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Efficiency Is
Not Enough

If someone asked
you, “Why do you
: work?,” you would
probably answer, “I
work because I
must—to feed and
clothe myself and
family—provide for
the necessities of
life.”” This is a logi-
cal, straight- for-
ward answer.

J. E. Smith

But do you ever stop to think that besides
earning your daily bread, your work pro-
vides you with the real zest for living? It
gives you personal satisfaction, offers
opportunity for self-expression, and makes
yvour rest and leisure more meaningful.

Have you ever noticed how a house
painter stands back and admires his work?
Or have you ever watched how carefully
a carpenter fits lumber together when
building a house.

A fellow named John Zeigler was just
such a carpenter. “I never cut a board
short in my life,” he used to say proudly.
But one day he did just that, or so it
appeared at the time. The board he'd
just cut didn’'t fill up the space he'd in-
tended it for. But John was a proud
craftsman. He hunted around the house
and soon spotted another opening where
the “short” piece fitted exactly. “Like
I always say,” he nodded with satisfac-
tion, “I never cut a board short in my
life!”

If you seek happiness through your work
—and where else are you to find it?—
you must accept a new role, As a working
man, you're not a sheltered individual—
not an infant or invalid. You alone must
decide what your attitude toward your
work will be, what your purposes are, and
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AGC SYSTEMS

By Art Widmann
NRI Technical Staff

Automatic gain control circuits are in
common use in both radios and television
receivers. In radios, these circuits are
usually called automatic volume control
(AVC). The use of “volume” instead of
the more accurate word “gain” arose from
advertising reasons. The set-buying pub-
lic might not know the meaning of gain
of an amplifier whereas they readily
understand the word volume. Inasmuch
as the gain of a receiver does affect the
volume, ave is descriptive of the effect
on the operation of a radio. In a tele-
vision receiver however, the gain of the
receiver affects both audio volume and
picture contrast. The circuits providing
automatic gain control in television re-
ceivers are almost always correctly labeled
age,

AVC and AGC circuits all work on the
same basic principle—the gain of one or
more stages is automaticallly varied in
accordance with the strength of the re-
ceived signal.

The need for automatic gain control is
readily apparent when you consider that
the received signal strength may vary
from 1-microvolt from distant stations
to one million microvolts from strong
local stations. If the gain of the receiver
is constant, the strong stations will cause
annoying “blasting” when you tune across
the band. Also, if the receiver gain is
sufficient to bring in distant stations, the
strong local stations will cause overload-
ing and distortion, Automatic gain con-
trol will overcome both of these diffi-
culties. In addition, age will correct for
(Continued page two)
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‘““The future of the servicing industry is ex-
tremely bright and profitable but vour share
of that future depends on what you do NOW
to prepare for it.’
Donald H. Kunsman
President, RCA Service Co.



(Editorial—from page one)

how strongly you desire the happiness
you seek.

To have ideals, to seek wise advice, to
apply common sense, to admit the neces-
sity of discipline, to be broad-minded, to
helieve in and practice fairness and to

do honest work efficiently, These are
traits just as important to personal satis-
faction and contentment on your job as
skill and knowledge. Remember, your job
may feed you but your attitude toward
vour work keeps you “alive.”

J. E. Smith
Founder

(AGC Systers——continued)
variations in signal strength due to fad-
ing.

AVC Systems in Radios

Let's review the basic principles of a
typical ave circuit by referring to Fig. 1.
This partial diagram shows the rf stage

control grid of V1 through resistor RS5.
The negative ave voltage decreases the
gain of the rf stage and tends to hold the
output of the receiver constant with
changes in rf signal strength, The ave
voltage cannot hold the output perfectly
constant because it requires a change in
output to produce a change in ave voltage.
Most receivers have at least two ave con-
trolled stages to give a
greater range of control.

RFE AMPLIFER

QUTPUT 1F THANSFORMER
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These are usually the i-f
and rf stages, In sets hav-

ing no rf stage, the ave
voltage is applied to the
r{f grid of the converter
stage.

