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metered power supply for powering the radio under test. The current

ranges are 0-1bma and 0-15bma. Both are protected against meter-damage in the
of a short circuit. This unique power supply provides any voltage from zero
".t
12 volts in Llz volt steps. Even radlos employing tapped power supplies may be
to "ttt
fully operated from this built in source.
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section of a radio. The signal level is adjustable by a front panel control.

5. A two range DC vacuum tube voltmeter. The voltage ranges are 0-1.5 and
0-l-5 volts. llhe meter is fully protected against accidental overloading. Being a
VTVM the internal impedance is high and therefore does not circuit load or
cause erroneous readings.

6. An ohmmeter in ihe vTVM section. Its resistance range is such that it has
lK ohm center scale and a 1 megohm full scale reading. The voltage across the
ohmmeter leads is 1.5 volts thus permitting the safe testing of low voltage

a

electrolytics.
'Jl

7. An accurate "out of circuit" test for transistors. Leakage and Beta are
individually tested. Leakage is read directly on a GOoD-BAD scale. The Beta
is read directly on a 0-150 BETA scale or on a GOOD-BAD scale. A socket and
clip leads a.e bt the front panel for transistor testing. There is also a PNP-NPN

31

switch for transistor polarity.

DJ

od

fnsert

High Voltage Radios

34

Maintenance of the Model 960 Transistor Radio Analyst . . . . .

34

Testing Batteries

34

Fl

]i
i

3

Y-

MODEL 960 TRANSISTOR RADIO ANALYST

TABLE OF CONTENTS

t

What The lllod'e|960 Transistor Radio Analyst VilI Do
some idea of the inherent versatility of the Model 960 can be gained by an
I
examination of its features.

Page

What the Model 960 Transistor Radio Analyst Will Do..
Controls & Jacks: What They Do and How They Work. . . . .

4

Selector Switch

4

Power Supply Jacks

4

In Ckt-Dyna Trace

6

Out Ckt Test-Transistor Testing

7

VTVM

I
I

.

Ohmmeter

Audio Signal Injection
RF-IF Signal Injection . ..

10

IF Alignment ....
RF Alignment ....

15

.

ii

3

The Modei 960 provides:

l-. A signal generator that tunes from 250kc to 2.2mc in two bands. The output
level from ihe g:enerator is variable and may be used for Signal Injection or R.F,
g iJ. uiig"11"i.t. trtu generator can be operated with an internal 2kc tone or
left unmodulated.

2. A
A

23

General Trouble Shooting Procedure

24
25

Audio Troubles . ..

27

IF Troubles

27

RF Mixer-Oscillator Troubles

28

A.G.C. Troubles

28

Trouble Shooting Intermittents

29

FM Alignment and Trouble Shooting
FM Signal Tracing

31

Power Transistors

32

.

Servicing Automobile Radios
Special Conditions
American to Foreign Conversions

4. A

metered power supply for powering the radio under test. The current

ranges are 0-1bma and 0-15bma. Both are protected against meter-damage in the
of a short circuit. This unique power supply provides any voltage from zero
".t
12 volts in Llz volt steps. Even radlos employing tapped power supplies may be
to "ttt
fully operated from this built in source.

18

Power Supply Troubles

for signal Injection directly into the voice

sistors. This section also may be used as a D.C. Signal Tracer for rapidly localizing
a dead stage. The test is made using the Dyna Trace which is a single probe.

Voltage Readings and their Significance in Trouble Shooting

A.G.C. Operation and Testing

receive..

,
trlnof
the
testing
in
circuit
3. A built in "In circuit" transistor tester for

15

16

at the front panel for Signal Injection into the Audio

2,000 cycle low impedance signal

coil of the radio

12

Transistor Radios
A Simple Method of Measuring Transistor Operating Voltages

2,000 cycle signal

section of a radio. The signal level is adjustable by a front panel control.

5. A two range DC vacuum tube voltmeter. The voltage ranges are 0-1.5 and
0-l-5 volts. llhe meter is fully protected against accidental overloading. Being a
VTVM the internal impedance is high and therefore does not circuit load or
cause erroneous readings.

6. An ohmmeter in ihe vTVM section. Its resistance range is such that it has
lK ohm center scale and a 1 megohm full scale reading. The voltage across the
ohmmeter leads is 1.5 volts thus permitting the safe testing of low voltage

a

electrolytics.
'Jl

7. An accurate "out of circuit" test for transistors. Leakage and Beta are
individually tested. Leakage is read directly on a GOoD-BAD scale. The Beta
is read directly on a 0-150 BETA scale or on a GOOD-BAD scale. A socket and
clip leads a.e bt the front panel for transistor testing. There is also a PNP-NPN

31

switch for transistor polarity.

DJ

od

fnsert

High Voltage Radios

34

Maintenance of the Model 960 Transistor Radio Analyst . . . . .

34

Testing Batteries

34

Fl

]i
i

3

CONTROLS AND JACKS

The current drain of the radio is a very important reading to make ancl will
often indicate the defect in the radio. Noimal currents drawn by the radio will
;;;t f-; set to set, but the manufacturers' service data will usually supply this

What They Do qncl Hou TheY Vorh

information.

A 9 volt radio for example will draw about 4 or 5 ma at minimum volume
and 8 0r 9 ma at normal ,roiutn". currents much in excess of this would indicate
internal defects and would certainly result in reduced battery life'

The Model 960 Transistor Radio Analyst is a complete instrument for use in
the servicing of transistor radios. When using this new instrument for the first
time the best way to become familiar with the controls and signals is to make a
"Dry run" on a known good radio. Carefully observe the efiects of the controls and
signals. It is the purpose of this section to familiarize the technician with all of
the operating controls of the Analyst.
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9
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6

4.5

3

t.5

lo.s

lz

SELECTOR SWITCH . . . The main SELECTOR switch, located just to the
right of the meter, enables the technician to select the desired function of the
Analyst.

The first position is OFF and disconnects the AC line power input to the
instrument. when the SELECTOR switch is in any other position, the instrument

is in operation.
The next two positions are the 150 ma and 15 ma current ranges. In these
positions the meter is connected in series with the built in power supply and
meters the current drawn by the load. The power supply for operating transistor
radios is in operation in all positions except OHMS, TRANSISTOR OUT CKT
and OFF. This internal power supply must be used when performing the 'in
circuit' tests with the DYNA TRACE and when metering the current in the 150

Fig.
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lo.5

I

Conncctions.

In this circuit the common or ground is the positive end of the battery and the
most negative is 6.0 volts. Notice that there is a tap at 3.0 volts below the 6.0
volt point. To connect such a radio to the Analyst power supply proceed as

terminal of the power supply and connects to the terminal of the radio that would
connect to the plus terminal of the battery. Insert the black test lead into the

1.5

2-5Y Powcr Supply

If the radio to be serviced employs a tap (such as will be found in radios operating from 3 and 4.5 volt supplies) a third connection must be made to the power
supply. Fig 3 shows the connection to a radio using a tapped battery voltage.

POWER SUPPLY JACKS . -. . To connect a radio to the power supply insert
a red test lead into the POWEfr SUPPLY jack marked "O;. This is- the plus

-T- o
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ma and 15 ma positions of the selector switch.
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LEAD
Powcr Supply Conneclions.

voltage jack corresponding to the battery voltage of the radio.

If

4

t

the radio uses a 9

volt [attery the black lead would plug into the 9 volt jack. The voltages at each
jack are marked on the panel directly above the jack.
In Fig. 1 the test leads are shown connected for 9 volt operation. If the radio
under test used a 6 volt battery the black test lead would plug into the 6 volt
jack. See Fig. 2. Whenever using the Analyst power supply the battery in the
radio must be removed.
In all cases the red test lead connects to the positive terminal of the radio and
the black test lead connects to the negative terminal of the radio. With the radio
connected and operating, the current drawn by the radio will be indicated on the
meter when the selector switch is in the 150 ma or 15 ma positions.
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Fig.

3-5V Topped Power Supply

-6
Connections.

follows: Insert a red test lead into the jack marked "O". This connects to the
positive terminal of the radio which is the point where the plus terminal of the
battery would connect. Insert a black test lead into the jack corresponding to
the battery voltage which, in the case of Fig. 3, is 6.0 volts. Since schematically
the tap is shown as two cells less than 6 volts, it is at 3 volts. Insert a third

CONTROLS AND JACKS

The current drain of the radio is a very important reading to make ancl will
often indicate the defect in the radio. Noimal currents drawn by the radio will
;;;t f-; set to set, but the manufacturers' service data will usually supply this
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signals. It is the purpose of this section to familiarize the technician with all of
the operating controls of the Analyst.
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follows: Insert a red test lead into the jack marked "O". This connects to the
positive terminal of the radio which is the point where the plus terminal of the
battery would connect. Insert a black test lead into the jack corresponding to
the battery voltage which, in the case of Fig. 3, is 6.0 volts. Since schematically
the tap is shown as two cells less than 6 volts, it is at 3 volts. Insert a third

test lead into the Analyst jack that is marked 3 volts on the power supqly of the
a""ivrt. Notice that under each voltage jack there is drawn the symbol for a
latterv. The 3 volt point is two cells less than the full battery voltage. The
pu.r"f i. marked in this manner to correspond with the way in which batteries are

drawn on schematic diagrams.
Note: The Model 960 develops its voltages from the AC power line. If
your line voltage is higher or lower than the nominal reading of 117v, the DC
output voltage on the Model 960 will vary by the same percentage. obviously
the current lrawn by the transistor radio will likewise increase or decrease by
a similar percentage. A slighUy higher or lower radio current can be attributable,
therefore, to this line voltage increase or decrease. This should be kept in mind
when measuring the total radio current.

IN CKT

-

METER SET,.located just to the right of the IN CIRCUIT TEST signal jack i's
adjusted until'ihe poinier on the meter rests inside the green area of the meter
scale marked IN CKT SET. See Fig. 5.
Rotate the PNP-NPN switch to the proper position for the transistor being

tested. Take the DYNA TRACE and touch it to the base of the output transistor.
The pointer on the meter will now swing out of the GREEN area and read up
the siale. This indicates that the transistor is working and can amplify a signal.
It further indicates that the DC circuitry of the stage is working properly. Repeat
this test on the remaining transistors in the radio. Each time the DYNA TRACE

DYNA TRACE

The next position of the sELECTOR switch is the test marked "IN CKT".
This is perhaps the most useful test employed in the Analyst. since only a
single probe is needed when this test is used for signal tracing or, in circuit
testing-of transistors, it is a very rapid method of locating a defective stage or
transistor. To use this test the radio must be connected to the Analyst power

supply and not to an external battery.
Turn the SELECTOR switch to the IN CKT test position and connect the
radio to the power supply. when switching from the 150 ma, thru the L5 ma, to
the IN CKT test position you may go beyond fuII scale on the 15 ma position.
This should be of no concern since the meter is fully protected against overload.
Insert the Dyna Trace into the IN CIRCUIT TEST signal jack. This jack is

POINTER RESTING
,,IN
CKT
IN GREEN

tN

c(r

SET'' AREA.

==:'-t<
Fig.

5-ln

Ckt

*

Set.

is touched to the base of a transistor the pointer will swing up scale and out of
the GREEN area. Some stages will cause the pointer to go ofi scale while others

\
:'::

SHORTED

TURN

may just barely move the pointer out of the GREEN area. As long as the pointer
that the stage is operating and that the DC circuitry
-o""-. .rp scale this indicates
is o.K.'when a stage is reached that does not make the pointer,read up the
meter scale, a defective stage or transistor has been located. A few simple voltage
quickly isolate the defect to the component or to the transistor
readings
" will
itself. This *itt u! explained more completely under the section entitled
TROUBLE SHOOTING,

OUT CKT TEST

Fig. 4-Antennd Disobling

by Shorted

Turn.

located just below and to the right of the meter. whenever using the Dyna Trace
test turn the volume control on the radio to minimum. Take a piece of bare copper
wire and wrap it around the loopstick of the radio and short the ends together.

This is shown in Fig.

4.

The purpose of this shorted turn is to load the antenna circuit thereby keeping
the radio fiom picking up a broadcast station and disturbing the test. fn the
case of a dead radio this would not be necessary. The control marked IN CIRCUIT
6

-

TRANSISTOR TESTING

Following the IN CKT position of the SELECTOR switch is the ouT cKT
(out of ci.ciitl test for transistors. This test should be used to confirm whether
or not a transistor is defective. The test should be made with the transistor out
of the circuit. A test for both Leakage and Beta (H"o) is made and both tests
can be read on a GooD-BAD scale. In addition the true value of Beta can be
read on the 0-1.50 scale. The Leakage test is the Iceo test which is the leakage

between collector and emitter. High leakage between base and collector will show
up on the Beta test as a high Beta reading and will probably read in the bad area

of the meter

scaie.

The Beta test is a DC test where a fixed amount of current is applied to the
base of the transistor and the resultant collector current read on the meter. The
7

test lead into the Analyst jack that is marked 3 volts on the power supqly of the
a""ivrt. Notice that under each voltage jack there is drawn the symbol for a
latterv. The 3 volt point is two cells less than the full battery voltage. The
pu.r"f i. marked in this manner to correspond with the way in which batteries are

drawn on schematic diagrams.
Note: The Model 960 develops its voltages from the AC power line. If
your line voltage is higher or lower than the nominal reading of 117v, the DC
output voltage on the Model 960 will vary by the same percentage. obviously
the current lrawn by the transistor radio will likewise increase or decrease by
a similar percentage. A slighUy higher or lower radio current can be attributable,
therefore, to this line voltage increase or decrease. This should be kept in mind
when measuring the total radio current.

IN CKT

-

METER SET,.located just to the right of the IN CIRCUIT TEST signal jack i's
adjusted until'ihe poinier on the meter rests inside the green area of the meter
scale marked IN CKT SET. See Fig. 5.
Rotate the PNP-NPN switch to the proper position for the transistor being

tested. Take the DYNA TRACE and touch it to the base of the output transistor.
The pointer on the meter will now swing out of the GREEN area and read up
the siale. This indicates that the transistor is working and can amplify a signal.
It further indicates that the DC circuitry of the stage is working properly. Repeat
this test on the remaining transistors in the radio. Each time the DYNA TRACE

DYNA TRACE

The next position of the sELECTOR switch is the test marked "IN CKT".
This is perhaps the most useful test employed in the Analyst. since only a
single probe is needed when this test is used for signal tracing or, in circuit
testing-of transistors, it is a very rapid method of locating a defective stage or
transistor. To use this test the radio must be connected to the Analyst power

supply and not to an external battery.
Turn the SELECTOR switch to the IN CKT test position and connect the
radio to the power supply. when switching from the 150 ma, thru the L5 ma, to
the IN CKT test position you may go beyond fuII scale on the 15 ma position.
This should be of no concern since the meter is fully protected against overload.
Insert the Dyna Trace into the IN CIRCUIT TEST signal jack. This jack is

POINTER RESTING
,,IN
CKT
IN GREEN

tN

c(r

SET'' AREA.

==:'-t<
Fig.

