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WALKING THE TROUBLES OUT OF AM-FM STEREO

One of the areas of greatest concentration by the home entertainment manu-
facturers is in the service training and assistance in servicing AM-FM stereo
equipment. This is understandable, since the American public is buying and
using over twice as many stereo units as all television receivers combined.
According to EIA (Electronic Industries Association) figures released in
September of last year, the sales of AM/FM radios and AM/FM stereo units
during just 1974 and 1975 totaled well over 50 million units. Compare this to
the some 18 million television receivers, both black and white and color, and
you can readily see the tremendous market for this segment of home entertain-
ment equipment. The service industry is being faced with the greatest upswing
in any area of service in the stereo systems. Therefore, it is easy to understand
why such effort is being put forth by the manufacturers to assure efficient
service of these units.

How do you go about servicing these units and do a good job in a reasonable
period of time? Obviously, you must be familiar with the systems involved to
be able to quickly troubleshoot and repair them. Many good articles and
manuals have been prepared in just this area. This issue of the Sencore News
is devoted to this same thought, explaining in simple terms the FM stereo
system and how to troubleshoot it.

In order to troubleshoot any item of electronics equipment, you must have
some means of evaluating its performance. Without this means, you will be
“wandering around lost” in the unit and troubleshooting time will be dras-
tically increased. If troubleshooting time is increased, profits are sure to go
down. It is necessary, then, to have some standard to use in servicing any
electronic device. Sweep generators and color generators serve as the stan-
dards when working on television receivers, but what type of standard do you
have to check out an AM-FM Stereo unit? You may say that you use the
broadcast signal, but is that reaily what you would like to use for most
efficient troubleshooting? By your own requests, we do not feel that it is.
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EIA ELECTRONIC MARKETING TRENDS (SEPT., 1975)
FACTORY SALES OF CONSUMER ELECTRONIC PRODUCTS
(Add 000 Units}

SEPTEMBER YEAR TO DATE

DESCRIPTION

1975 Units 1974 Units 1975 Units 1974 Units
TELEVISION
Monochrome 564 689 3578 4728
Color 839 897 4757 5998
Total Television 1,403 1586
RADIOS
Table 176 389 1432 2.067
Clock 583 1479 4862 5791
Portable 1386 3528 11926 16,428
Sub Total 21485 5.366 18.220 24 340
Auto 1027 1278 6,388 7,680
Totat Radios 3172 6.644
No.Of FM In Above 2,040 3934 15671 Ten
PHONOGRAPHS
Table & Portable * 339 742 2218 3003
Console 69 124 366 612
Total Phonographs 408 866 2584 3615
GRAND TOTAL ** 4983 9,096 35527 46,361

and systems,
** Excludes sales of all other consumer electronic products not indicated above.

THE DATA SHOWN ABOVE REFLECTS TO‘I:AL MARKET STATISTICS FOR ALL PRODUCTS PRODUCED AND/
OR SOLD IN THE UNITED STATES REGARDLESS OF THE BRAND NAME OR COUNTRY OF ORIGIN.

Warranty cards and field contact with service technicians have indicated that
you want an accurate standard for working on FM stereo units. You have
said that you need an AM and FM RF generator when you run into tuner
problems. An IF generator for both AM and FM has also been high on the
request list. An FM sweep and marker generator is a very important tool when
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SG165 THE WORLDS ONLY COMPLETE AM-FM STEREO ANALYZER
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COMBINATION ISOLATION AND DETECTOR PROBE

ACCURATE 67KHz SIGNAL FOR SETTING SCA TRAPS
COMPOSITE MPX OUTPUT FOR STEREO TROUBLESHOOTING
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METER RANGE SWITCH FOR SEPARATION TEST OR POWER
OUTPUT TESTS TO 100 WATT RMS.

RF Audio
Signal  Signal
Gen.$|150 Gen.|$l25

Sweep
Marker MPX

Gen. $375 Gen.$250

TOTAL = $900 MINIMUM

working on FM Stereo units, to assure proper bandpass for the stereo signal.
A multiplex signal generator has been on top of the list of requests. A known
standard stereo signal would sure beat the station signal when you are trying
to dog out a stereo decoder problem. Audio generators have been asked for
often, for use in amplifier testing and troubleshooting. All these instruments
are service standards that make your job easier and your work better. But.
consider what this array of equipment would cost.

Sencore has been answering the challenge for standard test instruments for
the service industry for many years, and the requests just mentioned are some
that really whet our engineering appetites. Engineering looked over the various
items that were being asked for and started thinking how these needs could
be answered. “If all these items are necessary for stereo AM-FM service, as
we know they are, why don’t we see if we can include them all in a single
analyzer and keep the initial investment for the technician as low as possible.
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FM RF

Frequency range

Dial calibration at 88 and 108MHz
Dial tracking

Frequency change with temperature
Amplitude (MICROVOLT OUTPUT
set to 10 x 10) at 98MHz
Amplitude tracking

Modulation

MPX SIGNAL
86 to 110MHz

* 200K Hz at 20 degrees C

* 300KHz any mark, 20 degrees C
% 200KHz, 10-40 degrees C

100uV 10%

20% 86 to 110MHz

STD: 30% {22.5KHz) 20%
IHF 100% (75KH2) 20%

SCA 67KHz
Frequency
Amplitude
Distortion
10.7MHz IF

Frequency (center detent)
Rocker range

Amplitude

Modulation percentage

10.7MHz 1%

250KHz above and below center
AV AMS 10%

STD: 30% (22.5KHz) 20%
IHF: 100% (75KHz) 20%

AM RF
Frequency range

10.7MHz CRYSTAL Amplitude

Frequency
Amplitude

10.7MHz, .05%
.065V RMS 40%

10.7 SWEEP AND MARKER
Sweep width

Center frequency

10.7MHz marker

Frequency

Amplitude

100KHz limit markers
Frequency

Amplitude

500KHz typical Amplitude
Rocker will center sweep to 10.7MHz
10.7MHz .05%

1V p-p minimum

Frequency
Amplitade
Distortion

100KHz 3%
40% of 10.7MHz marker typical

Most shops cannot afford all these necessary items if they must be purchased
individually.” So that is just what they have done. The Sencore Engineering
Department has put it all together for you. The SG165 AM-FM Stereo Analyzer
is the only instrument that produces all 12 signals you need for Stereo
Servicing. Whether it is a small portable AM radio or a large home theater cost-
ing thousands of dollars, the SG165 will do the job. And, the most remarkable
part of the instrument is the price tag, only $595.00. Compare it with units
that cost up to $2500.00 (and do less) and you’ll see what we mean.

The stereo business is the fastest growing part of the electronics field. If you
are not now servicing these units, a look into this field might prove to be
very profitable, Most stereo units cost several hundreds of dollars, some
sophisticated units several thousands of dollars. When something happens,
the customer wants it repaired and original performance restored. They are
willing to pay to have it fixed right. They do not expect to have full service
performed and new set performance from the unit for a small price. They
have a goodly investment and simply want good performance.

You can give them just what they want, and increase your profits this year,
by investing in just one instrument; the SG165 AM-FM Stereo Analyzer. It is
the only one to go all the way for full stereo servicing. The combined efforts
of Motorola and Sencore have put together every test signal and convenience
you will need. This includes features normally found on high priced lab
gear like calibrated RF tuning, calibrated RF output level, tunable IF fre-
quencies with the IF Rocker control, Standard and IHF modulation for FM,
and separation and power output meters.

Let us show you how easy it is to get into the FM stereo servicing business
and explain a little about how these units can be serviced quickly. The
SG165 will “walk those troubles right out of any radio. . .. from the largest
home theater to the smallest AM portable. . . .fast and easy.”

WHAT IS FM STEREO? HOW DOES IT WORK?

The FM stereo system is really quite simple when broken down into its basic
parts. It compares quite closely with the system of transmitting color tele-
vision. Let’s take a close look and see how it is done.

The block diagram shown here is typ-
ical of the basic FM stereo transmit-
ter. Since the transmission is to be L+R

stereo (or two channel), we must RN )

have two sound sources. This can be s ﬁﬁ{,& >—{TRANSMITTER
microphones, tape heads, or pickup 1

cartridge of a turntable. The two sig-
nals are added together, in phase, to

produce what is called the L + R sig- 19K | -
nal. The L + R signal (Left channel 0sc

input plus Right channel input, in ASALHR
phase) is the monophonic FM signal. ’ R 0
This part of the transmission makes DOUBLER

FM stereo ‘compatible’. By compat- g’
ible, we mean that FM stereo receiv- A—
ers must be able to receive and repro- -
duce either stereo or mono broad- PHASE LR
3 — - -
casts. The mono receiver must also AVENTES Hoea
R -R
X S/
FM Stereo Transmitter

L

be able to receive and reproduce a
mono broadcast, and reproduce the
stereo broadcast in monophonic.

The stereo portion of the broadcast is made up of the left channel signal with
the right channel signal phase shifted 180 degrees and added to the left chan-
nel information. This produces the L - R signal----left channel with minus
(180 degree phase shifted) right channel added. Both the L + R and L - R
signals are audio, in the range of 20Hz to 15KHz. Obviously if they were
simply added together and applied to the modulator, there would be no way
to separate the signals in the receiver to reproduce the original two channels of
information. Therefore, it is necessary to treat one of the signals in a different
manner, so it can be identified and separated by the receiver. This is the L - R
signal. It is first AM modulated by a 38KHz subcarrier to produce 38KHz
sidebands, corresponding to the audio information. It now has a completely
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Frequency of 19KHz pilot
Phase of 19KHz vs 38KHz

Modulation percentage

262KHz AND 455KHz IF
Frequency (in center detent)
Rocker frequency range

Modulation percentage

400Hz SINE WAVE

Amplitude {modulation set to HF}

Dial calibration at 560 and 1600KHz

SPECIFICATIONS

400Hz SQUARE WAVE
Frequency

Amplitude

Rise Time

EXTRA CRYSTAL
Holder type HCBU
Frequency range 3Hz - 12MHz
Circuit loading to crystal 15pf

ATTENUATOR
Step attenuator
Variable attenuator
FM RF 0 to 18db typical
All other outputs 0 to 20db minimum

Output Meters: SEPARATION SCALE: Range:

0 to 40db. Odb Reference = 2.1V RMS.

Wattmeter: 0 - 10, 100 watts RMS power into selectable
4,8, 16, or 32 ohm loads. Accuracy: ¥ 8%.

General: Vinyl-covered steel and aluminum case construction
FUSE: .2A (3AG slow-blow type).

SIZE: 12%"x10"x9" (32.2x25.4x22.9 cm) HWO
WEIGHT: 18 Ibs (8.2Kg).

POWER: 105-130VAC, 50/60Hz, 7W. CSA approved wiring.
Accessories:

39G43  Matching Pad with RF cable {supplied)

39G4a5 Detector Probe (supplied)

39G53  Auto Radio antenna adapter (supplied)

39G44  Phono plug to alligator clip cable {(supplied)

39G47  BNC to Phono Plug (optional)

400Hz 20%
2.8V p-p 30%
2uSec. Maximum

19KHz ¥ 2H:z

Permanently locked to exceed FCC
specifications with Sencore exclusive
(Patented) phase lock circuit

2.5V p-p 25%

67KHz 3%
1V RMS 40%

§% maximum calibrated 20db {x10) steps

525KHz to 1625KHz

1 5KHz at 20 degrees C; * 10KHz
10 to 40 degrees C

100mV 5% at 1000KHz,

20% 525KHz to 1625KHz

25% to 45%, 30% typical

262KHz or 455KHz 2%
25KHz above and below center
AV RMS 30%

25% to 45%; 30% typical

400Hz 20%
1V RMS 5%
5% Maximum

different identity compared to the L + R signal. The modulator used is a
balanced type that cancels the carrier frequency leaving only the sidebands.
These sidebands cover a frequency range from 23 to 53KHz. The modulated
L - R signal is now applied to the FM modulator, along with the L + R audio
signal. We do need one other component though. Since the L - R signal is
sideband information only, we must have some way for the receiver to recon-
struct the subcarrier for demodulation purposes. as we do with the burst
pulse in color television transmission. To permit the regeneration of the 38
KHz subcarrier, a 19KHz pilot signal (one-half the subcarrier frequency) is
added to the L + R and L - R signals at the FM modulator. The complete
FM broadcast spectrum is pictured here showing the relationship of the various

signals.
/ 19 KC PILOT
L+R L-|R
30CPS 15KC 23KC 38KC 53KC
FM Stereo broadcast spectrum

Now for the receiver. The Stereo receiver tuner, IF’s and detector really are
little different from the monophonic FM receiver. The only real difference
is greater sensitivity needed for good FM stereo reception and a wider IF
pass band to pass the full stereo signal. The major difference comes in the
addition of the stereo decoder in the signal path from the FM detector to the
audio amplifiers. This decoder must demodulate the signals and recover the
original right and left channel information. The block diagram here is repre-
sentative of a typical FM stereo receiver.

The signal present at the output of
the FM detector is a composite

signal made up of the L. + R signal,
the 38KHz sidebands of the L-R
signal, and the 19KHz pilot signal.

The signal is generally amplified by
a stage called a composite amplifier
and then signal separation begins.
The 19KHz pilot signal is removed
from the composite signal by

sharply tuned circuits. The pilot
signal is amplified and doubled to
reproduce the 38KHz subcarrier
necessary for L-R demodulation.

The composite stereo signal is
injected into the secondary of the 38KHz demodulation transformer, contain-
ing a quad diode demodulator. The L + R signal, being audio, is unaffected by
the 38KHz demodulating signal and is passed through the switching diodes as
they are turned on by the 38KHz signal. Therefore, the L + R signal will be
present in the output of both sets of diodes. The L - R signal is demodulated
by the 38KHz signal. When the 38KHz signal causes the upper end of the
transformer secondary to be positive, the lower end will be negative, due to the
transformer secondary.

The diodes tied to the top of the secondary will conduct and pass the L-R
signal into the output. Here it is added algebraically to the L + R signal, pro-
ducing 2L or left channel output. The next alternation of the 38KHz signal
will turn off the upper diodes and open the diodes connected to the lower
end of the transformer. These diodes will conduct and pass the L - R signal
present during their on time. This signal will be 180 degrees out of phase with
the L - R signal present at the top of the transformer and the diode output
willbe - (L - R) or - L + R. Thissignalis added to the L + R present in the out-
put producing 2R or the right channel signal. (More detail on the operation of
the stereo decoder is contained in the section of this issue related to trouble-
shooting the decoder.) The outputs are fed through a de-emphasis network
and then on to the audio amplifiers.

Understanding the bandwidth, sensitivity and decoding system used for FM
stereo, points out how important a standard set of signals is for correct
troubleshooting, servicing and alignment. This is the purpose of the SG165
AM-FM Stereo Analyzer. Let us show you how it will help walk the trouble
out of the various circuits of the AM-FM Stereo receiver.
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WALKING THE TROUBLE OUT OF RF CIRCUITS

The block diagram presentation shown here is from a Motorola model FH200-
HW receiver, and will be the unit used throughout the troubleshooting sec-
tions. The RF circuits are straight-forward, containing an RF amplifier, FM
oscillator, and FM mixer stages. These are critical stages for several reasons.
These stages are responsible for the initial selectivity and sensitivity of the
receiver. If the RF amplifier stage is not performing correctly, the sensitivity
will be poor. The result will be noise in the output or poor reception of more
distant stations. The oscillator normally operates 10.7MHz above the incom-
ing RF signal. If the oscillator output is low, the signal present in the output
of the mixer will also be low, causing poor reception and much lower volume.
If the oscillator is inoperative, there will be no FM reception at all.
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The mixer is the first conversion for the signal in the receiver. The mixer
stage heterodynes with the signal generated by the local oscillator, producing
the 10.7MHz IF difference signal. From a standpoint of gain values, the RF
amplifier will usually have a gain of about 10db, and the mixer will give a
conversion gain of about 5 to 6db. We will show a bit later how these values
can be checked.

One of the most important considerations for the RF stages is that they be
correctly aligned. If they are not, performance of the system will suffer
greatly. They must be able to pass the entire signal component that is broad-
cast, and amplify it. The tracking of the FM oscillator must be correctly set
or the tuning dial will be practically useless. The range of the local oscillator
must be greater than the range of the FM broadcast band if its performance is
to be acceptable.

The SG165 has all the RF signals necessary to check and align the complete
tuner of the FM receiver. Calibrated RF signals with calibrated microvolt
output controls make it possible to set the tuner and test it precisely as the
manufacturer suggests. The SG165 is the only instrument that provides you
with 100% (IHF) modulation level called for by many manufacturers. Easy
to read db scales on the separation meters make it possible to determine the
db gain of each stage as easily as you would take a voltage measurement. The
SG165 can help you lick any FM RF problem you may have.

A look at the schematic diagram for the Motorola tuner will give us the type
of information needed to judge performance. The db gain of each stage has
been added, as well as the alignment points and frequencies called for by
Motorola. Now let us put a trouble into the tuner to show how the SG165
will help walk the trouble right out.

WHAT ABOUT RF TROUBLESHOOTING?

The problem we have placed in the tuner of the Motorola receiver is an open
vari-cap diode in the AFC circuit, D1. We should note at this point that the
trouble inserted for troubleshooting explanation in this and other sections of
this issue do not indicate problems that are associated with this brand of tuner.
These are problems that could be encountered in any unit, and many are
problems that you may have faced in the past. The problems are in no way
intended to reflect on the quality of Motorola products.

The symptoms explained by the customer are: Reception seems OK on the
lower end of the band, near 90MHz, but nothing on the high end. Well, lets
see what we can find out by making some quick checks with the SG165. We
first connect the dummy speaker loads, 16 ohms for this tuner/amplfiier, and
switch the Power Range switch to the Separation Test position. This gets
rid of the howl and also gives us a good indicator for set performance. Next,
we tune the dial to 90MHz and inject a modulated stereo signal from the
SG165 to check operation on the low end. Turn receiver volume to full
clockwise, (maximum) and adjust the SG165 Microvolt output controls for
full scale reading on the Separation meters. This occurs at a setting of X10
and about 3.2 for the SG165 controls. This gives us a base for sensitivity
tests at other points on the band. Now, lets see about the high end of the
band. Change SG165 RF setting to 106MHz and tune the receiver dial to the
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LOADS ELIMINATE
NOISY HOWL

same point. Nothing! Even with full RF output of 10,000 microvolts. Re-
tuning the receiver dial around 106MHz gets us nowhere. . . . . . until we
reach 102MHz. Now we are picking up the SG165, but gee whiz the frequency
of the tuner is off. The sensitivity is also down since it takes twice as much
output from the SG165 to get full scale on the meters. Something is really
off base. With the tuning that far off, something must have happened in the
oscillator circuit.

DC voltages show everything to be alright so the problem must be the AC type,
but what? Semiconductors are the first suspect, but the oscillator is running
with the right voltages so it should be good. The only other device in the
circuit is the vari-cap diode. The ohmmeter shows it open. Replacing the
diode gets the dial back to approximately where it should be. Now all we
have left is to realign the RF section to get it back to exactly where it should
be.

The SG165 with its fully variable, calibrated RF tuning and calibrated RF
output made short work of what could be a real sticky problem. The SG165
is the only stereo generator or analyzer that will help you with RF problems
in this way. It is the only instrument to give you FM RF tuning across the
entire FM band.

WHAT ABOUT RF ALIGNMENT?

The SG165 makes alignment of FM RF circuits a snap. The calibrated FM
RF tuning, the calibrated RF output level, and choice of either standard

GENERATOR | GENERATOR | GANG FUNCTION | QUTPUT
STEP | CONNECTION | FREQUENCY | SETTING [ SWITCH INDICATOR | ADJUST | REMARKS

FM RF ALIGNMENT e
Qutput FM oscit | Adjust for maximum

So Antenna thru 108.5MHz Full M
matching pad | 75KH2z Dev open Mono sterec | meter across |1ator tem Reduce generator output
(see detail} switch 10 speakersor  |mer CT3 | as required to prevent
mono AFC | 16 ohm limiting
e switched oft | 1oads
6 Same B7 SMH:z Full Same Sume o FM Ol | Adjust tor mamimum
T5KH? Dev closed Swp S Iwtor coil
L3
7 Same 106MH . Rock Same Same oy FM RF &| Adjust maxntun
75KH: Dev gang at St 5 ANT tim
106MH -
citor CT2
&CT1
8 Same IOMHZ? Rock Same Same as FM Adjust for maximum  Check
75KHz gang at Step 5 tenna & for proper tracking
90MH, RAF coils
vam C M
Repeat Steps 5, 6, 7 & 8 untdl no further inwrvase ourtesy Of otorola

A complete RF Analyzer and alignment generator.
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(22%2KHz deviation) or IHF (75KHz deviation) gives you everything you
need for front end alignment. The built in separation and power meters
serve as a convenient output monitor to further simplify the procedure.
No need for extra meters to do the RF alignment. A quick run through
the alignment of the RF section of the Motorola tuner will show how quickly
and easily it is done.

The alignment procedure for virtually every brand of tuner calls for adjust-
ments at both the high and low end of the band for proper tracking. Some
manufacturers, such as this Motorola, call for checkpoints which are outside
the FM RF band. An instrument that does not provide tunable RF extending
beyond the normal FM band will leave you holding the bag when it comes to
accurate RF alignment. The SG165 is the only instrument that gives you
full stereo analyzing capability, including calibrated, tunable RF output that
covers the full FM band. The SG165 covers a range from 86 to 110MHz to
make sure you can set the bandspread adjustments on any tuner you may be
working on.

The SG165 takes all the drudgery out of FM servicing!

WHAT IS THIS SENSITIVITY TEST?

The sensitivity test indicates the input signal level required to provide a signal
output 30 db above the noise level. This is a measure of how well the receiver
will perform in weak signal areas, and also a final check on alignment and tuner
performance. The procedure is very simple and requires no equipment other
than the SG165 and an oscilloscope. Here is the procedure for checking
receiver sensitivity as given in the SG165 Instruction manual.

(2] o1
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CHECKING THE SENSITIVITY
OF AN FM RECEIVER

The sensitivity test as made with the SG165 is a L&R OFF
measurement of the signal (measured in microvolts)
necessary to produce a 30db signal plus noise to
noise ratio. Results of this test will be of sufficient
accuracy to compare with the published IHF sen-
sitivity of the receiver for test and troubleshooting
purposes.

Sensitivity test from SG165 Service Manual.

The graph in Fig. 33 shows the effect on the level of

the noise and signal outputs of a receiver with respect Fig. 34  db Signal to Noise = 3.0 x .1 or 30db

to the input signal. Note that the noise decreases and NOTE: If it is not possible to eliminate the third
the signal increases as the input signal increasex. At harmonic distortion from the output signal by care-
some point, while the output signal is increasing and f\._ll fine tuning, insufficient FM IF band width is in-
the noise is decreasing, the ratio between them will be d}:gated. Rlefer to the FM IF Alignment setion of
this manual.

4. Switch the LEFT and RIGHT 400Hz OFF, and
measure the ratio between the signal and the noise.
A measured ratio of greater than 30db indicates ex-
cessive input signal. Reduce the settings of the
MICROVOLT OUTPUT controls until the ratio
equals 30db. A measured ratio of less than 30db
indicates insufficient input signal. Increase the
setting of the MICROVOLT OUTPUT controls until
the ratio equals 30db. Refer to the graph in Fig. 33

SIGNAL

to understand the input signals affect on output
signal and noise.

