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Fig. 9-10. Circuit showing application of TEST POINT 5, CHART VII,

9-14 In the first case, the response is entirely normal, and
the driver transistor as well as its bias network, R22 and R23,
and output circuit C23 and T1 must all be operating properly.
Obviously, the defect must be present in the coupling through
C8 to the preceding stage. An ohmmeter can be used to exam-
ine the components here. The chart also mentions the collector
bypass capacitor, C23, as a possibility, but this is unlikely
when V. is normal before shorting the base and emitter. It
is mentioned only because its leakage could reduce the load
resistance in the collector but slightly, resulting in inconclu-
sive readings at TEST POINT 5.
9-15 When the second result listed occurs, it is clear that
either the collector or the emitter lead to the battery is open
because of an open in the printed wiring, a defective part in
series, or a shorted transistor. It is difficult to establish a rule
for the amount of change in input current to expect at TEST
POINT 1 when a low-power transistor is shorted. The current
drawn by a shorted audio-driver transistor may not register
on the milliammeter because, simultaneously, the current in the
class-B output transistors drops to a low value due to no in-
coming signal to drive them. The output transistors may ac-
count for a large part of the normal current stated in the
technical data for the receiver.

In circuits like the one in Fig. 9-9, where there is still a
total resistance in the emitter-collector circuit of 1490 ohms,
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even with a shorted transistor, the maximum current that
could be drawn by the stage is only:

6 volts
1490 ohms

From the 0.8 volt on the emitter, it can be determined that
normal no-signal emitter-collector current is 0.8 ma (taking
I, as negligible with no signal), and it would not be unreason-
able to expect peaks of 1 or 2 ma with a signal applied. So it
can be seen that a shorted driver might not increase the input
current at TEST POINT 1 by more than a milliamp or so.

The best way to proceed when V. is missing is to remove
the transistor from the circuit by slashing the emitter and
collector leads with a razor blade and measure the voltage
again. If full battery voltage appears, the transistor was bad.
If the voltage does not appear, some component in series with
the battery, or the leads themselves, may be open.

A confusing situation can arise in circuits which use a large
emitter resistance, like the driver stage shown in Fig. 9-9.
The purpose of the emitter resistor is to increase the stability
by establishing —0.8 volt of emitter voltage. This voltage,
when applied in conjunction with —1 volt of base voltage
formed by the divider R12 and R138, produces the net forward
bias of —0.2 volt. Keeping in mind that the emitter voltage
is produced as a result of current which flows in the collector
circuit, one can see that if the collector were open-circuited
(by an open transformer primary, for instance), there would
be practically no emitter voltage.

The base voltage, however, would not change much under
these conditions because it is the drop across R12 and is de-
termined by the proportions in the voltage divider. Now, if
the emitter voltage is reduced to almost zero and the base
voltage remains nearly —1 volt, the base-emitter voltage will
become almost —1 volt. The resulting increase in base current
may ruin the transistor, and may also ruin subsequent replace-
ments which are installed without first checking to see if the
collector circuit is open.

9-16 The third possible result of TEST POINT 5 is that
V.. does not change properly, or that it is not correct to start
with. The parts to be checked are shown on the chart.

One of the tests suggests an ohmmeter check of the bias
network. A new abbreviation is used on the chart at this
point, where the negative terminal of the battery is referred
to as —B and the positive terminal as +B. Since so many other
things about transistors are backwards as compared to con-

=4.02ma

146



ventional vacuum-tube circuits, it seems justifiable to reverse
the usual symbols of B— and B+ because there are no B+ or
B— power-supply terminals in the sense that they are used
with vacuum tubes.

TEST POINT 6, CHART Vil
AUDIO SECTION WORKING PROPERLY

9-17 Referring to SERVICING CHART VII under TEST
POINT 4, the procedure shown is to be followed when it is
found that the defect is in the RF or IF sections. TEST
POINT 6 calls for a check on the operation of the oscillator
section, and there are several ways that this can be done. The
choice will depend on the accessibility of terminals for testing
on the individual chassis. A method which works on most
receivers is to measure the AC voltage across the oscillator
tuning capacitor, or across the oscillator tank. If a good
VTVM is used, oscillator operation will be determined by a
small AC voltage generated. Another way is to use an oscil-
loscope across either of the above points.

A method recommended by some experts is to bring the sus-
pected chassis near another operating receiver which is tuned
to a weak station, and rotate the tuning dial on the receiver
being tested. If a beat can be obtained at some point on the
tuning, this is due to radiation from the oscillator in the re-
ceiver undergoing repairs and is evidence of oscillation.

A favorite method of many technicians is to measure the
DC bias between the base and emitter of the oscillator tran-
sistor while the tuning dial is rotated through its range. There
should be a DC voltage present, of course, even if the oscillator
is not functioning, but when it is operating, the DC bias will
fluctuate as the tuning capacitor is rotated. Sometimes when
oscillations are strong, a positive voltage will be found on the
base which disappears with a touch of the finger, like grid-leak
bias.

The determination of oscillator operation in transistor re-
ceivers is a tricky test procedure, and the results of any of
the tests described should be considered as indications only,
not as conclusive proof. It will soon become apparent if an
error has been made, and the technician should then retrace
his steps.

Further Tests When It Appears That the Oscillator Has Failed

9-18 The components to be suspected will depend on whether
the oscillator stage still has a fixed forward bias, or whether
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the defect has removed all forward bias. Two typical oscilla-
tor-mixer stages are shown in Figs. 9-8 and 9-11, in which loss
of bias might be caused by different components. The test
results will be different in each circuit because of +B ground
in Fig. 9-11 compared to —B ground in Fig. 9-8.

9-19 In Fig. 9-8, the fixed DC bias is 0.1 volt and, if this is
missing, the first test suggested on the chart is to use an ohm-
meter from the base to ground and from the base to +B. The
condition of R2 and R3 can thus be determined if the precau-
tions mentioned in Section 9-5 regarding polarity of the ohm-
meter are observed. The missing bias could be the result of a
shorted tuning capacitor, A5, or a shorted capacitor, C6. The
chart also suggests measuring the resistance from the emitter
to +B, which will indicate the condition of R4. The resistance
from the emitter to ground should also be measured in this
circuit. The condition of the transistor itself should not be
overlooked, and it too can be checked with the ohmmeter or
by substitution.

If the bias in the circuit of Fig. 9-11 is missing, a somewhat
different procedure should be followed. The tuning capacitor
will not be suspected, but a shorted C9 will probably remove
the forward bias. It is not necessary to check the resistance
from the emitter to —B.

TOEXT ANT CONY 1ST IF AMP
2552 | deske 2545 asske
-T-met +.5mmt @ T ,%_I e®c ;
2 =7V W2
: 1 40
- @T i
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Fig. 9-11. Circuit showing application of TEST POINT 6, CHART VII.
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9-20 When the DC forward bias voltage is present, a differ-
ent approach is taken to the problem. Referring again to
Fig. 9-8, nothing in the emitter or base circuits is suspected,
because all these parts must be good to produce the forward
bias. Tests should begin with the collector voltage and tracing
through test terminals , , and @ if it is missing. The
oscillator tuning capacitor, A4, and blocking capacitor C7
should not be overlooked as a trouble source if the collector
voltage seems normal.

In the circuit in Fig. 9-11, a normal bias of 0.2 volt does not
exclude the tuning capacitors A5 and A4 from suspicion. But
it seems unnecessary to check C9 or C11 for shorts, although
an open C9, or the printed leads thereto, would stop oscillation
without removing the DC bias.

The oscillator coil in both circuits is a good suspect and the
soldering at the terminals should be checked. It is a good idea

455KC
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Fig. 9-12. Increasing forward bias.

to resolder all of the connections around the oscillator com-
ponents if DC bias is present but the oscillator is not running.
9-21 The transistor itself is a common cause of oscillator
failure and an interesting test is suggested in the chart. The
forward bias is purposely increased while measuring the volt-
age between the emitter and +B. Fig. 9-12 shows the method
to use. A 100K potentiometer is connected from the negative
battery terminal to the base, and a small resistor is used in
series with the center tap to prevent shorting the base directly
to —B. Begin with maximum resistance, and carefully reduce
the resistance to increase the bias. The transistor should begin
to conduct more, and the voltage drop across the emitter resis-
tor should increase. For low-power transistors with an emitter
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resistance of 1000 ohms or less, % to 1 volt should be consid-
ered a significant increase.

If the voltage increases, the transistor is probably behaving
normally, and the reason for oscillator failure is a defect in
the feedback circuit. If the emitter voltage does not increase
when the forward bias is increased, and proper collector volt-
age is present, it is very likely that the transistor will need
replacement.

TEST POINT 7, CHART VII

IF OSCILLATOR IS RUNNING, MEASURE V. IN RF
AND IF STAGES

9-22 TEST POINT 7 is used to determine which IF or RF
stage has failed when there are no signals and the oscillator
is running. The antenna coils and tuning capacitors should be
checked with the ohmmeter first.

A signal generator could be used to inject signals starting
at the detector and moving progressively toward the antenna,
but using a signal generator in transistorized IF stages re-
quires considerable experience to avoid the confusion resulting
from the signals feeding through a dead stage. It is easier and
much more reliable to measure V. in each RF and IF stage.
A defective stage will always exhibit incorrect V.. When V.
is normal throughout, it is easy to check the few components
whose failure could cause the No-Signal condition without
affecting any V...

Further Tests When V.. Is Found To Be Incorrect

9-23 Four suggestions are given in the chart, but the choice
of which one to use will depend on the convenience of test
terminals on the chassis, and whether V. is too high or too
low. To illustrate, we shall take a hypothetical case history
and compare the test results in the two circuits of Fig. 9-13
and 9-14.

Suppose the receiver in Fig. 9-13 has a No-Signral condition,
and the input current is not excessive, although it cannot be
reduced to the minimum given on the schematic when the
volume control is turned down. Therefore, the current is tenta-
tively assumed to be normal. An injection of audio at the
volume control produces normal sound, and it is noted that the
input current rises when a signal is present, indicating that
the output stages are operating normally.

Correct DC bias in the oscillator is found between points

@ and @ , and it varies slightly when the tuning capacitor



‘HA 1¥VHD ‘L INIOd 1531 jo uonedydde Buimoys nndady 'gl-¢ 614

1S1

1ST IF AMP 2D |F AMP
&) 2N218

@"f‘””“ %mm

S 100K

5
Kl
®

5
13 05C COIL %: 12000

BOTTOM VIEW @:’

8
N - |

o
<

=il




[

00095

IWNIOA

SL10A 9
Ikl

o000t

fie

hutind

A9
[ 710
dNY 43

Jwws
wwz

IV INY 1A

M@

Fig. 9-14. Circvit showing application of TEST POINT 7, CHART VIIL

152



is rotated through its range. Also, 0.8 volt AC can be measured
across the oscillator tuning capacitor; so it is assumed that the
oscillator is operating and that the failure must be in the RF,
IF, or detector circuit, or in the coupling between the detector
and the audio.

Next the voltmeter is used to measure all V.’s in the RF
and IF stages. This reveals a very low voltage in the second
IF stage, indicating that the stage is conducting very heavy
collector current or that a component in series with the col-
lector supply line has failed, reducing the voltage available for
the stage. All other V. ’s are normal.

If it were shorted, the emitter bypass capacitor could in-
crease the bias by removing the emitter voltage; but when
C12 is opened there is no change. R7 checks correctly also.
C2 and C8 are not suspected, since these units could not in-
crease the forward bias.

The ohmmeter is applied between the base and —B, and the

base and +B, test points to , and to ground.

The precautions mentioned in Section 9-5 regarding the possi-
bility of incorrect readings obtained in circuits were a tran-
sistor junction is connected, should be observed.

The reading from to —B with the positive probe on
should be about 68K. In this instance, however, it reads
1000 ohms with the probes in either direction. The low reading
in one direction is expected, but a low reading in both direc-
tions indicates either a defective transistor or trouble in the
bias circuit. The next test is to cut the printed wiring leading
to one end of R13, removing the resistor completely from the
circuit. When this is done, the resistor reads 68K on the ohm-
meter.

Two tests of the transistor itself are mentioned in the chart.
The ohmmeter check seems most appropriate, since it is al-
ready known that the transistor is conducting heavy collector
current. The application of additional forward bias is used
when unusually high V.. indicates that the transistor may be
cut off. After two of the leads are cut to remove the transistor
from the circuit, it is checked with an ohmmeter according to
the method described in Section 9-6, and it responds normally
in every way. With the transistor still out of the circuit, the
resistance from the base lead to —B is checked again, and it is
still about 1000 ohms. It is clear now that there is a shorted
component between the base of the transistor and —B.

Only two possibilities remain—Ileakage from primary to
secondary in L4, or leakage through the neutralizing capacitor,
C11. By making a slice with a razor blade to open the printed
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wiring at some convenient place, such as between terminal
and C11, the fault will be located. When this is done, V.

rises and a replacement of C11 restores normal operation. If
V. did not rise to normal, extensive tests of the transformer
and the AGC line would have to be made.

A defective transformer is identified by the procedure de-
scribed in Section 5-11, taking note of the opposite polarity
used with PNP transistors. IF transformers often fail in tran-
sistor radios, and many such receivers are not repaired be-
cause the technician does not carry his analysis far enough to
find the defective unit (see Fig. 9-15).

MIXER FIRST If

ey

OPEN SEPARATELY }

TO CHECK EACH
TRANSFORMER

NS

—Jiw

Fig. 9-15. Checking IF transformer for leakage.

A different series of tests will result from the same failure
in the circuit of Fig. 9-14. This receiver includes an RF ampli-
fier stage, and V. on this stage as well as the others must be
checked. Assuming the same fault (about 1000-ohms leakage
through neutralizing capacitors C18 in the second IF stage),
the same series of preliminary tests should be followed until
the missing V.. is located in the second IF stage.

It should be noted in this circuit that part of the bias net-
work is R11, the emitter resistor of the first IF stage. The bias
voltage is taken from the emitter resistor of the first IF stage,
and thus it depends on the proper conduction of current in
this transistor. If the neutralizing capacitor C18 were shorted,
additional current would flow through R11, making the emit-
ter of the first IF stage more negative. This would certainly
cut off the transistor, but V.. would not rise to the full battery
voltage, as it usually does when the transistor is cut off, be-
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cause of the voltage-divider action shown in Fig. 9-15. The
technician must be aware of the differences in circuitry which
cause exceptions to the usual rules. With incorrect V.. on two
stages, one should immediately look for some component which
is common to both stages, rather than tracing individual sec-
tions of each stage.

In other cases when the V.. is found to be very high when
making the test at TEST POINT 7, this may be due to shorted
decoupling capacitors, such as C2 or C8 in Fig. 9-13. It could
also be the result of an open connection from a base to —B
through a defective resistor such as R9 in Fig. 9-14. High
V. can also be the result of an open collector or emitter ele-
ment in the transistor. This possibility should not be over-
looked, especially if there has been much soldering done at the
transistor lead connections. The leads are easily disconnected
from the transistor elements at the junction inside by exces-
sive heat applied to the leads.

Further Tests When All V. 's Are Normal

9-24 Normal V. on all stages means that no stage is cut off
or saturated with excessive collector current, and the defect
is not in any transistor or base-bias curcuit. Five possibilities
are listed in CHART VII below TEST POINT 7. A study of
Figs. 9-13 and 9-14 will reveal how these parts could produce
the symptom of No Signals with the oscillator running and
normal V.. throughout.

The emitter bypass capacitor is mentioned in the list, al-
though it is rather an exception. It actually will increase col-
lector current if it is shorted but, when the voltmeter is placed
between collector and emitter, the voltage may still be high
enough to be mistaken for normal. This is because in IF and
mixer stages there may be very little resistance in series with
the collector to drop the voltage on the negative side of the
transistor, and the emitter will be connected directly to +B
through the shorted capacitor. This results in most of the
battery voltage still appearing across the emitter-collector
junction.

TEST POINT 8, CHART VIl
NO SIGNALS, LOW INPUT CURRENT

The foregoing discussions have dealt with the symptom of
No Signals when the input current is high and also when it
is normal. CHART VIII is concerned with the condition of
No Signals when the input current is less than the minimum
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specified in the schematic. This can be due to one of three
causes:

1. A weak battery.

2. A increase in the value of a resistor in the battery decou-
pling network.

3. A defect in one of the stages which prevents the collector
from drawing normal current.

9-25 A check of the battery is mentioned first in all the
charts, and no further testing should ever be done until it is
certain that the battery is in good condition, or unless the
receiver has been connected to a battery eliminator. Then, if
the input current is found to be more than 10% below the
minimum, TEST POINT 8 calls for a measurement of the
collector-to-emitter voltage on each stage. If V.. is low on all
the stages, it is probable that the defect will be found in the
battery decoupling network. Most likely it will be the resistor
that has failed because the capacitors will cause increased in-
put current if they are leaking.

Further Tests When One V.. Is Low

CHART VIII mentions a resistance check of the decoupling
networks immediately under the heading Low or Missing, and
this test should be made whenever all the V. ’s are affected.
If only one stage shows low or missing V., then the defect is
obviously confined to the emitter or collector circuit of that
stage. The base-bias circuit would not be suspected with low
input current, because bias failures which reduce V. always
do so by increasing the collector current.

Transistor failures usually involve shorted junctions which
cause excessive current, or open junctions which cause a high
Ve Since both V., and the input current are low, it is not likely
that a transistor is defective.

Further Tests When One V. Is High

9-26 With low input current, and no failure in a decoupling
network, it is common to find V. very high in one stage. This
means that the stage is not conducting and is therefore the
cause of the No Signal, Low Input Current symptom. Of the
three checks shown on the chart, the resistance measurement
from the base to +B and to —B is the easiest to make, and will
identify a failure in the bias network. Some technicians prefer
to measure the base-to-emitter voltage as a check on the bias
network, but it seems easier to measure relatively large resist-
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ances than to measure voltages that are in the order of tenths
of a volt.

The application of forward bias, as described in Section
9-21, is another way to decide whether the transistor or some
other component in the stage has failed. If the V. drops when
forward bias is applied to the transistor, the defect is probably
in a bias network component, not the transistor itself.

A rough check on the transistor can be made according to
the procedure described in Section 9-6, but the final proof that
a transistor is bad is often the substitution of a new unit.

TEST POINT 9, CHART VI
WHEN V. IS NORMAL ON ALL STAGES

9-27 When no information can be gained from a check of
Ve's, it is necessary to use another approach to isolate the
trouble to a particular section of the receiver. If the injection
of audio at the volume control produces sound in the speaker
and causes the input current to increase to normal, then it can
safely be assumed that the problem is in the front end of the
receiver and probably related to a tuned circuit. Defects such
as those discussed in Section 9-17 should be suspected.

TEST POINT 10, CHART VIl
APPLICATION OF FORWARD BIAS TO THE OUTPUT STAGE

9-28 If the injection of audio does not result in sound from
the speaker along with an increase in input current, then it
is clear that the trouble is in an audio stage. The method
described for TEST POINT 5 in Section 9-12 can be used from
this point on, or alternatively, TEST POINT 10 can be used to
isolate the defective part into either the output stage or the
audio driver. The method for applying forward bias was de-
scribed in Section 9-21.

Further Tests When Forward Bias Does Not Change Input
Current

This definitely indicates a failure in the output stage. With
normal V. there are only three possibilities.

1. High resistance in the collector circuit due to a defective
output transformer (or speaker when no output trans-
former is used).

2. High resistance in the emitter circuit.

3. Defective transistor.
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The ohmmeter is the instrument recommended in the chart to
complete the isolation of the failure to one of the three places
mentioned.

TEST POINT 11, CHART Vi
FORWARD BIAS CAUSES AN INCREASE IN INPUT CURRENT

9-29 The output stage is probably working normally, but
there is no input signal to drive the class-B transistors into
conduction. TEST POINT 11 calls for the use of an AC volt-
meter to determine the presence of an audio signal at the pri-
mary of the driver transformer. In using this method, it is a
good idea to supply an audio signal at the volume control.

In Fig. 9-16 the AC voltmeter is applied between points

and E If there is an AC signal present, the parts listed

under TEST POINT 11 should be checked. It is necessary to
check only a few parts in the driver circuit because the deter-
mination of normal V. at TEST POINT 8 eliminates most of
the components.
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Capacitor C15 is not mentioned on SERVICING CHART
VIII because it does not appear in every circuit, but this part
must also be checked when it is present. One end of the capaci-
tor must be disconnected and the AC voltage measurement
repeated. The capacitor cannot be checked with an ohmmeter
while connected in the circuit because of the coil across it.

Further Tests When an AC Signal Is Found on the Driver
Primary

9-30 This condition, combined with a normal V. and a nor-
mal response to applied forward bias at TEST POINT 10,
limits the fault to a few parts in the output stage. These are
also shown in Fig. 9-16. The resistance from the emitters to
+B should be checked. A greatly increased resistance at R15
still leaves a normal V., even when there is no driving signal,
but will prevent the transistors from conducting when audio
appears at the secondary of the input transformer. R12, R13,
and R14 are suspects, as well as the transformer secondary
itself. C16 should be disconnected and the resistance between
the collectors measured.

REVIEW QUESTIONS

1. State several reasons given for the statement that one
must specialize in transistor receivers in order to repair
them successfully.

2. There is one exception to the statement made in Section
9-2 regarding the change in input current with changes
of the volume level from minimum to normal. Explain how
a receiver in perfect working order might have practically
the same input current at minimum volume as it has at
normal volume.

3. In Fig. 9-4, list all the voltages that would change if C21
were leaky.

4. (a) What is the reasoning behind TEST POINT 2 which

calls for shorting the base to the emitter to identify
a stage that is drawing excessive current?

(b) Under what conditions does shorting the base to the
emitter fail to identify the stage which has excessive
current?

5. Explain why signal injection techniques are seldom rec-
ommended in this chapter.

6. What are three ways to determine if the oscillator is run-
ning in a transistor receiver?

7. With a symptom of No Signals, a low input current, a good
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10.

battery, and a low V. on one of the stages:
(a) Explain if you would suspect a transistor.
(b) Explain if you would suspect the bias network.

. In Question 7, if one V., were found to be high, what would

be your answers to (a) and (b)?