5-ln

Ckt

*

Set.

is touched to the base of a transistor the pointer will swing up scale and out of
the GREEN area. Some stages will cause the pointer to go ofi scale while others

\
:'::

SHORTED

TURN

may just barely move the pointer out of the GREEN area. As long as the pointer
that the stage is operating and that the DC circuitry
-o""-. .rp scale this indicates
is o.K.'when a stage is reached that does not make the pointer,read up the
meter scale, a defective stage or transistor has been located. A few simple voltage
quickly isolate the defect to the component or to the transistor
readings
" will
itself. This *itt u! explained more completely under the section entitled
TROUBLE SHOOTING,

OUT CKT TEST

Fig. 4-Antennd Disobling

by Shorted

Turn.

located just below and to the right of the meter. whenever using the Dyna Trace
test turn the volume control on the radio to minimum. Take a piece of bare copper
wire and wrap it around the loopstick of the radio and short the ends together.

This is shown in Fig.

4.

The purpose of this shorted turn is to load the antenna circuit thereby keeping
the radio fiom picking up a broadcast station and disturbing the test. fn the
case of a dead radio this would not be necessary. The control marked IN CIRCUIT
6
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TRANSISTOR TESTING

Following the IN CKT position of the SELECTOR switch is the ouT cKT
(out of ci.ciitl test for transistors. This test should be used to confirm whether
or not a transistor is defective. The test should be made with the transistor out
of the circuit. A test for both Leakage and Beta (H"o) is made and both tests
can be read on a GooD-BAD scale. In addition the true value of Beta can be
read on the 0-1.50 scale. The Leakage test is the Iceo test which is the leakage

between collector and emitter. High leakage between base and collector will show
up on the Beta test as a high Beta reading and will probably read in the bad area

of the meter

scaie.

The Beta test is a DC test where a fixed amount of current is applied to the
base of the transistor and the resultant collector current read on the meter. The
7

ineter scale is calibrated directly on the 0-150 range in Beta. The GOOD-BAD
for Beta is based on certain assumptions concerning transistors found in
portable radios.
A transistor whose Beta is less than 20 is generall;r not considered useful
in a radio. Between 20 and 30 is considered questionable. From 30 to 1L0 is the
area into which most transistors will fall and this is considered a good transistor.
The area above 110 is marked questionable (?) and then BAD. Transistors that
fall into this region will usually have high base to collector leakage and are not
considered useful. Since the actual Beta of transistors found in portable radios
is rarely known, this GOOD-BAD scale will be extremely helpful in determining
the quality of a transistor. As a general rule defective radio transistors usually
have high leakage, shorted or open junctions. Low Beta units will not normally
result in a dead radio, but might result in low gain. In high Beta transistors it
is possible that the reading may go ofi or to full scale and the leakage not be
excessive. In that case check the manufacturers specifications. If leakage is
again checked after the Beta test allow the leakage reading to go down as the
transistor cools.
To perform the out of circuit test, connect the transistor to the clip leads
marked E (emitter), B (base) and C (collector). If the transistor is a tetrode
connect 82 to Base f2, otherwise leave the 82 clip disconnected. If the transistor
has stiff wire leads simply plug the transistor into the socket. As an aid in
identifying the emitter base and collector leads, the more common basings for
transistors is shown in Fig. 64'. The location of the E, B & C of the test socket
of the Analyst is shown in Fig. 6B.

VTVM

scale

The next two positions of the selector switch activate the vTVM. The 0-1"5 and
0-1.5 volt ranges are read on the 0-15 scale of the meter.
To use the VTVM set the selector switch to the 15 or 1.5 volt positions. Power

is still being supplied to the radio under test from the built in power supply.
Insert a red-and-a black test lead into the red and black jacks respectively marked
VTVM. Short the test leads togefher and adjust the vTVM zero control for
1
l

i

zero reading on the left side of the meter. These jacks are located just to the right
of the power supply strip. You are now ready to make voltage readings. when
connectiing the test leads into the circuit be sure to observe proper polarity. If

the meter reads negatively simply reverse the test leads.
Unlike vacuum tube circuits, where negative is usually ground and positive
goes to the plates of the tubes, transistors can operate either wilh the positive
6r negative at ground. It is sometimes convenient',to remember that the middle
letter of PNP or NPN stands for the potential of the cqllector. A PNP transistor
would have a negative collector potential with respect to emitter while the base
would be biased to the same negative direction as the collector. Just the opposite
would be true of an NPN type of transistor.

The lowest range of the vTVM is 1.5 volts full scale and each scale division
corresponds to .05 volts. It is therefore possible to read small voltages to as low
as .025 volts. This feature is extremely useful in measuring base to emitter bias
which is usually in the range of 0.L to 0.3 volts. The meter is protected against
damage due

to accidental overload. The high input impedance of the VTVM

prevents circuit loading which could cause reading errors or a change of operating
conditions which might cause damage to a transistor or circuit conlponent. Do

BASE DIAGRAMS

not leave VTVM leads connected to the circuit in anv other position of the
SELECTOR switch.
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Fig, 6A-Trqnsistor Bosing

OHMMETER
The Ohmmeter is connected in the last position of the SELECTOR switch
(OHMS). fn the OHMS position power to the radio under test is automatically

Configurotions.
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If the transistor

is known to be a PNP or an NPN set the switch located under
the meter to the proper position. With the test switch (under the meter) in the
LEAKAGE position, the leakage can be read directly on the GOOD-BAD scale
(LEAK); If the leakage is within tolerance (GOOD Region) switch to ihe BETA
position. Read the numerical value of Beta directly on the 0-150 scale, or on the
GOOD-BAD scale. It is not absolutely necessary that it be known whether the
transistor is NPN or PNP. By a process of elimination the transistor can be
tested without this information.

Let us test an unknown transistor. Test the transistor with the PNP-NPN

switch in the PNP position. If the transistor shows low leakage and reads on the
Beta scale the transistor is good and is now known to be a PNP. If the transistor
shows no leakage and no Beta, switch to the NPN position. If the transistor tests
good in this position, the transistor is now known to be good and of the NPN
variety. ff the transistor tests BAD in both positions of the PNP-NPN switch
the transistor is defective and must be replaced with the same or equivalent type.
Certain transistors, those usually found in high frequency circuits of FM sets, etc.,
may have very high Betas. If you note a high Beta r'eading check the manufac-

It{

crl

RESTING AT

ON

OHMS

SCALE.

trwt
i
I

I
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disconnected. To operate the ohmmetpr insert two test leads into the red and
black jacks marked VTVM. short the ends of the two test leads together and

As an aid in the replacement of transistors a cross reference in the rear of
this manual shows American replacements for Foreign types.

adjust the front panel control marked VTVM ZERO until the pointer on the
meter reads on the left side of the meter scale.
with the iest leads open adjust the front panel control marked vTvM OHMS
until the pointer comes to rest at the infinity point ( o ) at the right hand edge of
the metei scale. See Fig. Z. You can now rbad the value of resistance'by connecting the test leads across the part to be measured.
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turers specification.

ineter scale is calibrated directly on the 0-150 range in Beta. The GOOD-BAD
for Beta is based on certain assumptions concerning transistors found in
portable radios.
A transistor whose Beta is less than 20 is generall;r not considered useful
in a radio. Between 20 and 30 is considered questionable. From 30 to 1L0 is the
area into which most transistors will fall and this is considered a good transistor.
The area above 110 is marked questionable (?) and then BAD. Transistors that
fall into this region will usually have high base to collector leakage and are not
considered useful. Since the actual Beta of transistors found in portable radios
is rarely known, this GOOD-BAD scale will be extremely helpful in determining
the quality of a transistor. As a general rule defective radio transistors usually
have high leakage, shorted or open junctions. Low Beta units will not normally
result in a dead radio, but might result in low gain. In high Beta transistors it
is possible that the reading may go ofi or to full scale and the leakage not be
excessive. In that case check the manufacturers specifications. If leakage is
again checked after the Beta test allow the leakage reading to go down as the
transistor cools.
To perform the out of circuit test, connect the transistor to the clip leads
marked E (emitter), B (base) and C (collector). If the transistor is a tetrode
connect 82 to Base f2, otherwise leave the 82 clip disconnected. If the transistor
has stiff wire leads simply plug the transistor into the socket. As an aid in
identifying the emitter base and collector leads, the more common basings for
transistors is shown in Fig. 64'. The location of the E, B & C of the test socket
of the Analyst is shown in Fig. 6B.
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The next two positions of the selector switch activate the vTVM. The 0-1"5 and
0-1.5 volt ranges are read on the 0-15 scale of the meter.
To use the VTVM set the selector switch to the 15 or 1.5 volt positions. Power

is still being supplied to the radio under test from the built in power supply.
Insert a red-and-a black test lead into the red and black jacks respectively marked
VTVM. Short the test leads togefher and adjust the vTVM zero control for
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zero reading on the left side of the meter. These jacks are located just to the right
of the power supply strip. You are now ready to make voltage readings. when
connectiing the test leads into the circuit be sure to observe proper polarity. If

the meter reads negatively simply reverse the test leads.
Unlike vacuum tube circuits, where negative is usually ground and positive
goes to the plates of the tubes, transistors can operate either wilh the positive
6r negative at ground. It is sometimes convenient',to remember that the middle
letter of PNP or NPN stands for the potential of the cqllector. A PNP transistor
would have a negative collector potential with respect to emitter while the base
would be biased to the same negative direction as the collector. Just the opposite
would be true of an NPN type of transistor.

The lowest range of the vTVM is 1.5 volts full scale and each scale division
corresponds to .05 volts. It is therefore possible to read small voltages to as low
as .025 volts. This feature is extremely useful in measuring base to emitter bias
which is usually in the range of 0.L to 0.3 volts. The meter is protected against
damage due

to accidental overload. The high input impedance of the VTVM

prevents circuit loading which could cause reading errors or a change of operating
conditions which might cause damage to a transistor or circuit conlponent. Do
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not leave VTVM leads connected to the circuit in anv other position of the
SELECTOR switch.
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If the transistor

is known to be a PNP or an NPN set the switch located under
the meter to the proper position. With the test switch (under the meter) in the
LEAKAGE position, the leakage can be read directly on the GOOD-BAD scale
(LEAK); If the leakage is within tolerance (GOOD Region) switch to ihe BETA
position. Read the numerical value of Beta directly on the 0-150 scale, or on the
GOOD-BAD scale. It is not absolutely necessary that it be known whether the
transistor is NPN or PNP. By a process of elimination the transistor can be
tested without this information.

Let us test an unknown transistor. Test the transistor with the PNP-NPN

switch in the PNP position. If the transistor shows low leakage and reads on the
Beta scale the transistor is good and is now known to be a PNP. If the transistor
shows no leakage and no Beta, switch to the NPN position. If the transistor tests
good in this position, the transistor is now known to be good and of the NPN
variety. ff the transistor tests BAD in both positions of the PNP-NPN switch
the transistor is defective and must be replaced with the same or equivalent type.
Certain transistors, those usually found in high frequency circuits of FM sets, etc.,
may have very high Betas. If you note a high Beta r'eading check the manufac-
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disconnected. To operate the ohmmetpr insert two test leads into the red and
black jacks marked VTVM. short the ends of the two test leads together and

As an aid in the replacement of transistors a cross reference in the rear of
this manual shows American replacements for Foreign types.

adjust the front panel control marked VTVM ZERO until the pointer on the
meter reads on the left side of the meter scale.
with the iest leads open adjust the front panel control marked vTvM OHMS
until the pointer comes to rest at the infinity point ( o ) at the right hand edge of
the metei scale. See Fig. Z. You can now rbad the value of resistance'by connecting the test leads across the part to be measured.

8

I

turers specification.

Capacitors can also be tested for leakage or shorts by connecting the test
leads across the suspected capacitor. Since the voltage at the terminals of the
leads is no more than 1.5 volts you can test all capacitors found in transistor radios
without danger of damaging them. When testing electrolytics be sure to observe
polarity. Reverse polarity across an electrolytic can destroy the capacitor' The
red jack on the panel is positive with respect to the black jack.

The output level at the AUDIO OUTPUT jack is adjustable by means of the
control marked AUDIO R.F. LEVEL. When this control is turned fully clockwise to the MOD OFF position, the audio signal is turned off. Since the same
audio signal that is used for audio injection is also used for Modulation of the
R.F.-I.F., this is a means of turning the Modulation off.

The front to back ratio of diodes can also be measured on the Ohmmeter. The
resistance in the forward direction should be quite low while in the reverse direction the resistance should be quite high. A front to back ratio of about 100 to L
is common for a good diode. If the resistance of the diode in both directions is
equal, that is very high or very low, then the diode

t

is defective and should be

replaced.

AUDIO SIGNAL INJECTION

VTVM

The next function of the Analyst to be covered is the Audio Signal Injection
section. The audio injection circuits of the Analyst are in operation in all positions of the Selector switch except OFF. Two outputs are provided: One (marked
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9-Audio Signol lniection'

rn order to become familiar with audio signal injection we will practice signal
injection on a known good radio and observe the efiect of this signal. signal
Injection in transistor devices is similar to that used in vacuum tube circuits.
The signal in vacuum tube stages is normally fed into the grid. In transistors it
is generally fed into the base. In the vacuum tube circuit the output is usually

OUTPUT

from the plate. In transistors it is usually from the collector. The main difrerence,
of course, is that the vacuum tube is a voltage amplifying device while the transistor
is a current amplifying device. Fig. 10* is a schematic of a typical six transistor
radio. Constant reference will be made throughout this instruction book to Fig. 10.
For this reason it is a large pull out page printed at the rear of the book. This will
enable the reader to refer to it easily regardless of what page in the instruction
book you are reading.
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Fig. 8-Voice Coil lniection.
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VOICE COIL) is for low impedance circuits such as loudspeaker voice coils.
Fig. 8 shows test leads connected for VOICE COIL SIGNAL INJECTION. The
(-) minus lead from VTVM jack is necessary only for Voice Coil Signal Injection.
The second (marked AUDIO OUTPUT) is used for all other Audio Signal Injection functions. See Fig. 9. The ground return for Audio Output Signal Injection
is provided for through the Analyst power supply and the negative lead from

VTVM must not be

used.

In order to use the Signal Injection of the Analyst only one test lead must
in the case of Voice Coil injection. For Voice Coil injection the
(minus) jack of the VTVM. The
common or ground lead is connected to the
lead with the Red test prod is inserted into -the jack marked VOICE COIL. See
Fig. 8. The test lead plugged into the Analyst as shown in Fig. 8 must now be
be used, except

J

connected to the radio. The ground or common lead is connected to the ground
point of the radio. In the schematic of Fig. 10 this point could be the positive

terminal of the battery or the

f

of the Analyst power supply.

With the common lead connected to the radio. Touch the test prod to the hot
side of the loudspeaker voice coil. This is point 34 on the schematic of Fig. 10.
*Courtesy of Howard W.
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Capacitors can also be tested for leakage or shorts by connecting the test
leads across the suspected capacitor. Since the voltage at the terminals of the
leads is no more than 1.5 volts you can test all capacitors found in transistor radios
without danger of damaging them. When testing electrolytics be sure to observe
polarity. Reverse polarity across an electrolytic can destroy the capacitor' The
red jack on the panel is positive with respect to the black jack.