RECEIVER OUTPUT

5. Note the setting of the MICROVOLT OUTPUT
controls, and multiply the setting of the coarse
control times the corrected output of the fine con-
lNPUT SIGNA" trol from the table below. When using the 39G43
Fig. 33  Effect of Input Signal on Recei pad, or the 38G53 dummy antenna, multiply the re-
Oftpuu IS A N sult by .5 to find the actual input signal to the re-
31 to 1 (30db). This is the point at which the sensi- ceiver. This is the sensitivity in microvolts.
tivity measurement is made. To make the sensitivity
test, proceed as follows:

CONTROL SETTING CORRECTED OUTPUT

=

o
NhmEooMaNO

1. Set up the receiver and the SG165, and make
connections as in steps 1 through 8 in CHECKING A
RECEIVERS STEREO SEPARATION.

2. Switch the LEFT and RIGHT 400Hz ON and
and the PILOT 19KHz to zero. Set the FM MODU-
LATION to IHF MPX, and connect the vertical input
of an oscilloscope to one of the receivers speaker
terminals.

N EORIOD -
- O L0 S N OO

3. Fine tune the receiver as necessary to produce
an undistorted output as shown in Fig. 34A, and
adjust the receivers volume control for 3 volts p-p.

NOTE: Output level specifications only valid when
ALL SIGNALS OUTPUT terminated in 75 ohms,

The SG165 is a complete analyzer and alignment generator for the RF section
of any FM receiver. It really walks those troubles out fast, and then realigns
and tests the receiver for its performance. You know its right when you use
the SG165.

WALKING THE TROUBLES OUT OF IF CIRCUITS

The IF circuits of the FM receiver play essentially the same roles as the IF’s
in the television receiver. They are responsible for the majority of the signal
gain of the receiver (sensitivity) and the rejection of unwanted transmitted
signals (selectivity). The IF’s also set the signal bandpass for the desired RF
signal. When dealing with FM stereo, the performance of the IF’s is more
critical than in mono receivers. Any phase shift in the IF’s or poor response
will greatly degrade the stereo signal. It is important, therefore, to have some

The Sencore News is written, edited, and ment. The information herein has been taken
published by the Field Engineering Department  from one or more sources which we consider
of Sencore, Inc., 3200 Sencore Drive, Sioux reliable. Although such information has been

Falls, South Dakota, 57107. The Sencore carefully prepared, we make no representations
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. 8 Courtesy of Motorola

Motorola |F section

means of checking the 1F’s very thoroughly. Here is the IF section of the
Motorola tuner.

It is typical of the systems used in the current receivers, with the exception of
the newer sets with crystal filter IF’s. Gain figures have been given in addit-
ion to the normal schematic information so you can relate to individual stage
gain. The diagram also shows the normal signals expected from the IF’s. The
sweep respcanse is shown for both the.IF’s and the ratio detector output. The
important points to observe are the cverall amplitude of the response curve,
which indicates gain, and the proper marker positions, which tells us the
bandpass of the IF’s. The ratio detector “S’ curve should be very linear
(i.e. a straight line between the band limit markers at 10.6 and 10.8MHz)
and the carrier marker, 10.7MHz, should be exactly on the baseline. The
SG165 with its full compliment of IF outputs, 10.7MHz modulated or un-
modulated, 10.7MHz crystal controlled CW, and 10.7MHz sweep with mark-
ers, gives you every signal you need for IF troubleshooting & alignment.

WHAT ABOUT IF TROUBLESHOOTING?

We will use another trouble example to show how the SG165 can really
help you walk the troubles out of the IF section. The trouble we will use is
an open emitter bypass capacitor on the first IF stage. The symptoms are:
normal AM, FM has poor reception, especially on distant stations, and low
volume. This type of problem turns out to be a bit of a dog trouble. DC
voltage checks show everything normal. The fact that AM is ok indicates
that the trouble is not in the 2nd IF, which is common to both AM and FM.
Signal injection with the SG165 gives us the opportunity to find the trouble

OUTPUT METERS
MAKE STAGE
GAIN CHECKS EASY

SINGLE OUTPUT
ALLOWS INJECTION
AT ANY POINT

IN IF SECTION

fast. First, we connect the SG165 dummy speaker loads to the output termi-
nals, so we don’t have to listen to all the noise and squeals. This also gives us
the dual meters for monitoring the receiver output during tests. We will
walk through looking at the gain of the individual stages. Set the SG165 to
10.7MHz IF and full stereo modulation. Inject the signal into the base of the
2nd IF and adjust the Microvolt Output controls of the SG165, and the
volume control of the receiver, until the meters indicate 0db. Now move the
signal injection to the collector of the 2nd IF. The meters indicate -30db,
showing the gain of the 2nd IF stage to be 30db. This should be an accept-
able gain figure. The 1st IF is next. Inject signal into the base of the first
IF and adjust SG165 output and receiver volume for Odb indication on the
meters. Now move to the collector of the stage and observe the meters. Full
scale plus! This shows that there is more output from the amplifier with the
signal input at the collector than there is with signal input at the base, the
reverse of a normally operating stage. Resetting the meters to 0 db with the
signal at the collector we move back to the base. The meters now show

5
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-8db, or a signal loss of 8db in the stage. Here is our culprit! Now to find
the problem.

As we said earlier, the voltages all check ok. The transistor checks ok too.
Something is preventing the stage from providing full' gain - and the most
likely thing is the emitter bypass cap. Substitute a capacitor from the RC167
“The Substitutor’” and the gain returns to normal. A trouble of this type
could really cause you to pull out your hair if you didn’t have the SG165 to
evaluate the performance of each stage. It will really help pinpoint the trou-
bles fast.

WHAT ABOUT IF ALIGNMENT?

IF alignment in FM receivers is very much the same as that of a television
receiver. The SG165 has full capability of FM IF alignment, using either a
crystal controlled CW signal for straight through peaking of the coils, or
10.7MHz sweep with post-injected crystal controlled markers. The Motorola
procedure shown here calls for peak alignment of the IF’s using a 75KHz
deviation signal. This is the 100% modulation or IHF position of the SG165.
The procedure is very simple and easy to follow. The first two steps require
an FET meter to be connected to test point B as the signal monitor. The
last two steps use the output meters of the SG165 as the indicator. Those
meters sure keep coming in handy for all kinds of things.

FM IF ALIGNMENT
1. Test point & | 10.7MHz o Closed FM VTVM Detune Switch AFC off. Detune until
1st FM-IF Amp | 75KHz dev. Mono-stereo | to test ratio an output is obtained on the
input through switch to point B detector | VTVM. Place 2.7 ohm resistor
a .01 mf ca- mono. AFC secondary | across generator {refer to
pacitor. Ground switched off (top preliminary procedure)
side to gang e slug of
frame T52)
2 Same as Step 1 | Same as Same as Same as Same as Adjust Adjust for maximum. Reduce
Step 1. Step 1. Step 1 Step | T51 output of generator.
(top &
bot) &
152
9 bottom
3. Antenna thru 98MHz 98MH2 Same as Output T2, top | Adjust for maximum, Keep
matching pad 75KHz Dev, 75KHz Step 1 meter & bottom |generator output below
(see detail) Dev. across o {mixer limiting level,
speaker output} 6
or 16 ohm
load.
4 Same as Step Same Same Same VTVM to Adjust Adjust for zero output, a
3 test point ratio de- |positive or negative reading
tector se- |will be obtained on either
condary |side of the correct setting.
top slu
Courtesy of Motorola ExTU

SG165 - A complete RF IF Analyzer and alignment generator.

Other manufacturers, such as Zenith, call for sweep alignment of the IF’s.
The following note from their service manual re-emphasizes the importance
of bandpass in the IF stage of FM stereo units.

Because of the wide band pass required in the multiplex FM
tuner, it is desirable to use an FM signal generator having a
deviation of 400 KHz with a sweep rate of 60 Hertz as well as
an oscilloscope when aligning both the IF and RF FM portions
of this receiver. It is not only necessary to obtain maximum
amplitude in the IF amplifier stages, but also necessary to
maintain symmetry. To help achieve this symmetry, it is
desirable to have 10.6, 10.7 and 10.8 megacycle markers in

obtaining IF curve symmetry. Courtesy of Zenith

The SG165 provides both the 400KHz deviation and 60Hz sweep called for
in the Zenith instructions. The markers are the exact 10.6, 10.7, and 10.8
MHz recommended by Zenith and virtually all other manufacturers.

After aligning the Motorola IF’s by the procedure listed in the Motorola
service manual, we switched over to 10.7MHz sweep and markers to see what
the response curve looked like. Sweep alignment of FM is generally much
simpler than alignment of the color television IF’s because there are less
stages involved and no traps to set. The IF response of the Motorola receiver
is shown here.

N N N B
WIDE SWEEP OF SG165

LED MARKERS ASSURE
ACCURATE ALIGNMENT

SG'ISS CRVSTAL CONTROL .'c‘

The IF response signal was observed at the base of the 2nd IF, using the SG165
detector probe, and sweep signal injection at the base of the mixer. The ““S”
curve of the ratio detector shown here was observed with the SG165 detector
probe connected to the audio output test point TPB. These are the type of
response curves that should be seen when the receiver is performing correctly.

We have said that the SG165 is a complete AM-FM Stereo Analyzer. We have |
designed it to be complete, including all the necessary RF, IF multiplex, and
audio signals needed, including the crystal controlled 10.7MHz and 10.7MHz
sweep with markers for complete alignment. Aligning the IF sections according
to the manufacturer’s procedures is a snap because you just turn the one
function control for all the signals you need.

IS THERE A QUICK METHOD FOR IF TOUCH-UP?

The SG165 can be used with the PS163 Dual Trace Scope to “eyeball’ the IF
touch-up alignment with the “flat baseline”” method developed by Sencore’s
Field Engineering Department. A picture is worth a thousand words, they
say, and getting this “picture” is easy with the SG165.

First, peak the IF’s using the 10.7MHz crystal controlled signal from the SG165
injected at the mixer test point, and use the output meters as the monitor.
Now we switch to the FM RF output and put the RF signal into the antenna
terminals. The SG165 is set for the left channel 400Hz modulation ON and
the 19KHz pilot is turned OFF. We use the PS163 Dual Trace Scope to pick up
the signal at the FM Detector test point, and sync the scope to the B channel
connected to the speaker terminal. The composite multiplex signal we see
should have a flat baseline, like that shown in the left photo.

R - Off i Pilot - Off R - Off

Pilot - Off

Flat Baseline

Curved Baseline

FLAT - BASELINE IF TOUCH — UP

If there is curvature present in the baseline, like the waveform at the right, it
shows that there is a phase shift occuring in the IFs. The bandpass of the IF
has been peaked, but it is not centered to the correct frequency for linear
amplification of all the FM sidebands. The non-linear amplification causes the
phase shift. What we want to do is align for minimum phase shift. The less
phase shift we have in the IFs, the better the stereo separation, since the
decoding is dependent on proper phasing for best separation. We just adjust
each of the IF slugs slightly until the scope display shows a flat baseline. Now
the IFs are set up. This method is easier and faster than the procedures they
give in the receiver manuals, and it really works because the SG165 has both
the crystal controlled IF frequency, and the RF signal, plus the output
meters we need to perform this alignment.

SENCORE NEWS




WHAT ABOUT SETS WITH CRYSTAL FILTER IF'S?

The new trend in receivers is to use non-tunable crystal or ceramic filters in
place of IF transformers. These filters are specially designed crystal units
giving a very accurate bandpass for the FM IF frequencies. The IF filters used
in a given receiver are matched, to provide the same IF frequency. The IF
frequency may not be the 10.7MHz we are accustomed to, but will fall in the
frequency range between 10.625 and 10.775MHz. The following excerpt
from the Sylvania service manual for the R32 stereo chassis should sum up
the nature of crystal filters for you.

FM IF, LIMITING AND DETECTION

The key to the IF section is FL2., The resonant frequency of this ceramic
filter is between 10.625MHz and 10.775MHz — exact frequency is indicated

by the color dot on the case.

Let us assume that in this case the color dot on FL2 is violet, indicating a
resonant frequency of 10.775MHz. This will be the IF frequency of this
particular receiver. Therefore, T4 primary and secondary are tuned to
10.775MHz. The signal induced in T4 secondary is direct-coupled to the
base of Q6 for further amplification. A ferrite bead (L32) on the base lead
of Q6 provides parasitic suppression.

The next stage is the ceramic filter (FL2). The filter shows band-pass
characteristics equivalent to two double-tuned L/C circuits. Insertion loss
of FL2 is approximately 3db.

Cle
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SYLVANIA R32 STEREO

Now here is where a problem might develop. Since the IF filters are fixed
(not tunable) and their frequency is not 10.7MHz exactly, how do you check
to see if they are working right or not? The generators providing only a fixed
10.7MHz output will not permit accurate checking of these IF’s. This is why
the SG165 has the IF ROCKER control. This control varies the ceanter il
frequency of the generator in the range between 10.450 and 10.950MHz,
specifically to allow tuning of the generator output to match the frequency of
the crystal filters.

A glance at the Sylvania alignment procedure for their R32 chassis will show
why this is so important with many sets going to fixed IF’s. The note given
in step one to ‘‘tune generator sweep frequency to obtain maximum indica-
tion” will become 4 commonplace term in alignment procedures. The SG165
is equipped for the new crystal filter sets, with exclusive IF Rocker to vary the
IF frequency over the range used by crystal filters. This is one of the up-to-
date features added to the SG165 by cooperative engineering between Motor-
ola and Sencore. It also varies the frequency of the AM IF output as well, as
many companies have indicated that they will be using the same type of
fixed filters in their AM products. The SG165 is up to date for every stereo
servicing need.
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FM ALIGNMENT PROCEDURE — ALIGNMENT
TUNING
STEP INDICATOR \l TEST EQUIPMENT HOOK-UP GENERATOR ADJUSTMENT ADJUST
SETTING FREQUENCY POINT 1 FOR

FM IF

e

1 At point of no | SWEEP GENERATOR - To emitter of Qa_1 Approximately Bottom

interference. through probe #2, Use approx. 10mV RF 10.7MHz - Top
adjust sweep
frequency for
max, indication
before aligning
T4. (Use 75kHz
l deviation)

[ Maximum wavelorm
amplitude and
symmetry.

| sig. level.

SCOPE - To pin |hmu¢h probe #3.

L | g

lSee Fig. *A", pg. 23

| [IF —

Only the Sencore SG165 provides |F Rocker for aligning Crystal Filter Receivers.

Courtesy of Sylvania

WALKING THE TROUBLE OUT OF STEREO DECODERS

The MPX decoder is the heart of the FM stereo receiver. This section must
be able to separate the L + R and modulated L - R signals, add them correctly,
and produce left and right channel output signals with a high degree of separa-
tion. The separation between the two channels, as far as crosstalk is concerned,
determines the stereo effect heard by the listener. Let us run through a
typical stereo decoder to get a better idea of what takes place.

SENCORE NEWS

Courtesy of Motorola

The composite signal input to Q120 contains L + R audio signals, modulated
L - R signal (38KHz sideband information) and the 19KHz pilot signal. The
schematic/block diagram shown is from an older Motorola receiver using dis-
creet components rather than an IC, to help clarify the MPX decoder. The
first stage, 19KHz Amp, is actually both a 19KHz amplifier and a composite
amplifier.

The composite signal is taken off at the emitter of the stage and passed through
a 67KHz SCA trap to remove any storecast information. The composite is
then applied to the center of the 38KHz transformer secondary.

The 19KHz pilot signal iL amplified by the transistor, Q120, and applied to
the 38KHz doubler. The doubler is simply an amplifier stage with its collector
transformer tuned to the second harmonic of the 19KHz pilot, 38KHz. The
38KHz signal developed is applied to the detector diodes, along with the
composite signal. The important consideration for the 19 and 38KHz stages
is that the output signal amplitude be maximum and the phase be correct. If
either is not right, the separation and stereo output will be poor.

Now the stereo detector. The L + R signal is audio at this point and is not
affected by the demodulation process used to recover the L - R signal. Since
the signal is injected at the center tap of the secondary of the transformer, it
will be the same phase at both the right and left channel output load resistors.
The modulated L - R signal is applied to the center tap of the secondary also,
and is gated or switched at a 38KHz rate between right and left outputs.

38KHz ‘
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Simplified MPX decoder
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Looking at a sample signal as shown here, using a square wave signal on the
left channel and a triangular signal for the right channel, we can more easily
explain the action of the decoder. When the 38KHz signal is positive on the
top of the transformer secondary, diode E121 will be switched on. During
this same time, the bottom of the secondary will be negative with respect to
the centertap and diode E124 will be conducting. The composite signals is
positive going at both points and the resultant output would be a positive
going L - R signal. This would be added to the L + R audio signal passed by
the diodes during their on time. The result would be Left channel signal.

(L - R plus L + R equals 2L)

During the next alternation of the 38KHz switching signal, the diodes E122
and E123 will be on. The composite signal is negative going during this time
und the result will be negative going L - R signal in the output or -(L - R).
The additive result of the -(L - R), and the L + R audio signal passed during
diode on time will be the right channel signal. L + R plus -(L - R) equals
L + R plus -LL + R or 2R. Obviously, if the phase of the 38KHz switching
signal does not correspond exactly to the phase of the 38KHz modulating
subcarrier in the transmitter, some right channel information will appear on
the left channel and vice yersa. This will cause poor separation. This is why
it is so important to be sure the phasing or separation controls are properly
set. Good separation will be above 20db between channels, with some of the
newer IC jobs having separation capability above 40db.

The right and left audio signals are then applied to the audio amplifiers. This
is how it works, now lets see how to get it going again if it should quit.
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WHAT ABOUT TROUBLESHOOTING THE DECODER?

From the above explanation, we should have determined that we must have
composite signal, 19KHz signal, 38KHz signal and right and left audio output.
These are the key things to look for when working in the decoder area. With-
out the 19 or 38KHz signal, there can be no demodulation of the L - R signal
and the output of the receiver will be strictly monaural. If the composite is
low or missing, the output will be at a low level or missing entirely. The
stereo indicator lamp or meter will usually show us if the 19KHz pilot is
present and if the 19KHz amplifier is working. In many receivers, such as the
older Motorola shown above, it will indicate the presence of 38KHz signal as
well. The stereo light is an important indicator for fast stereo troubleshooting.

Now we will put a trouble in to show you how the SG165 will help you find
it and get it going fast. The Motorola tuner being used contains an IC with
the complete multiplex decoder in a single clip. The block diagram of the IC
shows that it performs the same functions as the discreet components in the
schematic used for decoder explanation.
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Typicat MPX Decoder IC Courtesy of Motorola

If the trouble is suspected to be in the IC, scope checks for the correct signals
and DC voltage measurements should isolate it for you.
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Motorola FM Stereo decoder circuit Courtesy of Motorola

The problem we will use is an open 19KHz transformer. The symptoms are
no stereo, FM monaural ok. Stereo indicator light on. Since the stereo indica-
tor lamp is on, the problem should be somewhere in the stereo decoder circuit.
To troubleshoot this section, we will inject a composite multiplex signal from
the SG165 to the output of the FM detector, test point B. The dummy loads
are connected and the meter range is set for Separation Test so we may monitor
the separation of the receiver. SG165 Stereo MPX Modulation controls have
both right and left channels on and the pilot is 10%.

The first check is for actual separation so we can see what we have at the
beginning. We adjust the Microvolt Output controls to X1000 and 5 to pro-

8

vide sufficient composite input. Next we adjust the volume control of the
receiver until both meters indicate Odb. Switching the right channel off for
a separation test causes both meters to drop to about minus 7db, indicating
absolutely no separation. Now it is time to get the PS163 into the act. The
composite signal at the input to the IC, pin 3, looks normal. The 19KHz
pilot test point shows zero signal. DC checks with the DVM38 3! digit Digital
Multimeter shows 0 volts DC at pin 3 of the IC and normal voltage at the
junction of the 19KHz transformer and R64. Has to be the transformer. Re-
place the defective transformer and readjust the alignment of the MPX decoder.
Having a known standard signal with full control of right and left signals and
pilot level sure makes walking the trouble out of stereo decoders easy. This
SG165 is some kind of machine!

SG165 METERS
GIVE IMMEDIATE
SEPARATION TEST

FULL CONTROL
OF STEREO
SIGNAL MAKES
TESTS MORE
ACCURATE

ACCURATE 67MHz
FOR SCA TRAP
ALIGNMENT

MPX OUTPUT SPEEDS
DECODER SERVICING

SINGLE SG165
CABLE KEEPS
JOB CLEAN

DUMMY SPEAKER
LOADS ELIMINATE
ANNOYING HOWL

~ O0ANAA ¢ ,

WHAT ABOUT MPX ALIGNMENT?

The alignment of the stereo decoder usually consists of adjusting the 19 and
38KHz transformers for maximum signal, and then tuning them slightly for
best channel separation. The adjustment for best separation sets the phasing
of the 38KHz signal to the correct point for optimum demodulation and, as
a result, the best separation. This procedure is accomplished accurately only
by using a multiplex signal from a generator, and the SG165 makes it easy.
The alignment should be done from the antenna terminals with an RF signal,
to be most accurate, since some phase shifting can take place between the
tuner and the MPX decoder. Many manuals carry a note similar to the one
shown here taken from the Zenith service manual HF25.

Multiplex generators provide a composite multiplex signal as
well as an RF signal, which is FM modulated by the composite
multiplex signal. The composite signal is very useful since it is
an excellent tool that can be used in signal tracing the
multiplex portion of the receiver. We do not recommend that
multiplex alignment be made using only the composite signal
injected at the output terminal of the ratio detector tertiary
winding, since there is always some phase shift occurring in the
RF, IF or Ratio Detector circuits. As a result, multiplex
alignment made by a signal injected at the Ratio Detector
would not be correct. For proper multiplex alignment the
composite signal must FM modulate the RF carrier and then
be fed into the FM antenna terminals. With the signal injected
in this manner, the multiplex alignment would then be the
best that could possibly be obtained, and separation would be

at the maximum for this receiver.
Courtesy of Zenith

Obviously, a multiplex generator that does not have stereo multiplexed FM
RF will not be able to give accurate alignment results. The SG165 has this
modulated FM RF, at both standard and IHF modulation levels. The SG165
helps you get the job done the way the manufacturers suggest, for consistantly
good results.

The multiplex alignment procedure itself is quite easy. dJust connect the
SG165 to the antenna terminals and adjust for IHF or 100% modulation
(75KHz deviation) of the multiplexed signal. Adjust the 19KHz transformer
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CELEBRATING 25 YEARS OF DEDICATION TO THE ELECTRONICS INDUSTRY.
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DIGITAL MULTIMETERS
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DVM32 PORTABLE DIGITAL MULTIMETER

The Complete Protected Portable Digital
Multimeter

UP TO 30 TIMES MORE ACCURATE THAN CONVENTIONAL
ANALOG METERS.

3% DIGIT READOUT, .5% ACCURACY, BACKED BY 15 MEG-
OHM INPUT IMPEDANCE.

COMPLETE - from 1mV to 2000VDC — with Hi-Lo Power Ohms
and AC/OC current for complete measuring capability.
VERSATILE 3-way power with exclusive battery-saving Auto-Off
Display.