. In a receiver using the circuit in Fig. 9-9, the following

test results were obtained with the symptom of no sound:
1. Battery voltage = 6V,
2. Milliammeter in the battery lead shows 5 ma with
normal volume.
3. Audio injected at the volume control produces no
sound.

4. With Test Points and shorted together,
V. of X4 = 5.9V.
State three parts which could have failed.
In the circuit of Fig. 9-14, which voltages would be af-
fected by leakage from primary to secondary of L4?
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10

Additional Symptoms in
Transistor Receivers

In addition to the No-Signal condition, three more symp-
toms are commonly found in transistor receivers:

1. Distortion.
2. Oscillation or motorboating.
3. Low gain or poor sensitivity.

The procedures to follow for these three symptoms are sum-
marized briefly in SERVICING CHARTS IX, X, and XI. Most
of the tests have been used before, so very little comment is
required.

DISTORTION

10-1 The first step in servicing any battery-powered equip-
ment is to check the battery voltage under load. This test
should especially be made in a transistor receiver which has
distortion.

The speaker should be the next unit checked as soon as
proper battery voltage is established. The best check is to sub-
stitute a good one, but when the original speaker has an odd
value of voice-coil resistance this may not be possible. Using
a speaker which does not match may produce as much distor-
tion as the defective speaker. A careful visual check of the
speaker may reveal a fault.

The next step is the same TEST POINT 1 which was used
to begin each analysis in Chapter 9. If it can be determined
that the minimum input current (with the volume control at
minimum) is normal as specified in the schematic, then the
testing is confined to only a few possibilities.

10-2 Electrolytic capacitors in decoupling networks are the
most likely suspects, and from the normal input current read-
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ing it can be safely assumed that a defective one will be open
and not shorted. Bridging across the capacitors with a unit
known to be good is an easy method of checking them. Many
technicians clip a pair of leads having needle-pointed probes
to the test capacitor which can then be used conveniently on
the printed-circuit board. Fig. 10-1 shows C1, C4, and C16 as
the electrolytics in decoupling networks.

In addition to the electrolytics, the circuit in Fig. 10-1 em-
ploys a number of 10,000-mmf (that is, 0.01-mfd) capacitors
in decoupling and bypass circuits. These are C7, C8A and B,
C10, C11, C14, and C15. These can all be checked by bridging
them with a capacitor known to be good.

It is not necessary to check electrolytics C2 or C3 when the
input current is normal, because if either of these units is
shorted, the collector current of transistor X4 will increase.
If the capacitors are open, there will be no sound in the case
of C2 and low volume in the case of C3.

The input and output transformers in the push-pull output
stage are a common cause of distortion because they usually
fail in a way which causes them to have unequal resistances
between the center and the end. The chart therefore recom-
mends that the ohmmeter be applied from the center to each
end so that the resistances can be compared.

TEST POINT 12, CHART IX
HIGH INPUT CURRENT

10-3 The high input current is caused by excessive collector
current through a transistor, or by some leaky component
(such as C14 in Fig. 10-1) connected from +B to —B with low
resistance in series. Parts which are connected like C14 cause
high input current when they are leaky, but they do not cause
distortion. This is because the current drawn by their failure
does not carry any signal and does not pass through any ampli-
fier. A leakage through C14, for example, would be wasted
bleeder current drawn from the battery. As long as this cur-
rent does not become large enough to reduce the battery volt-
age, it will have no effect on the operation of the receiver,
except to shorten the life of the battery.

Therefore, when distortion is the symptom and the input
current is high, all components whose leakage current would
not pass through a transistor can be eliminated as suspects.
When the offending stage is identified, tests can be performed
to decide whether the transistor is defective or the bias circuit
has failed in a way which puts high forward bias on the base.
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After finding high input current, the testing can move di-
rectly to TEST POINT 2 in SERVICING CHART VII, de-
scribed in Section 9-4, or to TEST POINT 7 (in the same
chart) which is described in Section 9-22, because these tests
lead to components whose leakage affects the current through
transistors. However, since it is most often the output tran-
sistors which cause distortion, TEST POINT 12 can be used
to analyze the output stages first.

TEST POINT 12, CHART IX

USING A ZERO-CENTERED VIVM TO FIND A FAULTY
OQUTPUT TRANSISTOR

Fig. 10-2 illustrates the use of a zero-centered VIVM to
identify the output transistor that is causing distortion. The

o] ==
DRIVER OUTPUT
® 25B186 s ] 258187 AR
- o/
30 mfd 4
VIV RETER
47000
v N
VTVM
(I PN o
“ @ )
Py
wo%]i
= @ 30 mfd
A v
| " [ 1
o . o [ERRTT > N
[oronsw 1

~ GANGED WITH 6VOLTS
VOLUME CONTROL

Fig. 10-2. Using a zero-centered VIVM to detect a faulty output transistor.

schematic shows that there should be equal voltages from each
collector to ground when there is no incoming signal. Thus,
the VTVM will not be deflected in either direction. But if one
of the transistors has excessive collector current its collector
voltage will be lower (more positive) than the collector voltage
of the other transistor, and this will cause the meter to be
deflected. The deflection will be toward the positive end of the
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scale when the positive probe is on the defective transistor,
and toward the negative end when the negative probe is on
the defective transistor.

With a considerable amount of unbalance in the output
circuit, the voltage between the collectors will still be less than
1 volt. Excessive deflection which pins the needle on the 1-volt
scale indicates that one transistor is open. In this case, its
collector voltage will be greater (more negative), and the indi-
cations described in the preceding paragraph will be reversed.

The technician should expect some slight unbalance, even
with well-matched transistors which are working properly,
because of the unbalance in the transformer resistance, but
this will be in the order of 0.1 or 0.2 volt. Obviously, this test
is useful only when the output transistors are connected in
push-pull and use a center-tapped output transformer.

Further Tests When the Voltage Is Balanced

10-4 A balanced voltage seems to eliminate the output tran-
sistors as the cause of distortion. Only three simple tests need
to be made to establish this with certainty:

1. Resistance measurement from the base to +B and —B in
both output transistors, as well as the audio driver.

2. Open one end of the collector bypass capacitor, and check
for distorted sound.

3. Resistance measurement of the thermistor or varistor.

The collector bypass capacitor (C15 in Fig. 10-1) does not
need to be checked for distortion unless there is also motor-
boating. The varistor, shown in Fig. 10-2 as M2, is a tempera-
ture-sensitive device that changes its resistance as the temper-
ature of the transistors increases. It must be checked when it
is cold and also when it is hot. This can be done easily by bring-
ing the soldering gun near the unit while measuring the resist-
ance. The two values of resistance will be given in the parts
list, but this referral is not necessary, since, if the resistance
changes at all, it is very likely that the unit is functioning
properly.

When the preceding checks are completed, the technician
should move to Sections 9-4 and 9-22, as shown in the chart.

Further Tests When the Collector Voltages Are Not Balanced

10-5 If the collector voltages are not equal it is certain that
the output stage is responsible for the distortion, and it only
remains to locate the exact component causing the fault. Four
possibilities are indicated on the chart, but individual circuits
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differ in the “extras” which may be included, and the tech-
nician must leave no part unchecked. A comparison between
the output stages of Figs. 10-1 and 10-2 will indicate a number
of differences which would not be apparent from looking at
the two chassis without the schematics. Note, in particular,
capacitors C19 and C20 in Fig. 10-2. These permit feedback
to stabilize the amplifier at high frequencies. It is easy to see
how leakage in either one would cause unbalanced collector
voltages.

OSCILLATION OR MOTORBOATING

Again it is important to make sure of the condition of the

battery—never assume it to be good, even if it is new. Next,
in order to get a clue as to which section of the receiver is at
fault, the tuning capacitor is rotated through its range. If this
affects oscillation, it is likely that one or more of the stages
between the antenna and the detector are involved.
10-7 The first step is to perform a complete IF alignment
according to the instructions given in the schematic. In some
models, the IF transformers are sealed with wax, making it
difficult to reach the tuning slugs. These transformers can be
aligned easily if a small metal screwdriver is heated and then
pushed down through the wax. After the slug is adjusted, the
wax can be resealed with the soldering gun.

There is a double reason for going through the alignment
procedure first: (1) it gives assurance that the stages are
aligned properly; (2) it may reveal the defective stage because
the signal cannot be peaked properly with the IF-transformer
adjustment.

The circuit in Fig. 10-3 has neutralizing capacitors, C8 and
C11, in the IF stages. These are a common cause of oscillation,
but not always because the capacitors themselves have failed.
Instead, it is because the internal capacity of one of the tran-
sistors has changed, and a different amount of capacity is
needed to neutralize the stage.

Each of the electrolytic capacitors, C1, C2, C3, C15, and C16,
should be bridged with a good unit of sufficient capacity. As
in the case of distortion, it is very unlikely that one of these
capacitors is shorted, so it is not necessary to remove them
from the circuit before testing. The bypass capacitors in the
IF and detector stages should also be bridged using a .05-mfd
unit.

One precaution should be given in connection with these
electrolytics. These capacitors often fail because one of the
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leads comes unsoldered inside the unit, giving the impression
of an intermittent in the printed-circuit board. The fault may
respond to resoldering the lead at the board because the lead
is sometimes heated enough to resolder it temporarily, but it
will undoubtedly break loose again. It is better to replace the
electrolytic involved, even when the trouble seems to be in the
printed board.

Further Tests When the Oscillation Is Not Affected by Tuning

10-8 This points to a failure in the audio section, and TEST
POINT 13 is used to separate the audio output from the driver
stage.

TEST POINT 13, CHART X
TURN THE VOLUME CONTROL TO MINIMUM

10-9 If changing the setting of the volume control to a mini-
mum changes the oscillation, this suggests that the volume
control and base of the driver stage are both part of the oscil-
latory path. Besides the detector diode and the AVC filter,
which should be suspected at once, the chart suggests testing
decoupling filters such as C14, C15, C16, and C3 in Fig. 10-3.
The feedback network in this circuit does not return to the
base of the driver stage, so it does not need to be checked in
this case.

Further Tests When the Oscillation Remains the Same

10-10 This definitely limits the testing to the audio stages
following the one which contains the volume control. The col-
lector bypass capacitor C17 should be bridged first, followed
by a check of the resistances from the center to either end of
the input transformer. If none of these is the cause of oscilla-
tion, it may be assumed that one of the output transistors is at
fault. This fault ecan be found by shorting the base to the emit-
ter in each of the push-pull transistors. The one which causes
the oscillation to stop when the base is shorted to the emitter
is probably the defective unit.

CHART XI
LOW GAIN

10-11  As in every symptom, the testing starts with a check
of the battery. Then the milliammeter is inserted in the battery
line to measure the input current, which is checked against
the value given in the schematic.
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10-12 Only the minimum value of the input current is useful
now, because there is probably not enough signal to draw the
rated current at normal volume. When the minimum input
current is correct, a complete alignment is called for in the
case of low gain. The manufacturer’s instructions should be
followed as closely as possible. The antenna should be in-
spected carefully at this time. Leads are often broken while
changing batteries.

If all the adjustments seem to go well, but the receiver does
not track properly in the middle of the broadcast band, the
tuning capacitor itself may be at fault. It is unusual to suspect
the tuning capacitor when signals can be tuned in, but in tran-
sistor receivers, failure of the tuning capacitor is a common
fault. A cause of low gain that does not have much effect on
input current is leakage through the auxiliary AVC diode. This
should be checked early in the analysis. (See Section 9-24 and
diode M2 in Fig. 10-3.) Disconnecting the diode will restore
normal gain if it is defective.

Further Tests When Input Current Is Not Correct

10-13 It is common for a transistor to be the cause of low
gain, and this usually is accompanied by a change in the input
current. There is one exception, however, and this concerns
the emitter bypass capacitors. If one of these is open, the
result is increased input resistance to the stage and, conse-
quently, a decrease in output. To test for this, simply bridge a
good unit across each of the emitter bypass capacitors.

A shorted capacitor in the emitter of a stage can also reduce
the gain by increasing the forward bias to the point where the
collector is saturated, and incoming signals cannot produce a
change in collector current. So, in the case of low gain, it is
important to check all the emitter bypass capacitors very care-
fully.

A common cause of low gain is the AVC filter. Leakage here
reduces the negative voltage on the base of the controlled
stage, which reduces the output voltage of the stage.

The chart finally refers to Section 9-3 if the input current
is high, and to Section 9-25 if it is low. Analysis in these sec-
tions will serve to locate the cause of low gain.

REVIEW QUESTIONS

1. What precaution should always be taken when checking a
battery?
2. When it appears that the printed circuit is intermittent in
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Servicing Chart IX: Distortion.
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OSCILLATION OR MOTORBOATING 10-6
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Servicing Chart X: Oscillation or Motorboating.
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LOW GAIN 10-11
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Servicing Chart XI: Low Gain.
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10.

176

connection with an electrolytic capacitor, what is likely to
be wrong, and what action is recommended ?

Deseribe the symptom and the preliminary tests which
should be used before the zero-centered voltmeter is ap-
plied to the collectors of the output transistors.

. Suppose the complaint is that the sound is distorted, and

the batteries seem to wear out faster than they did when

the radio was new.

a. Refer to Fig. 10-1 and list the first five steps that you
would take.

b. If the receiver has an output stage like that of Fig. 10-2,
what part not mentioned above might you also suspect?

. Describe the three tests used to isolate the cause of oscilla-

tion to a definite section of the receiver.

. In Fig. 10-3, suppose R13 is open.

a. Describe all the changes in voltages and currents that
would occur.

b. What would be the symptom in the sound, and what
would be the result of each of the steps taken according
to the chart at the end of this chapter?

The receiver in Fig. 10-3 has severe distortion. The follow-

ing tests have been made:

Battery current is normal at minimum volume.

All decoupling and bypass capacitors have been checked.

Both audio transformers are OK.

Voltage analysis reveals that the emitter voltage of X5

is 3 volts positive, the base voltage is normal, and the

collector voltage is 1.25.

What part would you suspect, and what would be your

next test?

With what symptom in the sound and after what tests

would you recommend complete alignment?

List all the ways that the battery can be responsible for

symptoms mentioned in this chapter and in Chapter 9.

State the symptom and the tests which identify the battery

in each case.

Look up the schematic of a receiver which has some fea-

ture not mentioned in this chapter which could cause dis-

tortion. Draw a partial schematic of the circuits involved,
and explain how distortion might be caused.
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1
Auto Radios

The circuitry of auto radios differs from that of other types
of radios in several ways. The most important differences,
from the standpoint of troubleshooting, are in the power sup-
ply and in the audio output stages when transistors are used.

VIBRATOR-TYPE POWER SUPPLIES

The source of power in automobiles is usually 6 or 12 volts
DC. Thus, it is necessary to convert this low DC voltage into
AC in order to step it up to the relatively high voltage required
for the receiver. After it has been stepped up to about 600
volts, the AC is rectified, producing about 250 to 300 volts DC.

A typical vibrator circuit for converting the low DC voltage
to AC is shown in Fig, 11-1. The vibrator consists of a spring-
loaded reed which oscillates between two contacts like a buzzer.
The action of this reed reverses the DC current through the
primary of the transformer with each cycle of the vibration,
as illustrated in Figs. 11-2A and 11-2B. A study of these figures
will reveal how AC can be generated in the secondary by the
switching action of the vibrator.

SPARK
PLATE

Fig. 11-1. A typical auto-radio vibrator circuit.
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In Fig. 11-2A, the full 12 volts of battery voltage is placed
across the top half of the transformer secondary, with current
flowing in the direction indicated. In Fig. 11-2B, the battery
voltage is placed across the bottom half of the secondary.

The rectifier and filter circuit is the same full-wave circuit
we have already studied. It is interesting to note, however,
that the ripple frequency is about 300 cycles instead of the
60 cycles used in earlier discussions of power supplies.

Buffer Capacitor

C16 is a very important part of the circuit which frequently
causes breakdowns leading to burned-out vibrators and even
burned-out power transformers in auto radios. It is called the
buffer capacitor, and its purpose is to reduce the sparking at
the vibrator contacts. The capacitor is connected in the second-
ary circuit because its reactance is reflected into the primary
in proportion to the square of the turns ratio of the trans-
former. Thus, with a 1:100 step-up from primary to second-
ary, the reflected reactance of C16 will appear as only 1/10,000
of its original value. In this manner, a much smaller capacitor
can be used across the secondary than would be required to
produce the same low reactance if it were connected directly
across the vibrator contacts.

The value of the buffer capacitor is critical and depends on
the characteristics of the transformer. It is good practice to
replace this capacitor on every repair job because it fails fre-
quently, and such failure may result in considerable damage.
But the technician must be aware of the extra high breakdown
voltage required for this unit. Replacements should have at
least a 1600V rating.

As with any inductive circuit, the inductance of the trans-
former tends to keep current flowing in the same direction
after the switch contacts in the vibrator have opened, and this
gives rise to a large spark across the vibrator contacts. The
voltage that appears across the points is made even larger by
the effect of the square wave which appears in the inductance
when the points are opened suddenly. For example, in Fig.
11-2A, when the vibrator points open suddenly, the magnetic
field around the top part of the primary will collapse. In so
doing, there will be a large current generated in the top part
of the circuit. R18 provides a path for this current, completing
the circuit around the top loop when the vibrator points are
open. R19 serves the same purpose on the other half of the
vibrator cycle. These two resistors are often overheated in
normal use and should be replaced as a precaution whenever
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Fig. 11-2, Simplified versions of Fig. 11-1.

an auto radio is disassembled, even though the symptom may
have nothing to do with the vibrator circuit.

The two coils, LL6 and L7, and capacitors C17 and C18
(Fig. 11-1) are parts of a filter network to prevent pulses from
the automobile ignition system from entering the receiver.

The unit marked M5 is an unusual type of capacitor which
is found only in auto radios. It consists of a metal plate, usually
copper, mounted flat against the radio chassis, but insulated
from it by a thin piece of mica. By using this construction, it
is possible to form a small but very efficient capacitor, which
is essential in the reduction of noise pulses from the engine.
This capacitor seldom fails, but it is mentioned here because
it may appear that the input lead from the battery is soldered
directly to the chassis, since the mica insulation is practically
invisible.

Cold-Cathode Rectifiers

Fig. 11-3 shows another vibrator power supply which uses
a capacitor, C16, across the primary, in addition to the regular
buffer in the secondary. Another difference will be noted in
the type of rectifier tube used. At one time, nearly all auto
radios used this cold-cathode type of rectifier that does not
require filament voltage. The tube is filled with argon gas,
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which ionizes when sufficient voltage is placed across the ele-
ments. Hence the name, cold cathode.

Failure of the OZ4 is perhaps the most common breakdown
in this type of auto radio. The tube fails in mysterious ways
that confuse the technician who is not familiar with its pecu-
liarities. Often, when the voltage across the secondary of the
transformer is slightly low, or the tube is aged, it will fail to
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Fig. 11-3. A cold-cathode rectifier circuit.

ionize immediately. The operator will find that by switching
the receiver on and off a few times it will suddenly come to life
and operate normally until the next time the receiver is al-
lowed to cool. This failure of the OZ4 is more troublesome in
the winter or in cases where the receiver is not used often.

At other times, ionization of the OZ4 may be intermittent,
so that the receiver operates in short bursts. The effect is very
confusing if one is not familiar with this type of trouble, be-
cause speech, for example, is broken into successive short seg-
ments hardly more than a word or two in length.

Checking the OZ4 in a tube checker does not seem to be
reliable. Good tubes occasionally test bad, and tubes which will
not ionize properly in the receiver may check good when oper-
ated with the light loads in the tube checker.

Fig. 11-3 has some other interesting features. The use of the
double-pole on-off switch makes it possible for the radio dial
light to be connected to the dash-light switch in the auto. Thus,
the radio dial light does not come on when the radio is operated
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during the day, when the dash lights are off. At night, how-
ever, when the dash lights are on, the dial light will glow if
the radio is turned on.

This switch frequently fails in auto receivers which use a
vibrator-type supply, because of the large current drawn and
the inductive spark present when the switch is opened. When
it is difficult to obtain an exact replacement for a double-pole
switch, a single-pole unit can be used by connecting the dial
light lead to the “A” battery lead. This makes the dial light
come on whenever the radio is turned on, even though the
dash lights may be off, but this does not seem to be a severe
disadvantage. A high-quality switch should always be used
because of the heavy current to which it will be subjected and
to avoid repeating this time-consuming job in the near future.

Special Features of Auto-Radio Circuits

There are several differences in the circuitry of auto radios
which should be mentioned. Fig. 11-4 is a typical example of
the older models which used vacuum tubes in the audio output
and had vibrator power supplies.

Tuning is accomplished by moving the metal cores of the
RF, mixer, and oscillator coils. This method is often used in
mobile receivers because the movable cores can be made less
susceptible to vibration. Each coil has trimmers and padders
for tracking adjustments.

Auto receivers always include an RF amplifier, which is
necessary to improve the signal-to-noise ratio. The circuit
shown uses a 12BA6 RF stage which is coupled to the mixer
through the combination of C4, L3, and C5. Leakage of B+
through C4 presents a symptom that is peculiar to auto radios
of this type and does not occur in home radios.

The circuit of V4, the 12BF6 detector, AVC, and AF ampli-
fier, has several features which are different from the familiar
circuit used in home-type receivers. Besides the tone control,
the circuit includes delayed AVC. The AVC diode plate (pin 5
of the 12BF6) is capacitively coupled to the plate of the IF
amplifier, so that the IF carrier voltage developed in the pri-
mary of the transformer appears at this plate. The schematic
shows that the cathode of the diode is held at 8.5 volts positive
by the voltage drops across resistors R13 and R12. Therefore,
the diode does not conduct and no AVC is produced until the
carrier voltage exceeds the 8.5-volt cathode bias.

When the carrier strength is great enough to overcome this
bias, the plate of the diode is driven positive with respect to
the cathode. Electrons flow to the plate and through R10 to
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ground, producing a negative voltage at the top of R10 that is
in proportion to the signal strength.

It is important to note that the IF frequency used in many
auto radios is 262 ke and not 455 ke, as in home receivers.

AUTOMATIC TUNING SIGNAL-SEEKING CIRCUITS

An older-type circuit for automatic tuning is shown in
Fig. 11-5. Each section of the circuit will be discussed sepa-
rately.