The output level at the AUDIO OUTPUT jack is adjustable by means of the
control marked AUDIO R.F. LEVEL. When this control is turned fully clockwise to the MOD OFF position, the audio signal is turned off. Since the same
audio signal that is used for audio injection is also used for Modulation of the
R.F.-I.F., this is a means of turning the Modulation off.

The front to back ratio of diodes can also be measured on the Ohmmeter. The
resistance in the forward direction should be quite low while in the reverse direction the resistance should be quite high. A front to back ratio of about 100 to L
is common for a good diode. If the resistance of the diode in both directions is
equal, that is very high or very low, then the diode
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is defective and should be
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rn order to become familiar with audio signal injection we will practice signal
injection on a known good radio and observe the efiect of this signal. signal
Injection in transistor devices is similar to that used in vacuum tube circuits.
The signal in vacuum tube stages is normally fed into the grid. In transistors it
is generally fed into the base. In the vacuum tube circuit the output is usually
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from the plate. In transistors it is usually from the collector. The main difrerence,
of course, is that the vacuum tube is a voltage amplifying device while the transistor
is a current amplifying device. Fig. 10* is a schematic of a typical six transistor
radio. Constant reference will be made throughout this instruction book to Fig. 10.
For this reason it is a large pull out page printed at the rear of the book. This will
enable the reader to refer to it easily regardless of what page in the instruction
book you are reading.
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VOICE COIL) is for low impedance circuits such as loudspeaker voice coils.
Fig. 8 shows test leads connected for VOICE COIL SIGNAL INJECTION. The
(-) minus lead from VTVM jack is necessary only for Voice Coil Signal Injection.
The second (marked AUDIO OUTPUT) is used for all other Audio Signal Injection functions. See Fig. 9. The ground return for Audio Output Signal Injection
is provided for through the Analyst power supply and the negative lead from

VTVM must not be

used.

In order to use the Signal Injection of the Analyst only one test lead must
in the case of Voice Coil injection. For Voice Coil injection the
(minus) jack of the VTVM. The
common or ground lead is connected to the
lead with the Red test prod is inserted into -the jack marked VOICE COIL. See
Fig. 8. The test lead plugged into the Analyst as shown in Fig. 8 must now be
be used, except
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connected to the radio. The ground or common lead is connected to the ground
point of the radio. In the schematic of Fig. 10 this point could be the positive

terminal of the battery or the
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of the Analyst power supply.

With the common lead connected to the radio. Touch the test prod to the hot
side of the loudspeaker voice coil. This is point 34 on the schematic of Fig. 10.
*Courtesy of Howard W.
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The AUDIO-R.F. LEVEL control should be in any position other than MOD. OFF.
You should now hear the 2000 cycle audio tone in the loudspeaker. This would
indicate that not only is the loudspeaker operating properly, but so are the contacts
of the earphone plug. This incidentally is a common source of trouble in transistor
portables. If these contacts do not make properly the lead to the loudspeaker
voice coil will be open and a dead radio will result. Now connect the the test prod
into the jack marked AUDIO OUTPUT. See Fig. 9. No isolation capacitor is
needed since it is within the Analyst. This is the signal source used for all other
audio signal injection. The ground lead coming from the (-) minus VTVM jack
is no longer needed and should be disconnected.

{

The RF-IF oscillator is AM modulated with a 2000 cycle audio tone. To turn
the modulation OFF, rotate the AUDIO-RF level control fully clockwise until the
switch clicks at the MOD OFF position. For normal RF and IF signal injection
the modulation would be left on. In the event that the local oscillator of the receiver is to be replaced with the signal from the Analyst, the modulation would
be turned OFF
455 KC

I
I

i

262

1

The next stage to be tested by signal injection will be the push-pull output
stage. Touch the test prod to the primary of the push-pull driver transformer.
This is point 26 in the schematic of Fig. 10. Adjust the level control for an audible
signal in the loudspeaker. Presence of a signal indicates that the output stage is
capable of passing an audio signal and would not be the source of trouble if the receiver were dead. Other troubles may however occur in the output stage. Distortion is one such trouble. Techniques for locating these other troubles will b'e
explained in following sections of this instruction book.

A

B

B

Now shift the test prod to point 24 which is the base of the audio driver
transistor. The level of the signal heard in the loudspeaker will increase substantially due to the added gain provided by the driver stage. The signal may be
restored to a lpwer level by reducing the level control of the Analyst. For this
and subsequent tests be sure the radio volume control is at maximum gain. Any
trouble that might be present in the audio section of the receiver can easily be
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isolated to the specific stage by means of this signal injection method.

1000
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B

Fig. ll-RF-lF Tuning Diol'

Action of the volume control can be observed by injecting a signal at point
22. Adjustment of the volume control should cause the volume of the signal to
change at the loudspeaker.
Another use for signal injection would be to check the effectiveness of the
emitter bypass condenser. Inject signal at point 25. If the bypass capacitor C-7
is operating properly, very little signal will be heard in the loudspeaker. If C-7
is open the signal heard in the loudspeaker will be quite loud, as loud as the
signal would be when the probe is brought to the base of the same transistor.

350

600
262

Typical troubles and the test procedures to be followed will be explained in detail
in other sections of this manual.

RF.IF SIGNAL INJECTION

RF

. IF TUNING

RF-IF Signal Injection is accomplished using the calibrated signal generator.
The tuning range of the generator is from 250 kc to 2.2 rnc. Two ranges are employed namely Bands A and B. Band A tunes from 250 kc to 850 kc. This is the
upper scale on the panel. See Fig. 1"1".
Since Band

A

covers the

IF

frequency range, the two most common

IF

fre-

quencies are marked on the dial. These points arc 262 kc and 455 kc. Band B tunes
from 800 kc to 2200 kc, or 2.2 mc. This range would be used most commonly for
signal injection into RF stages. The RF-IF signal generator can be turned OFF, or
BAND A or BAND B can be selected by means of the Band Selector switch. This

switch is located just above the RF output jack and is shown

in Fig.
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The upper position of the switch is OFF. In this position the signal generator is
turned OFF. The middle position is BAND A and the lower position is BAND B.
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The output from this signal generator is taken from the RF output jack.
See Fig. 12. No ground connection to the (-) minus VTVM jack is necessary

and should not be used. The level control for the signal generator is located above
the output jacks. This is the same control that is used to adjust the Audio level.
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The AUDIO-R.F. LEVEL control should be in any position other than MOD. OFF.
You should now hear the 2000 cycle audio tone in the loudspeaker. This would
indicate that not only is the loudspeaker operating properly, but so are the contacts
of the earphone plug. This incidentally is a common source of trouble in transistor
portables. If these contacts do not make properly the lead to the loudspeaker
voice coil will be open and a dead radio will result. Now connect the the test prod
into the jack marked AUDIO OUTPUT. See Fig. 9. No isolation capacitor is
needed since it is within the Analyst. This is the signal source used for all other
audio signal injection. The ground lead coming from the (-) minus VTVM jack
is no longer needed and should be disconnected.
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The RF-IF oscillator is AM modulated with a 2000 cycle audio tone. To turn
the modulation OFF, rotate the AUDIO-RF level control fully clockwise until the
switch clicks at the MOD OFF position. For normal RF and IF signal injection
the modulation would be left on. In the event that the local oscillator of the receiver is to be replaced with the signal from the Analyst, the modulation would
be turned OFF
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The next stage to be tested by signal injection will be the push-pull output
stage. Touch the test prod to the primary of the push-pull driver transformer.
This is point 26 in the schematic of Fig. 10. Adjust the level control for an audible
signal in the loudspeaker. Presence of a signal indicates that the output stage is
capable of passing an audio signal and would not be the source of trouble if the receiver were dead. Other troubles may however occur in the output stage. Distortion is one such trouble. Techniques for locating these other troubles will b'e
explained in following sections of this instruction book.
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Now shift the test prod to point 24 which is the base of the audio driver
transistor. The level of the signal heard in the loudspeaker will increase substantially due to the added gain provided by the driver stage. The signal may be
restored to a lpwer level by reducing the level control of the Analyst. For this
and subsequent tests be sure the radio volume control is at maximum gain. Any
trouble that might be present in the audio section of the receiver can easily be
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Action of the volume control can be observed by injecting a signal at point
22. Adjustment of the volume control should cause the volume of the signal to
change at the loudspeaker.
Another use for signal injection would be to check the effectiveness of the
emitter bypass condenser. Inject signal at point 25. If the bypass capacitor C-7
is operating properly, very little signal will be heard in the loudspeaker. If C-7
is open the signal heard in the loudspeaker will be quite loud, as loud as the
signal would be when the probe is brought to the base of the same transistor.
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Typical troubles and the test procedures to be followed will be explained in detail
in other sections of this manual.

RF.IF SIGNAL INJECTION

RF

. IF TUNING

RF-IF Signal Injection is accomplished using the calibrated signal generator.
The tuning range of the generator is from 250 kc to 2.2 rnc. Two ranges are employed namely Bands A and B. Band A tunes from 250 kc to 850 kc. This is the
upper scale on the panel. See Fig. 1"1".
Since Band
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covers the
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frequency range, the two most common

IF

fre-

quencies are marked on the dial. These points arc 262 kc and 455 kc. Band B tunes
from 800 kc to 2200 kc, or 2.2 mc. This range would be used most commonly for
signal injection into RF stages. The RF-IF signal generator can be turned OFF, or
BAND A or BAND B can be selected by means of the Band Selector switch. This

switch is located just above the RF output jack and is shown

in Fig.
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The upper position of the switch is OFF. In this position the signal generator is
turned OFF. The middle position is BAND A and the lower position is BAND B.
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The output from this signal generator is taken from the RF output jack.
See Fig. 12. No ground connection to the (-) minus VTVM jack is necessary

and should not be used. The level control for the signal generator is located above
the output jacks. This is the same control that is used to adjust the Audio level.
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We are now ready to practice signal injection on a known good radio to become

familiar with this technique. Fig. 12 shows the test lead connected for signal
injection. The Band selector switch is shown set to Band A. The pointer on the
tuning dial is set so that the hairline on the plastic pointer is on 455 kc since
this is the I.F. frequency of the radio we are testing. The test lead with the test
prod on one end is connected to the R.F. output of the Analyst.
Before signal injection the radio must be disabled by wrapping a single shorted

turn of wire around the loopstick antenna. This will prevent the radio from
picking up any broadcast stations that would produce faulty indications. In
normal use this would not be necessary since the radio is defective and will not

l

The oscillator section may be tested for oscillation by measuring the base to
emitter voltage. This voltage should change slightly as the variable tuning capacitor
is rotated through its range.
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normally pick up a station.

We are now ready to begin Signal injection. The BAND switch should be in
the BAND A position and the R.F.-I.F. TUNING set to 455 on the A dial.
Touch the test prod to point L9 of Fig. 10. This is the input to the diode detector.
For injection at this point the level control would normally be set to maximum.
Be sure the switch does not click since this will turn the modulation Ofi. The
2000 cycle test tone will now be heard in the loudspeaker. If the sound fails to
appear in the loudspeaker be sure to advance the volume control until the sound
is heard. By switching the Range Switch to the 15 ma position you may watch
the supply current increase as the signal is injected and becomes stronger. Thls
same feature can be used as a tuning indicator in alignment.
Since the volume control appears between the source of signal and the loudspeaker, it will control the amount of sound heard in the loudspeaker. We would
not normally expect the intensity of the test tone in the loudspeaker to be very
loud since there is little amplification being provided for the signal.
Move the test prod from point 19 and touch it to point 16. If ihe signal is
again heard in the loudspeaker we have proved that transformer L-5 is operating.
If the Sigrral Generator frequency is changed the signal will get weaker as it is
detuned away from the proper I.F. frequency.

RF. IF TUNING

I
RF

Fig. I3-Setling for I mc Operotion.

IF ALIGNMENT
IF

to

The radio must also be tuned to 1 mc. Touch the test prod to point 2. The
signal should now be heard in the loudspeaker at full volume since all of the gain

of the radio is now in

use.
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vTVM should be set to the 1.5v range. connect the negative lead of the
VTVM to the output of the diode detector-point 20 on Fig 10. In this case the f
lead will be placed at ground. IJse as low a signal level as possible. Adjust each
fF transformer for a maximum reading on the VTVM.

We have now demonstrated that from the Base of the 2nd I.F. amplifier to
the loudspeaker the radio is operating properly. Shift the test prod to point 10 df
Fig. 10. This is the Base of the Lst I.F. amplifier. With another stage of gain
present the signal should again increase in level at the loudspeaker. Again reduce
the level control of the Analyst to compensate for this increase in gain. Since the
signal can be heard when injected into the base of the lst I.F. amplifier transistor,
we have demonstrated that the I.F. system and audio system are operating
normally.
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This is illustrated in Fig.

IF

If all the ltugu. r"" operating properly, connect the lead from the RF jack
to the base of the convertei. (Point 2 of FiS. 10.) Set the R.F.-I.F. TUNING dial
for 455 kc (or whatever frequency the manufacturer suggests). The R.F. Band
5sf the tuning dial on the radio
switch to BAND A. The modulation en

Reset the generator back to 455 kc. Shift the test prod from point L6 to point
15. We are now feeding the signal into the base of the 2nd I.F. amplifier. Since
the signal is now being amplified by the 2nd I.F. ainplifier, the level of the signal
heard in the loudspeaker will increase substantially. Reduce the level control on
the Analyst to compensate for this increase in gain. Always work with the minimum amount of signal in order to prevent overload of the amplifier stages in

The next point that we will inject signal into is point 2. This is the base oI
the converter transistor. Although some I.F. signal will get through, the signal
at this point is in the R.F. range and the Signal Generator must be retuned to
an R.F. frequency. Let us use L.0 mc. For this frequency the Band selector switch
must be set to Band B and the R.F.-I.F. TUNING dial set to 1.0 mc (1000 kc).

Alignment normally consists of peaking each of the

maximum output.

RF ALIGNMENT
Remove the shorted turn across the antenna if one was used during the IF
alignment. The RF section of the receiver may be aligned by feeding the RF
signal thru c-8 into the antenna or loosely coupling to the loopstick. To loosely
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couple lay the RF lead close to the loopstick, but do not electrically connect
to its wires.
set the generator to BAND B (1500 kc). Rotate the tuning control of the radio
until a maximum is seen on the meter close to the same frequency as the generator.
The signal should be heard thru the loudspeaker. If the maximum is noted at a
slightly higher frequency setting on the radio dial, move the radio dial to 1500 kc
and unscrew the trimmer 44 until a maximum is again seen. The trimmer should
be adjusted in the opposite direction if the radio had originally tuned to a lower
frequency. While at the same frequency adjust the trimmer A5 across the RF
part of the variable condenser, for a maximum.
If the RF and oscillator coils had slugs in them for low frequency adjustment
the procedure would be the same except that the slugs would be adjusted at 600 kc
15

We are now ready to practice signal injection on a known good radio to become

familiar with this technique. Fig. 12 shows the test lead connected for signal
injection. The Band selector switch is shown set to Band A. The pointer on the
tuning dial is set so that the hairline on the plastic pointer is on 455 kc since
this is the I.F. frequency of the radio we are testing. The test lead with the test
prod on one end is connected to the R.F. output of the Analyst.
Before signal injection the radio must be disabled by wrapping a single shorted

turn of wire around the loopstick antenna. This will prevent the radio from
picking up any broadcast stations that would produce faulty indications. In
normal use this would not be necessary since the radio is defective and will not
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The oscillator section may be tested for oscillation by measuring the base to
emitter voltage. This voltage should change slightly as the variable tuning capacitor
is rotated through its range.
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normally pick up a station.

