come off 1 
on the s i d e  nearest  the  switch. 

A s e t  of  auxiliary con tac t s  a r e  required to switch the  padding capacitor into t h e  circuit  when the  band- 
switch is thrown to  t h e  8 0  meter position. A simple switch may be made up from the metal portions of  an  
insulated coupling and a block of insulat ing material, such a s  teflon, luci te ,  or micarta (figure 4). T h e  
insulated d i s c  of  the  coupling is removed, and an oval of insulat ing material is substituted. Th is  assem- 
bly is placed on the  shaf t  of t h e  bandswitch. A s e t  of spring con tac t s  are  mounted on small  s tandoff  in- 
sulators  a t tached to the  s i d e  of the  tuning capacitor and positioned s o  that  t h e  oval  rota tes  between t h e  
contacts  a s  the switch is turned. A hole is drilled in the  oval,  and a flat-head 8 - 3 2  b r a s s  machine sc rew 
is passed  t h r o u g h  it .  A nut is run onto t h e  screw, and screw end and nut head are  fi led flat .  When t h e  
switch is rotated to the  8 0  meter position, contact  is made between t h e  two spring arms through t h e  body 
of the  screw,  which completes t h e  c i rcui t  between the  switch contacts .  

Amplifier Adiustment I 
Typical operating conditions for various tubes  a re  tabulated in  figure 8. For  ini t ia l  adjustment,  four or 
f ive  hundred vol ts  p la te  potential  is applied to the  amplifier, and sufficient grid drive is supplied (five 
wat ts  or so) to provide an indication on the p la te  meter. T h e  loading capaci tor  is s e t  a t  maximum capa-  
c i tance,  and the tuning capacitor is adjusted for resonance, which is indicated by the  customary dip in 

rn 

plate  current. After resonance is found full p la te  voltage should b e  applied to the  amplifier, and res t ing 
plate  current compared with t h e  value shown in  the table.  If a l l  is well ,  a carrier is appl ied to t h e  a m  : 
plifier for adjustment purposes. T h e  s ignal  may b e  generated by carrier injection, or by tone modulation 
of a sideband exciter.  
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Caution! Do not apply full excitation to  any grounded grid amplifier without pla te  vol tage on t h e  s tage,  
or with the  s t a g e  improperly loaded. Under improper conditions,  driving power normally fed to the  output 
c i rcui t  becomes avai lable  to hea t  t h e  control grid of the  tube to  e x c e s s i v e  temperature, and such  act ion 'T 
can destroy the tube in short time. Adjustable control of the excitation level  i s  mandatory. 

T h e  a m  p 1 i f i e r i s  now loaded to  full, s ing le  tone input. (In the  c a s e  of two 4 -400A's t h i s  will b e  3000 
vol ts  a t  333 ma, 2500 vol ts  a t  400 ma, o r  2000 vo l t s  a t  500 ma). Driving power will b e  approximately 3 0  
watts per tube. Under t h e s e  conditions,  power input will b e  1000 wat t s  p.e.p. for sideband operation. 

T o  properly load the  amplifier for 2 kw p.e.p. o p e r a t  i o n i t  i s  necessary to  have a spec ia l  t e s t  s ignal .  
Tuning of t h i s  (or any other  l inear  amplifier) i s  greatly facil i tated by the u s e  of an osci l loscope and en- 
velope d e t e c t o r  s. Even with two-tone or carrier input s ignal ,  however, i t  i s  difficult to es tab l i sh  the 
proper ratio of grid drive to output loading. In general,  antenna coupling should b e  quite heavy: to  the  
point where t h e  power output of the  amplifier has  dropped about two percent. T h i s  point may b e  found by 
experiment for power l e v e l s  up to 1 kw p.e.p. However, s i n c e  neither th i s  amplifier, nor most power sup- 
pl ies ,  a r e  designed for continuous carrier se rv ice  a t  two kilowatts and s i n c e  t h i s  average power level  i s  
i l legal,  some means must b e  devised to  tune and adjust  a "legal" two kilowatt p.e.p. l ineal  amplifier 
without exceeding the  1 i m i t a t  i o n  s of the  amplifier, and without breaking the  law. A proper t e s t  s ignal  
having high peak to average power ratio will do  the  job, permitting the amplifier to run a t  l e s s  than a kil- 
owatt  d.c. input while allowing the  2 kw peak power l eve l  to  b e  reached. T h i s  type of s ignal  can  b e  de- 
veloped by an  audio pulser,  such a s  i s  d e s c r i  b e d  in  QST magazine, August, 1947 (figure 9). T h e  duty 
cyc le  of this  simple pulser  i s  about 0.44. T h i s  means when the  amplifier i s  tuned up for a d.c. indicated 
meter reading 800 wat ts ,  us ing the  pulser  and s ingle  tone audio injection, the  peak envelope power will 
just reach the 2 kw level .  An osc i l loscope  and audio osci l la tor  a re  necessa ry  for t h i s  t e s t ,  but t h e s e  a r e  
required i tems in any well-eqoipped sideband station. Loading and drive adjustments  for optimum linear- 
i ty cons i s ten t  with maximum power output may be conducted by th i s  method. 

A Tuned Cathode Network 
@9 

Use  of a tuned cathode network is recommended for optimum linearity and e a s e  of dr ive (figure 10). A s  
the input impedance of the  amplifier i s  i n  e x c e s s  of 50 ohms, a moderate value of s.w.r. will e x i s t  on t h e  
coaxial l ine  coupling the amplifier to the  exciter.  With certain lengths  of l ine ,  i t  may be found difficult 
to  properly load the amplifier to maximum input because  of a l ack  of excitation. T h i s  is a common diffi- 
.culty e n  c o u n t e r e  d in  amplifiers employing an  untuned cathode circuit .  A s l ight  change in l ine  length 
will a l leviate  t h i s  difficulty somewhat. Unfortunately, some SSB exc i te r s  have a fixed pi-network output 
circuit  designed for operation into  50 ohm loads  and no a d  j u s t  m e n  t of exci ter  loading is possible .  A 
tuned cathode network in  the  amplifier is required in th i s  c a s e  to  achieve a proper match between the  
exci ter  and the amplifier. 

T h e  cathode network should b e  placed directly a t  the  filament circuit  terminals of the  amplifier, keeping 
the l ead  b e t  w e e n  capaci tor  C 3  of the  network (figure 10) and coupling capaci tors  C 3  and C 4  (figure 2) 
very short. The  amplifier pla te  circuit  return to the cathode now p a s s e s  through capaci tor  C 3  of t h e  net- 
work instead of returning via the  coaxial  l ine  and exci ter  tank circuit. In any grounded grid amplifier, t h e  
condition of maximum linearity may only b e  achieved by the u s e  of such a network. 

T h e  network may be adjusted by placing an  SWR bridge i n  t h e  coaxial  l ine  to the  exciter.  When properly 
tuned, maximum grid current to the amplifier will coincide with minimum SWR on the  l ine.  

A S - 4  
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Fig. 2 Schematic, KW2 

C--  .001 afd, 600 volt disc ceramic 
C1- 3, C8 - - 0.1 nfd, 600 volt coaxial capacitor 

Spraque "Hypass' ' #80P3 
C - 4 - - 150 mfd, 4500 volt. Johnson #150D45 
C - 5- - 50 mfd s u r p 1 u s vacuum capacitor (see 

text) 
C - 6 - - 1000 mfd, 1250 volt mica capacitor (see 

text) 
C - 7 - - 1500 wfd.  Obtainable on s p e c i a 1 order 

from Barker & Williamson 
Note: In drawing, C=ceramic, m=mica capacitor 
L - 1 - - Kilowatt pi-network coil. Air-dux #195-23 

(silver plated). Modify a s  follows: Strap 
coil, 3 turns 1 3/4" diameter. Wire coil, re- 
move turns from free end, 1 e a v i n g 11% 
turns, counting from junction with tubing 
coil. 

Tap placements: 
10 meters: 1 3/4 turns from junction of 
tubing coil and strap coil. 
15 meters: 3% a s  above. 
20 meters: 1% turns of wire coil, count- 
ing from junction with tubing coil. 
40 meters: 5% as  above. 
80 meters: Complete coil in use. 

AS- 4 
Page 6 

RFC - 1 - - 30 ampere filament choke. B&W #FC-30 9 
RFC - 2- -Kilowatt r.f. choke. Raypar, or B&W 

#800 I 
RFC - 3-  - VHF choke. Ohmite #Z-50 
T - 1 - - 5 volts at 30 amperes. Stancor P-6468 
PC - - 3% turns #12e, 7/8" diam. 2" long. Wound 

around three 220 ohm, 2 watt composition 
resistors connected in parallel. 

R - 1 - - 10 ohms, 10 watt, wirewound. 
M - 1 - - 0 - 1000 ma. Triplett 
M - 2 - - 0 - 1 ma. Triplett 
X - 1 - - Diode, type IN34 
B- 1, B- 2 - - Blower motor and fan. Barber Cole- 

man #DYAB \ 
P - 1, P - 2 - - Coaxial receptacle, SO - 239 
Chassis & Cabinet-- C a1 i f o rn i  a Co., Type / 

"LTC" 17%'' x 13%" x 12". 
Dials - - "Cal-Rad" 3 inch 
Plate Blocking Capacitors - - .001 mf, 5KV Cen- 

tralab #858-S (two used). I 

Plate Bypass C a p a c i to  r s - - 500 uufd, 20 KV 
"TV-type". Mallory HV-20035B I 

Tubes - - 4 - 400A by EIMAC. 

I 





Fig. 8 
OPERATING CHARACTERISTICS, ElMAC TETRODES, GROUNDED-GRID CONFIGURATION 

D-C Plate Voltage 
Zero-Signal Plate Current 
Single-Tone Plate Current 
Single-Tone Screen Current 
Single-Tone Grid Current 
Single-Tone Driving Power 
Driving Impedance 
Load Impedance 
Plate Input Power 
Plate Output Power 

volts 
ma 
ma 
ma 
ma 
watts 
ohms 
ohms 
watts 
watts 

(Ratings apply to 4 -250A, within plate dissipation rating of 4 -25OA) ( P Fm TM r j e  -1 
D-C Plate Voltage 
Zero-Signal Plate Current 
Single-Tone Plate Current 
Single-Tone Screen Current 
Single-Tone Grid Current 
Single-Tone Driving Power 
Driving Impedance 
Load Impedance 
Plate Input Power 
Plate Output Power 

D-C Plate Voltage 
Zero-Signal Plate Current 
Signal-Tone Plate Current 
Signal-Tone Screen Current 
Single-Tone Grid Current 
Single-Tone Driving Power 
Driving Impedance 
Load Impedance 
Plate Input Power 
Plate Output Power 

volts 
ma 
ma 
ma 
ma 
watts 
ohms 
ohms 
watts 
watts 

volts 
ma 
ma 
ma 
ma 
watts 
ohms 
ohms 
watts 
watts 
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FIGURE 10 

C2 - 800 rnmf mica, 1200v test 

C3 - Three gang b.c. capacitor. 1100 mmf. J . W .  Miller #2113 

E XC. 

L l  - 9 turns #10e, 1" diam., 1-'/zN long. 40 meter tap 4% turns, 20 meter tap 
2 4  turns, 15 meter tap turns, 10 meter tap 1/2 turn plus 2" lead, 
(all taps measured from the ground end). 

Taps adjusted so circuit resonates with tubes in socket with follow- 
ing tuning capacitance: 

80 meters - 1660 rnmf 
40 meters - 830 rnmf 
20 meters - 415 rnmf 
15 meters - 240 rnmf 
10 meters - 210 rnmf 

0 
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linear amplifier design 
The designer of a linear amplif ier should be con- 
cerned with the proper potentials required to make 
the power tube operate in a linear manner. The word 
linear implies that the output signal of the amplifier is 
an amplified replica of the input signal. There's no 
such thing as a perfect linear amplifier, and the 
designer's problem is to make the practical amplifier 
( i e . ,  the amplifier that can be built) as linear as 
possible. 

When a linear amplifier is driven by a complex sig- 
nal, such as the human voice, nonlinearity results in 
intermodulation distortion. This unpleasant form of 
distortion creates a broad, raspy signal that throws 
annoying "buckshot" into adjacent channels. Proper 
design and operation of a linear amplifier reduces this 
distortion to a minimum. 

amplifier circuit and mode 

) There's a lot of confusion with regard to the so- 
called "grounded-grid" amplifier. Rf power ampli- 
fiers are classified according to circuitry and mode of 
operation. The two classifications should not be con- 
fused with one another. For Amateur service, the 
two most popular circuits are the grid-driven circuit 
and the cathode-driven circuit. As shown in fig. 1, 
the circuits are remarkably similar, the most obvious 
difference being the placement of the ground point in 
relation to the input and output circuits. 

The mode of operation refers to the dynamic oper- 
ating characteristics of the tube (class AB1, class B, 
or class C). Characteristics of the classes are given in 
reference material listed at the end of this article. For 
linear service, the power tube amplifier is commonly 
run in either class AB1 or class B service. Thus, mod- 
ern equipment may have an intermix of circuitry and 
mode - the cathode-driven amplifier may be oper- 
ated in a class AB1 mode, for example, or the grid- 
driven amplifier may be operated in the class B 
mode. 

So far, I've not discussed the popular grounded- 
grid amplifier. This is a sloppy term which usually 
refers to a- cathode-driven amplifier, working in the 
class B mode. "Grounded grid" implies cathode 
drive, but in such a circuit the grid may not neces- 
sarily be at dc ground potential, especially with 
respect to screen voltage (see fig. 2). Rf ground and 

dc ground are not always the same in a linear 
amplifier, and most circuit engineers shudder at the 
use of the term. 

amplifier plate circuit 
While this series of articles concerns itself with lin- 

ear, cathode-driven-amplifier design, the remarks 
about the plate circuit apply equally well to  grid-driv- 
en amplifiers. I t  is desirable to operate any linear 
amplifier with a very minimum of intermodulation 
distortion, with high-plate efficiency, and with high 
power gain. The latter is especially important, as it 
affords maximum power output with a given amount 
of drive power. The class B mode of operation meets 
these requirements. 

Shown in f ig. 3 is a graphical representation of a 
class B amplifier, showing the operating cycle of the 
tube. This is the portion of the electrical cycle over 
which the tube grid is driven positive (approaching 
+e) with respect to the cathode (or the cathode 
driven negative with respect to the grid). When the 
grid potential is highly negative with respect to the 
cathode (approaching -el, the tube is cut off and is 
inoperative. In the class B amplifier, the operating 
cycle is about one-half the electrical cycle, or approx- 
imately 180 degrees. The transfer curve plot shown 
indicates that the tube delivers power only over one- 
half of the electrical cycle and is cut-off during the 
other half of the cycle. Does this mean that the out- . . ' 
put signal consists of half-sine waves as Shown, a"d'?: . -' 
is therefore highly distorted? Not at all. s f & .  . 

The amplifier plate circuit (often called the tank cir- 
cuit) saves the day, since the energy storage ability ,. 

- A  (Q) of the circuit balances the energy between the 
' 

halves of the cycle, much as the flywheel stores ener- 
gy during the operating cycles of a gasoline engine. 
The plate circuit must, therefore, be designed to 
have sufficient 4, or energy storage, for good opera- 
tion. A Q value of 12 is commonly used for linear 
amplifier service, as it provides ample energy storage 
and at the same time provides reasonable reduction 
of harmonics generated in the amplifier. 

By William I. Orr, WGSAI, 48 Campbell Lane, 
Menlo Park, California 94025 
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SUPPLY SUPPLY 

SAFETY 

DC GROUND 

fig. 1. A comparison between grid-driven and cathode-driven amplifiers. Rf and dc circuits have been simplified for clarity. I n  
both cases, the grid- and plate-current meters are placed in  the ground return circuits t o  remove any dangerous voltage f rom the 
meter movement. This, however, places the plate supply above dc ground by virtue of the voltage across the plate meter. I f  the 
meter coil should open, the negative lead of the supply rises t o  the value of the plate voltage. As a safety factor, a wirewound 
resistor is usually placed across the plate meter, and often the grid meter. The circuit configuration determines the difference 
between cathode- and grid-driven service. The applied voltages determine the mode of operation. 

A rigorous design of the plate circuit calls for man- 
ipulation of the plate voltage and current to deter- 
mine the operating parameters of the tube. The 
results of these tedious calculations can be summed 
up in simple formulas that provide the designer with 
circuit data in everyday terms. 

A network is required that matches the plate load 
impedance of the power tube to the characteristic 
impedance of the transmission line, while at the a same time maintaining a Qvalue of 12. The popular 
pi network can do the job. The plate load impedance 
(ZL) for a class B rf amplifier can be closely approxi- 
mated by: 

load impedance (ohms) 

up until the sloping line denoting a particular Ama- 
teur band is intersected. The value of the component 
is then read horizontally off the y axis. For example, 
the required inductance for a plate load of 1560 ohms 
for the 15 meter band is about one microhenry - as 
close as the graph can be read. Note that capacitor 
C1 is commonly referred to as the tuning capacitor 
and C2 the loading capacitor. 

The graph for C2 tells us that the pi network can- 
not cope with impedance transformation values 
much greater than 100-to-1 at this value of Q. Note 
how the curves bunch together and "fall-off the 
graph" at plate impedances much higher than 5000 
ohms. 

Thus, the pi network plate circuit has to match a load 
-c GROUND ' t -  

impedance of 1560 ohms to a %-ohm termination. ;fi 

- - plate uoltage TETROOE 

2 x peak dc plate current (amperes) TUBE RF GROUND 

As an example, a pi network is to be used to match 

designing the 
plate circuit network 

LZ 

fig. 2. Diagram of the so-called "grounded-grid" amplifier. 
The grid and screen elements are bypassed t o  ground as far 
as rf is concerned, but each element has normal operating 

The approximate values of the pi network can be voltages applied and are "above ground" as far as dc is con- 

determined from three simple graphs, The plate cerned. Metering is inserted i n  the supply return leads t o  dc 
ground. Rf ground is placed at the positive screen voltage 

inductance from fig. 4, the tuning capacitance (C1) level. This eliminates the screen bypass capacitor, a tricky 
from fig. 5, and the loading capacitance (c2) from component that often causes circuit instability a t  the higher 
fig. 6. The graphs are entered at the x axis and read frequencies. 

a pair of 3-5002 tubes to a %-ohm transmission line. 
The tubes operate with 2500 volts plate potential - 

+ 
SCREEN 

with a peak dc plate current of 800 mA (0.8 amp) for BUS 
SUPPLY 

a PEP input of 2 kW. + L I 

SUPPLY 

MI- M  2 
2500 - 1560ohms load impedance = - - f 

2 X 0.8 



A more accurate, computer-derived summary of pi 
network values is given in table 1. Note that, for a 
given plate impedance, when the operating frequen- 
cy is doubled the capacitance and inductance values 
are halved. (Fifteen- and forty-meter constants are 
related by a factor of three as 21 MHz is the third har- 
monic of 7 MHz.) 

coil winding 
Winding plate coil L1 to a given value of induc- 

tance takes an inductance meter, ora degree of exper- 

PLATE 
CURRENT 

AXIS 

G 
TRANSFER 

CURVE 

PLATE 
SIGNAL 

POINT(E1 

TUBE CUTOFF 
WRTION OF DRIVE - - - - 

CYCLE - 
+ GRID - VOLTAGE 

1 I I I / 2  CYCLE AXIS 

e- GRID DRIVE VOLTAGE 
I *  INSTANNNEOUS PLATE CURRENT a E= to= BIASPOINT WIESCENT ON PLATE TRANSFER CURRENT CURVE 

I 
I I 

I I 1 

I I I -. DRIVE 
SIGNAL 

Ce 

fig. 3. Transfer curve and operating cycle for a class B ampli- 
fier. The transfer curve is determined by a static test of the 
tube where plate current is plotted against grid bias. Once 
the transfer curve is established, the operating cycle may be 
determined. The sine wave drive signal (e) is drawn about 
the bias line, determining both the zero-signal plate current 
(i,) and the peak plate current (i,,,). Note that when the 
grid driving signal swings negative, no plate current is 
drawn and the tube is cut-off for one-half cycle. Pulses of 
plate current only appear when the drive signal is positive 
wi th respect t o  the bias voltage. Thus, the output waveform 
of a class B rf amplifier consists of a series of half-cycles, 
much in  the manner of a half-wave rectifier. The distorted 
waveform is restored t o  a sine wave by the plate tank circuit 
which, by virtue of its Q, or flywheel effect, stores energy 
on the active half of the cycle and releases it on the inactive 
half. Circuit engineers, working from a transfer curve, can 
determine actual dc operating potentials f o r  a linear 
amplifier. 

tise and a dip-meter. A simple formula for calculating 
inductance when the coil dimensions are known is: 

R2N2 
Inductance (fl) = gR + IOS 

where R is the radius of the coil in inches 
S is the length of the coil winding in inches 
N is the number of turns 

fig. 4. Plot of the plate inductance vs. plate load impedance 
for the high frequency Amateur bands (Q = 12). 

ple slide rule providing direct read-out of the coil 
dimensions if the inductance is known. It takes the 
hard work out of designing coils. 

Once the plate circuit has been designed and built, 
it is a good idea to "breadboard" it up and check it 
out with a dip-meter before the connections are final- 
ly soldered. Coil taps may have to be moved a bit to 
compensate for capacitance of the components to 
the chassis and adjacent parts. 

amplifier-cathode circuit 
The cathode-input circuit provides an impedance 

match between the 50-ohm coaxial output circuit of 
the driverlexciter and the input impedance of the 
cathode-driven amplifier (see table 2). The input im- 

These calculations have been simplified in the fig. 5. plot of the tuning capacitance (C1) vs. plate 
ARRL type-A "Lightning Calculator," which is a sim- load impedance (Q = 12). 
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pedance (Zt) of a cathode-driven tube is related to 
the ratio of the peak cathode signal voltage to the 
peak cathode current (sum of grid and plate cur- 
rents), and is commonly given in the tube data sheet. 
For the 3-5002 at 2500 volts, it is about 110 ohms. 
And for two tubes in parallel, it is about 55 ohms, but 
only over the operating cycle. 

It is tempting to jump to the conclusion that if the 
amplifier input impedance is about 55 ohms and the 
coaxial line impedance driving it is 50 ohms, that no 
cathode impedance matching circuit is required. In 
fact, many commercially manufactured amplifiers 
leave it out for economy's sake. This omission is poor 
engineering practice, as the circuit Q is required in 
the cathode circuit as well as in the plate circuit. 
Omission of the cathode-tuned circuit can lead to 
distortion of the driving signal, increased intermodu- 
lation distortion, reduced amplifier efficiency, and 
driver loading problems. A circuit Qof 2 is adequate, 
and a simple rule of thumb is that the network circuit 
capacitances at resonance should be about 20 pF per 
meter of wavelength for one-to-one impedance 
transformation. 

practical amplifier circuit 
Armed with the information discussed so far, it is 

possible to draw up a schematic for a cathode driven, 
2-kW PEP linear amplifier using two 3-5002 tubes in 
parallel (see fig. 7 ) .  This is a true "grounded-grid" 
circuit, as the grids are at both dc and rf ground 
potential. 

fig. 6. Plot of the loading capacitance (C2) vs. plate 
load impedance (Q = 121. 

Note that plate and grid currents are measured in 
the cathode return circuit. This requires the amplifier 
plate power supply to "float" a little above ground 
potential in order to insert a meter in the negative 
lead to measure plate current. This removes the 
lethal plate voltage from the meter. The grid meter is 
out of the critical rf ground return path, which simpli- 
fies the metering circuit. A filament voltmeter is 
included. Filament voltage should be held to within 

LOAD = 5 0  OHM 

table 1. Computer-derived values for a pi network having a Q o f  12 and working into a 50- 
ohm load. Values for C1 include the output capacitance of the tubes. These values are taken 
from a computer program derived by Bob Sutherland, W6PO. 

component 

band 

160 
80 

C 1 
40 
20 
15 
10 

ZL plate load impedance (ohms) 

1000 1500 2000 2500 3000 3500 4000 5000 

1060 690 53 1 430 354 309 265 21 2 
546 364 273 220 182 159 136 109 
273 182 136 110 9 1 80 68 55 
136 91 68 55 45 40 34 27 

91 61 45 37 30 26 23 18 
68 45 34 30 23 20 17 14 



f 5 per cent of 5 volts, and it is prudent to monitor 
this voltage when expensive tubes are used. A plate 
voltmeter may be included in the amplifier, but it is 
easier to place it in the power supply. 

Amplifier standby plate current is reduced by 
means of a 10-kilohm, 25-watt cathode resistor 
which is shorted out by the VOX relay of the exciter, 
causing the tubes to operate at the proper resting 
plate current when the amplifier is on the air. A zener 
diode is placed in series with the cathode dc return 
path to reduce the quiescent plate current during 
amplifier operation. 

A %-ohm wirewound resistor from the negative 
side of the plate supply to ground makes certain that 
the negative supply terminal does not rise to the 
value of the plate voltage if the positive side of the 
supply is accidentally shorted to ground. 

Two reverse-connected diodes are shunted across 
the safety resistor to limit any transient surges under 
a shorted condition which might cause wiring insula- 

tion breakdown. In addition, the diodes protect the 
meters from transient currents. A resistor across the 
zener diode provides a constant load for it and pre- 
vents cathode voltage from soaring if the zener safe- 
ty fuse opens. 

Note that a 10-ohm, %-watt wirewound resistor is  
placed in series with the B-plus lead to the plate rf 
choke. This resistor serves as a vhf choke to sup- 
press harmonic currents in the power lead and also 
protects the tube and associated circuitry in case of a 
flash-over in the tube or plate circuit. The trernen- 
dous amount of energy stored in the power supply is  
instantaneously "dumped" into the amplifier when a 

FOR 2," -50 OHM 
0 . 2  

table 2. The pi-network circuit for a cathode-driven amplifier. This chart provides approximate values for the components of the 
cathode circuit. Capacitors should be I -kV  silver mica or equivalent. The inductor can be wound on a slug-tuned form. Value of 
C2 should take into account the cathode-grid capacitance of the tube which appears in parallel with C2 (information is from a 
computer program by W6POl. 

cathode 
z , (m band Cl(pFI C2(pF) L(pH1 

160 3300 4100 2.50 
80 1700 2120 1.34 

20 
40 900 1120 0.68 
20 440 560 0.33 
15 300 370 0.22 
10 220 275 0.16 

cathode 
Z,(Q) band Cl(pF) C2(pF) L ~ ( P H I  

160 3300 2870 3.81 
80 1700 1540 2.05 
40 900 770 

75 
1.03 

20 440 380 0.51 
15 300 250 0.34 
10 220 180 0.25 
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f ig. 7 .  Schematic diagram of the  3-5002 l inear amplif ier. 

C3 250 pF, 4.5 kV plate spacing - Johnson 154-16 RFC 1 50 pH; 14 bifilar turns of no. 10 AWG (2.6 rnm) enameled 

C4 500 pF, 4.5 kV wire wound on ferrite core 12.5 cm (5 inches) long and 

C5 1000 pF, 500 volt plate spacing 12.5 cm (0.5 inch) in diameter (Indiana General CF-503 or 

C6 0.001 ,F, 5 kV - Centralab 858s-100 equivalent). 
RFC 2 100 pH, 1 ampere dc; 112 turns no. 26 AWG (0.4 mm) 

C7, C8 500 pF, 10 kV TV-type "door knob" 
spacewound wire diameter on 2.5 cm (1 inch) ceramic 

C9-C14 0.01 ,F, 500 volt mica capacitor. Ceramic disc is a fo rm 15 cm (6  inches) long (Centralab X-3022H 
suitable substitute if rated 1 kV. insulator). Series resonant at 24.5 MHz with terminals 

PC 1 Three 100-ohm, 2-watt resistors in parallel shorted ( B 8 W  800). 
PC 2 Three turns of no. 14 AWG (1.6 mm) wound with 12.5- RFC 3 2.5 mH, 100 mA 

mm (0.5-inch) diameter and 19-mm (0.75-inch) length T I  5 volts at 30 amps (Chicago-Standard P-4648) 
connected in parallel with the resistors. The coil may be Blower 13 cu. ft./min. Use a no. 3 impeller at 3100 rpm (Ripley 
wound around one of the resistors. 8472, Dayton 1C-180, or Redmond AK-2H-OlAX) 

flash-over occurs, and much of this destructive ener- 
gy is dissipated in the resistor. 

Many modern-generation Amateurs have never 
worked with equipment operating at voltages higher 
than 12 volts. This amplifier, with the high-voltage 
plate supply, is positively lethal and the operator can 
be killed if his hands are inside the unit when the high 
voltage is on. I t  is imperative, therefore, that safety 
switches be incorporated in the amplifier design. I t  is 
poor engineering practice to leave these devices out! 
S4 isa normally open, pushbuttondevice that isclosed 
only when the lid is placed on the amplifier enclos- 
ure. S3 is a shorting switch that shorts the high volt- 
age to ground when the lid is removed. Construction 
of this special switch will be covered in a future arti- 
cle. Always remember - high voltage kills! Take 
necessary precautions. 

Although not shown on the schematic, it is a good 
idea to use a filament transformer having a primary 
winding tapped for 105, 115, and 125 volts. This pro- 
vides a plus or minus ten per cent adjustment from a 
normal line voltage of 115 volts. If a closer filament 
adjustment is desirable, the transformer can be run 
on the 105 volt tap with a rheostat in series with the 
primary winding to place the filament voltage "on the 
nose." 

The plus and minus leads to the high voltage sup- 
ply should be run through high-voltage connectors 
and high-voltage cable. Test prod wire having a 10- 
kV breakdown is satisfactory. As an alternative, RG- 
58lU coaxial cable can be used for high-voltage leads 
along with PL-259 plugs and reducers and SO-239 
receptacles. The shield of the coaxial line is grounded 
by the connectors. ham radio 
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P U T T I N G  T H E  3 -4002  T U B E  T O  WORK 

Using A Zero B ias  Tube  in a Grounded Grid 1 Ki lowatt  L inear  Amplifier 

The "ideal" linear amplifier package would contain no more than a tube, a filament transformer, a plate 
supply and a tuned circuit. It would be simple to build and cos t  but a few pennies. Unfortunately, such 
a perfect device does not yet exist ,  and i s  not foreseeable in the near future. On the contrary, the  rela- 
tively simple linear amplifier has  "grown" to become an object of astounding complexity, requiring grid 
b ias  supplies,  regulated screen supplies ,  power dissipating grid resis tors  and other awesome and com- 
plicated devices that add to the cos t  and weight of the linear, but do nothing to make the signal louder 
or clearer a t  the receiver. Indeed, some linear amplifier designs have been almost lost  in the maze  and 
complexity of expensive, regulated power supplies  required to make the beast  "tick". 

A large quantity of auxiliary equipment can be swept aside and junked if a zero bias  tube i s  employed in 
a simple grounded grid configuration, such a s  shown in Figure 2. Various types of transmitting tubes 
(originally designed for grid driven service) such a s  the 813, 811A and 4-400A have been used with suc- 
c e s s  a s  "zero bias" grounded grid amplifiers, but no true zero b ias  triode of large power capability has  
been a t  hand for this c l a s s  of service. The  a m p  1 i f i  e r  described in this  article i s  designed around the 
Eimac 3-4002, a member of a family of zero b ias  triode tubes now available to the amateur. 

T h e  3 - 4 0 0 2  Zero B i a s  Tube 

) The new 3-4002 tube i s  a high p triode having a plate dissipation of 400 watts. It i s  rated to 1 kilowatt 
d c input for linear amplifier service (figure 2). Within the maximum plate voltage rating of 3000 volts, 
the 3-4002 has  the very desirable characteristic of having no need for either a bias or a screen power 
supply. The  Old Timers will remember with nostalgia the old '46 tube. (Remember the 160 meter pre-war 
transmitter using a flock of these bottles)? When excitation was removed from the '46 i t  would simply 
relax and stop working. The 3-4002 will do this  trick, too. 

The  seated height of the 3-4002 i s  only 4%" to the top of the plate radiator cap, making it extremely at- 
tractive for the  new, modern concept of linear amplifier design. Because of the  small tube s ize ,  and be- 
cause  no one has  yet been able to miniaturize a watt, i t  i s  necessary to cool the tube sea l s ,  envelope 
and plate lead with an auxiliary blower. 

Elimination of the bias and screen s u p  p 1 i e s allows a large savings in cash  normally spent for these 
items, and a l so  saves  the builder the labor (and skinned knuckles) required to drill the holes ,  mount the 
parts, and do the necessary wiring on these electronic nuisances. A large bonus in the forms of sim- 
plicity and low cost  accrues to the user of a zero bias tube! 

T h e  Amplifier Ci rcui t  

The 3-4002 grounded amplifier circuit i s  shown in Figure 2. It i s  designed for an input of 1 kilowatt P E P  
sideband, or 1 kilowatt CW operation. In addition, i t  may be run a s  an AM linear amplifier a t  a n  input 
level  of 600 watts. Bandswitching circuits a re  ganged, and cover the amateur bands between 3.5 and 

D 
29.7 MHz with generous overlaps. A high-C pi-network output circuit i s  used to enhance a high order of 
linearity. It i s  necessary to monitor the output level of any linear s tage,  and a simple semiconductor 
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voltmeter is incorporated in  the  output portion of the  network. T h e  voltmeter range is variable,  a s  abso-  
lu te  readings are  not necessary.  

Proper operation of the amplifier may be es tabl ished by maintaining a given ratio between grid and p la te  
current. The  grounded grid, therefore, is "ungrounded" sufficiently to  permit insertion o f  a s imple  me- 
tering circuit. Done properly, the  s tabi l i ty  and operation of the  grounded grid c i rcui t  remain unchanged. 
T o  achieve this ,  e a c h  grid pin of t h e  3-4002 socke t  is grounded by a low impedance resistor-capacitor 
combination. T h e  res i s to rs  a c t  a s  a shunt a c r o s s  the  milliammeter, but have a value suff ic ient ly  high s o  
a s  not t o  dis turb the  calibration of the meter to any great degree. 

P l a t e  current is measured i n  the  negat ive lead of the  power supply rather than i n  t h e  filament return cir- 
cuit ,  a s  the  la t ter  current is a combination of grid and p la te  current. T h e  negative of t h e  power supply 
is "above ground" by the voltage drop a c r o s s  R 1  s o  i t  is necessa ry  to  "float" the  power supply above 
the  c h a s s i s  a s  shown in  Figure  2. 

T h e  driving impedance of the 3-4002 is a nominal 122 ohms. Since this  figure var ies  widely over t h e  op- 
erating cycle,  a high-C tuned cathode circuit  is employed to present  a constant  load impedance to  the  
exciter.  Filament voltage is applied to the tube via  a bifilar coi l ,  and excitation is applied to  t a p s  on 
the coil  which a r e  s e t  for minimum standing wave ratio on the coaxial  l ine  from the  exciter.  T h e  usua l  
driving difficulties experienced with grounded grid amplifiers a re  entirely absen t  and no coupl ing prob- 
lems are  noted when switching from band t o  band. Increased power output, reduced intermodulation dis-  
tortion, and e a s e  of drive a r e  gained when a tuned cathode ci rcui t  is used in  preference to t h e  old-fash- 
ioned untuned r f choke  input circuit .  

Construction of the Tuned Cathode Circuit  

The  tuned cathode ci rcui t  w a s  built a s  a complete sub-assembly in  a manner similar to a conventional 
grid-driven type co i l  turret. T h e  unit  c o n s i s t s  of a bifilar coi l ,  a su i t ab le  tuning capaci tor ,  a bandswitch, 

q- -. 

and appropriate bypass  capacitors.  T h e  photographs show various views of t h i s  sub-assembly.. 

T h e  bifi lar coi l  is wound from a 61" length of standard 3/16" diameter sof t  copper tubing, ava i lab le  a t  
auto parts houses ,  refrigerator repair departments, and la rge  hardware s to res .  Before t h e  co i l  is wound, 
a length of #12 Forrnvar insulated copper wire is passed  through the tubing, leaving about three  inches  
protruding from each end. B e  sure  you sand  the e n d s  of the  tubing to a smooth, rounded sur face  to  pre- 
vent the i n  s u 1 a t  i o n  of the  wire from being scraped or marred during t h i s  operation. Copper wire with 
enamel insulat ion should not be  used a s  the  enamel is too sof t  and may b e  eas i ly  damaged. Next,  t h e  
co i l  is wound around a 1-5/8" d i a m e t e r  form (a  sect ion of water pipe may be used),  and the  turns  a r e  
spread apar t  a s  required. 

Soft 3/16" copper s t rap is used for t h e  bandswitch l eads ,  and the t aps  should now b e  soldered i n  posi- 
tion. T h e  50 ohm driving points  a re  tapped with #18 enameled wire. 

The completed co i l  is mounted on a p iece  of %-inch bakelite or phenolic s h e e t  measuring 4" x 1-5/8". 
The  shee t  is dril led and tapped to  mount vertically on small  ceramic standoff insulators  bolted to  the  
sub-assembly c h a s s i s .  ?he c h a s s i s  measures  6" x 4", with a 2-3/8" l ip  o n  t h e  front end. - 
When m o u  n t i  n g t h e  bandswitch, keep i n  mind that  t h e  p la te  inductor and the cathode inductor will b e  - 
switched simultaneously by means of a chain and s p r o c k e t drive. Therefore, the  ca thode  turret must 
have the  80 meter se t t ing  fall  in the full  c lockwise position corresponding to the  t a p  sequence  of t h e  
pla te  turret. 
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The c a p a c i t o r  in series with the exciter input (C23) carries the full excitation current and must be a 
transmitting-type mica unit. Filament capacitors C8 and C9 are paralleled ceramic units chosen to con- 
serve space and yet provide sufficient capacity to insure that the secondary of transformer T1  i s  at r f 
ground potential. These capacitors are mounted directly at the "cold" terminals of the bifilar filament 
coil. The plate-cathode r f return circuit i s  via the cathode tuning capacitor, C12. The lead from the 
stator terminals of C12 to the filament circuit and the bifilar coil i s  made of %-inch copper strap. 

The series input capacitor i s  wired directly to the arm of the bandswitch with copper strap. The center 
conductor of the coaxial line from the exciter input receptacle i s  soldered to the capacitor terminal and 
the shield i s  grounded directly to the frame of the cathode tuning capacitor. The impedance of this tuned 
circuit i s  extremely low, and care must be taken in the design and assembly to make sure that the impe- 
dance i s  in the tuned circuit, and not in the various interconnecting leads and switches. 

Amplifier Construction 

This little power  hou s e  measures only 8-3/4" high, 14" wide, and 15" deep - small enough to sit  on the 
desk beside your sideband exciter or receiver. Construction is unique in that no chassis i s  used. The 
cabinet serves a s  the chassis! The TVI-proaf enclosure i s  fabricated from 0.063" aluminum sheet and $4 
inch a1 u mi n u m angle stock. The front panel i s  cut from 1/8-inch dural and measures 8-3/4" high by 14" 
wide. The sub-panel and rear panel are cut of the thinner aluminum to the same dimensions. Al l  three 
pieces are framed with the corner stock as  shown in the illustrations. Spacing between the panel and the 
sub-panel i s  2%''. 

The bottom of the e n  c 1 o s u r e  i s  formed in the shape of a "U", wrapping around the sides of the unit. 
This piece me a s  u r e  s 14" wide and 15" deep. The sides turn up 35/8". The front panel i s  set  back '/z 
inch from the edge, and is held to the sub-panel by means of four corner posts cut from %-inch square 
aluminum stock. 

The top cover is also "U" shaped, and i s  made of perforated aluminum to allow the exhaust air to es- 
cape from the main compartment. The cover measures 14" wide, 15" deep and 5-1/8" high. Top and bot- 
tom pieces are attached to the frame by means of sheet metal screws. 

The input circuit of the amplifier i s  contained within an "L" shaped box, as  shown in the under-chas- 
sis photograph (figure 5). The compartment i s  approximately 12" deep (this depth i s  determined by the 
finish dimension between the sub-panel and the rear panel) and 3 4 "  high. It has two %-inch lips, one 
along the side and the other along the bottom. Together with the bottom cover and the panels, it makes 
an r f tight and air tight compartment for the cathode input circuit and blower. 

The plate circuit components require no chassis. The two pi-network capacitors are mounted to the sub- 
panel by means of 6-32 machine screws and spacers. The plate coil i s  affixed in a similar fashion (fig- 
ure 3). 

Component Layout  and Assembly 

General component placement may be seen from the photographs. The panel meters are isolated from the 
r f circuits by virtue of the sub-panel. In the meter area is also located the chain drive for the cathode 
tank circuit (figure 6). The plate bandswitching inductor and the cathode circuit switch are ganged for 
ease of operation. A two-to-one drive ratio i s  needed a s  the plate inductor has 60-degree indexing and 
the cathode switch has 30-degree indexing. 
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The filament transformer i s  placed a t  the front of the chassis-box. Although slightly under rated, this  
unit has operated for hours with no evidence of overheating. The tube socket  and chimney are  centered 
on the chassis-box 5%" behind the sub-panel, and the remaining space  i s  occupied by the  centrifugal 
blower and motor (figure 3). A Johnson ceramic socket was used for the tube, but the new E l M A C  SK-410 
air socket and SK-416 chimney are recommended a s  an inexpensive substitute. 

The bandswitching plate inductor i s  a t  the opposite s ide of the main compartment. The unit i s  rated a t  
500 watts input. However, i t  was disassembled, silver-plated, and modified for one kilowatt sideband 
and CW operation. A new 10 meter coil section was wound, and the turret taps altered to provide t he  
proper L/C ratio for optimum amplifier linearity ( see  parts list).  

Amplifier Wiring 

Shielded wire i s  e m  p 1 o y e d for al l  low voltage circui ts  and small "feedthrough" capacitors p a s s  the 
leads  from the amplifier compartment into the meter compartment. Coaxial capacitors are employed for 
the low v o 1 t a g e terminals on the rear apron of the chass i s .  Silver-plated, %-inch wide copper strap i s  
used for the output wiring of the pi-network circuit. The  four stator sec t ions  of the output capacitor of 
the network are paralleled by a short length of strap. All wiring is short, and direct. 

Testing the Ampl i f ier 

The amplifier i s  entirely free from unwanted r e  g e  n e r a t i  o n s or parasites,  and operation i s  simple and 
straightforward. It i s  designed to operate with a 2500 volt, 400 milliampere power supply of good regu- 
lation. Preliminary adjustments should be made a t  reduced plate voltage and a minimum value of exci- 
tation. Excitation should never be applied without plate voltage being on the stage. Once resonance is 
established, the tube should be loaded up to approximately 400 mA  late current. The  grid current a t  t h i s  
particular o p e r a t i  n g point should be about 140 mA. The ratio of about three plate milliamperes to one  
grid milliampere should be maintained for al l  operating conditions. If the grid current is excessive,  i t  in- 
dicates  that the plate c i r c  u i t loading i s  too light. Low grid current indicates  that plate loading is too 
heavy. As a final check, i t  should be o b s e r v e d that the power output of the s tage  (as  observed on the  
output voltmeter) should increase in direct proportion to the excitation level.  Finally, to achieve a con- 
dition of maximum linearity, the plate output circuit should be overcoupled (by decreasing the value of 
the pi-network output capacitor) until power output drops about 3%. With a two-tone tes t  signal, the max- 
imum signal plate c u r r e n t  read on the meter will be 275 mA, and the grid current will be about 80 mA. 
With an average voice, plate current a s  read on the meter should kick to about 180 to 200 milliamperes, 
with grid current peaks of about 60 to 70 milliamperes. P E P input under these conditions will be one  
kilowatt, and al l  spurious distortion products will be reduced better than -35 decibels  below peak signal  
level. Under proper operating conditions, signal-to-distortion ratios better than -42 decibels  with a two- 
tone t e s t  signal have been achieved with this  tube in this circuit. Distortion ratios of this  order can only 
be obtained otherwise with conventional amateur tubes employed in feedback circuits.  

The cos t  of al l  parts, including the tube, a ir  s o c k e t ,  and chimney i s  under two hundred dollars.  Ama- 
teurs owning a good junk box, or who are "surplus hounds" can cut this  cos t  figure considerably. Con- 
sidered both on a watts-per-dollar basis,  and on a linearity basis ,  this l i t t l e  powerhouse i s  hard to beat  
for maximum performance! 

Harold C. Barber, W6GQK and 
Robert I. Sutherland, W6UOV 
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Figure 1. 3-4002 grounded grid amplifier runs 1 kw P E P  input on all amateur bands between 10 : 
80 meters, with a distortion figure better than -35 decibels below maximum output. Amplifier is enclof 
in TVI-proof cabinet. 

Figure 3. Plate tuning capacitor and loading capacitor are supported from sub-panel by three mt 

pillars, each 1-3/8" long. Loading capacitor sections paralleled by copper strap, and angle plate on I 

' 4 of capacitor mounts plate choke. Ten meter inductor is placed in vertical position, in foreground. 
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R.F. I N P U T  

3- 4002 

NOTES 

P L A T E  V O L T A G E  ' 2500 V 

S I N G L E  T O N E  P L A T E  C U R R E N T  ' 490 M A  

S I N G L E  T O N E  G R I D  C U R R E N T  ' 1 4 2  M A .  

R E S T I N G  P L A T E  C U R R E N T z  73  M A .  

NEGAr lYE  OF POWER SUPPLY IS GROUNDED THRU R 1 .  

. OUTPUT 

C1-C3,C8,C9 - -  Each: Two 4700 pF, 3 kV ceramic disc capacitors in parallel (10 req.) 
C4 - - . O 1  pf, 1 kV ceramic disc capaclror 
C5,C6,C7,C10 - -  .001 pf, 5kV. Centralab type 858s-1000 
C11 - -  250 pF, 3kV. E.F. Johnson 250330 (154-9) 
C13 - -  1500 pF. Four section b.c.-type capacitor. J.W. Miller #2104 
C12 - - 1100 pF. Three section b.c.-type capacitor. J.W. Miller #2113 
C14,C16 - -  2300 pF "feedthrough" capacitor. Centralab FT-2300 
C17,C22 - - .02 pf, 600 V ceramic disc capacitor 
C23 - -  . O 1  pf, 1.2 kV mica capacitor. Aerovox #I446 
C24,C26 - -  0.1 pf, 600 V. Sprague "Hypass" capacitor. Type 70P8 
M 1  - - 0-500 d c milliammeter, 2" diam. 
M2 - -  0-1 d c milliammeter, 2" diam. 
PC - -  Three 120 ohm, 2 watt composition resistors in parallel. Place inside of coil made of 4 turns #14, 

5/8-inch diam., 1" long 
R1 - -  10 ohms, 10 watt wire wound resistor 
R2,R4 - -  33 ohm, 2 watt composition resistor 
R5 - - 10,000 ohm, 1 watt 
R6 - -  1,000 ohm, 1 watt 

R7 - - 25,000 ohm, 1 watt potentiometer 
S1 - -  2 pole 5 position rotary switch 
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S2A,B - -  Make up of two Centralab "RR" decks (2 pole, 5 p o  si  t i  o n, 30 degree index) and Centralab 
P-122 Index Assembly 

S3 - -  Part of L2  assembly 
T I -  - 5 V @ 13 A Triad F-9A 

Blower - - Fasco Industries #50745-IN, 115 V 

Coil data: 

L 1  - -  Wound of 3/16-inch copper tubing. 10% turns, 1-5/8-inch diam. Spread turns apart l/l6-inch. Top 
two turns (tube end) are spread apart 5/16-inch. S2A taps coil (from "cold" end) a s  follows: 10 
meters, 9% turns; 15 meters, 9 turns; 20 meters, 9 turns; 40 meters, 7% turns; 80 meters, 6 turns. 
S2B taps coil (from "cold" end) a s  follows: 10 meters, 9 turns: 15  meters, 8 turns; 20 meters, 7 
turns; 40 meters, 4 turns; 80 meters, tap at  "cold" end. 

L2  - -  Barker & Williamson #851, modified a s  follows: 

A- Remove turns from main coil from "cold" end until 11% turns remain. 

B- Tap a s  follows: 80 meters, entire coil; 40 meters, tap 7% turns from "cold" end; 20 me- 
ters, tap a t  junction of #12 wire and 1/8" wire coil; 15 meters, tap 1-3/4 turns toward "hot" 
end of coil from junction. 

C- 10 meter coil consists of 6 turns, 3/16-inch copper tubing, 1-3/8-inch inside diam., 4" long. 

Figure 4. High-C cathode tank employs bifilar-wound coil to carry filament voltage to 3-4002. Switch 
leads are made of copper strap, and coil is supported on phenolic strip, mounted to the support plate by 
two %-inch ceramic insulators. 
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Fig- re  5. Under-view of chassis  showing input compartment with tuned cathode circuit in place. Fil- 
ament pins of socket face  side of chassis. Each grid pin is grounded by R-C t e r m  i n a t  i o n. All power 
leads run in shielded braid. 

Figure 6. Meter w i r i n g and chain drive behind panel. Cathode tank (left) and plate turret (right) are 
ganged, using American Stock Gear #C-10 s p r o c k e t  (10 teeth, 1.125" diam.) left, and American Stock 
Gear #C-20 sprocket (20 teeth, 2.030" diam.) right. "Ladder" chain drive is American Stock Gear #18/42. @ 
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The new EIMAC 3-4002 i s  a zero bias triode specifically designed for grounded grid r f linear amplifier 
service. It is  rated to one kilowatt PEP input for linear or CW service, and i s  also rated for modulator 
and class C operation. Only 4%-inches high, this l i t t l e  "powerhouse" delivers a big signal in a small 
package! The big brother of this tube i s  the 3-10002, rated to 2-kilowatt PEP input in sideband or CW. 
service. 

L 
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Figure 7 

General characteristics, 3-4002 tube 

Filament: 5.0 volts at 14.5 amperes 

Interelectrode capacitances: 

Grid-filament: 7.4 pF 

Grid-plate: 4.1 pF 

Plate-filament: 0.07 pF 

Typical operation, 2500 volts plate potential, grounded grid circuitry. 

Zero signal plate current: 75mA * 

Single tone d c plate current: 400 m A 

Single tone d c grid current: 140 m A 

Two tone d c plate current: 275 m A 

Two tone d c grid current: 82 m A  

P E P input: 1000 watts 

P E P output 560 watts ** 

Resonant load impedance: 3450 ohms 

Intermodulation products: -35 db or more below 
P E P signal level 

Driving power (approx.): 32 watts, P E P 

* Approximate value 

** Includes circuit losses 
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T h e  Grounded Grid Linear  Amplifier 

In the  "good old days" of ham radio, l inear amplifiers were used by a few ama- 
teur phone s ta t ions  a s  a (relatively) inexpensive way of obtaining high power. C l a s s  B 
modulators were a s  yet  unknown, and the  c o s t  of g lassware  n e c e s s a r y  to  generate two or  
three  hundred watts of C l a s s  A audio power was  exhorbitantly expens ive  for a l l  but t h e  
"well-heeled" hams. 

Loy Barton's c l a s s i c  QST ar t ic le  (Cira 1929) descr ibing the  inexpensive C l a s s  B 
modulator system sounded the death-knell  of the  l inear amplifier for amateur se rv ice  unt i l  
the  advent of s ing le  s ideband,  which recently blew the  dus t  from t h i s  ancient  mode of oper- 
ation and modernized i t  t o  f i t  today ' s  operating conditions.  

What i s  a L inear  Amplifier? 

T o  the hi-fi en thus ias t ,  t h e  l inear  amplifier is a high fideli ty music amplifier. 
T o  the  SSB en thus ias t ,  the l inear amplifier package,  when placed on the  end of a s ideband 
exci ter ,  will  make the  exci ter  sound bigger,  louder, and more commanding to  other ama- 

D teurs.  T h e  fac t  of the  matter i s  tha t  the  SSB linear amplifier is a high fideli ty amplifier 
in the true s e n s e  of the  word. T h e  "hi-fi" man thinks in terms of fideli ty,  and the  "side- 
bander" th inks  in terms of l inearity.  They  a re  both talking the s a m e  language. 

I t  is interes t ing to  note  that  a good "hi-fi" audio amplifier c a n  be theoret ical ly  
converted t o  a low distortion l inear  amplifier for sideband se rv ice  by replacing the  audio 
c i rcu i t s  with sui table  r.f. tank c i rcui ts .  Indeed, for r.f. work, push-pull circuitry i s  not 
even required as i t  is in audio se rv ice ,  b e c a u s e  the  flywheel act ion of the  r.f. tank cir-  
c u i t s  will  supply the  miss ing half-cycle.  Final ly ,  the operating parameters for a particular 
tube (pla te ,  sc reen  and grid voltage; driving voltage; and load res i s t ance)  a re  e a s i l y  ca l -  
cula ted for audio work, and apply equal ly  wel l  for r.f. service .  For  example,  the  811A tube  
is rated for C l a s s  B audio se rv ice ,  a s  a high-p triode (figure 1A). Compare these  ra t ings  
with t h e  C l a s s  B r.f. l inear da ta  l i s t ed  in figure 1B. 

Why Linear i ty?  

F o r  sideband service ,  the  r.f. power amplifier must be  truly l inear.  It must be  
capab le  of high fideli ty reproduction, Tha t  i s ,  the  s igna l  ex i s t ing  in the  pla te  c i rcui t  must 
hz a n  e x a c t  replica of the  exci t ing s igna l  impressed upon the  input c i rcui t .  T h i s  s ta tement  
is a good definition of a l inear amplifier. I t  impl ies  that  the power gain of the s t a g e  must 
be cons tan t  regardless  of the s i g n a l  level .  Any deviation from t h i s  happy s t a t e  c r e a t e s  
distortion products that appear in  the  s igna l  passband and ad jacen t  t o  i t .  

Unfortunately, many amateurs  judge the  exce l l ence  of the  s ideband s igna l  by the  

D quality of the  s ignal ;  that  is the  pleas ing a s p e c t  of the  voice  being transmitted.  Many 
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times one hears the report "Your quality is excellent, Old Man. You have a fine signal". 
yet the listener observes that the recipient of this flattering observation has a signal as  
broad as  a barn door, complete with '(whiskers" and "splatter" that obliterate half the 
phone band! Obviously, the criteria of quality of a sideband system is  what you don't hear, 
not what you do! The place to examine a sideband signal for linearity and quality i s  in an 
adjacent channel, not in the frequency band of the signal itself! 

How Good is "Good Quality"? 

The excellence of a sideband signal is an ethereal concept and usually i s  judged 
by the amount of (or lack of) sideband splatter in nearby channels. Theoretically, a side- 
band signal should be about three or four kilocycles wide: just as  wide as the voice pass- 
band of the equipment. However, the poor sideband operator's "tin ear" has been brutally 
deafened by so many "rotten signals" that he often accepts any SSB signal a s  "good 
quality7' as long as it does not blanket the dial of his receiver! 

Over the years a nice, easy, vague figure of "30 decibels down" for distortion 
products has become a password for good quality, low distortion, amateur sideband equip- 
ment. Since the measurement technique is usually undefined, and practically no amateurs 
have equipment sufficiently sophisticated to measure the intermodulation products of a 
sideband signal, this figure has become a byword for most commercial and home-made ama- 
teur equipment on the air. Valid or not, this magic number seems to be the socially correct 
distortion figure applicable in all cases to all equipment! 

Distortion - What it Means 

If the output signal of a linear amplifier stage i s  a replica of the exciting signal, 
there will be no distortion products. However, as  vacuum tubes and circuit components 
are not perfect, this situation i s  a s  yet unreachable. As shown in figure 2, the transfer 
characteristic of a typical tube i s  approximately linear. This tube suffers no pain when 
amplifying a single signal (such as a carrier or a single tone), but has the interesting 
property of mixing when a multiple signal source is applied to it. This means that a voice 
signal (made up  of a multiplicity of tones) will become distorted and blurred by the inher- 
ent mixing action of a so-called linear or "high fidelity" amplifier. A standard test to 
determine the degree of mixing for a given circuit or tube is the two-tone test, wherein two 
radio frequencies of equal amplitude are applied to the amplifier, and the output signal is 
examined for spurious products (figure 3). These products, or "garbage7' fall in the funda- 
mental signal region and atop the various harmonics. The tuned circuits of the amplifier 
filter out the spurious signals falling in the harmonic regions, which are termed even-order 
products. The odd-order products, unfortunately, fall close to the fundamental output fre- 
quency of the amplifier, and cannot be removed by simple tuned circuits. These are the 
spurious frequencies that cause a poorly designed or incorrectly adjusted linear amplifier 
to cover the dial with splatter. Shown in the illustration are two frequencies that make up 
a typical two-tone test signal. In this example, they are 2000 kc. and 2002 kc. Now, if the 
amplifier is perfect, these two signals will be the only ones appearing in the output cir- 
cuit. An  imperfect (but practical) amplifier, however, will have various combinations of 
sums and differences of the signals and their harmonics which are generated by the non- 
linearity transfer characteristic of the tube. All ofJhese unwanted products fall within the 
passband of the tuned circuits of the amplifier and are radiated, along with the two test 
tones. 
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If the odd-order products a re  suff ic ient ly  a t tenuated,  they will  be  of minor impor- 
tance and can  be ignored. The  sixty-four dollar question i s :  of what magnitude can  t h e s e  
spur ious  products be  without becoming annoying? How much "garbage" c a n  be  permitted ) before the  s igna l  becomes intolerable t o  the operator trying t o  maintain a QSO in a n  adja-  
cen t  channe l?  

T h e  answer  to t h e s e  ques t ions  depends upon the  type of information being trans- 
mitted, and the  degree  of interference that  can  be tolerated in the  s d j a c e n t  channel .  Cer- 
tain forms of information (not voice) require an extremely low value of spur ious  products 
within and ad jacen t  to the p a s s  band; otherwise ,  the  information will b e  ser iously  degraded. 
Odd-order products greater than .001% of the  wanted s igna l  may be  damaging to  the  intel-  
l igence.  Transla ted into terms of dec ibe l s ,  t h i s  means the  unwanted odd-order products 
must be  -50 dec ibe l s  below the wanted s ignal!  T h i s  t a k e s  some doing, and i s  orders of 
magnitude more s t r i c t  than the  l eve l  of intermodulation products than c a t  be  tolerated in 
amateur voice  communications. 

In ac tua l  practice,  i t  would seem that  odd-order products l e s s  than 0.1% of the  
peak s igna l  l eve l  a re  sufficiently a t tenuated s o  a s  t o  c a u s e  a tolerable l eve l  of ad jacen t  
channel  QRM in everyday amateur communications.  T h i s  ind ica tes  a distortion product 
magnitude of -30 dec ibe l s  below the  peak output power l eve l  of the transmitter.  Such a 
s t a t e  of affa i rs  c a n  be obtained by modern techniques  without too much trouble provided 
attenuation i s  given t o  c i rcui t  des ign and operating parameters of t h e  equipment. Of 
course ,  if distortion l e v e l s  exceeding t h i s  arbitrary l eve l  can be reached,  s o  much the  
better! Unfortunately, some equipments presently operating in the amateur bands  and mas- 
querading as "linear" amplifiers exhibi t  distortion l eve l s  of -20 dec ibe l s  or l e s s  below 
peak power output! Use  of equipment of t h i s  dubious  quality quickly reduces  the  popularity 

) of the  operator t o  zero, and will  probably l ead  t o  a brick through t h e  shack  window if 
continued! 

T h e  Grounded Grid L inear  Amplifier 

For  amateur se rv ice  the grounded grid c i rcui t  professes  to  be the  answer  t o  many 
of the i l l s  beset t ing the l inear amplifier. I t  requires  a l eve l  of drive that  is compatible 
with the  great majority of s ideband exc i t e r s  (70 to  100 watts) .  With proper choice  of tubes ,  
i t  may be  operated in a zero b ias  condition, eliminating the  need of expens ive  and heavy 
grid (and sc reen)  power suppl ies .  Neutralization i s  not usually required. In addition, c l a ims  
a re  made that  the  "inherent" feedback of the  grounded grid amplifier improves the  s t a g e  
l inearity and drops the  magnitude of the  distortion products. T h i s  a l l  sounds too good to  
be true, and an examination of the  grounded grid amplifier may be in order to  see if i t  is 
"the answer  to the  s idebander ' s  prayers". 

T h e  "class ic"  grounded grid amplifier is shown in figure 4 A .  T h e  control grid is 
a t  r.f. ground potential ,  and the driving s igna l  is applied to  the  cathode via a tuned circuit .  
T h e  control grid s e r v e s  a s  a shie ld  between the cathode and the pla te ,  making neutraliza- 
tion unnecessary a t  medium and high f requencies .  

T h e  input and output c i rcui ts  of the grounded grid amplifier may be considered t o  
be in s e r i e s  and a cer ta in  portion of the  input power appears  in the  output circuit .  T h i s  
feedthrough power a c t s  t o  somewhat s t a b i l i z e  the  load the  amplifier p resen t s  to  the  exci-  

) ter, and a l s o  provides the  user  with some "free" output power h e  would not o therwise  ob- 
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tain from a more conventional circuit. The  driver s tage  for the grounded grid amplifier 
must be capable of supplying the normal level  of excitation power required by the ampli- 
fier plus the feedthrough power. Stage power gains of 5 t o  25 can be achieved in a grounded 
grid amplifier. 

Measurements made on various tubes in the Power Grid Tube Laboratoryoi EIMAC 
showed that an improvement of 5 to 10 decibels  in odd-order distortion products may b e  
gained by operating various tubes in the grounded grid configuration of figure 4A, in con- 
trast to the same tubes operating in the grid driven mode. The  improvement in distortion 
figure varied from tube type to  tube type, but all  tubes tested showed some order of im- 
provement when cathode driven. (See Amateur Service Bulletin #1 for information regarding 
cathode driven service). 

The  tuned cathode circuit consisted of a bifilar coil  which carried the filament 
current and a large capacity variable capacitor. The circuit was high-C, with the excita- 
tion tap placed to provide a low value of SWR on the coaxial cable to the exciter. 

The  Untuned Cathode Circuit 

After sufficient measurements had been made with the circuit of figure 4A, the 
apparatus was modified to simulate the popular untuned cathode input circuit of figure 4B. 
It was immediately noted that the tubes tested in the previous circuit provided noticeably 
poorer resul ts  when used with an untuned cathode circuit. Power output dropped by 5% or 
so ,  greater grid driving power was required, and linearity suffered to a degree. Specifically, 
the third-order products rose approximately 3 to 4 decibels over the values produced by 
the circuit of figure 4A, and the fifth-order products rose 5 to 6 decibels  over those figures 
recorded with the tuned cathode circuit. The higher order distortion products a l so  rose 
accordingly. Observing the input waveform a t  the cathode of the grounded grid amplifier 
showed a pronounced distortion of the r.f. waveform caused by the loading effect over one- 
half cycle caused by a single-ended c l a s s  B amplifier. P la te  and grid currents drawn over 
the portion of the cycle loaded the input circuit. The exciter thus "sees" a very low load 
impedance over a portion of the cycle, and an extremely high impedance over the remaining 
part of the cycle. Unless the output regulation of the exciter i s  very good, the portion of 
the wave on the loaded part of the cycle will be seriously degraded, a s  shown in figure 5. 
Under normal circumstances, degradation of the input waveform may reach a more serious 
degree, a s  the exciter used for these t e s t s  was operating C la s s  A and was well swamped 
to improve regulation. Obviously, the circuit Q of the exciter output tank a t  the end of a 
random length of interconnecting coaxial l ine i s  not sufficient to prevent this  form of wave 
distortion. In addition to degrading the intermodulation figure, this  waveform distortion 
a l so  can cause  mysterious TVI troubles a s  a result of the high harmonic content of the 
wave. 

It  was also noted that the degree of intermodulation distortion could be changed 
by varying the length of coaxial l ine between the driver and the linear amplifier! This  
pointed out a problem that had gone unnoticed until now (figure 6). When the untuned 
cathode circuit i s  used, the r.f. current path from the plate of the amplifier tube back to 
the cathode must follow the path of the dotted line in the drawing. Since the cathode choke 
offers a high impedance to this  path, the alternative circuit i s  via the outer shield of the 
coaxial l ine, through the output capacitor of the exciter plate tank circuit, back to the 
linear amplifier via the center conductor of the coaxial line, and through the coupling capa- 
citor to the cathode of the amplifier tube! 
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b T h i s  alternative path p resen t s  severa l  severe  hazards.  F i r s t  of a l l ,  i t  is random, 
and var ies  with the  length of interconnecting coaxial  l ine.  Second, the  outer shield  of the  
coax ia l  l ine  is "hot" to the  pla te  c i rcui t  ground return, and a l l  s o r t s  of weird intercoupling 
between the  amplifier and the exc i te r  may result .  Third, the  p la te  return current p a s s e s  
through the  output pi-network capac i to r  of the  exciter.  There  is a real  danger that t h i s  
capaci tor  may not be  large enough (in a physical  s e n s e )  to  carry the  current,  and may b e  
damaged when subjected t o  this  form of abuse .  

It  is possible  to employ e i the r  a high-C tuned circuit  of the  form shown in figure 
7A, or untuned filament chokes in  conjunction with a simple pi-network may be employed 
a s  shown in figure 7B. Ei ther  arrangement will supply the  n e c e s s a r y  "flywheel" e f f e c t  
to  retain good r.f. waveform a t  the  ca thode  of the  l inear s t age ,  and both will provide a 
short ,  direct ground return path for t h e  pla te  r.f. circuit .  

Adjustment of the  Cathode Circuit  

T h e  cathode circuit  is resonated to the  operating frequency by means of the  vari- 
a b l e  capacitor.  Resonance is indicated by maximum grid current of the  amplifier. A low 
value of SWR on the coax ia l  l ine  to the  exci ter  is es tab l i shed  by adjust ing the  t ap  on the  
tuned ci rcui t ,  or by varying the "input" capaci tor  of the  pi-network. SWR correction should 
be made with the  amplifier running a t  maximum input. When the  t a p  is correctly s e t ,  maxi- 
mum grid current and minimum SWR will  coincide a t  one  se t t ing  of the  capacitor.  No cut t ing 
and trimming of the  coaxial  l ine is required, and the exci ter  will  b e  properly loaded. T h i s  
is a boon, indeed, to  the  owners of SSB exc i te r s  that have a fixed pi-networkoutput circuit .  

Summary 

T h e  u s e  of the  tuned cathode ci rcui t  in a grounded grid l inear amplifier s t a g e  
improves l inearity,  inc reases  the  power output, makes the  s t a g e  e a s i e r  to  drive,  and re- 
d u c e s  the  burden placed on the s ideband exciter.  T h e  advantages  of t h i s  c i rcui t  a r e  well 
worth the  added c o s t  of par ts  and t h e  extra  controls.  I t  is, of course ,  poss ib le  to d i s p e n s e  
with the  tuned cathode circuit ,  provided t h e  user  understands t h e  handicaps h e  must as -  
sume by omission of this  important c i rcui t  element.  
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Figure 1 

811A OPERATING DATA 

Class B Audio Service 

(A) (Two Tubes) 

Class B r.f. Service 

(B) (One Tube) 

Plate Voltage 

Grid Bias 

Peak Grid Voltage 

Zero Signal Plate Current 
(ma.) 

Max. Signal Plate Current 
(ma.) 

Load Resistance (ohms) 

Max. Signal Grid Current 
(ma.) (1) 

Power Output (watts) 

Grid Driven 

1250 

0 

8 8 

27 

175 

4600 

13 

155 (2) 

Grounded Grid 

1250 

0 

88 

27 

175 

4600 

13 

141 (3) 

(1) Varies from tube to tube (2) Computed power output (3) Measured output 
(including circuit losses) 

The operating parameters of a class B amplifier stage remain the same regardless 
of whether the tube functions in audio or r.f. service. Grounded grid operation i s  similar, 
except that the exciter must supply additional feed-through power required by this config- 
uration. Since class B audio service requires two tubes, all currents and plate load resist- 
ance must be halved for single tube r.f. service. Class B audio data i s  readily available 
for most tubes and can be used for r.f .  service, as  shown above. 

Figure 2 
Plate current vs. grid voltage curve (dynamic 
characteristic) of a vacuum tube. This curve i s  
linear in the center portion and exhibits devia- 
tions at either extremity. The shape of the curve 
and the choice of the zero-signal operating point 
(A) will determine the distortion produced by the 
tube. Mixing action caused by nonlinearity pro- 
duces distortion products which cannot be elimi- 
nated by the tuned circuits of the amplifier. 

- G R I D  V O L T A G E  + 



Figure 3 

Figure 4 

F U N D A M E N T A L  

Intermodulation (mixing) distortion caused by 
nonlinearity i s  illustrated by two-tone test  s ignal  
( f l  and f2). Even-order products (A) are substan- 
tially eliminated by the tuned circuits of the 
amplifier, but odd-order products (B) fall  within 
the passband of the tuned circuits and are not 
removed. (B) shows the mixture of spurious sig- 

FREQUENCY - nals  that make up distortion products falling 
within the fundamental range. 

f r  f z  @ 

INPUT 

0 
3 

0. 
I 

4(A) The grounded-grid amplifier ha s  the input circuit between cathode and ground. The  
control grid ac t s  a s  a screen between the plate and the cathode, making neutralization un- 
necessary in most circuits. The input and output circuits are in s e r i e s  and a portion of 
the input power appears in the output circuit. The driver s tage for the grounded-grid ampli- 
fier must be capable of supplying normal excitation power plus the required feed-through 
power. High-C cathode tank preserves waveform of input signal and prevents distortion. 

4(B) Popular amateur-style grounded-grid amplifier u se s  untuned filament choke in place 
of cathode tuned circuit. Laboratory t e s t s  showed that this  simplified configuration pro- 
duced higher intermodulation distortion products and had l e s s  power output than the "clas- 
sic" circuit of Fig. 4(A), regardless of the type of tube used. In addition, the untuned input 
circuit proved hard to match and drive with pi-network sideband exciter. 
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Figure 5 

Waveform distortion caused by half-cycle loading a t  cathode of grounded-grid amplifier can 
be observed in oscilloscope studies. Lower left: Two-tone tes t  signal when tuned cathode 
circuit i s  used. Upper left:  3.5-Mc. waveform (single tone) from sideband exciter a s  s een  
a t  cathode tank. Lower right: Two-tone tes t  signal when untuned cathode circuit i s  used. 
Upper right: 3.5-Mc. waveform (single tone) from sideband exciter,  showing severe dis- 
tortion of waveform when untuned cathode circuit i s  used. 

Figure 6 
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CATHODE / IETURN PATH 

Untuned filament circuit of grounded grid amplifier offers a high impedance to the r.f. cur- 
rent path from plate to cathode of the amplifier tube. The alternative path i s  via the inter- 
connecting coaxial l ine and tank circuit of the exciter. Lack of tuned circuit a t t he  cathode 
of the g-g s tage permits waveform distortion of the driving signal resulting in a higher 
degree of intermodulation distortion and reduced power output. 



1 NPUT 

Tuned cathode network for zero-bias tube may take the form of bifilar circuit (A), pi-net- 
work (B), or a shunt LC circuit (C), A Q of 5 i s  recommended for optimum results. However, 
as this leads to rather bulky circuits at the lower frequencies, the Q may be decreased to 
2 or 3 without serious effects. Capacitor C1 i s  a 3-gang broadcast-type unit. Coils L1, L2, 
and L3 are adjusted to resonate to the operating frequency with C1 set to about 13 ppf per 
meter of wavelength. Capacitor C2 i s  approximately 1.5 times the value of C1. The input 
tap on coils L1 and L3, or the capacitance of C2 are adjusted for minimum s.w.r. on the 
coaxial line to the exciter. 
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Grid Current Measurement in G-G Amplifiers 

Measuring the grid current of a cathode driven amplifier can be a delicate 
and exasperating task a s  it i s  a ticklish job to "unground" the grid sufficiently 
to permit a metering circuit to be used, yet still  hold the grid a t  r.f. ground poten- 
tial. The inherent inductance of most bypass capacitors permits the grid circuit 
to "float" above ground at some high frequency, and a s  a result the amplifier 
exhibits instability and parasites. This problem can be avoided with the measur- 
ing circuit of figure 1 A .  The control grid i s  grounded through a 1-ohm composition 
resistor, bypassed by a . O 1  pfd disc capacitor. The voltage drop generated by the 
flow of grid current across the resistor can easily be measured by a milli-voltmeter 
which i s  calibrated to read in terms of grid current. Individual grid current for each 
of a parallel pair of tubes may be measured by the circuit of figure 1B. 

The internal resistance of the 0-1 d.c. milliarnmeter plus the series re- 
sistor R1 determines the maximum current that can be measured. Suppose it i s  
desired to read grid current in the order of 60 milliamperes. The meter should 
therefore read 0-100 milliamperes. This is very convenient, a s  the reading of the 
meter scale can easily be multiplied by 100 to obtain the actual value of current. 
Now, when 100 milliamperes flow through 1-ohm, there exists a potential of 0.1 
volt across the resistor. The meter should therefore read 0 .1  volt full scale to 
correspond to a grid current of 100 ma. Assume the meter is Triplett #221-T, which 
has an internal resistance of 55 ohms. The voltage drop across the meter itself i s  
0.055 volts when one milliampere flows through it.  To convert the milliammeter to 
a voltmeter reading 0.1 volt full scale a series multiplier must he added. A voltage 
drop of 0.1 volt exists across a 100 ohm resistor when one milliampere of current 
flows through it. The difference between 100 ohms and 55 ohms, or 45 ohms, must 
therefore be added in series with the meter to convert it to read 0 .1  volt, full 
scale.  On the other hand, placing the meter itself across the 1-ohm resistor with- 
out the series multiplier will result in a full scale reading corresponding to 55 
milliamperes. Thus, if maximum grid current i s  below this latter figure, no series 
resistor is required for the meter. Conversely, high values of grid current produce 
greater voltage drop across the 1-ohm resistor, and larger values of series multi- 
plier resistance are needed. 
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TRANSMITTING TUBES - How T o  Use and Abuse Them 

T h e  story h a s  been told a t  h a m  f e s t s that  the  d a t a  s h e e t  enclosed in  a vacuum tube box w a s  included 
with t h e  intention that  i t  should be thrown away with the  box and packing material. Contrary t o  t h i s  l i t t l e  
story,  the  da ta  s h e e t  h a s  been p 1 a c e d  therein with good reason:  to  inform t h e  use r  of t h e  tube  of t h e  
capab i l i t i e s  and l imitations of the  tube. The  d a t a  s h e e t  i s  a summation of t h e  functions of t h e  tube  and 
c o v e r s  t h e  e lect r ical  and mechanical charac te r i s t i c s ,  the  maximum rat ings ,  and the  typical  operating 
conditions.  

T h e  rugged individual is t  u s u a  11 y ignores  t h e  da ta  s h e e t  and runs h i s  tube a t  a temperature jus t  below 
that  a t  which the  pla te  will s tar t  to melt. T h i s  may be fun, and may even evoke "oh's" and  "ah's" from 
the vis i t ing hams, but i t  v io la tes  the old "watts-per-dollar" evaluation of the  vacuum tube! 

After a l l ,  l e t ' s  f a c e  i t :  There  i s  an e c o n o  m i  c point beyond which i t  is impractical  on a "watts-per- 
dollar" b a s i s  to push a tube. In general,  the  harder the  tube is pushed,  the  shor ter  will  be  i t s  l i fe .  T h i s  

D i s  analogous to  the  story of the  c o w b o y  who wandered into  a western  sa loon and saw an old,  grizzled 
prospector a t  the  bar, drinking whiskey n e a t  from a bottle,  and smoking a huge, black c igar  taken from 
a box of s t o g i e s  a t  h i s  elbow. Striking up a conversat ion,  the  cowboy learned the  old gent drank th ree  
quarts of booze a day, and smoked f ive  boxes  of c iga rs  a day, too. Said he ,  "You a re  amazing! All t h i s  
hard l iv ing a t  your age! You look l ike  you must be ninety years  old!" 

"Ninety!" sc reeched  the prospector slamming h i s  d r i n k  on the  bar and reaching for h i s  gun, "I'm only 
twenty-two!" 

So i t  is with t h e  vacuum tube. Moderation is the  sec re t  to a happy, long tube l ife.  T h e  tube manufacturer 
s e t s  maximum rat ings  on a b a s i s  of expected tube l ife.  Each  rating h a s  been determined a s  the  maximum 
value which will permit a reasonable  l i f e  expectancy for the  tube. T h e  enemy of unlimited tube l i f e  is 
heat ,  but unfortunately hea t  is a n a t  u r a 1  consequence  of making the  tube  work. A compromise of some 
kind must thus  be  made, and this  i s  the  purpose of the  da ta  sheet .  L e t ' s  look into  the compromise a n d  
see what e s t a b l i s h e s  the  various ra t ings  given for transmitt ing tubes .  

P la te  Dissipation 

The  pla te  diss ipat ion (rated in wat ts)  of a l l  radiation (air) cooled tubes  is limited by the  maximum s a f e  
temperature of the  plate,  and the  e f fec t s  of th i s  temperature on par ts  of the  tube other than the  pla te .  In 
general ,  the  p la te  of radiation-cooled tubes  will  withstand several  t imes i t s  maximum rated p la te  d i s s i -  

B 
pation for a short  period of time. Other pa r t s  of the  tube, however, a r e  affected greatly by e x c e s s i v e  h e a t  
radiated by the  plate.  High l e v e l s  of p la te  temperature c a u s e  the  grid, filament, and g l a s s  envelope t o  
become over  heated, while the heat  conducted away from the p la te  by the p la te  l ead  contributes to the  
heat ing of the  p la te  sea l .  



These effects are  not i n s t a n  t a n e ou s , and short overloads do not usually overheat the adjoining tube 
structure to a d a m  a g i n g  extent. However, the user has  no way of telling to what degree he can safely 
exceed the plate dissipation, or over what length of time this  abuse can take place. The  maximum plate 
dissipation r a t  i n g i s  intended to s e t  a point at which continuous operation may be carried out without 
damage to any part of the tube, even though the other tube elements may a t  the same time be operating f? 
a t  their maximum ratings. 

Regardless of other c o n d i t i  o n s ,  the  maximum plate dissipation should not be exceeded in continuous 
operation. 

Maximum Plate Voltage 

Voltage limitations are s e t  a t  a point above w h i c h  the internal insulators of the tube may arc over, or 
above which the g lass  envelope will become damaged from dielectric losses .  In addition, a plate voltage 
ceiling tends to s e t  a limit to ,the r.f. charging current flowing in the plate and filament leads. The char- 
ging current i s  a function of the r.f. plate voltage, which in turn i s  a function of the d . ~ .  plate voltage; 
this  makes i t  possible to s e t  a limit on r.f. charging current without the difficult task of determining the 
current directly. 

Tube envelopes having grid and plate leads  in close proximity are subject to a greater degree of g l a s s  
s t r e s s  than those having widely separated electrode terminations. In general, however, most g lass  tubes 
have maximum plate voltage ratings that fall  in the r.f. charging current limit category. 

Minimum Plate Voltage 

Each tube has a particular plate voltage below which i t  i s  uneconomical to operate the tube. That i s  to 
say, the filament power consumed by the tube (and the initial cos t  of the tube) are s o  high that the cos t  

9 
of power developed by the tube i s  high in comparison to the same power generated by a cheaper tube. Of 
course, if the tube i s  purchased "surplus" a t  low cost ,  the economic picture changes s o  that the initial 
cos t  i s  of secondary importance. Even so, tube efficiency tends to drop when extremely low values of 
plate voltage are employed. In addition, multi-element tubes, such a s  the tetrode (the 813 or 4-250A, for 
example) have a definite minimum plate potential below which i t  i s  not wise to operate the tube. As  the 
plate potential is lowered, the average screen current tends to rise and the screen dissipation increases 
accordingly. It can be possible to thereby damage a tube by excessive screen dissipation by operating 
i t  a t  a low plate potential. 

Lowering the screen voltage to decrease the screen dissipation i s  but a make-shift cure, a s  the power 
gain and efficiency of the tetrode tube drops sharply a s  the screen voltage i s  lowered beyond the normal 
operating range. 
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Maximum P l a t e  Current 

Maximum plate current i s  based upon the a v a i 1 a b 1 e supply of electrons emitted by the filament of the 
tube. Fi lament  emission i s  therefore the controlling factor determining maximum allowable plate current. 
The maximum plate current figure i s  intended to set a value which may be easily realized throughout the 
life of the tube. If operating conditions are chosen which require the maximum plate current limitation to 
be exceeded at the start of tube life, it may become increasingly difficult to maintain the desired plate 
current as  the tube ages. To have ample filament reserve, it i s  important to make sure that filament volt- 
age i s  "up to snuff" at all times. 

Fi lament  Voltage 

Proper fi lament v o I t  a g e and the allowable departures therefrom are usually specified in the tube data 
sheet. In general, quick-heating thoriated tungsten filaments used in the larger power tubes may be  op- 
erated over a range of plus or minus 5-percent of the recommended voltage. Slower heating cathode-type 
filaments used in small power tubes usually have a filament operating range of plus or minus 10-percent 
of the recommended voltage. External anode tubes have a filament voltage range of plus or minus 5-per- 
cent. Some variation in p o w e r  output must be expected a s  the filament voltage i s  varied in this range. 
Lower than normal filament voltage will impair the power output of the tube, and higher than normal volt- 
age will cause critical parts of the tube to run at an excessive temperature, and may even cause damage 
to the grid structure in extreme cases. In passing, it should be noted that an inexpensive a.c. type meter 
of plus or minus five-percent accuracy can tell the operator little about filament voltage, when the volt- 
age must be held to the same value of accuracy. Use a good filament voltmeter of known accuracy. 

Element dissipation sets the grid and screen power limits. Excessive dissipation can result in electron 
emission from the element (termed primary emission), or can cause deformation or melting of the struc- 
ture through overheating. In addition, the grid and screen structures can be overheated by excessive ra- 
diation from the plate. 

A common type of screen damage results when the tube i s  operated with full screen voltage and low or 
nonexistent plate v o l t a g e .  The screen then tends to act like the plate, and excessive screen current 
quickly boosts the screen dissipation to the p o i n  t where the structure i s  permanently damaged. Thus, 
the tetrode should be protected against loss of plate voltage. Either the screen and plate voltage should 
be taken from a common supply, or some form of overload relay or safety device should be used that will 
break the screen voltage lead when the screen current exceeds a predetermined value. When such a de- 
vice i s  used, a ground return should exist between the screen and the n e g a t i v e  of the plate supply. 
Otherwise, when the screen circuit i s  broken, the screen will "float" above ground at some high poten- 
tial and the screen bypass capacitor may fail due to excessive voltage (figure 1). 
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Bulb Temperature 

The glass envelope and lead seals of the transmitting tube must be maintained below a temperature at 
which the glass will soften, or the seals "leak" air. Tubes and components tend to become smaller year 
by year, but nobody has yet been able to miniaturize the watt, and assemblies run hotter as  they are re- 
duced in size. Also the tube's glass envelope will act as  a conductor when it is  too hot. Adequate ven- 
tilation is very important if maximum tube life is to be achieved. Heat i s  the great enemy of the vacuum 
tube and pains should be taken to conduct the heat away from the tube a s  efficiently a s  possible. 

The most popular tubes used in amateur service are air cooled. The smaller tubes (and the larger, old 
ones having long element support stems) may be cooled by convection, the heat rising from the envelope 
creating sufficient air movement to ensure that excessive element and seal temperatures are not reached. 
Compact, h i g h e r  power tubes that have to dissipate large quantities of heat in a small area m u s t  have 
assistance in the form of air blown across the envelope, seals, and pins by an auxiliary fan or blower. 

Short, squat tubes may require more cooling air than long, thin tubes a s  the lead seals of the "shorties" 
are nearer the elements and are thus exposed to higher temperatures. 

For most tubes the flow of cooling air i s  *upward, consistent with the normal flow of convection currents. 
Large transmitting tubes have an open base structure and a matching s ~ c k e t  which permits cooling air to 
enter the base end of the tube. The grid c i  r c u i t area under the chassis, therefore, may be pressurized 
and the air introduced into this chamber by means of an external blower. The plate circuit area may have 
a mesh cover which permits the air tovent out readily, yet which provides a degree of circuit shielding. 
No holes in the chassis should be provided for the air to pass from the lower to the upper compartment 
other than by passage through the socket and tube base (figure 2). 

Do not sub-mount a tube with a metal base shell so that the chassis comes above the vent holes of the 
base. Do not mount above the chassis a tube with a metal base shell or the proper circulation of air will 
be impaired (figure 3). 

In the case of the e x  t e  rn a1 anode-style tubes (4X150A, for example) complete air system sockets are 
available that permit air to be blown axially on the base of the tube, past the base to the envelope, and 
then over the plate cooler. Use of other than such a special socket i s  "bad medicine'' for the external 
anode tube, as  tube temperatures cannot be adequately controlled. 

Use of a receiving-type loctal socket with external anode tubes is not recommended, as  dangerously high 
stem temperatures will be generated from the heat of the filament unless the base structure is cooled by 
an air blast, and the solid construction of the loctal socket blocks the normal flow of air above the tube 
stem. 

Construction Techniques for Forced-Air Cooled Tubes 

In general, the under-chassis area should be made air-tight, and a suitable fan or blower used to pressur- 
ize the compartment. The i n t a k e  air vent should have a large area to provide a minimum resistance to 
the flow of air. Air holes may be s c r e e  n e d a s  a TVI-preventive measure, but such impediment reduces 
the passage of the air by a large degree. 
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As it i s  difficult to measure the air flow to a tube, and even more difficult to measure the envelope and 
seal temperatures of the tube, the following "rules of thumb" may be observed in order to achieve opti- 
mum cooling and longest tube life. 

1. Use the maximum amount of forced air possible. It i s  wise to employ a blower delivering at 
least twice the recommended volume of air. Turn the air blast on at the same time the filament 
i s  turned on, and leave it on a s  long a s  the filament i s  lit. 

2. Inexpensive squirrel-cage blowers often do not work properly when delivering air into a back 
p r e s s u r e  ((load" created by the socket, tube and chimney. A large quantity of air escapes 
through the sides of the blower. Make sure the air enters the socket and escapes via the tube 
chimney, and does not "windmill" in the blower cavity. 

See that the rotatable cage of the blower makes a close fit with the housing; otherwise, air will 
spill out of the unit when it i s  o p e r a t e  d under back-pressure. In general, low speed blowers 
will lose p r e s s u r e  badly when subjected to back-pressure. A blower speed of at least 3,100 
r.p.m. i s  recommended. Most transmitting tube data sheets reveal the required air pressure (in 
cubic feet per minute) and the back-pressure (in inches of water) that must be d e v e 1 o p e d as  
p r e  s s u r e  drop across the socket. Most blower manufacturers provide data sheets which show 
the b l o w e r  output (in cubic feet per minute) that the unit develops for various values of back 
pressure (in inches of water, or static pressure). You can be reasonably sure your tube i s  ade- 
quately cooled if you choose a blower that develops about tw ice  the required number of cubic 
feet you need at a s p e c i f i e d  back pressure. Beware of "midget" and "surplus", unmarked 
blowers, or blowers with loose-fitting housings! 

D 3. Make sure the cooling air reaches the socket and make sure the exhaust air leaves the vicinity 
of the tube. It does no good to pump cooling air to a tube and then have no path for the warmed 
air to excape. 

4. A large am o u n t of heat escapes from glass tubes by radiation of energy from the tube plate. 
Placing the tube near polished metal surfaces that reflect radiant energy back to the elements 
of the tube i s  a sure way to raise the internal t e m p e r a t  u r e  of the tube. It i s  a good idea to 
space the tube away from such surfaces by at least the diameter of the tube envelope. 

No simple rules can be given to accommodate all tube installations in all possible equipments. Tubes 
can be damaged by lack of air, but never by too much air, unless the blast i s  strong enough to lift the 
tube out of the socket and smash it against your ceiling! Use the largest blower you can afford. A great 
deal can be learned about air flow by puffing cigarette smoke into the blower and observing the path i t  
takes in quitting the amplifier. 

Connections to the Tube 

Connections to the plate cap of transmitting tubes should be made with a s e c t i o n  of flexible strap or 
braid to prevent any 1 a t e r a l  strain from being placed on the tube electrode. Those tubes having a rod- 
type plate lead (such as  the 304-TL) are prone to damage if the plate connector i s  forced on the rod un- 
til the connector touches the glass envelope. Under heat, the expansion rate of the glass, the plate rod, 
and the connector are all different, and it i s  possible for the connector to press against the envelope and 

B cause a fracture of the glass at the point of contact. 
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There Is Hope! 

Don't l e t  t h e s e  warnings discourage you from building equipment and us ing  modern high power transmit- 
ting tubes! It i s  m e r e  1 y that  "forewarned" i s  "forearmed." By ant ic ipat ing minor di f f icul t ies  s u c h  a s  
outlined in  t h i s  a r t i c l e  and eliminating the  s o u r c e s  of trouble, the  equipment in  question c a n  provide a 
long and happy l i fe  for the vacuum tube. T h i s  will make you (the owner and operator) happy, and - be- 

e 
l i eve  i t  or not! - make the  vacuum tube manufacturer equally happy! 
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Figure 1 

OVERLOAD 
R E L A Y  OR 
"TUNE' SWITCH 

If the d.c. screen circuit i s  broken by an overload relay or 
a "tune-operate" switch, it i s  necessary to provide a d.c. 
return path from screen to ground. Otherwise, i t  i s  possible 
for the screen to assume the d.c. potential of the plate with 
the result that the screen bypass capacitor may be damaged. 
The screen resistor (R) should be chosen s o  a s  to "bleed" 
about 15 milliamperes per tube for the 4CX250B/4CX300A 
ser ies  tubes and a p p r o x i m a  t e 1 y 70 milliamperes for the 
4CX1000A. 

B+ SCR 

Figure 2 

B O T T O M  P L A T E  
1 / 

I I 
B O T T O M  P L A T E  

Forced air e n t e r s  the grid compartment below the socket 
through a screened opening, pa s se s  through the socket cool- 
ing the base s ea l s  of the tube, sweeps upward cooling the 
the g l a s s  e n v e 1 o p e .  The plate circuit compartment has  a 
screened c o v e r  which permits the air to vent out readily. 
Th i s  arrangement a p p l i e s  whether the tube i s  cooled by 
forced air or convection circulated air. 

Figure 3 

I \ 
BOTTOM P L A T E  

Do not sub-mount a tube with a metal base shel l  s o  that the chass i s  deck comes above the vent holes of 
the base shel l  of the tube. This  arrangement impedes the proper flow of air and does not improve circuit 
isolation (A). Do not mount above the c h a s  s i s a tube with a metal base  shell ,  a s  the same conditions 
apply a s  before (B). In addition, no holes should be provided for the air to pas s  from the lower to upper 
compartment other than the passages through the socket and the tube base. 

A S - 8  
Page 7 



amateur service newsletter 
W6SAI 

A HIGH POWER LINEAR AMPLIFIER USING THE NEW ElMAC 3-10002 

The Eimac 3 -10002 i s  a compact power triode designed for zero bias, class B r.f. and audio applica- 
tion. Grounded-grid operation is attractive a s  a power gain as  high as  twenty can be obtained i n  a cath- 
ode driven circuit. At a plate potential of 2500 volts, two kilowatts PEP input may be run, with inter- 
modulation distortion products -35 decibels or more below maximum PEP level. 

Shown in the drawing i s  the schematic of an all-band (3.5 - 29.7 Mc) amplifier designed around the 
3-10002. A tuned cathode circuit i s  employed to achieve minimum distortion and ease of drive (I) ,  and 
the popular bandswitching pi-network output circuit i s  used to match coaxial antenna feed systems. 

The amplifier may be driven by any sideband exciter having a power output of approximately 65 watts. 
Drive i s  monitored by a grid current meter placed across a low impedance r.f. shunt located between 
grid and ground at the tube socket. The plate current meter i s  placed in the B-minus lead to the power 
supply. A simple diode voltmeter i s  used to indicate relative r.f. output, and i s  used for tuning pur- 
poses. During standby periods, the 3-10002 i s  biased close to cutoff by the 50K resistor in the fila- 
ment return circuit. The resistor i s  shorted out by the external VOX relay, grounding the center-tap of 
the filament transformer. 

The new Eimac SK-510 Air-System Socket and SK-516 Chimney are r e c o m m e n d e d  for use with the 
3-10002. The older SK-500 socket may be used, provided care i s  taken to see that the contact pins 
move freely about, and do not place lateral strain on the tube pins. Flexible leads should be used with 
either socket to allow free pin movement. 

At a plate potential of 2500 volts, peak plate meter current will be about 400 ma. under voice condi- 
tions, and grid current will approximate 125 ma. With carrier injection, the amplifier should be loaded to 
the single-tone operating conditions shown in the data sheet. 

The amplifier may be constructed on a 14" x 17'' x 4" aluminum chassis. The tuned input circuit and fil- 
ament components are mounted below deck, and the plate circuit c o m p o n e n t s  atop the chassis. The 
chassis i s  pressurized by the addition of a bottom plate, and air forced into the chassis by a "squirrel 
cage" blower i s  exhausted through the air socket. The plate circuit components and tube are enclosed 
in a TVI-proof screen made of perforated aluminum sheet. Overall height of the amplifier i s  14%". 

(1) "The Grounded Grid Linear Amplifier", QST, August 1961, page 16. 



3-10002 LINEAR AMPLIFIER - - PARTS LIST 

C1- - Three gang b.c. capacitor with sections in parallel. J. W. Miller #2113. 

C2-- 500 wfd.,  10 KV. Jennings Radio Co. #UCSL-500 variable vacuum capacitor. 

C3 - - 1500 wfd.,  0.03" spacing. Barker & Williamson #51241. 

L1- - (See drawing) Mounted beneath chassis in close proximity to tube socket. 

L2 - - Filament choke. Barker & Williamson FC-30. Windings connected in parallel. 

L3- - Barker & Williamson #852 all-band coil assembly. 

PC--  Three 150 ohm, 2 watt composition resistors in parallel, shunted by three turns #12, 3/4" long. 

T I - -  7.5 volts at 22 amperes. Stancor P-6457. 

Blower: 20 cubic feet per minute, or greater. Dayton #1C-180, or Ripley #81. 

Grid Meter: 0 -1  d.c. milliammeter (55 ohms internal resistance), with multiplier. Full scale reading i s  
300 ma. 

- 
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amateur  service newslet ter  
W6SAI The 4-1000A in Grounded Grid 

Fig. 1 -K9LKA's kilowatt 4- 
1 OOOA grounded-grid ampli- 
fier. Meters across the top of 
the panel are, from left to 
right, for plate voltage, rela- 
tive r.f. output, plate current 
and grid current. The band- 
switch control is in the center, 
flanked by the plate tuning 
control and capacitor switch Sz 
on the left, and the output load- 
ing control on the right. Along 
the bottom are the filament 
switch, panel lamp and fuse; 
r.f.-indicator sensitivity control, 

and the input tuning control. 

Most high-power triodes available at surplus prices do not have a suficiently high 
amplification factor to permit zero-bias operation. Tetrodes may be converted to  
high-p triodes by connecting the screen to the control grid. However, in the case o f  
most tetrodes, this connection resr~lts in excessive control-grid dissipation at  the 
driving-~ower level required to obtain normal rated output. Tlze 4-1000.4 is one o f  the 
few exceptions to this rule1 and is also one that is available in usable condition at  
relatively low cost from a number of sources. The triode connection results in con- 
siderable circuit simplification, especially in grounded-grid operation, since reg- 
ulated bias and screen supplies are eliminated and neutralization is not required. 

Zero-Bias Triode Opera fion in a 1 -Kw. Linear 

By LARRY KLEBER," K9LKA 

M ASY construction articles describe radio 
gear that is almost impossible to duplicate 
with facilities available to the ordinary 

ham because of unusual mechanical requirements. 
Complicated gearing, chain drives or special 
metal shapes that require power tools found only 
in machine shops sometimes c:tuse an otherwise 
excellent article to be passed by. I n  addition to 
the mechanical problems, cost is freqliently com- 
pletely out of reach for the would-be constructor. 

Here is a kilowatt linear amplifier covering 
10 through SO meters that has several fentures 
to recommend i t  to the fellow wants to in- 
crease power. First of all is the cost. Using all 
new parts, except the meters which are readily 

* 922 Whitney Blvd., Belvidere, Illinois. 
1 The Einlac data sheet on the 4-10001 as a grounded- 

grid tr~ode qualifies thls by addlng, ". . . if a plate voltage 
of a t  least 3000 volts is used." - Editor. 

available from used- or surplus-equipment 
solirces, the total expenditure ~vill be less than 
Sl.50 plus the cost of the t~ilw. If you are willing 
to do some horse trading, scrounging and junk- 
box miding, you can do i t  for considerably less. 
Type 4-100OA4s from broadcast or police radio 
transmitters are readily available a t  prices from 
$20 to S30. Surplus JAN tubes are listed by sev- 
eral QST advertisers, and they arc regularly 
offered in Ham-Ads. Remember, the Eimac 4- 
1000A is built like a Mack truck and, once you 
have acquired one of these tubes in good condi- 
tion, you can expect years of satisfactory service 
if you don't abuse it by overdriving the grid. That  
is why a grid-current meter is mandatory. 

Secondly, construction is extremely simple. 
-411 mechanical work can be performed with ordi- 
nary hand tools. An electric drill will cut the con- 



TO VOX + H.V. - R E S I S T A N C E S  A R E  I N  OHMS: 
RELAY K : 1000 

Fig. 2-Circuit o f  the 4-1 000A grounded-grid amplifier. The 500-pf. 10-kv. fixed capacitors are TV doorknob type; 
others are I -kv. disk ceramic, except M indicates mica. 

BI-Centrifugal blower, 6 0  c.f.m. at 0.6-inch static pres- 
sure (Ripley 8472). 

CI -Triple-section broadcast-replacement-type variable, 
365 pf. or more per section, sections connected 
in parallel. 

C?-Dual air variable, 200 pf. per section, 7000  volts 
(Johnson 152-503/200CD70). 

C3-Air variable, 0.03-inch plate spacing (Cardwell PL- 
8013 or B & W 51241).* 

11-6-8-volt panel lamp. 
JI, Jn-Chassis-mounting coaxial receptacle (50-239).  
LI-6 turns No. 10, 1 %-inch diam., 1 % inches long, tapped 

at  I % ,  174, 2V2, and 4% turns from ground end. 

* The Cardwell capacitor i s  listed in the 1963 Allied 
catalog. The B & W capacitor, which is identical, is not 
stocked by B 8 W as a retail item, and may or may not 
be available at  any particular time, depending on manu- 
facturing needs. It is advisable to check with B & W before 
ordering from this source. 

Lz-Approximately 14 ph., tapped at  7, 3.5, 2.5 and 
1.75 ph. (Barker & Williamson 850A band- 
switching inductor). 

RI-Approx. 27 ohms; see text. 
Rn-Made up of four 4.7-ohm %-watt carbon resistors in 

parallel. 
R3-Linear control. 
RFCI-30-amp. bifilar filament choke (B & W FC30A). 
RFC2-Solenoid r.f. choke (B & W 800). 
RFCs-Solenoid r.f. choke (Ohmite Z-50). 
SIA-B-Single-section double-pole six-position ceramic 

rotary switch, 60-degree index (CRL 255 1 ). 
Sic-Heavy-duty single-pole six-position rotary switch 

(part o f  13 coil assembly, modified as described 
in the text). 

S2-See text. 
S3-S.p.s.t. toggle switch. 
TI-7.5-volt, c.t., 21-amp. filament transformer (Stancor 

P-6457, Chicago F-725). 
21-2 turns No. 8, %-inch diam., shunted by  three 150-ohm 

I -watt carbon resistors in parallel. 

struction time considerably, hut it is not an abso- offers sevclral ndv:~ntngc.s for sidel~nnd operation. 
lute nt~cessity. The iiletcr holes can t)e cut with n First, no grid-11ins or screen-voltage po1vc.r sup- 
bit l,rnce, or n i th  a h:liid drill arld file. Best of all, plies are n ~ e d e d .  In  addition, the drive level of 
rl,clry single co~nponent is starldarcl ~nerchnndise this grounded-grid st:tge is compatible with the 
:inti is rr:~dily nvnil:il)lr.. \-our favorite h:rm sup- power-output level of   nod ern sideband exciters. 
p1ic.r 1n:1y not 1l:ivt~ every itern iri stock, but he I'inally, rleutralizntion is not required. 
shoulcl \I(, able to get any of them for you in a 
hurrv. The Circuit 

The circuit of the amplifier is shown in Fig. 2 .  
Triode Operation Exrit:rtion is fed to the  filament through n 0.01- 

The 4-1000-4 may \)e connected for high-p tri- pf. 1L30-volt (marking) mica capacitor. -4 ceralnic 
ode operation 1,y 1)l:rcirlg the grid and screen c:ip:tcitor is not suit:thle for coupling since it will 
el(l1nents :it thr. s:lnlt3 d c .  :rnd s~gn:il potentials; not stand the current. The cathode c o u p l t ~ ,  
in this cast., both :ire grountled. This connection consisting of C1 and 1~1, does an  excellent job of 



input matching. KFC1 is the new I3 '6 11' FC-3U,4 
bifilar filament choke which is more efficient than 
the earlier type FC-30. With the center tap  of the 
filament transformer returned to ground through 
an extra pair of contacts on the V O S  or antenna 
relay, the no-signal resting c u r r ~ n t  will b r  approx- 
imately 60 ma. with 3000 volts on the plate. \\.ith 
the relay contacts open on s tandl~y,  the 25K 
I~ias resistor drops the plate current to a negligible 
value. 

.I B & \\. typc 530-.4 coil-switching unit is used 
in the pi-network output circuit. The  t y p ~  532, 
incidc~ltiilly, is not suitable for use with thc 4- 
1000.\, since i t  is designed for n tnuch 1owc.r p1:ite 
load i~npedarlce. I ts  IISC \\olll(l not orlly require 
1n1lch higher i n l ~ i t  and ou tp~ i t  r:~paritnrlrcs, I)ut 

o111cI :11so r(>st~lt ill :in : ~ l ) t i o r ~ ~ ~ : i l l ~ ~  l~igh-() circuit 
ill this ;~~lll)lificr. 11lstc~:~d of :III cxpelis~vc. varliulll 
v:~rial)l(> for t l l v  t a r~k  r:~l)acitor, is a split-stator 
:Iir w i t  with O.li3-illch 1)l:~ttl slxiclrlg. 'To rr.ci11ce 
t11v lllil~illll~~ll circuit c:ip:icitatlcc 011 the. highc~r- 
Irc~cllleilc? \):il~tls, olie3 scctlorl of tlle clu:tl c:ipacitor 
is tisccl for 1 0 ,  I.>. and 20 111c.tc.r~: thc s(~cotld S ~ C -  
tion is s\zitcl~c.cl irl r~ar:illcl wit11 the first for tile 
1onc.r frc~c1ucncic~s. 

'1'11~. v:rri,ll)lc o1itl)rit capacitor (I3 is :L 1300- 
1)f. utiit \r.itl~ 0 0:3-i1lc11 1)1:1tc sp:tcii]g. 'l'l~is pro- 
vitlcas sufficic,~lt c:~p:lcit:~liec~ for thc. 1)hollc~ c~tlcl of 
t11t~ ho-t~lc~tcr I):rtld Ho\\ev(~r,  111or(~ c:ip:icit:i~~rv 
\\ 111 r i b r ~ : ~ l l j .  I )c rc~cluirc~tl for tlio low-frc~quc>rlcv ot~cl 
of tilts k):rtrtl, and tllts is providrtl by contlc.cting 
; I  f~socl O.ool-pf. tllica r:rl)acttor i l l  p:irallel n i th  
( '3 in tllc last position of S IC .  

Parasific Suppression 

St.vt)r:ll tlif'fercnt 111:ilies of chokes were tried 
.\t f<f:('? in conjunctio~l with Inany ditl'crcnt 
rc.sist:lnctb-ind~lctnncc cotn1)inntiorls in the v h.f. 
slipl)rckssor Z1. Ho\vevt~r, it was found pr:irtic:llly 
i~nl)ossiI)lc to cornplctcly e1itnin:rte p:lr:lsitic 
osrill:\tion on :dl bands until the B R: \V type SO0 
choke rvns tried. 

Metering 

(;rid currc,~lt is nionitorcd very silnply. Thc 
corltrol grit1 is grounded through four 4.7-ohm 
1 ;-\\att eotnposition resistors in p:rr:illel, by- 
1):issed 1)y :I O.Ol-pf. disk cernl?iic capacitor. 'l'hc 
It(' coillbin:rtion serves to hold the co~ltrol grid 

Fig. 3-Sketch showing details 
of the tuning-capacitor switch, 
S?. The stator sections are con- 
nected in parallel when the 
panel control knob i s  pushed to 

engage the plug in the jack. 

very close to ground potential. Grid currei~t  is 
monitored by tnensuring the voltage drop across 
the resistors with the  1-ma. grid meter, calibrated 
0-300 ma. full scale, and a series resistor. 
h simnle 11-av to deterlnine the value of the 

series resistor lil is to place a regular rnillinm- 
tneter with 3 scale of 200 ma. or more from the 
ITOX rrl:ly tern1in:il to ground A4~)ply cxcitntiori, 
and substitute resistors :it IfI until both rneters 
have the satnci dcflrction :it 130 tnn. .Is :in ex- 
:~mpl t~ ,  t h t ~  \\'cstorl Alodt~l 301, 1-1n.t. 111ctc-r re- 
qliirrs n 27-ohm sc.ries rr.sistor. 

P1:ttr current is me:isl~rrd by a 0-I-amp d c. 
meter shunted across :I 10-oh111 resistor in thc 11c.g- 
:itivt, high-voltage' l(,:ttl. This rcsistor is incor- 
por:rtocl in thc po\\c,r srlp~)Iv, not ~n thcl :illiplihc~r 
i t s ~ l f .  'The> 30-\\:it t r:iting givei: an alnplt, s:ifety 
f:rctor, sitlcc, tho ~)o\\c,r  ( I I S S ~ ~ ) : I ~ I O ~ ~  \\0111c1 not 
t~xrc~c.d :i ftsx. \v:rtts slloulrl t11ts :~tlllrlc.tcsr O ~ ) ( ~ I I  up,  
Soticc, th:it the. ilc,g:ttivcs tcrnlitl:rl of tllc, su1)pIy 
lllrlst not I)c gror1nclc.d cbscc,l)t tllrorigll t hc' 10-oh111 
rcsistor. 

.I pl:rtcs volttl~c~tc~r 113s :I dvfit~itc 1)lacc~ it1 this 
:~l~~plific.r, or ill :it)? 0thc.r :ilnplifior w\-llc~rt: thc~ c1.c. 
i r r l )~~ t  rutis !)OO w:rtts or Irlorc3, sitlro it is rc~c~t~ii-cd 
Iy 1"CC rc.gt11atiotls. ICvctll if yoti run lcss than 
!)OO \vatts, it is rc>:~ssurillg to l;t~o\v ox:irtly \vh:it 
your input is : ~ t  :ill ti~llcbs. 

'I'o col~ti~ir~ously ~l lo l~i tor  tllc r.f. output lc~vc~l 
of t 1 1 ( ~  :~lnl)iific%t. : ~ t ~ c l  to : l i t 1  ill c,fiicic,rlt tliiling, 
:I H ~ I I I I ) ~ ( '  r.f. volt l~l(~t( ' r  11:~s 1 ) ( ~ ' 1 1  illcor~)or:it(d ill 
t11c rircuil. .Il)solr~tc~ rcxaclirlgs :trcl tiot tlcbccAssary, 
so provisiotl Iias I)c.et~ ~ l r : r c l c ,  for var j  illg the se~isi- 
tivity 1,- :ttljustniotit of l f3.  

Componen t Modification 

Sotne of the corlly)onc~rlts rc>cluir c,  nitl lor tllodi- 
firatiori I~c~forc~ nloutlting. Tho 1:rst rotor platc 
and tti(3 kist s t :~ tor  1)1:~t(s of th(b r('ar s(~t1o11 of t h ~ ,  
t:tnli c:~p:~citor ('? arcL rclllovc.cl. This is sc,ct~on 
("? \ in the di:igraln, \\ hich is u ~ c ~ t l  alorlv on t t i c k  

highclr f rec~r l t~~~ci t~s .  'TII(> opcr:itto~i i q  i l~nplc~ and 
rcsqllir(>s no sl)c~ci:i1 tools '1'110 :iltc~r:ittotl rc.tlr~rcs 
t h t ~  mtllinnurn c:il)ncitatlcc, to pc'rnlit :i tnorcs fnvor- 
nblc~ () or1 10 lncters. To furthtlr reduct, thc~ rllini- 
nllinl ctrcuit c:i~):icit:tnc', tlici stators of ('? arc 
11lovet1 farthcr : ~ L ~ : L J  fro111 thc~ cllassis 1)y mount- 
ing the capac~tor in :in invrrtc1d position, that  is, 

I " 
P m d   so^ s u t  
bean y 

I " ,- Bruss B w w ~ a  Banana 
md rod 
I I 

fiont panel 
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Fig. 4-Sketch showing how the lower portion of the tube 
socket is cut off. 

with the stators on top. The mounting feet of the 
Johnson capacitor are easily moved to permit 
mounting in this manner, since the capacitor 
frame has duplicate mounting holes. 

Fig. 3 shows the device used for Sz. Similar 
metal brackets are attached to adjacent ends of 
the stator-assen~hly rods of the dual capacitor. 
The hrackct on the rear end of the front capacitor 
section (Cn13) carries a %-inch panel l~earing 
through which a 3-inch length of M-inch brass 
rod s1idc.s. One end of this rod is drilled and 
tapped to accept the threaded shank of a banana 
plug. The other end of the brass rod is coupled 
to a 3%-inch length of %-inch bakclite rod which 
passes through another bearing in the panel to 
the control knob. The shaft coupler should be 
of the rigid type, either metal or ceramic. To  
assure good contact between the stator of C ~ B  
and the banana plug, a piece of %-inch flexible 
copper braid is used to connect the two directly, 
rather than to depend on the sliding contact a t  
the bearing. 

The banana jaclc is mounted on the other 
bracket. Be sure that the two braclrets are 
drilled identically so that the plug and jack may 
be lined up accurately. 

One other slight modification was made in the 
capacitor before mounting. A small triangular 
bracket was n~ounted inside the rear frame plate, 
that is, between the capacitor sections. This was 
fastened in place using the same screws which 
hold the ceramic stator bar against the frame 
plate. The upper point of the triangle extends 
sufficiently above the frame plate to allow mount- 
ing a 1-inch ceramic pillar. After the components 
were mounted on the chassis, the open end of the 
10-meter section of L3 was removed from the 
coil assembly, turned end for end, and fastened 

between the ceramic end plate and the ceramic 
pillar. .4 short length of %-inch copper tubing, 
also fastened to the cer:tmic pillar, connects the 
coil to one side of the blocking capacitors. Another 
short length of tubing connects the rear stator 
terminal of C?A to the same point. 

I t  will be noted that the O.OO1-pf. fixed output 
capacitor requires an additional switch position. 
Fortunately, this is not difficult to provide, since 
there is already a hole for an extra stationary 
contact in the ceramic end d a t e  of the B & JV 
coil unit. ,411 that is neressary is to obtain a switch 
contact from B & IT' for one dollar (or make a 
reasonable facsimile) and mount i t  in the spare 
hole. 

The soclcrt for the 4-1000,4 is Eimac's new 
p1:tstic type SIi-510 (amateur net 36.50). It is 
designed primarily for duct connection to a 
blower. For the pressurized-chassis ventilating 
system used here, you can improve the air flow by 
cutting off the "nose" of the socket with a hack- 
saw, as shown in Fig. 4. Remove the socket con- 
tacts while this operation is performed, to avoid 
damaging them. Use extreme care in sawing. 
Although the socket is made of a tough plastic, 
unusual stress or strain may cause i t  to break. 

You will note that the soclret has slots next 
to the pins, right in the side of the molded fixture. 
To ground the two screen leads, pass a %-inch 
copper ground strap through the slot and solder 
it to the bottom of the screen contact inside the 
socket; then ground the strap to the chassis a t  the 
point where i t  emerges from the sockrt. The grid 
bypass capacitor should be installed in the same 
manner. One lead passes through the slot and is 
soldered to the bottom of the grid contact, while 
the other lead is grounded to the chassis. The  
leads should be only %-inch long. 

Consfruction 

The 14 >( 17 X 4-inch chassis is made up of a 
pair of SeeZak R414 rails (4 by 14 inches), 
a pair of R417 rails (4  by 17 inches), and two 
P1417 panels (14 by 17 inches). Standard 13 X 
17x4-inch chassis are readily available, of course, 
but the extra inch of depth provided by the 
SeeZak units is necessary to  accommodate C2 
which has a length of 131A inches. Machining of 
the front 2nd rear chassis walls and the tor, deck 
is greatly simplified by using these handy rails 
and panels. KO more trying to get big fingers and 
tools into small corners. You can do all of the 
drilling and cutting on flat plates, and then as- 
semhltl your chassis. 

2 Barker & \TTilliamson. Bristol, Penna. Mention 850A 
type number when ordering. 

3 SeeZak products are available from Radio Shack Corp.. 
730 Common~r-ealth Ave.. Boston 17, Mass.. Terminal 
Hudson E:lectronirs. 236 XVest 17th St., New York, N. Y., 
and California Electronics Supply, Los Angeles, among 
others. 

Fig. 5-Plan view of the 4-1 000A grounded-grid arnpli- 
fier. This view shows how the position of the 10-meter 

section of Lz is changed. 



Cathode Coupler 
Place 81, L1, and C1 close to the tube socket, 

as shown in Fig. 6. In this amplifier, Millen 
type 39005 universal-joint couplings were used 
between the shaft of C1 and the front pant11 to 
allow the control to be placed symmetrically in 
respect to others on the panel. Even though the 
shaft and rotor of C1 are a t  ground potential, 
use an insulated shaft coupling to couple the 
indicator dial to avoid the possibility of setting 
up a spurious tuned circuit. If you don't gang 
the input and output band switches, as described 
presently, use an extension shaft on the input 
switch so that the switch can be placed close to 
the tube socket. 

Ganging the Switches 
It is not difficult to gang S~A-B and SIC to pro- 

vide single control. This can be accomplishrd by 
means of a Sational type RAD geared right- 
angle shaft coupler. A Johnson rigid ceramic shaft 
coupler (type 104-252) is attached to the tail 
shaft of the B Rr. \ir coil unit. A short length of 
%-inch brass rod couples the gear end of the right- 
angle drive to the ceramic coupler. S lA-~  is 
mounted below deck with its shaft extending 
through a clearance hole in the chassis so that 
the shaft can be lined up with the shaft of the 
right-angle drive. The two shafts are coupled 
together by means of a ceramic semiflexible 
coupler (Johnson 104-262). Since the switch on 
the B & iV  coil unit has 60-degree indexing, 
,Y~A-B must have the same indexing, rather than 
the more common 30-degree indexing. The 60- 
degree switch is, however, a standard item in the 
manufacturer's catalog. A 30-drgree switch may 
be used, of course, if ganging is dispensed with. 

Wiring 
As the photogr:tphs indicate, very little actual 

wiring is required. The positive high-voltage 
lead enters the rear of the chassis through a 
Alillm high-voltage connector where i t  immcdi- 
ately connects to the first 500-pf. bypass capaci- 
tor. RFC3 is mounted between this capacitor 
and a feedthrough insulator which is connected 
to one side of the voltmeter multiplying resistor. 
The feedthrough carries the high voltage through 
to the top of the chassis where it connects to the 
~econd  500-pf. capacitor mounted on the chassis, 
and to the bottom end of RFC?. ,4 tapped ccrarnic 
pill:ir insulator threads onto the top terminal of 
this capacitor. The two blocking capacitors arc 
suspended from a short copper strap f a s t r n ~ d  
across the top end of the insulator, and a second 
strap connects them to the top of the r.f. choke. 
The parasitic suppressor Z1 is in~er ted  a t  thc 
center of a copper strap connecting the top of 
RFCB to the plate cap of the tube. 

Since the high-C input circuit carries con- 
siderable current, the r.f. wiring should be done 
with reasonably heavy wire ( I  used S o .  10). This 
includcs the short between the 80-meter contacts 
of SIA. 

A lead attached to the stator of Cg passes down 

Fig. 6-Bottom view of the 4-1 000A amplifier. The fila- 
ment transformer and voltmeter multiplier resistor are to 
the right. The input coil, LI, is a t  top center, supported on 
SIAB by its leads. Input capacitor CI is operated through 
a pair of  universal-joint shaft couplers so that the capacitor 
may be  placed close to the tube socket without upsetting 
panel-layout symmetry. The small shielding box (2% X 
2% X 1%-inch Minibox), below the bifilar filament choke, 

houses the r.f. output-indicator diode 
and associated components. 

through the .chassis via a second feed-through 
insulator to the box below containing the r.f. 
ontput-indicator components. A short section 
of ItB-8 U connects the stator of C3 to J2. Be 
sure to ground both ends of the outer conductor. 