The Trigger Circuit

Notice that the two triodes are directly coupled—that is, no
coupling capacitor is used between the grid of the second tube,
V7B, and the plate of the first, V7A. This means that the grid
voltage on the second tube must always be the same value as
the plate voltage on the first tube. To maintain proper grid-
to-cathode voltage on V7B, its cathode is connected to B+
through R30. With R24 connected to ground, a voltage divider
is formed which holds the cathode of V7B at 145 volts positive.
The grid is at 135 volts positive, giving a net negative bias
from grid to cathode of —10 volts.

Not only does the relay coil, M8, operate the switch contacts,
but the lever also controls the locking mechanism on the spring-
loaded dial-drive apparatus. When the relay is not energized,
the lever remains in the up position, as shown on the drawing,
and keeps the dial locked in place. When V7B conducts through
the relay, the lever pulls down, releasing the dial lock and also
changing some important electrical connections.

With the lever in the up position, as it is when a station
is locked in, the cathode of V7A is held at +145 volts because
it is returned through R29 to the voltage divider as previously
described. With the grid practically at zero volts this tube does
not conduct; only a slight leakage current of 0.08 ma flows in
R22 and R25. (See Fig. 11-6.)

The Operating Cycle

When the start switch, shown in Fig. 11-6, is closed momen-
tarily, a large current flows through R23 and through the
solenoid, pulling the lever down. This causes several changes
in the circuitry:

1. The lock on the tuning gear train is released, and the dial
begins to move due to the spring loading.
2. The cathode voltages of VTA and V7B are changed be-
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cause R28 is now in parallel with R29 and R24, making
a relatively low-resistance path to ground. Both cathode
voltages drop to about +10 volts, but only V7B conducts,
because its grid is the one with the high positive voltage.
There is still enough bias on V7A to keep its plate cur-
rent very small.

. The other section of the start switch shorts out the audio

signal, temporarily muting the receiver so that noises
are reduced. By the time the switch is released, the re-
ceiver is supposed to be between stations and not much
noise should be present. Later models have the muting
switch a part of the relay contacts so that the receiver
remains silent during the entire search.

When the switeh is released, V7B will continue to con-
duct, holding the relay lever down until there is a change
in the grid voltage of V7B. This grid voltage will not
change until V7A conducts heavily and its plate current
lowers the plate voltage. This will not occur until a posi-
tive-going pulse appears at pin 2. This voltage will be the
result of changes in the AVC voltage when the next sta-
tion is reached. These changes are somewhat complex
and are illustrated in Fig. 11-7.

Addition of AVC and Trigger Voltage

It is important to note that two signals are used to trigger
the grid of V7A. When the tuner reaches a station, the IF car-
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rier appearing at C9 is rectified, and I,, the negative half of
the RF cycle, flows through R12 and R13. But on the positive
half of the RF carrier voltage, electrons flow through the AVC
diode as noted on the schematic, and no voltage is developed
across R12 and R13 by this current. Negative voltage for the
AVC is taken from the tap between these resistors so that only
half of the total rectified carrier is actually used for AVC.

At the same time, another signal is taken from the second-
ary of L6 and applied to the AVC line through C17. This is
RF voltage, not rectified, and is larger in amplitude since none
of it is lost across R12. The tuning of the detector input trans-
former, L6, is peaked more sharply on the secondary side so
that this voltage rises to its maximum only when the carrier
is exactly in the middle of the bandpass. In contrast, the AVC
voltage taken from the primary increases gradually. It begins
as soon as the carrier appears at the edge of the IF bandpass
and reaches a broad, flat maximum when it is tuned in the
center. It then gradually decreases as the carrier passes out
of the bandpass on the other edge.

It is because of the broad response of the AVC that it cannot
be used alone to operate the signal seeker. Negative bias ap-
pears before the incoming carrier is centered in the IF band-
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pass, and this would cause the seeker to stop the tuning action
before the station was correctly tuned in. This effect would be
worse on the stronger local stations because a greater bias
would be developed at the bandpass edges.

To prevent this difficulty, the seeker is designed so that it
requires a positive pulse to stop the searching action. In this
manner, negative AVC voltage is used as a bucking voltage
to prevent triggering on strong stations before they are prop-
erly tuned in. At the bandpass edge, the negative AVC voltage
keeps the trigger stage cut off, and the trigger does not operate
until the AC signal from the secondary is applied. The AC will
not appear until the carrier is centered in the IF channel of
the receiver. Thus, the AVC automatically adjusts the DC
level from which the triggering AC signal will start. The
stronger the incoming carrier, the more negative will be the
starting point.

The combination of the AC from the secondary of L6 and
the negative AVC at the grid of V7A is shown in Fig. 11-7.-
The upward excursions of the resultant waveform cause the
grid to become less negative and eventually bring the tube out
of cutoff. The AC signal is thus detected in the plate of the
tube, and the average plate current increases. With no AC ap-
plied to the grid, there is no plate current, and plate voltage is
maximum (135 volts). Any plate current reduces the plate
voltage and permits C18 (shown in Figs. 11-5 and 11-6) to
discharge, lowering the grid voltage of V7B. When the plate
current of V7B is reduced, the relay lever is released, stopping
the searching action and increasing the cathode voltages again
so that both tubes are cut off. Once this state is reached, no
signal on either grid can start the searching action; it must
be started manually by closing switch M6.

In the cathode of the RF amplifier, shown in Figs. 11-5 and
11-7, is a pair of switch connections used to control the sensi-
tivity of the signal seeker during the search so that it can be
adjusted to stop only on strong local stations or on all stations.
Depending on how the operator sets the switch, either R31 or
R32 is inserted between the cathode and ground when the
relay is energized. When the tuner reaches the next station and
the relay falls out, the cathode is grounded directly, increasing
the sensitivity to maximum.

12-VOLT HYBRID RECEIVERS

The term “hybrid” means that both transistors and tubes
are used in the same receiver. The last of the vibrator-powered
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receivers were made about 1956 ; after that, most automobiles
were supplied with 12-volt batteries. Special tubes, like the
ones in Fig. 11-8, which use plate voltages in the vicinity of
12 volts, were designed for use in these cars. Because of the
large plate current which is necessary to develop the required
audio power at 12 volts, a transistor is used in the audio output
stage. In a few models, a transistor driver stage is used to
drive a pair of output transistors in push-pull.

The circuitry of a hybrid model using a single DS501 tran-
sistor in the output is shown in Fig. 11-8, where the relatively
simple power supply can be seen. Some filtering is still needed
to remove ignition noise and to provide decoupling.

Newer Versions of the Trigger Circuit

The trigger circuit shown in Fig. 11-8 uses two stages that
are AC-coupled through C20. The circuit discussed earlier in
Fig. 11-5 used DC coupling. When the start switch is closed
momentarily, current through the relay coil closes switch M5,
connecting the trigger stages to B+. Unlike the early version,
the cathodes of the 12AL8 are permanently grounded, and so
a heavy current flows in the tetrode section of the tube and
through the relay coil. This current holds the plate switch
closed during the searching and provides a cathode voltage
of 2.5 volts for both cathodes, because of the drop across R27.
With only —0.11 volt on its grid, the triode section of the
12AL8 is practically cut off by the cathode voltage. Accord-
ingly, its plate voltage is high. The tetrode section will con-
tinue to conduct and hold the relay in until the plate voltage
of the triode section drops, which will occur as soon as a posi-
tive pulse appears at the grid of the triode.

AVC taken from the primary of the IF transformer and rec-
tified at pin 1 of the 12DV8 tube is combined with the second-
ary voltage to produce the stopping pulse in a manner similar
to the earlier models. AVC delay is accomplished by returning
the cathode of the 12DV8 to ground through R27.

When a station carrier is in the center of the IF bandpass,
AC appears at pin 8 of the trigger amplifier. This tube con-
ducts and its plate voltage drops to a low value because of the
large resistance, R26. The negative-going pulse thus developed
appears at pin 2 and reduces the plate current through the
relay coil, causing M5 to open. This opens the plate and screen
connections in the trigger section, and all conduction stops in
both tubes. Once this state is reached, a signal on the grid
cannot start the search again—it must be started manually by
closing M6 momentarily.
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The sensitivity switch is shown in the cathode of the RF
amplifier, where a pair of relay contacts open the cathode
connection to ground during search. This leaves the only re-
turn for the cathode through the route selected at M1, and
sensitivity is reduced during search by the resistors which
can be put in series with the cathode lead. The receiver then
responds only to strong stations. This is exactly the same
method as used in the earlier models.

Improved Muting

It will be noted that when the relay is in the search position,
the sensitivity contacts of M5 are used to ground the top of
the volume control, thus muting the receiver during search.
This is an improvement over the old method because it pro-
vides continuous muting until a station is tuned in.

Transistorized Trigger Circuits

Fig. 11-9 shows a transistorized version of a trigger circuit
used in an all-transistor receiver. NPN transistors are used

Ds46 r START
SWITCH

3.3
455KC 7 meg

L AVC RECT

@ L
2ND IF

-@ @

Fig. 11-9. A ftransistorized trigger circuit.

—1lL
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throughout. This means that a negative base with respect to
emitter will cause cutoff and a positive base will cause conduc-
tion, with the electrons moving through the emitter and out the
collector.

Two voltages are applied through C1 and C2 to the base and
emitter of the DS47 trigger amplifier. One of these voltages is
taken from the primary of the last IF transformer and recti-
fied to produce current I, when a signal is present. The other
voltage is taken from the secondary and is not rectified. This
is similar to the method used in the vacuum-tube models to
obtain a bucking voltage, except that the AVC voltage is ap-
plied to the emitter and the RF signal is applied to the base.

The search is started by momentarily closing the start
switch, which causes a heavy current to flow through the relay,
pulling the relay arm down and releasing the gear train. The
DS47 is biased near cutoff by bleeder current through R1 and
R2, and the additional current drawn by the DS46 output tran-
sistor drives it farther into cutoff by increasing the positive
voltage on the emitter.

With the first stage cut off, there is no drop across R3, and
the second stage has maximum positive voltage on its base
(current I, is not present). In this condition, it conducts
heavily, producing a positive voltage at the top of R5. This
voltage appears at the base of the output stage to keep it con-
ducting after the start switch is opened.

When the tuner reaches a station, the signal from the trans-
former primary is rectified and current I, flows. This increases
the positive potential at the top of R4 slightly and prevents the
DS47 from coming into conduction immediately when the
signal through C2 reaches the base.

This RF voltage across C2 from the secondary comes to a
sharp peak when the station is properly centered in the IF
bandpass. This results in sufficient signal on the base of the
DS47 to cause it to conduct. The resulting conduction on the
positive halves of the signal causes current I, to flow in R3,
lowering the positive base voltage on the second stage. With
the conduction of the second stage so reduced, there is less
positive voltage on its emitter resistor, and the base of the
output stage becomes less positive.

A slight drop in the current through the output stage per-
mits the relay spring to return the lever to the lock position,
stopping the gear train at the precise instant when the station
is centered in the bandpass. This decrease in current also
opens S2, which kills the first two stages and leaves zero base
voltage on the output stage.
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The circuit is serviced by following the same general rules
established for the tube versions but considering the delicate
balance of small voltages on which operation depends. Leak-
age, bias-network failures, and effects of heat must be taken
into consideration here, whereas these considerations are not
important with the vacuum-tube counterpart of this circuit.

TRANSISTOR OUTPUT STAGES

In auto radios which use only the 12 volts DC supplied by
the car battery as a power supply, the audio output stage must
be transistorized. Since the radio must deliver about 10 watts
of power, about 1 amp of current is required at 12 volts—a
vacuum tube capable of such current would be very large and
difficult to mount in an auto radio. Transistors capable of 1
amp on peaks at 12 volts are very convenient in size and can
be easily mounted on the chassis.

A heat sink is used for mounting the transistor, and some
extra circuitry is necessary for biasing and overload protec-
tion. Power transistors must be protected from thermal run-
away, a condition which results from an increase in collector
current with heat. As the transistor gradually heats, the leak-
age current increases, producing more heat. This, in turn, pro-
duces more leakage. Finally, the collector current becomes
excessive, and the transistor is ruined.

Overload protection is usually provided in the form of a
0.47-ohm fusible resistor (R25 in Fig. 11-8 and R32 in 11-10).
This combination resistor-fuse is often used in auto-radio
power stages, and its value is critical. In most repair jobs
which require servicing for the No Signal symptom, this re-
sistor will be open, indicating that the transistor has been
operating at excessive current loads. The resistor must be
replaced with one of the exact value, and the transistor must be
checked for leakage as described in Section 9-6.

Even when a power transistor seems to check OK, it should
still be regarded with suspicion because there is no way to
predict its behavior when it is heated. But some other com-
ponents in the circuit could also cause the fusible resistor to
burn out. In Fig. 11-10 these are:

Collector bypass capacitor C1.
Emitter bypass capacitor C23.
Base bypass capacitor C22.
Input transformer T1.

Base resistor R31.

Sl A
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Fig. 11-10. Transistor output stage of an auto radio.

If none of these seem to be the cause of too much cur-
rent through R32, then the transistor must be replaced, re-
gardless of its apparently healthy condition. The new tran-
sistor must be installed using silicon grease between the shell
and the heat gink. Care must be taken to replace all gaskets
or insulators used on the heat sink. The outer shell, which is
the collector of the power transistor, is tightened very securely
to the heat sink, which is then insulated from the chassis to
avoid shorting the collector to the chassis.

When a transistor has been replaced, it will be necessary to
readjust the bias potentiometer, R3 in Fig. 11-10 (or R2 in
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Fig. 11-8). The instructions given on the schematic for this
adjustment assume that the input voltage is exactly as called
for and that the correct speaker is connected. Always allow
the transistor to warm up for about 10 minutes before making
this adjustment.

One more precaution should be mentioned in connection
with high-power transistor output stages. That is the impor-
tance of keeping the proper load on the collector at all time.
This means that the receiver should not be operated without
a speaker connected, and that a speaker having a resistance
very close to the original should always be used. These stages
are operated near their maximum capabilities, and the values
of components are critical.

Current and Voltage Analysis of Transistor Output Stage

When the output circuit of Fig. 11-10 is analyzed by Ohm’s
law, the critical values of currents and voltages present can
be seen. In Fig. 11-11 the circuit is redrawn in the standard
form which is always used for calculations. The battery volt-
age is shown as 11.8 volts because this is the value to which
the base is actually returned in the original circuit.

In the original schematic, the voltages given at the base
and emitter terminals are the voltages measured from these
points to ground. In Fig. 11-11 the ground symbol is shown
at the top and is connected to the negative terminal of the
battery, and these two voltages are shown from the base and
emitter terminals to ground. The true emitter voltage is the

l

@ |-

it
i
2

+

Fig. 11-11. Fig. 11-10 redrawn in the proper form for calculations.
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voltage from the emitter to the positive side of the battery;
it turns out to be 0.6 volt, after subtracting 11.2 from 11.8.
The true base voltage is found in the same way, and it can be
seen on Fig. 11-11 as 0.8 volt. The forward base bias is the
difference between the emitter and base voltages: V.. = 0.2V.

The base current, I,, flows through the secondary of the
input transformer, T1, and since its value is not given, the
resistance of this winding is assumed to be 1 ohm.

If a reasonable value of 8 is assumed, we can calculate the
emitter, base and collector currents as follows:

_ 6 _
I.= a7 1.28 amp or 1280 ma
Ie = Ic + Ib
Since
B:%,thenIC:Ib,B
b
Substituting,
I.=5L,8+1,
I.=5L, (B+1)
Assuming
B =29,
(B+1) =30
__ L
L=E+D
_ 1280
Ib = W = 42.6 ma

I.=1. —I,=1237.4 ma

The values in the biasing network can be found easily.
Assume

Rp; =1 ohm
Eq, = (Ib) (R'm)
= 0.04V
To find R3,
E, =11-0.04 =10.96V
E.=118-E,
=11.8 — 10.96
=0.84V

Ib + IDIV = 133 and R30 — 42.6 ma + 84 ma = 126.6 ma
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E, _ 10.96
Ib + IDIV - 126.6 ma

The sum of (R3 + R30) = = 86 ohms

R3 =86 — R30
=86 — 50
= 36 ohms

The stability factor, S,, of a circuit is the ratio of the change
in collector current to the change in leakage, I, (see Chapter 8,
Fig. 8-4):

Al

Si=31,

Since A I. = (8;) (A Iy), it is clear that S; represents the fac-
tor by which A I, will be amplified in the collector current.
Thus, the lowest value of S; is most desirable.

A very close approximation to the stability factor in a com-
mon-emitter circuit which has good g is,

_ R1R2

~ (R1+R2) R,

where R1 and R2 are the resistors in the base bias voltage
divider.

Using the values R1 = 86 (that is, R3 + R30); R2 = 10
ohms (that is, R31) ; and R. = 0.47 ohm (that is, R32),

g = (86) (10)
17 (86 + 10) (.47)

=19

Sy

So it can be seen that a change in leakage current will ap-
pear 19 times greater in the collector current. With germa-
nium transistors, the leakage doubles for each 10°C of tem-
perature increase.

If the temperature rises 50°C during operation, the leakage
current will double itself five times, and the resulting change
in collector current can be calculated as follows: Assuming a
minimum leakage of I, = 0.5 ma,

Leakage after 50° rise in temp =
0.5 X 2°=0.5 Xx 64 =32 ma with S; =19,
AL = (S) (alw)
= (19) (32 ma)
= 608 ma
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This means that after the temperature of the transistor has
increased 50°C the collector current will be 608 ma higher
than normal for the same set of operating voltages. At 10 volts
Ve, this is an increase of 6 watts dissipation and could easily
exceed the limits for which the transistor was designed.

The importance of adjusting R3, the bias pot, for the proper
operating point can be easily seen. Too much bias will increase
the temperature, with resulting changes in the collector cur-
rent.

The importance of R32, the emitter resistor, can also be
seen now. The stability is directly dependent on this resistance.
If the resistor were made .75 ohm instead of .47 ohm, the
stability factor would be 12 instead of 19, and this would make
A 1. in the above example 32 X 12 = 384 ma instead of a 608-ma
increase in collector current with a 50°C rise in temperature.

Increasing the size of R32 would, of course, call for corre-
sponding changes in the other resistors in the bias network in
order to maintain the 0.2 volt V,. which is required. We have
neglected these changes, but when they are made, the improve-
ment in stability is even more pronounced.*

Negative Feedback Through €2

In Fig. 11-8, a 1000-mfd capacitor, labeled C2, is connected
between the emitter and the bottom end of the T1 secondary.
The purpose of this component is to provide an AC voltage
bucking against the input voltage. The negative feedback so
produced reduces the current in the transformer secondary
and, in this manner, increases the input resistance to the stage.
Higher input resistance means more stable operation, less
loading of the driver stage, and better gain.

Since C2 is connected to the emitter, the AC voltage through
it is in phase with the incoming signal and opposes the base
voltage. Since the emitter voltage is always .2 volt less than
the base, C2 reduces the AC current in the secondary by keep-
ing the potential nearly equal at both ends. If C2 is shorted,
the base and emitter will be effectively shorted, and the for-
ward bias will disappear, rendering the stage with little or
no collector current. If C2 is open, the input resistance of the
stage will be lowered, and heavy loading of the preceding
stage will occur, producing a loss of volume and possibly some
distortion.

* The stability formula we have been using is actually a shorteut approximation. It
would seem that if R32 were made still larger (10 ohms, for example), St would be less
than 1; actually this can never happen, because the minimum value possible when the
full formula is used is 81 = 1.
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DIRECT-COUPLED TRANSISTOR STAGES

A trend toward elimination of the driver transformer seems
to be developing in auto radios. The typical direct-drive circuit
shown in Fig. 11-12 is representative of this design. One of
the advantages of direct coupling is that it improves frequency
response, particularly at low frequencies.

The collector of NPN transistor X4 is connected to 12 volts
through R26. Resistor R25 develops 1.4 volts of base voltage
from the slight current flowing from ground (negative) across
the base junction to the collector (positive). Voltage at the
emitter depends on the value of R2. Thus, the emitter-base
bias of X4 and, consequently, its collector current, is set by R2.

&) Ds46 DS501

Fig. 11-12. Direct-coupled output stages.

Collector current for X4 flows through R26, dropping the
collector voltage to 6.4 volts. The base of X5, connected directly
to the X4 collector, acquires the same potential. A divider net-
work in the power supply sets the bias at the emitter of X5.
The voltage difference between base and emitter constitutes
bias for X5. Current through R28 causes the collector voltage
to stabilize at 11 volts.

The direct-coupled base of X6 attains the same 11 volts.
Since X6 is a PNP transistor, the collector is connected to
ground (negative) through a low-impedance choke, L8. For-
ward bias causes X6 to draw collector current. Fusible resistor
R29 develops a slight drop (about 0.8 volt) to prevent thermal
runaway in the output transistor. Since R2 controls the bias
of the entire system, it is usually set for the correct collector
voltage on X6—approximately 1.6 volts.
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TEST POINT 1, CHART Xii
TROUBLESHOOTING THE TRANSISTOR OUTPUT STAGE

11-1 Failure in the output stage is the most common trouble
in hybrid receivers. CHART XIII at the end of this chapter
gives details of the servicing procedure. The only test which
has not been described in earlier chapters is the use of a
speaker at TEST POINT 1.

At least one lead from the input transformer secondary
should be disconnected to remove the winding from the circuit,
and then an ordinary 4- to 6-ohm speaker can be connected
across the winding while the receiver is operated. If signals are
heard from the speaker, this proves that all previous stages are
working, and testing is confined to the output stage only. If
no signals are heard, the testing proceeds in the manner de-
scribed in Chapters 3 and 4.

TEST POINT 2, CHART Xl
BASE-TO-EMITTER VOLTAGE

11-2 Measurement of the forward bias is selected as the first
step in isolating the trouble. Although several other tests
could be used, this voltage is a critical one, and the base and
emitter terminals can be located easily. Measurement of the
collector voltage does not help much for the following reasons:

1. Even with the emitter open, there is likely to be consider-
able leakage current present, and a voltmeter from col-
lector to ground might give a reading which could mis-
takenly be assumed to indicate that some normal collector
current is flowing.