We are now ready to begin Signal injection. The BAND switch should be in
the BAND A position and the R.F.-I.F. TUNING set to 455 on the A dial.
Touch the test prod to point L9 of Fig. 10. This is the input to the diode detector.
For injection at this point the level control would normally be set to maximum.
Be sure the switch does not click since this will turn the modulation Ofi. The
2000 cycle test tone will now be heard in the loudspeaker. If the sound fails to
appear in the loudspeaker be sure to advance the volume control until the sound
is heard. By switching the Range Switch to the 15 ma position you may watch
the supply current increase as the signal is injected and becomes stronger. Thls
same feature can be used as a tuning indicator in alignment.
Since the volume control appears between the source of signal and the loudspeaker, it will control the amount of sound heard in the loudspeaker. We would
not normally expect the intensity of the test tone in the loudspeaker to be very
loud since there is little amplification being provided for the signal.
Move the test prod from point 19 and touch it to point 16. If ihe signal is
again heard in the loudspeaker we have proved that transformer L-5 is operating.
If the Sigrral Generator frequency is changed the signal will get weaker as it is
detuned away from the proper I.F. frequency.
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The radio must also be tuned to 1 mc. Touch the test prod to point 2. The
signal should now be heard in the loudspeaker at full volume since all of the gain

of the radio is now in

use.
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vTVM should be set to the 1.5v range. connect the negative lead of the
VTVM to the output of the diode detector-point 20 on Fig 10. In this case the f
lead will be placed at ground. IJse as low a signal level as possible. Adjust each
fF transformer for a maximum reading on the VTVM.

We have now demonstrated that from the Base of the 2nd I.F. amplifier to
the loudspeaker the radio is operating properly. Shift the test prod to point 10 df
Fig. 10. This is the Base of the Lst I.F. amplifier. With another stage of gain
present the signal should again increase in level at the loudspeaker. Again reduce
the level control of the Analyst to compensate for this increase in gain. Since the
signal can be heard when injected into the base of the lst I.F. amplifier transistor,
we have demonstrated that the I.F. system and audio system are operating
normally.
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This is illustrated in Fig.

IF

If all the ltugu. r"" operating properly, connect the lead from the RF jack
to the base of the convertei. (Point 2 of FiS. 10.) Set the R.F.-I.F. TUNING dial
for 455 kc (or whatever frequency the manufacturer suggests). The R.F. Band
5sf the tuning dial on the radio
switch to BAND A. The modulation en

Reset the generator back to 455 kc. Shift the test prod from point L6 to point
15. We are now feeding the signal into the base of the 2nd I.F. amplifier. Since
the signal is now being amplified by the 2nd I.F. ainplifier, the level of the signal
heard in the loudspeaker will increase substantially. Reduce the level control on
the Analyst to compensate for this increase in gain. Always work with the minimum amount of signal in order to prevent overload of the amplifier stages in

The next point that we will inject signal into is point 2. This is the base oI
the converter transistor. Although some I.F. signal will get through, the signal
at this point is in the R.F. range and the Signal Generator must be retuned to
an R.F. frequency. Let us use L.0 mc. For this frequency the Band selector switch
must be set to Band B and the R.F.-I.F. TUNING dial set to 1.0 mc (1000 kc).

Alignment normally consists of peaking each of the

maximum output.

RF ALIGNMENT
Remove the shorted turn across the antenna if one was used during the IF
alignment. The RF section of the receiver may be aligned by feeding the RF
signal thru c-8 into the antenna or loosely coupling to the loopstick. To loosely

t
rir
l
I

?

couple lay the RF lead close to the loopstick, but do not electrically connect
to its wires.
set the generator to BAND B (1500 kc). Rotate the tuning control of the radio
until a maximum is seen on the meter close to the same frequency as the generator.
The signal should be heard thru the loudspeaker. If the maximum is noted at a
slightly higher frequency setting on the radio dial, move the radio dial to 1500 kc
and unscrew the trimmer 44 until a maximum is again seen. The trimmer should
be adjusted in the opposite direction if the radio had originally tuned to a lower
frequency. While at the same frequency adjust the trimmer A5 across the RF
part of the variable condenser, for a maximum.
If the RF and oscillator coils had slugs in them for low frequency adjustment
the procedure would be the same except that the slugs would be adjusted at 600 kc
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rather than the trimmers. Then go to the 1500 kc adjustment described above and
adjust the trimmer. Repeat the low and high methods above until no further'adjustment is necessary.
Instead of connecting to the diode output, when making adjustments for maximum, you may switch the SELECTOR switch to one of the current ranges. The
meter ieading will go up as the circuits are tuned. This is primarily true of radios
with a push-pull output stage. The volume control should of course be turned up

to a comfortable level.

Note: If the radios own batteries are used and the analyst power supply is not
used, the negative lead of the vTVM must be connected to the radio ground during

If a 1,000 ohm per volt meter on a 15 volt range were connected across the
10K resisior (R-2) used to bias the base of this transistor, observe what would
happen. since the meter is 1,000 ohms per volt, and the full scale reading is 15
volis, the meter resistance is 15,000 ohms. If 15,000 ohms were connected in parallel'with a 10,000 0hm resistor, the net resistance would be 6,000 0hms. This is
I
I

ll

signal injection or alignment.

This completes the explanation of the various controls and signals that are
incorporated in the Model 960 Transistor Radio Analyst. It would be worth
while for the technician to repeat this portion of the Instruction Manual to gain
the greatest possible degree of familiarity with the instrument.

VOLTAGE READINGS AND THEIR SIGNIFICANCE IN
TROUBLE SHOOTING TRANSISTOR RADIOS
The logical sequence of operation is to isolate trouble to a particular stage or

section of the radio and then within that stage or section determine the specific
fault. The isolation of a trouble to a particular stage is normally accomplished by
means of Signal Injection.
Signal injection begins at the loudspeaker end of the radio and then the signal
is injected stage by stage until the point is reached where no signal is passed. The
defective stage has thus been located. It is the technique of determining the
trouble in a specific stage that will be explained in this section.

I
looo n/voLT

going to greatly decrease the bias to the base of the transistor and will completely
itt"n?" iti operating conditions. It is for this reason that the volt meter employed
in th-e Analvst is a VTVM with a high input impedance. Therefore, under no
circumstances will the test meter load the circuit and upset the operating condi-

tions of the transistor.
Most transistor cirquits that are used in portable radios operate, insofar as D.C.
is concerned, in an aimost identical manner. Examination of these circuits will
show that they have the same basic parts as the simple schematic shows in Fig. 14For example,in Fig. 14 the resistor R-3 located in the emitter circuit will be found
in practically all stages of the transistor radio. The resistor R-2 connected from
base to groind in Fig L4 is l"0K and is part of the bias stabilizing circuit. The
100K resistor, R-1, itthe base circuit, which connects to the negative terminal of
the battery is employed to bias the transistor to the proper operating conditions.
Note: Since the normal Base Current is very small its D.c. voltage comes
primarily from the voltage divider network. This is the junction of the 100K and
10K resistors.
For this reason an incorrect base voltage reading is usually attributable to
some component in the base circuit rather than from the components in the emitter
or collector circuits'
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The voltage check method of determining the proper operating condition of

a transistor circuit is very easily accomplished. One of the requirements of voltage
readings is that the measuring instrument present a very high impedance to the
circuit. This is necessary to prevent the meter resistance from upsetting the
operating conditions of the transistor stage. For example, Fig. 14 shows the
schematic diagram of a sirnple audio amplifier employing a PNP transistor.
16

Fig. l5-Typicol Trqnsistor lF Amplifier

We will now compare the simple audio amplifier in Fig. 14 to a typical I.F.
amplifier. Notice that from a D.C. standpoint resistor R-2 of Fig. 15 goes to
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rather than the trimmers. Then go to the 1500 kc adjustment described above and
adjust the trimmer. Repeat the low and high methods above until no further'adjustment is necessary.
Instead of connecting to the diode output, when making adjustments for maximum, you may switch the SELECTOR switch to one of the current ranges. The
meter ieading will go up as the circuits are tuned. This is primarily true of radios
with a push-pull output stage. The volume control should of course be turned up

to a comfortable level.

Note: If the radios own batteries are used and the analyst power supply is not
used, the negative lead of the vTVM must be connected to the radio ground during

If a 1,000 ohm per volt meter on a 15 volt range were connected across the
10K resisior (R-2) used to bias the base of this transistor, observe what would
happen. since the meter is 1,000 ohms per volt, and the full scale reading is 15
volis, the meter resistance is 15,000 ohms. If 15,000 ohms were connected in parallel'with a 10,000 0hm resistor, the net resistance would be 6,000 0hms. This is
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signal injection or alignment.

This completes the explanation of the various controls and signals that are
incorporated in the Model 960 Transistor Radio Analyst. It would be worth
while for the technician to repeat this portion of the Instruction Manual to gain
the greatest possible degree of familiarity with the instrument.

VOLTAGE READINGS AND THEIR SIGNIFICANCE IN
TROUBLE SHOOTING TRANSISTOR RADIOS
The logical sequence of operation is to isolate trouble to a particular stage or

section of the radio and then within that stage or section determine the specific
fault. The isolation of a trouble to a particular stage is normally accomplished by
means of Signal Injection.
Signal injection begins at the loudspeaker end of the radio and then the signal
is injected stage by stage until the point is reached where no signal is passed. The
defective stage has thus been located. It is the technique of determining the
trouble in a specific stage that will be explained in this section.
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going to greatly decrease the bias to the base of the transistor and will completely
itt"n?" iti operating conditions. It is for this reason that the volt meter employed
in th-e Analvst is a VTVM with a high input impedance. Therefore, under no
circumstances will the test meter load the circuit and upset the operating condi-

tions of the transistor.
Most transistor cirquits that are used in portable radios operate, insofar as D.C.
is concerned, in an aimost identical manner. Examination of these circuits will
show that they have the same basic parts as the simple schematic shows in Fig. 14For example,in Fig. 14 the resistor R-3 located in the emitter circuit will be found
in practically all stages of the transistor radio. The resistor R-2 connected from
base to groind in Fig L4 is l"0K and is part of the bias stabilizing circuit. The
100K resistor, R-1, itthe base circuit, which connects to the negative terminal of
the battery is employed to bias the transistor to the proper operating conditions.
Note: Since the normal Base Current is very small its D.c. voltage comes
primarily from the voltage divider network. This is the junction of the 100K and
10K resistors.
For this reason an incorrect base voltage reading is usually attributable to
some component in the base circuit rather than from the components in the emitter
or collector circuits'
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The voltage check method of determining the proper operating condition of

a transistor circuit is very easily accomplished. One of the requirements of voltage
readings is that the measuring instrument present a very high impedance to the
circuit. This is necessary to prevent the meter resistance from upsetting the
operating conditions of the transistor stage. For example, Fig. 14 shows the
schematic diagram of a sirnple audio amplifier employing a PNP transistor.
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Fig. l5-Typicol Trqnsistor lF Amplifier

We will now compare the simple audio amplifier in Fig. 14 to a typical I.F.
amplifier. Notice that from a D.C. standpoint resistor R-2 of Fig. 15 goes to
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ground from the base of the transistor just as R-2 does in Fig. 14. Also notice that
iesistor R-1 efiectively connects from the base back to battery minus just as R-1
does in Fig. 14. The outstanding difference is that there is a transformer winding in
series between the bias network and the base. This is the means whereby the A.C.
signal, which is to be amplified, is fed to the base of the transistor. Capacitor C-1 in
Fig. 15 is present to decouple and place at signal ground potential the bottom end
of the transfbrmer winding. Notice that R-3 and C-2 are present in the emitter
circuit to ground in both Fig. 14 and 15, and that in both circuits R-3 is by-passed
with capacitor C-2 lo prevent A.C. signal degeneration. The load impedance for the
I.F. amplifier in Fig. 15 is the primary of transformer T-2 whereas in Fig. L4 the
load impedance is R-4, a 1,000 ohm resistor. This, of course, is necessary since
the operating frequency of the circuit in Fig. 15 is approxilnately 455 kc and uses
a transformer for inter-stage coupling

This technique will be very useful in the trouble shooting of tra-sistor radios
and wil[ be used extendively to determine whether a transistor stage has the proper
operating conditions.
-8.2 VOLTS
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This comparison between a simple AF amplifier and a simple LF. amplifier
a D.C. point of view these stages are similar in configuration,
except that the absolute value of the circuit components are selected to satisfy
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shows that from
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the requirements of the different transistors.
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This method does not require the technician to know whether the transistor is

PNP or NPN, and further this method does not require any arithmetic to determine the operating bias of the transistor stage.

i

Connect one test prod of the VTVM to the emitter lead of a transistor in an
operating radio. Touch the other lead to the collector. If the meter reads negatively, reverse the test prods so that the meter reads up scale. The voltage that
is read in this manner should be slightly less than the battery voltage. The actual
value of this voltage will be determined by the size of the emitter resistor and
how much resistance is present in the collector circuit. Lift the test prod from
the collector lead and shift it to the base lead. The meter must read up scale again
and the magnitude of the voltage should be 0.1 to 0.4 volts. This is the range of
emitter base bias that will be found on most transistors in portable radios. Note:
A voltage of opposite polarity may be present on operating oscillator stages.
Let us see the advantage of this method of measuring voltage in a transistor
circuit where the collector is operated at ground potential. This is shown in Fig. 16.
The collector load in this case is a coil of 4 ohms resistance. The emitter resistance
is 100 ohms and the problem is to determine the operating bias between base and
emitter in this transistor. Connect the positive lead of the VTVM to ground, touch
the negative lead of the VTVM to the emitter, we now read
volts. Now shift
-8.4
the minus test prod to the base of the transistor in Fig. 16 and
record the voltage.
This voltage is
volts. By subtraction we see that the base emitter bias is 0.2
-8.2
volts and that the
base is positive with respect to the emitter which is the proper
polarity for an NPN transistor. Now let us measure the operating voltage with the
method just outlined above. Notice that this will be performed without knowing
what polarities are involved.