DROP-PROOF AND BURN-QOUT PROOF FOR TRULY PRO-
TECTED ACCURACY.

DVM32 SPECIFICATIONS
All accuracies expressed as percentage of reading 1 digit.
DC Voltage: 0 to * 2, 20, 200, 2000 wolts. ACCURACY: .5%. INPUT

IMPEDANCE: 15 megohm.

AC Voltage: 0 to 2, 20, 200, 1000 volts. ACCURACY: 15%. INPUT
IMPEDANCE: 1.8 megohms shunted by 18pF.

Ohms, Low Power: {.08V max. test voltage): 0to 200, 2K, 20K, 200K, 2000K
ohms. ACCURACY: 1%.

Ohms, High Power: (.8V max. tast voltage): 0 to 2K, 20K, 200K, 2000K, 20
megohm. ACCURACY: 1%.

DC,AC Current: 01to 2, 20,200, 2000 mAmp. ACCURACY: 1% DC, 1.5% AC.
Input Protection: 2000V (DC + peak} on OCV, 1000V on all other functions.
Internal protection with back-up fuses.

Readout: 3% digit, 7 segment L.E.D. Automatic Polarity, Decimal, and Over—
range.

Mechanical: SIZE: 7"x5'x4". WEIGHT: 2% tbs. with batteries.

3-Way Power: Battery-saving Auto Off Display turns display off when reading
is 010 or less. Uses 4 “C* cells.

Accessories: 39A90 Power Adapter for 115/230 VAC line operation . . . $9.95
HP200 50KV High Voltage Probe (slips on test probe for extended range) . $25.00

DVM32 PORTABLE DIGITAL MULTIMETER. . . . $198

DVM38 THE COMPLETE DVM

A prime standard at your fingertips for complete
measuring confidence.

THE ONE METER YOU CAN RELY ON FOR ALL OF YOUR
MEASURING NEEDS.

NEW ACCURACY STANDARD - 3% digit, .1% DCV accuracy,
backed with 15 megohm input impedance, is more accurate in more
circuits for readings you can trust every time.

NEW MEASURING CAPABILITIES — sensitive, with .01 ohm and
.1 milliVolts resolution, yet fully protected to 2000 VDC. Hi-Lo
Power Ohms for unparalleled accuracy in solid state circuits.
NEW STANDARD IN SPEED AND OPERATING EASE — Auto-
Ranging, Auto-Zero, and big pushbutton panel for fast, automatic
digital readings.

DVM38 SPECIFICATIONS
Single Step Auto-Ranging: Each voltage range automatically increases sensitivity
ten times when reading is less than 1/10th of Full Scale.

TUBE TESTHRS

DC Voltage: 0 to ¥ 200mV {lower scale only), 2, 20, 200, 2000 Volts.
ACCURACY: * 1% of Rdg. * 1 digit. INPUT IMPEDANCE: 15 megohms.

AC Vottage: 0 to 200mV {lower scale only), 2, 20, 200, 1000 Volts.
ACCURACY: * 5% of Rdg., * 2 digits. INPUT IMPEDANCE: 1.5 megohms
shunted by less than 40pF.

DC Current: 0 to *200,A, 2, 20, 200, 2000mA. ACCURACY: *
+ 2 digits.

AC Current: 0 to 200,A, 2, 20, 200, 2000mA. ACCURACY: * 1% of Rdg.,
* 2 digits.

Resistance (Low Power): 0 to 20, 200, 2K, 20K, 200K, 2000K ohm.
ACCURACY: * 2% * 3 digits. MAX. VOLTAGE: 200mV at full scale.
Resistance (High Power): 0 to 2K, 20K, 200K, 2000K, 20 megohm .
ACCURACY: * 2% * 2 digits. MAX. VOLTAGE: 2V at full scale.

Protection: 2000 Volts {OC + peak) on DCV, 1000 Volts on all other functions
and ranges. Internal diode and back-up fuse protection.

Display: 3% digit, 7 segment L.E.D. numerals. V, mV indicators, Automatic
Polarity, Decimal, Zero and Overrange.

Mechanios!: SIZE: §%"x7 7/8”x9". WEIGHT: 6% Ibs. POWER: 105-130
VAC, 50/60Hz, 7 watts.

Accessory: HP200 50KV High Voltage Probe (slips on test probe for extended
mnge). . . . . . . . . . . . . . . . . . . .8%2%00

.3% of Rdg.,

DVM383%DIGITDVM . . . . . . . . . . $48

TC162 MIGHTY MITE VIl

Find those ‘‘tough dogs™ others miss —

THE STANDARD IN TUBE TESTERS, with gver 70,000 Mighty
Mites in use.
FULL LOAD CATHODE CURRENT check finds the weak tubes
other testers might miss.
100 MEGOHM GRID LEAKAGE SENSITIVITY finds the “tough
dog’ tubes fast that can otherwise cause hours of wasted time.
STETHOSCOPIC SHORTS TEST with 300K sensitivity tests each
element against all others to locate any shorts in the tube.
FET BALANCED BRIDGE CIRCUITRY for instant-on action,
greater accuracy and dependability.

TC162 SPECIFICATIONS
Cathode Emission Test: Full load current drawn. Life test reduces filament
voltage by 15%.
Grid Leakage Test: BAD AREA: 100 megohms or less.
Shorts Test: 300K ohms or less.
General: POWER: 105 - 125VAC, 50/60Hz, 32 watts max. SIZE: 10"x9"x4".
WEIGHT: 9 lbs.

TC162 MIGHTYMITEVHIL. . . . . . . . . . 81715

MU150 CONTINENTAL (I
It’s the only complete tube analyzer on the market.

TRUE MUTUAL CONDUCTANCE TEST using a 5000 Hertz
square wave for true tube test.

TWO TESTERS IN ONE. The MU150 can be used to make the
Mighty Mite tests as well as mutual conductance.

FULL RATED CATHODE EMISSION TEST.

100 MEGOHM GRID LEAKAGE TEST.

SENSITIVE STETHOSCOPIC SHORTS TEST.

MU150 SPECIFICATIONS

Tests: SHORTS: 300K ohms or less. GRID LEAKAGE: 100 megohm.
EMISSION: Full rated cathode emission. MUTUAL CONDUCTANCE: True
mutual conductance {Gm) amplifier measurement using 5KHz square wave input,
with Automatic Bias Control.

General:  POWER: 105 - 130 VAC, 50/60Hz, 50 watts max. SIZE
18"x14"x4%"”".  WEIGHT: 18 Ibs.

MU150 CONTINENTAL I Gm TUBE TESTER

TC28 “THE HYBRIDER"

The only hybrid amplifier checker on the market
today for tube, solid state and hybrid circuits.
IT'S AN IMPROVED MIGHTY MITE TUBE TESTER that checks
over 3000 tubes with one simplified test procedure, inctuding the
100 megohm grid leakage sensitivity check.

IT'S A PATENTED CRICKET in and out of circuit transistor
checker, for fast, reliable in-circuit troubleshooting without a
reference book.

ALL TESTS READ ON ONE METER, including tube shorts,
combining the two most popular Sencore testers for one total
tester, and at less cost than buying them separately.

TC28 SPECIFICATIONS
Tube Tests: EMISSION: Full load currents. GRID LEAKAGE: 100 megohms
or less. SHORTS: 300K ohms or less.
Transistor Tests: GAIN: {In or out of circuit). Vg =
of circuit only): Meter indicates leakage.
General: POWER: 105 - 125 VAC, 50/60Hz. SIZE: 14%"x12"x14%".
WEIGHT: 13% Ibs.
TC28 THE HYBRIDER . . . . . . . . . . 8175

*5v. LEAKAGE: {out
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PS148 WIDEBAND OSCILLOSCOPE/VECTORSCOPE
“the workhorse” of the single trace service scope.

WIDEBAND 5Hz to 6MHz - 3db.

HIGH SENSITIVITY 17mV RMS per inch.

RIGH INPUT IMPEDANCE 27 megohm shunted by 11pf.

SEVEN THOUSAND VOLT input rating with low cap probe, not
600 volts like other scopes.

DIRECT VERTICAL PEAK-TO-PEAK VOLTAGE READING with
input controls calibrated directly in volts P-P.

CONVERTS TOPROFESSIONAL VECTORSCOPE with the flip of
a switch.

FULL RANGE HORIZONTAL SWEEP frequencies from 5Hz to
500KHz in five overlapping ranges.

POSITIVE SYNC with variable control locks onto complex wave-
forms.

EXTERNAL INPUTS forsync, sweep, Z axis and direct connections
to deflection piates.

PS148 SPECIFICATIONS

Vertical Amplifier: SENSITIVITY: .017 V/in direct. Front panel calibrated
in P-P Volts, ACCURACY: * 5% BANDWIDTH: 5Hz to 6.5MHz (-3dB).

INPUT IMPEDANCE: 27 megohm shunted by 11pF using Low-Cap probe.

MAX. INPUT VOLTAGE: 7KV AC P-P, using Low-Cap probe.

Horizantal Amplifier: RANGE: SHz 10 500KHz in 5 overlapping ranges.

Sync:  Semi-triggered phantastron-type circuit.

Vector, X-Y Mode: Rear panel inputs to CRT plates.

General: SIZE: 11"x97x15%". WEIGHT: 22 Ib. POWER: 105 - 130VAC,
50/60Hz, 100 watts.

Accessories: 39G11 Direct/Lo-Cap Probe  (supplied).

39G3 Demodulator Probe . . . . et 1 .o o 185915

PS148 OSCILLOSCOPE/VECTORSCOPE . . . . . $395

PS29 MINUTE MAN PUSHBUTTON OSCILLOSCOPE

The first and only completely automatic triggered
scope for any color TV and video service.

PUSHBUTTON DISPLAY for every critical video and color signal.
TV Vertical, TV Horizontal, 3.58MHz color, 5X Expand, 60Hz
Line Sweep for sweep generator alignment, and Vector Mode with
complete front panel hook-up.

AUTOMATIC TRIGGERING with guaranteed solid sync is backed
by TV sync separators on TV Vertical and TV Horizontal. You
simply connect to the test point and push a button.

PLUS, IT'S A COMPLETE GENERAL PURPOSE BROADBAND
SCOPE for any non-video signal from DC to 10MHz.

EXCLUSIVE 5000VAC INPUT PROTECTION backed by 10 milli-
Volt per division sensitivity lets you measure circuits with
confidence.

PS29 SPECIFICATIONS

Pushbutton Display Selectors: Automatically selects preset TV Vertical, TV
Horizontal with TV sync separator; 3.58MHz Color; Sweep Generator 60Hz;
Vector B-Y; 5X Expand.

Vertical Amplifier: SENSITIVITY: 10mV/em to 50V/cm, AC-DC coupled.
ACCURACY: * 5% BANDWIDTH: DC to 8MHz (-3dB). INPUT IMPEDANCE:
10 megohms shunted by 11pF using Low-Cap probe. MAX. INPUT VOLTAGE:
5KV P-P AC using Low-Cap probe.

Horizontal Amplifier: RANGE: 0.1 sec/cm to 0.2.sec/cm. VECTOR INPUT:
20r 20V/cm.

Triggering:  AUTOMATIC: Baseline displayed in absence of input signal.
TVV, TVH: Uses sync separator for stable display of video waveforms.

Vector, X-Y Mode: Front panel inpufs.

General: SIZE: 10%"x8"x16”. WEIGHT: 25 ibs. POWER: 105-130 VAC,
50/60Hz, 60 watts.

Accessories: 39G80 Lo-Cap Probe : X10 with 5KV rating  (supplied).

39G81 Demodulator Probe. . . . . . . . . . . . . $20.00
PS29 AUTOMATIC PUSHBUTTONSCOPE. . . . . $595

PS163 DUAL TRACE OSCILLOSCOPE

Big performance with 1% phase-locked waveforms
at 1/3 the cost of others.

PHASE LOCKED MATCHED CHANNELS allow comparisons of
any simultaneous waveforms within 1% lab accuracy.

HIGH SENSITIVITY of 5 milliVolts per centimeter, allows accurate
display of low leve! signals.

TRUE BANDWIDTH using no peaking coils or other gimmicks to
cause ringing or signal distortions. Gives clean waveforms from
DC to 8MHz.

PROTECTED TO 5000VAC. Most other scopes are rated to 600V.
You're protected with Sencore.

TIME SAVING INSTANT MODE SELECTION for free running,
manual and automatic triggered sweep, with selectable A or B
channel triggering.

TV VERTICAL AND TV HORIZONTAL SWEEP settings with
sync separator stability for viewing video signals.

IT'S ALSO A VECTORSCOPE with a simple front panel push-

button control. PS163 SPECIFICATIONS

Display: Channel A; B; Dual Altenate; Dual Chopped; Vector.

Vertical Amplifis: SENSITIVITY: SmV/cm to 50V/em. AC-DC coupled.

ACCURACY: 2% BANDWIDTH: DC to 8MHz (-3dB). INPUT IMPEDANCE:

10 megohms shunted by 11pF using Low-Cap probe. MAX. INPUT VOLTAGE:

5KV P-P AC using Low-Cap probe.

Horizontal Amplifier: RANGE: .t sec/cm to .1 . sec/cm. Special TVV and
TVH, 60Hz Line.

Triggering: Manual; Automatic: Baseline displayed in absence of input signal;
Free Run. TVV, TVH: Uses Sync-separator for stable display of video wave-
forms.

Vector, X-Y Mode: Front panel inputs. Channel A Vertical, Channel B Horizontal.

General: SIZE: 12x10"x15%". WEIGHT: 30 Ib. POWER: 105 - 130 VAC,
60Hz, 60 watts.

Accessories: 39G80 Lo-Cap Probe: X10 with 5KV rating (2 supplied).

PS163 DUAL TRACE TRIGGERED SCOPE. . . . . $895
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FE23 “LITTLE HENRY” PORTABLE FIELD EFFECT
MULTIMETER

Toughest little multimeter in the whole wide world
eliminates downtime, repair and replacement costs

COMPACT AND HANDY TO GO ANYWHERE — even in the dark—
with illuminated meter.

1.5% FET ACCURACY with high 15 megohm input impedance
that minimizes circuit loading errors experienced with VOMs.
DROP-PROOF with tough acrylic case, shock -proof meter mounting.
BURN-OUT PROOF protection to 1000V on all functions and
ranges, including ohms, with back-up fuse protection.

NO MESSY, DANGLING LEADS with built-in lead storage
compartment with auto-shutoff switch.

FE23 SPECIFICATIONS

DC Voltage: 0 to 3, 30, 300, 1000, 6000 volts. ACCURACY: 15% FS.
(3% — 6V range). INPUT IMPEDANCE: 15 megohm.

AC Voltage: 0 to 3, 30, 300, 1000 volts, ACCURACY: 3% FS. INPUT
IMPEDANCE: 900K shunted by 27pf.

Ohms: Rx1, x100, x10K, x1 megohm. 10 ohm center scale. ACCURACY:
20 arc.

DC Current: 0to 1 Amp. ACCURACY: 3% F.S.

Input Protection: 1000V (DC + peak) all ranges.

Meter: 3%” illuminated. Shock-proof mounted. Sliding protective cover.
Battery Power: 1-9V and 3- 1.5V “AA” cells.

General: SIZE: 6%"x4%""x2%". WEIGHT: 2% lbs.

FE23 “LITTLE HENRY" .

FE27 “81G HENRY'"PORTABLE FIELD EFFECT MULTIMETER
Most dependable multimeter on the market today

RUGGED AND PORTABLE to go anywhere.

1.5% FET ACCURACY on DC volts with high 15 megohm input
impedance that minimizes circuit loading errors experienced with
VOMs.

TOUGH ACRYLIC CASE, sliding meter cover, and shock-proof
meter mounting means less costly downtime.

1000V PROTECTION on all functions and ranges — including ohms.
EXCLUSIVE P-P AND RMS reading scales for accurate AC
measurements in any circuit.

AUTOMATIC SHUT-OFF for longer battery life when lead
compartment cover is closed.

FE27 SPECIFICATIONS

DC Voltage: 0ta* 3,1, 3, 10, 30, 100, 300, 1000, 3000 volts. Zero center
scale. ACCURACY: 1.5% F.S. INPUT IMPEDANCE: 15 megohm.

AC Voltage: 0 to .3, 1, 3, 10, 30, 100, 300, 1000 volts. True RMS or P-P
detecting. ACCURACY: 3% F.S. INPUT IMPEDANCE: 2.4 megohm shunted
by 95pf.

Ohms: Rx1, x10, x1K, x100K, x1M ohms. 10 ohms center scale. ACCURACY:
20 arc.

DC Current: 0 to ¥ 10mA, 100mA, 1A. ACCURACY: 3%. Optional 3A
shunt No. 33G82 — $4.00.

Input Protection: 1000V (DC + peak) alt ranges.

Meter: 4%" illuminated. Shock-proof mounted. Sliding protective cover.
Battery Power: 2 -9Vand 2- 1.5V “C” cells.

General: SIZE: 10"x5%"x3%". WEIGHT: 4% Ibs.

FE27 “BIG HENRY"




FOR YOUR BEST TEST EQUIPMENT BUY-
SEE YOUR SENCORE FLPD DISTRIBUTOR

HERE IS YOUR COMPLETE LIST OF SENCORE FULL LINE PROMOTIONAL DISTRIBUTORS
AS SCHEDULED ACROSS THE U.S.

-PLUS- A LIST OF ALL TECH-A-RAM

@ CIRCLE indicates FLPD Distributor sponsoring Tech-A-Ramas:

call for time and place.
UNITED STATES

ALABAMA
DOTHAN
CARMICHAEL WHOLESALE
140 South Foster Street
(205) 792-0066
OPELIKA
SOUTHERN ELECTRONIC CORP.
309 South 10th Street
(205) 7456478
MOBILE ¥
ELECTRONIC SUPPLY
561 Holcombe Avenue
(205) 478-0455
Star Store Located in:
*PENSACOLA , FLA.
1444 North Pace Blvd.
(904) 432-6916

TUSCALOOSA

RADIO PARTS

402 20th Street

(205) 758-5585

Star Stores Located in:
*TROY
208 College
(205) 566-0375
*SELMA
1125 Church Street
(205) 872-7451

ARIZONA

PHOENIX
CAPITOL ELECTRONICS
1311 North Central
(602) 252-5897
DALIS RADIO & TV SUPPLY
917 North 7th Street
(602) 258-8151
Star Store Located in:
*TUCSON
3380 Ajo Way
(602) 889-6391
TUCSON
INLAND ELECTRONIC SUPPLY
715 East Broadway
(602) 624-4402

ARKANSAS

FT.SMITH
CARLTON-BATES
No. 1 Electronic Park
4420 Whealer Avenue
(501) 646-8201
WISE WHOLESALE
T001 Towson Avenue
(501) 783-8925
Star Store Located In:

*SPRINGDALE
710 North Thompson
(501) 751-4814

LITTLE ROCK
CARLTON-BATES
6821 Scott Hamilton Road
(501) 562-9100
DAVID WHITE RADIO
1222 Main Street
(501) 376-1391
Star Stores located in:

*FAYETTEVILLE
112 North Block
(501) 521-6611
*PINE BLUFF
615 Main Street
(6501) 534-0612
*MONROE, LA,
309 Walnut

(318) 322:5136

PINE BLUFF
CARLTON-BATES

1510 State Street
(501) 535-1354

CALIFORNIA

BAKERSFIELD
KIESUB CORP.
318 21st Street
(805) 327-5535
BURBANK
ELECTRONIC CITY
4001 West Burbank Bivd.
(213) 842-5275
CANOGA PARK
SANDY'S ELECTRONIC SUPPLY
21305 Saticoy Street
(213) 346-8353
Star Stores Located In:
*THOUSAND OAKS
369 Hampshire
(805) 497-7515
*NORTH HOLLYWOOD
6770 Coldwater Canyon
{213) 765-8585

EL MONTE
KIMBALL AND STARK, INC.
3053 North Tyler Avenue
{213) 444-2594
FRESNO
DEVLIN-DREW CO.
165 Broadway
P.O. Box 1326
(209) 233-7171
GLENDALE
WESTERN ELECT. SUPPLY CORP,
229 South Orange Street
(213) 246-4861
HAWAIIAN GARDENS
CARSON ELECTRONICS
12016 East Carson
(213) 425-8298
HOLLYWOOD
PACIFIC RADIO EXCHANGE
1351 Cahvenga Blvd.
(213) 462-1393
HUNTINGTON PARK
MARTIN DISTRIBUTING
2509 East Florence Avenue
(213) 582-7111
LONG BEACH
KIESUB CORP.
311 West Pacific Coast Hwy.
{213) 591-1335
Star Store Located In:
*SAN BERNADINO
910 11th Street
(714) 885-6807
LA PUENTE
KIESUB ELECTRONICS, INC.
15418 East Fairgrove Avenue
(213) 330-3444
LOS ANGELES
AMETRON SUPPLY
1200 North Vine
(213) 464-1144
RADIO PRODUCTS SALES, INC.
1501 South Hill Street
{213) 748-1271

MOUNTAIN VIEW
ASSOCIATED RADIO DISTRIBUTORS
2150 Old Middlefield Way
(415) 968-1689

OAKLAND
BRILL ELECTRONICS
610 East 10th Street
(415) 834.5888

SACRAMENTO
CALIFORNIA RADIO & TV
2537 Del Paso Bivd.

(916) 922-6531
NORCAL ELECTRONICS
1800 6th Street
(916) 442-9041

SACRAMENTO ELECTRONICS
1219 South Street
(916) 4414821

SAN DIEGO
SHANKS & WRIGHT, INC.
2045 Ketner Bivd.