Notice that the ave volt-
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age always decreases the
- gain of the receiver. Even
Amp a very weak station will
develop some ave voltage.
In order to have the re-
ceiver run wide open on

Fig. 1. Typical AVC sysiem used in a Radio receiver.

and the second detector where the ave
voltage is developed. The i-f signal at the
output i-f transformer causes the diode
to conduct each time the signal swings
positive at the plate of D1, Current
through the diode also flows through the
secondary winding, through R1 and R2
to ground and back to the cathode of the
diode, C1, R1 and C2 filter out the i-f,
producing a negative voltage at point A
that is varying at the audio rate.

Resistor R3, and capacitor C3 make up an-
other filter network that removes the
audio signal and produces a pure nega-
tive ave voltage at point B, The strength
of this negative AVC voltage is directly
proportional to the i-f carrier signal.

The time constant of the ave filter must
be long to filter the lowest frequency of
the audio signal. On the other hand, too
long a time constant will prevent the cir-
cuit from responding to rapid changes in
signal strength such as occur with fading.
A compromise is made using a time con-
stant of about 1/10 to 1/5 of a second.

The filtered ave voltage is applied to the
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weak  signals, circuit
variations have been de-
vised to prevent ave from
taking effect until a certain size signal
is received.

Delayed AVC, To prevent development of
an avc voltage when receiving weak sig-
nals, the ave voltage is delayed. This does
not refer to a time delay but rather to
the amplitude of the signal. No ave is
developed until the average value of the
IF carrier signal exceeds a pre-determined
value,

Fig. 2 shows a typical second detector,
delayed ave, and first audio stage. Diode
D1 is the second detector while diode
D2 produces the ave voltage. The triode
section of the tube is the first audio am-
plifier stage.

The i-f signal is rectified by D1 and the
audio signal is developed across C2-R1.
Notice that diode D1 will conduct on weak
signals because its circuit is returned to
the cathode, The ac signal path for diode
D1 is from the plate of D1 through the
transformer winding, through C2 to the
cathode of the tube. Thus even very weak
signals will make the plate positive with
(Continued page sixteen)



(Continued from page two)

respect to the cathode causing the diode
to conduct and to produce an audio signal.

This audio signal is coupled through C4
and developed across R5, From the arm
of RS5, the audio signal is coupled directly
to the grid of the triode section of the
tube where it is amplified and coupled
out through C6. The triode section of the
tube is biased Class A by the drop across
cathode resistor R2,

The voltage drop across R2 also provides

radios, using conventional tubes, use ave
systems similar to the one just discussed.
However, when 12-volt tubes are used, the
effective range of ave is limited because
only a few volts change of grid voltage
drives the tube from saturation to cut-
off. A novel circuit arrangement allows the
ave voltage to completely cut-off the rf
tube reducing the gain of that stage to
zero.

Fig, 3 shows a partial schematic of the
rf stage of an automobile receiver using
12-volt tubes, The avc voltage is appiled

through resistors R2 and
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R1 to the control grid of
the rf tube, A small ave
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1 1 = C6 usual manner. At the
: A =t < e same time, the ave volt-
----= 1 age is applied to the sup-
o1, - . | pressor grid which is
J b2, B+ connected to the junction
AR of R1 and R2. The ave
_“__] L, voltage on the suppressor
AVC o grid further reduces the
R4 gain of the stage. When a

large received signal pro-
duces a large avc voltage,
the tube cuts off and the
gain of the tube is re-
duced to zero,

The tube is still able to
pass the rf signal through
the inter-electrode capac-

Fig. 2. Delayed AVC,

the ave delay. The i-f signal is coupled
through C1 to diode D2. Diode D2 will not
conduct until the amplitude of this i-f sig-
nal is larger than the drop across R2.
When the i-f signal is large enough to
make the plate of D2 positive with res-
pect to the cathode, diode D2 conducts and
electrons flow from the plate of D2 down
through R3 developing a negative voltage
at the top of R3, This voltage is filtered
by R4-C5 to produce the ave voltage. This
delay in producing the avc voltage assures
that the receiver will be operated at
maximum sensitivity on weak signals. On
strong signals, the delayed ave voltage af-
fects the receiver in the same manner as
ordinary ave,

AVC For 12-Volt Tubes. The avc system
in an automobile radio must be very good
to compensate for changing signal levels
caused by the auto moving past obstruc-
tions. Also automobile receivers have an
rf stage so the over-all gain of the set
is higher than most ac-dc home radios.
Therefore, the ave system must be able
to reduce the gain a great deal to handle
the large signals from local stations. Car
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itance between the sup-
pressor grid and the
plate, The rf signal
across the grid tank circuit is coupled
through C1 and developed across R1 and
R2. A smal]l part of this signal appears
across R2, and is felt by the suppressor
grid. With the tube cut off, this signal is
coupled through the inter-electrode ca-