Touch one of the test prods to the emitter lead and the other test prod to the
collector lead. The voltmeter should now read up scale. If it does not, reverse the
test prods so that the meter does read up scale. The meter should now read
approximately 8.4 volts. The difference between 8.4 volts and the battery voltage
which is 9 represents the voltage drop across the emitter resistor. Since the resistance in the collector circuit is extremely low, there is practically no D.C. voltage
drop. Now shift the test prod from the collector lead to the base lead and the
meter will again'read up scale and the voltmeter should read 0.2 volts. The absolute value of the voltage is correct, and since the base is biased in the same direction as the collector, this stage has the proper operating potentials and polarities.
18
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Voltage readings can supply much information about a transistor stage. We

will examine, therefore, a few different circuits that have abnormal voltage readings
and see what defects in the circuit could cause these readings to occur. Let us

assume the circuit and voltages of Fig. 15 represents the normal condition. Fig. 17

shows the same circuit as Fig. L5 except that the voltage readings are

in error.

Measurement shows that the base to emitter bias is zero and that the collector
voltage is at full battery potential. Observation of the base circuit shows that the
bias for this stage is obtained by means of a voltage divider R-L and R-2 connected
from the battery to ground. With the base and the emitter at the same potential
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there is no forward bias on the transistor and little or no collector current flows.
This can be seen from the fact that the collector voltage is the fult 9 volts of the
battery, i.e. no drop across R-4. Since we note also that there is nd voltage drop
across R-3 we may safely assume no current is flowing in the collector and emitter
circuits. A voltage check is now called for at the junction of R-2 and R-I.. If there
were voltage present at this point then transformer T-1 would be suspected of being
open. Since no voltage is present at the junction of R-1" and R-2 then capacitor
C-1, might be shorted or R-L might be open. R-2 of course could be shorted, but
this is unlikely. We can conclude that since the base voltage is obtained from a
voltage divider directly from the battery that abnormal voltages at the base of the
transistor are usually due to a defect in the base circuit of the transistor stage in
question. In the above case no emitter current flowed because there was no forward bias between emitter and base. With no emitter current there would be no
collector current. The transistor is, practically speaking, cut ofi,
19

ground from the base of the transistor just as R-2 does in Fig. 14. Also notice that
iesistor R-1 efiectively connects from the base back to battery minus just as R-1
does in Fig. 14. The outstanding difference is that there is a transformer winding in
series between the bias network and the base. This is the means whereby the A.C.
signal, which is to be amplified, is fed to the base of the transistor. Capacitor C-1 in
Fig. 15 is present to decouple and place at signal ground potential the bottom end
of the transfbrmer winding. Notice that R-3 and C-2 are present in the emitter
circuit to ground in both Fig. 14 and 15, and that in both circuits R-3 is by-passed
with capacitor C-2 lo prevent A.C. signal degeneration. The load impedance for the
I.F. amplifier in Fig. 15 is the primary of transformer T-2 whereas in Fig. L4 the
load impedance is R-4, a 1,000 ohm resistor. This, of course, is necessary since
the operating frequency of the circuit in Fig. 15 is approxilnately 455 kc and uses
a transformer for inter-stage coupling

This technique will be very useful in the trouble shooting of tra-sistor radios
and wil[ be used extendively to determine whether a transistor stage has the proper
operating conditions.
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This method does not require the technician to know whether the transistor is

PNP or NPN, and further this method does not require any arithmetic to determine the operating bias of the transistor stage.
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Connect one test prod of the VTVM to the emitter lead of a transistor in an
operating radio. Touch the other lead to the collector. If the meter reads negatively, reverse the test prods so that the meter reads up scale. The voltage that
is read in this manner should be slightly less than the battery voltage. The actual
value of this voltage will be determined by the size of the emitter resistor and
how much resistance is present in the collector circuit. Lift the test prod from
the collector lead and shift it to the base lead. The meter must read up scale again
and the magnitude of the voltage should be 0.1 to 0.4 volts. This is the range of
emitter base bias that will be found on most transistors in portable radios. Note:
A voltage of opposite polarity may be present on operating oscillator stages.
Let us see the advantage of this method of measuring voltage in a transistor
circuit where the collector is operated at ground potential. This is shown in Fig. 16.
The collector load in this case is a coil of 4 ohms resistance. The emitter resistance
is 100 ohms and the problem is to determine the operating bias between base and
emitter in this transistor. Connect the positive lead of the VTVM to ground, touch
the negative lead of the VTVM to the emitter, we now read
volts. Now shift
-8.4
the minus test prod to the base of the transistor in Fig. 16 and
record the voltage.
This voltage is
volts. By subtraction we see that the base emitter bias is 0.2
-8.2
volts and that the
base is positive with respect to the emitter which is the proper
polarity for an NPN transistor. Now let us measure the operating voltage with the
method just outlined above. Notice that this will be performed without knowing
what polarities are involved.

Touch one of the test prods to the emitter lead and the other test prod to the
collector lead. The voltmeter should now read up scale. If it does not, reverse the
test prods so that the meter does read up scale. The meter should now read
approximately 8.4 volts. The difference between 8.4 volts and the battery voltage
which is 9 represents the voltage drop across the emitter resistor. Since the resistance in the collector circuit is extremely low, there is practically no D.C. voltage
drop. Now shift the test prod from the collector lead to the base lead and the
meter will again'read up scale and the voltmeter should read 0.2 volts. The absolute value of the voltage is correct, and since the base is biased in the same direction as the collector, this stage has the proper operating potentials and polarities.
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Fig. l6-Voltoges to Ground.

Voltage readings can supply much information about a transistor stage. We

will examine, therefore, a few different circuits that have abnormal voltage readings
and see what defects in the circuit could cause these readings to occur. Let us

assume the circuit and voltages of Fig. 15 represents the normal condition. Fig. 17

shows the same circuit as Fig. L5 except that the voltage readings are

in error.

Measurement shows that the base to emitter bias is zero and that the collector
voltage is at full battery potential. Observation of the base circuit shows that the
bias for this stage is obtained by means of a voltage divider R-L and R-2 connected
from the battery to ground. With the base and the emitter at the same potential
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there is no forward bias on the transistor and little or no collector current flows.
This can be seen from the fact that the collector voltage is the fult 9 volts of the
battery, i.e. no drop across R-4. Since we note also that there is nd voltage drop
across R-3 we may safely assume no current is flowing in the collector and emitter
circuits. A voltage check is now called for at the junction of R-2 and R-I.. If there
were voltage present at this point then transformer T-1 would be suspected of being
open. Since no voltage is present at the junction of R-1" and R-2 then capacitor
C-1, might be shorted or R-L might be open. R-2 of course could be shorted, but
this is unlikely. We can conclude that since the base voltage is obtained from a
voltage divider directly from the battery that abnormal voltages at the base of the
transistor are usually due to a defect in the base circuit of the transistor stage in
question. In the above case no emitter current flowed because there was no forward bias between emitter and base. With no emitter current there would be no
collector current. The transistor is, practically speaking, cut ofi,
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the case just discussed, the emitter voltage differed from its normal value by 0.2
volts and the collector voltage varied from its normal yalue by about 0.3 volts. It
is these small changes in voltage that supply the clue to determine the defect in
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9. VOLTS

Fie. 18 shows the same stage as previously discussed except that a new set of
voltages are shown to represent another type of trouble. Notice that the base
potential is approximately normal and from the conclusion drawn from the previous section we would not suspect trouble in the base circuit. The collector has
voltage on it and therefore the D.C. path back to the battery supply must be O.K.
Since the collector potential is at the full battery voltage this would indicate that
there is no voltage drop in the collector circuit and therefore no current flowing.

Fig. l8-Defective lF Amplifier (No Forword Bios)

The third class of trouble that can quickly be determined by means of voltage
at the transistor is the case where the collector potential is far from
normal. This is shown in Fig. 19. The potential from collector to emitter is zero
or very near zero. Voltage does exist between base and emitter although they may
not be normal. This trouble must be due to an open circuit or a" short circuit to
ground in the collector. This could be an open T-2 or R-4 or a shorted C-4. TL
C-4 were shorted this would also show up as abnormally high current drawn from

Since the base to emitter junction is very low resistance the base or emitter
will rise to the potential of the other if either one of them is open in their external
circuit. Since the base has approximately the correct voltage the trouble must be
in the emitter circuit. An ohmmeter measurement of emitter to ground in this
case would show an open circuit (R-3 is open). The fact that the emitter does
have a voltage is very misleading unless you remember that the resistance of the
base emitter junction is quite low and if either is open they will assume the same

readings

the battery.

voltage.

Since the power consumption in these circuits is quite low it is rather unusual
that a resistor will actually open. Cracked printed circuit boards and poor solder
connections will most frequently account for open circuits of this nature. The

exception to this case would be in power output stages where the power capabilities
of the circuit are such that a resistor can actually burn out. This would be most
evident by inspection since the resistor in question would be visibly charred. The
bias voltages on a transistor are so very important that they must be measured
accurately and close attention must be paid to small difierences. For example in
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The methods just outlined show the symptoms that may occur in a transistor
circuit and the way in which the voltages will react. There is the case however
where the transistor itself is at fault. We will now look into some of the ways in
which a transistor may become defective and the efiect that these defects have on
the circuit voltages.

If

any element in a transistor should become open circuited this will result in
in the collector circuit will rise to the full

loss of collector current. The voltage
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there is no voltage drop in the collector circuit and therefore no current flowing.
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The methods just outlined show the symptoms that may occur in a transistor
circuit and the way in which the voltages will react. There is the case however
where the transistor itself is at fault. We will now look into some of the ways in
which a transistor may become defective and the efiect that these defects have on
the circuit voltages.

If

any element in a transistor should become open circuited this will result in
in the collector circuit will rise to the full

loss of collector current. The voltage
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battery voltage. This is due to the fact that since no collector current flows there
can be tto uoltrge drop across the collector load impedance T-2 or across R-4 in
Fie. 19.

represents a transistor with very high leakage and it is possible that if this condition
were allowed to continue the transistor would destroy itself due to.execessive col-

lector dissipation. This would then result in an open or shorted transistor.
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Fig. I9-Defective lF Amplifier (0 Collector Volrage)

If the base of the transistor were to open there would be no forward bias on
the transistor and the collector current would cease to flow. If the emitter were to
open the collector cunent would again cease to flow since the collector current
must flow through the emitter circuit. It also follows that if the collector circuit
were to open no collector current would flow and the emitter voltage would assume
the same potential as the base. Since the base voltage is obtained from a voltage
divider, the base potential will be normal or even higher since the base voltage
divider is not loaded by the transistor when the collector is open.

Fig. 20-Defecrive lF Amplifier (High Emitter Volroge)

A.G.C. OPERATION

It should be remembered that a forward Bias is needed between Base and
Emitter in order for conduction and transistor action to take place. If this Bias
is lowered the gain of the stage will gradually decrease. The aforementioned is,
of course, taken withiir the normal operating limits of the transistor.
A.G.C. simply decreases the bias (less gain) for strong stations' The stronger

current (which also flows through the emitter resistance) the emitter voltage will
increase. If the leakage of the transistor is great enough the emitter voltage can
increase enough to reverse the bias on the transistor. With reverse bias you would

Examination of Fig. 20 shows that the collector voltage has dropped considerably from its normal voltage. The emitter voltage has risen to 3 volts from its
normal 0.5 volts and the base voltage is approximately at its correct value. This
22

TESTING

'the purpose of the A.G.C. (Automatic Gain Control) is to maintain the output
volume of the receiver at an equal level even though the signal levels received from
each station are different.

Perhaps a more common defect that will occur in low power transistors found
in portable radios is their tendency to develop high internal leakage. 'when this
occurs it is usually accompanied by an increase in collector current. The base
voltage will usually remain at its normal value, but due to the increase in collector

expect the transistor to be cut ofi and have no collector current, but because of the
infernal transistor leakage the collector current actually increases. The voltage
distribution for this leakage condition is shown in Fig' 20.
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the station the less bias and the less gain. Weak stations will therefore be operating
with the transistors in their maximum gain position. This will tend to make all
stations have about the same level of output.
When an I.F. signal is fed through transformer L-5 to the 1N60 diode, a pulsating D.C. current will flow. Using the conventional flow of current (* to
-)
the diode will conduct as follows:

(a) Thru the secondary of L-5 down and thru resistor R-6 to ground.
zo

Since the
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volume of the receiver at an equal level even though the signal levels received from
each station are different.

Perhaps a more common defect that will occur in low power transistors found
in portable radios is their tendency to develop high internal leakage. 'when this
occurs it is usually accompanied by an increase in collector current. The base
voltage will usually remain at its normal value, but due to the increase in collector

expect the transistor to be cut ofi and have no collector current, but because of the
infernal transistor leakage the collector current actually increases. The voltage
distribution for this leakage condition is shown in Fig' 20.
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the station the less bias and the less gain. Weak stations will therefore be operating
with the transistors in their maximum gain position. This will tend to make all
stations have about the same level of output.
When an I.F. signal is fed through transformer L-5 to the 1N60 diode, a pulsating D.C. current will flow. Using the conventional flow of current (* to
-)
the diode will conduct as follows:

(a) Thru the secondary of L-5 down and thru resistor R-6 to ground.
zo

Since the

first side of a :esistor that the plus hits (in conventional flow) is positive,

it will

make the top of resistor R-6 'more positive' than it was before.
(b) From ground it will go up through resistor R-7 and thru R-10 and R-9
back to the anode of the diode.
This is the D.C. path of the diode. If a measurement were taken it would be
is caused by
noted that the top ol resistor R-6 is negative.
-above, The negative voltage

the exp'ression 'more positive' was
the battery supply. The reason, in (a)
used, was to indicate that the voltage went more positive than it was previously. If
it would have gone .1" volts more positive.
and it went to
it was normallv

-.7v

-.6v,

The base of X2 is driven more positive than it was and the bias is therefore
decreased lowering the gain of the stage. The stronger the I.F. signal, the more
the bias will decrease. We therefore have A.G.C. action on the lst I.F' amplifier.
Following the A.G.C. circuit how do we get A.G.C. action on the 2nd I.F.? As
the Base of the lst f.F. decreased its forward Bias, this decreased the emitter
current. The voltage drop across R-7 therefore decreases. Since the normal voltage at the top of R-? is negative, and it decreases, it therefore went more positive.
Noting that.the Base of the 2nd I.F. is connected thru the secondary of L-4 to the
emitter of X2 and that the emitter voltage went less negative (more positive) we
see that the forward Bias of XB was likewise decreased. The gain therefore was
decreased depending on the strength of the input signal.
To measure these voltages connect the negative lead of the VTVM to the A.G.C.
line, point l.L of Fig. 10. The positive lead would then go to the emitter of X2
(point 13). Feed an R.F. signal from the.dnalyst into the antenna thru C-8. As
the radio is tuned thru the frequency of the R.F. signal, the A.G.C. voltage will
be seen to decrease when the signal generator is tuned in. A similar reading may
be taken for the 2nd I.F. by connecting the negative lead of the VTVM to point
13 and the positive lead to point 1?. The forward bias will again deirease as the
Signal Generator frequency is tuned in.

Note: The entire AF section may be checked out to see if it is functioning by
Signal Injection into the Base of the lst AF stage (usually the top of the volume
control with the control at maximum). If the AF operates proceed to the next
step. If not, start at the loudspeaker and work stage by stage toward the detector.