(714) 239-0176
SOUTHLAND

3610 University Avenue
(714) 283-3941

SAN FRANCISCO
ASSOCIATED RADIO DISTRIBUTORS
1583 Howard Street
(415) 431-0212

SAN JOSE
PENINSULA ELECTRONIC
980 South First Street
(408) 294-8781
QUEMENT
1000 South Bascom
(408) 9985900
UNITED RADIO & TV SUPPLY
1425 West San Carlos Avenue
(408) 298-1212

SANTA ANA
HURLEY ELECTRONICS
2101 North Fairview
(714) 638-7220
Star Store Located in:

*SAN DIEGO
318 16th Street
(714) 235-6245

SUNNYVALE
SUNNYVALE ELECTRONICS
534 South Murphy
(408) 736-1323

VALLEJO
ASSOCIATED RADIO DISTRIBUTORS

1340 Tennessee
{707) 691-2363
ZACKITT CORPORATION
1815 Sonoma Blvd.
(707) 644-6676
Star Store located in:
*SACRAMENTO
1831 J Street
(916) 446-3131

COLORADO

DENVER
ELECTRONIC PARTS
1212 South Broadway
(303) 744-1992
FISTELL’S ELECTRONIC SUPPLY
1001 Bannock Avenue
(303) 244-4691
MADISON ELECTRONICS
2033 Lawrence Street
(303) 244-8140
GREELEY
WALKER ELECTRONICS
1525 8th Avenue
(303} 353-3241
Star Stores Located in:
*COLORADO SPRINGS
2838 Prospect Street
(303) 636-1661
*DENVER
300 South Bryant
(303) 935-2401
*PUEBLO
100 North Victoria
{303) 542-1924

CONNECTICUT

HARTFORD
HATRY OF HARTFORD
500 Ledyard Street
{203) 527-1881
NEW HAVEN
HATRY OF NEW HAVEN
610 Boulevard
(203) 787-5921
NEW LONDON
AIKINS ELECTRONICS
531 Broad Street
(203) 4424406
Star Store Located In:
*WEST HAVEN
884 Orange Avenue
(203) 933-2581
NORTH HAVEN
PLYMOUTH ELECTRIC CO.
450 Sackett Point Road
(203) 288-3821
NORWICH
AIKINS ELECTRONICS
499 North Main Street
(203) 889-8427
STRATFORD
HATRY OF BRIDGEPORT
1145 Honeyspot Road
(203) 375-5866
WATERBURY
HATRY OF WATERBURY
480 Watertown Avenue
(203) 755-1181
WEST HARTFORD
SIGNAL CENTER
589 New Park Avenue
(203) 233-8551
Star Store Located In:
*SPRINGFIELD, MASS
482 Worthington Street
(413) 739-3893

DELAWARE

WILMINGTON
WHOLESALE ELECTRONICS
1402 Walnut Street
(302) 656-9988

FLORIDA
FORT LAUDERDALE
VANCE BALDWIN, INC.
2207 South Andrews Avenue
(305) 523-3461
Star Stores Located In:
*MIAMI
770 North 7th Avenue
(305) 693-2921
*WEST PALM BEACH
500 Clematis
(305) 832-5671
MIAMI
ELECTRONIC EQUIPMENT
4027 N. W. 24th Street
(305) 871-3500
ORLANDO
HAMMOND ELECTRONICS
1230 West Central
(305) 241-6601
Star Stores Located In:
*FORT MEYERS
2463 Frankland Street
(813) 334.2277
*TAMPA
1516 Cypress Street
(813) 253.0104
*LAKELAND
930 East Oak
P.0. Box 809
(813) 686-4145

*Listings preceded by a star have the most popular items on display
and 24 hour delivery from the FLPD store.

*DAYTONA BEACH
719 North Ridgewood Avenue
(904) 253-0531
*JACKSONVILLE
250 East First
(904) 356-4851
PENSACOLA
GRICE ELECTRONICS, INC.
320 East Gregory Street
(904) 434-2481
Star Stores Located In:
*PANAMA CITY
2907 West Hwy. 98
(904) 769-2151
*MOBILE, ALABAMA
3698 Airport Bivd.
(205) 342-2062
SARASOTA
DOW ELECTRONICS
607 School Street
(813) 958-1551

GEORGIA

ATLANTA
GRAYBAR ELECTRIC
4825 Fulton Ind. Blvd.
(404) 892-6950
SPECIALTY DIST. CO.
763 Juniper Street
(404) 873-2521
Star Stores Located In:
*AUGUSTA
1251 Gordon Parkway
P.O. Box 1728
(404) 722-1526
*BRUNSWICK
2812 Carrie Street
(912) 265-1927
*CHATTANOOGA, TENN.
1313 Central Avenue
(615) 267-9531
*ATHENS
230 Epps Bridge Road
(404) 548-1334
*ALBANY
428 Roosevelt Avenue
(912) 4351711
*VALDOSTA
916 Marion Street
(912) 242-4910
*MACON
539 Arch Street
(912) 746-8564
COLUMBUS
RADIO SALES AND SERVICE
2000 12th Avenue
(404) 327-3296
SAVANNAH
KING’S APPLIANCE
1701 Louisville Road
(912) 2341301

HAWAII

HONOLULU
ELECTRICAL EQUIPMENT CO. LTD.
832 South Queen Street
(808} 533-3884
HOH CORP.
2310 Kam Hwy.
(808) 847-5511
PRECISION RADIO LTD. INC.
1160 South King Street
(808) 537-5291

IDAHO

CALDWELL
A—-GEM SUPPLY CO.
715 Albany Street
{208) 459-0783
IDAHO FALLS
SCHWENDIMAN'‘S WHOLESALE DIST.
910 Lincoln Road
P.O. Box 2047
(208) 522-2492
POCATELLO
KIMBALL ELECTRONICS
504 East Center
(208) 232-2201
Star Stores Located In:
*BOISE, IDAHO
418 North Orchard
{208) 342-3559
*SALT LAKE CITY, UTAH
350 Pierpont Street
(801) 328-2075

ILLINOIS

ALTON
EBINGER RADIO, INC.
1155 East Broadway
{618) 462-9783



Star Store Located In:
*ST. LOUIS, MISSOURI
4220 Gannett
(314) 353-8818
BELLEVILLE
LURTZ ELECTRONICS
219-221 North lllinois Street
(618) 233-0942
BENTON
LAMPLEY ELECT. INC.
452 East Church Street
(618) 435-8194
Star Stores Located In:
*SALEM
Laco Electronics
119 East McMackin
(618) 548-3150
*PADUCAH, KENTUCKY
Paducah Electronics
2601 Broadway
(502) 433-1722
BERWYN
B—B&W, INC.
2137 South Euclid Avenue
{Suburban) (312) 749-1710
{Chicago)  (312) 242-1533
CHAMPAIGN
KLAUS RADIO
905 South Neil Street
(217) 356-1896
CHICAGO

HOWARD ELECTRONICS SALES, INC.

4573 South Archer Avenue

(312) 2541777

NORTH CENTRAL ELEC. SUPPLY
3412 West Bryn Mawr

(312) 588-6012

U.S. RADIO & TV SUPPLIES

6343 South Western Avenue

(312) 9254111

ELK GROVE VILLAGE
RETCO ALLOY CO.
880 Estes Avenue
{312) 593-7770
JACKSONVILLE
BESCO, INC.
419 South Mauvaisterre
(217) 243-6464
Star Store Located In:
*SPRINGFIELD
1023 Dorlan
{217) 753-0111
JOLIET
MAINLINE ELECTRONIC SUPPLY
804 Theodore Street
(815) 723-0658
LA SALLE
KLAUS RADIO, INC.
227 Bucklin Street
(815) 223-7400
MATTOON
MATTOON RADIO & TV SUPPLY
400 - 404 South 21st Street
(217) 235-5457
MOLINE
LOFGREN DISTRIBUTING CO.
1202 Fourth Avenue
(309) 764-7436
PEORIA
KLAUS RADIO, INC.
8400 North Pioneer Pkway
(309) 691 -4840
WARREN RADIO
800 S.W. Jefferson
(309) 674-5998
Star Store Located In:
*LA SALLE
518 3rd Street
(815) 223-4028
QUINCY
KLAUS RADIO, INC.
1008 Jersey Street
(217) 223-7560
ROCKFORD
JAY-TRONICS
124 - 128 North Rockton
(815) 965-8786
SPRINGFIELD
BRUCE ELECTRONICS
1120 East Capitol Avenue
P.O.Box 115
(217) 528-7523

INDIANA

BEDFORD
ELECTRONICS SUPPLY
910 7th Street
(812) 2755941
EAST CHICAGO
ACRO ELECTRONICS CORP.
1101 West Chicago Avenue
(219) 397-8681
ELKHART
WARREN RADIO
742 South Main
(219) 523-2398
EVANSVILLE
HUTCH & SONS, INC.
300 North Main Street
(812) 425-7201
Star Store Located In:
*MADISONVILLE, KY.
212 North Franklin
(502) 821-4334
INDIANAPOLIS
GRAHAM ELECT. SUPPLY INC.
133 South Pennsylivania Street
(317) 634-8486
Star Stores Located In:
*MUNCIE
Muncie Electronic Supply
222 North Madison Street
(317) 288-8837

*FORT WAYNE
Fort Wayne Elect. Supply
3606 East Maumee Avenue
- {219) 423-3422
WARREN RADIO
732 North Capitol Street
(317) 634-5566

IOWA

DAVENPORT
KLAUS RADIO
322 East Fourth Street
(319) 323-9761
WARREN RADIO
1205 East River Drive
(319) 323-8051
DES MOINES
MID-STATE DISTRIBUTORS
2511 Bell Avenue
(515) 288-7231
Star Store Located In:
*APPLETON, WIS.
1037 West Wisconsin Avenue
{414) 731-4181
SIDLES
2205 Bell Avenue
(515) 280-1722
SIOUX CITY
MOLSTAD ELECTRONICS
1110 Dace Street
(712) 2558023

KANSAS

TOPEKA
@ ACME RADIO
135 Kansas Avenue
(913) 235-1363
WICHITA
RADIO SUPPLY.CO., INC.
131 Laura Street
(316) 267-5216
Star Store Located In:
*SALINA
809 South Broadway
{913) 823-6353

KENTUCKY

BOWLING GREEN
RANDOLPH, HALE & MEREDITH
319 State Street
(502) 781-1460
Star Store Located In:
*HOPKINSVILLE
729 East 4th Street
{502) 885-5357
LEXINGTON
SERVICE ELECTRONIC SUPPLY
1046 “A" New Circle Road, N.E.
(606) 254-5786
LOUISVILLE
P.l. BURKS, INC.
842 South 7th Street
(502) 589-3960
THE COLLINS CO.
829 South Floyd Street
(502) 583-1791

PEERLESS ELECTRONICS EQUIP.

1815 South 7th Street

(502) 637-7677
OWENSBORO

HUTCH & SON

1421 Triplet

(502) 684-6285
PADUCAH

WARREN RADIO

455 South 31st

(602) 4424367

LOUISIANA

ALEXANDRIA
RALPH’S RADIO
601 North 3rd Street
(318) 443-4517
LAFAYETTE
RALPH’S RADIO
3004 Cameron Street
(318) 234-4507
Star Stores Located In:
*BATON ROUGE
1732 Plank Road
{504) 344-3761
*BEAUMONT, TX.
1293 Broadway
(713) 833-9443
*MORGAN CITY
715 Brashear
(504) 384-9831
*PASCAGOULA, MS
2102 Ingalls Avenue
(601) 769-1672
LAKE CHARLES
RALPH'S RADIO
911 4th Avenue
(318) 439-2493
NEW ORLEANS
WILLIAM B. ALLEN
1601 Orleans Avenue
(504) 525-8222
SHULER SUPPLY CO., INC.
2504 - 06 Tulane Avenue
(504) 822-2251
Star Stores Located In:
*GRETNA
1728 Hancock
(504) 368-2455
*METAIRIE
112 Woodlawn
(504) 834-1174
SOUTHERN RADIO
1909 Tulane Avenue
(504) 524-2343

Star Store Located in:
*BATON ROUGE
2610 Scenic Hwy.
(504) 355-0396
SHREVEPORT
AMERICAN ELECTRONICS
2618 Southern Avenue
{318) 424-6591

MARYLAND

BALTIMORE
A.R. SPARTANA CO., INC.
239 North Gay Street
(301) 727-5762
CUMBERLAND
ALLEGHENY ELECTRONICS
1100 East Oid Town Road
(301) 734-6460
HYATTSVILLE
MARK ELECTRONICS
3003 Hamiiton Street
(301) 559-7700
KENSINGTON
FAIRWAY ELECTRONICS
4210 Howard
(301) 933-4420
Star Store Located In:
*BALTIMORE
178 Alco Place
{301) 247-8383
SALISBURY
STANDARD ELECTRONICS
701 Snow Hill Road
{301) 749-7593

MASSACHUSETTS

BROCKTON
WARE RADIO SUPPLY CO.
913 Center Street
{617) 583-0810
NORTH WILBURHAM
INDUSTRIAL COMPONENTS CORP.
2551 Boston Road
(413) 596-3854
WORCESTER
R.M. ELECTRONICS
315 Grove Street
(617) 756-8311
Star Store Located In:
*FITCHBURG
1334 Water Street
(617) 343-7473

MISSISSIPPI

HATTIESBURG
N & H ELECTRONIC SUPPLY
402 East Pine Street
(601) 582-5571
JACKSON
STUART C. IRBY
P.O. Box 1819
(601} 355-4532
MERIDIAN
HOOPER ELECTRONICS
1917 Sixth Street
(601) 693-2668
Star Store Located In:
*PASCAGOULA
1406 East Live Oak
(601) 762-9383

MICHIGAN

BATTLE CREEK
WARREN RADIO
93 Bidwell W.
(616) 965-3338
DEARBORN
WEST SIDE RADIO & TV SUPPLY
7521 Wyoming Avenue
(313) 933-6972
DETROIT
@ RS. ELECTRONICS CO., INC.
12775 Lyndon Street
(313) 491-1000
Star Store Located In:
*GRAND RAPIDS
300 36th Street S.E.
(616) 241-3483

RADIO SUPPLY & ENGINEERING
85 Selden Avenue
(313) 831-3174
Star Stores Located In:
*DETROIT
10001 Chalmers
(313) 371-9050
*CLAWSON
1203 West 14 Mile Road
{313) 435-5660
GRAND RAPIDS
T& W ELECTRONICS
1045 South Division Avenue
(616) 241-3645
Star Store Located In:
*MUSKEGON
2100 Henry Street
(616) 759-7666
J.A. WHITE DISTRIBUTING
755 36th Street S.E.
(616) 241-6581
KALAMAZOO
@ WARREN RADIO
1710 South Westnedge
(616) 381-4203
Star Store Located In:
*GRAND RAPIDS
320 Michigan N.E.
(616) 456-5383
LIVONIA
NORWEST ELECTRONICS
33611 Plymouth Road
(313) 261-4551

MADISON HEIGHTS
HOWARD & SMITH, INC.
31270 Stephenson Hwy.
(313) 585-2300
WARREN RADIO
32707 John Road
(313) 588-3327

MUSKEGON
FITZPATRICK ELECT. SUPPLY
444 Irwin Avenue
(616) 722.6621
WESTERN ELECTRONICS SUPPLY
1781 Fifth Street
{616) 722-7628

NILES
NILES RADIO
933 North 5th
(616) 684-0550

OWO0SSO
WARREN RADIO CO.
311 South Cedar
(517) 723-5239

ROYAL OAK
SATULLO CO.

4514 North Woodward
{313) 549-3910

MINNESOTA

MINNEAPOLIS
NESS ELECTRONICS
3743 Nicollet
{612) 824-2646
STARK ELECTRONICS
112 3rd Avenue North
{612) 332-1325
Star Stores Located in:
*DULUTH
18 North Second Avenue
(218) 722-1766
“LA CROSSE, WIS,
131 South 6th
(608) 782-3186
*ST. PAUL
154-160 University
(612) 2224781
TEAM CENTRAL, INC.
720 29th Avenue S.E.
{612) 331-8511
Star Stores Located In:
@ “NO. 1 MINNEAPOLIS
2460 Hennepin
(612) 377-9840
*NO.4 ST.CLOUD
119 Fifth Avenue South
{612) 251-1335
@ "NO.5 MINNEAPOLIS
6413 Lyndale Avenue South
(612) 869-3288
*NO. 8 MADISON, WIS.
3365 East Washington
(608) 244-1339
*NO. 19 WATERTOWN_SD
223 9th Avenue S.E.
{605) 886-4725
*NO. 22 ROCK ISLAND, ILL.
1714 5th Avenue
(309) 788-9595
*NO. 26 GRAND FORKS, ND
1503 11th Avenue North
(701) 772-5575
SATTERLEE CO.
220 East Franklin Avenue
{612) 333-1141
ROCHESTER
SM SUPPLY CO.
902 7th Street N.W.
(507) 288-2037
Star Store Located In:
@ *"MANKATO
115 Byron Street
(507) 388-6245

MISSOURI

CAPE GIRARDEAU
SUEDEKUM ELECT. SUPPLY
2215 Broadway
(314) 335-8202
Star Store Located In:
*CARBONDALE, ILL.
Hwy. 13 Reeds Station Road
(618) 549-7361
JOPLIN
FOUR STATE RADIO SUPPLY
402 Wall Street
{417) 624-0368
KANSAS CITY
BURSTEIN-APPLEBEE
3199 Mercier
(816) 756-2525
@ ELECTRONIC SUPPLY CO., INC.
4100 Main Street
{816) 931-3383
ROLLA
SHOW ME ELECTRONICS
Hwy. 72 East
(314) 364-3896
ST. JOHN
TREPCO
3632 Woodson Road
(314) 426-3260
ST. JOSEPH
@ ST. JOSEPH RADIO & SUPPLY
720 South 9th Street
(816} 233-3118
ST. LOUIS
DELTRONICS DISTRIBUTING CO.
864 Hodiamont Avenue
(314) 725-6060
Star Stores Located In:
*BELLEVILLE, ILL.
3726 West Main
(618) 398-2188




*ST. CHARLES
202 First Capitol Plaza
{314) 946-6766

SPRINGFIELD
REED RADIO SUPPLY CO.
805 - 09 Boonville Avenue
(417) 869-0752
UNIVERSITY CITY
OLIVE ELECTRONICS SUPPLY CO.
6662 Olive Blvd.
(314} 863-7800

MONTANA

BILLINGS
ELECTRONIC SUPPLY CO.
250 Eleventh Street West
(406) 252-2197

NEBRASKA

LINCOLN
SCOTT ELECTRONICS
4040 Adams Street
{402) 464-8308
OMAHA
@ OMAHA ELECTRONICS
222 Leavenworth
(402) 341-3440
RADIO EQUIPMENT
625 North 18th Street
(402) 341-7700
Star Store Located In:
*LINCOLN
2619 Holdrege Avenue
(402) 4757668
SCOTTS BLUFF
D & H ELECTRONICS
1913 Broadway
(308) 632-2181
Star Store Located In:
*STERLING, COLORADO
117 Ash Street
(303} 522-3033

NEVADA

LAS VEGAS
KIESUB ELECTRONICS
3185 South Highland
(702) 732-2395

NEW HAMPSHIRE

MANCHESTER
RSL DISTRIBUTORS, INC.
670 Chestnut Street
(603) 625-5444
Star Stores Located In:
*BANGOR, MAINE
14 Perry Road
{207} 947-7396
*PORTLAND, MAINE
117 Anderson Street
(207) 7730297

NEW JERSEY

CAMDEN
GENERAL RADIO SUPPLY CO.
600 Penn Street
At Bridge Plaza
(609) 964-8560
EATONTOWN
ATKINSON & SMITH
17 Lewis Street
(201) 542-2447
EDISON
WILLIAM ELECTRONIC SUPPLY
1863 Woodbridge Avenue
(201) 985-3700
HILLSIDE
LEADER ELECTRONICS
5 Evans Terminal Road
(201) 354-4200
MOUNT EPHRIAM
ALMO ELECTRONICS
301 North Black Horse Pike
(609) 933-3800
NEW BRUNSWICK
BAY ELECTRONICS DISTRIBUTORS
226 Talamadge Street
(212) 295-8100
NEWARK
AARON LIPPMAN
99 Newark Street
(201) 621-9300
Star Store Located In:
*PATERSON
170 21st Avenue
(201) 2743277
SPRINGFIELD
ROUTE ELECTRONICS, INC.
Echo Plaza
40 U.S. Route 22
{201) 467-0166
TRENTON
JACKSON DISTRIBUTORS
1900 Genessee Street
(609) 392-8008
NIDISCO, INC.
985 Princeton
(609) 396-3505
UNION CITY
NIDISCO, INC.
2812 Kennedy Blvd.
(201) 863-2111
Star Stores Located In:
*HACKENSACK
55 State Street
(201) 343-8411
*JERSEY CITY
713 Newark Street
(201) 653-2360
*RIDGEFIELD

484 Bergen Bivd.

(201) 943-0510

*PASSAIC

294 Passaic Street

{201) 779-4962

*UNION

2401 Vauxhall Road

(201) 964-7070

WEST ATLANTIC CITY

ALMO ELECTRONICS
1800 Verona Avenue

{609) 646-1300

NEW MEXICO

ALBURQUERQUE
ELECTRONIC PARTS CO.
2620 Rhode Island Street N.E.
{505) 2936161
Star Store Located In:

*PHOENIX, ARIZONA
1903 North 22nd Avenue
{602) 257-1040

SANTE FE

A—1 COMMUNICATIONS SUPPLY CO.

441 Corrillas Road
(505) 982-4488

NEW YORK

BINGHAMTON
HARVEY ELECTRONICS
Vestal Parkway
(607) 748-8211
BRONX
FORDHAM ELECTRONIC SUPPLY
558 Morris Avenue
{212) 585-0330
RIM ELECTRONICS
2755 Webster Avenue
{212) 295-4300
BUFFALO
RADIO EQUIPMENT CORP.
196 Vulcan Street
(716) 874-2690
Star Store Located In:
*NIAGARA FALLS
1720 Pierce Avenue
(716) 285-9366
STANDARD ELECTRONICS
3519 Union Road
(716) 685-4330
Star Stores Located In:
*ENDICOTT
107 Duane Avenue
{607) 754-3102
*NIAGARA FALLS
2201 Pine Avenue
(716) 284.0437
*OLEAN
2828 West State Street
(716) 372-1800
*ROCHESTER
1800 Lyell Avenue
(716) 254-7950
*SYRACUSE
839 Hiawatha Bivd.
(315) 422.0421
FARMINGDALE
HARRISON RADIO CORP.
20 Smith Street
(516) 293-7990
GLEN FALLS
RAY SUPPLY, INC.
Upper Glen Street
(518) 792-5848
GREAT NECK
BROMPTON SERVICE CORP.
39 Allenwood Road
(516) 487-9591
KINGSTON
GREYLOCK ELECTRONICS
763 Albany Avenue
(914) 338-7900
LATHAM
SEIDEN SOUND
4 Northway Lane
(518) 462-9501
MIDDLETOWN
CERTIFIED ELECTRONICS
Wickham Avenue Ext.
Certified Drive Route 211
(914} 342-1054
NEW YORK
DALE ELECTRONICS
244 West 14th Street
(212) 255-3660
ROCHESTER
GOLDCREST ELECTRONICS
482 St. Paul Street
(716) 546-8464
Star Stores Located In:
*ALBANY
Everett Road
(518) 489-5406
*SYRACUSE
1920 Park Street
(315) 471-7115
SCHENECTADY
GRIMMERS ELECT. PARTS SUPPLY
41 North Brandywine Avenue
(518) 374-8480
SYRACUSE
SALINA ELECTRONICS, INC.
2100 Park Street
(315) 422-2336
Star Store Located In:
*ROME
Rome Electronics
216 Erie Bivd, East
(315) 337-5440
TROY
TROY TELEVISION, INC.
76 2nd Avenue
(518) 235-1521

VALLEY STREAM
HARRISON RADIO
10 East Sunrise & Rockway
{516) 872-9565

NORTH CAROLINA

ASHVILLE
SOUTHEASTERN RADIO SUPPLY
1065 Patton Avenue
(704) 253-1446
CONCORD
MACVICTOR ELECT. SUPPLY
P.O.Box 3236
1094 Hwy. 29 North
(704) 786-4175
Star Stores Located In:
*HIGH POINT
1506 South Main
(919) 883-7423
*STATEVILLE
1128 Shelton Avenue
(704) 872-8949
FAYETTEVILLE
SOUTHEASTERN RADIO SUPPLY
325 Rowan Street
{919) 483-0371
Star Store Located In:
*WILMINGTON
1002 South Colilege Road
{919} 791-7365
GREENSBORO
GUILFORD
315 Asheboro
(919) 275-1385
SOUTHEASTERN RADIO SUPPLY
445 English Street
{919) 273-8675
Star Stores Located In:
*SALISBURY
316 North Depot Street
(704) 633-0741
*WINSTON-SALEM
200 South Marshall Street
(919) 724-0504
HICKORY
SOUTHEASTERN RADIO SUPPLY
907 Second Avenue N.W.
(704) 322-9493
KINSTON
SOUTHEASTERN RADIO SUPPLY
100% East Highland Avenue
{919) 523-5113
Star Store Located In:
*JACKSONVILLE
1009 LeJeune Bivd.
(919) 347-56137
RALEIGH
SOUTHEASTERN RADIO SUPPLY
414 Hillsborough Street
(919) 828-2311
Star Stores Located In:
*DURHAM
401 Foster Street
(919) 688-8204
*WILSON
321 South Goldsboro Street
(919) 237-6375

NORTH DAKOTA

FARGO
RADIO & TV EQUIPMENT
2014 1st Avenue South
(701} 232-8993

MINOT
JOHN IVERSON
330 North Broadway
(701) 838-5466

OHIO

AKRON
WARREN RADIO
71 South Broadway
(216) 434-6668
ASHTABULA
MORRISON RADIO SUPPLY
331 Center Street
(216) 997-6161
CLEVELAND
BRODHEAD GARRETT
4650 East 71st Street
(216) 341-0248
WINTERADIO ELECT. SUPPLY
1468 West 25th Street
(216) 621-9383
Star Stores Located In:
*NORTH OLMSTEAD
4579 Grand-Northern Blvd.
(216) 779-7272
*PARMA
5373 Ridge Road
(216) 884-9696
COLUMBUS
WHITEHEAD RADIO CO.
124 North Grant Avenue
(614) 224-1186
DAYTON
SREPCO ELECTRONICS
314 Leo Street
(513) 224-0871
Star Store Located In:
*COLUMBUS
1045 Ridge Street
(614) 486-9483
V.J. MCGRANAHAN, INC.
1415 Stanley Avenue
(513) 224-9623
Star Store Located In:
*TOLEDO
McGranahan Dist. Co.
1717 Madison Avenue
(419) 241-8271

THE STOTTS-FRIEDMAN CO.
108-112 North Jefferson Street
(513) 2241111
DOVER
TV SPECIALTIES, INC.
320 West 3rd Street
(216) 364-6678
ELYRIA
EL-A-CO ELECTRONICS
235 Lod Street
(216) 322-2526 or
(216) 3231805

LIMA

LIMA RADIO PARTS CO,, INC.