Blower Mounting 
Don't compro~nise on the blower. The 4-1000.4 

requires 60 c.f.m. a t  0.6 inch of static prr3ssure. 
Some so-called 60-c.f.m. blowers aren't worth 
their salt when you try to pressurize the ch:tssis. 
The blower suggested does an excellent job in this 
respect, and is priced quite reasonably. 

Be sure to place the blower well away from the 
tube socket. If it is placed too close, it will create 
a pressure wall across the bottom of the socket 
which will tend to restrict the flow of air through 
the base and chimney. 

.4n a.c. receptacle is set in the rear apron of 
the chassis and a short cord from the blower 
nlotor plugs into it. 

The Panel 
The panel is :t standard 15% X 19 X %-inch 

unit of aluminum. The four meters are in line 
across the top. ,4 4 X 17 X 3-inch alumirium 
chassis fits over the back of the line of meters to 
shield them from r.f. fizlds. I t  is held in place by 
eight No. 6 sheet-metal screri-s inserted from the 
front. Shielded meter leads (Belden 8582 wire) are 
brought up from below chassis through rubber 
grommets in the chassis and in notches filed in 
the bottom front corners of the meter enclosure. 

The panel is fitted with chrome handles (Bud 
type H9113) for lifting the amplifier in and out 
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of the rack rnouritirig. 'rlrcy also scbrve to protc,ct 
t,he corltrols if i t  t)c.corncs rrccclssnrv to nl:tcc. t he  

d L 

unit ~ :Lc ( '  down on your workbt~~lctr for sc.rv1c-t. 
T h e  Icttrrincr w:ts dorlc. wit11 Tckni-C:tls, :trld ' , 

thc. e~lgr :~ved pl:tte!: :&re ol)t:tirr:~bl(~ Fro~rl (:c*rltr:il 
Erigravcrs a t  5 ccsnts pcxr Icttcr. 

The Shielding Enclosure 
The  two ends :tnci the I):~ck of t,he shic~lding 

cnclos11rt: are 111:tde of 0.51-inch solid shcct 
:~lu~lliriu~il, ~ l r i l ( ,  thr. top is ~n:tdc of p(srfor:tt,c,d 
shc~bt of t l r c .  s:ilnci wcxight. OIIP of t 11t. S(~.%:ik 
P1417 p:t~ic.ls is llsctl for tht. I)ottorn cover. Alurni- 
rlulrr :lrrglc stock, 5; inch by inch, is used to 
joirr the. pieccs wit11 tllc. 1101p of ?i-inch No. G 
shcc~t-rnc~t:~I screws sp:icc~l every t h o  irlc.hc,s. .411 
of t,lrc. :rl)ovcx piclc.cbs, inclutlirlg tlrv : t~rgl(~ stock, 
may be obt:~ined cut to size if d ~ s i r e d . ~  

Adjustmen t 
Aftclr cllc.c-king out  t,hc fil:t~ncrlt circuit and 

grol~rrdi~lg tllc? cc:rlt,c~r t,:ip of TI ,  rcducc: the srrrsi- 
-- ~- - - - -- - 

4 ,529 Sontli St;~tc, liel\-icier?, Illinois. 
5 1"rotn Ilirk's, (iZ C:l~crry Ave. .  Tilfin, Ohio. 

tivity coritrol of tllc r.f. volt~ncter to near mini- 
mulrl. Scalc.ct thc 1)ropc.r k):tnd with St and apply 
cxcit:ttion. Adjust for :L grid currc>nt of :tpl~roxi- 
n~:itely 150 1x1:~. Apply 1)l:ttc v o l t a g ~  :tri(i loa(1, 
nncl rt.so~latc. the output circuit with ('.. LVitlr :x 
pl:~tch volt:tgc of 3000 :ind grid crlrrcwt of 160 t,o 
170 m:t., :tltc.rrl:ttc~ly :~tljust ('a :ind ('? to incrcnsc. 
tht, 1)l:~te currerrt to 300 Ins. or slightly ovcbr. Irr 
ok)~ervir~g t h ~  r.f. vo l tmc~tc~ ,  you will not,(, t h a t  
mn\irrlunr output docs no t  always occur a t  the 
point of rc,son:Lrlcc. :is i1ldic:itc.d by tllc. tlip irr tlicl 
pl:~t (1 c-rlrrc~~ll. 

Tllc :irrlplificr m:ty I)c ctrcckc~d for 1inc:rrity 
as dcscrik)ttl in the Itatlio Artmtcur's Hnrctlbook. 

I :trn vcxry gr:ttn.fl~l for tlrc tcchnicnl advicc 
:tnd sliggcstio~ls of Bill Orr, WGSAT, and (;c.orgt. 
Stillson, W9Kl)K. Thr.ir :trr:llysis of the ~~roblerns  
crlcourrtclrccl, as well as thcir s~iggc~stioris for 
changes during construction, 1n:tde this :i ln~lch 
hctt,t~r :implifit~, :tnd :L plt~:tsurct to build. 0 p t ~ r : ~ t -  
ing :tt :tn input of 1 kw. or less, this :trnplificbr 
act~i:tlly "c~t ts ts"  :tnd will give you yc:trs of 
trouble-free service. DEE3 
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"PULSE TUBES" IN AMATEUR SERVICE 

Certain vacuum tubes  d e s i g n  e d for high vol tage pu l se  service  a r e  now avai lable  to the  radio amateur 

through "surplus" channels .  Some of t h e s e  tubes  (such a s  the  6C21, which i s  a variation of an  ear l ier  

transmitting tube) a r e  sui table  for amateur service .  T h e  6C21 is roughly equivalent to t h e  E imac  lOOOT 

triode and the da ta  shee t  for the  la t ter  may b e  used to arrive a t  t h e  proper operating parameters for the  

6C21. Other pu l se  tubes,  such a s  the  4PR60A, 715A-C, 4PR250C, X643A-F, X556D and Y-158 have  no 

ear l ier  r.f. prototype, a s  the  tubes  were developed solely with pu l se  se rv ice  in mind. T h i s  family is de- 

signed to be used in high voltage se rv ice  (up to 50 kilovolts) and t h e  internal geometry is such  tha t  the  

tubes  do not perform efficiently a t  p la te  potent ia ls  normally encountered in amateur operation. In particu- 

lar,  the 4PR60A type can b e  damaged by e x c e s s i v e  screen diss ipat ion when lower than normal pla te  volt- 

a g e s  a re  used. T h e s e  tubes ,  therefore, must b e  considered impractical for amateur service .  
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PLANAR TRIODE TUBES FOR UHF AMATEUR SERVICE 

Planar triodes (or lighthouse tubes) are  well suited for amateur u se  in the UHF spectrum. Vari- 
ous  surplus versions, such a s  the 2C40, 446B and 2C39 have been used a t  frequencies up to 1300 
Mc. A new planar triode, the 3CX100A5 i s  now available for improved service in this frequency 
region. 

The 3CX100A5 i s  relatively unknown to the amateur fraternity, but i t s  older relative, the 2C39A, 
has  been long a favorite UHF tube of the "surplus hounds". The  3CX100A5 i s  an improved, mod- 
ern version of this old World War I1 tube, dressed up in a brand-new ceramic and metal envelope. 
This  tube, and i t s  twin, the 7289 fit into the a m  a t e  u r picture very nicely a s  a straight-through 
amplifier, a doubler, or a s  a tripler in the frequency range of 1000 to 3000 Mc. In addition, i t  i s  
not expensive, and various g lass  versions of the older 2C39/2C39A/2C39WA can often be ob- 
tained a t  give-away prices on the surplus market. 

The following data covers grounded grid operation of the 3CX100A5 a s  a UHF power amplifier 
and multiplier. Because of the high power gain of the tube, grounded grid circuitry i s  desirable, 
s ince intercoupling between the input and output circuits i s  reduced to a minimum, and neutrali- 
zation i s  not required. This  data can be used to estimate the performance of the 2C39 g lass  fam- 
ily of tubes by noting that the useful power output of this s tyle  tube will be s o m e w h a t  l e s s  
(depending upon the frequency) by an amount up to 25-percent a t  2.5 kMc a s  shown on the graphs. 

Various 3CX100A5 tubes were run in a coaxial cavity capable of tuning from 1000 mc (1  kMc) to 
3000 mc (3  kMc). A series  of measurements was made using a representative sample of standard 
production tubes, with the tube under tes t  o p e r a t i  n g a s  an amplifier, doubler and tripler. Drive 
and output power were carefully measured for each test ,  and appropriate filters were used to elim- 
inate  feedthrough and harmonic power. In the c a s e  of the amplifier configuration, the feedthrough 
power was useful output and therefore was  m e  a s  u r e d  a s  such. When the tube i s  operated a s  a 
doubler or tripler, the feedthrough power i s  a t  the driving frequency and i s  undesired. In actual  
use,  i t  is necessary to eliminate this  power from the output circuit of any grounded grid frequency 
multiplier. High-Q tuned circuits or wave filters will do the job. 

The 3CX100A5 as a Grounded Grid Amplifier 

A graph of average tube performance i s  shown in figure 2 of the UHF grounded grid amplifier cir- 
cuit. Grid drive, grid bias, and plate  loading were a d  j u s t e d to provide maximum power output 
while maintaining the plate current a t  100 ma. Average potentials for tubes tested are indicated 
on the graph. At 1300 mc, for example, the 3CX100A5 i s  capable of a power output of about 47 
watts a t  an e f f i c i e n c y of 47%. The power gain of the tube i s  8 decibels ,  indicating a required 
drive level of about 7.5 watts a s  measured a t  the input of the coaxial fitting to the cavity. Power 
output gradually decreases a s  the frequency of operation i s  raised. At 2400 Mc, power output 



(a t  100 wat t s  input) drops to 25 watts,  and grid driving power inc reases  to 1 0  wat ts .  Power gain 
a t  t h i s  frequency is 2.5. T h e  comparative curve for the  2C39A tube over the  same  frequency range 
is shown by a dotted l ine  on the graph. 

T h e  3CX100A5 as a Grounded Grid Doubler 

The  same sample  of tubes  used in previous t e s t s  w a s  used in performing the  gain and power out- 
put measurements for the doubler configuration. Exci ta t ion was  applied a t  half-frequency and the  
same  precautions were followed a s  in the c a s e  of the  amplifier. T e s t  condi t ions  were adjusted 
for maximum power output a t  a plate current of 1 0 0  ma. At 1300 Mc, power output i s  about 27 
wat ts ,  with a c i rcui t  efficiency of 27%. Power  gain i s  5.4 decibels .  Accordingly, a drive power 
of about 8 wat ts  i s  required. At 2400 Mc, power output i s  13 wat ts ,  with a dr ive  power of about 9 
wat ts .  Power gain drops to  unity a t  a frequency of about 2700 Mc. The  tube i s  s t i l l  useful  a s  a 
frequency doubler to  t h i s  frequency, however, a s  a power output of 1 0  wa t t s  c a n  b e  obtained. 
2C39A curve i s  shown a s  dotted l ine  on the  graph (figure 3). 

T h e  3CX100A5 as a Grounded Grid Frequency Tr ip ler  

T h e  same tubes  and general t e s t  techniques  were used  to  determine the  operating parameters of 
th i s  tube a s  a frequency tripler. Drive power w a s  applied a t  one-third output frequency, and the  
circuit  w a s  adjusted for maximum power output. At 1300 Mc, 17  wat ts  of power were obtained with 
about 1 0  wat ts  driving power. At 2400 Mc, power output w a s  about 8 wa t t s ,  with about 1 2  wat ts  
drive power (figure 4). 

Socket and Col lets  for the Planar Tubes 

A c o m p l e t e  socke t  for the 3CX100A5/2C39 type tube i s  a rare bird indeed:  most equipments 
have the  tube s o c k e t s  built directly into r.f. cav i t i e s .  Col le t  r ings for the  tube, however, may be  
bought from Instrument Specia l t ies  Co., L i t t l e  F a l l s ,  N.J. T h e  cata log numbers a re :  P l a t e  col-  
l e t ,  #97-70; grid col le t ,  #97-72; cathode co l l e t ,  #97-76; filament col le t ,  #97-280. T h e  Braun Tool  
& Instrument Co., 140  5th Avenue, Hawthorne, N.J.  can  supply the  f o  11 o w  i n g: P l a t e  col le t ,  
#134-53; grid col le t ,  #134-51; cathode co l l e t ,  #165; filament co l l e t  (none). A complete socke t  a s -  
sembly may be  purchased from Jettron Produc t s ,  Inc., 56 Route 10, Hanover, N . J .  

Conclusions 

T h e  planar triode tubes  of the  3CX100A5 family perform well  in the  frequency range encompas- 
s ing  the  1215 Mc and 2400 Mc amateur bands.  Efficiency is good, consider ing the  frequency of 
operation. "Radio Engineering" by F .E .  Terman ind ica tes  that  a doubler will provide about 65% 
of the power output of a straight-through amplifier, and a frequency tripler will provide about 40% 
of the power output of the amplifier. T h e s e  f igures  agree  c lose ly  with the  da ta  shown herein.  A 
pair of 3CX100A5's should make quite a den t  in the  1215 Mc band! S e e  you on the high end! 

Robert I. Sutherland, W6UOV 
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Figure 1. Planar Triode Tubes 
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heater voltage is 26.5 volts 
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UNDERSTANDING TETRODE SCREEN CURRENT 
Significance in R.F.  Amplifier Adjustment and Operation 

by David D. Meachum, WGEMD 

This  article d iscusses  the behavior of screen current in a tetrode r.f. power amplifier using 
fixed screen voltage, and explains why a screen-current meter i s  a better indicator of oper- 
ating conditions than a plate-current meter. Particular reference i s  made to the adjustment of 
AB1 linear amplifiers. 

Perplexing screen-current behavior has  probably disturbed many amateurs, particularly single- 
sideband operators. The need for a thorough discussion of the  subject  ha s  prompted th is  
article. C l a s s  AB1 operation has  been chosen for discussion because of i t s  current popularity 
a s  a means of achieving good linearity and TVI-free operation. The  information given herein 
assumes grid-driven conditions, but i t  appl ies  equally well to cathode-driven tetrodes operated 
C la s s  AB1 with normal d.c. voltages on the grid and screen, provided that grounded-grid 
characteristic curves are used for computations. 

Screen Characteristics 

Fig. 1 shows a s e t  of constant-current characteristics for a typical 4CX300A. The term "con- 
s tant  current" i s  used because the l ines plotted are l ines of constant  plate, screen, or grid 
current. The grid-voltage sca le  appears on the left axis  and plate  voltage is shown horizon- 
tally. These  curves depict instantaneous values of plate and screen current for any given 
grid- and plate-voltage conditions. In t h i s  reproduction, the grid-current l ines are omitted 
because grid current is not drawn in C la s s  AB1 operation. The  curves are valid only for fixed 
screen voltage (350 volts in th i s  case).  

Inspection of Fig. 1 will reveal that the l ines  of constant plate current are  nearly horizontal, 
whereas the constant-screen-current l ines  a r e  tilted upward from left to right and are concen- 
trated in the left-hand region of the plot. This  is generally true for all tetrodes and accounts 
for the fac t  that the screen-current meter is the most sensi t ive indicator of resonance. This  
important fact  will be explained subsequently. 



EIMAC 4CX3WA 
TYPICAL - - - -  I CONSTANT CWRENT I 

AS13-1 PLATE VOLTAGE - VOLTS 

Fig. 1 - Typical constant-current characteristics 
for the EIMAC 4CX300A tetrode 

This i s  different from the usual load line associated with audio calculations using plate 
characteristic curves. 

OA is  actually only half the operating line length. The other half continues from 0 out 
beyond the right-hand edge of the chart for an equal distance and represents the effect of 
the negative half-cycle of grid driving voltage as it swings down to -105 volts and back to 
point 0 again. This half of the operating line i s  not important since the tube does not 
"work" during the negative half cycle. 
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Let us plot a typical operating line1 on our set of curves, as  in Fig. 1. Point 0 (at -55 volts 
on the grid in this case) i s  the operating point at which the tube rests with zero r.f. grid 
drive. Straight line OA represents a tuned r.f. circuit load (a pure resistance at the operating 
frequency)2. As 100 volts peak-to-peak grid drive is applied, the first positive half cycle can 
be represented by a point moving along the operating line from 0 to A and back to 0 again. 
During this half cycle, the grid-voltage swing from -55 volts has caused the plate current to 
swing from the value at point 0 (100 ma.) up to the value at point A (850 ma.) and back to 100 
ma. again. At the same time, the plate voltage swings from 2000 volts down to 500 volts. The 
a.c. plate current is made up of all the instantaneous values intercepted by the point traveling 
along the operating line. The same is true of screen current. During the other 180 degrees of 
the driving cycle, our point merely travels from 0 down the slope through cutoff to a point 
opposite -105 volts on the grid-voltage scale and back to point 0 again along the operating 
line. Thus, the negative-going grid voltage swings the plate current down to cutoff (for a 
small portion of the cycle). Plate voltage continues on up to 3500 volts and back down again 
due to the fly-wheel action of the plate tank circuit. 

Drive and Tuning 

Now that we can predict exactly what the screen and plate current will be for any instant- 
aneous point during the grid-voltage cycle, let us ask some more probing questions. What 
happens when we cut our grid-driving voltage in half? The answer i s  simple. The length of 
our operating line is merely cut in half! The grid voltage swings to only one half the original 
peak-to-peak amplitude and the operating point 0 i s  still the center of the new operating line 
length. Now what happens if we detune the plate tank circuit? Detuning the plate circuit 
actually changes the plate load impedance. How does this appear on our set of curves? It tilts 
or rotates the operating line about the operating point 0.  As the load impedance i s  lowered 
(detuning from resonance), the operating line3 assumes a steeper angle (a zero-impedance load 
would be represented by a vertical operating line). 

As "seen" by the tube, the act of tuning to resonance amounts to increasing the load impe- 
dance to a maximum value consistent with the degree of antenna loading selected. Thus, the 
operating line will have minimum slope at resonance. Notice the angle at which our typical 
operating line in Fig. 1 cuts the constant-plate-current lines. It 's a small angle. As the plate 
tank circuit i s  tuned to a point out of resonance, the operating line might assume the position 
indicated by the dashed line3 (lower impedance). Note that the angle between the dashed line 
and the plate-current lines has not changed radically, and that our moving point will still 
intercept essentially the same plate-current values. This is precisely the reason that plate 
current in a tetrode i s  not a good indicator of resonance (very little dip). Look at the screen 
current. It consists of zero or even negative values in the out-of-resonance position. At reso- 
nance, though, it is  positive. Thus, a peak in screen current indicates resonance. 

The tank-circuit impedance would no longer appear resistive at the operating frequency, 
but would contain a reactive component. Under these conditions, the operating line becomes 
an ellipse whose center i s  point 0 and whose major axis i s  represented by a dashed line. 
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During the  rotation of the operating l ine  whi le  tuning, i t s  length ac tua l ly  changes ,  s i n c e  i t  i s  
confined vertically only by the cons tan t  peak-to-peak amplitude of the  grid-driving vol tage 
(two imaginary horizontal  l ines ,  one a t  -5  vo l t s  and one a t  -105 vol ts) .  T h e  length i n c r e a s e s  
a s  resonance i s  approached and reaches  a maximum a t  resonance.  A s  the  length i n c r e a s e s ,  
point A penetra tes  the heavy-screen-current region and the d.c.  s c r e e n  current r eaches  a sharp 
peak a t  resonance.  

Loading 

What happens if we change the antenna loading? T h i s  merely changes  the  plate-load impedance 
(s t i l l  res is t ive) .  Again, the effect i s  t o  t i l t  the  operating l ine  about  the  operating point. A s  
the load impedance is lowered (more coupling),  the operating l i n e  a s s u m e s  a s t eeper  angle  
(such a s  the  dashed line).  It i s  e a s y  t o  see that  a s  loading inc reases ,  sc reen  current de- 
c r e a s e s .  Thus ,  sc reen  current i s  a l s o  an indicator of loading. Screen current va r ies  somewhat 
from tube-to-tube of a given type, but if e a c h  tube i s  loaded to the same  va lue  of screen current 
a t  resonance (with the  same drive) power output d i f ferences  will be  smal l ,  and loading and 
linearity will  be  essen t i a l ly  the same .  

D.C. Meter Readings  

During the r.f. cycle ,  our point t r averses  the  operating l ine  and intercepts  many different 
ins tantaneous va lues  of screen current and p la te  current. T h e  average  of a l l  t h e s e  va lues  is 
what the  d.c. meter in the circuit  reads .  T h e  fundamental frequency component of p la te  current 
is uti l ized in the  pla te  circuit  t o  produce output (except  in a multiplier where u s e  i s  made of 
a harmonic component of plate current).  For  a given operating l ine ,  both of t h e s e  va lues  can  
be calcula ted4.  Suffice i t  to  s a y  tha t  for C l a s s  AB1 operation, the  d .c .  meter reading is ap- 
proximately one third the  peak value of current a t  the  top of the operating l ine ,  and the  funda- 
mental component of p la te  current i s  approximately one half the peak value.  

Tune-Up Procedure 

Contrary to  somewhat popular opinion, a l inear  amplifier should never be loaded for maximum 
power output. Loading should be  s e t  to  obta in  a pre-determined value of sc reen  current under 
single-tone or inserted-carrier driving condi t ions .  Ideally,  loading should be  s e t  for minimum 
distortion - a rather difficult  f ea t  to  pract ice .  I t  is recommended that  the amateur try t o  dupli- 
c a t e  a s  nearly a s  poss ible  a given s e t  of data-sheet  conditions a s  presented by the  tube 
manufacturer. T h e s e  typical  operating condi t ions  a re  usually given for peak-envelope operation 
(single-tone or inserted-carrier) and represent  the maximum input on c.w. or the  peak-envelope- 
power input (not meter peaks)  on s ing le  s ideband.  After adjust ing drive,  tuning, and loading 
to dupl icate  a given s e t  of conditions,  the  s ing le  tone (or carrier)  is removed and the s ingle-  
sideband audio gain i s  adjusted s o  that  grid current is never drawn and the  condition adjusted 
for above is never exceeded on peaks .  T h e  peak-to-average ra t io  of d .c .  p la te  current ( a s  
read on a fluctuating meter) va r ies ,  with the  individual voice ,  from about 2 : l  to  over 3 : l .  
Thus  i t  is normal on voice  peaks  for the  plate-current meter to  read n o  more than half the  
value of current obtained in the maximum s t a t i c  single.tone condition. 

By the u s e  of the EIMAC Tube Performance Computor, Applications Bulletin No. 5 ,  which 
is based  on the  method presented by Chaffee  in the  "Review of Scient i f ic  Instruments," 
October, 1936. 
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A straightforward tune-up procedure consists of the following steps: 

1. Ensure that the tetrode amplifier i s  neutralized and free of parasitics. 

2. With recommended heater, plate, and screen voltages applied, adjust the d.c. grid 
bias to obtain the recommended zero-signal value of plate current. This value af- 
fects linearity and plate dissipation. 

3. Connect a suitable dummy load and set the loading control for rather heavy loading. 

4. With a single-tone source, gradually increase the drive from zero to a value that 
produces a significant though small change in screen current. 

5. Resonate the plate tank circuit by tuning for a peak (in the positive direction) i n  
screen current. 

6. Resonate the grid tank circuit (if any) by watching for a peak in plate current. 

7. Now increase the drive until either the desired value of single-tone screen or plate 
current is reached (whichever i s  reached first). 

8. Without drawing grid current, adjust loading, plate-tank tuning, and drive level to 
duplicate as  nearly as possible a given set of data-sheet peak-Envelope conditions. 
Remember that plate current increases with drive, whereas screen current peaks at 
resonance and decreases with heavier loading. 

After matching a set of data-sheet conditions, the amplifier is ready to connect to an antenna. 
With a suitable antenna connected, it should be easy to repeat the operation obtained in Step 8 
above by merely adjusting plate-tank tuning and loading with the same drive level as  before. 
Now set up for voice single-sideband drive and adjust the audio gain for the highest level 
possible without drawing grid current on voice peaks or flat-topping (check this with a scope). 

Reverse Screen Current 

Most transmitting tetrodes employing oxide-coated cathodes exhibit negative screen current 
under certain conditions of operation. This is nothing to get alarmed about - it merely means 
that on the average, more electrons are leaving the screen than are being intercepted by the 
screen. This results because of secondary electron emission at the screen grid. Small values 
of negative screen current are not detrimental to tube operation and are quite normal for some 
tetrodes. Such values usually appear under heavily-loaded conditions or during the idling 
condition. 

Large values of negative screen current are abnormal and should be avoided. Excessive 
secondary emission usually results in higher values of intermodulation distortion. This condi- 
tion also prevents an accurate determination of screen dissipation. 

Protection 

Screen protection can take many forms. Before using a given circuit, it should be analyzed to 
ensure that it satisfies the two basic criteria for screen protection. First, the circuit con- 
nected to the screen must be capable of maintaining the proper screen voltage in the presence 
of moderate negative d.c. screen current, or normal positive values of current. Second, the 
protective circuitry must not allow a condition of excessive screen current (positive or nega- 
tive) to persist, since this causes excessive screen dissipation and resultant tube failure. 
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The first of these two criteria can be easily satisfied by the use of a bleeder resistance 
connected directly from the screen to ground, in combination with a suitable well-regulated 
power supply. The bleeder resistance should be made equal to the screen voltage divided by 
the largest negative d.c. screen current to be expected for the particular tube used. This 
eliminates any power supply problems (soaring voltage) when "supplying" negative screen 
current. 

Complete screen protection satisfying both criteria can be obtained by adding a screen-current 
overload relay to a bleeder and regulated-power-supply combination. The overload relay will 
protect the screen against excessive currents, either positive or negative, and the regulated 
power supply will maintain the screen voltage at the proper value as  the d.c. screen current 
varies. The bleeder resistance from screen to ground will not allow the screen voltage, in the 
presence of negative screen current, to rise above the proper value. This bleeder i s  good 
insurance, since even some regulated power supplies react in an undesirable manner when 
subjected to a negative-current load. 

When using a screen-current overload relay one can easily provide for manual resetting in the 
event of an overload. This feature allows time to consider why the overload occurred and pre- 
vents repeated successive overloads. Using an s.p.d.t. relay, merely connect the armature to 
the positive supply through the coil (with the usual pull-in-adjusting potentiometer shunting 
the coil). Connect the normally-closed contact to the screen through the screen-current meter 
and the normally-open contact through a resistor to Adjust this resistor so that the 
current through it will hold the relay closed, once it has been tripped. First, of course, the 
pull-in shunt should be adjusted for pull-in at the value of screen-bleeder current, plus screen 
current, that produces maximum rated screen dissipation. Now, with this circuit it will be 
necessary to shut off the screen supply (or push a circuit-breaking series reset button) to 
reset the overload relay after an overload has occurred. 

In contrast to the protective scheme outlined above, voltage-regulator tubes offer a simple and 
nearly foolproof method of screen-current protection. Their use will completely satisfy the 
first criterion and also the second criterion insofar as  positive current overloads are con- 
cerned. Since excessive negative current i s  uncommon, one may elect to disregard protection 
against its occurrence. VR tubes then become an inexpensive and practical solution for the 
amateur. 

The VR tube solution consists of an appropriate combination of VR tubes (to add up to the 
desired screen voltage) connected in series to ground and fed from a high-voltage source 
through an adjustable dropping resistance. The screen bypass capacitor from screen to ground 
and a screen-current meter from screen to the top of the VR-tubes string complete the circuit. 
Adjust the dropping resistance so that the VR string extinguishes at or slightly lower than 
the value of screen current that produces maximum rated screen dissipation. R.F. screen- 
current peaks will be supplied by the screen bypass capacitance and the VR tubes will "see" 
only the d.c. component. Now, excessive positive screen current will extinguish the VR tubes, 
lowering the screen voltage, The VR tubes will supply normal positive current values while 
maintaining screen voltage at the desired value. Negative currents will not change the voltage, 
but will merely increase the current flowing through the VR tubes. 

See Evans, "Screen Protection and More," QST, October, 1961. 
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In conclusion,  i t  should be obvious to the  amateur that  a screen-current meter i s  a vital  neces- 
s i ty  in modern transmitters employing te t rodes .  By proper interpretation of screen-current 
readings,  one c a n  e a s i l y  tune to resonance and properly load the tetrode amplifier. T h e  pla te-  
current meter i s  useful only a s  an indicator of drive level  and average plate-input power 
(knowing the  p la te  voltage).  One more meter - for grid current - is useful  but not absolute ly  
necessary.  A one-milliampere meter in the  grid c i rcui t  will warn t h e  operator by a s l ight  kick 
when grid current i s  being drawn on voice  peaks .  
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Triode Tubes as L inear  R.F. Amplifiers 

Many of the common triode transmitting tubes will perform well a s  linear r.f. 
amplifiers for single sideband operation. Unfortunately, little operating data for this 
c lass  of service i s  available for these tubes, and the radio amateur does not always have 
the operating curves or other data available to derive proper circuit potentials necessary 
to achieve low distortion linear operation. The amateur owning a high dissipation trans- 
mitting triode, therefore, i s  often at a loss a s  to the proper operating parameters for 
linear service, or he might not know if the tube i s  really suited for this c lass  of operation. 
Then, too, good transmitting equipment exists, designed before the advent of SSB, that 
may be easily converted to single sideband linear service, provided the correct operating 
potentials can be determined. The purpose of this article i s  to provide rough guidelines 
whereby any triode tube may be easily and quickly evaluated as  to i t s  useability a s  a 
linear r.f. amplifier. 

Important Tube  Characterist ics for L inear  Service 

Triode tubes1 may be operated either in grid- or cathode driven service, and 
may be run in Class-AB-1, Class AB-2, or Class B Mode. The problem, then i s  to deter- 
mine which triode tubes are most suitable for linear service and in what circuit config- 
uration they work best, and finally, to establish the operating potentials which will 
provide satisfactory results for the user. 

P l a t e  dissipation and amplif icat ion factor are two triode tube characteristics 
which, in general provide the information to establish the work of the tube a s  a linear 
amplifier and which may also suggest the proper circuitry. Other tube characteristics, of 
course, enter the picture, but by merely examining these two main features, a triode tube 
may be easily evaluated for linear amplifier service. 

Plate dissipation i s  important because i t  determines the maximum power limit 
that the tube may achieve under a given degree of operating efficiency. Linear amplifier 
efficiency commonly runs between 50- and 65- percent with the remainder of the power 
being lost a s  plate dissipation. As a rule of thumb, therefore, 50- to 35- percent of the 
maximum permissible power input to the tube represents the rated value of maximum plate 
dissipation. Twisting this idea around, it can be seen that a triode tube having, for 
example, 450 watts of plate dissipation i s  probably good for a power input of 900 to 1250 
watts, depending upon operating efficiency. Class AB-1 operating efficiency runs close 
to 50-percent. Class AB-2 efficiency i s  about the same a s  Class B; in the vicinity of I 

65-percent. Thus, knowing the plate dissipation of the tube, we can easily determine 
, 

approximate maximum power input and power output by first establishing in which class I 

of service the tube i s  to be operated. It i s  wise to use "steady state" or single tone con- 
dition when making this rough determination of power levels. It i s  tempting to think that I 

1 - This discussion deals solely with triode tubes. Similar conclusions may be drawn 
about tetrode and pentode tubes, but these are not within the scope of this article. 
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the peak envelope power (P.E.P.) rating may be greater than this level (and it may--!) 
but this reserve power capability varies between tube types, and can only be determined 
by experiment at a later stage of the game. 

Small transmitting tilbes having low values of plate dissipation (3C24, 35T) 
afford little worth in linear amplifier service as  the power capability of these small 
"bottles" i s  quite low. The picture changes rapidly as  the power capability of the trans- 
mitting tube increases, however, and large triode transmitting tubes having high values 
of plate dissipation are often quite reasonable in cost and are likely candidates for 
linear service. 

Amplification Factor of a triode tube expresses the ratio of change of plate 
voltage to a given change in grid voltage at some fixed value of plate current. It i s  
determined primarily by the density of the grid structure and the grid-plate spacing of 
the tube. Amplification factors are expressed in terms of mu (u), and values of u between 
8 and 300 are common for triode transmitting tubes. High-u tubes are those having an 
amplification factor of 30 or more, medium-u tubes have amplification factors in the 
range of 10 to 30, and low-u tubes fall in the range of 3 to 10. 

Amplification factor for many commonly used transmitting triodes is given in 
most tube manuals and in the transmitting tube section of T h e  Radio Amateur's Hand- 
book. This characteristic may be determined experimentally by operating the tube in a 
quiescent state at normal plate voltage. A small change in the resting bias i s  made, 
thus slightly changing the plate current. The plate current is then returned to the original 
value by making an appropriate change in plate voltage. An amplification factor of 20, 
for example, means that if the grid potential i s  changed by one volt, it will take a plate 
voltage change of about 20 volts to restore the plate current to the original value. 

Armed with a knowledge of plate dissipation and amplification factor, an intel- 
ligent choice of circuitry may now be made. 

C l a s s  AB-1, C l a s s  AB-2, or C l a s s  B Grid Dr iven Service 

These classes of operation are defined by the operating potentials applied to 
the tube. In general, any triode tube in any conventional linear amplifier circuit can 
probably work in any of these three modes. Results, however, depend upon circuit design 
considerations which may be extremely stringent in order to provide a satisfactory de- 
gree of linearity for a specific tube in a given circuit. Thus, in order to relax circuit 
considerations while reaching a desired degree of performance, certain tubes and circuits 
have been chosen which are widely used in SSB equipments while other tubes and cir- 
cuits have been cast aside a s  being economically undesirable. 

T h e  C l a s s  A B - 1  Amplifier i s  defined as one wherein grid current does not flow 
over any portion of the operating cycle. That is ,  grid excitation is held below that value 
at which the applied peak signal level is less than the value of grid bias on the tube. 
Plate current flows for more than 180 degrees of the r.f. cycle but less than 360 degrees. 
Once the bias value i s  exceeded by the driving signal, grid current will flow when the 
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grid i s  driven positive with respect to the cathode, and the amplifier pa s se s  into the 
C l a s s  AB-2 operating mode. As the peak driving signal level i s  increased and the bias  
reduced to substantially cutoff, grid current flows over half the operating cycle,  and the 
amplifier i s  now operating in the C l a s s  B mode. As the grid driving signal increases,  
passing the amplifier s tage through the success ive  operating modes, the instantaneous 
plate voltage swing increases,  and electrode voltages applied to the tube must be varied 
to allow optimum circuit efficiency and low distortion in each mode of operation. Good 
and valid reasons exist  for each mode of operation, and while i t  i s  tempting to jump to 
the conclusion that a l l  tubes should be operated C la s s  B mode for highest efficiency and 
output, such i s  not the case!  Other factors affect the choice of operating mode and in 
doing so, a l so  affect the circuitry and potentials to  be used with a particular tube. 

In general, a low-u triode tube i s  a preferable choice for a C la s s  AB-1 grid 
driven linear amplifier. It i s  easier  to obtain maximum plate current swing with this  type 
of triode tube because i t  i s  impossible to drive the grid into the positive region of oper- 
ation (Figure 1). A high-u tube of equal plate dissipation must be driven into the positive 
grid mode of operation to obtain output comparable to  that of a low-u tube driven just to 
the point of grid current. Of the many triode tubes, the 304TL and the 211 (VT-4C) are 
common low-u types that perform well in C la s s  AB-1 service. Other low-u triodes that 
are satisfactory for grid driven linear service are the 75TL, 100TL, 250TL, 806, 450TL 
and 750TL. Even though large values of driving voltage are required for these tubes, 
l i t t le  driving power i s  required, a s  the grid never draws current and only circuit l o s se s  
require that the driving s tage supply power to the linear amplifier in question. High-u 
triode tubes are not recommended for c l a s s  AB-1 service because the grid must be driven 
into the positive (grid current) region before appreciable power output can be obtained. 

The C lass  AB-2 amplifier i s  defined a s  one wherein the grid current i s  drawn 
over a portion of the operating cycle, yet the plate current flows for more than 180°. 
Grid current flows because the exciting signal has  a peak value greater than the fixed 
operating bias  of the tube, and the grid assumes a positive potential when the peak sig- 
nal exceeds the fixed bias  level. Electrons intercepted from the cathode to plate current 
flow by the positive grid create the grid current, and the power required to create the 
necessary positive grid swing i s  derived from the exciting signal that drives the linear 
amplifier. The impedance the grid presents to the input circuit under conditions of grid 
current i s  a function of the ratio of instantaneous grid voltage to current which varies in 
a nonlinear manner. Thus, unless  the r.f. power source (the exciter) has  extremely good 
output voltage regulation, and unless  the linear amplifier i s  properly designed to present 
a fairly constant load to the exciter, waveform distortion will invariably result whenever 
this c l a s s  of amplifier loads the exciter during those intervals of the operating cycle 
when the grid of the tube is driven positive with respect to the cathode. (The C lass  B , 

linear amplifier represents an extension of the Class  AB-2 mode, wherein grid driving 
power requirement i s  greater and the demand placed on the driving source i s  even more 
stringent). 

Class  AB-2 grid driven operation of triode tubes should be approached with 
caution because of this  problem, a s  most radio amateurs do not have the t e s t  equipment 
to properly evaluate and adjust their linear amplifier for this  mode of operation. It i s  
possible to swamp a portion of the driving signal by means of low value noninductive 
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resistors placed across the grid circuit of the linear amplifier, and by the u s e  of a high-C 
grid tank circuit achieve the bes t  possible drive-signal regulation. Both of these methods 
have been used with good resul ts  when properly applied. 

In most instances, the increase in output power gained from shifting from Class  
AB-1 to C la s s  AB-2 operation may not be justified, and more power output may be gained 
in an easier  fashion by operating two tubes in parallel in the Class  AB-1 mode. Driving 
requirements and bias supply regulation problems are thus simplified. These  remarks 
apply equally well to C la s s  B grid driven linear amplifiers, and their u se  should a l so  be 
tempered with caution. 

Class  AB-2 and Class B Cathode Driven Service 

High-u triode tubes may be used to advantage in cathode driven (so-called 
grounded grid) linear amplifier circuits (Figure 2). In this  mode of operation, the grid i s  
bypassed to ground and normal C la s s  AB-2 or Class  B bias is applied to the stage. No 
bias  i s  necessary, of course, in the c a s e  of zero bias  tubes, such a s  the 811A, 3-4002 
and 3-10002, and the grid of the tube may be grounded directly. A high-u triode tube 
should be employed for this  s tyle  of amplifier, and the inherent feedback of the grounded 
grid s tage  combined with the use  of a tuned cathode input circuit insure a minimum of 
driver waveform distortion. Use of a high-u tube i s  suggested for two reasons: Firs t ,  the 
inherent cathode-plate shielding of a high-u tube i s  better than that of a comparable low-u 
tube; and second, a high-u tube provides better gain per s tage and requires l e s s  drive 
because of l e s s  feedthrough power. Tubes such a s  the 811A, 805, 75TH, 250TH, 450TH 
and 6C21 work well in t h i s  circuit. Resis t ive loading of the driving circuit i s  not required 
a s  long a s  there i s  sufficient "Q" in the cathode tank because of the constant "feed 
through" power load on the exciter. For most triode tubes, a tuned input circuit having a 
resonating capacitance C-1 of about 15  mmfd per meter of wavelength i s  sufficient. 

Low-u tubes, on the other hand, require extremely large driving s ignals  in the 
cathode driven mode, and stage gain i s  extremely small. Thus, the u se  of these tubes in 
this  particular circuit configuration i s  not recommended. 

In summary, then, triode tubes to be used for linear amplifier service should 
have a large plate dissipation, and the power output to be expected from the tube will 
run from approximately once to twice times the rated plate dissipation. Moreover, high-u 
triode tubes perform better in cathode driven, c l a s s  B circuits.  Medium-u tubes, falling 
in the shadowy region (u = 10 to 20) usually are eas ie r  to get working in cathode driven 
circuits,  a s  a general rule. 

B i a s  Supplies 

Bias supplies for linear amplifier s tages  that draw grid current must be capable 
of good regulation s o  that the fixed b ias  does  not vary a s  grid current increases. Shown 
in Figure 3 i s  a simple bias supply that will provide a regulated b ias  variable over the 
range of -20 to -80 volts. Regulation i s  0.001 volt per milliampere of grid current. Be- 
tween -30 and -80 volts the supply will regulate grid current up to 200 milliamperes. 
Between -20 and -30 volts, maximum grid current is restricted to  100 milliamperes. The 
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adjustable resistor R-1 i s  s e t  to  produce about 20 milliamperes current through the first 
regulator tube. 

A regulated supply for the -100 to -600 volt range i s  shown in Figure 4. The  
tap switch of this  supply permits rough bias adjustment over the range, while the potent- 
iometer permits a fine adjustment to be made. Maximum permissible grid current runs 
from about 100 milliamperes in the vicinity of -100 volts to about 25 milliamperes in the 
-600 volt region. 

Operating Potentials for Linear Service 

Once the circuit and c l a s s  of service have been determined for the particular 
tube a t  hand, the proper operating potentials for the tube must be determined. Luckily, 
much of this  datq is a t  hand, although in a disguised form. Most data  shee ts  provide 
C la s s  AB-1 or AB-2 audio data, usually for push-pull operation. As the tube doesn't 
know if i t  i s  being driven by an audio signal or an r.f. signal,  this  data applies to a sig- 
nificant degree to r.f. linear amplifier service. For a single tube, i t  i s  only necessary to 
divide the indicated currents by two, a s  the currents are  for two tubes. (Actually, only 
one tube in the push-pull audio service i s  "working" a t  one time, but the current meters 
register currents that are averaged for the two tubes). For example, Figure 5 provides 
operating data  for a 304TL, grid driven, C la s s  AB-1 r.f. linear amplifier, used in the 
circuit of Figure 1. A plate circuit Q of 15  should be used, and the grid currentof the 
amplifier should be high-C (Q of 1 5  or better) in order to take care of accidental grid 
current peaks. Normal grid current i s  zero. In order to properly load the exciter,  i t  i s  
necessary to swamp the exciter output with a non-inductive load s o  that the exciter 
develops nearly full rated output when grid current just s tar ts  to flow in the linear stage. 
The load may be placed across the coaxial l ine between the exciter and amplifier and 
consis t  of a number of 2 watt composition resistors arranged in series-parallel to pre- 
sen t  a near-52 ohm load. Total wattage rating of the resistor bank should be equal to 
about one-half the P .E .P .  output of the exciter. 

Figure 6 provides operating data for a 304TH, cathode driven, C la s s  AB-2 r.f. 
linear amplifier used in the circuit of Figure 2. At 3000 volts plate potential the 304TH 
i s  good for a P .E .P .  input c lose  to one kilowatt, and two tubes in parallel can provide 
the "so-called" two kilowatts P .E .P .  Figure 7 provides data  for the 450TH in cathode 
driven, C la s s  AB-2 r.f. linear amplifier service. 

It should be noted that steady s ta te  conditions are given, and P .E.P .  operation 
should be held to these limits, unless  the oscilloscope te l l s  the operator that the tube 
may be "pushed" a bit before peak flattening or distortion occurs. Use  of the oscillo- 
scope should be tempered with caution, however, a s  i t  i s  nearly impossible to read 
distortion or peak flattening on the "scope" until the degree of intermodulation distor- 
tion approaches a level near -20 decibels  below one tone of a two tone tes t  signal. By 
this  time, the operator will probably receive a brick through the shack window! To  be 
on the safe side, then, meter readings of grid and plate currents should be  one-half or 
l e s s  of those indicated in the tables  for voice peaks. 
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FIGURE 5 

304TL,  GRID-DRIVEN, CLASS AB1 LINEAR AMPLIFIER @T' 
D.C. P l a t e  Voltage 
D.C. Grid Voltage* 
Zero Signal D.C. P l a t e  Current 
Single Tone Max. D.C. P l a t e  Current 
Max. D.C. Input 
Max. Drive Power 
P l a t e  Load Impedance 
Max. Output 

3000 vo l t s  
-290 vol ts  

6 5  ma 
225 ma 
675 wat t s  

0 wa t t s  
6000 ohms 

365 wat t s  

FIGURE 6 

304TH, CATHODE-DRIVEN, CLASS AB2 LINEAR AMPLIFIER 

D.C. P l a t e  Voltage 
D.C. Grid Voltage* 
Zero Signal D.C. P l a t e  Current 
Single Tone  Max. D.C. P l a t e  Current 
Max. D.C. Input 
Max. Drive Power 
Cathode Input Impedance*" 
P l a t e  Load Impedance 
Max. Output 

FIGURE 7 

450TH. CATHODE-DRIVEN. CLASS AB2 LINEAR AMPLIFIER 

D.C. P l a t e  Voltage 
D.C. Grid Voltage* 
Zero Signal D.C. P l a t e  Current 
Single Tone  Max. D.C. P l a t e  Current 
Max. D.C. Input 
Max. Drive Power 
Cathode Input Impedance*" 
P l a t e  Load  Impedance 
Max. Output 

NOTE: 1500 volt  operation is zero b ias  se rv ice  

"Adjust t o  give s t a ted  zero-signal p la te  current. 

""Fundamental frequency component. High-C, tuned cathode tank should be  
employed to  obtain lowes t  intermodulation distortion. 

vol ts  
vo l t s  
ma 
ma 
wat t s  
wa t t s  
ohms 
ohms 
wat ts  

4000 vo l t s  
-85 vol ts  
150 ma 
335 ma 

1340 wat ts  
7 0  wat ts  

350 ohms 
6400 ohms 
1000 wat t s  
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C L A S S  A 6 1  
L O W - N  T R I O D E  

L 1 R F  OUT. 

R F  I N .  

5 0  K 
2 5 W  

X F M R  = 

.001 

- B I A S  I B- 

FIGURE 1 

TYPICAL GRID DRIVEN, CLASS AB-1 TRIODE LINEAR AMPLIFIER CIRCUIT 

C-1, L-1: Grid input c i rcui t  (Q= 15). Rat io  of L t o  C chosen  s o  as t o  match impe- 
dance  presented by R- l ,  the  loading resistor.  

C-2: Neutralizing capacitor.  Capaci tance approximately twice  the  grid-plate 
capac i t ance  of the  tr iode tube. Breakdown voltage equa l  t o  three  t imes 
the  d.c.  p la te  voltage.  

C-3, L-3: P l a t e  output c i rcui t  ( Q =  15). Ra t io  of L t o  C chosen to  match r.f. load 
res i s t ance  of amplifier tube. Handbook char t s  for C l a s s  C Service may be  
used,  provided s ing le  tone pla te  current is used  in formulas. 

C-4: Ser ies  tuning capaci tor  for link circuit .  Approximately 6 uufd per meter 
of wavelength (See Chapter 6, A.R.R.L. Handbook, or "Radio Handbook"). 

PC-1, PC-2: P a r a s i t i c  suppressors .  Try two 100 ohm, 2 watt  composition res i s to r s  in 
paral le l ,  wound with 5 turns,  %-inch diameter #16 wire,  spacewound. 

RFC-1: 2 - 5  mH (National R-100). RFC-2: High vol tage choke. B & W #800 or 
equivalent  RFC-3: VHF choke. Ohmite 2 -50  or equivalent.  

Note: 20 ohm, 2 watt composition res i s to r s  placed a c r o s s  fi lament capaci tors  
to  "de-Q" bypass  resonances .  

AS- 1 4  I 
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C L A S S  A 8 2  
H I G H - U  T R I O D E  

R F  OUT. 

- B I A S  

R F  IN.  

115V.Q 6- 

FIGURE 2 

TYPICAL CATHODE DRIVEN, CLASS AB-2 TRIODE LINEAR AMPLIFIER CIRCUIT 

C-1, L-1: Cathode input circuit (Q greater than 2). Resonates to operating frequency 
with approximately 20 uuf per meter of wavelength. 

C-3, L-4, C-4: Pi-network output circuit (Q = 15). Ratio of L to C chosen to match r.f. 
load resistance of amplifier tube. For appropriate charts, see  A.R.R.L. 
Handbook and "Radio Handbook". Use single tone plate current in 
formulas. 

L-2: Filament choke. B & W or equivalent. 

PC-1, PC-2: Same a s  Figure 1. RFC-1, RFC-2, RFC-3: Same a s  Figure 1. 

RFC-4: 2% mH (National R-100). 

Notes: Adjust drive tap on L-1 for minimum SWR on coaxial line to exciter. 
Positive terminal of bias supply i s  grounded. Grid of tube may be ground- 
ed for Class B, zero bias operation with triodes having u of 200 or 
better. 
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FIGURE 3 

LOW VOLTAGE REGULATED BIAS SUPPLY 

This simple supply provides a regulated bias voltage variable over the range of 
-20 to -80 volts. Regulation i s  0.001 volt per milliampere. Between -30 and -80 
volts, the supply will regulate grid current up to 200 ma. Below -30 volts, maxi- 
mum grid current i s  restricted to 100 ma. 
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COARSE B I A S  
ADJUSTMENT 

+ B I A S  

l 1 5 V . W  

- B I A S  

T I =  5 0 0  V.C.T.. 7 0  M A .  NOTE : 6 ~ 3  OR 6 8 4 6  MAY BE SUBSTITUTED FOR 2 4 3  AND 
5 V . ,  2 A .  F I L A M E N T  DROPPING RESISTOR E L I M I N A T E D .  
6 . 3  V., 2 . 5  A .  
S T l N C D R  P C - 8 4 0 3  

FIGURE 4 

MEDIUM VOLTAGE REGULATED BIAS SUPPLY 

This series regulated supply acts a s  a variable bleeder resistor which automati- 
cally adjusts i t s  resistance to a value such that grid current flowing through it 
will develop a constant voltage across the supply terminals. The tap switch 
permits rough bias adjustment over the range of about -100 to -600 volts, while 
the potentiometer permits a fine adjustment to be made. Maximum permissible 
grid current i s  about 100 ma in the vicinity of -100 volts, dropping to about -25 
ma. in the -600 volt region. 
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Improved Harmonic Suppression for MuItiband Sysfems 

Two ampiifiers built to the same general circuit design and layout. The one an the left uses a pair of 4-1 25As, that at the 
right a pair of 4-250As. Both are caposle of a kilowatt input on C.W. The 4-250As 

can handle envelope peaks of 2 kilowatts on sideband. 

T h e  Pi-L Plate Circuit 
in Kilowatt Amplifiers 

An extra L network tacked on the pi-network tank helps get rid of  those harmonics 
that multiband antenna systems are only too capable of  radiating. This article 
shows how the circuit was applied to two kilowatt amplifiers - both of  which are 

worth your attention because of  their construction ideas, too. 

BY RAYMOND F. RINAUDO,* W6KEV 

D URING the past ten years the pi network has 
become almost the standard plate tuning 
and loading circuit for a radio-frequency 

power amplifier, whether it ends up with a 6146 or 
a pair of 4-400s. This came about quite naturally 
when TVI became a problem because the pi 
network lends itself very nicely to band snitch- 
ing, with tuning and loading done with capacitors 
-the capacitors, plate switch and coil being 
located in a comparatively small shield enclosure. 
All of this was had along with reasonably good 
harmonic attenuation: second harmonic down 35 
to 40 db. and higher harmonics further at- 
tenuated. 

However, along with the popularity of the pi 
network, we have had the development of the 
three-band beam, the multiband dipole and the 
multiband vertical. While the multibend antenna 
is a god send to those with limited acreage, in 
which category the vast majority of us fall, i t  
serves to bring up another problem because we 
now find that 35- or 40-db. attenuation of the 
second harmonic at  the amplifier is quite often not 
enough. The multiband antenna is all too ready 
to radiate that 20-meter harmonic when the ama- 
teur is actually transmitting on 40. Obviously, 

* Eitel-MoCullough. Inc., San Carlos, Calif. 

the antenna under discussion is of the type which 
requires no tuner between the transmitter and 
the feed line. A solution to the problem is to 
put a filter in the transmission line which will 
pass only the frequencies in one band. But then, 
when changing to a different band, another filter 
must be substituted and some of the ease of band 
change has been lost. 

Another way in which the situation can be 
improved is to use a pi-L network. The pi-L will 
give 10 to 15 db. more attenuation of the second 
harmonic than will the pi1 and even more 
attenuation of the higher harmonics. This circuit 
has been used in some commercially-built ama- 
teur equipment such as the Collins KWS-1. 
Further improvement can be had by designing 
the amplifier plate circuit for a higher loaded Q. 
For example, raising the loaded Q from 10 to 20 
will increase the harmonic attenuation by 6 db. 
Unfortunately, one runs into the law of diminish- 
ing returns here; the losses in the plate coil begin 
to be large enough to cause serious heating, and 
a loaded Q of 20 is near the practical upper limit 
in most cases. 

1 Fundamentals of Single Side Band, Collins Radio 
Company. 



The 4-125A Amplifier 
With the harmonic problem in mind, a design 

w:~s worked out in late 1058 for an amplifier 
wliich was to  replace the pi-network final then 
it1 r~sc,. Thc requirements were as follows: 

1 )  Operation from 3.5 to 28 Mc., band 
switched. 

2) Power input of 1 kw. with 2500 volts on 
the plate. 

3) R.f. power output to feed into a 50-ohm 
coaxial load. 

4 )  Standard 19-inch rack mounting with a 
minimum practical panel height. 

5 )  Amplifier enclosed in a shield and incoming 
power leads bypassed for TVI. 

6)  Harmonic radiation via the feed line to be 
minimized. 

7)  A minimum amount of cash to be involved. 
The result of the above design is the 4-125A 

amplifier shown in the photographs. 
The amplifier uses a pair of neutralized 

4-125As in parallel. The grid circuit is tuned, 
fairly high C, and makes provision for bridge 
nr~~tralization via bypass condenser Cz, Fig. 1. 
'I'he plate circuit is a pi-L network with an operat- 
ing Q of 15, and plate current is shunt fed. In- 
d~vidl~al  meters are used to measure grid, screen 
and plate rr~rrents and filament voltage. 

The amplifier is built on a 13 X 17 X 3-inch 
alr~minum chassis behind a 10% X 19-inch pancl. 
The meters are excluded from the r.f. field by 
a 'i X 17-inch aluminum sub-front panel which 
is set back two inches from the front panel. The 
resulting enclosure, which is above the chassis 
and scrren~d by perforated aluminum, is 11 by 
17 by 7 inches. The underside of the chassis is 
divided into two units by a shield running from 

front to back. The grid compartment is 10 by 
13 by 3 inches and the orrtput cotnpartment 
containing the loading capacitors and L net coil 
is 7 by 13 by 3 inches. The bottom of the chassis is 
covered by perforated aluminum sheet to allow 
convection air currents to cool the tubes. No 
blowers or fans are needed to cool the 4-125As, 
provided that cooling air is allowed to flow freely 
past the tubes. 

In keeping with requirement (7), maximum use 
was made of the surplus markets and trades with 
fellow hams, and the author's own junk boxes 
were given a thorough going over. No real 
compromise was made by the use of inferior 
components, but inevitably several of the parts 
used are either not too commonly-available 
surplus items or are once-standard parts which 
are no longer manufactured. But for each of 
these, a standard commercial part exists which 
is as good as or better than the one used and 
will fit into the space available. The standard 
part is the one given in the parts list. That 
the use of used and surplus parts paid off is 
attested to by the fact that the immediate cash 
outlay was less than $20! On the other hand, if 
the reader wants to build the amplifier using all 
new parts, the cost will be approximately $235, 
including tubes 

As mentioned previously, the grid circuit 
operates with fairly high C. Approximately 300 
Ppf. is used on 3.5 Mc., 150 ~ p f .  on 7 Mc., and 
proportionally smaller amounts for the higher- 
frequency bands. A large tuning capacitance is 
used so that there will be a minimum of clipping 
of the waveform of the driving signal when the 
grid is driven positive. A distorted waveform a t  
the grid of an amplifier will mean more harmonic 

Chassis view of the 4-125A 
amplifier. The plate tuning 
capacitor is at the center. The 
pi coil for 3.5-21 Mc. is verti- 
cal. The 28-Mc. pi coil is 
mounted horizontally between 
the band switch and the tank 
capacitor. The plate r.f. choke 
and neutralizing capacitor are 
partially hidden by the plate 
coil. The filament transformer 
is at the far end of the chassis 
between the 4-1 25As and the 

sub-front panel. 



DECIMAL VALUES O F  C A P A C I T A N C E  ARE INpf.; 
OTHERS ARE I N p p f  EXCEPT A S  INDlC lTED.  

-C I15V. AC .  +S G. - H V. + H V  

Fig. 1-The amplifier circuit. Either 4-1 25As or 4-250As may be used at VI and V2. See specification below for circuit 
values that differ with the two types. "X" indicates point where the two cooling-fan motors are connected in the 4-250A 
amplifier. Shielded wiring In supply leads is  continued up to the bypass capacitors nearest the r.f. circuit. All 0.001 - and 

0.005-pf. capacitors are disk ceramic, 1000-volt rating. 
CI-320 ppf., 0.0245-inch spacing (Hammarlund MC- 28 Mc.: 6 turns INo. 18, '/?-inch diam., 8 t.p.i. (Air Dux 

3 2 5 4 ) .  408T). 
C2-440 ppf., silver mica (two 220-ppf. in parallel). 12-3.5 Mc.: 4 turns insulated hookup wire at  cold end of  11. 
Cs-Disk neutralizing, 2.2-1 5 ppf. (Millen 1501 1 ). 7 Mc.: 3 turns same. 
C4, Ca-500-ppf., 20-kv. ceramic (Centralab TV-20). 14, 21, and 28 Mc.: 2 turns same. 
JI, Jz-Coaxial chassis-mounting connectors. Mz-0-8 or 0-1 0 volts a.c. 
11-3.5 Mc.:32 turns no. 20, %-inch diam., 16 turns per Ma-0-500 ma. d.c. 

inch (Air Dux 61 6T). RFCI-Transmitting choke (B & W 800, National R-175A, 
7 Mc.: 14 turns No. 20, %-inch diam., 16 t.p.i. (Air Raypar RL-100). 

Dux 61 6T). Ss-Ceramic, 2 poles, 5 positions (Radio Switch Corp., 
14 Mc.: 11 turns No. 18, %-inch diam., 8 t.p.i. (Air Marlboro, N.J.); see text. 

Dux 508t). VI, Vz-4-125A or 4-250A. 
21 Mc.: 9 turns No. 18, %-inch diam., 8 t.p.i. (Air Dux ZI, 22-4 turns No. 12, %-inch diam., '/2 inch long, with four 

408T). 220-ohm, 2-watt composition resistors in parallel. 

For 4-1 25As: For 4-250As: 

Ce- 0.001 -pf., 20-kv. ceramic (two Centralab TV-20s in 0.002-pf., 20-kv. ceramic (four Centralab TV-20s 
parallel). in parallel). 

C7- 250-ppf., 3000-volt variable (Johnson 154-9). 300-ppf., 10-kv. variable (Jennings UCS-300). 
Cs- 0.001 -pf., 2000-volt variable (two Johnson 154-3 0.001 2pf., 3000-volt variable (Jennings UCSL- 

in parallel, ganged). 1200). 
13- 6 turns No. 10, 1 -inch diam., 1 % inches long. See text. 
L4- Vari-pitch Air Dux 2408D4, modified as described lllumitronic Pi Dux No. 195-2, modified as de- 

in text. scribed in text. 
Ls- Indented Pi Dux 141 1 A, modified as described in Vari-pitch Air Dux 1608D6, tapped as described 

text. in text. 
La- 4 turns No. 14, %-inch diam., 1 % inches long. 6 turns No. 12, 1 -inch diam., 1 inch long. 
MI- 0-50 ma. d.c. 0-1 0 0  ma. d.c. 
M3- 0-1 0 0  ma. d.c. 0-200 ma. d.c. 
S1- 1 section, 2 poles, 5 positions (Centralab 2505). 2 sections, 1 pole per section, 11 positions, 5 posi- 

tions used (Centralab YD sections with P-270 index 
assembly); see text. 

TI- 5 volts, 13 amp. (Triad F9A or F15U). 5 volts, 29 amp. (Stancor P-6492). 



Below the 4-1 25A chassis. The two loading capacitors at 
the top, ganged together by means of gears, are sepa- 
rated from the grid circuit by an aluminum shield running 
from the front to the rear of the chassis. The L net coils are 
directly behind the loading capacitors. The grid band 
switch and coil are at about the center of the chassis. The 
grid tuning capacitor is mounted off the chassis by means 

of bakelite blocks and is directly under 
the filament transformer. 

signal in the plate circuit and, hence, a ~norc 
difficult job to suppress it. For example, in Class 
C, B or AH2 operation, during the portion of the 
cycle that thc grids of two 4-125As in parallel 
are driven positive, the grids look like a resistor 
of about 1200 ohms to the tuned grid circuit, and 
that portion of the cycle will be distorted unless 
precautions are taken to prevent it. Waveform 
clipping is minimized by using plenty of tuning 
capacitance in the grid circuit. Of course, for AB1 
operation, the amount of C is not important 
because the grid is never driven positive and looks 
like an infinite resistance to the tuned circuit. 

The grid tank circuit uses individual coils for 
each band. A link coil of insr~lated hookup wire 
is wound over the cold end of each coil. The hot 
ends of the coils and the links are switched by 81, 
a 2-section, 5-position switch having one wa'er. 
This switch is mounted on the underside of the 
chassis by means of an aluminum bracket. The 
coils are mounted between the appropriate slvitch 
terminal and a tie point and are oriented so 
that there is a minimum of coupling between 
them. 

The tube sockets are mounted on the underside 
of the chassis, and spring clips on the top of the 
chassis held by the socket mounting bolts 

ground the metal tube base shield. Bypassing of 
the screen and filament terminals is done in 
the more-or-less standard way. The screen 
terminals on each socket are connected together 
by a %-inch wide strip of thin copper. Each 
screen terminal is then bypassed to the nearest 
filament terminal with a disk ceramic capacitor. 
A disk ceramic capacitor is connected between 
the filarllcnt ternlinals and another is used to 
bypass one sidc of the filament to ground. The 
remaining filanlent terminal is grounded with a 
short, heavy lead. Grounding one side of the 
filament has been found to be helpful in eliminat- 
ing v.h.f. parasitics. Those who expect to use the 
alnplificr for linear service should use bypass 
capacitors t,o ground on both filament terminals 
and ground the filament transformer center t:tl) 
as shown in Fig. 1. A slightly cleaner s i g n a l ~ i l l  
result. A 47-ohm, 2-watt carl)on resistor is used 
to feed screen voltage to the screen ternlinal of 
each socket and is a parasitic preventive measure,. 

The pi-L plate tank circuit is made up of 
individually available coils, capacitors and 
switch. The switch, which is mounted on the 
chassis with an aluminum bracket, is made by 
Radio Switch Corporation of Marlboro, Sew 
Jersey. Thc s~\,itch used 'was bought on the 
surplus market and has three wafers, each wafer 
with six contacts. Since the wafers were already 
there it was decided to make use of them I,y 
paralleling the contacts on two wafers and using 
the parallel combination to switch the coil in the 
pi portion of the network. The circulating current 
in the pi coil is about twice as high as that in the 
L coil. Ho\vever, the current rating of the switch 
is 20 amperes, so a single section is all that is 
really needed to handle the pi coil switching. 
Also, bccause six contacts per wafer were avail- 
able, the sixth contact was used to provide a 
3.8-hIc. position; that this is not necessary can 
be seen by the later description of the 4-250A 
amplifier. If the builder wishes to retain the 
6-position band switch, he should order a Model 
8G switch, standard bearing, non-shorting, 30- 
degree detent, with two Type A wafers. If a 
5-position band switch will do, then the builder 
should order a Model 86 switch, standard bearing, 
non-shorting, 30-degree detent, with one Type B 
\~afer .  The second switch, by virture of having 
only one wafer, will cost about three dollars 
less. The coils used in both the pi and the L 
are home-brelv for 28 Mc. Illumitronic Engineer- 
ing Pi Dux coils are switched in for the lower- 
frequency bands. I t  is of interest to note that 
as originally built, the pi coil was a Pi Dux 
2007A, which is wound with No. 12 wire. After 
a bit more than two years' use, two of the turns 
shorted because coil heating had softened the 
polystyrene insulating supports. The damaged 
coil was replaced with a Pi Dux 2408D4, which is 
made of So .  10 wire. An r.f. choke completes the 
output circuit to ground for d.c. as a safety 
precaution. 

Drive power is fed into the amplifier through 
a BNC coaxial receptacle and the output powcr 
is taken out by means of a U.H.F. receptacle. 



Plate voltage is fed in through a Millen 37001 is 350 volts; for AB1 linear it  should be 600 volts. 
high-voltage terminal. Grid bias should be - 100 to - 150 volts for Class 

When the amplifier was completed, it  was C c.w., -210 for Class C, plate modulated, 
first tested for parasitics without suppressors and approximately -95 volts for Class AB1. The 
of any kind. As is almost always the case with exact value of bias for AB1 should be adjusted for 
a tetrode or pentode amplifier, it oscillated mer- the required idling plate current for the voltage 
rily in the v.h.f. range - a t  about 150 Mc., used. Recommended values are as follows, for 
as a check with the grid-dip meter showed. two tubes: 2000 volts, 85 ma.; 2500 volts, 70 ma.; 
The parasitic was killed by the installation of 3000 volts, 60 ma. 
suppressors, 21 and 2 2 ,  in the plate lead to each The screen voltage for Class C operation 
tube. The test for parasitics is to operate the should come from a separate supply of reasonably 
amplifier with reduced plate and screen voltage good regulation. A series dropping resistor from 
and no fixed bias on the control grid, but using the plate supply is not recommended. For Class 
a grid leak of about 5000 ohms to ground to de- AB1 service, the screen voltage should be well 
velop bias if the amplifier breaks into oscillation. regulated. While an electronically-regulated s u p  
No drive is used and no load is connected to the ply can be used, the simplest method is to use a 
output. With this amplifier the plate voltage was string of VR tubes in series with a resistor from 
set a t  1000 volts and the screen voltage increased the plate supply. The reason that Class AB1 
until the plate current was about 200 ma. and permits this simple method of getting screen 
the tubes were dissipating about 100 watts each. voltage is that the screen current excursions are 
At this point the screen voltage was between not very great and are well within the capability 
150 and 200 volts. If an amplifier can be operated of VR tubes. 
in this manner with no current showing on the Both the plate tank coil, L4, and the L-network 
grid meter, with no change in plate current, and coil, Lg, are mounted on the chassis by means of 
with no detectable r.f. in the amplifier as the grid aluminum angles bolted to the plastic mounting 
and plate tuning, loading and band-switch con- strip furnished with each coil. L4 is modified 
trols are tuned through their full range, then and tapped as follows: Turns are removed from 
the amplifier can be considered adequately stable. the close-wound end until 18 turns remain. 
This is a much more severe test than the one Starting from the end of the coil which has the 
often made where full plate and screen voltages wide-spaced turns, the 21-Mc. tap is a t  2 turns, 
are applied sad bias is reduced until the tube or the 14-Mc. tap a t  the 4th turn, the 7-Mc. tap a t  
tubes are dissipating full rated power with no the 8th turn, and the 3.8-Mc. tap (if used) a t  
excitation. the 16th turn. Since the 16th turn is in the close- 

.h With the components used, the amplifier will wound portion of the coil, i t  is much easier to 
operate with up to 3000 plate volts in Class C make the tap if the turn on each side is pushed 
C.W. or Class ABl linear, or up to 1500 volt,s for in toward the center of the coil. 
Class C a.m. plate-modulated service. Screen The L-network coil, L6, is modified by remov- 
voltage for Class C C.W. or plate-modulated a.m. ing turns until 13 turns remain. Starting from 

In the 4-250A amplifier the 
band switch is in a chassis cut- 
out with the pi coil above it. 
The 28-Mc. L coil and the ver- 
tically-mounted 3.5-21 Mc. L 
coil are between the switch 
and the rear of the chassis. 
The plate blocking capacitors 
are mounted on a bracket 
held by the vacuum variable 
plate-tuning capacitor at the 
center. The plate r.f. choke and 
its bypass capacitor are beside 
the 4-250A nearest the rear 

of the chassis. 



the Lg end, taps are placed as follows: 21-Mc. 
tap a t  2 turns, 14-Mc. tap a t  5 turns, 7-Mc. 
tap a t  7 turns, 3.8-Mc. tap (if used) a t  12 turns. 

Non-standard items used are the grid tuning 
capacitor from the surplus market, the neutraliz- 
ing capacitor, which National Fhdio Company 
no longer makes, the plate tuning capacitor, 
no longer made by E. F. Johnson, and the loading 
capacitor, Ca, which is made up of two capacitors 
taken from a surplus BC-653 transmitter. The 
two E. F. Johnson units specified for Cs will 
simplify the ganging of the two because they have 
the shaft out the back as well as the front. The 
two surplus capacitors did not have this feature 
and, consequently, gears had to be used for 
ganging. 

The tuning and loading adjustments of the 
pi-L plate circuit are exactly the same as with 
a pi network. Plate circuit loading is increased by 
reducing the capacitance of Cs. Whenever the 
loading capacitance is changed, the plate circuit 
must be retuned to resonance with the plate 
tuning capacitor, C7. 

When the amplifier is first tested, it  should 
be neutralized. The neutralizing capacitor, C;1, 
is adjusted so that there is about one-half inch 
spacing between the two plates; then, with plate 
and screen voltages off and a load connected, 
excitation is applied and the grid circuit is tuned 
to resonance. The excitation level is set so that 
the grid current is only a few ma. Then plate 
and screen voltages are applied and the plate 
circuit is tuned to resonance. Plate-circuit reso- 
nance is bzst indicated by the peaking of the 
screen-grid current as the plate tuning capacitor 
is tuned through resonance. The loading control 
is adjusted so that.the screen current is about 60 
ma. If the plate input is leas than desired, increase 
the grid drive and plate loading until the correct 

Close-up of the 4-250A 
pi-L plate tank coils 
and band switch. The 
horizontally - mounted 
6-turn wire coil is 1s. 
and the vertically- 

mounted coil i s  La. 

plate current is flowing with screen current a t  
60 ma. The plate circuit must be retuned to 
resonance with each change of loading. 

The check for neutralization is to tune the 
plate circuit through resonance, observing both 
screen and grid currents. When the amplifier 
is correctly neutralized, the grid-current meter 
will show a small current peak a t  the same setting 
of the plate tuning capacitor that gives a peak in 
screen current. Neutralization should be done on 
the 21-Mc. band. 

After the amplifier has been neutralized it  
should be checked for parasitic oscillations, 
using the procedure given previously. In  some 
cases, parasitics will make it  difficult to find the 
correct neutralization setting. But if construction 
details are followed, particularly those pertaining 
to bypassing and the installation of suppressors, 
parasitic oscillations should not be a problem. 

The 4-25011 Amplifier 
Quite some time after the 4-125A amplifier 

had been completed and had been operating 
satisfactorily, a design for a de luxe version 
was worked out. In this case, the requirements 
were the same as before except that the rig had 
to be capable of 2-kw. p.e.p. input for sideband 
service, and all the parts used were to be cur- 
rently-available new items. The result is the 
4-250A amplifier shown in the photographs. 

The 4-250A amplifier usas essentially the same 
circuit as the 4-125A version. However, the plate 
circuit was designed for an operating Q of 18 
instead of 15, in order to take advantage of the 
heavyduty plate coil and switch which were to 
be used. An examination of the photographs 
shows the similarity of the two rigs in the 
mechanical layouts and the method of making 
the shield enclosures. Because all new parts were 



used, the second amplifier turned out to have a 
better appearance both inside and out than did 
the first one. 

The 4-2508 amplifier is built behind a standard 
19-inch rack panel 12% inches high. The chassis 
is 17 by 15 by 4 inches and the shield enclosure 
above the chassis is 17 by 12 by 794 inches. 
The vertical sub-panel is set back three inches 
from the front panel. The grid-circuit compare 
ment is 6% by 15 by 4 inches and is separated 
from the rest of the under-chassis space by a 
shield which runs from front to back. The remain- 
der of the underside of the chassis is opened up 
to the upper compartment by cutting out that 
portion of the chassis top. This increases the 
available space for the plate-circuit components 
and makes it  much easier to connect the various 
parts together. The filament transformer is 
mounted in the plate-circuit area on the under- 
chassis shield which forms the grid compartment. 
Both the shield enclosure above the chassis and 
the bottom cover are made of perforated alumi- 
num, which allows convection currents to help 
keep the tubes and parts cool. The 4-250As 
require forced-air cooling of the base, and small 
Barber-Coleman fans are used to blow air directly 
upward a t  the tube base pins and through the 
holes in the tube socket and tube base. 

The grid circuit coil turret is made up of 
commercial coil stock and rotary switches. Two 
rotary switch wafers are used where only one is 
really needed to do the necessary switching. The 
coils are mounted between the wafers on the 

Bonom view of  the 
4-250A amplifier. The 
plate band switch, a t  
the top, is mounted on 
aluminum brackets. The 
vacuum variable load- 
ing capacitor is a t  the 
center and the filament 
transformer is between 
it and the rear of the 
chassis. The bracket 
which supports the 
loading capacitor also 
supports the plate tun- 
ing capacitor. The grid 
band-switching turret 
and tuning capacitor 
are a t  the front of the 
grid compartment. A 
cooling fan is mounted 
directly below each 

tube socket. 

switch lugs and the axes of all the coils are paral- 
lel. The arrangement used with the 4-125As 
where coils for adjacent bands are a t  right 
angles is better, because odd resonances in 
unused coils are less likely to cause trouble. 
However, this arrangement has been perfectly 
satisfactory in performance and is more rugged 
mechanically. 

The cooling-fan motors are mounted on home- 
brew shock mounts to reduce noise. Rubber 
grommets with the same spacing as the motor 
mounting studs are mounted in the support 
channels whieh hold the motors, then a sleeve 
of length equal to the thickness of the grommet 
is slipped into each grommet. A large washer 
is placed on each side of the sleeve before the 
mounting screw is passed through and threaded 
into the motor mounting stud. Two shock 
mounts are needed for each motor. The grommet 
size used is that which fits into a %-inch hole. 
A %-inch diameter sleeve % inch long is just the 
right size to fit the grommet hole. There is no 
reason, though, why larger grommets and sleeves 
cannot be used. 

Vacuum variable capacitors are used for plate 
tuning and loading. These require 24 and 30 
turns, respectively, to cover the full capacitance 
range. Counter dials which read each tenth of a 
turn are used to drive them. The dials are made 
by Gates Radio Company, Quincy, Illinois, part 
No. M3401F. These were chosen because they 
are r.f. tight and do not require much space 
behind the panel. 



The plate-circuit snitch is made by Radio 
Switch Corporation. I t  is a Model 88 with 36- 
dt~grre detent and three Type A wafers. Two of 
the three wafers are paralleled and switch the 
pi coil. Thr rrn~ninirig one handlrs the L coil. 

The Illumitronic coils used in the plate circuit 
both require modification. The 28-Mc. pi coil 
should br removed and replaced with one of 
slightly greater inductance consisting of 5 turns 
of 3/16-inch copper tubing, 1 %inches in diameter 
and 2 inches long. The remainder, Lq, of the pi 
coil should be modified by removing turns from 
the wire end, leaving 12% turns. Turns are 
ren~oved from the close-wound end of the L coil, 
115, until 15 turns remain. The 28-Mc. L coil, 
LC, is home-brew. The taps on the pi coil are 
placed as follows: 28 Mc.: junction of Ly and Lq; 
21 Mc.: 2% turns from the 28-Mc. tap; 14 Mc.: 
5% turns from the 28-Mc. taps; 7 Mc.: 9% turns 
from the 28-Mc. tap. The taps on Lg are as fol- 
lows: 28 Mc.: a t  junction of L6 and L6; 21 Mc.: 
3 turns from the 28-Mc. tap; 14 Mc.: 5 turns from 
the 28-Mc. tap; 7 Mc.: 9 turns from the 28-Mc. 
tap. An r.f. choke is used to complete the d.c. 
circuit to ground at  the coax output connector 
as a safety measure should the plate blocking 
capacitor, Cg, break down. 

A type BNC receptacle is used to feed drive 
power into the amplifier and a type C receptacle 
a t  the output. The d.c. plate voltage is fed into 
the amplifier via a Millen high-voltage terminal, 
type 37001. 

Many combinations of plate, screen and bias 
voltages can be used, as a look a t  a tube.data 
sheet will show. The following voltages are 
typical: 

C.W. A.M. Phone A B l  Linear 
Plate 2500 2500 3500 volts 
Screen 500 400 555 volts 
Grid -150 - 200 - 105* volts 

*Set to give 45-ma. plate current per tube with 
no drive power. 

The tune-up procedures are the same as for the 
4-1258. Also, the amplifier should be checked 
for parasitics as described previously. Best 
linearity is achieved by increasing the loading 
on the amplifier until the power output just starts 
to fall off; during this adjustment, the drive 
power is held constant. 

In operation, there is little to choose between 
the two rigs for the c.w. man. At 1-kw. input 
on c.w., the amplifiers handle identically; how- 
ever, the 4-250As are easier to drive. For a 2-kw. 
p.e.p. input on s.s.b., the 4-250A amplifier stands 
alone. Which version the builder chooses depends 
upon his requirements as balanced against the 
necessary cash outlay. I t  should be pointed out 
that a third version combining the better or less- 
expensive components of the two designs pre- 
sented could be built around 4-250As and result 
in an amplifier not costing much more than the 
strictly economy 4-125As. 

Design o f  the Pi-L Network 
The design of the pi-L tank circuits has been covered b e  

fore in excellent articles preaented in QST.Z.3 However. two 
different approaches are again presented here for those who 
would like to apply the circuit to transmitters of their own 
design. 

The first method is to use values of components for the 
pi network with which the builder is already familiar and 
alter them suitably to make the pi-L work. Figs. 2A and 2B 
show a pi and a pi-L network, either of which wiU match a 
power amplifier tube to a 50-ohm load. 

PLATE 
5 0 - O H M  

(A) 
LOAD 

" -%- 
PLATE 

5 0  - O H M  

(B) LOAD 

1. ,-L cC, 
Fig 2 

First, the capacitance and voltage rating of CI and CII 
are exactly the same for both circuits. The capacitance of 
C22 will be about one-half to two-thirds that required for the 
pi capacitor, Cz. The voltage rating of C22 must be three or 
four times that required for C2. The inductance LII will be 
greater than LI by about 25 per cent. The inductance L22. 
which has no direct counterpart in the pi, will have an 
inductance of about one-third to one-half of LII. The cir- 
culating currents in LII are the same as in LI ;  therefore, a 
coil made of a wire size suitable for a pi net will aLso be good 
for a pi-L. The currents flowing in L22 are much smaUer than 
those in LII, so it can be made of smaller wire. For example, 
if LII must be made of No. 10 wire, L22could be made of No. 
14 or 16. 

This approach will allow the intrepid experimenter to 
convert his present pi-network output circuit to a pi-L 
aitliout much pain. But for those who prefer a more formal 
method, the following is offered: 

Just as the pi is designed as two L networks placed back- 
to-back, the pi-L is designed as three L nets placed back-to- 
back. In Fig. 3, a pi-L tank circuit is broken down into its 

Fig. 3 
three equivalent Ls. The first L matches the desired tube 
load resistance RI to a resistance Ro and is composed of CI 
and LIA. The second L matches Ro to the resistance Rz and is 
made up of LIB and C ~ A .  The third L matches R2 to the 
load Ry (the transmission line) and consists of CZB and L2. 
RI is determined from the approximate formula: 

where E = plate voltage applied to the tube 
and I = plate current in amperes. 

First, the value of &I is selected. QI is the operating Q of the 
plate circuit and is usually chosen to be between 10 and 20. 
Knowing RI and QI the capacitive reactance XCI of the 
plate tuning capacitor CI is calculated from: 

RI 
X n  = 

Also, calculate Ro from: 

Then, calculate the inductive reactance XLIA of the in- 
ductance LIA from: 

XLIA = RoVl 
This completes the calculation of the reactances for the 
first L network. I 1  - - _I 

2 Miedke, "Pi and Pi-L Design Curves," QST, November, 
1955. 

3 Grammer, "Simplified Design of Impedance-Matching 
Networks," QST. March. April and May, 1957. 



Icig 4 

Before proceeding wit11 the second L network, which 
consista of LIB and CZA, the value of Rz should be selected 
(Rz must always be greater than Ro and R3). Although i t  is 
possible to arrive a t  operating values for LIB and CZA by 
first selecting Qz (the Q of the second L network), it is best, 
from an equipment designer's viewpoint, to calculate Rz to 
matoh the voltage capability of a~ailable tuning capacitors. 
This is done from: 

where E = r.m.s. voltage across R2 
P = Amplifier power output in watts. 

Because the peak voltage must be considered when deter- 
mining capacitor voltage breakdown (peak voltage equals 
1.41 times r.m.8. voltage) and some safety factor is desired, 
i t  is best to let E equal one-half the capacitor breakdown 
voltage. For a kilowatt transmitter, it is suggested that 
1000- to 2000-volt capacitors be considered. Convenient 
values of power output can be calculated by assuming an 
efficiency of 75 per cent for a C.W. or plate-modulated am- 
plifier, and 60 per cent for a linear. Don't forget that fur 
a n  a.m. ohone rie. the Dower outout a t  the crest of a 100- -. . 
percent-~r.odulateJ envelope is four times the carrier output. 

Having calculated R2, proceed with determining Q2 from. 

Calculate Xczr (capacitive reactants of Cna) from: 

Calculate XLIB (inductive reactance of LIB) from: 
XI  IB = ROQB 

Next, the capacitive and inductive reactances for the 
third L network. CZB and LB, are calculated. First, calculate 
Q3, the Q of the third L net, from: 

Q3 = d R F  
where R3 is the load that the amplifier will be working into, 
usually 50 ohms for coax feed lines. I t  can be almost any- 
thing else but must be less than R2. Then determine x ~ ~ ~ ,  
the capacitive reactance of C ~ B ,  from: 

Then calculate XLZ. the inductive reactance of Lz, from: 
XLZ = R3Q3 

S~nce the inductances LIA and LIB are in series, these are 
combined in one coil, LI. The inductive reactance is eaual 
to the sum of the sesarate parts 

XLI = XLIA + XLIB 
Similarly, the two capacitors CBA and C ~ B  are in parallel 
and are combinerl in one capacitor, Cz. Xc2, the capacitive 
reartance of Cz, is obtained by 

The actual values for the capacitors and coils can be deter- 
mined for any frequency from: 

XL 
and L = - 

2uf 
where C = Cauacitance in wf. 

L = Inductance in ph. 
f = Frequency in Mc. 

The cornplete pi-I. network with the combined inductances 
and capacitow is shown in Fig. 4. 

Reprinted from July 1962, &ST 
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A 2 KILOWATT P.E.P. LINEAR AMPLIFIER 
FOR SINGLE SIDEBAND SERVICE 

The new Eimac 3-10002 i s  an air  cooled power triode designed for zero bias, c l a s s  B, r.f. and audio 
service. It i s  particularly well suited for single sideband linear amplifier service, delivering 1360 watts 
of single tone power a t  a plate potential of 3000 volts. At this  power level intermodulation distortion 
products are 30 db or more below peak power level. At a plate potential of 2500 volts, two kilowatts 
p.e.p. input may run, with intermodulation distortion products 35 decibels or more below peak power 
level. 

Shown in the drawing i s  a schematic of an all-band (3.5-29.7 Mc) grounded grid amplifier designed a- 
round the 3-10002. A tuned cathode circuit i s  employed to achieve minimum intermodulation distortion 
and e a s e  of drive*, and a bandswitching Pi-L network is used in the plate output circuit to obtain max- 
imum harmonic reduction and efficient power transfer to low impedance coaxial lines. Use of the Pi-L 
configuration reducds second harmonic transmission by over 15 db compared to a simple pi-network and 
permits the u s e  of a l e s s  expensive network loading capacitor. 

> 

r' The amplifier may be driven to full output by any single sideband exciter having a p.e.p. output of 65  
watts or better. Drive i s  monitored by a grid current meter (M-1) placed in the grid-cathode return circuit. 
The grid terminals of the 3-10002 are grounded directly to the metal chas s i s  for maximum circuit isol- 
ation. The plate  current meter (M-2) i s  placed in the B-minus lead to the power supply. A diode volt- 
meter (M-3) indicates relative r.f. output, and may be used for tuning purposes. 

The amplifier can be constructed within a cabinet measuring 10%" high, 15" wide and 14" deep. Al- 
ternatively, a standard 14" x 17" x 4" aluminum chas s i s  may be used. The tuned input circuit ( L l ,  
C1, C2) and filament choke (CHI) are mounted below deck, and the plate circuit components are placed 
atop the chass i s .  The chas s i s  i s  pressurized by means of a bottom plate. Air i s  forced into the chas s i s  
by a "squirrel cage" blower and then exhausted through the air system socket. P l a t e  circuit compon- 
en t s  are enclosed in a TVI-proof screen made of perforated aluminum sheet.  The meters should be re- 
moved from the enclosure or, if placed within the enclosure, are shielded from the r.f. field by means 
of a metal cap placed over the rear of the meter. 

* "The Grounded Grid Linear Amplifier," QST, August, 1961, page 16. 



At a plate  potential of 2500 volts, the amplifier is loaded under single tone conditions to a plate current 
of approximately 800 ma. Grid current should be about 250 ma. A ratio of 3.2 milliamperes plate current 
to one milliampere of grid current indicates proper loading. Finally, the antenna should be overcoupled 
slightly a t  this  point s o  a s  to drop power output about two-percent to achieve a condition of maximum 
linearity. Under voice conditions, peak plate meter current will be about 400 ma., and peak grid meter 
current will be about 125 ma. for a p.e.p. input level  of 2 kilowatts (plate potential of 2500 volts). 
To withstand the instantaneous plate current peaks, a minimum of 20 microfarads capacitance in the 
plate power supply is recommended. 

Figure 1. Schematic of 3-10002 Amplifier 

R.F. 
INPUT 

8- NOTES: 
I .  ALL .Of CAPACITORSARE 600Y DISC CERAMIC 

UNLESS OrNERWlSE NOTED. 



Parts List: 
f l  ' \ 

B1--20 cu. feet/min. at socket. Dayton #1C-180. 
C1--Three gang b.c. capacitor with sections in parallel. J. W. Miller #2113. 
C2--800 , ~ , ~ f d  mica. Use .0005 , ~ , ~ f d  and .0003 , ~ , ~ f d  in parallel. Cornell 
C2--800 , ~ ~ f d  mica. Use .0005 , ~ ~ f d  and .0003 , ~ ~ f d  in parallel. Cornell-Dubilier type 4, or type 9. 1200 

volt d.c. test. 
C3--Four .001 ,~ fd ,  5KV Centralab type 858-S capacitors in parallel. 
C4--350 ,L,Lfd. 3 KV. Johnson #154-10 (type 350E30). 
C5--Two 500 ,LCLfd, 2KV in parallel. Johnson #154-3 (type 500E20). Capacitors are driven together by 

gears, or may be ganged with metal shaft coupling. 
C6-7--0.1 ,Lfd, 600 volt Sprague "Hypass" capacitor, type 80P3. 
CHI--Four windings. 50 turns each #10 e. Two layers, bifilar wound on %-inch diam. ferrite rod. Winding 
length i s  4 inches. Rod i s  4-3/8" long. Lafayette #M-333. Lafayette Radio Co., New York. A Barker 
& Williamson type FC-30 choke may be substituted. Windings paralleled to make two coils. 

L1-9 turns #10 e., 1" diam., 1%" long. 40 meter tap 4% turns, 20 meter tap 2% turns, 15 meter tap 
134 turns, 10 meter tap % turn plus 2" lead (All taps measured from "hot" end). Taps adjusted so 

circuit resonates with tube in socket with following total capacitance: 3.5 mc, 1660 , ~ , ~ f d ;  7 mc, 
830 , ~ , ~ f d ;  14 mc, 415 , ~ , ~ f d ;  21 mc, 240 , ~ , ~ f d ;  28 mc, 210 , ~ ~ f d .  

MI-0-300 ma. M-2--0-1000 ma. M-3--0-1 ma. 
PC--Three 100 ohm, 2 watt composition resistors in parallel. Shunt coil i s  portion of plate lead strap, 

two turns, 5/8" diam., 1 inch long. 

P RFC--1-Solenoid choke, 1 ampere, 8 , ~ h .  Barker & Williamson #800. 
RFC-2--VHF choke, Ohmite #2-50. 
S1--Single pole, 5 position ceramic switch. Centralab #CRL-2501. 
S2A-B--Two pole, 5 position ceramic switch. Radio Switch Corp. Model #86 shorting switch, two section. 

Type H wafers (one circuit, one pole, 12-position, including "off"). Sixty-degree detent, standard 
bearing. - 

TI--7.5 volts at 2 1  amperes. Stancor #P-6457. Chicago-Standard Transformer Co. 
Socket and Chimney--Eimac SK-510 and SK-516 respectively. See tube data sheet for cooling require- 
ments of 3-10002. 
Anode connector--Eimac type HR-8. 



Figure 2. Detail of Pi-L Network Coils 
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Makeup of the Pi-L plate network co i l s  i s  shown in figure 2. Coils are  wound and positioned in the 
amplifier then taps  adjusted with the aid of a grid-dip meter to  provide circuit resonance with capac- 

i tance values of C4 and C 5  a s  l is ted in the table. The tube should be in the socket and connected to the ? 
plate circuit for these  measurements. Coil taps are made by flexible, %-inch copper strap, looped a- 
round coil tubing and fixed in place with 4-40 machi 
round coil tubing and fixed in place with 4-40 machine screws and bolts. When correctly positioned, 
joints a re  soldered with a heavy iron or blow torch and coi l  is removed and silver plated. The  10 meter 
tap is positioned near end of coil  L2A s o  that resonance i s  obtained a t  29.7 mc with plate  tuning cap- 
acitor about 5" meshed. Coils are arranged a t  right angles  to each other to reduce mutual coupling to a 
minimum. 

P la te  parasitic suppressor (PC) is required to eliminate tendency to VHF oscillation caused by high 
gain of 3-10002, together with residual inductances in plate and filament circuits.  Too many coil turns 
will cause  suppressor to  overheat when amplifier is operated on 10 meters, and too few turns will fail  
to completely "de-Q" the parasitic circuit. In general, two to four turns seem to be c o  r r e c  t in  
most cases .  

During standby periods, the 3-10002 may be biased close to cutoff by placing a 50,000 ohm, 10 watt 
resistor in  ser ies  with the lead connecting meter M - 1  to the filament center-tap (point X, figure 1). 
The  resistor may be shorted out by external VOX relay contacts.  

The new Eimac SK-510 Air-System Socket and SK-516 Chimney are recommended for u se  with the 3- 
10002. The  older SK-500 socket may be used provided additional air is applied to the socket and care  
i s  taken to s e e  that the contacts  are  free to move about, and do not place lateral strain on the tube pins. 
In either case ,  the SK-516 chimney should be used. n 
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RECOMMENDED RATINGS: 6C21 
FOR CLASS C AND CLASS AB2 CATHODE DRIVEN SERVICE 

Elect r ica l  Character ist ics 

Filament Voltage 7.5 volts 
Current 15 amperes 
Amplification Factor 30 average 
Direct I nter-electrode Capacitances 

Grid-plate 4.3 ppf 
Grid-f i lament 9.5 ppf 
Plate-f i lament 2.0 ppf 

Radio Frequency Ampli f ier and Osci l la tor  - C lass  C 

Maximum Ratings 
DC Plate Voltage 
DC Plate Current 
Plate Dissipation 
Grid Dissipation 
Maximum Frequency 

Typ ica l  Operation - One Tube 

DC Plate Voltage 
DC Grid Voltage 
DC Fixed Bias 
DC Plate Current 
DC Grid Current 
Peak RF Grid Voltage 
Grid Resistor 
Driving Power (Approx.) 
Grid Dissipation 
Plate Power lnput 
Plate Dissipation 
Plate Power Output 

Plate-modu lated 
4500 

500 
300 

50 
4 0 

Radio Frequency Amplif ier, Cathode Driven, C lass  AB2 
Typ ica l  Operation - One Tube 

DC Plate Voltage 
DC Fixed Bias 
DC Resting Plate Current 
DC Single Tone Plate Current 
DC Single Tone Grid Current 
Driving Power, Single Tone 
Plate Power Input, Single Tone 
Plate Dissipation 
Power Gain 
lnput lmpedance 
Plate Load Impedance 

3000 volts 
-50 volts 
80 ma (approx.) 

450 ma 
62 ma 

105 watts 
1350 watts 
450 watts 
8.5 
320 ohms 

4100 ohms 

Telegraphy 
6000 volts 

600 ma 
450 watts 

50 watts 
40 Mc ful l  ratings 

3000 4000 5000 volts 
-200 -250 -350 volts 
-150 -200 -250 volts 
500 450 450 ma 
95 85 90 ma 

400 410 570 volts 
2500 3000 3500 ohms 

35 35 46 watts 
21 18 24 watts 

1500 1800 2250 watts 
450 450 450 watts 

1050 1350 1800 watts 



amateur service newsletter 
WGSA I 

There is a pleasing symmetry to the 
control layout on the 10 X 15%-inch 
panel. The grid circuit is untuned, so 
the only r.f. controls are the band 
switch, plate tuning, and loading. 
Separate meters are provided for 
plate and screen currents, with the 
screen meter also used as a grid- 
current monitor. The amplifier, 15 
inches deep, contains filament trans- 
former and cooling fan in addition to 
the r.f. circuits. 

Compact ABI Kilowatt 
Single-tube amplifier 

runs 1000 watts input on s.s.b., 
C.W. or a.m. as a linear ampli3er 

with no grid current. A new 
high-power tube designed 

specijically for AB1 operation 
makes it possible. 

BY RAYMOND F. RINAUDO.* W6KEV 

ECAUSE IT IS the almost universal practice to  B generate an s.s.b. signal a t  a low level and 
then amplify it to the required output with 

one or more linear amplifiers operating Class A, 
AB1, AB2 or B, the linearity of the amplifying 
stages is all important. The stages following the 
best s.s.b. generator can turn a clean signal into 
one which is distorted and unnecessarily broad. 
Thus the need for truly linear amplifiers. 

While the individual designer has his choice as 
to the class of operation in which the amplifier 
will run, Class AB1 has several desirable charac- 
teristics. Because the control grid is never driven 
positive the very serious problem of adequate 
driver regulation never has to be faced, as it does 
if the mode of operation is AB2 or Class B. In 
addition, no driving power is required for the 
tube: only the grid circuit losses must be supplied. 

I t  should be pointed out that most tetrodes 
and many triodes appear as a resistance of 200 
to 500 ohms from grid to cathode when the grid 
is positive. During the part of the r.f. cycle when 
the grid is negative the resistance is infinite. A 
drivine source that can s u u ~ l v  either an infinite 
resistance or a load of a few hindred ohms, with- 

* c/o Eitel-McCullough. Inc., San Bruno, Calif. 

out distortion of the voltage nave form in either 
case, would have to have very low internal re- 
sistance. A working approximation is usually 
achieved by making the tuned grid circuits of r.f. 
amplifiers extremely high (I. In audio amplifiers 
it is obtained by using low-plate-resistance driver 
tubes plus a step-down transformer. 

Class ABl amplifiers compare very favorably 
in efficiency with AB2 and Class B. In fact, over- 
all amplifier efficiencies, which take into account 
the losses in the tube and the circuit, are usually 
of the order of 55 to 65 per cent. I t  is only when 
compared with Class C operation th.at AB1 repre- 
sents a significant lowering of efficiency. 

I t  is for this reason that some of the older tube 
types do not look particularly attractive in s.s.b. 
service. In the past almost all transmitting types 
mere designed for optimum service in Class C 
amplifiers. This optimum provided a balance 
between plate current and plate dissipation; the 
higher efficiency realized required less plate dis- 
sipation capability for a given input power. In 
contrast, a tube designed especially for ABr ap- 
plication would be expected, for a given output, 
to have a higher plate-dissipation rating than we 
have become accustomed to. 



T h e  4CX1000A Tetrode 

A tube designed to have exceptionally good 
linearity in Class AB1 r.f. amplifiers is the newly 
announced Eimac 4CX1000A. I t  is a power 
tetrode of all ceramic and metal construction 
having an external anode capable of dissipating 
1000 watts with 35 cubic fcet of air per minute 
blown through the cooling fins. The filament re- 
quires 6.0 volts itt 12.5 amperes to heat the oxide 
coated cathode. With t,he usual tetrode connec- 
tion having the cathode and screen a t  r.f. ground, 
the grid-to-cathode capacitance is 85 ppf., plate- 
to-ground is 12 ppf., and grid-to-plate is 0.02 ppf. 
In spite of the low feed-back capacitance, thevery 
high transconductance of 37,000 micromhos 
makes neutralization necessary if a tuned grid 
circuit is used. The maximum ratings are: plate 
voltage, 3000; plate current. 1 ampere; screen 
dissipation, 12 watts; control grid dissipation, 
zero watts. 

The power output will vary with the type of 
service for which the tube is used. For single side 
band suppressed carrier single tone, the output 

Vertical chassis construction I S  used, as this view from the 
tube side shows. The air-system socket is mounted on the 
6 by 6-inch top of on aluminum e~closure 4 inches high, 
with the chassis pan forming one wall. When the bottom 
plote is in place this forms a pressurized area for forcing 
air from the blower through the socket. The socket chimney 

has been removed in this photograph 
to show the 4CX1000A tube. 

is 1680 watts for 2700 watts input a t  the maxi- 
mum plate voltage of 3000. If the driving signal 
is an amplitude-modulated carrier, either single 
or double side band, a carrier output of about 300 
watts can be expected from a kilowatt input. If n 
c.w. signal is being amplified then the output 
power would be approximately 600 watts. Since 
for a.m. phone or for c.w. the carrier or key-down 
conditions apply in measuring power input, it is 
the legal power-input limit that largely deter- 
mines the output power. In commercial service 
the capability is considerably greater. 

The connection to each element is made by 
means of three metal tabs or ears which protrude 
through the side of the envelope a t  120-degree 
intervals around the circumference. The screen 
tabs are nearest the anode; the control grid, 
cathode plus one side of the heater, and heater 
follow in order to the bottom. Ham ingenuity 
will make it possible for some to build their own 
sockets but most will use the Eimac SK-800 
which has a built-in screen by-pass capacitor. The 
height of the tube is just under 434 inches, and 
the diameter approximately 394 inches. 

The use of ceramics instead of the usual glass 
for the envelope makes the 4CX1000A much 
more rugged mechanically and makes possible 
a higher operating temperature. The first feature 
is very handy for the time the prized bottle rolls 
off the table onto the floor! 

I t  will be noted above that the control grid is 
rated at  zero dissipation. In designing the tube 
for ABI operation the location and number of 
grid wires was not hampered by compromises 
such as would be necessary if the grid were called 
upon to handle power. Consequently, a large 
number of fine wires were closely spaced to the 
cathode to give an unusually sharp-cutoff grid 

This view from the tank-circuit side shows the tapped pi- 
network coil and the vacuum input and output capacitors. 
The capacitors are mounted on an aluminum bracket fast- 
ened to the tube compartment. The plote blocking ca- 
pacitor-four units in parallel-mounts on a plate iastened 
to the hot terminal of the input tuning capacitor. The plate 
choke is mounted on the rear wall. The chimney is around 

the tube in this photograph. 
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Parasitic Suppressor may be required in plate lead. 

Fig. 1 -Circuit diagram of the amplifier. Unless otherwise 
indicated, capacitances are in ppf., resistances are in ohms. 
Capacitors not listed below are 600-volt disk ceramic. 

BI -Blower motor. 

CI-1 000-ppf. mica. 

Cz-Four 1000-ppf. ceramic in parallel, 5000-volt rating 
(Centralab 858). 

C3, CI-1000-ppf. ceramic, 5000 volts (Centralab 858). 

Cs-5-500-ppf.vacuum variable(Jennings UCSL500 3KV). 

Cs-20-2000-ppf. vacuum variable (Jennings UCSL 2000 
2KV). 

C,-Built-in socket bypass, 1450 ppf. 

J1, Jz-Coax receptacles, chassis mounting. 

11-Pi-network tank assembly (I) & W 852). 

RI-100 ohms, noninductive, to dissipate at  least 15 watk 
(see text). Can be assembled from 2-wan compo- 
sition resistors in parallel or series-parallel. 

Rz-Approx. 1000 ohms (should be 20 or more times meter 
resistance). 

R3, R4-Adjusted to shunt 1-ma. meter for 100 ma. full 
scale; approx. 0.5 ohm in average case. 

R~CI, RFC3-2.5-mh. r.f. choke. 

RFCz-Solenoid choke, 500 ma. IB & W 800). 

TI-Two 6.3-volt, 6-amp. transformers parallelled. 

Note: Power lead for blower motor is brought out separately for resistance control of speed during stand-by. 

voltage-plate current characteristic. Thus lin- 
earity is maintained near cutoff. 

While the tube is capable of powers in excess of 
the legal amateur limit i t  is quite legal to have 
peak inputs in amateur service well in excess of a 
kilowatt if the average power does not exceed 
that figure. (If there are doubters, please read the 
excellent article by Byron Goodman, "Linear 
Amplifiers and Power Ratings," in August 1957 
QST.) In such cases the tube cathode is asked to 
supply quite high currents and must be capable 
of such operation if linearity is to be inaintained. 

A Compact Amplifier 
The tube is a relative midget in size and the 

challenge to design a snlall amplifier of high power 
capability col~ld not be resisted. So the amplifier 
shown in the photos, contained in a package 

measuring 10 inches high by 15% inches wide by 
15 inches deep, came into being. The r.f.-tight 
enclosure is 12 inches front to back, with a 3-inch 
space between the front panel and shielded box. 
Not shown in the photographs are the perforated 
aluminum U-shaped cover, which forms the top 
and two sides, or the solid sheet of aluminum that 
completes the shielding on the bottom. The space 
between the front panel and the main shielded 
enclosure is out of the r.f. field and so was not 
made r.f. tight. I n  spite of the compactness there 
is no crowding of parts. 

The plate circuit is a conventional pi network. 
However, some of the components do represent a 
departure from those usually seen in high-power 
amplifiers. The blocking capacitor is made up  of 
four 1000-ppf. ceramic units in parallel, resulting 
in n capacitance about dol~ble that normally used. 



This was donc 1)ecnusc of the lo\\ impedances in- 
volved in the lon-voltage high-cr~rrcnt applica- 
tion. The platc tank inductor has much less in- 
ductarice than the standard B & IV 850A although 
physically thc same size. The unit uscd was de- 
signed specifically for this lo\\, impedance appli- 
cation by Barkcr & Williamson, and it  is under- 
stood that it is now available, carrying the num- 
her 852. The plate choke is the recently an- 
nounced B & W 800. The Jennings variable 
vacuum capacitors contributed immeasurably to  
the compact construction, and here again the 
500uFf. input capacitor is higher in capacitance 
than usually expected. The high C is necessary a t  
3.5 Mc. to maintain the operat~ng Q of the circuit. 
The low inductance of these capacitors helps 
considerably in the elimination of parasitic oscil- 
lations. 

The grid circuit represents a departure from 
the usual practice by having no tuned circuits. 
As was mentioned previously, AB1 operation pre- 
cludes driving the grid positive and so the voltage 
stabilizing influence of a high-C circuit is not 
needed. Instead, a 100-ohm resistor is used in the 
r.f. circuit betwcen grid and cathode. This also 
represents very heavy loading of the grid and 
makes neutralization unnecessary. When using 
the grid bias indicated for typical operating con- 
ditions, -55 volts, the power lost in the resistor is 
15.1 watts and is the total required driving power. 
For those who would like to terminate the trans- 
mission line from the driver in a 50-ohm resistor, 
the driving power would be 30.3 watts. The 
photograph of the under side of the unit shows 
two non~nductive wire-wound resistors which 
make up the 100-ohm load; these have since been 
replaced by a bank of carbon resistors. 

If the driving power requirement of this un- 
tuned arrangement can not be tolerated, a tuned 
circuit can be added. In such case the only power 
needed is that required to supply the tuned- 
circuit loss. Neutralization, of course, would be- 
come necessary, and the usual bridge circuit is 
the logical choice. 

This bottom view gives a glimpse inside the grid campart- 
ment, upper left. R.f. input is through the coax connector 
on the rear wall and a short length of coax into the shield 
box. Power leads come in through the socket and high- 
voltage connector a t  the center, where they ore enclosed 
by a small aluminum shield mounted on the rear wall. All 
except the high-voltage lead and leads to the blower 
motor go through the conduit (running alongside the bot- 
tom of the tank coil assembly) to the front of the unit. 
The high-voltage lead goes through shielded wire to the 

plate choke. Those to the blower are also shielded. 

The front panel shows that two meters arc 
uscd, though one is dual purpose. The platc cur- 
rent mcter has a full-scale reading of two amperes: 
however, the maximum plate current that can b(. 
drawn is 1 ampere using thc single tone test (into 
a dummy load). The dual-purpose meter is o11c~ 
milliampere full scale arid is used in combinatio~l 
with a switch and shunts to read grid current at 
1 ma. full scale, grid current a t  100 ma. full scale. 
or screen current a t  100 ma. full scale. The one- 
milliampere scale is used to monitor s.s.b. ABI 
operation so as never to drive into grid current. 
The 100-ma. grid current scale seems to be (ant1 
is) in direct contradiction to the statement that 
the control grid can dissipate no power. The 
truth is that from M to 1 watt can be handled. 
but this leaves no margin of safety. The rating of 
zero dissipation still stands. 

Although AB1 operation minimizes the geti- 
eration of harmonics, standard TVI-proofing 
techniques are used throughout. All leads leaving 
the shield enclosure not normally carrying r.f. 
are shielded and bypassed a t  both ends. Leads 
to  the front panel from the compartment that 
shields the power-input socket are carried through 
the r.f. enclosure in a length of %-inch conduit. 

Two filament transformers in parallel are used 
to supply heater power. This was done because 
no single transformer of suitable capacity was 
available to fit into the space allotted. The trans- 
formers have a total capacity of 12 amperes to 
supply a heater requiring 12.5 amperes. How- 
ever, the overloading is considered negligible. 

In operation the amplifier has proved to be 
quite stable. The 100-ohm resistor between grid 
and ground undoubtedly contributes a great deal 
to this stability. However, a change in layout, 
even though minor, could alter the picture. As 
always, each new design must be checked for 
parasitics and be debugged if necessary. Slight 
changes in an old design in effect make it a new 
one. 

The author wishes to thank Vern Olsen, 
IVGINJ, for the use of the photographs which 
show the construction of the very neat amplifier 
built by him. 

Reprinted from November 1957 Q S T  
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A Compact 500-Watt Transmitter 
for 50 Mc. 

BY WILLIAM I. ORR,* W6SAI AND RAYMOND F. RINAUDO.* W6KEV , 



A Big Signal on Six with Three Stages 

Fig. 1 -This 500-watt transmitter packs 
o punch on 5 0  Mc.! It is completely en- 
closed in on aluminum box to reduce 
TVI problems. The top and bottom are 
made of perforated aluminum and the 
holes on the left side of the enclosure 
are for air intake to the blower. Lower 
controls are (I. to r.): drive ( R , ) ,  oscilla- 
tor (CI), doubler (C2). amplifier grid 
(C3), and loading (C5). Plate tuning 

(C4) is at the upper right. 

A Compact 500-Watt Transmitter 
for 50 Mc. 

BY WILLIAM I. ORR,* W6SAI AND RAYMOND F. RINAUDO.' W6KEV 

IX meters is here to stav. Regardless of the 

S ups and downs of the sunspot cycle, this 
band remains popular and has heavy usage 

in most parts of the United States. Many six- 
meter operators have expressed a desire to build 
a simple, foolproof, high-power transmitter ex- 
clusively for 50-Mc. operation. The design shown 
herewith has been in service for over two years, 
has proved to be a steady and dependable per- 
former and is recommended to those six-meter 
operators who wish to "step up to the very best!" 

I t  has been found from the writers' experience 
that power levels up to 500 watts or so are readily 
achieved a t  50 Mc. with physically small equip- 
ment and reasonable power supplies. Above this 
power level, however, the cost and difficulty of 
assembling high-power gear seems to rise as the 
square of the power input! In particular, the 
amount of expensive "iron" required in power- 
supply and audio equipment seems to be entirely 
disproportionate to the 3-decibel power gain 
achieved when going from 500 watts to a kilo- 
watt. The extra 3 decibels can more easily be 
achieved in the antenna. 

Circuit Description 

The transmitter is a three-stage crystal- 
controlled unit capable of running 625 watts 
input C.W. or 300 watts a.m. phone on the 50-hlc. 
band. Provision is made for v.f.o. control. Only 
three transmitter stages are required and precau- 
tions have been taken to prevent radiation of 
undesired harmonics or spurious emissions that 
might cause TVI or BCI. 

* E~tel-McCullougil. Inc., San Carlos, Cal~f. 

The tube line-up, Fig. 2, is: 6AG7 oscillator 
multiplier, GVGGT frequency doubler, and r 
4CX300A power amplifier. The crystal oscillato~ 
is a modified Pierce circuit, with a crystal con- 
nected between the grid and screen of the pen- 
tode tube, and the plate circuit tuned to the third 
harmonic of the 8-Mc. crystal. If desired, 6 M c .  
crystals may be suhstituted without circuit 
changes, the plate circuit then being tuned to 
the fourth harmonic of the fundamental fre- 
quency. Maximum frequency stability is achieved 
by a combination of low crystal current and oscil- 
lator screen voltage regulation. A OA2 regu- 
lator tube holds screen voltage a t  150 on the 
oscillator stage. The 25-Mc. harmonic output is 
capacity-coupled to the following doubler stage. 

The doubler uses a 6V6GT in a conventional 
circuit. I ts screen voltage is adjustable a t  the 
front panel by R1. This control determines the 
drive level to the final amplifier. The 50-Mc. output 
of the doubler stage is applied to the grid circuit 
of the 4CX300A amplifier stage by link coupling 
through a short length of coaxial line. Inductive 
coupling through two tuned circuits helps to 
minimize the coupling of 25- and 75Mc.  energy 
and higher harmonics to the final-amplifier grid. 

The 4CX300A final-amplifier stage uses a sim- 
ple pi-network plate circu~t. The tube is neutral- 
ized by a capacitive bridge circuit composed of 
the various internal capacit:tnces of the 4CX300A, 
the neutralizing cnparitor, Cg, and the 300-pf. 
silver mica bypass capacitor in the ground leg of 
the tuned grid circuit. The 4CX300A is mounted 
in an Eimac SK-710 socket containing a low- 
inductance screen bypass capacitor, Cs, especially 
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Fig. 3-Under-dmnh vhw of 
the trammithr. Tho bbww ex- 
bust port is at h e  lower left, 
lurt above the teimbral strip 
shldd. All powu leads om run 
In shield braid, wlth the center 
conductor bypassed to the 
braid at wch and. th. right- 
hond canporhnont h-06 L o  
flwCarnpliflar tank dwb. % 
4CX300A s&si i s  at the cen- 
ter of h & a d s ,  behind the 
grid-hning copadtor, Ca. Un- 
der-chadr area b pmwrlzed 

by a wiid plate, ramwed 
tor photopraphy. 

designed for v.h.f. operation. In addition, the and 6% inches high. The enclosure is supported 
socket screen terminal is bypassed with a O.OO1-pf. behind a standard 7 by 19-inch rack panel by 
diek ceramic capacitor. means of four Zinch metal pillars, thus providing 

Four panel-mounted meters are used to indi- space for the various switches and meters to be 
cate the currenta drawn by the various stages. mounted behind the panel and out of the strong 
The left meter measures the plate current of r.f. field. The top of the enclosure and the small 
either the oscillator or doubler. A double-pole portion of the bottom directly below the final 
double-throw switch, S1, connects the meter tuning capacitors are covered by perforated 
across the appropriate 150-ohm shunt. Individual aluminum sheet. The chassis portion of the en- 
meters are used in the grid, screen and plate cir- closure has a solid aluminum sheet bott,om plate, 
cuits of the final amplifier. The plate-current making possible chassis pressurization by the 
meter, right, is placed in the negative lead from blower, the air escaping through the SK-710 
the high-voltage supply, requiring that the nega- socket and the SK-606 chimney and cooling the 
tive lead not be connected to ground a t  any 4CX300A anode. A small aluminum shield 
point in the supply. (lower left corner, Fig. 3)  was placed in one 

The oscillator and doubler stages are operated corner of the underchassis area to prevent the 
from a 3Wvolt 150-ma, power supply which also radiation of harmonics via the terminal-strip 
providea the screen volt,age for t>he &rnplifier connections. Shielded wire is used for all power 
atage. C.W. keying is best accomplished by break- leads, and each terminal of the barrier strip is 
ing the plate and screen voltage of the doubler bypassed. 
stage a t  the keying point indicated in the ache- The blower used to cool the 4CX300A is a 
matic, allowing the oscillator to run continu- "home-brew" device. A squirrel-cage blower is 
ously. A suitable LC filter must be used a t  this driven by a phonograph motor which turns at  
point to suppress key clicks, and the use of a key- about 3300 r.p.m. The unit moves enough air to 
ing relay is recommended to remove high voltage cool the tube adequately up to about 150 watts 
from the key. Thia is preferred to keying the plate dissipation, but would be insufficient for the 
cathode of the 6VBGT. full 300-watt dissi~ation ratinn. However. in 

Trangmithr Conrtruction 

Reliability is the watchword in the design of 
thie transmitter, and the construction technique 
used is the tried-and-true relay-rack style, de- 
signed to remove ae much therma,l heat from the 
equipment as possible. Nearly 200 watts is dis- 
sipated by the transmitter when running "wide 
open," so special pains are taken to insure that 
all components run cool, and well within their 
ratings. As the complete transmitter has to be 
shielded to reduce unwanted radiation, the prob- 
lem of heat radiation ie an important one, 

The transmitter is enclosed in a home-made 
aluminum box 14 inches wide, 10 inches deep, 

neither the keyed c ,k ,  mode (625watts input) or 
the a.m. mode (300 watts input) does the average 
plate dissipation exceed 125 watts, so full dissi- 
pation is not required. Although the blower is 
rated a t  10 cubic feet per minute, chassis back- 
pressure reducm the air flow to less than 4 c.f.m. 

The neutralizing capacitor, C i ,  is formed by 
placing a %inch square aluminum plate adjacent 
to the anode of the tube, the separation being 
about inch. This capacitor may be seen in 
the top-view photograph, Fig. 4, appearing as a 
small bracket between the 4CX3WA and the 
front panel. The plate ia mounted on the top of a 
ceramic feed-through insulator, which brings the 
neutralization lead from beneath the chassis. 



Component Layout mad Wiring 
Parts layout is not especially critical. The 

stages are placed so that the tuning controls are 
evenly spaced across thc front panel, even though 
the chassis is offset slightly from the center line 
of the panel (see under-chlrssia photogmph). The 
blower and motor are placed i r ~  a corner of the 
chassis, with the blower exhaust duct passing 
through t.he deck of the chassis. All under-chassis 
power and filament wiring is done with shielded 
wire, and .r.f. leads are made short and direct. 
The interstage link circuit is. inade of a short 
length of RG-%/U, 52-ohm coaxial line, with the 
outer shield of the line grounded a t  both ends. 
Flexible couplings and panel bushings are uscd 
on the tuning-capacitor shafts to insure that the 
controls turn evenly and smoothly. Capacitors 
C1 and Cz are grounded to the chassis, but capaci- 
tor Cr is mounted on an insulating block, as its 
rotor is above ground. 

The plate circuit of the 4CX300A employed a 
home-made choke, RFC4, air-wound over a 
s-inch-diameter form. After a period of time, it 
was found that the choke had a tendency to sag 
a bit, so a section of Air-Dux coil was substituted 
for the home-brew choke (see parts list). 

The pi-network capacitors, C4 and Cg, are 
mounted by their front frames to a %-inch 
Plexiglas or phenolic sheet measuring 3% by 4% 
inches which, in turn, is supported from the front 
wall of the enclosure by one-inch metal bolts and 
pillars. The capacitors are driven by insulated 
couplings and thus the rotor shaft,s are floating 
nbove ground. The rear frame of each capacitor is 
then grounded to the chassis by means of a 
% .inch wide copper strap running from the frame 
to the side of the chsasis box via the shortest pos- 
sible route. Ground loops are thus avoided, and 
the 6-meter pi-circuit tunes in a normal manner, 
"just like on the d.c. bands!" 