4. I.F. SIGNAL INJECT into each stage of the IF section. IF Signal injection
is explained in the section entitled RF-IF SIGNAL INJECTION. Typical IF
troubles in section entitled IF TROUBLES.
5. R.F. SIGNAL INJECT into the mixer stage. If the stage operates proceed
to the RF section, If not, check to see if the oscillator is operating.
Mixer and RF Signal Injection is explained in section entitled RF-IF SIGNAL
INJECTION. Typical RF and Oscillator troubles in the section entitled RF
MIXER OSCILLATOR TROUBLES.
6. DETECTOR A.G.C. TEST may be made by feeding a signal into the antenna
and measuring the voltage developed across the A.G.C. line. The VTVM should
be used for these measurements.

A more complete explanation of A.G.C. voltage measurements is found in the
section entitled A.G.C. OPERATION & TESTING. Typical troubles in the section entitled A.G.C. TROUBLES.

7.

DC VOLTAGES & RESISTANCES. If the trouble encountered was not picked
I & 2 ot" the above, the DC circuits and transistors are probably operat-

up in Steps

ing correctly. The Signal Injection method therefore will normally isolate the
defective stage.

Once the stage is isolated, check the voltages around the transistor. Then
proceed to take O,hmmeter checks. Remember to test the electrolytics with the
Ohmmeter. (Use proper polarity.)
Voltmeter and Ohmmeter operation.is explained more

titled VTVM and OHMMETER respectively.

GENERAL TROUBLE SHOOTING PROCEDURE

accomplished
by using the internal power supply of the Analyst. Once connected the total radio
current is measured by switching to the 150 ma or 15 ma positions of the SELECTOR switch. If the current is as expected, proceed to the next step. If it is not,
then trouble shoot the power supply bection of the radio.

Connections to the Analyst power supply are fully described in the section
entitled POWER SUPPLY JACKS. Typical power supply difficulties are listed
in section entitled POWER SUPPLY TROUBLES.

2. DYNA TRACE the entire radio for a transistor defect or a transistor circuit
trouble. This should isolate most troubles.
The use of the Dyna Trace is explained in the section entitled IN CKT DYNA
TRACE. Troubles found with the Dyna Trace are in each section of the trouble
shooting examples.

3. AUDIO SIGNAL INJECT into the loudspeaker and then into the AF sections. AF Signal injection is explained in the section entitled AUDIO SIGNAL
INJECTION. Typical AF troubles are in section entitled AUDIO TROUBLES.

POWtsR SUPPLY TROUBLES
EXAMPLE NO. I:
The first trouble is a radio brought into the shop as dead. The first step in all
cases is to connect the radio to the power supply of the Analyst. (Step 1. of the
General Trouble Shooting Procedure.) The radio shown in the schematic of Fig. 10
will be used for the trouble shooting. Since this radio requires 6 volts for operation
we connect the power supply test leads into the jacks marked "O" and "6". The
schematic shows that positive is ground and we connect the positive lead from the
power supply to the positive terminal of the battery holder and the negative lead
of the power supply to the negative end of he battery holder. This is shown in

Fig.

21.

Turn the selector switch to the 150 ma position and turn the radio on. The
Analyst is now supplying power to the radio and the amount of current that is
being drawn is shown on the meter. The schematic shows that the normal current
is 4 ma. If the current is greatly in excess of this value, turn off the Analyst and
check the power supply connections to make sure that the proper polarity has been
observed. fmproper polarity will put reverse voltage on the electrolytics and cause
excessive current. This could damage the electrolytics. This value of 4 ma is the
25
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section en-

8. INTERMITTENTS are tested as above with emphasis placed on stage isolation. Typical intermittents are shown in the section entitled IIROUBLE SHOOTING INTERMITTENTS.

Trouble shooting with the Model 960 Analyst is a logical and simple series of
steps. Following this procedure should quickly isolate the defect. Once the stage
is isolated, proceed to Step 7 without performing the intermediate steps.

1. TEST THE RADIO POWER SUPPLY. This is automatically

fully in the

r
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it will

make the top of resistor R-6 'more positive' than it was before.
(b) From ground it will go up through resistor R-7 and thru R-10 and R-9
back to the anode of the diode.
This is the D.C. path of the diode. If a measurement were taken it would be
is caused by
noted that the top ol resistor R-6 is negative.
-above, The negative voltage

the exp'ression 'more positive' was
the battery supply. The reason, in (a)
used, was to indicate that the voltage went more positive than it was previously. If
it would have gone .1" volts more positive.
and it went to
it was normallv

-.7v

-.6v,
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see that the forward Bias of XB was likewise decreased. The gain therefore was
decreased depending on the strength of the input signal.
To measure these voltages connect the negative lead of the VTVM to the A.G.C.
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(point 13). Feed an R.F. signal from the.dnalyst into the antenna thru C-8. As
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be seen to decrease when the signal generator is tuned in. A similar reading may
be taken for the 2nd I.F. by connecting the negative lead of the VTVM to point
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Note: The entire AF section may be checked out to see if it is functioning by
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8. INTERMITTENTS are tested as above with emphasis placed on stage isolation. Typical intermittents are shown in the section entitled IIROUBLE SHOOTING INTERMITTENTS.

Trouble shooting with the Model 960 Analyst is a logical and simple series of
steps. Following this procedure should quickly isolate the defect. Once the stage
is isolated, proceed to Step 7 without performing the intermediate steps.

1. TEST THE RADIO POWER SUPPLY. This is automatically

fully in the

r

current drawn by ihe raclio with the volume turned to minimum or the radio

AUDIO TROUBLES

tuned ofr-siation.
The radio that we are servicing shows a power supply current of about 60 ma.
This would indicate a short circuit in the power lead feeding B* to the radio or an
improperly biased transistor that was drawing excessive current.

EXAMPLE NO.

I:

The complaint in this case is a dead set. step L of the General. Trouble shooting proceduie shows a slightly lower than normal battery current. Step 2 shows

the Audio Driver sta-ge X4 is inoperative. Proceeding to Step 7 shows that
the Base voltage is correJt. The emitler voltage is slightly lower than normal.
The Collector voltage, however, is 0.
There are two normal possibilities that would reduce the collector voltage to
0. The first would be a short in the collector circuit to ground. The other would
in ttre p.C. supply to the collector. A short in the collector circuit
t" ;;;;;
resulted in hig-h- battery current so we may therefore eliminate this
*o11ta t
"t "
An open in the D.C. supply to the collector satisfies the 0 voltage
as a possibility.
at the collectbr and Llso accounts for the lower than normal battery current'
M"u.o."-"nts with the Ohmmeter show that the primary of T-1 is defective.
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The symptom is a dead set. step 1 shows normal current from the supply.
Step 2 also responds correctlY'
In Step 3 the signal is heard properly through point 24 o1 Fig. 10. At point
22, howeGr, no sig;al is heard. First, we would make certain that the volume
control is at maximum since this could cause the same effect. Since each stage
is in operation as shown by the Dyna-Trace tests, the problem is probably in the
signal circuit. This would make us suspect capacitor C-6. An ohmmeter check
shows

Fig.

2l-Analyst

Connecled

ro Rodio.

ff a vacuum tube voltmeter reading at point 28 of Fig. 10, shows a reading of
about 6 volts, this would be correct. However, at the other side of R-1"3 (a decoupling resistor) the voltage is zero. This indicates that the de-coupled B* supply
is shorted. The trouble is probably a short in capacitor c-2. This type of trouble,
where the large electrolytic capacitor on the B+ line shorts out, is very common
in transistor radio portables. It will in all cases show up as an abnormally high
power supply current.

it to be open.

EXAMPLE NO. 3:
The next problem is one of excessive distortion. step 1 indicates higher
than normal battery current. In Step 3 the signal becomes distorted when moved
from point 29 to point 24. It was clear on point 29, but distorted on 24'
Going to Step ?, the emitter voltage of. X-2 is excessively high. This coupled
with tht high"" tha.t normal current of Step 1 would cause the transistor to be
suspected of leakage. An oUT CKT test of the transistor confirms our suspicion.

IF
DXAMPLE NO.

EXAIUPLE NO. 2:

Another typical trouble that might be encountered is a customer complaint

of motorboating.
when the radio is operated on the customer's battery the set motorboats, but
when the radio is connected to the Analyst power supply (step L of General
Trouble shooting Procedure) the motorboating stops. This can be due to a
defective battery which has high internal resistance or it can be due to an open
electrolytic in the radio. This electrolytic is usually connected across the battery
(see C-l in Fig. 10). The reason the set stopped motorboating is because the
Analyst has a large capacitor in its output circuit and took the place of the
, defective part C-1.
The first trouble shooting step is to replace the battery. If the motorboating
persists jump another capacitor of equal value across C-1. With the additional
capacitor acioss C-1 the motorboating stops. This shows that C-l is open and
should be replaced.
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The trouble

TROUBLES

I:
in this example is a dead set. step l" of the

General Trouble

Shooting Procedure shows up a slightly less than normal battery current-

In Step 2 the Dyna-Trace shows X2 to be inoperative because the meter did
not go above the green portion of the scale.
Skipping to Step 7 indicates no collector voltage (point 12). Measuring point
volts, the B- to L4. An Ohmrneter check shows that the
6 we find about
to the collector from the primary of L-4 is open. Soldering the
copper foil going-5.4
break repairs the trouble.

Another defect that could cause this same set of conditions would be L-4
internally open. The Ohmmeter would also show fhis up.
EXAMPLE NO. 2:
The Trouble in this example is that the set squeals when a station is tuned in.
27
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Steps 1, 2 & 3 indicate proper operation. Step 4 produces the squeal when a
455 kc-signal is injected at the Base of X2 (point 10), but not at the Base of X3

(point I5).

Signal Injecting at the Collector of X2 (point 12) also produces the squeal.
The trouble is between the Collector of X2 and the Base of X3.
since the stage is probably oscillating we would replace c-13 (the neutralization capacitor) which would eliminate the trouble.
A fine point here-the reason we did beat with the oscillation when we connected to point 15 is because our signal lead loaded the Base of X3 to the point
where it would not oscillate. By going to the other side of the transformer the
loading was reduced and the stage oscillated with our injected signal.

on both the Base & Emitter of X2. An ohmmeter test to ground shows a short from
point 11 to ground. The electrolytic C-3 is shorted. (No forward Bias on X2,
therefore no gain and lower battery current.)

'EXAMPLE NO. 2:
The next receiver carries the complaint that the set is dead' Step L of, the
trouble shooting procedure indicates high battery current. Step 2 shows that X2
and XB are inoperative. Going directly to Step 7 shows a much larger than normal
negative voltage on the bases of X2 and X3. An ohmmeter test shows that R-6
is open; probably an open in the copper foil. The base voltage on X2 went up.
Therefore the emitter voltage on X2 went up due to increased collector current.
The base of XB connects D.C. wise to the emitter of X2. Therefore this base voltage
increased. This caused the increase in battery current.

EXAMPLE NO. 3:

In the next case the problem is very low output. Steps 1, 2 & 3 indicate proper
operation. Signal injecting at point 16 we find ample output. Going to point 15
the gain does not increase particularly. The signal injected at point 17 has as
much gain as at 1"5. This immediately points to C-L4 as being open. Replacement
eliminates the trouble.

We would not normally have Signal Injected into the emitter circuit, but
this was called for since we did not have gain in the stage. We know that an
open bypass in this emitter would cause de-generation.

R.F. MIXER

-

OSCILLATOR TROUBLES

EXAMPLE NO. I:
Step L is OK. Step 2 indicates that X1 is not operating. Step 7 shows all
voltages about normal except the emitter is 0V with respect to ground.

An ohmmeter test shows the 1500 ohm resistor is correct. The X1 transistor
is suspected. Remove the transistor and make the OUT CKT test to conffrm that
the transistor is defective. Replacement

will correct the trouble.

EXAMPLE NO. 2:
In the next case the set is dead. Steps 1 thru 4 are OK. The I.F. signal can
be inserted up thru point 9. R.F, however, does not come thru on point 2.
Note: When testing the R.F. or oscillator do not use a shorted turn around the
antenna coil. When the R.F.-I.F. TUNING of the Analyst dial is rotated to a point
455 kc above the frequency to which the radio is tuned, a station is heard. But so is
a loud 2000 cycle signal. Rotating to the MOD. OFF position of the AUDIO-R.F.

LEVEL switch eliminates the 2000 cycle note.

Obvioirsly the Analyst is taking the place of the radio local oscillator. Step 7
indicates an open oscillator coil. Replacing of said coil makes the set operative.
Other causes of this could be, open C-9, or a shorted tuning capacitor in the

oscillator section.

The Transistor Radio Analyst makes it possible for service technicians to
easily and conveniently trouble shoot intermittents in transistor portable radios.
A brief understanding of the nature of intermittents that can occur in a portable
radio will make it that much easier to find these troubles.
Most of the intermittents that will be found will be due to mechanical problems. Small cracks in a printed circuit board, rosin solder connections of components to the printed circuit board are frequently encountered. Erratic operation
of the radio under conditions of high temperature such as might be found in
direct sun light or in the trunk of an automobile is another cause which usually
can be traced to a defective transistor that has higher than normal leakage. This
leakage is increased under conditions of high temperature.
The principle of trouble shooting intermittents with the signal injection techiique can be extremely efiective if properly applied. Where an intermittent
does occur in the radio and the technician has no knowledge of either the section
or stage that is causing this trouble, the particular section or stage can be isblated.
This is accomplished by injecting a signal into the receiver, starting at the loudspeaker and working forward toward the antenna. As a signal is injected into
each stage or section, the technician examines solder connections in that stage fbr
rosin or open connections on the printed circuit board. He will then flex the board
slightly to see if any cracks in the board could cause this difficulty.
The temperature of the transistor may be elevated by bringing a small soldering

iron close to the transistor. Note: Do not overly heat the transistor since this
could cause a permanent breakdown. When the defective stage is finally reached,
careful investigation of each of the above items in the stage will locate the defective component.

We will now trouble shoot some typical intermittent troubles that might

occur in a transistor radio.

EXAMPLE NO. 1:

A. G. C. TROUBLES
EXAMPLE NO.

TROUBLE SHOOTING INTERMITTENTS

l:,

A radio comes in for servjce whose schematic is shown in Fig. 10. Step l- of our
General Trouble Shooting Procedure indicates that the radio draws 4.25 ma of
current and the schematic shows that 4 ma is the approximate load for this radio.
Therefore, no abnormal current is being drawn by the radio. The customer complaint is that the radio will stop playing and will begin playing again all by itsel?.