150 West Grand Avenue

(419) 228-1220
STEUBENVILLE

LOU’S ELECTRONICS

408 Washington

{614) 282-7535
TOLEDO

LIFETIME ELECTRONICS

1501 - 1505 Adams Street

{419) 241-5643

WARREN RADIO

1002 Adams Street

(419) 248-3364
YOUNGSTOWN

ROSS RADIO

325 West Federal Street

(216) 746-8881
WARREN

REM ELECTRONICS

515 South Park

{216} 399-2777

OKLAHOMA

LAWTON
MILLER JACKSON CO.
1701 “C"” Avenue
(405) 355-5220

OKLAHOMA CITY

@ MILLER JACKSON CO.
121 East California
(405) 235-8426

@ THURMAN MAGBEE
530 South Broadway
(405) 2364351

TULSA

@ RADIO, INC.
1000 South Main
(918) 587-9123

OREGON

EUGENE
CENTRAL DISTRIBUTORS
1035 Conger
(503) 342-1101
MEDFORD
CENTRAL DISTRIBUTORS
605 North Fir Street
(503) 773-6677
PORTLAND
CENTRAL DISTRIBUTORS
955 N.E. Union Avenue
(503) 234-0711
AL SMITH COMPANY
3422 Halsey N.E.
(503) 234-7877

PENNSYLVANIA

ALLENTOWN
RESCO of Le HIGH VALLEY
425 Hanover Avenue
(215) 435-6743
ALTOONA
ALLEGHENY ELECTRONICS
800 Chestnut Avenue
(814) 946-0871
Star Stores Located In:
*JOHNSTOWN
46 Valley Pike
(814} 536-3589
*STATE COLLEGE
University Electronics
258 East Beaver
{814} 238-3093
COATESVILLE
COUNTY SUPPLY
301 Fleetwood Street
(215) 384-4585
DREXEL HILL
KASS ELECTRONICS DIST.
2502 Township Line Road
(215) 449-2300
ERIE

J.V. DUNCOMBE ELECT. CORP.

721 Parade Street
(814) 4554735
HARRISBURG

CUMBERLAND ELECTRONICS, INC.

1345 South 12th Street
(717) 233-5883
NORRISTOWN

PHILADELPHIA ELECTRONICS, INC.

624 West Airy Street
{215) 275-5550
Star Stores Located In:

*EASTON
Radio Electronic Service Co.
1700 North Hampton
(215) 253-3569
*READING
Electronic TV & Distributing
201 South 4th Street
(215) 376-4841
PARKSIDE

COUNTY SUPPLY

2903 Edgemont Avenue

(215) 872-2439
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PHILADELPHIA KNOXVILLE Star Stores Located In: YAKIMA

ALMO ELECT. CORP. GRAYBAR ELECTRIC *CORPUS CHRISTI LAY & NORD
Roosevelt Bivd. & Blue Grass Road 1723 Grand Avenue 4019 Brett 511 South 3rd Avenue
{215) 676-6000 (615) 546-7550 1523;:?5%6 {509) 453-5596
Star Store Located In: BONDURANT BROS.
*SALISBURY, MD P.0.Box 2069 914 West 12th WEST VIRGINIA
317 Park Heights Avenue 906 Sevier Avenue Joés:‘fi)l E4.-756-(7:344 RSR—
(301) 7421393 (615) 577-0473 !
PITTSBURGH SHIELDS ELECTRONICS, INC. 3003 Aniol Street STATE ELECTRONICS CO.
CRS ELECTRONICS CO. 704 North Central {612) 227-2491 503 Virginia Avenue
818 Brownsville Road {615) 524-7338 TYLER (8304)s 368-4LS20 .
{412) 431-7700 Star Store Located In: @ COLE ELECTRONICS u:Mtg:(’;A;c;gwnn'
HAMBURG BROTHERS, INC. *CHATTANOOGA 335-339 South Bonner
24th Street & A.V.R.R. 1817 Dodds Avenue Teg;;)xigr}:&ts ?%4?;;;“;;‘41
471-0 {615) 624-0071 -
(TAFIEA{NGLE ?LBECTROMCS MEMPHIS McCULLOCH ELECTRONICS *UNIONTOWN, PA
6580 Frankstown Avenue FRANK G. UFFER & CO. 1222 Main Street 104 West Peter Street
{412) 441-9659 1318 Madison Avenue {214) 792-6923 {412) 437-6110
SCRANTON (901) 7256743
CONSOLIDATED DISTRIBUTING WARREN RADIO CO. UTAH WISCONSIN
1148 - 1150 Capouse Avenue 190 - 192 South Cooper I —
(717) 346-3831 (901) 274-2460 PROVO
KEY RADIO & TV SUPPLY CO. Star Store Located In: CENTRAL UTAH ELECT. SUPPLY BUSHLAND RADIO SPECIALTIES
340 Phelp Street *DYERSBURG 735 State Street (17711’; l-;:; ;'!(J)f;;ﬂ‘
{(717) 342-0161 Hwy. 51 North (801) 373-7522 -
TREVOSE (901) 285-3850 FON DuLAC
TREVOSE ELECT. TV CO. WOODSON-BOZMAN VERMONT FEDCO
4033 Brownville Road 3870 New Getwell :4534?0;;; l;l:;(v) Street
215) 757-5300 {901) 362-1500 BURLINGTON -
WII(.LIA)MSPORT NASHVILLE VERMONT HARDWARE GREEN BAY
WILLIAMSPORT RADIO SUPPLY, INC. KEITH-SIMMONS CO., INC. 180 Flynn Avenue NESLO, INC.
518 West 3rd Street 621 Davison Street (802) 864-6835 715 14th Avenue
(717) 326-1534 (615) 259-3600 Ml{u:{};ﬂ-s‘tgs
VIRGINIA
RHODE ISLAND TEXAS ACME RADIO SUPPLY CORP.
ARLINGTON 511 North Broadway
CRANSTON AMARILLO ARLINGTON ELECTRONIC WHLSL. {414) 271-0641
JABBOUR ELECTRONICS SUPPLY AMARILLO HARDWARE 3636 Lee Highway MARSH ELECTRONICS
1744 Cranston Street 600 - 622 Grant Street (703) 524-2412 ?:11447) Wse:; 2;!:61 Road
401) 944-2570 806) 37647 HAMPTON -
(Star Store Located In: AU(STM)I o CAIN ELECTRONICS PARTS MART
*NEW LONDON, CT WHOLESALE ELECTRONIC SUPPLY 408 Aberdeen Road 1314 North 7th Street
227 Jefferson Avenue 507 Pressler Street (804) 826-5535 05::.1(‘(‘))33{764160
{203) 442-4386 (512) 478-9568 LYNCHBURG
PROVIDENCE CORPUS CHRISTI WOMACK RADIO SUPPLY ELECTRONIC INDUSTRIES, INC.
BALLOUJOHNSON & NICHOLS DOUGLAS ELECTRONICS 1717 Park Avenue 19 East Irving Street
128-134 Dorrance Street 1118 South Staples (804) 8455983 SH‘E“B‘ 3;3%8930
(401) 331-8320 {512) 883-5103 NORFOLK
DALLAS CAIN ELECTRONICS JJ. K(SJOEPSELL COMPANY
i 1010 South 9th Street
SOUTH CAROLINA THE STEWART CO. 1530 Ingleside Road
11000 North Central Expressway (804) 855-3394 {414) 457-3646
CHARLESTON {214) 691-5555 RICHMOND
WHOLESALE RADIO SUPPLY INTERSTATE ELECTRONICS AVEC ELECTRONICS CORP. WYOMING
516 East Bay Street 4500 Alpha Road 711 Granby Avenue CASPER
(803) 722-2634 (214) 233.5757 (703) 359-6071 FLEMING SUPPLY
Star Store Located In: EL PASO MERIDIAN ELECTRONICS 332 East “A” Street
*NORTH CHARLESTON SUNLAND SUPPLY 1001 West Broad Street (307) 234.7144
3847 Rivers Avenue 2227 Texas Avenue (703) 353-0040
(803) 747-9672 P.O. Box 1736 ROANOKE PUERTO RICO
COLUMBIA (915) 533-5901 PEOPLE’S RADIO & TV
DIXIE RADIO SUPPLY CO., INC. FORT WORTH 1015 Moorman Road N.W. ARECIBO
1900 Barnwell Street ALLIED ELECTRONICS P.0. Box 6067 ARECIBO ELECTRONICS
P.O. Box 408 401 East 8th (703) 342-8933 P.0.Box 1787
(803) 779-5332 (817) 335-2551 SOUTHEASTERN RADIO SUPPLY Gonzalo Marin No. 59
Star Stores Located In: HOUSTON 1330 Courtland Road, N.E. 878-4350
* ANDERSON, SC ANGIE ELECTRONICS (703) 344-6611 BAYAMON
1206 South Murray Avenue 2300 Chenevert Street Star gmev %:?E“d In: REFEBRACON ELECTRONICS
P.O. Box 176 (713) 222-6386 5 D 43 Marginal Street
{803) 226-3421 ELECTRICAL INSTRUMENT & METER 215 Craghead Street Ext. Forrest Hills
*AUGUSTA, GA 1424 Westheimer (804) 792-0811 CAPARRA TERRACE
1234 Gordon Park Road (713) 526-6871 TELE IMPORT INC.
P.0. Box 702 GILBERT'S ELECTRONICS WASHINGTON 1413 Avenida
(404) 722-2055 3303 North Main 783-6735 or
*CHARLOTTE, NC (713) 2250107 SEATTLE 7836814
2220 South Tryon Street AUTOMATIC DISTRIBUTING WESTERN ELECTRONICS SUPPLY HATO REY
P.O. Box 10563 521 Harvey Wilson Drive 717 Dexter North ALL TV PABTS
{704) 377-5413 (713) 675-6521 (206) 284-0200 81 Munoz Rivera Avenue
*FLORENCE, SC ELECTROTEX SPOKANE 765-4508
531 East Paimetto Street 2300 Richmond AMFAC ELECTRIC SUPPLY MAYAGUEZ
(803) 669-8201 {713) 526-3456 East 3420 Ferry Avenue CARRION RADIO SHOP
*GASTONIA, NC Star Stores Located In: (509) 4350611 150 Call 11 DeAgosto, Este
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CG169 DELUXE COLOR KING DIGITAL COLOR BAR
GENERATOR.

It’s the industry’s only all channel, all weather
color generator.

EXCLUSIVE ALL-CHANNEL TUNING for operation in any part
of the U.S.

EXCLUSIVE TEMPERATURE CONTROL to warm power supply
up on cold days or dry out moisture in humid areas.

EXCLUSIVE CONVERGENCE PATTERNS. Moveable single dot
and single cross makes convergence a snap.

75 OHM OUTPUT for MATV, CATV systems, with 300 ohm balun
for conventional antenna systems.

100% DIGITAL for Rock Solid patterns.
THE ONLY ALL-CHANNEL, ALL-WEATHER DIGITAL COLOR
BAR GENERATOR.

CG169 SPECIFICATIONS

TV Channels: VHF: Channel 2, 3,4,5,6,7,8,9,10, 11, 12, 13. UHF:
Channel 23, 26, 29, 32, 35, 38, 41.

Output Levels: 1000,V * §db into 300 ohm. Adjustable.

Patterns: Color bars, Horizontal lines, Vertical lines, Crosshatch, Dots, Adjustable
Single fines or Single dot.

General: POWER: 70 - 135VAC, 50/60Hz, 25 watts. SIZE:
10%"x10% x4 1/8”. WEIGHT: 8 Ib.

CG169 DELUXE COLORKING . . . . . . . . $225

CG25 “LITTLE HUEY” DIGITAL COLOR BAR GENERATOR

The most dependable digital IC generator on the
market under $100.

ALL THE PATTERNS you'll need. Standard color bar, Vert. lines,
Horiz. lines, Crosshatch, Dots and Blank raster.

DIGITAL TIMING for locked in patterns that just can’t bounce.
BIG GENERATOR FEATURES with color adjust and channel
tuning.

LOW POWER DRAIN for long battery life. Automatic shutoff

TF26 TOUCH TONE CRICKET
Hop through solid state circuits in seconds.

LETS ANYONE TROUBLESHOOT ENTIRE SOLID STATE
BOARDS IN SECONDS — WITHOUT SET-UP INFORMATION.
ONE SIMPLIFIED PATENTED IN OR OUT OF CIRCUIT TEST
for all NPN, PNP transistors and N-Channel or P-Channel FETs.

NO SET-UP DATA OR TECHNICAL KNOWLEDGE REQUIRED.
Just hook the three “E-Z" Hooks up to the transistor leads in any
order, and push the 6 buttons for a 99.9% reliable “GO0D-BAD"”
readout.

after 15 minutes to back you up.

CABLE STORAGE COMPARTMENT. No messy cords to untangle.

PUSHBUTTON OPERATION for fast and easy pattem selection.
CG25 SPECIFICATIONS

TV Channel: Adjustable to 2, 3,4,5, or 6. PATTERNS: Color bars, Horizontal

lines, Vertical lines, Crosshatch, Dots and Blank raster.

Battery: One 5.6 volt mercury.

General: AUTOMATIC TURN OFF TIME: 20 minutes typical. SIZE:
2"x4"x6". WEIGHT: 2 ib.

€CG25 “LITTLE HUEY” . . . . . . . . . . $39

SIOR TESTERS

SENSITIVE OUT - OF - CIRCUIT LEAKAGE CHECK lets you
measure all interelement leakage values to catch marginal transistors.
RUGGED PORTABILITY with tough acrylic and vinyl clad steel
case, sliding meter cover and lead storage compartment.

TF26 SPECIFICATIONS

Devices Tested: Diodes, transistors, Darlingtons and single gate FETs.

Gain Test {In or out of circuit): V= *3vpp.

Leakage Test (Out of circuit): 0 - 3000 microamps.

General: SIZE: 10"x5%'x3%". WEIGHT: 4 Ibs. POWER: 105-130 VAC,
50/60Hz , § watts.

TF26 TOUCH TONECRICKET . . . . . . . . $150

TF30 SUPER CRICKET

Completely analyze any transistor or FET in
seconds.

NOW COMPLETELY ANALYZE ANY TRANSISTOR OR FET
IN SECONDS — WITHOUT ANY KNOWLEDGE ABOUT THE
TRANSISTOR WHEN YOU START.

IT'S A PATENTED CRICKET for fast, 99.9% reliable, in circuit
troubleshooting without a reference book.

IT'S AN AUTOMATIC TRANSISTOR ANALYZER. Simply
rotate the function control and push for complete parameter tests,
including Beta, Icbo, Gm, Igss and Idss, without zeroing or
calibrating.

IT AUTOMATICALLY IDENTIFIES ALL THREE LEADS in

TIME SAVERS
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YF33 “RINGER” YOKE & FLYBACK TESTER
Save hours of frustrating guesswork on TV sweep
circuits.
PATENT PENDING RINGING TEST checks yokes, flybacks and
most other air core coils in seconds with one simplified pushbutton
test.
100% RELIABLE — If the Ringer says a coil is GOOD, you're 100%
sure.
IN OR OUT OF CIRCUIT testing on both tube and solid state
sets — It's the only universal yoke and flyback tester available today.
COMPLETE SWEEP CIRCUIT ANALYZER including 30V p-p and
300V p-p scales for drive signals, plus 10KV and 50KV scales,
for focus and high volitage.

YF33 SPECIFICATIONS
Ringing Tests: Dynamic Ringing test counts number of cycles coil rings
before reaching a pre-set damping point after a given exciting pulse has been
applied. Meter calibrated to give “GOOD" reading for 10 or more cycles.
P-P Drive Scale: 0-30VAC p-p; 0- 300VAC p-p.
High Voltage Scale: 0 - 10KV DC (with optional FP201 probe). 0-50KV DC
(with optional 39G89 probe used with FP201 probe).
General: POWER: 105 - 130VAC, 50/60Hz, 10 watts. SIZE: 10"x5%""x3%".
WEIGHT: 4% Ibs.
Accessories: High Voltage Probe Set: FP201and 39G89 . . . . $35.00

YF33RINGER . . . . . . . . . . . . . 819

FS134 PORTABLE FIELD STRENGTH METER
Equip yourself for CATV, MATYV and additional
antenna work.
HIGHLY SENSITIVE all the way down to 30 microvolts.
STANDARD REFERENCE of zero dB = 1000 microvolts for
direct signal strength reading.
COMPLETELY PORTABLE with battery operation.

FS134 SPECIFICATIONS

General: POWER: Nine “C” cell batteries or 39G15 Accessory battery charger.
SIZE: 9%"x10"x5". WEIGHT: 9 Ibs.

FS134 PORTABLE FIELD STRENGTHMETER . . . $395

seconds with front panel roll chart.
IT WILL IDENTIFY A TRANSISTOR FROM AN FET without
a reference book.

TF30 SPECIFICATIONS
Devices Tested: Diodes, transistors, Darlingtons, single and dual gate FETs.
In-Circuit Test: Dynamic gain indication with patented phase inversion circuit.
Ve =+5.6VDC.
Transistor Gain Test (Out of circuit): Self zeroing dynamic AC Beta. Vee =
+5.6vDC.
Leakage Test: 0 - 2500 microamps.
FET Gain Test (Out of circuit): Dynamic mutual conductance. Vs = *56vDC,
Leakage Test {Igss): 0 - 25,000 microamps.
General: POWER: 105 - 130VAC, 50/60Hz, 8.5 watts. SIZE: 9%"x7%" " x7%".
WEIGHT: 6 Ibs.

TF30 SUPER CRICKET.

RC24

RC24 “PARTS PAK"

It’s a tube caddy janitor

COMPACT AND TRULY PORTABLE tofitin any tool box or parts
caddy, neatly and conveniently, to clean up messy loose resistors
and capacitors.
FULL SURGE PROTECTION just like the RC167, for increased
uptime — less downtime.

RC24 PARTSPAK . . . . . . . . . . . . . $45

RC167 THE SUBSTITUTOR
It’s a real time saver with a full range of resistors,
capacitors, and electrolytics.

SURGE PROTECTION switch eliminates surge current so the
electrolytic cannot be healed, plus eliminates arcing. Warning
light next to switch indicates if more than 75 volts is applied to
any 75 volt position or if polarity on any electrolytic is reversed
for double protection.

EXCLUSIVE PARTS IN A DRAWER for easy access to common
substitute parts, plus doubles as a mount for bench installation.
UPDATED FOR SOLID STATE WORK with 2000mfd electrolytic.

RC167 THE SUBSTITUTOR. . . . . . . . . . $99
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SG165 AM-FM STEREO ANALYZER

It’s the only complete stereo analyzer with specs

better than your FM station.

THE ONLY INSTRUMENT YOU NEED to service any brand of

stereo equipment.

CHECKS EVERY STAGE of a receiver from antenna to speaker,
with all 12 signals for complete testing.

SINGLE OUTPUT CABLE for all functions eliminates confusing
bench tangle.

EXCLUSIVE FULL RANGE AM-FM tuning with broadcast quality
signals.

10.7MHz CRYSTAL CONTROLLED and adjustable for the latest
receivers.

DIRECT-READING OUTPUT meters to 100 watts RMS for power
testing or - 40db for separation.

BUILT-IN SPEAKER LOADS save the output stages and your ears.

PATENTED 19KHz PILOT is phase-locked to guarantee you are
aligning to a signal identical to your station.

CRT TESERS

RIGE:

CR168 BIG MACK
Big Mack is there to help you make that big sale.

IT'S YOUR NUMBER ONE CUSTOMER CONVINCER.

TESTS THEM ALL including new RCA 110° color tube, the thin
neck inline tubes and the 17" Japanese Trinitron.

PATENTED AUTOMATIC TRACKING: You simply read tracking
on the big meter after making emission tests.

LARGE 7 INCH METER with easy to read “GOOD-BAD" test that
convinces your customer "‘she’” needs a new CRT.

SAFE REJUVENATION with RC timed voltages. Takes all the
guesswork and hazard out of rejuvenation.

CR168 AUTOMATIC CRT TESTER . $275

CR31A SUPER MACK

It completely equips you to test and restore more
CRTs than any other tester.

COMPLETE, PATENTED, AUTOMATIC CRT TESTS.
COMPLETE AUTOMATIC RESTORATION with 5 increasing
levels to get the job done, effectively, yet safely.

COMPLETE “ERRORPREVENTING CIRCUIT TESTS including:
Line Voltage, Focus and High Voltage.

COMPLETE WITH ALL SOCKETS AND ACCESSORIES — no
hidden costs — you'll always be prepared.

CR31A SPECIFICATIONS

Shorts Test: H-K Shorts; G1 Shorts; Emission: Measures zero bias beam current
for CRT under test. Tracking: Ratio of 1.55 to 1, or greater, will indicate
BAD tracking. Line Vohage. 10KV and 50KV DC Voltage. Restore: Auto
Cycle: 0 - 100mA current. Manual I: 0 - 100mA. Manual 11: 0 - 150mA.
Two rejuvenate positions. G1 shorts removal.