The amplifier plate coil, 114, is supported on 
two one-inch ceramic insulatom bolted to the rear 
frame of the tuning capacitors, arid cor~riections 
to the coil, capacitors, and plate blocking capaci- 
tor are mhde with %-inch copper strap. The 
auxiliary loading capacitor, C6, and grounding 
choke, RFCa, are mounted on the rear of the 
variable loading capacitor, Cs. A short length of 
ItG-58/U 52-ohm coaxial line connects the load- 
ing capacitor to the coaxinl receptacle mounted 

on the rcar wall of the enclosure. The outer braitl 
of the line is grounded a t  the receptacle and also 
at, the colnmorl point on the chassis wall to whir11 
thc tuning cxpacit,ors are grounded. 

Trpn amittcr Opera tion 

Once the transmitter has been completed, t.he 
wiring should be checked for possible errors be- 
fore the equipment is given the "smoke test." A 
filament supply of 6.0 volta a t  about 4 amperes is 
required. It ie important to note that the filn- 
ment voltage of the 4CX300A is 6.0 volb, not 6.3 
volts, and the voltage should be held within plus 
or minus 5 per cent of the design voltage if best 
tube life is to be obtained. Borrow a good, one- 
per-cent laboratory-type voltmeter to check your 
filament voltage and adjust it  to 6.0 volta, or a 
little under. The 6AG7 and 6V6GT will work well 
a t  this slightly-lower-than-normal filament volt- 
age. The blower should be turned on with the 
filament voltage to make S U t e  that the stem of the . 
4CX300A rernaina cool, and the bottom plate 
should be in position to pressurize the c b i s .  

For initial tune up, the screen and plate volt- 
ages are removed from the 4CX300A. Remember 
that screen voltage should not be applied t o  the 
amplifier stage unless plate and bias voltages are 
also on the tube. I t  is permissible to apply or 
remove all voltages simultaneously, but screen 
voltage should never be applied before grid bias 
voltage and plate voltage are on, or screen cur- 
rent and dissipation w~ll be excessive. This se- 
quence of operation applies to ali tetrodc tubes, 
including small receiving tubes. 

The 90-volt bias supply for the 4CX300A must 
he capable of withstanding about 30 ma. of grid 
current without serious loss of voltage regulation. 
A simple Wma. supply with a VR90 regulator 
tube will do the job. Adjust the aeries resistor to 
pass maximum current (40 ma.) when the supply 
is diionnected from the transmitter. 

After the tuned circuits have been 8et to their 
approximate resonant frequencies with the aid of 
a grid-dip oscillator, an appropriate crystal is 
placed in the panel socket and high voltage a p  
plied to the oscillator and doubler stages, and 
bias to the 4CX300A. The drive potentiometer, 
R1, is set for minimum screen voltage on the 
6V6GT and the tuned circuits are resonated for 
an indication of grid current on the 4CX300A grid 

ized in the normal manner, the neu. 
tralizing capacitor being adjusted so 

Rg. 4-b Wc vlew the bkww and filament 
transformer a n  r a m  In ths left-hand a m p a r t -  
mMlt near the mar of the c b h .  Chatrls plaia, 
dda pieces and shields am mode from flat 
akrmkum wlth flanges foldd in a metal broke. 
h h left colnparlment am OA2 rcgulat#, 
6AG7 oscillator, and 6V6GT doubler. The 
4CX300A ampltflsr b on tho edge of h 
chassis in tho rfght-hand campartmeat, o w  

with lha PI*-circuit can- 



880V. C.T. at 150 Mr. 

11SV. a 
Fig. 5-Circuit diagram of the power supply 
for the exciter stgges and amplifier screen of 
the 50-Me transmitter. Capacitors with polar- 
ity marked are electrolytic, othen are ceramic 
The slider on RI should be set for 40-ma. cur- 
rent flow through the regulator tube at no load. 

that a minimum of grid current variation is fact, under conditions of heavy loading, the 
noted when the plate tuning capacitor, C4, is screen current of a tetrode may reverse. This 
tuned through resonance (loading capacitor Ca phenomenon, common to tetrode tubes, makes it  
is set a t  maximum for this adjustment). Alter- dangerous to rely upon a screen-dropping resistor 
natively, a small pilot lamp or other r.f. indi- or a series regulator to supply the screen voltage 
cator may be coupled to the coaxial antenna jack unless a bleeder is connected from screen to 
and the neutralizing capacitor adjusted for cathode. The bleeder should draw a t  least 15 
minimum feed-through power. Once the stage is milliamperes. Resistor Rz in the screen circuit of 
properly neutralized, little or no change on the the 4CX300A fulfills this requirement. Since it  is 
p i d  meter will be noted as the amplifier plate placed before the screen meter, the bleeder cur- 
circuit is tuned through resonance. rent does not register. 

When all is working properly, the transmitter 
may be connected to the antenna feed line or to a 
dummy load, and grid drive, screen and plate 
voltage applied to the amplifier stage. Start with 
the drive control set near minimum. Increase the 
drive slightly and establish resonance in the 
plate tank circuit. Drive and loading are now in- 
creased until the typical operating conditions 
indicated in the table are achieved. The ampli- 
fier stage should never be operated in a lightly- 
loaded condition unless the drive level is reduced. 
With a little practice, you'll soon observe that 
mid. screen and  late currents are a function of 
goth grid drive and antenna loading. If loading is 
too light, grid and screen current will be high. If 
the loading is too heavy, grid and screen current 
will tend to be low. Screen current, i t  should be 
noted, is an extremely sensitive indication of 
proper balance between drive and loading. In 
- - 

TABLE I 
Typical Operating Conditiona for the 4CX300A 

Closs C Class C Class ABI 
Teleg- Tele- Linear. 

Circuit raphy phony S.S.B. 
Plate Voltage 2500 1500 2501 
Screen Voltage 250 250 350 
Grid Voltage -90 -100. -55 
Plate Current, ma. 250 200 100-250 
Screen Current, ma. 16 20 4 
Grid Current, ma. 25 14 - 
Driving Power, watts 2.8 1.7 - 
Plate Input, watts 625 300 625 
Power Output, watts 500 235 400 

-90 volts fixed, plus 10 volts mctified bias. 

I For complete operating data. see information ac- 
companying the tube. or write the authors. I 

Modulating the Transmitter 
For a.m. phone, the final amplifier may be 

plate modulated. Plate potential is reduced to 
1500 or 1000 volts. A pair of 811Aa, operating 
a t  the same voltage, will make a satisfactory 
modulator. As with other tetrodes, it is necessary 
to provide some modulating voltage to the screen 
element of the 4CX300A. A choke of 10 henrys 
(50-ma. rating) in aeries with the screen supply 
circuit, between R2 and the meter, will provide 
adequate screen modulation so that 100-per-cent 
plate modulation may be achieved. 

Using an  External V.F. 0. 
An external v.f.0. may be used with this trans- 

mitter by changing the 6AG7 oscillator stage to 
a frequency multiplier and injecting a 6 or &Me. 
frequency into the panel crystal socket. To do 
this, i t  is only necessary to ground the crystal 
socket pin connected to the 0.005pf. screen- 
blocking capacitor. The output of the v.f.0. may 
now be injected into the crystal socket via a 
short length of coaxial cable. The inner con- 
ductor of the cable is terminated to the socket 
pin attached to the 6AG7 grid terminal, and the 
shield of the cable is attached to the grounded 
socket pin. An old FT.243 crystal holder may 
be used for the plug on the end of the cable. If 
one of the 4 4 0  bolts holding the crystal socket to 
the panel is reversed and allowed to project be- 
yond the panel, a small clip on the shield of the 
cable may be used to ground both the shield and 
the proper socket pin by clipping it  to the pro- 
jecting bolt. Other methods of connecting a v.f.0. 
are shown in July 1963 &ST, page 16. 
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The  4CX350A Radial Beam Tetrode 

The  Eimac 4CX350A is a radial beam tetrode having over twice the transconductance of the 4CX250 
type tube. Maximum plate  dissipation of the new tube is rated a t  350 watts  and u s e  of the 4CX350A in 
new equipments can often eliminate an amplifier s tage  in  practical circuit  design while allowing greater 
safety factor in operation. 

The  4CX350A tube is designed for l inear amplifier, broadband operation, and distributed amplifier 
service. I t  is normally operated with zero grid current and grid dissipation is limited to zero watts. 
The  design features which make the 4CX350A capable  of maximum operation without driving the grid 
into the positive region a l so  make i t  necessary to avoid positive grid operation. This  tube family, 
therefore, is not rated for c l a s s  B or c l a s s  C operation. 

The  accompanying data  shee t s  compare the 4CX350A with the 4CX250B. Note that the 4CX350A 
requires less than half the grid drive of the 4CX250B for maximum output signal.  On the other hand, 
higher screen voltage is required for the 4CX350A and more cooling air is required to attain the higher 
plate  dissipation level. Filament current of the 4CX350A is higher than that of the 4CX250B. In ad- 
dition, the input capaci tance of the 4CX350A is appreciably greater than that of the 4CX250B because 
of the modified grid structure. 

Under proper circumstances, substitution of the 4CX350A for the 4CX250B in  exis t ing equipment 
may be  done to achieve a substant ia l  saving in grid driving voltage. Such substitution, however, cannot 
be con sidered unilaterally, because of the  different screen and grid electrode voltages,  higher filament 
current, and difference in interelectrode capacitance between the two s ty les  of tubes. The  4CX350A, 
therefore, should not be considered a s  a "high power'' subst i tute  for the 4CX250B but a s  a unique, 
high transconductance tetrode useful in  broadband, low drive dev ices  where high power gain, and max- 
imum plate  dissipation are  desired. Substitution of one tube type for the other in  exis t ing equipment 
must be decided by a complete study of the system to see if such  a change is feasible  or justified. 

AS20 
P a g e  One 
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Intermodulation Distortion 

in Linear Amplifiers 

BY WILLIAM I. ORR.* W6SAI 

I T is common communication practice to gen- 
erate a single-sideband signal a t  a low power 
level for reasons of economy and then to am- 

pilfy i t  to the desired strength by the use ol one 
or more linear amplifier stages. The intelligence 
is contained in amplitude variations in the signal, 
and it is imperative that the linear stages amplify 
this intelligence with as little distortion as possi- 
ble. Strictly speaking, an ideal linear amplifier 
is one in which the output envelope amplitude is 
a t  all times directly proportional t o  the input 
envelope amplitude. Amplitude distortion results 
when the magnitude of the output signal is not 
strictly proportional to that of the driving signal. 
This class of dist.ortion (which is the principal 
type encountered in linear amplifiers) includes 
intermodulation distortion, a particularly interest  
ing type of amplitude distortion encountered in 
single-sideband service. I n  passing, i t  should be 
noted that intermodulation distortion (abbrevi- 
ated I M D )  occurs only in a nonlinear device 
driven by a complex signal having more than one 
frequency. As speech is made up of multiple 

* Amateur Service Department. Eitel-hlcCullough, Inc., 
San Carlos, California. 

EQUIVALENT PLATE VOLTAGE 

Fig. 1 -The electron flow (cathode current) in a vacuum 
tube is a nonlinear function of the equivalent plate (or plate 
and screen) voltage and is described by the 3/2-power 
law. This curve illustrates typical electron flow, which plays 

an important part in establishment of tube linearity. 

Although there has been much talk 
about intermodulation distortion ia 
linear amplifiers, a search of avail- 
able literature brings to light very 
little in the way  of factual data. 
Here's down-to-earth dope on what 
linear-amplifier tubes can and can't 
do. 

tones (or frequencies) and as the perfect linear 
amplifier has yet to be built, the situation leading 
to I M  distortion exists in most 8.s.b. amplifiers. 
Once the intelligence-bearing signal has been gen- 
erated, the amplitude relationships existing in the 
intelligence must be faithfully retained or the 
s.s.b. signal will blossom into a broad, fuzzy 
caricature of itself, and the unlucky user of the 
nonlinear equipment will find his on-the-air 
popularity waning. Intermodulation distortion, 
therefore, is important to the 8.s.h. operator, and 
the cause and effect of this unloved and unwanted 
mutilation of s.s.b. signals will be discussed in 
this article. 

The Vacuum Tube and Linearity 
The vacuum tube is the heart of the linear 

amplifier, and the amplifier is designed ahout it.' 
I n  addition to  the tube, the amplifier is composed 
of auxiliary eqdipment - resistors, capacitors, 
inductors, etc. - chosen to permit the tube to 
operate in the most linear manner possible con- 
sistent with various restrictions imposed by eco- 
nomic, physical and electrical limitations. The 
auxiliary equipment may be considered to be 
made up of passive circuit elements while the 
vacuum tube is thought of as an active element 
by means of which the desired power gain is 
accomplished. The passive circuit elements are 
entirely linear and they affect circuit operation 
only insofar as they determine the operating 
parameters of the tube. The linearity of the tube 
is open to question. The more linear the tube, the 
less stringent the demand placed upon the cir- 
cuitry to achieve a desired degree of over-all 
linearity. The results obtained are a balance 
between excellence and economy. 

The vacuum tube utilizes electrons emitted 
from a hot cathode by impressing upon them an 
electric field which varies with time. During the 
paasage of the electrons from cathode to plate, 
the field is manipulated in such a way as to alter 
the number of electrons arriving a t  the plate of 
the tube. The electric field reacts in a predictable 
way that may be accurately described by Max- 
well's equations. The electron flow (or cathode 
current) is a 3/2 power function of the appl~ed 
electrode voltages. This so-called "3/2-power 

1 T h ~ s  d~scusa~on appl~es to vacuum tubes S~mllar conclu- 
slons may be drawn about trans~stors, but such conclusions 
are not wlthin the scope of this article. 



law" of Child and Lnngmuir is theoretically valid 
for uniform tube geometry and holds true for any 
space-charge-limited electron flow under the 
influence of an external field (Fig. 1). The 3/2- 
power law is not a linear function, and in practical 
tubes the cathode current is not a straight-line 
function of grid voltage. Further, practical tubrs 
depart from the 3/2-power law to some extent, 
drprnding upon tube geometry, space charge, 
elrctron intrrcrption by grids, and emission 
limitations. 

T h r  relationship between the electric field and 
cathode-current flow within the tube described 
hy this natural law plays an important role in the 
establishment of tube linearity. In practical 
amplifiers, for example, the magnitude relation- 
ship between input and output signals is not 
perfrctly constant a t  all signal levels within a 
given range. The relationship defining ampli$er 
linearity is termed the envelope transfer function, 
and ideal and typical transfer functions are 
shown in Fig. 2. The fundamental cause of a 
non-idpal, nonlinear amplifier transfer function 
mav be traced directly to the nonlinear relation- 
ship between the plate current and grid voltage 
of the tube employed in the amplifier. This rela- 
tionship approzimates the 3/2-power law through- 
out the operating reglon above cutoff.2 An exam- 
ination of intermodulation distortion reveals the 
importance of significant cathode-current de- 
parture from this fundamental law as regards 
amplifier linearity. 

I n t e r m o d u l a t i o n  D i s t o r t i o n  M e a s u r e m e n t  
T e c h n i q u e s  

Leaving the vaculim tube for a moment, it is 
useful to examine means of testing tuned linear 
amplifiers for distortion. One such means is to 
apply two equal-amplitude r.f. signals of different 
frequency to the input circuit and then to meas- 
ure the relative strengths of the output signals 
and the accompanying intermodulation prod- 
ucta? This combination of input signals is often 
called a two-lone test signal. The action of the test 
signals beating with each other in the typical 
"nonlinear" linear amplifier having amplitude 
distortion produces intermodulation distortion, 
and the purpose of the two-tone test is t.o create 
this action under controlled conditions and to 
measure it. Maximum limits of intermodulation 
di~t~ortion have become a n  important specifica- 

Cutoff may be thought of as that amount of grid bias 
r e q u i d  to reduce the idl~ng plate current of a vacuum 
tube to virtually zero. 

"The Grounded Grld Linear Amplifier." Orr. Rinaudo. 
Sutherland: QST. August. 1961, pages 16-21. 

Fig. 3-QST authors and prominent DXers W6KEV (stand- 
ing) and W6UOV examine data plotted by Eimac Inter- 
modulation Distortion Analyzer. General-purpose equip- 
ment permits IMD measurements to be mode on a wide 
variety of transmitting tubes in either grid- or cathode- 
driven configuration. IMD products are seen on screen of 

panoramic analyzer. 

PEAK AMPLIFIER DRIVING VOLTAGE - 
Fig. 2-Amplifier linearity is defined by the envelope 
transfer function. Departure from linearity is illustrated by 
curvature of the function (dotted curve) and may be traced 
directly to the nonlinear relationship between cathode 

current and electrode voltage shown in Fig. 1. 

tion determining the excellence (or lack thereof) 
of linear amplifiers and tubes. 

A practical test technique is to employ a two- 
tone, low-distortion test signal to drive a linear 
amplifier, and to use a spectrum analyzer to dis- 
play a sample of the output signal of the amplifier 
(Fig. 3).  A spectrum analyzer is a precision pano- 
ramic receiver having high resolution and capable 
of resolving signals separated in frequency by 
only a few kilocycles. The presentation of a por- 
tion of the spectrum in which the tests are taking 
place is given on a long-persistence cathode-ray 
tube. If the I M D  products of the two-tone test 
signal are known and the amplifier under test is 
run with no feedback, a t  a frequency low enough 
to remove side effects due to circuit uncertainties, 
the I M D  products of the tube under test may be 
readily determined by visual inspection of the 
picture on the screen of the spectrum analyzer. 
Equally important is the fact that the test is re- 
producible, and that the tube may be operated 
under any combination of electrode voltages and 
loads. 

A block diagram of a typical I M D  test ex- 
periment is shown in Fig. 4. The low-distortion 
signals are generated by eeparate stable r.f. oscil- 
lators operating on 2000 and 2002 kc., respective- 
ly, their outputs being carefully combined in a 
special isolator which prevents the oscillators 



from "seeing" each other. The resultant two- 
tone sign:~l is amplified by successive class A 
stages until the desired driving level is reached. 
The two-tone generator shown in the photograph 
is capat)lc of dcslivering a test signal having I M D  
products more than 60 decibels below the two- 
tone signals, a t  :L power 1evf.l up to 700 watts. 

The tr~l)e under test is placed in a test amplifier 
operating a t  2000 kc., and capable of permitting 
various electrode voltages and r.f. loads to be 

TWO - T O N E  TEST GENERATOR r--- - - --- - - -- ---- - - ---- "' 1 
1 
I Fig. 4-Block diagram of Inter- 
I 
I TEST modulation Distortion Analyzer of 
I A M P L F I E R  Fig. 3. Low distortion two-tone r.f. 

signal is generated at 2 M c  and 

impressed upor, the tube at  the convenience of the 
operator. The output of the test amplifier is dis- 
sipated in a dummy load and a small portion of 
the output signal is applied Lo a panoramic an- 
alyzer having a dynamic range of 60 decibels. 
The two-tone test signal, along with spurious IM 
products, may be seen on the screen of the instru- 
ment, separated on the horizontal frequency axis 
by the difference in frequency between the two 
tc~st signals (Fig. 5). A reading is made by com- 

P O W E R  

SUPPLIEs 

paring-the amplitude of a specific intermodula- 
tion product with the amplitude of the two equal 
test tones in the output signal. For convenience, 
the ratio between one of the test signals and one 
of the IM products (there are always two of the 
same order) is read as a power ratio expressed in 
decibels below the test-signal level. I t  is equally 
correct, and the absolute answer is the same, if 
the ratio of the sum of the powers of the two test 
tones to the sum of the powers of the two IM 
products of the same order is used. I t  is equally 
valid to express IM relative to peak-envelope 
power, (p.e.p.) provided it is done by taking the 
ratio of p.e.p. to the square of the sum of the two 
IM products of the same order.' Referring IM 
to p.e.p. carries the additional information that 
the IM is specified for conditions of maximum 
signal level. Peak envelope power occurs when 
the two test tones are instantaneously in phase. 

Measurements made on a wide variety of power 
tubes, from small to large, filamentary types and 
oxide cathode, triodes and tetrodes, in grid- and 
cathode-driven service, have shown conclusively 
that the magnitudes of the intermodulation dis- 
tortion products are significantly affected by al- 
most everything: changing heater or filament 
voltage by only a few per cent; slight shifts in 
bias voltage, idling current, screen voltage, plate 
or grid tuning; neutralization, loading - all these 
factors and others even more obscure enter into 

applied to test omplifier. The out- 
put of the amplifier is dissipated in 

paring-the amplitude of a specific intermoc 
tion ~roduc t  with the am~li tude of the two e 

a dummy load and o portion of the 
output signal is examined on the 
screen of a high resolution pono- 

1 2002 KC ramic analyzer. Distortion products 
as low as - 6 0  decibels below 

peak power may be seen - - I I and studied. 

, - - -  
the ratio of the sum of the wwers of the two 

valid to express IM relative to peak-envf 
Dower. (D.~.D.)  ~rovided it is done bv taking 

IM of the same order.' Referring 
to D.e.D. carries the additional information 
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Fig. 5-Typical display on screen of IMD Analyzer. Top: the determination of intermodulation distortion. 
Two test tones are seen at the center of the screen, with   hi^ might be a melancholy and discouraging 
IMD products evenly displaced on either side of test sig- 
nals. Third-order produ& are 3 5  db. down in amplitude picture, but it is a fact of life and h One of the 
from two-tone signal, and 5th-order produck ore 4 0  db. ' Expressions of IM without referenee to conditions of 

below test signals. Higher-order distortion products may me"urement and teehniquea are-as expreseed by '00- 
Bah in "The Mikado" - "merely corroborative detail, 

also be seen. Bottom: Equipment parameters adjusted to intended to to an otherwise bald 
raise third-order products and to drop fifth-order products. and ,,ncon,.incine narrative,- ~ ~ f ~ ~ ~ ~ ~ ~ ~ l ~ ,  a trsnd 
The linear amplifier may be adjusted to enhance or reduce t, be develooing in this direction. ~h~ der hereby . - 

various distortion products, if desired. warned. 
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Fig. 6-lntemdulation distortion products 4 
may be predicted mathematically. This univer- c 3  -I0 
sol family of IMD curves applies to all perfect 2'" 
tubes obeying the 312-power law. The curves g$ -'O 
are plots of IMD level (Y  axis) referred to the 
driving signal expressed as a ratio of drive to % -" 
operating bias. As the drive is increased, the I=' 

various IMD products pass through maxima z' -40 

and minima. Misleading conclusions of ampli- 32 
fier performance may be drawn if the equip- 8~ -,, 
ment happens to be tested near a cusp on the z g  
IMD curve, where a particular product drops Eg 
to an extremely low level. The whole operating 'g 
range of the equipment must be examined to - 7 0  O I Z 1 5 6 7 I ) S l O I l I L  

draw a true picture of IMD performance. Eg(mox.) 

Eo 

major roadblocks in joint industry efforts (work- 3.5, after which the 131 product again increases, 
ing through the auspices of the Electronic Indus- gradually rising to a level near -20 decibels for 
tries Association with the active cooperation of class-B operation. Fifth-order and 7th-order 
the U.S. Navy) to set up standards and testing (and higher-order) products follow this same 
procedures in order to establish a common yard- general behavior, compressed along the X-axis, 
stick for all to follow in vacuum tube I M D  test- and are shown in dotted lines on the graph. 
ing, rating and equipment design. The results of this theoretical study imply that 

the amount of intermodulation distortion in any 
Mathematical Analysis vacuu~n tube that follows t.he basic 3/2-power law 

I M D  products may be calculated by several is predictable; further, that such distortion is in- 
 method^.^ The rcsults of different valid mathe- escapable and is independent of tube type. hlore- 
matical techniques are in good agreement with over, the study indicates that thc pc%rfect 312- 
each other, and also agree in general with data power tube will provide 3rd-order Ih l  products 
obtained from two-tone tests conducted with the no better than -20 to -30 de'cibels brlow maxi- 
I M D  analyzer. A theoretical family of I M D  mum power output, and that the Ih l  product 
curves of a perfect tube obeying the 3/2-power varies markedly with drive level, dropping to zero 
law is shown in Fig. 6. This universal family of a t  various points in the dynamic operating range. 
curves applies to all tubes, regardless of operating Thus, the perfect tube, obeying a fundamental 
paralneters or tube type. Changes in electrode law of physics, is a mediocre performer from a 
potentials and circuit values (and even changes in linearity point of view. As far as 1R.I distortion 
tube type) will produce characteristic curves of goes, it is a poor device to use in equipment 
this general configuration, but of course chc signal 
level a t  which particular value of dis~ortion oc- 
curs will be different in each case. ?i 

In Fig. 6 intermodulation distortion products, 5 

expressed in decibels below the output level of the 3 

tube, are plotted along the Y axis. The ratio of the 
two-tone driving signal E,(,..) to operating bias, 
E. (relative to cutoff voltage) is plotted along the TRA+,SFE~ 
X axis. When E, is zrro, the tube is biased a t  CHARACTERISTIC 

cutoff (class B) .  Ratios of E,(,.,)/E, greater 
than one, but less than infinity, represent the 
possible range of class AB operation. Starting on I o G R I D  VOLTAGE 

the curve a t  the no-signal point (Egcmsl) = O), I 

the I M D  products are nonexistent. As E,(,.,) is 
increased, the I M  products increase throughout 
the range of class-A operation and into the class 
A13 region, until a maximum I M  distortion figure 
for thc 3rd-order products of about -30.7 deci- 
bels is reached a t  an E,(,.,)/E, ratio of about 1.7. 
The 3rd-order product then drops to zero (minus Ep(mox.1 

infinity) again for a ratio of E,(,.,,/E,, of about - o 
$5 

b "Approximate Intermodulation Distortion Analysee." 
Report CTR-173 by R. E.  Cleary. Collins Radio Co., Cedar Fig. 7-An ideal tube transfer characteristic departs from 
Rapids, Iowa; "Linear Power Amplifier Design," W. B. the 3/2-power law. The ideal characteristic shown here 
Bruene, Eleclronica, August, 1955; "Linearity Testing consists of two linear portions, with the point set Techniques for SSB Equipment," Icenbice and Tellhaver 
Proc ,  I , R , E . ,  December, 1956, pages 1775-1782, ,,Inter- at the intersection. Half-wave plate current pulses are con- 

modulation Diatortion in High Powered Tuned Amplifiers," verted to sine by the effect of the plate 
R. C. Cummings, Consultant, Eitel-MoCuUough, Inc., Sari tank circuit. Poor tank circuit Q, therefore, will have 
Carlos. Cahfornia. adverse effect on over-all linearity. 



T R A N S F E R  ' 

Fig. 8-Another ideal transfer characteristic 
for a linear tube consists of this form of curve, 

PLATE where the central portion is straight and the 
C U R R E N T  lower portion resembles a parabola. Practica! 

tubes exhibit transfer characteristics of this 
general class, the upper portion of the curve 
showing additional curvature resulting from 

P R O J E C T E D  saturation of the electron stream in the grid- 
CUTOFF plate area of the tube. Plate current pulses are 

converted to sine waves by flywheel action 
of plate tank circuit. 

dvsi~r~c.tl for li~lc~:ir :tniplificatior~ of i~~tclligence- typc. IVc know from c~xperi~nc~ntal da ta  tha t  such 
bearing s ig~~a l s .  is re:tlly not the c:tse, as practical tubes cxhibit 

transfor characteristics dc.partir~g 1l1:trkcdly frorn 
A Study o f  Practical Linear the 312-powcr law. In many instances, an irn- 

Amplifier Tubes provernrnt in linearity occurs when the tub(: 
I)ocs this t11eorc~tic:tl stutly artu;~Ily III(>:LII t l ~ : ~ t  d(5p:lrts frorn this law. For example, an  ideal 

,211 tu1,c.s arc. poor li~lc';~r nrnplitic~rs or that i t  is transfer charactrristic for a tuned arnplificr is 
i~lll~ossil,l(~ to arhicvc. 111 distortion products of :I shown ill Fig. 7, consisting of two linear portior~s 
1)t.ttc.r order than -20 dt~cibcls? S o t  at :dl. 'l'hc. with thr  operating point sot a t  the inlersection. 
s t r~dy  concerns itsclf with a perfec.1 tullt~ that ill]- The resulting plate current consists of rectified 
plicitly follows the 3/2-powc~r 1:tw. Of courscJ, and amplified half sine wavcs, the plate tank 
there is no such device, and pruclicc~l tul)(ss (i.c,.: circuit converting this misshapen wave into an 
tulles that curl tlc n1ar1ufacturc.d) d(3part fro111 cquiv:ilent sinc wave by virtue of the fly-wheel 
this l:~w to :t grc:~tcsr or lesscsr c~xtcrit. The practi- effect. The equivalent sine wave is directly pro- 
c:il tul)c>, in gcxneral, shows :in i~uprovernrnt in portion:tl to t h r  input signal a t  all amplitude 
ovcxr-all lirlearity :LS :t rc,sult of d(.[~:trturr from the 1c.vels from zero to the maximum value shown. 
3 /~ -powor  law. Thtt practic:tl t u t ) ~ ,  irl addition, Alternatively, distortionless linear amplifica- 
docs not have a dcsfinite vuluc of cutoff grid tion rnay be achieved from another transfer 
volt:rge, it docs not have constar~t a~nplificntion charactcristic having, instead of the diseontinuit.y 
:tt :dl points within thc structure, and c l ~ r r c ~ ~ ~ t  c3shit)ited in the first cxxarnple, a smooth curve 
dc~vi:rtions ant1 amplification v:triations occur with of the form shown in Fig. 8. Tlre operating point 
ch:angc.s in plate, volt:tgt.. Currcxnt intc~rcepted by of the tube is chosen a t  projected cutoff. Ideally, 
thc scrcscsn and control grids modifies the pl:tte the curved portion of the transfer char:+cteristic. 
char:tctc~ristic, :tnd the "constnnts" that cxprc%ss should be a portion of a so-called "second-order" 
the, 3/"-powc.r law vary with actu:tl operating curve (a half-paral~ola, to be ex:ic.t). A rh:trac*ter- 
cor~ditior~s. Thc~oretically, 111 distortion as a istic such as this is termed sq~rnre lala. Distortion 
rrsult of this law should be independent of tul)c products added to the exciting signal by such a 

0 I 
- 7 - 7 -  I 4x150 - 4 X 2 5 0  

W 

> W 

- 20  representative of this type of tube, and are 
J typical for tubes made by different manu- 

3 

W 
m 

alter shape and position of the curves. 
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curvature can be filtered out of tlie output signal 
by the tuned plate tank circuit becalrse all of these 
products fall in the harmonic tegicns of the erciling 
signal. A distortionless replica of the input signal 
is thus available a t  the output circuit of the 
amplifier. Other transfer characteristics exist 
which also will provide lower-distortion output. 
Practical tubes departing from the 3/2-power law 
(wherein the exponent in the expression is 3/2, 
or -expressed as a decimal - 1.5) have ex- 
ponents ranging from 1.3 to 3.4. This range covers 
quite a spectrum of possible tube performance! 
A practical tube may have a transfer-character- 
istic exponent falling somewhere between 1.5 
(3/2-power law) and 2 (square law); its transfer 
characteristic would approximate the curve of 
Fig. 8, wherein the central portion is fairly linear 
and the lower portion resembles a parabola. The 
upper portion of the characteristic may show 
additional curvat,ure resulting from saturation 
of the electron stream in the grid-plate area 
of the tuhc. That  is to say, the grid or screen 
"robs" the plate of the greater portion of the 
available electrons and causes a corresponding 
drop in plate current. 

Intermodulation tc~sts run on t.ubes having this 
general transfer characteristic show distortion 
products generally in agreement with the 3/2- 
power law. Shown in Fig. 9 are I M  curves based 
upon typical measurements made on the 4x150 
- 4CX"O family of external-anode tubes. With 
fixed valuos of plate and screen potential and 
plate load impedance, measurements were made 
a t  two I(vrls of resting plate current over the 
operating range of the tube. At the recornmendcd 
value of resting plate current, the 3rd-order 1x1 
products rise gradually and smoothly as power is 
increased to the maximum value of 500 watts 
(referred to a single-tone plate current of 250 
ma.) until a t  this value the products reach a level 
of -20 dh. below the p.e.p. signal. 1)ecreasing the 
resting plate current to i 5  ma. will degrade the 
I M  curve by srveml decibels, as shown. Fifth- 
order products a t  the recommended value of 
plate current are below -43 db. a t  maximum 
platc currcnt level. T h r  addition of 10 decibels 
of negative feedback to a circuit employing this 
style of tube will reduce the I M  products below 
the values shown by approximately 10 db., so 

-60' I I 
0 10 loo 150 '00 250 300 

P.E.F! OUTPUT, WATTS 

Fig. 10-Intermodulation distortion products vary from 
tube to tube of the same type, and also vary tube to tube 
as operating conditions are changed. Small "receiving- 
type" transmitting tubes are usually poorer than these 

curves by five to ten decibels. 

equipment with feedback designed around this 
tube (other factors being equal) should he able 
to reach the region of -35 dt). I M  distortion a t  
full power. Individual tubes (and similar tubes 
made by different manufacturers) will vary from 
these curves by two to three decibels. Fig. 10 
shows the variation in I M  products between 
three tubes under fixed operating conditions. 
Changes in loading or other parameters will alter 
the shape and position of these curves. 

Referring back to Fig. 6, tubes of this type are 
operated under conditions corresponding to a 
ratio of E,(m,,,/Eo in the range of 2 to :3 a t  maxi- 
mum signal, and therefore distortion must pass 
through the third-order product maximum of 
about -:<I db. within the opersting mnge. .;2rtu- 
ally, maximuln distortion appears near the 70y0 
to 100yo power level and is of the order of -25 
db. or so. These crlrves are quite representative of 
most power tubes employed in amateur equip- 
ment, common varieties of transmitting tubes 
falling in the "ririnus twenty" to "minus thirty " 
decit)el intermodulation range. Judicious use of 
feedback with these tubes will allow Ih l  distor- 
tion products to f:dl in the "minus thirty" to 
"minus forty" decibel mnge. 

Recent tubes specifically designed for linear 
(Continued on page 164) 
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External Anode Tetrode Tubes 

Developed by Eimac in 1947, the 4X150A external anode tetrode i s  the forerunner of a whole family of 
novel and highly efficient transmitting tubes. Now manufactured by a host  of companies, the original 
4X150A design i s  s t i l l  going strong and is a favorite tube-type with many VHF-minded radio amateurs. 

In the pas t  dew years a bewildering number of "4X-variety" tubes have appeared on the market, each 
type having slightly different characterist ics than "grandpappy 4X150A." The purpose of th is  art icle i s  
to  tabulate these tubes and t o  note bas ic  characterist ics of each type. 

The Original 4X150A 

The nomenclature of the 4X150A briefly describes the tube. The  "4" signifies four active elements 
(a tetrode), the "X" indicates the external anode (forced-air cooled), "150" indicates 150 watts  plate 
dissipation, and  the final "A" indicates this i s  the first production version of the tube. Recent produc- 
tions of the 4X150A have included a radically new brazed anode structure having complex cooling fins 

f7 that allow increased plate dissipation ratings to be achieved. The new 4X150A i s  operationally equiva- 
lent t o  the 4CX250B for frequencies below 150 Mc. The different versions of the 4X150A are not ea sy  to 
tell apart, a s  some transitional "150 watt" tubes have the improved cooling fins but do not have the 
brazed anode structure. In general, the "old-style" and "new-style" 4X150A tubes may be separated by 
weight: the 150 watt anode tube weighs approximately 5.2 ounces and the 250 watt anode tube weighs 
approximately 4 ounces. In addition, the center anode (plate) diameter of the older tube i s  15/16" and that 
of the newer tube i s  13/16". 

High-voltage heater versions of the 4X150A were subsequently introduced a s  the 4X150D and 4x150s 
(ruggedized). These  new tubes, plus the redesigned descendants of the 4X150A bear alternate Electronic 
Industries Association (E.I.A.) nomenclature consist ing of four-digit numbers in the seven- and eight- 
thousand series.  Thus, the E.I.A. 7034 i s  the 4X150A, etc.  

The 4X150G (2.5 volt heater) and i t s  offspring (4CX250K) have coaxial  terminations and are designed for 
internal cavity operation a t  frequencies into the gigacle (kilo-megacycle) region. 

The 4X250B Family 

The 4X250B external anode tetrode is an evolutionary design featuring ceramic insulation and evolving 
from ,the glass-insulated 4X150A. Early 4X250B's were made with a ceramic outer cylinder and a g lass  
base. Later  versions are a l l  ceramic. These  "4X-series" tubes are  rated a t  250 watts plate dissipation 
and a maximum potential of 2000 volts. 

AS-23 
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The 4CX250B Family 

The "4CX family" unilaterally replaces the "4X" ceramic tubes having a g lass  base. The a l lceramic  
4CX250B tube has  a plate dissipation rating of 250 watts  and i s  manufactured in several  versions a s  shown 
on the chart a t  the end of th is  article. Lesser  known tubes in this family are the 4W300B (a watercooled 
tetrode of interest to mobileers) and the Y-210 (a limited production tube having no anode cooler, intended 
for heat-sink or liquid immersion operation). The 4CX350A i s  a heavy-duty version of the 4CX250B having 
350 watts plate dissipation and higher transconductance. The  tube i s  particularly well su i ted  for C las s  
AB1 rf service.  

The 4CX300A Family 

The la tes t  offspring of the 4X150A i s  the popular, rugged 4CX300A. This  ceramic and metal, ruggedized 
tetrode is capable of operation a t  plate potentials up to 2500 volts. Special purpose versions of the 4CX- 
300A are currently in production and among these i s  the 4CX300Y which should be of considerable interest 
to "side-banders" and others contemplating new equipment. The 4CX300Y resembles the 4CX300A in 
appearance but h a s  a heavy-duty heater (6.0 volts a t  3.4 amperes) which permits unusually high values of 
plate current to  be drawn. 

Grounded Grid Operation of External Anode Tetrodes? -. 

Modern, high-gain external anode tetrodes do not perform well when connected in the common "grounded 
grid" configuration. Th i s  family of tubes i s  charactdrized by high perveance, together with extremely small 
spacing between the grid bars, and between the grid structure and the cathode. Thus, while performing in 
an eycellent fashion a s  grid-driven, high-gain tetrodes, these  tetrodes are unsuited for pure grounded grid 
operation. 

For proper operation of the external anode tetrode, the screen requires much larger voltages than the 
control grid. Older tetrodes having lower gain figures tend t o  have more equal balance between absolute 
grid and screen currents. When these  electrodes of the newer, high perveance, e x  t e rn a 1  anode t e t r o d  e 
tubes are tied together, the control grid tends to draw tremendous currents and there i s  grave risk of de- 
stroying it. Peak grid current, for example, in a 4X150A operated in grounded grid configuration, can easi ly 
be  twice the value of the peak plate current. 

It i s  permissible, however, to  operate the external anode tube a s  a cathode-driven tetrode, with the grid 
and screen elements a t  rf ground potentials, but operating a t  the normal dc potentials. Grid dissipation i s  
minimal and s t age  gain i s  greatly increased. Screen dissipation i s  nearly the same a s  in the tetrode con- 
nection. Greater s tage  gain can be obtained with this circuit because  the driver does  not have to  supply 
large screen and grid losses .  If i t  i s  desired to dissipate some excess  of driving power, i t  should be ab- 
sorbed in a resist ive load. 

AS-23 
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The Tube Socket 

The tube socket  for the external anode tube serves  a triple purpose. It permits connections to  be  made 
to the elements of the tube, it serves  to  conduct heat  away from the stem of the tube and (in some cases )  
the socket serves  a s  a capacitive bypass for the screen of the tube. Complete Air-System socket assem- 
b l ies  for al l  non-coaxial based external anode tubes are  available, consist ing of socket  and air chimney, 
and these are tabulated a t  the end of this  article. These  sockets  permit air to be blown axially on the base 
of the tube, past  the base  to the envelope, and then over the plate cooler. Use of other than an air  socket  
with external anode tubes i s  not recommended, a s  tube temperatures cannot be adequately controlled. Use  
of a receiving-type loctal socket  with 4X150A-style external anode tubes i s  emphatically not recommended. 
Dangerously high stem temperatures will be generated from the heat of the filament unless the base  struc- 
ture i s  cooled by an air blast, a s  the solid construction of the simple loctal socket  blocks the normal 
flow of air about the tube stem. 

It should be emphasized that t he  heater voltage on the "six volt" family of external anode tetrodes i s  
6.0 volts, plus or minus five percent, and not 6.3 volts. The  operational range of heater voltage i s  5.7 to 
6.3 volts and for longest heater life, i t  i s  recommended that the heater voltage not exceed 6.0 volts. 

The  user of these  tubes (or any other transmitting tubes) should check h i s  heater voltage with a meter 
calibrated against a 1 percent laboratory meter of known accuracy. Monitoring voltage to  five percent with 
a "garden variety" five percent a c  meter proves nothing other than the fact the filament transformer i s  
operating. 

The Figure of Merit 

A graphical presentation of the mutual conductance for common external anode tubes operating a t  vari- 
ous plate current levels i s  given a t  the end of this article. It can be  seen  that the 4CX350A and 4CX350F 
have about twice the transconductance of other various tubes, the 4CX300Y has approximately 30% higher 
transconductance, while the 7580 and the 7580/4CX259R are about 20% higher than the "common" 4X150A. 
Transconductance i s  a useful yardstick in determining the figure of merit of a particular tube (sometimes 
called the gain-bandwidth factor). It i s  calculated from: 

Transconductance 
Figure of merit = 

2 nCt 
where Ct i s  the sum of the imput and output capacitance of the tube. 

The figure of merit i s  a comparative figure and should not be  interpreted a s  an absolute number. The 
input and output capacitances used in the calculation are  average values taken from a number of typical 
tubes. Highest figure of merit vakues are reached by a combination of high transocnductance and low in- 
terelectrode capacitances. The  4CX350A and 4CX350F9 having the highest transconductance and reason- 
ably low interelectrode capacity, have the highest figure of merit, while the coaxial and breechblock-based 
tubes (with their higher capacitances) appear to have lower merit values. However, the coaxial-based tubes . 
perform more efficiently at higher frequencies and are especially designed for cavity operation. 
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500 WATT AMPLIFIER FOR 144 MC USES EIMAC 4CX250B 

This  compact amplifier runs 500 watts input in C la s s  C or AB-1 linear service a t  2 
meters. Using a single 4CX250B, the amplifier measures 5" wide, 7" deep and 5" high, 
exclusive of blower. Conventional shunt-fed, parallel tuned tank circuits are used, with 
input and output l inks ser ies  tuned to reduce unwanted reactance in the coupling circuits. 

The plate coil is a dual inductor, the outer conductor made of copper tubing and the 
inner conductor of RG-225/U teflon coaxial line, with the outer braid removed. The  cop- 
per tubing coil i s  grounded and d c i s  applied to the 4CX250B via the inner conductor, 
eliminating the plate rf  choke which adds undesirable capacitance to the circuit and is 
an erratic performer a t  144 Mc. 

The  RG-225/U is passed through the tubing before i t  is wound into a coil. The  
ground end of the tubing is soldered to a small copper plate which i s  tapper for an 8-32 
grounding bolt. The  plate blocking capacitor C-7 i s  bolted to  a similar plate soldered to 
the opposite end of the tubing coil. 

Tuning capacitor C-6 is made of two copper plates, one of which is soldered to the 
tubing coi l  about 1/2-turn from coupling capacitor C-7. The plate is positioned vertically. 
The rotor (ground) plate is soldered to a copper ring which encircles  a rexolite drive 7 
shaft. The  ring is grounded by a copper wiper bolted to the chassis .  The  ends of the 
antenna coil L-4 p a s s  through holes  drilled in a second rexolite rod and serve a s  terminal 
points for flexible leads running to capacitor C-8 and the coaxial antenna lead to rec- 
eptacle 5-2. The  drive shafts  are attached to reduction drive units mounted on the panel. 



115 VAC BIAS. FIL. SCR. B+ 

Schematic, 4CX250B Amplifier for 144 MC. 

C-1, C-2, C-8: 15 ,u,uf. 
C-3: 200 ,uCLf silver mica. 
C-4: 500 ,uPf silver mica. 
C-5: P a r t  of EIMAC SK-6OOA soc- 

ket. 
C-6: P l a t e  tuning capacitor. Two 

copper plates  about %" X 1". 
One soldered to copper tubing 
coi l  in  vertical position. The  
other soldered to a copper ring 
ring machined for close fit on 
%-inch diam. rexolite shaft. 
Ring i s  grounded to chas is  by 
wiper arm bolted to chassis .  

C-7, C-9: 100 CL,uf, 5KV. Centralab 
850s. 

C-10, 11,  12: .001 ,uf, 500 volt feed- 
thru. 

C-13: .001 ! ~ f  feedthru, 2.5 KV. 
Erie  1270-010. 

L-1: 5 turns #16, %" diam., '/2" 
long. 

L-2: 2 turns #16, 3/16" diam., ad- 
just length to resonate with 
C -2 half-meshed. 

L - 3 : 2  turns, 3/8" tubing, I-%" 
diam., I-%" long. See text. 

L A :  2 turns #14, 7/8" diam., %" 
long. 

B :  Dayton 2C-782. 
J -1: U G-29 1/BU. 
J -2: U G-58Afl. 
RFC:  Ohmite 2-144 
P l a t e  collet: EIMAC 008294 
Cabinet: two chassis .  Bottom 5" 

x 7" x 2". Top, 5" x 7" 
x 3" (aluminum). 

Amplifier operation i s  conventional. Initial tuneup should be done a t  a plate  potential 
of 600 volts or s o  (screen voltage reduced to 200). When resonance and loading points 
have been established, plate voltage may be raised to 2000 (1500 volts for modulated 
service). Typical data for Class  AB-1 linear service are: 

P l a t e  Voltage 2000 P la t e  Input Power 500 watts  
Screen Voltage 350 P la t e  Output Power 300 watts 
Grid Voltage -55 Max Screen Current 5 mA 
Zero Signal P l a t e  Current 100 mA (Adjust bias to obtain stated zero sig- 
Max Signal P la te  Current 250 mA nal plate current). 

AS-24 4118 
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TWO KILOWATT 432 MC AMPLIFIER USES EIMAC 3CX1000A7 

The 3CX1000A7 ceramic zero bias  triode runs two kilowatts ( P E P  or continuous service) in  th i s  
compact 432 Mc linear amplifier. The  3CX1000A7 is an e x  t e r n  a 1 anode, ceramic version of the 
popular 3-10002. This  experimental circuit u se s  a half wavelength strip l ine plate  circuit and a 
tuned input configuration for efficient cathode driven (grounded grid) operation. Power gain of this  
amplifier is about 8 decibels and overall plate  efficiency is approximately 50 percent. 

'The strip l ine plate inductor i s  an 1/8-inch thick copper rectangle 4-3/8" wide and 7-3/4" long. 
T h e  rounded end of  the plate e n  c i r c 1 e s the anode of the 3CX1000A7 and is fastened to i t  by a 
matching copper collar having flexible finger stock silver-soldered to i t s  inner circumference. The  
col lar  i s  bolted to the strip line which, i n  turn, i s  supported a t  the center by two 2" high ceramic 
insulators.  The  end of the plate opposite the tube is tuned by means of a copper flipper hinged to 
the  chas s i s  and moved to and fro by an arm and worm gear arrangement shown in the illustration. 
The  antenna circuit is capacitively coupled a t  this  end of the strip line. 

T h e  EIMAC SK-870 Air Socket and Chimney grounds the multiple grid terminals of the 3CX1000- 
A7. Four of the filament terminals are  bypassed to the ground ring of the socket with 220 ppf silver 

P mica capacitors.  The  filament terminal to which drive is applied i s  bypassed to the socket ground 
bolts by a 3 ppf, 5 KV ceramic capacitor to neutralize the inductance of the internal filament leads 
of the tube, thereby reducing the s.w.r. on the coaxial l ine to the driver. 

Zero bias  triode 3CX1000A7 
runs two kilowatts in 432 
Mc strip l ine a m p l i f i e r .  
Blower and filament trans- 
former a r e  mounted a t  e n d .  

+. of chass i s ,  with tube and 
plate  circuit enclosed in 

2W box atop the chassis .  
P l a t e  tuning capacitor i s  

P-" worm driven by counter dial 
s *##* centered on panel. 
4 



View o f  s t r i p  l i n e  c i r c u i t .  
The h a l f  wavelength l i n e  i s  
supported by two ceramic insu-  
l a t o r s  ( see  b o l t  heads near  
c e n t e r  o f  p l a t e ) .  Anode o f  
3CX1000A7 i s  e n c i r c l e d  by 
copper c o l l a r  bo l ted  t o  s t r i p  
l i n e .  I nne r  circumference of 
c o l l a r  i s  l i n e d  w i t h  f l e x i b l e  
f i n g e r  s tock .  P l a t e  r .  f .  
choke i s  a t  l e f t ,  and antenna 
c a p a c i t o r  p l a t e  i s  mounted t o  
t h e  coax ia l  p lug  a t  r i g h t .  
Edge o f  p l a t e  tun ing  c a p a c i t o r  
i s  v i s i b l e  below s t r i p  l i n e .  
Grid coax ia l  r e c e p t a c l e  i s  
behind enc losu re ,  on c h a s s i s .  

The resonant  f i l ament  l i n e s  run from the  socke t  t e rmina ls  t o  feedthrough 
c a p a c i t o r s  mounted on a nearby aluminum bracket .  From t h i s  p o i n t ,  t he  l e a d s  run 
i n  sh i e lded  b ra id  t o  the  feedthrough c a p a c i t o r s  mounted on the  c h a s s i s  deck. 

The top p l a t e  o f  t he  above-chassis  enc losure  i s  made o f  pe r fo ra t ed  aluminum 
f o r  proper  v e n t i l a t i o n .  A i r  i s  blown i n t o  the  p re s su r i zed  under-chassis  a r e a  and /? 
escapes v i a  t he  tube socke t ,  pass ing  over  the  anode of  t he  3CX1000A7 and o u t  the  
pe r fo ra t ed  top o f  the enclosure.  

Amplif ier  Adjustment. The f i l ament  l i n e s  and p l a t e  l i n e  may be grid-dipped 
t o  432 Mc wi th  the  3CX1000A7 i n  t he  socke t  and no vo l t ages  appl ied .  For i n i t i a l  
adjustment  a dummy load and power ou tput  meter  a r e  requi red ,  a s  p l a t e  c u r r e n t  d i p  
i s  not  a t r u e  i n d i c a t o r  o f  performance. Reduced p l a t e  vo l t age  and g r i d  d r i v e  a r e  
appl ied  t o  t h e  ampl i f i e r .  The p l a t e  c i r c u i t  i s  resonated and the  coupl ing  c a p a c i t o r  
C - 1  ad jus t ed  f o r  maximum power ou tput .  The p l a t e  o f  c a p a c i t o r  C-1 is  s i l v e r - s o l d e r e d  
t o  t he  c e n t e r  p i n  of  t he  coax ia l  r ecep tac l e  and the  mounting ho le s  of  t h e  r e c e p t a c l e  
a r e  s l o t t e d .  The r ecep tac l e  is  mounted i n  an ove r s i ze  ho l e  and coupl ing is ad jus ted  
by loosening  the  b o l t s  and moving the  r e c e p t a c l e  about i n  t he  mounting hole .  Capa- 
c i t o r s  C - 1  and C-2 a r e  ad jus ted  f o r  maximum power ou tput .  Coupling e x i s t s  between 
input  and output  c i r c u i t s  and, whi le  the  a m p l i f i e r  remains s t a b l e ,  t he  g r i d  c u r r e n t  
v a r i e s  ab rup t ly  depending upon p l a t e  c i r c u i t  tun ing  and loading .  Grid c u r r e n t  shou ld .  
be about 40 percent  of  the  p l a t e  c u r r e n t .  It may be necessary  t o  experiment w i t h  
t he  va lue  o f  the  n e u t r a l i z i n g  c a p a c i t o r  t o  o b t a i n  optimum g r i d  d r i v e .  E i t h e r  a 3 ppf 
o r  a 5 ppf c a p a c i t o r  may be used. A v a r i a b l e  c a p a c i t o r  i s  no t  recommended a t  t h i s  
p o i n t  a s  the  i n t e r n a l  inductance of  such a u n i t  i s  t oo  high.  

Once the  a m p l i f i e r  i s  p rope r ly  tuned and loaded, t he  f i l ament  vo l t age  should be 
reduced t o  t he  minimum va lue  t h a t  w i l l  provide f u l l  ou tput  (about 4.7 v o l t s  o r  s o ) ,  
a s  VHF backheat ing tends t o  r a i s e  cathode temperature above normal. Standby b i a s  
i s  incorpora ted  i n  the  ampl i f i e r  and i s  removed f o r  p roper  ope ra t i on  by sho r t en ing  
te rmina ls  5 'and 6 on the  power s t r i p .  ,/7 



RFC : 
J-1: 
B : 

SCHEMATIC, 3CX1000A7 AMPLIFIER FOR 432 MC 

Coupling c a p a c i t o r .  Copper t a b  1" x 518" spaced approximately 112" from 
p l a t e  l i n e .  Tab i s  supported by copper rod 0.188" d iameter ,  so ldered  i n  
c e n t e r  p i n  o f  coax ia l  r ecep tac l e  5-2 (rod may be c e n t e r  conductor taken 
from RG-17/U coax ia l  l i n e ) .  
Tuning c a p a c i t o r .  Copper t a b  1" x 4" spaced about 114" t o  318" from p l a t e  
l i n e .  Tab i s  p o r t i o n  o f  longer  s t r i p  bent  i n  an i nve r t ed  "L" w i t h  b ra s s  
hinge a t  bottom. Hinge i s  jumpered w i t h  copper shim t o  provide low impedance 
ground pa th .  Tab i s  moved by an e x c e n t r i c  arm and 318" diameter  t e f l o n  d r i v e  
rod d r iven  by worm gear  (see drawing). 
220 ppf dipped s i l v e r  mica (4 requi red)  mounted from h e a t e r  t e rmina ls  t o  
socke t  ground r i n g .  
50 ppf.  Cent ra lab  850s-50Z. 

C-6: 200 ppf ,  30 amp. capac i ty .  E r i e  482-463-10. 
C-8: 0.01 p f ,  30 amp. capac i ty .  Sprague 80-P3. ' 

3 ppf.  Centalab 855-32. Grounded t o  two t h r u - b o l t s  of  t h e  socke t  assembly. 
Connect b o l t s  i n  p a r a l l e l  and t o  one s i d e  of  c a p a c i t o r .  
15  t u r n s  1/16, 114" d i m . ,  1-118" long. Socket:  Eimac SK-870. 
UG-58/A. 5-2: UG-352lU. T-1: 5 v o l t s  a t  30 amp. S tancor  P-6468. 
Blower. 80 cubic  f t .  Imin. Dayton 1C-180. Box: 6" x 4" x 10". 
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Filament  l i n e s  and feedthrough c a p a c i t o r s  a r e  a t  lower l e f t ,  w i t h  g r i d  coupl ing 
c a p a c i t o r  below the  l i n e s .  Filament bypass c a p a c i t o r s  a r e  so ldered  between 
ground r i n g  o f  socke t  and f i l ament  te rmina ls .  Neu t r a l i z ing  c a p a c i t o r  i s  so ldered  
between f i lament  te rmina l  (lower l e f t  of socke t )  and the  two ground b o l t s  a top  
socke t  f lange.  P l a t e  c i r c u i t  worm d r i v e  i s  t o  t he  s i d e  o f  the  socke t ,  and f i l ament  
feedthrough c a p a c i t o r s  a r e  a t  r i g h t .  n 

When antenna coupl ing i s  too  heavy, resonance i n d i c a t i o n  w i l l  be very broad 
and output  w i l l  be low. When coupl ing  i s  too  l i g h t ,  a  sharp  resonance w i l l  be 
noted,  combined w i t h  severe  f l u c t u a t i o n s  i n  g r i d  c u r r e n t  a s  t he  p l a t e  c i r c u i t  is  
tuned. When p rope r ly  loaded,  maximum power ou tput  w i l l  be achieved w i t h  the  p l a t e  
c i r c u i t  s l i g h t l y  detuned from resonance p o i n t .  

The output  c i r c u i t  of  the  ampl i f i e r  i s  designed f o r  RG-17/U coax ia l  l i n e .  
Teflon d i e l e c t r i c  RG-225/U i s  recommended f o r  t he  d r i v e  l i n e .  A t  2  KW input  (3000 
v o l t s  a t  667 ma) power ou tput  i s  n e a r l y  1000 w a t t s  measured a t  t h e  load .  Drive 
power is  approximately 170 w a t t s .  Maximum t e s t  power was 3.2 KW (4000 v o l t s  a t  
800 ma) and power output  was 1 . 5  KW. P l a t e  d i s s i p a t i o n  was 1.7 KW, cons iderab ly  
over  r a t e d  continuous va lue .  

I e. 

AS-25-4 
P l a t e  tuning c a p a c i t o r  t a b  and d r i v e  mechanism. 
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A cavity tank circuit is an attractive alternative to a coaxial or strip l ine circuit 
for 432 Mc operation, especially when i t  is desired to operate two tubes in parallel. The  
amplifier discussed here employs a plate circuit cavity a n d  is designed for C la s s  AB-1 
linear service a t  the 1 KW P E P  level a t  432 Mc. Two EIMAC 4CPX250K UHF tetrodes 
are used in parallel in a cathode driven circuit. The 4CPX250K is a pulse service ver- 
sion of the 4CX250B having a coaxial base and rigidly controlled output capacitance. 
In addition, the ceramic insulator between screen and plate structures is longer in the 
pulse tube than in the 4CX250B. For amateur service the electrical ratings of the 4CX- 
250B apply to the 4CPX250K, and the u se  of the latter is recommended for UHF service. 

The  tubes are arranged in cathode driven service a s  the residual feedback path is 
degenerative rather than regenerative and the impedance of the path (cathode-plate cap- 
acitance) i s  high. The screens are placed a t  dc  ground potential with screen and b ias  
supplies "floating" below ground. P l a t e  current flows through the screen supply which 
must be capable of passing 550 mA. A s  the supplies are in ser ies ,  a lower voltage trans- 
former for the plate supply may be used. 

The  amplifier plate cavity is constructed of .064" brass  with inside dimensions of 
10" x 12-'/2" x 1-5/16". The 4CPX250K's are spaced 2-$4" center to center and the tube 
centers are 5" from each s ide  of the cavity. The cavity tunes from 420 Mc to 454 Mc with 
a 2" d i s c  capacitor without changing the unloaded Q (Q = 1600) of the cavity appreci- 
ably. If only one tube is used, the cavity should be square (13-'/2" x 13-$4"). Capacitive 
coupling is used to  the antenna circuit and teflon dielectric RG-87A/U cable is recom- 
mended for the antenna feed system. 

The  screen col lets  are soldered to a brass  plate grounded to the bottom of the plate 
cavity. The grid col lets  are soldered to a second plate insulated from the cavity and 
which serves  a s  a bypass capacitor. The cathode circuit is a half wavelength line using 
capacitive coupling from the driver. 

Cathodes are in parallel a t  the drive frequency but are  insulated from the cathode 
l ine to permit individual cathode current metering. Filament voltage is reduced slightly 
below normal to compensate for rf backheating of the cathodes. 
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SCHEMATIC, 432 MC CAVITY AMPLIFIER USING EIMAC 4CPX250K TETRODES 

C-1: 1-1/8" copper disc soldered to J-1. 
C-2, C-3: Dual capacitor. Two cathode plates (I-%'' x 5%")  mounted on base plate 
(3-7/8" x 5%"). Dielectric is .008" dhick pressed mica sheet. Cathode collet mounted to 
each cathode plate and filament pins mounted to base plate. 
C-4: Screen capacitor (2-'/2" x 4-7/8"). Dielectric same a s  above. 
C-5: 2" copper d isc  capacitor threaded to top of cavity. 
C-6: 1-1/8" copper disc soldered to J-2. 
C-7: Plate capacitor (3-'/2" x 10"). Dielectric same a s  above. 
C-8, C-9: Same a s  C-1, threaded to cavity wall. 
RFC: 7" of #16 wire wound into coil 1/8" diam., 1" long. 
FT: 500 ppf, 500 working volts feedthru capacitor. 
J-1: UG-87/U. J-2: UG-560/U. 
T-1: T-2: 6.3 volt, 4 amp. Adjust primary voltage a s  per text. 
Collets: 

Plate Finger Stock 
Instrument Specialties 

97-360KS 
Screen Connectors 

EIMAC Part No. 149-004 
Grid Connectors 
Instrument Specialties 

97-74s (One finger removed) 
Cathode, EIMAC Dwg. #EB-O41-003-0200/Filament, EIMAC Dwg. #EB-041-003-0100. 
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BY H. C. BARBER,+ W6GQK; W. I. ORR,? W6SAI; R. RINAUD0,j 

W6KEV AND R. SUTHERLAND,? W6UOV 

Part I describes the design of a two kilowatt p.e.p. amplifier for the serious 
2 meter operator. Requiring less than 10 watts of driving power, this efficient 
amplifier loafs along at the legal amateur power level. Designed for continu- 
ous service, a lot of power is packed behind a 12%-inch relay rack panel. 
Construction details of this "powerhouse" will be featured in Part 11 of this 

two part series. 

T HE would-be designer of transmitting 
equipment for the v.h.f. spectrum soon 
finds that he is operating in a twilight 

area that falls between microwave techniques 
and practices associated with the high frequency 
(h.f.) bands. H e  realizes, sooner or later, that 
at some broad, undefined wavelength peculiar 
things start to  happen to h.f. circuitry that other- 
wise looks deceptively simple on paper. As he 
progresses from the h.f, int othe v.h.f. region, 
the attentive amateur soon is aware that bypass 
capacitors no longer exhibit the normal char- 
acteristics they possess at lower frequencies. 
Short bits of wire assume importance beyond 
their size. R.f. tends to "leak" through small 
chassis holes. Components that seemingly are 
a passive part of normal communications hard- 
ware become complex devices that bedevil, and 
bear little resemblance to  the comfortable com- 
ponents that make up h.f. gear. 

Viewing the microwave (u.h.f.) region. the 
amateur finds a new world of waveguides and 
plumbing. Circuit techniques. equipments, and 
vocabulary fall into a strange category, and 
engineering philosophy and hardware of this 

'45 Slierwood Court, Millbrae, California. 
iEitel-McCullough Inc., San Carlos, California. 

frequency region are alien to h.f. concepts and 
techniques. 

Between the comfortable world of kilocycles 
and the alien world of gigacycles are the amateur 
v.h.f. bands of 144, 220 and 432 mc. What tech- 
niques and practices should be used a t  these 
frequencies? Are n~icrowave techniques appli- 
cable, or is this portion of the v.h.f. spectrum 

Fig. 1-Socket orfices to permit cooling air to pass 
across base seals of tube and through onode cooler 
may also create r.t. leakage path from output to input 
compartment. Simple "receiving type" sockets hove 
little r.f. attenuation, while most "air-system" sockets 
afford 20 decibels or so of intra-stage isolation. The 
new Eimac SK-820 socket and 4CX1000K tube achieve 
better than 50  decibels of intra-stage isolation below 

450 megacycles. 

Input rvr-oar!rnenf C > ' & d '  Cc;r8por!ment  

Socket 

J 
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Fig. 2-To achieve maximum isolation between input 
and output compartments, the screen of the tube may 
be grounded, with bias and screen supplies placed 
below d.c. ground potential as shown i n  this circuit. 
The screen bypass capacitor is thereby omitted and a 
cathode bypass capccitor (C) substituted in its place. 
The B-minus lead is "negative" to the chassis by the 
amount of the screen voltage. Meter MI measures screen 

current and meter Mz measures plate current. 

merely an extension of the h.f. spectrum, with 
suitable modifications applied to  equipment de- 
sign and construction? 

The answer to both these questions is ob- 
scured by realities. The v.h.f. amateur bands 
can and do use components designed for h.f. 
service, but these bands fall on the doorstep of 
the u.h.f. region wherein the components start 
to assume the size of the radio wave that is being 
generated. This physical congruence of wave 
and component calls for techniques and circuitry 
not normally associated with h.f. equipments. 

One obvious solution to this problem is to re- 
duce the size of the v.h.f. hardware so that the 
dimension of the radio wave is great compared 
with that of the components. This is commonly 

done; but there is a limit to this reduction tech- 
nique, however, since no one has ever invented 
a way to shrink the watt in a corresponding man- 
ner. A limiting factor in the design of v.h.f. gear, 
therefore, is the ability of small components to 
radiate or otherwise dissipate the heat generated 
by the power dissipation of active components. 

This natural law of thermodynamics becomes 
a limiting factor at v.h.f. in the design of a one 
kilowatt (2 kilowatt p.e.p.) amplifier for linear 
and C.W. service. To begin with, the number of 
tubes that will accept this power level at this 
frequency are but a handful. Tank circuits tend 
to disappear within the tubes, and the problem 
of dissipating five hundred watts or so within 
a shielded enclosure containing small tubes and 
tiny components poses a difficult mechanical 
design problem. Even at the relative "low" fre- 
quency of 144 mc, the use of "garden-variety" 
tubes and tank circuits provides a marginal 
solution. 

Special tubes and hardware have been de- 
signed to work well at v.h.f., and by the proper 
combination of tube, hardware and circuitry, 
a reliable amplifier having the aforementioned 
power capability may be built that "tunes up 
just like 20 meters" and is capable of continuous, 
24 hour-a-day operation. The design of such an 
amplifier is covered in this article, with some 
interesting asides directed to problem areas en- 
countered in the construction of a practical 
an--difier. 

Socket-Tube Intra-Stage Coupling 
One source of potential trouble in the v.h.f. 

amplifier is intra-stage r.f. coupling (fig. 1 ) .  
Passage of r.f. energy between two sealed metal 
compartments placed side by side is zero, but 
the introduction of power leads and cables in 
the compartments permits r.f. leakage; and the 
placement of a tube between the compartments 
allows the coupling of energy through the socket 

Fig. 3-(Left) Screen terminal of 4CX1000K tetrode is a ring that completely encircles the upper portion o f  
the base structure of the tube. Flexible tabs on matching socket ring insure low impedance ground path 
from screen element as screen is run at  d.c. ground. Cooling air is passed through the socket structure b y  
means of "honeycomb" section of expanded metal (Right) b u ~ l t  into socket plate which acts as a waveguide 
beyond cutoff frequency and provides high degree of attenuotion below 450 rnc. The socket provides 50 

decibels or better intra-stage isolation in the v.h.f. region. 



or!ices, impairing the erstwhile perfect isolation 
between the compartments. It is possible to re- 
duce intra-stage coupling via the power leads by 
proper bypassing and termination of the indi- 
vidual wires. Combining these techniques with 
the use of a new, improved tube socket and tube 
base, an intra-stage isolation of -50 decibels 
or  higher may be achieved. 

The degree of r.f. coupling between compart- 
ments may be determined by injecting a signal 
into the input compartment at the operating fre- 
quency of the gear, and then measuring the 
residual signal developed in the output com- 
partment. For example, assume each compart- 
ment in the illustration has zero r.f. leakage 
other than the path through the tube and socket. 
This coupling path has an  attenuation of -20 
decibels, that is, the signal measured in the out- 
put compartment is 20 decibels lower in power 
than the signal injected in the input compart- 
ment. The particular tube in the socket has a 
power gain of 25 decibels, so it can be seen, 
without even turning the equipment on, that 
+5 decibels of positive coupling occurs through 
the socket-tube path and that the circuit will 
sustain self-oscillation at  the frequency in ques- 
tion. 

If the attenuation of the path is increased to 
greater than -25 decibels, oscillation may still 
occur under certain conditions of equipment 
tuning and loading wherein the tube gain may 
momentarily rise over the nominal figure. Many 
combinations of tubes and sockets normally 
used in the v.h.f. region exhibit a high degree 
of internal coupling since the screening of the 
tube is not perfect. Also, leads within the tube are 
long, bypass capacitors are imperfect at  the 
design frequency, and the necessary air path 
through the socket permits the plate of the tube 
to "see" the input circuitry. 

T o  provide the proper degree of isolation, 
the socket-tube intra-stage coupling should pro- 
vide a degree of attenuation that is at least 20 
decibels greater than the circuit gain of the stage, 
and the internal screening of the tube should be 
as excellent as the state of the art permits. 

The "Grounded" Screen 
In  order to increase screen isolation at  v.h.f. 

and to insure that the screen is as close to ground 
potential as possible, it is expedient to ground 
the screen to the chassis and to supply bias and 
screen potentials "below ground" as shown in 
fig. 2. The screen bypass capacitor is thereby 
eliminated and a cathode bypass capacitor sub- 
stituted in its place. The screen capacitor usually 
employed in a tetrode stage is in a critical lo- 
cation in the v.h.f. circuit as it carries almost all 
of the plate circuit r.f. circulating current and, 
in addition, introduces regeneration in the circuit 
if the capacitor exhibits inductive reactance. 
When this cranky component is removed, the 
tetrode screen can be physically grounded, and 
the burden is transferred to the cathode bypass 
capacitor which carries little circulating current 
and tends to  be a degenerative element if it ex- 
hibits inductive reactance. 

Fig. 4-At v.h.f., the output capacitance of the vacuum 
tube constitutes a larger proportion of the total tank 
circuit capacitance than in the h.f. region. Circulating 
r.f. tank current (i) divides through tube capacitance 
(Co) and tuning capacitor (C) in proportion to capac- 
itance of each. At 144 mc, current flowing through tube 
output capacitance (iCo) is almost twenty times as great 

as a t  3.5 mc. 

Intra-stage r.f. leakage through the socket 
may be reduced by modiying the air vents be- 
tween input and output terminations while al- 
lowing cooling air to pass across the base seals 
and through the tube anode. 

A "Grounded Screen" Tube and Socket 

Shown in fig. 3 are the new Eimac 4CX1000K 
tetrode and the companion SK-820 socket. The 
"K" tube is an improved version of the 
4CX1000A having a low impedance screen grid 
terminal ring that completely encircles the upper 
portion of the base structure of the tube. The 
4CX1000K is designed for improved input-out- 
put isolation and the screen terminal ring presses 
snugly against a circular spring-like grounding 
plate built into the top portion of the SK-820 
socket. The screen is thus completely and 
securely grounded around its circumference by 
an extremely low impedance path, reducing r.f. 
intra-stage leakage through the socket to -50 
decibels or  better at 450 mc. 

Cooling air is passed through the socket as- 
sembly by means of "honeycomb" sections of 
expanded metal built into the socket which act 
as simple waveguides beyond cutoff frequency, 
and provide a high degree of attenuation to r.f. 
currents passing between the grid and plate 
compartments. 

Use of the 4CX1000K in the improved socket 
permits construction of a high power v.h.f. 
amplifier having excellent intra-stage isolation 
and that does not require neutralization. Thus, 
one of the big "trouble makers" in v.h.f. equip- 
ment design has been conquered! 

The V.H.F. Plate Tank Circuit 

The purpose of the v.h.f. plate tank circuit 
is twofold: First, it provides an impedance match 
between the tube and the load; and second, it 





Fig. 6-"Split-stator" h.f. grid tank circuit may be dupli- 
cated a t  v.h.f. by the use of a loaded half-wave line: 
lnput capacitance of tube makes use of quarter-wave 
line impractical, as the line tends to "disappear inside 

the tube". 

A simple "quarter-wave" loaded line may be 
used as  a resonant tank circuit (fig. 5A)  but the 
circulating r.f. tank current flows through the 
tube via one small area and overheating of the 
screen terminal and vacuum seal in this particu- 
lar area may result. It is possible, however, to 
achieve the same resonant frequency with one- 
half the tuning capacitance and a somewhat 
longer transmission line section ( L ' )  as shown 
In fig. 5B. Combining two of these circuits (fig. 
5C) permits the use of the longer line (an  elec- 
trical half-wavelength long) with the tube placed 
at the center. Circulating r.f. plate currents now 
now through both sides of the tube. providing 
somewhat better current distribution than before. 
The longer line is easier to extract energy from 
because of its greater length, and it is less critical 
of construction. In addition. the physical mass 
of metal in the long line can dissipate heat more 
readily than can the smaller mass of the shorter 
quarter-wave line. The limiting design. of course. 
is when the tank circuit completely surrounds 
the tube in the form of a cavity (fig. SD) ,  
wherein r.f. plate current is equally divided 
around the circumference of the tube. Such an 
approach is necessary in the upper regions of the 
v.h.f. spectrum. but at 3 meters, the simple half- 
wavelength line discussed here works well, and 
is simpler and cheaper to construct than the 
cavity configuration. 

An optimum value of line impedance exists, 
which is a function of the dimensions of the 
resonant line. In the design of SC the line is 
made in coaxial fashion, con~posed of a circular 
center conductor (made of a section of readily 
obtainable copper water pipe) and the outer 
walls of the shielded plate circuit enclosure. The 
impedance of a line of these rough dimensions is 
approximately 60 ohms. and the enclosure di- 
mensions and spacing of the line are chosen to 
provide minimum surface area of the elements 
consistent with n ~ a x i m u ~ n  volume. thus reducing 
the surface "skin resistance" of the elements. 

The V.H.F. Grid lnput Circuit 

It is possible to use a quarter-wave line for 
the input circuit in the lower portion of the v.h.f. 
spectrum. However, the law of diminishing re- 

turns is at work: since the tube input capacitance 
does not shrink as the operating frequency is 
raised, the line must necessarily be drastically 
reduced in length to maintain resonance. Broad, 
low resistance circuits and wide contact areas 
are very fine for  heat radiation but, by their 
very area, they add residual capacitance to any 
circuit built around them. Input capacitance of 
l~ lbes  designed for the v.h.f. region tends to run 
into a respectable figure, and some of the better 
tubes have input capacitances in the range of 
50 to  100 mmf. The input capacitance is the 
sum of the grid-cathode, grid-screen, and grid- 
plate capacitances. Considerable ingenuity is de- 
manded of the v.h.f. engineer to  construct a 
high impedance tank resonated by such a value 
of capacitive loading, but it can be done. even 
though the quarter-wave tank tends to disappear 
within the tube! 

An effective solution to this problem is to  add 
a capacitance-shortened quarter wave line to 
lengthen the tank assembly to an electrical halt 
wavelength (fig. 6) .  A form of "split stator" 
resonant circuit is achieved, and the driving sig- 
nal may be easily coupled to the added tank 
section, as shown in the illustration. Low induc- 
tance leads are required, and the tank circuit may 
advantageously be made of wide copper stray. 
~ i t h  multiple strap connections to  the grid ter- 
minals of the tube to insure proper division oi  
circulating current. A simple series tuned in- 
ductive loop can be used to  efficiently couple the 
driving signal into the grid circuit of the v.h.f. 
amplifier. At best, grid drive is hard and ex- 
pensive to obtain at v.h.f. and it is poor engi- 
neering practice to waste it! 

A Practical V.H.F. Amplifier 

A high power 144 mc amplifier making use 
of thebe design techniques and featuring the 
4CX1000K and SK-820 socket will be described 
in the second part of this article. 

[To  be cottfinued] 

The next part will deal with the construction of the 
above amplifier. This is a front view of a compact 
two kw p.e.p. linear amplifier suitable for s.s.b., 
a.m., f.m., or C.W. It requires less than ten watts of drive 

to reach the moximum legal power. 
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Part I1 of this article describes the construction of a 2 kw p.e.p. linear 
amplifier that loafs along at the legal amateur power level and requires 

less than ten watts of drive. 

T HE serious v.h.f. operator has a need for 
high power transmitting equipment if he 
is interested in Oscar IV, meteor scatter, 

moon bounce or other exotic forms of long-dis- 
tance v.h.f. communication. In addition, if he 
contemplates s.s.b. operation, he may be desirous 
of running the "two kilowatt p.e.p." limit.:! 
Equipment capable of achieving this power level 
on a reliable basis is scarce in the world of ham- 
dom, although such gear is fairly commonplace 
in the commercial fields. Many instances exist 
where commercial gear has been patterned after 
equipment designed for radio amateur use, so 
perhaps there is justification for purely amateur 
gear designed around a proven item of com- 
mercial equipment. 

This article describes a unique 144 mc high- 
power linear amplifier, patterned after a 5 
kilowatt amplifier that has proven itself in space 
communication work in the v.h.f. spectrum. 

'45 Sherwood Court, M~llbrae, California. 
TEitel-McCullough Inc., San Carlos, California. 
"The F.C.C. definition of the so-called "two kilowatt 
p.e.p." limit is: "The maximum d.c.  plate power input 
to the radio frequency tube or tubes supplying power to 
the antenna system of a sin~le-sideband suppressed-car- 
rier transmitter, as indicated by the usual plate voltmeter 
and plate milliammeter, shall be considered as the "input 
power" . . . provided the plate meters utilized have a 
time constant not in excess of approximately 0.25 second, 
and the linearity of the transmitter has been adjusted to 
prevent the generation ot excessive sidebands. The "input 
power" shall not exceed one kilowatt on peaks as indi- 
cated by the plate meter readings." 

Scaled down to amateur size and power level. 
and making use of the new Eimac 4CX1000K 
v.h.f. tetrode, this compact continuous service 
kilowatt unit combines high power gain, sta- 
bility and good linearity in a small package. 
This amplifier design, moreover, may be further 
scaled down for use at a lower power level, em- 
ploying a single tube of the 4CX250B family. 
Requiring no neutralization, and straightforward 
in adjustment and tune-up, this linear amplifier 
is an interesting example of up-to-date v.h.f. de- 
sign techniques. Even though many amateurs 
may not care to duplicate this unit in its entirety. 
many of the unique circuits and layout may be 
well adapted to other v.h.f. equipments. 

The previous article:; discussed some of the 
problems overcome in the design of a high 
power v.h.f. linear amplifier and the techniques 
that were employed to solve these problems. 
This article describes the construction of a 144 
mc linear amplifier en~ploying these previously 
discussed techniques and which is capable of 
continuous operation at a maximum power level 
of 2700 watts (p.e.p.). This margin allows a 
reasonable safety factor at the maximum ama- 
teur power input limit and insures that the equip- 
ment will not blow up at a crucial moment when 
an existing DX record is about to be shattered. 

The 4CX1000K amplifier employs a half-wave 
linear plate tank circuit and the grounded screen 

:!Barher et al., "2 KW PEP on 144 mc," CQ, Nov. 1965 
page 30. 



configuration discussed in the previous article. 
Overall amplifier efficiency in the Class AB-I 
linear mode is unusually high for these fre- 
quencies. being of the order of 60 percent or 
better at  a plate potential of 2500 volts. As the 
practical limit of plate efficiency of a Class 
AB-I linear amplifier is n o  more than 68 per- 
cent, it can be seen that tank circuit losses of 
this unusual design consume only about 8 per- 
cent of the output power. Most garden variety 
v.h.f. tank circuits exhibit losses ranging from 
20 to 50 percent. 

At a plate potential of 3000 volts the power 
gain of this linear amplifier is over 22 decibels 
at the maximum power level, and the peak 
driving signal power is only 9.5 watts. At a 
two kilowatt p.e.p. level (3000 volts at 666 ma)  
the peak driving power is about 6.3 watts. For 
C.W. or f.m. service at one kilowatt input, the 
amplifier is capable of 625 watts power output 
with a driving power of 5.2 watts, and as an 
a.m. linear amplifier at the one kilowatt input 
level, a fully modulated 250 watts output may 
be obtained with only 1.25 watts of drive power. 

Thus. in these classes of service. this compact 
"black box" is capable of better than 22 decibels 
power gain up to the maximum power level of 
2700 p.e.p. on a continuous. 24 hour basis. Cost 
of all components is less than five hundred.dol- 
lars. including the tube and socket. so on a 

Fig. 7-Simplified schematic of 4CX1000K amplifier. 
The screen circuit of this v.h.f. amplifier i s  operated at 
d.c. ond r.f. ground potential with bias ond screen 
supplies ploced "below chossis ground". The cathode 
capacitor (C.) is on integral port of the Eimac SK-820 
socket. Grid circuit components are placed in  "r.f. tight" 
comportment and the special v.h.f. socket prevents 
intra-sioge r.f. currents to flow between plote ond grid 
circuits. The plate tank circuit ( L 3 ,  L4) is o half-wove 
line with the 4CX1000K placed at the center. All power 
leads entering the compartments ore suitably bypassed 

to keep the r.f. where i t  belongs. 

Fig. 8-Front view of a compact two kilowatt p.e.p. 
linear amplifier for the v.h.f. man. This high power 
144 mc linear i s  suitable for s.s.b., a.m., f.m. or C.W. 

operation, requiring less than 1 0  wotts drive power to 
reach the maximum legal amateur power level. The 
amplifier is mounted behind a standard 12%" relay 
rack panel. Across the top of the panel (I. to r.) are the 
plote, grid and screen milliameters, with the grid 
tuning capacitor (C2) centered below. At lower left and 
right are the counter dials far the OUTPUT LOADING 

control and PLATE T U N I N G  (C3). Between the counter 
dials ore the grid and screen meter reversing switches. 
The amplifier enclosure is spaced behind the panel by 
sections of rectangular aluminum rod and the 4 C X l W K  
mounts in a horizontol position within the enclosure. 
At the right end of the enclosure are the ventilation 

holes above the anode of the tube. 

watts-per-dollar basis, it is difficult to  surpass 
the high power economy of this modern v.h.f. 
amplifier package. 

Circuit Features 
A simplified circuit diagram is shown in fig. 7. 

The 4CX1000K power tetrode is operated with 
the screen at d.c. and r.f. ground potential, with 
the positive terminal of the screen supply 
grounded and the screen and bias supplies placed 
"below chassis ground." This is done to eliminate 
the screen r.f. bypass capacitor in order to 
achieve maximum intra-stage isolation. Because 
of the excellent isolation between input and 
output circuits, neutralization is neither desired 
nor required. 

The plate circuit is composed of a half-wave, 
shunt-fed, inductor (L:,, L 4 )  with the tube posi- 
tioned at the center of the line. The r.f. output 
loading tap is placed on one segment of the line. 
Resonance is established at the operating fre- 
quency by plate tuning capacitor C:,, which is 
a simple two plate assembly with one plate 
mounted to the anode cooler of the tube. 

Two ceramic transmitting capacitors in paral- 
lel are used as blocking capacitors for each seg- 
ment of the plate line inductors. So-called "TV- 
type" ceramic capacitors should not be used, as 
the circulating tank current is of the order of 40 
amperes at maximum power level, and a large 
portion of this r.f. current flows through the 
blocking capacitors. The TV capacitors are not 
rated for such severe operating conditions. 

The loaded Q of the plate tank circuit is de- 
termined almost entirely by the ratio of plate 
load impedance to  reactance of the output ca- 



pacitance of the tube. This  capacitance is a fixed 
value and  the  load impedance is determined by 
the operating conditions imposed by the tube. 
Loaded Q therefore is relatively inflexible, al- 
though higher than normally encountered a t  
lower frequencies. Even so. good tank circuit 
efficiency can be  readily obtained if the unloaded 
Q is sufficiently high. I t  is in this case, being 
approximately 1000. Unloaded circuit Q of this 
magnitude is difficult to achieve at lower fre- 
quencies as the unloaded Q of good coils usually 
falls below 400. T h e  loaded Q in this instance 
must be of the order of 10 t o  20 to  achieve a 
reasonable degree of tank circuit efficiency.4 
One  disadvantage of high tank circuit Q (usually 
demanded by high-C v.h.f. tubes)  is that a cor- 
responding high value of r.f. circulating current 
flows. (Restricted bandwidth could also be a 
disadvantage in some applications). Wide leads 
having low r.f. resistance a re  required to  carry 
this current. Ordinary lead solder is o11t as its 
r.f. resistance is too high, and high temperature 
silver solder is used for  connections in v.h.f. 
tank circuits operating at power levels in excess 
of a few hundred watts. Alternatively, the joints 
may be physically bolted together with brass 
bolts, provided the r.f. current does not pass 
through the body of the bolt. 

T h e  coaxial o ~ ~ t p u t  receptacle. J - ,  is a Type N 
fitting, with the flexible s trap jumper from the 
moveable tap  on  inductor L:, bolted to the center 
pin of the fitting. Appreciable current flows 
through the jumper and a soldered joint at  the 
receptacle has sufficient r.f. resistance at  144 m c  
l o  run hot enough to melt the solder at fu l l  
amplifier input. T h e  older SO-239 style coaxial 
receptacle is nor recommended at this point, 
a s  the matching PL-259 coaxial plug does not 
make adequate contact t o  the shield of the 
coaxial line, which is only soldered at four points 
within the  plug. 

T h e  resonant grid circuit is a half-wave line 
(L2. ) .  capacitance loaded at one end by grid 
tunlng capacitor C.1 and at the opposite end by 
the input capacitance of the 4CX1000K. Bias is 
applied t o  the tube through the grid line. via 
isolating resistor R4 placed at the minimum r.f. 
voltage point of the circuit. Use of a v.h.f. choke 
at  this point instead of the isolating resistor re- 
sulted in a violent 10 mc parasitic oscillation 
which is entirely absent when the resistor is 
employed. 

T h e  point of minimum r.f. voltage is at the 
electrical center of the half-wave grid line which 
happens t o  fall very close t o  the socket terminals. 
T h e  input capacitance of the 4CXlOOOK is ap- 
proximately 80 mmf and a simple parallel 
resonant tank tends to  "disappear within the 
tube" at  144 mc. A half-wave line made up of 
the tube capacitance and lead inductance permits 
sufficient tank circuit external to  the tube to 
efficiently couple excitation to  the tube. T o  

'Tank circuit efficiency is defined as: 

Where Q, is the unloaded Q ,  and @ I  is tlie loaded Q. 

I 

Fig. 9-Interior view of the amplifier enclosure with 
the rear plate removed. The enclosure normally 
mounted on its side, is shown in o vertical position The 
4CX1000K, air chimney, and special socket a r e  placed 
a top  the center of the grid compartment, with cooling 
air  passing into the "bottom" of the compartment. The 
three grid terminals of the 4CX1000K socket a r e  
strapped together and the iunction is bolted to the 
U-shaped grid inductor (L2) The opposite end of 1 2  
terminates a t  the G R I D  T U N I N G  capacitor, C2, mounted 
to the front wal l  of the compartment. Below the grid 
assembly a t  one side is the input link (11) with L O A D I N G  

CAPACITOR, Cl, mounted to the wal l  of the compartment. 
Mounting brackets l o r  the two plate inductors ore 
affixed to the outer side walls of the compartment. 
The squirrel-ccge blower is mounted with a piece of 
screening across its mouth to restrict r f  leokage 
through the vent opening At the side of the blower is 
the right-angle drive and flexible shaft for the O U T P U T  

L O A D I N G  odiustment, visible on one anode inductor. The 
moveable tap  is driven vio a threaded rotary shaft 

integral to the plate line.5 

sntisfv this requirement. the grid line is made 
of copper strap and has an unloaded Q of about 
300. Loaded Q is close to  this figure as the grid 
circuit is swamped only hy the circuit losses 
and input conductance of the 4CX1000K. Grid 
driving power is theoretically zero. In practice 
a few watts a re  required to develop the proper 
voltage at the gl-itl of the tube hecause of the 
circuit losses. 

Because of the high value of circuit Q and the 
appreciable capacitance of tuning capacitance 
C2. grid circuit tuning is quite sharp and reso- 
nance must be reestablished for  frequencv ex- 
cursions of more than a few hundred kilocycles. 

Metering and Power Circuits 
Separate d.c. millianimeters a re  used to mon- 

'A set of blt~eprints I \  ava~lahle :It 3 c w t  ol one dollar 
wliicli covers, in detail. the v ; l r louy  plate circuit corn- 
ponents. Write: A m i ~ l e u r  Service Dept., Eitel-Mc- 
Cullough, Inc., San Carlos, Calif. 



Fig. 10-View into top of plate circuit compartment 
with the perforated top removed. The PLATE TUNING 

capacitor (C3) is immediately in front of the 4CX100OK, 
driven from the panel-mounted counter dial by two 
surplus gears. The moveable plote of the capacitor is 
grounded to the wall of the enclosure by a two-inch 
wide strop of flashing copper which flexes as the capac- 
itor plate moves closer to the fixed anode plote. The 
dual plote blocking capacitors are mounted to the 
sides of the anode strop of the 4CX1000K, and visible 
at the right is the simple air-wound plote r.f. choke. 
The bearing of the rotary drive shoft for the OUTPUT 

LOADING tap is visible at the top of the left plote circuit 
inductor. 

itor grid. screen and plate currents. Normal grid 
current of the 4CXl000K tetrode is zero in 
Class AB-1 service: however. small values of 
current flow during the tune-up process, and grid 
current excursions up to plus or minus 5 milli- 
amperes may occur. In like fashion. screen cur- 
rent can be either positive or  negative in value 
up to approximately 40 milliamperes or so. 
Negative current excursions are common in the 
grid and screen circuits of high gain tetrodes 
operating in the Class AB-I mode. T o  accom- 
modate positive and negative excursions of 
screen and grid current. zero center meters d a y  
he used or a polarity reversing switch can be 
employed with less expensive positive reading 
meters. The latter technique is used in this am- 
plifier. Screen and grid metering are accom- 
plished across shunt safety resistors, and rotary 
meter switches are used in lieu of toggle switches 
to insure low contact resistance. The safety re- 
sistors are placed across the switch arms rather 
than across the meters so that the circuits are 
not interrupted during the switching action. 

Amplifier Cooling 

The 4CXIOOOK tetrode installed in the SK-820 
Air System socket requires an air blast of 25 
cubic feet per minute for operation at maximum 
plate dissipation with inlet air temperatures up 
to 40 degrees Centigrade. This corresponds to a 
pressure difference of 0.2 inch of water column. 
A Dayton #1C-180 blower or Ripley #8472 
blower will provide adequate cooling at this level 
of back pressure. The mouth of the blower is 
mounted to the under-chassis area as shown in 
the photograph and r.f. leakage through the 

blower air vent is prevented by covering the 
blower opening with a piece of screening. Cool- 
ing air passes from the blower into the grid 
compartment, through the honeycomb vents in 
the SK-820 air socket, and is conducted to the 
tube anode by means of a phenolic hood (Eimac 
SK-806) that slips over the top of the socket 
assembly. The air is exhausted from the plate 
circuit compartment through a perforated area 
in the enclosure located above the tube. The 
blower is energized as soon as filament voltage 
is applied to the tube. 

R F Out. 
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Fig. 11-Circuit of the 2 kw p.e.p. linear amplifier. 
C1-20 mmf, Hammarlund HF-20 or equiv. 
C2-15 mmf, Hammarlund HF-15X or equiv. 
C3-Approx. 3.5 mmf Plate size 2%" X 4", spaced 

about %". See text. 
C4-Cs: Each two 100 rnmf, 5kv in parallel. Centralab 

850s-100 or equiv. 
C6-1000 mmf, 5kv. Centralab 858s-1000 or equiv. 
Cd-1000 mmf disc ceramic, 1.6 kv. 
CI-1500 mmf ceramic feedthru. Erie 327-X5U-152M 

or equiv. 
BL,-25 cubic feetlmin. at 0.2" pressure. Dayton 

# 1 C-180 or equiv. 
RFCI-1.8 rnicrohenries, Ohmite 2-144 or equiv. 
RFC2, RFC3, RFC4-9 t. # 12, '/2" dia., 1 'A" long. 
TI-6.0 volts at 13 amperes. Stancor P-6463 or equiv. 
Jt-Receptacle, BNC (UG-1094/U). 
J2-Receptacle, right angle, type N (UG-997A/U). 
J3-High voltage receptacle, Millen 37001 or equiv. 
S1, Sz-D.p.d.t. rotary switch, Centralab 1464 or equiv. 



Fig. 12-Strudurol details for the grid circuit components. (A)-L2, %" strap, 0.032 moterial formed to 
dimensions shown. (B)-Grid connecting strap %" wide, 0.064 material. 3 required. (C)-Input link, L1, %" 

strop, 0.032 material. 

Amplifier Enclosure serve panel symmetry, the capacitor is driven 
The amplifier mounts behind a standard 12'/j" off-center from the Counter dial by a Set of 

relay rack panel, with the 4CX1000K placed in surplus gears. 
a horizontal position behind the panel (fig. 9 ) .  
The r.f. enclosure measures 12 inches square 
and is 6 inches deep. This aluminum enclosure 
is spaced 4 f i  inches behind the panel. and in 
this panel space are located the various metel 
switches, the meters and counter dials, the fila- 
ment transformer and a small aluminum box 
containing the filament and grid isolation net- 
works. The SK-820 air socket is mounted atop 
the grid compartment box which measures 6 
inches wide, 7 inches high and 6 inches deep. 
The front and back panels of the amplifier en- 
closure also form the panels of the grid compart- 
ment box. As the enclosures are not standard 
size items, they were made up of 0.062 inches 
aluminum sheet, formed into simple panels. 

Plate Circuit Assembly 

The half-wave plate inductor is made up of 
two 7% inch lengths of 1 %  inch outside diam- 
eter copper water pipe (fig. 9) .  The pipes are 
clamped to the outer walls of the grid compart- 
ment box by means of heavy dural blocks. as 
shown in the photographs. A special sliding 
fitting is required on one plate line to  allow 
adjustment of antenna coupling. This fitting con- 
sists of a copper ring which slides over the pipe 
and makes contact to the pipe by virtue of a 
circular section of flexible "finger stock" which 
is soldered to  the inner circumference of thc 
ring. The  ring is driven along the length of the 
pipe by means of a threaded brass rod internal 
to  the pipe, which is controlled from the front 
panel through an insulated coupling. a right- 
angle gear drive and a length of flexible shaft.; 

The anode collar assembly is shown in fig. 13. 
I t  is made up of a circle of %-inch wide copper 
strap to  which "ears" have been silver soldered. 
The ears form mounting brackets for  the twin 
plate blocking capacitors. The stator plate of the 
variable tuning capacitor (C:,)  is also silver 
soldered t o  this assembly. 

The moveable plate of the tuning capacitor is 
panel driven by means of a simple bearing that 
translatesrotary motion into thrust (fig. 10) .  The 
capacitor plate is prevented from t ~ ~ r n i n g  by a 
wide ground strap as shown in fig. 10. T o  pre- 

Grid Circuit Assembly 

Three grid terminals are provided on the SK- 
820 socket and these are connected in parallel 
by % inch wide lengths of !/R inch wide copper 
strap silver soldered to the projecting socket 
terminals. The junction of the three straps is 
bolted to the grid inductor ( L 2 ) ,  which consists 
of a single length of copper strap bent into a 
hairpin which terminates at the stator lugs of 
the grid tuning capacitor, C12.  The composition 
isolating resistor R.* is attached to the junction 
of the straps which is close to  the point of mini- 
mum r.f. voltage in the grid circuit. 

The input coupling loop ( L I )  is about an 
inch away from the grid inductor and consists 
of a section of '/I inch copper strap formed in 
a hairpin and connected between the input co- 
axial ;eceptable ( J I )  and the loading capacitor. 
C.1. Aside from the isolating resistor and the 
two tuned circuits. no other components are 
mounted within the grid circuit enclosure. Filn- 
ment and bias leads exit via feedthrough capac- 
itors into a small aluminum box which houses 
simple r.f. decoupling networks. With a stage 
gain of over 20 decibels. it is important that no 

Fig. 13-Anode collar ossembly. The anode assembly 
of the 4CX1000K is made of copper, silver soldered 
ond silver plated. The circulor strap encircles the anode 
cooler of the 4CX1000K and supports one plote of  
tuning capacitor Cj ond two "ears" which attach to 
the dual plate blocking capocitors. The capacitor plate 

measures 2%'' X 4". 



incorporated in the grid and screen circuits in 
order to note negative currents often encountered 
when tetrodes are operated in the v.h.f. region. 
Meter circuits are returned to a common cathode 
point. as shown in fig. 7. The complete metering 
circuitry is shown in the general schematic, fig. 
11. 

Plate current is measured in the cathode re- 
turn circuit to  the high voltage power supply. It 
is necessary, therefore, that the negative terminal 
of the supply be isolated from ground. Both 
terminals of the bias supply are isolated from 
ground as is the negative terminal of the screen 
supply. The bias supply, in addition, is "hot" to  
ground. 

Power Supplies 
As is common with all power tetrodes the 

screen power supply of the 4CX1000K should 
be well regulated and the supply "bled" to  70 
milliamperes or so. Dangerously high plate cur- 
rents may flow if the screen power supply ex- 

Fig. 14-Oblique view of the v.h.f. amplifier. The 
r.f. input fitting ( I , ) ,  plate circuit gears, and compart- 
ment for the power lead filters may be seen in this 
view. The B plus high voltage connector is located at 
the top of the enclosure. All meter leads are run in 
shielded wire, with the shields grounded at each end 
of the lead and the inner conductor bypassed to the 
shield with small disc ceramic capacitors at the meter 
terminals. The end of the plate compartment i s  per- 

forated to allow exit of cooling air. 

r.f. energy be permitted to leak into the grid en- 
closure. The air inlet at the base of the grid 
enclosure is covered with screening to reduce 
r.f. coupling through this opening. In addition, 
all power leads external to  the enclosure are 
run in shielded braid which is grounded and 
bypassed at both ends of the lead. 

Metering Circuits 
Screen. erid and d a t e  circuits are monitored 

hibits a rising voltage characteristic with negative 
values of screen current. 

Voltage stabilization may be accomplished in 
several ways: a suitable bleeder resistor may be 
connected across the screen supply o r  an elec- 
tronically regulated supply may be used. I t  is 
essential to  use a bleeder if a series regulated 
supply is used, as such a supply exhibits a high 
input impedance to negative current. A well 
regulated, choke input supply capable of 150 
milliamperes current capacity and bled to  70 ma 
is probably the best compromise solution. 

The rated heater voltage for the 4CX1000K 
is 6.0 volts (nor 6.3 volts). Tolerance is plus or 
minus 5 % ,  but for longest tube life, the voltage 
should be held between 5.8 and 6.0 volts. The 
cathode and one side of the heater are internally 
connected. Heater voltage and blower should be 
turned on for three minutes before other oper- 
ating voltages are applied. 

separately b y  three banel meters. ~t is useful to, 
observe the ratio of these currents during the Amplifier Tuning a n d  Adiustment 

lunine Drocess and vroper loading can readily For  initial adjustment. a kilowatt dummy load 
he achieved when thk operator has sufficient in- is connected to  the amplifier; bias voltage is 
formation to adjust the ratio of grid drive to applied first and set to approximately -60 volts. 
plate impedance. Polarity reversing switches are 

Plate Plate Peak Power  M a x .  M a x .  G r i d  
M o d e  I a 1 C 1 (Input ) Drive 1 2 ;  1 G r i d  I Screen I Bias* 

(Class) watts) Pwr-watts Current Current (Approx) 

'Adjust bias for: Resting plate current of 250 ma for Class AB1. 
-Resting plate current of 1 ma for Class B. 
-Resting plate current of 200 ma for a.m. linear service. 

Fig. 15-Amplifier operating characteristics for the 4CX1000K. 



Screen and plate potentials a re  applied . \i/~llrl- 
t t r t ~ c , o ~ t s l y  and the grid bias is atljustecl for a 
resting plate current of 250 rnilliarnperes. A 
small amount of r.f. drive is applied to  the 
amplifier and the grid and plate circuits brought 
to resonance. The  link loading capacitor C I  is 
adjusted for  lowest s.w.r. on  the coaxial line 
from the driver. Driving power is slowly in- 
creased, while dipping and loading the plate 
tank circuit. Plate loading and grid drive are 
juggled ~rnti l  the desired pararneters outlined in 
the "Amplifier Operating Characteristics" (fig. 
15) are achieved. Grid and screen currents are 
sensitive indicators of amplifier operation." ant1 
thehe, together with some for-nl of r.f. output 
meter. will permit the operator- to quickly adjust 
the amplifier for optimum operating parameters. 
For best linearity. the amplifier should he slightly 
overcoupled to the antenna so that the r.f. power 
output drops about two percent from niaxin~urn 
value at the point of proper loading. IJndel- the 
two kilowatt p.e.p. rating. the amplifier will de- 
liver 1200 watts to the antenna circuit, with a 
power gain of over 22 decibels. Intermodulation 
distortion products are low and the signal, when 
driven by a clean s.s.b. exciter is a pleasure to 
to listen to. Neutralization, of course. is not re- 
quired and the amplifier tunes LIP "ju3t like on 
the d.c. bands." 

~Meach ;~rn ,  D. ,  "Underat:inding Tetrode Screen Current," 
@ S T ,  July 1961, p. 26. 
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LINEAR AMPLIFIER 

WITH 

VAPOR-PHASE 

COOLING 

Get acquainted with a new (in the 
amateur world, at  least) method o f  
cooling high-power tubes. Called 
vapor-phase cooling, i t  lets tubes 
operate at  a lower temperature than 
the more-familiar cooling methods, 
requires no fans or pumps, and i s  
completely silent in operation. The 
tube used in the amplifier described 
here is now commercially available, 
costs about the same as its air-cooled 
counterpart. 

BY JACK QUINN,* W6MJG 

F ORCED-AIR cooling is "old hat" to modern 
radio amateurs who run the maximum power 
level; during the past decade tubes and 

components have diminished in size and convec- 
tion-cooled tubes have given way to forced-air- 
c:oolcd tllhefi in amateur gear. In  some instances, 
water-cooled tubes have bccn featured in sperial- 
ized equipment. In all cases, however, the 
nuisance of providing mechanical means of mov- 
ing thc coolant past the tube has been a major 
lieadache. Most blowers designed to move appre- 
ciable quantities of air have proven to be noisy 
a t  best, and a blower with a bad bearing or erratic 
rotor blades can be intolerable. Thus, by default, 
high-power operation has come to indicate noisy 
movement of air past thc amplifier tubes. 

.4 recent commercial development in the field 
of vacuum-tube cooling has been the Eimac 
vapor-phase cooling system. This article describes 
t,l~is system and illustrates its application in the 
dt~sign of a high-power linear amplifier for ama- 
teur service. The few people who have heard of 
tliis new cooling technique for transmitting tubes 
liave ignored the principle of vapor-phase cooling 
hy saying, "Oh, that's the system invented by 
some Frenchman - how can you cool power- 
grid-tube anodes with boiling water?" Not only 
can it  be done, but in many cases it  is far superior 
to either air or water cooling because it  utilizes 
the highly efficient "latent heat of vaporization" 
principle. 

In 1949 a French engineer, Charles Beurtheret 
of Compagnie Francaise Thomson Huston 
fCFTH) in Paris, France, applied the vaporiza- 
tion cooling principle to large external-anode 
transmitting tubes. He construsted a tube using 
a thick copper anode with pineapple-like fins, 
then immersed it in a water-filled boiler. As a 
result he wm able to double the plate dissipation 

* c / o  Eimac, Division of Varian Power Grid Tube 
1)ivision. San Carlos, California. 

capability over that of a water-cooled tube, and 
more than triple that of an air-cooled transmit- 
ting tube. He also verified hi prediction that by 
using this principle he could build a cooling 
system that had no pumps, blowers, fans, or, in 
fact, any moving psi-t.3 or ro ta t i~~g  machinery. 
Rcurtl~eret's idea resulted in a less expensive, 
more efficient, and completely-silent cooling 
system. In 1951 a high-power broadcast station 
was built and sold to the French Government, 
the first station to be cooled by steam. 

If you have a kilowatt linear, you know how 
annoying it can be to try to copy a weak c.w. 
signal over the noise of the air blower in the 
final amplifier. Most operators tolerate this 
nuisance as one of the penalties which result 
from running the legal power limit. When a 
vapor-cooled amplifier is put into service t h ~  
major source of noise is eliminated. No motor is 
required to actuate the cooling system. However, 
this writer suddenly discovered the noise from 
the 75-cent fan motor in his exciter now sounded 

~ir t i l lkdwater  level 

mtsmu 

Fig. 1 -The vapor-cooling "circuit." Steam generated 
by bolling water in the tank around the tube anode rises 
to the condenser, where i t  is cooled and converted back 

to water which drips into the reservoir. 

AS-28 QST for 



like a double-decker Greyhound bus in the 
Ilolland Tunnel! A pair of wire cutters quickly 
solved this last remaining objection. Then silence 
reigned supreme. 

How Vapor-Phase Cooling Works 

Conventional cooling systems have used forced 
air or circulating water as a heat-transfer 
medium. However, these methods have their 
limitations. Vapor-cooling of power tubes owes 
much of its appeal to its high heat-transfer 
efficiency, as shown in the following summary. 

Comparison o f  Cooling Methods 
Air - In  a forced-air cooling system, air is 

forced past the external anode fins of the tube 
to absorb and diasipate the heat. Air is a rela- 
tively poor heat conductor, however, and in 
terms of power densities, forced-air systems are 
capable of removing only about 50 watts of 
power per square centi~neter of effective internal 
anode area. 

Water - Higher power densities are practi- 
cal in water-cooled systems. Typically, circulat- 
ing water removes approximately 100 watts per 
square centimeter. Thus, a power tube using 
circulating water as a heat-transfer medium is 
capable of approximately twice the plate dissi- 
pation rating of its air-cooled cbunterpsrt. 
Water temperature must bc limited, however, 
so that steam is not generated inside the tube 
water jacket, causing localized hot spots which 
may destroy the tube. In practice, the tempera- 
ture of water leaving the tube is limited to 70" C. 
to preclude the possibility of spot boiling. This 
heated water is then passed through a water- 
to-air or water-to-water heat exchangrr whrrr 

.it is cooled to approximately 40" C. before being 
pumped over the tube anode again. 

Vapor - Vapor-phase cooling systems elimi- 
nate some of the disadvantages of both systems 
by exploiting the latent heat of vaporiz:rtion of 
water. Raising the tenlpersturr of one gr:tm of 
water from 40" C. to 70" C. (:LS in :r w2rtc.r sys- 
tem) requires 30 calories of energy. Transforn~rng 
one gram of water at 100" C. to steanz capor re- 

Apart from the relay-rack panel and chassis, the vapor- 
phase-cooled 4CV1500B amplifier deports from the 
conventional in appearance. On top of the enclosure is 
a heat radiator comtructed along the same lines as a 
car radiator. The water-level indicator and counter dials 
lend a different touch to the panel layout. Capable of an 
easy kilowatt average-d.c. input, the amplifier is silent 
in operation and the tube actually runs cooler than its 

air-cooled equivalent would 
with forced-air cooling. 

quires 540 calories. In n v:rpor-cooling system, 
a given quantity of w:~ter will remove nearly 
truenty times as much rnchrgy as in a water-cooling 
system. I'ower densities :IS high as 500 
per square centimrter of effective internal anode 
surface a t  atnlosphcric prcssurr have been at- 
tained through vapor-phase cooling. A typical 
vapor-ph:w cooling installation consists of a 
tube with a spthc-i:tlly designrtl anode immersed 
in a "boilrr" filled with distilled water (Fig. 1). 
IYhm powrr is :~pplird to thr  tube, anode dissi- 
pation lirats tlir water to 100' C.; further ap- 
plied rncrgy causrs the water to boil and to be 
converted into steam vapor. The hot vapor is 
p.lssrd through a condrnsrr wlierr it  gives up 
its cnrrgy.and is converted back to the liquid 
st:rtc. This condcns:rte is then returned to the 
boiler, conlpleting the cycle. 

1 4 rapacilor stores electr~cal energy. A condenser converts 
stenm to water. 

STANDARD 
4 C  XI5OOB 

@ Fig. 2-The "boiler" for the 4CV1500B. 
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Table 1 
RECOMMENDED OPERATING CONDITIONS 

1'1:1,t,c Vc~lt,:~g(! 2800 v.tl.c. 2500 v. 2fJOO v. 
I'l:rt,c: Cnrrrrrt. (8t:l.t ic) 300 tna. 300 111:~. 300 mr. 
Scrctrn Voltage: . ) I ) . -  I-.) v. 200 v. 225 v. 
(Jontrol Grid J3i:i.s -34.0 v. -31.5 v. -37.0 v. 
1'l:ite Load Ib(:sist:~rtc:c: 2200 olrms 5200 olrnte I (iO0 ohms 

R.F. Output 1mpcadanc.c: = 52 ohrns 
Filament 6.0 v. a.c. : ~ t  10 atnp. 

R.F. drive should bo adjustctl in :ill c:rscs t,o :L pl:~to-curront I(:vel of 1 kw. input on C.W. or 
2 kw. p.c.p. on single sideh:mtl. 

150 and 200" C. h proprrly dc-signod v:rpor- 
~,Itmc~-cool(~d anode a t  rated dissip:rtion op- 
erates a t  b(btwcc.n 100 and 11.5" C. maxirnurr~. 
Stmnge as i t  m:ty sound, a steam-cooled :~norl(h 
:rctu:~lly runs cooler tlxm most air-cooled tuhcts. 

Amplifier Construction 

T h r  front is a standard dural aluminum rel:~y- 
r:rck pnnrl mrasuring 12?d x 18 x % inc.hc.s. 
1'110 c.zl)inclt is 16?/2 incI~(~s  wide, 12 inc'lles Iligl~ 
:md 1.5 inclrc~s decap. .I 3-inch sc.ction dirc~c-tly 
I)cshind th r  front p:~nol furnishes a shielded cbn- 
c.losurt* for the n~cbtc.rs, filamcmt tr:msformc~r, l)i:~s 
c~~n t ro l ,  n1rtc.r switrh, and w:~tc.r-l(.vc.l intlir:rtor 
:IS wc,ll m the. pi-ncbtwork input :bnd oli tpr~t tli:rl 
n~c~rl~:rr~isms. T o  c.lirnin:~t~ TVI, sllic.ld(hd con- 
c111c.tn1rs p:tss f ron~  tltta ttrrninnl box : ~ t  t l l ~  rcs:rr 
of tl~c. r:~l)inc-t tltrongll 1000-pf. ft.cbtl-tltror~glr 
c-:~.p:rc'itors, tlrcw tl~ror~glr '5-inc.11 rnntlr~it to tlrc. 
scbrtion I)t.hind tlrc- front p:tncsl :mtl to t h ~  4CV- 
1 .i0013 tub(* snl)c~l~:wsis. 

Tltr front p:inc.l cont:rins four 3-inch squ:rrcb 
rncbkrs (I\-rston Modrl 1!)21, 1)l:rck I):tk(~litc~ 
CLSC). Thrcc are  US(^ for monitoring pl:rtc* :md 
scrrrn currrnts 2nd plate voltitgr. Tllr fourth is 
:L 0-1 millinmmrtc~r wllicll c:m he switrhc~cl t o  
rend control-grid currc~nt, \,ins volti~gr, srrecbn 
voltngr, or to s:mmplr thr  rc%c*tifird 3O-nhrn r.f. 
output vo1t:~gr. Tl~crc* :ire two rountcr di:rls, 

The rear view shows the radiator in place at the top, 
with the reservoir at the right and the amplifier tube 
partly concealed by it. The plate tank coil and vacuum 

variables are easily recognized. 

for tuning the input and output capacitors of 
the pi-network. A band switch, bim control, 
rncter switch, and water level gage complete th(. 
front-panel layout. 

The schematic and parts list in Fig. 3 shows 
tll:~t the r.f. input circuit is untuned and util- 
ims a 100-ohm 50bwatt noninductive wire- 
wound resistor. Amplifier neutralization is not 
rc.cluired whrn temminating the r.f. drive into 
this rc.sistor, and amplifier stability is excellent. 
Only l.F,'O watts peak drive is required to pro- 
tiucc the full 1-kw. average or 2-kw. p.e.p. input 
powc3r. .\ standard r.f. attenuator pad should b18 
used bctwccn a 130-200 watt  exciter and tltcb 
:rnll)lific.r input circuit. 

Tllc. p1:rtc tank is n B&\V Model 552 inductor 
with :L " piggy-back" rotary switch coupled tc) 
tllc, sl1:bft to autom:rtically selcct the proper an- 
tcsnn:L. (Tl~is switcll wss added after the photo- 
gr:r1111s wc.re krken.) Coax connectors are pro- 
vitled on the re:tr of th r  cabinet to accommodate‘ 
10-1.i-20-, 40- and SO-meter antennas. A Jcn- 
r~i r~gs  Model I t J lA  vacuum switch serves as the 
:rntt.nn:r changc.-over relay to  feed the proper 
:tntc.rln:r, back to  the receiver. K O  forced-air 
fi1:rrnrnt-sc:tl cooling is required for the tube ah 
it too, is coolrd by natur:rl convection and oper- 
:rtcas :r t  Icsss than 200" C. if proper ventilation is 
providrd. 

Tllc: tul)c sockrt is mounted on a subchmsis 
j)l(~nutn I~ox. T l ~ r  :tnlplific.r is wck mounted, and 
the. :irr:t dirrctly undw the tube subchmsis is 
oprn, serving LM the* air intake. A piece of per- 
for:ttcd :~lnminun~ covers this opening. Cart* 
sllould I)() t:rkon in furnishing sufficient air to 
nlnint:tin scb:tl ternprratures a t  or below 200" C. 
"Trmp1:~c" colorrd wax painted on these arc:rs 
will indicltte the temperaturc~s. 

This 4CVljOOU linear amplifier is the ulti- 
mate in smat,eur equipment. The low-intey- 
tnod~~l:rtiondistol.tion k t rode  produces a sharp, 
clr:tn tnmsmitted signal. The elimination of tltc 
:rir I)lowc.r noisrs enables the amateur to  receivc 
wc.:rk DX sign:tls in the complete silence of thcs 
ham shack. 

A speci:rl debt of gmtitude goes to  Bob Sutll- 
erl:ind, IV6UO\-, for t h r  use of his shop tools in 
1n:rking tltc v:trior~s brackets and cabinetry and 
Bbr I~is  :~rsist:rncc :~nd words of encouragement. 

@El 
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A Vapor-Cooled Tube 
Tlle new highly-linear 4CSl500B was ehoscn 

as an experimental vapor-cooled tube. Heavy 
vrrtical copper fins were first brazcd to the bare 
anodc of the tuhr, then an intvgral boiler with 
tl~tt same outside diamcter ns the regul:rr air- 
cool~d fin radi:itor w7:ts :~fixcbcl to the tube. .l 
tlistilltd-water inlet of ?4/-inch copper tubing 
\\.:is ir1st:rlled a t  the base of the boiler and a 
1-inrh di:rrnctcr s h i m  outlet was placed in the 
top (I'ig. 3). 

The 4CSl5001-I is a recent vcrsion of the wcll 
known 4CS1000.4 with i~nprovrd intcrmodu1:i- 
tion distortion characteristitss of nt It.:ist -40 
tlb. 3rd-order :rt 1 kw. I t  has the. s:tnle c.stc.rn:il 
dimensions and appc:rrancc; howcvcr, thc in- 
ternal geometry h:ls been optirniztd using new 
con~puter drsign tcchniqurs. This new vapor- 
coolrd vcrsion Irns bccn designated thc 4CVl5001-I. 
1Iad a larger boilcr been employed, the anodc The plastic water pipe helps give the interior of the 
tlissipation could have brtm r:ktcd a t  3 kw. amplifier the look of a piece of power-house equipment. 
]{owever, in :km:lteur scrvicc, tllis rating could The water reservoir is in the upper left corner in this view. 

hnve been utilized. ~t w:ts dc,sir:Lblc to The radiator, which connects to the plastic tube a t  the 

tllc. boiler diameter to n minimum, hcncc the left and the pipe opening a t  the right, covers 

morc than a m ~ l e  1.500-watt dissi~:ition rating. this equipment in regular operation - 
>\ny standard cxtcrn:rl-anotlr tubc type could the length of the anode surface and still supply 
Itc, made with the v:rpor-phasr-coolc(1 anodc. ample In actual practice it has been Thc 4CVl500l3 was choscn only as a vehicle to found nc,cessary to add only a few ounces of demonstrate the principle. watcar cvc,ry four to five weeks of normal oper- 

The "Stanley Steamer" Circuit 
The circuit and layout of thc "Compact ill31 

Ililon-att" hmplificr by 1Z:iy ltinnudo, \Vti#F;V, 
w:rs usrd ns the design for the vapor-ph:w cool- 
ing amplifier. I t  is difficult to inlprovc upon thr 
parts, layout, and circuitry which Ray designcd. 

Untler typical opcmting conditions this A131 
linc:~r amplifier lins an nrlernge input of 1000 
w:rtts, which rrsults in ~pproximntrly 100 watts 
of plat(, dissipntion, sssurning 60% pl:rtc! cfi- 
caic,ncy. This hvat c:inscSs the w:itc,r surrountling 
the anode to change to sttram. Undcr a slight 
positivr prrssurc, the str:~nl flows up through tht. 
~x)l,vpropylt~nc: p1:rstic ins111:rting tube to the, 
cv)ntl(~nsc~r nlorlntc,tl in the lid of the. amplilit,r. 

