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Engineered for Professional Quality 
and savings up to 50% 

Whether you want the creative 
pleasure and thrift of build -it -yourself, 
or factory -assembled professional 
quality equipment ready-to-use-you 
save up to 50% with EICO 

no -compromise engineering. Be 
super -critical. Compare EICO with 
anybody else. The more critically 
you judge, the more you'll see for 
yourself that your best buy is EICO. 
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New Model 380 Solid State NTSC 
Color Generator generates exact 
NTSC color signals individually 
and all required dot -bar patterns. 
Super -compact, 4 pounds light, in- 
stant operation. $159.95 wired 
only. 

3 
Three compact portable instruments for shop or home Color TV servicing. 
Add one more and you're set for FM-MPX stereo. 

Model 369 Sweep/Marker Gener- 
ator for easiest, fastest visual 
alignment of color or B&W TV and 
FM RF and IF circuits. Five sweep 
ranges from 3-220mc. Four marker 
ranges from 2-225mc. Crystal 
marker oscillator. Post injection 
of markers. $99.95 kit, $149.95 
wired. 

New Model 435 Direct -Coupled 
Wideband Scope. Top-quality DC- 
4.5mc scope with 3" flat -face CRT. 
Zener calibrator: Outperforms 5" 
scopes three times its size, facili- 
tates on -location color TV and 
other servicing. $99.95 kit, 
$149.95 wired. 
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New Model 342 FM Multiplex Sig- 
nal Generator. Design lab quality. 
Both composite audio and FM RF 
outputs. Inputs for stereo audio 
source for store demonstrations, 
critical A/B listening tests. 
$149.95 wired. 

New Model 1030 Regulated Power Supply. Speeds 
troubleshooting, design work, production line 
testing, electronics teaching. Variable bias and 
plate sources regulated to 1/3 of 1%: 0-150V @ 
2ma; 0-400V @ up to 150ma. Ripple less than 
3mv rms. Unregulated fil. volts of 6.3V & 12.6V, 
@3A. Switchable, monitoring milliammeter and 
voltmeter. $59.95 kit, $99.95 wired. 

Model 460 Wideband Direct -Coupled 5" Oscil- 
loscope. DC-4.5mc for color and B&W TV service 
and lab use. Push-pull DC vertical amp., bal, or 
unbal. input. Automatic sync limiter and amp. 
$89.95 kit, $129.50 wired. 

New Model 378 Audio Generator. Near -distortion - 
less sine wave generator (<0.1% 20-20,000c) 
providing fast, convenient switch -selection of 
frequencies from lc to 110kc (1c steps 1c -100c, 
10c steps 100c-lkc, 100c steps lkc-10kc, lkc 
steps lOkc-110kc), 8 -pos. 10db/step output 
attenuator & fine attenuator. Output meter (41/2" 
200ua) with 8 voltage ranges' & db scale. $49.95 
kit, $69.95 wired. 

Model 232 Peak -to -Peak VTVM. A must for color 
or B&W TV and industrial use. 7 -non -skip ranges 
on all 4 functions. With Uni -Probe.® $29.95 kit, 
$49.95 wired. 

New Model 965 FaradOhm Bridge/Analyzer. "Un- 
usually versatile" - Electronics World. 9 -range, 
low -voltage capacitance -resistance bridge safely 
measures even 1 -volt electrolytics. Metered 
bridge balance, leakage test voltage (6 DC VTVM 
ranges 1.5-500V), leakage current (11 DC VTAM 
ranges 0.15ua-15ma). DC VTVM & VTAM external- 
ly usable. $129.95 wired. 

New 888 Solid State Uni ersal Engine Analyzer 
Tune up/troubleshoot any car or boat - elec- 
tronically as professionals do. Self -powered, self- 
contained 888 checks total ignition/electrical 
system on all 6/12V; 4, 6, 8-cyl. engines, + or 
- ground. Latest all -professional solid-state pre- 
cision circuitry. Complete with comprehensive 
manual, test leads, batteries. $44.95 kit, 
$59.95 wired 
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New Model 3566 All Solid -State Automatic FM 
MPX Stereo Tuner/Amplifier. "Very satisfactory 
product, very attractive price"-Audio Magazine. 
No tubes, not even nuvistors. Delivers 112 watts 
IHF total to 4 ohms, 75 watts to 8 ohms. Com- 
pletely pre -wired and pre -aligned RF, IF and 
MPX circuitry, plus plug-in transistor sockets. 
$219.95 kit (cptional walnut cabinet $14.95), 
$325.00 wired including walnut cabinet. UL 
approved. 
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New Model 753 The one and only SSB/AM/CW 
Tri -Band Transceiver Kit. "The best ham trans- 
ceiver buy for 1966"-Radio TV Experimenter 
Magazine. 200 watts PEP on 80, 40 and 20 
meters. Receiver offset tuning, built-in VOX, high 
level dynamic ALC, solid state VFO. Unequaled 
performance, features and appearance. Sensa- 
tionally priced at $189.95 kit, $299.95 wired. 

FREE 1966 CATALOG 
EICO Electronic Instrument Co., Inc. 
131-01 39th Ave., Flushing, N.Y. 11352 PF -8 

Send me FREE catalog describing the full EICO 
line of 200 best buys, and name of nearest 
dealer. I'm interested in: 

test equipment ham radio 
stereo/hi-fi El Citizens Band radio 

Name 

Address 

L City State 

Over 3,000,000 EICO instruments now in use! Preferred by engineers, scientists, technicians and students. 



INTERMODULATION 

and 

HARMONIC DISTORTION 

by Howard M. Tremaine 

Nonlinear distortion in a sound sys- 
tem affects the reproduction by intro- 
ducing frequency components that were 
not present in the original program ma- 
terial. These added components are an 
annoyance to the listener due to the 
masking and interference effects super- 
imposed on the original components of 
the signal. 

In the most commonly accepted 
method of measuring harmonic distor- 
tion, a single sine -wave frequency is ap- 
plied to the device under test and the 
internally generated harmonics are meas- 
ured at the output. A distortion factor 
meter or a harmonic wave analyzer may 
be used, and the harmonic distortion 
read in percent of the fundamental fre- 
quency. Although this single -frequency 
method of measuring harmonic distor- 
tion has been in use for many years, it 
does not present a complete picture of 
the distortion characteristics of a given 
device. It is not uncommon for a lis- 
tener to observe an objectionable qual- 
ity in the sound reproduction of a trans- 
mission system in which a low percent- 
age of harmonic distortion is measured. 
Amplifiers of the same design, manufac- 
ture, and harmonic distortion character- 
istics often present different qualities in 
reproduction. This variation in identical 
amplifiers is usually due to the percent 
of intermodulation distortion generated 
within the amplifiers. 

Material for this article was adapted 
from the Howard W. Sams Book Inter - 
modulation and Harmonic Distortion by 
Howard M. Tremaine. 