2. If the collector were open due to a burned-out output
transformer, there might be some current through the
meter, which would give a confusing indication.

3. If the meter shows no voltage between collector and
ground, not much information has been gained, since
there are numerous ways in which this could occur—
shorted bypass capacitor C1 in Fig. 11-10, open junction
in transistor, open bias pot causing cutoff bias on the
transistor, ete.

TEST POINT 3, CHART Xl
RESISTANCE FROM COLLECTOR TO —B

11-3 This test has been used before in Chapter 9. If the
resistance is normal (about 10 chms), the speaker and the
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wiring associated with speaker plugs and cables should be
suspected.

TEST POINT 4, CHART Xl
INCORRECT BASE-EMITTER VOLTAGE

11-4 The fusible resistor R32 in Fig. 11-10 is the most prob-
able cause for incorrect base-emitter voltage and must be
replaced with exactly the correct part. Under no circumstances
should a receiver be operated with a jumper across this re-
sistor or with an incorrect value of resistance connected.

It is advisable to also replace the transistor at this time,
and this will call for readjustment of the bias pot. The adjust-
ment can be made by strictly following the directions given on
the schematic. However, with certain universal replacement-
type transistors, it may be found that the adjustment is best
done by measuring the base-to-emitter voltage and setting the
pot for about 0.2 volt. Allow the transistor to warm up a bit
before adjustments are made.

It is not good practice to make this adjustment of the bias
pot “by ear,” that is, by listening for the “best” sound from
the speaker. With many circuits, an adjustment of the bias
which gives the most volume exceeds the ratings of the tran-
sistor or alters the stability factor, S;, so that thermal runa-
way is more likely to occur.

Auto radios have special symptoms because of the transistor
output circuit which is not used in other kinds of receivers,
and because of failures in the signal-seeking circuits, which are
also unique. Also, in older models, the vibrator power supply
requires special test methods. In addition, these receivers also
have all the other symptoms common to other kinds of radios,
and the test procedures described in earlier chapters apply to
the RF, mixer, IF, detector, AVC, and audio stages of auto
radios as well.

TROUBLESHOOTING THE TRIGGER CIRCUIT
TEST POINT 1, CHART Xl
CONTINUOUS SEEKING

11-5 This is the condition where, once started by depressing
the manual starting switch, the tuner continues to recycle,
tuning from one end of the broadecast band to the other, with-
out stopping at any stations. A rare form of this symptom
occurs when the tuner begins to seek after it has been locked on
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a station for some time and without having the manual start-
ing switch depressed. These troubles are usually due to dirty or
defective switch or relay contacts, or a filament-to-cathode
short in the trigger tube (in an older model) which could re-
duce the cathode voltage.

The first test, after checking the switch and tube, is accom-
plished by disconnecting the lead from the relay or starting
switch which leads to the speaker-muting circuit, so that the
speaker will not be muted during the search. Connect a VIVM
to the grid of the input tube in the trigger circuit, and start
the searching action by depressing the starting switch. One
of the three results shown in CHART XIII should occur.

If no stations are heard in the speaker, it is probable that
the receiver has a typical No-Signal condition, and reference
should be made to Chapters 3 and 4. One common cause of no
signals in auto radios which does not occur in other kinds of
receivers is an open cathode in the RF stage. Because of this
common trouble, an chmmeter check from cathode to ground
is recommended before beginning the procedures for a No-
Signals condition.

Further Tests When Stations Are Heard but There Is No Change
in the Grid Voltage

11-6 The receiver circuits are working, but the trigger volt-
age is not being developed. This limits the testing to a narrow
area. First, the detector/AVC tube should be checked, prefer-
ably by substitution. If this tube is not at fault, then each of
the parts listed on the chart should be methodically removed
and new ones tried.

A common cause of this condition is a failure in the output
IF transformer. There may be enough signal to operate the
detector, but not enough to develop a trigger voltage. Align-
ment of this transformer may be necessary, although it is not
likely that it could become misaligned by itself. Nevertheless,
it is good practice to check the alignment at this point. If the
transformer does not seem to respond properly, it is probably
defective and should be replaced. (The IF frequency should
be noted from the schematic. It will usually be 262 ke, but
there are exceptions.)

One very important notation regarding the alignment of
the secondary of the output IF transformer is that it must be
tuned for minimum AVC voltage, and not maximum as is
usually done. This fact is always noted in the alignment in-
structions furnished with the schematic. Proper operation of
the seeker depends on accurate alignment.
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Further Tests When Stations Are Heard in the Speaker and
the Trigger Voltage Changes

11-7 In this case, there is good evidence that the entire re-
ceiving circuitry is working, and the failure is confined to the
trigger stage itself. TEST POINT 2 calls for a voltage meas-
urement on the plates in the trigger section. If a voltage is
incorrect, the plate resistor and other components between
the plate and B+ must be checked.

TEST POINT 3, CHART XHI
NORMAL PLATE VOLTAGES IN THE TRIGGER

11-8 TEST POINT 3 is an ohmmeter check of the cathodes
in the trigger stage. The tube which controls the relay may be
conducting too heavily, due to a low-value resistor in the cath-
ode, making it impossible to reduce the plate current enough
to drop the relay contacts out. If the cathode resistor is larger
than normal, it may be difficult to get a pulse on the grid of
the input tube strong enough to cause conduction.

If the cathodes are found to be normal, the possibility of
sticking relay contacts remains. The contacts should be cleaned
and burnished.

CHART XIv

SEEKER EITHER WILL NOT START OR WILL STOP WHEN
THE SWITCH IS RELEASED

11-9 CHART XIV indicates that the test procedure is based
on the clue obtained by noting whether the speaker is muted
when the starting switch is depressed. If the speaker is not
muted, it is likely that the failure is in the switch itself.

When the speaker-muting takes place with operation of the
starting switch, the relay solenoid should be checked first,
after which the resistance of the cathodes to ground in the
trigger stage should be measured.

TEST POINT 4, CHART XIV

MEASURE CATHODE VOLTAGE WHILE SHORTING
RELAY CONTACTS

11-10 The object of this test is to determine if the trigger
output tube will conduct. In circuits like that of Fig. 11-5,
shorting the relay contacts removes the positive voltage from
the cathodes, and this should be observable on the voltmeter
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placed at the common cathode resistor. In other models, the
relay contacts control the B+ to the trigger stages, as shown
in Fig. 11-9. In this case, the output tube will begin to conduct
when the contacts are closed, because the screen voltage is
connected, resulting in a change in the cathode voltage.

Further Tests When the Cathode Voltage Changes

In the circuit of Fig. 11-8, it is likely that the entire trigger
stage is functioning properly electronically, but some mechan-
ical defect, such as jammed gears, is preventing the tuner
from searching. In the older models that used a 12AU7 in a
circuit like those of Figs. 11-5 and 11-6, a change in cathode
voltage does not prove that the output tube is conducting prop-
erly, so the tube should be checked and its plate voltage meas-
ured. Also, the resistance from grid to ground in the output
tube should be checked to determine the condition of C18.

Further Tests When the Cathode Voltage Does Not Change

In the newer-model receivers, the cathode resistor should
be suspected along with the relay contacts and the main source
of B+, which may be absent. In older types, the relay contacts
could cause the trouble. Another common cause is R28 in
Fig. 11-6.

Seeker Stops on Strongest Station Only

11-11  This condition is commonly caused by a weak tube in
the RF or IF sections of the receiver, by misalignment, or even
by a defective antenna on the auto.

An ohmmeter check from the cathode of the RF stage to
ground will indicate the condition of the resistors in the sensi-
tivity selecting circuit. A resistor at R31 or R32 (Fig. 11-5)
which has increased in value can reduce the sensitivity to a
point where only a very strong carrier could stop the searching
action. The other tests mentioned in CHART XIV are very
simple and need no explanation.

Seeker Stops Between Stations

11-12 This kind of trouble does not occur very often, but
when it does the technician may not know where to begin test-
ing. First, it should be ascertained that there is no mechanical
jamming which stops the tuner. The entire gear train and
recycle mechanism should be cleaned and oiled.

Any defeet which reduces the AVC voltage but does not
weaken the incoming signal will tend to increase the stopping
sensitivity of the trigger because the AC applied from the
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transformer secondary will have no bucking voltage. The
slightest incoming signal could bring the first tube into con-
duction.

Of all the causes listed in CHART XIV, the most difficult
to isolate is a defective IF transformer. As was described in
other chapters, a slight leakage sometimes develops through
the transformer, which puts a tiny positive voltage on the
secondary. When the secondary feeds the trigger stage, this
leakage can stop the searching by causing conduction of the
first tube in the trigger section. In a similar manner, a leakage
of the capacitor feeding the AVC voltage from the primary
to the AVC rectifier will put a small positive voltage on the
grid of the trigger tube and stop the tuner when no station is
present.

Dirty relay contacts are another common cause of stopping
between stations. If the contacts open momentarily during
the search, current ceases to flow through the relay coil, and
the contacts will not be pulled closed again by the magnet.
They will remain held open by the relay spring until the next
time the relay is energized by the starting switch.

REVIEW QUESTIONS

1. Look up the schematic of a vibrator-type auto radio. Draw
a schematic of the complete power supply, and describe
two common failures, giving the symptoms and the proced-
ure you would use to isolate the defect.

2. Describe two special features of auto-radio circuitry which
lead to symptoms that do not occur in home radios.

3. In Fig. 11-5:

a. What is the purpose of R31 and R32?
b. What would probably happen if R29 were open?
c¢. Explain the purpose of C18.

4. Describe at least three ways in which the circuit of V5
in Fig. 11-8 differs from the earlier versions.

5. A hybrid receiver, like the one in Fig. 11-8, has a No-
Signals symptom.

a. What test could you use to determine if the transistor
stage had failed, or if the trouble were elsewhere?

b. Suppose your test proves that the output stage has
failed and you make the following tests:
1. Base-to-emitter voltage is —0.2V,
2. V. is 11.8V.
3. Resistance from collector to ground is 0.5 ohm. What

parts would you suspect, how can they be tested?
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AUDIO TROUBLE 11-1
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Hybrid Auto Radio, No Signals.
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CONTINUOUS SEEKING 11-5
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Servicing Chart XIll: Auto Radio, Automatic Tuning—Continuous Seeking.
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SEEKER EITHER WILL NOT START OR WilL STOP WHEN SWITCH IS RELEASED
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Servicing Chart XIV: Auto Radio, Automatic Tuning—Seeking Malfunction.
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10.

210

. In the signal seeker shown in Fig. 11-8, describe the symp-

toms which could result if R19 were open.

. The circuit of Fig. 11-5 has the symptom of continuous

seeking. The following facts have been established :

a. The tube, switch, relay contacts, ete., have been found
to be OK.

b. The ground connection of M6 was opened, and when the
bottom end of R23 was shorted to ground the seeker
action began, but stations could only be heard briefly
as the tuner passed by them.

¢. The voltage from pin 2 of V7A to ground was —4V,
and it jumped to —0.5V when stations were heard.
What would you do next?

Describe the symptoms that would result if R3 in Fig. 11-9

were open.

. Set up in chart form a series of tests and probable results

which would lead to isolation of the fault in Question 8.

The transistorized seeker in Fig. 11-9 seeks continuously

after the start switeh is closed momentarily. The following

tests have been made:

a. With muting disabled, stations are heard as the tuner
passes them by.

b. The voltage from the base of the input stage to ground
jumps strongly positive when a station is heard.

¢. The collector voltage of the first stage drops from +10.5
volts to +5 volts when a station is heard.

d. The collector voltage of the second stage is +11.9V and
changes only slightly when a station is heard.

e. When the base and emitter of the output stage are
shorted, the seeker stops immediately and will not start
again until the start switch is closed.

Assuming all transistors, switches, and relay contacts to

be good, what parts would you suspect, and what tests

would isolate the defects you are thinking of?
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FM Receivers

A brief summary of the differences between the two systems
of broadcast—AM and FM—will aid in the understanding of
FM receiver circuits. As we have done in other chapters, only
those points of theory necessary to the understanding of the
troubleshooting techniques will be discussed.

In an AM transmitter, the audio modulation is mixed with
the RF carrier in the modulated amplifier stage. As shown in
Fig. 12-1, this produces three signals which are radiated from
the antenna:

1. The original carrier.

2. The sum of the carrier and the audio, called the upper
sideband.

3. The difference between the carrier and the audio, called
the lower sideband.

The spacing between the main carrier and either sideband
represents the frequency of the audio modulation. The ampli-
tude (volume level) of the sound is represented by the relative
amplitude of the sideband compared to the carrier.

The term 100 % modulation is used when the total amplitude
of both sidebands added together is equal to one-half of the
transmitter power. These relationships are shown in Fig. 12-2,
which represents the transmitted signal from a station oper-
ating at 620 ke and modulated with a 2000-cps frequency. Note

AN
o —— e
P ANTENNA| 18 X C-LOWER
LOW-POWER FINAL RF SIDEBAND
CARRIER 620 KC L RE
GENERATOR 6I0KC ¢ 2 KC 620 KC-CARRIER
620 KC - 622 KC-UPPER
SIDEBAND
2,000 CPS NOTE 2 ke
[\ /\ 2KC AUDIO

AMPLIFIER
MIKE

Fig. 12-1. AM modulation.
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MAIN CARRIER
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UPPER SIDEBAND
1/4 POWER

KC 621 622

Fig. 12-2. Carrier and sidebands at 100% modulation.

that the total bandwidth is 4000 cycles. The FCC has limited
the bandwidth of AM broadecasting stations to a maximum of
10,000 cycles. This means that the maximum audio signal
allowed is 5000 cycles.
Thus, it can be seen that AM stations are limited in two
ways:
1. The maximum audio power in the sidebands must not
exceed one-half of the total transmitter power.
2. The maximum audio frequency must not exceed 5000
cycles per second.

Only one of these limitations applies to an FM station, how-
ever; the maximum audio power is limited, but the maximum
frequency of the audio is practically unlimited. In fact, an FM
station can be modulated by extremely high frequencies, even
in the range of supersonic frequencies.

In an FM transmitter (Fig. 12-3), the audio is applied di-
rectly to the carrier-generating oscillator, where it is used to
change the frequency of the carrier. (Technically, there is
mixing of the audio and RF to produce sidebands, but these
are not the intentional result of the modulation, and they are
not used to carry the audio signal.)

It is especially important to understand that an increase
in the amplitude (volume level) of the modulation at the trans-
mitter results in a greater deviation of the carrier from its

A
ANTENNA

LOW - POWER FINAL RF

CARRIER
GENERATOR AMPLIFIER

AUDIO
AMPLIFIER
MIKE

Fig. 12-3. FM modulation.
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center frequency, but the carrier amplitude does not change.
A change in the frequency of the modulating audio does not
affect the amount of deviation but only changes the speed at
which the deviation takes place.

Fig. 12-4 illustrates the changes in the frequency of the FM
carrier for various kinds of audio. The movement from side
to side represents changes in frequency of a transmitter car-
rier corresponding to changes in amplitude of the audio modu-
lation. The carrier amplitude is always 100%, which means

|
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Fig. 12-4. Modulation of an FM carrier.

there are no appreciable changes in the FM carrier amplitude
with changes in the modulation. The carrier does change in
two other ways, representing changes in frequency and ampli-
tude of the audio, but in neither case does the carrier ampli-
tude change.

By comparing the two methods, we find that FM has several
advantages:

1. The bandwidth is not directly affected by the frequency
of the audio.

2. The transmitter is modulated in a low-power stage and
thus requires very little modulating power to control a
high-power RF carrier.

3. The amplitude of the carrier does not change.

4. The limitation on the FM station by the FCC is in terms
of the maximum bandwidth allowed, and this primarily
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affects the volume level and not the frequency of the
modulation. Thus, the FM station can transmit any audio
or supersonic modulation as long as the volume-level
deviation is kept within the limits specified by the FCC.
5. The receiver can be made immune to noise because most
noise is caused by changes in amplitude, and the re-
ceiver does not need to respond to amplitude changes.

The FCC places a limitation of 150 ke as the maximum devi-
ation allowed. This is a deviation of 75 kc on either side of the
center frequency. This allows more than enough dynamic
range in volume level. By comparison, television sound (which
is FM) is allowed to deviate only * 25 ke.

In recent years the FCC has allowed some FM stations to
increase their deviation to higher bandwidths. This is reason-
able, since at the high RF frequencies where the FM stations
are located, 200 kc is only about 0.2% of the entire FM band.
In AM, 200 kc is about 20% of the entire broadcast band.

FM RECEIVER CIRCUITRY

The block diagram in Fig. 12-5 indicates some new stages
that are not ysed in AM receivers—the limiter, the FM detec-
tor, the AFC, and the RF amplifier.

A typical limiter is shown in Fig. 12-6. This stage is the
last IF amplifier, V7, which is a type 6AU6. The purpose of
this stage is to remove all amplitude variations in the incoming
signal. In this way, most of the noise and interference will be
eliminated without affecting the frequency changes. The input

RF MIXER IF IF LIMITER M FIRST AUDIO
AMPLIFIER (sf o0 1 o 1 [-{AMPLIFIER L {AMPLIFIER Lo DETECTOR |»{ AUDIO POWER
33-108 MC 10.7 MC 10.7mc | 187 MC L | 107 mc | |AMPLIFIER| JAMPLIFIER

OSCILLATOR
98.7~118.7
MC

AFC

Fig. 12-5. Block diagram of an FM receiver.
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and output waveforms indicate that amplitude variations are
removed by the clipping action of the stage, which does not
affect the frequency changes. Since the audio sound from the
station is represented by the amount of frequency change and
the rate at which the frequency changes take place, limiting
the amplitude of the signal does not affect the FM sound. All
forms of noise are amplitude changes, and these are removed
by the limiter.

The limiting action is accomplished by operating the stage
with very low plate and screen voltages. These low voltages
result in a rather low amplitude of input voltage, causing the
output signal to reach the maximum possible amplitude. This
condition is called saturating the limiter, and once this state
is reached, no further changes in the amplitude of the output
are possible. The input signal must, of course, be great enough
to drive the limiter stage to saturation before limiting will
take place. This means that there is no limiting action on very
weak carriers. It is for this reason that noise is sometimes
heard on supposedly “noise-free” FM receivers.

Because of the large grid resistor R25 and grid capacitor
C42, a small amount of grid-leak bias is developed in the lim-
iter stage. Besides aiding the limiting action by reducing the
sensitivity of the stage, this voltage varies in proportion to
the strength of the incoming signal and serves as an AVC. In
FM receivers, AVC is usually applied only to the RF amplifier
in the tuner. We shall see later in this chapter that there are
other sources of AVC voltage in the FM receiver which may
be used.

The Tuner

The tuner is usually a separate unit housed on a subchassis
which can be removed or replaced by removing a few screws
and unsoldering a few connections. The dotted lines appearing
in the schematic indicate the subchassis assembly.

The circuits shown in Fig. 12-7 are very simple since no
AVC or AFC is used. Only a single twin triode is employed,
and a minimum of tuned circuits are included. In part A of
Fig. 12-7, the input of the RF amplifier is fixed-tuned. The
plate circuit is tuned, along with the oscillator tank, by the
station selector.

The signal from the RF amplifier is coupled to the grid of
the mixer through C8. C7 and C9 aid in keeping the tracking
aligned as the receiver is tuned through the FM band (88 mec
to 108 mc). The reactance of all three capacitors changes with
frequency, but since the capacitors are connected in the circuit
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differently, the changes work together to keep the tracking
nearly perfect.

The oscillator uses feedback from the plate, through C10
and the primary winding of the oscillator transformer. The
secondary of the transformer is in the grid circuit of the oscil-
lator, and this produces the proper feedback to sustain oscilla-
tion. The oscillator signal is mixed with the incoming RF sta-
tion carrier at the grid of the mixer/osc stage.
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Fig. 12.7. Typical FM tuners.

Since the oscillator is always tuned 10.7 mec higher than the
incoming station, a beat is developed in the mixer at this IF
frequency. The plate transformer of the mixer is tuned to
10.7 mec.

R3, R4, and C14 form the B+ decoupling network. These
resistors are of particular importance to the troubleshooting
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technician because they usually burn out when the tube shorts.
A defective tuner is easily isolated when it is found that an
IF (10.7-mc) signal can be injected at the first IF stage but
not at the grid of the mixer. Replacing one or both resistors
is a simple repair job.

FM circuits usually include decoupling of the filament lines
going to the tuner and occasionally to the IF stages. The pow-
dered-iron sleeve in conjunction with C6, in the circuit in part
A of Fig. 12-7, is for this purpose. Although the components in
the decoupling networks seldom fail, the technician should be
aware of the possibility of damage to the power supply due to
a shorted unit such as C6.

The circuit in part B of Fig. 12-7 uses a different tube, the
ECC85, which is equivalent to the more common 6AQ8. The
plates of the tubes in this circuit are shunt fed. Notice, for
example, that coil L3 feeds B+ to pin 1 of V1, but that the
resonant tank circuit is the one containing L4, and is isolated
from B+ by C7. Therefore, no plate current flows through the
tuned circuit, allowing one side of the coil and capacitor to be
grounded.

The output of the RF amplifier is tuned to one particular
FM station, and is coupled to the grid of the mixer from the
center tap of the RF plate tank. This signal is fed through
C9 to the secondary of the oscillator tank where it is mixed
with the oscillator signal, the combination appearing at pin 7
of the mixer. The plate circuit of the mixer is tuned to the IF
frequency and is also shunt fed so that plate current does not
flow through L9.

The circuit includes C18 to bypass the filament line, and
R9 and C10 which form the B+ decoupling network. The sche-
matic symbol for C10 is often found in VHF circuits and indi-
cates that the capacitor is in the form of a feed-through insu-
lator through which the wire passes from the underside of the
chassis to the top side.

Some of the other capacitors in the circuit are specially con-
structed to give them a specific temperature coefficient, which
means that the change in capacity with a change in tempera-
ture is controlled and can be predicted. These capacitors must
always be replaced with similar units so that the balance of
changes throughout the circuit as it heats will be maintained.
Failure to compensate for changes in temperature causes
drifting of the tuning with resulting distortion. Grid blocking
capacitors, such as C8 and C9 in the circuit in part A of
Fig. 12-7, are the most likely components in the receiver to
cause drifting.
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Avutomatic Frequency Control (AFC)

AFC has been advertised as a special circuit which makes
receiver tuning easier because it eliminates the possibility of
setting the tuning dial slightly to either side of the carrier
center frequency. AFC does this superbly, and it also compen-
sates for drifting by automatically adjusting the oscillator
frequency to keep the carrier centered in the detector at all
times.