Tht, cbnc,rgy from tho stc::rrn is tlissip:rtc.tl by 
tlit. ronvcbction-roolt.tl r:uli:rtor :mtl the! stt-:im is 
clr:ingc~(l 1):rck into the: w:ttc~, or liq~~itl, st:rtcb. 
'Tl~tl w:rtc,r then flows by gr:ivity int80 tht! pl:tstit: 
rcsc~rvoir. This rt-sc~rvoir :mtl the 1C1~13001% in- 
tc,gr:rl I,oilrr arc conntsctc-tl togctllcr by rno:ms 
of :r ?i-inrh 11l:rstic tul)c to providc thc rcturn 
input w:rtrr p:rtll nntl to complctc the cyc.l(:. 
Thc w:rtc~r It,v(5l in thc tub(? boilcr is, of courso, 
drpc~ntlt~nt upon thc! 1cvc.l in the rc~sc~rvoir. The* 
!(,vrl g:rugt. on t,llc front p:~nt.l is connctctcd to 
tlic- reservoir and providcs a visual cllcck of tllc 
systrm. 

I'yrrx or polypropylcnc plnstic tubing is util- 
ized for the watcr inlrt and stcan1 out l~ts ,  pro- 
viding d . ~ .  and r.f. isolntion bctwc~on the tube 
anode and ground. A one-quart plastic container 
is used to store thc dist,illed cooling water. Thc 
water level can vary by as much as jh inch ovcr 

2 Article published in the November 3057 QST. 

ating time. 
A stcam condenser, Model #E-56073, meas- 

uring 11% x 16% x 2 inches, was obtained from 
thc Libcrty Radiator Core Company, 250 14th 
Strrct, San Francisco, California. It is con- 
structed in the same manner as that of an auto- 
mohilr radi:itor using several straight-through 
pnr:dlrl pnths, and is made of copper parts 
silvor-soltlc~rt~cl together. Brass or soft-soldered 
parts sllollld not be uscd in vapor-cooling sys- 
tcws :is the steam will attack such materials. 
Thrsc impuritirs will contaminate the cooling 
w:rtrr and cause high d.c. leakage current. This 
l(~:rk:~gc promotcs clcctrolytic action which in 
turn :rtt:icks the brass or soldcr joints and re- 
s ~ ~ l t s  in w:rtc,r l(~:tk:igc~. If c0ppc.r is chosen for all 
~n:rtc.ri:rls which conlc in contact with the watcr 
or sttb:rnl, nono of forrgoing difficultics will be 
tbnror~ntc.rcd. Thrsc b:rsic rulrs have been uscd 
ovcbr thc~ years in w:itt,r-coolrd systems. 

The condcnscr also forms the r.f. shirld and 
top lid of thc amplificr and is coolrd by natural 
:rir convc~ction. I t  is capable of fully condcnsing 
stcwn up to anode dissipation levels of a t  least 
600 watts. The condenser is mounted with the 
stcb:rm inltxt end slightly elevated ovcr the watcr 
outlrt end so that thc water drains easily back 
into the reservoir. As mentioned previously, no 
pumps, fans or blower are required. I t  is a 
straightforward, simple, efficicnt and absolutely 
silttnt cooling systcm. 

Many air-cooled ccmmic-metal tetrodcs are 
rated a t  a maximum anodc core or seal trmpera- 
ture of 250" C. For longer tuhc life, most equip- 
ment is designed to operate below this maxi- 
mum, with typical tcmpernturcs ranging bctwcen 
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Table 1 
RECOMMENDED OPERATING CONDITIONS 

1'l:1,1,1; Voll,:~g(: 2900 v.d.c. 2.500 v. 2000 v. 
I'l:rt,c: Cnrrc'nt, (st:~.lic.) :iOO rn:t. :300 111:~. 3 U O  ma. 
Svrrrn Vol tttgc: 22.5 v. 200 v. 3'25 v. 
(Jontrol Grid 15i:i.s -34.0 v. -31.5 v. -37.0 v. 
1'I:rte Load 1tc.sist:rnc:c: 2 0 0  ohms 2200 o h ~ r ~ e  1 fiO0 o h m  

R.F. Output lmpc~dancto = 62 olr~ns 
I~ilamrnt 6.0 v. a.c. :tt 10 amp. 

R.F. drive should be adjustcd in :dl c:l.sibs to :L p1:rtc-currr-nt lcvel of 1 kw. inpnt on C.W. or 
2 kw. p.e.p. on singln sidcb~ntl. 

150 and 200" C. .4 propc.rly designed v:rpor- 
1)lraac~-cooled anode a t  rated dissip:~tion op- 
r raks  a t  b(.twccn 100 and 11.5" C. maximurn. 
Strangcx as i t  m:ry sound, a stcarn-cooled :motlc 
:~rtu:tlly runs cooler th:m most air-coolcd tnhcbs. 

Amplifier Construction 

Thc front is a standard dur:rl aluminum rcl:ry- 
rack panrl mrasuring 12!G x 19 x % incbhcbs. 
T I I ~  c:thinrt is lB?/, inchv~ widc, 12 inc,llc~s llig11 
:md 15 inc11c.s drrp. A 3-inch section dirc~vtly 
I)c-hind thc. front panc.1 furnishc~s a shieldrtl (In- 
c*los~lrc> for tllc. mcbtcsrs, fil:rmcnt tr:tnsforrncbr, 1)i:rs 
1.orrtro1, n1c.tc.r switcl~, :md w:rtc.r-lvvc.l indic*:~tor 
:IS wrll :rs thc, pi-ncbtwork input :rnd orltprlt t1i:tl 
~nr-ch:rnisn~s. To c-limin:rtc TVI, sl~ic-ldcstl roll- 
tlrrc*tors p:rss from tllr brrninal box :rt t l ~ e  r(-:rr 
of tl~c. c:~l)~ncbt tlrrough 1000-pf. f(.c.tl-tl~ror~gl~ 
r:tp:tcitors, thrn throug11 l/$inc.I~ ronduit to the. 
sc.c.tion I)cbl~ind tllo front p:mc-l :tnd to tho XI'- 
1 .iOOl{ tuhr snl)rh:tssis. 

Tlir front pancbl contirins four 3-inch sqn:rrc, 
lnrbrs (I\-rston Modrl l!)z'l, 1)l:rck I):tkc.litc% 
r:tsr). Three arc. usrd for monitoring pl:rtcb :tnd 
srrrrn currrnts and pl:tb vo1t:rgr. The. fourth is 
:r 0-1 milliamm~.tc~r which can he switc11c.tl to  
rcad control-grid currcmt, bins volt:igc*, srrrcln 
voltitgr, or to s:~mplo the. rcvtificd 3O-nl1n1 r.f. 
output volt:rgc. Tl~crcb arc. two rountcr tli:tls, 

The rear view shows the radiator in place a t  the top, 
with the reservoir at the right and the amplifier tube 
partly concealed by it. The plate tank coil and vacuum 

variables are easily recognized. 

for tuning the input and output capacitors of 
the pi-network. A band switch, bias control, 
meter switch, and water level gage complete t h ~ .  
front-panel layout. 

The schematic and parts list in Fig. 3 showe 
tli:rt the r.f. input circuit is untuned and util- 
izvs a 100-ohm 50-watt noninductive wire- 
wound resistor. Amplifier neutralization is not 
rc.cl~lired wlirn terminating the r.f. drive into 
tllis rc.sistor, and amplifier stability is excellent. 
Only 15-20 watts peak drive is required to  pro- 
tlllrc, the full 1-kw. average or 2-kw. p.e.p. input 
powrhr. .Z standard r.f. attenuator pad should bca 
usc~l 1)c~twec.n :r 130-200 watt cxciter and the. 
:trnplifier input circuit. 

Tllc. pl:~tc tank is a B&IV Model 552 inductor 
wit11 :L "piggy-back" rotary switch coupled ~ A J  

tl~ca sl1:tft to autom:ttically select the proper an- 
tcbnn:r. (This switch was added after the photo- 
gr:tplls wc-re krkcn.) Coax connectors are pro- 
vi(lc.tl on thc rear of the cabinet to accornmodatc. 
10-1.i-20-, 40- and SO-meter antennae. A Jen- 
nirrgs Modcl R J l A  vacuum switch serves as t l ~ c  
:rntl.rln:r clr:mgc.-nver relay to  feed the proper 
:~ntc.rrn:t b:rck to  the receiver. Xo forced-air 
fil:r~nrnt-sr:tl cooling is required for the tube as  
it too, is coolcd by natural convection and oper- 
:ttcbs :kt I ~ s s  than 200" C. if proper ventilation is 
providrd. 

The t u l ~ e  socket is nlounted on a subchassi~ 
plcmurn I)os. Tlic. :rrnplific.r is rack mounted, and 
thc, :trr:t dirrrtly undrr the tube subchassis is 
oprn, scrving :is th(, air intake. A piece of per- 
for:~tc.d :rlunlinurn covrrs this opening. Car(, 
should I)(% t:tkrn in furnisl~ing sufficient air to  
1n:lint:tin s(*:tI temprratures a t  or below 200" C. 
" Trmp1:ic" colorrd wax painted on these areas 
will indic:ttr the temperatures. 

This 4CV13OOB linrar amplifier is the ulti- 
mntr in amateur equipment. The low-inter- 
~nod~~lntiondistc)rtion trtrode produces a sharp, 
clr:~n tr:rnsmitted signal. The elimination of the 
:tir 11lowc.r noises en:tbles the amateur to  receivr 
wc.:rk DS sign:tls in the complete silence of the 
Iran1 shack. 

A speci:tl debt of gratitude goes to  Bob Sutll- 
erl:~nd, \V6UOV, for the usr of his shop tools ill 
111:rking tlir v:trious brackets and cabinetry and 
for his :tssist:~n(*e :tnd \\-ords of encouragement. 

@El 
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amateur service newsletter 
W6SAI 

A 2 KILOWATT 3-4002 
LINEAR FOR SIX METERS 

BY WILLIAM I. ORR, <'W6SAI 

3 h e  Six Meter DX operator 
literally twitches in anticipation as he watches 
the sunspot cycle slowly and inexorably rise 
from the 1964 low. T i l l  the sunspot count rise 
high enough to pernzit the wild DX era o f  
1958 to be repeated-the era when interna- 
tional 50 mc DX teas relatively comntonplace? 
Or will the peak of the forthcoming cycle 
fall short of the &st record-breaking nltrxi- 
mum? At this stage of the cycle, no one can 
be sure of the coming events, and the F2 
propagation history for the future of the six 
meter band remcrins a tc~ntalizing speculation. 

Even so, other forms of long distance propa. 
gation lurk just around the corner o f  this 
fascinating band, rtnd the acid six i t~eter D X  
enthz~siast cannot afford to relax, us propa- 
gation surprises await the opercrtor zrho has 
the equipment, antennas, and "know-how" to 
frilly exploit the interesting possibilities that 
abound in "Channel One." 

The  trend to sideband, while slorc.rr than 
on the d.c. bands, seems to be taking plrtce at 
rrn accelerated rrtte on six nzeters. The  ad- 
vantages o f  s.s.b. which are apparent on loioer 
frequencies apply equally well to six meters. 
It is the writer's opinion that the use of a.m. 
on  six meters &ill gradurtlly be eclipsed by 
s.s.b. during the forthcoming nscendr?ncy of 
the sunspot cycle. In support of six meter 
s.s.b. and in anticipation of the forthcoin,ing 
DX seasons on six meters, this rrrticle is prn. 
sented. Let's go six! 

S s . ~ ,  exciters and linear amplifiers are be- 
coming coninionplace o n  six meters. This 

e a n i a t e u r  band, existing in the twilight 
area between h.f. and v.h.f.. exhibiting the char- 
acteristics of both, poses some unique problems 
in the design of suitable transmitting equipment. 
While v.h.f. construction techniques apply to this 
band, their unqualified use is somewhat limited 
as cavities and tuned lines are just too large 
to be used comfortably at 50 megacycles. O n  the 
other hand, employment of conventional h.f. 
circuit techniques may be "asking for trouble" 

'Manager, Amatez~r Service Dept., Eintac 
Division of Vrtrian, Srtn Carlos, California. 

on this quasi-v.h.f. band. Conventional h.f. com- 
ponents and techniques often turn out to be 
cranky troubleniakers at six meters, bypass capa- 
citors resembling blocks of wood. tank coils 
overheating and melting to  a pasty blob, tubes 
seeminelv difficult to drive and conservative - .  
circuitry exhibiting a n  aggravating degree of in- 
stability. Parasitic oscillations race through 
proven circuits and,  if proper design techniques 
are not used by the would-be six meter enthusi- 
ast. he is apt to become discouraged and call it 
a day, returning to the more serene pastures be- 
low 10 meters. In other words, he is forced to  
"drop the fiddle and the bow: take up the 
shovel and the hoe." 

In  no area of the aninteur radio spectrum is 
circuit firlesse denlanded more than in the design 
of v.h.f. s.s.b, equipment wherein the require- 
nients of amplifier l~neari ty are combined with 
the problems of circuit stability. It would be 
fatuous to assume that this combination of prob- 
lems does not exist at six meters. 

This  article describes the "case history" of 
conversion of a 3-30 mc h.f. linear amplifier to  
six meter operation and,  in addition, points out 
some of the circuit problenis that were overcome 
in the conversion of "conventional circuitry" to 
quasi-v.h.f. operation. While modification of a 
specific amplifier package is shown. the discus- 
sion applies equally well to  similar gear, or to 
construction of six meter amplifiers in general, 
and grounded grid amplifiers in particular. 

The ~ r o i n d e d  Grid Linear Amplifier 

The grounded grid amplifier has attained un- 
precedented popularity for s.s.b. linear service 
in the high frequency amateur bands. As  the 
name implies, the circuit is one in which the 
grid of the amplifier tube is at r.f. ground poten- 
tial and the drive signal is applied between 
cathode and grid. either element being at the 
necessary d.c. bias potential. Another (more ac- 
curate)  name for the circuit is cuthode dr.i~,etl, 
as the term "grounded grid" implies the grid is 
actually grounded to  both r.f. and d.c. potentials. 
This may not be the case when d.c. bias is re- 
quired, o r  if r.f. feedback is introduced in the 
amplifier to enhance the interniodulation distor- 
tion figure. 

A simplified scheniatic of a typical h.f. 
grounded grid amplifier is shown in fig. 1. The  
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circuit possesses definite advantages over the 
grid-driven triode and tetrode circuits. For ex- 
ample, neutralization of the grounded grid cir- 
cuit is either not required (depending upon the 
frequency of operation) or, if required, is simply 
added and easily adjusted. An economy of cir- 
cuitry is achieved by the use of high-mu triodes 
ihat do not require costly screen and bias power 
supplies. The drive power of the grounded grid 
stage, moreover, is compatible with the power 
output of today's s.s.b. transmitters and trans- 
ceivers and-best of all-a portion of the drive 
power shows up as "free" power in the output 
of the grounded grid stage. 

In a conventional grounded grid amplifier, 
such as illustrated, the grid element of the tube 
is at  r.f. ground potential and acts as a shield 
between the plate circuit and the input circuit. 
A careful observer will note that this configura- 
tion is similar to that of an  oscillator and might 
suspect that the ground grid amplifier will per- 
form admirably as an  oscillator if the shielding 
action of the grid is insufficient to prevent undue 
feedback of energy from the plate to the cath- 
ode circuit. This suspicion is well founded, for 
this is exactly what happens in the upper reaches 
of the h.f, spectrum with many grounded grid 
amplifiers where feedback paths are difficult to 
control. 

While the grounded grid stage is not neutral- 
ized in the true sense of the word, the degree of 
internal feedback through the grid structure of 
the tube at the lower frequencies is insufficient 
to permit oscillation to take place. Even so, 
while the amplifier seems stable, it may still be 
highly regenerative and, as the frequency of op- 
eration is raised, the shielding action of the 
grid will tend to deteriorate until stage oscilla- 
tion takes place. This deterioration of intra-stage 
isolation is primarily due to decreasing cathode- 
to-plate reactance as the operating frequency 
rises, and also because of stray electro-magnetic 
coupling through the interstices in the grid struc- 
ture itself. In either event, the intra-stage feed- 
back through the grid circuit becomes of increas- 
ing importance as the frequency of operation of 
the stage is raised until, at  some critical fre- 
quency, the isolation of the grid structure is in- 
sufficient to prevent the amplifier from oscillat- 
ing at  a frequency determined by the plate and 
cathode tuned circuits. In  addition, if additional 
intra-stage coupling exists around the tube, by 
virtue of inductive or capacitive coupling be- 
tween input and output circuits, it is possible for 
the feedback path to be enhanced and oscillation 
might possibly occur at some lower frequency 
than normally estimated. 

After paying due attention to external feed- 
back paths, oscillation and instability in a 
grounded grid amplifier may be suppressed by 
the use of a suitable neutralizing circuit that 
feeds energy back from the plate to the input 
circuit so that it is out of phase with the r.f. 
energy fed back through the grid structure of the 
tube. A satisfactory neutralizing circuit for a 
grounded grid amplifier is shown in fig. 2. The 

F a +  
L:@cL .c3 

Fig. 1-Circuit of a grounded grid linear amplifier. 
The input signal is applied to a tuned cathode circuit, 
L1, C1. The circuit is adiusted to resonance with C1 value 
of approximately 20 mmf per meter of wavelength 
(i.e.: for 20 meters, C1 is about 400 mmf). Coupling 
capacitor C1 and tuning capacitor C1 should be able to 
stand circulating r.f. currents that exist in this circuit. 
The use of 1250 volt fixed mica capacitors is recom- 
mended. A value of 0.001 mf for C1 is satisfactory for 
all bands between 80 and 6 meters. Parasitic suppressor 
PC is made of a noninductive composition resistor placed 
across a small inductance in the plate lead. For six 
meters, the inductance consists of a section of the plate 
strap material (see parts list). I f  the inductor is too 

large, the resistor will run hot. 

neutralizing coil is connected in such a way 
as to "buck" the feedthrough voltage and 
neutralization may be accomplished by adjust- 
ment of the neutralizing capacitor or the coup- 
ling between the neutralizing coil and the cath- 
ode coil. 

The Prototype Six Meter Amplifier 

When the experimenter "designs from scratch" 
all the exotic v.h.f. circuit techniques may be 
employed as desired. However, when an exist- 
ing design is modified, the builder may be re- 
stricted in his attempts at  redesign because of 
various features or peculiarities of the amplifier 
in question that do not readily fit into the scheme 
of things to come. Luckily, in this case, the 
amplifier to be modified proved to be very ac- 
commodating as far as the need for radical cir- 

-y + 
Fig. 2-The neutralized 9.9. circuit. Energy fed through 
from plate to input circuit may cause the grounded grid 
amplifier to exhibit instability. The addition of a simple 
neutralizing circuit (CX, L3) permits energy to be fed 
back out of phase wi* the energy passing through the 
incompletely shielded grid structure. Neutralizing capa- 
citor CN is of the order of a few mmf. Neutralizing 
coil Lo may be two or three turns placed in the coil of 
the cathode circuit. Adjustment of coil coupling or 
capacitance of C\ will neutralize the circuit. Neutrali- 
zation is achieved when maximum grid current, minimum 
plate current and maximum power output coincide at 

one setting of the plate tank circuit. 



in predictable fashion by 
"taking off like a bird" with 

Side view of the modified SWAN six meter linear ampli- 
fier. Conventional low frequency bandswitching cir- 
cuitry is removed and replaced with six meter pi network 
tank. The plate tuning capacitor (C2) is in the fore- 
ground. An insulated coupling connects the capacitor to 
the tuning dial, otherwise the metal shaft extension 
forms a closed loop closely coupled to the plate tank 
coil. The loading capacitor (C3) is at the rear. The con- 
nection between the loading capacitor and the coaxial 
receptacle on the rear of the chassis is made with a 
short length of RG-8/U coaxial cable. In the modified 
amplifier, the original antenna changeover relay was 
used, remounted near the antenna receptacle to reduce 
lead length. 

The three parallel connected 100 uuf, 5 kv plo!e 
blocking capacitors are suspended from the top of the 
plate r.f. choke. One of the parasitic suppressors may 
be seen above the glass envelope of the left-hand 
3-4002. While Eimac air-system sockets and chimneys 
are usually recommended for the home constructor, the 
Swan amplifier used special Johnson sockets (modified 
for the 3-4002 by reducing spring tension) and a special 

air scoop and blower system to cool the tubes. 

cuit changes: nothing was required that could 
not be handled in the home workshop with a 
minimum of tools and test equipment. 

The "victim" amplifier chosen for modifica- 
tion to six meters was the Swc~n Mark I linear 
amplifier covering 3.5-29.7 mc. It makes use of 
two Eimac 3-4007- tubes connected in parallel 
with a conventional pi-network circuit. The am- 
plifier is rated for the so-c'alled "two kilowatt 
p.e.p. level" and had a self-contained power 
supply. The modification consisted of remov- 
ing the h.f. input and tank circuitry and substi- 
tuting six meter circuitry, plus other minor cir- 
cuit changes that resulted in a stable, maximum 
power linear amplifier, capable of smooth op- 
eration at  six meters. 

The first step was to simply drop in six meter 
tuned circuits in the input and plate tank con- 
figuration, modify the plate parasitic chokes for 
50 mc operation, and apply the "smoke test." 
As might be expected, the amplifier responded 

a robust 50 mc parasitic os- 
cillation that brought roars 
of protest from the small fry, 
their eyes and ears glued to 
a T V  cartoon program on 
Channel 2. 

The amplifier was immedi- 
ately disconnected and the 
various circuits explored with 
a grid-dip oscillator. Resist- 
ance tests indicated that the 
numerous ceramic disc by- 
pass capacitors in the ampli- 
fier, while satisfactory at  10 
meters and below, were inef- 
fective at  six meters. Replac- 
ing or shunting these capaci- 
tors with 750 mrnf mica units 
whose self-resonant frequen- 
cy was above 54 mc was the 
first step in making the am- 

plifier operable. A transmitting type ceramic 
capacitor having low internal inductance was 
substituted for the high voltage disc capacitor at 
the B-plus end of the choke. The final step was 
to clean the paint from the chassis. bottom plate 
and cover shield at the points of contact to in- 
sure hat a minimum of r.f. intra-stage leakage 
existed through the cabinet via the various joints 
and seams. 

During this modification, it was discovered 
that the primary power cord was "hot" with 50 
mc r.f., so the input terminals of the line were 
bypassed at the fuse connections. 

After this series of simple modifications, the 
amplifier was turned on and loaded to maximum 
input into a dummy load. With excitation re- 
moved and no cutoff bias on the tubes, it was 
still possible for a weak 50 mc parasitic oscilla- 
tion to take place, indicating that complete sta- 
bility had not been achieved. The oscillation was 
noted by a slight show of grid current at random 
settings of the plate tuning and loading capacitors 
and by the fact that maximum grid current, 
maximum power output and minimum plate 
current did not coincide at the same tuning con- 
dition when the amplifier was in operation. 
Small indications, it is true, but symptoms that 
more work remained to be done on the amplifier. 

The Neutralizing Circuit 

The point had been reached where further 
modifications to the amplifier would be rather 
extensive and basic if it was desired to com- 
pletely stabilize the unit by improving the intra- 
stage isolation. The 3-4002 is used in grounded 
grid circuitry in commercial f.m. transmitting 
equipment up to 100 mc or so without the need 
of neutralization. but sophisticated shielding and 
bypass techniques appropriate to those frequen- 
cies are a necessity, and probably would be in- 
compatible with the simple and uncomplicated 
design of the Swan amplifier, which is typical of 



good amateur practice below 10 meters. Under 
the restrictions imposed by the circuit layout and 
assembly, therefore, it waS decided to leave well 
enough alone as far as intra-stage isolation was 
concerned, and to complete the job of stabilizing 
the amplifier by the addition of a neutralizing 
circuit. The circuit of fig. 2 was chosen and in- 
stalled. The neutralizing capacitor was fabri- 
cated from a length of copper strap mounted 
mid-way between the 3-400Z's on a ceramic feed- 
through insulator. The strap provided a small 
capacitance to the anodes of the tubes by virtue 
of its position. The under-chassis terminal of the 
feed through insulator was connected to a small 
link coil inserted into the cathode coil, as shown 

C3 

Antenna 

- - - - - 
RFCZ 

I n p u t  

in the photograph. The neutralizing coil was 
mounted so that the polarity of the coil connec- 
tions could be changed, if need be. Once neu- 
tralized, the amplifier proved to be a "winner" 
and tuned up and operated just as if it was on 
the "d.c. bands." The whole modification and 
tuning program took less than six hours and was 
well worth the effort. 

Neutralizing and Tuning Adjustments 

Neutralizing and tuning are no problem in 
the modified six meter amplifier. the schematic 
of which is shown in fig. 3.  The cathode circuit 
is tuned to 50 mc with a grid-dip oscillator with 
the tubes in place in the sockets, after which this 

1OK 
low. 

" O X  
RELAY - 0 

B t  0- 

Fig. 3-A simplified schematic of the Swan six 

, 
meter amplifier. The reader is referred to the 

- ~nstruct~on manual for the Swan amplifier for 
110 V.O.C. the power supply and switching circuitry. 

C1-50 mmf variable mica capacitor. Adjust coil L1 to L3-4'h turns of copper strap, Ye'' wide, 1%" dia., 
obtain resonance with the capacitor 90% compressed. 2%" long. 

C2-Neutralizing capacitor. Copper strap 3'h" long and pcl, pC2-50 ohm, 2 watt composition resistor shunted 
%" wide mounted on a feedthrough insulator placed 1% Of the lead (%" wide copper strap). 
between the 3.4002 tubes. The capacitor "sees" the place a suppressor close to cap of each tube. 
anodes of the tubes. The tubes are mounted about RFC~-J%" long by b" dia. ferrite rod (Lafayette Radio 
two inches apart, with the capacitor centered be- Co,, N,Y, File a nick in the rod at the 
tween them. correct length and break off remainder. Make triple 

C3-Three 100 mmf, 5 kv Centralab #850 capacitors in winding (two #12 e., one #18 e.) consisting of 
parallel bolted to a triangular aluminum plate atop 12% turns. w i n d  all three wires at once, under ten. 
RFC2. See photograph. sion. Coat with epoxy cement or nail polish to hold 

C4-20 mmf, 3 kv. Johnson 154-1 1, reduced to 3 rotor in position. ( ~ ~ ~ i ~ ~ l ~ ~ t  of original swan 
and 2 stator plates. Panel driven with insulated choke). 
coupling. 

C5-250 mmf. Johnson 154-1. RFC2-140 turns #22 e. wound on a %" diameter 

11-3 turns #14 wire, lh" dia., %" long. ceramic form. The winding length is about 3. (Equiva- 

12-2 turns #18 insulated hookup wire, %" dia., placed lent of original Swan choke)' 

between adiacent turns of coil L1. Observe the ~ o l a r i t y  RFCrOhmite 2-51). 

as shown. Adjust the coupling for proper neutraliza- TI-10 volts at 15 amperes. Thordarson 21F146 or 
tion. equiv. Blower-See text. 



adjustment may be forgotten. The next step is to 
place the output loading capacitor at full capa- 
citance and tune the plate tuning capacitor to 
approximate resonance using the grid-dip oscil- 
lator. The amplifier is turned on with appropriate 
filament and plate voltage but without excitation. 
The plate tuning and loading controls are varied 
at random from their previous settings and the 
grid meter of the amplifier is observed for signs 
of grid current. Without excitation, grid current 
is zero, but under conditions of oscillation. ten to 
twenty milliampere of grid current will be ob- 
served', and the resting plate current will climb 
a few milliamperes. With the amplifier oscillat- 
ing, the neutralizing coil is moved about in the 
cathode coil until a point is found at which grid 
current disappears and oscillation stops. 

In this operation, the bottom plate must be 
on the amplifier to complete the r.f. shielding 
and also to force the moving air through the 
tube sockets. if air-system sockets are used'. 
These special sockets are not used in this am- 
plifier. but the problem of intra-stage r.f. leak- 
age remains. As the link adjustment is simple. a 
modification was made that permitted the bot- 
tom plate to remain in place. A small hole was 
drilled in the bottom plate of the amplifier di- 
rectly below the cathode circuit, and the neu- 
tralizing link was moved about by pushing it 
from below, using a wooden stick as the opera- 
tive tool. Adjustment took about thirty seconds. 
The point of neutralization was found to be 
quite broad and noncritical. Once the correct 
coil placement was found, the coil was immobil- 

1 I f  vox operated cathode bias is used, such as shown, 
the bias resistor will have to be shorted out for these 
tests. The relay may be energized, or the resistor tem- 
porarily jumpered with a length of wire. 

T h e  Eimac air-system sockets provide improved intra- 
stage isolation and insure maximum cooling. Their use 
is reco~nmended. I n  any case, the amplifier should not be 
turned on its side when the filaments of the tubes are 
lit as the 3-400Z's are designed only for vertical (base up 
or down) operation. 

Under-chassis view of the cathode 
circuit of the 6 meter linear. The 
tuned cathode circuit is a t  the 
upper right, mounted to a five 
lug terminal strip. Directly to the 
left is the ceramic feedthrough 
insulator, atop which the neutral- 
izing capacitor i s  mounted. To 
the left is the three-winding (tri. 
filar") filament choke. The five 
volt filaments of  the two 3-4002 
tubes are connected in series to 
reduce the filament current pass- 
ing through the choke. A third 
wire to the common filament point 
is required to insure that equal 
voltoge oppears across each 
tube. Additional mica bypass ca- 
pacitors are placed across origi- 
nal .O1 mf disc ceramic capacitors 
at the cold end of the choke. The 
coaxial output cable running to 
the antenna receptacle cuts 
across the upper left of the 

ized in position with a drop of "airplane cement," 
or  "coil dope." 

As could be guesssed, Kelly's Law%as in ef- 
fect and the coil was first polarized improperly 
and the amplifier oscillated in a robust manner 
until the coil connections were reversed. When 
properly polarized and placed, the little neu- 
tralizing coil did the trick: the amplifier was 
completely stable and maximum grid current, 
maximum output and minimum plate current all 
coincided at one tuning adjustment. 

Once the amplifier is neutralized, it should be 
properly loaded to the recommended grid and 
plate currents. In this case, at about 2500 volts 
plate potential, the peak (carrier) plate current 
was 800 milliamperes for two tubes, with about 
300 milliamperes grid current. The Swan six 
meter s.s.b. transceiver had ample output to 
drive the linear amplifier with power to spare. 

Final Thoughts and a Word of Warning 

The modified Swan six meter amplifier cer- 
tainly has proven to be a success, and this modi- 
fication is recommended to those hardy souls 
who do not mind "butchering" a piece of com- 
mercial gear. For others, the circuitry is satis- 
factory for home construction from scratch. It 
must be pointed out, however, that the ventila- 
tion system used in the Swan amplifier is of a 
special design, in which the physical layout of 
the ventilation fan, the air scoop and the cabinet 
provide proper air cooling to the base and plate 
seals of the 3-4002 tubes. Unless the prospec- 
tive builder has the means at hand to measure 
the temperature of the glass envelope of the 
tubes, it is recommended that the standard Eimac 
air-system sockets and tube chimneys be used, 
in conjunction with a squirrel cage blower for 
proper ventilation. Suggested blowers are the 
Dayton 1C-180, Ripley 81 or Ripley 8472. 

::Kelly's Law*: If something cot1 go wrong, it will go 
wrong. 
*A130 ktlowtt o s  Murphy's Low. Ed. 

Reprinted from CQ January, 1967 
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Pi and Pi-L Networks for Linear Amplifier Service 

These graphs may be used to determine the values of components in Pi and Pi-L 
Networks. The gra'phs cover the most generally used operating Q's, load resist- 
ances and antenna impedances. To use the charts it is  only necessary to know the 
plate voltage, peak plate current, the desired operating Q and the transmission 
line impedance. 

Using the Pi Network Charts 

A. Choose the amplifier tube(s) to be used. Select the plate voltage and deter- 
mine the plate current for normal operation from the tube data sheet. 

Assume, for example, that a Pi Network i s  to be designed for a pair of 
3-4002 tubes operating at a plate potential of 2500 volts and a PEP 
input of two kilowatts. Peak envelope plate current is determined by: 

Peak envelope plate current (in amperes) = PEP Watts (1) 
Plate Voltage 

= 2000 
2500 
- = 0.8 ampere 

B. Determine the resonant load resistance from 

Load resistance (R1) = Plate voltage 
2 x plate current in amperes 

For the case of the 3-400Z's) the load resistance is: 

Load resistance = 2500 = 1560 ohms 
2 x 0.8 

C. Choose the operating Q. Good practice calls for a Q between 10 and 20. A Q 
of 15 i s  recommended for linear amplifier service. 

n. Choose the antenna transmission line impedance (R2). These charts are de- 
signed for use with either 52- or 72-ohm loads as coaxial cables for these 
impedances are generally available. 

E. Find the reactance of the Pi Network coil from figure 1. For the case of the 
two 3-4002's operating with a load resistance of 1560 ohms and a Q of 15, 
the reactance of the coil is  approximately 120 ohms. 



F.  Find the reactance of the loading capacitor (C2) from Figure 2. For the case 
of the 3-4002's operating with a load resistance of 1560 ohms and a Q of 15, 
the reactance of the loading capacitor i s  about 20 ohms. 

G. Find the reactance of the tuning capacitor (C1) from figure 3. For the case of 
the 3-4002's operating with a load resistance of 1560 ohms and a Q of 15, 
the reactance of the tuning capacitor is about 100 ohms. 

Summary: For two 3-4002 tubes, operating at a plate potential of 2500 volts 
with a peak plate current of 0.8 ampere (two kilowatts PEP) and a Q of 15, 
the values of the Pi Network plate circuit are: 

Tuning capacitor (C1) = 100 ohms 
Loading capacitor (C2) = 20 ohms 
Pi Network coil (L1) = 120 ohms 

Note: As a quick check, note that .the s u m  of the reactances of the two 
capacitors is equal to the reactance of the inductor. 

H. Determine the values of capacitance and inductance for the components of 
the Pi Network. Charts of the figures 2-44 and 2-45 show reactance values of 
inductors and capacitors in the range commonly used in r-f circuits for the 
h-f amateur bands. For the reactances determined for the 3-4002 tubes, .the 
circuit components may easily be determined for each amateur band. In the 
case of the 20 meter band, for example, the values are: 

Tuning capacitor (C1) = 100 ohms = 133 pf 
Loading capacitor (C2) = 20 ohms = 565 pf 

(above determined from figure 2-45) 
Pi Network coil (L1) = 120 ohms = 1.36 pH 

(above determined from figure 2-44) 

Using the Pi-L Network Charts 

Figures 3,4,5 and 6 are used to determine the reactance of the components of the 
Pi-L Network. 

A. Choose the amplifier tubes to be used. Select the plate voltage and determine 
the peak plate current for normal operation as outlined under step 1 for P i  
Networks. 

Assume, for example, that a Pi-L Network i s  to be designed for a single 
3-10002 operating at a plate potential of 3000 volts and a PEP input of 
two kilowatts. Peak envelope plate current (formula 1) is:  

Peak envelope plate current (in amperes) = 0.667 ampere 



B. Determine the load resistance, as outlined previously in formula 2: 

Load resistance (R1) = 2250 ohms 

C. Choose the operating 0.  (Let 0 = 15). 

D. Choose the antenna transmission line impedance. (Let R2 = 52 ohms). 

F.  Find the reactance of the tank coil (L1) from figure 4. For the case of the 
3-10002 operating with a load resistance of 2250 ohms, the reactance of the 
coil is  approximately 215 ohms. 

F. Find the reactance of the loading capacitor (C2) from figure 5. In this case, 
the reactance i s  about 47 ohms. 

G.  Find the reactance of the tuning capacitor (C1) from figure 3. In this case, 
the reactance i s  about 150 ohms. 

H.  Find the reactance of the loading coil (L2) from figure 6. In this case, the 
reactance i s  about 140 ohms. 

Summary: For a single 3-10002 operating at a plate potential of 3000 volts 
with a peak plate current of 0.667 ampere (two kilowatts PEP), and a Q of 
15, the value of the Pi-L Network plate circuit components is: 

Tuning capacitor (C1) = 150 ohms 
Loading capacitor (C2) = 47 ohms 
Pi Network coil (L1) - 215 ohms 
L Network coil (L2) = 150 ohms 

I. Determine the values of the capacitance and inductance for the components 
of the Pi-L Network. Charts of figures 2-44 and 2-45 show reactance values 
of inductors and capacitors in the range commonly used for r-f circuitry for 
the h-f amateur bands. For the reactances determined for the 3-10002 tube, 
the circuit components may be easily determined for each amateur band. In 
the case of the 80 meter band, for example, the values are: 

Tuning capacitor (C1) = 150 ohms = 275 pf 
Loading capacitor (C2) = 47 ohms = 900 pf 
Pi Network coil (L1) - 215 ohms = 9 ,uH 
L Network coil (L2) = 150 ohms = 6.5 ,uH 

Note: Capacitance values are for resonance with a nonreactive load. It is  
suggested that the tuning capacitor have ahout 50% greater capacitance than 
indicated and the loading capacitor have 100% greater capacitance than indi- 
cated. 
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Forced-Air Cooling of Transmitting Tubes 
Some Considerations in the Selection of a Suitable Impeller 

M o s ~  electronic equipment generates heat, 
and this heat must be removed or the 
equipment will eventually burn up. The 

heat may be removed by radiation, conduction or 
convection ', or by a combination of these meth- 
ods. This article examines forced-air cooled sys- 
tems (an efficient form of convection cooling), 
which are used in commercial transmitting equip- 
ments up to the level of tens of kilowatts and, 
in amateur gear, up to the so-called " two-kilo- 
watt p.e.p." level. Generally speaking, from 20 to 
70 per cent of the primary power drain of elec- 1 
tronic equipment is dissipated in heat emitted 
from tubes and components, and the resulting 
temperature rise must be held within reasonable , 
limits to insure satisfactory life for both the tubes 
and the other parts in the equipment. 

The Air System 

Two typical forced-air cooling systems for a 
power tube are shown in Figs. 1A and IB. They 
consist of an air blower, or impeller; a conduit to 
guide the cooling air to the tube, or a pressurized 
chassis; the heat radiator of the tube; and an air 

P exhaust exit. By stretching the imagination only 
a little, this air system can be compared to the 
electrical series circuit of Fig. lC, in which each 
component in the air system is represented by a 
resistor which has a potential drop across it 
corresponding to the back pressure or resistance 

*Manager, Amateur Service Dept. Eimac, Division of 
Varian, San Carlos, California 94070 

1 Quinn, "The Stanley Steamer," &ST, May, 19GG. 
2 The resistance offered to the flow of air may also be ex- 

pressed in terms of " pressure drop" or " static pressure." 
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We live at the bottom of a vast ocean of 
air. This invisible, life-supporting elixir 
provides the equipment designer with an 
inexpensive and efficient cooling me- 
dium for heat-generating devices, such 
as transmitters and receivers. Over the 
years, electronic equipment has gmwn 
more sophisticated and compact, and 
the problem of removing heat from the 
gear has become acute. Until someone 
miniaturizes the watt, heat-exchange 
systems will remain one of the major 
problem areas of equipment design. 
Aspects of forced-air cooling systems are 
discussed in this article. 

that the original component offers to the flow of 
air. The sum of the back pressures in the air 
system must add up to the total pressure of air 
supplied by the blower, just as the sum of these 
voltage drops in the electrical analogy must add 
up to the generator voltage. The blower in the 
air system corresponds to the generator in the 
electrical system, of course. 

The electrical analogy suffers in that the back 
pressure across a component in the air system 
does not strictly follow an equivalent of Ohm's 
Law for electric potential drops. Instead, the 

EXHAUST 
\ 4 4  

BLOWER /TUBE 

1 --SOCKET 

Fig. 1-A forced-air cooling system. In A, the blower is mounted directly on the chassis 
which is used as a plenum chamber. Air is exhausted past filament and plate seals of the tube. 
In B, the blower is mounted at some distance from the tube, and cooling air is conducted to 
the tube via a conduit or hose. C indicates an electrical analogy of the forced-air system. 
The blower is represented by generator E, and various unavoidable back pressures are r' represented by voltage drops across resistors Rc and Rs. Useful work (cooling the anode) 

i s  represented by voltage drop (EA) across the tube. 



back pressure across an air-system component 
varies approximately as the square of the air- 
flow rate (volume per unit of time). Thus, if the 
volume demand is doubled, about four times the 
pressure will be necessary to meeL the iricreased 
requirement. Even though the analogy is in- 
exact, the transmitter designer who is com- 
fortable in the presence of Ohm's Law for series 
circuits can gain insight of the action of pres- 
sure drops incurred in a forced-air cooling system. 

The problem to be solved is that of determiri- 
ing the size and characteristics of an air blower 
that  will satisfy the temperature limitatio~is 
imposed upon a particular tube type by the 
manufacturer, arid reconciling these limits with 
available blowers. Maximum operating tempera- 
tures and air requiremerrts of forced air cooled 
transmitting tubes are gerierally supplied in the 
data sheet, or provided upon request by the 
tube manufacturer. This simplifies the problem 
considerably, as few engineers have the equip- 
me11 t or time to run temperature checks on trans- 
mitting tubes. Blower data, too, is supplied by 
the nrlmerous impeller manr~facturers. I t  re- 
mains, therr, to tratrslate this available and un- 
familiar data iuto the proper hardware for the 
system a t  hand. 

Tube Cooling Requirements 
Forced-air-cooled transmittirlg tubes, such 

as the 4CXBjOl3, 4(>Xl(iOO;\ and similar ex- 
ternal-atiode tubes, require cooli~ig air to be 
passed from base to anode3. Unless otherwise 
specified iri the data sheet, cooling air s h o ~ l d  
flow as lotig as the tube filamerlts are lighted. 
The external atrode cooler of tubes of this family 
is usr~ally composed of a number of copper firis 
arranged in a circle about the anode core, with 
the air passitig vertically across the surface of 
the fins. An exchange of heat takes place between 
the fins and the passing air, the moving air ex- 
tracting heat from the anode core and holding 
overall anode temperatrlre a t  or below the maxi- 
mum limit. As the air is impeded in its flow 
through the interstices of the anode strt~cture, a 
hack pressure is created, caused by friction of 
the air against the fin surfaces, aiid by turbulence 
of t,he air in the anode passages. 

The cooli~lg airflow requirement for trans- 
mitting tubes may be expressed in terms of the 
ratio of watts of anode dissipatio~l to  tube tem- 
perature (in watts per degree Centigrade) as a 
fi~nction of either the mass airflow rate in pounds 
of air per minute, or the volumetric airflow rate 
ill cubic feet per minute4. This iirformatiorl may 
be expressed in graphic form (Fig. Z), enabling 
the design engineer to  determine the actnal 
cooling-air requirement in terms of specifir 
tube temperatrlre and system back pressure. 

- ~ -  - - -- 
3 Large convection- and radiation-cooled glass tubes 

(4-400h and 4-1000A, for example) also re(111ire Forced-air 
cooling to hold seal temperatures within pre.scril,e(I limits. 

4 Precise calculation of airflo\\. in cr~l,ic feet per minute 
must take into account air h~~rnidity and I~arometric pres- 
sure. Equipment builders often desian For a mythical user 
living in Denver, Cola., \\rho operates the equipment on a 
hot, humid day. 
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ACROSS TUBE AND SOCKET 

Fig. 2-Allowable temperature rise and dissipation (A) 
of power tube determine airflow rate (0) from laboratory 
measurements. Pressure drop (C) across the tube and socket 
may be  measured by a manometer device. The inter- 

locking relationship of cooling requirements may b e  
expressed in graphical form, as shown here. 

The total heat to be removed is determined 
from a study of the operating characteristics of 
the tube, and inclr~des plate and filament dissi- 
pation (plus grid and scree11 dissipation where 
applicable). Maximum elemelit dlssipation rating 
is riormally give11 in the data sheet. The operating 
temperature rise of the tube is found by taking 
the difference between the maximum measured 
tube temperature (a t  the hottest point of the 
tube) and the maximum inlet air temperature 
expected. The air requirements expressed by the 
plots of the coolirig factor and the airflow factor 
are usually give11 as a pressure drop across the 
tube and socket expressed in inches of water, 
and a correspondir~g volumetric. airflow is de- 
fined in cubic feet per minute (c.f.m.). This iri- 
formation is necessary to determine the size 
and speed of the \)lower required to  provide the 
proper airflow through the system. Volumetric 
air flow may be calculated or determined by 
experimental means. 

Air-Pressure Measurements 
Air pressure in a forced air system may be 

defined in terms of an equivalent weight of water. 

ATMOSPHERIC 
PRESSURE 

I 
A 

PRESSURE 

WATER 

Fig. 3-A simple manometer compares system static pres- 
sure with atmospheric pressure. In this drawing, air flows 
at right angles to manometer input, i.e., into or out of this 
page. Pressure difference is expressed in "inches of 
water." Placement of manometer to avoid turbulence in 

the system should be  determined by experiment. 

September 1967 



BACK PRESSURE ( INCHES OF WATER) 

Fig. 4-Typical performance data for No. 1, No. I%, 
and No. 2 centrifugal blowers. Performance of blowers 
of different sizes and speeds can be  compared with the 
cooling requirements specified for various tube types. 
Notice that requirement points are shown for a pair of 
3-400Zs as well as for a single tube. If the requirement 
point falls on or below the performance curve for a par- 
ticular blower, that blower will give adequate cooling 
under the conditions outlined in the text. The curves show 
that blower efficiency drops rapidly after a critical value 
of back pressure is reached, and that the blower "wind- 
mills" (reaches zero output) at high values of back pressure. 
High-speed blowers can withstand more back pressure 
than can low-speed units (notice the curves for 10,000- 

and 20,000-r.p.m. blowers. 

(The weight of a uniform column of water 27.7 
~nches high is 1 lb. per square inch of column 
base area.) The measurement is made by means 
of a manometer whose readings are expressed in 
inches of water (Fig. 3) .  A simple manometer for 
shop use may be col~structed of a short length of 
%-inch glass tubing bent into a U shape, with 
one end left open to  the atmosphere. The oppo- 
site end is inserted in the air system it1 proximity 
to the tube socket and nt right angles to  the air- 
How. Optimum position shorlld be determined by 
experiment so as to  make sllre that the manome- 
ter is not influenced by eddy currents in the air- 
stream. The bottom portion of the manometer is 
filled with water and, if the air pressure ill the 
cooling system is equal to atmospheric presswe, 
the water will rest a t  eclrlal heights ill both 
vertical sections of tube. U ~ ~ d e r  this quiescent 
condition, no air moves through the system or, 
if i t  moves, it encot~nters no back pressure. 
However, if a difference of pressure between the 
atmosphere and the inclosed air system is created 
by a blower, the water will be forced up towards 
the open end of the glass tube by the back pres- 
snre of the air movil~g throngh the system. The 
pressrlre within the duct or plenrim, as com- 
pared to atmospheric pressure, may be noted by 
mewr~ring the difference in height (ill inches) of 
the two water columns, as shown in the illus- 
tmtion. 

System Pressure Drops 

Pressure drop in an air system is caused by 
physical obstruction to the flow of air, or by 
turbuler~ce ill the air. In the case of a tube anode 
which c o ~ ~ t a i r ~ s  many fins over which the air 
must pass, the pressure drop is ir~tentional and 
useful. Other system drops caused by air friction, 
pressure drops in the hose or socket, or a c h a ~ ~ g e  
in the air velocity in the system, are undesirable 
and not useful. All pressure drops caused by 
these factors must be added to  the pressure drop 
of the tube and socket. Drops caused by an 
abrupt change in the cross-sectional area of a 
system include both expansion and contraction 
drops for variatior~s in conduit area, and are 
additive. While these values may be calculated 
for a system of known dime~~sions, i t  is beyond 
the scope of this article to cover such calcula- 
tions. Suffice to say that when the overall pres- 
sure-drop and airflow reqr~irements are deter- 
mined, i t  is possible to match the requirements 
to the blower characteristics to achieve satis- 
factory system cooli~~g. 

Blower Characterisfics 

Air blowers come in many shapes and sizes and 
some are "good" and some are "poor." The most 
commor~ly used impellers i r ~  air cooled systems are 
squirrel-cage (centrifugal) blou!ers, and axial fans. 
The importar~t characteristics of an air cooling 
system are the relationship between blower- 
outlet back pressure (in inches of water) and the 
airflow (ill cubic feet per minute), and t,hese 
characteristics determine the blower to  be used. 
I t  is foolhardy to  determine the "good" air 
impellers from the "poor" impellers by intuition. 

Graphs of typical squirrel-cage blower perform- 
ance for various units are give11 in Figs. 4, 5 
and 6. The areas under the curves are regions 
in which the blower does useful work. I t  can be 
seen that as the back pressure rises, the effi- 
ciency of the blower decreases rlntil, a t  some 
critical value of back pressure, the blower ceases 
to fur~ctiot~ as a useful device and merely "wind 
mills" the air about the impeller blades a t ~ d  
cavity. This is termed "blower cr~toff." Blowers 
vary to a great degree it1 their ability to cope 
with back pressrlre: low speed, open axial falls 
are the least efficient, while high speed sqr~irrel- 
cage devices have somewhat higher efficiency. 

Squirrel Cages  a n d  Axial  Fans 

The typical squirrel-cage blower has a multi- 
bladed impeller wheel rotating within a tightly 
fitting hor~sing.~ Small units normally have the 
discharge edge of the blade i ~ ~ c l i ~ ~ e d  forward, it1 
the directiot~ of rotation. The irlexper~sive axial 
fan, on the other hand, has a few, large, wide 
blades (usually four), slowly rotating in the open 
air or in a short housing section. More experlsive 
vane-axial impellers have more blades (five or 
six) and rotate at higher speeds. 

The most eHici~nt centrifugal I~lo\\.ers have a housing 
which closely fits tile edges of the rotor. Excessive air gap 
between tile rotor an11 the rim of the housing destroys the 
ability of the blower t o  work into l~ack pressure. 



Squirrel-cage blowers are often cataloged ac- 
cording to impeller wlleel diameter and rotational 
speed. Thus a No. 2% blower has a wheel diame- 
ter of 2% inches, and may be available in a 
number of speeds, of which 2800, 3100, 6000 and 
9000 r.p.m. are common off-the-shelf values. 
For a given wheel size and design, the c.f.m. 
delivered is proportional to blower speed, as is the 
ability to withstand system back pressure. 
Using the electrical analogy again, it  may be 
said that  the "voltage regulation under load" 
(ability to overcome back pressure) of any 
blower increases as the impeller speed increases. 
Ur~fortunately, as the impeller speed increases, 
the air noise, motor noise, vibration and unit 
cost also increase. While a 2800-r.p.m., or even 
a 6000-r.p.m. squirrel-cage blower may have a 
tolerable noise level, many 15,000-r.p.m. blowers 
createsufficierlt air noise to deafen even the most 
dedicated DX-contest operator. 

Exarniilatiorl of the blower curves shows that a 
"trade-off" exists between rotatiorla1 speed arid 
wheel diameter and, generally speaking, a large 
irnpeller wheel ruillling a t  moderate speed will 
be more satisfactory atid less noisy tha11 a smaller 
whecl r u n ~ ~ i ~ ~ g  a t  a somewhat higher speed. 

Iiiexpei~sive axial fans deliver large volumes of 
air a t  rather low rot:~tioilal speeds a ~ l d  are gencr- 
ally fairly quiet, but suffer more that11 do squirrel- 
cage blowers from the effects of back pressure 
(Fig. 7) .  Alost stt~ull,  low-speed a.ciu.1 fans ant1 
s~nirrel-caye blowers cannot 7nove si~gicient air 
into tnotlerule values of back pressure to properlyl 
cool rnodern e.cterna1-anode transrnittiny tubes, and 
their use shwuld be tempered 'with cwution. 

BACK PRESSURE(1NCHES OF WATER)  

Fig. 5-Typical performance curves, similar to those of Fig. 
4, for No. 2%, NO. 2%, and dual No. 2% blowers. Notice 
that the No. 2% 6000-r.p.m. blower will handle the cool- 
ing requirements of all of the tube typ indicated, since 
the requirement points fall below the curve for this blower. 
"Wind-milling" is clearly indicated by the rapid drop of 
airflow to an unacceptable rate at the higher values of 
back pressure. Also notice that the use of dual blowers pro- 
vides more airflow than a single blower of the same type 
a t  law back pressures, but does not project the "wind- 

milling" point. 
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BACK PRESSURE ( I N C H E S  O F  W A T E R )  
Fig. 6-Typical performance data for 3-, 3%- and 3%- 
inch blowers. The low-speed (31 0 0  r.p.rr.1 No. 3 blower 
cannot deliver the required flow of air into the back pressure 
offered by 3-1 0002 or 4CX300A cooling systems. The 
6000-r.p.m. unit, however, will handle the requirements 
of any of the tube types indicated, or, in fact, a pair of 
any of these tubes. Notice that doubling the speed of the 
blower more than triples the back-pressure capability. 
Although catalog-rated at "50 c.f.m.," the No. 3% 
1600-r.p.m. blower is suitable for only low values of back 
pressure. When the speed is increased to 3000 r.p.m., the 
same-size blower will handle any of the tubes indicated. 

Designing a Forced-Air Cooling System 
An application of this desigll data, as a p r u -  

tical exercise, is the determination of a proper 
blower to cool a 4CX300A external-allode tetrode 
in an air-system socket, operating a t  various 
values of plate dissipatioll and 250' C. (maxi- 
mum) anode temperature. If the ambient (room) 
air temperature is taken to be 50°C., airflow 
requirements to hold the tube temper:tt~~re rise 
below 200°C a t  sea level, and a t  an altitudc of 
li),;)00 feet are graphed irl Fig. 8. (These curves 
:ire based oil figures t:tken from the data sheets 
for the 4CX300A and 4CX300Y.) If full 300- 
watt plate dissipation is desired a t  sea level, the 
air system must provide 7.2 c.f.m, of air at the 
socket of the tube ur~dcr a combirled tube and 
socket pressure drop of 0.58 inch of water. At an 
altitude of 10,000 feet (where the air is thillner), 
coolirrg requiremerrts rise to 10.5 c.f.m. a t  a corre- 
spollding back pressure of 0.85 inch. 

The additional pressure drops of the cooling 
system including back pressure developed by the 
cabinet structure, may be substantial, and must 
be added to the drop determined for the tube and 
socket. Unless a manometer is used to check the 
operation of the complete system, the additional 
back pressure caused by the duct coupling the 
blower to the tube and socket is a matter of 
speculation. If a pressurized chassis is employed 
having a larqe, internal open area (plenum cham- 
ber) into which the blower works, the additional 
system back pressure will be obvious1 j !zss than 
if the blower has to force air through a flexible 



hose and arou~iti  1,trge u~ider-chassis componelits. 
E.cpsrie~ice has show11 that i t  is generally safe 
to estimate a11 add i t io~~a l  50-percelit back pres- 
sure reqr~iremelit when the blower works directly 
into a rcasoli:~bly clear pressurized chassis area, 
atid this is the most common situation in am:t- 
teur practice. 

Taking the 50-percent extra back pressure 
requirement as par, an  additional back pressure 
of 0.29 inch of water must be overcome for a total 
back pressure requirement of 0.58 f 0.29 = 0.87 
i~ ich  of water for the system. T h e  use of ari inex- 
pensive manometer to verify this educated esti- 
mate is recommended in the design of new 
equipment. 

Turning to the  squirrel-cage-blower da ta  
charts, i t  can be determined that  a No. 1 wheel 
ru~ining a t  20,000 r.p.m., or a No. 2 wheel run- 
liing a t  a speed of 6500 r.p.m. will do  the job, 
:is will a No. 295 wheel operating a t  6000 r . ~ . m . ~  
A No. 3 wheel operating a t  6000 r.p.m. is more 
than satisfactory. The No. 3 wheel running a t  
3100 r.p.m., however, is unsatisfactory, a s  the 
graph of Fig. 6 indicates that  the impeller "wind- 
mills" above approximately 0.6 inch back pres- 
sure, and that  i ts  output falls rapidly to cutoff 
zero slightly above this figure. I n  the interest of 
minimum noise i t  would seem prudent to choose 
a No. 295 blower running a t  6000 r.p.m. to 
properly cool the  4CX300d4 with asuitable safety 
margin. If blower size is a problem, i t  may be 
llccessary to use a No. 2, higher speed blower a t  
some increase in noise level. 

Glass Tubes 
Large glass transmitting tubes (above approxi- 

mately 200 watts plate dissipatio~i) require mod- 
erate anloulits of cooliiig air passed over the 
tilamet~t a11d plate seals to hold the seal tempera- 
ture below a safe maximum v:tlue. .4s a large 
clua~ltity of heat is dispelled by i~tfrnred radiation 
from the hot anode, the air requirements of the 
glass-style tube are r~sr~ally less th:tn that amount 
required for all eqr~ivalent valrle of dissipation 
from an exter~~al-allode tuhe whose allodes tem- 
per :~t r~re  is limited by the i~isulator seal. Proper 
cooli~lg of the glass tube requires that  the air 
pass ovcr the tilamelit seals and then be guided 
past the glass envelope t)y a chim~iey. The 
chimney must be trlt~lsparent to infr:rred radia- 
tion from the tube. Lastly, the air p:~sscs over 
the plat,e se:tl and is exhar~sted from the system. 

The 3-400Z zero-bias triode, for example. 
rcquires 13 c.f.m. at  :L b:tck pressrue of 0.13 i ~ ~ c h  
a t  the socket, while the 3-lOo0Z rcqr~ires 25 
c.f.m. a t  a b:~c:k pressure of 0.13 in(-h a t  the 
socket. While t,he amor~r~ t  of air reqr~il.cd is of 
ahor~t  the same quantity for comparat)l(. values of 
plnto diss ipat io~~ i ~ r  ext,er~~al-n~rodc tr~l)t,s, the 
back pressure demand is co~lsitler:rt)ly less for the 
glass envttlope desigr~, as the air is 11ot reqr~ircd 
t o  flow thror~gh int>erstices of a cooling anode. 

6 The curves shown in Fig. 4 and t l~ose follo\\,in:, apply 
t o  specific mo(lels. ,111 modrls of the same siar nutnher 
and rotational dpeed (even those o i  t l ~ e  same mant~lacturer) 
do not necessarily have the same r~erforlnance ratings. 

ltcferring again to the blower a ~ i d  fan charth, 
i t  can be semi that a 3-4002 may be adequately 
cooled by a No. 2 blower (6500 r.p.m.), or a 
No. 2% blower (3100 r.p.m.), when a 50-perce~~t  
margill is allowed for extra system back pressure. 
Two 3-4002s will require twice the c.f.m. at. 
the same back pressure, or a total of 26 c.f.m. a t  :L 

system pressure of 0.2 inch. In  this case, the 
No. 234 blower (3100 r.p.m.) would suffice. 

.4 single 3-10002 requires 25 c.f.m. a t  a system 
back pressure of 0.64 inch (i~rclr~ding the 50 
percent safety factor), and a single No. 255 
(6000 r.p.m.) blower will do the job. 

Either a si~igle 3-4002, or a pair, may be cooled 
by a 4-inch axial fan (2800 r.p.m. or higher), as 
s r~ch a device will work illto a back pressure of 
about 0.2 inch. The 3-lOOOZ, however, cannot btt 
properly cooled by the axial falls listed in Fig. 7. 

111 all of these examples, full plate dissipatio~i 
is assumed, a ~ i d  the proper air-system socket and 
chim~iey for the tube in questio~i is employed. 

The  unk~iown factor in the determinatio~i of 
the overall air-system requ i reme~~t  is the addi- 
tional back pressure caused by the conduit sys- 
tem or plenum chamller arral~gemellt. This is the 
reason that the tube m:t~ir~factr~rcr is re1uct:tnt to 
specify a particular blower for n given tube, as 
he does not k~iow the characteristics of the over- 
all air system to be used. If the blower works into 
:L reasonably clear under-chassis area sealed for 
air leaks, and the air is exhausted through thc 
tube socket, the safety f:tctor of about 50 per- 
cent in back pressure mciitioned earlier should bc 
satisfactory. If, 011 the other hand, the blower is 
placed a t  some distalice, with a co~lnecti~ig hose 
to the socket, blower reqr~iremen(s may rise by a 
factor of ten or more. T h e  only safe  w a y  to  deter- 
mime the actual r eqr~ i ren~er~ t s  of n, given a i r  s y s t em 

BACK PRESSURE ( INCHES OF WATER 
Fig. 7-Performance data for typical small axial fans. 
Medium-speed axial fans are suitable for a single 3-4002, 
or a pair of this type. Axial fans must operate into a plenum 
chamber that transmits the air to the tube socket without 
introducing prohibitive additional back pressure.Tube date 

shown includes 50% extra back pressure, as 
discussed in the text. 



TABLE I 
Air requirements a r~d  suggcsted I)lo~vrr data for v:trious :tir-coolcd tubes. 
Data is given for s i ~ r g l ~  tul)e, ~ i t h  50 percent back-prrssurc a1low:~nce. 

1 St<-400 socket requires 14 c.f.m. a t  0.37 inch. 
2 SIC-500 socket requires 25 0.f.m. a t  0.9 inch. 
3 Data applies to iXl5OA for 250 w. dissipation. 
4 Air requirement (or LOO0 w. dissipation. 
5 Sea level requirements. 

is  to rnake back pressure rneasurenaents with a 
manometer. 

When in doubt as to the air-system require- 
ments, i t  is wise to provide an oversupply of air 
at  somewhat greater back-pressure values than 
estimated by a study of system requirements. 
I t  is impossible to damage a tube by too much 
air, urlless the tube is blo\vn out of the socket by 
the air blast! All low-speed blo\vers arid axial 
fans should be avoided, too, unless a m~tno~neter 
is used to check out the syste~n under full tube- 
dissipation co~rditio~rs. 

.4 summary based upor) a 50 percerlt back- 
pressure safety factor for various tube and blower 
combi~ratio~rs is give11 in Table I. 

Back 
T u b e  Pressure Blower 
Type Socket Chimney C.F.11.5 (In. Water)b Size 

-- 
R.P.M. 

3-4002 S I i l l O  ~ SIC-41G 13 0 2 3 1600 

Tube  Temperature Measurements 
Measurement of tube temperature is possible, 

arrd the most reliable techriique is to use a thermo- 
couple attached to the tube. A somewhat simpler 
technique for the radio a~nateur  is to determine 
tube-s~~rface temperature by the use of tempera- 
ture-selruitive pairit.' The pai l~t  is applied iri a 
very thin coat to the tube arld drirs to a powdery 
firlish after applicatioti. At its critical tempera- 
ture, it melts arid virtually disappears. After 
subsequent cooli~ig, i t  has a cryst:illir)e appear- 
ance which indicates that the surface with which 
it is i l l  contact has exceeded the critical tern- 
perature. 

lteliable temp;,c:ure measurements can be 
made with temperature-sensitive paint only if 
it is applied in a very thin coat over small areas 
of the surface to be meas~~red.  The s ~ ~ b s t a ~ r c e  as 

7Ternperature sensitive "decals" are also avai1al)lc 

3-10002 

4-400.4~ 

4-1000A2 

4CS250B3 

4CS1000.4 
ICS1500B4 

5CXl500A 

Fig. 8-Typical curves indicating how the cooling require- 
ments increase with an increase in tube plate dissipation. 
These curves a r e  for a 4CX300A mounted in an air-system 
socket. The dashed lines point out how the airflow require- 

ments also increase with altitude because 
o f  the thinner atmosphere. 

supplied by the manufacturer is too thick for 
use in the preserlce of forced-air cooling arld must 
be thinned, using orily the thinner recommerlded 
by the ma~iufacturer. The paint is applied with an 
air brush or atomizer (or with an aerosol dis- 
penser) in a well-diluted spray, as the amount 
required to produce a reliable indicatiorl is vir- 
tually un\veighable. .4 conve~rient set of equip- 
ment for using the temperature-sensitive paints 
is an atomizer with several vials, each equipped 
with an airtight cap. 011e vial may be filled with 
thin~ier for cleaning the atomizer, while the re- 

(Continl~erl on page 142) 
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SIC-5lG 25 0.64 
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3000 
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pp 

2 % 6000 
SIC-5CG 25 0 64 

3% 3000 
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6000 

- -  -- 

SIC-806 
Sr r~es  

22 0.3 3 3100 
-- 

SK-806 
Scries 

I 7  1 1 2  3 6000 



mairider are filled with properly-thinned paint 
sensitive to several different critical tempera- 
tures. 

Aleasr~reme~its made with temperature-serisi- 
tive paint yield basic iliformatiori sometimes 
obtainable ill 110 other way, arid are the "ounce 
of preventio~l" that is worth a "pollnd of cure." 

Conclusion 

Tube-surface temperatr~res are the ultimate 
criterion by which coolirig adequacy may be 
judged. As tube life is closely related to surface 
temperatures, relial-~lc temperature or coolirig 
informatioli is very important to the equipment- 
desigrlengirleel.and the radio amaterlr. The proper 
choice of air blower is important, especially ill 
cases where a high order of back pressure exists 
ill the air system. Use of a marlometer to  deter- 
m i ~ ~ e  back pressure, as well as the use of tem- 
perature-sensit ivep;tirit, allow the circr~it desiglier 
to co~lstruct a satisfactory forced-air cool i~~g 
system a t  t,he lowest possible cost. 

Thanks and appreciation to Bill McAulay, 
WGKRI, Itay Kinaudo, WGKEV, and Bob 
Sutherland, WGUOV for t>heir ~uggest~ions and 
help in preparing this article. m 
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The Cat bode-Driven Linear Amplifier 
BY WILLIAM I. ORR,* W6SAI and WILLIAM H. SAYER,** WAGBAN 

T IIE cathode-driveri, or grol~nded-grid, am- 
plifier' is ideally suited to anrateur s.s.b. or 
c.w. service and seems to be gradually rele- 

gating the grid-driven amplifier to the jurrk box. 
The attributes of the cathode-driven amplifier 
:we impressive: it has reasonable power gain, it 
~ ~ s u a l l y  requires no auxiliary r~eutralizntiorr be- 
low 30 megacycles or so, it offers lower residl~al 
circuit capacitance, and parasitic suppression is 
not difficult. Urrder certain conditiorrs, moreover, 
itihererrt negative feedback exists irr this con- 
figllration, to the benefit of amplifier lirrearity. 
Finally, a portion of the cathode r.f. drive power 
shows up in the output circuit, thus providing 
a degree of "free" output power not otherwise 
available from a conventional grid-driven circuit. 

Strictly speaking, the extra ou tp l~ t  power is not 
"free," as r.f. power is expensive conrpared to 
d.c. plate power and may only be "free" if i t  is 
l~rravoidably available. I t  is generally referred to 

* hIanager. L'.mateur Service Dept. Eimac, Division of 
Varian, San Carlos. California 

**Project Engineer, I n d ~ ~ s t r i a l  hpplication Div. Eimac, 
Division of Varian, San Carlos, California 

1 The term " cathode-driven." or " grid-isolation" is 
preferred over "grounded-grid," as the latter implies that 
the nrid is a t  r .f .  and d.c. ground. Tlris is often not the 
case. 

Fig. 1 -A-The cathode-driven circuit. Driving voltage (e,) 
is applied to the cathode of the amplifier and the output 
voltage (e,) appears across the plate load impedance, 
RL, in phase with e,. The grid of the tube is at nominal 
ground potential. B-The driver and cathode-driven 
amplifier are in series with respect to the amplifier r.f. 
voltages. Amplifier cathode current ( i )  flows through the 
load resistance of the driver, contributing a degree of 

r.f. feedback. 

.............................. 
$ \eutral i~at io~i  ancl coritrcrl of grid isola- $ + tion within the cathode-driven amplifier 

permit the designer to adapt the basic 
$ circuit to the particular operating rondi- $ 

tions at hand. Power gain and feed- 
through power may be varied, and the 

$ amplifier can be s~al~i l ized for proper 
npcration over a wide frequency range. + 

.............................. 
as f ed- throzryh  power, but the implicatiorr in this 
term may be rnisleadilig, as this portion of the 
drive power does not appear in the load circuit 
of the cathode-driven stage urrtil after it is con- 
verted to a varyirrg d.c. plate potential effectively 
in series with the main amplifier power supply. 
This convertetl dr ive  power performs a useful 
function irr Class .4Bz and Class B linear service 
by swamping o l ~ t  the undesirable effects of 
nonlinear grid loading and presenting a reason- 
ably corrstant load to the exciterz. 

The  purpose of this article is t o  examine cer- 
tairi aspects of the cathode-driven amplifier, not 
widely recognized, that  afford additiorral flexi- 
bility and versatility under particular operating 
conditions, and which permit accurate arrd com- 
plete neutralization to be achieved when needed. 

The Basic Cathode-Driven Circuit 

First discussed in QST in September, 1933,s 
tlie cathode-driver1 rircl~it  has generated a cori- 
eiderable body of literature over the  past few 
decades (see bibliography). The  circuit is be- 
lieved to have first been conceived circa 1920 by 
I2rnst .4lexarldersorr of alternator fame. Used 
: ~ b o l ~ t  1038 ill European short-wave broadcast 
and TV service, this unique amplifier configura- 
tion became popular in U.S. postrwar low-channel 
TV transmitters about 1944 or so. 

The basic cathode-driven circuit is shown ill 
Fig. 1. I t  may be operated either as an  oscillator 
or as an amplifier by proper choice of components 
arid pote11ti:tls. The  grid of the tube is ~ionrirlally 
a t  r.f. groluld potential arrd the exciting signal 
is applied to the cathode, or filament. For am- 
plifier service, if it is assumed that  the  cathode 
is il~stantarieously driven positive with respect 
to gror~rrd (the grid), the plate will become Illore 
positive with respect to the cathode, arrd also 
w ~ t h  respect to ground. The irlstantaneous plate 
voltage, in effect, is developed in series and irr 
phase with the excitirrg voltage, and the driver 
arid amplifier stages may be thought of a s  op- 
- - 

2 Pappenfus. Bruene and Schoenike, Single Sideband 
Principles and Practice, McGraw-Hill Book Co., N. Y. 
(1964). 

3 Kornander, "The Inverted Ultra-audion Amplifier," 
QST, S?pternl>rr, 19:3:3. 
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Fig. 2-Distributed constants of cathode-driven tube. 
Cathode-to-plate (C,_,,), cathode-to-grid (C,,) and 
grid-to-plate (C,,,) capacitances, together with grid-lead 
inductance (1,) make up feedback paths that must 
be neutralized for proper operation of the cathode- 
driven amplifier. Two feedback paths enter the picture: 
the direct path from plate to cathode via C,,,, and 
a more devious path via series capacitors C,g and C,_,. 

tnnccs, and their position relative to each other 
and to other circuit components represents ca- 
pacitance: both these qnantitites may have an 
effect upon amplifier performance. Vacuum tubes 
hnve these distributed collstants within their 
envelopes in the form of interelectrode capaci- 
tances and lead inductance. 

Voltage feedback from output to input through 
the distributed constants of the tube has a dele- 
terious effect on amplifier performance The 
magllitude, phasc and rnte of change wlth respect 
to frequency of this feedback determine the 
dynamic stability of the amplifier, and control 
of feedback is termed neutialzzntion. The purpose 
of neutralization of any amplifier, regardless of 
circu~try, is to make the inpllt and output circuits 
i~ltleper~dent of each other with respect to voltage 
feedback and the restrlting reactive c ~ r r e n t s . ~  
Whet1 a cathode-driven amplifier is operated a t  
the higher freqlrellcies, the internal capacitances 
and the i~rdl~cta~lce of the grid structure of the 
tube contribute to the degree of feedback (Fig. 
2). To ach~eve stability, the various feedback 
~ a t h s  through the distributed constants inherent - 
in the ttrbe structure must be balanced out, or 

eratillg in series to deliver power to the load, nulled, in some fashioll by neutralizatioll tech- 
RL. The delivered power is the sllm of collverted niques. proper neutralization may be defined 
drive power and power, less power as the afntc i i ~  ~ohlch, ~ o h e i ~  plate anrl caihotie tank 
from the driver req'lired by the anlplifier grid 

6 1n fact, tkle cntllode voltage 1s dependent to  a drrrce 
circuit. A parallel-tuned circuit is used ill the upon the outprlt  voltage, as the lnprlt and output clrcrlits 
cathode of the amplifier to enhance the reglrlatioll are in serles. 

of the driver stage, to complete the plate circl~it 
r.f. return path to the cathode, and to provide 
proper driver termination over the operating 
cycle.4 

As the cathode-driven amplifier is effectively 
in series with the driver stage, the outptrt current 
passes through the load resistance of the driver 
(R,), causing a voltage drop across that resistance 
which opposes the original drivirlg voltage. This 
indicates that inverse feedback is inherent in the 
cathode-driven amplifier to some degree if the 
driver has appreciable load resis ta~~ce.~ 

Neu fraliza fion 

The familiar cathode-driven amplifier used in 
h f .  amateur service is ~wually not neutralized. 
That is to say, no evterllal nel~tralizlng circlrlt is 
blult into the amplifier This orl~issioll has led to 
the general bel~ef that the "grounded grid acts as 
a fihleld" and nel~trallzation is not necesqary in 
any and all cathode-driven amplifiers. The ac- 
cepted proof of thts belief is the fact that most 
h f.  amplifiers, in most instances, w111 not os- 
cillate in use. Operation of an nnneatralized 
cathode-driven amplifier in the upper portion of 
the h.f. spectrun~, however, may provide 1111- 

plea.ant surprises. &Tally amateurs have fo~uld 
to their ch:rgrlll that s11ch an amplifier is often 
n tricky " beast" to tame at 10 and 6 meters. 

The reasoll for the unwanted instab~lity is 
iinlple. Wires and leads repre-etlt filrite ir~doc- 
-- 

4 C. E. Strong, "The Inverted Arnpl~fier," Electrtcal 
Curr~munzcntzon (England), Volume 10, No. 3, 1941. 

5 .I J. LIulIer, "Cathode Exclteci L~near  Ampl~fiers." 
Elccti icnl Con~munzcalzon (England). Volume 23, Sept~mher ,  
104b. 

Fig. 3-A-Cathode-plate inductive neutralization. Capa- 
citive feedback path between cathode and plate via 
C,,, may be neutralized by making the capacitance 
part of a parallel-resonant circuit tuned to the operating 
frequency by the addition of 1,. A blocking capacitor 
is used to remove the d.c. plate voltage from the coil. 
Neutralization is frequency sensitive. B-Equivalent 
circuit; high-impedance parallel-resonant circuit nullifies 
feedback path between input and output circuits via 

plate-to-cathode capacitance. 
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Fig. 4-A-Cathode-plate bridge neutralization. Balanced 
input provides euqal out-of-phase voltages at points 
B and C. When CN is equal to C,.,, equal out-of-phase 
voltages will cancel each other at point A and feedback 
path via C,., is neutralized. B-Neutralization circuit 
redrawn in bridge form, with typical capacitance values 
for 3-4002 triode shown in parentheses. Bridge is balanced 
except for capacitance C,, representing residual capa- 
citance to ground at point B. If the balanced input circuit 
is high-C in comparison to interelectrode capacitances of 
tube, capacitances C,, and C, are swamped out and 

bridge may be considered to be balanced. 

circuits are resonant, maximum cathode voltage, 
minimum plate current, and ma.cimum power out- 
put occur. This definition implies that the input 
and output circuits are independent of each other 
with respect to common reactive currents, and 
that tuning of the circuits reveals no interaction. 

As the grid of the tube is a t  nominal ground 
potential in a cathode-driven amplifier, i t  appears 
that this element may act as a screen, or shield, 
between the output and input circuits and that 
instability or oscillation due to feedback paths 
through the interelectrode capacitances of the 
tube may be avoided, or reduced to negligible 
values. At the lower frequencies, particlllarly 
with respect to well-shielded, low-gain tltbes, 
this belief may be true. However, iri the higher- 
frequency region the practical tube (i.e., the 
tube that can be built) departs to an important 
degree from this simplified concept. 

Neutralizing the Cathode-Driven Amplifier 
Stable operation of the cathode-driver1 am- 

plifier often requires some form of neutralizatio~l 

Fig. 5-A-Three-terminal representation of cathode- 
driven tube. See text for explanation. B-Vector repre- 
sentation of feedback voltages in cathode-driven tube. 

when the frequency of operation approaches the 
upper reaches of the h.f. spectrum. Complete 
circuit stability requires neutralization of two 
feedback paths, for which separate techniques 
are required. 

The first feedback path involves the cathode- 
to-plate capacitance, C,, . Although the capaci- 
tance involved is small, the path is critical and 
requires neutralization. Neutralization may be 
accomplished either by a shunt inductance (Fig. 
3) or by a balanced capacitive bridge circuit 
(Fig. 4). The first technique consists of connect- 
ing a reactance from plate to cathode of such 
magnitude as to transmit back to the cathode 
circuit a current equal in value but opposite ill 
phase to the current passing through the cathode- 
to-plate capacitance. The bridge technique is a 
version of the well-known capacitance neutral- 
izing circl~it used in conventional grid-driven 
amplifiers to balance out the effects of grid- 
plate capacitance. The balanced input circuit 
provides eqnal ant-of-phase voltages to which 
the cathode of the tube and the neutralizing 
capacitor are co~ipled. As the value of the nell- 
tralizirig capacitor is equal to the cathode-to- 
plate capacitance of the tube, the voltages are 
balanced at  the junction of the two capacitances, 
which is the plate termination of the cathode- 
driven tube. Both capacitances are usually quite 
small, and the effect of series lead inductance ill 
the bridge circuit is relatively unimportant. Corr- 
sequently a reasonable bridge balance over a 
wide frequency range may be obtained with a 
si~rgle setting of the ne~~tralizirlg capacitance. 



The shnmt-inductance neutralizing c i rc~~i t  of 
Fig. 3, oil the other hand, has the disadvantage 
of req l~ i r i~~g  adjnstmelit for each working fre- 
quency, n.: t,he external indr~ctance and cathode- 
to-plate feed-through capacitance form a fre- 
q~~encp-sensitive parallel-resonant circuit a t  the 
operating frequency. 

]<:ither nentralizirig circuit may be properly 
balanced even thor~gh the grid of the tube may 
not be at  nctl~al groluid potential because of in- 
ternal grid indnctance, L,. Ii~trastage feedback 
resulting from this inductance requires a sepa- 
rate, unique sol~~tion,  apart from the neutralizing 
technique just discussed. 

Grid-Znducfance Neu fraliza fion 

The second feedback path in the cathode- 
driver1 stage incl~~des the grid-to-plate capaci- 
tance, the cathode-to-grid capacitance and the 
series grid inductance, L,, as shown in Fig. 2. 
The grid inductance represents the snm of all 
possible feedback paths through the grid struc- 
tnre, plus the actual series inductance of the 
grid structure. I n  practical tubes, there is no 
possibility of avoiding all inductance in the path 
between the active grid element of the tube and 
ground. This path exists because the grid is not a 
solid, intercepting structure. After all, opeiririgs 
mnst exist to permit electrons to pass from the 
cathode to the plate! Capacitance leakage can 
exist between the cathode and the plate through 
these openings. 111 addition, Maxwell's equations 
state that changing electric and magnetic fields 
propagate each other through space. 111 the 

7 \irith physically large tubes having appr~ciahle series 
input inductance, in-phase neutralization is often required. 
This may he achieved by adding external cathode-to-plate 
capacitance, or  by detuning the shunt inductor from the 
condition ol parallel resonance. 

DETECTOR 

FREQUENCY IN MC/S. 

( 0 )  

Fig. 6-A-The self-neutralizing frequency of a cathode- 
driven triode may be measured by observing the trans- 
mission properties of the cold tube when treated as a 
three-terminal network. 0-Typical plot of introstage 
isolation of 3-4002 triode mounted in test fixture. Self- 
neutralizing frequency of tube is about 100 megacycles. 

vicinity of the real grid structure, the electric 
field abollt the "input" side of the structure 
gives rise to currents flowing in the structure 
which, in turn, came an electric field to exist 
about the "output" side of the structure. In  
addition, electromagnetic coupling through the 
interleaved grid structure is also observeds. 

These spurious coupling paths result in an ap- 
parent r.f. leakage through the cathode-to-grid 
and grid-to-plate capacitances that is often marly 
times greater than that predicted by actual 
measurement of the internal capacitances. A 
simplified picture of this complex path may be 
seer1 as an iflductance in series with the grid-to- 
ground path, common to both input and output 
circuits (Fig. 2). If this path is not neutralized, a 
voltage e ,  appears on the grid of the tube which 
either increases or decreases the driving voltage, 
depending upon the value of internal capacitance: 
and grid indnctance. With sufficient spurious grid 
voltage, the cathode-driven stage may oscillate, 
or be unstable, even though the cathode-to-plate 
feedback path discussed earlier is completely 
neutralized. 

The voltage e, on the so-called "grounded 
grid" is determined by a complex action between 
the total cathode-to-plate capacitance and a sepa- 
rate 1ow-Q circrdt composed of a capacitive volt- 
age divider (C,., and C,, in series) together with 
the grid inductance, L,. A certain frequency a t  
which these two feedback paths nullify each other 
is termed the self-neutralizing frequency (f,) of 
the tube. This frequency usually occurs in the 
lower portion of the v.h.f. spectrum with small 
transmitting tubes. All the elements comprising 
the neutralizing circuit are within the tube. How- 
ever, connecting the tube into the circuit by wir- 
ing or socketing will alter this frequency. 

The self-neutralizing phenomenon comes abollt 
because of a frequency-sensitive voltage balance 
that takes place within this network, Fig. 5A, 
and which may be explained by a simple vector 
diagram, Fig. 5B. The r.f. plate voltage (e,) 
causes a current (i) to flow through C,_, and L,,. 
If the reactance of L, is small in comparisorl with 
the reactance of C,-, (as would be the case below 
the self-neutralizing frequency), the cl~rrent i will 
lead the plat>e voltage e, by 90 degrees. In flowing 
throl~gh L, this current will develop a grid volt- 
age (P, )  which is 180 degrees out of phase with 
e,, a i ~ d  with t>he voltage elb fed back to the cathode 
via C,_, and series-connected C,, and C,,. 

At some freqnency the voltage eL developed 
across L, will jnst equal the voltage fed back 
through the interelectrode capacitances (elb). The 
frequency a t  which e ,  is equal to ejb is the self- 

complex feedback path is nillitied, or "neutral- 
zed." (A second, somewhat higher, frequency at  

aFeedback admittance also i s  enhanced by the  self- 
nductance of the grid wires, which provides common 

coupling between input and output circuits. The  inductive 
coupling may partially compensate for the feedback through 
t h ~  catho(ir-to-plate capacitance. (Sre Bibliography, item 
3.) 
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Fig. 7-A-The point of self-neutralization may be shifted 
lower in frequency by the addition of on inductance 
(1,) in series with the grid-to-ground termination of the 
tube. B-The point of self-neutralization may be shifted 
higher in frequency by the addition of a capacitor (CN) 

instead of an inductor. 

which the complex grid co~~fig~lratio~r is i l l  a se- 
ries-reso~~ant state with respect to i~ltrastage 
isolatio~r is called the grid series-resonant fte- 
cltcerwy (jz) of the t ~ b e . ) ~  

The Self -Neu tralizing Characteristic Curve 

The self-l~eutr:tlizing char:tcteristic of a 
cathode-driven triode may be determined by 
treating the tube as a passive three-termi~lal 
net,work :tnd nleasr~l-ing t,ra~~srliissio~l as a frulc- 
tion of freque~lcy. The tahe is placed in :i t,est 
fixture which is corltrived to irlsure that the 
frequency measured is depe~ident on the tube 
and socket o111y (Fig. 6). A signal is applied to 
the "cold" tube throngh all appropriate atte~irl- 
ator a ~ l d  a detector is used to measllre the 
trarlsmissiorl voltage throl~gh the t~tbe.  Investi- 
gation over a range of freqlle~icies will prodrlce 
a typical plot such as show11 in Fig. 6B. The poi~l t  
of maximum isolatio~l is the self-~le~~tralizi~rg 
frequency, fi. Measrrrerncrlts are not quantita- 
tive, as rlothi~rg is krlowrr about the impeda~lce 
of the irrput or outplrt circuits. The relative 
isolatiorl with respect to frequency, however, is 
the interesti~lg parameter. 

The self-~~elltralizing f r e q ~ l e ~ ~ c y  (a bro:td nr~ll 
of several hundred kilocycles) mav be moved 

9 "Csrr  anrl Feeding of Po\\-er Grid Tuh~s", applimtion 
In~lletin No. 13, EIhI.ZC, a Division 01" Varian, San Carlos, 
Calif. 

nhout hy ~~ra~liprtlatio~l of the estertlal grid-to- 
grorurd circuitry of the tr~be, or by changing the 
ci~pacitive feedback path. Or, if desired, a sect- 
o11d:ti-y poilit of ~rer~trnliz:atio~r may be created, 
:is described Inter. If the desired frequerlcy of 
oper:ttio~l is above the self-~ler~tralizi~~gfreqrle~lcay 
the voltage developed O I I  the "gro~urded grid" 
will he too great a~rd  the series grid i~rdr~cta~lce, 
I,,, mrist be redrrcetl, or the feedback path ad- 
jr~sted to establish self-neutralization. If the 
operati~rg freqr~e~lcy lies below the self-nelltraliz- 
i~rg frecltle~lc.y, the voltage 011 the "grol~rlded grid" 
will he i~isrlfhcie~lt to ca~rcel the feedback voltage 
:~tld the series grid i~rdt~ct:a~rce ~nrlst be iircreased. 

The portio~r of the plot nro~urd the poi~lt f l  has 
I)ee~l experi~tretit:tlly verified hy observi~rg the 
i11tr:istage leakage (tr:t~rsmissio~l) properties of 
:L 3-4002 zero-bi:ts triode 1nor111ted i l l  an SK-510 
socket a ~ l d  fixed i ~ r  a partitio~r ill 311 r.f.-tight 
ellclosrlre. Ohservatio~~ was over the r:t~rge of 50 
to 250 ~negacyc:les, a~rd the self-~letltralizi~lg fre- 
qtlelrcy was see11 to he i r r  the neighborhood of 
100 megacycles (Fig. 613). Above this freq~lerlcy, 
the itltrastage isolation gradr~iilly deteriorated its 
the series-reso~l:t~~c:e frerl~re~~cy, jz, of the grid 
e l e m e ~ ~ t  was a~)proached. Near the latt,er fre- 
qrlelrcy, t r~\)e  operation is impractical, being f ~ ~ r -  
ther complicated hy tra~~sit,-time ef'fects and other 
v.h.f. phenomena. 

The Self -Neu tralizing Frequency 

The self-nel~tralizi~lg freqlrer~cy of a cathode- 
driven triode depe~rds to a large degree uporl the 
size of the tube, the interelectrode capacitances, 
the physical corrfiguration of the grid structr~re 
and the i~lductance of the grid leads and terrni- 
n:Lls. nelow this freque~~cy, the trlbe car1 
~leutmlixed by the :~dditio~l of :t s~nall illductor 
(IoJ, Fig. 7) ill t,he grid-to-gl.ou~~d path. Abovtb 
this freqr~e~lcy, trerltraliz:tliotl 1n:ty be achievetl 
\)y red~lc,i~rg the rencta~lcr of the path by thrs 
:idditio~r of :L s ~ ~ i t a h l e  seriescapacita~rce, fi. To 
demo~istrate this a variable capacitor was placed 
i l l  series with one grid t,er~ni~ral of the 3-40OZ 
rnorurted ill the test fi.uture. At any freq~1enc.y 
betweell ,fi a ~ l d  250 1neg:ic.yc.les the shape of the 
plot corrld he altered by ad j~~s tment  of thecapari- 
tor, providing a rlerltralizi~ig ''nllll, " Fig. 8, i l l  

the crlrve of ahorlt the same amplitude as ob- 
served a t  the lower freql~e~rcies. The Q of the 
~lerltra.lizi~lg circr~it (orre grid lead plus the ca- 
pacitor) was collsiderably higher than the Q 
of the grid system, and the ne~~tralizing adjllst- 
1ne11t proved to be rather frequency-se~rsitive. 
The original self-~le~ltralizing frequency (f,) was 
little altered by the addition of the auxiliary 
circrrit. 

.\ secorrd test conducted on a larger tube (the 
3S2500A3, a 2.5-kw. low-p triode) showed that it 
collld be neutralized 011 the lower-frequency side 
of the self-~ie~ltralizirlg frequency f l  by the addi- 
ti011 of a sr~itahle inti~lct.or between the grid ter- 
rni~lal and grorurd. Both tech~liqrles are shown it1 
Fig. 7. 

It shor~ltl III, 1io1c:tl t , l~:~t i~~tr:~st,:tgeself-11er1tr:tli- 
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zation and cathode-plate neutralization are inter- 
locked. In the lower portion of the v.1l.f. spectnlm 
o111y one techniqve may be necessary to achieve 
a satisfactory degree of nel~tralization, a t  least as 
far as amplifier stability goes. 4 t  6 meters, for 
example, either system will completely stabilize 
many amplifiers in most situations. At higher 
frequencies such is not the case, and both feed- 
back circuits may require attention atid nlatlipu- 
lation to allow the amplifier in question to be 
properly neutralized. 

General Remarks 

Conclusions to be drawn as to the degree of 
intrastage isolation, 01. as to the reqrlirenlent for 
r~el~tralization in a cathode-driven amplifier, tend 
to be clouded unless backed by measllrements 
made on the equipment, just as is the case with 
grid-driven amplifiers. In the latter instance, 
neutralization of the c i rc~~i t  is :tlmost taken for 
granted. Not so with cathode-driven amplifiers, 
as adeqllate isolatiorl and stability have often 
been achieved at  the lower frequencies even with 
tubes that were not designed for this pllrpose. I t  
is unwise to jump to the general co l~c l~~s io t~  that  
this special situation exists ill all cases. 

4 t  the lower freq~~elicies, particltlarly with 
well-shielded, low-capacitance tllbes, net~traliza- 
ti011 may not be necessary, and this permits the 
circuit designer to make use of circr~it techniqr~es 
and practices that afford variatioti of power gain, 
converted drive power, and degree of inverse 
feedback to the cathode driveti anlplifier. Spe- 
citically, these parameters may be varied to meet 
the demands of the system or to adjttst the con- 
verted drive power requirement of the amplifier 
to match the available drive power of the exciter. 
These circuit schemes, however, shorlld not be 
confused with the separate problems of amplifier 
neutralization, discllssed in this article. 

A future article will discnss super-cathode- 
driven and semi-cathctle-rlri1:en circr~its. The au- 
thorswish to thank \V. 11. hIctAl~lny, \\-GI<RI, :tnd 

Fig. 8-A-The 3-4002 may achieve neutraliz- 
ation over a wide v.h.f. range by the addition 
of a series capacitor in one grid lead. Neu- 
tralization adjustment is frequency sensitive 
and must be  peaked for maximum intrastage 
isolation of the operating frequency B-Plot 
of intrastage isolation of 3-4002, showing 
neutralizing null added by the series grid 
capacitor. Null may be moved about between 
fl  and fz. A similar neutralizing effect may b e  
obtained at frequencies lower than f~ by the 

circuit shown in Fig. 7-A 

R. I. Sutherlnnd, \V6UOV, for their help and 
suggestions in preparation of this article. gsf--l 
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Semi- and Super-Cathode-Driven Amplifiers 
BY WILLIAM I. ORR,* WGSAI A N D  WILLIAM H. SAYER,** WAGBAN 

TN a previous article covering problems peculiar 

1 to cathode-driven (" grounded-grid " j ampli- 
fiers' i t  was pointed out that when well- 

shielded tubes are operated in cathode-driven 
circuits in the h.f. region, neutralization is not 
always necessary for achieving circuit stability 
in properly designed equipment. If required, 
neutralization could be easily applied in one or " - -  
more forms. The cathode-driven amplifier, more- 
over, permits the designer to include a degree of 
additional negative or positive feedback, in the 
form of grid driving voltage, to establish desired 
operating conditions. Specifically, the applied 
grid voltage may be used to vary the power gait1 
and so-called "feed-through" power of the 
amplifier and, in a special case for tetrode and 
pentode tubes, this permits the elimination of the 
screen supply, screen power being taken from the 
r.f. drive. Circuits that make use of auxiliary 
grid-drive voltage are termed setni- and super- 
cathode driven. This article discusses the applica- 
tion of these circuits to amateur practice. 

Fig. 1-The grid-driven amplifier. Drive signal (e,) is 
applied between grid and cathode. When the grid is 
positive with respect to ground, plate potential becomes 
more negative with respect to the cathode (ground). 
Instantaneous plate voltage is out of phase with grid 
drive voltage, and the two circuits are common only at the 
cathode (ground) point. Bias and plate power supplies 
are considered in the circuit for d.c. and out of the circuit 
from an r.f. point of view, by virtue of bypass capacitors 
C1 and C2. Class of operation is determined by bias and 

drive signal voltage levels. 

The Grid-Driven Circuit 

The grid-driven circuit is a good place to start  
investigation. 

Fig. 1 is a block diagram of a co~lvel~tion:il 
grid-driven triode amplifier. For simplification, 
neutralization is not  show^^, a ~ l d  power a ~ l d  r.f. 
circuits are greatly simplified. The driving sigl~nl, 
e,, is applied between grid and cathode (ground). 

*Manager, Amateur Service Dept. Eimac, Division of 
Varian, San Carlos, Calif. 

** Project Engineer, Industrial rlpplication Div., 
Eimac, Division of Varian, San Carlos, Calif. 

1 Orr and Sayer, "The Cathode-Driven rlmplifier". 
QST, June, 1967. 

Operating conditions for linear ampli- 
jiers exist which offer advantages to 
the circuit designer and  equipment 
user. Power gain and  'yeed-through" 
power of the stage may be varied, 
and reduced intermodulation distortion 

I is achieved by manipulation of the ratio 
of cathode to grid drive, as discussed in $ &is article. 

111 a perfect amplifier, input and output tuning 
adjustments are independent of each other and 
the grid and plate voltages are 180 degrees out 
of phase. 

Driving power is the amount of signal power 
dissipated by the grid, if the grid is drive11 
sufficiently positive to attract electrons from the 
cathode, plus any power demanded by various 
circuit losses. The class of operation is defined 
by bias voltage and driving-signal level. In  the 
case of Class ABl operation, grid-drive require- 
ments are very low because the grid is never 
driven positive and therefore no grid current 
is drawn. Class AB2 or class B operation may call 
for a moderate amount of driving power on 
positive signal peaks when grid current is drawn. 
For Class A and B modes of operation, the output 
waveform is a replica of the input waveform, and 
the circuit may be used for linear amplificatio~l. 
When the circuit is adjusted for Class C operatio11 
(with bias greater than the cutoff value and plate 
current flowing in pulses less than one-half an 
operating cycle) the linear relationship betweell 
input and output signal no longer exists and the 
operating parameters are unsuited for li11e:ir 
amplification. 

The Cathode-Driven Circuit 

Fig. 2X illustrates a triode amplifier, simpl~fied 
as previously explained, in which the drive signal 
e ,  is applied between grid and cathode, with 
the grid grounded with respect to the r.f. signal. 
Operation of this circuit is strikingly differe~~t 
than that of the grid-driven configuration of 
Fig. 1, but tube operation is the same. Tha t  is to 
say, when the grid is driven positive in either 
case, the cathode is driven negative and plate 
currerit flows. The mode of operatio11 is, of coursc, 
determined as before by choice of bias and drive 
signal levels. 

In the linear mode, if it is assumed that the 
cathode is driven negative with respect to the 
grid (r.f. ground), the grid is then positive ill 
relation to the cathode. With a positive grid 
sig~lnl, the pl:~te hecomes more negative with 



respect to both cathode and ground. On the 
other half of the operati~lg cycle, when the 
cathode is positive with respect t,o the grid, the 
plate becomes more positive in relation to ground. 
Thus the plate pote11ti:tl respollds ill like polarity 
to the cathode-drive signal. During the time 
that the cathode is driven negative, converted 
tlrive voltage is added to the d.c. plate potenti:tl, 
:la shown in Fig. 2U. An extra amou~lt of instan- 
tllneous p1at.e voltage is developed in series and 
in phase with the cathodesignal. Thedriver, then, 
may be pictured as a seco~ld plate s ~ ~ p p l y  efrec- 
tively in series with the ~nnin plate supply of the 
amplifier. The portion of cc)~tuerterl d r i ~ l c  pn~cer  
wllich appears ill the plate circuit as ntltlitio~l:~l 
r.f. output is commonly called "feed-through" 
power, even though it  does not "feed through" 
anything. The effective d.c. plate-to-c:ithode 
voltage on the cathode-driven tube during 
negative signal excursions of the cathode voltage 
is the sum of the d.c. plate voltage alld the r.m.s. 
v:~lrle of the cathode voltage, e,. Dl~ring positive 
signal excursio~ls (when the grid is negative with 
respect to the cathode) the tube is cut off, so 
thesubtractiveportion of thedrivevoltagedl~ring 
this part of the operating cycle is ineffective. 

The plate voltage of the cathode-driven 
nnlplifier thus varies over the operati~lg cycle, 
tleviating from the rlomin:tl power supplj- v:llue 
to a somewhat higher value ill accord with the 
~~lodulation envelope of the drive signal. The 
v:?lrle of converted drive power in the plate circ~lit 
i.; approximately the prodr~ct of the r.m.s. 
cathode voltage and the d.c. plate c ~ ~ r r e n t  
( e ,  X I,). The total drive requirement is the 
sum of grid-drive power, converted drive-signal 
power, and grid-circuit losses. Grid-drive power 
and grid-circuit losses remaill relatively co~lsta~l t  
ill either mode of operation, the extra converted 
grid-drive power appearing only in the cathode- 
tlriven mode. 

:Is in the grid-driven case, the cathode-driven 
:~~nplifier may be operated Class .\, I3 or C by 
proper choice of bias and. drive-signal level. 
I I i g l ~ - ~  triodes and sot j~c  tetrodes may be oper:itcd 

in near Class I-I coildition, uith zero grid bias 
a ~ l d  screen grounded. This subtle distinctio~~ 
sho~lld again be emphasized: Circuit coufiguratio~t 
allti operating mode are two separate and distinct 
things, 2nd the use of the loose, i~lclusive term 
"gro~lnded-grid" tends to blur :ind conf~~se the 
di3ti11ctio11. A circuit may be cathode drivel], 
b r ~ t  is not ~lecessarily "grounded-grid" fro111 
either an r.f. or d.c. point of view. 

Envelope Modula fion 

Compariso~l of the operating parameters of  
grid-drive11 and cathode-tlriven circuits utilizil~y 
the s:rmc tube type in the same class of operatio11 
reveals that drive requirements of the tube :tre 
identical, with the obvio~~s  exception of the? 
converted drive power which is a characteristic 
of the cathode-driven circuit. When compari~~g 
stage gains between the two modes of ope ratio^^, 
the additional converted-drive-power require- 
ment of the cnthode-drive11 stage effectively 
reduces the overall power gain of the circuit 
and provides a degree of inverse r.f. feedback 
roughly eq~lal to the reduction of stage gain. 

111 the case of tetrode and pentode tubes, n 
portion of the co~lvertcd drive power is used t o  
s ~ ~ p p l y  screen power as well as plate polver 
dllri~lg negative drive-signal excr~rsio~ls. This i:, 
\vhy such tubes openlting in cathode-drive11 
service t~sually have reduced d.c. screen voltage: 
the rem:tinder of the required screen voltage is 
supplied by the driving source, reaching the 
desired maximum value a t  the peak of the d r i v i ~ ~ g  
signal (an example is the Collins 30s-1 amplifier, 
which utilizes a Class AB1 4CS1000.4 tetrode 
in this circuit). 

R.f. envelope modulation resulting fronl 
envelope variations of plate and screen voltage 
affords a degree of inverse feedback not easily 
obtainable in a grid-driven stage. A reduction of 
irltermodrllation distortion has been observeti 
for various tetrode tribes operated in this fashion, 
amounting t,o 3 to 10 decibels improvemerlt in 
unwanted third-order products. 

Fig. 2-The cathode-driven amplifier. (A) Drive signal (e,) is applied between cathode and grid (r.f. ground). When the 
cathode is driven positive with respect to the grid, the plate potential becomes more positive in relation to ground. In- 
stantaneous plate voltage is in phrase with cathode drive and in series with it, from a d.c. point of view. (B) Effective 
plate voltage during the negative portion of the cathode drive signal is the su.n of the d.c. potential plus the r.m.s. value 
of the converted drive voltage. In this case, d.c. plate voltage is 2000, peak-to-peak r.f. drive voltage is 200, and 

r.m.s. drive voltage is 70.  The effective plate voltage is 2070. 
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Fig. 3-The semi-cathode-driven omplifier. Auxiliary 
drive voltoge (e,) is applied to the grid out of phase with 
the cothode signal (e,), roising the stage gain ond lowering 
the converted drive power. Total drive requirement is 
reduced os the proportion of grid to cathode excitation 
is raised. When e, is large compared to e,, the circuit 
resembles o grid-driven stage, with e, serving to boost 
drive level ond reduce stoge gain over simple grid- 

driven requirements. 

Semi-Cathode-Driven Operation 

Operating modes between grid-driven and 
cathode-driven states are possible by movemerlt 
of the ground point to positions between the 
configurations of Figs. 1 and 2. The r.f. ground 
return is thus electrically placed between the 
grid and cathode of the tube (Fig. 3). This 
corifiguration is termed semi-cathode-driven 
service. In  this mode of operation, a portion e, of 
the drive signal is applied to the control grid out 
of phase with the cathode signal, e,. While the 
total grid-to-cathode driving voltage remains 
the same no matter where the ground point is 
placed, the ratio of cathode volts to grid volts 
varies with the position of the ground return. 
The limiting condition is reached, of course, 
when the cathode is a t  r.f. ground and full drive 
is applied to the grid of the tube. At intermediate 
points the degree of converted drive power varies 
directly with respect to the cathode drive voltage. 
Stage gain is inversely related to cathode drive 
voltage, and the total drive power is closely 
related to cathode drive voltage. Thus, stage 
gain is enhanced arid total drive power is redl~ced 
as the circuit departs from the cathode-driven 
mode and approaches the grid-driven mode. 

Fig. 4-Grid-driven amplifier having cathode lead 
inductance. Drive voltage, e,, flowing through input 
circuit creotes voltage drop (e,) across cothode lead 

. inductonce, Lk, by virtue of cathode r.f. current. Cathode 
voltoge tends to oppose grid drive, lowering power 
gain of stage and making it more difficult to drive. 

111 other words, if an auxiliary voltage, out 
of phase with the cathode signal, is applied 
to the control grid of a cathode-driven stage it  
will boost stage gain and reduce converted 
drive power. This is a very convenient scheme 
to match the drive level of a linear amplifier 
stage to the power output of a given exciter, 
if the output of the latter tends to be marginal. 

Looking a t  the other side of the coin, it can 
be realized that introduction of out-of-phase 
cathode-drive voltage into a grid-driven stage 
will tend to lower the power gain of the stage, 
making it more difficult to excite, as excitatiorl 
power must be translated into converted drive 
power. This is exactly the case in v.h.f. amplifiers 
having excessive cathode lead inductance across 
which a portion of the drive signal is developed 
(Fig. 4). Cathode lead inductance, in other 
words, robs the v.h.f. amplifier of grid drive 
because it converts needed excitation into con- 
verted drive power appearing in the plate circuit, 
thus effectively lowerir~g the power gain of the 
stage arid boosting the excitation level required 
for a given value of power output. 

Fig. 5-Super-cothode-driven amplifier. Drive voltage, 
e,, is applied to cathode, and a portion, e,, is opplied 
to the grid in phase with cathode signal. Stage gain is 
lowered ond converted drive power is raised. This circuit 
may be  used to absorb extro driving power of exciter 

and convert it to plate-circuit power. 

By judicious division of the drive signal be- 
tween grid and cathode of an amplifier stage 
it is possible to balance the drive requirement 
with the available power from the exciter. Many 
modern s.s.b. linear amplifiers make use of 
cathode-driven circuitry, but the drive require- 
ment is something of a hit-or-miss situation. 
If the s.s.b. exciter is modest in power output, 
it is possible to raise the power gain (reduce the 
converted drive requirement) of a particular 
" grounded-grid " amplifier by irltroducirig out- 
of-phase drive voltage into the grid circuit, 
efectively "matching" the drive requirement 
of the amplifier to the power capability of the 
exciter. 

Super- Cathode-Driven Operation 
Shown in Fig. 5 is a circuit in which a portion, 

e,, of the total drive signal is applied in phase to 
the grid of a cathode-driven amplifier to effec- 
tively oppose the cathode voltage. This is 



TABLE I 

4CX300A, Class B, Typical Super-Cathode-Driven Service 

I'late Voltage 2000 
Grid Voltage 0 
Screen Voltage 330 (peak) 
D.C. Plate Current 

no signal 15 ma. 
mas. signal 250 ma. 

1)rive Power 75 watts 
1Ie:tsured Power Output 375 watts 
I~~tnrmodulation Distortion I'roduct~: 

3rd order = -46 db. 
5th order = - 49 db. 

4CX300A, Class AB1, Typical Grid-Driven Service 
I'latc Voltage 2000 
Screen Volt:tge 350 
Grid Voltage - 55 
I1.C. I'late Currcnt 

no sign:~l 100 ma. 
max. signal 250 ma. 

I )rive l'o\v(xr 0 watts 
1Icasr1red l'ower Output 300 watts 
I~~termodulatior~ 1)istortion Products: 

3rd order = -27 db. 
5th ordrr = -36 db. 

termed super-cathode-driven ope ratio^^. Drive 
power is increased and stage gain is decreased, 
as compared to a conventional cathode-drive11 
circuit. I t  may appear fatuous to  design an 
amplifier which demands more than the miuimum 
driving power; however, this circuit may be 
used to advantage when it is necessary to absorb 
excess drive power from the exciter, over arid 
above that value required by normal drive and 
"feed-through." The circuit, moreover, has 
other advantages that make it appealing to the 
circuit designer. An early s.s.b. transmitter 
design, for example, had series-connected super- 
cathode-driven low-p tubes adjusted so that 
the drive power contributed by the first stage 
and amplified by the second stage equalled the 
power supplied by the second stage. Each stage 
thus contributed 50 per cent of the total outpl~t  
power, permitting the transmitter to make rise 

of four tubes in a two-stage amplifier, neither 
jtage being individually capable of producing 
the desired power level. 

The Super- Ca thode- Driven Tetrode 
IVhen used with a tetrode or pentode tulle, 

,r~per-cathodeservice permits the cathode driving 
,ignal to serve as :I *creel1 power sorlrce. Scree~l- 
to-cathode voltage ( P , , )  is sr~pplietl 011 t~lternatt. 
half-cycles of the drive 5ig11:il a5 SILO\< 11 in 1:ig. 0. 
The control grid may be driven (tied to the 
caathode) or tapped to a point 011 the cathode 
rircr~it. In  the former case, the tube resembles a 
low-p triode having an abt~ormnlly high co11- 
verted-drive-power characteristic combined R ith 
an unuslrally low value of static plate current. 

(Static plate current, of course, is low because 
static screen voltage is zero.) Operating data for 
a 4CYXOOA in this mode are given in Table I. 
So te  the great degree of improvement in inter- 
lnodr~lation distortion as compared to grid- 
driven service. Super-cathode drive requirement 
is high, but a large proportion of this is converted 
to o l ~ t p ~ t  power as indicated. 

The super-cathode-driven tetrode circuit of 
Fig. 6 may be modified by the inclusion of screen 
and bias voltages to  shift the operation to near 
Class .4B1. Power gain rises and rectified drive 
power drops as this shift is made. Screen and 
grid pote~rtials, ill fact, may be varied to match 
the power gail~ of the stage to a predetermi~~ed 

DRIVE 

- 
SUPPLY 

Fig. 6-Super-cathode-driven tetrode amplifier. Tetrode 
tube may be  strapped as a triode with control grid tied 
to the cathode. Drive voltage,e,, serves as screen voltage, 
e,,, since screen is at ground potential. Resting plate 
current is low as screen voltage is zero with no drive 
signal. Converted drive power is large, as is total grid 
drive requirement. Screen and control-grid bias voltages 
may b e  added to this circuit to raise power gain of tube 

and decrease total drive requirement. 
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TABLE II 

drive level, falling between the very low require- 
ment of Class ABl service and the rather large 
Class B requirement specified in Table I .  
Power gain is set by screen-voltage adjustment, 
and the static plate current is determined by the 
bias level. 

Two 811A, Class B, Cathode-Driven, Neutralized 
(values for two tubes given) 

Plate-Circuit Feedback 

Plate Voltage 
D.C. Plate Current 
Power Input 
Grid Current 
Plate Load 
Drive I'ower (total) 
c, (r.m.s.) 
c, (r.m.s.) 
cp (r.m.s.1 
Corlverted Driver Power 
I'ower Output 

The circuits discussed so far are special in- 
stances of the general circuit of Fig. 3 where the 
control grid of a cathode-driven amplifier is 
lifted above r.f. ground to permit the injection 
of an auxiliary drive signal. The previously- 
merltioned circuits are ones in which the feedback 
voltage is derived from the driving signal. I t  is 
also possible to derive the feedback voltage from 
the output sigrlal of the stage, with the tube 
included in the feedback loop. 

I n  the circuit of Fig. 7A, the feedback signal 
is applied to the grid of a cathode-driven stage. 
Gerlerally speaking, external feedback is not 
applied to the tube elemerlt receiving the drive 
signal: applying it  to separate element minimizes 
the reaction of the feedback signal upor) the 
driving source. If the feedback is in, or out of, 
phase with plate a ~ i d  cathode signals, amplifier 
operation is comparable with that of the super- 
and semi-cathode-driven circuits discussed 
earlier. 

The degree of feedback is determined by the 
c:~pncitance ratio Cl/Cz. 111 normal practice, C1 
is of the order of 1 to 5 pf. and Cz may fall in 
the range of 100 to 500 pf. The greater the 

capacitance of Cz as compared with C1 the 
less will be the feedback signal a t  t,he grid of the 
tube. 

This feedback technique is used in the Collins 
30L-1 amplifier to  match the drive requirement 
of four cathode-driven 811A tubes to the nominal 
power output of the Sl ine exciter (about 100 

2 BIIAS 

DRIVE 

Z = O , e , = O  

1500 
335 ma. 
500 watts 

50 ma. 
3000 ohms 

25 watts 
GI 
0 

980 
20 watts 

322 watts 

F E E D ~ A C K  
VOLTAGE 

P n 

Z = 75 ppf./tube 
e, = 70 volts, r.m.s. 

1500 
335 ma. 
500 watts 

50 ma. 
3000 ohms 

50 watts 
130 
70 

1080 
46.5 watts 

386 watts 

Fig. 7-Plate-circuit feedback. (A) Auxiliary control 
voltage may be  applied to the grid of  a cathode-driven 
stage, either in phase or out of phase with the driving 
signal. Capacitors CI and Cz form a voltage divider, 
with grid voltage determined by setting of C2. (B) Feed- 
back voltage at grid of amplifier may be  derived from 
plate signal, providing negative feedback and increasing 
drive requirements. Stage gain is decreased and rectified 
drive-power level is increased. As feedback level is 

increased, stage must be reneutralized. 



watts). The nominal drive requirement of four 
cathode-driven 811A's is about 50 watts without 
additional feedback. Sufficient feedback is intro- 
duced by the choice of capacitor Cz to raise the 
drive requirement of the amplifier to about 100 
watts. At the same time, a reduction in inter- 
modulation distortion of about 3 decibels is 
achieved. The feedback voltage is derived from 
the plate circuit as shown in Fig. 7B. 

I t  should be noted that use of the grid elemelit 
of the cathode-driven stage for auxiliary signal 
injection tends to upset the ner~tralizing balance 
of the stage to a degree. This may not be too 
important with well-shielded tubes used below 
30 megacycles, but can become important in 
the lower reaches of the v.h.f. spectrum. As the 
power gain of the stage is reduced by decreasing 
the value of C? in Fig. 7, the neutralizing circuit 
(if any) must be rebalanced for minimum intra- 
stage feedback. 

Effec t  o f  Grid Impedance 
Both the semi-cathode-driven and super- 

cathode driven circuits may be summarized in 
the general case shown in Fig. 8, where an im- 
pedance Z is placed between grid and ground. 
Amplifier operation is assumed to be below the 
self-neutralizing freqr~ency of the tube. I t  can 
be shown that when Z is positive (inductive) the 
:~mplifier is in a semi-cathode-driven mode arid 
(as compared with a simple cathode-driven 
amplifier) requires a lower-than-normal value 
of driving power and exhibits less-than-normal 
converted drive power. On the other hand, when 
Z is negative (capacitive) the amplifier is in a 
saper-cathode-driven mode, requiring a higher- 
thari-normal value of driving power and exhibit- 
ing morsthan-normal converted drive power. 
An example of an 811A cathode-driven amplifier 
having both zero and negative grid-impedance 

Fig. 8-Grid impedance in cathode-driven amplifier. 
General case for semi- and super-cathode driven ampli- 
fiers is summarized by placement of impedance Z in 
grid return. Magnitude and sign of Z determine stage 
gain, converted drive power, and total drive power. For 
average tubes in k.f. region, Z is usually positive (induc- 
tive), making the stage somewhat easier to drive than 
normal, and also making stage prone to instability and 
oscillation when external feedback circuits are not 
controlled. Feedback current (lz) flows through grid- 

plate capacitance. 

characteristics is shown in Table 11. The magni- 
tude and sign of Z, therefore, set the stage for 
operating parameters of the seemingly simple 
"grounded-grid" amplifier. Practical limits to 
the manipulation of impedance Z exist, as large 
values of impedance prevent effective neutraliza- 
tion of the cathode-driven stage. 

Envelope-Modulation Circuits 
A number of unorthodox linear amplifier 

circuits have come into vogue in the past decade 
(the "%I,-linear," the "Class C"  linear, the 
"GSDAF" linear, etc.), all of which utilize somc 
form of envelope modulation. A subsequent 
article will deal with these iriterestir~g circuits. 

The authors wish to thank W. H. McAulay, 
W6KM and Raymond Rinaudo, WGKEV, for 
their assistance in the preparation of this 
article. E!El 
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The 3-5002 in Amateur Service 

Here's a new zero-bias triode from Eimac that features increased plate dissipation. 

The 3-5002 i s  a heavy-duty power triode of 
500 watts plate dissipation. It i s  exceptionally 
well suited for use as a class-B amplifier in  rf 
or audio application. It may be used in zero- 
bias linear-amplifier service at plate potentials 
up to 3000 volts, eliminating bulky and ex- 
pensive screen and bias power supplies. 

Of particular interest to the radio amateur 
is the use of the 3-5002 as a grounded-grid 
(cathode-driven) ampiifier for ssb service. 
One 3-5002 i s  capable of a PEP input of over 
1100 watts, requiring only 30 watts PEP drive 
power. Intermodulation distortion products 
at this power level are 30 dB or more below 
one tone of a two-tone test signal. At 2000 
volts, moreover, over 500 watts of power out- 
put are obtainable with distortion products 
better than 38 dB below one tone of a two- 
tone signal. Typical operating characteristics 
for the 3-5002 are listed in table 1. A data 
sheet covering operation of the 3-5002 may 
be obtained at no cost by writing to me. 

In cases requiring additional plate dissi- 
pation, the 3-5002 may replace the 3-4002. 
The forced-air requirements for the two tubes 
are approximately equal and a blower capable 
of 13 cubic feet per minute at a back pressure 
of 0.2 inch is satisfactory for a single 3-5002. 
(Use blower size #3 at 1600 rpm. For two 
3-5002'5, use blower size #3 at 3100 rpm, or 
size #2'/2 at 6000 rpm.) 

The zero-signal pate current of the 3-5002 
is somewhat higher than that of the 3-4002. 
When the 3-5002 is used to replace the 
3-4002, a means of reducing the zero-signal 
plate current is recommended, particularly if 
the equipment i s  power-supply limited. Only 
a few volts of bias from a low impedance 
source are required. The simplest way of ob- 
taining well-regulated bias voltage i s  to place 
a zener diode in the filament return circuit of 
the 3-5002 (fig. 1). 

The IN4551 zener diode has a nominal 
voltage drop of 4.7 volts and an impedance 
of 0.1 ohm, making it ideal for this service. At 
this value of bias, the zero-signal plate current 
of the 3-5002 at a plate potential of 3250 volts 
is reduced from 160 to approximately 90 
milliamperes. 

The zener diode may be bolted directly to 
a cool area of the chassis which will act as a 
heat sink. Additional VOX-selective bias may 
be placed in series with this zener diode to 
reduce standby current of the 3-5002 to near- 
ly zero in order to eliminate "diode noise" 
during reception and conserve standby power 
(fig. 2). 

the grid-current meter 
It is advisable to monitor the grid current 

of the 3-5002 as an indicator of correct drive 
and antenna loading. Too much grid current 
~ndicates underloading or overdriving and 
too little grid current indicates underdriving 
or overloading, other things being equal. As 
the grid must be held at rf ground, the grid 
meter must be introduced in such a manner 
as not to disrupt this circuit. A simple grid 
meter scheme is shown in fig. 1. Each grid 
pin is grounded through a .Ol-pF mica capaci- 
tor paralleled with a 3.3-ohm, 2-watt com- 
position resistor. A small dc voltage drop 
exists across the resistor under normal tube 
operation. The voltage drop is read by a 
simple dc voltmeter (MI)  calibrated in terms 
of grid current. 