Intermodulation distortion may be de- 
fined as "the production, in a nonlinear 
circuit element, of frequencies corre- 
sponding to the sum and differences of 
the fundamentals and harmonics of the 
two or more frequencies that are trans- 
mitted through the element." Measuring 
the distortion characteristics by the in- 
termodulation method more than by any 
other form of measurement approaches 
the manner in which the human ear 
responds. It not only presents a more 
realistic determination of distortion char- 
acteristics, but it is also several times 
more sensitive than the conventional 
single -frequency harmonic measurement. 

In a system where the upper frequency 
is generally limited to 8 kHz, measuring 
the harmonic distortion at 5,000 Hz 
would be meaningless since the second 
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Fig. 1. Class -A operation curve. 

harmonic occurring at 10 kHz would 
be unmeasurable due to the 8,000 Hz 
cutoff. However, an intermodulation test 
signal, consisting of 40 and 7 kHz will 
often reveal distortion which would seri- 
ously affect the reproduction. 

In a complete recording and repro- 
ducing system distortion may be caused 
by amplifiers, filters, equalizers, com- 
pressors, cutting heads, light modulators, 
magnetic recorders or reproducers. mon- 
itor speakers, or a combination within 
the system. Distortion within the ampli- 
fiers may be caused by tubes operating 
on the nonlinear portion of the plate - 
current characteristic curve, improper 
load termination, poor power -supply reg- 
ulation. unbalance in the push-pull stages, 
saturation of the transformer core ma- 
terials. and faulty components. Many 
times after an overall distortion meas- 
urement is made, the difficulty can be 
traced to one component in the system. 

While 40 Hz is generally used as the 
low -frequency component for transmis- 
sion systems using a bandwidth of 40 
to 8 kHz, an intermodulation test signal 
of 60 to 100 Hz in combination with 
2 kHz can suffice. Distortion of a trans- 
mission system can be observed on a 
cathode-ray oscilloscope, however, it is 
rather difficult to determine small per- 
centages of waveform distortion, even 
with a 5 -inch screen. As a rule. 2 or 3% 
distortion can be observed for the higher 
order harmonics. 

Generation of Harmonic 
Distortion 

Harmonic distortion in an amplifier 
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stage is caused by the nonlinear action 
of the vacuum tube. If a pure sine wave 
is applied to the control grid of a vac- 
uum tube operating with correct volt- 
ages and load impedance, and the am- 
plitude of the sine wave is such that it 
does not overdrive the control grid, a 
pure sine wave can be expected at the 
output of the tube. The only departure 
from the original waveform of the in- 
put will be an increase in its amplitude 
and a phase reversal of 180° between 
the input and output circuits. To illus- 
trate how nonlinear distortion is gener- 
ated within a vacuum tube, a plot of 
the control -grid voltage versus the plate 
current for a general-purpose triode bi- 
ased for Class -A operation is shown in 
Fig. 1. The tube selected for this illus- 
tration normally requires a negative grid 
bias of 6 volts. This point is indicated 
as the normal operating point on the 
plate current characteristic curve. 

Operating under the aforementioned 
conditions, if a sine wave is applied to 
the control grid, a sine wave will be 
reproduced in the plate circuit. How- 
ever, this will be true only if the signal 
voltage at the control grid does not ex- 
ceed the normal operating boundaries. 
These boundaries are the straight-line 
portion of the curve, starting at the 
minus 12 -volt bias point and continuing 
up to the zero -voltage bias point. If the 
peak signal voltage does not exceed 
these limits, a sine wave will be de- 
veloped in the plate circuit, and distor- 
tion of the input waveform will not oc- 
cur. The peak value is determined by 
multiplying the DC bias voltage by 1.414; 
hence, in this example, it is 8.5 volts. 

Fig. 2 shows what happens when the 
bias is too large. Here, the negative bias 
has been increased until the operating 
point (value of plate current) has shifted 
downward toward the toe or bend in 
the lower portion of the plate current 
characteristic at the minus 12 -volt point. 
Under this condition if a sine wave is 
applied to the control grid, a greater 
amount of plate current will flow on the 

Fig. 2. Overbiasing causes distortion. 

positive half of the grid swing than for 
the negative half and an unsymmetrical 
waveform will result in the plate circuit. 
Likewise, if the bias voltage is reduced 
to a value of minus 2 volts, the oper- 
ating point is shifted upward. If the con- 
trol grid swings positive, the amplitude 
of the positive half of the plate -current 
waveform will be less than the negative 
half, since the tube is being driven into 
the saturation region of the plate -cur- 
rent characteristic. 

Thus, it becomes apparent that the 
bias voltage on the control grid and the 
amplitude of the applied signal voltage 
are the controlling factors in the gen- 
eration of harmonic distortion within a 
vacuum tube. 

Harmonic distortion can also be gen- 
erated within a vacuum tube that is cor- 
rectly biased (Fig. 3). The signal volt- 
age applied to the control grid is so 
large that it extends into both the toe 
and knee (saturation) areas of the plate - 
current characteristic. In the saturation 
region the peak of the output waveform 
is flattened since the tube cannot supply 
further plate current. In the negative 
region the flow of the plate current is 
reduced to a near cutoff value. Thus, 
both the positive and negative peaks of 
the plate current waveform are distorted, 
and both odd and even harmonics are 
generated. The generation of harmonics 
within a vacuum tube is an inherent 
characteristic, since the plate resistance 
is not always uniform and the so-called 
straight-line portion of the plate current 
characteristic is not actually straight. 

To the human ear the most objection- 
able harmonics are the second, third, 
fifth, and seventh; they are usually of 
higher amplitude and fall within the band 
of audible frequencies. To further il- 
lustrate the generation of harmonics, two 
superimposed sine waves are shown in 
Fig. 4. F, is the fundamental frequency, 
and F, is the second harmonic. Adding 
the second harmonic to the fundamental 
frequency algebraically results in a new 
frequency, indicated as the resultant. 
This new frequency is the same as the 
fundamental frequency, except that the 
amplitude of the negative peak is in- 
creased while the amplitude of the posi- 
tive peak is reduced. The second har- 
monic will predominate and is similar 
to a condition where the bias voltage is 
too low. 

In Fig. 4 a horizontal line has been 
added (in dashed lines) to indicate the 
shifted operating point. This line repre- 
sents a DC component, caused by self - 
rectification within the tube. Self recti- 
fication shifts the operating point in the 
plate -current characteristic. Depending 
on the circumstances under which the 
tube is functioning at the moment, it 
may move either up or down. 

When distortion results in the flatten- 
ing -off of only one peak in the output 
waveform, the principal distortion is sec- 
ond harmonic. This is accompanied by 
a change in the average plate current 
and is referred to as self rectification. 
Whenever both peaks of the output 
waveform are flattened, third -harmonic 
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Fig. 3. Overdriving causes distortion. 

distortion will predominate. If consider- 
able flattening occurs, a fourth -order 
harmonic will also be generated, par- 
ticularly if the control grid is driven 
positive. 