General: SIZE: 12%”x11"x7”. WEIGHT: 13% Ib. POWER: 105 - 130VAC,
50/60Hz, 25 watts. 50KV High Voltage Probe and 18 sockets supplied.

CR31A SUPER MACK . $495

SG165 SPECIFICATIONS

FM RF: 86 10 110MHz, modulated or unmodulated CW.

FM IF:  10.7MHz, dulated or dulated crystal controlled CW {FM
Modulation: FCC or IHF level, 400Hz sine wave).

FM IF Sweep: 10.7MHz with post injected markers at 10.7, 10.6, and 10.8MHz.
Two lead hook-up from receiver to scope.

Muttiplex: FCC or IHF level stereo.

SCA: 67KHz for setting subscription signal traps.

AM RF: 525 10 1625KHz, 400Hz sine modulated or unmodulated.

AM IF: 262 or 455KHz, 400H2 sine modulated or unmodulated.

Audio: 400Hz sine or square wave for amplifier power and frequency tests.

Dual Monitoring Meters for constant check of each stereo channel.

Meters: 3%, D'Arsonval, calibrated from 0 to - 40dB, 0 to 10 watts, and 0
to 100 watts RMS.

Speaker Dummy Loads: Up to 100 watts RMS for full power test. Speaker
direct, 4, 8, 16, or 32 ohms to match receiver being tested.

Output: Single cable for RF, IF, Sweep, Audio — all one common cable. All
cables, auto radio adaptor included.

SG165 AM-FM STEREO ANALYZER

PWIR SUPPLY

pe— N .

UPSIbA 39G42)

The most rugged, protected power supply on the
market with both voltage and current regulation.

ONE UNIVERSAL POWER SUPPLY for all of your production,

design, and service applications.

CURRENT LIMITING on all outputs protects supply and circuit

under test, even with a dead short.

UPS164 SPECIFICATIONS
High Filtered Supply: VOLTAGE:
Current Limiting Protection.
6 Volt Supply: CURRENT: 20 Amps continuous.
12 Volt Supply: CURRENT: 10 Amps continuous.
General: METERS: Voltage and Current. POWER:
350 watts. SIZE: 10”x13%"x9%"”. WEIGHT: 23 Ibs.

UPS164 UNIVERSAL POWER SUPPLY .

.5 —15, .5 —30 voits DC. 0 — 2 Amps.

105 - 130VAC, 60Hz,

$290

39642 MODULE MASTER

The Module Master will convert the single output of the UPS164 to
two adjustable positive and one adjustable negative current limited
and regulated outputs, plus one positive output that is controlled

by the power supply.
39G42 MODULE MASTER

SWEEP/MARKER EQUIPMENT

SWEEP OUTPUT
Lo
i
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SM158 SPEED ALIGNER SWEEP AND MARKER GENERATOR

The industry’s easiest - to - use sweep and marker.

SWEEP QUTPUT: Chroma, IF, or RF with front panef fine tuning.
CRYSTAL CONTROLLED MARKERS post injected for alignment
accuracy.

UNLIMITED MARKER AMPLITUDE so you may place all markers
at any height without affecting the curve.

15 MEGAHERTZ SWEEP WIDTH to cover the entire |F band.
GENERATES A ZERO REFERENCE BASELINE: All alignment
instructions show a baseline, and the SM158 shows you exactly
where zero is.

PUSHBUTTON MARKERS for the 8 most often used IF frequencies:
39.75, 41.25, 41.67, 42.17, 42.67, 44.25, 45.75, 47.25. Trap and
carrier markers listed right on the front panel. 3.08, 3.58, and
4.08MHz for chroma.

SWITCHABLE HORIZONTAL OR VERTICAL MARKERS: Just
pull the marker height control out and markers appear horizontally
$0 you can view them easier in traps or for leveling.

SM158 SPEED ALIGNER . $275

$35
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BE156 7 IN 1 DC BIAS SUPPLY

PROVIDES THE BIAS YOU NEED FOR ANY SET — IN ANY
STAGE.

3 SEPARATE SUPPLIES for fast alignment work.

NEGATIVE AND POSITIVE SUPPLIES for both tube and solid
state work.

NEGATIVE 75 VOLTS for sets requiring high negative bias in
chroma amplifiers.

BE156 7 IN 1 BIAS SUPPLY . $49.50

DISTRIBUTED BY:



for maximum output as viewed with an oscilloscope. Next, adjust the 38KHz
transformer for maximum. The next step is to adjust for maximum separation.
This is done by switching off either the right or left channel modulation of
the SG165 and adjusting the 19 and 38KHz transformers for maximum sepa-
ration, as indicated on the built-in separation meters. In those receivers that
incorporate an additional adjustment for phasing or separation, this should
also be adjusted for maximum separation. Alternate the modulation between
right and left channels as a final check for equal and maximum separation.
The only thing remaining is the 67KHz SCA (Subsidiary Communication
Authorization or “‘store cast”) trap. The Motorola IC includes the trap with-
in the IC and it is fixed. Receivers using discreet components will usually
have the adjustable trap to remove any store cast interference. This is ad-
justed simply by connecting the SCA 67KHz output of the SG165 to the FM
detector test point and adjusting the trap for minimum 67KHz as viewed on
the oscilloscope. The 67KHz oscillator is precisely controlled and set to
make the alignment of this trap accurate every time.

As far as alignment accuracy is concerned, the SG165 will never lead you
astray. The multiplex signal is based on a 7T6KHz crystal oscillator, divided by
2 to provide the 38KHz modulation signal. The 19KHz pilot is obtained by
again dividing by 2. The frequency of the 19KHz pilot is extremely accurate,
plus or minus two Hz, matching the requirements of the FCC for FM stereo
broadcast stations. The phase of the 19KHz can never change with respect

to the 38KHz modulating signal, thanks to a Sencore circuit to control this
phase. (Patent Number 3896268) There are no internal phase adjustments in

the SG165 as you find with competitive units. The phase cannot drift in the
SG165 because it is permanently locked to the master crystal oscillator. You
will always align the multiplex section right on the nose with the SG165.

HOW ABOUT ONE SIMPLE TEST
FOR COMPLETE FM CHECKOUT?

By now you probably understand how the SG165 is your Number One
troubleshooting tool for walking the troubles out of each section of a stereo
problem. Now, we’d like to show you something else that is the “Icing on the
Cake.”” We use the complete front-to-back hook-up with the SG165 and the
PS163 scope to really fine tune the separation and peak up the overall
performance of the entire receiver. All we need to do is connect the SG165
to the antenna terminals with the modulated FM RF signal going in, and hook
up the SG165 loads and PS163 to the speaker outputs. Now push the
VECTOR button on the scope. With both channels modulated, we have a
diagonal line which is the addition of equal stereo signals on both the vertical
and horizontal amplifiers of the scope. Since both signals are equal and in
phase, they line up in a 459 line, just like the Lissajous patterns in textbooks.

If we turn the left channel modulation off, which is the vertical channel in
this case, we get a horizontal line. If you mis-adjust that 38KHz coil, the line
curves to indicate loss of separation because of crosstalk between channels. If
that coil isn’t tweaked right up, you’ll get left channel information in the right
channel output. Now we adjust it for the best straight line and tweak the IF
coils to see if that line can be straightened a little more. We can also watch
the SG165 output meters to get the calibrated separation readings, too.

Now, with this same connection and the scope readout, modulate the other
channel and tune the IF and multiplex sections to obtain the best horizontal
line. You may never get them both perfectly straight, but the closer they are
to straight vertical and horizontal, the better the separation. You may have to
go between the IF and multiplex sections a couple of times to get the straightest
line, but it doesn’t take long.

This final adjustment of the IF coils makes separation even better, too, because
we have aligned the whole system, and not just individual parts of it. It’s a
breeze to tweak up the entire system with two simple connections. Every

SENCORE NEWS

unit should be checked out just like this before it goes out. You could improve
the performance of every stereo job with the simple final test. If.takes just a
minute to do and is a real plus for your customers and for you, because you
can charge an extra $15 to $25 for each job. And think of what your customer
will say, too, when the stereo was brought in for ‘fixin’”’, and went back
sounding ‘“‘better than new.”

In fact, some of our long-time owners of the SG165 and the PS163 have told
us this vector alignment method is the way to go when you don’t have any
service information handy for the unit you’re working on. They say to just
touch-up every IF and multiplex can. If the vector line gets flatter, then you’re
on the right track. If it doesn’t, then go the other direction. And if the coil
doesn’t change at all, then you got one of the AM cans. Just mark it with a
grease pencil and come back to it later to peak up the AM section. Now that’s
getting top notch performance and extra profits, even without schematic
information!

This vector procedure practically eliminates the need for regular sweep and
marker work, but there are times when you might want to use the sweep and
marker procedure, especially when the customer tried to fix it himself and
“tightened all the loose screws in there.” The SG165 has included a 10.7MHz
signal with sweep and markers, right in with all the other signals, so you’re
never cut short.

And here’s the clincher. AM and FM monophonic radio are based on the
same principles. In fact, they’re easier to service since they don’t have a
multiplex section to worry you. The SG165 offers all the signals needed to
service these, too, for a complete front-to-back check,' just like we’ve talked
about here.

WALKING THE TROUBLES OUT OF AM CIRCUITS

AM radio should be no stranger to most of you. These units have been around
for over 2 decades and basically very little change has taken place. Sure, we
use transistors and IC’s rather than tubes but the overall operation still re-

mains the same. The block diagram here shows the typical AM receiver. «
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Motorola AM circuits

Courtesy of Motorola

The only major variation found in these units is that occassionally one will be
encountered that has an RF amplifier for the AM rather than just a direct
tuned input to the mixér. Other than that, you have the local oscillator,
running 455KHz above the incoming signal, a mixer/converter stage, gener-
ally one or two IF stages and a detector. The general troubleshooting pro-
cedure is the same as for FM RF and IF stages. The alignment is a simple
peaking of the IF transformers to 455KHz and adjusting the RF section for
best sensitivity and band spread for the oscillator. The important thing to
note is that many of the newer tuners have an increased range for the AM
oscillator and the band adjustment points fall well outside the normal 535 to
1605KHz AM band. For this reason, the SG165 has an AM band extending
from 525 to 1625KHz, making it easy for you to adjust any AM radio you
might be working with.

The block diagram shows the noimal signals and gain levels present in the
Motorola tuner we have been using for an example. These values are valid
for this unit but can also be used as relative gain figures for most AM units.
The SG165 is an excellent analyzer for any AM problems that might come
up. It provides both AM RF and AM IF. with two IF ranges; 455KHz for
home receivers, and 262 for auto units. Both RF and IF signals can be used
modulated or unmodulated at the flick of a switch. Let’s see what it will do
for us on an AM problem.
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WHAT ABOUT AM TROUBLESHOOTING?

We will put in a very simple problem this time, an open detector diode. The
symptoms are no AM, FM good. Since the FM is good, we know that the
audio circuits plus the AM IF stage are good. These are common to both AM
and FM.

Starting from scratch, almost any other stage could conceivably give us this
type of problem. If we start at the back of the tuner, we will first inject an
audio signal into the detector o'itput to make sure the switching between AM,
FM, tape and the like are ok. Good signal. Now we switch to modulated
detector diode cathode. No signal - so we have isolated the problem to the
bad diode. Replace the diode and we’re back in business. Keep in mind, too,
that the SG165 makes an excellent substitute for the local oscillator if it
should be out. We haven’t used that function but it is simply a matter of
switching off the RF modulation and injecting the SG165 RF output into the
normal oscillator injection point. This could come in handy in tieing down a
dead oscillator. The SG165 is real handy to have on the bench because it
simply does it all.

WHAT ABOUT AM ALIGNMENT?

AM alignment, as we have mentioned, is usually just a matter of using a modu-
lated 455KHz IF input to the mixer and adjusting the IF transformers for
maximum output. This procedure is extremely easy with the SG165 because
you have the built-in meters to monitor output without listening to that

ADJUST FOR
MAXIMUM ON
OUTPUT METER

loud howl. Just inject the 455KHz IF signal, modulated, into the base of the
mixer transistor and adjust the IF’s for maximum indication on the meters.
For the RF section, just follow the procedure listed by the manufacturer,
using the RF output for the signal and the SG165 output meters for the level
indication of the receiver. The IF Rocker also varies the frequency of the AM
IF’s, giving you full capability to handle the AM crystal filters when they
come your way. The SG165 puts everything you need for total AM-FM
Stereo servicing right on your bench in one simple to use package.

WALKING THE TROUBLES OUT OF AMPLIFIERS

Stereo amplifiers can often come up with some very elusive problems if you
do not have full testing capabilities to locate the trouble. Distortion, unbal-
ance between channels, poor frequency response and a host of other problems
can really wear your patience thin. The customer is generally interested in
two main properties of the stereo unit, the output power and the tonal quality.
If anything happens to change either of these, he will be at your door looking
for help. When you team up with the SG165 AM-FM Stereo analyzer and
the PS163 Dual Trace Triggered Sweep Scope, you can really be sure you will
be able to help him out. The SG165 provides both sine and square wave out-
puts at 400Hz for audio troubleshooting plus full output power monitoring
capabilities. Put these together with dual trace comparison of signals in the
amplifier with the PS163, and you have a real audio service center. It’s time
we look into the amplifier and see what we can do there.
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WHAT ABOUT AMPLIFIER TROUBLESHOOTING?

We will use the Motorola tuner/amplifier for the amplifier section, as we
have done for the tuner portions of this issue. The Motorola is a conventional
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Schematic Diagram L HS62403
Courtesy of Motorola

amplifier employing 5 transistors per channel. Each channel has a preampli-
fier, predriver, driver and a pair of output transistors. The last four transis-
tors are DC coupled, with the base, treble and balance controls between the
pre-amp and pre-driver. Enough for now, how about locating a problem?

This one we will let you figure out on your own. The customer complaint
is low volume from the right channel. The volume of the two channels can be
matched, but the balance control must be turned far to the right to do it.
First, we will inject the 400Hz audio signal into both channels. We also have
the dummy speaker loads connected with the separation meters monitoring
the output from each channel. The tone controls are set at the midpoint of
their rotation, as is the balance control. A PS163 is connected to the speaker
leads to observe output signal. Here are the results:

OUTPUT METER
INDICATES
UNBALANCED
CHANNELS

FULL AMPLIFIER
TESTING WITH
400Hz SINE &
SQUARE WAVE

DUMMY LOADS
FOR EVERY
SPEAKER
IMPEDANCE

Right channel output shows minus 4db compared to 0 db for the left channel.
Upper trace on PS163, right channel, shows definitely lower amplitude, but
with no noticeable distortion. Any guesses? Let’s see what we can find out.
The PS163 probes were moved to the output of the pre-amp with these
results:

PREAMP QUTPUT PREAMP INPUT

SENCORE NEWS



The DC voltages are at or very close to the values shown on the schematic.
If you guessed bad pre-amp transistor in the right channel, you’re right. The
transistor had high leakage between collector and base, which caused its out-
put to be low. After replacing the transistor, the amplifier performance re-
turned to normal. The audio signals of the SG165 make amplifier trouble-
shooting easier for you. The 400Hz sine wave serves as a general trouble-
shooting signal with the 400Hz square wave for performance testing such as
distortion, frequency response and the like. Match this with the PS163 and
you have a real combination.

The PS163 really helps, too, for stereo amplifier troubleshooting, especially
the DC-coupled jobs. Servicing these goes a lot faster when you have the
Dual Trace PS163 to check one channel against the other. The DC coupling
of the scope input has also just about eliminated the need for a meter. It’s
much faster, too, because you don’t have to find the leads for the meter.You
already have the scope probe in your hand. Just set the input switch in the
PS163 to ground position, set the reference, flip to DC, and you have the
measurement., You can also work the same comparison on DC voltage levels
that you can on AC. It really tells you quick what is going on in that ampli-
fier. But, you can only do it if you have a sensitive, DC coupled, Dual Trace
Oscilloscope like the Sencore PS163.

WHAT ABOUT THE OUTPUT STAGE?

By far the most common problem that occurs in the output stages is that the
output transistors and drivers get blown. So you would order a complete new
set of these, pop them in, and fire up the stereo to get on to the other problems,
right? So what happens? You plug the set in and flick on the switch. Then
you hear the worst sound in the world, that “Pffft”’ that means that new set of
expensive, matched transistors went up in smoke. You’re in that bind of not
knowing whether the outputs went because the transistor itself blew, or if
something else blew the transistor. And those first microseconds after you
applied the power don’t give you much chance of finding out, either.

This is where the SG165’s bench-mate, the Sencore UPS164 Universal Power
Supply, is your life-saver. The UPS164 is fully current limiting so you can set
the maximum current level you need for the receiver’s power supply, and not
have to worry about an overload damaging those transistors. Let’s take a
closer look at this “Pffft-saver’ to see what it can do for you.

The UPS164 provides an output of zero to thirty volts, up to 2 Amps. It’s
triple-regulated on current, voltage, and AC Line, so there is no ripple or hum
to upset your testing —just straight, pure DC. Both the current and the voltage
can be adjusted independently and monitored on the two big meters so you
know exactly where you stand all the time. To set the maximum current
level, just short the leads together and adjust the CURRENT RANGE and
MAXIMUM CURRENT SET controls to whatever current level you want, up
to 2 Amps. The magic in the UPS164 is the fact that it will still deliver the
voltage you need, but the current will be limited to the safe level you want.
It keeps the voltage on and holds it.

Other power supplies do one of two things. Some lab-type supplies will deliver
the power up to the maximum you wanted, but then trip the circuit breaker
or the overload reset. This doesn’t do you much good. These supplies won’t
overload since the circuit is tripped off, but how are you ever going to find
the problem if that little reset button keeps cutting off the power? On the
other hand, you could use one of the “brute force” supplies that are really
battery chargers more than power supplies. If you hook up one of these
monsters to power a board that has a shorted output, then something’s got to
go — either the circuit or the supply itself. That’s why the UPS164 is the
only service power supply available that let’s you power the chassis for trouble-
shooting without damage to the power supply or the receiver. Here’s how to
connect it to find your trouble.

LIMITED CURRENT
FOR SAFE
OPERATION

UPS164 POWERS
AMPLIFIER
FROM B+ LINE

SENCORE NEWS

With most receivers, you can just connect the UPS164 across the B+ supply.

Set the Maximum Current level to the nominal supply current specified on

most schematics (or one half this value if you’re just powering one channel).

Then set the UPS164 voltage to the B+ level and hook-up the connections to

the board. With the power applied, you can make voltage checks to see which

circuit is causing the loading. The resistors in the supply line to the defective

circuit will generally have a proportionately larger than normal voltage drop
across them because of the extra current being drawn through them. It’s a

simple matter, then, to make resistance and component tests to identify the
defective part. The continuous, safe current level provided by the UPS164

makes puppies out of those troublesome driver and output dogs.

You get even more versatility from the UPS164 when you use the 39G42
Module Master accessory. Some output boards require more than one voltage
source and the 39G42 provides a total of four independent, individually
controlled and regulated sources for these applications. Team up the UPS164
with the SG165 and PS163 scope for a complete stereo servicing bench.
That’s why we call it the Stereo Trio — three matched instruments providing
all the signals, power, and measuring requirements you need for walking the
troubles out of stereo servicing.

WHAT ABOUT OTHER AMPLIFIER TESTS?

The amplifier tests such as those listed in the Sylvania manual shown in this
section can be easily performed with the SG165. Input sensitivity for the
various inputs to the amplifier were not listed, but many manufacturers are
listing this information as an aid to the service technician. An example is the
Sylvania information shown here for their R32 tuner amplifier series. This
type of information allows you to make full performance checks on the
system to make sure it is in top notch shape when you return it to your

PEFFORMANCE ANALYSIS

Use a 20 watt, 8 ohm non-inductive load across each channel while checking R32 amplifier
performance.

SENSITIVITY - PHONO

Connect a 600 ohm impedance audio generator to both PHONO inputs through 2200PF, 10%
capacitors.

Adjust controls as follows:

Loudness — Maximum

Bass & Tredle — Mechanical Center.
Balance — Mechanical Center.

Select PHONO and STEREO functions.

This chassis requires 78mV * 3db @ 1KHz for an output level of 1 watt (2.8V, RMS -
measured across 8 ohm load resistor).
Channel output difference shall be no more than 5db.

SENSITIVITY - TAPE

Connect a 600 ohm impedance audio generator to both TAPE inputs through 10K, 10%
resistors. Adjust controls as under phono sensitivity.

Select TAPE and STEREO functions.

This chassis requires 210mV * 3db @ 1KHz for an output level of 1 watt (2.8V, RMS -
measured across 8 ohm load resistor).

POWER OUTPUT

Connect a 600 ohm impedance audio generator to both PHONO inputs through 2000PF,
10% capacitors.

Adjust controls as follows:

Loudness — Maximum

Bass & Treble — Mechanical Center.

Balance — Equal left & right channel outputs.

Adjust generator i;()ﬁut for amplifier output of 5 watts (6.3V, RMS - measured across 8 ohm
load resistor) at 1KHz.

Each amplifier channel should reproduce the 1KHz frequency with a nominal 2% of
Harmonic Distortion.
CHANNEL SEPARATION

Connect a 600 ohm impedance audio ielanerator to ONE PHONO input through a 2200PF,
10% capacitor. TERMINATE second PHONO input with 2200PF, 10% capacitor.

Adjust controls as follows:

Loudness — Maximum.

Bass & Treble — Mechanical Center.
Balance — Mechanical Center.

Select PHONO and STEREO functions.

Adjust signal generator for amplifier output of 3 watts (5V, RMS - measured across 8 ohm
load resistor) on programmed channel. Measure crosstalk on terminated channel.

Courtesy of Sylvania

customer. Let us make these same tests on the Motorola tuner to see what we
mean. The Sylvania specs were all given at 1 watt RMS output, so all we need
to do is inject the signals into the appropriate input and adjust for 1 watt on
10 watt power range of the meters. It is then a simple matter to convert the
calibrated output control settings to input signal level, or make a direct
measurement with the PS163.

Tape input: Both channels driven, volume control at maximum, tone and
balance controls at center of rotation. Sensitivity 100mV.

Phono input: Same conditions as for tape input. Sensitivity 30mV.

Channel Balance: Both channels driven, balance control at center of rotation,
tone controls maximum. Balance .5db Right Channel low.

Channel Separation: One channel driven, other input shorted to chassis
ground, balance and tone controls at midrange, volume control at tap. Sepa-
ration 40db.

How about output power? Have you ever wondered how much power output
a unit had, especially after replacing transistors in just one channel. Are they
matched? Is the amplifier delivering what it should? Well, now you can make

11
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this all important test of an amplifier. . .and it is as easy as hooking up a
couple of leads. All you need to do is connect the SG165 to the receiver,
inject the 400Hz sine wave signal through any input (usually modulated RF
for either AM or FM is the easiest) and then turn up the volume. Observe
the shape of the output signal and adjust the volume control until distortion
of the signal peaks begins. Back the volume control down until the 400Hz
signal shows no distortion in the output and look at the meters on the SG165.
The meter scales are calibrated directly in RMS watts from 0 to 10. Two
power ranges are available to check amplifiers up to 100 watts RMS output.
That’s over 400 watts peak power!