In the example shown, it is desired that the 
grid meter have a full scale indication of 200 
milliamperes. The dc grid-to-ground resist- 
ance is  about 1.1 ohm and, at a current of 200 
mA, a voltage drop of 0.22 volts will be de- 
veloped. The 0-1 dc millianinleter i s  con- 
verted to read 0.22 volts full scale by the in- 
clusion of a series multiplier resistor. The sum 
of the resistor plus the meter resistance 
should total 220 ohms. 



3-5002 circuitry 
No specific circuits are shown for the 

3-5002, since published 3-4002 circuitry 
applies equally well to this tube. Two 3-5002's 
may be used in place of a single 3-10002 with 
appropriate corrections in air flow, filament 
power requirements and zener bias (if neces- 

sary). 

ham radio 

table 1. Typical operation of the 3-5002 in grounded-grid rf linear-amplifier service. 

DC plate voltage 
Zero-signal dc plate current 
Single-tone dc plate current 

Single-tone dc grid current 
PEP input power 
PEP useful output power 
Resonant load impedance 
Cathode input impedance 
lntermodulation products (3rd order) 

fig. 1. Zener diode bias circuit for the 3-5002. A 
1N4551, 4.7-volt, 50-watt zener diode provides cathode 
bias for the 3-5002. Meter M1 (0-1 mA dc) reads grid 
current of the tube i n  terms of the voltage drop across 
the three grid resistors. Meter M2 reads plate current. 
The multiplier resistor plus internal resistance of 

meter M1 should total 220 ohms. Grid and filament 
bypass capacitors are 600-volt mica units (M). Other 
bypass capacitors are ceramic discs. 

,qp, , 
POINT 'A' 

.01 
TO TUNED - 
CATHODE +: 
ClRCUlT 4 

AND DmVE 

GRID 
CURRENT 
YETER 

2500 
130 
400 
120 

1 OM) 
600 

3450 
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-33 

.f 

ohms 

1 

ohms 
dB 

fig. 2. VOX-selective cutoff bias circuit. Additional 
cutoff cathode bias is added by the VOX relay to 
reduce standby plate current to near-zero, eliminating 

"diode noise" in a nearby receiver. The bias is added 
at point A in fig. 1. 
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A Comparison of  t h e  Eimac 3-4002 
and 

Eimac 3-5002 Hiqh-Mu Power Tr iodes  

The new Eimac 3-5002 b e a r s  a  resemblance t o  t h e  3-4002, be ing  
o f  t h e  same g e n e r a l  c o n f i g u r a t i o n  b u t  somewhat l a r g e r ,  physi-  
c a l l y  and e l e c t r i c a l l y .  

The fo l lowing  t a b u l a t i o n  l is ts  and compares some o f  t h e  p e r t i -  
nen t  c h a r a c t e r i s t i c s  o f  t h e s e  tubes .  Complete d a t a  on each 
type  is  summarized i n  t h e  i n d i v i d u a l  d a t a  s h e e t s ,  o b t a i n a b l e  
upon r e q u e s t  from t h e  Amateur Se rv i ce  Department, Eimac Div i s ion  
o f  Varian,  San Car lo s ,  C a l i f o r n i a  94070. 

E l e c t r i c a l  3-4002 3-5002 Note 

F i l  Voltaqe 
F i l  Cur ren t  
Ampl i f ica t ion  Fac to r  (Averaqe) 
I n t e r e l e c t r o d e  Capacitance (Aver) 

r‘ Grid-Filament 
Grid-Plate  
Pla te-Fi lament  

Frequency f o r  Maximum Rat inqs  
Maximum P l a t e  D i s s i p a t i o n  
Mechanical 

5.0 
14.5 
200 

7.4 pF 
4 . 1  pF 
0.07 pF 
110 MHz 
400 w a t t s  

5.0 
14.5 
160 

7.4 pF 
4 .1  pF 
0.07 pF 
110 MHz 
500 w a t t s  

Base 
Mounting P o s i t i o n  
Cooling 

Heat-Diss ipat ing P l a t e  
Connector 

Maximum Operat inq Temperatures 
P l a t e  S e a l  
Fi lament  S e a l s  

Maximum O v e r a l l  Dimensions 
Height 
Diameter 

Recommended Socket  
Recommended Chimney 

X 

X 

5 P in  S p e c i a l  
V e r t i c a l  

Radia t ion  & 
Forced A i r  
Mounted on 
Tube 

225OC 
200Uc 

5.25" 
3.57" 

Eimac SK-410 
Eimac SK-416 

5  P in  S p e c i a l  
V e r t i c a l  

Radia t ion  & 
Forced A i r  

HR-6 

22s0c 
2 0 0 " ~  

5  .87511 
3.438" 

Eimac SK-410 
Eimac SK-406 

X 

X 
X 

X 



T y p i c a l  O p e r a t i n q  Da ta  3-4002 3-5002 Note 

R-F L i n e a r  Ampl i f i e r  , Grounded G r i d ,  
S i n g l e  Tone C o n d i t i o n s  

T y p i c a l  O p e r a t i o n :  
D-C P l a t e  Vol tage  
Zero-Signal  D.C. P l a t e  C u r r e n t  (approx. )  
Max. S i g n a l  D.C. P l a t e  C u r r e n t  
Max. S i g n a l  D.C. Grid C u r r e n t  
D r i v i n g  Impedance 
Resonant  Load Impedance 
Max. S i g n a l  D r i v i n g  Power 
Peak Envelope P l a t e  Output  Power 

T y p i c a l  Opera t ion :  
D-C P l a t e  Vol tage  
Zero-Signal  D.C. P l a t e  C u r r e n t  (approx.  ) 
Max. S i g n a l  D.C. P l a t e  C u r r e n t  
M a x .  S i g n a l  D.C. Grid C u r r e n t  
Resonant  Load Impedance 
Peak Envelope U s e f u l  Power Output  
I n t e r m o d u l a t i o n  D i s t o r t i o n  P r o d u c t s  

T y p i c a l  Opera t ion :  
D-C P l a t e  Vol tage  
Zero-Signal  D .C.  P l a t e  C u r r e n t  (approx.  ) 
M a x .  S i g n a l  D.C. P l a t e  C u r r e n t  
Max. S i g n a l  D.C.  Grid C u r r e n t  
Resonant  Load Impedance 
Peak Envelope U s e f u l  Power Output  
I n t e r m o d u l a t i o n  D i s t o r t i o n  P r o d u c t s  

3000 
100 ma 
333 ma 
120 ma 
122 ohms 

4750 ohms 
32 w a t t s  

655 w a t t s  

2500 
73 ma 

400 ma 
142 ma 

3450 ohms 
560 w a t t s  
-35 db 

2000 
62 ma 

400 ma 
148 ma 

2750 ohms 
445 w a t t s  
-40 db 

3000 
160 ma 
370 ma 
115 ma 
115 ohms 

5000 ohms 
30 w a t t s  

750 w a t t s  

2500 
130 ma 
400 ma 
120 ma 

3450 ohms 
600 w a t t s  
-33 db 

2000 
95 ma 

400 ma 
130 ma 

2750 ohms 
500 w a t t s  
-38 db 

Anode D i s s i p a t i o n :  

Coo l ing  A i r  Requirements  

300 w a t t s  
400. w a t t s  
500 w a t t s  

Drop 
(in-H20) (in-H20) * 

3-4002 

A i r  Flow P r e s s u r e  

3-5002 

A i r  Flow P r e s s u r e  
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inductively-tuned 

high-frequency 

tank circuit  

I 
Radio frequency amplifiers require a cer- 
tain critical value of plate circuit imped- 
ance and O for optimum performance at 
any frequency. Designdeviations may lead 
to higher levels of intermodulation distor- 

A method tion or excessive harmonic radiation. While 
the design requirement may be quite 

. tolerant in some cases, the mechanical 
for achieving 5 assembly of the components and the 

choice of proper values become increasing- 
ly critical as the operating frequency nears igh eff icien 'y in . the upper region of the hf spectrum. It is as cn 

'5 though a "shadow region" exists that's too 

the 'tsha dew region I J  
h i g h  for conventional lumped circuit com- 
U 

ponents, yet is too low for conventional 
vhf linear and stripline techniques. The 

between "shadow region" extends roughly from 27 
through 54 MHz. 

Above 27 MHz or so, the construction 
14 and 54 MHz f of a conventional high-power plate-tuning 

circuit having good Q and good efficiency 
L can be vexing, as residual tube and circuit 
E capacitances combine to  assume a major 
a = portion of the tank circuit capacitance. - 

It's possible, in fact, for this residual 



capacitance to be much larger than speci- 
fied for proper design considerations. The 
unusually high circuit capacitance may 
lead to unreasonable Qand high circulating 
tank current, resulting in poor over-all 
efficiency and excessive heat loss in the 
tank circuit. 

inductive tuning 
To achieve good circuit efficiency and 

proper Q in the upper portion of the hf 
spectrum, it is convenient to  resort to  a 
different mechanical configuration than is 
commonly used at lower frequencies. One 
way to overcome problems of efficiency 
and 0 is to reduce residual circuit capaci- 
tance to an absolute minimum by re- 

27 and 54 MHz. The plate tank is a 
conventional pi network, inductively 
tuned by a shorted turn within the plate 
coil. The turn (or "slug") is moved into and 
out of the coil by a lead screw driven from 
a counter dial mounted on the amplifier 
panel. Tank circuit values were derived 
from pi network charts. 

The amplifier uses a pair of parallel- 
connected 3-10002 high-mu triodes in a 
ground'ed-grid, cathode-driven circuit with 
Zener diode bias.2 The combined output 
capacitance of the tubes is approximately 
15 pF. Stray circu i t  capacitance from plate 
to ground is less than 10 pF, which 
provides a minimum input capacitance 
(CI)  for the pi network of about 25pF. 

ANTENNA " -. 

fig. 1.  Inductively tuned 
tank circuit using conven- PS 

tional component values. 
C1  is the residual circuit 
capacitance plus tube 
o u t p u t  c a p a c i t a n c e .  

Resonance is achieved b y  
a variable shorted turn 
moved inside L. 

moving the cause of the largest portion of 
this unwanted capacitance: the tank 
tuning capacitor. Circuit resonance can 
then be established by including a fixed 
capacitance combined with a variable 
inductor. 

The inductor can be a fixed, high-Q coil 
having a low-loss shorted turn introduced 
into one end. As the turn is moved within 
the coil, coil inductance is reduced, and 
resonance is established by correctly posi- 
tioning the shorted turn (fig. 1). The rf 
current in the shorted turn is high com- 
pared to the coil current; however, i f  the 
turn is of homogeneous structure and 
low-resistance material, turn losses will be 
small. 

Shown in the photographs is a commer- 
cia1 5-kW input PEP linear amplifier 
designed for any 500-kHz range between 

Additional capacitance can be added for 
operation at lower frequencies. Ceramic or 
vacuum padding capacitorscan be used for 
this purpose. 

construction 
Tank-circuit inductance is calculated 

for the low-frequency end of the tuning 
range in the usual manner. As the shorted 
turn is driven into the plate inductor, its 
inductance decreases, and resonant fre- 
quency increases. A range of about 500 
kHz or so can be obtained with this 
assembly. 

Construction details are shown in fig. 2. 
The shorted turn is a section of seamless 
copper water pipe I-% inches O.D. by 3 
inches long. Discsof insulating material are 
cut to f i t  into the ends of the pipe and are 
held in position with small pins or rivets. A 



PIN rsyyRLED r P I N  

INSULATING DlSC 

INSULATING DISC 

SHORTED -TURN ASSEMBLY 

/+ a -1 1 7 5 0  0 0  X 1 6 2 0  I 0  
COPPER TUBE 

N a  F DRILL 10,257) 
I N  3 PLACES 

SHORTED TURN INSULATING DISC JiL 

L z  DmM' re macrs, LIs DIAM 12 PLACES, 

FRONT MOUNTING PLATE REAR MOUNTING PLATE 

fig. 2. Mechanical details of the  shorted-turn assembly. 

threaded bushing is  attached to one disc, support brackets to keep the shorted turn 
through which the drive shaft extends. The from rotating as it's driven back and forth. 
shaft is 1/4-inch-diameter copper rod, The threaded drive shaft isdriven from the 
threaded with a 1/4-20 die. Two fiberglass amplifier panel by an insulated extension 
guide rods are mounted between the end shaft and an insulated coupling. The 
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shorted turn is ungrounded at all times, 
and no moving parts carry rf current. 

The plate tank coil is wound with 
%-inch-diameter silver plated copper 
tubing with an I.D. of 2-% inches, pro- 
viding ample clearance for the shorted turn 
to move within the coil without danger of 
arcing. Heavyduty copper mounting lugs 
are silver soldered to the coil. Resonance is 
initially established with a grid-dip oscilla- 
tor. Indication of resonance is quite broad. 
Loading is accomplished with the pi 
network variable output capacitor, C2. 

value will cause excessive fundamental rf 
power to dissipate in the parasitic resistor. 
The proper value of shunt inductance, 
while not particularly critical, should be 
determined for the operational range of 
the amplifier in each case. 

The amplifier shown in the photographs 
was designed for commercial service and is 
included in a shielded cabinet as part of a 
larger package. A similar design using 
4-1000A's has been built for commercial 
ssb service at the 6-kW PEP level-but 
that's another story. The basic design is 

top view of the high-power commercial amplifier. Inductively tuned tank is shown at rear. Tuning is 

the same as with a variable capacitor, except inductance decreases as shorted turn penetrates coil. 
Parasitic suppressors have been removed for this photo. 

' parasitic suppression 
An important consideration in plate- 

circuit design is a parasitic suppressor. In 
this amplifier parasitic suppressors are 
included in each plate lead. Each suppres- 
sor is a 40-ohm, 16-watt Glo-bar resistor 
shunted across an inductor, which consists 
of a length of plate lead. The value of the 
shunt inductance is  important. A too-small 
value won't completely suppress the ten- 
dency for vhf parasitics, and a too-large 

adaptable to any high-power amplifier 
operating in the upper region of the hf 
spectrum. 

references 
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intermittent 
of 

power tubes 

The power capability of a transmitting 
tube is often the subject of long and 
heated discussions among amateurs (and 
even among equipment design and tube 
engineers). In  the past, amazing things 
have been done to power tubes by daring 
amateurs who seem~ngly had an inex- 
haustible supply of replacement tubes at 
hand.' The tube manufacturer looks 
upon such goings-on with mixed emo- 
tions; he's proud his products can take 
such a beating, but he shudders at the 
gross overload he knows is taking place, 
and he has nightmares when he imagines 
that such tactics are being done by users 
who may be ignorant of  the basic limita- 
tions of vacuum tubes. Sometimes that 
manufacturer may be his own worst 
enemy. When he speaks of the rugged- 
ness, long life and reliability of his 
product, he may unintentionally be invit- 
ing some eager-beaver to prove the utter 
conservatism of his remarks. 

Up to now, tube ratings have been 
based upon an absolute system providing 
"max imum" ratings and "typical" 
operating conditions for various classes of 
service, for use below a certain specified 
frequency. These ratings are designated as 
Continuous Commercial Service (CCS) 
and Intermittent Commercial and 
Amateur Service (ICAS). The CCS rating 
may be defined as, "that type of service 
in which long tube life and reliability of 
performance under continuous operating 

voice operation 
conditions are the prime ~onsideration.~" 
The ICAS rating is  defined to include the 
many applications where the "trans- 
mitter design factors of minimum size, 
light weight, and maximum power output 
are more important than long tube life." 
The term "intermittent" is used to iden- 
t i fy operating conditions in which no 
operating or "on" period exceeds five 
minutes and every "on" period is fol- 
lowed by an "off" or standby period of 
at least the same or greater duration. 

These ratings are of cold comfort to 
today's radio amateur. The first rating 
applies to high-reliability service (broad- 
cast, military, etc.) wherein off-the-air 
time is critical or costly; and the second 
rating, by its very definition, excludes 
amateur operation in meaningful terms. 
Neither classification, moreover, applies 
to ssb or cw operation. Ssb and cw are 
more properly expressed in terms of 
peak-to-average power ratio rather than in 
terms of "on" and "off" periods. 

Before new and meaningful ratings are 
proposed for today's operational modes, 
it would be prudent to look for a 
moment at transmitting tube ratings now 
in use and examine their validity. Con- 
trary to  often expressed belief, maximum 
ratirljs and typical operating conditions 
are not arbitrary figures dreamed up by 
the manufacturer to avoid answering 
legitimate questions posed by users. On 
the contrary, they are the result of 
careful analysis of tube geometry and of 
prolonged life tests run on typical pro- 
duction tubes with some guaranteed or 
expected life in mind. Properly under- 
stood, the maximum ratings and typical 
operating conditions can be employed by 



the tube user to decided advantage. 

transmitting tube ratings 
Maximum ratings (or absolute maxi- 

mum ratings) are those limits within 
which all tubes of a given type should 
give satisfactory service and long useful 
life. Why they are necessary at all and 
how they are determined are discussed in 
this article. 

The data sheet (often suspected of 
being written by the wise to impress the 
humble) informs the user of the capa- 
bilities and limitations of the tube, both 
of which are based upon the maximum 
temperature the elements of the tube can 
safely withstand for an expected life. 
Heat, then, is the enemy of unlimited 
tube life, but heat is the unfortunate 
consequence of making the tube work. 
Once the maximum tube capability is 
determined a compromise of some kind 
must be made to establish useful life 
without exceeding the heat limitations, 
yet allowing some safety factor for 
"cockpit troubles. " 

maximum plate dissipation 
Plate dissipation is limited by the 

maximum safe temperature of the plate 
and plate-to-glass (or ceramic) seals of the 
tube. Generally speaking, the plate will 
withstand several times its maximum 
rated dissipation level for a short period 
of time. Other parts of the tube (glass 
envelopes, mainly) are greatly affected by 
the excessive heat radiated by the plate. 
High level of plate temperature may cause 
the grid, filament or envelope to become 
overheated. The grid structure may warp, 
the filament temperature may rise to an 
excessively high degree, or the tube 
envelope may be destroyed. These ef- 
fects, however, are not instantaneous, and 
short periods of plate overload do not 
usually overheat the adjoining tube struc- 
ture to a damaging extent. However, the 
user has no way of telling to what degree 
he can safely exceed the plate dissipation 
limit, or over what period of time this 
abuse can take place. The obvious con- 
clusion is that the maximum plate dissipa- 
tion rating should not be exceeded in 

continuous operation if long tube life is 
desired. 

maximum plate voltage 
The maximum plate voltage point i s  

set at a value above which the internal or 
exiernal insulators o f  the tube may arc 
over, or above which the envelope of a 
glass tube may be damaged from dielec- 
tric losses. Finally, a plate voltage ceiling 
tends to set a limit to the maximum rf 
charging current flowing in the plate and 
screen leads, or plate and grid leads in 
grounded-grid service. The charging cur- 
rent is a function of the r f  plate voltage 
which, in turn, is  a function of the dc 
plate voltage. Setting a l imit on the dc 
voltage sets a limit on charging current 
without the difficult task of determining 
the current directly. This effect depends 
on frequency and is  the reason for the 
upper frequency limit for maximum 
ratings. 

average dc plate current 
The fundamental limit on plate cur- 

rent is the available supply of electrons 
emitted by the filament or cathode of the 
tube. The maximum plate-current figure 
is intended to set a value which may be 
easily realized throughout the expected 
life of the tube. I f  operating conditions 
are chosen which require that the maxi- 
mum plate-current limitation to be ex- 
ceeded at the start of tube life, it may 
become increasingly difficult to maintain 
the desired value of plate current as the 
tube ages. There is a definite relationship 
between the maximum instantaneous 
value of plate and grid current and the 
average dc (meter reading) plate current 
which differs for each class of tube 
operation. In  linear-amplif ier service, for 
example, most transmitting tubes are run 
class AB1, AB2 (loosely termed class B).* 
In these cases, the peak plate current is 
about three times the indicated (average) 

*Most class-B linear amplifiers are operated i n  
class AB2. Class-B o p e y t i o n  is defined as cutof f  
operation w i t h  an 180 operating angle o f  plate 
current f low.  Class A B 2  operation signifies lesg 
than-cutoff condit ion w i t h  more than 180 
operating angle. 
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dc plate current. For long life, the 
cathode emission should be great enough 
to provide two or three times the re- 
quired peak value of plate, plus grid, plus 
screen current. 

The user can quickly determine the 
allowable average dc plate current in 
linear service for thoriated tungsten fila- 
ment-type tubes by merely multiplying 
.the filament watts by a factor of about 
5.5. This is a rule-of-thumb number 
that - over the years - has proven to give 
a conservative balance between allowable 
plate current and good tube life. For the 
3-5002, therefore, the filament power is 
5 (volts) x 14.5 (amperes) = 72.5 watts. 
Therefore, allowable maximum average 
dc plate current for linear amplifier ser- 
vice is 72.5 x 5.5 = 400 milliamperes. 

In the case of an indirectly heated 
cathode the rule-of-thumb is  different. 
Emission from an indirectly heated 
cathode depends upon the emissive mate- 
rial and the active cathode area, assuming 
cathode temperature is the proper value. 
The rule-of-thumb in this case for oxide 
cathodes is that maximum average dc 
plate current is approximately 125 milli- 
amperes for each square centimeter of 
cathode area. For example, the 4X150A 
tetrode has an active cathode area a little 
over 2.0 square centimeters and the 
average dc plate current rating is 250 
milliamperes. 

long pulse service 

In pulse service where the "on" time is 
small compared to  the "off" time, many 
transmitting tubes can be run to much 
higher peak power limits than are per- 
missible in continuous service. In con- 
tinuous service, the maximum voltage and 
current limitations are set with a safety 
factor in mind to consider average power 
dissipated on the tube electrodes. In pulse 
service, when the tube "rests" for an 
appreciable time, i t  is possible to  set new 
guidelines on peak electrode dissipation 
and maximum ratings, provided the 
average electrode dissipation and maxi- 
mum temperature ratings are not ex- 
ceed ed . 

In pulse service (less than 0.1 second) 

a thoriated tungsten power tube may 
have an anode instantaneous peak dissi- 
pation capability as high as 100 times 
the average power capability, and the 
available filament emission may be as high 
as 80 milliamperes per watt of filament 
power. In some cases, the filament voltage 
has been boosted above normal to obtain 
emission levels as high as 150 milli- 
amperes per watt with the penalty of 
greatly reduced tube life. 

In the case of the oxide-coated 
cathode, the peak pulse current is not as 
clearly defined or as easily generalized as 
in the case of the thoriated filament tube. 
A figure of 500 milliamperes peak plate 
current per watt of heater power is often 
used for very short pulse service (less than 
3 microseconds), and other numbers are 
available giving pulse plate current in 
terms of active cathode area. 

In long pulse service (more than 0.1 
second), the rise in temperature of the 
electrodes rather than the average power 
during the pulse often becomes the basic 
tube limitation, and tw maximum capa- 
bility of the power tube is progressively 
derated as the pulse length increases. For 
a radiation cooled tube, a pulse length of 
2.5 seconds is often considered equivalent 
to a continuous duty operation. In the 
case of an oxide-coated cathode, life tests 
indicate that a peak-to-average dc plate 
current ratio of 2.0 for long pulse (0.5 
second) is not unrealistic. This corre- 
sponds to a duty factor of 0.5. 

voice and cw operation 
A shadow world exists between con- 

tinuous duty (CCS) operation, and ICAS 
operation on the one hand and pulse 
operation. Amateur voice.and cw opera- 
tions seem to fall into this shadow area. 
Cw operation may be compared to  a form 
of pulse operation as it defines an "on" 
and "off" duty cycle wherein the two 
times are approximately equal. This 
would represent a duty cycle of f i f ty 
percent (0.5) and the pulse (cw) wave- 
form would be nearly square.* 

"Note quite true; waveshaping is necessary to 
some extent t o  reduce key clicks. 
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Voice operation, on the other hand, is 
a different and more complex problem. 
The voice waveform is not a square pulse; 
it has a large peak-to-average power ratio 
with irregular waveform. Normal speech, 
unclipped, uncompressed or otherwise 
altered, seems to have a peak-to-average 
ratio of about 14 dB.3 Various compres- 
sion and clipping techniques can reduce 
this ratio to 3 to 5 dB before severe 
distortion becomes a~parent .~ Thus, 
heavily clipped or compressed speech 
waveforms tend to resemble the cw duty 
cycle as far as the peak-to-average power 
ratio is concerned. 

I t  is prudent to expect, therefore, that 
the power capability of a tube can be 
safely increased for Intermittent Voice 
and CW Service (IVS service) over the 
CCS rating provided the maximum ele- 
ment temperature of the electrodes is not 
exceeded and the cathode (or filament) 
emission is sufficient to satisfy plate and 
grid current peaks. In addition, the tube 
in question should not have an intolerable 
level of intermodulation distortion when 
operated in linear service under these 
enhanced conditions. 

This type of intermittent operation is 
done everyday with the popular sweep 
tubes used in ssb equipment designed for 
amateur service. Small soft-glass envelope 
tubes (i. e., the 6L06) are run up to 250 
or 300 watts PEP input with no apparent 
harm provided the maximum level of 
plate dissipation i s  held within reason, 
even though the average, long-term dissi- 
pation rating in tv service is only 30 watts 
or so. The user is taking advantage of the 
intermittent nature of amateur voice 
operation and the high peak-to-average 
ratio of the human voice to get more 
watts per dollar of tube investment. Many 
amateurs have found, to their regret, an 
overworked sweep tube tends to overheat 
and shows extremely short life when a 
voice clipperlcompressor unit is used to 
bring up the average power of the equip- 
ment, or if extended cw operation is  
used. A moment's reflection upon the 
heating process in the tube will show the 
reason for this problem. The tube is being 
pushed so far that any margin of safety 

has vanished. Unfortunately, no one has 
yet been able to miniaturize the watt! 

Thus, there's a limit beyond which 
pushing the transmitting tube becomes 
uneconomical. I t  may be well to push an 
inexpensive sweep tube to 300 watts PEP 
input, since a tuning error, or other 
maladjustment won't bankrupt the un- 
lucky user. The owner of a more expen- 
sive transmitting tube, however, may well 
have second thoughts before he blasts his 
pet power tube. Obviously, some middle 
ground is called for where the peak-to- 
average power ratio of ssb and cw opera- 
tion can afford new and conservative tube 
ratings more in line with today's usage. 

intermittent voice service 
In single sideband service, the two 

plate current values of significance are the 
single-tone plate current and the two-tone 
plate current. The ratio of single-tone to 
two-tone plate current may vary from 
1.111 to 1.5711, depending upon the class 
of operation. Two-tone plate current is 
useful as the magnitude of intermodula- 
tion distortion products may be specified 
as the reduction in decibels of one 
product from one tone of a two-equal- 
tone signal. Precedence exists, therefore, 
for providing typical operating data for 
linear amplifier service specifying the dc 
plate current under two-tone conditions 
of average plate current and plate current 
at the peak of the modulation envelope. 
Such data for the 8122 is shown in table 
1 .2 

Based upon such data, extensive life 
tests have been run at the Eimac Division 
of Varian to determine if more meaning- 
f ul  operating conditions could be 
specified for either ssb or cw operating 
modes. As far as amateur operation is 
concerned, the limiting mode is cw, 
where the duty factor is about 0.5. The 
duty factor for single sideband transmis- 
sions with unprocessed speech runs about 
0.05 for a 13-dB peak-to-average signal 
and could rise as high as 0.5 for high 
levels of speech compression or clipping. 
A duty factor of 0.5 (peak-to-average 
ratio of 2.0) for Intermittent Voice Ser- 
vice rating would therefore cover both 
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table 2. Preliminary operating data fo r  8873 family o f  ceramic/metal, zero-bias power triodes. 

Cathode: Oxide coated, unipotential 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Warm-up t ime .60 sec 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Heater voltage 6.3 V 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Heater current 3.2 A 

Direct interelectrode capacitances, 
grounded-grid connection 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Input  19.5 PF 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Output  7.00 PF 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Feedback 0.04 p F  

Maximum frequency ratings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 4 5 0  MHz 

Operating temperature, maximum, ceramic 
seals and anode core . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  250° C 
Base . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11-pin Special (JEDEC E l  1-81) 

Radio-frequency linear amplifier, cathode driven, class A B 2  
Absolute maximum ratings, t o  4 5 0  MHz 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Plate voltage 2200 V d c  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Plate current, continuous 250 m A  

Plate dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  see note 1 
Grid dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 W 

2 
Typical operation, ln termi t tent  Voice Service 
frequencies t o  30 MHz 

Peak envelope o r  modulat ion crest conditions 
Peak voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2000 V d c  
Cathode voltage3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8.2 Vdc  
Zero-signal plate current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22 m A  
Single-tone I V S  plate current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  500  m A  
Two-tone plate current (approximate) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31 2 m A  
Average plate current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  250 m A  
Single-tone grid current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 0  m A  

Two-tone grid current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2  m A  
Peak rf grid-cathode voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  67 V 
Peak driving power . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26 W 
Peak power inpu t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1000 W 

Single-tone I V S  useful ou tpu t  power . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  587 W 
Resonant load impedance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2140 ohms 

Intermodulation distort ion products: 

3 rd  Order . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -35 dB 
5 th  Order . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -36 dB 

notes. 1. 8873 is conduction cooled, and plate dissipation depends upon heat-sink cooling. 8874 plate 
dissipation is 400 watts, and tube has an axial-flow, forced-air cooled anode. 8875 plate 
dissipation is 300 watts, and tube has a transverse-flow, forced-air cooled anode. 
2. lntermittent voice and cw ratings are based upon the maximum voltage and current ratings 
given for  a signal having a peak-to-average power ratio of 2.0 or more. During short periods of 
adjustment (less than 30 seconds), the average plate current may be as high as the IVS value. 
3. Cathode bias is obtained from a zener diode. 

the cw and ssb speech-with-processing 
situations. 

The derivation of a different rating 
from an existing rating may only take 
place after extensive life tests have been 
com~leted to make sure that tube life is fig. 2. Tube base diagram fo r  the 8873, 8874, 

not being shortened and that maximum 8875 fami ly  of zero-bias triodes. Mul t ip le 
cathode leads keep cathode inductance t o  a 

temperature and dissipation limits are not minimum. 
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being exceeded. Any tube may be limited 
by grid or screen dissipation level and 
some may be limited by a plate voltage 
ceiling, or by available cathode emission. 
Each tube typeis an individual case, and 
to jump to conclusions or to interpret 
data from one type to another is risky 
and unfounded to say the least. In all 
cases the total average current load on the 
oxide cathode will remain about the same 
for the new rating as for the average 
situation. 

The Intermittent Voice and CW (I VS) 
rating may be defined as: 

That maximum voltage and current 
rating given for a signal having a 
maximum peak to  average power 
ratio of  2.0 or more. During short 
periods of adjustment (less than 30 
seconds), the average plate current 
may be as high as the IVS value. 

In all cases, the IVS rating and "short 
period of adjustment" are limited by the 
maximum allowable temperature of the 
tube anode and seals. 

using the ivs rating 
The IVS rating is especially attractive 

to  amateur operators as it outlines typical 
operating parameters for cw and ssb. How 
are the new ratings used? The following is 
an example of how an amateur operator 
can safely and properly tune up for an 
IVS operating condition with the aid of  
an inexpensive oscilloscope. 

The oscilloscope is necessary for ssb 
adjustment at first since meter response 
to  a voice waveform may vary from meter 
to meter and is, in any case, highly 
irregular and difficult to interpret. 

1. The first step to  achieve an IVS 
condition for either ssb or cw is to 
tune and load the linear amplifier with 
carrier (single tone) to an IVS rated 
value of dc plate current (as read on 
the plate meter), observing maximum 
"on" time. The amplifier is now ready 
for IVS CW operation. This could be 
called the "long-dash" tuning method. 
An electronic key is handy for this 
operation. 

fig. 1. Typical meter readings fo r  I V S  opera- 
tion. 

A. Wi th single tone (carrier), the linear ampli- 
f ier is loaded t o  maximum I V S  plate current 
(500  m A  i n  this example). Oscilloscope shows 
carrier pattern. Pattern height is noted as 2 
units. Observe short tuneup time. 

8. Carrier is removed and voice modulat ion 
applied and gradually increased un t i l  voice 
peaks reach carrier height o f  2 units as noted i n  
pattern A. Plate meter kicks u p  t o  about 200 
m A  o n  voice peaks. N o  speech processing used. 

C. Adding speech processing (clipping o r  com- 
pression). No te  that plate meter now kicks u p  
under voice peaks t o  about 325 mA, bu t  that  
voice peaks on  oscilloscope rise n o  higher than 
the  single-tone l imi t  of 2 units. However, area 
under the peaks is greatly enhanced, indicating 
greater average-to-peak rat io of voice signal. I f  
oscilloscope peaks are greater than 2 units 
height, w i t h  o r  wi thout  voice processing, ampli- 
f ier is being overdriven, w i t h  accompanying 
splatter and distortion. 

2. For ssb observe the rf output 
pattern on the oscilloscope and note 
the amplitude for reference. 

3. Remove the carrier. Insert audio 
and slowly increase audio gain so that 
the instantaneous r f  peaks observed on 
the oscilloscope reach the same maxi- 
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table 1. Type 8122, linear rf power amplifier power ratio of 2.01, corresponding to the 
service ( ~ 6 ~ ) .  Typical CCS operation at 30 IVS philosophy (table 2). The various 
MHZ with two-tone modulation. input levels at a given plate voltage may 

Plate voltage 2ooo Vdc 
now be established. A t  2000 volts, for 

Grid no. 2 voltage 400 vd, example, the average plate input is 2000 
Grid no. 1 voltage -35 v d c  (volts) x 250 (milliamperes) = 500 watts. 
zero-signal plate current lo0 mA This corresponds to key-down service, 
Plate current 

Peak of envelope 
Average 

Grid no. 2 current 

335 mA 
such as RTTY. The two-tone rating (as in 

250 a short two-tone test) is 2000 (volts) x 
312 (milliamperes) = 624 watts, average 

Peak of envelope 10 mA ~ower .  The IVS ratinq for ssb voice or cw - 
Average mA is 2000 (volts) x 500 (milliamperes) = 

Average grid no. 1 current 0.05 m A  
Effective rf load resistance 3050 ohms 

1000 watts peak envelope power. In the 
case of voice and cw, the average current 
"load" on the cathode is the same. 

mum level as obtained in step 2 under Thus, today's power tube may be 
carrier insertion. The amplifier is now rated in two different and useful ways. 

at the IVS level Commonly, i t  bears the continuous duty 
peak input. (CCS) rating, and occasionally i t  bears the 

4. Observe the average current peaks semi-obsolete lCAS rating. I t  i s  hoped 

on the plate meter for future refer- that the new IVS rating will find favor in 

ence. the future as i t  permits greater operating 
economy to  be achieved in the use of all 

In summary, the amplifier is tuned up power-grid tubes. 
to  IVS condition with single-tone excita- 
tion to set the peak signal level. The 
single tone is removed, and audio is 
applied so the instantaneous signal peaks 
reach the same peak level as before, but the 
peak-to-average level of the intelligence 
may vary widely, depending upon voice 
characteristics, degree of speech pro- 
cessing, etc. This is summed up in fig. 1. 

ivs ratings for the 8873 family 
of triodes 

The new 8873 family of zero-bias 
triodes is the first to carry the new IVS 
rating. These ratings are based upon the 
original design concept of the tube, plus 
extended life tests where electrode tem- 
peratures, cathode emission and power 
output were carefully monitored. For 
example, the continuous plate current 
rating is 250 milliamperes. The cathode 
area of the 8873 is over 2 square centi- 

what about. . . 
The immediate question arises, "If this 

is so, what about the IVS ratings for the 
3-5002 or the 8122 or the 4X150A, or 
whatever?" The present answer to this 
query is that each tube type must be 
examined on i ts  merits and the outer 
limits established for any new rating, 
whether it be pulse, ICAS, or IVS. This is 
a continual process with most tube manu- 
facturers, and more relevant date of this 
type will probably be forthcoming over 
the months. 

Thanks to  William McAulay, W6KM; 
Jack Quinn, WGMJG; and Robert Suther- 
land, WGUOV, for their help in the 
preparation of this article. 
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amateur service newsletter 
W6SAI 

modifying the 

Heath SB-200 
amplifier 

for the new 

8873 zero-bias triode 

Simple modification 

of the SB-200 linear 

to provide increased 

power dissipation, 

better frequency stability, 

and lower drive. 

Two designs are featured - 

air cooled and 

conduction cooled 

The high power capability, moderate cost 
and compact size of the new 8873 family 
of zero-bias, ceramiclmetal power triodes 
make them well suited for new design, as 
well as for retrofit into popular amateur 
equipment that uses older tubes having 
restricted power capability and limited 
frequency range. The well-known Heath 
SB-200, a one-kilowatt PEP linear ampli- 
fier, is a likely candidate. This article 
covers the modification of this unit to use 
the new power tubes. The modification 
provides increased power dissipation, 

The Eimac 8875 is a ceramic/metal zero-bias 
triode with a transverse cooler that provides 
300 watts anode dissipation. 
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better high-frequency stability and lower 
drive requirements, and (in the case of 
the 8875) at a lower overall tube replace- 
ment cost then the original pair of tubes. 

Based upon a study of the SB-200 
circuit design, it was decided to try 
different modifications on two separate 
amplifiers. The f irst version uses the 8875, 
a high-mu power triode having 300 watts 
anode dissipation and capable of about 
1200 watts peak input in Intermittent 
Voice Service (IVS).' The 8875 has five 
large, round, horizontal anode fins that 
may be adequately cooled with a small 
phono-motor fan, the type already in the 
Heath amplifier. This modification re- 
quires a minimum amount of  disruption 
of the existing Heath circuitry. 

The second amplifier has a more 
sophisticated and interesting modifica- 
tion: a conduction-cooled 8873 power 
triode (electrically equivalent to the 
8875) i s  used with a finned heat sink for 
proper anode dissipation. The heat sink 
forms the vertical back wall of the rf 
enclosure. 

This section discusses the first conver- 
sion, which provides full input level for 
the amplifier, with low intermodulation 
distortion and good tube life. The con- 
duction-cooled version i s  described in the 
last part of the article. 

the 8875 modification 
The 8875 zero-bias power tube is 

shown in the photo and is capable of 
1200 watts PEP input for ssb and 1000 
watts when run in IVS service. The tube 
is about the size of a 4CX250B, has an 
11-pin base and uses an inexpensive 
socket. Cathode and grid connections are 
brought out to multiple base pins, and, in 
addition, the grid is terminated in a 
low-inductance contact ring at the base of 
the tube which may be used for vhf 
operation. The anode is intended to be 
cooled by a horizontal air blast from a 
small fan. Dissipation is a function of 
cooling air, and a small phono-motor fan 
provides about 300 watts dissipation. For 
RTTY service, the power input level of 
the amplifier is dropped to about 600 

watts. These levels are entirely com- 
patible with the rating of the inter- 
mittent-duty power supply of the SB-200 
amplifier. 

The 8875 is mounted in a horizontal 
position in the approximate space pre- 
viously occupied by the two glass tubes as 
shown in the chassis photo. The 11-pin 
tube socket is near the center of a small 
aluminum sub-chassis mounted to the 
rear wall of the amplifier enclosure. The 
existing cooling fan, mounted at the 

U A  I N S 0 7  
BUSS 
AOC 

fig. 1. Revised schematic for the 58-200  shows 
the 8875 zero-bias triode. The 8875 requires 
6.3 volts and the filament vdltage in the 58-200 
is on the high side because of reduced current 
drain. The original filament-choke windings are 
removed and three new windings put in their 
place. The filament windings are two 44" 
lengths of no. 2 0  enameled wire; the cathode 
winding is a 44" length of no. 26 insulated 
wire. Each winding has a 3" pigtail. Twenty 
trifilar turns are wound on the ferrite form. The 
ends are tied with twine and given a drop of 
epoxy to hold the windings in place. The socket 
for the 8875 is an E. F. Johnson 124-31 1-100. 
The 150-pF grid bypass capacitors are dipped 
mica units. 
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bottom of the enclosure, is moved to a 
new positon in respect to the anode of 
the 8875. 

The revised circuit is shown in fig. 1. It 
uses most of the original components. A 
new filament choke or dropping resistor 
is required, as well as zener-diode bias for 
the 8875. All new components, with the 
exception of the zener fuse, are mounted 
within the sub-chassis, as shown in the 
rear-view photograph. 

mechanical modifications 
The first step is to remove the com- 

ponents around the existing 4-prong 
sockets, and then remove the sockets 
themselves. 

Remove the filament choke from tie- 
point M. Unbolt tie-point AB, leaving the 
wiring connected. (See pictorial 11, page 
39 of the Heath Instruction Manual. 
Original components are identified by 

I n  the modi f ied Heath 58 -200  the 8875  is 
mounted horizontal ly i n  the space former ly  
occupied b y  the t w o  glass tubes. Major  plate 
circuit  components remain unchanged. 

their Heath nomenclature.) The next step 
is to cut out a rectangular hole on the 
rear wall of the enclosure as shown in the 
rear-view photo, with the dimensions ' 

The rear panel o f  the  58-200 is c u t  o u t  t o  a l l ow  
access t o  the underside of the new sub-chassis. 
Untouched cathode coi ls are t o  l e f t  o f  the 
cutout. The zener fuse is a t  t o p  of cu tou t  w i t h  
200-ohm cathode resistor and zener diode 
moun ted  i n  sub-chassis. I n  th is  Instal lat ion an 
extra cathode choke was used w i t h  the original 
58 -200  f i lament choke. The  cathode choke has 
15  pH inductance and  1000  m A  current  rat ing 
(J. W. Mi l ler  4624). 

shown in fig. 2. The new subchassis for 
the 8875 is placed over this hole. The 
sub-chassis is a 4 x 5 x 2-inch Bud AC- 
1404 chassis cut down to 1 -%" height and 
held in place with spade lugs and bolts. 
The tube socket is placed on the sub- 
chassis as shown in fig. 2. 

The new sub-chassis interferes with 
various bolts holding the rf enclosure to 
the main chassis deck along the bottom 
rear edge, and it is necessary to provide 
clearance for these bolts. Proper clearance 
is provided by noting position of the 
bolts and drilling %-inch clearance holes 
in the sub-chassis at the points of inter- 
ference. 

Once the sub-chassis is in position, the 
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tube is placed in the socket and the 
phono fan moved until the blades are 
positioned beneath the anode of the tube 
as shown in fig. 3. 

CATHODE 
COILS 

CUTOUT 

and it is necessary to drop i t  slightly to 
avoid over-volting the tube filament; a 
0.3-volt drop is necessary. This may be 
readily achieved by placing a 0.1-ohm 
wirewound resistor in series with one 
filament lead, or the filament choke may 
be rewound with the proper wire length 
and size to develop the required voltage 
drop. Since a cathode rf choke is re- 
quired, the builder has the option of 
rewinding the present filament choke and 
adding a cathode winding as shown in fig. 
1 or using the existing choke and adding a 
cathode rf choke and filament dropping 
resistor. The latter was done for the first 
tests, and a new trifilar rf choke was 

I I substituted at a later date. 
a amplifier testing 

When the modification is complete, all 
wiring should be checked and the resis- 
tance to ground from the anode clip 
should be checked. As in the original 
amplifier, before modification, the resis- 
tance should be about 180,000 ohms (the 
resistance of the filter bleeder resistor, 
Rg - R 1 1 ) .  The amplifier should be con- 
nected to  the exciter and to a dummy 
load. Before the amplifier is turned on, 
the exciter is tuned up, feeding through 
the unenergized antenna relay of the 

4 X 5 X 2 CHASSIS 
amplifier. The amplifier is now turned on, 
and the panel meter should read about - _  , ,' .. I ,- +2400 volts in the HV position. Amplifier 

&.i,"' 
plate current is zero because of the 

fig. 2.  58-200 chassis modifications to accomo- 
cut-off bias voltage. 

date the 8875. The enclosure cutout for the The amplifier controls are set as des- 

sub-chassis is shown in A. The modified sub- 
chassis for the 8875  socket is shown in 6. 

electrical modifications 
The portion of the original schematic 

of the SB-200 that is revised is shown in 
fig. 1. The 1 N3307 8.2-volt zener diode is 
bolted firmly to the wall of the sub- 
chassis, using a thin coating of Wakefield 
Thermal Compound smeared on the zener 
stud to allow a good thermal bond. The fig- 3. Phono-motor fan installation for the 

new component layout in the sub-chassis 8875. The motor must be moved so the shaft is 
in line with the center of the anode, and the tip 

is shown in the rear-view photograph. of the fan blade clears the bottom of the tube 
Using the new tube, the existing fils- by inch. The blade should also clear the edge 

ment voltage of the SB-200 is too high, of the anode by 114 inch. 
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cribed in the Operating Procedure section 
of the Heath Manual (page 47), and the 
amplifier is again turned on. With no 
driver output, the meter of the amplifier 
should indicate an idling plate current of 
about 20 milliamperes. A ninety-second 
cathode warm up time should be ob- 
served before excitation is applied to the 

New trifilar filament and cathode choke for the 
modified 56-200 uses ferrite rod from original 
unit. Winding details are shown in fig. 1. 

8875. The drive level of the exciter is 
advanced until the plate current rises to 
about 200 milliamperes. Tuning and load 
controls are adjusted for maximum power 
output (minimum plate current) on the 
amplifier meter. Grid current should be 
about one division on the meter (25 
milliamperes, or less). Caution: The 8875 
is easy to drive; watch out for excessive 
grid current. 

The amplifier may now be loaded for a 
maximum plate current of 500 milli- 
amperes, using carrier injection from the 
exciter. Maximum grid current is 45 
milliamperes. This corresponds to a drive 
level of 55 watts or less. Loading should 
be done quickly so as to not run exces- 
sive IVS plate current for more than 30 
seconds or so. 

When proper loading with carrier injec- 
tion is achieved you will find that maxi- 
mum power output occurs at this point 
along with the recommended values of 

plate and grid current. At maximum 
input the power output (measured with 
an accurate wattmeter) is between 520 
watts (1  0 meters) and 630 watts (at the 
lower frequencies). Power gain is about 
10 decibels. Under voice conditions, with 
no speech processing, voice peaks will run 
about 200 milliamperes on the meter. 

Thanks to Merle Parten, KGDC, and 
Dick Rasor, WAGNXB, for their help and 
assistance in modifying the amplifier and 
making measurements on the completed 
version. 

conduction-cooled linear 
Modern power tubes such as the 

8873-family have the capability of de- 
veloping anode power dissipation densi- 
ties (watts per square centimeter) com- 
parable to the power densities in many jet 
and rocket engines. For this reason, effec- 
tive cooling techniques are essential for 
long life and high tube reliability. 

Conduction cooling is an efficient 
system of heat elimination, making use of 
the heat source (power tube or tran- 
sistor), a heat transmission path (thermal 
link) and a heat sink, wherein the heat is 
removed. Manv amateurs have seen tran- 
sistors with tiny heat sinks on them; far 
fewer amateurs have observed heat-sink 
systems capable of dissipating several 
kilowatts of power. Such large systems 
exist, and the general design (suitably 
scaled down) may be adapted for use at 
amateur power levels. Although common 
in commercial and military gear, the 
heat-sink conductioncooled system is 
just beginning to appear in amateur 
equipment (i. e., the Signal-One tran- 
sceiver). 

In the case of a power tube whose 
anode operates at a high voltage poten- 
tial, the thermal link must have the dual 
properties of a thermal conductor and an 
electric insulator. One of the most prac- 
tical materials for this task is Beryllium 
Oxide (BeO), an insulative ceramic (re- 
fractory) material hhich has the thermal 
conductive properties of aluminum. 

The 8873 zero-bias power triode 
makes use of a Be0 thermal link and 
external heat sink. The link is detachable, 
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providing mounting flexibility and re- must be taken into account when vhf 
duced tube replacement cost. However, tank circuits are concerned. 
since two thermal interfaces occur with The heat sink used with power tubes 
the detachable link (tube anode to link may be liquid or air cooled. In this case 
and link to heat sink), attention must be 
paid to ensure low therrhal resistance at 
these two interfaces if optimum cooling 
performance is to be achieved. 

The heat sink, receiving heat through 
the thermal link from the tube anode, 
emits energy in the form of radiant heat. 
The quantity of heat radiated depends 
upon the absolute temperature of the 
sink relative to the surrounding environ- 
ment and the nature of its surface. A heat 
sink operating at an elevated temperature 
compared to i t s  environment will transfer 
heat to the environment by radiation, 
convection and conduction, as is done in 
this case. 

The added output capacitance of the 
tube supplied by the thermal link and 
heat sink is typically 6 to 10 pF, and this 

The 8873 conduction.cooled zero-bias triode. C o n d  uction-cooled 8873  zero-bias tr iode 
mounted i n  the Heath 58-200 linear. The 8873 
is held i n  place w i t h  a toggle c lamp that  presses 
the anode of the  tube against a beryl l ium-oxide 
thermal l i n k  and f inned h u t  sink. The  f lat 
surface o f  the heat sink is covered w i t h  1/8-inch 
copper sheet t o  distribute anode heat evenly. 
Under normal voice operation heat-sink dissipa- 
t i o n  provides sufficient cooling. F o r  cw o r  
long-winded voice operation a thermal switch 
turns o n  a small phono-motor fan  t o  ho ld  the  
temperature o f  the heat sink a t  a conservative 
level. When heat-sink temperature drops t o  
normal value, the fan is automatically switched 
off. 

two or three hundred watts of anode 
dissipation are required so air cooling is 
feasible. 

the 8873 
The 8873, like the 8875, is a ceramic1 

metal, zero-bias triode intended for hf 
and vhf service up to 450 MHz or so. No 
air cooling of the base is required if the 
socket is mounted on a chassis which has 



sufficiently low thermal resistance to rotational and lateral movement can be 
drain the filament heat away from the accomplished. The rotational movement 
stem of the tube. is required in order to align the flat 

The 8873 seemed a natural for retrofit surfaces of the tube, thermal link and 
in an existing Heath SB-200 amplifier. It 
was planned that the cabinet and power 
supply of the SB-200 could be used as a 
test bed for future experiments (such as a 
50 MHz or 144 MHz amplifier) so a new, 
two-piece aluminum chassis was made. 
The power supply was rebuilt on one 
chassis and the amplifier section on 
another. Both units were then bolted 
together to resemble the original Heath 
chassis and shields. An amateur intending 
to modify his own SB-200 to this design 
probably would use the Heath metal 
work as-is. 

heatsinking the SB-200 chassis 
The 8873 anode is heat sunk to a 

finned radiator mounted at the rear of 
the amplifier enclosure. Generally speak- 
ing, the modification consists of removing 
the present tubes, sockets and auxiliary 
components and reworking the circuit 
electrically as described in the 8875 
modification. Views of the heat sink 
installation are shown in the photographs. 
The heat sink measures 7-314 x 4-1 14 
inches and is mounted to the chassis and 
side walls about 8-314 inches behind the 
front wall of the enclosure. The 8873 
socket mounts in the center of the 
enclosure, with the center of the socket 
about 15116-inch from the smooth sur- 
face of the heat sink. 

Anode heat flows from the 8873, 
through a Be0 insulating block into the 
heat sink. Good bonding is essential 
between these three components in order 
to hold anode core and seal temperatures 
below the maximum permitted rating of 
250°C. To hold the components firmly 
together, a DE-STA-CO toggle clamp is 
mounted in front of the tube. A small 
%-inch ceramic insulator is substituted for 
the rubber nose of the clamp, which 
presses against the tube and heat sink. 
While the clamping action takes place, the 
tube and socket should be free to move. 
Accordingly, the socket is mounted in a 
clamp ring so that a slight amount of 
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Bottom view of amplifier chassis shows sub- 
mounted tube socket. Chassis bolt holes are 
slotted so tube and socket may be moved 
slightly so the anode is properly seated against 
the heat sink. The rear of the amplifier chassis 
has been cut away below the heat sink so 
cooling air may pass through the fins. Filament 
choke is at upper right with zener diode 
mounted o n  chassis at upper left. 

heat sink. The socket is then tightened in 
position after alignment and clamping 
takes place. 

The heat sink provides about 160 
watts of continuous anode dissipation 
when cooled by normal currents of 20°C 
air (room temperature). It is possible to 
raise the dissipation of the sink to about 
200 continuous watts by passing cooling 



air across it from the small phono-motor below the upper design limit of the tube. 
fan which was a part of the original To hold tube base temperature to a 
SB-200 assembly. The fan was included in safe level, slots were cut in the chassis 
this design, along with a thermal switch. around the tube socket to allow cooling 

air from beneath the chassis to flow up 
and around the tube base (see under- 
chassis photo). 

Rear view of conduction-cooled amplifier 
shows cooling fan and cathode tuned circuits. 
Chassis beneath the heat sink has been cut away 
for proper flow of cooling air. 

When the temperature of the heat sink 
approaches a value that indicates high 
anode temperature, the fan is auto- 
matically switched on, increasing the 
capacity of the sink and protecting it 
from long-winded rag chewers and 
marathon talkers. 

To determine the capacity of the heat 
sink system, temperature runs were made 
on the sink and tube anode, with various 
values of anode dissipation. Heat-sink and 
anode temperature were measured with 
temperature sensitive paint, and the 
thermal switch was moved about on the 
sink until it switched on when anode 
temperature reached about 180" C, well 

amplifier operation 
Tuning and loading of the amplifier is 

normal, and follows the procedure out- 
lined in the 8875 description. Under most 
operating conditions, the heat-sink tem- 
perature does not rise to the point at 
which the cooling fan is actuated, and 
amplifier operation is completely noise- 
less, a welcome "sound" these days! 

While this unit is considered to be 
experimental, it points the way to the 
amplifier design of tomorrow: heat-sunk, 
noiseless, compact and highly effici- 
ent -quite a far cry from the old days of 
rack mounted gear, heavy, buzzing power 
supplies and black-crackle panels. How 
time flies! 

Conduction-cooled am~lif ier with  to^ shield in 
place. Shield has been trimmed at rear to allow 
air to flow over heat sink. 

Again, thanks to KGDC and WAGNXB 
for their assistance in this experimental 
project. 

reference 
1. William I. Orr, WGSAI, "Intermittent Voice 
Operation of Power Tubes," ham radio, this 
issue. 
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The serious six-meter operator needs a 
high power amplifier that will function 
reliably over extended periods of time 
and have minimum harmonic radiation. 
Such amplifiers seem to be commonplace 
for the "dc bands" but are rather rare for 
50 MHz and above. Many six-meter am- 
plifier designs are cranky, hard to  neutral- 
ize or otherwise unstable or tricky to 
adjust. 

The amplifier described in this article 
has none of these undesirable attributes. 
It will run key-down on a 24-hour basis, 
i f  need be, and is stable and easy to  
adjust. I have used it over a period of 
months and it has proven to  be a valuable 

The new high-mu 8 8 7 7 ) 3 ~ ~ 1 5 0 0 ~ 7  triode 
recently announced by EIMAC. 
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adjunct to the spread of six-meter equip- plate current of 750 milliamperes, power 
ment in my station. output will be about 1200 watts. This 

This amplifier uses a grounded-grid represents an amplifier efficiency of 61% , 

circuit with a new high-mu triode just and a power gain of 14.8 dB. 
a n n o u n c e d  b y  E imac :  t h e  A schematic of the amplifier is shown 

T o p  view o f  the plate clrcuit  o f  the linear amplifier showing the  shorted-turn tuning scheme. The  
shorted-turn is hard-soldered t o  shaft coupler t o  al low f ron t  panel tuning. The "anti-inductance'' 
strap can be seen connecting the t o p  of t h e  plate choke t o  the plate blocking capacitor. No te  that  
the posit ion o f  t h e  plate blocking capacitor can be  changed b y  loosening one screw and rotat ing t h e  
capacitor around the  screw. 

887713CX1500A7. This ceramiclmetal 
triode is intended for linear service in the 
high-frequency and vhf range. The ampli- 
fier is intended for the maximum legal 
power input, 1000 watts dc, and can 
develop up to 2000 watts peak envelope 
power input during ssb operation. The 
amplifier requires a driver that can supply 
approximately 40 watts PEP at 50 MHz. 
Using a plate potential of 2600 volts and 

in fig. 1. The control grid is operated at 
dc ground with a minimum of inductance 
between the tube and the chassis. The 
plate and grid currents are measured in 
the cathode return lead. A 12-volt 50- 
watt zener diode is placed in series with 
the cathode return lead to set the desired 
idling plate current. No special neutraliza- 
tion scheme is needed to attain corn- 
pletely stable operation. 
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The plate circuit is a standard pi-net- power. The input impedance of the tube 
work with tube output capacitance plus is54ohmsresistance in parallel with 26 pF 
stray capacitance to the cabinet forming capacitance. The match holds over the 
the input capacitance of the network (30 1-MHz tuning range of the amplifier. 
pF). The output loading capacitor is an A 10,000-ohm 25-watt resistor in the 
air variable shunted by two fixed ceramic cathode lead of the 887713CX1500A7 is 

Ie VOX 
0-100nrA 

L 1  6 turns no. 18 on  a CTC 1538-4-3 form; L 4  5 4  turns no. 20 enameled o n  1/2"diameter 
coi l  length 7/8" Teflon rod; winding length 1-13/16" 

L 2  6 turns no. 18, 112" diameter, 5/8" long, ' L 5  3 turns 3/8" diameter copper tubing; inside 

self-supporting diameter 1-7/8"; coi l  length 2-3/8"; shorted 

turn 2-314" diameter 3/8" copper tubing '14" 

L 3  Bif i lar wound choke. 112'' diameter core, 3" f rom main coi l  

long, each coi l  12 turns no. 10 Formvar; 
core is Indiana General CF-503 F T  Erie 327 1000-pF feedthrough capacitors 

capacitors. Amplifier tuning is accom- 
plished by varying the inductance of the 
coil by adjusting the coupling between 
the coil and a shorted turn. 

The cathode input circuit consists of a 
simple T-network. The network was cal- 
culated so that a 50-ohm cable from the 
driver would be matched to the input 
impedance of the 3CX1500A7 at full 
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used to reduce standby current through 
the tube to a low value. When the exciter 
is turned on, a set of contacts on the vox 
relay (or other control relay) shorts out 
the 10,000-ohm resistor, causing the tube 
to operate at its normal idling plate 
current. The 200-ohm 10-watt resistor 
from the negative terminal of the plate 
supply to ground makes certain the nega- 



tive terminal does not soar to the value of 
the plate voltage i f  the positive side of the 
power supply is accidentally shorted to 
ground: 

The two IN2071 diodes across the 
200-ohm resistor limit any transient 
surges under the shorted condition which 
might cause insulation breakdown. Also, 
these diodes afford some transient pro- 
tection of the two meters by providing a 
path around the meters. Additional pro- 
tection could be obtained by putting two 
back-to-f ront parallel connected diodes 
across each meter. The 200-ohm resistor 
around the zener provides a load for the 
zener and prevents the cathode voltage 
from becoming quite high if the zener 
should burn open. 

the plate circuit 
Top views of the amplifier chassis are 

shown in the photographs. The closed 
ring near the front panel is the shorted 

Another view of the plate circuit. The air 
variable across the top edge of the chassis is the 
adjustable part of the loading capacitor. Two 
ceramic barrel capacitors are mounted in 
parallel with the air capacitor and can be seen 
at the end of the variable capacitor near the 
filament transformer shield. 

turn used for tuning; it is made of 
318-inch diameter tubing, hard soldered 
to a brass shaft coupler with copper-silver 
solder. Soft solder would not be advisable 
in this application because of the high 
circulating current in the shorted turn. 
The "anti-inductance" strap is used to set 
the tank circuit to the desired tuning 
range. This strap runs from the top of the 
plate rf choke to the plate blocking 
capacitor. The position of the blocking 
capacitor can be moved to allow the strap 
to be flexed and set to the proper 
position. Note that the current through 
the strap is going in the opposite direc- 
tion from the current in the coil at any 
instant and therefore causes field cancel- 
lation. 

To set the amplifier to the low-fre- 
quency end of the band, the shorted turn 
is completely decoupled and the position 
of the blocking capacitor and the anode 
strap adjusted to resonate the. plate cir- 
cuit to 50 MHz. As the shorted turn is 
coupled tighter, the total inductance in 
the plate tank circuit will be reduced, 
causing the resonant frequency to  in- 
crease. When the shorted turn is fully 
coupled, the resonant frequency of the 
plate tank circuit will be about 51 MHz. 

Amplifier loading is accomplished in 
the same manner as in a typical pi-net- 
work amplifier. The loading capacitor is 
the air variable along the top right edge of 
the chassis. The two ceramic fixed capaci- 
tors are at the left end of the air capacitor 
and at the end of the coaxial cable 
coming from the type-N coaxial recep- 
tacle mounted on the back panel. 

The plate choke is  made of 54 turns of 
no. 20 enameled wire closewound on a 
one-half inch diameter Teflon rod. The 
winding length of the coil is 1-13/16 
inches. The choke is  mounted on top of 
the ceramic capacitor which is used to 
by-pass the 6-plus end o f  the choke. 

Visible on the back of the front panel 
are the Jackson ball-drive assemblies. 
These handy devices provide a very 
smooth and slow "feel" to the tuning. 
The 5.0-volt 12-ampere f ilament trans- 
former is visible inside its aluminum 
shield at the top left end of the chassis. 
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the input circuit coil using no. 10 Formvar insulated wire. 
The input matching network is a The core material is Indiana General 

standard T-design consisting of two series CF-503, one-half inch in diameter." The ; 

coils and one shunt capacitor. One coil core permeability is a little high for this 
and the shunt capacitor are variable. With application, but the material was available 
these two adjustments it is possible to and has not given any trouble. The 

Johnson 122-247-202 socket is mounted 

View of the underside of the chassis showing 
the input circuit and the location of the Zener 
diode and resistors. The T matching network is 
in the upper right hand side of the chassis. The 
heater-cathode choke is mounted between the 
socket and the ceramic stand-offs at the left 
side of the picture. Note that the socket is 
mounted below the chassis to allow passage of 
the cooling air. The straps grounding the grid to 
the chassis can also be seen under the threaded 
brass spacers used to sub-mount the socket. 

cover a wide range of impedance trans- 
formations. The controls for the variable 
elements are brought out the left rear side 
of the chassis. Once the adjustments have 
been made, no tuning is required over the 
first megahertz of the band. 

The input matching network can be 
seen in the top right corner of the under 
chassis photograph. The cathode-heater rf 
choke is near the tube socket. The choke 
is bifilar wound with twelve turns on each 

*Available from Newark Electronics Cor- 
poration, 500 North Pulaski Road, Chicago, 
Illinois 60624. Order catalog number 59F1521 

one-half inch below the chassis using 
threaded brass spacers. Four pieces of 
brass shim stock, or beryllium copper, are 
formed into an "L" shape to mount 
between the brass spacers and the chassis 
and make contact to the control grid ring. 

the tube 
The 887713CX1500A7 is a new cera- 

mic triode having good division between 
the plate current and the grid current. I t  
has EIA base no. E7-2 which can be used 
with the standard septar sockets. The 
tube has a plate dissipation rating of 1500 
watts, and has a mu of approximately 
200. The cathode is indirectly heated, and 
the filament requirements are 5.0 volts at 
10 amperes. 

performance data 
Many different operating conditions 

were tried with this amplifier. The condi- 
tions most suitable for amateur ssb opera- 
tion a t  2000 watts PEP input are: 

Plate voltage 
Plate current (single-tone) 
Plate current (idling) 
Grid voltages 
Grid current (single-tone) 
Power input 
Power output 
Efficiency (apparent) 
Drive power 
Power gain 

2600 Vdc 
750 mA 
40 mA 
-12 Vdc 
58 mA 

1950 W 
1200 W 

61 % 
40 W 

14.8 dB 

The intermodulation distortion prod- 
ucts at full peak envelope power input 
under the above operating conditions are: 

3rd order 
5th order 
7th order 
9th order 

ham radio 
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rating tubes 

- 
s venient rating method, and probably 

and .% .- most practical, uses a single-tone audio 
-2 signal to modulate the ssb transmitter. By 
'0 

infermodulaf ion u using this test signal at its full modulation 
capability, the amplifier will operate .- 

w under steady, maximum-signal conditions distortion which are easily duplicated and observed. 

3 When a single sine-wave tone modu- 
are important parameters B lates a single-sideband transmitter the rf 

2 output appears as a steady, unmodulated 
signal on an oscilloscope (see fig. 1A). when selecting tubes . 
This is because the output is a continuous 

for 

s 
, signal having a frequency removed from - for linear amplifiers - that of the carrier by the modulating 

linear amplifier 
service 

> frequency, as shown in fig. 1B. s here's what they mean ,,,,, ,,,,, 

The power-handling capability of a given 
tube in single-sideband service depends 
upon the nature of the signal being 
transmitted and the tube's power dissi- 
pating capability. The method of estab- 
lishing single-sideband service ratings 
should be such that relatively simple test 
equipment can be used to determine 
whether or not a tube is operating within 
i ts  maximum ratings. 

I t  is impractical to establish a rating 
based on voice-signal modulation because 

E Consequently, the operation of a and how they are measured 
linear amplifier under single-tone modula- 

. of the irregular waveforms and the vary- 
ing ratios of peak-to-average signal power Peak envelope power g found in different voices. The most con- 

E 
2 tion is comparable to that of a cw 
$ transmitter under key-down conditions. r, 
3 As such, the performance of the power- 
V) . amplifier stage a t  maximum signal (or - 
i peak) conditions can be determined from 
n meter readings. However, this simple test 
0 
K lacks information on the linearity of the 
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Q 
fig. 1. R f  output of ssb transmitter with 
single-tone modulation. Oscilloscope pattern is 
shown in  A; spectrum is shown in B. 

stage. To study linearity by observing 
amplifier output, some means must be 
provided to vary the output signal level 
from zero to maximum with a regular 
pattern that can be easily interpreted. A 
simple means is to use two equal-ampli- 
tude audio tones to modulate the ssb 
transmitter. This is termed a two-tone 
test. With this procedure the transmitter 
emits two steady signals separated by the 
frequency difference of the audio tones 
(fig. 2). 

In some ssb generators, the two-tone 
signal is obtained by impressing a single 
tone at the audio input and injecting the 
carrier (by unbalancing the balanced 
modulator) to provide the second equal 
amplitude rf signal (fig. 3). The resultant 
beat between the two rf signals produces 

fig. 2. Spectrum of ssb transmitter modulated 
by a two-tone test signal containing 400- and 
2500-Hz tones and transmitting upper side- 
band. 

CARRIER -1 
lNDT TRANSY-0) I - L  i I I 

I I I I I 

FREQUENCY (kHz) 

a scope pattern which has the appearance 
of a carrier 100 per cent amplitude-modu- 
lated by a series of half sine waves as 
shown in fig. 4. 

When using the two-tone technique to 
measure the distortion of a linear rf 
amplifier it is sometimes more expedient 
to use two rf signal sources (separated in 
frequency by the desired number of 
cycles) and to combine them in a manner 
which will minimize the interaction be- 
tween them. The two rf signals represent 
the two equivalent sideband frequencies 
generated by the two-audio-tone system 
and produce exactly the same scope 
pattern. 

A linear amplifier i s  usually rated at 
peak envelope input or output power 
level. Peak envelope power (PEP) is the 
root-mean-square (rms) power generated 
at the peak of the modulation envelope. 
With two-tone or single-tone test signals 
the approximate relationships between 
single-and tvup-tone meter readings, peak 
envelope power and average power (class 
6 or A6 operation) can be determined 
from the formulas shown in appendix 1. 
Although the equations for average power 
output are different for the two tests, the 
PEP formulas are identical. 

I I I I I 
FREWENCY (kHz) 

fig. 3. Spectrum of ssb transmitter modulated 
by 1500-Hz tone and injecting carrier to obtain 
second If signal equal in amplitude to the tone. 

multitone relationships 
The approximate equations given in 

appendix 1 are for single- and two-tone 
conditions, the most common test situa- 
tions. However, in some multi-channel 
transmitter applications many more tones 
are used. The following method can be 
used to determine the peak-envelope- 
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power to average-power ratio. (For the one-half that of the single-tone case, so 
purposes of this explanation it is assumed the resultant peak envelope power ratings 
that all the tones are equal.) are identical." 

The following examples demonstrate The two test frequencies (fl and f2) 
two important relationships between are equal in amplitude but slightly dif- 

e 

---f 
FUNT 

ILa) 

PUT€  VOLTAGE (YOLTS) 

fig. 5. Single-tone condition. 

single and multitone signals amplified by 
a linear system. 

Assume the amplifier is set up for a 
single-tone driving signal and a Point "A" 
on the operating line is established (see 
fig. 5). A definite PEP output is de- 
veloped under this condition. To drive 
this linear amplifier to the same PEP 
output with a multitone signal, the drive 
signal voltage for each tone must be l ln th 
(n = number of tones) the amplitude of 
the single-tone signal. 

By assuming a perfectly linear ampli- 
fier where the input waveshape is exactly 
reproduced in the output load, these grid 
waveshapes can be used to demonstrate 
the relationship of PEP to Average Power. 

For the single-tone case, PEP = Aver- 
age Power; for the two-tone case, 
PEP = twice Average Power. However, in 
the two-tone case the average power is 

fig. 4. Scope pattern of 
ssb transmitter modu- 
lated by two-tone test 
signal. 

a march 1971 

ferent in frequency. As a result, when 
they are exactly in phase the two crest 
voltages add directly to produce the crest 
of the two-tone envelope. When the two 
frequencies are exactly out of phase the 

'This is best illustrated with two practical 
examples. 

single-tone 60  

Average power = 
~ ( r r n s ) ~  - (7) - 1800 - -  -- 

RL R~ RL 

Therefore, PEP = average power 

two-tone: 

Average 

(Elrrns + ~2r1-n~) '  = PEP = 
R L RL 

Therefore, PEP = 2 x Pavg 



cusp of the two-tone envelope results (see the single- and two-tone examples. 
fig. 6). These results (equal amplitude tones) 

Note that the voltage amplitude at the may be summarized by the following 
crest of the resultant two-tone envelope is expressions: 
equal to that of the single-tone envelope 

+50 I I 
CONSTANT-CURRENT WRYES 

\ I 
-75 

1 0.001 1 
0 m Kcu 30m 4av 

U T E  VOLTAGE (VOLTS) 
fig. 6. Two-tone condition. 

and therefore the tube is driven to the PEP = n PaVg 

same point on the operating line in each PEP = n2 Pt 
case. If the tube is driven to the same 
peak plate current and the same peak Where PaVg is the average power of the 
plate voltage swing by different excita- composite signal, Pt is the average power 
tion signals, then the peak envelope in each tone, and n is the number of 
power output for both signals is the same. tones. 

FI F2 F3 

PLATE VOLTAGE (WLTSI 
fig. 7. Three-tone condition. 

The same holds true for a three-tone 
test signal. Note that the sum of the An fm repeater is to be designed to 
three individual tone-crest exciting volt- simultaneously rebroadcast one to eight 
ages add in phase to drive the tube to the channels. Each channel must have an 
same peak current and peak plate voltage average power output of 100 watts. How 
swing as that of the single-tone case (see much peak envelope power must the 
fig. 7) so the PEP output is the same as linear amplifier deliver? 

march 1971 



Each channel can be considered to be Peak envelope power is the root-mean- 
a single-tone signal. Therefore, the PEP of square power at the crest of the envelope. 
each channel is equal to the average This term is usually shortened to PEP. 

power of each channel. The maximum Idling plate current determined by the 
power output requirement of the ampli- operating point is called the zero-signal 

fig. 8. Graph show- 
ing intermodulatlon 
distortion products. 
As dr ive Is in- 
creased, the various 
JMD products pass 
through maxima 
and minlma. Mis- 
leading conclusions 
can be drawn i f  the 
equipment is tested 
near a cusp on the 
IMD curve where a 
p a r t i c u l a r  I M D  
product drops to an 
extremely low level. 

fier will be under the stone condition. 
The average power output for the com- 
posite 8-tone signal will be 8 times the 
100 watts-per channel power. Therefore, 
the linear amplifier must be capable of 
800 watts of average power output. 

The peak envelope power will be eight 
times the average power of the composite 
signal (PEP = nPavS) or 6400 watts. A 
tube must be selected to deliver this 
peak-envelope and average power at an 
intermodulation distortion level compati- 
ble with the degree of interchannel cross- 
talk that can be tolerated. 

measurement standards 
To describe adequately the perform- 

ance of a tube in single-sideband linear 
service, it is necessary to determine many 
parameters. The normal electrode volt- 
ages and currents must be specified as 
well as the two-tone currents, the oper- 
ating point, peak envelope power and the 
magnitude of the intermodulation-distor- 
tion products. These parameters are de- 
fined as follows: 

appendix 1 
Approximate relationships between meter read- 
ings, peak envelope power and average power 
for class B or AB operation with one and 
two-tone tests. 

parameter single-tone two-tone 

dc plate current I,, = h lb = 2 i ~ m  
71 n2 

2ip 
plate input (watts) pin = ipmEb - m k  

71 Pin -  n2 

average output (watts) Po = Po - i ~ m e ~  
4 8 

PEP (watts) p, = ipmep - i ~ m e ~  
4 O -  4 

2 
plate efficiency Te N -P 

p -  4Eb 4 / Eb 

definition of symbols: 

ipm = peak of the plate current pulse (plate 
current pulse is not sinusoidal) 

ep =peak value of plate swing, assumed to  be 
sinusoidal when tank-circuit has sufficiently 
high Q. 

Eb = dc plate supply voltage 
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plate current and is designed lb,. 
The other two plate current values of 

significance are the single-tone plate cur- 
rent and the two-tone plate current The 
ratio of single- to two-tone current is 
1.57:l in a true class B amplifier (180' 
plate conduction angle). For other classes 
of linear operation and for different 
zbro-signal plate currents, this ratio varies 
from 1 .I to 1.57: 1. 

The standard method of specifying the 
magnitude of the distortion products is to 
specify the reduction in decibels of one 
product from one tone of a two-equal- 
tone signal. 

For example, assume that a particular 
tube under a given set of operating 
conditions has third-order distortion 
products of -35 dB and fifth-order distor- 
tion products of -50 dB. This means that 
the third-order product has an amplitude 
of 35 dB below one of the two test tones 
and the fifth-order product has an ampli- 
tude 50 dB below one of the two test 
tones. (It is also correct to add the 
amplitudes of the two third-order 
products and compare them to the sum 
of the two tones. The decibel ratio is s t i l l  
the same as the example.) 

I t  is not correct to compare one 
distortion product to the sum of the two 
tones; that is to say, the PEP value of the 
signal. The resulting distortion figure 
would be 6 dB better than the correct 
example (-41 dB rather than -35 dB and 
-56 dB rather than - 50 dB). 

Normally the tube under test is ad- 
justed to the full drive condition, and all 
the pertinent parameters are measured. 
The drive signal is then reduced. At each 
test point, all the parameters are 
measured again. The resulting data can 
then be plotted as a function of drive 
voltage. 

I t  should be noted that maximum 
intermodulation distortion does not 
necessarily occur at maximum drive level, 
and it can be shown mathematically that 
an intermodulation characteristic like fig. 
8 can be expected. In practice there is 
very good correlation between mathe- 
matical prediction and actual test results. 
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vhf/uhf effects 
in 

gridded tubes 

I The technically-minded amateur has known 
for some time that a vacuum tube becomes 
progressively less effective as the frequency 

3 of operation is increased. Amplifiers require Here is ,, 
c greater driving power, output power drops 

off, and the manufacturer may be obliged 
a rundown to derate the tube at the high-frequency end 

of the operable range. If the frequency is 
aJ u 

on the characteristics raised high enough, the gain of the amplifier 
z s' will drop to an unusable level. Upon further 
L L. 

increase in frequency, the gain will drop to 
you should understand t 5 unity or less. At the same time this is happen- 

OV' ing, the input impedance of the amplifier L 

to  get the most ,$ drops as does the maximum impedance real- 
0 'E 

2 s  izable in the plate circuit. 
Numerous factors contributing to the re- Out of gridded tubes - ra - 

duction of amplifier output at vhf and uhf 
E S can be listed and divided roughly into three 

at  uhf groups: 
r -= =u 
V) u 1. Circuit-reactance limitations 
A a 2. Circuit and tube loss limitations 
0 .E m u  3. Electron transit-time limitations. 
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circuit-reactance limitations 
At the very-high and ultra-high frequencies 

there exists a situation which is quite differ- 
ent from that which exists at low frequencies. 
At low frequencies the electrical circuits and 
the tube are quite distinct. As frequency in- 
creases, this ceases to be true, and it is found 
that part of the resonant circuit exists within 
the tube (fig. 1). The electrode leads, while 
they are normally short and have large sur- 
face area in modern tubes, have a small but 
finite inductance. As the frequency of opera- 
tion is raised, the reactance of the lead in- 
ductance will become quite appreciable, 
often reaching undesirable proportions in the 
vhf-uhf regions. The effect of lead inductance 
is to create a voltage drop such that the ap- 
plied voltage across the ex~ernal terminals 
of the tube will not entirely appear across the 
electrodes. Driving voltage i s  thus lost across 
the lead inductance. 

In addition, while the interelectrode ca- 
pacitances may be small, at ultra-high fre- 
quencies they approach a large fraction of 
the capacitance required to establish reso- 
nace in an external circuit. As such, the inter- 
electrode capacitances represent a limitation 
in terms of actual operation as the external 
tank circuit may "disappear" within the tube. 
The combination of the electrode-lead- 
inductance and the interelectrode capaci- 
tance may cause an internal resonance in the 
uhf region. 

A typical internal resonance experienced 
in a large power tube is  the circuit consist- 
ing of the control-grid cage and mounting 
cone, and the screen-grid and cone. These 
two assemblies can form a quarter wave- 
length long tuned-line circuit shorted at the 
tube envelope by the capacitor consisting of 
the two contact rings and the dielectric ma- 
terial used in the envelope. The internal 
resonant frequency could be in the range of 
1400 MHz for a five- to ten-kilowatt tube. 
This could lead to a 1400-MHz parasitic os- 
cillation. 

The smaller the tube, the higher the reso- 
nant frequency. All tubes will have internal 
resonances and the designer must move 
them out of the normal usable frequency 
range or load the circuit in such a way as not 
to degrade the performance within the rated 
frequency range. Even if resonances do not 
occur, the combination of reactances within 
the tube may constitute an undesired net- 
work that creates a mismatch between the 
driver and the tube electrodes. 

magnitude of lead inductance 
The most important reactance encountered 

in a vacuum tube is that associated with the 
lead inductance. An estimate of the magni- 
tude of lead inductance may be made using 
the following equation: 

4L d 
fig. I. The total input voltage does L = 1.00508L (2.303 loglo - -I+ - 

d 2L 
) 

not act upon the grid-to-cathode elec- 
tron stream because of grid and cath- where L = inductance (microhenries) 
ode lead inductance-the voltage across 
them subtracts from the input voltage. L = wire length (inches) 

d = wire diameter (inches) 

This equation assumes no mutual inductance 
with some other nearby lead or wire. 

As an example of how great lead induc- 
tance can be, consider the case of a lead 

*e',,.--- that is 0.1-inch in diameter and one-inch 

I long. This lead will have an inductance of 
0.015 pH and an inductive reactance of 47 
ohms at 500 MHz. An inductive reactance of 

8. (9 

I, this magnitude, for example, between the 
screen element and the screen by-pass ca- 
pacitor outside the tube can cause stability 
problems. A voltage drop exists across the 
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screen reactance caused by the current flow- This source of positive input resistance 
ing through it which i s  the vhf current charg- can be better understood by realizing that 
ing the output capacitance of the tube. This it results from a signal appearing across the 
voltage is impressed upon the screen, which cathode lead inductance, driving the cathode 
thereby IS removed from ground potential, a small amount, as in a cathode-driven am- 
disturbing the grid-plate isolation normally plifier. (In a cathode-driven amplifier, the 
afforded by this element. alternating current component of the plate 

fig. 2. Gain of a 5CX1500A 
100-MHz class-8 amplifier with 
different values of cathode 
bypass capacitance. Gain peak 
occurs when bypass capacitor 
is series resonant with tube, 
socket and cathode lead in- 
ductance. 

cathode lead inductance and 
input loading 

Tube gain will also be adversely affected 
due to a reduction in input resistance be- 
cause of the cathode-lead inductance. A small 
amount of cathode-lead inductance in con- 
junction with the grid-to-cathode capacitance 
of a vacuum tube will cause a resistive load 
to appear across the input of the tube. The 
magnitude of this added shunt input resis- 
tance is: 

R = input resistance due to cathode-lead 
inductance 

w = 2rf where f i s  frequency (hertz) 
Lk = cathode lead inductance (henries) 

C,, = Grid-to-cathode capacitance (farads) 
g, = transconductance (mhos) 

current has to flow through the cathode lead 
inductance to reach the cathode. Since the 
driving signal is in series with the output 
load through the cathode-to-plate resistance 
of the tube, some of the power in the load 
is supplied by the driver.) Unwanted feed- 
through power is thus supplied by cathode 
lead inductance in a grid-driven stage. 

The above equation shows that as the 
frequency i s  increased, the grid-loading due 
to cathode-lead inductance increases. For 
example, if the frequency of the amplifier i s  
tripled from 144 to 432 MHz, the input re- 
sistance of a particular tube at 432 MHz 
would be one-ninth the resistance at 144 
MHz. If it i s  desired to drive the 432 MHz 
tube to the same maximum grid voltage 
swing, then nine times the power is required 
just to cover the input loading due to 
cathode-lead inductance. 

There will be other losses such as skin 
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effect, dielectric, radiation, transit time and 
the circuit reactance effects shown in fig. 1. 
The amount of grid loading due to cathode- 
lead inductance may be reduced somewhat 
by separating the input and output circuit 
paths back to the cathode. Some miniature 
tubes and low power transmitting tubes, such 
as the 4CX250I3, 6146 and others, have mul- 
tiple cathode leads to minimize the cathode- 

fig. 3. Cathode lead neutralization. 

m 

lead inductance effects. Transistors also have 
this problem, only i t  is called emitter-lead 
inductance instead of cathode-lead induc- 
tance. 

vhfluhf cathode-lead inductance 
neutralization techniques 

I t  is possible to neutralize the effects of 
the cathode-lead inductance by choosing 
the value of cathode by-pass capacitor so i t  
wi l l  be approximately series resonant with 
the total lead inductance (tube, socket and 
circuit inductance). This technique is parti- 
cularly effective in  low noise stages of vhff 
uhf receivers. 

Fig. 2 illustrates stage gain as a function of 
cathode by-pass capacitance value in a high 
power vhf amplifier. This particular graph was 
obtained from an experimental 100-MHz, 
5CX1500A amplifier running in class B. The 
5CX1500A cathode lead, socket and circuit 
lead inductance was measured to be just 
over four nanohenries. A capacitance of 637 
picofarads was calculated to be necessary for 
cathode lead inductance neutralization. The 
graph agrees fairly well with the calculated 
data. 

A neutralization technique described i n  
the October 1939 issue of Electronics is of 
interest (fig. 3). 1 have had no personal ex- 
perience with this technique, but i t  does ap- 
pear to have merit. The voltage drop eL 
across L, caused by the cathode current, is 
reversed in  polarity with respect to ek in  the 
sense that C, and L are in series between 
grid 1 and the cathode. Thus, the current 
flowing back to the grid through C, is 180 
degrees out of phase with the applied volt- 
age, einPut. For a certain value of L the cur- 
rents through Cgk and Cgg wi l l  be equal as 
well as opposite in  phase; thus, the conduc- 
tance between grid 1 and the cathode is 
zero. For neutralization of the cathode lead 
inductance the following ratio must be met: 

For the 5CX1500A 100-MHz amplifier corn- 
ponent values for neutralization of the cath- 
ode lead inductance could be: 

L, = 4 nanohenries 
Cgk = 35.8 picofarads 
Cgg = 10 picofarads 
L = 14 nanohenries 

The well known 4CX250B-rated to 500 MHz. 
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This tube has twice the cathode area 
of the 4CX250B and provides better 
than -40 dB intermodulation distor- 
tion. 

L, and C,, are typical characteristics of the 
5CX1500A and SK840 socket while C, and 
L are added components. 

A very similar method of neutralizing that 
part of input resistance caused by the cath- 
ode lead inductance uses an inductance in 
the screen-grid lead and has been often used 
in  6146-type gear at 144 MHz (fig. 4). Basi- 
cally, this circuit is the same as fig. 3. There 
are two differences: the point K (cathode pin) 
is now at ground potential and only screen 
current flows through the inductance L,. 

Other circuits may be used to minimize 
the effects of the cathode-lead inductance. 
The grounded-grid, cathode-driven (or prob- 
ably more correctly called the "grid-separa- 
tion" circuit), is often used (fig. 5).  In this 
case the cathode is driven while the grid in  
a triode, or the grid and screen grid in  a 
tetrode, are operated at some low rf poten- 
tial. The grid structures then act like a shield 
between the input and output circuits. The 
main advantage, as far as cathode-lead induc- 
tance is concerned, is that this inductance 
is now just another inductor in  series with, 
and therefore a part of, the input tuned cir- 
cuit. There are other advantages that can be 
credited to the "grid separation" amplifier 
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which wi l l  be discussed in  the section on 
interelectrode capacitances. 

intermodulation distortion and 
input loading 

An appreciable amount of input loading 
can increase intermodulation distortion. Any 
tube plate-characteristic non-linearity wi l l  
cause a variation in  this input loading with 
signal level and thereby present a varying 
load to the driver, thus causing increased 
distortion in  the drive voltage. 

fig. 4. Neutralizing cathode lead inductance 
with an inductor in the screen lead on the 
tube side of the screen bypass capacitor. 

screen lead inductance 
The screen lead inductance between the 

screen element and the screen by-pass ca- 
pacitor may help or hinder the operation of 
an amplifier. Below the self-neutralizing fre- 
quencylv2 of the tube, the screen lead induc- 
tance is usually detrimental to the stability 
of the amplifier, as the rf current flowing 
through this inductance wi l l  cause an un- 
wanted rf voltage to be developed. The point 
where the screen bypass is connected to the 
screen terminal may very well be at rf ground 
potential, but the potential of the screen 
itself may be varying above and below 
ground by the magnitude of voltage devel- 
oped across the screen lead inductance, eL, 
(fig. 4). 

The magnitude of the developed voltage 
depends on the inductance of the screen 
lead and the frequency of operation. The 
higher the frequency, the greater the induc- 
tive reactance and the greater the rf current 
through this inductor. The current is greater 



because the capacitive reactance of the out- 
put capacitance of the tube will be smaller, 
and the capacitor wil l be charging to the 
same rf plate voltage swing each cycle. 

At operating frequencies below the self- 
neutralizing frequency of a tetrode, screen 
inductance may be added in order to neu- 
tralize the amplifier. That is, the self- 
neutralizing frequency is lowered to the 
operating frequency.3 At operating frequen- 
cies above the self-neutralizing frequency of 
the tube, a series capacitor is sometimes 
added to move the self-neutralizing frequen- 
cy up to the operating frequency (fig. 6). As 
was briefly touched upon previously, some- 
times it is desirable to add a certain amount 
of screen lead inductance to neutralize the 

number of leads to use to provide the in- 
ductance he needs for his design. 

In a cathode-driven (grounded-grid) am- 
plifier, control-grid inductance is very im- 
portant. Just as in  the case of the screen-lead 
inductance in a grid-driven tetrode amplifier, 
the control-grid inductance in  a cathode- 
driven amplifier may aid or hinder the de- 
signer. The control-grid inductance may 
cause instability, a loss in  drive voltage due 
to the voltage divider effect (fig. 1) or it may 
be used to provide a method of neutralizing 
the amplifier.2 

plate lead inductance 
The plate in modern tubes used for vhf l  

uhf operation is usually designed with a 

fig. 5. Cathode-driven 
or grid-separation am- 

plifier. 

cathode-lead inductance portion of the input 
resistance. 

control-grid lead inductance 
The control-grid lead inductance in a grid- 

driven amplifier is usually not of much con- 
cern as the relative magnitude of the tube 
lead inductance as compared to the external 
inductance added to it to attain resonance i s  
very small. The control-grid lead inductance 
i s  wholly a part of the input resonant circuit 
with no current being induced from the out- 
put circuit, and it becomes part of the input 
tuned circuit. An exception to this i s  in the 
case of a vhf/uhf distributed amplifier. In  
this application an active filter is designed 
using all of the tube lead inductances and 
interelectrode capacitances. The control-grid 
inductance is important in  this case, and 
modern distributed amplifier tubes are made 
with four grid leads available to the equip- 
ment designer. He then has the choice of the 

massive anode structure in order to dissipate 
the heat that is generated in this element of 
the tube. For this reason, plate lead induc- 
tance is usually low enough so i t  is not of 
any great concern. If normal good engineer- 
ing practice is followed in designing vhfluhf 
circuitry, the plate lead inductance becomes 
inconsequential. 

interelectrode capacitance 
In addition to lead inductance, interelec- 

trode capacitance plays an important role in 
the operation of tubes in the vhfluhf regions. 
lnterelectrode capacitances due to active 
parts of the tube structure are incapable of 
reduction beyond a certain point. However, 
in many tubes the interelectrode capacitance 
results largely from capacitance between 
leads in areas of the tube where electrons 
do not flow. It is the job of the tube designer 
to reduce this unnecessary capacitance to a 
minimum. 
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input capacitance must increase. As power is proportional to 

The input capacitance of a grid-driven tube the Square of the current, the power lost in 

is the sum of the grid-to-cathode and grid- the input circuit necessarily increases as the 

to-screen capacitances. The larger the input charging current rises. The driver must sup- 

capacitance, the greater the drive power ply this extra power. 
must be. This can be explained by the very To reduce this loss, the circuit designer 

large increase in input charging current nec- must keep the input capacitance down and 

200 500 1000 Ylu 2 5 10 20 50 Ghz 100 

fig. 7. Chart for computing resistivity and depth of penetration for metallic conductors between 100 MHz and 
100 GHz. 

fig. 6. Scraen neutralization at 
operating frequencies above self- 
neutralizing frequency of tube. 

essary to charge the input capacitance. As 
the frequency increases the reactance of the 
input circuit becomes smaller, and for the 
same peak grid voltage, the charging current 

may limit the magnitude of the peak grid 
voltage. Peak grid voltage can also be mini- 
mized by operating with less bias. Quite 
often in  certain amplifiers the class-B mode 
is more desirable than class-C operation. 
Reducing the peak grid voltage and the 
charging current wi l l  reduce the amount of 
power that must be dissipated by the con- 
trol grid. Radio frequency power dissipated 
by the control grid unfortunately cannot be 
measured by the dc meters on the front 
panel of the amplifier, so the operator has 
no means of knowing if charging currents 
cause excessive grid temperature. High input 
capacitance also limits the bandwidth of the 
input circuit. For those applications requir- 
ing large instantaneous bandwidth, great 
care must be taken in the design of the 
equipment. 
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The grid-separation or cathode-driven am- 
plifier offers quite an advantage as far as 
input capacitance is  concerned. The input 
capacitance consists only of the cathode-to- 
grid capacitance. For the same tube in the 

cathode-driven configuration, the input ca- 
pacitance will be roughly half that value in 
the grid-driven circuit. This is quite an ad- 
vantage for applications requiring wide 
bandwidths. 

output capacitance 
The output capacitance of a power tube 

is  an important factor in determining what 
plate-load resistance can be used. This in 
turn determines the stage gain and power 
output that is available. The equivalent shunt 
resistance (plate-load) of a parallel resonant 
circuit can be written as RL=Q/2rfC or 
RL = 2rfI.Q where R, is the plate-load re- 
sistance, Q is the loaded Q of the resonant 
circuit and f is the resonant frequency. For 

fig. 8. The effect of transit time on grid losses. At 
the instant shown, the grid potential is increasing 
in a positive direction and there is a consequent 
disproportionate number of electrons between grid 
and cathode so there is electron flow from the grid 
even though it may be negatively biased. 

operation at a given frequency, to increase 
the shunt resistance i t  is necessary to de- 
crease the shunt capacitance. This can be 
done to a point by reducing the circuit ca- 
pacitance and increasing the tank coil induc- 
tance, maintaining the same frequency of 
resonance. Eventually, this process is limited 
by the fact that the capacitance external to 
the tube has been reduced to zero; the shunt 
resistance i s  finally determined by the tube 
interelectrode capacitance. The larger the 
interelectrode capacitance, the smaller the 
shunt resistance that can be realized. Accord- 
ingly, power output tends to drop off as the 
load resistance, or as the square of frequen- 
cy, as frequency increases. 

There are other problems brought about 
by the effect of output capacitance. The out- 
put capacitance must be charged and dis- 
charged during each cycle of the radio 
frequency. Again, as the frequency increases, 
the reactance of the output capacitance de- 
creases. Therefore, with the same value of 
peak rf plate voltage, the current flowing 
through the output capacitance must in- 
crease as the frequent; increases. The out- 
put capacitance of a tetrode is made up of 
the screen grid structure, the plate structure 
and the tube envelope. 

The charging currents must flow over the 
surface of these components of the tube, all 
of which have varying degrees of rf resist- 
ance. It is possible for the charging currents 
to exceed the dissipation rating on the 
screen grid even though the dc meters indi- 
cate all is within ratings. It is advisable in 
vhf/uhf circuits, therefore, to try to achieve 
the lowest usable value of peak rf plate 
voltage by using the lowest plate load re- 
sistance and drawing the highest plate cur- 
rent consistent with desired output power 
and efficiency. Running the tube in  this 
manner will lighten the rf stress on the tube 
seals and reduce the rf current in the screen 
grid structure thus providing for a potentially 
longer tube life. 

feedback capacitance 
The feedback capacitance in  a grid- 

driven amplifier is the capacitance from 
anode to the control grid. The higher the 
frequency of operation, the greater the 
chance for instability due to rf feedback 
from the output circuit through feedback 
capacitance to the input circuit. In  the 
vhfluhf region this capacitance and other 
tube capacitances and inductance must be 
adjusted to provide for neutralization by 
added circuit components.4 

The grid-separation amplifier helps mini- 
mize the effects of the feedback capacitance. 
The feedback capacitance in  this configura- 
tion is very much less than the grid-driven 
case since i t  is the capacitance from anode 
to cathode with the grid, or grids, shielding 
the output from the input. In some applica- 
tions no neutralization wi l l  be required. 
Other applications may require quite exten- 
sive neutrali~ation.~,6 
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Distributed-amplifier tube discussed in text. By choosing the number of control-grid leads, the designer can 
control lead inductance. The tube in the right-hand photo has a screen by-pass capacitor installed. Center pin 
is one of the heater pins; the square tab on the capacitor is the other heater connection and the cathode. The 
threaded pins are control-grid leads. 

circuit and tube-loss limitations 
The power losses associated with a tube 

and circuit all tend to increase with frequen- 
cy. In  the vhfluhf region, almost all radio- 
frequency current flows in  the surface layers 
of a conductor because of skin effect (fig. 7). 
The resistance and rf losses in  a conductor 
increase with the square root of frequency 
because the layer in  which the current flows 
decreases in  thickness as the frequency in- 
creases. Insulating supports in  the tube and 
external circuit have losses associated with 
the molecular movements produced by the 
electric fields. These dielectric losses wi l l  
usually vary directly with frequency. Also, 
there wi l l  be additional losses due to the 
radiation of energy from the wires and leads 
carrying rf current. The power radiated from 
a short length of wire carrying current in- 
creases as the square o f  the frequency. 

All these factors contribute to a general 
reduction in  tube and circuit efficiency as 
operating frequency is increased. In the 

Tube designed for large phased-array radar manufacture of power tubes the resistance 
system. Two of these tubes were used in 
the 1000-watt 432-MHz amplifier used by 

losses are reduced by increasing conductor 

WA6LET with a 750-foot dish for moonbounce surface area and .by proper c h i c e  o f  lead 
contacts in 1965. materials. Dielectr~c losses are reduced by 

A 
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selection of envelope and insulating materi- 
als. Support insulators are positioned, when 
possible, out of high voltage fields. Radia- 
tion losses are reduced by constructing vhf 
and uhf tubes and circuits so as to be totally 
shielded. At times it is prudent to use con- 
centric line construction techniques so that 
tube and circuit fields are entirely confined. 

transit-time limitations 
Electron transit-time effects can contribute 

to reduced tube output in many ways. Tran- 
sit time i s  the finite time an electron takes 
in going from the cathode to the grid. If the 
transit time (a function of grid-to-cathode 
distance and grid-to-cathode voltage) is an 
appreciable fraction of one ultra-high- 
frequency cycle, then an electron in transit 
in the grid-to-cathode region might be still 
heading for what was once a more positive 
location than the cathode surface it just 
left, but now finds the grid may be less 
positive or perhaps even negative (fig. 8). As 
a result of transit-time effect in the cathode- 
grid region, there will be a dispersal of "out 
of step" electrons. Because of this dispersion 
of the electron stream, the plate-current 
pulses are not as sharp as the current pulses 
liberated from the cathode. 

In addition, energy is required to accele- 
rate the electron towards the anode, and 
this energy is supplied by the driver. As the 
operating frequency is raised, more energy 
is required because the grid-input resistance 
due to transit time varies inversely as the 
square of the frequency. That is, if the fre- 
quency is  doubled, the input resistance due 
to transit time effects wi l l  be one-fourth that 
at the lower frequency. The extra power re- 
quired to overcome transit-time loss due to 
grid-input resistance is supplied by the driver 
and appears as lost drive-power-required 
but put to no practical use other than to 
heat the tube seals and waste precious ex- 
citer output. 

Paradoxically, transit-time loss and cath- 
ode-lead inductance loss (both of which 
cause input loading) are not all evil because 
they often tend to stabilize a "wild" stage. 
Cure of the trouble may lead to higher stage 
gain with the possibility of oscillation and 
instability! 

Circuit loading can be used to achieve 
stability and this is often done at the lower 
frequencies by adding resistors across i-f 
transformers, for example. The circuit de- 
signer, therefore, finds that a tradeoff exists 
between loading and stage gain that wil l 
work to his advantage or disadvantage, de- 
pending upon his ability to analyze the cir- 
cuit. There is often more than one successful 
path to a proper design and the good circuit 
engineer has several alternative paths (in his 
head, if not on paper) to choose from. A can- 
did realization of uhflvhf effects wi l l  help the 
circuit designer obtain maximum power, 
efficiency and reliability from his equipment. 
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Custom Design and Construction Techniques 

for Linear Amplifiers Using the 8877 

BY MERLE B. PARTEN,* K6DC 

T EST RESULTS at 50, 144, and 220 MHz using 
the new 8877 tube were so gratifying that I 

decided to try it in a 3.5- to 28-MHz grounded-grid 
amplifier. Since so many articles about construc- 
tion have been written in the past, I decided to 
compile into one text enough data and design 
variations to allow a home constructor to build an 
8877 amplifier without having to bolt-for-bolt 
copy this design. 

Design Advantages 
The 8877 is a big brother to the new 8873 

series of ceramic/metal power tubes. It is a 
zero-biased high-mu triode having an oxide-coated 
cathode. The plate dissipation is 1500 watts. 
Heater-to-cathode capacitance is low eliminating 
the need for filament chokes when operated below 
30 MHz. An inexpensive 7-pin socket may be used 
reducing the overall cost. The grid connection is 
near the chassis level and permits low-inductance 
grounding. Average IMD products for the 8877 in 
linear service run 38 dB below one tone of a 
two-tone test signal for 3rd order products, and 
44.5 dB for 5th order products. 

Design Considerations 
In building anything, whether it is a new home 

or an amplifier, there is always something you 
would like to change after the job is completed. 
Think the project through before picking up the 
hammer! 

Professional designers are not immune to mis- 
takes. Some manufacturers have chosen a sym- 
metrical knob placement and size pleasing to the 
eye. The bind switch and multimeter-switch may 

* EIMAC Division of Varian, San Carlos, CA. 
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be located side-by-side, using identical knobs. Even 
the knowledgeable operator may close the key, 
look at the meter, reach for the meter switch (he 
thinks), and grab the band switch instead. (It only 
happens once per band!) Different knob sizes or 
placement could prevent a catastrophic error such 
as this. Don't worry about beauty in a front-panel 
layout where performance might suffer. 

One simple design error can cause several more 
severe errors to show up as building progresses. A 
mock-up assembly was made to determine the 
space required for the coils and capacitors. This 
rough layout allowed positioning the tube and 
loading capacitor. A point overlooked was where 
the loading capacitor shaft terminated on the front 
panel. It was too close to the left edge. The 
mistake was solved by using a set of gears from the 
junk box. An alternate layout would have been to 
mount the coil and switch assembly on the front 
shield surface with the switch shaft passing through 
the front panel. This would eliminate the right 
angle drive. 

Any cost-conscious builder will first review his 
on-hand supplies. A suitable plate-tuning capacitor, 
mounted vertically, might free enough space on 
top of the chassis to mount a plate transformer. 
The rectifier diodes, capacitors, and bleeder resis- 
tors could be located below the chassis, cooled by 
the airflow from the blower. Suitable power-supply 
parts may be purchased as replacement items from 
some amateur equipment manufacturers at  a rea 
sonable price. 

Convenient location of controls should be a 
factor in the layout design. A right-handed person 

Fig. 1 - Simplified diagram of the input circuit. 
Component values are given in Table 1. 



Fig. 2 - The builder may construct his own socket 
from a combination of components. This is one 
area in which the amateur can reduce the overall 
cost of the project. 

usually finds it easy to adjust the loading control 
with his left hand as he adjusts the plate tuning 
control +with his right hand. 

When building uncomplicated equipment such 
as a linear amplifier, the home constructor has a 
cost advantage over the manufacturer. Labor and 
engineering amount to nearly 60 percent of the 
cost of a commercially-made unit. Think of what 
that saving would buy in new or snrplus parts! A 
home-built unit may not match one commercially 
made in appearance, because of differences in shop 
tools, but it should be as reliable electrically. 

A word of caution about buying used vacuum- 
variable capacitors. When there are no apparent 
cracks or flaws, a "leaker" or defective unit is hard 
to detect. If the lead screw moves the bellows too between the input and Output circuits. A path 
easily, the capacitor could be a dud. H~~~ it could be established, either by a control shaft not 
"high-potted" at the rated voltage, or make sure ~r0lJerly grounded, or through a wire not suffi- 
you have a return guarantee so you can check the ciently bypassed. A metal shaft should be ground- 

unit yourself. ed where it passes through an open hole. Shaft 
bushings of the C-clamp variety do an adequate 

Metal Fabrication grounding job. If mechanical strength is not a 
factor, a-nbnmetallic shaft will do a-good job of 

Quality workmanship does preventing undesired coupling. wen using shaft 
On the use of a metal brake and shear. Avoid use Of couplings, replace the slotted screws with Allen 
tin when cutting materials. Sawing along a screws. Nothing is more frustrating than a slipping line causes less mechanical distortion. If you must shaft. This applies to knobs, too. 
use the snips, cut outside of the mark on the first Wires through shields require the usual 
slice, then approach the line with several thin decoupling precautions, using ceramic bypass caps- -,:--- 
bllCeS. 

Neat and accurate bending can be accomplished 
with two pieces of 1 112-inch angle iron about two 
feet long. The material to be bent is clamped 
between the angle irons, using C-clamps and a vise. 
Use a piece of flat wood or phenolic as a buffer 
between the hammer and the material to be bent, 
to avoid hammer marks. A test bend using a scrap 
piece of aluminum is sometimes helpful where a 
critical fit is needed. Use common sense to figure 
whether the bend will add or subtract metal 
thickness to marked length. 

Tips on Shielding and Isolation 
Shielding between input and output circuits of 

a grounded-grid amplifier reduces the possibility of 
parasitic oscillations, even when fundamental oscil- 
lation is not a problem. Generally, either type of 
oscillation can be detected by o b s e ~ n g  the grid 
and plate meter readings as the plate tuning control 
is rotated through resonance. If the system is free 
of parasitic oscillations, maximum grid current and 
minimum plate current will occur at  approximately 
the same dial setting. 

Long plate leads usually encourage the vhf 
parasitic type of oscillation. In this particular 
amplifier, however, there was no evidence of this. 

Fundamental oscillation in a high-mu triode 
will not occur unless there is a feedback path 

citors and perhaps small rf chokes or ferrite beads. 
This is especially important in treating the point of 
exit of the high-voltage lead. 

If the high-voltage wire is kept in the plate 
compartment and not passed into the input area of 
the amplifier chassis, it will require less decoupling 
and be less prone to feed back. Shielded wire such 
as RG8A/U cable, may be used between the plate 
choke and the exit point. 

Regarding TVI and RFI leakage through an 
opening in a shielding surface, I recall a demonstra- 
tion by Phil Rand, WlDBM, and Lew McCoy, 
WlICP, at  a radio club in Cleveland, just after 
WW2. A TV set was placed a few feet from a 
shielded box containing a 29-MHz transmitter. The 
top of the box had a four-inch row of 114-inch 
holes. Near the row of holes was a 114 x 4-inch 
slot. One or both openings could be closed with a 
shield plate. When the 4-inch slot was exposed, the 
TV set displayed severe interference. With only the 
row of holes exposed, no TVI was evident. 

From this we may conclude that the mating 
surfaces of an rf enclosure should be free of 
wrinkles and slots. Securing clean surfaces every 2 
inches seems to do the job. Some aluminum 
material is anodized, making i t  non-conductive. To 
avoid slots due to the insulation, check the surface 
with an ohmmeter. If the surface appears to be 
nonconductive, i t  must be cleaned. 

September 1971 



TABLE I 

VALUES OF CIRCUIT Q OF 1 

CI pF C2 pF 
MHz Opt. (USE) Opt. (USE) L pH 

3.5 839 (820) 842 (820) 2.36 
4.0 734 (750) 737 (750) 2.07 
7.0 420 (430) 421 (430) 1.18 

14.0 210 (220) 21 1 (220) 0.59 
21.0 140 (150) 140 (150) 0.39 
28.0 105 (1 00) 105 (100) 0.30 
Practical capacitor values i n  parentheses 

Air Cooling 

The opening in a shield surface where blower 
air enters the chassis may be a source of rf leakage. 
In this amplifier, brass-wire screen is mounted in 
the air stream to minimize this leakage. Tiny globs 
of solder at  several crossover points assure positive 
connection on the screen. The disadvantage of this 
method is the eventual collection of dust, restrict- 
ing air flow. I t  requires periodic cleaning. 

The question so often asked is, "Do I actually 
need this much air?" Remember, heat is what 
destroys a tube! If the blower noise is too great, 
place the fan elsewhere and duct the air to the 
amplifier. Only a slight hiss will remain as the air 
passes through the anode cooler. 

The Input Circuit 
T h e  c a t h o d e  i m p e d a n c e  o f  a n  

8877/3CX1500A7 is about 54 ohms. Direct coup- 
ling from the exciter to  the cathode without the 
use of a cathode-tuned circuit will work, but  
performance will be degraded. The reduced-drive 
requirements and improved distortion products 
make the small effort of putting a "flywheel" in 
the input circuit worthwhile. 

The input pi-network circuit for each band is 
set and forgotten. Final adjustment of the slug- 
tuned coils is made with the amplifier operating 
and will be discussed later. 

Fig. 1 shows the basic input circuit. A com- 
puter program for 50 to  54 ohms and a selection of 
three input circuit Q figures produced the most 
practical values of capacitance. Q values of 3 ,  2, 
and 1 in the computer run indicated that at  3.5 
MHz the required network capacitors would be 
2500, 1700, and 850 pF, respectively (values 
rounded out  for illustration). A circuit Q of 1 was 
chosen based on price, physical size, and nearness 
to  stock values. I accurately measured the value of 
more than 50  5-percent mica capacitors and found 
that about 9 0  percent of them were on  the low 
side of the marked value. Keep this in mind when 
making a selection! 

The Q of the input circuit is so low that any of 
the polyiron or ferrite-core materials are satisfac- 
tory. The slugs used in this amplifier were coded 
red (1-20 MHz). 

Miller No. 4400 ceramic forms are one source 
of 318-inch cores. Cambion and Millen are other 
sources. The Millen No. 69046 is a good choice for 
112-inch forms. 

TABLE 2 

L 1 COIL WINDING DATA 

BAND NO. WIRE INDUCTANCE 
MHz TURNS SIZE R A N G E I N W  F* MHz 

3/8-inch Diameter Forms 

3.5 14 24 1.64 - 4.58 5.05 
4.0 14 24 1.64 - 4.58 5.8 
7.0 10 24 0.96 - 2.32 10.1 

14.0 7 16 0.44 - .74 19.5 
21 .O 5 16 0.28 - 0.52 29.2 
28.0 4 16 0.1 7 - 0.34 40 

1/2-inch Diameter Forms 

3.5 15 20 1.975 - 3.67 5.05 
4.0 13 20 1.584 - 3.045 5.8 
7.0 10 16 0.76 - 1.21 10.1 

14.0 6 16 0.43 - 0.736 19.5 
21 .O 5 16 0.35 - 0.55 29.2 
78.0 4 16 0.26 - 0.39 40 

Coil winding data is given t o  a l low a choice o f  either 
318-inch o r  112-inch slug-tuned forms. The winding 
should be close spaced and start at the top o f  the 
form. 
* A grid d ip  meter should be used t o  assure that  the 
inductor resonates at the indicated frequency. Thesc 
adjustments should be made w i th  capacitors C1 anc 
C 2  ou t  o f  the circuit. 

The Socket 
For grounded-grid application, a reasonably 

priced socket is available from'Eimac. The socket is 
part number SK-2206. If you prefer to build one 
yourself, a 7-pin septar socket, made by E. F. 
Johnson (part number 122-247-202) may be used. 
Fig. 2 shows construction details. Proper standoff 
spacing is obtained with 318-inch metal spacers, 
plus two metal washers. The finger-stock clips may 
be ordered from Eimac (part number 149-842). 

Output Circuit Considerations 
In any amplifier, the plate-to-grid capacitance 

of the tube adds to the stray capacitance, making it 
difficult to  achieve the desired values of capaci- 
tance in a pi-network circuit at 28 MHz. A high 
value of input capacitance results in a high plate- 
circuit Q, and high circulating current. The higher 
Q is an advantage in attenuating harmonics, but  the 
efficiency will be reduced because of high circu- 
lating current and heat loss. Since some compro- 
mise in circuit Q between 3.5 and 28 MHz is 
necessary, the best place to  "cheat" is at the 
10-meter end of the operating range. The 28-MHz 
coil can be wound with tubing or flat strap which 
aids in dissipating the heat. 

If the 10-meter trade-off is chosen, then con- 
sider using an air-spaced capacitor for plate tuning. 
For contest operating or fast band changing it 
allows retuning quickly. If a capacitor such as the 
Johnson 152-1 is used, it will require extra 
capacitance to  be switched in for 3.5 MHz. 
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The input circuit is mounted on a small bracket to 
keep the adjustments inside the chassis. S1 and S2 
are coupled with a chain drive. A separate shaft 
arrangement with a knob could have been used for 
the input circuit eliminating the need for the chain 
drive. 

(D). This path is via the chassis at  (A), through the 
position of C1, then to  a point near the connection 
of ?he 28-MHz coil, blocking capacitor and rf 
choke (B) (C) to (K). 

Don't let the length of the leads scare you. 
They actually represent circuit inductance not 
wound into the coils. Each strap will be about a 
foot or so long. Now we must find the added 
amount of inductance needed for each band in the 
form of a coil. 

A pi network is a resonant circuit using a coil 
and two capacitors in series. For this mock-up, a 
fixed value of capacitance is used to represent the 
effective value of capacitors C1 and C2 in Fig. 4. 
The value changes with each band and can be made 
with stock values or parallel combinations. 

Assuming the use of design values in Fig. 4(A) 
for a Q of 12, the effective series capacitance of C1 
and C2 used for Cx is: 

MHz Cx 

The above points are illustrated in Fig. 4. The 
values given for a Q of 12 are the ones used in the 
amplifier described. All are for an input resistance 
of 2000 ohms. 

A construction detail sometimes overlooked is 
the junction marked @ in Fig. 4. If the amplifier 
is to operate properly at 28 MHz, the connection 
between capacitor C2 and the 50-ohm output 
terminal should be verv short. A 5-inch lead. for 

3.5 230 pF 
4.0 202 pF 
7.0 115 pF 

14.0 57 pF 
21 .O 38 pF 
28.0 28.7 pF1 

5) Place the band switch in the 10-meter 
position. Connect Cx (10-meter value) to  the two 
strap ends (K) and (M). Wind a coil (D) of 114-inch 

example, represents quite an inductance. If a long copper tubing having 5 to  8 turns about 2 inches in 
lead is necessary, use RG-8AIU cable from the diameter. Space the turns about 118 inch apart. 
50-ohm connector to  the junction of L and C2. Cone-and-pillar insulators (E) (F) (H) (J) are 

used to make stable mountings for the coils. 
Coil and Switch Mock-UD Connect the (10) and (20) taps to  the proper 

The actual inductance of the plate coil must be 
close to the design value. This is simple if the 
author's data and layout are duplicated. A drastic 
change of layout might be desired, so the following 
mock-up procedure for the coil and switch assem- 
bly will assure optimum operation. Fig. 5 shows 
the points referenced below. 

1) Cut a piece of sheet metal or aluminum 
slightly larger than the space selected for mounting 
the coil and switch assembly. 

2) Mount the band switch on the sheet in the 
position it will occupy in the final setup. 

3) Measure the distance from the switch arm to 
the dapacitor (C2, if i t  were mounted) and along 
the chassis to the tube (if i t  were mounted). See 
item M, Fig. 5. 

Cut a 318-inch-wide copper strap to  the length 
measured. Attach one end to the switch arm and 
add a jumper to the 80-meter switch position. The 
free end will be connected to Cx, at  (M), later. 

4) Measure and cut a strap for the path 
between the tube position (A) and the 28-MHz coil 

insulators and install straps (G)-between (F) and 
(H). Securely mount one end of the 10-meter coil 
to insulator (E). Position the free end as shown for 
connection to the junction of the blocking capa- 
citor, rf choke and C1 (B) (C). The insulator at  (C) 
represents the height and location of the plate rf 
choke. 

The free end of the lead (B) attached to (C) is 
then moved from turn to turn until the circuit 
resonates at 28 MHz. Remove excess turns. This 
coil stays in the circuit on all bands. Its position 
affects the inductance of the remaining coils, so 
mount it securely and connect the lead (B) from 
in\ 
\ L I .  

6 )  The 20-meter coil can be determined next. It is 
mounted between (E) and (F). Wind the coil in the 
same direction as the l@meter coil (D). Normally 
114- or 3116-inch copper tubing is used for the 15- 
and 2@meter coils. This is because of the larger 
surface and better heat-handling capability. 

1 If the plate-tuning ca acitor has a high 
minimum capacitance, use 38 to 40 pF for this 
band. 



Change the band switch and Cx to 20 meters. 
The coil diameter and turns are juggled along with 
the turn spacing to arrive at  14-MHz resonance. 
The coil must fit the space between insulators (E) 
and (F). Five turns about 3 inches in diameter 
should work. The turns may be squeezed or spread 
to adjust the inductance. 

7) Connect a lead to the 15-meter tap on band 
switch (15). Change band switch and Cx to 15 
meters. The 10-meter coil plus 2 turns of the 
20-meter coil should be about the correct ta? point 
for 15 meters. If it is, solder the lead to the coil. 
The 20-meter position should be rechecked. Don't 
forget to change Cx. 

8) For 80 meters, inductance is added to the 
10- and 20-meter coil previously wound. Air-Dux 
2404T coil stock may be used. It is 3 inches in 
diameter, has 4 turns per inch, and is of No. 10 
wire. This coil is connected between (H) and (J). 
Leads for the 40- and 75-meter taps are attached to 
the appropriate band-switch lugs. The 80-meter 
band must be adjusted first. Place the proper value 
for Cx in position, rotate the band switch to 80 
meters, and trim the coil to resonance. The 40- and 
75-meter taps are determined in the same manner 
as the 15-meter tap was found. Be sure to recheck 
each band when all of the taps are in place. 

9) The switch, coil, and insulators are removed 
from the test plate as a unit. The test plate serves 
as a template to lay out the holes on the amplifier 
chassis. The tank circuit then is installed in the 
amplifier in one piece and the leads are attached to 
the variable capacitors. All leads and straps should 
be made as short as possible. 

Proving the Mock-up Procedure 
I used two methods to determine that the value 

of inductance was correct on each band. The 
amplifier tube was placed in its socket and con- 
nected to the tank circuit. Then, with a 2000-ohm 
load resistor shunted across the plate circuit, an Rx 
meter was used to check the impedance at the 
output connector. When the tuning capacitors were 
adjusted to the calculated value, the Rx meter 
indicated 50 ohms. 