When a triode tube is overloaded, 
second -order harmonics are created, 
while a pentode generates third -order 
harmonics. Even order harmonics may be 
eliminated or reduced to a negligible 
amplitude by the use of push-pull cir- 
cuits. Odd order harmonics generated by 
a pentode are reduced by the use of 
push-pull circuitry and the selection of 
the proper load impedance. Negative 
feedback will also reduce odd harmonics 
to a negligible value. However, negative 
feedback should not be added to an am- 
plifier to reduce its harmonic distortion 
until the distortion in the amplifier with- 
out negative feedback has been reduced 
to its lowest point. 

Beat -Frequency Oscillators 
Oscillators used for audio -frequency 

measurement purposes must have low - 
harmonic distortion. As a rule, such os- 
cillators have less than 0.25% distortion 
and many are in the order of 0.1%. The 
lower the oscillator distortion, the lower 
is the amount of harmonic distortion 
that can be measured in a system. As 
an example, an amplifier having a total 
of 0.30% harmonic distortion cannot be 
measured with an oscillator having 1% 
harmonic distortion. Oscillator distortion 
cannot be directly subtracted from the 
measured distortion, however, it is pos- 
sible to use an oscillator of 1% distortion 
or even higher for such measurements, 
if a bandpass filter is connected between 
the output of the oscillator and the in- 
put of the device under test. Since this 
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requires a filter for each frequency of 
interest, it becomes impractical. 

Audio oscillators are generally one of 
two types, either a beat frequency or 
Wien bridge, sometimes referred to as 
a resistance -tuned oscillator. The beat - 
frequency oscillator (Fig. 5) employs two 
radio -frequency oscillators, one operating 
at a fixed frequency and a second one 
which is variable and beat with .the fixed 
oscillator. The variable oscillator tuning 
capacitor (C-1) is mechanically connected 
to a dial on the front panel and is cali- 
brated in terms of audio frequency. In 
operation the two oscillator signals are 
combined internally to produce a beat 
frequency which will fall within the 
audio -frequency , spectrum. Thus, a con- 
tinuously variable audio signal is gen- 
erated. As the dial of the radio -fre- 
quency oscillator is rotated the frequency 
of the oscillator circuit is changed, 
thereby changing the beat frequency pro- 
duced by the two oscillators. One of the 
principal advantages of a beat frequency 
oscillator is that a single sweep of the 
dial permits the instrument to be tuned 
across the entire audio spectrum. As an 
example of beat -frequency oscillator de- 
sign, the fixed -frequency oscillator could 
be operated at 100 kHz with the vari- 
able -frequency oscillator capable of cov- 
ering a frequency range of 80 to 100 
kHz. This will generate audio frequencies 
from zero to 20 kHz. 

To produce an audio -frequency sig- 
nal devoid of harmonics the generated 
beat frequency is fed through a lowpass 
filter to remove the harmonics. Low - Fig. 5. Schematic of a beat -frequency oscillator. 
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Fig. 6. Schematic of a Wien -bridge audio oscillator. 
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harmonic distortion can also be achieved 
by the use of push-pull amplifiers. Beat - 
frequency oscillators designed for labo- 
ratory use generally have a total har- 
monic distortion in the order of 0.25% 
or less. 

The advantage of a beat -frequency 
oscillator lies in the fact that it can be 
used to make sweep -frequency checks of 
a system or individual components, such 
as filters, equalizers, or other devices, 
without resorting to decade switching as 
used with the resistance -tuned oscillator. 

Resistance -Tuned Oscillators 

Resistance -tuned oscillators (also called 
Wien -bridge or negative -feedback oscilla- 
tors) consist of a bridge circuit com- 
posed of resistance and capacitance, as 
shown in Fig. 6. The oscillator section 
consists of two tubes V1 and V2. In 
reality, such oscillators consist of a two - 
stage resistance -coupled amplifier, which 
is caused to oscillate by the use of posi- 
tive feedback network Rl, R2, R3, R4, 
R5. R6, C I and C2. 

This network is frequency selective 
and controls the frequency of oscillation 
by the use of a large variable capacitor 
(C2), which is connected to a dial on 
the front panel and calibrated in cycles 
per second. By this method it is possible 
to tune the oscillator over a wide range 
of frequencies by switching in different 
values of resistance in the frequency - 
selective network. Oscillators of this type 
may be designed to generate frequencies 
from a fraction of a cycle to over sev- 
eral megacycles. Negative feedback is 
employed in the oscillator section to re- 
duce the harmonic distortion to a mini- 
mum and to obtain a high degree of 
stability. The amount of negative feed- 
back is automatically determined by re- 
sistive network R7, R11, and R12. The 

120 -volt, 3 -watt pilot light (R7) used as 
one leg of the bridge, is a nonlinear 
resistance. The amplitude of the nega- 
tive feedback is controlled by the lamp 
in accordance with the amplitude of os- 
cillation. Thus, it maintains the proper 
operating point for the system. A driver 
stage (V3) and power amplifier (V4) fol- 
low the oscillator section. V4 is trans- 
former -coupled to the output circuit. 
Here again, negative feedback is used to 
reduce the harmonic distortion and pro- 
vide a uniform frequency response at 
the output. 

The output stage will deliver 1 watt 
of power into a load impedance of 600 
ohms. Looking back into the output. 
the internal -output impedance is approxi- 
mately 100 ohms. With such a low in- 
ternal -output impedance, the output 
voltage is little affected by the external - 
load impedance. The power supply is 
conventional, except for its low ripple 
content. The power transformer does 
not induce magnetic coupling to the os- 
cillator circuitry. 

The principal advantage of the Wien- 
bridge oscillator is that it requires only 
a short warm-up period and Is ready 
for almost immediate use after power 
is applied. Generally harmonic distortion 
for this type oscillator is less than 0.5%. 
In models employing push-pull stages it 
is 0.25% or less. Some Wien -bridge oscil- 
lators are designed to cover a range of 
20 to 20.000 Hz in a single sweep- 
similar to the beat -frequency oscillator 
discussed previously. 

Other type audio oscillators employ 
phase -shifting networks, and inductively 
tuned circuits. The principal features es- 
sential for an acceptable audio oscillator 
are: accuracy of calibration, low har- 
monic distortion, consistency of output, 
low internal noise, and a low value of 
frequency drift relative to line voltage 
variations. 
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Fig. 7. 400 -Hz high-pass filter -type distortion measuring set. 