R.F. AMP.
i2BL6

to antenna

+i2 v

AVC line

Fig. 3. AYC applied to 12-valt RF stage.
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Fig. 4. AVC in transistor Radio and damping diode.

pacitance to the plate where it is developed
across the tuned plate circuit, In this way,
the rf stage is effectively removed from
the circuit when receiving very strong
signals. The tuned circuits in the grid and
plate circuit still perform their usual func-
tions of frequency selection and image fre-
quency rejection.

Additional ave action is sometimes pro-
duced in sets using 12-volt tubes by ap-
plying an ave voltage to the first audio
amplifier stage, The audio amplifier
tubes such as the 12F8 is a remote cut-
off pentode. By applying a small amount
of ave voltage to the control grid of this
tube, the gain is varied and some avc
action is effected. The ave action produced
in this stage is particularly effective
against sudden signal strength changes.

Numerous circuit variations are used to
provide ave in radios. However, it is
always easy to locate the ave circuit,
Simply trace the grid return from the rf
stage or the rf grid of the converter if
no rf stage is used. This grid return will
lead you through the ave filter to the
circuit that develops the ave voltage.
While most prints have the ave circuit
labeled, it is usually not difficult to figure
out where the voltage is developed and
how the circuit works. This is fine for
radios using tubes, but when transistors
are used, the circuits are a little different.

AVC In Transistor Radios

Tranistor radios develop the ave voltage
in the same manner as tube radios, but
the characteristics of transistors must be
taken into consideration when applying
the ave voltage to the transistor stages.

The most practical method of controlling
the gain of a transistor stage is by emit-
ter-current control. The emitter current
is reduced by applying the ave voltage in
such a way as to oppose the foward bias
on the transistor, Reducing emitter cur-
rent affects the gain of the transistor in
two ways. First, reduced emitter current
reduces the current gain of the stage by
decreasing the collector current. Second,
reduced emitter causes a change in the
impedance match of the transistor to the
input and output circuits, This impedance
mis-match further reduces the over-all
gain of the stage,

Fig. 4 shows a typical ave circuit in a
partial diagram of a transistor radio. The
ave voltage is developed by the second
detector diode D2. The i-f signal from the
i-f output transformer causes current to
flow down through diode D2 and diode
load resistor R7 which also acts as the
volume control, The detected audio signal
is then filtered by R6, C8, R4 and C7 to
produce a negative ave voltage at the top
of C8,

The filtered ave voltage is applied to the
base circuit of the first i-f transistor Q2.
The foward bias for Q2 is supplied from
+ Ebb through R2, through the secondary
winding of T1, to the base of Q2. The ave
line is connected to point A at the junc-
tion of R2 and the secondary winding of
T1. Thus the negative ave voltage opposes
the foward bias and reduces the emitter-
base current of Q2. As previously ex-
plained, reducing the emitter current re-
duces the gain of the stage. This tends
to keep the output of the receiver more
nearly constant.
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Unlike vacuum tubes, transistors cannot be
completely cut-off by a large negative
base-to-emitter voltage. There is always a
small collector leakage current. Also the
inter-element capacitance in transistors is
large, The base to collector capacitance is
enough so that even with a large nega-
tive ave voltage, an appreciable i-f signal
is coupled directly from the base to the
collector. Both of these factors tend to
limit the effectiveness of avc control of
transistor stages.

To obtain improved control, many tran-
sistor sets use an auxiliary ave diode.

Damping Diode. When operating at high
signal levels, enough signal can be directly
coupled through the ave controlled tran-
sistor to cause overloading and distortion.
To take care of these large signal con-
ditions, the damping diode D1 is used in
the circuit in Fig. 4.

When receiving normal strength signals,
this diode does not conduct because it
is back biased by the drop across R1 and
R5. As the signal strength increases, the
ave system causes Q2 to conduct less and
less. The decreased current flow through
Q2 decreases the drop across R5, The top
of R5 becomes more and more positive
until a voltage is reached that forward
biases D1 allowing it to conduct.