The symptom in this example is that the set is dead. Step L of the General
Trouble Shooting Procedure shows an approximately normal current. The Dyna'
Trace shows that the 1st I.F. amplifier is inoperative. Going directly to Step 7
voltage tests show zero bias (between Base & Emitter) and zero volts to ground

We will attempt to isolate this defect one section at a time. First the complete
audio sybtem, then the f.F.'s and then the converter circuit. Connect the test leads
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455 kc-signal is injected at the Base of X2 (point 10), but not at the Base of X3

(point I5).
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A fine point here-the reason we did beat with the oscillation when we connected to point 15 is because our signal lead loaded the Base of X3 to the point
where it would not oscillate. By going to the other side of the transformer the
loading was reduced and the stage oscillated with our injected signal.
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point 11 to ground. The electrolytic C-3 is shorted. (No forward Bias on X2,
therefore no gain and lower battery current.)
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trouble shooting procedure indicates high battery current. Step 2 shows that X2
and XB are inoperative. Going directly to Step 7 shows a much larger than normal
negative voltage on the bases of X2 and X3. An ohmmeter test shows that R-6
is open; probably an open in the copper foil. The base voltage on X2 went up.
Therefore the emitter voltage on X2 went up due to increased collector current.
The base of XB connects D.C. wise to the emitter of X2. Therefore this base voltage
increased. This caused the increase in battery current.
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the generator to 455
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k;.-i;;h the test prod to the-base of the 1st I.F. amplifier
proceed with the flexing and examination of
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-if
there is any mechanical damage, loose co_mponents, etc.
the board observing
li tt ir point we fin-d that when we flex the board the test tone in the loudspeaker
somewhere
il"o-". interrupted. Apparently our source of intermittent trouble is or
2nd I.F.
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i" trr"irl
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amplifier stage.
we now shift our signal injection probe to point 15 which is the base of the
2"d i.F. ;;;iifie". Fl"*-ing of ihe board again causes the tone to be interrupted'
amplifier and
Til;f*;, il irouble *rirt li" between the base of the 2nd I.F.
shows
up a crack
printed
circuit
board
of
the
examination
Careful
n"-altl"to".
foil leading to the center taq of_ transformer L-5. This is the collector
itt ttt.
ttru zna I.F. ariplifier. This could have been caused by the radio being
ioad of"opp"t
ju"""a o" dropped. The irouble can be corrected by carefully cleaning the copper
flowing solder across the above joint, or by soldering a sho,rt piece of bare
ioif
the- copper foil. A small soldering iron should be used to avoid over*i"r ""a
""ro.r
the copper which could cause the foil to peel.
heating
By logically following a pattern of stage by stage signal injection, the trouble
b" isotatea to one particular stage. Since the total number of components
"un
involved in any one stage is rather small, this narrows down the possible components that could be producing the trouble.

EXAMPLE NO. 2:
is an example of an intermittent defect and the method of trouble shootHere
-Again
the customers complaint is that the radio will cut out all by itself and
i.rg.
then seemingly correct itself and begin playing again.

step 1 is to connect the radio to the power supply of the- Analyst and meter
the current being drawn by the radio. The cirrrent is approximately 4 ma which
agrees with the value as shown on the schematic in Fig. 10'
signal injection at the base of the audio driver transistor
We now begin
-24 our
on the schematic. In this way we will either _eliminate, or pin
which is point
poi"t tfr"'t"ouble to the audio systgm_. With the injection at the base -of the audio
iriver the test tone should be clearly heard in the loudspeaker. The volume control
oi t|" receiver must be advanced above minimum to prevent shorting out the
Now flex the printed circuit toard and examine the components in
injected signal.
-system
for breakage or poor solder connections while listening for an
ItrL audio
intermittent. We find that by tapping the radio the audio in the loudspeaker goes
on and ofi. The indication is that the trouble is somewhere in the audio system.
Proceeding on a step by step basis we may now Iocalize the trouble. Connect the
signal injeiction test-prod into the VOICE COIL output jack an4 touch this protl
tJthe voice coil of the loudspeaker. Tap the radio gently to see if the intermittent
occurs. No intermittent is noticed at this point. Realizing that a common source
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of trouble in transistor radios is a poor contact on the earphone jack, we check
the jack carefully, Examination of the earphone jack shows that it is working
properly and is not the cause of the intermittent.
'We

now advance our test prod to the base of one of the audio output transistors

(point 29 or 32 on the schematic). The source of signal from the Analyst is novr
the AUDIO OUTPUT rather than the voICE coIL jack. The test tone should
be clearly heard in the loudspeaker and if tapping the radio does not introduce
an intermittent the trouble does not lie in the audio output stage. we know from
the first test that the trouble occurred when a signal was injected into the base

of the audio driver transistor. We will now connect our test prod to the collector of
the audio driver transistor which is point 26 on the schematic. Tapping the radio
again introduces the intermittent so the trouble must lie in the collector circuit
oI the audio driver transistor. Examination of the parts associated with this circuit
show no sign of physical damage and all solder joints appear solid and making
good contact
we must now resort to voltage readings to determine the defect. with our
VTVM we now measure the collector potential of the audio driver transistor X4.
The voltage at this point correctly reads 5 volts. However, when the radio is
jarred or tapped the voltage falls to zero indicating some sort of intermittently
Lpen circuit element in the collector of the transistor. Shifting our test prod to
the bottom, or f side of transformer T-1, produces a voltage of better than 5 volts.
It does not appear erratic or intermittent when the radio is jarred. It would now
seem that the transformer primary must be inteimittent. This would cause both
loss of audio signal and the intermittent collector voltage at the.driver transistor.
Removal of the transformer from the circuit or an ohmmeter check across the
primary shows that it has an intermittent connection within the transforr-ner.
Replacement of the transformer would cure this trouble.

FM AI,IGNMENT

&

TROUBLE SHOOTING

FM alignment consists of peaking the IF stages and then aligning the discriminator for a'0'reading between a maximum f and a maximum
-.
The
In all cases consult the manufacturers specifications before aligning.
peaking
and which
for
point
used
be
shoirld
manufacturer will explain which
for discriminator alignment..
Set the RF-IF Tuning Dial to 2.L4 mc. The 5ih harmonic oI 2.14 mc is 1"0.7 mc'
10.7 mc is the most often used FM-IF frequency. Use the MOD. OFF position'
Connect the RF lead to the input of the converter. Connect your VTVM between
ground and the take off peaking point recommended by the manufacturer. Align
each

IF for maximum.

Switch ihe VTVM lead to the output of the discriminator. Align the disand f excursion.
criminator for a 0 reading between a maximum
The RF stages can be aligned in the same manner by using actual FM stations
and tuning for a maximum at the take off peaking point.

FM SIGNAL

TRACING

use the General Trouble shooting Procedure steps 1 thru 4. In Step 4 connect
the VTVM to the peaking point and leave the MOD. ON. Most FM sets will
pass some AM. Signal inject stage by stage as described in Step 4. The signal
when injected may be heard in the loudspeaker or observed as a voltage on the
VTVM at the peaking point. Once the trouble has been located go directly to

Step

7.

the trouble does not show up in the previous step, then go to Step 7 for the
RF and Oscillator sections of the FM receiver. This follows since we have already
tested all the sections except the RF & Mixer stages.

If
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li tt ir point we fin-d that when we flex the board the test tone in the loudspeaker
somewhere
il"o-". interrupted. Apparently our source of intermittent trouble is or
2nd I.F.
We must now determine whether it is in the 1st
i" trr"irl
"*ptifier.
amplifier stage.
we now shift our signal injection probe to point 15 which is the base of the
2"d i.F. ;;;iifie". Fl"*-ing of ihe board again causes the tone to be interrupted'
amplifier and
Til;f*;, il irouble *rirt li" between the base of the 2nd I.F.
shows
up a crack
printed
circuit
board
of
the
examination
Careful
n"-altl"to".
foil leading to the center taq of_ transformer L-5. This is the collector
itt ttt.
ttru zna I.F. ariplifier. This could have been caused by the radio being
ioad of"opp"t
ju"""a o" dropped. The irouble can be corrected by carefully cleaning the copper
flowing solder across the above joint, or by soldering a sho,rt piece of bare
ioif
the- copper foil. A small soldering iron should be used to avoid over*i"r ""a
""ro.r
the copper which could cause the foil to peel.
heating
By logically following a pattern of stage by stage signal injection, the trouble
b" isotatea to one particular stage. Since the total number of components
"un
involved in any one stage is rather small, this narrows down the possible components that could be producing the trouble.

EXAMPLE NO. 2:
is an example of an intermittent defect and the method of trouble shootHere
-Again
the customers complaint is that the radio will cut out all by itself and
i.rg.
then seemingly correct itself and begin playing again.

step 1 is to connect the radio to the power supply of the- Analyst and meter
the current being drawn by the radio. The cirrrent is approximately 4 ma which
agrees with the value as shown on the schematic in Fig. 10'
signal injection at the base of the audio driver transistor
We now begin
-24 our
on the schematic. In this way we will either _eliminate, or pin
which is point
poi"t tfr"'t"ouble to the audio systgm_. With the injection at the base -of the audio
iriver the test tone should be clearly heard in the loudspeaker. The volume control
oi t|" receiver must be advanced above minimum to prevent shorting out the
Now flex the printed circuit toard and examine the components in
injected signal.
-system
for breakage or poor solder connections while listening for an
ItrL audio
intermittent. We find that by tapping the radio the audio in the loudspeaker goes
on and ofi. The indication is that the trouble is somewhere in the audio system.
Proceeding on a step by step basis we may now Iocalize the trouble. Connect the
signal injeiction test-prod into the VOICE COIL output jack an4 touch this protl
tJthe voice coil of the loudspeaker. Tap the radio gently to see if the intermittent
occurs. No intermittent is noticed at this point. Realizing that a common source
30

of trouble in transistor radios is a poor contact on the earphone jack, we check
the jack carefully, Examination of the earphone jack shows that it is working
properly and is not the cause of the intermittent.
'We

now advance our test prod to the base of one of the audio output transistors

(point 29 or 32 on the schematic). The source of signal from the Analyst is novr
the AUDIO OUTPUT rather than the voICE coIL jack. The test tone should
be clearly heard in the loudspeaker and if tapping the radio does not introduce
an intermittent the trouble does not lie in the audio output stage. we know from
the first test that the trouble occurred when a signal was injected into the base

of the audio driver transistor. We will now connect our test prod to the collector of
the audio driver transistor which is point 26 on the schematic. Tapping the radio
again introduces the intermittent so the trouble must lie in the collector circuit
oI the audio driver transistor. Examination of the parts associated with this circuit
show no sign of physical damage and all solder joints appear solid and making
good contact
we must now resort to voltage readings to determine the defect. with our
VTVM we now measure the collector potential of the audio driver transistor X4.
The voltage at this point correctly reads 5 volts. However, when the radio is
jarred or tapped the voltage falls to zero indicating some sort of intermittently
Lpen circuit element in the collector of the transistor. Shifting our test prod to
the bottom, or f side of transformer T-1, produces a voltage of better than 5 volts.
It does not appear erratic or intermittent when the radio is jarred. It would now
seem that the transformer primary must be inteimittent. This would cause both
loss of audio signal and the intermittent collector voltage at the.driver transistor.
Removal of the transformer from the circuit or an ohmmeter check across the
primary shows that it has an intermittent connection within the transforr-ner.
Replacement of the transformer would cure this trouble.

FM AI,IGNMENT

&

TROUBLE SHOOTING

FM alignment consists of peaking the IF stages and then aligning the discriminator for a'0'reading between a maximum f and a maximum
-.
The
In all cases consult the manufacturers specifications before aligning.
peaking
and which
for
point
used
be
shoirld
manufacturer will explain which
for discriminator alignment..
Set the RF-IF Tuning Dial to 2.L4 mc. The 5ih harmonic oI 2.14 mc is 1"0.7 mc'
10.7 mc is the most often used FM-IF frequency. Use the MOD. OFF position'
Connect the RF lead to the input of the converter. Connect your VTVM between
ground and the take off peaking point recommended by the manufacturer. Align
each

IF for maximum.

Switch ihe VTVM lead to the output of the discriminator. Align the disand f excursion.
criminator for a 0 reading between a maximum
The RF stages can be aligned in the same manner by using actual FM stations
and tuning for a maximum at the take off peaking point.

FM SIGNAL

TRACING

use the General Trouble shooting Procedure steps 1 thru 4. In Step 4 connect
the VTVM to the peaking point and leave the MOD. ON. Most FM sets will
pass some AM. Signal inject stage by stage as described in Step 4. The signal
when injected may be heard in the loudspeaker or observed as a voltage on the
VTVM at the peaking point. Once the trouble has been located go directly to

Step

7.

the trouble does not show up in the previous step, then go to Step 7 for the
RF and Oscillator sections of the FM receiver. This follows since we have already
tested all the sections except the RF & Mixer stages.

If
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POWER TRANSISTORS
The Analyst may be used to qualitatively test power transistors. Power transistors as you probably know are usually good or bad, shorted or open. The test
therefore is for these characteristics. Connect to the elements as you would for

a regular

transistor.

good power transistor usually shows considerable leakage in the leakage
If you are testing a PNP use the PNP position of the switch. Momentarily switch to the NPN position-the leakage should go down considerably.

A

position.

Switch to the Beta position. In the PNP position the meter should read
somewhat up scale. Switch to the NPN position and the reading should go down
considerably. If not the transistor is probably defective. In most cases this should
show up defective power transistors.

SERVICING AUTOMOBILE RADIOS

Automobile radios, as you undoubtedly know, require very high battery currents; sometimes in the neighborhood of amperes. The Model 960 due to the increased weight and cost involved was not designed to power these radios. The
auto radio however may be serviced effectively and the transistors tested with
the Analyst.
The only difierence in the servicing technique is that the IN CKT test will
not be used. Since an external power supply, such as battery or battery eliminator,
supplies the power to the radio, monitoring of the radio DC current is also omitted.
Steps 3 thru 7 of the General Trouble Shooting Procedure will therefore comprise the method of quickly isolating the defective component.

position.

SPECIAL CONDITIONS
Most transistor circuits employ low resistances, in the order of hundreds of
ohms, in the DC portion of the emitter and collector circuits. In special cases,
however, one might find emitter or collector resistances in the order of thousands
of ohms. See Fig. 22.
In this special case the Dyna Trace test to the base of the transistor will cause

From the above test we have established that the transistor does havg Beta
and we have also shown that there is not a short or an open. Going back to our
original premise that power transistors are usually open or shorted we have a
satisfactory test for the great majority of this type of transistor. A shorted transistor will read high leakage in both positions. One without Beta would not read
or would not decrease in the reverse test.

meter deflect upward.

For NPN power transistors use the same procedure except that you would

test for leakage in the NPN position and then momentarily switch to the PNP
to see the leakage decrease on the scale. Then test for Beta in the NPN position;
the reading will decrease on the scale when momentarily switched to the PNP

the meter to move very slightly upward; not into the white area. Another check
may be used here to verify the action of the transistor. Remove the Dyna Trace
probe, parallel the high resistance (usually emitter to'ground) with a 3300 ohm
resistor. The meter should deflect upward into the white area.
If the high resistance is in the collector circuit, parallel it with the 3300 ohm
resistor. See Fig. 23. The Dyna Trace connected to the base should make the
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Fig. 22-High Emilter Resistor.

I

I

Fig. 23-High Collector Resi3tor.