Distortion Sets 

The single -filter type of distortion 
set Is the most commonly employed for 
measuring harmonic distortion. A single 
sine -wave frequency is applied to the in- 
put of a device or transmission system 
under test. A given output level is set 
for the device or system, and the ampli- 
tude of the generated harmonics meas- 
ured in percent of fundamental fre- 
quency. A distortion set, distortion -factor 
meter, or harmonic -wave analyzer may 
be used for this purpose. Distortion -sets 
and distortion -factor meters measure the 
total rms harmonic distortion generated 
within the device under test by lumping 
all the harmonics present together. The 
harmonic -wave analyzer measures only 
the amplitude of the fundamental fre- 
quency or the amplitude of the indi- 
vidual harmonic voltages. information 
obtained by the use of a harmonic -wave 
analyzer can be used to compute the 
total harmonic distortion or to state the 
amplitude of a given harmonic in rela- 
tion to the fundamental frequency. 

There are several different types of 
distortion meters. They either employ a 
high-pass or bandpass filter, or a group 
of band -rejection filters. Some designs may 
be continuously tuned over the complete 
audio spectrum. Sometimes, the instru- 
ment will contain an internal null -indi- 
cator, while others require the use of 
an external one. 

The schematic diagram of a single. 
high-pass, filter -type, distortion meter is 
shown in Fig. 7. Since this device does 
not contain an amplifier or an indicating 
meter, one must be supplied externally. 
The circuit of this instrument centers 
around the use of a 400 -Hz. high-pass 
filter of extremely sharp attenuation 
characteristics. With the filter In the cir- 
cuit the fundamental frequency of 400 
Hz is suppressed approximately 75 db. 
This permits distortion components of 
less than 0.10% to be measured. 

A resistive network and a potentiom- 
eter (P1) are connected ahead of the 
filter for the purpose of comparing the 
voltage at the output of the filter with 
the voltage applied to the input. A dial 
calibrated from zero to 3% and to 30% 
Is mounted on the shaft of potentiometer 
Pl. When making a distortion measure- 
ment, the potentiometer is rotated until 
the same output voltage is obtained 
for either of the two positions of switch 
S2, which inserts or removes the filter 
from the circuit. The measurement is 
(S2 to Har. position) and the amplitude 
(S2 to Har. position) and the amplitude 
of the harmonics is read on an external 
null -indicator (VTVM). The filter is then 
removed by means of switch S2 (set to 
Fund.) and the dial (PI) rotated for an 
equal indication on the external meter, 
With S2 in this position, the amplitude 
of the fundamental and its harmonics 
is read. When a balance has been ob- 
tained between the two positions of this 
switch, the percent harmonic distortion 
is read directly from the dial. 
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The characteristics of the filter (Fig. 8) 
are such that all harmonics of 400 Hz- 
up to and including the fifteenth (6 kHz) 
-are passed. The sensitivity of this type 
of measuring device depends primarily 
on the sensitivity of the external null 
indicator and the degree of internal and 
external noise. Distortion sets such as this 
one measure the total rms harmonic dis- 
tortion. No indication is given of the 
amplitude of the individual harmonics 
as they are measured as a whole. If the 
individual harmonic voltages must be 
known, they may be measured with a 
harmonic -wave analyzer. 

Continuously Variable Types 

Several different types of completely 
self-contained instruments for measuring 
harmonic distortion throughout the audio 
spectrum have been developed. The basic 
schematic diagram for one such instru- 
ment appears in Fig. 9. 

Basically, this instrument consists of a 
high -gain amplifier with an RC-interstage 
coupling unit that can be balanced to a 
sharp null and a calibrated attenuator 
for adjusting the sensitivity of a vacuum - 
tube voltmeter. Degeneration is employed 
to maintain the stability of the ampli- 
fier gain and to provide a flat transmis- 
sion characteristic. The null frequency 
is continuously variable and is used to 
eliminate the fundamental frequency of 
the test signal, leaving only the dis- 
tortion products generated within the de- 
vice under test. The percentage of har- 
monic distortion may be read directly 
from the scale of the VTVM. 

When making hum and noise measure- 
ments, the null network is switched out 
of the circuit. The instrument then func- 
tions as a sensitive VTVM with a wide 
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Fig. 8. Frequency characteristic of a 400 -Hz 
high-pass filter. 

frequency response. Two input circuits 
are provided-a transformer for bridg- 
ing a line of 600 -ohm impedance, and 
a direct connection to a 100,000 -ohm 
input control. Frequencies up to 55 
kHz are passed by the amplifier without 
discrimination for distortion measure- 
ments using an 18 kHz fundamental fre- 
quency. The VTVM provides a full-scale 
deflection for distortion measurements of 
0.3, 1.0, 3.0, 10, and 30% distortion. 
Hum and noise may be measured down 
to -80 dbm. This instrument will meas- 
ure the total rms harmonic distortion 
for any frequency between 50 and 18 

kHz, including the harmonics up to 30 
kHz, using the input transformer. Har- 
monics up to 55 kHz may be measured 
with the 100,000 -ohm input potentiom- 
eter. 

An oscillator with low harmonic dis- 
tortion (0.20% or less) is connected to 
the input of the device to be tested 
through a suitable network. The output 
is terminated in its normal impedance 
by a resistive load. The distortion meter 
is connected in parallel with the load 
resistance. The signal to the device un- 
der test is increased to develop the de- 
sired output power. Measurements are 
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Fig. 10. Intermodulation distortion 
caused by operating on the non- 

linear portion of the curve. 

made at several different power levels 
and then plotted as power output versus 
harmonic distortion. 

Harmonic Wave Analyzers 
A wave analyzer is used to measure 

the individual amplitudes of harmonic 
frequencies contained in a complex wave- 
form. The instrument consists of a vari- 
able local oscillator, selective amplifier, 
and indicating meter. The local oscillator 
modulates the unknown frequency to pro- 
duce a constant difference frequency. 
This frequency is applied to a selective 
amplifier (also called an intermediate am- 
plifier) whose output is proportional to 
the magnitude of the unknown voltage. 

A wave analyzer is in reality a fre- 
quency -selective vacuum -tube voltmeter 
that uses the heterodyne principle em- 
ployed in radio receivers, only in this 
instance it operates at audio frequen- 
cies. The beat frequency may be either 
the sum or difference of the two fre- 
quencies. This basic principle is used in 
most wave analyzers. 

The local oscillator of the wave ana- 
lyzer beats with the frequency under ob- 
servation; the resulting beat frequency 
is then applied to the selective amplifier. 
The amplitude of the beat frequency is 
measured at the output of the selective 
amplifier with a calibrated VTVM. 

The advantage of variable selectivity 
in an analyzer over the fixed -selectivity 
type is apparent where a harmonic anal- 
ysis is being made of a device that has 
mechanical motion, such as a disc, tape, 
or film reproducer. In such devices a 
certain amount of flutter is encountered, 
and if the intermediate -amplifier selectiv- 
ity is too great, the signal passes in and 
out of the selective -amplifier pass -band, 
making the measurement of low ampli- 
tudes difficult. A selective amplifier with 
variable bandwidth can be adjusted for 
a bandwidth suitable for a giveìt meas- 
urement. If a steady signal source, such 
as from an oscillator, is being measured, 
either type of analyzer is satisfactory. 