Until recent years, the method of achieving automatic con-
trol of the oscillator frequency was to employ a reactance tube
across the oscillator tank. V2A in Fig. 12-8 is connected in
this manner, while V2B is the oscillator tube itself. The con-
duction of the AFC triode creates an effective reactance across
the tank that is dependent on the amount of bias applied to
the grid through the control line. The control tube acts as a
variable reactance (in this case capacitive) across the oscil-
lator tank.

When the oscillator drifts slightly, the incoming carrier will
no longer be centered perfectly in the IF bandpass of the
receiver, and this reduces the receiver’s response to deviation
in one direction, causing distortion. The discriminator devel-
ops a voltage at pin 5 of V10 which is proportional to the
amount by which the carrier has shifted from the center of
the bandpass.

The way the reactance tube responds to this voltage to cor-
rect the oscillator frequency is illustrated by the simplified
drawing in Fig. 12-9. The B+ circuit to the plate of the reac-
tance tube has been eliminated because it plays no part in the
reactance function of the tube. Also, C11 is omitted because
at these frequencies its effect is negligible. R9 and R10, the
fixed cathode-bias divider, is also omitted for simplification.
The resistance between grid and cathode is taken to be 220
ohms, the value of R7. This is approximately correct when
only the AC path is considered.

The oscillator voltage appearing across the oscillator tank,
L5, is designated E;. C12 and R7 are connected across this
voltage and the reactance of C12 is much greater than R7,
making the series path mostly capacitive. When AC current is
passed through a network which contains more capacitive re-
actance than inductive reactance, the current will lead the
source voltage, and when the network is mainly capacitive,
the phase angle approaches 90°.

Therefore, I; (which flows through the series network, C12
and R7) leads E,; by nearly 90°. Voltage E,, produced in R7
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by this current, is in phase with the current. This means that
E, is also leading E, by 90°.

Since E; appears between the grid and cathode of the reac-
tance tube, it controls I,, the AC plate current of the tube.
Now, if I, follows faithfully the variations of E,, then I, will
also lead E; by 90°.* When I, passes through the oscillator
tank, it is exactly the kind of current which would appear in
the tank if a capacitor were added in parallel with C8.

The amount of I, depends on the DC grid bias supplied by
the control voltage which, in turn, is proportional to the
amount of detuning due to oscillator drift. In this manner,
the oscillator can be kept precisely on frequency, regardless
of changes in voltages or components.

Ordinary crystal diodes can be used for AFC, as shown in
Fig. 12-10. The operation is quite simple, since no reactance
tube is employed. The grid-leak resistor is divided into R1 and
R2 so that a part of the grid-leak voltage can be placed on the
diode plate. This negative voltage keeps the resistance of the
diode very high, and the effect of C1 across the tank is mini-
mum. When the control voltage applied at the cathode is more
negative than the fixed bias, the resistance of the diode is
reduced, and C1 is more effectively across the tank. Thus, the
AFC system consists essentially of the shunt capacitor, C1,
in series with a variable resistance.

* The 180° phase shift through a common cathode circuit applies to
phase relations between grid voltage and plate voltage. Here, we are
comparing grid voltage and plate current.
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Another modern form of AFC which has become very pop-
ular uses a special diode known as a varicap. This unit pre-
sents an amount of capacitance in the circuit depending on the
voltage applied across it. Fig. 12-11 shows a modern tuner
which uses only one dual-triode tube to perform the functions
of RF amplifier, mixer, oscillator, and AFC. The circuit em-
ploys a varicap.

THE FM DETECTOR

To recover the audio modulation from the transmitted sig-
nal, it is necessary to have a circuit whose output is propor-
tional to the amount by which the carrier deviates from the
center frequency. There are three basic circuits for accomplish-
ing this task. They are:
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1. The Foster-Seely discriminator.
2. The ratio detector.
3. The gated-beam, or locked-oscillator, detector.

The first two are found most often in FM receivers, and the
third is used primarily in TV sound sections. A brief discus-
sion of the operation of each will aid in understanding the
alignment procedures to be described.

The Discriminator

In Fig. 12-12, the discriminator is shown in its most basic
form, with the incoming carrier voltage designated as E.

—
LIMITER

SO

Ec+ ey

Ec

Ec+ep
CARRIER AT CENTER CARRIER ABOVE CENTER

Fig. 12-12. A discriminator.

across the primary of the input transformer. The coil, L,
connected between the center tap of the secondary and the
junction of R1 and R2, is not found in practical circuits, but
is useful here to give an indication that the full carrier volt-
age, E., appears in series with each diode. This is true because
of the capacitive coupling between the top of the primary and
the center of the secondary. While it is somewhat of an over-
simplification to say that the E. which is across the secondary
and the primary are all exactly the same, they differ only in
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phase. The differences seem to balance out, so they do not
affect this explanation.

When the carrier is in the center of the IF bandpass (when
there is no modulation), a current, I, is induced in the reso-
nant tank circuit formed by the secondary and C1. Taking E,
across the secondary as a reference, the phase relations are as
shown. The two voltages, e; and e;, formed by the center-tap
must be 180° out of phase since they are at opposite ends of a
coil, and they must also be 90° out of phase with I.. This 90°
phase difference arises from the fact that the current and
voltage in any coil are always 90° out of phase unless there is
a condition of resonance. Since e; and e, are not taken across
the entire coil, the condition of resonance which exists between
the full secondary and C1 does not apply to these voltages;
they are merely the voltage resulting from the current, I,
flowing through a random inductance.

Now, giving attention to the cathode end of the circuit, we
see that in the upper diode the voltages E. and e, appear in
series across R1, and in the lower half of the circuit, E, is in
series with e, across R2. Because of the diodes, current must
flow from left to right in the center leg of the circuit, and from
right to left in the outside legs. This gives opposite polarities
to the voltages across R1 and R2, as shown. The output is the
sum of these voltages and will be zero when I, and I, are equal.

The vector diagram shows that the voltages must be added
to E. vectorially because they are net in phase. The fact that
the two resultants are equal is also evident, and of course the
output voltage taken across R1 and R2 is zero when the carrier
is at the resonant frequency of the secondary tank circuit.

The circuit action when the carrier is above resonance is
shown in the other vector diagram. I. can be seen to have
moved away from E.. This is because when the secondary tank
is out of resonance, the current and voltage (I. and E.) in the
tank are not in phase. When the frequency is higher than res-
onance, the circuit is inductive and the current lags the volt-
age.

When I. moves, voltages e, and e, which it generates must
also move so that they can stay 90° out of phase with I.. With
these new phase relations, the vector sums across R1 and R2
are no longer equal. This means that the opposite polarities
of these voltages no longer cancel, and an output voltage now
appears.

From the vector diagram it can be seen that E. and e, are
closer together in phase and thus produce a resultant of
greater magnitude, indicating that the voltage across R2 is
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increased. However, e, is now farther away from E., and the
sum of these two is reduced, indicating that the voltage across
R1 is less than before.

The output voltage reverses in polarity when the carrier
swings below resonance and, in this manner, an AC output is
developed which has a frequency corresponding to the rate of
carrier deviation, which is the frequency of the modulating
audio. Further, the amplitude of the output voltage corre-
sponds to how far the carrier moves off center, and this is the
amount of deviation corresponding to the amplitude of the
audio modulation.

The discriminator circuit has the disadvantage that noise
pulses which affect the magnitude of the input voltage, E., will
also affect the output, since it is partly composed of E.. The
circuit must therefore be used with a limiter stage to remove
all amplitude variations. This is inefficient because of the
necessity of amplifying all signals up to the level where they
saturate the limiter.

The Ratio Detector

A circuit which is more popular than the discriminator is
shown in Fig. 12-13. This is a ratio detector and can be dis-
tinguished from the discriminator by the fact that the diodes
are connected in series; that is, one plate and one cathode are
connected to the secondary. Analysis of this circuit will indi-
cate that changes in amplitude of E. do not appear in the out-
put.

With the diodes in series, the input voltages cause the cur-
rent, I;, to flow around the outside loop—through the entire
secondary, the diodes, and C1 and C2, all in series. I; charges
C1 and C2 so that the peak carrier voltage appears across
the pair of capacitors.

When the carrier is centered exactly on the resonant fre-
quency of the transformer secondary, the voltage applied to
D1 is the vector sum of E. and e,. This same voltage is applied
to C1. The vector diagram on the left shows that the voltage
applied to D2 and to C2 is equal in magnitude, being the vector
sum of E. and e..

The carrier voltage appears across the combination of C1
and C2, and also across the combination of R1 and R2. Because
of this, C3 is charged to the peak carrier voltage. It is very
important to note that the voltage across C3 is not the output
voltage corresponding to audio modulation.

The output signal is developed between the junction of the
two capacitors and the junction of the two resistors. When

225



the carrier is centered, the charge on Cl1 represents one-half
of the carrier voltage, and the voltage across R1 is also one-
half of the carrier voltage. Under these conditions, there is
no difference in potential across the output terminals and,
consequently, no output. This is to be expected when the car-
rier is in the center of the bandpass.

Now it can be seen why the ratio detector does not respond
to changes in the amplitude of the carrier. Suppose the value
of E. is suddenly increased in amplitude because of a noise
pulse but it does not change in frequency. The voltage across
C3 cannot change very fast because of the long time required
to charge or discharge this large capacitor. Also, the voltage
relationships still exist between C1, C2, R1, and R2, whereby
there is no output due to equal voltage values at the output
terminals. There will be no output voltage, regardless of the
value of E., unless there is a change in frequency producing
unequal voltages on C1 and C2.
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Fig. 12-13. A ratio detector.
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When the carrier shifts frequency under modulation, the
vector sum of E, and e, (which charges C1) will no longer
equal the vector sum of E, and e, (which charges C2). This can
be seen in the vector diagram on the right, and the explanation
is exactly the same as for the discriminator. The voltages
across R1 and R2 remain the same, however, since the charge
on C3 is unchanged.

Referring now to the partial schematics in Fig. 12-13, sup-
pose that the original voltages at resonance were as shown in
part A. When the carrier shifts above resonance, the sum of
e, and E, is larger, and the total of 10 volts might distribute
itself across C1 and C2 as shown in part B, with 7 volts across
C2 and 3 volts across C1. There is now a difference in potential
across the output terminals because the voltages across the
resistors have not changed.

For convenience in the design of the next stage, it is com-
mon to take the output relative to one end of C3, as shown in
part C. It does not matter which side of C3 is grounded. All
that is necessary is to connect one output terminal to a fixed
voltage and the other terminal to the voltage at the junction of
C1 and C2.

The Gated-Beam Detector

A special tube, the 6BN6, is used in a gated-beam detector.
A variation of this circuit, called the locked-oscillator, quadra-
ture-grid detector, uses a 6DT6. The circuits are nearly the
same in principle.

The grids connected to pin 2 and pin 6 are arranged in a
special way so that either one is capable of completely cutting
off the tube. Also, no current can flow in the tube unless both
of these grids are above the cutoff voltage. The tube, therefore,
has two gates, either one of which can reduce the plate current
to zero.

The plate-current characteristics of the tube are such that
a small signal applied to the grid at pin 2 drives the plate cur-
rent to saturation. This feature enables the stage to perform
the function of limiting and thus remove amplitude variations
in the signal. After the plate current is driven to saturation,
further increases in signal voltage do not change the amplitude
of the output signal. As long as the incoming carrier is con-
siderably larger than the voltage required to reach saturation,
then a decrease in signal voltage is not likely to be great
enough to bring the plate current out of saturation. This
means that an amplitude change will not be reproduced in
the plate circuit.
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Fig. 12-14. A gated-beam detector.

The operation of the circuit as an FM detector is simple and
can be seen from a study of Fig. 12-14. The oscillator signal
supplied to the quadrature grid (pin 6) is induced in the reso-
nant circuit connected to the grid by capacitive coupling
through the tube from the signal on pin 2. Thus, the oscillator
sine wave is 90° out of phase with the incoming signal.

The shape of the plate-current pulses is the result of the
two special characteristics of the tube, which have been ex-
plained. Plate current can flow only when both grids are posi-
tive, and these small segments of time correspond to the posi-
tions of the sine waves indicated in the diagram. Also, the
plate current is driven to saturation very rapidly, and this
accounts for the rectangular shape of the pulses.

The action when the incoming carrier shifts frequency
under modulation can be seen in part B of Fig. 12-14. The
incoming signal on pin 2 is seen to be shifted in phase so that
the relationship between the two sine waves is not the same.
This results in plate pulses of different length. It is in this
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manner that the output signal changes with changes in the
frequency of the input signal.

It is natural to ask at this time why the quadrature signal on
pin 6 does not also change, since it is generated by the incom-
ing signals. It actually does change, but not to the same extent,
so that the two signals do not remain exactly 90° out of phase.

A resistor and capacitor, R36 and C23, in the plate circuit are
used to integrate the rectangular pulses and provide an audio
signal dependent on the average current contained in the
pulses as they vary in width.

The gated beam is not very popular in FM receivers, al-
though it is used extensively in TV. The reason is that its
output is likely to contain a large square-wave component
which causes a buzz. Varying the cathode resistor to obtain
the best possible limiting is the only way this can be elimi-
nated.

AFC Control Voltage

A DC voltage which varies with the carrier amplitude is
present in the circuits of Figs. 12-12 and 12-13. If the oscillator
in the tuner drifts so that the incoming station is not centered
in the IF bandpass of the receiver, there will be a change in
carrier amplitude at the FM detector, and this DC voltage will
change accordingly. We will see more clearly later why this
causes distortion.

In Fig. 12-12, this voltage is between the junction of R1, R2,
and ground. In this discriminator circuit, the output signal
changes polarity and amplitude according to the difference in
the voltages across R1 and R2. However, the voltage between
R2 and ground is always present and always has the same
polarity, but its amplitude varies with the strength of the in-
coming signal.

A similar voltage in the ratio detector of Fig. 12-13 is found
across C3. Although this voltage does not respond to sudden
changes in carrier amplitude, it does change gradually if the
carrier amplitude changes. These two voltages can be taken
in either polarity with respect to ground and, when filtered,
they serve to control the oscillator through a reactance tube
or diode, as explained earlier.

FM RECEIVER ALIGNMENT

Alignment of FM receivers is critical because it is necessary
to achieve a relatively flat response throughout a range of
200 ke or more in the IF channel. It is also essential that the
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response falls off evenly on both sides of center to avoid attenu-
ating the carrier when it deviates in either direction.

Receiver circuits vary so greatly that only a few very gen-
eral principles can be given. Alignment instructions must be
followed exactly as to frequencies, methods of applying the
signal generator, and measuring the output. The purpose of
the discussion that follows is to help understand these instruc-
tions.

Symptoms of Misalignment

Loss of gain and sensitivity indicates a need for IF and
tuner alignment when tubes, voltages, and antenna conditions
have been checked. Another definite indication of the need for
alignment is distortion which seems to change with tuning.
If it is difficult to tune a station so that it falls in the center
of the bandpass with room to deviate in both directions, this
may mean that the IF channel is too narrow. More likely,
however, it means that the secondary of the detector trans-
former is not tuned to resonance at the IF frequency.

Special Instructions for Alignment of FM Discriminators

Set the generator for a 10.7-mc unmodulated output, and
connect it to the grid of the last IF stage through an isolation
capacitor. Connect the VT'VM to the center of the two resistors
between the cathodes of the diodes. The meter should be set to
read negative volts on the 10-volt scale. Turn the equipment
on and adjust the attenuator of the signal generator so as to
produce a minimum signal which will give an adequate reading
on the meter.

Adjust the primary tuning of the transformer, shown in
Fig. 12-15 as @, for a maximum peak reading on the meter.
The primary is usually the top slug, but reference should be
made to the manufacturer’s data for such information, when-
ever possible. Move the meter probe to position 2, which is
the discriminator output. Zero-center the meter, and again
set the generator for minimum signal input consistent with
good meter deflection. Adjust the secondary of the trans-
former, shown in the figure as ®, for a zero reading on the
meter. This adjustment is critical and must be made as care-
fully as possible. A lower-scale reading on the meter can be
used for the final touching up. Whenever the secondary is out
of resonance, deflection on the meter will be to the positive or
negative side of zero-center. Perfect resonance is indicated
by zero output from the diseriminator with the input carrier
signal at exactly 10.7 mc.
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An interesting check on the accuracy of alignment of the
transformer secondary and overall efficiency of the detector is
to turn on the AM modulation from the signal generator. If
the secondary is perfectly tuned, the audio tone will almost
completely disappear, indicating that the detector is least
sensitive to AM modulation at this time.
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Fig. 12-15. Discriminator alignment.

Special Instructions for Alignment of the Ratio Detector

The generator is connected in the circuit in the same way
that it was for the diseriminator, but the VI'VM has a different
hookup. Fig. 12-16 shows, in dotted lines, two 100K resistors
connected across the capacitor. Since the electrolytic capacitor
is grounded, it is necessary to add these resistors if they are
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Fig. 12-16. Ratio-detector alignment.
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not already in the circuit, in order to make the zero-center
adjustment. The circuit shown in Fig. 12-16 is the most com-
mon type of ratio detector, and it will usually be necessary to
add the resistors while the zero-centering is being done. Note
that when the resistors are used the negative meter lead is
on the audio output.

With the VTVM connected to position 1, tune the primary
of the transformer for a maximum peak reading on the meter.
Then move the meter probe to position 2, adding the resistors
to the circuit if necessary. The meter should be zero-centered
as before, and the secondary tuned in the same manner as it
was for the discriminator.

Special Instructions for Alignment of the Gated-Beam and
Locked-Oscillator, Quadrature-Grid Detectors

These two circuits, shown in Figs. 12-17 and 12-18 respec-
tively, are very similar in operation. One exception, however,
is that a conventional sharp-cutoff pentode is used in the
locked-oscillator circuit to reject amplitude variations, and so
does not require a buzz or quieting control. Successful align-
ment of either circuit depends on knowing that the input
transformer must be tuned for maximum output on AM mod-
ulation. This can only be done if the input signal is weak
enough so that limiting action does not take place.

Short out the quadrature coil, and connect a signal genera-
tor, set to 10.7 mc and with a low percentage of AM modula-
tion, to the IF grid. Decrease the output from the generator
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Fig. 12-17. Alig t of a locked-oscillator, quadrature-grid detector.
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Fig. 12-18. Alignment of a gated-beam detector.

until there is a noticeable drop in the audio output from the
speaker, or until the needle drops on the VI'VM connected at
the output of the audio power amplifier. This drop in audio
indicates limiting is no longer taking place. Adjust the pri-
mary and secondary of the input transformer for maximum
output, and continue to lower the input signal so that limiting
does not take place.

After the input transformer is peaked, remove the short
from the quadrature coil and tune in a strong station on the
receiver. Then tune the coil for best audio output and mini-
mum buzz. If there is a buzz or quieting control in the cathode
to reduce the 60-cycle buzz, it should be adjusted at this time.
A slight readjustment of the quadrature coil may be necessary
after this operation. Complete alignment of all IF stages and
the tuner may be further required in order to obtain undis-
torted sound of good volume.

Special Instructions for Alignment of IF Stages

As mentioned before, it is not likely that IF amplifiers will
require alignment on a regular service job, and the task should
never be attempted unless the technician is experienced and
has the equipment and manufacturer’s data available.

An interesting check of the width of the IF channel can be
made with a regular signal generator and a VITVM. First,
complete the alignment of the detector stage, and then prepare
to take a number of meter readings which will be plotted on a
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graph. Couple the generator loosely to the mixer stage or to
the grid of the first IF stage. The zero-centered VTVM is con-
nected to the output terminals (position 2, in the previous
alignment instructions) and the signal generator set at 10.7
mec. Record the voltage at this point, which should be zero.
Now, adjust the generator in 10-ke steps downward for 200 ke,
recording the voltage at each step. Return the generator to
10.7 mc and repeat the 10-ke steps, this time upward for 200
ke, recording the voltage at each step.

When the voltages are plotted, the resulting curve indicates
the total bandwidth of the IF and detector circuits. Fig. 12-19
shows an ideal curve. It is not likely that many receivers can
actually produce a curve so wide and linear as this one. But
what is important in reducing distortion is that the voltages
be equal at points equidistant from the center. For example,
if the voltage at 20 kc below the center (at 10.68 mec) does not
agree with the voltage at 20 kc above the center (at 10.72 me),
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this means that there is more audio produced on one side of
the deviation than on the other, and this is not faithful repro-
duction of the transmitted audio.

Another observation can be made from the curve. When the
curve turns toward zero (indicating decreasing output) at fre-
quencies too close to the center, this indicates that the IF
channel is too narrow, and both fidelity and dynamic range
will be affected. 100 ke on either side of center is taken as a
standard, but good results can be had from receivers which
do not have this much bandwidth. If any portion of the curve
needs improving, this can be done by tuning the signal genera-
tor to this frequency and adjusting alignment controls until
the desired voltage output is reached.

One precaution should be emphasized in all alignment oper-
ations—do not overload the stages with too much input signal,
as this distorts the response and results in over-correction
with the alignment controls. When this has happened, the fin-
ished product will probably sound somewhat worse than it
did before alignment was begun.

AM-FM COMBINATIONS

Fig. 12-20 shows a typical AM-FM combination that in-
cludes all the features we have been discussing. The AM tuner
consists of a 12BE6 in the mixer/oscillator circuit with its
output tuned to 455 ke. B+ to this stage is switched on by the
AM-FM selector switch.

The windings of the AM and FM IF transformers are con-
nected in series, with the AM transformers being left in the
circuit while receiving FM, and vice versa. This is a very pop-
ular arrangement. It is possible to do this because the FM
winding presents very low impedance at 455 ke, and the AM
winding is connected on the “cold” side of the FM windings
where the added impedance does affect the FM signal.