In general, when encountering high resistances in the base and emitter DC
circuits, a slight upward deflection when using the Dyna Tiace in the normal
manner, is an indication of a properly operating circuit.
In circuits having 0 or very little base resistance to ground (20 ohms or less)
the Dyna Trace may not cause sufficient or any motion of. the needle.
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manner, is an indication of a properly operating circuit.
In circuits having 0 or very little base resistance to ground (20 ohms or less)
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summarizing-the Dyna Trace will operate in practically all -cases. The onty
be: the case of abnormally high emitter
t*.-t".lo" """uitionr to"consider wouldgreater)
or when very low base to ground
resistors (10,000 ohms or
;;
";ii;i., *r
'ihe aforementioned, of course, refers to the DC circuit

"""i"t""r
resistances.

"""a.

Testing Batteries
The simplest manner of testing a battery for a transistor portable is to measure

load (radio
th"-;;tdli;oltage without load (disconnected) _and _th91 _underb-attery
should
t"i".J."l"a ope""atitte). If the battery voltage falls down by 207o the
go
not
should
it
load,
without
rea4
9V
orisinillv
it
tt"'futtery
i...
;;;;j";i;4.
plaving
at
normal
the
radio
with
be
would
Full
load
load.
[J.# z.z V under full
volume.

HIGH VOLTAGE RADIOS
Although most transistor radios use voltages well within the internal power
voliages of the Analyst, it is conceivable that you may run across a set
""pplv
that uses higher than 12 volts.
In this case you may use the Analyst exactly as described herein except that
uaaiiiottul battery should be conneited in series with the most negative lead'
"tr
iil pt"" (*) side of the additional battery should be connected to the negative
of the Analyst.

MAINTENANCE OF 960 TRANSISTOR RADIO ANALYST

5. starting at 800 kc rotate the RF-IF tuning controt qllil _the_signal from
the Analyst iero beats with the station. If the reading on RAND B is not the
of the
.a-" f.eqrr"ncy as the station, set the RF-IF tuning knob to the frequency
frestation
the
than
higher
read
knob
originally
tuning
it
tfr"
nf-ff
,trtiott.

L-2 should be rotated out
li."n"y (when zero beat was fieard) the iron core of coil
slightly until another zero beat is heard' (L-2 is tl'e coil mounted on
oi ttt"
"oit ci-rcuit board farthest from the panel). If the tuning knob originally
the printed
."ud- lo*"" than the station frequency, the iion core should be rotated clockwise
into the coil. Use a non-metallic hex head alignment wrench.
6. Tune the receiver to a station around 1500 kc. set the RF-IF TUNING
knob to the same frequency as the station. Adjust the small trimmer capacitor
on the variable for a- zero beat. The trimmer is accessible at the side of the
variable between the two coils.

until no further adjustment is needed.
When Band A alignment is necessary proceed as follows:
1. Repeat Steps 1, 2, 3 & 4 of R.F. alignment except that the RF BAND
switch is iwitched to BAND A and a station tuned beween 700 kc & 800 kc.
2. Adjust the RF-IF TUNING knob to the same frequencv as the station.

7.

a

Repeat steps 6 & 7

3. Adjust

the front trimmer on the variable condenser closest to the panel for

zero beat.

4. Without changing the tuning of the radio receiver, rotate the RF-IF TUNING knob to /2 the frequency of the station. Adjust the powdered iron core on coil
L-l until a zero beat is heard on the receiver.
5. Repeat Steps 2 & 3 of IF alignment until no further adjustment is needed.

Your instrument will require little service. If however a trouble occurs use
the following adjustment procedure.
The vTVM is factory calibrated, but if the instrument gets out of calibration,
or ii V-t is replaced, a stight adjustment may be necessary. This is accomplished
as follows:

Carefully remove instrument from case. Connect to A.C. power line. Set to the
1.5V position. Allow instrument to warm up fo-r 15 minutes. Insert Test leads
and f jacks of the vTVM and short them togethe.,. A4:$rt the vTVM
i"to tt
" - for zerb reading on the meter. ApPly 1.5V across the VTVM terminals
zero adjust
and adjust R-28 (located bn printed circuit board) for full scale reading. Now
the meter is calibrated.

If the audio or RF oscillators do not function, check v-2 first by replacing
it with another l2AV7'
RF Aligntnent

If R.F. alignment is needed a radio receiver may be used as follows:
1. T\rrn AUDIO-RF-LEVEL knob until it clicks the modulation OFF (MAX

clockwise rotation).

2. Place a lead from the R.F. output jack of the Analyst close to the antenna
terminal of the receiver.
3. Switch the R.F. Band switch to BAND B.
4.

Thne the receiver to a station around 850 kc'
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1-TEST RADIO POWER SUPPLY
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WARRANTY

fi'/*27

"B & K wanants that each instrment manufactured by it will be free from defects in material and
workmanship under normal usage and service for a period oI ninety days after its purchase new
from an authorized B & I( distributor. Our obligation under this warranty is limited to repairing,
or replacing any instrument or component which we are stisfied do* not confom with the foregoing warranty and which is returned to our factory or our authorized service contractor, trmsportation prepaid, and we shall not otherwise be liable for any damages, consequential or othemise.
The loregoing wailanty is exclusiue and in lieu ol all other warranties (inclucling any warranty of
merchantability), whether express or inplied. Such warranty shall not apply to any instrument or
component (i) repaired or altered by anyone other than B & K or its authorized seruice contractor
(except normal tube replacement) without B & K's prior written approval; (ii) tampered with or
altered in any way or subjected to misuse, negligence or accident; (iii) which has the serial number
altered, defaced or removed; or (iv) which has been improperly connected, installed or adjusted
otherwise than in accordance with B & I('s instructions. B & K xesexves the right to discontinue
any model at any time or change specifications or design without notice and without incurring any
obligation. The warranty shull be uoid, and there shall be no uailanty ol any instrument ot' conponent if a B & K waftqnty rcgistration ca|d is not properly completed and postmarhed to the
B & K factory within fiue days after the purclnse ol the instrument new from an

authorized

B & K distributor."

NOTICE: This warranty supersedes

and, cancels the warranty

on bach couer of in-

struction nxanual.

WARRANTY SERVICE INSTRUCTIONS
1.

Refer to t\e maintenance section of the instruction manual for adjustments that may be applicable.

2.

Check common electronic parts such as tubes and batteries. Always
check instruction manual for applicable adjustments after such
replacement.

3.

4.

Defective parts removed from units which are within the warranty
period should be sent to the factory prepaid with model and serial
number of instrument from which removed and date of instrument
purchase. These parts will be exchanged at no charge.
If the above mentioned procedures do not correct the difficulty, pack
the instrument securely (preferably double packed). A detailed list of
troubles encountered must be enclosed as well as your name and
address. Forward prepaid (express preferred) to the nearest B&K
authorized service agency.

Contact your local B & K Distributor for the name and location of your
nearest service agency, or write to

B&K

Seraiae Departrment
MANUFACTURING COMPANY

DIVISION OF DYNASCAN CORPORATION

lBOl W. Belle Plaine
Chicago 130 lll.
PM-33a IOM 9'62 RR PRESS

fisfzv
B&K

DEATER'S

PART No,

NET

SCHEMATIC
SYMBOT

DESCRIPTION

Meter-l Ma. ..

D-L,2
D-3,4

l

SR,-1

SII,-2

sYwlBOt

,. ME-13
..

D-51-50

.75

65 MA. Selenium Diode

..

E-65PC

.66

with Handle.

.

Handle only ..
Complete Printed Circuit Assembly, Less Tubes
3' I?ed Test Prod Lead. .

ASM-?g

?.11

.TT-225
. ASM-BO

12.51

ASM-?1

1.32

.

.36

ASM.?2

.

Transistor Test Socket.

Transistor Socket Retaining I?,ing..
Line Cord Strain Fl,elief
Transistor Test Clips.
Red Transistor Clip fnsulator,
Black Transistor Clip fnsulator.
Blue Transistor Clip fnsulator.
Yellow Transistor Clip Insulator.....
Rubber Feet for Case..
Red Test Jack..
Black Test Jack. .

.

Power Supply Jacks.
"Selector" Knob .
.

"VTVM and Level" Knobs.
v-1

v-2

)

.18

H-195
H-301

.06

IN-33
IN-34
IN-35

.06

IN-36
H-300
J-44
J-43

.06

12AUZ Tubes

.

.03
.09
,09

ASM-83

.93

K-14
K-13

.39

Instruction Manual

....PM-272
lo

.06

.36

Carton and Fillers.
(Prices Subiect

.06

.75

.... w-14
.... PKG-81

6 Ft. Line Cord. . . .

.33

Ea. 1.37
.33

t,23
Ea.2.00

Chonge Without Notice)

NOTE: Standard value resistors and capacitors are not listed
Values can be obtained from schematic diagram.

500

MFD @ 25Y Tubular Pigtail Electrolytic Cap..

c-E I

1.0

MFD @200V,

c-9

27

c-16

$1.00 per invoice. Orders will be shipped C.o.D. unless previous
have been made or remittance accompanies order.
arrangements
open account
Advance remittance must cover postage or express charges.

+

207o

. . CL-500-25

Mylar Tubular Cap....... CP-1A0-200-20

MMF @ 500V, 'r 20Eo, Diso. Ceramic Cap.. .. . . .. CC-270-500-20
MMF Variable Dual Capacitor
11.4

c-13
c-14

20 MFD @ 150V

. CV-11.4-299.5

ElectrolyticCap...

R,-1
R,-14
R,-1?

Ft-18
R,-19

R-22
R-20
R-21

.B?

CL-10-1?5-PC

Pigtail Tubular Electrolytic Cap... cL-20-150

.60
.06

t.74
.96
.57

\
I

RESISTORS-CONTROLS
30.2K Ohm lz Watt t LVo Carbon Resistor. . . . .
123.5 Ohm Yz Watt ! LVo Carbon F,esistor. . . . .
1.5 Ohm YzWatt i: 5"k W. W. Fl,esistor.
10I{ Ohms a/+ Watt Potentiometer (Ohms Adj.).
Dual Control: 3K Ohm rk watt Potentiometer
(in Circuit Meter Set) and 1K Ohm 7+ Watt
Potentiometer (VTVM Zero Adi.)
Dual Control with Switch, 100 Ohm Y+ Watt
Potentiometer (Rtr' Level), 50K Ohm Y+ Watt

Potentiometer (Audio Level) and S.P. S.T.
Modulation "On-Ofi" Switch.
I
3K Ohm la Watt Potentiorneter (D.C. Cal.)
R,-23
(Internal)
1Megohm YzWatt L tVo Carbon Resistor......
R-29

RC-30A2K-A-1
RC-123A5-A-1

.24

RW-1A5-A-5

.24

P-87

.57

P-85

L.L4

P-84

1.86

P-81

.30

RC-140M-A-1

.24

.24

sw-5

SWITCHES

sw-1
sw-2
sw-3
sw-4

"Selector" Switch ....
"PNP-NPN" Switcfr ...
"Leakage-Beta" Switch
"RF-Otr" Band Switch.

....s-67
....s-64
....s-63

....

s-3

t.92
.90
.21
.36

TRANSFORMERS-COILS

L-1

Power Transformer
Aud.-Osc. Mod. Output Transformer
750 UH Low Band Osc. Coil, "A". ...

L-2

120 UH High Band Osc.

T-1

T-2
PRESS

t

-299.5
with Trimmer (R,.F.-I.F. Tunins)
10 MFD @ 1?5V Printed Circuit Mounting

Minimum charge

PM-273A 6-62 RR

NET

.06

-41

v-124U7

DEATER'S

c-17 I

.03

K-15

J

,'RF-IF Tuning" Knob..
,.PNP-NPN,'KNOb

!it

Set 3 .09

GT-3
H-3

B&K
PARI No.

CAPACITORS

c-11

Two Red and Two Black Test Leads

(Alligator Clips)

PARTS AND PRICE LIST

DESCRIPTION

12.03

Silicon Diode

Case

K MODEL 960

SCHEMATIC

MISCELLANEOUS
M-1

B&

coil, "8". ..

.TP-22
. T0-6
L-39
. L-38
.

3.03
1.83
.48
.45

D-l

T-t

t7

BL'CK

ruD

c-l

lt7 v Ac
50-60 cP s

+

SO MFD

25V

T-2

D-3
P.6 Vrc

M-l

N

5K PFD
t

20'

l-{OrR

F

I
I

R-2t

I
I
I
I

IMFD

R-s

I

DC CAt,.

c

IN

COMPONENTS WTHIN dOTTED LINE
ARE ON PRINTED CIRCUIT BOARD

CKT

TEST

R-9

loo

sw-3

00v

-7

5K PFD
207.

R-rc

too

t6n

5K

R.E OSC.

R-2

57.

v-2

IM
\7.
I

I

I
ALL RESISTORS I/2 W IO?, UNLESS OTHERWISE
ALL CAPACITORS IN

MICROFARADS

R-36
56K

I

a,

llo v

+3V

5KPFD

+

207.

20
150

SPECIFIED

c-lt

B

UNLESS OTHERWISE

SPECIFIED

ALL SWITCHES VIEWED FROM FRONT
sw-l
SELECToR swTcH sHwN tN eos. oNE
SW-2
PNP-NPN SWITCH SHWN IN PNP POS.
5W-3
LEAKAGE .AETA SWITCH SrcWN IN LEMreE rcS.
SW-4
RF -OFF-SANDAAB SWTCH SHOWN IN BAND B POS,
SLACK CONTACTS WITHOUT ARROWS ARE DUMMY

LUGS

L-1

SELECTOR SWITCH POSITIONS
POStTtON

I

OFF

2
3

I5O MA
I5 MA
TRANSISTOR IN CIRCUIT TEST
TRANSISTOR OUT CIRCUIT TE'ST
15 VOLTS F S, VTVM

4
5
6
7

LAST R

NO

a
ts

I.5 VOLTS F,5 VTVM
IOKN C,S VTVM
R-39 LAST'C'NO tS C-t7

B&K

MFG CO
MODEL 960
PM_273A-'M

c-t4

L__

c-il4

l20v

_l

MFD

v

g;tt'fr2//

fRANSISTOR
RADIO
ll/lodel 960

At{AtYSr

B{

WAITITAN'I'Y

Your [J&K TRANSISTOR RADIO ANALYST is maile of the finest rnaterial
ancl then carefully tested at the factory lrelore shipment.

It carries the standard

It0TMA wairanty against defects in nratrtrial ancl workmanship for a period
ef 90 days from clate of purchase. lihould any clt:{txrt ltc tlisr,overecl rvithin
this warranty

per:ioc1,

return the urtit to lhe rlistr:ibutor flom whotlr

it

was

pu lclrasetl.

I]Ii

SIJRI' TO MAII, YOUIT WAP.IIANTY RIICISTRATION CATTI]
IMMI4I)IATt.,I,Y 1]O RIiGISTUIT YOT]R I]NIT SiIl]H TFIIi IIACTOIiY.

r

df.

fi€.:;'ilggpf@
:i

F

e

I

6e&*

B{
cotvrPANv
B e l( n/rAhtttFAcratqttNc
OF
DIVISION

,80I
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