The local oscillator of the analyzer 
that produces the beat frequency must 

Fig. 11. Undistorted IM test signal. 

be of stable design. The variable capaci- 
tor of the local oscillator is mechanically 
connected to a large dial which is cali- 
brated in terms of audio frequency. Al- 
though calibrated in audio frequency; the 
actual frequency of the oscillator varies 
somewhat between zero and 50 kHz, 
depending on the incoming frequency. 
The frequency of the local oscillator is 
equal to the frequency difference be- 
tween the selective -amplifier frequency 
and the frequency under observation. 

The intermediate frequency of wave 
analyzers employing negative feedback 
in the selective amplifier is usually 20 
kHz, while those using a crystal employ 
a frequency of 50 kHz. As an example 
assume that the analyzer uses a tuned 
amplifier of 50 kHz and the signal under 
measurement is 400 Hz. The local oscil- 
lator must be tuned to a frequency of 
49.6 kHz. This frequency will produce 
a beat frequency between the incoming 
signal and the local oscillator of 50 kHz 
(400 + 49,600). As another example, 
if the incoming frequency is 16 kHz the 
local oscillator must be set to a fre- 
quency of 34 kHz. The beat frequency 
will also be 50 kHz (16,000 + 34,000). 

Generation of Intermodulation 
Distortion 

If a test signal consisting of a high 
and a low frequency is applied simul- 
taneously to the input of a nonlinear 
transmission system, modulation of the 
high -frequency component of the test 
signal will occur at the rate, or multiple 
of the rate, of the low -frequency com- 
ponent as the test signal swings over the 
nonlinear portion of the transmission - 
system transfer characteristic. The re- 
sulting distortion generated by this ac- 
tion is termed intermodulation distortion 
and may be defined as the percent am- 
plitude modulation of the high -frequency 
signal by the low -frequency signal. 

Using a test -signal ratio of 4:1 (low 
frequency four times the amplitude of 
the high frequency, 12 -db differential), 
the distortion measured by the intermod- 
ulation method is roughly four times 
that measured by the conventional single - 
frequency method previously discussed. 
If the ratio between the two test signals 
is reduced to 6 db, the measurement 
will be approximately 2.7 times that of 
a single -frequency measurement. How- 
ever, it should be understood that there 
is no simple mathematical procedure for 
expressing the relationship between a sin- 
gle -frequency harmonic distortion meas- 
urement and an intermodulation meas- 
urement. The generated intermodulation 
products are proportional to the har- 
monics measured by a single frequency 
-but only under set conditions. 

In practice it may be found that the 
value of the intermodulation products in 
percent may be greater or less than the 
harmonics, depending on the order of 
the harmonics and the design of the 
device being tested. Therefore a direct 
comparison of the harmonics and inter - 
modulation products cannot be made, 
unless the conditions are specified. As a 
guide to what may be expected in radio 
and commercial recording and repro- 

ducing equipment, the following figures 
are typical: 

Frequency -modulated transmitters 
100% modulation -5 to 7% 
80% modulation -2 to 3% 

Disc -recording systems 
record/playback-2.5 to 4% 

Audio amplifiers 
High quality -0.10 to 1% 
Medium quality -2 to 5% 

Magnetic recorders and reproducers 
record/playback-2 to 4% 

For the purpose of illustration, the 
intermodulation distortion of a single - 
ended triode amplifier stage operating 
Class -A with normal load impedance and 
operating voltages will be investigated. 
The transfer characteristics for such a 
tube are shown in Fig. 10. Two test fre- 
quencies of 40 and 2,000 Hz (Fig. 11) are 
mixed in a ratio of 4:1 and applied to 
the control grid. The ratio of 4:1 for the 
test signal is obtained by setting the high - 
frequency component 12 db lower in 
amplitude than that of the low -frequency 
component. It is assumed that the com- 
bined test signal is of sufficient amplitude 
to drive the plate -circuit signal into the 
toe region of the plate -current charac- 
teristic. Because of the curvature at the 
lower end of the transfer characteristic, 
the symmetrical test -signal waveform will 
be distorted at the output. Since the low - 
frequency component of the test signal 
is of greater amplitude than the high - 
frequency component, it is distorted to 
a greater extent due to the deviation in 
the slope of the transfer characteristic. 
Thus, the high -frequency component is 
modulated by the low -frequency com- 
ponent at 40 Hz. If distortion is present 
in the amplifier, modulating the high - 
frequency component by the low -fre- 
quency component causes a flattening 
off of the high -frequency peaks at the 
output (Fig. 12), generating sum and 
difference frequencies. 

The percent of intermodulation dis- 
tortion may be defined as the ratio of 
the average deviation of the amplitude 
of the higher frequency signal above 
and below the mean value to a mean 
value expressed in percentage. Any math- 
ematical relationship between readings of 

100% 

75% 

50 

25% 

o 

Fig. 13. SMPTE input spectrum. 
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Fig. 12. Distorted SMPTE signal. 

percentage intermodulation and percent- 
age harmonic distortion must be made 
to only second harmonic or only the 
third harmonic. 

Measuring Intermodulation 
Distortion 

There are three methods of measur- 
ing intermodulation distortion. Each has 
its own advantages and disadvantages. 
The SMPTE method, adopted by the 
Society of Motion Picture and Television 
Engineers, is extensively used. The CCIF 
method, recommended by the Interna- 
tional Telephonic Consultative Commit- 
tee, offers certain advantages in some ap- 
plications. The notch method is a sim- 
plified method of measurement and does 
not require an intermodulation analyzer. 

Fig. 14. Distorted high -frequency at 
the filter output. 

SMPTE Method 
Basically, the complete analyzer con- 

sists of two units-a signal generator 
and an analyzer unit. The signal gen- 
erator generates two signals that are 
applied simultaneously to the input of the 
device under test. The analyzer portion 
is connected across the output load im- 
pedance of the device being tested and 
measures the intermodulation distortion 
percent being generated in the device. 
In the SMPTE method of measuring, 
the test signal consists of a low and 
high frequency mixed at a ratio of 4:1. 
The low frequency may be anywhere be- 
tween 40 and 100 Hz and the high fre- 
quency between 2 and 12 kHz. . The 
choice of frequencies will depend on the 
frequency characteristic of the device 
under test. As a guide, the following 
frequencies may be employed: 

Wide -band amplifiers -40 and 7,000 
Hz (sometimes 12,000 Hz) 

Medium -band amplifiers -60 and 2,000 
Hz 

Limited -band amplifiers -100 and 2,000 
Hz 

If the composite test signal is applied 
to the input of an amplifier, any non - 
linearity in the amplifier will cause sum 
and difference frequencies to be gener- 
ated. A portion of the frequency spec- 
trum as it would appear to the input of 
the analyzer is shown in Fig. 13. Fre- 
quencies f, and f, are the fundamental 
frequencies of the test signal. Other fre- 
quencies shown are the sum and differ- 
ence frequencies generated within the 

amplifier. The amplitude of frequency 
f, is taken as the reference frequency, 
and is indicated as 100%. All other fre- 
quencies are plotted with reference to 
this frequency. It should be noted that 
frequency f, is 12 db lower in ampli- 
tude than f,, which corresponds to a 
ratio of 4:1. The amplitude of the sum 
and difference frequencies in the output 
are dependent on the amount of inter - 
modulation distortion generated within 
the amplifier. 