WILL THE SG165 WORK WITH 4-CHANNEL?

At present, four channel systems are primarily either discrete four channel,
with four separate signal paths for each of the four speaker channels, or some
form of audio matrix or phase shift circuit which converts two channel inputs
into four channel operation. Since discrete four channel systems are four
single channel amplifiers in the same cabinet, they may be tested with the
SG165 using the same square wave, sensitivity, and maximum power output
tests as conventional audio amplifiers. Just remember to load all four channels
with speakers or load resistors of the proper impedance.

Quad matrix systems must be compatible with conventional stereo systems.
In other words, they faithfully reproduce a stereo broadcast, or record, in
stereo, otherwise they would obsolete millions of stereo receivers. That is why
the SG165 stays up-to-date for checking out these quad systems. There are
many different types of quad matrix systems, but they basically use the same
principles as the SQ system we show here.

Two channels, Left Front (LF) and Right Front (RF), are encoded with
the four channel information. When
reproduced in regular stereo, these
channels are the standard Left and
Right outputs. To develop the rear
channels for quad, though, a pro- LF RF
portion of the LF signal at a specific
phase shift is mixed with part of the
RF signal that is also phase shifted.
Here we show that .8 times *he LF
channel leading 159 is combined with
.5 times the RF channel lagging 90°
to produce the Right Rear (RR)
channel. Likewise, the same two LF
and RF inputs are combined in differ-
ent proportions to generate the Left
Rear (LR) signal.

BLF AT +15°

RR

SQ MATRIX COMBINES LF AND RF
SIGNALS TO PRODUCE REAR CHANNEL

This clues us in on how to use the SG165 to troubleshoot quad matrix. We
inject the FM RF signal into the antenna terminals, switch either the SG165
Right or Left channel modulation on, and compare the gain and phase between
each of the channels on the scope. The photos below show all the comparisons
for SQ. The manufacturer’s literature will provide specific decoding in-
formation for the system you’re working on.

SQ QUAD SYSTEM OUTPUTS

L ONLY

L ONLY L ONLY

You can see that just using a meter reading, or a single trace scope, to view
these relationships would be meaningless, since the phase shift information
contains the proper coding. Only a dual trace triggered scope with less than
1% phase shift between channels, like the PS163, will allow you to make these
distortion-free waveform comparisons. With the SG165 and the PS163, you
can be sure that you’re prepared for any job your customer may bring in —
monophonic, stereo, or quad.
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WALKING THE TROUBLES OUT OF AUTO RADIO

Many service technicians have made a very good business out of specializing
in the service of auto radios and tape players. With the increased numbers of
AM-FM Stereo and AM-FM Stereo Tape car units, greater demand will exist
for service of these systems. The troubleshooting is no different from what
we have mentioned for the “home” units. The SG165 will walk the trouble
out of an auto unit in the same manner as it will a home unit. The same sen-
sitivity tests will point out quickly whether the RF IF sections are performing
up to specifications. This is very important in auto units since the input
signal is constantly varying and, as a result, the sensitivity of the units must
be high. The SG165 has been given an overwhelming approval by the Auto
Radio Division of Motorola, who aided us in the final design of the SG165.
When you buy the SG165, you are buying an instrument that was designed
for COMPLETE AM FM-Stereo servicing, including the auto units. It even
has an auto radio antenna adapter right in the lead storage compartment in
the back of the unit.

UPS164 SUPPLIES
REGULATED t12v

ALL SIGNALS
PROVIDED ON
SG165

SG165 HAS
4,8,16, or 32
OHM LOADS

AUTO RADIO
ANTENNA
ADAPTER FOR
EASY HOOK-UP

Again, you can team up the UPS164 Universal Power Supply with the SG165
for complete auto radio servicing. The UPS164 also has two regulated outputs
for 12 Volts up to 10 Amps and 6 Volts up to 20 Amps for these jobs. You
don’t have to worry about keeping a messy auto battery with a trickle charger
going to get enough power, or burning up the battery eliminator because of a
shorted output transistor. The UPS164 handles it all. In fact, the UPS164 is
the only service power supply around that will handle those auto radios with
the automatic scanning systems. The UPS164 takes them like a breeze. Great
for auto tape players, too.

That’s our total story on the SG165, teamed up with the PS163 and UPS164
for fast, profitable AM, FM stereo servicing. See your local Sencore FLPD
distributor about your SG165 Stereo Analyzer today.

ONLY SENCORE OFFERS YOU
THE 100% MADE RIGHT

LIFETIME GUARANTEE
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Sencore’s industry exclusive guarantee assures you every Sencore product is
“MADE RIGHT” and will be free from any factory workmanship error, or

Sencore will “MAKE IT RIGHT" free of all parts and labor charge, for the life
of the unit!

SEE YOUR LOCAL SENCORE FULL LINE PROMOTIONAL DISTRIBUTOR TODAY

SENCORE NEWS



THE SG165 PROVIDES ALL 12 SIGNALS NEEDED TO WALK THE
TROUBLES OUT OF ANY SECTION OF AN AM-FM STEREO

FM STEREO SECTION
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ANNOUNCING:

TWO SENCORE SCHOOLS
TO INCREASE YOUR SERVICING
PROFITS AND EFFICIENCY

1. SENCORE’S STEREO SERVICE SCHOOL

FEATURING...

THE SENCORE
STEREO TRI-PAK

COMPLETELY EQUIPS
YOU TO WALK THE
TROUBLES OUT OF
ANY AM-FM STEREO

UPS164

2. SENCORE’'S SCOPE SCHOOL _

FEATURING.. ..
FACING PAGE) ALL WITH EXCLUSIVE 5000V

14

4. STEREO TRI-PAK SCHOOL

THIS THREE HOUR SCHOOL WILL TEACH YOU HOW
TO DO COMPLETE PERFORMANCE CHECKS ON ANY
STEREO RECEIVER IN MINUTES, THEN TURN A-
ROUND AND CHARGE AN EXTRA $25 FOR YOUR
WORK.

YOU'LL LEARN HOW TO WALK THE TROUBLES OUT
OF THIS TYPICAL STEREO RECEIVER THAT WE'VE
MODIFIED FOR FAST LEARNING.

THIS ISSUE OF THE SENCORE
NEWS IS YOUR FORMAT FOR
THIS SCHOOL, SO STUDY IT
OVER, THEN COME IN WITH
ALL YOUR QUESTIONS.

THE SENCORE OSCILLOSCOPES (PICTURED ON

INPUT PROTECTION

2 .SCOPE SCHOOL

THREE SPECIALLY PREPARED HOURS, USING THE
3 DEPENDABLE SENCORE SCOPES, OUR SPECIAL
SCOPESCHOOL DEMONSTRATOR AND OUR SENCORE
SCOPE SCHOOL MANUAL, WILL HAVE YOU USING
THE SENCORE SCOPES TO THEIR FULL CAPABILITIES
FOR INCREASED EFFICIENCY AND PROFITS. WE
START WITH BASIC AC, DC THEORY, THEN COVER
SCOPE CONTROL FAMILIARIZATION, FREQUENCY,
AND AMPLITUDE MEASUREMENTS, ALL THE WAY
TO COMPLEX VIDEO WAVEFORM ANALYSIS.

IF YOU WOULD LIKE TO IN-
CREASE YOUR EFFICIENCY
AND PROFITS IN STEREO, TV
& GENERAL TROUBLESHOOT-
ING, YOU'LL WANT TO AT-
TEND A SENCORE SCOPE
SCHOOL.

! SPEED YOUR COLOR SERVICING AD f
{NCREASE YOUR SEAVICE INCOME... §

SENCORE NEWS
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THERE’S ONE BIG DIFFERENCE IN
OSCILLOSCOPES ¢ 5000V P-P PROTECTION

SENCORE

5000V

5000 VP-P.
THESE HIGH VOLTAGES.

MEASURE
UP TO

10 X

MORE

IN TV RECEIVERS, BOOST VOLTAGES CAN GO
TO 1500 VOLTS, FOCUS RUNS UP TO 5KV, AND
THE HORIZONTAL OUTPUT PLATE HAS UP TO
OTHER SCOPES CAN'T HANDLE
YOU’LL BLOW UP
THE SCOPE FRONT END IF YOU ACCIDENTAL-

SENCORE

END REPAIRS.

PS148 WIDEBAND OSCILLOSCOPE/VECTORSCOPE

““The workhorse™ of the single trace service scopes.

WIDEBAND 10Hz to 6MHz * 6db.

HIGH SENSITIVITY 17mV RMS per inch.

HIGH INPUT IMPEDANCE 27 megohms shunted by 11pf low cap.
SEVEN THOUSAND VOLT input rating with low cap probe.
DIRECT VERTICAL PEAK-TO-PEAK VOLTAGE READING.
CONVERTS TO PROFESSIONAL VECTORSCOPE with the flip
of a switch.

FULL RANGE HORIZONTAL SWEEP frequencies fram SHz to
S500KHz2.

POSITIVE SYNC with variable control locks onto complex wave-
torms.

EXTERNAL INPUTS for sync, sweep, Z axis and direct connections
to deflection plates.

OTHERS

600V

P-P VOLTS INPUT
PROTECTION

1 2 3
FREQUENCY RESPONSE (IN MEGAHERTZ)

JUST ASK -DO YOU WANT TO BUY A SCOPE TODAY THAT MAY NOT DO THE JOB FOR YOU TOMORROW?

OTHER SCOPES

PS29 MINUTE MAN PUSHBUTTON OSCILLOSCOPE

The only completely automatic triggered, push-
button oscilloscope on the market today for all
video work.

PUSHBUTTON DISPLAY for every critical video and color signal.
AUTOMATIC TRIGGERING with guaranteed solid sync is backed
by TV sync separators.

PLUS, IT'S A COMPLETE GENERAL PURPOSE BROADBAND
SCOPE for any non-video signal from DC to 10MHz.

EXCLUSIVE 5000VAC INPUT PROTECTION backed by 10
milliVolt per division sensitivity lets you measure circuits with
confidence.

4 5 6

LY GET ON ONE OF THESE VOLTAGES. ONLY
THE SENCORE SCOPES ARE FULLY PROTECTED
TO 5000 VOLTS P-P, SO YOU NEVER HAVE TO
WORRY ABOUT SCOPE DAMAGE OR FRONT-

+ ::':.‘-‘-..,,,
2 %5
-O -

PS163 ( (;.,-"f :

PS163 DUAL TRACE OSCILLOSCOPE

The easiest to use dual trace scope on the market —
offering lab performance at 1/3 the cost.

PHASE LOCKXED MATCHED CHANNELS allow comparison of
any simultaneous waveforms within 1% lab accuracy.

HIGH SENSITIVITY of 5 milliVolts per centimeter, allows accurate
display of low level signals.

TRUE BANDWIDTH using no peaking coils. Gives clean wave-
forms from DC to 8MHz.

TIME SAVING INSTANT MODE SELECTION for free running,
manual and automatic triggered sweep, with selectable A or B
channel triggering.

TV VERTICAL AND TV HORIZONT AL SWEEP settings with sync
separator stability for viewing video signals.

IT'S ALSO A VECTORSCOPE with a simple front panel push-
button control.

OR DO YOU WANT TO PAY A LITTLE MORE AND GET SO MUCH MORE WITH SENCORE...

e “%q,
E/ ;‘00% %

@) BACKED BY SENCORE’S 100% MADE RIGHT LIFETIME GUARANTEE

g c.uk‘y

10MHz

LET YOUR SENCORE FLPD DISTRIBUTOR

KNOW THAT YOU
WANT TO ATTEND
THE SCHOOLS...

Either call your Sencore distributor or fill out this invitation
and send it in to him today . . . or send your invitation to:
Sencore, Inc. 3200 Sencore Drive, Sioux Falls, SD 57107

LIMITED ATTENDANCE
FIRST COME - FIRST SERVE

SENCORE NEWS
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AT YOUR FINGERTIPS...

FOR COMPLETE
MEASURING
CONFIDENCE

DVM38
AUTO - RANGING
DIGITAL -MULTIMETER

3 DIGIT, .1% ACCURACY

15 MEGOHM IMPEDANCE

lllllll
L e P B

SENCORE

VOLTS oHMS AMPS
AC___HI PWR LOPWR

51K} | |

200pA V=-KSL-mA ==
20N, 200 .0 3 20 200 2000 20 MEG

ELEEER

“dy AUTO-RANGING .
- - $348.
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“PROTECTED ACCURACY”FOR TODAY’S CIRCUITS

CONFIDENCE

The DVM38 is a meter of confidence. Confidence that the 10 milliVolt
measurement you just took is right on the money. Confidence that the coil
resistance you just measured is accurate to within one percent. Confidence
that every in-circuit resistance measurement you take is accurately reading
the in-circuit resistance without affecting circuit operation. Confidence that
every measurement you take is made with extremely high input impedance,
that will not alter circuit operation during measurement and offer up true
measuring results. That’s confidence that the DVM38 offers. Dependable
measuring confidence that will pay for itself many times over. Backed by
accuracy, versatility and true operating ease, for unmatched troubleshooting
capabilities.

ACCURACY YOU NEED IN TODAYS CIRCUITS

Todays circuits require higher accuracy measurements. The DVM38 offers you
unbelievably high .1% of reading DC voltage accuracy for measurements you
can rely on in even the most critical circuits. Then we back this high accuracy
with a 15 megohm input impedance, which guarantees 1/3 less circuit loading
and 50% greater accuracy than conventional digital meters with 10 megohm
input. When it comes to accuracy, the DVM38 is a prime measuring standard
you can always rely on for today’s solid state circuits.

VERSATILITY FOR ALL YOUR MEASURING NEEDS

Todays circuits present a wide range of measuring requirements from boosted
boost voltage of 1500 volts in a TV receiver, or 1800 volts in x-ray equipment,
down to 10 milliVolts and less on IC chips, and .47 ohms in output stages of
stereo receivers. The DVM38 measures all of these, plus much, much, more.
Special 20 ohm scale offers .01 ohm resolution, not available in conventional
DVMs. Then step up to 2000 Volt DC measurement with the push of a button.
You also have complete HI and LO power ohms functions. LO power ohms
uses a maximum applied test voltage of 200mV, that will measure resistance
in solid state circuits without triggering semiconductor junctions in IC’s and
transistors. HI power ohms uses a standard 2 volt applied test voltage that you
need for measuring front to back ratios of diodes. The DVM38 supplies you
with total measuring capabilities so you are always prepared . . . and that’s
what you want in a bench digital, isn’t it?

OPERATING EASE FOR INCREASED EFFICIENCY

Some call this human engineering, . we call it common sense in design.
The DVM38 was designed so you can make measurements fast and accurately,
with the least amount of effort. That’s efficiency that makes your day
shorter . . . big pushbuttons, callouts, and displays are easier and faster to
use than conventional DVMs. Auto Zero eliminates zero controls, and speeds
your work on every measurement. The DVM38 is always zero’d out for your
every measuring need. Auto-Decimal placement and Auto-Polarity indicators
add to the operating ease. Finally, single step Auto-Ranging automatically
ster vn to the next voltage range whenever the reading you are taking is
¥ wne tenth full scale. This means you can take measurements on the

200 volt range down to 10 milliVolts, without changing ranges. Increases your
efficiency and accuracy. If you’re looking for one meter to use for fast,
efficient troubleshooting, the DVM38 is it!

PROTECTION FOR MORE UPTIME

Now what good is all of that accuracy and measuring capability if the first time
you overload the meter you blow the front end? That’s a good question that
Sencore has been asking about other meters for many years, and is the very
reason that all Sencore digitals are protected for a long operating life.
Complete diode protection to 2000V DC, 1000 volts on all other functions
and ranges is backed by fuse protection to insure, at worst, a blown fuse,
when those accidents happen. And they do happen. The DVM38 is protected
so you can keep right on with your work, without that costly downtime.

AFFORDABLE

The DVM38 outperforms meters costing $500 and more, yet there are no
meters as complete in this price range.

THINK ABOUT IT .

&7 Prime measuring accuracy

&” Extremely versatile measuring capabilities

&7 Speed with ease of operation guaranteed on every measurement

& Protection that minimizes your downtime offering complete measuring
confidence.

L SPECIAL DIGITAL TRAINING TAPE
“HOW TO USE YOUR DVM38”

Time is critical in electronic troubleshooting. This wasted time generally
comes from not knowing what to do next. Sencore eliminates this wasted
time by including a digital training tape on, “How to use your DVM38.” Our
training tape will familiarize you with the key operating points of the DVM 38
so you can put this prime standard meter to it’s full use minutes after it’s on
your bench.

IF YOU WANT TO
V/SAVE TIME y/ REDUCE ERRORS p/ INCREASE YOUR OUTPUT
THEN SEE YOUR LOCAL SENCORE FULL LINE DISTRIBUTOR ABOUT

TRYING ADVM38 TODAY. A “PRIME” STANDARD AT YOUR FINGER-
TIPS FOR COMPLETE MEASURING CONFIDENCE.

CKED BY SENCORE’S 100% MADE RIGHT LIFETIME GUARANTEE

Form 1229SN
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GET YOUR CB CUSTOMERS

3 MILES FURTHER WITH
1/3 YOUR TIME WITH

3 SIMPLE PUSHBUTTONS

FASTER & MORE ACCURATELY THAN ANY OTHER CB TESTER - HERE’S |

SIMPLY PUNCH | _
3 POWER-PACKED mm—

PERFORMANCE
PUSHBUTTONS . . .

IN SECONDS WITH
THE SENCORE

CB41 AUTOMATIC CB
PERFORMANCE TESTER

Only CB tester with built-in

WATTS MOD

AUTOMATIC
% MODULATION

error-free adjustments
at your antenna with * st
the car doors closed! " B0 CHaN

80 CHANNEL g

AUTOMATIC AUTOMATIC
RF POWER  ANTENNA SWR
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ARE YOU SURE YOUR CUSTOMERS
ARE REALLY “PUNCHING THROUGH

LOUD AND CLEAR™?

The typical CB’er can get an average of three
miles further to “punch through loud and clear”
with a check and adjustment of his CB and
antenna system for peak performance. It’s a fact,
and we’ll prove it to you in these pages. But here’s
what’s new; you can now automatically check
performance on all CB channels in one-third the
time that it takes with old-fashioned SWR and RF
power meters. You can do it only with the new
Sencore CB41 Automatic CB Performance Tester.

HERE ARE TEN SURE-FIRE WAYS YOU CAN MAKE YOUR CB
CUSTOMERS HAPPY AND SELL MORE CB EQUIPMENT AS
YOU TURN CB POLLUTION INTO CB PROFITS IN YOUR AREA.

ARE YOU CAUSING CB POLLUTION BY NOT

HAVING A COMPLETE PERFORMANCE TESTER?

If your CB customer isn’t ‘“‘punching through loud
and clear,” then he’s broadcasting CB pollution.
Read these excerpts about who really contributes
to pollution, and you decide . . .

WASHINGTON, D.C.—The Fed-
eral Communications Commission
reports that it has received volum-
inous complaints of late about inter-
ference by CB radios with other
electronic devices including televi-
sion receivers, church organs, phono-
graphs and public address systems.
The commission has described the
problem as ‘‘CB horror stories’’ and
reports that some automatic garage
doors are responding to the spillover
energy from citizens band transmis-
sions, and that other electronic
devices are suffering severe disturb-
ances.

-Radio TV Weekly
Aug. 16,1976

Since the CB radio must qualify be-
fore it can be sold, most work well—
some better than others dependent on
design and price. Thousands of good
high quality radios in this country
have been called some pretty unsavory
names because the CB system in-
stalled doesn't work up to expecta-
tions.

-Radio TV Weekly
June 14, 1976

CB is being blamed for interfer-
ence to television receivers and hi-fi
systems, often unjustly. And CB
users are polluting their own band.
The interference problem won’t les-
sen until something is done about it.

But, far more serious is pollution of
the citizens band by over-modulated
CB transmitters.

—~Radio TV Weekly
Sept. 27, 1976

Don’t be accused of contributing to CB pollution
because of improper installation. Get pollution
out before your customer sends it out. It takes
only two minutes to check every channel on every
installation with the new Sencore CB41 Automatic
Performance Tester. This means that you can be
sure that the CB installation is working right and
not adding “CB pollution.” Your customer will be
happy, too, by knowing he is coming in “loud and
clear.”

What are we really saying when we talk about
“performance testing”’? We’re talking about per-
sonal communications--talking and listening. It’s
as basic as two youngsters talking to each other

Fig. 1—Each link in this garden hose pipeline must
be matched and working to communicate.

through four lengths of a garden hose. One talks
and the other listens through their communications
pipeline.

So here is our ‘“‘communications pipeline” for CB.
There are four links in it, too. Notice that each

N B B e

Fig. 2—CB is a personal communications pipeline
in which each link must be matched, too.

RF WATTS SWR %MOD

link must be matched where it is coupled to the
next link. Communications stops or becomes
distorted when these links are not matched to
each other. We can also see here that whatever is
true for talking (transmitting) is also true for
listening (receiving) when we reverse the links. It
works both ways. So, we have performance tests
to check that each link is working and properly
matched to the next link. That is all we are trying
to do.

You are breaking down communications and
adding to CB pollution if you are not now testing
all these links for proper match.

What if you are using a CB installation tester that
limits your ability by not testing all these links?

Again, you are not testing the entire system and
adding to CB interference.

2 v'v
DB B B

Fig. 3—Other CB testers do not check all the com-
munications links.

For example, if a customer brings in a CB that has
a power mike, how will you check to see if the
power mike overmodulates? Y our customer cannot
hear himself overmodulate when he transmits.
Only a modulation tester like the Sencore CB41
will show the modulation correct or incorrect.

Test an entire CB system in
seconds with the CB41.

You can test the entire CB installation in seconds
with the new CB41 Automatic CB Performance
Tester. The CB41 is the first fully automatic tester
with just three pushbuttons to check every link in
the CB communications pipeline. All you need to
do is to punch the buttons and read the meter.

Here’s how simple the CB41 is to use. First, you’ll
want to check the RF output of the CB, and then
check the modulation output. These two tests
divide our pipeline neatly in half and will identify

SENCORE NEWS
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Fig. 4—Only with the CB41 can you check all the
links automatically, in seconds.

whether any problem is before or after this point.
We will know immediately whether any problem
is in the CB or in the installation.

So first connect the Sensor to the CB. The Sensor
has a built-in matched dummy load that prevents
wrong readings. Now simply press the RF WATTS
pushbutton and key the CB. A good AM trans-
ceiver will read between 3 and 4 Watts on the RF
Watts scale. (An SSB CB will read zero Watts with
no modulation.) The meter will read upscale to
indicate the actual CB output power when you
modulate with a tone or whistle. The CB41 indi-
cates Peak Envelope Power, so you are fully

Fig. 5—Just push the button for calibration--free
testing.

equipped with the CB41 for any CB, including
SSB sets.

Secondly, press the PERCENT MODULATION
button and whistle or talk into the mike. The
meter will indicate 30-50% for normal speech, and
80-100% for a loud whistle in a good CB. So now
we know that the first two links--the mike and the
transmitter--work correctly.