When D1 conducts, it acts as a low im-
pedance shunt across part of the primary
of T1, This greatly reduces the amount
of signal coupled through the transformer
and prevents overloading on strong sig-
nals,

AGC in TV Receivers

As mentioned earlier, the gain of a TV
receiver affects both the volume of the
audio and the contrast of the picture.
Small changes in picture contrast are
much more noticeable than small changes
in sound level. Therefore, the age sys-
tem is very important to the proper
operation of a TV receiver. In some early
TV receivers, a manual control varied
the bias on the rf and i-f stages. This
control was usally marked “contrast” and
had to be adjusted for each change in signal
strength. With the addi-

that is directly proportional to the carrier
strength is the sync pulses, The level of
the picture portion of the video is con-
stantly changing with picture detail.
Therefore, it is desirable to produce the
age voltage from the amplitude of the
sync pulses.

A simple agc system for a TV receiver
is shown in Fig. 5. Negative going video
is fed to the cathode of diode D1 causing
the diode to conduct. Current flow
through the diode charges C1 to the peak
value of the negative sync pulses. Since
C1-R2 forms a long time constant at the
repetition rate of the sync pulses, the ca-
pacitor does not discharge appreciably
between pulses, The negative voltage
across C1 holds the plate of D1 negative.
Thus the diode conducts only when the
negative sync pulses drive the cathode
negative with respect to the plate. Since
the amplitude of the sync pulses is pro-
portional to carrier strength, the age
voltage changes only when carrier
strength changes.

Fig. 5B shows two lines of the negative
video signal applied to the agc tube. The
dotted line between the horizontal sync
pulses shows the discharge path of C1 be-
tween sync pulses. The discharge path
shows that C1 discharges only a small
amount between pulses. This means that
C1-R2 is a rather long time constant and
the age will not respond to rapid changes
of carrier strength, If the RC time of C1-
R2 were made shorter, agc voltage
would change each time a broad vertical
pulse was received. This would tend to
cause the receiver to lose vertical sync.

Due to the long time constant of C1-R2,
the agc system is not as fast acting as
is desirable, Another disadvantage of
this simple agc system is that large noise
pulses occurring at any time can produce
a large agc voltage. Since the time con-
stant of the agc filter is long, the receiver
will be slow in recovering from the effect
of noise pulses.

To overcome the disadvantages of this
simple agec system, many TV sets use
keyed age.

tion of age circuits the
contrast control is placed

in the video circuit.
video in

Because small variations
in signal strength are so
noticeable in the picture,
a fast acting agc circuit
is needed for a TV re-

AGC

ceiver. However, the only
part of the video signal
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Fig. 5. Simple AGC system,
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Fig. 6. Keyed AGC.

Keyed AGC. A Kkeyed agc system is de-
signed so that the agc voltage is produced
only when horizontal sync pulses occur.

In this way, noise pulses arriving between
sync pulses do not produce any age volt-
age. Also the system can be made fast
acting because there is no chance of pic-
ture level or vertical sync pulses affecting
the agce operation.

While the exact details of keyed age cir-
cuits vary widely, a typical keyed agc
system is shown in Fig. 6. The pentode
agc tube is biased 1o plate current cut-
off by the +4150 volts applied to its
cathode. The screen is supplied by -+250
valts. A winding on the horizontal output
transformer T1 supplies sharp positive
pulses through C1 to the plate of the agc
tube, These pulses arrive at the horizon-
tal frequency rate and occur at the same
time as the horizontal sync pulses. Each
time a pulse is coupled through C1 to
the plate, the tube conducts, The amount
of conduction depends on the voltage of
the control grid during the time the posi-
tive pulse is on the plate. A positive going
video signal is applied to the control grid
through RS5. The horizontal sync pulses in
this video signal arrive at the same time
that the positive pulse is applied to the
plate, Thus the amplitude of the horizon-
tal sync pulse determines the amount of
conduction of the tube.

e —_—t e e el aanbese

The pulses of current arriving at the
plate charge C1. This capacitor is small
so that it will discharge rapidly and
make the age system fast acting. C1 dis-
charges through R4 and charges C2 to an
average negative agc voltage,

Resistors R3, R2 and R1 provide a return
path for plate current and determine the
“threshhold” of age, The setting of the
threshhold control R1 sets the level of
agce voltage. With the entire resistance of
R1 in the circuit, the age voltage will be
so negative that the i-f stages are com-
pletely cut-off and we lose our picture.
This is possible with this circuit because
the agc tube will conduct with each
positive pulse on its plate even though
there is no video on the control grid.