The AM detector uses the grid and cathode of V5, the FM
limiter stage. For AM reception, plate and screen voltages to
the stage are disconnected by the AM-FM selector switch, and
rectification of the AM signal takes place using the grid and
cathode as a diode. The FM detector, V6A, is a typical balanced

ratio detector with the output between Test Point and

ground. The AM-FM selector switch chooses the output from
either of the detector circuits and sends it to the audio section.

When compared to Fig. 12-20, the receiver shown in Fig,
12-21 illustrates how much these AM-FM combination re-
ceivers can differ. The FM detector, V6, is a modified discrim-

235



FM RF AP FM CONY
i @) Funer ® oco
TERMINAL B
BOARD
100
= 3 mmt
— C
10
meg
D
D
.002 002 I D) @) .00
* 20
i[r 1IF 11( . A E
b

@ 31ma F

Fig. 12:20. A typical AM-FM

236



] @ (@) 6AUs 5] W 6BAG
‘ .

. ?2 I sEc? T 3
3 3 El .
c e
) L L7 THRU L 10
H . TERMINAL GUIDE
@L.m i
I @ 310000
2 {h e
4700
‘w“ - a]10V
M= AM AVC 7 @
7 | z

2.2meg

receiver with ratio detector.

237



FM LIMITER- AM DET

RATIO DET

(®)a 6AYN

®

160“ "16“
I @ i @
he R
X — @ . 00

15000
F300mm 568000
300mmt
= ¢8000
10000 7

@D 33904

AM

-

238

68K

68K
T 300mmi

1

Tom
4

10 AUDIO
SOURCE

Fig. 12-20. A typical AM-FM receiver with ratio detector. (Cont'd)



inator with the balanced output resistors, R22 and R23, con-
nected differently. The output signal voltage is taken between
pin 5 of the tube and ground. The packaged circuit, K4, is
called the de-emphasis network. Its purpose is to reduce the
response on the very high audio frequencies which are always
emphasized at the transmitter in order to improve the signal-
to-noise ratio. Since noise is always greater on the high-fre-
quency end of the audio spectrum, the high notes are trans-
mitted with greater-than-normal volume so that when they
are reduced to normal in the receiver, the noise, which has
not been emphasized, will be reduced to below normal.

The tuner incorporates an unusual feature by using one tri-
ode, V2A, of the ECC85/6AQ8 tube as a combination FM
mixer, FM AFC, and AM oscillator. A study of the schematic
will show that the AFC function is a typical reactance tube
connected across the FM oscillator tank, L3.

The AFC control voltage is taken from Test Point <C> in
the discriminator, filtered by R25 and C25, and finally con-
nected to the grid of the AFC reactance tube. The same tube
serves as a mixer on FM by combining the oscillator signal
with the incoming RF in the plate circuit.

On AM, the tube serves as the oscillator by switching its
cathode through L9 which is, in turn, coupled back to the plate
through C14. The RF amplifier for AM is V3, the FM IF stage.
By switching the AM antenna directly into its grid through
C16, and leaving the plate untuned for AM signals, the stage
becomes an untuned RF amplifier coupled to the AM mixer,
V4, through C18. The mixer grid is tuned by the tank circuit
of L8, and the mixer is coupled to the oscillator by the common
cathode connections in L9.

The AM IF amplification is accomplished by using 455-ke
transformers in series with the FM transformers. The 6EQ7
is the last FM IF amplifier (the limiter), and it also contains
a diode plate (pin 8) which is used for AM detection. On FM,
the stage is a limiter with the limiter grid-leak voltage (which
can be measured at point ) being used for AVC on the
FM stages. While on AM, the stage is the second AM IF ampli-
fier and detector combined, with AVC for the AM stages being
taken at point .

TROUBLESHOOTING

Servicing straight FM receivers involves no more complica-
tions than those caused by more critical alignment. It will be
recalled that distortion results from the slightest misadjust-
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ment of the secondary of the FM-detector transformer. While
this adjustment is critical, the setup for it is not difficult.

All other failures fall under headings discussed in earlier
chapters, and the techniques explained there will suffice, with
one exception—the problem of oscillator drift in FM receivers
that do not use AFC is very difficult to handle. The usual
measures are to replace the oscillator tube, followed by a sys-
tematic replacement of all resistors and capacitors in the oscil-
lator circuit. When special temperature-compensated capaci-
tors have been used in the original circuitry, they must be
replaced with parts at least of equal quality and the same
temperature characteristics. If no such capacitors have been
used, perhaps the drifting can be reduced by putting some in.

When the AM-FM receiver must be serviced, the problems
are greatly multiplied by the unorthodox circuitry and com-
plicated switching networks which are used. A careful study
of the schematic and the pictorial diagrams is necessary.

REVIEW QUESTIONS

1. Compare AM and FM with respect to the following as-
pects; make a chart, and give comparisons in a few words.

FM AM

Change of power output
with modulation

Simplicity of receiver

Simplicity of transmitter

Effects of atmospheric noise

Bandwidth required

Limitations on audio
frequency

Broadcast-band frequencies
assigned

2. Changes in the amplitude of the audio modulation applied
to the FM transmitter cause what kind of changes in the
transmitted signal?

3. Draw a circuit of a limiter stage giving correct values to
all the parts. Include sketches of the waveforms at the
input and output.

4, What determines the rate of change of the frequency of
an FM signal?

5. Look up the schematic of an FM tuner using AFC and
draw a partial schematic showing the AFC circuit. Ex-
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10.

plain the operation of the AFC, and state the make and
model represented.

. In a small AM/FM combination, the audio is working but

no signals can be received on either FM or AM. Make up
a servicing chart showing a series of tests for locating
faults that produce this symptom.

. In what important ways do the alignment procedures for

discriminators and ratio detectors differ? Explain with
the use of schematics of the two circuits.

Explain why a slight mistuning of the detector input-
transformer secondary in an FM receiver causes distortion.
What is the effect of mistuning the primary of the detector
input transformer?

Is an FM receiver always free of noise? Explain why or
why not.
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13
Stereo Multiplex Systems

With recent approval by the FCC of a multiplexing system
to permit broadcasting separate right and left channels, sales
of FM stereo receiving equipment have increased rapidly. The
troubleshooting technician must keep up with technological
advances of this kind, and this involves the development of
isolation techniques for symptoms, as well as the study of the
theory of operation of these new circuits.

In order to afford space for development of isolation pro-
cedures for symptoms, the theory will be briefly covered in
this chapter. If a more extensive coverage of theory is desired,
reference should be made to texts devoted entirely to this topic.

THE TRANSMITTED SIGNAL

An understanding of the receiving systems is facilitated by
acquiring a working knowledge of the characteristics of the
signal that is to be detected. The fact that FM transmitters
are capable of modulation at supersonic frequencies has been
explained before. It is this property which enables a second
signal to be transmitted.

Definition of Multiplex

When a second signal is imposed on the FM carrier, the
process is called multiplex. A second carrier at a frequency of
38 ke is amplitude modulated with the additional information.
The sidebands, which are in the supersonic range, are then
used to frequency modulate the transmitter along with the
regular program material.

Definition of Monaural or Monophonic

The regular program material containing both left and
right channels is called the monaural (or monophonic) signal
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and is designated as (L+R). As we shall see shortly, the
(L+R), or monophonic signal, is an important part of the
stereo signal.

Definition of Compatibility

The FCC requires that stereo broadcasts must be receivable
on regular FM receivers, which means that a monophonic
signal must be present at all times. This also means that the
regular modulation must contain both left- and right-channel
sounds so that there will be no loss of program material to
listeners not equipped to receive stereo. It would be impossible
to satisfy this requirement if, for example, the right channel
were transmitted in the usual fashion, and the left channel
were multiplexed at supersonic frequencies.

The problem at the transmitter then becomes one of continu-
ing to transmit (L+R) in the usual manner while adding a
special modulation, receivable only on stereo adapters, which
enables the left and right channels to be separated. It is im-
portant to recognize that at no point in the system does the
left or the right channel exist separately; they are combined
until they reach the dual audio channels leading to the separate
speakers. When the receiver is not equipped to separate the
signals, they remain combined and appear as monophonic,
(L+R), sound in the single speaker.

RIGHT COMBINED SIGNAL WHICH MODULATES
CHANNEL THE TRANSMITTER
MIKE
38KC EEEREEE
-“——t—0 ———»II::|::I:| d
GENERATOR SRR R
LEFT
CHANNEL
MIKE
Fig. 13-1. Formation of dulation at the transmitter.

Figs. 13-1 and 13-2 illustrate a method by which this can be
done. If the left and right channels are fed to a switch at the
transmitter so that when the switch is on the right-channel
input it is also on the right-channel output, the waveform
shown can be produced. In this waveform, the voltage at the
top output terminal carries the right-channel information,
and the voltage at the bottom terminal carries the left-channel
information. The dotted lines represent the switching rate
and indicate that the entire modulation envelope is “chopped
up” at the switching frequency of 38 ke.
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This chopping does not distort the sound, because the switch
in the receiver is synchronized with the one at the transmitter,
It will switch to the upper terminals when the incoming wave-
form is positive and to the lower terminals when the waveform
is negative. The output waveforms are shown in Fig. 13-2
without the 38-kc segments, because this component is removed
by filters in the audio channels. If the receiver is not equipped
with a multiplex detector, then the composite waveform con-
taining (L+R) will be fed to the audio section, and both chan-
nels will appear as usual in the same speaker.

TO R{GHT AUD IO CHANNEL

| [ ./\ yi
Fm DET) | | N I 38KC N_"
oR {1 = T
i
DISC|! 1 ! [ J' o SWITCH ‘;v/-\\
COMBINED AUDIC

AFTER DETECTION TO LEFT AUDIO CHANNEL

Fig. 13-2. Demodulation at the receiver.

The addition of the 38-kc¢ synchronous detector following
the FM detector is all that is necessary to convert any FM
receiver into a stereo unit. Several adapters are available
which can be connected between the output of the detector and
the de-emphasis network. Two separate audio amplifiers are
needed, of course.

This composite waveform is a bit more complicated than it
appears in the drawing because it contains sidebands of the
38-ke switching frequency in addition to the (L+R) informa-
tion. These sidebands will be from 23 ke to 53 ke, because they
are the result of amplitude modulating a 38-kec carrier with
audio ranging as high as 15 ke.

It will be recalled from the explanation of detectors in
Chapter 2 that amplitude modulation results in sidebands
which are the sum and difference of the audio and the RF
frequencies. If 38 ke, for example, is modulated with 15,000
cycles, the resulting sidebands will be:

38 ke + 15 ke = 53 ke (upper sideband)
38 ke — 15 ke = 23 ke (lower sideband)

Since the audio will range from about 50 cycles to 15 ke, the
sidebands will cover the range of frequencies 15 kc above and
below 38 ke. Fig. 13-3 illustrates the distribution of the signals
as they appear in the modulator of the FM transmitter.
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PILOT

{L+R) L-R
SIDE BANDS
MONOPHONIC OF 38 KC

AUDIO | I

50 CY 15KC 19KC 23 KC 53 KC

Fig. 13-3. Signal distribution in the modulator of an FM transmitter.

Notice that the regular monophonic (L+R) signals extend
from 50 cycles to 15,000 cycles, and that there is another
group of signals from 23 ke to 53 ke. The space between 15 ke
and 23 ke is not used for program material, but the diagram
shows that a 19-ke pilot signal is transmitted in this space.
This pilot signal is transmitted continuously for the purpose
of synchronizing the switching rate at the receiver. It is neces-
sary to use 19 kc for the sync instead of 38 ke because 38 ke
falls within the multiplexed sidebands. The frequencies be-
tween 23 ke and 53 ke are labeled (L—R).

Matrixing

Since the (L+R) signal must be present at all times, and
the left and right channels cannot be separated during trans-
mission, it is necessary to recover the separate channels by
adding signals of opposite phase.

(L—R) is created at the transmitter, as illustrated in Fig.
13-4. This signal, which is actually a monophonic signal with

U=

TRANSMITTER
tert [) (L+R) (L + R) 50 cps TO 15KC 1
AMPLIFIER
RIGHT D piﬁgi L-R} BALANCED {L - R) SIDE BANDS
SHIFTER MODULATOR 23KC TO 53KC
38KC FREQUENCY | 19kC
GENERATOR DIVIDER

Fig. 13-4. Creation of the (L-R) signal.
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the “R” voltage inverted, is used to modulate the 38-kc sub-
carrier, and the resulting sidebands carry the (L—R) informa-
tion. Now it can be seen that the stereo system consists of
sending (L+R) on the regular channel while sending (L—R)
in the form of 38-kc sidebands which are inaudible with ordi-
nary monophonic receiving equipment. The 38-kc subcarrier
in the transmitter is suppressed by a balanced modulator, and
only the 19-ke pilot signal is transmitted.

In the receiver, the original (L—R) signals are recovered
by reinsertion of a 38-kec carrier generated locally in the re-
ceiver and controlled by the pilot. The matrixz is a resistive
network arranged to combine (L+R) and (L—R) as follows:

(L+R) + (L—-R) =2L
and
(L+R) — (L—-R) = 2R

RECEIVER CIRCUITS

There are two popular types of stereo detectors. A third
method that combines the circuitry of the other two is some-
times used by a few manufacturers. Because the alignment
and servicing of the circuits varies with the type of demodula-
tion employed, we shall discuss them separately and point out
ways to recognize each.

The Sampling Demodulators

This method is also called wave-envelope demodulation,
time-division demodulation, and synchronous switching. The
block diagram in Fig. 13-5 shows the layout.

The operation of sampling demodulators depends on the
principle of the synchronized switech depicted in Figs. 13-1 and
13-2. Since the signal is actually divided into segments, with
the left and right channels being carried in alternate segments,
it is possible to detect the channels separately.

The block diagram shows a wide-band input amplifier which
takes the signal from the FM ratio detector or discriminator
and amplifies all components; (L+R), (L—R), and 19 ke. A fil-
ter feeds the 19-ke sync signal to the 38-ke generator, and the
reconstituted carrier is supplied to the synchronous switch,
which is merely a pair of diodes. (L+R) and (L—R) are also
fed to the switch.

When the switch is perfectly synchronized with the original
chopping frequency at the transmitter, the right channel will
be fed to the right audio amplifier and the left channel to the
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Fig. 13-5. Time-division multiplex unit.

left audio amplifier. The separation, however, is not perfect,
and the right channel carries approximately 20% of the left
channel. This imperfection is due to slight unbalance in the
switching diodes, coupled with the fact that the switching volt-
age is not a square wave.

This results in less separation between the channels and
destroys the illusion of stereo. This incomplete separation
can be overcome by the use of negative feedback of a signal
equivalent to:

—.20(L+R) or —.20L —- .20R

Adding this negative-feedback voltage to the output from
the left and right diodes in Fig. 13-5 gives:

Output from left diode: L. + .20R — .20L — .20R = .80L
Output from right diode: R + .20L — .20L. — .20R = .80R

Note that the output from the right and left channels is now
pure, but it has been reduced by 20%. The reduction in voltage
output is not particularly noticeable, however, and is well
worth the sacrifice since it removes the presence of the un-
wanted channel and improves the separation. But this neces-
sitates additional circuitry and adjustments.

Manufacturers have used many methods to obtain the
needed 38-ke signal in the receiver. In some cases, an oscillator
running at 38 ke is synchronized on every other cycle by the
19-ke pilot signal. In other models, the grid tank of the oscil-
lator operates at 19 ke while the plate tank is tuned to 38 ke.
There are also several versions in which the 19-ke pilot is fed
to an amplifier-doubler, and the resulting 38 ke is used instead
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of generating the signal in a local oscillator. Fig. 13-6 shows
an example of this type.
The entire circuit uses only one tube, two diodes, and a

transistor. The input signal divides at point , and part

of it is sent to the grid of the 19-kc input amplifier via the
tuned circuit, L12. The plate of this stage is also tuned to

19 ke by the resonant tank, L13. The other path from

leads to the 38-kec switch via two 67-kc traps. 67 ke is the
frequency of another subcarrier used for private broadcasts
to special subscribers only. If this subcarrier is not removed,
it may cause interference.

Amplified 19 ke appears at pin 7 of V7 and is doubled to
38 ke in the plate circuit of this second triode. Transformer
L14 is the synchronous switch, having 38 ke fed into one end
and (L+R) and (L—R) fed into the other end. As the diodes
are switched on and off, they perform the job of separating
the left and right channels. The diodes are followed by an
extensive RC filter to remove the 38-ke component from the
output. This filtering is important if the output is fed to a
tape recorder, because the beat between the bias oscillator in
the recorder and signals near 38 kc causes chirps and squeals
in the recording.

The transistor (X1) is used to operate a lamp that glows
when the 19-ke pilot signal is present, indicating that a stereo
station is tuned in. The transistor has no forward bias on the
base and is therefore cut off when 19 k¢ is absent. Thus, the
bulb has no current flowing through it. When the pilot signal
appears (in the form of 38 ke in the output of the doubler),
the negative half of this sine wave causes conduction of the
transistor, and enough collector current flows to operate the
#49 bulb.

Figure 13-7 shows an entirely different approach. V1A is a
wide-band amplifier handling all incoming signals. V2 ampli-
fies the 19-kc pilot signal and feeds it to transformer L2. At
the same time, (L+R) and (L—R) are taken off at the cathode
of V2 and passed on to the detector, via R6 and C7.

The input circuit to V2B is very interesting. It consists of
a full-wave rectifier with its output supplied to the grid of the
tube. It will be recalled from Chapter 2 that a full-wave recti-
fier uses both halves of the input signal, and that its output
contains a ripple frequency equal to twice the input frequency.
In this manner, V2B is driven by negative pulses at 38 ke.
The pulses are negative-going because of the manner in which
the diodes are connected. The plate of V2B feeds the resonant
circuit of L3, which operates as a switch in the usual manner.
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The two diodes of V1B are supplied with the 38-kc switching
pulses plus (L—R) and (L+R) to produce the left and right
channels separately. The detector is followed by filters.

Fig. 13-8 shows a transistorized version of the time-division,
or switching-type, multiplex detector. The input signal is di-
vided at the input terminal, and X2 handles the composite
signal feeding the diodes. X1 has a 19-kc tank in its collector
circuit, the output of which is used to synchronize the 19-kc
oscillator formed by the collector-to-emitter feedback through
the coils of L2. L3 is the switch that is tuned to 38 kc and

ke W e L R-20+R)-

L
T3
£L
T

VWA

.||'_

>
b3

3 )
R+.2)-.2(L+R) -8R

FROM
M
DETECTOR

PASSES
S0CY 7O 15KC

161

AAA
WV

‘ll —
50 CY T0 53KC
SEPARATION b L +RIAND (L - R)
l S

ONTROL

Fig. 13-8. A transistorized switching type stereo detector.

drives the diodes to produce the left and right channels sepa-
rately. The separation control adjusts the level of the compos-
ite signal to correspond with the level of the 38 k¢ for optimum
separation.

The circuit includes an inverse feedback to improve the
separation, as discussed earlier. L4 and its associated capaci-
tors form a low-pass filter that passes only (L+R). Also, it
will be noted that the signal taken from the collector of X2
is in the opposite phase from the one taken at the emitter.
With the voltage divider formed by the capacitors, the result-
ing signal is —.2(L+R), which is correct for cancelling the

253



error inherent in the separation with time-division circuits.
The main signal is taken from the emitter because of the
better frequency response obtainable with the emitter-follower
circuitry.

The final time-division circuit to be discussed is shown in
Fig. 13-9. It is essentially the same as the others, except for
the bridge-type detector using four diodes. This is commonly
done to eliminate the 38-kc carrier from the output. Part A
of Fig. 13-10 shows the bridge circuit redrawn to clarify the

¥ .02 €93 100

H
H
£

g
2

om2 3

= 1+ e

Fig. 13-9. A bridge-type stereo detector.

input and output connections. Part B shows the left side only
for the time when there is no composite stereo signal applied.
In this drawing, the 38-ke generator is represented as a center-
tapped battery because we are considering only instantaneous
voltages. M6 and M7 are shown as 100K resistors. The chan-
nel-1 output is shown as Ry, and it can be seen that there will
be no voltage across it at this time, since it is connected be-
tween two points of equal potential. This is the balanced con-
dition showing how the 38-kc carrier is kept out of the output.

This balanced condition will be changed when a voltage is
applied to the composite-signal input. At the instant depicted
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in part A, a negative voltage is applied to the cathode of M6
and to the anode of M7. The resistance of M7 is therefore
increased, and the resistance of M6 is reduced. The drawing
in part C shows the new relationships where the resistance
of M6 is reduced to 50K, and the resistance of M7 is increased
to 150K. The resultant change in voltages across the diodes
leaves a net voltage of 2.5 volts across R.. Similar changes

1
N
| ®F» | i@ ~1®
e S \oNAL
GENERATOR
I ®F» | i®|»y
- 1 60
W
T@ RL%’ CHANNEL 2
—0
<+ A J=‘ RL% CHANNEL 1
O

Fig. 13-10. The circuit of Fig. 13-9 redrawn for clarity.

occur on the other side of the bridge, resulting in an output
signal in either channel which consists of the original stereo
information without any of the 38 ke.

Frequency-Division Type Multiplex Detectors

In contrast to the switching- or sampling-type detectors
which we have been discussing, are the frequency-division
detectors which handle the sum and difference signals sepa-
rately. In Fig. 13-11 is shown the circuit of a frequency-divi-
sion multiplex unit in which the input is applied to a wide-band
amplifier having three outputs. Output 1 feeds (L+R) directly
to the output of the diodes. Output 2 extracts (L—R) by means
of the filter and feeds this to the input of the diodes where it
will be combined with the oscillator signal. Output 3 places
the composite signal on the grid of a tube, the output of which
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is tuned to 19 ke. This 19-kc signal is used to control the
19-ke oscillator whose plate tank is tuned to 38 ke.