Thirdly, you can be sure that the CB’s power is all

GET YOUR CB CUSTOMERS
3 MILES FURTHER IN 1/3 THE TIME WITH
3 SIMPLE CB41 PUSHBUTTONS

going “on the air’’ with good antenna and cable
matching by pressing the automatic SWR button
and reading the SWR “GOOD-BAD”’ scale on the
meter. Only the CB41 performs these three tests
automatically in seconds. You can be sure that
the entire communications pipeline is really
“punching through loud and clear.”

Read these recent warnings--then you decide . .

-5 o ]
“The sudden growth of Class D
has caught the FCC’s field office
undermanned and procedurally
unable to cope with the growth.
For example, during a week in
April, the telephone company, at
FCC request, monitored the num-
ber of calls to the Dallas FCC
office to determine how many
were placed but did not get
through. In five days time, some
2,200 callers never got through
to the Dallas office. Field offices
uniformly report their phones are
tied up from daylight to dusk,
with callers asking about CB,
complaining about alleged CB
interference to television and con-
sumer products, and asking for
assistance in interpreting FCC
Class D rules. . . .

It is no wonder then, that local,
county and state officials are
“taking the law into their own
hands” when their frustration
with the FCC reaches the boiling
point.
-CB Magazine
July, 1976

The CB TVI problem is approach-
ing wild-fire dimensions. The FCC
is unable to cope with the flood
of complaints. The magnitude of
the problem is simply too great
for this relatively small agency.

The option open to CB users who
do not get “this message’ is not

SENCORE NEWS

very pretty. If the FCC is unable
to cope with the problem, sooner
or later the neighbors of CB oper-
ators get incensed and take their
problem to whatever local author-
ity is willing to render assistance.
And, local authorities are finding
ways to crack down.

--CB Magazine

August, 1976

At the same time, reports of TV in-
terference are sure to increase, as will
additional Federal surveillance from
the FCC’s 24 district offices and four
special enforcement facilities.

« « «In addition
to techniques presently used, the study
test will be enlarged to non-
conventional techniques such as
educational efforts, institution of
several control cities to monitor en-
forcement results, and the application
of “extreme sanctions” to hard-core
violators by enlisting U.S. attorneys to
criminally prosecute willful offenders
under the Communications Act, which
can result in a maximum fine of
$10,000 and a year in jail.

--Electronic Engineering Times
Sept. 13, 1976

+ « +Over-modulation
can cause both adjacent channel
bleedover and splatter across several
channels, if not over the entire band.

All CB transceivers, type accepted
at 2.5 watts or more output, are
required to contain a modulation
limitcr. When a conventional micro-
phone is used, the limiter usually
prevents over-modulation. But, when
a power mike is used, over-modula-
tion can and does often result.

Because of the over-modulation
problem, the FCC can be expected to
tighten up its standards for modula-
tion limiters.

-Radio TV Weekly
Sept. 27, 1976

ARE YOU PREPARED FOR A CRACKDOWN ON CB POLLUTION WITH
POSITIVE PERFORMANCE PROOF TO BACK YOU? [Aemammmc:

And recent reports indicate that local authorities
are cracking down. You may have heard of some
in your area. Be prepared. Save yourself and your
customers a fine. Use the CB41 on every installa-
tion or repair to minimize pollution. It takes only
seconds to completely check CB performance on
every CB channel to prevent you and your cus-
tomer from getting into trouble with the FCC,
and further, to back you up with reliable readings
if anyone questions your work. Do you have that
proof now?

~
r" WHAT OUR CUSTOMERS SAY

| just opened my shop August 1, and already I'm
ahead of my competition. At least that’s what my
customers say, and there are a lot of them (we're
right off the Interstate and get lots of truckers stop-
ping in). We figure the CB41 paid for itself in just
twelve days in time saved and it’s made our cus-
tomers super happy. They must be because they
keep returning for more gear. They feel that the
CB41 is not a toy like other guys use, but a real
honest test instrument that they can understand.
They can tell the difference between red-yellow-green
and that’s all they have to know. The CB41 has the
most wanted functions they want to see and no
fancy calibrations. | just go “bap-bap-bap’* with the
buttons and they believe it.

The automatic SWR test really helps with antenna
problems. If the needle pegs, | know the cable or
antenna is either shorted or open. If it reads really
bad, then | have a bad coil or a corroded connection.
And if the SWR is in the yellow scale, then |’ve got a
bad match.

And talk about money-making! | sell a lot of mike

cables real quick. | just punch up the Percent Modu-
lation button and shake the mike cable. The cables
SWR Electronics

intermittent if the needle bounces around. ’ ’
Jeffersonville, Indiana --a CB41 owner

" >/

Robert Rosedale
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ARE YOU DELIVERING THE CB PERFORMANCE

YOUR CUSTOMER PAID YOU FOR?

Look at this conclusion of a Sencore Field
Engineering survey of CB manufacturers and their
warranty stations. They report that:(see page 7
for full report)

“63% of CB installations in
use need performance improve-
ment.”

Plus, an FCC report says:
“2.7 Watts is the average out-
put of actual CB installations
tested.”

Then read these test results of 198 CB rigs tested
at a CB Jamboree attended by our Sencore Field
Engineers:

SWR adjustment required . . . . 20%
No RF Poweroutput . . . . . . 1.5%

Low RF Poweroutput. . . . . . 4.5%
Low modulation . . . . . . . . 3.0%
Deadchannels . . . . . . . . . 1.0%

What does this mean? If the average CB installa-
tion is only putting out two-thirds of the maxi-
mum legal power, and this reduced power is further
limited by improper installation matching, you
can see that the typical CB driving past your door
has less than half the talk power and range it
could have. Now we are not saying that you as a
salesman or installer are responsible for the cus-
tomer actually getting half the power he wants,
since the greatest percentage of CB’s are installed
by the owners themselves. But these results do
indicate that, on the whole, the CB’s are not
installed correctly with complete checks of each
link in the CB communications pipeline. You can
start with a good radio, but it won’t work right
unless it is installed right.

CB41 identifies common
installation problems

What are some causes of improper installation on
these millions of CB’s that need performance
improvements? The CB41 Operational Manual
lists many of these CB installation problems and
shows how the CB41 will identify them for you,
as shown here.

SYMPTOM PROBLEM AREA
RF PWR ok -Defective mike
G MOD low -Not speaking close enough to mike

-Low gain in audio circuits
-XMIT/RCV relay not activating
-Defective modulation coupling circuits

RF PWR ok
% MOD ok
SWR high

-Antenna or coax cable problem

-Broken wire or shield (check full cable length
with ochmmeter)

-Shorted coax cable (check between conduc-
tor and shield with ohmmeter)

-Pinched coax cable (inspect for kinks and
sharp bends)

-Open loading coil

-Cold solder connection on jacks or antenna
-Corrosion at antenna terminal connections

-Corroded or aged coax cable

-Improper antenna length

-Improper antenna type

-Moisture in loading coil

RF PWR low
% MOD ok

-Low supply voltage to radio

-Bad supply connection to radio
-Defective RF output stage
-Defective voltage regulator in auto

No RF PWR
on one or a few
channels

-Defective crystal or selector switch

Fig. 6—The automati
these common in

* CB41 will help you identify
stallation prodlems.

4

How should SWR be measured?

You may be asking how does the CB system
work when it is properly operating? Let’s back-
track a little bit and review some fundamentals
of the CB antenna system to see how it should
operate. We will refer to the Sencore Second-
Class Radio-Telephone License Handbook, pub-
lished by Howard W. Sams and Co., for a simpli-
fied explanation of antenna matching.

Y7
SEMnCORE

Radiotelephone
LICENSE
HANDBOOK

transmission line an important factor
with respect to matching “out of a
transmitter” into an antenna?—When
9 there is a match between the transmit-
- ter and the transmission line and be-
@ tween the transmission line and the an-
tenna, there is a maximum transfer of
power between the transmitter and the
antenna. This efficient transfer of energy
occurs when the transmitter output is
matched to the characteristic impedance
of the transmission line, and when the
antenna system at the termination end

of the line is matched to the character-
istic impedance of the transmission line.
When a transmission line is properly
matched to an antenna system, there is
a minimum radiation of radio-frequency
energy from the line, eliminating a cause
of energy loss or antenna-pattern distor-
tion.

gi I1-210. Why is the impedance of a
AN

111-211. What is meant by standing
waves, standing-wave ratio (swr), and
characteristic impedance as referred to
transmission lines? How can standing
waves be minimized?—The definition
for the characteristic impedance of a
transmission line was given in Question
111-209. When a transmission line is ter-
minated in its characteristic impedance,
all of the energy conveyed along the
line is delivered to the termination. If
the line is not terminated in its charac-
teristic impedance, only a part of the
energy moving along the transmission
line is delivered to the termination. The
remainder of the electrical energy is re-
flected at the termination and moves
back along the transmission line in the
opposite direction. There is now an in-
teraction between the direct rf energy
and the reflected rf energy. In this case,
the rf voltages and the rf currents add
algebraically to set up voltage and cur-
rent standing waves on the transmission
line. For example, at so-called voltage
loops positioned along the line, the di-
rect and reflected voltages are in phase
and add to produce maxima. At other
positions called voltage nodes, they are
exactly out of phase and they subtract
to produce minima.
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These voltages and currents can be
measured with a suitable f meter ar-
rangement. The ratio between maximum
and minimum voltage readings or be-
tween maximum and minimum current
readings is called the standing-wave ra-
tio (swr). Stated as an equation, this is

sSWr — -—E"'" = I"—‘"-
Emlll Imln
The standing-wave ratio on the line is
a measure of the degree of mismatch
between the transmission line and the
termination, and it can also be ex-
pressed as follows:
SWr = Z—Korz—‘o'
o Zx
The larger quantity, Zx or Zo, is substi-
tuted in the numerator.

It should be noted that the ideal sit-
uation exists when the standing-wave
ratio is unity. This indicates that the
maximum and minimum readings are
the same, and thus there is no standing
wave’ on the line. In this case, there is
no reflected energy, and the rf energy
coming down the line has been deliv-
ered in its entirety to the terminating
load. Thus, the standing wave on the
transmission line can be minimized by
supplying a properly matched termina-
tion to the receiving end.

—~Courtesy of Howard W. Sams and Co.

How do we measure SWR? We simply measure the
forward energy going to the antenna and the
reflected energy coming back from the antenna.
We then compare them to determine the SWR.

Beware of competitive low cost
SWR meters - they cost you over
and over.

How is this done with the meter you may be using

now? Let’s look at this typical tester. Your first
step here is to measure the forward power. Then

Fig. 7—Two time-consuming steps on each SWR
check are needed with this meter on each channel
checked.

you adjust the calibration control until the meter
is set to a reference mark. Then a switch is
depressed so the meter will indicate the reverse
power directly on a scale calibrated for SWR. Each
measurement on this meter takes two steps. Thus,
you need to make 46 adjustments for reference
calibration and measurement to check for maxi-
mum performance across all 23 channels. In com-
parison, the CB41 automatically measures the SWR
when you punch the SWR button. It takes longer
to read about the pushbutton automatic CB41
test than it does to do it.

SENCORE NEWS




CB41 - The only automatic,
calibration-free tester made.

How can the CB41 automatically check for SWR
when no other tester does? Because only the CB41
uses special IC circuits that automatically deter-
mine the forward and reverse levels and calculate
the SWR instantaneously so you don’t have to
fiddle with controls and switches. It may cost
more to do it the automatic way, but more than
pays for itself in time saved.

e

& L

Fig. 8—Up-to-date integrated circuits in the CB41
free you from the manual calibrations other
testers require.

Don’t let yourself get cornered by a customer
who finds out his CB wasn’t totally fixed. Only
with the CB41 can you check RF Power, Percent
Modulation, and antenna SWR on all CB channels
in seconds. This means you can be 100% assured
of peak performance. The fiddle-free CB41 is so
simple to use that your customer can even punch
the buttons himself to be truly confident that he
is getting full satisfaction in his CB installation.

Fig. 9—Your customers will believe the CB41, too.

8 =
'. WHAT OUR CUSTOMERS SAY

| have customers that install the CB themselves and
then complain to me that they are not getting out.
Well, you know the SWR is too high, so | use the
CB41 to identify the problem for them. Like, some-
body came in who cut off part of his antenna
because he heard a friend got better performance by
doing it.

So after | install a CB, too, | show the customer the
scales and they are very pleased. They understand it
easier than other meters. “When it’s in the green, it’s
good.” is all | have to say. | don’t have to explain
reflected power and all that.

I've used the Bird 43 and the CB41 measures up to
it. But | bought the CB41 because it does not have
to be calibrated every time it is used, like other
meters in the market. It's an excellent instrument,

and a good profit maker. ,,

Richard Matassa

Addison, Hllinois -a CB41 owner

>

GET YOUR CB CUSTOMERS
3 MILES FURTHER IN 1/3 THE TIME WITH
3 SIMPLE CB41 PUSHBUTTONS

(" N
" WHAT OUR CUSTOMERS SAY

What interested me the most about the CB41 was
that it provided such accuracy with so little atten-
tion. | had the CB41 compared against lab standards
in New York, and it was right on the nose! Also,
some testers say they need an SWR of 1:1.1 or bet-
ter to read Power or Percent Modulation accurately.
That’s extra calibrations | don‘t need to make with
the built-in matched load in my CB41s (I have two
of them.) That’s why | swear by it, not at it. My
customers are happy with the results, too. So how
can you measure their confidence against the price
of a CB41? ’ ’
Edward McClenahan

Arlington, Virginia -a CB41 owner

QL. 4

ARE YOU INVITING POOR CB PERFORMANCE BECAUSE YOU

THINK YOUR TESTING TAKES TOO MUCH TIME?

Your present SWR meter may be costing you
hours of unproductive, unprofitable time each
day. Nobody can blame you for not wanting to
stand on your head to hold up your SWR meter,
or run back and forth between the antenna and
the meter for each installation. But you’re inviting
poor CB performance and dissatisfied customers if
you don’t take the time to completely check the
CB installation.

performance testing is often avoided.

Testing does take a lot of time with any competi-
tive meter. Let’s see how much time it actually
takes by adjusting an antenna the way you may
be doing it now if you don’t own a CB41. Many
CB technicians use one of two methods to set
SWR. Most installations will show a dip some-
where across the 23 or 40 channel band. This dip

SENCORE NEWS
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Fig. 11—Most properly adjusted antennas have dip
in SWR.

should be in the middle of the 23 or 40 channel
band for best overall use, usually channel 11 or
19. One way of testing for the dip is to check the
SWR on channel one, and then check it on
channel 23, as shown in this diagram. If the

RF WATTS SWR %sMOD

SWR is lower on channel 1, then the antenna is
too long. Likewise, if the SWR is lower on
channel 23, then the antenna is too short. After
you adjust the antenna you have to repeat both
tests and compare again. These two checks are
repeated until you find that both channel 1 and
23 read the same. For a typical installation, you
may have to calibrate and measure as many as
four or five times, with checks on both channels
each time. This takes a great deal of time and bites
into your installation profits.

Another method often used is to check channel
11, adjust the antenna for lower SWR, and con-
tinue to repeat the test until the SWR starts to
rise again. Then you would back off slightly and
think the system is tuned properly. You may have
repeated this test over four or five times, but are
you sure you are matched correctly?

CHECK FOR EQUAL SWR

SWR

-l -

]
]
§
]
s
]
]

23

Channel

[y

SET FOR MINIMUM SWR

SWR

-l = > - - -

Channel

11

Fig. 12—You can adjust the antenna for equal
SWR on channels 1 and 23.

Fig. 13—You may also adjust the antenna for
minimum SWR on channel 11.
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How do you know that all 23 channels have a
good range of SWR? The only way you can ever
be sure is to check every single CB chan-
nel. With the competitive tester we have used
here, you have to calibrate, measure the forward
and reverse power 23 times over, and make
46 adjustments. What’s more, you would need to
make 80 such adjustments with the new 40 chan-
nel CBs if you wished to check all channels. It’s
no wonder that no one wants to check all channels
with these meters! They take too much time, and
the result is an open invitation to poor CB
performance.

CALIBRATE

Fig. 14—Why calibrate and measure all 23 channels
when you can own a CB41?

Only the automatic CB41 will enable you to
check all channels on these CB antenna jobs in
minutes for maximum performance and efficiency,
too. Read what Radio-Electronics magazine says
about the CB41’s automatic tests:

Y o oo adjusting a short-
whip antenna  for mimmum SWR  can
consume fifteen minutes o a halt hour. And
tf the customer asks for proot the installanon
18 ekav. there goes another half hour as the
techmcian connects test gear and then tries to
cxplain what the readings indicate
« o lime
=& means more business to today’s CB service
74 center. Because of the CB41’s forward power
automatic nuiling feature for the SWR and
AM modulation readings. it is possible to test
or checkout a new CB installation as fast as
you can press three buttons: and you can
adjust an antenna for minimum SWR in less
time that it takes to calibrate the typical SWR
meter for the first reading. Best of all. you
can obtain your readings right at the antenna
even though the sensing head is at the trans-
mitter

--Radio Electronics --July, 1976

The real time saver exclusive
with SENCORE.

Fig. 15—Save running back and forth to the
antenna with the CB41.

Saving running back and forth for antenna checks
by adjusting SWR right at the antenna. Simply
connect the detachable Sensor to the CB under
the dash and hook up the EX203 Extension Cable
between the CB41 and the Sensor. The EX203 is
12 feet long so you can carry the CB41 back to
the antenna on any vehicle including a station

Fig. 16—Carry the CB41 with you to the antenna
for on-the-spot adjusting.

wagon or an 18 wheeler. The signal is detected in
the Sensor head so there is no worry about RF
upset in the 12 foot cable. Actually two cables
can be used if you desire.

The CB41 makes your work unbelievably simple.
Key the transmitter on channel 11. (You can keep
the CB keyed by putting a rubber band around
the mike switch.) Then carry the CB41 to the
antenna, punch the SWR button, and tune the
antenna for minimum SWR without moving from
the spot. As a final check, go back to the CB and
crank the channel selector through all the channels
while watching the CB41 meter dip in the middle
channels. You’re all set in just a few minutes.
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Fig. 17—Watch the adjustment results on the CB41.

Only the CB41 saves time and improves your
installation performance because it is the only
complete, automatic CB Performance Tester on
the market and the only one with a detachable
Sensor head.

e N
" WHAT OUR CUSTOMERS SAY

We had one guy in the shop the other day. He was
so impressed with the results he got from our CB41
that he got four other people in for checks. They'd
never seen an SWR meter like this! It's one good
looking piece of equipment. | like the IC operation
and the pushbuttons. On others, | had to reverse the
coaxes, set the calibrations, or throw a switch. This
CB41 is direct reading and quick. lt’s accuracy is
much better. With that big scale it has to be.

It gets used on every CB on the bench. We find inter-
mittents by pushing on the boards and noisy mike
cords show up when the meter jumps while we pull
on the cord. This is one instrument that’s working
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Marvin Cook
Seatronics Electronics Repair Service
Seaton, lllinois --a CB41 owner

ARE YOU MAKING THESE COMMON CB TESTING

ERRORS WITH YOUR CB METER?

You may know what can go wrong with the CB
installation itself, but you may not realize that
your testing may be causing additional errors.
Many of the millions of installations needing per-
formance improvement have been tested, but they
weren’t tested under actual operating conditions
and additional errors were introduced. For ex-
ample, here is an E. F. Johnson engineering report
in Electronics Servicing Magazine saying that the
car doors and trunk lids must be closed.
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< Incorrect results from tests can
be more detrimental to CB repairs
. than if you made no tests at all

More Wrong Readings
Another way of getting erroneous
VSWR and power readings is to
leave the car doors open and the
trunk lid up. An open trunk lid
affects the performance of antennas
regardless of the location, although

a roof-top mount is affected the
least. You can appreciate the
importance of the lid position after
you watch an experienced two-way
radio technician crawl inside the
trunk and pull down the lid during
a final tuneup.

--Electronics Servicing August, 1976

Fig. 18—Inaccurate readings result if car doors are
open during the test.

RF WATTS SWR SMOD

The CB41 CB Performance Tester, with the exclu-
sive Sensor head, is the only CB performance
tester that allows you to close the doors and check
SWR. It’s the only one that’s error-free.

A dummy load must be used to
measure RF power accurately.

Many make the mistake of measuring RF Power
with the antenna connected. A great measuring
error will be introduced unless the antenna hap-
pens to be matched right on the nose at 50 Ohms.
So, to make sure, you’ll want to use a dummy
load that has the same resistance as the charac-
teristic impedance of the transmission line. But,
most wattmeters do not include built-in matched
dummy loads. You’ll have to build your own load
and take the time to connect the load to the CB
to measure RF Power accurately. This is time con-
suming and requires the additional purchase or
construction of the dummy load. Not with the

SENCORE NEWS
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Fig. 19—Built-in CB41 dummy load eliminates ex-
ternal load for accurate RF power tests.

CB41. You simply set the switch on the Sensor to
the “Dummy Load” position and then push the
RF Watts button for automatic, self-calibrating
operation.

" WHAT OUR CUSTOMERS SAY

At least half our business is with business band and
other communications transmitters. We use the CB41
for 20 Watt power and modulation percentage
checks on high band, low power transmitters on the
bench. We‘ve checked it against the more expensive
testers and found it's accuracy is closer than five
percent. It is much easier to use, though.

For CB, the CB41 is a fantastic customer-pleaser. It
makes them happier. We can practically diagnose the
set in the vehicle before we even pull it to the shop.
That makes us professionals in the customer’s eyes,
and the others look like ““Mickey Mouse’* organiza-
tions. We use those other testers that had to be cali-
brated, too,but the customer is never certain that

it’s done correct. , ’

Charles Laye
Auburn Electronics
Auburn, Nebraska

--a CB41 owner J

AUTOMATIC
PERFORMANC

GET YOUR CB CUSTOMERS
3 MILES FURTHER IN 1/3 THE TIME WITH
3 SIMPLE CB41 PUSHBUTTONS

ARE YOU COSTING YOURSELF MONEY BY PULLING ‘‘NO DEFECT”
RADIOS FOR BENCH REPAIR WITHOUT TESTING THEM FIRST?

Read this report of a Sencore Field Engineering
survey of ten top CB manufacturers and warranty
stations--then check your own records.

CONCLUSIONS OF SENCORE FIELD
ENGINEERING SURVEY OF CB MANU-
FACTURERS AND AUTHORIZED WAR-
RANTY STATIONS*

1. 24.5% of radios returned to manufacturers
for service had *“no defect” or lack of
testing by field people.

2. 58% of CBs needing repair had defective
output stages, indicating that these service
problems were caused by mismatched
antennas, rather than defective compon-
ents in the CB itself.

3. Thus, 68.8% of CB service problems
reported are related to improper installa-
tion or checkout (including antenna mis-
match and transceiver damage due to
mismatch).

4. Most CBs are installed by the owners, or
non-professional people, where perfor-
mance tests are never performed or not
done properly.

5. Even a properly installed system will be
affected by corrosion, wear, and mechani-
cal vibrations. As a result, performance
will change with time and should be
checked periodically.

6. All persons surveyed said that it is ‘““abso-
lutely essential” to check performance
both before and after the CB is repaired.

7. Further, all surveyed reported that a total
system check should include a percent
modulation check to locate troubles other
than antenna problems (especially in mike
and power mike overmodulation). Com-
mon SWR or RF power meters were
reported to lack this capability.
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