The second method of testing the amplifier was 
under full-power operating conditions into a 

Freq. Input* L pH Output 
MHz C1 pF C2 pF Notes 

3.5 273 8.54 1473 
2 4.0 239 7.47 1289 
b 7.0 136 4.27 737 A good set of 
0) 14.0 68 2.14 368 compromise 

21.0 45 1.42 246 values. 
9 28.0 34 1.07 184 

3.5 341 6.90 1961 Note high input - 4.0 298 6.04 1716 C a t  28 MHz, and 
; 7.0 171 3.45 918 high output C at 
0) 14.0 85 1.73 490 3.5 MHz. 
~ 2 1 . 0  57 1.15 327 

11" 28.0 43 0.86 245 

3.5 227 10.12 1123 
4.0 199 8.85 983 All practical 
7.0 114 5.06 562 values except 

0) 14.0 57 2.53 281 for 28 MHz input 
L 21.0 38 1.69 187 C. Large coils 
9 28.0 28 1.26 140 would be required. 

*Value indicated is total of stray, tube. and tuning capacitor 
capacitance. 

Fig. 4 - Simplified diagram of the output circuit. 
(B) lists the values for C1, C2, and L. 

Fig. 5 - The mock-up used by the author for 
determining the correct tap points for the output 
circuit. The letters and numbers are for text 
reference. 'I 



Mechanical Assembly 

Fig. 6 - Rear view (inverted) of the amplifier. The 
diodes are mounted on a piece of circuit board. 

dummy load. The settings of C1 and C2 were the 
same as determined earlier. 

Control Circuits 

There are two choices of methods for control- 
ling standby-transmit conditions. First, the plate 
voltage may be turned off during standby, in which 
case no added grid bias is required. The second 
method allows the plate voltage to be left on at all 
times, but calls for additional bias during standby. 
The extra bias is required to cut the tube off 
completely during this period. 

The second method is perhaps more commonly 
used, and only requires a fixed value of resistance 
to be placed in series with the biasing Zener diode 
during standby. Exciter or antenna relay.contacts 
can be used to short out the resistor during 
transmit periods. This method is preferred when 
using solid-state rectifiers and high-capacitance 
filters in a power supply. 

For cw operation, an additional resistor may be 
used to bias the tube close to cutoff, and can be 
switched out for ssb. A fuse in series with the 
Zener diode is a feature to be considered. It may 
save a tube, Zener, or meter from damage if an arc 
occurs, causing a high current surge. Use a 1- 

Wires from the front panel to the rear of the 
chassis are routed through a duct made of 318-inch 
tubing, threaded at each end to accept nuts. The 
small blower in the photograph (Fig. 6) provides 
sufficient air for a 2-kW PEP operation. 

To the left of the blower are the six access 
holes for tuning the input coils. A round disk with 
matching holes is mounted inside the chassis, held 
by a center screw. Once the adjustments are made, 
the disk is rotated enough to cover the holes. Then 
the screw is tightened to hold the disk in place. 
Metal buttons will work just as well. 

Also shown in the photograph is a method of 
securely mounting the connector to a plate that is 
independent of the removable perforated screen. 
On the upper left is the high-voltage connection. 

Metering 

Be sure to protect the meters from damage with 
a pair of back-to-back diodes. Any of the inexpen- 
sive silicon diodes connected in parallel, but with 
anodes in opposite directions across the meter 
terminals, will conduct if the voltage exceeds 
approximately 0.6 volt. An extreme surge may 
even short one of the diodes. It is therefore 
advisable to place them where they may be tested 
or replaced easily. A shorted diode may shunt the 
meter sufficiently to give a false meter reading, and 
calibration should be checked if a surge is ever 
experienced. Only two diodes are needed in this 
amplifier to protect both meters. 

Negative-lead metering is preferred both for 
safety and simplicity. This method requires all 
grounds to be removed from the negative points in 
the highvoltage power supply. The negative points 
are then connected to a common negative bus 
which is grounded through a resistor. A separate 
wire is used to connect the negative bus to the 
plate meter and back to the tube cathode through 
the meter and Zener diode. comvletine. the high- . - 

ampere fuse. voltage path. Since the tube is connected in the 
A piece of printed-circuit board may be used to grounded-grid configuration, metering for grid cur- 

mount the meter-protecting diodes. The Zener rent is placed in series with the grid (ground) and 
diode is also mounted on this board. Fig. 6 shows cathode. ~h~~ both meter movements are only a 
the meter diodes on the left side of the board. few ohms above ground. 
Space was allowed to mount a second Zener diode 
for added bias, switchablc from the front panel. The Power S u p p l ~  

If a power supply is modified for negative-lead 
metering it is a good idea to use a grounding 
resistor in the power supply as well as in the 
amplifier. This limits any voltage difference be- 
tween the negative bus and the chassis to a very 
low value. The resistance must be high enough to 
prevent shunting the meters, but low enough to 
provide a low voltage difference between -HV and 
grou~id. Any value of wirewound resistor between 
25 and 500 ohms, rated 10 to 25 watts will suffice. 

The top view of the amplifier shows the vacuum- 
variable capacitor mounted to a subpanel. A small 
blower mounted on the rear of the cabinet 
provides sufficient air to cool the tube during 
full-power operation. 
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With safety of life as a factor, the writer prefers to 
use parallel resistor combinations. 

Final Testing 

Laboratory tests at  Eimac indicate best per- 
formance to be at an anode potential of 2700 to 
3000 volts. The efficiency runs between 60 and 65 
percent. 

Plate impedance figures are based on a 2 kW 
PEP invut using 2700 volts at 740 milliamperes. 
The current for the 8877 runs about 15 
percent of the plate current. At full power input, 
the grid current should be about 110 mA. 

When plate voltage is applied, the zero-signal 
plate current should be about 95 mA. Drive should 
be applied through a directional coupler. On each 
band, after fully loading the amplifier to the above 
conditions, tune the input coil for minimum 
reflected power. No further adjustment is required 
and the directional coupler can be removed. 

As the plate tuning control is "rocked" through 
resonance note the action of the grid and plate 
current. If maximum grid current and minimum 
plate current occur at approximately the same 
point, the amplifier is probably stable. 

For maximum efficiency from any amplifier at 
any power level, it is important to have proper 
drive and loading. Changing from high to low 
power (2 kW to 1 kW, for instance) is not just a 
matter of reducing the driving power. Using the 
15-percent ratio of grid-to-plate current, the ratio 
would be 110 to 740 mA for 2 kW input, and 55 
to 370 mA for 1 kW input. If the anode voltage of 
2700 is maintained, a change from 2 kW to 1 kW 
will double the plate load impedance. Therefore, 
the tuning and loading controls must be readjusted. 
Additionally, the drive must be reduced. If the 
dummy load survives tune-up logging of dial 
settings, you are finished. 

A note of thanks goes to Bob Sutherland, 
W6UOV, and Ray Rinaudo, W6Z0, for their 
encouragement in preparing this article and to Bill 
Orr, W6SA1, for his editorial assistance. 
[EDITOR'S NOTE: A ,constructional technique 
used by the author to ellmlnate rf leakage through 
large holes in the chassis will be discussed in a 
subsequent issue of QST It is called a "wave- 
pide-beyond-cutoff" and + n  be used to duct air 
rom a blower to the amphfier chassls. No screens 

are.required in the air.path, yet the chassis remains 
rf tight.] 

S O C K E T  AND CHIMNEY COMBINATIONS F O R  THE 3CX1500A7/8877 

T w o  Air Sys tem S o c k e t s  a n d  Ch imneys  a r e  a v a i l a b l e  f o r  t h i s  t u b e :  
. . . . . . . . . . . . . . . . . . . .  (Grounded Grid ope ra t ion  w i t h  grid grounded t o  c h a s s i s )  SK-2210 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (Grounded C a t h o d e  ope ra t ion )  SK-2200 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  T e f l o n  Air Chimney (for VHF use) SK-2216 
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The input 

matching network 

and plate circuit 

are unique in this 

strip-line amplifier- 
E -2 
% 5 self neutralization jie 
2 3  

is also featured 2 E? 
u 3  

This article describes the design of a 150- 
MHz, 2000-watt PEP input, grounded-grid 
linear amplifier. I built this amplifier to 
conduct life tests and determine the per- 
formance characteristics of the new Eimac 
3CX1000A7 high-mu ceramic triode at 150 
MHz. Many of the design techniques and 
performance figures at 150 MHz will be of 
interest to the serious vhf and uhf experi- 
menter. By changing the cathode match- 
ing network and the plate line length, this 
amplifier would be excellent for the 144-148 
MHz band. 

Several propagation modes, in which the 
maximum legal input power can be justi- 
fied, are possible in the two-meter band. 
Meteor scatter, moonbounce, forward scat- 
ter and tropospheric bending are but a 
few. 

Running the full, legal one-kilowatt aver- 

Amplifier with the access door open; 
the 3CX1000A7 can be seen mounted 
in the plate line. 
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age power input to the final amplifier in also use four such tubes to develop an 
the cw and ssb mode has been fairly easy average plate input power of 1 kW for ssb 
in the region between 2 and 30 MHz with radiotelephone service, with reasonably 
the large selection of power tubes and cir- low intermodulation distortion. A single 
cuits available. At these frequencies, many 4CX1000K can be used to give 1 kW aver- 
small tubes can be paralleled to develop age input power, under voice conditions, 

Top view of the amplifier with the shield removed. The variable tuning capacitor on the left was changed in 
the final model to a fixed capacitor. The output coupler coax may be seen protruding from the back panel. 

power-handling capability. At 144 MHz, 
however, tubes that wil l handle I - k W  aver- 
age power with good efficiency, stability 
and reliability are few, and large arrays 
of television sweep tubes are impractical. 

choice of tubes 
Many successful amateur designs have 

been built for 144-MHz, I - k W  continuous 
duty '(single-tone) using the 4X150A, 
4CX250A and 4CX300A tetrodes. General- 
ly, two tubes are used in push-pull. You can 

in  a 744-MHz amplifier' with good efficency, 
stability and low drive. 

Many popular high-frequency amplifiers, 
using zero-bias glass triodes such as the 
3-4002, 3-5002, and 3-10002, are now being 
used in grounded grid. The 3-4002 and 3- 
10002 have been used successfully in  150- 
MHz grounded-grid amplifiers, but neutral- 
ization is difficult.2 The 3CX1000A7, a zero- 
bias, ceramic, high-mu triode is now avail- 
able, which simplifies these problems. I t  is 
well-suited for vhf. 
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itor. In this strip-line assembly, a 10-mil- 
thick piece of lsomica was used for the 
dielectric. Mylar or teflon could be substi- 
tuted with good results. 

Output coupling is by a sliding contact 
on the inside surface of the plate line. As 
the sliding contact moves toward the 
anode, the area of the pickup loop in- 
creases, thereby increasing the coupling. 

the input circuit 
The input, or cathode tuned circuit, is a 

T network designed to match a 50-ohm 
coaxial line to the 42-ohm cathode driv- 
ing impedance of the 3CX1000A7 (fig. 2). 

The ElMAC SK-870 socket mounts direct- 
ly on the chassis with the control grid con- 

The input matching network in rela- 
tion to the tube socket at the input 
coax line. The coil between the 
socket and the variable capacitor 
assembly is L1. The coil in the lower 
left-hand comer is the bifilar filament 
choke. 

tacts in contact with the chassis; that is, 
the control grid is at dc ground. The grid 
current is metered in the cathode return 
lead. The SK-870 socket i s  modified, as de- 
scribed later, to accomplish neutralization. 

The driving impedance of the 3CX1000A7, 
in grounded-grid operation, is 42 ohms in 

fig. 3. Block diagram of the test set- 
up to determine the self-neutralizing 
frequency of the 3CXlOWA7 triode and 
SK870 socket. 

parallel with about 20 pF of input capac- 
itance. In order to simplify the design of the 
input circuit, it is assumed that the input 
to the 3CX1000A7 is resistive only. By mak- 
ing the matching network components vari- 
able, it's possible to resonate the input net- 
work, including the 20 pF of tube capac- 
itance, while accomplishing the desired 
match. 

Fig. 2 shows the matching network and 
the design equations used. Under full 
plate-current load, the input match i s  ad- 
justed to a 1:l vswr, because only under 
full-load conditions will the tube input re- 
sistance be at the design value of 42 ohms. 
It's possible, however, to adjust the input 
network without the amplifier operating. 
Measure the resistance of a good-grade 
42-ohm carbon resistor on an impedance 
bridge, then place the resistor between 
grid and cathode. The filament and all 
other voltages on the 3CX1000A7 must be 
off for this adjustment. A small amount of 
drive is applied through a standing-wave 
bridge. The input network is then adjusted 
for a 1:l vswr at the operating frequency. 

The "cold" adjustment won't be exactly 
correct, but the technique does allow the 
network to be tested and closely adjusted 
before application of power. The final ad- 
justment is done with all voltages applied 
to the amplifier and tube with the 42-ohm 
carbon resistor removed. 

HP 415A 
SWR 
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self-neutralizing frequency 
The 3CX1000A7 and SK-870 were tested 

in a special test fixture that treats the tube 
and socket as a four-terminal network. 
The anode was driven by a high power 
signal generator. The feedthrough s~gnal 
was then detected on the cathode (see 
fig. 3). The control grid was grounded dur- 

The Eimac SK870 socket. The six 
1/8-inch metal spacers must be re- 
moved to neutralize the amplifier. 

ing this test. A curve was then plotted 
showing the relative magnitude of the 
feedthrough signal as a function of the 
signal-generator frequency. 

The radio-frequency signal amplitude on 
the anode must be kept the same at all 
frequencies. A frequency wi l l  be found at 
which there is a minimum feedthrough sig- 
nal; this point is called the self-neutraliz- 
ing frequency of the tube and socket (fig. 
4). The frequency thus obtained may be 
used as a guide in the design of a neu- 
tralizing circuit for the am~li f ier.  - 

The graph of fig. 4 indicates a self- 
neutralizing frequency of 105 MHz; this is 
lower than the operating frequency (150 
MHz). The amplifier was unstable at 150 
MHz before neutralization was applied. 
To raise the self-neutralizing frequency 
closer to 150 MHz, it was decided to lower 
the control-grid lead inductance. The SK- 
870 socket was modified by removing the 
six grounding spacers (see photo). These 
are metal spacers approximately 118-inch 
thick on each of the six SK-870 mounting 
screws. This modification allows the socket 
to be mounted 118-inch closer to the 
chassis. 

The self-neutralization curve was again 
run with the same fixture and this modified 

fig. 4. Relative input-to-output circuit isola- fig. 5. Relative input-to-output circuit isolation 
tion as a function of frequency before the as a function of frequency after the socket 
socket modification. The self-neutralizing fre- modification. The self-neutralization frequency 
quency is just below 105 MHz. has moved up to 136 MHz. 

FREQUENCY (MHz) FREQUENCY (MHz) 
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flg. 8. Schematic of the RFC I 
r r_  0 t25m v 

grounded-grid 150-MHz ampli- 
fier. C4, C5 and L2 are part x%% 
of the plate line; see fig. 7. 
The blower delivers 37 cfm at 
0.4 inch of water. 

117 VAC 

C1 11.9 pF (see matching network photo) RFC1,2 10 turns no. 16 tinned, 0.650" OD, 1-l/Z' 

C2 1.06 pF (see matching network photo) 
long 

RFC3 bifilar coil no. 10 wire, each coil 5 turns, 
C3 1500 pF. Three 500-pF, 500-V stud-mounted 3/4" ID, 1-5/8" long 

button micas, spaced uniformly around the 
filament ring T1 5 V, 33 ampere filament transformer 

L1 0.089 pH. 3 turns no. 14 wire, 1/16" diame- 
ter, 5/8" long 

socket. Fig. 5 shows the results: the self- 
neutralization frequency has now been 
moved to 136 MHz. The socket was again 
mounted in the amplifier, which was then 
retested for stability. The amplifier was 
stable, and the power output peak coin- 
cided with the plate current dip. Either 
arrangement of the socket grid return leads 
raised the self-neutralization frequen- 
cy sufficiently to achieve stability or 
the neutralization point is sufficiently 
broad to include 150 MHz. It wasn't neces- 
sary to improve the neutralization further. 
Undoubtedly this simple socket modifica- 
tion is necessary to achieve optimum sta- 
bility in  the two-meter band. 

amplifier assembly 
The schematic of the amplifier is shown 

in  fig. 6. Note that the circuit i s  much the 
same as that of an hf amplifier. Only the 

Closeup of the output load coupler. The 
teflon block, with the fingerstock mounted 
on top, forms an adjustable loop as i t  slides 
back and forth to adjust the loading. 
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plate tank circuit and the input matching 
network can be considered unique. The 
metering of the grid and plate currents is 
in  the negative return leads. The grid i s  
metered in this manner to allow a very 
low impedance radio-frequency connec- 
tion between the control grid and the 
chassis. 

As noted previously, this grid circuit 
is part of the amplifier neutralization 
scheme, and the use of a grid by-passing 
arrangement could have complicated the 
amplifier neutralization. The plate current 
is metered in the negative return lead in  
the interest of safety. I t  is always danger- 
ous to have a plate current meter mounted 

on the front panel if the meter is operat- 
ing at a high potential with respect to 
ground. 

A 25-ohm, 10-watt safety resistor must be 
connected between the negative terminal 
of the plate power supply and ground. If 
either grid or plate meter should become 
open circuited, and the plate side of the 
power supply shorts to ground, the negative 
side of the plate supply could assume a 
potential equal to the supply voltage. The 
25-ohm resistor wi l l  prevent the negative 
terminal voltage from soaring and will 
load the power supply sufficiently to cause 
the fuses, or overloads, to function. 

Fig. 7 is a pictorial of the plate line and 
the dimensions that were used in  the 150- 
MHz amplifier. 

fig. 7. Cutaway view of 
the 3CXlWOA7 plats line. 
The isomica is the dielec- 
tric for tthe plate-blocking 
capacitor C4. The two 
support pillars and six in- 
sulating shoulder wash- 
ers are made of teflon 
as is the sliding output 
coupler block. The finger 
contact strip for the anode 
of the 3CXlWOA7 is In- 
strument Specialties Com- 
pany no. 97-133. A more 
detailed drawing of the 
plate line is available 
from the author. 

operating results 
The amplifier has been operating at 150- 

MHz many hours under the following con- 
ditions: 

Plate voltage 
Plate current 
Plate input power 
Grid voltage 
Grid current 
Output power 
Drive power 
Filament voltage 
Filament current 

2500 volts 
800 milliamperes 
2000 watts 
0 volts 
240 milliamperes 
1175 watts 
50 watts 
5 volts 
33 amperes 

Note the output power and the required 
drive power; the power gain i s  23.5 times 
or 13.7 dB. 

No intermodulation distortion tests were 
made at 150 MHz although tests have 
been run at 2 MHz to determine the tube 
characteristics. Under the same operating 
conditions given for 150 MHz, the third- 
order intermodulation products were no 
less than 32 dB down, and the fifth-order 
products were better than 38 dB down from 
one tone of a two-equal-tone test signal. 

references 
1. Barber et al, "Modern Circuit Design for VHF 
Transmitters," CQ, November & December, 1965. 
2. Orr and Sayer, "Semi- and Super-cathode Driven 
Amplifiers, QST, June & July, 1967. 
3. William I. Orr, W6SAI, and John T. Chambers, 
W6NLZ, "Strip-line Kilowatt for 432 MHz," ham 
radio, September, 1968. 
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amateur service newsletter 
W6SAI 

high performance 

power amplifier 

This efficient 

easy-to-tune 

grounded-grid 

8877 amplifier 

can be run 

at 2000 watts 

PEP ssb 

or 1000 watts cw 

The new Eimac 8877 is  a ceramiclmetal 
high-mu triode rated for use up to 250 
MHz. Operation of this tube at 50 MHz 
proved to be so satisfactory1 that other 
8877 amplifiers have been designed and 
built for frequencies up to 350 MHz. Two 
of these amplifiers are of interest to the 
serious vhf operator. One amplifier is 
designed for the amateur 2-meter band 
and is described here. The other amplifier 
covers the range from 150 to 230 MHz, 
and is well suited for use on the amateur 
220-MHz band; it will be described later. 

The 8877 triode has good division 
between plate and grid current and low 
intermodulation distortion. It has a plate 
dissipation rating of 1500 watts and mu 
of approximately 200. The cathode is 
indirectly heated; filament requirements 
are 5.0 volts at 10 amperes. The tube base 
mates with a standard septar socket. 

This 144-MHz 8877 linear amplifier is 
designed for the serious DXer who de- 
mands reliable service combined with 

AS-47 
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good linearity and efficiency. The com- reserve. For operation at 2000 watts PEP 
pact grounded-grid design presented here the plate voltage should be between 2500 
uses a half-wave plate line2 and a lumped and 3000 volts; under these conditions 
T-network input circuit. The amplifier the amplifier will deliver 1240 watts 

XI W M  
W T P U T  

8877 

B -RETURN (W)IDl 117VAC 

C 1  1000  p F  (Centralab 8585-1000) L 1 5 tu rns  no. 14, 3/4" long o n  1/2" 
diameter f o r m  w i t h  wh i t e  t un lng  slug 

C2 25  p F  variable (Harnmar lund HFA- (CTC 1538-4-3) 
258 )  

L 2  4 turns  no. 14, air  wound ,  3/4" long 

C3,C4 each consists o f  t w o  parallel-con- 
nected 100-PF, 5000-V capacitors L3 ,L4  1 0  turns  no. 1 2  enameled, b l f i la r  
(Centralab 8505-100) wound .  5/8" diameter 

C 5 plate-tuning capacitor (see fig. 3) L5,L6 plate resonators (see fig. 4) 

C 6 o u t p u t  loading capacitor (see fig. 2) L 7  7 turns  no.  1 4  wire, 5/8" diameter.  

1-3/8" long 

C 7 1000  pF,  4 k V  feedthrough (Er ie  
2498)  

fig. 1. Schematic f o r  t h e  grounded-gr id two-meter  t r i ode  ampl i f ier.  Operat ing bias f o r  the 8877 is 

suppl ied by a 12-vo l t  zener d i ode  i n  t h e  cathode lead. 

requires no neutralization, is completely output. With the higher plate-voltage sup- 
stable and free of parasitics, and is  very ply, up to 13.8-dB gain can be obtained 
easy to operate. with an amplifier efficiency of 62%. 

This amplifier is designed for contin- 
uous duty operation at the 1000-watt dc the circuit 
input level, and can develop 2000 watts In the amdifier circuit in fig. 1 the 
PEP input for ssb operation with ample 8877 grid is operated at dc ground. The 
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grid ring at the base of the tube provides ly burn open. 
a low-inductance path between the grid 
element and the chassis. Plate and grid input circuit 
currents are measured in the cathode- The cathode input matching circuit is 
returri lead; a 12-volt, 50-watt zener a T-network which matches a 50 ohm 
diode in series with the negative return termination to the input impedance of 

p AIR INLET 

fig. 2. Structural details of the amplifier show the relative size and position of the various 
components. Assembly is made of aluminum panels. 

sets the desired value of idling current. 
Two additional diodes are shunted across 
the meter circuit to protect the instru- 
ments. 

Standby plate current of the 8877 is 
reduced to a very low value by the 
10,000-ohm cathode resistor; this resistor 
is shorted out when the vox circuit is 
energized, permitting the tube to operate 
in normal fashion. 

A 200-ohm safety resistor insures that 
the negative power circuit of the ampli- 
fier does not rise above ground potential 
if the positive side of the plate-voltage 
supply is accidentally grounded. A second 
safety resistor across the 1N33.11 zener 
diode prevents the cathode potential 
from rising if the zener should accidental- 

the tube (about 54 ohms in parallel with 
26 pF). The network consists of two 
series-connected inductors and a shunt 
capacitor. One inductor and the capacitor 
are variable so the network is able to 
cover a wide range of impedance trans- 
formations. 

The variable inductor ( L l )  is mounted 
on the rear wall of the chassis and may be 
adjusted from the rear of the amplifier. 
The input tuning capacitor (C2) is adjust- 
able from the front panel. When the 
network has been properly tuned no 
adjustment i s  required over the 4-MHz 
range of the 2-meter band. 

Underchassis layout of components is 
shown in the photograph. The cathode 
input circuit is in center compartment. 
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The slug-tuned coil in the input matching mechanism are placed in the area between 
circuit is mounted on the rear wall. inclosure and panel. 
Air-wound filament chokes are placed in 
front of the socket. The cathode-heater rf plate circuit 
choke is near the top edge of the enclo- The plate circuit of the amplifier i s  a 

sure. of the cathode leads of the transmission-line type resonator. The line 

Top view of amplifier showing plate compartment. 8877 tube is at center with plate lines on each side. 

socket, plus one heater pin (pin 5) are 
connected in parallel and driven by the 
input matching network. 

The ceramic socket for the 8877 is 
mounted one-half inch below chassis level 
by spacers. Four pieces of brass shim 
stock (or beryllium copper) are formed 
into grounding clips to make contact to 
the control grid ring. The clips are mount- 
ed between the spacers and the chassis. 
The aluminum clamps holding ends of 
plate lines are visible in the side compart- 
ments. The filament transformer and dial 

(15 plus L6) is  one half-wavelength long 
with the tube placed at the center (fig. 2). 
This type of tuned circuit has several 
advantages. A quarter-wave circuit would 
normally be preferred because of its 
greater bandwith, but I wanted to use 
easily obtainable standard copper water 
pipe as the center conductor of the 
transmissionline tank circuit. The result- 
ing high-impedance transmission line 
would make a quarter-wave plate tank 
circuit physically short and difficult to 
handle. 
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In  addition, the heavy rf current that this type of cavity is complex and diff i- 
flows on the tube seals and control grid cult to build. 
would, in the process of charging up the A practical compromise is to use two 
output capacitance to the plate voltage quarter-wave lines connecting to opposite 

1/16. BRASS SHEET (SILVER PLATE) 
8 - 3 2  FLAT-HE40 /li 4" W l W  2 - M .  HIGH 

f M A C H I E  SCREW 

BDPYLLIUM COPPER OR MASS SHIM STOCK '4.Y ,I/-)/- o.oo- TW, P ~ W I O E .  5-m- ",NG 

I r I/P' LINEN EMELITE ROD. I LO* 

fig. 3. Variable plate portion of plate-tuning capacitor C3. This arrangement permits the capacitor to 
be adjusted under full power without "jumpy" tuning as there are no moving or sliding contacts 
which carry heavy rf current. 

swing, tend to concentrate on one side of sides of the tube. It is interesting to note 
the tube if a single-ended quarter-wave that each of the two quarter-wave lines is 
circuit were used. This current concentra- physically longer than if only one quar- 

1/8' SILMR--TED BRASS OD. 1/16' W 4 U .  8 - V Z  

R A T E .  Y Y D E R  TO TUBE (U 8 L6 IN FIG PJ 

$-20 X 2 - m '  L O W  B R A S  BOLTS 

fig. 4. Details of plate lines L5 and L6. Copper tubes are standard copper water pipe. 

tion would cause localized heating of the ter-wave line were used. This is because 
tube. The best tuned circuit configuration only one-half of the tube output capaci- 
to  minimize this effect is a symmetrical tance loads each of the two lines. 
cylindrical coaxial cavity. Unfortunately, Resonance is established by a moving 
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plate capacitor (C5); antenna loading is inductance beryllium-copper or brass 
accomplished by a second capacitor (C6) shim stock which provides spring tension 
placed at the anode of the 8877. Output for the drive mechanism. 
power is coupled from the plate circuit The variable output coupling capacitor 
through the series capacitor into a 
50-ohm output. In the top-view photo 
tuning capacitor Cg is  at the front of the 
compartment; variable loading capacitor 
C6 is at the rear. The plate choke is 
visible in the front corner. 

construction 
The two-meter amplifier i s  built in an 

enclosure measuring 10% x 12 x 6% 
inches. The 8877 socket is centered on a 
6 x 6 subchassis plate. A centrifugal 
blower forces cooling air into the under- 
chassis area; the air escapes through the 
2-518-inch diameter socket hole. fig. 5. Anode clamp assembly for the 

The plate tuning mechanism is shown two-meter linear amplifier. 
in fig. 3. This simple apparatus will 
operate with any variable plate capacitor, 
providing a back and forth movement of 
about one inch. It i s  driven by a counter 

is located at the side of the 8877 anode. 
The type-N coaxial fitting is connected to 
the moveable plate of the coupling capa- 
citor. The fitting is centered in a special 

Rear of amplifier showing blower and tubular assembly which allows the whole 
coaxial output connector. Amplifier is connector to slide in and out of the 
upside down in this photograph. chassis, allowing the variable plate of the 

coupling capacitor to move with respect 
to the fixed plate mounted on the tube 
anode clamp. When the final loading 
adjustment has been set the sliding fitting 
is clamped by an arrangement similar to 
the slider on a variable wire-wound resis- 
tor. 

The length of the plate-line inductors 
(L5 and L6) i s  adjusted by means of dural 
blocks placed at the shorted end of the 
line (fig. 4). The position of the blocks is 

' determined by setting capacitor C5 at its 
lowest value and adjusting line lengths so 
that that plate circuit resonates at 148 
MHz with the 8877 in the socket. 

The plate r f  choke is mounted be- 
tween the junction of one plate strap and 
a pair of the dual blocking capacitors; the 
high-voltage feed-through capacitor is 
mounted to the front wall of the plate 

dial and provides a quick inexpensive and compartment. The blocking capacitors 
easy means of driving a vhf capacitor. The are rated for rf service, and inexpensive 
ground return path for the grounded tv-type capacitors are not recommended 
capacitor plate is through a wide low- for this amplifier. A short chimney to 
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direct cooling air from the socket through 
the anode of the 8877 is made from 
Teflon and clamped between the chassis 
deck and the anode strap.* 

operation 
Amplifier operation is completely 

stable with no parasitics. The unit tunes 
up exactly as if it were on the "dc 
bands." As with all grounded-grid ampli- 
fiers excitation should never be applied 
when plate voltage is  removed from the 
amplifier. 

The first step is to grid-dip the input 
and output circuits to near-resonance 
with the 8877 in the socket. A swr meter 
should be placed in series with the input 
line so the input network may be adjust- 
ed for lowest swr. 

Tuning and loading follows the same 
sequence as any standard grounded-grid 

1 I - - i 1  - 1 - 1  
-*4* 

Underchassis view of the two-meter 
amplifier. The cathode input  circuit  is i n  
the center compartment. Plate lines are 
visible i n  the side compartments. 

amplifier. Connect a swr indicator at the 
output and apply a small amount of rf 
drive. Quickly tune the plate circuit to 
resonance. The cathode circuit should 
now be resonated. The swr between the 
exciter and the amplifier will not neces- 

table 1. Performance data f o r  the 144-MHz 
power ampli f ier under the condit ions most 
suitable f o r  amateur ssb (2000 watts PEP) and 
c w  (1000 watts). 

Plate voltage 3000V 2500 V 2500V 
Plate current (single tone) 667 mA 800 mA 400 mA 
Plate current (idling) 54 mA 44 mA 44 mA 
Gr id voltage -12 V -12 V -12 V 
Gr id current (single tone) 46 mA 50 MA 28 mA 
Power input  2000 W 2000 W I000  W 
Power output  1240 W 1230 W 680 W 
Efficiency (apparent) 62% 62% 68% 
Drive power 47W 67W 19W 
Power gain 13.8 dB 12.6 dB 15.5 dB 

sarily be optimum. Final adjustment of 
the cathode circuit for minimum swr 
should be done at full power because the 
input impedance of a cathode-driven 
amplifier is a function of the plate cur- 
rent of the tube. 

Increase the rf drive in small incre- 
ments along with output coupling until 
the desired power level is reached. By 
adjusting the drive and loading together it 
will be possible to attain the operating 
conditions given in the performance chart 
in table 1. Always tune for maximum 
plate efficiency: maximum output power 
for minimum input power. It i s  quite easy 
to load heavily and underdrive to get the 
desired power input but power output 
will be down if this is done. 

I would like to thank KGDC for his 
help in adjusting and determining the 
operating conditions for this two-meter 
amplifier. 
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A 144-MHz Amplifier 

Using the  8874 

BY RAYMOND F. RINAUDO,* W6ZO 

HIS 144-MHz amplifier is an inverted ultra- T audion, grounded-grid, or a cathode-driven 
amplifier, depending upon what point in electron- 
ics history you choose t o  speak from. The first 
description has now been dropped and is probably 
recognized only by the real old timers, or students 
of radio history.1 The second, grounded grid, is 
still widely used but  somehow fails to  describe how 
an amplifier works; it also implies no grid bias, but  
bias is often used. The third, by its words, cathode 
driven, tells you how the amplifier operates, 
without being unduly restrictive as t o  operating 
voltages. 

  be Cathode-Driven Amplifier and Tube 
The cathode-driven amplifier has become very 

popular with amateurs using the high-frequency 
bands. This popularity has developed primarily in 
the past fifteen years. One of the principal reasons 
is the availability of single-sideband exciters with a 
PEP output  of one hundred or more watts. With 
exciters of that power capability, the natural step 
in increasing power level is to  go to  an amplifier 
which will absorb all, or almost all, of the exciter 
power - the cathode-driven amplifier. Also in the 
past few years, new modern-design tubes have been 
introduced which were developed for this service, 
having a very high mutual conductance and 
operating with very little o r  no  grid bias. The best 
of these tubes operate satisfactorily at the lower 
vhf range, but  are difficult to  handle in the upper 
part of that range. 

Now a new family of tubes has been developed 
which performs very well at hf, vhf, and well into - 

* Eimac Division of Varian. 301 Industrial Way, 
San Carlos, CA 94070. 

1 It is interesting to note that a cathode-driven 
amplifier was described in QST almost forty years 
ago. See QST for September 1933 "The Inverted 
Ultraudion Amplifier." by H&EO ~ d m a n d e r .  WPNB 
(now WGCH). 

Fig. 1 - Front view of the 144-MHz amplifier. The 
grid-current meter is on the left and plate meter on 
the right. Plate-circuit loading is increased by 
pushing in on the coax connector. Input circuit 
tuning is done with an insulated screwdriver 
through the two holes a t  the left side of the panel 
labeled INPUT and MATCH. 

the ultra-high-frequency range. These tubes are the 
8873, 8874, and 8875. The tubes differ from each 
other only in the anode cooler construction. The 
8873 is intended for heat-sink cooling, the 8874 
for forced-air cooling, and the 8875 for cooling by 
large volume but  very low-pressure air, such as is 
supplied by a fan. The 8874 is used in the amplifier 
which is t o  be described. 

The requirements for a good cathode-driven 
tube will be briefly reviewed. 

1) In order t o  have acceptable gain, the tube 
should have high mutual conductance. 

2) The tube should have low grid interception 
of electrons. All other things being equal, the tube 
having the lowest grid interception is the easiest to  
drive. 

3) The tube should have the least possible 
inductance between the grid in the tube and the 
external grid connection. Inductance in the grid 
lead causes degeneration which, in turn, means that 
more drive power has to  be supplied to  drive the 
tube to  a particular plate current. 

Incidentally, the long wire grid lead in the old 
glass high-mu triodes is the main reason for lack of 
vhf capability of those tubes. It is of interest to  
note that while the cathode-driven tubes require 
low grid-lead inductance, the grid-driven tube 
requires low cathode-lead inductance; lask of 
attention to  this detail results in a tube which is 
hard t o  drive, and, for the same reason in both 
cases, degeneration. 

The 4X150A/4CX250B tetrode tubes are still 
considered very good performers in the vhf range. 
However, the 8873 triode family, in cathode-driven 
service, gives power gains which approach that of 
the older tetrode types in a grid-driven arrange- 
ment and does that without the necessity for a 
screen supply or neutralization: and at  the lower 

Fig. 2 - Looking into the box containing the 
plate-circuit strip line. The slot In the plate line is 
for a rough adjustment of frequency. Once set 
properly, all of the 2-meter band can be covered 
using only the front-panel controls. The Teflon 
chimney and wave-guide-beyond-cutoff vent pipe 
are attached to  the box cover. 
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plate voltages the tube can be operated at  zero 
bias. If fixed bias is needed, it can be obtained 
from a comparatively inexpensive Zener diode. 

The 2-meter amplifier to be described uses one 
8874 in a cathode-driven circuit and with a 
strip-line plate circuit. It is capable of 1100-watts 
PEP input for ssb suppressed carrier and 550 watts 
for cw. As an a-m linear amplifier it will run at 
500-watts input. 

Construction 

The amplifier is built so as to fit behind a 
standard 5 114 X 19-in. panel as shown in Fig. 1. 
The plate circuit enclosure is 13 x 5 x 3 in. and 
made of aluminum (see Fig. 2). This one happens 
to he of the hand-made variety, but a standard 
chassis of this size could have been used and would 
have saved some time. The cathode input circuit is 
in a 5 x 3 318 x 1-in. aluminum box. A standard 
4 112 x 3 112 X I-in. chassis would have served as 
well, as the box is not crowded. Two end brackets 
space the rf unit 1314 in. behind the panel to 
allow room for the meters. 

The tube socket is centered between the two 
sides of the plate-circuit enclosure and is 1 112 in. 
from one end. The grid is connected directly to the 
chassis by a grid collet. The grid collet was made 
by soldering a grid contact ring, Eimac part No. 
882931, to a 1116-in.-thick brass ring. The brass 
ring has three No. 6-32 stud bolts attached which 
match the location of the three mounting holes of 
the Johnson 124-311-100 socket. There are other 
ways to make a good grid collet, and ingenuity of 
the individual builder can assert itself. Certainly 
the multiple contacts that finger stock gives is the 
type of thing needed. Never depend on the 
control-grid socket connections (pins 4, 7, and 11) 
to be good enough for vhf or uhf service. 

Contact to the anode of the tube is made by a 
plate collet. The collet was made by sandwiching 
an Eimac plate contact ring, part No. 008294, 
between two 1116-in.-thick brass pieces. The upper 
piece is circular with a 1-in.-wide tab on one side, 
the tab having a 318-in. lip bent at 90 degrees for 
the plate blocking-capacitor mounting. The lower 
brass piece is also circular, but without the tab. 
The plate collet is shown in Fig. 3. 

The plate line is made of copper, 118-in. thick 
and 1-in. wide. A 318-in. lip is bent at the tube end 
of the line for connecting to the plate blocking 
capacitor. The far end of the line stops about 
114-in. short of the enclosure wall. The plate line is 
supported near the far end by a 1 x 1 x 112-in. 

block of copper, and by a 1-in.-high ceramic 
insulator 5 114-in. from the tube center. A 114-in. 
bolt passes through the plate-line slot, the support 
block and a slot in the enclosure wall. The exact 
location of the ceramic insulator is not critical, 
except that it must not interfere with the location 
of the plate tuning and coupling capacitors which 
are between it and the tube! Both copper and soft 
aluminum have been used for the plate line and the 
1 X 1 x 112-in. support block. Very careful power 
measurements showed no difference in perfor- 
mance, whichever material was used. Brass might 
be satisfactory, if it is silver plated. For those 
willing to experiment, 1116-in.-thick material 
might be used instead of 118-in., as in this 
amplifier. The line would then have to be slightly 
shorter to tune to resonance. 

Rf power is taken out of the amplifier by 
capacitance coupling to the plate line. A 1-in.-dia 
disk is positioned near the tube end of the line and 
coupling is varied by a sliding arrangement. Details 
of this coupling device are shown by Fig. 6. 

Plate tuning is done with a 1-in.-dia disk on a 
114-in. threaded shaft which positions the disk 
relative to the plate line. The shaft turns in a 
threaded bearing mounted on the enclosure wall. 
When the plate-line support block is properly set, it 
is possible to tune the amplifier from 144 to 148 
MHz without changing the position of the block. 
The plate tuning capacitor is spring loaded to 
prevent a variable ground-return path, sometimes 
encountered in this kind of device. The spring 
loader is made by soldering a threaded nut of the 
correct size to a piece of thin metal; brass or steel 
will do. This is then threaded on the turning shaft 
until it rests on two pillars mounted on the outside 
enclosure wall. Just enough compression to prevent 
play in the tuning shaft gives the best results. This 
device can be seen just to the right of the output 
coaxial connector in Fig. 4. 

The tube anode is cooled by a blower mounted 
on the plate-circuit enclosure cover. The only 
escape for the air is through the tube anode cooler, 
the chimney, and then the vent pipe. The chimney 
used in this amplifier was made from sheet Teflon 
approximately ,050-in. thick, formed into a 
cylinder and then taped to keep that shape. Since 
this material is not readily available, a suitable 
arrangement can be worked out using the standard 
ceramic chimney for the 4x150 or 4CX250, such 
as the Eimac SK-606. The idea is to prevent the air 
from going directly to the vent pipe without going 
through the tube anode. 

Fig. 3 - Plate-line box with the strip line removed. 
The output coupling capacitor is the disk nearer 
the tube. The other disk is the plate-tuning 
capacitor. A one-inch-high ceramic pillar supports 
the plate line and is located next to the tuning 
capacitor. 
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Circuitry 
In cathode-driven service the average input 

impedance of the 8874 is approximately 95 ohms. 
An input circuit, therefore, is needed for two 
reasons: (1) the input to the amplifier should look 
like 50 ohms to accommodate the transmission 
lines and the driver output impedance; this calls for 
an impedance transformer; and (2) the 95-ohm 
average input impedance varies tremendously 
during the rf cycle. For example, if the tube is 
operated Class B, the plate current is zero during 
half the rf cycle and the impedance is very high, 
but during the part of the cycle that the tube peak 
currents occur, the impedance is lower than 95 
ohms. Since drivers don't like to have the load 
impedance varying wildly, a storage reservoir 
should be provided. A tuned circuit with some Q 
serves this function and also transforms the 
impedance. 

The cathode input circuit is an L-pi network 
using lumped constants. It was designed to have a 
loaded Q of 3. Knobs were not provided for 
adjusting the input circuit because of its broadband 
nature. Instead, screwdriver slots in the capacitor 
shafts permit adjustment of the capacitors from 
outside the box. The "screwdriver" should be 
nonmetallic. A short 114-in.dia Bakelite shaft filed 
in the shape of a screwdriver on one end and with a 
knob on the other end works very well. If the 
input circuit is matched at 146 MHz, changing 
frequency to either 144 or 148 MHz without 
touching the input adjustments will give an SWR of 
less than 1.7 to 1. At either 145 or 147 MHz the 
SWR is less than 1.35 to 1. Of course the input can 
be matched at any frequency within the band, if 
desired. 

Fig. 4 - The front of the amplifier with the panel 
removed. The inputcircuit enclosure which is to 
the left is normally covered with a piece of 
perforated aluminum. The spring-compression 
device which prevents erratic tuning of the 
platecircuit resonating capacitor is shown just to 
the right of the type N output coax connector. 

Fig. 5 shows tha layout of parts in the 
input-circuit compartment. All of the six cathode 
terminals of the socket are connected together. 
The bifilar heater choke is wound on a small length 
of insulating rod and was made bifilar for the 
convenience of using only one form instead of two. 
Sharp-eyed readers who like to count turns will 
note that the outside layer of this coil has one less 
turn than the one on the inside. Again, it was a 
matter of convenience, not a requirement. 

Although the pi-L or L-pi and T networks have 
been around a long time, the T network has not 
been used much. The T is useful where 
low-impedance transformations are necessary. The 
solid-state designers have this sort of problem in 
their work and have developed tables of solutions 
for a wide variety of impedance transf~rmations.~ 
A copy of these tables is very useful, indeed. 

All of the power leads into the rf compartments 
enter via feedthrough bypass capacitors. They help 
keep the rf where it belongs. Three are low-voltage 
types, which feed the cathode and filament 
circu~ts. The fourth is a high-voltage unit for the 
plate voltage supplied to the tube. 

Cooling the Tube 

The cooling of the tube is done somewhat 
differently than is usually the case. The tube data 
sheet, for 40swatts plate dissipation, specifies a 
minimum air flow of 8.6 ft3/min for 50 degrees C 
at sea level (you can use a little less if the air is 
cooler than 50 degrees C). The pressure required to 
move that quantity of air through the tube cooler 
is 0.37 inches of water, assuming no back pressure 
on the discharge side of the anode. This cooling air 
is provided by a Dayton model 2C782 blower.5 
The blower forces air into the box containing the 
tube plate circuit. A Teflon chimney connects the 
top of the tube anode to the vent pipe fastened on 
the box cover. All other holes in the vlate-circuit 
box are sealed, so that the air blown into the box 

4 Matching Network Designs with Computer  
Solutions Application mote AN-267. Motorola. 
BOX 20912, Phoenix. AZ 85036. 

5 Available from W. W. Grainger, Inc., 2750 W. 
Fulton St., Chicago, IL 60612. 

Fig. 5 - Close-up view of the input-circuit box. 
The bifilar-wound filament choke is above. The 
cathode choke is to the right and the input 
T-network coils and capacitors are below the tube 
socket. The slide mounting of the type N output 
coupling capacitor is shown to the right of the 
input-circuit enclosure. 
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Fig. 6 - Adjustablecapacitance coupler. 

can only escape by going through the tube anode 
cooling fins and then to the outside world. The 
vent pipe has practically no air restriction, yet acts 
as a very effective choke at  these radio frequencies. 

Equipment built for amateur service has not 
often taken advantage of the particular principle of 
microwave radio by which the vent pipe works - 
electronically, that is. In this case it is used for 
what it will not do, rather than for what it will do; 
that is, it will not transmit a radio signal of any 
frequency below about 4600 MHz. The pipe has a 
diameter of 1 112 in. For frequencies above 4600 
MHz this would be an excellent transmission line. 
However, for frequencies much below 4600 MHz, 
the cutoff frequency, it becomes a choke. Its 
effectiveness as a choke depends upon how long it 
is. The usual description of this phenomenon is 
"wave guide beyond cutoff"; in this case "beyond" 
means below! The attenuation of this device is 
given by the formula:6 

Aa = Aperture attenuation (dB) = 32D 
D = length of pipe d 

d = inside diameter of pipe 
The vent pipe used in this amplifier is 4 112-in. 
long and 1 112-in. ID. When these figures are put 
into the formula, this gives an attenuation of 96 
dB! This attenuation is for frequencies well below 
the cutoff frequency, not for those close by. 
However, the 144-MHz output of the amplifier and 
its harmonics up to about the 20th can be 
considered well below cutoff. 

6 Electrical Design News, October, 1963. 

Tune-up Procedure 
Tuning a cathode-driven amplifier is not much 

different than tuning one which is grid driven. 
There is one precaution that must be observed, 
though. Never run drive power into a cathode- 
driven amplifier unless the plate voltage is on. 
Running normal drive power with no plate voltage 
produces high grid dissipation and will quickly 
destroy the tube. 

The 8874 has an indirectly heated cathode. 
Always allow at least 90 seconds for the heater to 
warm up before the tube is required to draw plate 
current. 

When tuning a new amplifier for the first time, 
it is very helpful to start with reduced plate 
voltage. If the final operating conditions with this 
amplifier are to be 2000 V at 500 mA, then apply 
1000 V to the plate and only enough drive to be 
able to tune the plate circuit to resonance. Then 
increase drive and adjust plate loading and tuning 
to maximize power output, while watching the grid 
meter to make sure that the current is not 
excessive, indicating high grid dissipation. When 
the drive, plate loading and tuning are optimized 
for maximum power output at 1000 V and 
250-mA plate current, then the loading adjust- 
ments will be very nearly correct for the 2000-V 
500-mA condition. Before going to the higher plate 
voltage, the cathode input circuit can be adjusted 
for a low input SWR. Do not waste time matching 
the input circuit exactly, as the input match will 
change somewhat at  the hgher power level. 
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L 3  

SUPPLY 

PLATE 
SUPPLY 

ALTERNATIVE CONNECTION 

Fig. 7 - 144- to 148-MHz 8874 amplifier. 

C1 -2.4 to 24.5 pF air variable (E. F.  Johnson 
189-5094). 

C2 - 1 7  to 14.1 pF air variable (E. F. Johnson 
189-5054). 

C3, C4, C5 - 1000-pF feedthrough (Erie 
327-005-X5UO-102M or equiv.). 

C6 - 1000-pF feedthrough, 2.5 kV (Erie 1270-10 
or equiv.). 

C7 - 100 pF, 5 kV (Centralab 8505-100N or 
equiv.). 

C8, C9 -See text. 
Ll - 9 turns No. 16 wire, 318-in. dia, 518-in. long. 
L2 - 5 turns No. 16 wire, 318-in. dia, 318-in. long. 

Now the plate voltage can be raised to 2000 V 
and drive power increased to give about 500-mA 
plate current. Again, plate loading and tuning and 
drive power are adjusted for maximum power 
output at the desired power level. And of course 
the grid-current meter is watched to avoid 
excessive grid dissipation. When the plate-circuit 
adjustments have been completed, then the input 
circuit can be adjusted for minimum SWR. If the 
drive power is free of harmonics or other spurious 
signals, an SWR of better than 1.1 to 1 is easily 
obtained on the drive line. 

Of course it is not necessary to tune up for the 
first time with reduced plate voltage. However, if 
you start off at 2000 volts, then a great deal more 
care must be used. Unwanted or unexpected 
effects happen a lot faster and with more violence 
at 2000 volts than at 1000! 

L3 - 0.47-pH choke. 300 rnA (Miller 4588 or 
equiv.). 

L4 - Plate line; 1 x 118-in. copper or soft 
aluminum, 8 112-in. long. 

M1 - 50-mA dc meter. 
M2 - 500-mA dc meter. 
Rl,  R2 - 50 ohms, 10 W. 
R3 - Bias-supply bleeder; select for approx. 100 

rnA current and appropriate wattage. 
RFCl - Bifilar wound, each winding 1 5  turns on 

318-in.-dia form. See text and photos. 
RFC2 - 10 turns No. 16 wire, 112-in. dia, 1 118-in. 

long. 
T1 - Filament trans., 6.3-V 4-A secondary (Triad 

F43X or equiv.). 
VRl - See text. 

The preceding tune-up procedure applies to 
either cw or ssb linear operation. For a-m, the 
method would be the same provided that loading is 
adjusted for the most output at the crest of the 
modulation cycle when the drive signal is being 
100-percent modulated. A peak-voltage-responding 
indicator is needed on the output of the amplifier 
to do that. An rf vacuum-tube voltmeter is one of 
the instruments that can be used. 

A second method that can be used is to adjust 
the amplifier loading and tuning for minimum 
distortion when the drive signal is being 100- 
percent modulated. Still another method that will 
produce the correct loading adjustment is to 
simulate the conditions that exist at the crest of 
the modulation cycle, but by using a cw signal 
only. For example, if a driver with a 5-watt carrier 
is t o  be used, it will have a peak output of 20 watts 
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Table I 

Typical Performance 
NO - 
Signal 

Plate Plate 
Voltage Current 
1000 I O m A  
1500 10 
2000 10 
1000 92 
1500 140 
2000 150 

Grid 
Bias 
-4.6V 
-7 
-9.8 

0 
0 

-1.7 

Plate 
Current 
250 mA 
250 
250 
300 
400 
500 

Grid Drive Power 
Current Power Output Effic,v. Gain 
24 mA 7.2W 146W 58% 13.1 dB 
25 8.4 238 63 14.5 
22 9.4 320 64 15.3 
26 7.0 171 57 13.9 
27 11.4 362 60 15 
29 18.3 636 64 15.4 

Table II 

at the crest of the modulation cycle. Therefore a 
cw signal of 20 watts can be used as a driver 
temporarily while the linear amplifier is being 
adjusted for maximum power output, just as it is 
for cw or ssb operation. After the adjustments are 
completed the 5-watt driver can replace the 
20-watt unit, and the amplifier is ready to go. 

The important point to remember about an a-m 
linear amplifier is that the amplifier must be 
adjusted to accommodate the peak power condi- 
tions. One of the most difficult facts to accept is 
that amplifier settings which give the best and most 
readable signal are not the same as those which give 
the strongest carrier. After the amplifier has been 
correctly tuned, one is always tempted to touch up 
the tuning to get more carrier output. When the 
temptation is great, reread the paragraphs on a-m 
linear-amplifier adjustment! 

You should now have amplifier performance 
which is very nearly like that shown in Table I. 
Because of variations from tube to tube, the grid 
current at a particular operating level may vary 
considerably from that shown in the table, possibly 
as much as 2 to 1.  Drive power requirements may 
also vary, but to a smaller degree. This may be 
lesser or greater by 10 or 20 percent. 

Tvpe 88 74 Tube Data 
Heater Voltage 6.3 V 
Heater Current 3.2 A 
Maximum Plate Voltage 2200 V 
Maximum dc Plate Current (key down) 250 mA 
Maximum dc Plate Current (modulation crest) 500 mA 
Maximum Plate Dissipation 400 W 
Maximum Grid Dissipation 5W 

measured performance of the amplifier with 
different plate voltages and idling plate currents. 

Some conclusions can be reached from the data 
shown in Table I. The table shows that higher 
efficiencies and gain are possible with higher plate 
voltage and, of colirse, higher power output. Also, 
the lower the idling plate current, the lower the 
gain, but efficiency goes up. 

For linear-amplifier service, good results can be 
obtained if the tube bias is set for an idling plate 
current of 25 to 50 mA. A Zener diode in the 
cathode return is probably the simplest way to get 
the needed bias. However, a variable low-voltage 
supply can be used and has the advantage of 
flexibility if much experimenting is to be done. A 
suitable circuit for such a supply is shown in the 
1971 ARRL Handbook. 

Other construction techniques such as coaxial 
Performance resonant cavities can be used to build a good 

The amplifier can be used for cw or as a linear amplifier. What has been described is a fairly 
amplifier for either ssb or a-m work. The mode of simple, easy-to-build unit. The 8873 family of 
operation will determine the maximum input tubes will do a good job at  vhf and uhf in a 
power that can be used. Table I shows the well-designed amplifier. E!El 

The Simulmonitor 
(Continued from page 23) 

A commercial transistorized amplifier suitable 
for 21  is available at very nominal cost. It has a 
diode and filter capacitor, for rectification and 
filtering, so it is necessary to power the unit with 
only the 6.3 volts ac from the filament supply. 
This amplifier provides the local audio, and drives a 
local speaker for monitoring purposes during 
maintenance. Amplifier 22  is similar. It provides 
the needed line level from the tone oscillator and 
the microphone. 

A jumper shown as a broken line between 
Terminals 5 and 9 of K2 determines whether a 

tone burst is received only when the primary 
receiver is operative, or when either primary Or 
secondary receiver is operative. This is the first step 
toward a future control system. 

This, then, is the Simulmonitor, as conceived 
and utilized by CFAR. As channel occupancy 
increases and more satellite receiving setups come 
into the system, the approach becomes more 
sophisticated, and the Simulmonitor may change 
almost beyond recognition. In other areas the 
technique is used under other names and with 
other features, but the basic concept will most 
likely remain, and provide many benefits. The net 
result will be further advancement in the story of 
amateur radio repeaters. The story is just now 
starting to be told. 195ir--I 
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Dear Radio Amateur, 

This letter and its enclosures are supplied in response 
to your request for information on radio-frequency interference 
(RFI) . Assembled by the American Radio Relay League (ARRL) 
RFI Task Group, the material is intended to assist you in 
providing your neighbors with factual information on RFI, and 
to suggest steps you and your neighbors can take to resolve 
RFI problems. 

In 1973 the Federal Communications Commission (FCC) 
received 42,000 RFI complaints. Of these, 38,000 involved 
interference to home-entertainment equipment. And perhaps 
most important, 34,000 of these 38,000 complaints would never 
have come to the FCC's attention if the manufacturers had 
corrected design deficiencies in their home-entertainment 
products at the time of manufacture! Miriam Ottenberg's 
article in the Washin ton Star-News (Enclosure 1) provides 
a good overview o & t e RFI problem, and will make interesting 
reading for both you and your neighbors. 

The FCC's experience with RFI, of course, goes back many 
years, and as seen in Enclosure 2, they have found over the 
years that 90% of all television interference (TVI) problems 
can be cured only at the television receiver. Certainly, if 
your own television receiver experiences no interference while 
you are on the air, it is most likely that interference to a 
more distant television receiver is not the fault of your 
transmitter. Further, when it comes to audio equipment 
(phonographs, Hi-Fi's, electronic organs, intercoms, etc.), the w cure for RFI is by treatment of the audio device experiencing t e interference (Enclosure 3). After all, there's nothing 
a radio operator can do to his transmitter which will stop a 
neighbor's phonograph from acting like a short-wave receiver. 

It is clear, therefore, that almost all RFI problems 
experienced with home-entertainment equipment result from basic 
design deficiencies. The few small components or filters which 
would prevent RFI are often left out by the manufacturers in their 



attempts to reduce costs, and hence, to reduce the prices on 
equipment. Manufacturers have asserted that "since only 1% 
of those who purchase their products will experience RFI, it 
is not necessary to design equipment so that it will be less 
susceptible to interference." 

That only 1% of the population experiences RFI, however, 
is clearly an underestimation. The tremendous growth in radio 
communications over the past decade has brought increasing numbers 
of transmitters in close proximity to home-entertainment equipment. 
An example of this growth is the more than one million transmitters 
now operating on frequencies assigned to the Citizen's Radio 
Service. Most of these stations are in homes, and thus, are close 
to television receivers, radios and audio equipment used for home 
entertainment. As an example of the high density of radio 
transmitters to be found in urban and suburban areas today, take 
a look at the enclosed map of Arlington, Va. (Enclosure 4). With 
situations like this prevailing in many parts of the country, it 
is apparent that the interference potential to unprotected 
electronic equipment is considerable, and it is growing every day. 

Given the present situation, what can we as radio amateurs 
do to help the consumer resolve RFI problems he is experiencing? 
The approach we suggest is one of encouraging the consumer to 
contact the manufacturers of his equipment, to request that they 
provide those components and services necessary to eliminate RFI 
which is a source of annoyance to both of you. This is not to 
say, however, that we should not assist in resolving RFI problems. 
On the contrary, we, by virtue of our technical competence, have an 
obligation to help the consumer. He should be made aware that we 
will make every effort to cooperate in resolving the problems which 
exist (for example, by running tests, assisting in writing letters 
to the various manufacturers involved, etc.), but that ultimately, 
it -- is the manufacturers' res onsibility to correct those deficiencies 
wTich ---- led - r e n c h g  expezenced. 

Many responsible manufacturers already supply filters for 
reducing television interference when such cases are brought to 
their attention (Enclosure 5). A simple letter to the manufacture 
involved, stating the relevant facts on the interference problem, 
is all that is usually required to obtain the necessary high-pass 
filter. If a given manufacture is not listed in Enclosure 5, it is 
still possible that he will supply a filter; as such, send a letter 
either directly to him or to the Electronic Industries Association 
(EIA) : 

Electronic Industries Association 
2001 Eye St., N.W. 
Washington, D.C. 20006 



In the case of interference to stereo receivers, AM-FM radios, 
phonographs, Hi-Fi's, electronic organs, and other home-entertainment 
equipment, it is suggested that a letter be sent to the manufacture 
or to the EIA. An example of such a letter is shown in Enclosure 6. 

Regardless of the problem experienced, please fill out the 
enclosed form (Enclosure 7) so that the ARRL can accumulate 
statistics on RFI which will be of considerable use in our contacts 
with the FCC, EIA, and manufacturers of equipment used for home 
entertainment. 

It may be of interest to know that the interference problem 
has come to the attention of the Congress of the United States. 
Further, the Congress is becoming increasingly aware of the 
manufacturers' responsibility to provide equipment which is not 
susceptible to RFI. 

It has been the intention of this letter, and its enclosures, 
to provide you with factual information on RFI, and to suggest 
steps which can be taken to resolve RFI problems. It must be 
remembered, however, that to be effective, the suggestions 
supplied must be carried out in an atmosphere of cooperation between 
all parties concerned...the consumer, the radio amateur, and the 
manufacturer. Clear presentations of RFI problems, together with 
respectful requests for help, will be much more effective in 
obtaining a manufacturer's assistance than will letters demanding 
help. We, as radio amateurs are uniquely qualified to assist the - 
ublic in understanding and correctin! - RFI ~ ; o b l e m s , - ; ? n ~ h ~ d  

h r Z T  continue to pUtf7FFKTiur est e orts to resoTVeTiiiE$ly -- - n o p r o b l e m s  which-6ccur --- in our own nelghborhoodc 

The ARRL RFI Task Group would appreciate hearing from you, 
and having your ideas and suggestions regarding the matter of RFI. 
Those who wish to help in the resolution of the RFI problem will 
be placed on a special list for future mailings by the Task Group. 

The ARRL RFI Task Group 
W4UMF, WlICP, W4KFC 

- 
Enclosures (7) 



Strange Sounds, Bad Pictures, 
FCC Headache 

By Miriam Ortcnkrg 
Su-New# Staff Wmcr 

Fairfar County neighbors of an amateur 
radio operator threw fish a t  his door. 
scrawled obscenities on his wall and 
laubbed his wife because they blamed him 
lot tbe rtrmtge rounds coming out of their 
tdcridm Kts. 

l l w  cause d that migbbomaod squabble 
b dlected in mae than 42,000 complaints 
to the Federal Cammumations Commis- 
rim Ian ear  from people whose television 
sets, hi&, phonographs, stereos, elec- 
t& -MS. tape recorders, intercoms 
.ad ndm have delivered unwanted voices 
or distorted pictures. 

l'N TKE LAST t h m  years. according to 
the FCC. the number of complaints has 
doubird as the number of licensed citizen 
band operators bas grown to 810.000 using 
three to five million transmitters a s  a 
growing number of unlicensed operators 
have flooded the airwaves and as  more 
h m e s  have acqulred second TV sets and a 
wide rarige of other electronic entertain- 
ment dev~ces. 

Across the nation. about two-thirds of 
the complaints deal w ~ t h  interference to 
T V .  but to the Washington area.  more 
complaints center on Interference to audto 
systems \uch as amplif~ers. electric gultars 
and organs and. especially. hi-fis 

"On several occasions," reported Harold 
R R~chman, engtneer in charge of en- 
forcement In FCC's Washngton are a dis- 
trict office. "pastors have reported that 
mob~le unlts calling their bases have come 
over the ampllf~er right in the midst of the 
wrrnon. 

"IT'S VERY embarrassing. The man 
doesn't know he's in church and what he 
says can be heard over what the minister 
is saying." 

Although complainants regularly blame 
the ham opra tors  or CBers for the inter- 
ference that tears up their pictures and o b  
literates their sound. the FCC says that in 
nine out of 10 cases, the fault is in the re- 
ceiver and not the sender. 

"Those ham operators and the three to 
five million citizen band radios woclld not 
cause interference to television and other 
home entertainment devices if companies 
bad considered interference problems 
when they manufactured the sets." said 
James C. McKinney, chief of FCC's en- 
forcement dtvisicn. 

"I don't know of any sets being buii: with 
f~ltering devices adequate to screen oilt 
unwanted signals. Our present rules don't 
requlre manufacturers to do anything 
along these lines," he said. 

"WE TELL them that the man next doer 
is doing nothing wrong." hlcKlnney said. 
"We gave him a license to transmit and 
he's doing it properly. We advlse them to 
have a high-pass filter installed on t h e ~ r  
sf1 to filter out the unwanted s~gnals But 
they argue that they don't see why they 
ha1.e 10 spend money to flx their set when 
11 was all right unt~l their nelghhor started 
tranvnlttlng. 

"We're left in the middle of an argument 
we can't wln." 

As the problems and the protests have 
mounted, ham operators - weary of 
being unfalrly accused - have urged legis- 
latlon to require TV sets to be bwlt wrth 

adequate filters to reject unwanted sig- 
nals. Thousands of supporting letters 
trom across the country reached Rep. 
Charles M. Teague, R-Calif., after he in- 
troduced leg~slation to require that radio 
and television receivers meet FCC stand- 
ards for filtering out interference. 

AMONG enthusiastic supporters of the 
measure was the Prince Georges County 
Council, which had been toid about rnter- 
ference problems during its hearings on 
antenna heights. 

In a resolution sent to Teague and Mary- 
land Congressmen, the council urged pas- 
sage of the Teague measwe to benefit TV 
owners by eliminating tne possib~lity of 
interference and aiding the general public 
"by allowing the full benefits of amateur 
radio to be realized in an atmosphere free 
of rontentlon over alleged interference." 

' ,It 's  just a coil device that could be in- 
stalled easily in the sets," commented 
C'ouncil Chairman Francis 0. Francols. "I 
think if people knew the truth. they'd de- 
mand that manufacturers deslgn them sets 
to eliminate ~nterference. Amateur opera- 
101-s are heing unfairly blamed. The real 
c a u w  is improper manufacture of the 
YCtS " 

Teague died In January before his bill 
reached the hearing stage Now. Rep. Tor- 
bert H Macdonald. D-hiass.. chairman of 
the House Commerce subcommittee on 
power and communlcatlons. has told the 
Star-News that there is considerable opin- 
ion that the FCC can requlre the manufac- 
turers to put the necessary filters into tele- 
v~sion sets w~thout addit~onal legislat~on. 

R E P R I N T E D  B Y  P E R M I S S I O N  O F  T H E  W A S H I N G T O N  S T A R - N E W S ,  
NOT TO B E  R E P R I N T E D  W I T H O U T  P E R M I S S I O N  



WASHINGTON STAR-- A 3  
Washington. 0. C., Sundav. &rch to. i h  ** 

HE S A I D  he would explore the problem 
with the new FCC chairman Richard E. 
Wiley, and "if he says he needs legislation. 
I have no objection to putting it in although 
it's simpler and speedier if it can be done 
without Congress ordering it." 

Asked the opinion of the industry, a 
spokesman for the .Electronic Industries 
Assn. at first said that the association rec- 
ommended that  manufacturers not add 
interference rejection devices to television 
sets where less than one percent of cus- 
tomers have problems. 

The association said it recommended 
that manufacturers make filters and infor- 
rnatlon available on a local, individual ba- 
sis. 

la ter ,  after learning that the interfer- 
ence problem is rising rap~dly. Eugene J. 
Koschella. assistant vice president of the 
associat~on's consumer electronic group, 
said the association has asked the FCC to 
send representatives to its service commit- 
tee meeting this week to recommend possi- 
hie solut~ons to the more frequent prob- 
lems. 

"Apparently the wide growth in over- 
the-air broadcast~ng. CR.  ham. two-way 
rad~o! increased power Ah1 and FX1 sta- 
tions. etc , warrant a fresh look Into our 
pos~tions." Koschella acknowledged 

ALTHOUGH Koschella said major man- 
ufacturers p rov~de  free filters for com- 
plaining TV owners, those seeking built-~n 
filters argue that e\.en free fllrers require 
a $15 seruce call for a technician to ~nstall 
them. 

And in some cases, manufacturers have 
warned that if a TV o m e r  installs the fil- 
ter himself, he'll lose his warranty. 

Dr. Theodore J. Cohen, a senior re- 
search scientist and project ma for 
an electronics group and a i i c e z m -  
teur radio operator since he was 12, hs 
spearheaded the ampaign for kgislation 
to guard against unwanted signals. 

He has proposed ltgislatiaa th.1 goes 
beyond the Teague bill to give the FCC 
authority to regulate all audio and radi* 
frequency receiving devica so tbcir sua- 
ceptibility to interference is reduced. 

Without that legislation, thc FCC hu no 
authority to deal with interferewe prob- 
lems plaguing such heme entertainment 
devices as  stereos. electronic organs, hi-fis 
and tape recorders. 

Currently, the FCC is trying to cope with 
interference problems by telling complain- 
ants,  that their own receivers a r e  the 
source of their problems and supplying 
information they can give their TV or au- 
d ~ o  serviceman to get rid of intelference. 

"WE SEEK ways to resolve these prob- 
lems without sending out technicians we 
don't have." McKinney explained. 

He pointed out that the FCC's enforce- 
ment force today numbers 460 people - 
f ~ v e  less than in 1948 - before television 
grew to ~ t s  present 119 million sets and 
before the c~tizen band was created. 

"I'm not making a plea for more menbut 
for an end to what is probably our biggest 
prohlem - interference to home ectertain- 
Incnt devices. unnecessary interference," 
he s a d  

C O P Y  R I G H T  1 9 7 4 ,  W A S H I N G T O N  STAR-NEWS 



FEDERAL COSk'~TICATXGSS CO!GIISSfOX 
FIELD EXGINEZRING 2'lJRZAU 

STATEMEVT TO TELEVISIOX RECEIVER OLNER 

The Fede ra l  Comunica t ions  C o m i s s i o n  has  r ece ived  your complaint  
concerning i n t e r c e p t i o n  of unwanted r a d i o  s i g n a l s  from ano the r  
r a d i o  s t a t i o n  and you have r eques t ed  i n v e s t i g a t i o n  of t he  cond i t i on .  
The FCC does noc have s t a f f  and f a c i l i t i e s  t o  i n v e s t i g a t e  a l l  c a s e s  
i nvo lv ing  i n t e r c e p t i o n  of unwanted r a d i o  s i g n a i s  which a f f e c t  t e l e -  
v i s i o n  r ecep t ion .  Te lev i s ion  r e c e i v e r s  a r e  n o t  designed by the  
manufac turers  t o  work i n  a l l  c a s e s  i n  t h e  presence  of s t r o n g  s i g n a l s  
from o t h e r  r a d i o  s t a t i o n s .  Under t h e s e  c i rcumstances  a d d i t i o n a l  
t r ea tmen t  t o  your t e l e v i s i o n  r e c e i v e r  w i l l  probably bc r equ i r ed  t o  
c o r r e c t  t h e  cond i t i on .  C o m i s s i o n  exper ience  shows t h a t  90 percenF 
of t h e  c a s e s  of t h i s  n a t u r e  r e q u i r e  t rea tment  of t h e  r e c e i v e r s  r a t h e r  
t han  t r e a t i n g  t h c  t r a n s m i t t i n g  equipment a t  t h e  t r a n s m i t t i n g  s t a t i o n .  
I n t e r c e p t  i on  of unwanted s i g n a l s  which d i s r u p t  t c l e v i s  ion  r e c e p t i o n  
c a a  be v e r y  annoying. In  o rde r  t o  r e s t o r e  good r e c e p t i o n  a s  q u i c k l y  
a s  p o s s i b l e ,  i t  i s  important  t o  recognize  t h a t  t h e  s o l u t i o n  of t he  
problezi w i l l ,  i n  rnost c a s e s ,  depend on c o r r e c t i v e  t rea tment  t o  your 
t e l e v i s i o n  r e c e i v e r .  

Your t e l e v i s i o n  se rv i cenan  should be  a b l e  t o  r z s o l v e  your problem 
w i t h  a s i g n a l  r e j e c t i o n  f i l t e r  o r  o t h e r  i e c h n i c a l  t r ea tmen t  t o  your 
r e c e i v e r .  We urgc :hat tile m a t t e r  be s e t c l e d  l o c a l l y  w i thou i  
a s s i s t a n c e  of i h ~  FCC. It is sugges ted  t h a t  you f u r n i s h  your sarvica-  
man w i t h  t h e  a t t a c h e d  s h e e t .  

/ 

Enclosure ( 2 )  



NOTE TO SERVICEMAN 

The d a t a  rece ived from the complainant i n d i c a t e s  t h a t  the  i n t e r f e r e n c e  
problem which i s  being e q x r i e n c e d  i s  coming from a nearby s t a t i o n  below 
54Mc/s o r  an EM broadcast  s t a t i o n  i n  the  88 t o  108 Mc band. I f  t h e  s t a t i o n  
i s  below 54 Mc/s o r  you are unable t o  i d e n t i f y  the  s t a t i o n ,  try a  good 
q u a l i t y  high pass  f i l t e r  across  the  antenna terminals  of the  t e l e v i s i o n  set. 
I f  the  i n t e r f e r e n c e  i s  from an FM broadcast  s t a t i o n ,  t r y  an FM band r e j e c t  
f i l t e r .  High pass  f i l t e r s  and EM band r e j e c t  f i l t e r s ,  with good r e j e c t i o n  
c h a r a c t e r i s t i c s ,  a r e  l i s t e d  below. 

High Pass F i l t e r s  Remarks 

Make - Model 

R.L. Drake TV-300-HI? 
Finco 3013 

FM Band Rejec t  F i l t e r s  

Make - 
J T D  TR- EM 
Drake 300 EMT 
Finco 3006 
Drake 300 FMS 

Remarks 

General u s e ,  10 db l o s s  on Channel 6 
I I I t  I 1  II II I t  I I I I 

Espec ia l ly  u s e f u l  f o r  i n t e r f e r e n c e  from 
s t a t i o n s  i n  the  low end of FM band where 
r ecep t ion  of Channel 6 i s  d e s i r e d .  

I n  about 50 percent  of  the cases ,  a  f i l t e r  on t h e  antenna t e rmina l s  of  t h e  
TV r e c e i v e r  w i l l  not f u l l y  remove the  i n t e r f e r e n c e .  There a r e  a  number of  
o t h e r  p o s s i b i l i t i e s :  ( 1 )  the  f i l t e r  i s  not  e f f e c t i v e  a t  t h e  antenna terminals ,  
p l ace  i t  a t  the  tuner  inpu t  t e rmina l s ;  ( 2 )  the  f i l t e r  may have i n s u f f i c i e n t  
r e j e c t i o n  a b i l i t y  t o  r e j e c t  the  i n t e r f e r i n g  s i g n a l s  s u f f i c i e n t l y ;  two f i l t e r s  
i n  s e r i e s  may be needed; ( 3 )  c r o s s  modulation may be occur r ing  i n  an antenna 
s i g n a l  booster  a m p l i f i e r  genera t ing  a s i g n a l  t h a t  c a n ' t  be removed by t h e  
f i l t e r  a t  the  r ece ive r ;  place the  f i l t e r  i n  f r o n t  of the  boos te r  o r  remove 
t h e  booster ;  ( 4 )  the  antenna and/or  lead i n  cable  may have corroded j o i n t s  
causing c r o s s  modulation and thus  genera t ing  s i g n a l s  t h a t  c a n ' t  be removed by 
the  f i l t e r ;  r e p a i r  the  antenna system o r  i n s t a l l  new components a s  needed; 
( 5 )  the  r e c e i v e r  may be s u b j e c t  t o  audio r e c t i f i c a t i o n  i n  the  i n p u t  of the  
f i r s t  audio  s t a g e ;  a  bypass condenser of .005 uf from the  g r i d  of  the  f i r s t  
audio s t a g e  t o  ground w i l l  u s u a l l y  so lve  t h i s  problem. (Treatment a p p l i e s  
t o  tube type r e c e i v e r s  only; c o n s u l t  the  manufacturer concerning s o l i d  s t a t e  
r ece ive r s .  





Comments on Map of Arlington, Virginia 

The attached map of Arlington, Virginia, A Washington, D.C., 
suburb, helps to convey a better appreciation of the burgeoning 
RFI problem. Prepared from FCC licensing records approximately 
a year ago, the map shows amateur stations as 239-foot circles, 
and Citizen's Radio Service stations as 50-foot circles. That 
RFI can be experienced well outside these zones is well known 
to amateurs, and the areas represented by the circles are for 
comparison purposes only. The triangles depict fixed stations 
in the Land Mobile Service, although not all of them are indicated. 
Not shown are military radio installations, microwave relay stations, 
commercial repeaters, broadcast stations, experimental stations, 
or mobile radio stations, which number in the hundreds in this area. 

It is readily apparent that no electronic device in this 
sample area is immune to the likelihood of strong near-field 
radiation from a radio transmitter of some kind. Yet Arlington, 
Virginia, is but an example of a situation which is becoming 
increasingly serious in every part of our country, and indeed, 
the world. 

The great and growing density of radio transmitting stations 
appears either to have been thus far underestimated or largely 
disregarded by the manufacturers of RF-vulnerable electronic 
equipment. Even today the argument is offered that only a small 
percentage of such equipment will ever be subject to strong RF 
fields, and this presumption offered as justification for 
short-cut equipment designs. 

Enclosure 4 



FE B u l l e t i n  N o .  25 
March 1972 

FEDERAL COMMUNICATIONS COMMISSION 
FIELD ENGINEERING B 

Washington, D. C.  B!?&~ 

A U D I O  DEVICES - INTERCEPTION OF RADIO SIGNALS 

This  b u l l e t i n  i s  i n t e n d e d  t o  a s s i s t  you w i t h  t h e  problem of  i n t e r c e p t i o n  o f  
r a d i o  s i g n a l s  by a  r e c o r d  p l a y e r ,  Hi-Fi  o r  s t e r e o  a m p l i f i e r ,  t a p e  r e c o r d e r ,  
p u b l i c  a d d r e s s  sys tem,  t e l ephone  o r  t h e  a u d i o  s e c t i o n  o f  a  t e l e v i s i o n  o r  
r a d i o  r e c e i v e r  where t h e  c o n d i t i o n  i s  observed on a l l  channe l s  o r  a l l  a c r o s s  
t h e  d i a l .  I n  t h e  fo l lowing  d i s c u s s i o n . t h e s e  u n i t s  a r e  r e f e r r e d  t o  a s  
"audio  d e v i c e s .  " 

Audio d e v i c e s  a r e  des igned  t o  ampl i fy  a u d i o  s i g n a l s  such a s  music o r  speech  
and a r e  n o t  i n t e n t i o n a l l y  des igned  o r  i n t e n d e d  t o  f u n c t i o n  a s  r e c e i v e r s  o f  
r a d i o  s i g n a l s .  The Commission canno t  g i v e  any p r o t e c t i o n  t o  a u d i o  d e v i c e s  
which respond t o  s i g n a l s  from a  nearby r a d i o  t r a n s m i t t i n g  s t a t i o n .  The 
problem i s  n o t  caused by t h e  improper o p e r a t i o n  o r  by t e c h n i c a l  d e f i c i e n c i e s  
of  t h e  r a d i o  t r a n s m i t t e r .  S t r o n g  r a d i o  s i g n a l  energy g a i n s  e n t r y  i n t o  t h e  
aud io  c i r c u i t r y ,  "nver loads"  t h e  a m p l i f i e r ,  i s  " r e c t i f i e d t '  and a m p l i f i e d ,  
and appears  a t  t h e  loudspeaker  a s  u n d e s i r e d  sound. The on ly  "cure" i s  by 
t r e a t m e n t  of t h e  a u d i o  d e v i c e .  You shou ld  t h e r e f o r e ,  c o n t a c t  a  q u a l i f i e d  
t e c h n i c i a n ,  t h e  d e a l e r ,  o r  t h e  manufac tu re r  of your a u d i o  d e v i c e  ( o r  t e l e -  
phone company f o r  t e l ephone  problems) f o r  a s s i s t a n c e .  

-J 
You may very reasonab ly  a s k ,  "Why do I have t o  do something t o  my a u d i o  
d e v i c e ?  I t  works f i n e  excep t  when t h e  r a d i o  s t a t i o n  i s  t r a n s m i t t i n g .  
Why i s  i t  my problem and n o t  t h e  r e s p o n s i b i l i t y  of  t h e  o p e r a t o r  o f  t h e  r a d i o  
s t a t i o n ? "  The answer l i e s  i n  p o l i c i e s  concern ing  t h e  economics o f  t h e  
d e s i g n  and s a l e  of  t h e s e  d e v i c e s ,  i n  a  h i g h l y  c o m p e t i t i v e  market .  The 
d e v i c e  has  two o b j e c t i v e s :  1) t o  reproduce a  d e s i r e d  a u d i o  s i g n a l  and 
2 )  t o  r e j e c t  unwanted s i g n a l s  which may degrade t h e  o v e r a l l  performance 
o i  t h c  d e v i c e ,  a t  a  r e a s o n a b l e  c o s t .  

T h c  s t a t e  of  t h e  e l e c t r o n i c s  a r t  i s  such t h a t  i t  i s  p o s s i b l e  t o  manufacture  
"cus to~n  b u i l t t t  a u d i o  d e v i c e s ;  t h a t  i s ,  t o  i n s t a l l  i n  them complete  s h i e l d i n g  
and s p e c i a l  c i r c u i t s  t o  r e j e c t  n e a r l y  a l l  t y p e s  of  u n d e s i r e d  s i g n a l s .  The 
c.ost of  s p e c i a l  d e s i g n s  and c i r c u i t r y  would n e c e s s i t a t e  an i n c r e a s e  i n  t h e  
! , r i c e  of  the  dev ice .  

Perliaps l e s s  than  one p e r c e n t  o f  t h e  t o t a l  number of  a u d i o  d e v i c e s  i n  use  
today w i l l  be l o c a t e d  n e a r  t h e  s t r o n g  f i e l d  of a  r a d i o  t r a n s m i t t i n g  f a c i -  
l i t y  whereby t h e  d e v i c e  w i l l  respond t o  r a d i o  s i g n a l s  which i t  i s  no t  des igned  
o r  i n t e n d e d  t o  r e c e i v e .  I f  i t  does ,  i t  r e q u i r e s  t h e  a d d i t i o n  of  f i l t e r i n g  
o r  s h i e l d i n g ,  o r  both .  



Manufacturers be l i eve  i t  i s  u n f a i r  and unnecessary t o  burden the  mass con- 
sumer market with the  a d d i t i o n a l  c o s t s  of s p e c i a l  c i r c u i t s  and des igns  in-  
asmuch a s  the number of devices  a f f e c t e d  i s  r e l a t i v e l y  small .  Many manu- 
f a c t u r e r s ,  d e a l e r s ,  and servicemen have devised ptocedures and processes  

. t o  improve the  r a d i o  s i g n a l  r e j e c t i o n  c a p a b i l i t y  of audio devices .  

The condi t ions  a t  a  p a r t i c u l a r  l oca t ion  a r e  not  n e c e s s a r i l y  s t a b l e .  Two 
s i t u a t i o n s  may a r i s e :  

1) The use r  may l i v e  i n  an a rea  where the  average audio 
device has no d i f f i c u l t y  i n  r e j e c t i n g  unwanted s i g n a l s  
present .  The s i t u a t i o n  i n  t he  a rea  may be changed by the  
i n s t a l l a t i o n  of a  new s t a t i o n  nearby, o r  by the  appre- 
c i a b l e  s t rengthening  of e x i s t i n g  q igna l s  by the  inc rease  
i n  power of a  given s t a t i o n .  Under these  cond i t i ons ,  the 
s i t u a t i o n  has changed from t h a t  of a  l oca t ion  i n  the  ninety-  
nine percent  category where no s p e c i a l  t reatment  of t he  u n i t  
i s  requi red  t o  t h a t  of t he  l e s s  than one percent  category 
where s p e c i a l  t reatment  becomes necessary. 

2 )  The use r  may r e s i d e  i n  an a rea  t h a t  i s  i n  the  n ine ty-  
nine percent  category having no s t rong  unwanted s i g n a l s  and 
l a t e r  move i n t o  an a rea  where s t rong  r a d i o  s i g n a l s  a r e  pre- 
va l en t .  The s i t u a t i o n  has  then changed from t h a t  of being 
loca ted  i n  t he  ninety-nine percent  ca tegory  where s p e c i a l  
t reatment  of the u n i t  i s  not  necessary,  t o  t he  l e s s  than 
one percent  category where s p e c i a l  t reatment  i s  needed. 

Information concerning the  foregoing i s  not  n e c e s s a r i l y  widely d i s t r i b u t e d  
o r  f u l l y  recognized by a l l  manufacturers ,  d e a l e r s ,  and servicemen. The 
s tatement  of a  salesman o r  d e a l e r  t h a t  he s e l l s  a  good q u a l i t y  device ,  o r  
t h a t  t he re  i s  nothing wrong wi th  the  u n i t ,  i s  not  enough and avoids the  
i s sue .  Persons i n  possession of an audio device  not  capable of r e j e c t i n g  
r a d i o  s i g n a l s  must f u l l y  recognize the  s i t u a t i o n  involved. An audio device 
may perform the  t a sk  f o r  which i t  was designed wi th  excel lence and s t i l l  
r e q u i r e  s p e c i a l  t reatment  t o  improve i t s  c a p a b i l i t y  t o  r e j e c t  s t rong  r a d i o  
s i g n a l s  i n  some l o c a l i t i e s .  

You a r e  urged t o  br ing  t h i s  information t o  t he  a t t e n t i o n  of your serv ice-  
man, d e a l e r ,  o r  manufacturer of your equipment. 
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1234 Someplace St. 
Some City, USA 98765 
23 June 1977 

Stereo Manufacturers, Inc. 
7654 Speaker Street 
Anywhere, USA 34567 

ATTN: Technical Service Department 

Dear Sir: 

I recently purchased a Stereo Manufacturers Model A234 
stereo (Serial Number Y67-76) with 5-55 speakers. I am pleased 
with the general performance of the unit except that it is 
highly susceptible to radio-frequency interference. The signal 
from a neighboring short-wave radio station causes strong 
interference regardless of the source selected (phono, FM, AM). 
The signal masks the radio's entire dial range, and varying the 
volume control has no effect whatsoever on the intensity of the 
interference. 

The owner of the short-wave station has been cooperative, 
but he says that the problem is inherent in the basic design of 
the stereo's circuitry. As such, there is nothing the radio 
operator can do, it would appear, to correct the situation. 

I understand from reading a bulletin published by the FCC 
(FE Bulletin No. 25) that many manufacturers have procedures 
to improve the radio signal rejection capability of their products: 
and that the consumer is urged to bring interference problems to 
the attenti-on of the manufacturer. As such, I ask for your 
assistance in eliminating this most aggravating problem. 

Sincerely yours, 

John Q. Public 

cc: Federal Communications Commission 
1919 M St., N.W. 
Washington, D.C. 20554 

Electronic Industries Association 
2001 Eye St., N.W. 
Washington, D.C. 20006 

American Radio Relay League 
225 Main St. 
Newington, Conn. 06111 
(ATTN: RFI Task Group) 

Enclosure 6 



Report of Radio Frequency Interference (RFI) 
(Please Print or Type) 

The purpose of this form is to assist the American Radio 
Relay League (ARRL) in collecting information on radio-frequency 
interference (RFI). Such information, and the statistics to 
be derived therefrom, will be of considerable help to the League 
in its contacts with the Federal Communications Commission, and 
with various representatives of the electronic's industry . . .  
contacts which we hope will lead to the elimination of RFI as a 
source of annoyance to both the consumer and the radio operator. 

Type device (Television, Radio, 
Hi-Fi, Tape Recorder, Phonograph, Electronic Organ, Intercom, 
Other (Specify)). 

Manufacture 

Model No. Serial No. 

Description of Interference (picture, Sound, Channels affected, 
Effect of varying volume control, etc.): 

Other devices in the same location experiencing interference: 

Other devices in the same location which are not experiencing - 
interference : 

Distance to radio station's antenna 
Description of radio station: 

Transmitter watts Antenna 

Frequencies of operation for which interference is observed: 

Consumer's name and address: 

Add any remarks you may have on the reverse side of this form. 
Mail form to: ARRL RFI Task Group, ARRL, 225 Main St., Newington, 

Conn. 06111 

Enclosure 7 



Comments on 
Radio-Frequency I n t e r f e r e n c e  (RFI) 

x Many i n t e r f e r e n c e  problems c o u l d  be e l i m i n a t e d  w i t h  a d e q u a t e  
3 s h i e l d i n g  and b e t t e r  e n g i n e e r i n g  o f  t h e  p r o d u c t ,  b u t  t h i s  i s  n o t  

e 

b e i n g  done .  (Thus ) ,  p a s s a g e  o f  ( l e g i s l a t i o n )  would a s s u r e  t h e  
consumer of  b e i n g  a b l e  t o  p u r c h a s e  e l e c t r o n i c  d e v i c e s  t h a t  would 
meel c e r t a i n  s t a n d a r d s  which would make i t  f r e e  o f  many p r e s e n t -  
day i n t e r f e r e n c e  problems.  

Ray C l a r k ,  KSZMS/S 

A l l  t h e  PR i n  t h e  wor ld  won ' t  do us  a  b i t  o f  good u n t i l  t h e  
RFI problems a r e  bo rugh t  under  c o n t r o l .  Today i f  you t e l l  someone 
y o u ' r e  a  ham, t h e  comment i s ,  "Oh, y o u ' r e  one o f  t h e  guys t h a t  t e a r  
up T V . "  I f  t h e  image. o f  amateur  r a d i o  i s  t o  be  improved,  t h e n  t h e  
f i r s t  p r i o r i t y  i s  t o  g e t  t h e  RFI problems under  c o n t r o l .  The 
consumer i s  e n t i t l e d  t o  p r o p e r l y  d e s i g n e d  e n t e r t a i n m e n t  a p p a r a t u s  
and t h e  u s e  of  t h i s  a p p a r a t u s  f r e e  o f  i n t e r f e r e n c e  problems . . .  
l i k e w i s e ,  t h e  ham o r  o t h e r  o p e r a t o r  o f  communicat ions equipment  
i s  e n t i t l e d  t o  t h e  u s e  o f  t h i s  equipment f r e e  o f  i n t e r f e r e n c e  
c o m p l a i n t s .  

Dan Rasmussen, WASUBI 

An a l t e r n a t i v e  t o  o u t r i g h t  l e g i s l a t i o n  compe l l ing  m a n u f a c t u r e r s  
t o  c e r t i f y  per formance  t e s t s  o f  i n t e r f e r e n c e  r e j e c t i o n  o f  t h e i r  
p r o d u c t ,  would be  t o  compel m a n u f a c t u r e r s  t o  p l a c e  a  d i s c l a i m e r  
on t h e i r  p r o d u c t  which has  n o t  been t e s t e d  such  a s :  

"This  d e v i c e  i s  n o t  g u a r a n t e e d  t o  r e j e c t  i n t e r f e r e n c e  
when used  i n  t h e  v i c i n i t y  of  s t r o n g  r a d i o  s o u r c e s . "  

K a t a s h i  Nose, KH6IJ 

We h e a r  a  l o t  about  what more t h e  Government s h o u l d  be d o i n g  
t o  p r o t e c t  t h e  consumer.  U s u a l l y  t h e s e  p r o p o s a l s  i n v o l v e  t h e  
c r e a t i o n  o f  new o r  expanded b u r e a u c r a c i e s ,  a t  g r e a t  c o s t  t o  t h e  
t a x p a y e r s .  The p o t e n t i a l  of  t h e  e l e c t r o n i c s  of  r a d i o ,  i t  seems t o  
me, has  b a r e l y  been t a p p e d ,  and I b e l i e v e  t h a t  r a d i o  amateur s  have 
a  tremendous c a p a c i t y  t o  open up new f r o n t i e r s ,  and i n  t h e  p r o c e s s ,  
t o  improve t h e  q u a l i t y  of components be ing  merchand i sed ,  n o t  o n l y  
t o  your  g roup ,  b u t  a l s o  t o  t h e  g e n e r a l  p u b l i c .  

Congressman J .  Kenneth Robinson 

What i s  needed i s  C o n g r e s s i o n a l  o r  FCC a c t i o n  t o  r e q u i r e  a l l  
m a n u f a c t u r e r s  o f  TV s e t s ,  s t e r e o s ,  and a-m r e c e i v e r s  t o  b u i l d  
i n t e r f e r e n c e  s u p p r e s s i o n  i n t o  t h e i r  d e s i g n s .  Some l e a d  b y p a s s i n g  
and nar row f i l t e r s  a t  t h e  i n p u t  would go a  l o n g  way toward s o l v i n g  
t h e  p r e s e n t  problem. 

J i m  F i s k ,  W l D T Y  
/ 

E l e c t r o n i c  p r o l i f e r a t i o n  i n  t h e  forms o f  c a b l e  TV and non-RF 
e l e c t r o n i c  d e v i c e s  t h a t  a r e  i n t e r f e r e n c e - p r o n e  make i t  i m p e r a t i v e  
t h a t  l e g i s l a t i o n  be  ex tended  t o  d e v i c e s  o t h e r  t h a n  t h e  u s u a l  
"home e n t e r t a i n m e n t "  d e v i c e s .  I  am e n c l o s i n g  a  copy o f  an  
E l e c t r o n i c  .- News a r t i c l e  (on r f  i n t e r f e r e n c e  t o  pacemakers)  which 
may be  o f  i n t e r e s t .  

Edward E r i c k s o n ,  W2CVW 



ALMOST EVERYTHING 

YOU 

WANT TO KNOW 

ABOUT 

MOON BOUNCE 

DIVISION OF VARIAN 
301 Industrial Way 

San Carlos, California 
AS-49 41 39 



Moonbounce Notes 

During t h e  l a s t  y e a r  t h e r e  h a s  been a n  upsurge  o f  i n t e r e s t  

i n  amateur  communication v i a  r e f l e c t i o n  from t h e  moon. A l l  

t h e  bands  from 50 MHz th rough  2400 MHz have  been invo lved .  

T h i s  a c t i v i t y  h a s  c r e a t e d  more i n t e r e s t  i n  moonbounce and 

e a c h  neophyte "moonbouncer" h a s  had many q u e s t i o n s  c o n c e r n i n g  

j u s t  how t o  g e t  s t a r t e d :  - 

-Which band s h o u l d  be u s e d ?  

-How much power i s  needed? 

-How good s h o u l d  t h e  r e c e i v e r  b e ?  

- What k i n d  o f  an tenna  s h o u l d  be used,  and how 

b i g  s h o u l d  i t  b e ?  

I n  t h e  p r o c e s s  o f  d e t e r m i n i n g  an tenna  p a r a m e t e r s ,  i t  is  

n e c e s s a r y  t o  know how t o  f i n d  and t r a c k  t h e  moon. I n  

a d d i t i o n ,  t h e  type  o f  a n t e n n a  mount, t h e  a iming sys tem and t h e  

p h y s i c a l  l o c a t i o n  o f  t h e  an tenna  on t h e  a v a i l a b l e  p l o t  o f  

h n d  a r e  a  f u n c t i o n  of  t h e  p a t h  o f  t h e  moon. 

Many a r t i c l e s  have  been p u b l i s h e d  which w i l l  answer 

t h e s e  q u e s t i o n s  and h e l p  t h e  b e g i n n e r  and o l d  t i m e  

"moonbouncer" a l i k e .  Much o t h e r  d a t a  a r e  a v a i l a b l e  which 

have n o t  been  p u b l i s h e d .  It i s  t h e  i n t e n t  o f  t h i s  c o m p i l a t i o n  

o f  moonbounce n o t e s  and a r t i c l e s  t o  r ep roduce  i n  one p l a c e  t h e  

l i t e r a t u r e  n e c e s s a r y  t o  a l l o w  t h e  p o t e n t i a l  "moonbouncer " 

t o  make t h e  b a s i c  d e c i s i o n s  n e c e s s a r y  t o  s t a r t  h i s  p r o j e c t .  

A s  t i m e  goes  on, a d d i t i o n a l  n o t e s  w i l l  be added. 

C o n t r i b u t i o n s  from t h o s e  i n t e r e s t e d  i n  EME (earth-moon- 

e a r t h )  communication w i l l  be g r a t e f u l l y  r e c e i v e d .  

Thanks t o  t h e  American Radio Relay  League f o r  p e r m i s s i o n  

t o  r e p r i n t  c e r t a i n  a r t i c l e s  from QST magazine. - 

Bob S u t h e r l a n d ,  W6PO 
EIMAC d i v i s i o n  o f  Var ian  
301 I n d u s t r i a l  way 
San C a r l o s ,  C a l i f o r n i a  

94070 



This field full of phased log-periodic antennas 
was used by the author to obtain reflections 
from the moon in the 10-meter bond. In case 
you'd like to duplicate the feat, the array is 

1200 feet long and 75 feet wide. 
It has a gain of 27 db.! 

T h e  Moonbounce Problem, 
28 Mc. and Up 

Basic Facts for Determining Equipment and Antennas 
Needed for Lunar Communication 

T HE purpose of this article is to stimulate 
:ttnat,eur interest in moonbounce communi- 
cation, by presenting the basic parts of the 

problem, such as noise figure, path loss, and an- 
t,enna gain, in familiar terms. Once these basic 
factors itre understood, they can then be applied 
to eyu,iplnent and antenna design for communica- 
tion via the moon or man-made satellites. 

Moonbounce was accomplished on ten meters 
several nlolrt,hs ago a t  this station with about 1 
Icw. p.t:.p. singlo sidcl):lnd, using the array of 48 
log periodirs shown in tho first photogmph. The 
:trr:ty is 1200 fcxt long hy 75 fvc:t wiclc, ancl it has 
:t attin of 27 dl)., ovcr t,ht: range of 'LO to 65 Mc.! 
' ~ I I ( :  I)e:~ln produced is approximately 1% degree 
thick by 30 degrees in :tzilnut,h and can be placed 
to intercept the moon or sun track for about two 
hours each day. Power is distributed in the array 
with open-wire line, and tapered sections to main- 
tain the wide bandwidth, and in the usual opera- 
tion each antenna handles from 5 to 10 kilowatts. 
--- 

* Radioscience Laboratory, Stanford University, Stan- 
ford, Calif. 

A circuit diagram of the array would look like a 
corporation organization chart; that is, i t  starts 
with one feed line and progressively branches 
down to the individual antennas which are spe- 
cially designed and built log periodics, each hav- 
ing a pair of 40-foot booms and a total of 48 
elements. 

At each power division point there is a movable 
tap arranged so that the relative phase between 
antennas is completely adjustable. In practice, 
thc, phasing is changed each day to follow t,he 
moon's elevation. I t  takes two men with wrenches 
and :t jeep about two hours to move all of the 
tsps. 'l'he array is norlnally used with a 300-kw. 
(600-ltw. p.e.p.) c.w..transrnitter for radar studies 
of the solar corona and the ionized regions be- 
tween the earth and the moon.' 

The selection of ten meters for the moonbounce 
experiment mentioned above avoids controversy 

1 Research supported by the Electronics Research Direc- 
torate of the Air Force Cambridge Research Laboratories, 
Bedford, Mass., under contracts with Stanford University, 
Stanford, Calif. 

Reprinted from September, 1963 QST 



over tlie use of large 11or111rivatc antel~lias for 
v.h.f. records. Six or possibly fifteen lneters 
tniglit yield si~nilar results if tried. The whole 
idea, though, is to de~nonstrate that the absolute 
minimum antennas for h.f. and lower v.h.f. moon- 
bounce are ridiculously large for individual 
construction. 

Since the array is linearly polarized, Farad:~y 
fading is a very important corisiderstiori,2 and 
the unreconimended expedient of whistling into 
the tnicrophone was used, until the signal faded 
up to a usttble strength. Then the call was signed 
in voice and, with the help of some irnagi~~atior~, 
was received 235 seconds later. The use of circular 
polarization will reduce fading, and is certainly 
required for any serious v.h.f. lunar-communica- 
tion attempt. 

The trick of ten-meter moonbounce points out 
several facts that will become obvious as you 
read furt,her. First, station equipment needed 
for nloonbounce on our lower bands is a mini- 
mum, and cotnmercially available, but the an- 
tenna required is gigantic. Second, cosmic noise 
and ionospheric effects play a large role below 
about 100 Mc. With increasing frequency, the 
antenna becomes physically smaller, but the re- 
ceiver and transmitter must be the best that 
arnateur ingenuity can produce. 

The average loss in decibels for the earth 
moon-earth path, :tssuming 500 watts of r.f. 
power a t  the antenna terminals and a moon re- 
Hectivity of about 7 per cent, is given in Fig. 1. 
Path loss will vary approximately + 1 db. during 
each nlonth as range to the moon  change^.^ Moon 
reflectivity is currently the subject of several 
scientific investigations, and while reflectivity 
appears to be higher a t  frequencies below 450 
Mc., and is perhaps loner above that frequency, 
the figure given should be accurate enough for 
a first approach to the problem. If the transmitter 
power a t  the antenna, terminals is less than 500 
watts due to feed-line losses or other pr:tctical 
considerations (such as money) this path-loss 
number should be increased by the number of db. 
difference. 

The next problem is that of receiver noise 
tigure and sensitivity. Fig. 2 is a plot of cosnlic 
noise us. frequency, presented to give the equip- 
ment designer an idea of what is needed for a 
front end. The t t l i t ~  and itlax lines show the sky 
tetnperat,ures and minirnum usable noise figure 
that can be expected when the ant,enna is directetl 
toward the coldest and hottest portions of t,hr 
sk.v, respect,ively. This vt~riation is easily 01)- 
scrv:ll)lc t!veri witli sirnplc: (:cluiptnent and is :L 

good nletliod of checking antenna and systc,~i~ 
pt~rfor~i~at~cc:.~ Fort,un:ttely for the communica- 
tions problcln, larger areas of the sky arc cold 
than are hot. 

Below about 1000 Mc., cosmic noise is the 

2Dyce. "The Appearance of the Moon at Radio Fre- 
quencies." QST. May, 1901. 

3 Pettenrill. "Lunar Studies." Lectllre notes presented at 
corlrse on Radar Astronomy, summer session I !)(:I, Massa- 
clrusetts Institute of Tecllnology. Cambridge, Mass. 

4 Downcs, "-4 Sin~ple Radio Telescope," Skjl and Tele- 
scope, August, 1962. 

2.00 210 220 2X) 240 250 260 270 
PATH LOSS (decibels) BASED ON 7% LUNAR 
REFLECTIVITY AND 5 0 0  WATT TRANSMITTER 
OUTPUT 

Fig. I -Moonbounce-path loss vs. frequency. 

dominant factor and varies w ~ t h  the portion of 
the galaly observed It can he seen that being 
cos~iitc-rioise-linlited, that is, having the feed- 
line loss and receiver-noise contril~ution less than 
the cosmic noise, at  all times, is an engineering 
feat rlearly impossible a t  220 Mc. and higher, 
\+ith the present state of the art  

Before going further, i t  is necessary to clear 
up some confusion corlccrriing recc%iver scsnsit~vity 
:hod noise figure that hits arisen because of im- 
proper use of the rel:ltion: 

Idenl recetvcxr sensitivity = XTII 
u here 

FREQUENCY ( Mc)  

Fig. 2-Cosmic and water-vapor noise limits vr. frequency. 
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IDEAL RECEIVER SENSITIVITY (decibels 
below one watt) FOR 100 cps BANDWIDTH 

Fig. 3-Ideal receiver sensitivity vs. noise figure. 

k is 13oltz1llann's constant, 1.38 X 
joule/"K ,,' 1 is tc.i~iperitture i r ~  tlc~grres K 

B is bandwidth in c.p.s. 
If one uses roorn t,e~nperature of 290 degrees K, 

then it can be shown that: 
Ideal receiver sctnsitivity (-dbw.) = 

204 db. - 10 log H-db. noise figure. 
This relati011 is correct for systems with noise 

figures greater than 3 db. (system temperature 
greater than 290 degrees K), but needs revision 
to be correct for prcsent-day low-noise amplifiers. 
By using an equivalent system temperature for T 
instead of 290 degrees K, we can still satisfy the 
IRE definition for noise figure and be consistent 
with present practice. All of this is simply saying 
that it  is possible for a directive antenna and 
receiver at  u.h.f. to look at  a portion of the sky 
that is colder than 290 degrees K. 

RECEIVER SENSITIVITY (decibels below one 
watt) FOR UNITY SIGNAL TO NOISE RATIO, 
MINIMUM COSMIC NOISE LIMIT 

Fig. 4-Receiver sensitivity vs. bandwidth for the various 
amateur bands. 

A plot of the abovc~ interpretation for a rr- 
ceiver with a 100-cycle bandwidth is shown ill 
Fig. 3. There are some surprises in this graph that 
arise from proper use of noise figure. For instance, 
an improvement in receiver noise figure from 3 
db to 2 db. improves receiver sensitivity not just 
1 dl)., but nearly 3. Going from a 10-db. crystal 
nrixer to a 2-db. paramp yields a sensitivity im- 
provement of 12 db. This makes it pretty obvious 
that the best possible noise figure and the lowest 
possible line losses are all important, a t  frequen- 
cies where system noise is greater than cosmic 
noise. 

Fig. 4 uses the information of Fig. 2, and 
assumes that the system performs to the lower 
cosmic-noise limit. It shows what receiver sen- 
sitivity to expect in each case, for unity signal-to- 
noise ratio with various bandwidths. If the system 
is not cosmic noise-limited, the number obtained 
from Fig. 4 should be decreased by the number of 
db. difference between the ideal case of Fig. 4 
and the actual system. Again, both noise figure 
and transmission-line loss enter here. The number 
from Fig. 4, as modified by reality, is the receiver 
sensitivity in decibels below 1 watt, and can be 
added algebraically to the path loss of Fig. 1 to 
obtain the two-way antenna gain necessary. 

For example, select 1296 Mc. and assume a 
parametric-amplifier front end with a 2-db. noise 
figure and 2 db. of feed-line losses. From Fig. 1 
the total path loss is 244 db. and from Fig. 2 the 
system is definitely not cosmic noise-limited. 
Example: 

Fig. 1: Total path loss for 500 
watts power output 244 
Feed-line loss 2 - 

246 db. 

Fig. 4: Cosmic-noise-limited 
receiver scmsitivity (500 
c.p.s. bandwidtlr) -187 dbw. 

Fig. 2: Receiver n.f. = 2 db. = 170" K 
Line loss = 2 db. = 170" K 

340" K = 3.4 db. 
Cosmic noise = 0.5 db. 

Fig. 3: Difference between 
0.5 db. cosmic noise 
and 3.4 db. actual re- 
ceiver system + 10 db. - 

- 177 dbw. 
69 d E  

69 - = 34.5 db. 
2 

This is the anten~la gain required a t  each sta- 
tion for unity signal-to-noise ratio in a 500-c.p.s. 
bandwidth, but as WlFZJ has pointed out,6 the 
c3:tr can be a narrower filter if properly trained. 

- ~ - -p 

5 Troetscliel and Heuer. "A Para~rretric Amplifier for 
1296 Mc.," QST, January, 19fil. 

Harris, "The World Above 50 Me.," QST,  June, 19G1. 

(Continued on page 6) 



very little keeping you from beginning in e.m.e. 
work except the antenna. 

The bare minimum gain required from the 
144-Mc. antenna is 20 db. over a dipole. This 
does not mean that echoes are not possible with 
slightly less gain, but for any hope of reliability 
through the moon's cycle, 20 db. is the line 
when using "normal" receiving systems. 

Now about the antenna. To my knowledge, 
no one has yet been satisfied with the perform- 
ance of Yagis on an e.m.e. circuit. WGDNG used 
them but has since changed to an extended ex- 
panded collinear which he says is the best of 
more than 50 e.m.e. anteni~as he has tried. 
F8DO has a Yagi array, but doesn't feel it is 
performing as well as it  sho~~ld .  However, short 
Yagis of 4 or G elements may be the answer if 
yon must try them. VE3BZS/VE2 has an array 
of sixteen, Celement Yagis and is now doubling 
that number. He's had some success in hearing 
his own echoes. KGHCP, using two 26-foot booin 
Yagis, ran several hours of tests over a period of 
days with KGMYC with completely negative 
results. Transmittirlg a t  KGHCP and listening 
a t  KGMYC prodliced nothing. The opposite 
was also tried without srtccess although IiGAlYC 
cot~ld hear his own echoes. 

The antenna a t  KGMYC is a 160-element col- 
linear which 1 believe is producing close to the 
theoretical 2 1  db. gain. Echoes can be receiveti 
almost anytime during the moon's 28-day cycle, 
assuming the Faraday rotation (polarization 
rotation in the ionosphere) is correct. We will 
discuss Faraday rotation later as well as the 
28-day cycle, which is related to sky temperature 
(cosmic noise) a t  various "look" angles. F8D0, 
VESBZIS/VE'L, %I,lTFE, %1~1.4ZR, IFrBGDES, 
and of course VK3ATK have all heard KGMYC 
on e.m.e. WBBKAP has an antenna almost 
identiral to IiGMYC's and has had eqnally 
good results. 

The cl~biral quad looks good since it fits into 
the low-& claz5 with cullinear types. Z1,lTFE 
heard signals with four 5-element q~rads pat- 
terned after those by IVICEIL and modified by 
\V7FS. 1Io11't n ~ l e  out expanded q~uads as they 
should be qrute practical. S i ~ e  and weight seems 
to be their chief drawback. 

Ilhotnbics, the king of the h.f. antennas, seem 
to have a place i11.v.h.f. circles as well. This all- 
tenna does not allow rnuch moon time each 
month, b11t the gair~s achieved can be extl.en~ely 
high, a t  much less cost than most other arrays. 
VIC3hTN uses four rhombics stacked one above 
t,he other with six-foot spac i~~g  between for his 
%meter e.m.e. :LII~CIIII:I.. The a l~ ten~la  is 312feet 
long per leg and has a11 apex angle of abor~t 1 0  
degrees. The gain is calculated at  33 db., ovcl. 
perfect ground, but act~lil.1 gain is pro1)at)ly 
closer to 27 to 30 dl). VK3ATS has heen very 
s~~ccessful using this :~lltenna and 150 watts 
illpot. The LaPort rhombic is being tried and 
seems to havc po;jsibilities. Zl,l.4ZIt has a single- 
layer one and has copietl KGXIYC: and possi1)ly 
VICYATN. Rlore layers or a side-by-sitlc rou- 

figuration may be in order. The antenna is only 
70 feet long. The disadvantages of rhombics are 
immobility and low elevation angles. 

All of the antennas thus far discussed have been 
linearly polarized. Now let's consider some sort of 
circularly-polarized antenna. First a definition of 
circular polarization is in order: let us nse the helix 
to simplify the explanation. Since a helix has no 
linear element, i t  theoretically radiates equally in 
all planes and the wave is launched in the direc- 
tion of the spiral. Depending on whether the 
helix is wonnd clockwise or counterclockwise, 
the antenna would he called right- or left-hand 

Shown is the hub assembly of the VK3ATN dish. The decli- 
nation and hour angle drive motors are  yet to be mounted 

as is a 16-inch diameter bearina. 

This is one of the mol-e thon 20 steel tubing trusses being 
used in the 50-foot dish at VK3ATN. The 20-foot long 
trusses weigh 3 0  pounds each and are within %-inch tol- 

erance of a parabolic curve. 



circr~larly-polarized respectively. Iior point-to 
point commr~niration using helices, both anten 
n:ts should be wo11nd the same direction. JVhel 
listening for one's own echoes, a rightrhand signa 
radiated a t  the moon will return left-hand. Thi: 
means that to hear your own echoes the directio~ 
of circularity must be switched. Circular polari- 
zation can also be achieved with properly phased 
csrossed dipoles orthagonally mount,ed. 

I\:\:BGDEX currently uses nine 20-element 
crossed Yagis, but runs only the horizontal 90 
elements when testing with another station using 
h,,rizontal polarization. Otherwise he would lose 
al,ot~t 3 db. by putting half of his power into the 
vertical elements. However, if both stations 
used 180 elements circularly-polarized arrays, 
3 db. would be gain on both entls -- obviollsly 
very worthwhile. 

Also the problem of long term fading due to 
Faraday rotation wot~ld be eliminated. This 
polarization mismatch can cost as much as 20 db. 
when using linear-polarized antennas. Helix 
antennas have not yet been successfully used 
for a two-way amateur e.m.e. contact as far as I 
know, bnt maybe W8JK's helix will intrigue some 
of you who need a new challenge. (See WlCER's 
article on page 20, November, 1965 QST.) 

Certainly one antenna that should not be over- 
looked is the parabolic reflector, be it circular or 
cylindrical. However, dishes of a useful size a t  
144 Mc. are impractical for the average amateur, 
but a t  432 and higher the picture brightens. 
(KBUYH described a homebuilt dish in the 
August, 1966 CQ.) 

To  summarize on ant,ennas, my personal ex- 
perience tells me circularly-polarized antennas 
for 432 and above, if a t  all possible, and below 
432 shoot for maximum gain in a low-Q, linear 
polarized array. 

Now let's look a t  a smaller but still important 
component in the e.m.e. station, the preamp. 
I t  may not be entirely necessary if your con- 
verter has a noise figure of 3 db. or less, bnt if 
located near the antenna the preamp can reduce 
feedline losses on receiving and possibly lower 
the system noise figure a bit. The noise figure 
to aim for a t  2 meters is 2 db. You can try for less, 
but don't expect a noticeable increase in sensi- 
tivity, because the lowest sky temperature en- 
countered a t  144 Mc. is about 1.9 db. At 432 and 
above cosmic noise is less arid very low-noise 
devices become more useful. I t  is doubtful that 
your system will be cosmic-noise limited. On 
144 and 432 transistors appear to be the way to 
go, and more specifically, FETs or the steadily 
improving MOS dual-gate FET. Many types 
and brands are available for under $2. Many good 
preamp circuits have been published, but most 
lack protection for the transistor. A pair of diodes, 
typically 1N100s, back-to-back a t  the input to 
ground will save much grief. If you insist on 
using regular bipolar transistors, be sure to build 
a good stripline filter to help eliminate overload- 
ing of the transistor by strong local stations in 
the broadcast band and higher. Normally a 
filter IS not needed ahead of a FET. 

Little need be said about the balance of the 
converter except that crossmod~~lation (overload) 
of the mixer stage can sometimes be a problem. 
The use of FETs as mixers is a current solution. 
Recently RCA began marketing a dual-gate 
110s FET pair that look ideal for converters, 
a 3 5 1  10 front end and a 35141 mixer. Both are 
under $2 and nlay be the best yet for 144 and 
220. 

Xext month we'll look a t  methods used during 
e.m.e. tests and pass along some time-saving 
hints. Also a thororrgh examination of the prob- 
lems encountered is in order, as is a discussion of 
antenna mounts and drive mechanisms. In  the 
meantime, you should read W6UGL's article, 
"The Moonborlnce Problem, 28 Mc. and up," on 
page 20, September, 1963, QST. 



A Laymads Look at Emmme.-P& 11 (A demonstration of this occurred on Dee. 20, when 
KGMYC and VK3ATN had another e.m.e. &SO. Durina 
the entire &SO. 1302 to 1310 GMT, neitherwas able to 

K eiMyc continues his discussion this month hear his own echoes. VK3ATN also heard WGYK for 8 
of propagation problems effecting e.m.e. minutes following. - EDITOR) 
communications and what the amateur can 

do to alleviate some of them. 
Although there are electrons everywhere in our 

atmosphere and beyond, those in the ionosphere 
have the greatest effect on v.h.f. and u.h.f. 
signals leaving this planet. This cloud of elec- 
rons is in a constant state of flux, their number 
either increasing or decreasing, or moving about 
to form clouds or blobs, much the same as vapor 
clouds. For our discussion, however, think of the 
ionosphere as a homogeneous layer with no ir- 
regularities. A plane-polarized 2-meter signal en- 
tering this layer is gradually rotated and may go 
through several rotations before passing through 
the ionosphere and into space. If electron content 
is high, as it  normally would be during daylight 
hours, the signal may rotate many more times 
than it  would during early morning hours. This 
phenomenon is known as Faraday rotation. 

Regardless of the plane of polarization orig- 
inally, the wave may come through the layer in 
any plane until i t  strikes the moon. As an ex- 
ample, consider the direction of rotation to be 
clockwise. When the signal strikes the moon and 
is reflected, it maintains its plane of polarization 
until beginning to re-enter the ionosphere, where 
again it  begins to rotate, still in a clockwise direc- 
tion, until returning to the antenna from which 
i t  was transmitted. An originally horizontal 
signal mag have rotated six times plus 45 degrees 
leaving the ionosphere, and another six times plus 
45 degrees upon re-entry, adding up to a net 90- 
degree rotation change, or vertical polarization. 
The signal received on a horizontal antenna may 
suffer a 20- to 30-db. loss from polarization shift 
alone. 

The problem of Faraday rotation is further 
complicated when contact with another station 
is attempted. The transmitted signal must pass 
through two probably-different ionospheric sec- 
tions before arriving a t  the other antenna. The 
polarization of the arriving signal may match the 
plane of one of the two antennas, but not neces- 
sarily both, or either. To put it simply, your 
own echoes may be coming back well, but the 
other station may not hear anything. But if 
transmissions are continued for an hour or so, 
chances are your own echoes will fade and the 
other station may start hearing you. 

Another interesting fact about Faraday rota- 
tion is the relation to the hemispheres involved. 
A plane-polarized signal leaving the northern 
hemisphere twisting clockwise will return in the 
southern hemisphere counter-clockwise. It is 
possible that the effects of Faraday rotation can 
be nullified if the electron content of the iono- 
sphere were the same for both paths. The shift 
related to hemispheres does not occur if both 
stations are in the same hemisphere. Schedule 
times should be chosen when both stations can 
use approximately the same antenna elevation 
angle (the moon the same distance above the 
horizon a t  both station) as there are usually 
two to three times as many electrons in the 
horizon path to the moon as in the path a t  a 
45-degree elevation angle. The best time for 
ionospheric stability is between 2200 and 0600 
local time a t  both stations. 

Another factor entering into echo quality is 
scintillation, which cannot be corrected with 
circular polarization. An uneveness of electron 
density forms in the ionosphere and acts on a 
signal much like a lens on light. These "blobs" 
can have a focusing or defocusing affect on a 
signal producing unrealistically strong echoes, 
or no echoes a t  all. Scintillation, from my ob- 
servations, is more apparent a t  frequencies b e  
low 144 Mc. 