If a frequency of 100 Hz is selected 
for f, and 5 kHz for f,, sum and dif- 
ference frequencies appear at intervals 
of 100 Hz. Other frequencies above and 
below f, also appear, but they are omit- 
ted in Fig. 13 for the sake of clarity. 

The signal generator generates two 
frequencies, one high and one low. The 
two signals are applied to a mixing cir- 
cuit set for a 4:1 ratio, and then they 
are applied through an attenuator to the 
device under test. The analyzer portion 
connected across the output of the de- 
vice contains an input attenuator, high- 
pass filter, amplifiers, rectifiers, low-pass 
filter, and a vacuum -tube voltmeter for 
indicating the percent of intermodulation 
distortion. 

To illustrate how the analyzer func- 
tions, assume that an amplifier is to be 
measured. The composite signal from the 
generator section is attenuated to the 
proper input level for the device under 
test and then applied to the input of 
the amplifier. The output of the amplifier 
is terminated in a resistive load equal 
to its normal operating load impedance. 
Because of the nonlinearity of the ampli- 
fier transfer characteristics, sum and dif- 
ference frequencies are generated within 
the amplifier. The distorted waveform 
at the output of the amplifier appears as 
in Fig. 12. Both the positive and nega- 
tive peaks are flattened off. 

It should be noted for this particular 
amplifier that the output waveform is 
compressed on both the positive and neg- 
ative peaks. That is, the high -frequency 
signal peaks are flattened off at the peaks 
of the analyzer and passed through a 
distorted signal is applied to the input 
of the analyzer and passed through a 
high-pass filter which removes the low - 
frequency component, leaving only the 
modulated or distorted high -frequency 
signal as shown in Fig. 14. The notches 
in the waveform correspond to the com- 
pressed high -frequency peaks. Leaving the 

Fig. 15. The resulting new signal. 

high-pass filter, the distorted high -fre- 
quency component is amplified and ap- 
plied to a full -wave rectifier and then to 
a 600 -Hz low-pass filter that removes 
the high -frequency component, leaving 
only the modulated envelope or a pul- 
sating direct current (Fig. 15) at the 
output. This pulsating direct current is 
the measure of intermodulation distor- 
tion of the high -frequency component 
caused by the modulation effect of the 
amplifier's low -frequency component. 

l00% 

I 1 1 t 
t2 -fl 2f1 -f2 I f2 2121l 

Fig. 16. CCIF input spectrum. 

CCIF Method 
A second method of measuring inter - 

modulation distortion, known as the 
CCIF method, is recommended by the 
International Telephonic Consultative 
Committee. It also employs two frequen- 
cies (f, and f,), but they are of equal 
amplitude. The two frequencies differ by 
an amount ranging from 30 to 1,000 
Hz. These frequencies are kept at a fixed 
ratio and moved up and down the fre- 
quency spectrum, producing a constant 
beat frequency along with the distortion 
products of the device under test. The 
appearance of the frequency spectrum 
for the CCIF method is shown in Fig. 
16. The intermodulation distortion prod- 
ucts are measured at the output of the 
device under test with a harmonic wave 
analyzer. The total intermodulation dis- 
tortion measured by the CCIF method 
may be computed in reading the wave 
analyzer: 

LF 
OSC. 

HF 
OSC 

BRIDGE 
VU METER 

AMP 

HIGH-PASS 
FILTER 

OSCILLOSCOPE 

FTÉ 
LO 

o 
o 

SYNC -CIRCUIT 

Fig. 17. Connections for measuring IM distortion using notch method. 
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Fig. 18. Relationship between notch 

IM Distortion- 
difference -frequency amplitude 

sum of high frequency test signals 

It Is felt by some investigators that 
the CCIF method offers some advan- 
tages over the SMPTE and single -fre- 
quency harmonic methods of measuring 
distortion. This is particularly true if the 
device under test has a limited frequency 
response, such as might be found in a 
hearing aid, noise suppressor, or low- 
pass filter. For such a device a single - 
frequency distortion measurement could 
be misleading, because of the limited 
frequency response. The SMPTE method 
might also be misleading, because of the 
4:1 ratio between the low- and high - 
frequency components of the test signal. 
It would appear that the CCIF method 
would be most satisfactory for such con- 
ditions because the component frequen- 
cies of the test signal are of equal am- 
plitude and permit a better measurement 
of high frequencies up to the cutoff. 

The principal difference between the 
two systems of measurement Ps that the 
CCIF method measures the low -frequency 
distortion due to the distortion of the 
higher frequencies, while the SMPTE 
method measures the effect of low -fre- 
quency distortion superimposed on the 
high frequency. 

depth and intermodulation distortion. 

Notch Method 
Intermodulation distortion may be 

measured by the notch method without 
the use of an intermodulation analyzer. 
While this method is not very accurate, 
it is satisfactory for practical purposes. 

The notch method employs two oscil- 
lators, a resistive bridge network for 
combining the output signals of the two 
oscillators, a high-pass filter, and a cath- 
ode-ray oscilloscope connected as shown 
in Fig. 17. The oscillator signals, which 
may be of any desired ratio, are fed into 
a resistive bridge network that affords 
isolation of the two signals, preventing 
the generation of intermodulation between 
the oscillators while permitting them to 
be combined into a composite signal. One 
leg of the bridge circuit feeds the input 
of the device being tested. The output of 
the device under test is terminated in its 
normal load impedance by resistive termi- 
nation R,,. A high-pass filter is bridged 
across the load termination with the 
oscilloscope connected to the output of 
the filter network. The filter is designed 
to have a steep cutoff characteristic and 
may be of an LC or RC configuration. 
Its cutoff frequency must be at least twice 
that of the low -frequency component of 
the test signal, since its purpose is to 
remove the low -frequency component and 
leave only the high -frequency component 

with the modulation envelope of the low - 
frequency signal. 

An amplifier under test Is shown In 
Fig. 17. First, the oscillator signal volt- 
age is set by means of a VTVM con- 
nected across the arms of the bridge 
circuit associated with the oscillators. 
After setting the ratio between the oscil- 
lators, the gain of the amplifier is ad- 
justed for a given output level. The 
amplifier output signal is passed through 
the high-pass filter (removing the low - 
frequency component) and displayed on 
an oscilloscope. The sweep -circuit control 
of the oscilloscope is adjusted to display 
an image of one cycle. This can be easily 
accomplished by connecting the external 
sync terminal of the oscilloscope to the 
plus -minus terminal of the low -frequency 
oscillator. 