The (L—R) signal fed to the diodes consists of sidebands
of the suppressed 38-ke carrier. These sidebands extend from
23 ke to 53 ke, and are the sum and difference of the 38-kc
and the audio frequencies, as explained before. When the side-
bands are recombined with 38 ke, the beat will be the original
audio frequencies. It is this beat (the difference between the
sideband frequency and 38 kc) which appears at the upper
cathode and lower plate of the diodes in Fig. 13-11. The origi-

FILTER PASSES

L 50 CY T0 15KC
SEPARATION T LR=
CONTROL l I L+R
@ T (L-R)—~ L-R
= l I o
WE T 3
BAND *
AMPLIFIER = wr J =
——' -L
INPUT ] = L
FROM . )
™M _| - = L+R
DETECTOR FILTER REJECTS L l -L+R
67KC r
(L - Ry~ +R

PASSES
23KC TO 53KC

Fig. 13-11. Frequency-division multiplex.

nal (L—R) is at the cathode, and an inverted version,
—(L—R), is at the plate. —(L.—R) is the same as (—L+R).

When these two diode outputs are combined with (L+R),
the left and right channels will be separated, as shown in the
figure. It is emphasized again that at no point before the diodes
does the left or right signal exist separately; they are always
combined into the monaural signals, (L+R) or (L—R).

A transistorized version of a frequency-division type
adapter is shown in Fig. 13-12. X1 has three outputs—one to
the 19-ke tank, one to the (L+R) line leading to the output
of the diodes, and one which passes (L.—R) to the input of the
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Fig. 13-12. Transistorized frequency-division multiplex.

diodes. An emitter follower is used for the (L—R) because of
the better frequency response.

MULTIPLEX ALIGNMENT

Despite the elaborate instructions furnished by manufactur-
ers, the alignment of multiplex equipment is very simple. In
general, the following must be accomplished, preferably in this
order:

1. The 67-ke trap must be tuned to reject any 67-kc inter-
ference.

2. The (L—R) bandpass filter leading to the diodes must be
tuned so that it has a flat response from 23 ke to 53 ke.

3. The (L+R) low-pass filter must be tuned to pass all
signals from 50 cps to 15 ke, and to reject 19 ke and
above.

4. The oscillator output tank must be tuned to 38 kec and
synchronized with the pilot signal.

5. Adjustment of the separation control must be made.

Tuning the 67-kc Trap

If this trap is included in the circuit, it may be identified
from a study of the manufacturer’s data and pictorial dia-
grams. Once the proper tuning slug is found, it is adjusted in
the following manner:
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Connect an audio oscillator, accurately tuned to 67 ke, to
the input terminal of the wide-band amplifier. Set the oscil-
lator signal for about 1 volt rms. Connect an oscilloscope or
a high-quality AC VTVM to the output of the filter, and
adjust the slug for minimum output.

Tuning the (L—R) Bandpass Filter

Tune an audio oscillator to 38 ke, and connect it to the input
of the wide-band amplifier. Connect an oscilloscope or AC
VTVM to the output of the filter, which is usually the input
to the diodes. To avoid overloading the circuits, set the output
attenuation of the audio oscillator for the minimum signal
that gives a usable output indication.

First, adjust the tuning slug for maximum output at 38 ke.
Then, check the output at 23 ke and at 53 ke—it should be not
less than one-half the amplitude at 38 ke. Finally, check the
output at 15 ke—it should be minimum at this frequency.

Tuning the (L+R) Low-Pass Filter

Tune an audio oscillator to 19 ke, and connect it to the input
of the wide-band amplifier. Connect an oscilloscope or AC
VTVM to the output of the filter (this will be at the junction
of the two resistors across the outputs of the diodes). To
avoid overloading, set the attenuator of the audio oscillator
for the minimum signal that gives a good output indication.

First, adjust the tuning slug for minimum at 19 ke. Then,
check for an output at 15 ke, which should be much greater.
The output at frequencies from 15 ke down to about 50 cycles
should be fairly constant.

The tuning of the filters just explained is required for fre-
quency-division type units only. The more popular switching
units do not separate (L—R) and (L+R), and are therefore
simpler to set up. The following adjustments must be made
on all types of multiplex units.

Synchronizing the 38-k¢ Oscillator to the Pilot Signal

Tune in a station that is broadcasting stereo. Stereo signals
can be identified by viewing the waveform at the output of the
wideband amplifier, using a scope with the sweep set to lock
in a 19-kc sine wave. The audio program material will be
seen as constantly changing variations superimposed on the
19-ke sine wave, as shown in Fig. 13-13. During quiet moments
in the program, only the sine wave will appear on the scope,
as in Fig, 13-14.
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JAVAN

Fig. 13-13. Audio program material super- Fig. 13-14. Pilot sine wave viewed during
imposed on the 19-kc pilot signal. a quiet moment in the program.

When it has been determined that the station is broadcast-
ing stereo, the scope can be used to set the phase of the 19-kc
circuits. Switch the scope to external horizontal input so that
separate signals can be fed into the vertical and horizontal
amplifiers of the scope. Feed the signal from the grid of the
wide-band amplifier, or the 19-kc¢ amplifier if one is used in
the unit, into the vertical amplifier, and feed the signal from
the grid of the 19-kc amplifier or oscillator into the horizontal
amplifier. When signals of identical phase are fed to these
two inputs, the resulting pattern on the scope will be a straight
line sloping upward to the right. This type of pattern is shown
in Fig. 13-15. Differences in the phase of the two signals affect
the line as shown in Figs. 13-16 and 13-17. To make sure that
the 19-kc circuit is in phase with the pilot signal, it is only

Fig. 13-15. Signals in phase. Fig. 13-16. Signals 180° out of phase.
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Fig. 13-17. Signals approximately 90° out Fig. 13-18. Horizontal input frequency is
of phase. twice that of the vertical input.

necessary to adjust the 19-ke tank until a straight line appears
on the scope.

The 38-ke tank can now be adjusted by connecting the hori-
zontal-input scope lead to the 38-kc input to the diodes. When
the signal on the horizontal deflection plates of the scope is
exactly twice the frequency of that on the vertical deflection
plates, a figure “8” will be displayed, as shown in Fig. 13-18.
When the 38-kc tank is slightly out of phase with the 19-ke
pilot signal, the pattern shown in Fig. 13-19 will appear on
the scope. The scope pattern with program material present
is shown in Fig. 13-20.

If the 38-kc adjustment seems to tune broadly, it should be
adjusted for maximum horizontal width of the figure “8.”

Fig. 13-19. The 19-kc and 38-kc signals Fig. 13-20. Figure 8" pattern with
slightly out of phase. program material present.
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Most manufacturers recommend that the oscillator signal
should be at least 8 times the amplitude of the (L—R). This
can be checked by switching the scope back to normal internal
sweep and checking the peak-to-peak voltages of the two sig-
nals separately. (L—R) can be measured at the input to the
diodes if the oscillator is disabled by shorting its grid to its
cathode. The oscillator signal can be measured at the same
point during a quiet moment in the program.

One precaution which must be taken in the above procedure
is to listen to the program material to be sure that the right
channel is appearing in the right speaker, and the left channel
in the left speaker. Proper left and right channels can be
identified by listening to the announcements made between
musical selections, because these are nearly always made on
the left channnel only. If the speakers are reversed, this is
an unavoidable error resulting from the fact that the 38 ke
can by synchronized by the 19 ke in two different phases; the
only difference on the scope display is that the figure “8” is
upside down. The difficulty can be easily corrected if the inputs
to the audio amplifiers can be reversed. Or, if necessary, the
phase can be corrected by adjusting the 19-kc tuning until the
38 ke is locked in the opposite phase.

It may be necessary to work back and forth between these
adjustments several times to achieve perfect results. It is very
important to note that the final adjustments must be made
with the vertical input of the scope connected to the grid of
the wide-band amplifier, and the horizontal input connected
to the 38-ke input to the diodes. With these connections, unde-
sired phase shifts in the wide-band amplifier and 19-ke circuits
will be compensated for, since the final oscillator output is
being compared with the original 19-kec pilot signal. If the
vertical input to the scope is connected after the grid of the
wide-band amplifier, certain undesirable phase shifts may
have already occurred, and the oscillator signal will not be
compared to the true pilot signal.

The adjustment of the separation control, which will be
described next, often causes a change in the phase of the 19-kc
signal because the control changes the load resistance of the
wide-band amplifier. It is sometimes necessary to retouch the
19-ke adjustments after the separation control is adjusted.

Adjusting the Separation Control

Before making this adjustment, it is important to under-
stand the meanings of the terms balance and separation. “Bal-
ance” refers to the volume level of the two audio channels and,
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for good stereo, the gain controls should be adjusted so that
equal volume appears in both channels while feeding the same
signal (a monaural program) into both audio inputs. Likewise,
the tone controls should be adjusted for identical tone quality
in both channels.

The term “separation” refers to an adjustment of the ampli-
tude of (L+R) applied to the demodulators so that it exactly
equals the amount of (L—R) in the case of frequency-division
units, or is equal to about one-third of the oscillator voltage
in the switching type. The control to be adjusted usually con-
sists of nothing more than a variable resistance in series with
the (L+R).

One way to adjust this control on the frequency-division
units is to tune in a stereo station and arrange the speakers
so they are equidistant from each ear of the operator at the
time when he is in a position to operate the control. Turn the
control fully clockwise (maximum resistance in the (L+R)
line), which will render only (L.—R) at the speakers. This is
a good time to check for perfect synchronization of the 38 ke.
A slight error in the adjustment of the 19-ke tank results in
distortion of the (L.—R), which can be heard when the (L+R)
is removed.

The sound will be monaural—with the same signal in both
speakers—and it will appear to come from a point directly
overhead. As the control is turned to increase the (L+R),
the sound will appear to separate into left and right channels,
and as the control is advanced still farther, it will again be-
come monaural and appear overhead. The control is set at the
point that gives the best separation.

Another way to set the separation control, which is more
accurate because it does not depend on the amount of separa-
tion in the program material, is to listen for an announcement
which is made entirely on the left channel. At this time, turn
the volume to minimum on the left-channel audio system (or
disconnect the wire from the input or from the speaker) and
listen on the right channel only. If the separation is perfect,
no sound will be heard from the right channel when the an-
nouncement is entirely on the left channel. Adjust the separa-
tion control to “null out” the sound as much as possible. Multi-
plex detectors do not have 100% separation, so some small
part of the left channel will still be heard in the right channel,
even with the best possible adjustment of the separation con-
trol.

Another way to adjust the separation control, preferred by
some experts, employs the scope. The patterns shown in Fig.
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13-21 were obtained with the vertical input connected to the
left-channel output of the demodulators and the horizontal
input connected to the right-channel output. The vertical and
horizontal-gain controls were preset to give equal gain in both
amplifiers of the scope.

(A) (L—R) only. (B) {(L+4R) only.

(C) Separation control advanced to mix (D) Maximum separation.
(L+R) with (L—R).

Fig. 13-21. Scope patterns showing theadjustments of the separation control.

The trace at Fig. 13-21A was obtained with the separation
control fully clockwise—that is, with no (L+R) present. In
this condition the signals appearing at the output terminals
are (L—R) and —(L—R). Since these are 180° out of phase,
the resultant on the scope is a straight line sloping upward to
the left.
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Fig. 13-21B shows the resultant when only (L+R) is pres-
ent. In this condition, the output terminals will both have the
same signal because (L+R) does not pass through the diodes
but is applied directly to both output terminals. When the two
inputs to the scope are equal and in phase, the resultant is a
straight line which slopes upward to the right. It is important
to realize that when either (L—R) or (L+R) is missing, the
output is no longer stereo, but will consist of either the sum
or difference signal rather than pure R or L.

Fig. 13-21C shows better separation as the control is ad-
vanced, allowing equal amounts of (L—R) and (L+R) to
appear at the diode outputs. The control is adjusted to give
the least amount of “straight-line” deflection and the greatest
“fuzz-ball” effect. This method of adjustment, like the first
one described, depends on the amount of separation in the
program material at the time the tests are being made. The
pattern changes constantly with the program material. Fig. 13-
21D shows an instant when there was great separation in the
program with almost equal volume level in both channels.

Obtaining this trace on the scope is an important part of
the troubleshooting procedures to be described. The display
is used to indicate the presence or absence of either channel
at the output terminals. The scope can often be used as an
output indicator when repairing a multiplex unit that does
not have the twin audio channels available. As mentioned
earlier, adjustment of the separation control causes a phase
shift in the 19-ke pilot signal in some circuits, so it may be
necessary to retouch the 19-ke adjustments.

Except for adjustment of the traps and filters, which seldom
require attention, alignment of multiplex units can usually be
done successfully “by ear,” with a stereo station tuned in.
Four simple steps are listed here:

1. Tune in a stereo broadcast, and turn the separation con-
trol fully clockwise to remove all (L+R).

2. Adjust the 19-kc tuning controls (usually the oscillator-
grid tank) until the sound is undistorted. If no such point
can be found, move the 38-kc adjustment in either direc-
tion about one-half turn, and try again.

3. When undistorted demodulation of (L—R) is accom-
plished in Step 2, turn the separation control to the mid-
dle of its range. If a low-frequency, growling oscillation
is heard, it will be necessary to readjust the 19-ke circuit
again, because the change in the separation control has
affected it.
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4. While an announcement is being made on one channel
only, turn the volume to zero on the channel being used
(usually the left one), and adjust the separation control
for a null in the other channel. Retouch the 19-ke tuning
if necessary.

TROUBLESHOOTING MULTIPLEX UNITS

Despite the complicated theory of multiplexing, the cir-
cuitry is relatively simple, and troubleshooting is straight-
forward. SERVICING CHART XV at the end of this chapter
covers four symptoms:

1. Monaural sound only.

2. Warbling or gargling.

3. Squeals and birdies.

4. Hissing background noise.

Monaural Sound Only

13-1 This condition is the result of lack of separation, and
the tests described are equally as effective when there is no
separation as when there is partial separation. Remember that
this symptom does not mean that only one speaker is operating
—it means that the same sound appears in both speakers.
Failure of one audio channel is handled by the methods de-
scribed in Chapter 3.

13-2 The chart is divided according to the type of circuitry
used. In the switching-type circuits, this symptom must be
the result of a missing, or very weak, 38-ke oscillator signal.
Since (L—R) and (L+R) are not separated in these units,
neither one can be absent while the other is still present. The
technician is therefore directed to the tests in the oscillator
as shown on the chart.

In some units, no oscillator is used at all—the 19-kec pilot

signal is amplified and doubled, and applied to the switching
diodes. When the 38-ke signal is missing, distortion is usually
not apparent because the (L+R) signal is still unimpaired,
and the (L—R) remains in the inaudible range from 23 ke to
53 ke.
13-3 The situation in the frequency-division units is quite
different, however, and a more extensive series of tests is used.
Loss of the 38-kc subcarrier, with (L—R) present, results in
severe distortion which can be heard if (L+R) is removed by
grounding the center tap of the separation control. This is the
purpose of TEST POINT 1.
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Three possible results can occur by removing (L+R), and
the following tests are chosen accordingly.

Further Tests When Removing (L+R) Results in Undistorted
Monavural Sound

13-4 This indicates that (L—R) is being demodulated prop-
erly, so the lack of separation must be due to a loss of (L+R).
The coupling capacitor leading to the separation control should
be checked by substitution, and the resistance of the control
itself should be verified. After this, the two load resistors in
the output of the diodes should be measured. If these steps do
not locate the failure, the (L+R) line should be opened at the
junction of the two resistors mentioned above and the scope
used to trace toward the separation control until the signal
is found.

Further Tests When Removing (L+R) Results in No Sound

13-5 In this case, it is obvious that (L—R) is missing, so the
tests mentioned on the chart are chosen to locate a failure
which could remove (L—R) without affecting (L+R).

TEST POINT 2, CHART XV
REMOVING (L+R) RESULTS IN DISTORTED SOUND

13-6 This distortion can result from an insufficient 38-kc
subcarrier injection to the diodes, or a defect in the diodes
themselves. After checking the diodes (if they are of the vac-
uum-type), the voltage at the grid of the 38-kec oscillator is
measured. A few tests are listed on the chart under TEST
POINT 2; these are to be made when the oscillator appears
to be inoperative. But the technician must keep in mind that
the 38-ke circuit may not be a self-sustaining oscillator. It may
depend on amplification of the 19-kc pilot, in which case tests
of the 19-ke circuits are in order.

TEST POINT 3, CHART XV
NORMAL OSCILLATOR GRID VOLTAGE

13-7 A resistance check from the diode-input point to ground
will determine the condition of the oscillator output secondary
and any series resistors. If these are not defective, a check on
the alignment of the 19-kc and 38-ke tuning should be made.

When the preceding preliminary checks do not locate the
defect, it can be assumed that the lack of separation is caused
by incorrect amplitude of either (L—R) or the 38 ke where
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the two are combined at the input to the diodes. TEST POINT
3, therefore, calls for a comparison of the peak-to-peak volt-
ages of these two signals. The (L—R) is most easily checked
by shorting the oscillator cathode to the grid to remove the
oscillator signal so that (L—R) can be viewed alone. The oscil-
lator voltage should be at least three times greater than the
amplitude of (L—R). If it is not, the most likely cause is mal-
adjustment of the 38-ke output tank, or a failure of the tube
itself. If the oscillator tank requires considerable retuning to
increase the signal level, it is probable that some other defect
has occurred in the oscillator, -so it would be advisable to
check voltages.

A weak (L—R) signal leads the technician to tests in the
bandpass amplifier and bandpass filter circuits, and finally to
alignment of the FM tuner.

WARBLING OR GARGLING

13-8 This effect is caused by upper audio frequencies be-
tween the two channels beating together, and is the result of
loss of synchronization of the carrier regenerating oscillator.
When the oscillator is only slightly off frequency, the effect is
more like “warbling.”” When the error in oscillator frequency
is greater, the sound is garbled or mushy, and may contain an
audio howl. When this condition is suspected in the frequency-
division circuits, it is possible to listen to (L—R) only by turn-
ing the separation control down in the manner described for
TEST POINT 1.

A scope connected to the input and output of the 19-ke¢ am-
plifier is the best method of analysis. Once the point where the
pilot or 38-kc signal disappears has been located, the VIVM
can be used to examine the circuit components.

The possibility of misalignment always exists, of course,
but the technican hesitates to perform alignment adjustments
until he is certain that the trouble is not caused by some com-
ponent whose defect will be temporarily compensated for.

SQUEALS AND BIRDIES

13-9 These are always caused by unwanted signals being de-
modulated in the multiplex circuits and beating with the de-
sired audio frequencies. The trouble can often be traced to the
presence of the 67-kec private-broadcast carrier which has not
been filtered sufficiently. In some locations, the FM stations
broadcasting stereo are also supplying this additional program
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material to private subscribers, and the 67-ke carrier is neces-
sarily a part of the composite signal received by the stereo
multiplex unit.

Squeals may also be the result of misalignment of the band-
pass filter, which permits 19 ke, or even lower frequencies,
to enter the (L—R) channel. Squeals are a familiar complaint
when attempting to record stereo broadcasts on a tape re-
corder. They result from the appearance of either 19 k¢ or
38 ke in the output of the multiplex detector which beats with
the bias oscillator contained in the recorder. If this problem
is not the result of unbalance in the diodes or misalignment
of the filters in the unit, it can be cured by installing a 15-ke
low-pass filter at each output of the multiplex detector. Shield-
ing and physical separation of the multiplex unit and the re-
corder may also prove helpful.

HISSING BACKGROUND NOISE

13-10 This is a common complaint with new stereo installa-
tions where only monophonic FM has been received previously.
The difficulty arises from the fact that a much stronger signal
is required to produce noise-free stereo than for monophonic
FM, and the user may find that his antenna system is inade-
quate or that the nearest station broadcasting stereo is simply
not close enough. Sometimes nothing can be done, and at other
times, improvement of the antenna solves the problem com-
pletely.

In cases where the user has already enjoyed good stereo
from his equipment and suddenly finds a high noise level, the
problem will nearly always be caused by tubes. The RF ampli-
fier in the FM tuner is the most likely suspect, after which
the IF tubes should be checked. The wide-band amplifier in
the multiplexer is another possibility.

If the problem persists after tubes have been replaced, a
check on the condition of the antenna should be made before
extensive work begins on the chassis. If possible, a different
tuner should be connected in place of the original to compare
the noise level. This will allow you to gain evidence of the con-
dition of the antenna without making a trip to the roof or the
top of a tower.

REVIEW QUESTIONS

1. Write a short paragraph to define each of the following:
a. Monaural, or monophonic sound.
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10.

11.

=

Stereo sound.

(L+R). Explain whether it is monophonic or stereo

sound.

(L—R).

Switching (time-division) type synchronous detector.

Frequency-division type multiplex detector.

. Balanced modulator.

. Subcarrier.

. Pilot signal.

Separation, as differentiated from balance.

Draw block diagrams to illustrate the difference between

the two multiplex systems discussed in this chapter.

A stereo multiplex station is broadcasting a 5000-cycle

audio note in the (L—R) channel:

a. Will this sound appear in the left or right speaker, ,or
both?

b. What are the frequencies of the sidebands present at
the output of the bandpass filter in the receiver?

Sketch the scope waveform which will be seen with the

vertical input of the scope connected to Test Point

and the horizontal input connected to @ in Fig. 13-6,
while receiving a stereo program.

e

N N =Y

. If the tuner which feeds the circuit of Fig. 13-6 were

changed to a monaural FM station, would the waveform
in Question #4 change? If so, redraw the waveform.

. Make up a servicing chart to cover the symptom of ‘“No

Separation” in the circuit of Fig. 13-11. Try to cover every
possibility, and be specific about tests.

. Look up the schematics for two multiplex units, one of

each kind, and draw the circuits. Label all tuned circuits
with the proper frequencies.

Why should the multiplex circuit be connected ahead of
the de-emphasis network in the FM detector?

Describe one good way to determine if a station is trans-
mitting stereo.

Explain how you would use a scope to determine the con-
dition of the (L—R) signals.

In the case of the same channel reproduced in both speak-
ers from a frequency-division type adapter, the following
tests have been made:

a. All tubes found to be OK.

b. All B+ voltages normal.

¢. Oscillator running in syne.

d. (L—R) present at demodulators in sufficient amount.
What would you check next?
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12.

13.

272

What steps would you take to remove the squeals that
occur when you attempt to make a tape recording from a
stereo adapter?

Suppose you are faced with the following difficulty in
stereo reception: The program sounds very good from one
station, but the program is distorted and full of squeals
when another stereo station is tuned in. What would you
suspect is wrong, and what would you do to correct the
trouble?