New Zealand, e.m.e. buff Ralph Carter, ZLITFE, (leit) 
recentlv visited K6MYC in Saratoaa. California. R a l ~ h  - .  
is actively working towards e.m.e. contacts on 144 and 

432 from his home in New Zealand. 

Reprinted from February, 1968, QST 



Librution fading caused by the rocking motion 
of the moon also effects echoes. For short periods 
the path loss can be reduced by as much as 6 to 
10 db. The moon is a rough surface and acts 
like many reflectors. Sometimes they add up in 
phase, while on the average they give a seven 
per cent r r2  reflectivity. Libration spread is more 
troublesome a t  frequencies higher than 144 Mc. 

Another factor having a large bearing on 
whether or not contacts can be made with mar- 
ginal systems is cosmic noise. On 432 and above 
this should not cause much concern, but a t  144 
it is a different story. The minimum cosmic 
noise a t  144 Mc. is about 1.9 db., which is quite 
easily heard with modern transistors. Cosmic 
noise is greatest is the direction of the Milky 
Way, or the galactic center. From my experience 
cosmic noise can make a 2-db. receiving system 
perform like a 6-db. system, or worse, when the 
moon is near the galactic center. There is usr~ally 
a period of five to seven days each month when 
the moon is a t  its lowest declination angles. These 
days should be avoided if success depends upon 

WlFZJ/KP4 is building this 5 0  foot square "dish" for 
432-Mc. e.m.e. tests. The dish will later be  expanded 
to 1 5 0  feet for use on 144. A movable feed will be  
mounted atop a 60-foot tower in the center of the dish 

optimum receiving capabilities. Even the period 
as the moon is increasing its declination to its 
peak of approximately 27 degrees is not especially 
cluiet. I n  my opinion the ten-day period after the 
moon has reached its declination peak is the best. 

The following suggestions are offered as pos- 
sible solutions to the problems just discussed: 
1) Faraday rotation can be handled with circular 
polarization, or in part by carefully planned 
schedule times. 
2) Larger than minimum antennas help over- 
come scintilation, libration fading and cosmic- 
noise effects. 
3) An effective method of reporting and con- 
firming signal reports helps in completing infor- 
mation exchanges. Avoid using code characters 
requiring dots, such as the letters I, E, S and H, 
and the numbers 2 through 7. The following sys- 

Willis Brown, W3HB, Bethesda, Maryland, recently hosted 
Andy Kalt, DLBPK, Wahn, West Germany (center), and Bill 
Smith, WBGKP, of early mombounce fame. DLBPK is 
active on 2 meters in Germany. By the way, Massachusetts 

meteor jockey W 1  JSM is the son of W3HB. 

tem is currently being used by those scheduling 
VK3.4TN: 

T -signals detected 
M -letters or portions of calls copied 
0 - Both calls and report copied 
MT - nearly solid copy 
5 - solid copy, no need for code 

By this system an 0 plus both calls received a t  
both ends and confirmed with RRR establishes 
a contact. Had this sytem been in use for my 
November 22nd test with VK3ATN we probably 
would have made another contact. However, by 
the old system VK3ATN was sending 3s repre- 
sented by the letter E. Es are easily lost to fading 
and are sometimes not discernible from noise 
pips ringing in narrow-bandwidth audio filters. 
Especially after many hours of listening for weak 
signals, dashes are much easier to  detect. 
4) Receiving system modifications such as post 
detection, phase lock, nolse blanking and can- 
cellation all can help find signals in the noise. 
F.s.k. should offer a 3 db. signal-to-noise improve- 
ment and is an area for experimentation. 
5) Keep transmitting and receivingperiods short. 
I prefer 1 to 2-minute periods, particularly in 
daylight hours when Faraday rotation is rapid; 
90 degrees every 15 to  30 minutes. Echoes can 
appear, peak and fade in 5 minutes or less. Five- 
minute periods are used by many, since some de- 
tection schemes require 3 to  5-w.p.m. C.W. speed 
for proper integration time. 
6) Use relatively slow-speed c.w., under 10 
w.p.m. When testing with VK3ATN my trans- 
mission periods are two minutes long. During 
the first minute each call is sent 2 or 3 times, and 
the report is sent the second. 
7) Be sure of your frequencies, times and calling 
sequences. Frequencies must be within one kilo- 
cycle. 
8) Keep your antenna as close as possible on the 
moon. If your antenna has a 5-degree beamwidth 
a t  the 3 db. points, you probably can't afford to  
be 5 degrees off. It is worthless to build a good 
antenna system and then waste it  with poor 



aiming. This has been the principal cause of many 
e.m.e. failures. 
9) Don't start listening for echoes in a narrow 
bandwidth (under 500 cycles) unless you are 
experienced or have a receiving system that re- 
quires it. I prefer an 800 to 1000-cycle bandwidth 
hut most of my receiving is done in a 2.1-kc. 
bandwidth, with, the ear providing the "selec- 
tivity." 
10) When searching for weak echoes, contin- 
uously sweep the 500 to 1000-cycle portion of the 
band where the signal should be. I've found I can 
detect signals this way that might otherwise be 
lost in the noise. The ear can detect pitch changes 
easier than a steady note. 
11) Doppler shift on two meters is not much of 
a problem. I've never heard an echo shift more 
than 500 cycles a t  144 Mc. If the moon is rising, 
the signal will appear high in frequency. -4s the 
moon passes due south there will be little or no 
shift; then as the moon begins to set, the echo 
will appear lower in freq~lency. When listening 
for your echo from a rising moon, set the receiver 
so the transmitted signal produces a 200 to 300- 
cycle note. The echo will then produce a 500 to 
700-cycle note. The opposite is true of a setting 
moon. Doppler on 432 axid higher is of more con- 
cern and will produce a 1-kc. shift or more, except 
when the moon is due south of your antenna. 

Next month's concluding discussion of this 
series will cover antenna mounts, drives and 
readout systems. 



E.M.E. for the Layman-Conclusion 

T HIS month we conclude a three-part discussion 
of e.m.e. (earth-moon-earth) principles by 

Mike Staal, K6MYC. The final section covers 
antenna mounts, drive systems and readout 
mechanisms. 

First the prospective moonbouncer must 
decide if he is going to use his antenna system for 
anything other than e.m.e. experiments. This 
decisio~i governs the selection of an appropriate 
mount and drive system. A very simple mount 
can be constructed if the antenna is to be used 
only for e.m.e. and thus be aimed a t  a specific 
point in space. This may be a logical place to  
begin, but you will probably soon become frus- 
trated a t  being limited to perhaps 5 or 6 hours 
each month when the moon passes through the 
antenna's pattern. I suggest a t  least a partially- 
steerable array. 

If only e.m.e. is contemplated, a polar (or 
equatorial) mount would be a wise selection as i t  
requires only one drive mechanism for tracking 
and some form of manually tilting the array 
slightly from day to day to set the declination1. 
To accomplish this, your antenna mast or tower 
must be mounted parallel to the axis of the earth. 
Thus, if your station location is a t  35" north, 
the mast would be fixed a t  an angle of 35" from 
the earth's surface a t  such location, oriented in 
a north-south direction (see fig. 1.). The de- 
clination (manually-tilted axis) changes from 
day to day. Information may be found in The 
American Ephemeris and Nautical Almanac, 
1968, available through the Superintendent of 
Documents, U.S. Government Printing Office, 
Washington, D.C. for a nominal price. All that is 
necessary now is that your drive mechanism 
rotate the antenna a t  a rate of 15" per hour to 
track the moon. 

This is all fine and dandy for e.m.e., but if 
you want to use your array for satellites, meteor 
scatter, aurora or something similar, a polar 
mount is not much good. A drive system per- 
mitting the array to be fully steerable in both 
azimuth and elevation (az-el) is the answer. 

The array a t  K6MYC is mounted atop a 
homemade 12%-foot tower. The four legs of the 
tower are fastened to a platform which in turn 
is bolted to the roof of the garage directly above 

the operating position. A large unmodified prop 
pitch motor is mounted inside the top of the 
tower. A husky steel plate is welded to the 
rotating gear and another plate is attached to 
the first with ordinary door hinges, see the 
photographs. These hinges are employed in the 
elevating mechanism. To  this plate a 3-inch 
aluminum channel is attached and the main boon1 
of the array is clamped in this channel. A jack 
screw with right-hand left-hand square threads 
starting from the center out raises and lowers the 
array. At the lower end of the jack screw is a 
20-to-1 gear reduction box giving a zero to 90" 
elevation time of three minutes. With the plates 
together the array is pointing straight up. The 
entire elevation drive rotates with the array. 

0aL-a 
75  or& ~ r ) ~ l O n ; .  2s. 

stat- \ wti% south 
of&Mq&r 

Fig. 1. 

Selsyn hookups are used for direction readout 
and may be varied to suit the particular builder. 
I'll let you work out your own azimuth system, 
but my elevation selsyn mount is quite simple. 
The selsyn is attached to the main array boom 
and aligned with it. A weight was tightly affixed 
to the selsyn shaft and, of course, the weight 
always hangs straight down regardless of the 
position of the array. The mates to  both selsyns 
are mounted on a panel in the shack. Crude, 
perhaps, but i t  gives one-degree accuracy, and in 
e.m.e. you can't afford less! 

A handy item for telling if your array is point- 
ing a t  the moon is the RCA SQ2520 photo-cell 
costing about $2, or its equivalent. This de- 
vice is .sensitive enough to detect the light of 
even a small sliver of moon. When placed a t  the 
end of a 20-inch long one-inch diameter tube and 
the leads connected to an ohm meter, i t  is an 
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Mounted on the lower end of the jack screw is the 20-to-1 The elevation selsyn is mounted on the boom to the right 
reduction system. Note the collinear elements o f  the mount. Note the jack screw, elevation plates and 

and main boom. channeling holding the main boom on the mount assembly. 

accurate indicator of proper aiming. Obviously I t  has been a pleasure to present these notes on 
it must be mou~lted so to be ai~ned along t,he e.m.e. problems, ant1 it. is 11ly hope that many of 
exact plane of your array. I t  is ~lseful only at you will become interested i l l  building your own 
night when the moon is visible. n.rn.e. system. - K6df YC 

As can be seen, the problems of mouritil~g, 
steering and controllil~g all e.m.e. array are 
mostly mechanical and must be left to the 
ingenuity of the builder. Following the basic 
principles given here on locating the moon the 
builder may develop his own system. 



CONDUCTED BY BILL SMITH.* K4AYO 

Beginning Moonbounce-101 
EACH month we receive letters from prospective 

moonbor~nrers inqr~iring for reference ma- 
terial, and hints how to begin their e.m.e. project. 
In t.his colr~mn for January, February and March 
1068 appeared a three-part series by KGMYC, 
designed especially t,o answer the most common 
qr~estions. For those who do not have these 
issues, we'll paraphrase some of the highlights 
this month, b r ~ t  suggest you obtain the originals 
from a friend, or AltRL Headquarters a t  the 
nominal fee of 75 cents each. 

Basically, this is what is required: 500 watts 
or more of transmitter output, the best possible 
receiver front end, a bigger antenna than most 
of us will ever erect, the means of aiming the 
array a t  the moon, and much perseverance. All, 
but the latter, may be store-bought, if you're 
so inclined. 

Lets look a t  each. The transmitter power is 
easily acquired a t  144 MHz., the most popular 
e.m.e. band, 220 MHz., where apparently there 
is no active e.m.e. work, and a t  432 MHz. 1296 
and up are progressively more difficult. There are 
numerous transistors capable of achieving the 
necessary noise figure a t  144, many in the one 
dollar &ice rang; The doesn't change 
too much a t  432; a t  1296 the device will cost 10 
dollars or more. 

The antenna, its type, size and aiming, may 
be considered together. Success has been had 
with collinears, Yagis, rhombics and dishes, or 
parabolic reflectors. The most popular, because 
it is tolerant of less-than-optimum amateur 
construction t1echniques, is the collinear. KGMYC 
designed, and later discussed in the April, 1967 
edition of this colrlmn, a modification of a com- 
mercially available collinear. The modified ver- 
sion of that antenna is now on sale. At 2 meters, 
i t  is probably the best available commercial 
antenna. 

Both SM7BAE and ZLIAZR, who together 
hold the world's 144MHz. e.m.e. record, use 
multiple-Yagi arrays. Another promising 2- 
meter Yagi array was described by Oliver Swan 
a t  the recent West Coast V.H.F. Conference. In  
tests a t  KBMYC, a four-bay array of these 
Yagis, spaced 80 inches both horizontal and 
vertical, recovered the same amount of e.m.e. 
signal from K0MQS as did a 40-element collin- 
ear array. Physically the collinear array is about 
three times as large as the Yagi array. Details 
of this antenna will appear soon in &ST. 

Mounted on the roof of his 10s Angeles home, this is the 
homemade dish of WB610M. H e  used this dish to success- 
fully work G3LTF and establish a new 1296-MHz. moon- 
bounce record. The 16-foot diameter dish consumed 
450 square feet of sheet aluminum and 70 pounds of 
epoxy to bond the aluminum sheets. (WB610M photo) 

Rhombics, used with much success by VK3- 
ATN and KBMQS, are capable of developing 
gain in excess of 30 db. over isotropic. Their 
disadvantages are physical size (several hundred 
feet in length) and f i x 4  direction, except in the 
case of VKXATN who varied the direction a few 
degrees by a pully and track arrangement. 
Rhombics are not feasible a t  the average city 
amateur location. 

The parabolic reflector, more commonly 
known as a "dish," is essentially a low-efficiency 
antenna, something in the order of 35 percent. 
In  addition, because of its physical size, especially 
a t  144 and 432, it is not practical for the back- 
yard e.m.e. enthusiast. However, a t  1296 and 
higher, good gain can be developed from a modest 
size dish. A picture of WB6IOM's 16-foot dish, 
used in establishing the world's e.m.e. distance 
record on 1296, appears elsewhere in this column. 

Even more important is how you aim the 
array. I t  matters not how much gain the array 
has if it can not be aimed a t  the moon. Three 
systems are available; fixed position, partially 
steerable (polar mount), and fully steerable. 
A fixed-position array is the simplest to build. 
You have only to determine the place in space 
where the moon will travel through the array's 
pattern a t  a given time, and fix the array in that  
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position. This method, however, limits the time 
each month the moon will pass through the 
antenna's pattern, and who you can work be- 
cause of matching the "window." The window is 
a mutual place in space where antennas a t  both 
stations are pointed a t  the moon simultaneously. 

The partially steerable, or polar mount, an- 
tenna is especially suitable for e.m.e. work. It 
needs to be set only once daily for declination 
(the angle in degrees north or south of the celes- 
tial Equator, or elevation angle) and then ro- 
tated in azimuth (horizontal plane) to track the 
moon. The moon travels across the sky a t  a p  
proximately 15 degrees per hour. 

A fully steerable array, in both azimuth and 
elevation (az-el mount), is more flexible for use on 
other propagation modes, but is ditEicult me- 
chanically to construct and calibrate for e.m.e. 
purposes. This is the most desirable type for 
satellite work. 

All right, we've thrown out some facts; what 
do they boil down to? For the e.m.e. neophyte 
I'd suggest the following, and you e.m.e. grey- 
beards may sit back and stroke them. Try 144 
MHz., there is more activity, and technically 
2 meters is more easily achievable. Construct 
a collinear array of a t  least 160 elements. That 
puts you into the 20-db. gain e.m.e. ballpark. 
Mount the array in a fixed position, taking into 
consideration who you wish to schedule. The 
mount may be modified a t  a later date to a 
polar configuration, after you become more 
familiar with e.m.e. techniques. 

Much of this discussion may be directly a p  
plied to satellite programs, hopefully to soon 
again grace the amateur horizon through the 
Arnsat and Nastar projects. E.m.e. and satellite 
work is within the grasp of many of us. As 
KDMQS recently said, "if I can work e.m.e., 
anyone can." What Dick said is true -if you 
have the perseverance to put the system together, 
and stay with it until it works. You still can't 
buy that! -...- 



HI.: YEAR 1064 will long he remembered by 
v.h.f. moonbonncse enthr~si:~sts. First, the pa- 

Ttient work of Bill Conkel, \\.BDXG, and 
1,enna Suon~inen, OHISL, pnid off with the first 
two-meter moonbounce cont:tct, and then 
I<l'4BPZ really showed the possibilities of such 
work. Post~nortems on the week end of June 13 
and 14 were held wherever v.11.f. men gathered, 
but one aspect of our participation seems clear. 
Many groups and individuals depended upon their 
ability to visually align their antennas on the 
moon. Cloudy weather ~neitnt failure: partly 
cloudy weather mennt disastro~~s breaks in track- 
ing the moon. 

( ietting around this trouble is really pretty 
easy. First, you need to know where your antenna 
is pointed. If you're using good rotators, the indi- 
vators tell you. I f  you're using an "Arnatrong" 
system, attaching "setting circles," wl~icli are 
rirrular dials with 360-degree markings, will tell 
you. Sow the only thing you need to know is 
where in the heck the !noon is! 

The purpose of this article is to show two ways 
of calculating where the moon will be in the sky 
at  a given time on a given date. The first way is 
quick and dirty. 1Vith no ~lmtliernatics and no 
references other than this article, it will predict 
the moon's position to an accuracy of 5 degrees 
or so for observers within the United States. 
Since an antenna with an honest 20db. gain will 
have a half-power beam width of about 13 de- 
grees, &degree accuracy should be acceptable 
for most applications. If this isn't good enough, 
a second way is described. I t  is bot,ll accurate and 
tedious. To use it, one needs a table of trig- 
onometric functions and one reference book. 
Either of these methods will help you aim your 
antenna a t  the moon in fair weather or foul. 

All of this discussioq will be in ternls of ele- 
vation and azimuth coqrdinates. Elevation is the 
height in degrees of the center of the moon above 
the horizon. Azimuth is the bearing of the moon, 
measured clockwise fr m North. For example, 
the elevation of the ho izon is 0 degrees, and the 
elevation of a point di ectly overhead is 90 de- 
grees. The azimuth of 1 he eastern horizon is 90 
degrees, while the aziduth of the southern hori- 
zon is 180, and so on. 111-e are going to stick to 
"az-el" coordinates bdcause this is the simplest 
type of mounting for ,an amateur to build and 
align. Also, because of the moon's rapid motion 
in declination (declination is the same, in celestial 
coordinates, as latitude in geographical coordi- 
nates), other types of mountings do not offer the 
advantage for the moon that they do for heavenly 
bodies with fixed declinations. 

The Moon's Position; Quick W a y  

If we watch the moon's path across the sky for 
a month or so, we see that it shows a cyclic varia- 
tion. The moon might, on the first night, rise 
quite high in the sky. The next night it would not 
rise quite as high, and the next night it would be 
even lower. After about 13 days it would be low- HOW High the Moon 
est in the sky, and the next night it  would be 

* 430 S. 45th St., Roulder, Colorrrdo. BY DON LUND,* WAflIQN 
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Fig. 1 -The average declination of the moon during 1965. 

higher again, until after about 27 days, it would 
be at  its highest again. This is because the moon 
wobbles in declination. The wobble is almost 
sinusoidal, with a period of about 27 days, its 
shown in Fig. 1. The dates given are the starting 
dates for the oscillation. Since the period isn't 
exactly 27 days, it is necessary to slip a day every 
so often, as on September 18-19. The maximum 
amplitude changes about 1% degrees during 
196.5, so the curve shows the mean declination, 
D, during 1965. Thus on July 26,1965, the moon's 
declination is + 25 degrees. On August 2, seven 
days later, the declination is 0, while on August 
3, D = - 4 degrees. 

Knowing the moon's declination, we may com- 
pute its path across the sky (see Fig. 2). M7e see 
that when the moon's declination is most positive, 
it pass- highest in the sky ; when the declination 
is most negative, it is lowest in the sky. At some 
time, call it T, the moon is due South. At T - 1, 
that is one hour before 7', the moon is on a solid 
line corresponding to the declination from Fig. 1, 
where it crosses the dsshed line marked " 7' - 1." 
An hour and a half later, the moon is still on the 
same solid line, and is where the dashed line 
marked " T  + ?.%" crosses it. At T - 1 and 
T + 95, we can read the moon's azimuth and 
elevation off the bottom and side scales. One 
word of caution about Fig. 2: I t  has been com- 
puted for an observer whose latitude is 40 degrees 
North, which is on a line passing through San 
Francisco, Indianapolis and Philadelphia. For 
observers north and south of this line, the ele- 
vation scale is squeezed or stretched. However, 
for the kind of accuracy we need, the curves will 
produce acceptable results over most of the con- 
tinental United States, except Texas, Florida 
and Maine. 

All that is needed now is to find the time, 7', 
a t  which the moon is due South. This is shown in 
Fig. 3. Again, the dates are the starting times of 
the periods, which are about 29 days long. The 
time can then be read directly in local standard 
time. For example, the moon is due South a t  
midnight on July 12, 1965. On August 3, 22 days 
later, the moon should be due South a t  about 

4:40 P.M. local standard time. As before, Fig. 3 
represents an average curve for 1965, computed 
for an observer a t  the middle of the United States. 
East and 11-est Coast times may be off by sev- 
eral minutes. 

In summary, the complete procedure is: 
a) Given the date, find D from Fig. 1. 
b) Given the date, find T from Fig. 3. 
c) Knowing D and 7', enter Fig. 2, reading off 

azimuths and elevations a t  hourly intervals 
before and after T.  For illustration, let's say we 
want the azimuth and elevation of the moon 
on August 3, 1965. From Fig. 1, D = - 4 degrees, 
and from Fig. 3, T = 4:40 P.M. In Fig. 2, the 
D = - 4 degrees curve must lie asixth of the way 
down from D = 0 degrees to D = - 25 degrees. 
Pencilling a curve like that in, a t  T - 3, that is 
a t  1:40 P.M., the azimuth is 127 degrees and ele- 
vation is 29 degrees. At 2:40 P.M., the azimuth 
is 141 degrees, and elevation 32 degrees. Follow- 
ing along, we can find elevation and azimuth 
every hour. Sounds a little complicated a t  first, 
but with some practice, it becomes quick and 
easy. 

The Moon's Position: Exact W a y  

For the Inan who has everything -a  300-foot 
dish and an IHM conlputer -the easy way may 
be neither satisfying nor accurate enough. For the 
man with such excellent capabilities, we offer a 
cookbook which shows one way of computing the 
r~loon's elevation and azimuth. 71-e won't define 
things like hour-angle, for these definitions would 
constitute a full course in astronomy. Rather, we 
will just tell you how to compute, and let you 
study the references if you wish. 

The first step is to compute the local sidereal 
time, which we call T,. Pick a Greenwich Mean 
Time, T,, for which we want to compute the 
r~loon's position in the sky. At this point we must 
refer to The American Ephemeris and Nautical 
Almanac, 1965 (or whatever year you wish) 
which is available from the Superintendent of 
T)ocuments, U. S. Government Printing Office, 
\\-ashington, D. C. Copies are often available a t  
nearby observatories, and occasionally a t  nearby 
universities. In the Ephemeris, under the section 
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Fig. 2-Azimuth and elevation of the moon. 
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tion" wl~ ic l~  is just to the right of the ".4pparent 
Itight .4sc~ension" colurnn in the Ephett~eris. 
Having found B fro111 tlie tables of trigonometric 
functions, look up cos IT. Then the aairnuth, A ,  
can he c~~rnputed from : 

sin 1) - sin 12 X sin E 
cos A = 

c o s E  x cos l2 
-- and 
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cos D X sin h.a.tn. 
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Fig. 3-The average local standard time a t  which the 
moon appears due south. 

titled "Universal and Sidereal Times, 1965" 
there is a column called "Sidereal Time, Ilour 
Angle of the First I'oint of Aries - Apparent." 
One entry is given for each day of the year. 1,ook 
up the value for the date you wish, and call the 
value T.,. Then the local sidereal time may be 
computed froni 

where 11 is your longitude in degrees, west of 
Greenwich. Kext, cornpute the hour angle of the 
moon; call i t  h.a.m. T o  do this, in the Bphettaeris, 
in a section titled ";2loon, 1065, 1"or 13:ach Ifour of 
E~hemeris  Time," for each date there is a colurnn 
showing " ~ ~ ~ a r e n t  Right Ascension" for each 
hour of time. Look up the Apparent Right .2s- 
cension for the date and time of interest; call 
i t  ,..a.m. Then the hour angle of the moon, in 
degrees is: 

h.a.m. = ( T ,  - r.a.m.) 
360 
24 

Xext, we conlpute the elevation of tlie moon; call 
this angle I?.'. This is c~oiriputetl froin 

sin E = (sin D X sin 12) + (cos D X cos l2 X 
cos / L . U . I I L . )  

where 12 is the latitude of the observer and I1 is 
obtained from the colunin "Apparent Declina- 

From the trigonometric tables, we can then look 
up A .  

For the person who needs this accuracy, and 
has access to an  Il3hl coiuputer, a Fortran pro- 
gram for the above may be obtained by writing 
the author. 

Summary 

T o  permit aiming antennas a t  the moon 
through cloudy skies. we have shown two ways of 
computing the position of the moon in the sky. 
The first way is a s  simple a s  me know how to 
make it. I t s  accuracy is poor Ijy :istronorr~ic:~l 
standards, but sl~ould be suffrcient for most 
arnateur applications. The second w:ty is more 
accurate, but involves tedious con~putations. 
\\.e cornri~ent that we llave ignored rertain hne 
points in tile set-ond method, suc.11 as the differ- 
ence between I~:pl~emeris and (ireenwich Mean 
Tirrre and the fact that the Ephemeris values of 
right ascension : ~ n d  declination are as seen fro111 
the center of the e:irtll. Such rehnernents can be 
introduced if the  need for ultinlate accuracy 
arises. 

References 

For a general reference wliich provides an  
excellent introduction to the ternis and ideas 
used here, we would recommend dstronon~y, by 
11. IT. Baker (D. Van Sostrand Co.: Inc., 1960). 
For more detailed infornlation, which includes 
the derivation of expressions like those which we 
have used in the Exact Method, we could recorn- 
mend Bzettaentanj Alathenlatzcal .lstrononay, I)y 
C. \\-. C. Barlow and G. H. Bryan, as revised by 
I f .  S. Jones (University Tutorial I'ress, Ltd., 
1961). Tables in Figs. I ,  2 and 8 were supplied 
by the High Altitude Observatory, Boulder, 
Colorado. E l 3  



Tracking the Moon - In Simple English 
Practical Ideas for Designing and Aligning a Polar Mounf 

BY VICTOR A. MICHAEL,* W3SDZ 

MAJOR pitfall facing the prospective moon- A bouncer is the antenna mount and tracking 
system. Even a 50-foot dish is of no value 

in lunar communication, if it cannot be pointed 
a t  the moon and kept there. When we began our 
moonbounce efforts, many hours were spent 
pouring over astronomy texts. I t  was determined 
rather quickly that a whole new language would 
have to be learned for a proper understanding of 
the moon-tracking problem. Gathered together 
here are some of the essentials involved. 

Earth-Space Relationship 

Understanding the earth-moon relationship in 
space is the first step in solving the moon- 
tracking problem. This relationship is best 
illustrated with a polar mount, as in Fig. 1. 
A polar mount is simply an elevation-azimuth 
mount with its azimuth axis parallel to the axis 
of the earth. Thus a polar mount a t  the equator 
would have its axis parallel to the earth (horizon- 
tal, to the viewer on the ground), while a t  the 
North Pole the axis would be vertical, or a t  a 
90-degree angle to the plane of the earth. Your 
latitude determines the position of the polar 
axis with respect to the earth's surface, as illus- 
trated in Fig. 1. Once this is determined, we can 
proceed to a few other terms. 

Celestial Equator. An extension of the earth's 
equator; the circle that would be formed a t  a 
right angle around the polar axis. 

Meridian. The north-south line directly over- 
head. 

Hour Angle. The angle in degrees to the right 
of the meridian. (Degrees can also be transferred 

in setting up, calibrating, and using your moon- 
bounce antenna. It is available from the U. 8. 
Government Printing Office for $2.00. Be sure 
you get the right book; there is a similar publica- 
tion from the same source titled The American 
Ephemeris and Empirical Nautical Almanac. This 
is more expensive, and harder to use for amateur 
applications. 

On page 39 is a portion of the tables found in 
the Nautical Almanac. It will be noted that the 
position of the moon is plotted for each hour of 
GMT. As an example, ad1200 GMT Jan. 1, 1965, 
the GHA (Greenwich Hour Angle) is 15 degrees 
16.5 minutes. This means that the moon has 
passed overhead a t  Greenwich, and is now 15 
degrees 16.5 minutes, or just over one hour, to 
the right of the meridian, as the observer faces 
south. The declination is given as S 23 degrees 
39.5 minutes, which means that the moon is a t  
this position south of the celestial equator. 

Once you know where the moon is a t  Green- 
wich, a simple formula may be applied to deter- 
mine its position with respect to your own loca- 
tion. The declination is always the same, no 
matter where you live. The only factor that 
changes is the hour angle. The Local Hour Angle 
(LHA) can be obtained by the formula 

- west 
LHA = GHA longitude. 

f e a s t  
Getting back to our example, suppose you I've 

a t  75 degrees west longitude. We find that the 
moon would have an LHA of 300 degrees 16.5 
minutes, or approximately 4 hours before 
meridian. 

into time: 15 degrees equals 1 hour; 1 degree 
eauals 4 minutes.) Mount Design Considerations 

Declination. Angle in degrees north or south After you examine your almanac you will 
of the celestial equator. discover a few facts about the moon's habits that  

will help you to design a mount. First of all, 
Using the Nautical Almanac the moon saends about two weeks above the 

This is the most important tool you will use celestial equator and about two weeks below. 
BOX 34; Milton, pa. The maximum declination is about 25 degrees 

Fig. 1-Principles of the polar 
mount for moon tracking. At the 
left it can be seen that the po- 
lar axis is always parallel to 
the axis of the earth. Its position 
with respect to the earth's sur- 
face depends on the latitude of 
the observer. Two planes of 
rotation are required; the 
declination, which may be 
varied a small amount from 
day to day as required; and 
hour-angle, which should be 
controlled with a clock drive 

to follow the moon. 

Reprinted from January, 1967 QST 



north or south of the celestial equator. Tracking 
ability for about 3 to 5 hours of hour angle 
each side of local meridian should be satisfactory. 

At this point it  is possible to make some 
compromises in order to simplify the mount in 
favor of a larger antenna. For instance, a t  WlBU, 
Sam gave up two weeks out of a lunar month in 
order to use the 28-foot dish of Fig. 2 in recent 
moonbounce tests. He can elevate the antenna 
above, but not below, the celestial equator. The 
high edge (upper left in the picture) is elevated 
to the desired position, while the lower edge 

Fig. 3-Polar mount at WBSDZ, before 
the 256-element 432-Mc. collinear 
array was in place. The complete 
array is pictured in November 1964 

QST, page 75. 

Fig. 2-Simplified polar mount and 
28-foot dish at W l  BU. Princip!es of 
the mount and its clock drive are ex- 

plained in the text. 

rests on the pedestal a t  the lower right. The hour 
angle is controlled by a clock drive, just visible a t  
the lower center. Though complex enough, this 
is far simpler than the true polar mounts used 
on the 18-foot dish a t  WlBU, or the mount and 
drive for the 256-element collinear array at, 
lV3SDZ, Fig. 3. 

Calibration of the Mount 

Obviously, if you are going to use the informa- 
tion in the Nautical Almanac with your mount, 
there must be some system of readout. There are 



many possibilities, and many different systems 
will evolve. As a starting point, a few ideas will 
be discussed here, and the2 "to each his own." 

As a practical matter, the declination need 
be set no more than once per day, for i t  changes 
less than 2 degrees in 24 hours. For a few hours 
of moonbouncing effort each day, less than 
1-degree variation is involved. Unless your 
antenna pattern is much sharper than the best 
amateur efforts to date on frequencies below 
1300 Mc., this error is no problem. Declination 
readout can be rather simple: a calibrated scale 
on the antenna mount, a selsyn readout, or even 
a good 10-turn pot geared to the declination axis, 
and connected to a mercury battery and a meter. 
Anything accurate to plus-or-minue 1 degree 
should be all right. 

Hour-angle readout and automatic tracking 
are the chief problems in moon tracking. The 
moon appears to move across the sky a t  slightly 
less than 15 degree! per hour. Actually, it is 
the earth that is moving a t  15 degrees per hour. 
The moon is also moving, but a t  less than 1 de- 
gree per hour. Thus our basic problem is to 
drive the polar or hour-angle axis a t  15 degrees 
per hour with a clock. The simple procedure of 
turning off the hour-angle drive for about 3 
minutes once each hour, until the moon catches 
up, keeps things more than accurate enough for 
antenna tracking. 

Now a "clock" doesn't necessarily have to 
look like a clock. For instance, a large syn- 
chronous 60-cycle motor driving a gear train 
a t  1 revolution per day, coupled directly to the 
hour-angle axis, will work. The WlBU system 
is shown schematically in Fig. 4. Actual readaut 
can be by any method that will develop plus-or- 
minus ldegree accuracy. 

When the mount is made, the antenna 
mounted, and the readout devices reading, the 
next question will be where is the antenna really 
pointing? This may sound simple, but most 
would-be moonbouncers have had trouble with 
this problem. Fortunately, nature has provided 

Table I-Section of  a page from the Nautical Almanac, 
showing solar and lunar data for each hour 

of  January 1, 1 965, at Greenwich. 

G.M.T. 

d h  

1 00 01 
02 
03 
04 
05 
06 
07 
08 

F 09 
R 10 
1 11 
12 

A 13 
Y 14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

us an almost constant radio signal that permits 
a rather accurate calibration of the antenna 
system to be made. That signal comes from the 
sun. It will be seen that the almanac gives 
identical information on GHA and declination 
for the sun: thus, by listening to solar noise you 
can calibrate your polar mount in the same terms 
of reference as you will use in moon tracking. 
Some time spent reading K2LMG's "Antenna 
Patterns from the Sun," &ST for July, 1960, 
will be well spent a t  this point. 

What you have just read covers some of the 
essentials. It is hoped that enough information 
has been given to enable the prospective moon- 
bounce enthusiast to determine his requirements 
for mounting and tracking. If any serious experi- 
menter in this field needs helw a t  this woint, the . , 
author will be glad to try be of assistance. 

B%l 

SUN 
. 

G.H.A. Dec. 
o r  . r  

179 09.2 523 02.3 
194 089  02.1 
209 086  01.9 
224 083 ' . 01.7 
239 080 01.5 
254 07.7 01.3 
269 074 523 01.1 
284 07.1 00.9 
299 068 00.7 
314 065  . . 00.5 
329 062 00.3 
344 05.9 23 00.1 

359 05.6 522 59.9 
14 05.3 59.7 
29 05.0 59.5 
44 04.8 . ' 59.3 
59 04.5 59.1 
74 04.2 5 8 8  

89 03.9 522 586  
104 03.6 584 
119 03.3 582 
134 03.0 . ' 580  
149 02.7 57.8 
164 024 57.6 

24 HR. 
CLOCK 
DRIVE 

s E RVO ? - W e  oufout 

MOON 

G.H.A. II Dec. d H.P. 
o r ,  o , ,  , 

201 09.9 11.7 522 483 4.9 54.0 
215 40.6 11.7 22 53.2 4.7 54.0 
230 11.3 11.7 22 57.9 4.7 54.0 
244 42.0 11.6 23 02.6 4.5 54.0 
259 12.6 U.6 23 07.1 4 4  54-0 
273 43.2 11.5 23 11.5 4 4  54.0 
288 13.7 11.6 523 15.9 4.2 54.0 
302 44.3 11.5 23 20.1 4.1 54.0 
317 14.8 1 1 4  23 24.2 4.0 54.0 
331 45.2 11.5 23 282 3.8 54.0 
346 15.7 1 1 4  23 32.0 3.8 54.0 

0 4 6 1  l i d  23 35.8 3.7 54.0 

15  165  11.3 523 39.5 3 5  54.0 
29 4 6 8  1 1 4  23 43.0 3 5  54-0 
44 17.2 11.3 23 465  3.3 54.0 
58 47.5 11.3 23 49.8 3.2 54.0 
73 17.8 11.2 23 53.0 3.1 54.0 
87 480 11.3 23 5 6 1  3.0 54.0 

102 1 8 3  11.2 523 59.1 2.9 54.0 
116 485 11.2 24 02.0 2.7 54.0 
131  1 6 7  11.2 24 04.7 2.7 54.0 
145 489  11.1 24 07.4 2.5 54.0 
160 19.0 11.2 24 09.9 2.5 54.0 
174 49.2 11.1 24 12.4 2.3 54.0 

Fig. 4-Schematic diagram o f  
the clock drive and readout 

system a t  W I BU. 



t the receiver terminals 

receiver temperature 

e receiver (noise 

zive11 wavelenpth, from this size of disc.) 
" What happeyls if we point all ante1111a a t  the 
sun? If the beamwidth of the antenna is just 
exactly the size of the sun, the a~ltenrtn tempera- 
ture will be the same as the t,emperature of the 
sun a t  this wavelength. Antenna temperature 
doesn't mean that A e could burn a finger on the 
ante~lna; it  means that the anter i~~a is deliveri~~g 
the same amount of power to the transmission 
line that would be delivered by a resistor heated 
to the antenna temperature. This means that if 
we took a 50-ohm resistor, and heated it to 
400,000"Ii, i t  would generate the same a m o r ~ ~ ~ t  
of noise at  -132 Mc. as \vould be delivered to a 
50-ohm resistor by an antenna with a %-degree 
beamwidth pointed at  the sun. 

Antennas used by hams are not that sharp. 
If an a~itenna with a 10-degree beamwidth were 
pointed at the sun, its gain woltld be less, and 
it wor~ld deliver less power to the trarlsmission 
line than a %-degree antenna. Said differently, 
the antenna temperature wor~ld be lower for 
the broader antenn?. 111 equation form 

*P.O. Box 1664, Boulder. Colorado 80301. 

The anst\-er to "how mallji db.'s of SIIII noise" 
the11 is 

A11 equation much like this has appeared here 
before'; perhaps this presentatio~~, which shotvs 
where such an equation comes from, will help ill 
understanding what will be said later. 

Let's work ail example, showing how practical 
results may be predicted. If the receiver has a 
noise figure of 5 db., then N = 4.16. If the feed- 
line loss is 2 db., then A = 0.6'31, and if we are 
interested in 432 Mc. the apparent solar tempera- 
ture is about 500,000°K for a condition when the 
sr~nspot number is 50 (see below). To is 290°K 
- - 

1 For further discussion, see Pawsey and Bracewell 
Radio Astronomy. Oxford University Press, oxford,' 
England. 1955, p. 21. Steradian: The solid angle subtended 
at the center of a sphere by a portion of the surface whose 
area is equal to  tlie square of the radius of the sphere. 

See Bray and Kirchner. "-intenna Patterns from the  
Sun." QST, July 1960. 

Reprinted from Aprii, 1968 QST 



(about room tem1,erature) a ~ ~ d  L2. = 7 X lw5. 
If the : L I I ~ ~ I I I I : L  be;irn\\idth is 10" by 10" to  the 
11:llf-power poii~ts, its half-l)eam\\idtlr to half- 
I)o\rcr poi~rts is 5" by j", :tnd $2, = 6.0 X 1V3. 
The11 

(1 - O.ti31)] = 4.14 

C o ~ r v e r t i ~ ~ g  this l):~ck t,o dec.il)els, t.he s i u ~  noise 
s l r o ~ ~ l ~ l  I)e :ll~ni)st 6.2 dl). ;ll)ove the receiver ~ ~ o i s e  
for this syit(:r~r. There is olle prol)lent with this 
c::il(.rll:ttiot~: 'I'he st111 r:t:li:tt,es ~roise of 1)l)th verti- 
(.:11 : L I I I ~  Jrol.izolit,:Ll 1) )l:triz:ltio~r (IISII:LII~ e(l(l:ll 
: L I I I O ~ I I I L S )  while most, : L I I ~ ~ I I I I : L ~  : ~ ( , c ~ p l  o111y O I I ~  

pul;tt.ix:ltio~~. If t l~is  is Lhe case, the : L I I ( ~ ~ I I I ~ L  o111y 
ac.c.cpts h:~lf Lhe i ~ l r i t i c ~ ~ t  rrt~li .~tiot~, : t ~ ~ d  we 111i1st 
s \ ~ l ) t r : ~ ( ~ t  3 dl), for pol :~r i~: t t i , )~~ loss. 111 S\I( . II  :L (*:lse, 
the st111 ~roise wut~ld be 3.2 db. above receiver 
noise. 

Making Measurements 

The r:~tlio a s t r o ~ ~ o ~ n e r  wol~ld moas~lre 1V, A ,  and 
the ar~t,eli~~:t p:~r:r~net,ers, a ~ r d  tlrc~r k ~ i o w i ~ ~ g  these 
would 1ne:rsrlre 'f7,d:1ily by ~ne:~si~r i~lgdni ly  values 
of D. .;Zs htms, we are pro1);al)ly more i~~terested 
i l l  ~ n e a s u r i ~ ~ g  the a~rt(:i~~r:t ~):~~.i~nleters, or in 
~no~l i tor i~rg our receivi~rg syst,e~n to make sllre 
everythi~~g is workit~g the w;ly it sllor~ld. This 
\v:ty leads to some troul~le, simply because we 
d o ~ l ' t  know ellough about T,. At frequencies 
below al)oc~t 1000 XI(:., the apparent solar 
te~npenbt~t~re istl't very well k ~ ~ o w ~ r  for several 
re:tsolis. The first is that rrot too maliy solar 
ot)serv:ttories have measured solar temperatures 
d:rily over a long period of time irr this freqrlerrcy 
r:Lllge. While Potsdam, Ot,tawa, : L I I ~  Toyokawa, 
:Lmong others, measure daily solar temper:btures 
betweell 1,000 and 10,000 Xlc., a ~ r d  have over 
most of a srl~lspot cycle by now,  rot very Inally 
protracted measureme~rts are availat)le for the 
frcqrle~~cies we are talki~rg about. The second 
reasolr is that the solar temperature varies from 
d:~y to day. Iladiatio~r a t  thest: frequer~cies comes 
from high ill the solar t~trnosphere, and there is 
still mr~ch t,o be lcar~~et l  al)ol~t this rcgio~r of the 
SIIII.  Therctfore, sol:lr tcrnpe~ttures oftell sho\v 
l i t t l v  aorrc:l:rtio~~ w.itlr stu~spot ~~rlml)er,  which 
is re;~lly ;I Ine:Ls;rre of :rct ivit y ~ I I  the lower part 
of the SLIII 'S :~tmosphere. The best gltess that cnri 
I)(. ~n:td(t :LS to soI:lr te~npt'ri~tl~re 11s 21 fllnctio~r of 
frerl;~e~~c:,v, :tl~d the : t rnoc~~~t  it i~~cre:tsrxs for a \iTolf 
S1111spot Number of 100, is showt~ in Table 1. 

TABLE 1 
Percentage 

7'rmpernlure Incrrlire 
Fre- (Sun.pot Vo. (Sun5pot No.  
querlcy = 0)  = 100) 
144 AIc. 1,  100,OOOO1i 10% 
"0 1,100,000 12% 
4.%2 400,000 50 
1 2 % ~  130,000 100 

These values have beerr obtained by comparirig 
the reported results of Allen3 with the daily 
values reported by the Toyokawa Observatory of 
t i e  Research 111stitute for Atmospherics of 
Nagoya U~~iversity. The accuracy of these values 
i j  not very good. 

With this ca~ltio~r iu milid, some good informa- 
ti011 ~ : L I I  be ol ) ta i~~ed from mo~~i to r i r~g  solar 
temperature. Olre t h i ~ ~ g  that call be do~re is to  
fi~rd, experime~ltally, what the beamwidth of a11 
a ~ ~ t e ~ u ~ a  is. If I )  t u r ~ ~ s  out to be more thit~l 2 
(that is, 3 dl). :t\)ove receiver ~~o ise ) ,  we call Iil~d 
the I~:llf-l)o\ver beamwidth ( 2 8 ~  a ~ r d  Lev) by 
p o i t ~ t i ~ ~ g  the :11rte1111a a t  a p o i ~ ~ t  it1 the sky that 
the S I I I I  will cross, a ~ ~ d  lettil~g the S.,II slowly 
drift through the ~ L I I ~ ~ I I I I ~   patter^^. \\ he11 the 
st111 is i ~ r  the c e ~ ~ t e r  of the a ~ ~ t e ~ r r l a  patter~r, put a 
3-dl). a t t c ~ ~ r ~ a t o r  Oetc~eeu the a n t e n ~ c a  a r ~ d  t r u t ~ s -  
~ ~ l i s s i o r ~  lithe (!lot betweell the converter a ~ r d  i.f. 
strip). S!~ch :LII  : t t te~~nator  is easily rnade from 
coaxial cable (about 29 feet of 1LG-58/U for 
432 hlc.). Clock the times a t  which the receiver 
outpl~t  from surl a l o ~ ~ e  is the same as with the 
SUII  a t  the ce~rter of beam and the 3-db. atterrua- 
tor in line. S i ~ ~ c e  the sun drifts one degree every 
four minutes, dividing the mi~rutes (between 
ca1il)rated -3  db. point,s) by 4 gives the half- 
power beamwidth in degrees (28). T u r n i ~ ~ g  the 
aliten~ra on its side arrd repea t i~~g  will measure 
the beamwidth in the other plane. If the a r ~ t e n ~ ~ a  
does rrot give more than 3 db. of surr noise, you 
will have to use a signal generator, and rotate the 
antenna to measure these beamwidths. 

Knowing the beamwidth and the feed-line 
loss, one can measure the receiver ~roise figure 
(assnming a valr~e for T,). This can be compared 
with the lroise fignre measured by r~sirig a noise 
generator. If by measnrirrg solar temperature, 
r~sing the values you think are correct for your 
system, you come close to the values showri irr 
Tirble 1, the11 yorr earl be sure that your system 
is performi~rg properly. Iiy rneasurir~g these things 
daily, you can check the performance of your 
tot,al system. 

Summary 

In  the precedit~g sectiot~s, we have discussed 
how to measure receiving system parameters, arrd 
how to mollitor system ~,erfommarrce to guard 
ag:ti~rst dcterioratio~~. Shor~ld you s u d d e ~ ~ l y  get 
1 dl). o f  solar ~roisc, w h e ~ ~  you have been getting 
3 dl)., yo11 k ~ ~ o w  that your system needs some 
checki~rg. Finally, we discussed some of tile rea- 
s o ~ ~ s  why this is not an ex:tct measuremelrt, but 
rather should be take11 as all i~rdicator of system 
performalrce. EEB 
- 

3 .Glen, "The Variation of Decimetrr-Wave ~ a d i s t i z  
~vit,ll Solar Activity," Ji'onthl?~ Notices of the Royal 
Astronomical Society, p. 174 (1957). . 



when D is negative, sin D is also negative. 
For a time Af  minutes before sunset (or after 

sunrise) find an angle X degrees by dividing A1 
by 4. That is, 

Af  x0 = - 
4 

Now find the elevation angle 0 from the equation 
sin 0 = A sin X + B (1 - cos X) 

The procedure described above gives the ele- 
vation angle of the sun a t  any time it  is above 
your horizon, to about 1 degree accuracy. To get 
a better picture of the fine structure of your 
antenna pattern, especially a t  the low angles 
which are most important, better accuracy is 
needed. About 0.2 degree can be achieved by 
careful calculation and by applying certain 
corrections. 

Read your latitude and longitude to 0.1 degree 
or better, and find the sunset (or sunrise) time 
to the nearest minute. Now adjust this time 

3.3 slightly by - minutes. Add this to the sunrise 
A 

time, or subtract it  from the sunset time. Use 
this adjusted time to calculate the elevation 
angles as described above, and then apply a final 
correction by adding the amount shown in Fig. 3 
to the calculated values. These corrections take 

1.0 
2 .9 
$ .8 
3 .7 

.6 
9 .S 
L 
T .4 
J 3 :* 
R .' 
Z o - :  A:::: :::::,b-7!4 
T CALCULATED ELEVATION ANGLE, DEGREES 

Fig. 3-Chart showing elevation angle corrections to be 
applied for results of high accuracy. 

into account the refraction of the signal (and the 
light) by the atmosphere, and the difference in 
size between the radio sun and the visible sun. 

Finding the Sun's Azimuth 
If you do the job on a sunny day, the simplest 

way is to have a friend keep the beam pointed 
toward the sun in azimuth, lining it up by eye. 
Alternately, calculate the sun's azimuth in ad- 
vailce and rotate the antenna from time to time 
as required. When readings are taken, the beam 
should be within about one-fifth of a beam- 
width of the sun's azimuth. 

Azimuth is found from the formula 
sin D - sin L sin 0 

cos 8 = 
cos L cos 0 

$ is the elevation angle already calculated. 
Again, remember that when D is negative, sin D 
is also negative. The azimuth, 8, is measured 
eastward from north in the morning, and west- 
ward from north in the afternoon. When cos @ 

comes out negative, 8 is larger than 90 degrees 
and the sun is more south than north. 

Plotting the Results 
Now that the angle of the sun and the signal- 

strength readings have been obtained, the an- 
tenna pattern can be plotted. Fig. 4 is a curved- 
earth grid with elevation angles plotted on it. 
Taking the readings that were made as the sun 
ran its course, divide the signal voltage from the 
sun (Es) by the signal voltage from the resistor 
(ER).  Do this for each reading taken. Now square 
each of these values of (Es/ER) to obtain the 
value of (Es/ER)~. The next step is to compute 
the value Y ,  using the equation 

- 1 

where ( E s / E ~ ) ~  is each of the readings that were 
taken as the sun crossed your antenna and 
(Es/Ed2 ,in is the value of the reading after 
the sun is below the zero-degree elevation angle 
by 5 minutes or more. Then find the greatest 
value of Y. At this reading, calling it Y,,,, assign 
an arbitrary value of slant range - 500 miles. 
This is then one point on the plot: 500 miles and 
the angle to the sun a t  that time. Now take 500 
miles and divide it by Y,,, and multiply all of 
the other Y values by this amount. Plot on Fig. 4 
the angle for each signal-strength reading and 
distance just found. Drawing the curve, you now 
have your antenna pattern in the vertical plane. 

There is one caution. The sun is not really a 
point source of radio waves. It can be repre- 
sented as a ring of about I-degree angular di- 
ameter on the outside and about one-half degree 
on the inside. Because of this, the riulls in the 
antenna pattern will not appear to be sharp. For 
this reason, a sample antenna pattern is shown 
in order to  guide you in your plot. When the 
curve shows a dip, it  probably is a very deep null 
as indicated by the dotted lines on the same 
curve, Fig. 5. Because the depth of the nulls 
cannot be determined, the antenna pattern taken 
by this method would probably not satisfy an 
exacting scientist, but in practice the signals that 
are received on such an antenna, amateur or 
otherwise, are not from point sources either. 
Thus the antenna pattern talcen by this method 
is truly an operational pattern. 

For those interested in meteor scat,ter an esti- 
mate of optimum range can be made. The me- 
meteor trails will be most prevalcnt a t  a height 
of 50 miles. From your antenna pattern note the 
range a t  which the elevation angle line through 
the peak of your lowest lobe intercepts the 
50-mile height. Multiplying this number by 2 
will yield your approximate optimum meteor 
scatter range. In the example shown in Fig. 5, 
this would be about 1000 miles. 

Noise Figure and Antenna Gain Check 
There i s  another interesting sidelight to this 



So" W0 450 ELEVATION ANGLE 

603 
Fig. 4-Curved-earth grid for plotting results obtained from solar noise readings. 

suljject. The "quiet" sun is a more or less cali- 
brated sonrce of radio energy. Thus by a f~$\\- 
simple ralculations you can get an idea of your 
antf1rrna gain or noise figurc for actual received 
signals. 13ecause the amount of energy that is 
rciceived is a function of both the noise figure 
:tntl a11tt.nn:r gain, you can start with one of the 
known values :lnd find the other. The equation 
which applies is 

- Gp - - 290 --- 
li'r L ~ [ ( E ~ ) ~  I{ ER ,,, (E?)~ ~ 1 %  "I i n  ] 

where GP = the power gain on your antenna 
lf'p = the noise figure expressed its a power 

ratio 
I,p = t,he tr:lnsmission line loss for your 

cable a11d your length 
K = a constant dependent upon the fre- 

qnency band 
:inti 

(it) ,n:,x 

is the maximum signal ratio from the antenna 
patatern data taltcr~ above. This value will occur 
a t  the 1)e:ilr of the first vertical lobe. (Es/ER)' 
min is the signal ratio a t  the time the sun was :t. 

few minntc:s below the horizon. 
This for~nr~la will only apply when the sun is 

quiet. If the ans~vcrs are out of line the test should 
I)(. rc.peatet1 until a quiet day is found. A quiet suu 
radiates the lowest amount of energy; all other 
contiitions produce greater received power. 

Your antenna gain is probably the least well- 
 know^^ n111n1)er of your radio system. 

TABLE 11 

F r r p e n c ? ~  Ranrl T7nluc o/ K 

144 nrc.  2 . 9  
220 hlc. 
432 hfc 

1296 hIc 0 .63 

To calcr~lnte the ant,enna gain: 
1) Estimate the noise figure of your converter 

by taking the manufacturer's noise figure, or 
from tutje data if it is a home-brew model. This 
value will probahly be esprcssed in dl,. Convert 
the db. noise figure to a power ratio I)y the 
common db. formrlla, FP = :lntilog F/lO where 
F is the noise figure in db. from above. This 
conversion can also ljc made nsing the decil,el 
chart i r ~  the ARRI, Hnt~dhook. 

2 )  The f:rctor I{ is listctl in T:ll)lc I1 for the 
various am:~tcur ljands al)ove 50 hlc. The 6-meter 
band 11:~s 1)een omitted 1)ec:~nsc of the strong 
1)ackgronntl of ratlio energy in this freqnency 
range in 1:trgc arcns of the sky, which could ad- 
versely influctnce the rc.sillts. For tht: higher 
I~ands the background radiation is rntlch less. I t  
is possible that one of the bright, r:~dio stars 
could be near the snn \ h e n  the mtSnst~remcnt is 
Ijeing takcn, and I\-oul~l therefore i~lfiucr~ce the 
rc,adirlgs on the higher freql~cncics, :~lso, but the 
chances of this are remote. 

3) L is the line loss. Tlds figure is cuily esti- 
mated by looking up the transn1issio11-line manu- 
f:~cturer's tl:it:i for your l'reclllency. I t  is usually 
expressed in dl,. loss per llnndretl fcxct. Thns, c:rl- 
cnlate the db. value for yonr 1t.ngth and convert 
the db. loss to a power ratio as you did above for 
the noise figure. 



Fig. 5-Representative vertical antenna 
pattern. Dips in the heavy line represent 
nulls in the pattern which a r e  actually 
much deeper than d a t a  will indicate. 
This is due in part to the fact that the 
sun is not a true point source for radio 
noise. Antenna pattern may b e  more 

like that shown in dotted lines. 

90' 60' 45. - .  ELEVATION ANGLE 

Substitution of the values in the formula will 
yield the power gain GP of the antenna. This can 
be convertctl to (11). gain 1)y the common formnla 

G = 10 log Gp, 
or by using ttic H a n d h o o k  table. 

\Vhat we hnvc really been talking about here is 
a practical use of radio astronomy. The methods 
nsed hero also apply to the detection of radio 
stars. Alanp interesting experiments can be per- 
formed. For those who are interested, take a 
radio look :it Cygnus A or the center of our 
g:llasy in Sagittarius, when they are rising or 

MORE 50-MC. MOONBOUNCE 
EXPERIMENTS 

.iylmer 
Quebec 
Canada 

Tecl~nical Editor. (25'1'. 
The purpose of this 1cttl.r iu to gi\.c corrections and addi- 

tions to a p r c \ ~ o r ~ s  one.' and to describe furtlier 50-Jlc. 
~~roonbol~n(.c ex1,erituents a t  VE:<BZS/!!. 

In  tlie formr~la for tlre Doppler shift, t l ~ c  transmitter, 
frc Illenry, f, slrould have been expressed in cycles, not 
~ncpacycles. .4lso, i t  was n~entioned that the antenna \\,as 
usnally ain1e:l optically. However, tlic following for~nrllae 
were referred to wlren the nroon was ohscilred by clouds: 

sin ET = sin LT sin D + cos LT GUS D sin IIT 
cos D cos HT 

sin AT = - --- 
cos ET 

wl~ere ET is tlrr clcvittion of tlie trans~nitting antenna 
AT is tlie azinllltli fro111 true nurtlk 
LT is tlie latitude of the transnritter 
IfTis tlre liol~r anglc of tlie Inoon, and is approxi~nately 

3lj0 
- X t ,  wl~rrc 1 is tlrc tinlc in liunrs after local 
(t,.artstl) 
~ r ~ c a n  time of moonrise a t  tlrc e,lnator, and ( transi t)  is tlie 
tillre in I i o ~ ~ r s  between eplremeris transits of tlie  noon 
(alrllrox. 22 Iiours). 

Siniilarly for tile rcrcivcr. 
Tlie for~ur~lac  are ej,l~roxiluations, since ET is t l ~ c  elcva- 

tion of t l ~ c  {noon a t  tlic earth's center, not a t  the station. 
flo\r.c\.er, tllc difference is levs than one degree, a t  most. 
Also, tlic local llonr anple dehnition may not be standard. 

Tlle ~ n o ~ ~ n b < ~ ~ ~ n c e  exl~erilnents wcre continued wit11 dif- 
ferent antenna p,,larizations to set: if i ~ n l ~ m v e ~ n e n t  could be 
obtained. I t  \\.as pointed u r ~ t  by Soifer' that  crosserl Yagi 
antennas t r a n s ~ ~ ~ i t  and receive t l ~ e  satnc sense of elliptically- 
I,ularizcd radiation. 'l'li~ls, tlieoretically, assiiming specular 
reflection of tlie radio wa\.e a t  tlre moon's sllrface and tlrere- 
fore re\-rrsal of t l ~ e  sense of tile polarization, tile antenna 
nscd in t l ~ e  e x ~ ~ c r i ~ ~ ~ c n t s  ~ ~ r e v i o ~ ~ s l y  described s l i o ~ ~ l d  not 
lmrc rcrcivcrl tlre transmitted eclioes. Neglecting effects of 
the ionosl~lrcrc and lunar snrfaee, tlrc fact  tlrat some eclloes 
\yere received is  robab ably a t t r ib~~table  to  ground reflection 
cftects and/or trans~l~ission of elliptically-polariled waves 
due to n~istnatch in t l ~ e  antenna system. - - 

1 "20-AIc. Aloonbo~lnee Experiments," Tecllnical Cor- 
rcspontlcncc. (>ST. l l a y ,  l!lli2, 11. 49 

Soifcr, "Kesearclr. Tracking and Reporting. I'n~jcct 
Ecllo A-12," OST. .June, l!)li2. 
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setting. Both arc good strong noise sources, and 
real DS! ES 

References 

American Ephemeris and Nautical Almanac, issued yearly 
by U. S. Naval Observatory. Consult i t  a t  library. 

Astronomical Phenomena for the Year, published annually. 
A reprint of selected pages from tlre above, 25 cents from 
S~~perintendent of Doruments, U. S. Government Printing 
Office. Washington 25, D. C. 

The Telephone Almanar, issued annually. Free from Bell 
S1-stem Telephone Company hr~sincss offices. 

Informalion Please Almanac, published by hfacmillan Com- 
pany, New York City; sold a t  newsstands and bookstores 

A trial was ~ n s d c  recently using two of the crossed Yagis 
transnritting radiation polarized in one senso and tlio other 
two receiving in tlie opposite aense. Stronger and rnore 
frequent eclroes were recorded, even tl~ongli tlre system gain 
(neglecting tlrc proble~n of reverse polarization) was only 
one-fo11rt11 that previonsly used. 

Another trial was then made wit11 tlie four antenna nnits 
transnrittinp vertically. Tliis was ellosen over horizontal to  
liave tile major lobes of the upper and lower bays as nearly 
coincident as  possible, in the event of ground reflection. 
Durina this trial the moon was obscnred, and some power- 
line interference was present, but results were the best so far. 

The 50-llc. trials wcre brief and incomplete, bu t  results 
swm to  indicate that  the echo arnplitnde varies widely; 
that  t l ~ e  average signal-to-noise ratio of tlie eclloes is less 
tlran that  given by the for~nnla in the previous letter; that. 
when using circular polarization, inlproved perfor~rlance 
results if tlle transn~itting and receiving antennas have 
opposite polarizations; and that ,  with tlre system garanreters 
used, no distinct advantage between circular and linear 
polarization was noticed. 

- Alan Goodacre. VESBZS/.9 

SUN NOISE 
Technical Editor. Q S T :  

Some questions have arisen over the definitions 
used in the article on sun noise (April 1968 @ST.  
page 42 ) ,  and perhaps a note clarifying these is in 
order. To conform to  common usage, as stated in the 
IEEE Standards ,  the relation between noise figure 
and noise factor should be: 

Noise Figure = 10 log (Noise Factor). 
Thus, ". . . add 1 . . ." is incorrect, and a noise 
figure of 6 db. corresponds to  a noise factor of 4. 
Also, as used in the equations. A is the fractional 
transmission of the feed line, rather than its frac- 
tional loss. Fractional transmission equals one 
minus fractional loss, resulting in A being correctly 
given in the example. However, the redefinition of 
N, as above, changes the results of the example so 
that the sun noise, taking one linearly-polarized 
component, should be 4.8 db. above the receiver 
noise, for the other constants assumed in the 
example. 

One last word of caution: the whole presentation 
was based on the ratio signal/noise rather than 
signal + noise/noise. For systems where the sun is 
only slightly above the noise, reduction to signal/ 
noise ratio, as described in January 1968 Q S T ,  
page 34, may be required. - D o n  L u n d .  WAgIQAr, 
P.O. Box 1664, Bozclder, Colovado 80301. 



50-MC. MOONBOUNCE EXPERIMENTS 
119 Fourth Ave. 
Ottawa 
Ontario, Canada 

Tecllnical Editor, @ST: 
Coraruunication by moorl-reflected radio waves otrers 

alrlatt.rlls tlle olqlortunity for making v.1l.f. contacts any- 
allerr in the norld, for 1,eriods of from a feu- ~rlinutes to 
se\eral l~ours eacb day, if the considerable technical ),rob- 
lelns ran be solve:l. l'he following clescribes some attel111,ts 
to obtain nioon ecl~ops on 50 31c. 

I1re\-ious work with the rece~~tion of 50-Mc. translnlssions 
by N'7111)T a t  VE7.41Z gave evidence of ~,erlral~s two or 
tlbvec ronsecutlve u-eak echoes during each of hi~lf a (iozen 
trials.' I.ac.k of morr consistent results a a s  assumed to \lave 
bc.c.r~ dnr to 12aradny rotation of the  lane of ~~olar iza t~on in 
t111, ~unosl~llcr.e, causing loss of eignal. Antennas a t  both 
cnds wcrc Ilorizontally-1,olarized Yagis. I t  see~ned worth 
wliilc to make anotl~er attempt a t  VE3B%S, using circular 
Ilolarizat~on, in a manner similar to that used by I<lH,\IIj " 
to  overcotne tlie Ii'araday-etrect 1,roblem. 

Four Tagis, each witlr 5 elements in n Iloriaontal  lane 
and 5 In a vvrtical ~llane, were arranged in box coniig~~ration 
apl)roxi~nately 20 feet square. The vertical ,Iri\.cn elements 
were fed '30 degrees out of pl~aae wit11 the l~orizontalones. 
l ' l~e  antenna conlil be rotated only in azimutl~,  and was usn- 
ally ul,tically aimed. The transmitter used a. hctcrodjrle 
excitv~. for maxitnuln stability. .in extt*rrral tunable oscillator 
;tt I Ale., wit11 50 tunes frec~uency multi~~lication, gat-e 
receiver injection at 50 Mc., plus tllc l)oy[,ler slrift, ~lluv or 
lninr~s the audio filter frpquency of 940 cycles. l'lris beating 
signal and the returned signal, if any, are fed into the regular 
50-hlc. con\-ertcr, and then into the station receiver, set fvv 
(i00-cycle b a u d u ~ d t l ~ .  T l ~ e n  f~~llou-s t l ~ e  !+10-cj-cle audio 
filter, wit11 a bandwidth of 20 cycles, and a t a l ~ e  recordw. 

.4n important ~.rceiver ~ ~ o i n t  is that t l ~ e  gain of the 
rrceiver should be set so that the noise a t  the output of 

Tile necessary information for the calculation may be 
obtained from a current American Ephemeris a ~ l d  Nat&licnl 
.*lmanac. The first term in the square brackets is usually 
dominant and a t  moonset a t  43 degrees latitude amounts to 
about - 110 cycles a t  50 l l c .  

Three trials were rnadc and only one or two weak but 
identifiable echoes were received. Signal-to-noise power 
ratios were of tlrc order of 1 :I, or less. This rncans that 
little or nothing can be heard of the return signal by enr, 
but a visual lrresentation sl~ows evidence of a return. The 
advantage of visual ~ o e t l ~ o d s  in detection of very weak 
signals increases with very narrow receiver bandwidtl~. 
since signal and noise tend to sound the sanle under these 
conditions. 

Tlie average signal-to-noise ratio a t  the ootltut of the 
audio fi1tr.r was calculated r~sing the following for~nula.  
wl~ic l~  neglects fading effects ~~roduced by the motion of the 
moon's surface, Faraday rotation and ground reflection: 

wlrcre I'T = transmitter 11oaer out l~ut  in watts 
K = attenuation of trar~sm:ssior~ hne in db./100 ft. 
L = trnns~r~ission line length In units of 100 f t .  
A = wavelength in meters 

Oa = gain of recelver antenna over isotroyic radiator 
(;r = similarly for transmitter 
1,' = noise figure of receiver a t  wavelengtl~ A 
B = effective noise bandwidth of receiver in c.11.s. 

It sl~uuld be noted that I'r, K, and P vary wit11 A forgiven 
co~nl~onents. Freqnency stability problems make ~ n i n i r r n ~ ~ n  
B vary u-1t11 X also. Vor given conditions there is an  optimum 
A to 1,roduce lnaxi~nr~tn averago signal-to-noise ratio. Tlie - 

tllc au,lio filter disa,Ii,e,rs u,l,cn tt,e external is words "average signal-to-noise ratio" are used, since tlte 
tllme,l o ~ .  tllis corldition eRective lrredetection instantaneous noise rJower may deviate from the arcrage 
(i,f,, ban,lwidth of the receiving systeln is (letermined by value, but the actual signal-to-noise ratio should be witl~in 
the audio tilter, Tl,e heteroclvne svsteIn for a factor of two of the avernve about 20 per cent of the time. 

" - 
;~llows the oscillators to run continuously, ~~ertnit t ing bett-r 
fre<lorncy stability tllan when turning the oscillator on 
and 08. Heterodyning also reduces the drift a t  the s i ~ n a l  
fre<luc.ncy, for a given amount of oscillator drift, compared 
to a eonrentional oscillator-multil,lirr system. Absoh~tc 
frr<luenry stability was not extremely good, dne to  lack of 
tmn1,erntrlre control of crystals and transistors, but relalive 
rlr~ft  to tllr rrce ver was from one to two cycles per minute. 
Tliis is good enough to  l ~ r ~ n i t  audio filter selectivity of 
10 to 20 cycles to be used. 

Rrcanse of this narrow bandwidth the DolJlJler shift 
hat1 t o  be calculated. The apl~roximate formula used was: 

37.04 ( c o s L ~ e n s H ~  + cosL~cosHa)cosD X lou6 
(transit) 

wljere Af = Do1,pler shift in cycles , 
/ i s  = transmitter frequency in megacycles 
(senli)~ = semidiameter of the moon expressed in 

seconds of arc . 
(scmi)~ = semidh~neter of the moon expressed in 

seconds of arc 12 liours later for the day 
concerned 

(transit) = the time in hours between ephemeris 
transits of the moon (approx. 23 hours) 

LT = Iatitu~le of the transmitter 
HT = hour angle of the moon and is approximately 

360- 
X t where t = time in hours 

(transit) 

The calculated signal-to-noise power ratio using: 
PT - 400 watts 
K = 3 db./100 It. 
1 = 100 ft. 
X = 6 meters 
GR = 61 
GT = 64 
F = 2  
B = 2 0  

gives ($) = 1:l .  

A possible explanation for lack of consistent (although 
weak) echoes may be that  the image antenna produced by  
ground reflection (assumed perfect for sake ofargument) 
is causing cancellation and reinforcement of the circularly 
polarized radiation in such a manner that  alternate zones 
of radiation are produced where the polarization changes 
from being completely vertical to being completely horizon- 
tal. When the moon is in a zone where the radiation is pre- 
dominantly linearly polarized, Faraday rotation may cause 
loss of signal, when transmitting with circular polarization. 

A comparative test between VE3BZS/2 and another local 
station, with distant stations using horizontally polarized 
antennas, gave signals several db. lower than expected. 
Probably this was due, in part a t  least, to  ground reflection 
producing predominantly vertically polarized radiation 
a t  low angles, when using circular polarization a t  
VE3BZS/2. 

The results of these 50-Mc. testa seem to  show that 50 
Mc. is not too practical under present conditions for amateur 
moonbounce work. Also circularly polarized antennas 

after local lnean time of moonrise a t  may suffer a loss in efficiency under conditions of good 

the equator ground reflection in combating Faraday-rotation effects. 
Ln, IIn si~rnlarly for tho receiver The narrow-band methods used in the receiver and trans- 
D = a l~l~arent  declination of the moon mitter should be adaptable for use on higher frequency ama- 

teur bands t o  allow use of existing equipment with little 
modification and east. - Alan Goodacrr. VESRXS , 

a The A.R.R.L. Antenna Book, pp. 46-48. 
The I.H/,' drnaleur, Febn~ary ,  1'361, BB 13-16. 

2 Sec gllotos In US?', Novrmher, 1!IG1, p. 8'3. 
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Moonbounce Notes 

During t h e  l a s t  y e a r  t h e r e  h a s  been a n  upsurge  o f  i n t e r e s t  

i n  amateur  communication v i a  r e f l e c t i o n  from t h e  moon. A l l  

t h e  bands  from 50 MHz th rough  2400 MHz have been invo lved .  

T h i s  a c t i v i t y  h a s  c r e a t e d  more i n t e r e s t  i n  moonbounce and 

e a c h  neophyte "moonbouncer" h a s  had many q u e s t i o n s  c o n c e r n i n g  

j u s t  how t o  g e t  s t a r t e d : -  

-Which band s h o u l d  be  u s e d ?  

-How much power is  needed? 

-HOW good s h o u l d  t h e  r e c e i v e r  b e ?  

- What k i n d  o f  an tenna  s h o u l d  be used ,  and how 

b i g  s h o u l d  i t  b e ?  

I n  t h e  p r o c e s s  o f  d e t e r m i n i n g  an tenna  p a r a m e t e r s ,  i t  is  

n e c e s s a r y  t o  know how t o  f i n d  and t r a c k  t h e  moon. I n  
A 

a d d i t i o n ,  t h e  type  o f  an tenna  mount, t h e  a iming sys tem and t h e  

p h y s i c a l  l o c a t i o n  o f  t h e  a n t e n n a  on t h e  a v a i l a b l e  p l o t  o f  

land a r e  a  f u n c t i o n  o f  t h e  p a t h  o f  t h e  moon. 

Many a r t i c l e s  have  been p u b l i s h e d  which w i l l  answer 

t h e s e  q u e s t i o n s  and h e l p  t h e  b e g i n n e r  and o l d  t i m e  

"moonbouncer" a l i k e .  Much o t h e r  d a t a  a r e  a v a i l a b l e  which 

have n o t  been p u b l i s h e d .  It i s  t h e  i n t e n t  o f  t h i s  c o m p i l a t i o n  

o f  moonbounce n o t e s  and a r t i c l e s  t o  r ep roduce  i n  one p l a c e  t h e  

l i t e r a t u r e  n e c e s s a r y  t o  a l l o w  t h e  p o t e n t i a l  "moonbouncer" 

t o  make t h e  basic d e c i s i o n s  n e c e s s a r y  t o  s t a r t  h i s  p r o j e c t .  

A s  t i m e  goes  on, a d d i t i o n a l  n o t e s  w i l l  be added. 

C o n t r i b u t i o n s  from t h o s e  i n t e r e s t e d  i n  EME (earth-moon- 

e a r t h )  communication w i l l  be g r a t e f u l l y  r e c e i v e d .  

Thanks t o  t h e  American Radio Relay  League f o r  p e r m i s s i o n  

t o  r e p r i n t  c e r t a i n  a r t i c l e s  from QST magazine. - 

Bob S u t h e r l a n d ,  W6PO 
EIMAC d i v i s i o n  o f  Var ian  
301 I n d u s t r i a l  way 
San C a r l o s ,  ~ a l i f o r n i a  

94070 



This field full of phased log-periodic antennas 
was used by the author to obtain reflections 
from the moon in the 10-meter band. In case 
you'd like to duplicate the feat, the array is 

1200 feet long and 7 5  feet wide. 
It has a gain of 2 7  db.! 

T h e  Moonbounce Problem, 
28 Mc. and Up 

Basic Facts for Determining Equipment and Antennas 
Needed for Lunar Communication 

T HE purpose of this article is to stimulate 
:~~nateur  interest in  noonb bounce communi- 
cation, by presenting the basic parts of the 

problem, such as noise figure, path loss, and an- 
t,enna gitin, in familiar terms. Once these basic 
factors :%re understood, they can then be applied 
to eyu.ipment and antenna design for communica- 
tion via t,he moon or man-made satellites. 

iVloonbounce was accomplished on ten meters 
sevcral ~norlths ago a t  this stittion with about 1 
kw. p.c:.p. singlo sidcb:ind, using the array of 48 
log pcriodirs shown in thc: first photograph. The 
:%rr:iy is 1200 f t ~ t  long by 75 fcct wid(,, and it has 
:L giii~i of 27 db., over thc: r:trige of 20 t,o 65 Mc.! 
'rhc I)e:~ln produced is approximately 1% degree 
t,hick by 30 degrees in azimuth arid can be placed 
to intercept the moon or sun track for about two 
hours each day. Power is distributed in the array 
with open-wire line, and tapered sections to main- 
tain the wide bandwidth, and in the usual opera- 
tion each antenna handles from 5 to 10 kilowatts. 
-- 

* Radioscience Laboratory, Stanford University, Stan- 
ford. Calif. 

A circuit diagram of the array would look like a 
corporation organization chart; that is, i t  st~lrts 
with one feed line and progressively branches 
down to the individual antennas which are spc- 
cially designed and built log periodics, each hav- 
ing a pair of 40-foot booms and a total of 48 
elements. 

At each power division point there is a movable 
tap arranged so that the relative phase between 
antennas is completely adjustable. In practice, 
the phasing is changed each day to follow the 
 noon's e1ev:rtion. I t  takes two men with wrenches 
and a jeep about two hours to rnovr a11 of thc 
taps. The array is nor~nnlly used with a 300-kw. 
(600-kw. p.e.p.) c.w..transrnitter for radar studies 
of the solar corona and the ionized regions be- 
tween the earth and the moon.' 

The selection of ten meters for the moonbounce 
experiment mentioned above avoids controversy 

Research supported by the Electronics Research Direc- 
torate of the Air Force Cambridge Research Laboratories, 
Bedford. Mass.. under contracts with Stanford Universitv. " .  
Stanford, Calif. 

Reprinted from September, 1963 QST 



over the use of 1:trgc 11onprivate ante~ilias for 
v.h.f. records. Six or possibly fifteen nlcters 
might yield similar results if tried. The whole 
idea, though, is to dernonstrate that the absolute 
niinililun~ antennas for h.f. and lower v.h.f. moon- 
bounce are ridiculously large for individual 
construction. 

Since the array is linearly polurizcd, Parad~iy 
fading is a very important consideratio11,2 arid 
the unreconilnended expedient of whistling into 
the nlicrophonc was used, until the signal faded 
up to it usable strength. Then the call was signed 
in voice and, with the help of some imagination, 
was received '2% seconds later. The use of circular 
polarization will reduce fading, and is certainly 
required for any serious v.h.f. lunar-communica- 
tion attempt. 

The trick of ten-meter moonbounce points out 
several facts that will become obvious as you 
read furt,her. First, station equipment needed 
for moonbounce on our lower bands is a mini- 
mum, and commercially available, but the an- 
tenna required is gigantic. Second, cosmic noise 
and ionospheric effects play a large role below 
about 100 Me. With increasing frequency, the 
antenna becomes physically smaller, but the re- 
ceiver and transmitter must be the best that 
amltteur ingenuity can produce. 

The average loss in decibels for the earth 
moon-earth path, :~ssuinirlg 500 watts of r.f. 
power a t  the antenna terminals and a moon re- 
flectivity of about 7 per cent, is given in Fig. 1. 
Path loss will vary approximately * 1 db. during 
each month as range to the moon cl iange~.~ Moon 
reflectivity is currently the subject of several 
scientific investigations, arid while reflectivit,~ 
appears to be higher a t  frequencies below 450 
Mc., and is perhaps lower above that frequency, 
the figure given should be accurate enough for 
a first approach to the problem. If the transmitter 
power a t  the antenna terminals is less tlian 500 
watts due to feed-line losses or other practical 
considerations (such as money) this path-loss 
nurilber should be increased by the nunlbcr of db. 
difference. 

The next problem is tliat of receiver noise 
figure and sensitivity. Fig. 2 is a plot of cosmic 
noise us. frequency, presented to give the equip- 
ment designer an idea of what is needed for a 
front end. The 111itl and itlax lines show the sky 
te~nperat~ures and minimum usable noise figure 
that can bc expected when the antenna is directed 
toward the coldest and hottest portions of t,lic. 
sky, respe~t~ively. This variation is easily 01)- 
scrv:~l)lc c:vcn with simplc cquip~nent and is :L 
good ~nct~liod of checking antenna and systcsni 
pc~forni:~ncc.~ Fortunately for the comnlunic:t- 
tions prot)le~n, larger areas of the sky are cold 
than are hot. 

Below about 1000 Mc., cos~nic noise is the 

2 Dyce:,"Tl~e Appearance of the Moon at Radio Fre- 
quencies. QST; May. 19G1. 

3 Pettengill, Lunar Studies." Lecture notes presented at 
course on Radar .4stronolny, sulnrner session I W i l .  Massa- 
cl~usetts Institute of Tecl~nology. Cambridge, Mass. 

4 Duwnes. "-4 Simple Radio Telescope," Ski/ and Trle- 
scope. Aupnst, 10G2. 
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PATH LOSS (decibels) BASED ON 7% LUNAR 
REFLECTIVITY AND 500 WATT TRANSMITTER 
OUTPUT 

Fig. 1 -Moonbounce-path loss vs. frequency. 

dominant factor and varies with tlie portion of 
the galaxy observed. I t  can I)e seen tliat bcing 
cos~nic-rio~se-lirnited, that is, having the feed- 
line loss and receiver-noise contril)ut~ori less tlian 
the cosmic noise, a t  all times, is an engineering 
feat nearly impossible a t  220 hlc. and higher, 
with the present state of the art. 

Before going further, it is necessary to clear 
up some confusion concerning receiver st,nsitivity 
:tnd noise figure that has arisen beci~use of im- 
proper usc of the relation: 

Ideal rcceivclr sensitivit y = h2'B 
u here 

20 50 100 200 500 1000 2000 5000 lop00 
FREQUENCY ( Mc) 

Fig. 2-Cosmic and water-vapor noise limits vs. frequency. 



A plot of the above interpretation for a re- 
ceiver with a 100-cycle bandwidth is shown in 

. 
Fig. 3. There are some surprises in this graph that 
arise from proper use of noise figure. For instance, 
an improvement in receiver noise figure from 3 
db to 2 db. improves receiver sensitivity not just 
1 db., but nearly 3. Going from a 10-db. crystal 
mixer to a 2-db. paramp yields a sensitivity im- 
provenlent of 12 db. This makes it pretty obvious 
that the best possible noise figure and the lowest 
possible line losses an. all important, a t  frequen- 

--- 
ties where system noise is greater than cosmic 

- 
-- I noise. 

Fig. 4 uses the information of Fig. 2, and 
- assumes that the system performs to the lower 

cosmic-noise limit,. I t  shows what receiver sen- 

- 190 -180 -170 sitivity to expect in each case, for unity signal-to- 
noise ratio with various bandwidths. If the system 

IDEAL SENSITIVITY(decibels is not cosmic noise-limited, the number obtained 
''low One watt) 100cps BANDWIDTH from Fig. 4 should be decreased by the number of 

Fig. 3-Ideal receiver sensitivity vs. noise figure. db. difference between the ideal case of Fig. 4 
and the actual system. Again, both noise figure 

k is Boltz~nann's constant, 1.38 X 
joule/"K 

1' is temperature it1 dvgrces K 
B is bandwidth in c.p.s. 
If one uses room temperature of 290 degrees K, 

then it can be shown that: 
Ideal receivrr st*nsitivity (-dbw.) = 

204 db. - 10 log H-db. noise figurt.. 
This relation is correct for systems with noise 

figures greater than 3 db. (system temperature 
greater than 290 degrees I i ) ,  but needs revision 
to be correct for present-day low-noise amplifiers. 
By using an equivalent system temperature for T 
instead of 290 degrees K, we can still satisfy the 
IRE definition for noise figure and be consistent 
with present practice. All of this is simply saying 
that it  is possible for a directive antenna and 
receiver a t  u.h.f. to look a t  a portion of the sky 
that is colder than 290 degrees K. 

RECEIVER SENSITIVITY [decibels below one 
wott) FOR UNITY SIGNAL TO NOISE RATIO, 
MINIMUM COSMIC NOISE LIMIT 

Fig. 4-Receiver sensitivity vs. bandwidth for the various 
amateur bands. 

and transmission:line loss Ate; here. The number 
from Fig. 4, as modified by reality, is the receiver 
sensitivity in decibels below I watt,, and can be 
added algebraically to the path loss of Fig. 1 to 
obtain the two-way antenna gain necessary. 

For example, select 1296 Mc. and assume a 
parametric-amplifier front end with a 2-db. noise 
figure and 2 db. of feed-line losses. From Fig. 1 
the total path loss is 244 db. and from Fig. 2 the 
system is definitely not cosmic noise-limited. 
Example : 

Fig. 1: Total path loss for 500 
watts power output 244 
Feed-line loss 2 

246 db. 

Fig. 4: Cosmic-noise-limited 
receiver sensitivity (500 
C.P.S. bandwidth) -187 dbw. 

Fig. 2: Receiver n.f. = 2 db. = 170" K 
Line loss = 2 db. = 170' K 

340" K = 3.4 db. 
Cosmic noise = 0.5 db. 

Fig. 3: Difference between 
0.5 db. cosmic noise 
and 3.4 db. actual re- 
ceiver system + 10 db. - - 177 dbw. 

69 db. 

69 = 34.5 db. 
2 

This is the antenna gain required a t  each sta- 
tion for unity signal-to-noise ratio in a 500-c.p.s. 
bandwidth, but as WlFZJ has pointed out,6 the 
ear can be a narrower filter if properly trained. 

-- - 
"roetsrhel and Hener. ".4 Parametric Alnphfier for 

1296 Mc.," QST, January, 1Sfil. 
6 Harrls, "The World Above 50 Jfc.," &ST, June, 1961. 

(Continued on page 6) 



The Moonbounce Problem 

These figures show, among other things, that the 
initial 1296-Mc. moonbounce, with an l&foot 
dish (35 db.) and 300 watts of transmitter power, 
was both a technical triumph and an operating 
feat. I t  is also clear that the higher frequencies 
are the logical choice for both commercial and 
amateur work of this type. 

As Soifer recently noted, the basic problem 
is to obtain adequate signal-to-noise ratio, and 
the graphs presented here should help the equip 
ment- and antenna-oriented amateur get a feel 
for the moonbounce problem. I t  should be re- 
membered, however, that marginal systems give 
marginal results (if any a t  all), and that these 
numbers should be used conservatively if reliable 
communication is the goal. mEl 

Soifer. "Space Communication and the Amateur" 
QST, November, 1961. 



CONDUCTED BY BILL SMITH,* WB4HIP 

Plain Language E. M. E. 

0 T;R correspondence indicates an ever-in- 
creasing interest in amateur space com- 
mnnications. For those turning skyward 

for new adventure in v.h.f., the possibility of 
working e.m.e. seems indeed exotic. At my re- 
quest, Mike Staal, KGMYC, has agreed to offer 
his guidelines for developing a successful e.m.e. 
system. These are the result of much work, 
Mike having traveled both unsuccessful and 
snccessfnl avenues. The discussion is not in- 
tended to illustrate a cut-and-dried system that 
nlnst be used, but rather to point out what 

is being used, in some instances, Careful exomination of this photo will reveal some con. 
how successfllll~. n'e hope this will stir Your struction ideas for the hub of a pclrabolic reflector. 
imagination and interest in e.m.e. communica- The dish belongs to W3SDZ. 
tions. 

The station a t  KGRlYC is probably as basic 
and simple as one should consider for e.m.e. To 
illustrate how little is actually required, the fol- 
lowing is all that is needed and used a t  KGMYC. 
An SBE-34 s.s.b. and C.W. transceiver is used 
with a receiving converter and transmitting mixer 
for 144 Mc. The only thing unusual is a common 
local oscillator tripled to  130 Mc. permitting 
transceive operation on 144. The transmitting 
converter is similar to that on page 159 of the 
ARRL V.H.F. Handbook. The receiving con- 
verter is an old, much-modified Ameco tube-type 
with a 6 db. noise figure. A 50-ohm pad is used 
between the S B E 3 1  and the transmitting con- 
verter to swamp most of the 40 watts of 14 Mc. 
output. The converter output is 5 watts which 
drives a linear amplifier through a relay. The 
5 watts is adequate to drive a pair of 4CX250Rs 
in the WBMOX configuration (December, 1961, 
QST) to one-kw. input. The amplifier delivers 
650 watts which is fed through thirty feet of 
%-inch heliax to coaxial switches a t  the antenna. 
Two relays are used a t  the antenna, one for the 
transmitted signal and the other for double 
protection of the FET preamp located in the 
same housing. Belden 8214 carries the preamp 
outpnt to the receiving converter. A 1-Mc. crystal 
oscillator running into a tunnel diode provides 
both calibration a t  114.000 and a weak-signal 
source, which is absolutely necessary for observ- 
irig receiving-system performance. A noise 
})lanker, 60-cycle audio filter and tape recorder 
are occasionally used. That is it, aside from the 
antenna and mount. Compare your station with 
the aforementioned and-you'll probably find W3SDZ used hardware cloth for the covering on his 

432-Mc. dish. Note the construction of the struts and 
supports. 

Reprinted from January, 1968 QST 



very little keeping you from beginning in e.m.e. 
work except the antenna. 

The bare minimum gain required from the 
144-Mc. antenna is 20 db. over a dipole. This 
does not mean that echoes are not possible with 
slightly less gain, but for any hope of reliability 
through the moon's cycle, 20 db. is the line 
when using "normal " receiving systems. 

Now about the antenna. To my knowledge, 
no one has yet been satisfied with the perform- 
ance of Yagis on an e.m.e. circuit. WGDNG used 
them but ha5 since changed to an extended ex- 
panded collinear which he savs is the best, of 
more tliaii 50 e.m.e. anteiliias he has tried. 
FSDO has a Yagi array, but doesn't feel it is 
performi~ig as well as it should. However, sliort 
Yagis of 4 or G elements may be the answer if 
you must try them. VE3BZS/VE2 has an array 
of sixteen, 4element Yagis and is now doubling 
that number. He's had some success in hearing 
his own echoes. KBHCP, using two 26-foot boom 
Yagis, ran several hours of tests over a period of 
days with KGMYC with completely negative 
rerults. Transmitting a t  KGHCP arid liste~ling 
a t  KGMYC prodl~ced nothing. The opposite 
was also tried without srlccess although IlGMYC 
cor~ld hear his own echoes. 

The antenna a t  KGMYC is a 160-element col- 
linear which I believe is producing close to the 
theoretical 21 db. gain. Echoes can be received 
almost anytime during the moon's 28-day cycle, 
assuming the Faraday rotation (polarization 
rotation in the ionosphere) is correct. We will 
discuss Faraday rotation later as well as the 
%day cycle, which is related to sky temperature 
(cosmic noise) a t  various "look" angles. FSDO, 
VEdB%R/VEZ, %T.ITFE, %LliZZH, WBGDES, 
and of course VIl:3ATK have all heard KGMl C 
on e.m e. WR6KAP has an antenna almost 
identical to IIGMYCJs and has had eqr~ally 
good results. 

The cubical quad looks good since it  fits into 
the low-& class with coll~~iear types. ZI,1TE3E 
heard signals with four 5-element qr~ads pat- 
terned after those by IVlCEIt and modified by 
\V7PS. Do~i ' t  rnlc out exparitled quads as they 
should be quite practical. S i ~ e  and weight seems 
to be their chief drawback. 

Ilhonibics, the king of the 1i.f. ant,erunas, seem 
to have a p1:tce i11.v.h.f. circles as well. This an- 
tenna does not allow much moon time et~cli 
month, brtt the gains achieved can be extre~iiely 
high, a t  much less cost than most other a1.raj.s. 
VKSATN uses four rhonibics stacked one above 
the other with six-foot spaci~lg between for his 
3-meter e.m.e. :t~iterir~a. The alite~lna is 3-12 feel 
long per leg and has all apex angle of about 1 0  
degrees. The gain is calculated at  33 db., over 
perfect ground, but actual gain is prot)ably 
closer to 27 to 30 db. VIi3ATS has been very 
successful usirrg this antenna and 150 watts 
input. The Lal'ort rhornbic is being tried and 
seems to have po;jsibilities. ZI,IA%Il has a single- 
layer one and 11:~s copietl ICtillYC nlid possil)ly 

figuration may be in order. The antenna is on:y 
70 feet long. The disadvantages of rhombics are 
immobility and low elevation angles. 

All of the antennas thus far discussed have been 
linearly polarized. Now let's consider some sort ol' 
circularly-polarized antelma. First a definitio~i of 
circular polarization is in order; let us use the helix 
to simplify the explanation. Since a helix has no  
linear element, i t  theoretically radiates equally ill 
all planes and the wave is launched in the direr- 
tion of the spiral. Deperiding on whether thc 
helix is wound clockwise or counterclockwise, 
the antenna would be called right- or left-hand 

Shown is the hub assembly of the VK3ATN dish. The decli- 
nation and hour angle drive motors are  yet to be mounted 

as is a 16-inch diameter bearina. 

This is one of the rnol-e than 2 0  steel tubing trusses being 
used in the 50-foot dish at VK3ATN. The 20-foot long 
trusses weigh 3 0  ~ounds each and are wit'lin %-inch tol- - .  

Vli3-lTN. More layers or a side-hy-sitlr rou- erance of o parabolic curve. 



circularly-polarized respectively. 1;or point-to 
point communiration using helices, both anten 
nas should be woruld the same direction. JVhel 
listening for one's own echoes, a right-hand signa 
radiated a t  the moon will return left-hand. Thi: 
means that to hear your own echoes the directiol 
of circularity must be switched. Circular polari- 
xat,ion can also be achieved with properly phased 
rrossed dipoles orthagonally mounted. 

WH6DEX currently uses nine 20-element 
crossed Yagis, but runs only the horizontal 90 
elements when testing with another station using 
hwizontal polarization. Otherwise he would lose 
al)out 3 db. by putting half of his power into the 
vertical elements. However, if b(1t.h stations 
used 180 elements circularly-polarized arrays, 
3 db. would be gain on both ends - obviously 
very worthwhile. 

Also the problem of long term fading due to 
Faraday rotation would be eliminated. This 
p~)larization mismatch can cost as much as 20 db. 
when using linear-polarized antennas. Helix 
antennas have not yet been successfully used 
for a two-way amateur e.m.e. contact as far as I 
know, but maybe W8JICJs helix will intrigue some 
of vou who need a new challenge. (See WlCER's 
nrt,irle on page 20, November, 196.5 &ST.) 

Certainly one antenna that should not be over- 
looked is the parabolic reflector, be it circular or 
cylindrical. However, dishes of a useful size a t  
144 Mc. are impractical for the average amateur, 
bnt a t  432 and higher the picture brightens. 
(K2UYH described a homebuilt dish in the 
August, 1966 CQ.) 

To summarize on antennas, my personal ex- 
perience tells me circularly-polarized antennas 
for 432 and above, if a t  all possible, and below 
432 shoot for maximum gain in a low-Q, linear 
polarized array. 

Now let's look a t  a smaller but still important 
component in the e.m.e. station, the preamp. 
I t  may not be entirely necessary if your con- 
verter has a noise figure of 3 db. or less, bnt, if 
located near the antenna the preamp can reduce 
feedline losses on receiving and possibly lower 
the system noise figure a bit. The noise figure 
to aim for a t  2 meters is 2 db. YOU can try for less, 
but don't expect a noticeable increase in sensi- 
tivity, because the lowest sky temperatnre en- 
conntered a t  144 Mc. is about 1.9 db. At 132 and 
above cosmic noise is less and very low-noise 
devices become more useful. I t  is doubtful that 
your system will be cosmic-noise limited. On 
144 and 432 transist,ors appear to be the way to 
go, and more specifically, FETs or the steadily 
improving MOS dual-gate FET. Many types 
and brands are available for under $2. Many good 
preamp circuits have been published, bnt most 
lack protection for the transistor. A pair of diodes, 
typically 1N100s, back-to-back a t  the input to 
ground will save much grief. If you insist on 
using regular bipolar transistors, be sure to  build 
a good stripline filter to help eliminate overload- 
ing of the transistor by strong local stations in 
the broadcast band and higher. Normally a 
filter is not needed ahead of a FET. 

Little need be said about the balance of the 
converter except that crossmodulation (overload) 
of the mixer stage can sometimes be a problem. 
The use of FETs as mixers is a current solution. 
Recently R C h  began marketing a dual-gate 
110s FET pair that look ideal for converters, 
a 3S140 front end and a 3x141 mixer. Both are 
urlder $2 and nlay be the best yet for 144 and 
220. 

Xest month we'll look a t  methods used during 
e.m.e. tests and pass along some time-saving 
hints. Also a thorough examination of the prob- 
lems encountered is in order, as is a discussion of 
antenna nlounts and drive mechanisms. I n  the 
meantime, you should read W6UGL's article, 
"The Mooabo~~nce Problem, 28 Mc. and up," on 
page 20, September, 1963, QST. 



(A demonstration of this occurred on Dee. 20, when A Layman's Look at Emm.e'-part 'I KGMYC and VK3.4TN had another e.m.e. OSO. Durinr 
the entire QSO. 1302 to 1310 GMT, neither was able to 

K 6 ~ y c  continues his discussion this month hear his own echoes. VK3ATN also heard W6YK for 8 
of propagation problems effecting e.m.e. minutes following. - EDITOR) 

Ix cornm~~nications and what the amateur can 
do to alleviate some of them. 

Although there are electrons everywhere in our 
atmosphere and beyond, those in the ionosphere 
have the greatest effect on v.h.f. and u.h.f. 
signals leaving this planet. This cloud of elec- 
rons is in a constant state of flux, their number 
either increasing or decreasing, or moving about 
to form clouds or blobs, much the same as vapor 
clouds. For our discussion, however, think of the 
ionosphere as a homogeneous layer with no ir- 
regularities. A plane-polarized 2-meter signal en- 
tering this layer is gradually rotated and may go 
through several rotations before passing through 
the ionosphere and into space. If electron content 
is high, as it  normally would be during daylight 
hours, the signal may rotate many more times 
than it would during early morning hours. This 
phenomenon is known as Faraday rotation. 

Regardless of the plane of polarization orig- 
inally, the wave may come through the layer in 
any plane until i t  strikes the moon. As an ex- 
ample, consider the direction of rotation to be 
clockwise. When the signal strikes the moon and 
is reflected, i t  maintains its plane of polarization 
until beginning to re-enter the ionosphere, where 
again it  begins to rotate, still in aclockwise direc- 
tion, until returning to the antenna from which 
it was transmitted. An originally horizontal 
signal may have rotated six times plus 45 degrees 
leaving the ionosphere, and another six time;plus 
45 degrees upon re-entry, adding up to a net 90- 
degree rotation change, or vertical polarization. 
The signal received on a horizontal antenna may 
suffer a 20- to 30-db. loss from polarization shift 
alone. 

The problem of Faraday rotation is further 
complicated when contact with another station 
is attempted. The transmitted signal must pass 
through two probably-different ionospheric sec- 
tions before arriving a t  the other antenna. The 
polarization of the arriving signal may match the 
plane of one of the two antennas, but not neces- 
sarily both, or either. To put it  simply, your 
own echoes may be coming back well, but the 
other station may not hear anything. But  if 
transmissions are continued for an hour or so, 

Another interesting fact about Faraday r o t a  
tion is the relation to the hemispheres involved. 
A plane-polarized signal leaving the northern 
hemisphere twisting clockwise will return in the 
southern hemisphere counter-clockwise. It is 
possible that the effects of Faraday rotation can 
be nullified if the electron content of the iono- 
sphere were the same for both paths. The shift 
related to hemispheres does not occur if both 
stations are in the same hemisphere. Schedule 
times should be chosen when both stations can 
use approximately the same antenna elevation 
angle (the moon the same distance above the 
horizon a t  both station) as there are usually 
two to three times as many electrons in the 
horizon path to the moon as in the path a t  a 
45-degree elevation angle. The best time for 
ionospheric stability is between 2200 and 0600 
local time a t  both stations. 

Another factor entering into echo quality is 
scintillation, which cannot be corrected with 
circular polarization. An uneveness of electron 
density forms in the ionosphere and acts on a 
signal much like a lens on light. These "blobs" 
can have a focusing or defocusing affect on a 
signal producing unrealistically strong echoes, 
or no echoes a t  all. Scintillation, from my ob- 
servations, is more apparent a t  frequencies be- 
low 144 Mc. 

chances are your own echoes will fade and the 
other station may start hearing you. New Zealand, e.m.e. buff Ralph Cat+er, ZLITFE, (left) 

recently visited K6MYC in Saratoga, California. Ralph 
is actively working towards e.m.e. contacts on 144 and 

432 from his home in New Zealand. 

Reprinted from February, 1968, QST 



Lihration fadil~g caused by the rocking motion 
of the moon also effects echoes. For short periods 
the path loss can be reduced by as much as 6 to 
10 db. The moon is a rough surface and acts 
like many reflectors. Sometimes they add up in 
phase, while on the average they give a seven 
per cent ~ r 2  reflectivity. Libration spread is more 
troublesome a t  frequencies higher than 144 Mc. 

Another factor having a large bearing on 
whether or not cont,acts can be made with mar- 
ginal systems is cosmic noise. On 432 and above 
this should not cause much concern, but a t  144 
it is a different story. The minimum cosmic 
noise a t  144 Mc. is about 1.9 db., which is quite 
easily heard with modern transistors. Cosnlic 
noise is greatest is the direction of the Milky 
Way, or the galactic center. From my experience 
cosmic noise can make a 2-db. receiving system 
perform like a 6-db. system, or worse, when the 
moon is near the galactic center. There is usually 
a period of five to seven days each month when 
the moon is a t  its lowest declination angles. These 
days should be avoided if success depends upon 

W l  FZJ/KP4 is building this 5 0  foot square "dish" for 
432-Mc. e.m.e. tests. The dish will later be  expanded 
to 1 5 0  feet for use on 144. A movable feed will b e  
mounted atop a 60-foot tower in the center of the dish 

optimum receiving capabilities. Even the period 
as the moon is increasing its declination to its 
peak of approximately 27 degrees is not especially 

In  my opinion the ten-day period after the 
moon has reached its declination peak is the best. 

The following suggestions are offered as pos- 
sible solutions to the problems just discussed: 
I )  Faraday rotation can be handled with circ~~lar 

or in part by carefully planned 
schedule times. 
2) Larger than minimum antennas help over- 
come scintilation, libration fading and cosmic- 
noise effects. 
3) An effective method of reporting and con- 
firming signal reports helps in completing infor- 
mation exchanges. Avoid using code characters 
requiring dots, such as the letters I, E, S and H, 
and the numbers 2 through 7. The following sys- 

Willis Brown, W3HB, Bethesdo, Maryland, recently hosted 
Andy Kolt, DLBPK, Wahn, West Germany (center), and Bill 
Smith, W3GKP, of early moonbounce fame. DLBPK is 
active on 2 meters in Germany. By the way, Massachusetts 

meteor jockey W 1  JSM is the son of W3HB. 

tem is currently being used by those scheduling 
VK3ATN: 

T - signals detected 
M -letters or portions of calls copied 
O -Both calls and report copied 
MT - nearly solid copy 
5 - solid copy, no need for code 

By this system an 0 plus both calls received a t  
both ends and confirmed with RRR establishes 
a contact. Had this sytem been in use for my 
November 22nd test with VK3ATN we probably 
would have made another contact. However, by 
the old system VK3ATN was sending 3s repre- 
sented by the letter E. Es are easily lost to fading 
and are sometimes not discernible from noise 
pips ringing in narrow-bandwidth audio filters. 
Especially after many hours of listening for weak 
signals, dashes are much easier to detect. 
4) Receiving syst.em modifications such as post 
detection, phase lock, noise blanking and can- 
cellation all can help find signals in the noise. 
F.s.k. should offer a 3 db. signal-to-noise improve- 
ment and is an area for experimentation. 
5 )  Keep transmitting and receivingperiods short. 
I prefer 1 to 2-minute periods, particularly in 
daylight hours when Faraday rotation is rapid; 
90 degrees every 15 to 30 minutes. Echoes can 
appear, peak and fade in 5 minutes or less. Five- 
minute periods are used by many, since some de- 
tection schemes require 3 to 5-w.p.m. C.W. speed 
for proper integration time. 
6) Use relatively slow-speed c.w., under 10 
w.p.m. When testing with VK3ATN my trans- 
mission periods are two minutes long. During 
the first minute each call is sent 2 or 3 times, and 
the report is sent the second. 
7) Be sure of your frequencies, times and calling 
sequences. Frequencies must be within one kilo- 
cycle. 
8) Keep your antenna as close as possible on the 
moon. If your antenna has a 5-degree beamwidth 
a t  the 3 db. points, you probably can't afford to 
be 5 degrees off. It is worthless to bnild a good 
antenna system and then waste it  with poor 



aiming. This has been the priucipal cause of many 
e.m.e. failures. 
9) Don't start listening for echoes in a narrow 
bandwidth (under 500 cycles) unless you are 
experienced or have a receiving system that re- 
quires it. I prefer an 800 to 1000-cycle bandwidth 
but most of my receiving is done in a 2.1-kc. 
handwidth, with. the ear providing the "selec- 
tivity." 
10) When searching for weak echoes, contin- 
uously sweep the 500 to 1000-cycle portion of the 
band where the signal should be. I've found I can 
detect signals this way that might otherwise be 
lost in the noise. The ear can detect pitch changes 
easier than a steady note. 
11) Doppler shift on two meters is not much of 
a problem. I've never heard an echo shift more 
than 500 cycles a t  144 Mc. If the moon is rising, 
the signal will appear high in frequency. As the 
moon passes due south there will be little or no 
shift; then as the moon begins to set, the echo 
will appear lower in frequency. When listening 
for your echo from a rising moon, set the receiver 
so the transmitted signal produces a 200 to 300- 
cycle note. The echo will then produce a 500 to 
700-cycle note. The opposite is true of a setting 
moon. Doppler on 432 a11d higher is of more con- 
cern and will produce a 1-kc. shift or more, except 
when the moon is due south of your antenna. 

Next month's corlcludirlg discussion of this 
series will cover antenna mounts, drives and 
readout systems. 



E.M.E. for the Layman - Conclusion 
141s month we conclude a three-part discussion 

T o f  e.m.e. (earth-moon-earth) principles by 
Mike Staal, K6MYC. The final section covers 
antenna mounts, drive systems and readout 
mechanisms. 

First the prospective moonbouncer must 
decide if he is going to use his antenna system for 
anything other than e.m.e. experiments. This 
decision governs the selection of an appropriate 
mount and drive system. A very simple mount 
can be constructed if the antenna is to be used 
only for e.m.e. and thus be aimed a t  a specific 
point in space. This may be a logical place to 
begin, but you will probably soon become frus- 
trated a t  being limited to perhaps 5 or 6 hours 
each month when the moon passes through the 
antenna's pattern. I suggest a t  least a partially- 
steerable array. 

If only e.m.e. is contemplated, a polar (or 
equatorial) mount would be a wise selection as i t  
requires only one drive mechanism for tracking 
and some form of manually tilting the array 
slightly from day to day to set the declination1. 
To accomplish this, your antenna mast or tower 
must be mounted parallel to the axis of the earth. 
Thus, if your station location is a t  35" north, 
the mast would be fixed a t  an angle of 35" from 
the earth's surface a t  such location, oriented in 
a north-south direction (see fig. 1.). The de- 
clination (manually-tilted axis) changes from 
day to day. Information may be found in The 
American Ephemeris and Nautical Almanac, 
1968, available through the Superintendent of 
Documents, U.S. Government Printing Office, 
Washington, D.C. for a nominal price. All that is 
necessary now is that your drive mechanism 
rotate the antenna a t  a rate of 15" per hour to  
track the moon. 

This is all fine and dandy for e.m.e., but if 
you want to use your array for satellites, meteor 
scatter, aurora or something similar, a polar 
mount is not much good. A drive system per- 
mitting the array to be fully steerable in both 
azimuth and elevation (az-el) is the answer. 

The array a t  K6MYC is mounted atop a 
homemade 12%-foot tower. The four legs of the 
tower are fastened to a platform which in turn 
is bolted to the roof of the garage directly above 

the operating position. A large unmodified prop 
pitch motor is mounted inside the top of the 
tower. A husky steel plate is welded to the 
rotating gear and another plate is attached to 
the first with ordinary door hinges, see the 
photographs. These hinges are employed in the 
elevating mechanism. To  this plate a 3-inch 
aluminum channel is attached and the main boom 
of the array is clamped in this channel. A jack 
screw with right-hand leftrhand square threads 
starting from the center out raises and lowers the 
array. At the lower end of the jack screw is a 
20-to-1 gear reduction box giving a zero to 90" 
elevation time of three minutes. With the plates 
together the array is pointing straight up. The 
entire elevation drive rotates with the array. 

DecI&rt 
ro ~ o r t j l  m-n ;2s' 

s&t mr?% pnd south 
of &Mquatot- 2 

Fig. 1. 

Selsyn hookups are used for direction readout 
and may be varied to suit the particular builder. 
I'll let you work out your own azimuth system, 
but my elevation selsyn mount is quite simple. 
The selsyn is attached to the main array boom 
and aligned with it. A weight was tightly affixed 
to the selsyn shaft and, of course, the weight 
always hangs straight down regardless of the 
position of the array. The mates to both selsyns 
are mounted on a panel in the shack. Crude, 
perhaps, but it  gives one-degree accuracy, and in 
e.m.e. you can't afford less! 

A handy item for telling if your array is point- 
ing a t  the moon is the RCA SQ2520 photo-cell 
costing about $2, or its equivalent. This de- 
vice is sensitive enough to detect the light of 
even a small sliver of moon. When placed a t  the 
end of a 20-inch long one-inch diameter tube and 
the leads connected to an ohm meter, it is an 
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Mounted on the lower end of the jack screw is the 20-to-1 The elevation selsyn is mounted on the boom to the right 
reduction system. Note the collinear elements of the mount. Note the jock screw, elevation plates and 

and main boom. channeling holding the main boom on the mount assembly. 

accurate indicator of proper aiming. 0bvioilsly I t  has been a pleasure to present these notes 011 
it must be mounted so to be aimed along the e.m.e. problems, and it is IIIY hope that many of 
exact plane of your array. I t  is rlsefrll orlly at  you will become interestctl i l l  building your own 
night when the moon is visible. e.1n.e. system. - K641 YC 

As can be seen, the problems of mounting, 
steering and controllil~g an e.m.e. array are 
mostly mechanical and must be left to the 
ingenuity of the builder. Following the basic 
principles given here on locating the moon the 
builder may develop his own system. 



CONDUCTED BY BILL SMITH.* K4AYO 

Beginning Moonbounce-101 

E ACH month we receive letters from prospective 
moonbol~nrers inqr~iring for reference ma- 

terial, and hints llow to begin their e.m.e. project. 
111 t.his colr~mn for January, February and March 
19G8 appeared a three-part series by KGMYC, 
designed especially to answer the most common 
questions. For those who do not have these 
issues, we'll paraphrase some of the highlights 
this month, but suggest you obtain the originals 
from a friend, or AltltL Headquarters a t  the 
nominal fee of 75 cents each. 

Basically, this is what is required: 500 watts 
or more of transmitter output, the best possible 
receiver front end, a bigger antenna than most 
of us will ever erect, the means of aiming the 
array a t  the moon, and much perseverance. All, 
but the latter, may be store-bought, if you're 
so inclined. 

Lets look a t  each. The transmitter power is 
easily acquired a t  144 MHz., the most popular 
e.m.e. band, 220 MHz., where apparently there 
is no active e.m.e. work, and a t  432 MHz. 1296 
and up are progressively more difficult. There are 
numerous transistors capable of achieving the 
necessary noise figure a t  144, many in the one 
dollar price range. The picture doesn't change 
too much a t  432; a t  1296 the device will cost 10 
dollars or more. 

The antenna, its type, size and aiming, may 
be considered together. Success has been had 
with collinears, Yagis, rhombics and dishes, or 
parabolic reflectors. The most popular, because 
it  is tolerant of less-than-optimum amateur 
construction t,echniques, is the collinear. K6MYC 
designed, and later discussed in the April, 1967 
edition of this col\lrnn, a modification of a com- 
mercially available collinear. The modified ver- 
sion of that antenna is now on sale. At 2 meters, 
it is probably the best available commercial 
antenna. 

Both SM7BAE and ZLIAZR, who together 
hold the world's 144MHz. e.m.e. record, use 
multiple-Yagi arrays. Another promising 2- 
meter Yagi array was described by Oliver Swan 
a t  the recent West Coast V.H.F. Conference. In  
tests a t  KBMYC, a four-bay array of these 
Yagis, spaced 80 inches both horizontal and 
vertical, recovered the same amount of e.m.e. 
signal from KBMQS as did a 40-element collin- 
ear array. Physically the collinear array is about 
three times as large as the Yagi array. Details 
of this antenna will appear soon in &ST. 

Mounted on the roof of his Los Angeles home, this is the 
homemade dish of WB610M. H e  used this dish to success- 
fully work G3LTF and establish a new 1296-MHz. moon- 
bounce record. The 16-foot diameter dish consumed 
450 square feet of sheet aluminum and 70 pounds of 
epoxy to bond the aluminum sheets. (WB610M photo) 

Rhombics, used with much success by VK3- 
ATN and KBMQS, are capable of developing 
gain in excess of 30 db. over isotropic. Their 
disadvantages are physical size (several hundred 
feet in length) and fixed direction, except in the 
case of VK3ATN who varied the direction a few 
degrees by a pully and track arrangement. 
Rhombics are not feasible a t  the average city 
amateur location. 

The parabolic reflector, more commonly 
known as a "dish," is essentially a low-efficiency 
antenna, something in the order of 35 percent. 
In  addition, because of its physical size, especially 
a t  144 and 432, it is not practical for the back- 
yard e.m.e. enthusiast. However, a t  1296 and 
higher, good gain can be developed from a modest 
size dish. A picture of WB610M1s 16-foot dish, 
used in establishing the world's e.m.e. distance 
record on 1296, appears elsewhere in this column. 

Even more important is how you aim the 
array. I t  matters not how much gain the array 
has if it can not be aimed a t  the moon. Three 
systems are available; fixed position, partially 
steerable (polar mount), and fully steerable. 
A fixed-position array is the simplest to build. 
You have only to determine the place in space 
where the moon will travel through the array's 
pattern a t  a given time, and fix the array in that 
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position. This method, however, limits the time 
each month the moon will pass through the 
antenna's pattern, and who you can work be- 
cause of matching the "window." The window is 
a mutual place in space where antennas at  both 
atations are pointed at  the moon simultaneously. 

The partially steerable, or polar mount, an- 
tenna is especially suitable for e.m.e. work. It 
needs to be set only once daily for declination 
(the angle in degrees north or south of the celes- 
tial Equator, or elevation angle) and then ro- 
tated in azimuth (horizontal plane) to track the 
moon. The moon travels across the sky a t  a p  
proximately 15 degrees per hour. 

A fully steerable array, in both azimuth and 
elevation (az-el mount), is more flexible for use on 
other propagation modes, but is difficult me- 
chanically to construct and calibrate for e.m.e. 
purposes. This is the most desirable type for 
satellite work. 

All right, we've thrown out some facts; what 
do they boil down to? For the e.m.e. neophyte 
I'd suggest the following, and you e.m.e. grey- 
beards may sit back and stroke them. Try 144 
MHz., there is more activity, and technically 
2 meters is more easily achievable. Construct 
a collinear array of at  least 160 elements. That 
puts you into the 20-db. gain e.m.e. ballpark. 
Mount the array in a fixed position, taking into 
consideration who you wish to schedule. The 
mount may be modiied at  a later date to a 
polar configuration, after you become more 
familiar with e.m.e. techniques. 

Much of this discussion may be directly ap- 
plied to satellite programs, hopefully to soon 
again grace the amateur horizon through the 
Amsat and Nastar projects. E.m.e. and satellite 
work is within the grasp of many of us. As 
KBMQS recently said, "if I can work e.m.e., 
anyone can." What Dick said is true --.if you 
have the perseverance to put the system together, 
and stay with it until it works. You still can't 
buy that! -... I 



HF: YEAR 1964 will long he renler~lbered by 
v.h.f. moonbounce entlu~siasts. First, tlie pa- 

Ttient work of Bill Conkel, \I.GDSG, and 
I.enna Suominen, OHlSL,  paid off with the first 
two-meter moonbounce contact, and then 
I<l'4BP% really showed the po~sibilities of such 
work. Postmorte~ns on the week end of June 13 
and 14 were held wherever v.1l.f. men gathered, 
but one aspect of our participation seems clear. 
Many groups and individuals depended upon their 
:rbility to visually align their antennas on the 
moon. Cloudy weather 11le:int failure. partly 
cloudy we:~ther meant disastrous breaks in track- 
ing the nloon. 

(ietting around this trouble is really pretty 
easy. First, you need to know where your antenna 
IS pointed. If you're using good rotators, tlie indi- 
raters tell you. I f  you're using an "Arnatrong" 
system, attaching "setting circles," which are 
c*ircbular dials with 360-degree markings, will tell 
you. Sow the only thing you need to know is 
where in the heck the moon is! 

The purpose of this article is to show two ways 
of calculating where the moon will be in the sky 
a t  a given time on a given date. The first way is 
quick and dirty. \Vith no matlie~natics and no 
references other than this article, it will predict 
the moon's position to an accuracy of 5 degrees 
or so for observers within the United States. 
Since an antenna with an honest 20db. gain will 
have a half-power beam width of about 13 de- 
grees, 5-degree accuracy should be acceptable 
for most applications. If this isn't good enough, 
a second way is described. I t  is both accurate and 
tedious. To  use it, one needs a table of trig- 
onometric functions and one reference book. 
1Sither of these methods will help you aim your 
antenna a t  the moon in fair weather or foul. 

All of this discussion will be in terms of ele- 
vation and azimuth codrdinates. Elevation is the 
height in degrees of the center of the moon above 
the horizon. Azimuth is the bearing of the moon, 
measured clockwise fr m North. For example, 
the elevation of the ho izon is 0 degrees, and the 
elevation of a point di ectly overhead is 90 de- 
grees. The azimuth of 1 he eastern horizon is 90 
degrees, while the aziduth of the southern hori- 
zon is 180, and so on. l\Ve are going to stick to 
"az-el" coordinates bdcause this is the simplest 
type of mounting for Ian amateur to build and 
align. Also, because of the moon's rapid motion 
in declination (declination is the same, in celestial 
coordinates, as latitude in geographical coordi- 
nates), other types of mountings do not offer the 
advantage for the moon that they do for heavenly 
bodies with fixed declinations. 