Under normal operating conditions a 
notch will appear at the upper and lower 
edges of the image. An experimental 
relationship has been determined between 
the depth of the notch and the percent 
of intermodulation distortion, using a 
commercial intermodulation analyzer. The 
relationship is shown graphically in Fig. 
18. Percent intermodulation may be com- 
puted as shown in Fig. 19. Below a value 
of 10% intermodulation (50% notch 
depth) the relationship is fairly linear, 
making it practical to attach a scale to 
the face of the oscilloscope tube to read 
in percent intermodulation distortion. 

If more than one notch appears in 
an image, the total notch depth is the 
arithmetical sum of the individual notches 
on both the upper and lower edges 
of the image. If the image displays a 
peak rather than a notch, it is an indi- 
cation of oscillation in the amplifier and 
is generally found to occur between 5 

and 40 Hz. Typical images that may be 
expected are shown in Fig. 20. For a 
single -ended two -stage amplifier, two sets 
of four notches will be displayed for one 
cycle; four notches are normal for a 
push-pull stage. When notches appear on 
both edges, it is an indication that the 
distortion is occurring on both peaks of 
the signal. 

For certain types of intermodulation 
testing it may be desirable to use a sig- 
nal ratio other than the 4:1 conventional 
method of measurement. If the distor- 
tion appears in the lower frequencies, 
it may be determined by the use of 40, 
60, or 100 Hz in combination with 5,000 
Hz mixed in a 4:1 ratio. As little distor- 
tion will occur at 5,000 Hz, this fre- 
quency may be used as an indicator of 
low -frequency distortion. High -frequency 
distortion may be measured by 100 Hz 
in combination with 7,000 or 12000Hz 
set to a ratio of 1:1. 

Fig. 19. Determining notch depth. 

8 PF REPORTER'August, 1966 

Fig. 20. Typical notch images. 



Sarkes Tarzian, Inc., largest manufacturer of 
TV and FM tuners, offers unexcelled tuner 
overhaul and factory -supervised repair service. 
Completely -equipped and conveniently - 
located Service Centers offer fast, dependable 
and factory -supervised repair service on all 

makes and models. Centers are staffed by well - 

trained technicians, assisted by engineering 
personnel. 

Tarzian-made tuners received one day will 
be repaired and shipped out the next. More 
time may be required on other makes. Every 
channel-not just the channels existing in any 
given area-is checked and re -aligned per orig- 

inal specifications. Exclusive cleaning method 
makes the tuner look-as well as operate- 
like new. 

Cost, including ALL labor and parts (except 
tubes) is only $9.50 and $15 for UV combina- 
tions. No additional charge. No hidden costs. 
Too, you get a full, 12 -month warranty against 
defective workmanship and parts failure due 
to normal usage. 

Always send TV make, chassis and Model 
number with faulty tuner. Check with your 
local distributor for Sarkes Tarzian replace- 
ment tuners, parts or repair service. Or, use the 
address nearest you for fast, factory -supervised 
repair service. 

TUNER SERVICE CORPORATION 
(Factory -supervised tuner service authorized 
by Sarkes Tarzian) 
MIDWEST -817 N. Pennsylvania St. 

Indianapolis, Ind., Box 1642 
Tel : 317-632-3493 

EAST 547-49 Tonnele Ave., Jersey City, N. J. 
Tel : 201-792-3730 

SOUTH -EAST -938 Gordon St., S. W. 
Atlanta, Georgia 
Tel : 404-758-2232 

Circle 2 an literature card 

WEST- 
SARKES TARZIAN, Inc. 
Tuner Service Division 

10654 Magnolia Blvd., 
N. Hollywood, Calif. 
Tel: 213-769-2720 
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WHYrisk your reputation 
with "just -as -good" capacitors? 
When you pay little or no attention to quality in tubular 
replacement capacitors, you leave yourself wide open for 
criticism of your work ... you risk your reputation .. . 

you stand to lose customers. It just doesn't pay to take a 
chance on capacitors with unknown or debatable performance 
records when it's so easy to get guaranteed dependable 
tubulars from your Sprague distributor! 

There's no "maybe" 

with these 2 great 

SPRAGUE DIFiiM TUBULARS! 
The ultimate in tubular capacitor construction. Dual 
dielectric ... polyester film and special capacitor tissue .. . 

combines the best features of both. Impregnated with HCX®, 
an exclusive Sprague synthetic hydrocarbon material which 
fills every void in the paper, every pinhole in the plastic 
film before it solidifies, resulting in a rock -hard capacitor 
section ... there's no oil to leak, no wax to drip. Designed 
for 105°C (220°F) operation without voltage derating. 

DIFILM® BLACK BEAUTY® 

Molded Tubular Capacitors 

The world's most humidity -resistant molded capac- 
itors. Tough, protective outer case of non-flamma- 
ble molded phenolic ... cannot be damaged in 
handling or installation. Black Beauty Capacitors 
will withstand the hottest temperatures to be 
found in any TV or radio set, even in the most 
humid climates. 

DIFILM' ORANGE DROP® 

Dipped Tubular Capacitors 
A "must" for applications where only radial -lead 
capacitors will fit ... the perfect replacement for 
dipped capacitors now used in many leading TV 
sets. Double -dipped in rugged epoxy resin for posi- 
tive protection against extreme heat and humidity. 
No other dipped tubular capacitor can match 
Sprague Orange Drops! 

For complete listings, get your copy of Catalog C-616 from your 
Sprague distributor, or write to Sprague Products Company, p R A G U E 
10 5 Marshall Street, North Adams, Massachusetts 01247 

THE MARK OF RELIABILITY 
WORLD'S LARGEST MANUFACTURER OF CAPACITORS 
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Now RCA Victor 
most automatic 

Surest to satisfy! The new RCA Victor Mark I Deluxe for 1967 
is the most automatic Color TV ever made. With great new 
advances like these- 
Automatic Frequency Control. Precisely tunes and locks the 
signal in place automatically. 
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has the 
Colori V! 

First fiddle -free 
Color TV! 

It's the Mark I Deluxe 

Automatic Chroma Control. Keeps color level constant, re- UHF channels, turn TV off and on, adjust volume, tune "tint" 
gardless of channel switching. Customer merely sets color and "color,'' even turn all power off. In remote control 
tint. models of new Mark I Deluxe Color TV. 
Remote Control for VHF and UHF-only from RCA Victor. 
Lets viewer change stations, switch between all VHF and 

The Most Trusted Name in Electronics 

Tmk(s)O 
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MALLORY Tips for Technicians f INS 
Tips on replacing 

electrolytic capacitors 

How much aluminum foil 
makes 2 mfd at 150 WVDC? 