Appendix

INDUCTIVE AND CAPACITIVE REACTANCE

A coil of wire, like the ones used in radio circuits, has an
electrical property known as inductance. Basically, this is the
ability of the coil to produce a magnetic field when current
passes through it. The field so generated produces a voltage
which opposes the flow of the current which produces it.
Inductance depends on the diameter, the length, and number
of turns in the coil.

The amount of opposition to AC current which a coil offers
is called inductive reactance. This opposition has an effect
similar to resistance in a DC circuit; it is measured in ohms
and it causes an AC voltage drop across the coil. But in some
other ways, inductive reactance is different from resistance.

One of the important differences is that the amount of
reactance increases as the frequency of the AC current in-
creases. The exact relationship is expressed in the formula:

Xy = 2+fL (see example 3 in appendix)
where
X, is the inductive reactance in ohms,
f is the frequency of the current in cycles per second,
L is the inductance in henrys.

It can be seen that as F is made larger in the formula, X;, also
becomes larger. Therefore, less current will flow in the circuit
at higher frequencies, and more current at lower frequencies.

A capacitor also exhibits a similar effect known as capaci-
tive reactance. This also acts like resistance in an AC circuit,
but again there are some important differences.

Capacitive reactance depends on the size of the plates in the
capacitor, the spacing, and the insulating material between
them. The expression for reactance produced by a capacitor is:

1 . .
X.= 550 (see example 6 in appendix)

where

X, is the capacitive reactance in ohms,
f is the frequency in cycles per second,
C is the capacitance in farads.
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This formula shows that X. decreases as the frequency in-
creases. This is the opposite effect from X, and it means that
the AC current flowing in a circuit will be greater at higher
frequencies, and less at lower frequencies.

The fact that the effects of X, and X, are exactly opposite
with changes in frequency means that when a capacitor and
an inductance are both present in a circuit their reactances
tend to cancel each other. For any circuit containing both X,
and X, there will be one frequency where they are equal and
will completely cancel, leaving no reactance. This frequency
is called the resonant frequency of the circuit and represents
the one condition when maximum current will flow.

Because their reactance is dependent upon frequency, coils
and capacitors are used to filter out certain frequencies and
pass others. A capacitor passes high frequencies easily, but
resists the flow of current at low frequencies. A coil blocks
the highs and passes the lows.

POWERS OF TEN

Technicians use a convenient way of writing very large and
very small numbers used in electronics calculations. To mul-
tiply a number by 10 it is only necessary to affix a zero as:

2x10=20
And to multiply by 100, add two zeros; by 1000 add three
zeros, ete:
2 X 100 = 200
2 x 1000 = 2000
2 x 1,000,000 = 2,000,000

This idea can easily be extended to numbers containing a
decimal point when one recalls that the number “2” used above
is also “2.0”:

2.5 10 = 25,
2.5 X 1000 = 2500,
25X 10 =25

025 x 1000 = 25,

In each case above, the product is obtained by moving the
decimal point to the right as many places as there are zeros
in the power of ten used, adding zeros as place holders when
necessary.
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Technicians indicate the power of ten used for multiplica-
tion as an exponent written above and to the right of the
number. Thus, 100 can be written as 102

1000 can be written as 103, and
1,000,000 can be written as 108, etc.

By using the powers of ten it is no longer necesary to write
all the zeros ordinarily needed to express a large number:

20=2x 10
200 =2 x 102
2000 = 2 x 102

2,000,000 = 2 x 10¢

It is sometimes more convenient to write numbers containing
decimals by stating them as a number between 1 and 10, times
the appropriate power of ten:
2500 = 2.5 x 103
250,000 = 2.5 x 10°
2,500,000 = 2.5 x 10¢

Dividing by powers of ten uses the same rule for moving
the point except that it is moved to the left:

20 + 100 = .3_(}
200 +- 100 = 2.99
250 = 10,000 = 9359

3.59 + 100,000 = 0000359
w“

To express a number which is divided by a power of ten, the
technician uses the exponent with a minus sign:
2 can be written as 200 X 10-2
2.5 can be written as 25 x 10—?
.0000359 can be written as 3.59 x 10—3

The negative exponent indicates the number of places the
decimal should be moved to the left if the number is to be
written without the power of ten.

The answers to the following exercises are given at the end
of the appendix.
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Group 1
Write each of the following as a number between 1 and 10
times the appropriate power of ten. Example:

250 = 2.5 X 102
.0093 =9.3 x 103
1. 2000 5. .16 9. 214 million
2. 179 6. .0257 10. 17 ten thousandths
3. 208 7. .001
4. 189.763 8. 675,000
Write each of the following as a number without using the
power of ten. Example: 2.7 X 102 =270
11. 16.7 x 10-3 15. 2.6 X 10°¢ 19. 100 x 103
12. 129 x 10! 16. .007 x10—2 20. 10 x 101
13. .067 x 102 17. 124.6 x 10®

14. 100,000 x 10—* 18. .1009 x 10

Multiplication

When two numbers are multiplied, the powers of ten are
added:

100 x 1000 = 102 x 103 = 102+3 = 105 = 100,000
650 x 800 = (65 X 10') X (8 x 10%) =520 x 10'+2
= 520 x 10% = 520 000,
When necessary, negative powers can be used:
= —3 —2) — -8 =
039 x .08 = (39 X 10-9) x(8 x 10—2) =312 x 10 @

When positive and negative powers of ten are mixed, the
powers are combined algebraically, considering the signs:

490 x .006 = (4.9 X 10%) X (6 x 1073) =294 x 101 =294
7 X 8000 = (7 x 10—1) X (8 x 10%) =56 x 102 = 5600

Division
When dividing, the powers of ten are subtracted:

1000 + 10 = 1700 = 9= 10X D= 10% = 100
13’% = 10-% = .01
120 = 30 = .}9)%0 = 1; X iggi% 4% 10-% = .004
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The answers to the following exercises are given at the end
of the appendix.

Group 2
Write the product of the following as a number between 10
and 100 times the appropriate power of ten. Example:

1.69 x 102 x 3 X 10—*=5.07 X 10-2=50.7 X 103

1. 17.3 X102 x 70 x 102 6. 2x10-3x5x102

2. .069 x 1.7 x 108 7. 49,000 x .0008

3. 849 x10-%x 116 x 102 8. 94x10-¢x .08 x10-¢

4. 2x10%x1.7x10—* 9. 22.2x222x10-2

5. 12x 103 x 8.73 x 103 10. 1.2 x10-'x .008 x 102
x .0006

Write the quotients of the following as a number between
10 and 100 times the appropriate power of ten. Example:

1.8 x 10 _ 18 x 102

9x10-2" 9 x 102

=2 X 104, or 20 x 10°

11. % 15. 15202—11%: 19. 5—5%1})0;2
o P mIE g lem
13. % 17. —1482?;01(?—3
14. 3.162;:101%2 18. 32970;< 1100—_66

Powers of ten gives a great advantage when dealing with
the kind of numbers used in electronics because the units used
for various quantities are usually extremely large or very
small.

Current is often measured in milliamperes (ma). A milli-
ampere is ﬁ of an ampere.

Capacitance is often measured in microfarads (mfd). A

. . 1
microfarad is 1,000,000 of a farad.

Frequency is sometimes stated in kilocycles (kc), which is
1000 cycles.

The table on the next page gives common units and their
abbreviations.
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Units Used Abbreviation
voltage volts vV
millivolts mv
microvolts uv
current amperes A
milliamperes | ma
microamperes | ua
frequency cycles per cy or cps
second
kilocycles ke
megacycles mce
resistance ohms Q
kilohms K
megohms meg
capacitance | farads none
microfarads mfd
micromicro- mmf or pico
farads or
picofarads
inductance | henry hy
millihenry mh
microhenry wh

In making calculations it is convenient to shift from one
kind of unit to another, as:

.032 amp might be written 32 ma, or 32 X 10—3 amps.
1250 ohms is often expressed as 1.25K.

120,000 cycles could be written 120 ke or .12 mc or 1.2
X 10% cy.

The technician must be able to change from one kind of
unit to another quickly and accurately. To this end the conver-
sion table on the next page should be memorized.

Nearly all electronic formulas require that the values be
used in the original units. That is, resistance must be used
in ohms; current in amperes; capacity in farads, etc. When
the values are given in other units, they must be converted
and this is easily done with the powers of ten. The examples
of typical circuit problems, starting on the next page, illustrate
the convenience of the system.

278



CONVERSION TABLE

Move
To Obtain From Decimal Example
Point
ma amp 3 places | 4A = 4000 ma
— | .025A =25 ma
amp ma 3 places | 2500 ma = 2.5A
——— | 150 ma = .15A
mv volts 3 places | .4V = 400 mv
— | .0063V = 6.3 mv
Vv mv 3 places | 3200 mv = 3.2V

e | 12 mv = .012V

ohms (@) | kilohms (K) | 8 places | 3.9K = 3900 ohms
——— | .05K = 50 ohms

megohms | kilohms (K) | 3 places | 18.6K = .0186 meg
«—— | 480K = .48 meg

kilohms ohms 3 places | 3200 ohms = 3.2K
«— | 125 ohms = .125K

kilohms megohms 3 places | 2.2 meg = 2200K
— | .5 meg = 500K

mmf mfd 6 places | .005 mfd = 5000 mm{f
—> | .00025 mfd = 250 mmf
mid mmf 6-places | 100 mmf = .0001 mfd
«—— | 2200 mmf = .0022 mfd
Example 1
To find the voltage drop across R1:

E=LR
fp-z3m a{ E =25ma x .1 meg
T B = (2.5 x 10-8) X (1 X 10%)
o E = 2.5 x 102, or 250V

Note that .1 meg was changed to 1 X 10° instead of .1 x 108,
This is often done to eliminate decimal points.
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Example 2
What is the input current through R, ?

Ii — Ein
»=Ri Tl 3
Iin = M: 20 X 10_ Ei"i. :;Im
b meg 5x 10 @' 20 MV ng <
o _?I_ :-) Q

=4 x10-8
Iin=.04 X 10-5, or .04 pa

Final answers are usually stated in the most convenient
units rather than with the powers of ten.

Example 3
What is the value of X;, when f = 455 kc and L. = 2.3 mh?

X,=2afL  EnmBNEINY o
oo 828 .8
X = 6.28 X 455 x 103 g
X 23 x 10—* \
= 65,720 X 10—1 = 65720 X, - 65720

Another convenient way to use the powers of ten is to
change all numbers to equivalents between 1 and 10:

X, =6.28 x 4.55 x 10° x 2.3 x 103
[Estimating: 6 X 5 X 2 = 60 X 102 helps to locate decimal]
65.72 x 102 = 65720

One important precaution should be emphasized. Numbers
having different powers of ten can be multiplied or divided

directly as we have seen, but they cannot be added or sub-
tracted.

We can multiply:
6K x 30 = 18K
But we cannot add:
6K + 30 = 9K, or 6K + 30 + 63Q

In order to add numbers with powers of ten, the powers
must be the same:

6K + 30 = 6000 + 3 = 60030, or
6K + 30 = b X 103 + .003 x 102 = 6.003 x 10°

Example 4 on the next page illustrates the idea.
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Example 4

The total resistance resulting from the parallel combination
of R1 and R2 below is given by the formula:

r. — B1 x R2
TTR1+R2

R = (9.2K) (600)
T 92K + 600

Changing 6000Q to .6K facilitates adding in the denominator:
_ (9.2K)(600) 9.2 x10%x 6 x 102

Ry = 9.2K + .6K — 9.8 X 103
6 X 9.2 can be done mentally :
Ry =222 X100 _ oo 102 = 5630

9.8 X 103

Example 5

When two resistors are in series across a known voltage,
the drop across one of them is found by the formula:

f _ _ErR1
e “ T RI+R2
+ Er = 300V or
€ _ EqR2
.1 meg ey = ——————
| 2~ RI+ R2
To find the voltage across R1:
_ 300 x 4.7K
'7 1meg+4.7K Note denominators with same

_ 8x10%2x 4.7 x10% power of ten to permit adding
T 100 x 103 + 4.7 x 108

14.1 X 105 E Estimating mentally: % = E

T 1047 X 10° :.14 helps to locate decimal &

+ point E

=.134 X 102 00000000000000000000000000000000
= 13.4 volts

To find the voltage across R2:

o~ ExR2 _3x102x1x10°_ 3107
*“RI+R2 1047 x10°  104.7 x 10°

= .02866 x 10* = 286.6 volts

281



Example 6

The capacitive reactance (X,) of the coupling capacitor be-
low varies with frequency. Find X, at 100 cps and at 20 kc.

!
X.=35%C

2r = 6.28 and & = 159 x 10—*
%

S0 a convenient way to write
the formula is:

O AP .02 mtd
Yo

159 x 10-3 1
Xe="%¢
At 100 cps:
X 159 x 10— 159 x 103

T100x.02x10-¢ 2x10-°
=179.5 x 103 or 79.5K

At 20 ke:
_ 159 x 10— 159 x 10-3 _ .
X. = 20 X 103 X .02 x 10-%~ 4x10—* 39.75 x 10
= 397.5 ohms

GRAPHIC ANALYSIS OF AMPLIFICATION
BASED ON THE LOAD LINE

Plate voltage is determined by the amount of drop across
the plate load resistor. As the plate current increases, more
of the battery voltage is dropped across the resistor, and the
plate-to-cathode voltage becomes less. The control grid of a
vacuum tube behaves like a valve, controlling the plate current.
The amount of plate current is controlled by the grid-to-
cathode voltage. Grid voltage therefore controls plate voltage
by controlling the amount of current through the load resistor.

For example, the 200 volts
from the ‘“B” battery in the
figure below must be divided
between the drop across the
plate resistor and the drop
across the tube. If there were
5 ma of plate current, the
drop acress the resistor would
be:

20K X 5 ma = 100 volts

This would leave 100 volts across the tube.

—
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If the plate current were 2 ma, the drop across the resistor
would be:

20K X 2 ma = 40 volts

This leaves: 200 — 40 = 160 volts across the tube.

With a plate current of 9 ma, the drop across the resistor is
180 volts, leaving only 20 volts across the tube.

Thus, it can be seen that the voltage across the tube is always
the remainder after the resistor voltage is subtracted from the
battery voltage. Also, as the plate current increases, the voltage
across the tube decreases, and vice versa.

If the voltages and currents found above are graphed, the
results of the 20K load resistor can be seen to be a straight
line. The horizontal axis on the graph shows plate voltages,
and the vertical axis gives the corresponding plate current.
The slanted line is called the 20K load line.
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The load line crosses the horizontal axis at 200 volts because
this is the maximum possible plate voltage in our example
and will oeccur when the current is zero. The load line crosses
the vertical axis at 10 ma because this is the maximum possible
plate current that can flow, and at this time the plate voltage
is zero because all the battery voltage is dropped across the
resistor.

20K x 10 ma = 200 volts

To graph a load line for any size resistor it is only necessary
to determine these two points. The maximum voltage is at one
end of the line (on the horizontal axis) and the maximum cur-
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rent is at the other end (on the vertical axis). The maximum
current is the maximum voltage divided by the resistance.

200 volts
—ET{— =10 ma
The curved lines in graph number 2 show the effect grid
voltage has on the current through the tube. It can be seen
that if the grid voltage were —3 for the triode in our example,
the resulting plate current of 5 ma flowing in the 20K load
resistor would produce 100 volts of plate voltage.

s
N
RAPH - 2 VAR/ARS
510 ,/ o
£ 9 A
= 8 / r
2 7 // ,/
a2 6 o //
s / A
7 7
4 y
3 L/ A TN
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Similarly, if the grid voltage were 0, the resulting plate
current would be about 5.75 ma, and this would give a plate
voltage of about 85 volts.

If the grid voltage were —6, the plate current would be
about 4.25 ma, and this would give a plate voltage of about
118 volts. These three points are indicated on graph number 2.

Graph number 3 shows what happens to the plate voltage
when the grid voltage is made to vary according to an input
signal. Suppose the no-signal grid voltage is —3 and that the
input signal causes the grid voltage to vary up to 0 volts and
down to —6 volts, as indicated on the graph. The peak-to-peak
value of the input signal is then 6 volts.

The meaning of the expression ‘“voltage amplification” be-
comes clear when we notice that the plate voltage changes cor-
respond to the changing currents through the load resistor.
The waveform drawn below the horizontal axis shows that the
plate signal is 33 volts peak-to-peak.

Comparing the input and output voltages, we see that the
output is 5.5 times greater than the input, and this represents
a voltage gain of 5.5.

The importance of the load resistor in producing voltage
gain should not be overlooked. A larger load resistor causes
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the load line to cross the vertical axis at a lower value, and
this increases the peak-to-peak swing of the plate voltage.

Ak el

12.
13.
14.
15.

Answers to Group 1

2 x 103 6. 2.57x102

1.79 x 10! 7. 1x10-3

2.08 x 102 8. 6.75x10°

1.89763 x 102 9. 2.25x10¢

1.6 x 101 10. 1.7x10-3

0167 16. .00007

12.9 17. 124,600

6.7 18. 10.09

1 19. 1

2,600,000 20. 100
Answers to Group 2

12,11 x 107 6. 10x 10—

12.43 x 101 7. 39.2

98.484 x 107 8. 75.2x10—4

34 x 102 9. 49.284 x 102

62.856 x 102 10. 96 x 103

13 X 10-° 16. 70 x 1010

11.6 17. 59.2x10-¢

21 x 107 18. 14.44

35.3 19. 10 x 108

13.3 x 108 20. 68.18 x 10—
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Index

A
AFC, 219, 229, 239
Alignment
AM receiver, 83, 87
discriminator, 230
FM receiver, 229
gated-beam detector, 232
IF, 233
multiplex, 257
ratio detector, 231
AM-FM combination receivers, 235
AM receiver
audio stages, 25
block diagram, 14
power supply, 14
full-wave, 17, 20, 21
half-wave, 15, 18
Audio stages
AM receiver, 25
output, 121
Automatic
frequency control, 219
gain control, 114
tuning, 184, 189, 202
volume control, 38, 60, 81, 114,
181, 216
Auto radios, 177
Auxiliary AVC, 116
AVC, 38, 60, 81, 114, 181, 216
auxiliary, 116

B

Beta, 110
Biasing, transistor, 112
Birdies, 267
Block diagram

AM receiver, 14

FM receiver, 214
Bridge, full-wave, power supply, 21
Buffer capacitor, 178

C

Capacitive reactance, 272
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Capacitor

leakage, 74

link, 34
Cathode degeneration, 25
Cold-cathode rectifiers, 179
Compatibility, definition of, 245
Continuous seeking, 202
Converter, AM receiver, 32
Crystal diode, 221

D

Dead receiver, 22, 98
Decoupling, 71, 119
De-emphasis network, 239
Demodulators, sampling, 248
Detector

diode, 36

discriminator, 223

FM, 222

gated-beam, 227, 230

multiplex

frequency-division, 256
time-division, 253

ratio, 225
Deviation, 212
Diode detector, 36
Direct-coupled stages, 200
Discriminator, 223

alignment, 230
Distortion, 68, 102, 123, 164

E
Encapsulated units, 46, 102

F
Feedback, inverse, 73
First audio stage, 29
FM
detectors, 222
receivers, 211
alignment, 229
stereo, 244
tuner, 216
Forward bias, 106



Frequency
control, automatie, 219
-division multiplex detector, 255
Full-wave
power supply, 17
voltage doubler, 20
Fusible resistor, 194

G
Gain control, automatic, 114
Gargling, 267
Gated-beam detector, 227
alignment, 232

Half-wave transformerless recti-
fier, 15

Heat sink, 194

Hi-fi
tone-control circuit, 32
transistorized, 125

Hissing background noise, 268

Hum, 68, 102

Hybrid receivers, 188

I
IF
alignment, FM, 233
amplifiers, AM, 35
transformers, 62
leakage, 77
universal replacement, 35
Inductive reactance, 272
Inverse feedback, 73

L

Leakage

capacitor, 74

IF transformer, 77
Limiting, 216
Load line, 111, 282
Locked-oscillator, quadrature-grid

detector, 227

Low gain, 171

M

Matrixing, 247
Microphonies, 102

Mixer stage
AM receiver, 32
transistor, 126
Monaural, 244
Monophonie, 244
Motorboating, 69, 169
Multiplex
alignment, 257
definition of, 244
detector
frequency-division, 255
time-division, 253
Mushy audio, 73
Muting, 192, 204

N
Noise, background, 268
Noisy signals, 81
No signal, 43, 55, 131

o
Oscillation, 169
Oscillator
AM receiver, .32
grid voltage, 56
transistor, 126

P
Padder adjustment, 87
Plate voltage, 49
Portable receivers, 91
Powers of ten, 273
Power supply
AM receiver, 14
full-wave, 17
bridge, 21
voltage doubler, 20
half-wave
transformerless, 15
voltage doubler, 18
3-way portable, 91
transistor radio, 119
vibrator, 177
Push-pull output stages, 27

R
Ratio detector, 225
alignment, 231
Reactance, 272
tube, 219
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Rectifier
cathode voltage, 47
cold-cathode, 179
full-wave, 17
bridge, 21
voltage doubler, 20
half-wave
transformerless, 15
voltage doubler, 18
Regeneration, 56
Resistance coupling, 29
Reverse bias, 106
Ripple frequency, 22, 177
Rms voltage, 22

S

Sampling demodulator, 248
Screen voltage, 47
Separation control, 261
Sidebands, 36, 211
Signal-seeking circuits, 184
60-cycle hum, 68

Squeals, 69, 267

Stereo, FM, 244

Surge resistor, 16
Synchronous switching, 248

T

Temperature compensation, 218
Thermal runaway, 194
Thermistor, 168
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Time-division
demodulation, 248
multiplex detector, 253

Tone controls, 31

Tracking, 34, 84

Transistors, 105

Trimmer adjustments, 87

Tube burnout, 101

Tunable hum, 69, 102

Tuner, FM, 216

Tuning, automatic, 184, 189, 202

Universal replacement IF trans-
formers, 35

v
Varicap, 222
Varistor, 168
Vibrator power supplies, 177
Voltage
amplifier, 29
doubler
full-wave, 20
half-wave, 18
Volume control, automatic, 38, 60,
81, 114, 181, 216

w
Warbling, 267
Wave-envelope demodulation, 248
Weak signals, 81