The Moon's Position; Quick Way 

If we watch the moon's path acroas the sky for 
a month or so. we see that it shows a cvclic varia- 
tion. The moon might. on the first night. rise 
quite high in the s k i  The next night it woul'd not 
rise quite as high, and the next night it would be 
even lower. After about 13 davs it would be low- HOW High the Moon 
est in the sky, and the nextUnight it  would be 

* 480 S. 45th St., Roolder. Colorado. BY DON LUND,* WAgIQN 
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Fig. 1 -The average declination of the moon during 1965. 

higher again, until after about 27 days, it would 
be at  its highest again. This is because the moon 
wobbles in declination. The wobble is almost 
sinusoidal, with a period of about 27 days, as 
shown in Fig. 1. The dates given are the starting 
dates for tlie oscillation. Since the period isn't 
exactly 27 days, it is necessary to slip a day every 
so often, as on September 18-19. The maximum 
amplitude changes about 1% degrees during 
1965, so the curve shows the mean declination, 
D, during 1965. Thus on July 26,1965, the moon's 
declination is + 2.5 degrees. On August 2, seven 
days later, the declination is 0, while on August 
3, D = - 4 degrees. 

Knowing the moon's declination, we may com- 
pute its path across the sky (see Fig. 2). M7e see 
that when the moon's declination is most positive, 
it passes highest in tlie sky: when the declination 
is most negative, it  is lowest in the sky. At some 
time, call it T, the moon is due South. At T - 1, 
that is one hour before T, the moon is on a solid 
line corresponding to the declination from Fig. 1 ,  
where it crosses the dashed line marked " T - 1." 
An hour and a half later, the moon is still on the 
same solid line, and is where the dashed line 
marked "1' + %" crosses it. At T - 1 and 
T + x, we can read ttie moon's azimuth and 
elevation off the bottom and side scales. One 
word of caution about Fig. 2: I t  has been com- 
puted for an observer whose latitude is 40 degrees 
North, which is on a line passing through San 
Francisco, Indianapolis and Philadelphia. For 
observers north and south of this line, the ele- 
vation scale is squeezed or stretched. However, 
for the kind of accurary we need, the curves will 
produce acceptable results over most of the con- 
tinental United States, except Texas, Florida 
and Maine. 

All that is needed now is to find the time, T, 
a t  which the moon is due South. This is shown in 
Fig. 3. Again, the dates are the starting times of 
the periods, which are about 29 days long. The 
time can then be read directly in local standard 
time. For example, the moon is due South a t  
midnight on July 12, 1965. On August 3, 22 days 
later, the moon should be due South a t  about 

4:40 P.M. local standard time. As before, Fig. 3 
represents an average curve for 1965, computed 
for an observer a t  the middle of the United States. 
East and \\-est Coast times may be off by sev- 
eral minutes. 

In summary, the complete procedure is: 
a) Given the date, find D from Fig. 1. 
b) Given ttie date, find T from Fig. 3. 
c) Knowing D and T ,  enter Fig. 2, reading off 

azimuths and elevations a t  hourly intervals 
before and after T. For illustration, let's say we 
want the azimuth and elevation of the moon 
on August 3, 1965. From Fig. 1, D = - 4 degrees, 
and from Fig. 3, T = 4:40 P.M. In Fig. 2, the 
D = - 4 degrees curve must lie asixth of the way 
down from D = 0 degrees to D = - 25 degrees. 
Pencilling a curve like that in, a t  T - 3, that is 
a t  1.40 P.M., the azimuth is 127 degrees and ele- 
vation is 29 degrees. At 2:40 P.M., the azimuth 
is 141 degrees, and elevation 32 degrees. Follow- 
ing along, we can find elevation and azimuth 
every hour. Sounds a little complicated a t  first, 
but with some practice, it becomes quick and 
eaay. 

The Moon's Position: Exact W a y  

For the man who lins everything - a 300-foot 
dish and an IRM computer -the easy way may 
be neither satisfying nor accurate enough. For the 
man with such excellent capabilities, we offer a 
cookbook which shows one way of computing the 
moon's elevation and azimuth. M-e won't define 
things like hour-angle, for these definitions would 
constitute a full course in astronomy. Rather, we 
will just tell you how to compute, and let you 
study the references if you wish. 

The first step is to compute the local sidereal 
time, which we call T,. Pick a Greenwich Mean 
Time, T,, for which we want to compute the 
rxloon's position in the sky. At this point we must 
refer to The American Ephemeris and Nautical 
.llrnanac, 1965 (or whatever year you wish) 
which is available from the Superintendent of 
Documents, U. S. Government Printing Office, 
\\ashington, D. C. Copies are often available at  
nearby observatories, and occasionally a t  nearby 
universities. In  the Epphemerzs, under the section 

E A S T  S O U T H  AZIMUTH (degrees1 WEST 

Fig. 2-Azimuth and elevation of the moon. 
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Fig. 3-The average local standard time a t  which the 
moon appears due south. 

tion" which is just Lo Lt~e right of the "Apparent 
Itiglrt .4scension" column in the Epherr~eris. 
Having found I? from the tables of trigonometric 
functions, look up cos B. Then tlre azimuth, A, 
can be c.orriputed fron~: 

sin I )  - sin 12 X sin E 
cos A = C~SE x c.os l 2  - and 

cos D X sin h.a.rn. gin A = - --- 

cos E 
From the trigonometric tables, we can then look 
up A .  

For the person who needs this accuracy, and 
has access to an IBhl co~rlputer, a Fortran pro- 
gram for the above may be obtained by writing 
the author. 

Summary 

To permit aiming antennas a t  the moon 

titled "universal and sidereal ~ i ~ ~ ~ ,  1965 17 
through cloudy skies, we have sllown two ways of 

there is a called "Sidereal Tinle, ifour colllputing the position of the moon in the sky. 

~~~l~ of the ~ i ~ ~ t  point of ~~i~~ - ~ ~ ~ ~ ~ ~ ~ t . ~  The first way is as  simple as  we know how to 

one entry is given for each day of the year. ~ , ~ ~ k  "lake it. I t s  accuracy is poor by astronorrlic:ll 

up the value for the date you wish, and call tile standards, but sllould be sufficient for most 

value T:,. ~h~~ the local sidereal tinle may be amateur applications. The second way is more 

computed from accurate, but involves tedious conrput,ations. 
11 

\Ye cornnient that we have ignored certain fine 
T j  = 1.002778Tg + T ,  - 24 points in the set-ond method, suclr as t l ~ e  differ- 

360 ence between l~~plremeris and (;reenwicll Mean 
where lI is your longitude in degrees, west of Time and the fact that tlre Eplrerneris values of 
Greenwich. Kext, collipute tile llour :tngle of ttle right ascension and declination are as seen fro111 
moon; call it h.a.m. To do this, in the EpherlLeris, the center of the e:lrth. Such refinements can be 
in a section titled "Moon, 1065, For 14:ach Hour of introduced if the need for ultimate accuracy 
Ephemeris Time," for each date there is a colurnn arises. 
showing "Apparent Right Ascension" for each 
hour of time. Look up the Apparent Riglrt As- References 

cension for the date and time of interest: call For a general reference which provides an 
it  ,..a,m. ~ l ~ e n  the hour angle of tile Illoin, in excellent introduction to the terms and ideas 
degrees is: used here, we would recommend d s t r m o n ~ y ,  by 

360 11. IT. Baker (D. Van Sostrand Co., Inc., 1960). 
h.a.m. = (T ,  - r.a.m.) 24 For more detailed information, which includes 

the derivation of expressions like those which we 
Next, we compute the elevation of the moon; call have used in the 1Sxact Method, we could recorn- 
this angle h'. This is co~riputetl l'rorn mend Elet~~entanj Alathei~ultical As tronon~~,  by 

sin = (sin sin 12) + (COS CoS 12 C. I\-. C. Barlow and G. H. Bryan, as revised by 

cos h.a.riL.) I f .  S. Jones (University Tutorial Press, Ltd., 
1961). Tables in Figs. I ,  2 and 3 were supplied 

where 12 is the latitude of the observer and D is by the High Altitude Observatory, Boulder, 
obtained froni the column "Apparent Declina- Colorado. BEE3 



POLAR MOUNTS FOR MOON TRACKING 
Technical Editor, &ST: 

"How High the Moon?" in July 1965 &ST was an 
excellent article on el-as antenna aiming, but there 
is one statement that gives me concern: "As-el is the 
simplest type of mounting for an amateur to build 
and align. Also, because of the moon's rapid motion 
in declination, other types of mountings do not 
offer the advantage for the moon. . . ." 

In my article (January 1965 QST), a discussion of 
designing and building a polar mount for moon 
tracking was discussed. While certainly condensed, i t  
was complete enough for the serious amateur to get 
started on design work. 

So let's compare mount methods. First of all, two 
movements are required for either type of mount, 
and they are made essentially the same way. The 
only real difference in a polar mount is that its axis 
is  inclined to  point a t  the North Star (northern 
latitudes). So there is practically no difference in 
the construction materials or work required to con- 
struct a polar mount. 

The mention of alignment, I assume, means cali- 
bration of the mount. Here is where you can begin 
to  appreciate the polar mount. Large high-gain 
antennas with sharp patterns don't always point 
electrically where you think they do by bore-sight- 
ing methods. Nature has provided us with the 
sun to find out where the antenna is pointing elec- 
trically. (If you can't hear sun noise, you don't 
have enough gain to work moonbounce, except 
possibly KP4BPZ.) 

The Nautical Almanac (which is cheaper than 
the Ephemeris & Nautical IAlmanac mentioned in  
"How High the Moon? ") has a simple hourly table 
which tells you in astronomical coordinates exactly 
where the antenna is pointing, once you have found 
the sun with the antenna. You simply calibrate your 
readouts to these figures. Now any time you want to 
find the moon, a check of the table will give you the 
exact settings for your mount. 

If automatic tracking is desired, a simple clock- 
controlled drive on the hour-angle axis will keep 
your antenna on the moon from horizon to horizon. 
A change in the declination is required once a day, 
as the moon only moves about 2 degrees per day 
in declination. 

In contrast, an el-as mount requires that two 
corrections, for both elevation and azimuth, must 
be constantly fed to the antenna. The corrections 
must be made manually, as no simple way is availa- 
ble to make an el-as mount auto-track, short of an 
IBM computer. - Victor A. Michael, WSSDZ, 
Box $46, Milton, Pennu. 
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Tracking the Moon - In Simple English 
Practical Ideas for Designing and Aligning a Polar Mount 

BY VICTOR A. MICHAEL.* W3SDZ 

MA.IOR pitfall facing the prospective moon- A bouncer is the antenna mount and tracking 
system. Even a 50-foot dish is of no value 

in lunar communication, if it cannot be pointed 
a t  the moon and kept there. When we began our 
moonbounce efforts, many hours were spent 
pouring over astronomy texts. I t  was determined 
rather quickly that a whole new language would 
have to be learned for a proper understanding of 
the moon-tracking problem. Gathered together 
here are some of the essentials involved. 

Earth-Space Relationship 
Understanding the earth-moon relationship in 

space is the first step in solving the moon- 
tracking problem. This relationship is best 
illustrated with a polar mount, as in Fig. I. 
A polar mount is simply an elevation-azimuth 
mount with its azimuth axis parallel to the axis 
of the earth. Thus a polar mount a t  the equator 
would have its axis parallel to the earth (horizon- 
tal, to the viewer on the ground), while at  the 
North Pole the axis would be vertical, or a t  a 
90-degree angle to the plane of the earth. Your 
latitude determines the position of the polar 
axis with respect to the earth's surface, as illus- 
trated in Fig. 1. Once this is determined, we can 
proceed to a few other terms. 

Celestial Equator. An extension of the earth's 
equator; the circle that would be formed a t  a 
right angle around the polar axis. 

Meridian. The north-south line directly over- 
head. 

Hour Angle. The angle in degrees to the right 
of the meridian. (Degrees can also be transferred 
into time: 15 degrees equals 1 hour; I degree 
equals 4 minutes.) 

Declination. Angle in degrees north or south 
of the celestial equator. 

Using the Nautical Almanac 
This is the most important tool you will use 
* Box 34: Milton, Pa. 

in setting up, calibrating, and using your moon- 
bounce antenna. I t  is available from the U. S. 
Government Printing Office for $2.00. Be sure 
you get the right book; there is a similar publicn- 
tion from the same source titled The American 
Ephemeris and Empirical Nautical Almanac. This 
is more expensive, and harder to use for amateur 
applications. 

On page 39 is a portion of the tables found in 
the Nautical Almanac. I t  will be noted that the 
position of the moon is plotted for each hour of 
GMT. As an example, a t  1200 GMT Jan. 1, 1965, 
the GHA (Greenwich Hour Angle) is 15 degrees 
16.5 minutes. This means that the moon has 
passed overhead a t  Greenwich, and is now 15 
degrees 16.5 minutes, or just over one hour, to 
the right of the meridian, as the observer faces 
south. The declination is given as S 23 degrees 
39.5 minutes, which means that the moon is a t  
this position south of the celestial equator. 

Once you know where the moon is a t  Green- 
wich, a simple formula may be applied to deter- 
mine its position with respect to your own loca- 
tion. The declination is always the same, no 
matter where you live. The only factor that 
changes is the hour angle. The Local Hour Angle 
(LHA) can be obtained by the formula 

- west 
LHA = GHA longitude. + east 

Getting back to our example, suppose you I've 
a t  75 degrees west longitude. We find that the 
moon would have an LHA of 300 degrees 16.5 
minutes, or approximately 4 hours before 
meridian. 

Mount Design Considerations 
After you examine your almanac you will 

discover a few facts about the moon's habits that 
will help you to design a mount. First of all, 
the moon spends about two weeks above the 
celestial equator and about two weeks below. 
The maximum declination is about 25 degrees 

Fig. 1 -Principles of the polar 
mount for moon tracking. At the 
left it con be seen that the po- 
lor axis is always porollel to 
the axis of the earth. Its position 
with respect to the earth's sur- 
face depends on the latitude of 
the observer. Two planes of 
rotation are required; the 
declinotion. which moy be 
varied a small amount from 
day to day as required; and 
hour-angle, which should be 
controlled with o clock drive 

to follow the moon. 

Reprinted from January, 1967 QST 



north or south of the celestial equator. Tracking 
ability for about 3 to 5 hours of hour angle 
each side of local meridian should be satisfactory. 

At this point it  is possible to make some 
compromises in order to simplify the mount in 
favor of a larger antenna. For instance, a t  WlBU, 
Sam gave up two weeks out of a lunar month in 
order to use the 28-foot dish of Fig. 2 in recent 
moonbounce tests. He can elevate the antenna 
above, but not below, the celestial equator. The 
high edge (upper left in the picture) is elevated 
to the desired position, while the lower edge 

Fig. 3-Polar mount at WJSDZ, before 
the 256-element 432-Mc. collinear 
array was in place. The complete 
array is pictured in November 1964 

QST, page 75. 

Fig. 2-Simplified polar mount and 
28-foot dish at W I  BU. Principles of 
the mount and its clock drive are ex- 

plained in the text. 

rests on the pedestal a t  the lower right. The hour 
angle is controlled by a clock drive, just visible a t  
the lower center. Though complex enough, this 
is far simpler than the true polar mounts used 
on the 18-foot dish a t  WlBU, or the mount and 
drive for the 256-element collinear array at, 
W3SDZ, Fig. 3. 

Calibration of  the Mount 

Obviously, if you are going to use the informa- 
tion in the Nautical Almanac with your mount, 
there must be some system of readout. There are 



many possibilities, and many different systems 
will evolve. As a starting point, a few ideas will 
be discussed here, and thea "to each his own." 

As a practical matter, the declination need 
be set no more than once per day, for it  changes 
less than 2 degrees in 24 hours. For a few hours 
of moonbouncing effort each day, less than 
1-degree variation is involved. Unless your 
antenna pattern is much sharper than the best 
amateur efforts to date on frequencies below 
1300 Mc., this error is no problem. Declination 
readout can be rather simple: a calibrated scale 
on the antenna mount, a selsyn readout, or even 
a good 10-turn pot geared to the declination axis, 
and connected to a mercury battery and a meter. 
Anything accurate to plus-or-minus 1 degree 
should be all right. 

Hour-angle readout and automatic tracking 
are the chief problems in moon tracking. The 
moon appears to move across the sky a t  slightly 
less than 15 degrees per hour. Actually, it is 
the earth that is moving a t  15 degrees per hour. 
The moon is also moving, but a t  less than 1 de- 
gree per hour. Thus our basic problem is to 
drive the polar or hour-angle axis a t  15 degrees 
per hour with a clock. The simple procedure of 
turning off the hour-angle drive for about 3 
minutes once each hour, until the moon catches 
up, keeps things more than accurate enough for 
antenna tracking. 

Now a "clock" doesn't necessarily have to 
look like a clock. For instance, a large syn- 
chronous 60-cycle motor driving a gear train 
a t  1 revolution per day, coupled directly to the 
hour-angle axis, will work. The WlBU system 
is shown schematically in Fig. 4. Actual readout 
can be by any method that will develop plus-or- 
minus ldegree accuracy. 

When the mount is made, the antenna 
mounted, and the readout devices reading, the 
next question will be where is the antenna really 
pointing? This may sound simple, but most 
would-be moonbouncers have had trouble with 
this problem. Fortunately, nature has provided 

Table I-Section of a page from the Nautical Almanac, 
showing solar and lunar data for each hour 

of  January 1, 1965, a t  Greenwich. 

G.M.T. 

d h  

( 00 01 
02 
03 
04 
05 
06 
07 
08 

F 09 
R 10 
1 11 
D 12 
A 13 
Y 14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

us an almost constant radio signal that permits 
a rather accurate calibration of the antenna 
system to be made. That signal comes from the 
sun. I t  will be seen that the almanac gives 
identical information on GHA and declination 
for the sun: thus, by listening to solar noise you 
can calibrate your polar mount in the same terms 
of reference as you will use in moon tracking. 
Some time spent reading K2LMG's "Antenna 
Patterns from the Sun," &ST for July, 1960, 
will be well spent a t  this point. 

What you have just read covers some of the 
essentials. It is hoped that enough information 
has been given to enable the prospective moon- 
bounce enthusiast to determine his requirements 
for mounting and tracking. If any serious experi- 
menter in this field needs help a t  this point, the - .  
author will be glad to try to be of assistance. 

iEa 

SUN 

G.H.A. Dec. 
o r  D ,  

179 09.2 523 02.3 
194 089  02.1 
209 086  01.9 
224 083 ' . 01.7 
239 080  01.5 
254 07.7 01.3 
269 074 523 01.1 
284 07.1 00.9 
299 068 00.7 
314 065 - . 00.5 
329 062  00.3 
344 05.9 23 00.1 

359 05.6 522 59.9 
14 05.3 59.7 
29 05.0 59.5 
44 04.8 . 59.3 
59 04.5 59.1 
74 04.2 588  

89 03.9 522 586  
104 03.6 584 
119 03.3 582 
134 03.0 ' 580  
149 02.7 57.8 
164 024  57.6 

Fig. 4-Schematic diagram o f  
the clock drive and readout 

system a t  W 1 BU. 

MOON 

G.H.A. Dec. d H.P. 

o r ,  a , ,  , 
201 09.9 11.7 522  483 4.9 5 4 4  
215 40.6 11.7 22 53.2 4.7 54.0 
230 11.3 11.7 22 57.9 4.7 54.0 
244 424 11.6 23 02.6 4.5 54.0 
259 12.6 U.6 23 07.1 4 4  540 
273 43.2 11.5 23 11.5 4 4  54.0 

288 13.7 11.6 523 15.9 4.2 54.0 
302 445 11.5 23 20-1 4.1 540  
317 14.8 114 23 24.2 4.0 54.0 
331 45.2 11.5 23 282 3.8 54.0 
346 157  114 23 32.0 3.8 5 4 0  

0 4 6 1  114 23 35.8 3.7 540  

15  1 6 5  11.3 523 39.5 3 s  54.0 
29 4 6 8  114 23 43.0 3 5  540  
44 17.2 11.3 23 465 3.3 54.0 
58 47.5 11.1 23 49.8 1.2 54.0 
73 17.8 11.2 23 534  1.1 54.0 
87 480 11.3 23 5 6 1  3.0 54.0 

102 183  11.2 523 59.1 2.9 54.0 
116 485  11.2 24 02.0 2.7 540  
131 187  11.2 24 04.7 2.7 54.0 
145 489  11.1 24 074  2.5 54.0 
160 19.0 11.2 24 09.9 2.5 54.0 
174 49.2 11.1 24 1 2 4  2.3 54.0 



mperature, '1', the 

receiver temperature 

the receiver (noise 
re in the followir~g 
Ire as a ratio, and 

arid apparelit temperature is the temperatrlre it  d decibels above the receiver t~oise, and if we 
have, to radiate tile measured a t  col~verted to a ratio, c:tll it D, the11 d = 10 loglo 

given wavelength, from this size of disc.) D, and combilii~~g a11 the above, we have: 

What happens if we point an a11te1111a a t  the 
slul? If the beamwidth of the a~it,entla is just 
exactly the size of the sun, the antenna tempera- 
ture will be the same as the t,emperature of the 
sr111 at  this wavelength. Antenna temperature 
doesn't mean that we could bl~rrl a finger on the 
antenna; i t  means that the antenna is delivering 
the same amount of power to the transmission 
lit~e that would be delivered by a resistor heated 
to the antenna temperature. This means that if 
we took a 5O-ohm resistor, and heated it to 
400,000"Ii, i t  would generate the same a m o u ~ ~ t  
of noise a t  432 Mc. as would be delivered to a 
50-ohm resistor by all antentla with a %-degree 
beamwidth pointed a t  the sun. 

Antennas used by hams are not that sharp. 
If an a~rterlna with a 10-degree beamwidth were 
pointed at the sun, its gain would be less, and 
it wo111d deliver less power to the transmissiorl 
line than a %-degree antenna. Said differently, 
the antenna temperature would be lower for 
the broader antenti?. 111 eqr~ation form 

* P.O. Box 16G4, Boulder, Colorado 80301. 

A T , ~ + ( I - A ) T , = D ( N - ~ ) T ,  
ila 

The ausner to "how msug db.'s of s1111 noise" 
then is 

An equation much like this has appeared here 
before" perhaps this presentatiori, which sho~vs 
where such an equation comes from, will help ill 
u~lderstarldir~g what will be said later. 

Let's work an example, showing how practical 
results may be predicted. If the receiver has a 
noise figure of 5 db., then N = 4.16. If the feed- 
line loss is 2 db., then A = 0.6'31, and if we are 
interested in 432 Mc. the apparent solar tempera- 
ture is about 500,000°K for a condition when the 
sr~nspot number is 50 (see below). To is 29O0I< 

For further discussion, see Pawsey and Bracewell 
Radio Astronomy, Oxford University Press, Oxford,' 
England, 1953, p. 21. Steradian: The solid angle subtended 
a t  the center of a sphere by a portion of the surface whose 
area is equal to  the square of the radius of the sphere. 

See Bray and Kirchner. "Antenna Patterns from the 
Sun." QST.  July 1960. 

Reprinted from Aprii, 1968 QST 



(about room temperature) and $2, = i X lw5.  
If the :tnt.ent\:~ beam\\-idth is 10" by 10" to the 
h:tlf-p)\ver p~jiiits, its half-l)cwn\\.idth to half- 
~ ) o ~ v e r  poirits is 5 "  by So, and rl, = 0.0 X lW3. 
Then 

D = - 5 x 10" x 10-5 
0.63 1 ------- ---- -- 

4.16 - I 2.9 X lo" 0.0 X lo-" 
+ 

1 

(1 - 0.031)j = 4.14 

C o ~ ~ v e r t i ~ ~ g  this Imck to dec,il)els, t . 1 1 ~  sill1 ~ioise 
~ I I I I I I ~ ~  I)e :~111iost 6.2 dl). :LI)OVO the rcc.eiver ~ioise 
for thi-; sy-;tt:~~i. 'There is I I I I ~  prol)le~n with this 
c:~l~,r:l :~tio~~: The S ~ I I I  ~:t:li:ttes 1111ise of I )~) th  verti- 
cal : ~ ~ i r l  Ilorizoiit:il l )~) l :~r izat io~~ (~wr~Lly  ec1ri;~l 
:trn!~~uits) while ~riost :~l~teri~i;ts acac.cpt or~ly orle 
p~l:trizntiol~. If tliis i. the c::tse, the : t l~te~ui :~ o~i ly  
:tc.c,cpt,s 1i;tIF Lhe i l i ( . i~ie~~t  rcdi.tLii)~~, :i11(1 we rnllst 
sl~l)~rac*t :3 dl). for po1:triz;tti ) I I  loss. 111 s11c.h :t (me ,  
the suri I I O ~ S ~  would be 3.2 db. above receiver 
~ioise. 

Making Measurements 

Tlic r:rdio astror~orner w o ~ ~ l d  nicasure iV, A ,  and 
the : L I I ~ C I I I I : L  p:tr:ilneters, itlid the11 kiiowi~~g these 
wot~ld mctsure ?',d:~ily by me;ts\iri~igdaily values 
of D. As ha~ns, we :ire ~~rol) :~l) ly  inore i~iterested 
i l l  r n e ; r s ~ ~ r i ~ ~ g  the a ~ ~ t e ~ ~ r ~ a  p:lr:lmeters, or in 
~iiol~itori~ig our rcceivilig system to make sure 
cvcrythi~~g is workilig the way it should. This 
wily le:ids to some trouble, si~rlply because we 
d o ~ i ' t  know eiiough at)out '1:. At freq~re~icies 
I)elow al)or~t 1000 &I(:., the : tppare~~t  solar 
te~nperature is~i ' t  very well k~iowii for several 
re:tsolis. The first is th:tt riot too marly solar 
ot)serv:~tories have ~neasl~red sol:tr temperatures 
d;~ily over a lo~ig period of time i l l  this frequency 
r:tllge. While Potsd:trn, Ottaw:~, mid Toyokawa, 
arnolig others, rneasrrre daily solar temperatures 
I)et\vee~i 1,000 and 10,000 hlc., arid have over 
  no st of a sulispot cycle by  ow, not very mally 
protracted measurements are av:tilable for the 
freq~ierlcies we are t a l k i ~ ~ g  at)orrt. The secol~d 
reitsoil is that the sol:tr ternperatr~re varies f rorn 
day to day. lladitit,io~~ :it thesr freque~icics comes 
from high ill the solar atmosphere, arid there is 
still rnr~ch to be lcar~ied a1)out this regiou of the 
SIIII.  Therefore, solar temperatures often show 
littlt, c:orrel:~tio~~ with siu~spot ~lrirnl)er, which 
is really a rne:tsilre of :tc:tivity ill the lower part 
of t h r  S ~ I I I ' S  :~triiospliere. The best gliess that can 
I)e rn:tde :LS t,o soI:tr t,ern!)er;~tirre :is :t f r~~ ic t io~ i  of 
fr~ilucn(:v, a11d the : ~ r n o r ~ ~ ~ t  it i~icre:tsrs for a IVolf 
Slr:~spot Numt~er of 100, is shown ill Table 1. 

TABLE 1 
Percentage 

Temperr~ture Inereuse 
Fre- (Sunspot S o .  (Sun.spot N o .  
quenc?~ = 0) = 100) 

14-1 AIc. 1, 100,030°1< 10% 
2 20 1,100,000 12% 
4:32 400,000 50 
129ti 150,000 100 

These values have been obtained by comparir~g 
the reported results of Allen3 with the daily 
values reported by the Toyokawa Observatory of 
t'le Research I~is t i t r~te  for Atmospherics of 
Nagoya U~iiversity. The accuracy of these values 
is not very good. 

With this car~tiou in milid, some good itiforma- 
ti011 call be ob ta i~~ed  frorn moi~itorir~g solar 
te~nperatr~re. 011e thir~g that call be d o ~ ~ e  is to 
find, experirner~tally, \\-hat the beamlvidth of all 
a ~ ~ t e ~ i ~ l a  is. If U t u r ~ ~ s  out to be more tha11 2 
(that is, 3 dl). :~l)ove receiver ~iclise), we call 1i11d 
the ti:tlf-po\ver I)ettm\vidth ( 2 0 ~  a r ~ d  Lev) by 
p o i ~ ~ t i ~ i g  the :i11te1111a a t  a p o i ~ ~ t  ill the sky that 
the s ~ u ~  tvill cross, a i d  lctti~ly the s slocvly 
tirift through the a r i t e ~ r ~ ~ a   patter^^. I\ he11 tlie 
S I I I I  is ill the ce~~tt:r  of the :tlite~uia patterl~, put a 
3-db. a t t e~~unlor  het~ueetl tile c c r ~ t e r ~ t ~ u  and trut ls-  

t t ~ i ~ . s i v t l  l i t ~ e  ( I I O ~  betweell the co~iverter a ~ ~ d  i.f. 
strip). S!~c:ti I L I I  a t t e ~ ~ u a t o r  is easily made from 
coaxial cablt: (about 29 feet of 1tG-5X/U for 
432 hlc.). Clock the tirnes a t  which the receiver 
output from srui alo~le is the same as with the 
s ~ u i  a t  the ce~itcr of beam and the 3-db. atter~ua- 
tor ill line. Si~ice the suri drifts orie degree every 
four minutes, dividing the millutes (between 
calibrated -3 db. poiuts) by 4 givrs the half- 
power beamwidth in degrees ("). Turning the 
anteri~ia or1 its side arid repeatilig will measure 
the beamwidth ill the other plane. If the a r ~ t e r ~ ~ ~ a  
does not give more than 3 db. of slni noise, you 
will have to use a signal generator, arid rotate the 
anteriria to measure these beamwidths. 

Kriowirig the beamwidth arid the feed-lir~e 
loss, one call mensure t,he receiver rioise figure 
(assuming a valrre for Y,). This car1 be compared 
with the rioise figure measured by using a rloise 
generator. If by measuririg solar temperature, 
using the v:slues you think are correct for your 
system, you come close to the valr~es showri in 
Titble 1, then you can be sure that your syste~n 
is performi~~g properly. By measurir~g these tlii~igs 
d:tily, you can check the performarice of your 
total system. 

Summary 

Iri the precedi~~g sectio~rs, we have discussed 
how to measure reccivi~~gsystem parameters, arid 
how to mo11it)or system performance to guard 
:tg:~il~st, tletcrioratio~i. Sllor~ld you s u d d e ~ ~ l y  get 
1 dl). of  sol;tr rloise, whe~i you have been g e t t i ~ ~ g  
3 tlb., you k~row that  your systern  reeds some 
checkillg. Fillally, we discussed some of the rea- 
s o ~ ~ s  why this is r ~ o t  ari exact measurement, but 
rather should be taker1 as a11 ilidicator of syst,em 
performa~~ce. F Z i  

- -- 
3 Allen, "Tlre Variation of Decimetre-Wave Radiation 

mit,ll Solar .kctivity," Zlor~thl?j Notices of the Hoyal 
Astrononlical Society, p. 174 (1957).  . 



Antenna Patterns from the Sun 
Using Solar Noise for Plotting Vertical Patterns of  

17.H. F. Arrays 

BY D. W. BRAY,* K2LMG AND P. H. KIRCHNER,* W2YBP 

Y OUR v.h.f. antenna is probably aimed a t  the 
horizon, but that's not where your signal is 
going. The radiation in the vertical plane is 

actually pointed up in the air. This is true 
whether your antenna is horizontal, vertical or 
circularly polarized. I t  occurs because half of the 
antenna is looking a t  the ground when it is di- 
rected a t  the horizon. Since the 1)eanl strikes the 
ground, energy bounces off the earth and com- 
bines with tlre energy that is heatled skyward. 

For a horizontally polarized antenna, which 
most v.h.f. men use, the reflection is such that the 
signal is canccllcd a t  tlre horizon and a sharp 
t)c.arn is formcbd a few degrees ahove the horizon. 
Above this 101)~ many other weakcr and higher- 
angle lol)es are formed. A typical vertical antenna 
pattern for an anterrrla a few \vavelengths al)ovc 
the ground is illustrated in Fig. 1. A vcrtically 

Fig. 1 -No antenna ever has o single lobe, aimed pre- 
cisely at the horizon. As shown in this artist's conception, 
the main lobe is always at least a few degrees above the 

horizontal, and other lobes appear above 
it at higher angles. 

polarizctl a~~t( :nna \vo111(1, i f  the gror~nd were a 
~)erl'ect cor~tluc.tor, :itltl tho rcflc:ctcd and direct 
sig11:ll to pro(lu(.(: :L 1 0 1 ) ~  tvith its m:isimr~rn right 
on t,hc horizon. 13ut t l ~ c  grorl~ltl isn't n ~)crf 'c~t 
rcflcctor alld it ~ : L I I S ( ~ S  tJ1(5 s:~me> (.fT(~.t :LS in t h ~  
lloriao~ltal : L I I ~ C I I I I ~ :  a 101)~  s t r r~( . t~rc th:lt is 
poi~rti~lg 111)\var(l. 

Tllc only \yay to I)cs:~t this is to r:iisc: your 
:~lrte~rna 111) as lrigh fro111 the: ground :LS 1)r:~(*tical 
to maltc the first verti('a1 101)~  as low :LS possil)l~. 
i:vc:11 though your antc.u~l:l is as high as you 
c-or~ld put it, it still poscs the quc.stiorl: is it really 
lrigh errough: \\hat \\-or~ld another terl feet in 
elevation I ) I I ~ ?  Or another qucstion can come to 
mind as it ditl :it I<LLlIG. Is that h.f. army, 
\vhich is l)c,lo\v thc v.h.f. I~eam, acting as a 
ground ])Ian(: for t,l~c: I:rttcr, rausing a high angle 
of radiatio~r'! 

The way to alls\vcbr srlc.11 cluestions is to makc 
:L vertical : L I I ~ C I I I I ~  pattern plot. That sor~r~ds easy 
-- ~. - .. -- 

* .irlvanc~:d 1:lct.tronics Center, General Electric Com- 
pany, Itl~aca, N. Y. 

but it  can't be done as simply as taking a hori- 
zontal radiation pattern. To plot a horizontal 
pattern all you have to do is to have a nearby 
friend turn on his transmitter, rotate your 
antenna, and read his signal strength on your 
S meter. 

Although not so easy as the horizontal pat7 
tern, the vertical pattern can be plotted by taking 
a clue from the radio astronomers. Mother 
Nature has provided a strong and fairly constant 
source of radio energy a long way off: the sun. 
In the course of an afternoon the sun sweeps 
through a range of elevation angles as the earth 
turns. If you track the sun in azimuth, you can 
measure the noise level received by your v.h.f. 
converter as the sun moves down the vertical 
plane of your antenna. Using the level of the 
rc~ceived signal and the calculated position of the 
sun, the antenna pattorn can be plotted. 

By this mc.thod the question of the h.f. beam 
a t  I(21,MG was ansnered. I t  showed that there 
 as no intcr:~ction. If we have exrited your 
curiosity to the point where you would like to 
run through this experiment for your own an- 
tenna, the method is outlined below. 

Solar Noise 
Since the signal to be received is wide-band 

noise, the receiver should be opened up to the 
widest possible bandwidth, so that the gre:atest 
amount of noise energy will be collected. But, 
since this energy is noise a special detector- 
integrator voltmeter circuit should be nsed on 
the output of the receiver in order to smooth 
out thc variations in the noise for morc accurate 
voltage: rcbadings. The rcceivcr should be operated 
\\-it11 thc: h.f.0. set for normal c.w. reception. 
Cor~nc.c:t onc of thc tlcltector-i~ltctgrators of Fig. 2 
to the audio ol~tput. OIIC is for uso with a vole 
ohm~netcr, where R = (lowest full scale volt- 

lo6 
agc) X (voltmctcr ohms per volt) and C = - R 

,~f., with a t  least a 6-volt rating. The othcr is for 
use with a vacul~m-tul)e voltmotcr. If the v.o.nl. 
is used the detector mrlst be connected to the 
high-impedance tap (the higher impedance the 
1)etter) of the receivcr audio output tmrrsformc:r. 
I t  doesn't matter which audio output is used for 
the v.t.v.m. circuit. 1Svcn a high-impedance 
headphor~c circuit can he used. Tlre received 
siguals will be read on the voltmeter. 

Since the gain of cvc:n the very best of re- 
ccivcrs will change with time, the cffccts of 

Reprinted from July, 1960 QST 



TO AUDIO OUTPUT 1500 
(high impBdancE) 

IU W U U l U  

OUTPUT 

Fig. 2-Detector-integrator circuits for use in taking noise 
readings. Circuit A is for volt-ohmmeters, B for vacuum- 
tube voltmeters. See text for information on R and C 

values in circuit A. 

receiver gain variations can be removed by 
putting a resistor equal to the impedance of the 
transmission line on a coax connector and sub- 
stituting it  for the antenna and transmission line 
a t  the converter input just before each reading is 
taken. Noise from the resistor provides a "stand- 
ard signal." 

Taking Data 
Data can be taken a t  either sunset or sunrise. 

By the method outlined in the following section 
a graph of the angle to the sun as a function of 
time should be plotted for the selected day 
previous to taking data. This graph will then 
give the beginning and ending times of the test. 
For a sunset measurement, start a t  the time of 
maximum desired elevation angle and cont.inue 
taking readings until about ten minutes after 
sunset. For a sunrise measurement you should 
start about ten minutes before sunrise and con- 
tinue until the time for the maximum desired 
elevation is reached. 

During the run the horizontal position of the 
sun will change, so it must be tracked in azimuth. 
Since your beam is relatively broad in azimuth, 
probably only a few changes in the horizontal 
position will have to  be made. 

The readings should be taken every few min- 
utes, and about once a minute a t  low elevation 
angles. Each reading should include the time, the 
voltage output of the receiver with the resistor 
substituted for the antenna, and the voltage out- 
put with the antenna connected. Set the receiver 
gain so that the voltmeter is about two-thirds 
full scale on the most sensitive d.c. scale. At times 
the sun noise will flare up, or a car will go by the 
house, so cantion should be observed to be sure 
that the reading of the antenna signal is really a 
good average value. The reading of the sun won't 
be much larger than that of the resistor and in 

fact a t  times will be lower than the resistor, so 
don't be alarmed by only small changes of volt- 
age. Since the changes are small, care should be 
taken to achieve accurate results. 

Calculating the Sun's Elevation Angle 
The apparent motion of the sun is fairly com- 

plicated, and you will have to be prepared to do 
some work here. If you are interested only in the 
elevation angles below 15 degrees, and are willing 
to settle for about 1-degree accuracy, the job isn't 
too bad. The first step is to find your latitude 
and longitude from a map, and select a date for 
making the measurements. From Table I, look 
up the sun's latitude on the selected date, inter- 
polating between tabulated dates. 

Second, find out what time the sun will set (or 
rise) on the chosen day. If you live in a large city 
you can simply consult a local newspaper or the 
TV weatherman. The authors have found that i r~  
smaller cities these sources sometimes quote 
times which actually apply to a larger city nearby, 
and are not accurate enough for our purposes. 
The same applies if you live more than 15 miles 
out in the suburbs. In this case, firid the correct 
time from one of the references listed a t  the end 
of this article, following the instructions given 
with the tables. 

Next, calculate the number A from the fol- 
lowing formula: 

A = d cos2L - sin2D 
where L is your latitude and D (declination) is 
the sun's latitude. 

Now, for any time which is M minutcs beforc 
sunset (or after sunrise), the sun's elevation 
angle in degrees is equal to A times 211 divided 
by 4, or 

To extend your pattern to elevation angles 
higher than 15 degrees you will have to work a 
little harder. In addition to finding the number 
A ,  find another number B from this formula: 

B = sin D sin L 
where D and L are as before. Remember that 

TABLE I 
Sun's Latitude Variations 

Sun's 
Date Latitude 
Jan. 1 -23.0 

9 -22.0 
21 -20.0 
29 -18.0 

F e h . 8  -15.0 
22 -10.0 

Mar. 8 - 5.0 
20 0 .0  

Apr. 3 5 .0  
16 10.0 

May 1 15.0 
12 18.0 
21 20.0 

June 1 22.0 
10 23.0 
22 23.4 

Sun's 
Date Latitude 
July 4 23 .O 

12 22.0 
24 20.0 

Aug. 1 18.0 
12 15.0 
37 10.0 

Sept. 10 5.0 
23 0 .0  

Oct. 6 - 5 . 0  
20 -10.0 

Nov. 3 -15.0 
14 -18.0 
21 -20.0 

Dee. 2 -22.0 
11 -23.0 
21 -23.4 



when 1) is negative, sin D is also negative. 
For a time hf minutes before sunset (or after 

sunrise) find an angle X degrees by dividing hf 
by 4. That is, 

Now find the elevation angle 0 from the equation 
sin 0 = A sin X + B (1 - cos X) 

The procedure described above gives the ele- 
vation angle of the sun a t  any time it  is above 
your horizon, to about 1 degree accuracy. To get 
a better picture of the fine structure of your 
antenna pattern, especially a t  the low angles 
which are most important, better accuracy is 
needed. About 0.2 degree can be achieved by 
careful calculation and by applying certain 
corrections. 

Read your latitude and longitude to 0.1 degree 
or better, and find the sunset (or sunrise) time 
to the nearest minute. Now adjust this time 

3.3 slightly by - minutes. Add this to the sunrise 
A 

time, or subtract it  from the sunset time. Use 
this adjusted time to calculate the elevation 
angles as described above, and then apply a final 
correction by adding the amount shown in Fig. 3 
to the calculated values. These corrections take 

1.0 
2 .9 
$ .8 
UJ 7 
3 :6 
9 .s 
b. 

b : : : : : : : ; : ~ z  
2 CALCULATED ELEVATION ANGLE, DEGREES 

Fig. 3-Chart showing elevation angle corrections to be 
applied for results of high accuracy. 

into account the refraction of the signal (and the 
light) by the atmosphere, and the difference in 
size between the radio sun and the visible sun. 

Finding the Sun's Azimuth 
If you do the job on a sunny day, the simplest 

way is to have a friend keep the beam pointed 
toward the sun in azimuth, lining it up by eye. 
Alternately, calculate the sun's azimuth in ad- 
vance and rotate the antenna from time to time 
as required. When readings are taken, the beam 
should be within about one-fifth of a beam- 
width of the sun's azimuth. 

Azimuth is found from the formula 
sin D - sin L sin 0 

cos 9 = 
cos L cos 0 

0 is the elevation angle already calculated. 
Again, remember that when D is negative, sin D 
is also negative. The azimuth, 9, is measured 
eastward from north in the morning, and west- 
ward from north in the afternoon. When cos 8 

comes out negative, 9 is larger than 90 degrees 
and the sun is more south than north. 

Plotting the Results 
Now that the angle of the sun and the signal- 

strength readings have been obtained, the an- 
tenna pattern can be plotted. Fig. 4 is a curvcd- 
earth grid with elevation angles plotted on it. 
Taking the readings that were made as the sun 
ran its course, divide the signal voltage from the 
sun (Es) by the signal voltage from the resistor 
(ER). DO this for each reading taken. Now square 
each of these values of (Es/ER) to obtain the 
value of (ES/ER)~. The next step is to  compute 
the value Y, using the equation 

where (Es/ER)~ is e&ch of the readings that were 
taken as the sun crossed your antenna and 
(ES/ER)~ ,in is the value of the reading after 
the sun is below the zero-degree elevation angle 
by 5 minutes or more. Then find the greatest 
value of Y. At this reading, calling it Y,,,, assign 
an arbitrary value of slant range - 500 miles. 
This is then one point on the plot: 500 miles and 
the angle to the sun at  that time. Now take 500 
miles and divide it by Y,,, and multiply all of 
the other Y values by this amount. Plot on Fig. 4 
the angle for each signal-strength reading and 
distance just found. Drawing the curve, you now 
have your antenna pattern in the vertical plane. 

There is one caution. The sun is not really a 
point source of radio waves. It can be repre- 
sented as a ring of about l-degree angular di- 
ameter on the outside and about one-half degree 
on the inside. Because of this, the nulls in the 
antenna pattern will not appear to be sharp. For 
this reason, a sample antenna pattern is shown 
in order to guide you in your plot. When the 
curve shows a dip, it  probably is a very deep null 
as indicated by the dotted lines on the same 
curve, Fig. 5. Because the depth of the nulls 
cannot be determined, the antenna pattern taken 
by this method would probably not satisfy an 
exacting scientist, but in practice the signals that 
are received on such an antenna, amateur or 
otherwise, are not from point sources either. 
Thus the antenna pattern taken by this method 
is truly an operational pattern. 

For those interested in meteor scat.ter an esti- 
mate of optimum range can be made. The me- 
meteor trails will be most prevalent a t  a height 
of 50 miles. From your antenna pattern note the 
range a t  which the elevation angle line through 
the peak of your lowest lobe intercepts the 
50-mile height. Multiplying this number by 2 
will yield your approximate optimum meteor 
scatter range. In the example shown in Fig. 5, 
this would be about 1000 miles. 

Noise Figure and Antenna Gain Check 
There is another interesting sidelight to this 
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Fig. 4-Curved-earth grid for plotting 

subject. The "qnic!t" sun is a more or less cali- 
lrmted source of radio energy. Thus by a few 
simplo c:alcnlations you can get all idea of your 
antpnna gain or noise figure for actual received 
signals. Berar~se the amount of energy that is 
rcceived is a function of both the noise figure 
and antrnn:~ gain, you can start with one of the 
known valr~cs :LII(~ find the other. The c q ~ ~ a t i o ~ ~  
which applies is 

r 7 

L 

where GP = the power gain on your antenna 
Il'p = the noise figure expressed as a power 

ratio 
IJp = the t r : ~ ~ ~ s ~ n ~ s s i o l ~  l i n ~  loss for your 

cal~le ant1 your length 
K = a constaut depcilde~lt upon the Erth- 

yuency band 
:%nd 

is the rn:tximum sign:tl ratio from the al~ten~la  
pattern data t:ilre~~ al~ove. This value will occur 
a t  the pcalc of the first vertical lobe. (Es/ER)' 
min is the sig~lal ratio a t  the time the srln n:rs :t 

few minutc.s li)elow the horizon. 
This for~nula will only apply when the sun is 

quiet. If the answers are out of line the test shoultl 
1)13 repeated until a quiet day is fourld. A quiet sun 
radiates the lowest amount of energy; all other 
co~lditior~s produce greater received power. 

Your antc~n~ia gain is probably the least well- 
lcnown n111nl)er of your radio system. 

603 
results obtained from solar noise readings. 

TABLE I1 

Frc~rcrncu Bnnd 17alue of K 
144 Rlc 
220 Mc. 
432 hIc 

1296 Mr 0 63 

To calctllate the antenna gain: 
1) 1Sstimate the noise figure of your converter 

t)y taking the manufacturer's noise figure, or 
from tube data if i t  is a home-brew model. This 
value will probably 1)e expressed in tll). Convert 
the dl-). rioise figure to a powc,r ratio by tlie 
commorl db. formula, t ; ' ~  = :ultilog F/10 where 
P is tile noise figure in dl). from above. This 
conversion can also I)c n~ade using tlie c1eciI)el 
chart i r ~  the A1212L Hni~tll)ook. 

2) The f:rctor K is listc,tl in T:~l)le I1 for tllc 
various a n ~ n t e ~ ~ r  I):~ntls above 50 hlc. The 6-metor 
band has 1)ec11 omittcd t)ecar~se of the strong 
I)ackgror~rltl of r:~dio energy in this freqr~etlcy 
range irl largo areas oi the sky, which coul(l :rtl- 
versely inflnonce the rc.sults. For tho higher 
t)ands the background radiat,ion is mucll less. I t  
is possible that one of the bright radio stars 
could he 1le:Lr the sun \\.her1 the mchnsrlre~ne~lt is 
Irei~~g tnlien, a ~ l d  ~vould tlierefore i~lfluerlce the 
readings or1 the higher freque~lcic:s, also, but the 
chal~ces of this are remote. 

3) L is the line loss. This figure is c,:~sily esti- 
mated by looking 111) the transmission-line manu- 
f:tcturer's dat:r for your freqr~enry. I t  is rlsually 
expressed in dl). loss per hundred feet. Thus, c:~l- 
culate the db. value for your le~lgth ~ I I C I  C U I I V C ~ ~  

the db. loss to a power ratio as you did above for 
the noise figure. 



Fig. 5-Representative vertical antenna 
pattern. Dips in the heavy line represent 
nulls in the pattern which a r e  actually 
much deeper than da ta  will indicate. 
This is due in part  to the fact that the 
sun is not a true point source for radio 
noise. Antenna pattern may be more 

like that shown in dotted lines. 

Su1)stitution of the vallrt~s in the formula \rill 
yicllcl the power gain GP of the antenna. This call 
be convertecl to till. gain hy the common formr~la 

G' = 10 log Gp, 
or hy using the Handbook tallle. 

What we havo really been talking about here is 
a prartical use of radio astronomy. The methods 
nsetl here also apply to  the detection of radio 
stars. Itlany ir~terestirlg experiments car1 I,e per- 
formed. For those who are interested, take a 
mdio look a t  Cygnus A or the cerlter of our 
g:~l:~xy in Sagittarins, when they arc rising or 

MORE 50-MC. MOONBOUNCE 
EXPERIMENTS 

hylmer 
Quebec 
Canada 

Tcclinical Editor, QST. 
The purpose of this Icttvr is to ~ i v c  corrections and addi- 

tions to a ~ , r c \ i o r ~ s  one,' and to describe further 50-Me. 
ruoonborinr.e exl~crilnents a t  VI<YBZS/2. 

In  t l ~ c  for~rrrlla for the Dol,pler shift, t l ~ c  transmitter. 
frcltlenry, /, slioukl have been ex1,ressed in cycles, not 
~l~caacyrles.  .4lso, i t  was mentioned that the antenna was 
i~snally ainled optically. liowevcr, t l ~ e  following formrllae 
Irere r~.ferred to wlien the !noun was ohsc~lred by clouds: 

sin ET = sin LT sin D + cos LT cos D sin IIT 
cos D cos HT 

sir1 AT = - 
cos ET 

wlicrc ET is t l i ~  eIe\.ati~n of tlie trans~nitting antenna 
AT is t l ~ e  azi~lrl l t l~ fr0111 true nortli 
IJT is the latitude of the transmitter 
H T  is the l iol~r angle of the moon, and is approrilnately 

:3(i0 -- X 1, wl~crc 1 is t l ~ c  tilnc in liollrs aftcr local 
( lransi l )  
Incan time of ~nuonrisc a t  the erllrator, and (Lransil) is t l ~ c  
t i l~le in Iio~lrs between ephemeris transits of the moon 
(al,l,nrx. 2 3  hours). 

Sin~ilarly for t11c rcceivcr. 
TIlc f o r ~ u ~ ~ l a e  are al,l)roxi~~~ations, since ET is t l ~ c  clcva- 

tiorl of the llloon a t  the earth's center, not a t  the station. 
However, tlic difference is less than one dexree, a t  must. 
Also, the local 1io11r anale detinition may not he standard. 

T l ~ e  ~noonbol~nrc exl,crin~ents were continr~ed with dif- 
frrent antenna pularizations to see if irnl)ruve~nent cor~ld be 
obtained. I t  rvas puintcd o ~ ~ t  by Soifer' t l ~ a t  crossed Yagi 
antennas transluit and receive the salrre sense of clliptically- 
l~olarioed radiation. T l n ~ s ,  theuretically, a s s ~ ~ ~ r r i n g  specr~lar 
reHcrtion uf the radio wave a t  the moon's surface and there- 
fore re\-crsal of the sense of tlie polarization, the antenna 
r~scd in tile experi~nents ~~rcvioiisly described shoi~ld not 
1iarc rcreircd t l ~ e  transmitted ecl~oes. Neglecting effects of 
the ionosl~llcrc and lunar surface, the fact that  some echoes 
\vrre rereired is probahly attributable to  ground reflection 
effects and/or transtl~ission of elliptically-polarised waves 
dule to r l ~ i s r ~ ~ a t c l ~  in the antenna system. 
p -  

I "30-AIc. Aloonhoi~nce I~xperi~ncnts," Technical Cor- 
r c ~ ~ ~ o n d c n c e .  (JST,  May,  l!MiZ, 1). 4Y 

"oiler, " Kcscarcli, Tracking and Reporting, Project 
Echo A-12," QST, . l ~ ~ n c .  lY(i2. 

Reprinted from April, 1963 QST 

setting. Both are good strong noise sources, and 
rral DX! IEEI 

References 
American Ephemr~is  and Nnutical Almanac, issued yearly 

by U. S. Naval Observatory. Consult it a t  library. 
Astronomical Pkrnom~na for the Year, published annually. 

A reprint of selerted !,ages from the above, 25 cents from 
Superintendent of Documents, U. S. Government Printing 
Office. Washington 25, D. C. 

The Telephone Almunac, issued annually. Free from Bell 
S1-stem Telephone Company business offices. 

In/ormation I'lrasr Almanac, pl~blished by Macmillan Com- 
pany, New York City; sold a t  nemsstands and bookstores 

A trial was made recently using two of the crossed Yagis 
trans~nitting radiation polarized in one sense and the otller 
two receiving in the opposite sense. Stronger and tnore 
frequent echoes were rocordod, even though the aystem gain 
(neglecting the problem of reverse polarization) was only 
o n e - f o ~ ~ r t l ~  that previously used. 

Anutlier trial was then made with the  four antenna units 
translnittiu- vertically. This was chosen over horizontal t o  
have tlie major lobes of the upper and lower bays as nearly 
coincident as possible, in the event of ground reflection. 
During this trial the moon was obscured, and some power- 
lineinterference was present, but results were the best so far. 

The 50-Ale. trials were brief and incomplete, bu t  results 
sceln t o  indicate that  the echo amplitude varies widely; 
that  t l ~ e  average signal-to-noise ratio of tlie echoes is less 
than that given by the forrn~lla in the previous letter; that, 
when using circular polarization, irnproved yerfornrance 
results if the trans~nitting and receiving antennas have 
opposite polarizations; and that, with the system paran~eters 
used, no distinct advantage between circular and linear 
polarization was noticed. 

- Alan Goodacre. VESBZS/d 

S U N  NOISE 
Technical Editor, QST: 

Some questions have arisen over the definitions 
used in the article on sun noise (April 1968 Q S T ,  
page 42). and perhaps a note clarifying these is in 
order. To conform to  common usage, as  stated in the 
IEEE Standards ,  the relation between noise figure 
and noise factor should be: 

Noise Figure = 10 log (Noise Factor). 
Thus, ". . . add 1 . . ." is incorrect, and a noise 
figure of 6 db. corresponds to  a noise factor of 4. 
Also, as used in the equations, A is the fractional 
transmission of the feed line, rather than its frac- 
tional loss. Fractional transmission equals one 
minus fractional loss, resulting in A being correctly 
given in the example. However, the redefinition of 
N, as above, changes the results of the example so 
that the sun noise, taking one linearly-polarized 
component, should be 4.8 db. above the receiver 
noise, for the other constants assumed in the 
example. 

One last word of caution: the whole presentation 
was based on the ratio signal/noise rather than 
signal + noise/noise. For systems where the sun is 
only slightly above the noise, reduction to  signal/ 
noise ratio, as described in January 1968 QST, 
page 34, may be required. - D o n  L u n d .  WAgIQRr, 
P.0. Box 1664, Boz&lder, Colouado 80301. 



50-MC. MOONBOUNCE EXPERIMENTS 
119 Fourth Ave. 
Ottawa 
Ontario. Canada 

Technical Editor, QST: 
Corn~nunication by moon-reflected radio waves oKers 

;:rnatc<rus the ol~~lortunity for making v.1i.f. contacts any- 
u11rr.e in tlre world, for ~leriods of from a few iriinutes to 
several llours each day, if the considc~rable technical 1)rob- 
l r ~ n s  can be so1re;l. l'lre following (lescribcs sorne attetiipts 
to obtain moon echoes on 30 Mc. 

I'rcvious work wit11 the recel~tion of 50-llc. transmissions 
by bVi'R1)Y a t  VE7AlZ gave evidence of ~ r ~ ~ r h a p s  two or 
tltrec runsecuti\e weak rclioes during each of half a dozen 
t~.hls. '  !.ark of nlore consistent results was astionled to have 
I I ~ ~ ~ ~ I I  duc- to I.'araliay rotation of the plane of ~~olarization in 
t l ~ .  ionosl,licre, causing lovs of eignal. Antennas at both 
cn,is wtw lrorizontally-l~olarized Yagis. I t  seemed worth 
whilr to make another a t t e ~ n p t  a t  VE3BZS, using circular 
liolarization, in a rtlanner similar to that used by K l H l I L  " 
tu overcome tlic Faraday+tFect ~iroblem. 

Four Yagis, each witli 5 elements in a l~orieo~ltnl plane 
and .i in a vertical !,lane, were arranged in box cu~~f ig~l ra t~on 
a1,1,roxiniately 20 feet square. The vertical dl.i\.cn ele~nentv 
\rere fed !JO degrees out of ylinse wit11 the I~urizor~talones. 
'l'l~e antenna cor~ld be rotated only in a z i ~ ~ i u t l ~ ,  and was IISII- 
ally olltically aimed. The trans~oitter u s ~ d  a Iirt~rodyne 
exciter fur ~naxi~nurn stability. An external t~iriable oscillator 
a t  I AIc.. wit11 50 tiunes fre<~uency ~nulti~,lication, gave 
receiver injection a t  50 Ale., plus the I)ol~[~ler shift, phis or 
~ ~ ~ i r i r ~ s  tllc audio filter frequency of 940 cycles. This heating 
signal and the returned signal, if any, are fed into the regular 
50-RIc. converter, and tl~eti into the station recci\-er, set for 
(i00-cycle bandwidtll. Then follows the 940-cycle audio 
filter, with a hanciu-idth of 20 cycles, and a tatle rrcorder. 

An important receiver point is that the gain of the 
receiver si~ould be set so t k t  the noise a t  the output of 

the audio filter ~lisajr;,errs wlier~ tile external injcction is 
turned off. Under this condition the effective  ired detection 
(i.f.) bandwidth of the receiving system is determined by 
the audio filter. Tlie lleterodyne system for thc: transmitter 
allows the oscillators to run continuously, permitting bettrr 
frequency stability than when turtling tlie oscillator on 
and olf. Ileterodyning also re<luces the drift a t  tlte signal 
f re~~uency,  for a given amount of oscillator drift, co~nparcd 
to a con~entional oscillator-multi1,lier system. Absolute 
frulm.ncy sttlbility was not extremely good, due t o  lack of 
tc.lr11,eratrrre control of crystals and transistors, but relative 
~lrnft to  the rece vrr was frorn one t o  two cycles w r  minute. 
Tllis is good enouali to  ~ ~ e r m i t  audio filter selectivity of 
10 to  20 cycles to be used. 

Because of this narrow bandwidth the Doot~ler shift 
Ilacl to  be calculated. The approximate formula used was: 

37.04 (cosLmosH~ + c ~ ~ L R c ~ B H R ) c ~ s D  X 
(transit) 

wlicre A/ = Dolll,ler shift in cycles , 
f is = trans~nitter frequency in megacycles 
( s e ~ n i ) ~  = semidia~neter of the m w n  expressed in 

seconds of arc , 

(serni)~ = se~nidia~neter of the moon expressed in 
seeontls of arc 12 hours later for the day 
concerned 

(transit) = the time in llours between ephemeris 
transits of the moon (apr~rox. 25 hours) 

LT = latitude of the transmitter 
IIT = hour angle of the moon and is approximately 

3!!L X t where t time in hours 
(transit) 
after local mean time of moonrise a t  
the equator 

LIL, fln similarly for the receiver 
D = apparent <leclination of the moon 

The VHI.' dn~alerrr, F'abrnary, 1961, 111,. 13-16, 
W e r  r~hotos III QST, Novcmbcr, 1!)G1, 11. 89. 

The necessary inforrnation for the calculation may be 
obtained from a current dmerirun Eplcemeris and ~ V u ~ l i c a l  
.Ilmunuc. The first terrn in the square brackets is usoally 
dominant and a t  moonset a t  43 degrees latitude arnounts to 
about - 110 cycles a t  50 XIc. 

T h e e  trials were made and only one or two weak but 
identifiable ecliues were received. Signal-to-noise power 
ratios were of the order of 1:1, or less. This rrleans that 
little or notling can be heard of the return signal by  ear, 
but a visual lxesentation slrows evidence of a return. Tlie 
advantage of visual met l~mb in detection of very weak 
signals increases with very narrow receiver bandwidtlr. 
since signal and noise tend to  sound the same under tliesc 
conditions. 

The averaae signal-to-noise ratio a t  tlie out,put of the 
audio tiltrr was calculated using the following for~nula. 
which neglects fading effects orduced  by tile inotion of tlie 
~noon's surface, Faraday rotation and ground reflection: 

wl~ere I'T = transmitter 11oaer out l~ut  in watts 
K = attenuation of trans~nission line in db./1W ft. 
L = trans~nissiori line length in units of 100 fi. 
A = wavelengtl~ in meters 
(;H = gain of receiver antenna over isotrol)ic radiator 
G'r = similarly for transmitter 
F = noise figure of receiver a t  wavelengtl~ A 
R = effective noise bandwidth of receiver in c.l~.s. 

I t  sliould be noted that f'r, K, and P vary wit11 A forgiven 
coniponents. F~.equer~cy stability proble~ns make ~ninirmlm 
B vary wit11 A also. For $\-en conditions there is an  o p t i ~ r i u ~ r ~  
X tu ~ ~ r o d u e e  ~naxirr~um average signal-to-noise ratio. T l ~ c  
words "average sigrial-to-noise ratio" are used, since the 
instantaneous noise IIoRer may deviate from the average 
value, but the actnal signal-to-noise ratio sl~ould be within 
a (actor of two of the a\-ernae about 50 per cent of the t i~nc.  

The calculated signal-to-noise power ratio using: 
PT - 400 watts 
K = 3 db./100 ft. 
1 = 100 ft. 
X = 6 meters 
GR = 64 
GT = 64 
F = 2  
B = 2 0  

gives (t) = I:,. 

A possible explanation for lack of consistent (although 
weak) echoes may be that  the image antenna produced by 
ground reflection (assumed perfect for sake ofargument) 
is causing cancellation and reinforcement 3 of the circularly 
polarized radiation in such a manner that alternate zones 
of radiation are produced where the polarization changes 
from being completely vertical to  being completely horizon- 
tal. When the moon is in a zone where the radiation is pre- 
dominantly linearly polarized. Faraday rotation may cause 
loss of signal, when transmitting with circular polarization. 

A comparative test between VE3BZS/2 and another local 
station, with distant stations using horizontally polarized 
antennas, gave signals several db. lower than expected. 
Probably this was due, in part a t  least, to  ground reflection 
producing predominantly vertically polarized radiation 
a t  low angles, when using circular polarization a t  
VE3BZS/2. 

The  results of these 50-Me. tests seem to  show that 50 
Mc. is not too practical under present conditions for amateur 
moonbounce work. Also circularly polarized antennas 
may suffer a loss in efficiency under conditions of good 
ground reflection in combating Faraday-rotation effects. 

The narrow-band methods used in the receiver and trans- 
mitter should be adaptable for use on higher frequency ama- 
teur bands to  allow use of existing equipment with Little 
modification and cost. - Alan Goodacre. VESBZS 

a The A.R.R.L. Antenna Book, pp. 46-48. 

Reprinted from May, 1962 QST 
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MOONBOUNCE OPERATING AIDS 

BY: Rober t  I. Suther land 
W6PO 

Four "moonbounce" o p e r a t i n g  a i d s  a r e  i nc l uded  i n  t h i s  c o l l e c t i o n  of 
EME notes. They are:  1 ) -  An €ME Path Loss Nomogram, 2) -  An EME Opera t ing  
Chart ,  3 ) -  Un iversa l  EME Window Char t  f o r  USA and Europe, and 4)-  R e p r i n t  
of a  QST a r t i c l e  on Noise Behind t h e  Moon. 

1- An EME Path Loss Nomogram ( f i g u r e  1 )  

The nomogram was c a l c u l a t e d  by Joe Re i se r t ,  WGFZJ. I t  shows the  
change i n  pa th  l o s s  f o r  t he  s i x  "moonbounce" hands as t he  moon t r a v e l s  from 
per igee  t o  apogee. "Sky and Telescope" magazine g ives  t h e  d i s tance  t o  the  
moon and t h e  dates f o r  per igee  and apogee. The semi-diameter (SD) o f  t h e  
moon i s  g i v e n  i n  the  "Nau t i ca l  Almanac" on t he  r i gh t -hand  pages a t  t he  b o t -  
tom l e f t .  

The semi-diameter i s  h a l f  t he  moon d iameter  and i s  g i v e n  i n  minutes of 
a rc .  The l a r g e r  the  SD number, the  c l o s e r  t h e  moon i s  t o  t h e  e a r t h  and 
there fo re  t h e  lower  t he  path l o s s .  Schedul ing f o r  an EME c o n t a c t  a t  apogee 
cou ld  end i n  f a i l u r e  f o r  systems which a r e  marg ina l ,  as t he  2  dec ibe l  d i f f e r -  
ence i n  s i g n a l  s t r e n g t h  a t  apogee cou ld  "use up" a l l  t he  s i g n a l - t o - n o i s e  
marg in  o f  t h e  c i r c u i t .  

EME Operat ing Char t  ( f i g u r e  2) 

Th i s  c h a r t  has proven use fu l  i n  keeping t r a c k  o f  what has been s e n t  and 
copied d u r i n g  an EME schedule. The ope ra to r  can q u i c k l y  determine whether 
he should be t r a n s m i t t i n g  o r  l i s t e n i n g  a t  a  g i ven  t ime w i t h i n  t he  schedule.  
A f t e r  a  s e r i e s  o f  schedules e a r l y  i n  the  morning, t h e  ope ra to r  u s u a l l y  needs 
he1 p  i n  keeping t h i n g s  s t r a i g h t !  The c h a r t  wi  11 do t h e  job .  

The c h a r t  shown i s  made up f o r  a  C a l i f o r n i a  s t a t i o n  schedu l ing  Europe, 
A u s t r a l i a  o r  t he  eas te rn  USA. Eas t  coas t  opera to rs  w i l l  need two cha r t s ,  
one f o r  work ing  west and t h e  o t h e r  f o r  work ing  Europe. 

3- Un iversa l  EME Window Char t  f o r  USA and Europe ( f i g u r e  3) 

Many exper imenters hav3 suggested t h a t  a Un i ve rsa l  EME Window Char t  be 
es tab l i shed  f o r  each o f  t he  bands used f o r  moonbounce con tac ts ,  t h e  argument 
be ing  t h a t  a  f i x e d  a r r a y  cou ld  be erected,  p o i n t i n g  towards t he  window. Such 
an a r r a y  cou ld  be b u i l t  c l o s e  t o  t he  ground, e l i m i n a t i n g  h i g h  towers and 
compl icated a iming systems. I n  a d d i t i o n ,  i t  would n o t  be h indered  by t r e e s  
and b u i l d i n g s  if p r o p e r l y  placed, would be easy t o  ma in ta i n  and ( h o p e f u l l y )  
would n o t  o f f e n d  the  neighbors.  

S t a t i o n s  us ing  a  f i x e d  a r r a y  and t h e  Un iversa l  EME Window cou ld  work 
each o t h e r  v i a  t h e  Window, as w e l l  as o t h e r  s t a t i o n s  us ing  s t e e r a b l e  antennas. 



I n  a l l  p r o b a b i l i t y ,  t he  wel l -equipped t r opo  s t a t i o n  cou ld  n o t  use the  
Window as he cannot r a i s e  h i s  a r r a y  t o  t he  p roper  angle o f  e l e v a t i o n .  Bu t  
these s t a t i o n s  could,  as they  a r e  now doing, work the  s tee rab le  EME s t a t i o n s  
and o the rs  near the  same Longi tude who a r e  us ing  t h e  r i s i n g  o r  s e t t i n g  
moon. The u l t i m a t e  answer, o f  course, i s  f o r  a l l  exper imenters t o  have an- 
tennas s tee rab le  i n  bo th  azimuth and e l e v a t i o n  t o  some degree. 

Whi le  i t  i s  imposs ib le  t o  have a  Un iversa l  EME Window t o  s a t i s f y  a l l  
con t inen ts ,  I propose a  Un iversa l  Window f o r  144 MHz work between USA and 
Europe be chosen. Such a  Window i s  i l l u s t r a t e d  i n  t h e  graph, c a l c u l a t e d  f o r  
a  s e t t i n g  moon i n  Germany. Var ious l o c a t i o n s  i n  t he  USA cou ld  p o i n t  t o  t h i s  
Window us ing  the  t y p i c a l  azimuth and e l e v a t i o n  da ta  i n  t h e  t a b l e  of f i g u r e  4  
t o  aim a  f i x e d  a r ray .  

The t a b l e  i n d i c a t e s  t h a t  i f  an a r r a y  w i t h  a  sharp p a t t e r n  i s  used, some 
s t e e r i n g  w i l l  be r e q u i r e d  t o  h i t  the  e n t i r e  Window. I f  the  a r r a y  i s  n o t  
s teerab le ,  then t h e  l a s t  one-ha l f  hour  o f  t h e  Window should be favored  i n  
o rde r  t o  work Europe. The t a b l e  suggests t he  antenna should have a  broad 
azimuth p a t t e r n  and a  sharp v e r t i c a l  p a t t e r n  because o f  t he  smal l  change i n  
e l e v a t i o n  r e q u i r e d  d u r i n g  a  one hour schedule. 

4- Noise Behind t h e  Moon 

The f o l l o w i n g  r e p r i n t  o f  the  a r t i c l e  "Sky Temperature Behind t he  Moon" 
(QST, October, 1964) i s  o f  i n t e r e s t  t o  t h e  se r i ous  moonbouncer. There a r e  
t imes when t he  moon i s  i n  f r o n t  o f  a  no isy  p a r t  o f  the  sky and du r i ng  these 
per iods  t h e  echos r e t u r n i n g  t o  e a r t h  f rom t h e  moon can be comple te ly  masked 
by the  no ise .  Th is  would p reven t  a  c o n t a c t  f rom be ing  made, w i t h o u t  an 
apparent  reason f o r  the  f a i l u r e .  

The magazine "Sky and Telescope" has a  map showing t h e  moon's pa th  
across t he  sky f o r  each month. By knowing t h e  l o c a t i o n  o f  the  s t r ong  c e l e s t i a l  
r a d i o  f requency sources, an ope ra to r  can avo id  schedu l ing  on days when chances 
o f  success a r e  low.  Genera l l y  speaking, i f  t h e  moonbounce schedule i s  h e l d  
t o  per iods  when t h e  moon has a  n o r t h  d e c l i n a t i o n ,  t h e  chances o f  success a r e  
enhanced, as t h e  moon i s  i n  a  " q u i e t "  area o f  t he  sky. Southern d e c l i n a t i o n s  
have a  h i gh  p r o b a b i l i t y  o f  be ing  no isy.  
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TYPICAL ELEVATION AND AZIMUTH DATA 
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sirrril:~r plots c:ln be ~nade  for any desired ~nontli 
ill this valicl period s i~~l l ) ly  by slrifting tlre absc.issa 
of the curve by a ~nultiple of one lunar orhit:ll 
period (about 2714 days). Tlle values can also he 
estr:lpolnted to  ot.11t.r frecll~errcies by t.he :~pprosi- 
111:rte forrrrul:~: 

Sky Temperature 
7;x = I.v (;) 2.7 

\\ lrile the tlet:iils of the r:ltlio sky 1n:Ly vary with 
freclr~errc.y so~r~ewh:lt, the nr:lirl fe:iturcs will I I I I ~  

ch:lnge 

Behind the Moon 

I T IS common knowledge that  i f  an sntcnna is 
pointed a t  the sky, it will rec.caive r:~tlio noise. 
This noise is generntetl chiefly I)y o(lr g:~l:~sy, 

the nlilky way. Tire intensity of thta c.lnissions 
will, of course, depend OII  tlre p :~r t icr~l :~r  p :~ r t  of 
the sky : ~ t  wlricll tlle :rlltt!rln:l is poirlt,c(l: t l ~ e  
"hottest" direction I)eing t , l~:~,t  of the g:~l:~(:tic 
ccb~~ter (a = 1 7 b  43"', 9 = -?%.So.). 

I f ,  now, one desires to  co~nrrlr~rric:~te with solne 
object that  is silhouettrtl :lg:~irrnt the sky. :~nd  
whose positiorr in the sky ch:lnges. it is i~nport:~rrt 
to  know the h:lckgrountl sky te~nl)er:lt~lrr in the 
vicinity of tlr:tt ohjec:t. (The "terrrl)cr:~ture" is :L 

measure of the radiated noise p~jwer.)  In :t situ:r- 
tion such iw a n  arrluter~r v.h.f. moonl~ounce 
attempt, this information can nl:tke the differ- 
ence between success : ~ r r t l  f:~ilure. 

Method 

To obtain the data,  tlic. ~ ) o ~ i t i ~ ) ~ r  of tlre moon 
was determined (in eclu:rtori:ll c.oor(lin:ltes) fro111 
7'he American ~ ~ h c , , ~ e r i s  and i\'a,tlicc,l dl,,lanac 
for 12 noon eaclr d:ly of the mo~rtlr of I)et-crrrlier 
1965. These positions were tlrerr c:orrverte~l irrt,o 
galactic coordin:tteu with the aitl t i c  :~brl)rol~ri:~(t. 
coordinate conversion t,ahle.' Iinowing t l ~ o  l)t!si- 
tion of the moon irr galat.tic coortlirr:ltcs :~ . l l~~wrt l  
the background sky "telrlper:~t~~re" to Ix, rr:ltl 
from a radio nr:m of the y:~l:rs\. Tlre ~):rrt i~.~il :~r - 
one llsed was plotted by I3:~I11wirr~ : ~ t  SI 111. 11sirr~ 
:L heamwidth of 2 t ~ y  1.) degrcos 

Since the moon's precession r:rtc is sln:rll, tlle 
Kross features of the d:lt:t :vcX v:llitl for :L vci:Lr or 
so. Because the data vary in a perio,lic. rn:lrlrrc>r, 

I 

*NASA, Goddard S1,arr 1:lixhr ('?l,t<.r, (;~~rcnlrrlt. llary- 
land 20771. 

I 
1 n r l a l s  of tl~r I.un<l 0 h ~ ~ r v : ~ t ~ t r v .  No I.;. I l i ,  l i  
2 Baldwin, .I .  E. - " .\ mirr< .y  ,,f I l l , ,  Int<.er:~twl I<a,l~o 

Ihission at a Warclrnc.rll of :3.7\l.", l l o n r l ~ l y  Sotiers of 
the Royal Astrono~niral Soriery 11.;.  I'agrs Iiil4-(i8<1. 

Results 

Tlre end result of :dl this wurk is the curve 
sllowrr i l l  Id'ig. 1, plotting h:lckground sky terlr- 
per:lture l)cl~ind tlre rrIoon fur 144 Rlc. Note tlr:lt 
for : ~ l ~ o u t  3 d:~ys out of the lrlonttr the lrroon is 
p:issing directly across tlre center of the Milkv 
\\ ':~y, resultirlg i r l  very lriglr noise t,e~nl)er:rtr~res i r r  
the antc'nn:~ I)eanl. .is :tn es:lnrple of w l ~ : ~ t  effrvt 
this ca:Ln 11:rve on 2-rrleter moonborrnc~e conl~nuni- 
cat,ions, consider the followi~rg (::Lee: 

13:~rrdwitlth = 1 kc*. 
1'realnl)litier noise ligure = 2 db. 
Sky te111per:~trrre = 400" I<. 
Received signal = -140 dbm. 

01 ~ ' ' ~ ' ' ' ~ ' ' . ~ ' ~ " ' ' " ' c ~ ' ' ' ~ ~  
I 2  3 4 5 6  l ( 1 9 l 0 I I I 2 U I 4 I S 1 6 1 7 1 1 1 9 1 O 1 1 1 l 2 J 2 4 ~ ~ 1 7 1 ~ 2 9  

D A Y  O F  DECEMBER 1965 
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Fig. 1 -Background sky temperature behind the moon, 
for December, 1945, for the 144-Mc. band. 

l'hc noise f i a ~ r e  c:tn be c.orrverte(1 to an enuivnlent 

800- 

- FOR f = 144 Mc.  

noise "tc:~rl)er:ttr~re" by the relation: 

EXrRAPOLArED FROM - 
DATA TAKEN AT 8 1  Mc.YITH 

- 2'. 15' BEAHWlOTH 
See Referenu - r 

- 

- 

7' = 2!)0 (.V-1) degrees Kelvin 

1 

wl~vrc .A' is t l ~ c  rloisc,fnclcr. 'l'lre sky ratliation can 
t Iron I)c :td(letl tlirec.tly t,o this pre:Lrrrp noise tenl- 
~)cir:lt~~re. sinw they have the  sa~rre effect and arc. 
in tllc~ S : L I I ~ ~  units. The tot:tl noise can the11 be 
c.onvc.rte~l t):~c*k to nrore f:~nrili:tr units of Dower 
Iry: 

Soise power = K T B  

\vhc>re: 1; = 1 Oh lo-'" 13olt~rnsn's (:onstant 
7' = sky te~llp.  + pre-anrp ternp. 
Il = svstc~rl 1):tndwidth 

Iyrrtlt.r t l~ese  t~~nclitions, the noise power is c o w  
1)11tcvl :IS I)cxirrg -142 d b ~ n ,  and the receivetl 
sigrr:ll-to-rroise r:ltio will he: 

SIN = +2 db. 

S o w  consider what I~apper~s i f  the s:Lrlle systerlr is 
used when t,lre IrIoon is in front of the y:llat:tic 
cerrtcr. In tlris case: 

Sky te~rr])cr:lture = 3000" I<, 
so Suisc power = KY'W = -133 dl~lrr. 

r , l l ~ c  sigrr:rl, howcvcsr. is still only - 140 I I I ) I I I .  so 
(lie rcc*cive*d sigrl:~l-to-r1oit3c ratio ut~(i(sr tli(ls(> 
c.onditiorrs 11:ln drol)l)ed to -7 (11). 'l'llis Ail111 01' 
v:lri:itio:r (.all ib:wily 1ll:lh.e tile ditTcrc~lc~c~ I)ctwt~crr 
success : L I I ~  f:~ilr~r(s. 

\.;rlr~css for otl~rkr frerl~~c,~lcic*s c x r i  I , ( $  d r t t~ r~~~i t r c t l  
I I J ~  cIivi(li11g re:~(Iirlgs fro111 1:ig. I 11y t l ~ c  :q)pro- 
priatc f:lctor f ro~n  'l'ablc 1, slrowi~ry tlle rcl:ltive 

r\ 

Table I 
I-rr,jr~r~~ry Convnrsion l'actws 
I.'clr a I'recl. l ) iv i<lc  Valti<.- 

: I uf < . ~ ~ r r v  1,) 

Table I1 
I ) a t~s  of Noise IIaxi~na 

for a 3Ioon-Tracking Antenna. 
I9Ii-l 1063 

,111ly 27 .Ian. 1 
.A iigl~st 23 .Ian. 28 
Srpternber 20 Feb. 25 
October 17 Rlarch 24 
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11oisc3 strcl~gtlls for v:rrior~s ; u n a t e ~ r  I~:rntls. 
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PROPOSAL FOR A  UNIVERSAL EME MOONBOUNCE WINDOW 

By: Ken Ten ta re l  1  i , W l  FZA 

I n  much the  same way t h a t  " c a l l i n g  f requencies"  a r e  use fu l  i n  promoting 
a c t i v i t y  on some VHF propagat ion  modes, a  "un i ve rsa l  window" cou ld  be o f  
g r e a t  va lue  i n  promoting EME (earth-moon-earth) a c t i v i t y .  The phrase "un i ve rsa l  
window" i s  used here t o  mean a  se lec ted  area o f  the sky which t he  community 
of EME en thus ias t s  agree t o  use as a  p r imary  t a r g e t  f o r  a iming t h e i r  antenna 
a r rays .  F i r s t  l e t  us exp lo re  what cou ld  r e s u l t  f rom such an agreement by EME 
opera to rs  and then  l e t  us cons ider  which p a r t i c u l a r  area o f  t he  sky should be 
s e l  ec ted.  

For EME t o  be enjoyed by t h e  g r e a t e s t  number o f  i n t e r e s t e d  opera to rs ,  
those s t a t i o n s  w i t h  t h e  f a c i l i t i e s  f o r  e r e c t i n g  vast ,  h igh-ga in ,  a r rays  should 
be encouraged t o  b u i l d  t h e  l a r g e s t  p o s s i b l e  antennas. These s t a t i o n s  cou ld  then 
f u r n i s h  EME con tac ts  t o  s t a t i o n s  w i t h  much sma l l e r  a r rays .  Un fo r t una te l y ,  a t  
t h e  p resen t  t ime  anyone who b u i l d s  a  l a r g e  f i x e d ,  o r  p a r t i a l l y  s t ee rab le ,  EME 
a r r a y  migh t  f i n d  t h a t  h i s  window i s  n o t  shared by many o t h e r  EME s t a t i o n s .  
With such a  l i m i t e d  p rospec t  o f  success, o n l y  t he  most courageous among us 
have inves ted  t h e i r  t ime  and money i n  massive EME antenna c o n s t r u c t i o n  p r o j e c t s  
On t h e  o t h e r  hand, t h e  ex i s tence  o f  a  un i ve rsa l  window would g i v e  con f idence  
t o  s t a t i o n s  b u i l d i n g  l a r g e  f i x e d  a r rays  t h a t  t h e i r  e f f o r t s  would be rewarded 
by access t o  a l l  o t h e r  EME s t a t i o n s .  Another advantage o f  a  un i ve rsa l  window 
i s  t h e  simp1 i f i c a t i o n  o f  moon t r a c k i n g  problems; i n  f a c t ,  any p r a c t i c a l  antenna 
cou ld  be o r i e n t e d  i n  a  f i x e d  p o s i t i o n  w i t h i n  t he  window and y i e l d  severa l  moon- 
days pe r  month. 

Now l e t  us cons ider  which p o i n t  i n  the sky should be chosen f o r  t he  u n i -  
ve rsa l  window. The window which i s  now used f o r  European EME schedules (see 
AS-49-2) has been suggested by Bob Suther land,  W6P0, as a  window which o f fe rs  
severa l  advantages over o t h e r  choices:  

1. I t  i s  now be ing  used f o r  r e g u l a r  schedules by severa l  s t a t i o n s  which 
imp1 i e s  t h a t  anyone who cons t ruc t s  an antenna aimed a t  t h i s  window can 
expect  some measure o f  success a lmost  immediate ly  . 

2. The window corresponds t o  a  mer i d i an  c ross ing  near t he  midd le  o f  the  
Nor th  American c o n t i n e n t .  Th i s  means t h a t  a l l  s t a t i o n s  i n  t he  c o n t i n e n t a l  
Un i t ed  S ta tes  would have h igh  antenna e l e v a t i o n s  when a iming a t  t h e  
window. High e l e v a t i o n  angles ease t he  problem caused by  ground- leve l  
o b s t r u c t i o n s  ( t r e e s ,  h i 1  1  s, e t c . )  , reduce i n t e r f e r e n c e  f rom l o c a l  s t a -  
t i o n s ,  min imize TVI, and enable antennas t o  be mounted near ground l e v e l  
t o  keep f eed l i ne  losses  low. 

3 .  The window i nc l udes  t h e  r e g i o n  o f  maximum n o r t h e r l y  l u n a r  d e c l i n a t i o n .  
S ince t h e  moon changes d e c l i n a t i o n  i n  s i nuso ida l  f a s h i o n  i t  remains 
near i t s  maximum d e c l i n a t i o n  f o r  severa l  days; thus t h i s  window o p t i -  
mizes the  number o f  moon-days per  month a v a i l a b l e  t o  f i x e d  p o s i t i o n  
antennas. 



4. The window i s  designed such t h a t  even very h igh  ga in  antennas need 
o n l y  azimuth s tee r ing  t o  f u r t h e r  extend the number o f  a v a i l a b l e  
moon-days. 

5. S ta t ions  on a l l  con t inents  except Asia and A u s t r a l i a  can access t h i s  
window (no s i n g l e  window i s  accessib le from a l l  con t inents ) .  

Obviously, no window could be t r u l y  un iversa l  and meet everyone's needs. 
Therefore, i t  i s  proposed on l y  t h a t  t h i s  window be a  pr imary ta rge t ;  t h a t  i s ,  
every EME s t a t i o n  should i nsu re  t h a t  h i s  a r r a y  can be aimed a t  t h i s  window i n  
a d d i t i o n  t o  any o the r  window he might  des i re  t o  use. I f  the concept o f  a  un i -  
versal  window i s  accepted by  a  m a j o r i t y  o f  EME s t a t i o n s  i t  should n o t  be too 
long before  those fo r tuna te  s t a t i o n s  w i t h  massive ar rays  have the  WAS award 
w i t h i n  t h e i r  grasp, w h i l e  VHF c i t y  dwel lers w i t h  smal l  antennas w i l l  be able 
t o  enjoy the t h r i l l  of communication v i a  the moon. 

Explanat ion o f  F igures 

F igure  1  i s  a  diagram o f  the proposed un iversa l  window i n  d e c l i n a t i o n  
and Greenwich hour angle coordinates. The moon i s  w i t h i n  t h i s  window approxi -  
mate ly  one hour per day f o r  about f i v e  days per month. Also shown i n  t h i s  
f i g u r e  a re  AZ-EL coordinates which bound the window f o r  three geographic 
1  ocat ions across the Uni ted States. 

F igure  2 i s  diagramed s i m i l a r  t o  F igure  1. Shown i n  t h i s  f i g u r e  a re  the  
3  dB beamwidths o f  two antennas which a r e  f i x e d  i n  p o s i t i o n  and aimed a t  the 
midpo in t  o f  the  window. One antenna i s  a  320-element c o l l i n e a r ,  and the o the r  
i s  a  s i n g l e  24-element Yagi. 

F igure  3  provides AZ-EL coordinates o f  the midpo in t  o f  the window as a  
f u n c t i o n  o f  s t a t i o n  l oca t i on .  This data may be i n t e r p o l a t e d  w i t h  good accuracy. 
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SUCCESSFUL 144 M H t  EME ANTENNAS 

One of t he  most impo r tan t  dec is ions  t h a t  an amateur p l ann ing  a  moon- 
bounce system must make i s  t h e  cho ice  o f  antenna. There a r e  many v a r i a b l e s  
t h a t  e n t e r  i n t o  t h e  d e c i s i o n  as t h e r e  a r e  bo th  p r a c t i c a l  and t e c h n i c a l  
t o p i c s  t o  cons ider .  I n  t he  p r a c t i c a l  category a re :  

1. What w i l l  t he  system cos t?  

2. What i s  t he  a v a i l a b i l i t y  o f  the  m a t e r i a l s ?  

3. What i s  t he  a v a i l a b l e  r e a l  es ta te?  

4. What a re  t he  e s t h e t i c s  as judged by t h e  ne ighbors and t h e  w i f e ?  

5. What a r e  the  e l e c t r i c a l  and mechanical a b i l i t i e s  of  t he  amateur 
and h i s  he lpers?  

I n  t he  t e c h n i c a l  category some o f  t he  cons ide ra t i ons  a re  l i s t e d  be- 
low. Q u i t e  o f t e n  t h e  t e c h n i c a l  des i r es  must g i v e - i n  t o  some o f  t he  p r e v i o u s l y  
l i s t e d  p r a c t i c a l  cons idera t ions .  

1. What system ga in  should be sought a f t e r ?  

2. Should t he  a r r a y  be f u l l y  s teerab le ,  p a r t i a l l y  s t ee rab le ,  o r  f i xed?  

3. Should t he  a r r a y  be on a  h i g h  tower,  o r  on t h e  ground? 

4. I s  t he  a r r a y  f o r  EME on ly ,  o r  i s  i t  t o  be used f o r  o t h e r  p ropagat ion  
modes? 

5. I f  t h e  a r r a y  i s  t o  be s teerab le ,  should an AZ-EL mount o r  a  Po la r  
mount be used? 

6. What k i n d  of f eed l i ne  should be used? 

7 .  Should t he  p r e a m p l i f i e r  be mounted a t  t h e  antenna? 

8. What k i n d  o f  t ransmiss ion  l i n e  should be used i n  t h e  phas ing l i n e s ?  

9. Should power d i v i d e r s  be used? 

10. What t ype  o f  antenna should be used? (Probably  t h e  hardes t  d e c i s i o n  
i s  t he  choice of antenna type . )  

Amateurs tend t o  become q u i t e  emotional  when d i scuss ing  t h e  r e l a t i v e  
m e r i t s  o f  c o l  1 i nears, y a g i  s , l og-per i  od i  c  yag i  s  , rhombics , and d i  shes. A1 1  
o f  t he  antennas mentioned have been used s u c c e s s f u l l y  i n  EME systems. The 
r e l a t i v e  m e r i t s  o f  each antenna p robab ly  change as t h e  d i scuss ion  moves from 
band t o  band. For example, t he  d i s h  i s  q u i t e  acceptable on 432 MHz, b u t  i s  
t o o  b i g  t o  be p r a c t i c a l  on 144 MHz. 

I nc l uded  i n  t h i s  EME Note a r e  p i c t u r e s  o f  success fu l  144 MHz antennas. 
P i c t u r e s  o f  antennas f o r  o t h e r  bands a r e  n o t  a v a i l a b l e  a t  t h i s  t ime  b u t  as 
p i c t u r e s  a r e  c o l l e c t e d  they  w i l l  appear i n  subsequent issues of t h e  EME Notes. 

When dec id i ng  whether t o  use a  c o l l i n e a r ,  a  y a g i  o r  a  l o g - p e r i o d i c  yag i ,  
t h e  capab i l  i ty o f  t he  amateur must be considered. The lower  t h e  "Q"  of t h e  



antenna, t h e  b e t t e r  t h e  chances of  ope ra t i ona l  success. I t  i s  d i f f i c u l t  
t o  f a i l  w i t h  a  low-Q c o l l i n e a r  a r ray .  The l o g - p e r i o d i c  y a g i  i s  a  band- 
pass t ype  of antenna of medium-Q and i s  the re fo re  easy t o  assemble i n t o  
an a r ray .  Sho r t  y a g i  antennas a r e  a  1  i ttl e  more c r i t i c a l .  The l o n g  and 
very  l o n g  h igh-Q y a g i s  a re  even more c r i t i c a l  t o  assemble i n t o  an a r r a y .  
Also,  t h e i r  performance i s  optimum o n l y  over  a  narrow p a r t  o f  t h e  two 
meter band. 

I t  i s  ve ry  impo r tan t  t o  be c e r t a i n  t h a t  you r  chosen y a g i  des ign has 
been ca re fu l  l y  checked o u t  before b u i  1  d i n g  e i g h t  o r  s i x t e e n  i d e n t i c a l  
antennas. I f  t h i s  i s  n o t  done, a  l o t  of t ime  and money can be spent  on 
an a r r a y  w i t h  inadequate g a i n  f o r  EME work. Wi th  p roper  antenna-to- 
antenna spacing, t h e  y a g i  and l o g - p e r i o d i c  y a g i  tend  t o  have a  c leaner  
p a t t e r n  than o t h e r  types.  The c l eane r  t he  p a t t e r n ,  t h e  b e t t e r  t h e  
antenna w i l l  pe r fo rm f o r  r e c e i v i n g .  

The main i dea  t o  keep i n  mind when t h i n k i n g  about t he  antenna a r r a y  
t o  p u t  up i s  t h e  minimum system requi rement  as p o i n t e d  o u t  i n  e a r l i e r  
i ssues  o f  these Notes. For  two s t a t i o n s  each runn ing  500 wa t t s  ou tpu t  
w i t h  a  system no i se  f i g u r e  below 2  dB, t h e  minimum antenna ga in  each 
s t a t i o n  shou ld  s t r i v e  f o r  i s  20 dB. A c t u a l l y  what i s  r e q u i r e d  i s  a  
"round t r i p "  g a i n  o f  40 dB. That  i s  t o  say, i f  one s t a t i o n  has 17 dB 
antenna g a i n  and t h e  o t h e r  s t a t i o n  has 23 dB ga in ,  t h e i r  t o t a l  ga in  i s  
40 dB round t r i p .  Therefore,  i f  t he  two s t a t i o n s  schedule each o the r  
o f t e n  enough, they  w i l l  be success fu l  i n  complet ing a  con tac t .  Two s t a t i o n s  
w i t h  17 dB antenna g a i n  would p robab ly  n o t  be a b l e  t o  make con tac t  ve ry  
o f t e n ,  i f  a t  a l l .  I f  t h e  c o n s t r a i n t s  on you r  antenna p r o j e c t  r e l e g a t e  
you t o  something under 20 dB, you s t i l l  can work those s t a t i o n s  hav ing 
an e x t r a  amount o f  antenna ga in .  There a r e  severa l  144 MHz s t a t i o n s  w i t h  
antenna g a i n  i n  t h e  23 t o  24 dB range. There a re  even some having c l ose  
t o  30 dB ga in .  

Remember t h a t  t h e  p rev i ous  d i scuss ion  on system requirements i s  f o r  
144 MHz. As EME a c t i v i t y  and i n t e r e s t  increase,  t h e r e  w i l l  be b i gge r  
and b e t t e r  a r rays  b u i l t .  



F igu re  1 

The a r r a y  of John A l l en ,  WAPCHK c o n s i s t i n g  o f  f o u r  Hy-Gain 15 element 
Yagis. The antennas have been m o d i f i e d  as pe r  t h e  i n s t r u c t i o n  from K6MYC. 
As the  antennas come a l l  o f  t h e  p a r a s i t i c  elements appear t o  be one i n c h  
t oo  long.  The "H" frame i s  made f rom a  14 f o o t  l e n g t h  o f  t h r e e  i n c h  d iameter  
6061-T6 aluminum p i p e  w i t h  an e i g h t h  i n c h  w a l l  th i ckness .  The v e r t i c a l  
members a r e  made f rom two p ieces o f  1.59 i n c h  d iameter  6061-T6 aluminum 
p ipe  13 '  l ong  w i t h  a  . I 4 0  i n c h  w a l l  th i ckness .  The gusset  p l a t e s  a r e  quar- 
t e r  i n c h  6061-T6 a1 uminum. The clamps a r e  m u f f l e r  clamps and e l e c t r i c a l  
condu i t  "U" b o l t s .  Small antenna tuners  a re  mounted 6  1/2 inches away from 
each feed p o i n t  and a r e  tuned f o r  50 ohms. The phasing l i n e s  a r e  75 ohm 
.412 O.D. su rp lus  CATV aluminum coax. The antenna i s  mounted on a  25 '  Rohn 
#45 tower. The boa t  winch mounted above t he  cen te r  o f  t h e  "H" frame i s  f o r  
l i f t i n g  t he  antenna up and down the  tower f o r  maintenance. The antenna i s  
e leva ted  manual ly by loosen ing  t h e  f o u r  m u f f l e r  clamps on t h e  "H" frame 
cen te r  gusset p l a t e  and t w i s t i n g  t he  t h ree  i n c h  p i p e  and antennas t o  t h e  
des i red  e l e v a t i o n  angle.  

The r o t o r  shown i n  the  photos i s  a  CDE TR-44. S t r u t s  a r e  made from 
q u a r t e r  i n c h  po lypropolyene rope t o  keep t h e  antennas a l i g n e d  when e leva ted .  
The ga in  of t h i s  antenna a r r a y  i s  p robab ly  around 19 t o  20 dB. 



F igu re  2 

The antenna a r r a y  o f  Herb Power, WA2WOM c o n s i s t i n g  o f  f o u r  KLM l og -  
p e r i o d i c  Yagis. The a r r a y  i s  l o c a t e d  on t o p  o f  an apartment house near 
Prospect  Park i n  Brook lyn.  The l o c a t i o n  i s  p robab ly  n o t  t h e  most d e s i r a b l e  
f o r  an EME s t a t i o n .  The tower i s  19 '  9" h igh.  The booms a re  14 '  l ong  w i t h  
an antenna t o  antenna spac ing o f  13 '  6". Ex tens ive  t e s t s  between Herb and 
Ca r l ,  W2AZL seem t o  i n d i c a t e  t h a t  the  a r r a y  has a g a i n  o f  20.5 dB over  a  
d i po le .  



Figure 3 

The array of Bob Sutherland, W6PO consisting of eight Cushcraft 20 
element collinear antennas. The main boom i s  30' of four inch diameter 
aluminum irrigation pipe. The four secondary booms are each made from two 
pieces of 10' and one piece of 5 '  long s teel  TV mast. The boom guys are 
a l l  made from quarter inch polypropolyene rope. The phasing lines are made 
from Belden 8275 tubular twin lead. Each bay of 40 elements i s  matched with 
a universal matching stub. All four bays of 40 elements are then fed from 
another universal matching stub. The antenna array i s  Az-El mounted with 
motor drive and selsyn readout. The elevation drive consists of a hinge, 
a jack screw and a direct  current gear motor. The azimuth drive i s  a con- 
verted prop pitch motor. The gain of the array should be between 23 and 
24 dB. - 5- 



F igu re  4 

Th i s  p i c t u r e  shows t he  e l e v a t i o n  h inge  and d r i v e  mechanism on t h e  W6PO 
a r ray .  The box a t  t h e  r i g h t  end o f  t h e  j a c k  screw houses t h e  gear motor.  
J u s t  under t h e  boom t o  t h e  r i g h t  i s  t he  housing f o r  t h e  e l e v a t i o n  se lsyn .  
The housing i s  h e l d  t o  t h e  boom by means o f  a  s t a i n l e s s  s t e e l  hose clamp. 
The h a l f  i n c h  square aluminum r o d  hanging s t r a i g h t  down a t  t h e  end of t h e  
se lsyn  housing, and connected t o  t h e  s h a f t  o f  t h e  se lsyn,  always p o i n t s  t o  
t he  cen te r  of  t h e  e a r t h  regard less  o f  t h e  e l e v a t i o n  angle.  Thus t h e  se lsyn  
measures t he  e l e v a t i o n  angle and t r ansm i t s  i t  t o  t h e  readout  se l syn  a t  t h e  
ope ra t i ng  p o s i t i o n .  



F igu re  5 

These p i c t u r e s  a r e  o f  t h e  technique used i n  t h e  W6PO a r r a y  f o r  f as ten ing  
t he  secondary booms t o  t he  main boom and t o  suppor t  t h e  aluminum guy pos t .  
The guy p o s t  i s  about f o u r  f e e t  l o n g  and i s  used t o  anchor t h e  po lypropolyene 
rope which suppor ts  t h e  secondary booms. Three p ieces  o f  aluminum ang le  a r e  
arranged m u t u a l l y  pe rpend i cu la r  t o  each o t h e r  and fas tened  by means of  machine 
screws and nu ts .  The assembly i s  then h e l i a r c  welded a long  each common edge. 
The machine screws can then be taken o u t  i f  they  i n t e r f e r e  w i t h  t h e  booms, o r  

,,- post ,  t h a t  a r e  p o s i t i o n e d  i n  the  angle.  S t a i n l e s s  s t e e l  hose clamps a r e  then  
used t o  assemble t h e  a r ray .  The r e s u l t  i s  a s t r o n g  and l i g h t  we igh t  assembly. 
Th i s  idea  was gleaned from K6MYC1s bag o f  t r i c k s .  



Figure 6 

The array of Kelly Scheimberg, W8KPY consisting of eight 16 element 
KLM log-periodic antennas. The boom i s  made from ten foot section of 11" 
Universal aluminum tower. Each section weighs 1 2  pounds. The vertical  spars 
are 15 fee t  long and are made from 1 112" 6061-T6 aluminum with a .058" 
wall thickness. The vertical spars are  spliced a t  the 12' point with 1 114" 
tubing. Two four port and one two port power dividers of the WPEYE design 
are  used t o  feed the antennas. RG-14A/u coaxial cable i s  used in the 
phasing lines.  The whole array i s  fed with 718" heliax. The antenna i s  on 
Az-El mount. The elevation system i s  a hinge, jack screw and a gear motor 
drive. The elevation readout system has a selsyn with a plumb mounted on 
the boom. The readout i s  a t  the operating position. The azimuth drive i s  a 
HyGain Rotobrake 400 modified for  selsyn readout as per the system devised 
by Vi nce Vargas , W7 JRF/8. 



Figure 7 

This i s  the elevation drive mechanism from the W8KPY array. The hinge 
i s  driven by a jack screw, or lead screw, from an engine lathe.  Lead screws 
of th i s  type can be obtained from companies that  rebuild lathes and milling 
machines. The gear motor i s  inside a protective enclosure located a t  one end 
of the lead screw. The reduction gear can be seen jus t  outside the enclosure. 
You will notice that  the support for  the gear motor i s  allowed to change 
positions. This i s  necessary to allow the hinge to close. The n u t  traveling 
along the thread of the lead screw must also be allowed to change a t t i t ude  
to  prevent binding. A piece of 1/2" superflex coax cable i s  used between 
the 7/8" heliax and the antenna to allow unimpeded rotation and elevation 
change. 



Figure 8 

The antenna array of Steve Powlishen, WAlFFO consist ing of four 1 2  
element Swan Yagi antennas. The antenna-to-antenna spacing i s  16'  8". 
The center of the antenna is  a t  55 f e e t .  The antenna i s  var iable  i n  
azimuth only. Successful moonbounce contacts have been made using the 
s e t t i ng  moon. The antenna i n  the center  of the two meter ar ray i s  a 40 
element col l inear  f o r  432 MHz. 



Figure 9 

The array of John Perchalski, K4IXC,  i s  easy to  reach from the ground. 
The array center i s  nine f e e t  above the ground. The array i s  made up of 
eight,  seven element Yagis spaced ten f ee t  apart ,  both vert ical ly  and 
horizontally. The main boom i s  approximately 30 f e e t  long. The individual 
Yagis a re  patterned a f t e r  the seven element units in the ARRL VHF Handbook. 
The booms are  ten f ee t  long and are  made from 1"xl" f i r  s t r ip s .  The wooden 
booms are  protected from the elements by several coatings of polyurethane 
varnish. The parasi t ic  elements are one-eighth inch aluminum wire. The 
driven element i s  a folded dipole made from 3/8" tubing in parallel  with 
1/8" diameter tubing. The phasing l ines  are cut to  multiples of one-half 
wavelengths of Columbia wire number 05790 Dura-Foam 300 UHF-TV Twin Lead. 
The mount i s  made of two pieces of aluminum tubing; one rotating inside 
the other. The elevation mechanism simplicity can be seen in the picture. 
Counterweights on the handles balance the array. 



Figure 10 

This i s  a picture of a typical  California two meter EME antenna. 
I t  was l a s t  used by WA6LET t o  r u n  a  se r ies  of moonbounce t e s t s  from 
Stanford, California.  The antenna i s  150 f e e t  i n  diameter and has a gain 
of 35 dB1 a t  144 MHz. The beam w i d t h  i s  2.7 a t  the  3 dB points. The 
antenna i s  f u l l y  s teerable  i n  azimuth and elevation using two U.S. Navy 
5-inch gun mounts. The antenna and the  house below a l l  r o t a t e  on a t rack.  
The aiming of the antenna i s  accomplished with a PDP-8 computer which 
up-dates every two minutes. The feed antenna i s  a NBS Standard 144 MHz 
antenna and i s  ro ta table  from zero t o  ninety degrees polar i ty .  The feed- 
l i ne  i s  1-5/8" coax. 

-12- 
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A SMALL INEXPENSIVE MOONBOUNCE ANTENNA SYSTEM FOR 144 MHz 

Effective performance with a small, lightweight 
antenna that can be built with hardware-store 
materials and yet performs when the most elabor- 
ate and expensive e.m.e. arrays don't! 

The idea of DXing via the moon is at once enticing and frightening 
to many amateurs. Few amateur radio pursuits can match the challenge and 
the thrill of a completed moonbounce QSO, but the complexity and cost of 
an e.m.e. system frightens some hams. 

Many amateurs think of moonbounce systems in terms of high power, 
costly receiving preamps, and antennas big enough to fill football fields. 

Some e.m.e. systems are that elaborate, to be sure, but K6YNBIKL7 
enjoyed considerable success during his 1976 moonbounce DXpedi tion with a 
very simple and inexpensive system, including an antenna small enough to 
be set up by one person in half a day. 

The transmitter used a popular commercial transceiver driving a push- 
pull 4CX250B amp1 ifier. The receiving front end employed low-cost pre- 
amps similar to the U310 design in this series. (1) 

What was unique about the Alaskan moonbounce system was the antenna, 
a 19 foot by 19 foot array of 16 three-element cubical quads made from 
wood and #12 copper wire. The antenna mount used nothing more sophistica- 
ted than one Ham-M rotator and four small TV antenna rotors, but it was 
steerable in polarization as well as elevation and azimuth. It could 
easily be adapted to rotate in all three ways using ropes rather than 
rotors for steering, reducing the total cost of the antenna system, in- 
cluding phasing cables, well below $100. 

CONOUERING FARADAY 

The unique feature of the array, of course, is its steerability in 
polarization. As everyone who has read this far into the Moonbounce series 
knows, the biggest obstacle to reliable earth-moon-earth communication be- 
tween properly equipped stations is "Faraday Rotation", with its ability to 



shift the polarization of signals leaving and re-entering the earth's 
atmosphere. 

Faraday Rotation often renders two well equipped stations unable to 
hear each other for extended periods of time, or may leave an operator 
hearing a station that cannot hear him. 

On 432 MHz it is not unusual to solve this problem by using a dish 
antenna and rotating the feed to match the polarization of the incoming 
signal. On two meters, however, a dish big enough for e.m.e. work is 
beyond most amateurs' means. Circular polarization will also solve the 
problem, but the added gain required for e.m.e. work when the signal is 
omnipol arized again makes amateur-size arrays too small for moonbounce 
work on two meters. 

There are two solutions to the Faraday problem at 144 MHz: 

1 ) to wait until rotation changes, which may mean waiting hours for 
a completed two-way exchange; or 2) build an array that can be shifted 
in polarization to match that required for e.m.e. communication at the 
momen t . 

The K6YNB Alaskan array takes the latter approach, and does it 
simply. Obviously, polarization rotation is only possible when the 
individual antennas being rotated will clear the tower. Of course, even 
very long yagis can be supported from the rear so they may be rotated in 
polarization without hitting the supporting frame, but that presents another 
tough set of mechanical problems. KGYNB chose to use small lightweight 
antennas with very short (30 inch) booms to simp1 ify the mechanical prob- 
lems of shifting the polarization. 

With these short-boom quads, the entire frame will rotate 360' on its 
axis to match any incoming polarization with the moon as low as 50 above 
the horizon. 

THE THREE-WAY ROTATOR 

As the accompanying photos illustrate, the array uses a CDE Ham-M 
rotor on a small tower to control azimuth. Atop the Ham-M are two 
Alliance T-45 TV rotors wired in parallel. These little rotors elevate 
a mast on which two more T-45s are mounted. These T-45 rotors turn the 
main axle on which the e.m.e. frame is mounted. As long as the booms of 
the 16 quads are mounted parallel to this central axle the whole thing 
will steer in azimuth, elevation and polarization simultaneously. 



The method of paralleling Alliance rotors is described in Ham 
Radio magazine by Forrest ~ehrke. (2)~uffice it to say here that the 
job involves making sure the rotors to be paralleled are in the same 
position (e.g. both fully clockwise) and then wiring the three motor 
terminals of rotor #2 to the same terminals of rotor #l. The indica- 
tor leads need not be paralleled. 

To provide adequate voltage and current capability for two motors, 
remove the transformer and AC capacitor from one control box, mount them 
on the rear of the other, and carefully wire everything in parallel. 
Take care not to reverse the leads on the two transformers. 

For those who do not wish to acquire five rotors, even when four of 
them sell for under $35 apiece, there is an even less expensive way to 
go. Use ropes instead of the T-45s to steer both elevation and polariz- 
ation. All you need to do this is some kind of homemade bearings for 
the rotating pipes. 

ABOUT THE CUBICAL OUADS 

Many amateurs feel that cubical quads do not work well, especially 
at VHF. Wherever this myth began, we would like to dispose of it now. 
As all recent literature on quads indicates, a three-element quad has 
perhaps 2 dB more gain than a three-element yagi. It takes a yagi with 
nearly a 5-foot boom to equal the gain of these quads with their 30-inch 

s J. E. Lindsay pointed out in his definitive study of Quads vs. 
( 3  The quads used here have been measured at 9.1 dBd per bay, a 
little less than the theoretical figure of 9.3 dBd cited by William Orr 
in the second edition of his cubical quad handbook. (4) 

Not only does the choice of quads make it possible to shift the 
polarization more easily, but it also reduces the cost and simplifies the 
impedance matching and phasing problems. 

The quads are made of clear pine booms (314 x 314 molding is good 
for this) with even lighter molding for spreaders. #12 TW covered wire, 
normally used for AC house wiring, forms the elements. The director and 
reflector are cut to the dimensions shown, shaped in a square and soldered 
at the bottom to form a closed loop. The driven element has an SO-239 
coaxial connector soldered directly to the two sides of the loop at the 
bottom. There is no matching or balancing of any kind! For a perma- 
nent non-portable installation, the connectors may be eliminated. Attach 
the ends of each driven element loop to a plexiglass insulator so the 
phasing 1 ines may be soldered in place. 



I f  t h e  dimensions a re  fol lowed, t he  on l y  t r i c k  t o  achiev ing success 
w i t h  these antennas i s  t o  remember t h a t  a l l  16 must be fed  w i t h  the  center  
conductor i n  t he  same p o s i t i o n  r e l a t i v e  t o  the  others. You cannot feed 
some w i t h  t h e  center  conductor going t o  the  r i g h t  s ide  o f  t he  d r i ven  e le -  
ment w h i l e  others are  f e d  t o  the  l e f t .  

To avo id  t h i s  mishap, b u i l d  one quad and then s e t  i t  aside as a r e f e r -  
ence antenna and b u i l d  a l l  t he  others e x a c t l y  t h e  same way. 

When you mount t he  quads on t h e  support ing frame, d o n ' t  s p o i l  every- 
t h i n g  by mounting some of them upside down o r  sideways i n  r e l a t i o n  t o  t h e  
o thers  ! 

THE SUPPORTING FRAME 

The support ing frame cons is ts  o f  two 25 f o o t  lengths  o f  aluminum, 
tape r ing  down from 14" a t  t he  center,  and mounted on the  main a x l e  (a 
l eng th  o f  standard TV mast ma te r i a l ) .  

To prevent sag i n  any plane, t he  spreaders are  connected w i t h  a 
square o f  rope, so t h a t  t h e  assembly resembles one element o f  a twenty- 
meter cub ica l  quad w i t h  i t s  w i r e  loop. Then the  f o u r  spreaders a re  sup- 
por ted  w i t h  add i t i ona l  ou t r i gge rs  up t o  t h e  main ax le,  which extends f o u r  
f e e t  beyond t h e  main hub f o r  t h i s  purpose. 

At  a p o i n t  4 '2 "  from the  outer  end o f  each spreader, t he re  i s  an 
8 '4 "  cross spreader o f  1" aluminum tub ing  on which two quads w i l l  be 
mounted. The o the r  two quads on each o f  t h e  f o u r  arms a re  mounted 
d i r e c t l y  on t h e  spreader i t s e l f .  

There are  many ways t o  a t t a c h  these 1 ittl e quads t o  t h e  spreaders. 
Any s o r t  o f  l i g h t w e i g h t  bracket  w i l l  do. CUSHCRAFT o r  KLM element-to-boom 
brackets work we1 1 . 

THE PHASING HARNESS 

Each quad has a c h a r a c t e r i s t i c  impedance o f  about 60 ohms. A f u l l  
e l e c t r i c a l  wavelength o f  l i g h t w e i g h t  RG-59 type coax reproduces t h a t  60 
ohms a t  a four-way junc t ion ,  producing 15 ohms a t  one p o i n t  on each 
spreader arm. Four 1.75 wavelength sect ions o f  RG-11 t rans form t h e  15 ohm 
up t o  about 375 ohms. The f o u r  RG-11 l i n e s  j o i n  a t  t he  center  o f  t he  
array,  producing an impedance o f  about 93 ohms, which goes through a 
s i n g l e  quar te r  wavelength o f  RG-11 t o  produce an impedance around 54 ohms 
and a v i r t u a l l y  f l a t  SWR a t  resonance. 



Here is a step-by-step procedure for making the phasing lines. 

1) Buy 100 feet of Belden 8221 coax, a lightweight foam line 
similar to RG-59. If you use any other brand or type, the dimensions 
given here will probably have to be recalculated because velocity factors 
vary widely from the nominal published parameters. 

2) Cut the 8221 into 16 six-foot lengths and mount a PL-259 connector 
with a UG-176 adaptor on one end of each. In a permanent installation, 
the cables may be soldered directly on the quads, avoiding the cost and 
losses in these connectors. 

3) Now measure each 8221 1 ine from the tip of the connector and cut 
each down to 5"7" (67"), including the length of the connector. 

4 )  Strip back 518" of insulation on the open end and solder four 
8221 cables to each of four SO-239s, attaching one braid to each mounting 
hole and bringing all four center conductors into the SO-239s center pin. 

5) Now cut four 96" (8') lengths of Belden 8238 RG-11 coax. Mount 
a PL-259 on one end of each, then strip 518" from the other ends and mount 
all four on another SO-239 (or Type N)  at the center. 

6) Cut a 13%" length of RG-11 , put connectors on both ends, and 
attach it from the center junction to the antenna relay. 

7) Weatherproof a1 1 phasing 1 ines thoroughly for permanent instal 1 a- 
tions. 

An antenna mounted relay and preamp are strongly recommended, although 
a short run of low-loss cable such as RG-17 may be used. This will keep 
the relay and preamp inside, away from the weather, sacrificing a little. 
performance for re1 iabil ity. 

PUTTING IT UP 

Assembling the array is pretty simple. Put the rotating mount on 
your supporting mast or tower. Make sure your array will steer without 
hitting trees, buildings, or other obstructions. Now assemble the 
spreaders and connect the supporting ropes. 

Finally, mount the quads one at a time, rotating the array after 
mounting each so the thing doesn't become too imbalanced. A hint: this 
is easier if the main axle is free to spin. Connect the phasing lines and 
attach your feed1 ine(s). 



HOW IT PERFORMS 

After using a moonbounce array that is steerable only in elevation 
and azimuth, using this array is a revelation. Even though the system 
as described here is an exceptionally small and lightweight e.m.e. array 
with only about 20.2 dBd gain, it behaves as if it has much more, because 
you can always be sure the polarization is optimized. With an ordinary 
array, you often struggle to hear weak signals (or to be heard yourself) 
because the polarization is far from correct. 

In two weeks of e.m.e. schedules at KGYNB/KL7 it was found that in- 
coming signals were rarely exactly horizontal in polarization. 

It was almost always necessary to move to a polarization other than 
"normal" for best signals. About half the time, the other station 
seemed to hear KGYNBlKL7 at the same polarization setting that produced 
the best received signal. On other occasions, various polarizations 
had to be tried until the other station began responding with "0"s. 

Regardless of the Faraday situation at a given moment, however, it 
was always possible to acquire the signal of well-equipped e.m.e. stations 
within a few minutes, and most QSOs were completed within 15 or 20 minutes. 
If no signal was heard in that period of time, it was a pretty good indica- 
tion that the two stations did not have enough system gain between them to 
overcome the path loss and make a contact for that day! 

With this system, Faraday Rotation ceases to be a serious obstacle to 
e.m.e. communication. 

THE CONCLUSION 

This is not the biggest moonbounce antenna around, but it may be one 
of the simplest and easiest to put together. And it clearly performs well 
enough to produce lots of good signals off the moon with a pair of 4CX250Bs 
at 1000 watts input. 

At this writing, there are probably 30 stations around the world on 
two meters with enough system gain to work a station using this antenna 
consistently. 
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DESIGN DATA - THREE ELEMENT CUBICAL QUAD FOR 144 MHz 

Reflector - 86%" loop of #12 TW copper wire, covered, soldered closed 
a t  bottom. 

Driven element - 82" loop of #12 wire, with coaxial connector mounted 
a t  bottom center. 

Director - 77" loop of #12 wire, soldered closed a t  bottom. 

Spacing: 18" Refl. t o  D E ,  12" DE to  Director. 

Phasing Harness: 16 lengths of Belden 8221 cable, each 67" long, to  
four four-way junctions; 4 lengths of Belden 8238 
(RG-11 , each 96" long, from four-way junctions t o  
center of array; single 13%" length of R G - 1 1  t o  
feedpoint/relay. 

7 1 REINFORCING ROPES 

PHYSICAL DESCRIPTION OF THE ARRAY 

The array i s  made up  of sixteen three element Quads. 
The Quads are spaced four fee t  two inches apart .  
The total  s ize of the array i s  19 fee t  by 19 fee t  square. 
The spreaders are 25 fee t  long. 



FIGURE 1 

This is K6YNB's moonbounce station as it appeared in Ketchikan, 
Alaska. At left is the array of 16 three-element quads for 
144 MHz with its three-way steerable mount. At right, on the 
tower mounted on the camper truck, is a two-element quad used 
for 1 iaison communication on 20 meters. With this system, 
K6YNB/KL7 worked 15 states on two meters in two weeks, 13 of 
them via the moon! 

- 9- 
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FIGURE 3 

Here's another view of the e.m.e. array, against a backdrop of 
the perennial fog of Southeastern A1 aska. 
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