Decreasing the resistance of R1 decreases
the agc level. R1 is adjusted while re-
ceiving the strongest local station. With
contrast control set at about mid-range,
adjust R1 for a good contrast picture. The
agc system will then compensate for
changes in carrier level, The only set ad-
justment required when changing stations
will be setting the contrast control to the
preference of the viewer.

The circuit in Fig, 6 has provision to
prevent putting a positive voltage on the
age line. Point X between R2 and R3 is
connected to a diode in the first audio
section of the receiver. If point X trys to
become positive, the diode will conduct
and clamp the voltage at about zero,

Like radios, TV sets will be found with
a wide variety of age systems. Some TV
sets use an amplifier stage in the age line
to increase the receiver response to sig-
nal level changes. Many receivers have
separate agc voltages for the rf tuner
stage. The tuner stage receives a lower
level of agc voltage. This allows it to
be more sensitive to weak signals. Some
sets have a switch or control to select
different proportions of agc voltage for
the tuner stage.

Separate Tuner AGC. Fig. 7 shows the
distribution of the agc voltage in a typical
TV receiver, Separate levels of agc are
provided for the tuner and i-f stages. A
“local” - “suburban” - “distant” switch
permits changing the amplitude of the age
voltage. This switch mainly affects the
tuner agc voltage and allows the tuner
to operate nearly wide open on weak dis-
tant stations. Changing the switch when
receiving strong local stations supplies
more agce voltage to the tuner to prevent
overloading.

When the switch is in the local position,
(Continued page twenty-two)
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(from page one)
the tuner and i-f stages get the same age
voltage because there is no voltage drop
across resistor R4, With the switch in the
“suburban” position, a circuit is completed
from the agc line through R4, through
the switch, through resistor R6 and R7 to
ground, Current flow through this circuit
produces a drop across R4, The drop
across R4 subtracts from the age voltage
leaving a smaller voltage at point X to be
applied to the tuner stage. This small

agce voltage to the tuner allows it to oper-
ate at a high gain,

With the switch in the “distant” position,
resistor R6 is bypassed causing even a
larger drop across the resistor R4, The age
voltage at point X falls to an even lower
value and this small tuner agc voltage
allows the tuner to operate at maximum
gain.

The additional filters in the grid circuit
of each i-f stage perform an important
function. These filters prevent feedback
that could cause oscillations,

Some type of age level adjustment is
found on many TV receivers. It may be
labeled “fringe-local,” “D-X range finger,”
or “agc control.” Most of these controls
operate to attenuate part of the age volt-
age like the circuit in Fig. 7. Sometimes
the control adjusts the age delay. Delayed

AGC TO T0 GRID
TUNER  IstILE  2nd LE
TI\T
RI R2
T R3 AGC
. FROM
IF AGC MWV _L DETECTOR
R4 :I:CG
RS X =
AN b
==¢C3

SUBURBAN
R7

DISTANT

Fig. 7. Distribution of AGC voltage in a typical
TV receiver.

age is used in TV receivers in the same
way as in radios.

Lifting and Leaning

There are two kinds of people on
earth today,

Just two kinds of people, no more
I say,

Not the good and the bad, for it's well
understood

The good are half bad and the bad are
half good.

Not the happy and sad, for the swift-
flying years

Bring each man his laughter and each
his tears,

Not the rich and the poor, for to count
a man’s wealth

You must first know the state of his
conscience and health.

Not the humble and proud, for in life’s
busy span

Who puts on vain airs is not counted
a man,
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No! The two kinds of people on earth
I mean

Are the people who lift and the people
who lean,

Wherever you go you will find the
world’'s masses

Are ever divided in just these two

classes.

And, strangely enough, you will find
too, I ween,

There is only one lifter to twenty
who lean,

In which class are you? Are you easing
the load

Of overtaxed lifters who toil down
the road?

Or are you a lifter who lets others
bear

Your portion of the worry and labor
and care?

Ella Wheeler Wilcox