In plain foil, 
it takes 9 sq. in. 

In Mallory deep -etched 
foil, only 1 sq. in. 

Finding the right electrolytic capacitor for a replacement job 
often becomes a matter of juggling three factors: what the 
circuit originally called for, what you can get quickly from a 
distributor, and what you have on hand in your shop. Here 
are a few hints that may help to make your life easier. 

The important parameters about an electrolytic are voltage 
rating, capacitance, temperature rating and size. You have a 
certain amount of leeway on all four of these ... and knowing 
how far you can stretch safely may save you a lot of shoe 
leather looking for the exact replacement. 

Let's take voltage first. You can always substitute a capacitor 
with higher voltage rating than that originally required, with 
absolutely no harmful effects (except maybe on your pocket- 
book, because you may pay for extra capability that you 
don't need). But you should never replace with a voltage 
rating lower than the original. 

How about capacitance? Our advice-don't go too far from 
-10% +50% of the original value. You've probably heard 
that standard industry specs allow tolerances of 10% low and 
up to 150% high. Actual manufacturing practice at Mallory, 
is to make capacitors to considerably tighter tolerances .. . 

because most radio and TV manufacturers won't tolerate the 
wider variations. Too small capacitance is apt to raise hum 
levels. Too high capacitance may lead to surge damage to 
silicon rectifiers. 

On the temperature score, you don't have to worry if you use 
a Mallory FP -WP, TC, TT, or MTA type, because they're all 
rated for 85°C (except for three odd -ball TC's), and that's 
plenty for home instruments or industrial electronics. Our 
wax -filled cardboard tubulars are rated 65°C. The few cents 
extra that you might spend for a Mallory capacitor, com- 
pared to the cheapest ones you could buy, will assure you of 
several times longer service life. 

How about size? Don't be surprised when you find that in 
many instances the Mallory replacement is smaller than the 
original capacitor (naturally, it will still fit chassis cutouts). 
That's because of our new techniques for deep -etching alumi- 
num to increase the effective area of the anode. So we can get 
about nine times more microfarad-volt rating inside a 
given container than with plain foil. 

One final tip. Our new Capacitor Replacement Guide makes 
it a cinch to find the exact part number to specify, to replace 
just about any electrolytic you may 
encounter. Ask your Mallory Distributor 
for a copy, or write Mallory Distributor 
Products Company, a division of 
P. R. Mallory & Co. Inc., P. 0. Box 
1558, Indianapolis, Indiana 46206. ANNIVERSARY 
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The Electronic Scanner 

news of the servicing industry 

Mergers 

It was announced by President W. R. Triplett that Trip- 
lett Electrical Instrument Company has purchased the as- 
sets of Electronic Medical Specialties, Inc., producer of 
medical electronic equipment for hospitals, laboratories 
and research. The purchase price was not disclosed. 

Marvin Buffington, former president of EMS, will be 
general manager of the new Triplett division to be known 
as EMS -Buffington Division. The division will remain at 
the original facility location, 5939 Mayfield Road, Cleve- 
land, Ohio. 

Gulf & Western Industries, Inc. has agreed to acquire 
all the net assets of Muntz Stereo -Pak, Inc. 

The acquisition, announced by David N. Judelson, ex- 
ecutive vice president of Gulf & Western and Earl W. 
Muntz, founder and president of Muntz Stereo -Pak, is 
subject to compliance with the regulations of the Cali- 
fornia Corporations Act and approval of the boards of 
both companies. 

It is contemplated that all of the operations and assets 
of Muntz Stereo will be placed into a wholly -owned sub- 
sidiary of Gulf & Western and that present management 
of Muntz Stereo will continue to direct the operations of 
the new subsidiary subject to Gulf & Western. 

Muntz is currently producing about 10,000 stereo tape 
cartridges daily. The company was formed in 1963 and 
presently has 1,500 accounts throughout the United States. 
Its sales for fiscal 1966 are estimated at $20 million. Gulf 
& Western is a mining, chemical, manufacturing, auto- 
motive parts distribution, and aerospace company. The 
New York -Houston based company reported sales for the 
six months ending January 31, 1966 of $149,888,000. 

International Telephone and Telegraph Corporation 
stockholders overwhelmingly approved the merger of ITT 
and American Broadcasting Companies, Inc. 

At a special stockholders' meeting held recently in Balti- 
more, ITT stockholders voted in favor of the merger plan 
which previously had received approval by the boards of 
directors of both companies. 

Before the merger becomes final, approval must he ob- 
tained from the Federal Communications Commission and 
other appropriate government agencies. A favorable tax 
ruling with respect to the merger was obtained from the 
Internal Revenue Service on April 18. 

NATESA Awards 
The NATESA Spring Directors Conference was the 

scene of presentation of plaques symbolic of the 1965 
Friends of Service Management Awards which were voted 
to a number of companies at the NATESA Convention 
last August. This award is for activities to improve public 
relations and acceptance of the contributions of inde- 
pendent service toward better service and performance 
of home electric devices. 

The recipients were-The Finney Co., General Electric 
Tube Division, Philco Parts & Service Operations, RCA 

Experience 
for Sa/e.....+50 

Sure seems we started something! 
Yes; over ten years ago, when we started 
overhauling tuners (all makes and models), 
we set a price of $9.95 for this service. 

Apparently there are those who would like 
to imitate our achievement-and for 45¢ 
less. 

Maybe the special skills, special equipment 
and downright old fashioned experience 
we built up during these past years are 
worth that little extra.-You be the judge. 

Remember; 45¢ buys you more than a 
quarter of a million man/hours of expe- 
rience, plus true devotion to our business 
. . . our only business . . . overhauling 
your television tuners the best way we 
know how. And in over ten years we 
sure know how! 

Castle - The Pioneer of TV tuner overhauling 
Not the cheapest - just the best. 

i 
For complete tun- 
er overhaul we still 
charge only $9.95. 
This includes all 
labor and parts; 
except tubes and 
transistors, which 
are charged extra 
at low net prices. 

!Simply send us the defective tuner complete; include tubes, ' 

shield cover and any damaged parts with model number 
and complaint. Your tuner will be expertly overhauled and 
returned promptly, performance restored, aligned to original 
standards and warranted for 90 days. 
UV combination tuner must be single chassis type; dismantle 
tandem UHF and VHF tuners and send in the defective unit 
only. 
Exact Replacements are available for tuners unfit for over- 
haul. As low as $12.95 exchange. (Replacements are new or 
rebuilt.) 

CASTLE 
TV TUNER SERVICE, INC. 

MAIN PLANT: 5701 N. Western Ave., Chicago 45, Illinois 

EAST: 41-90 Vernon Blvd., Long Island City 1, N.Y. 

CANADA: 136 Main Street, Toronto 13, Ontario 
*Major Parts are additional in Canada 
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TRON 
SUB -MINIATURE 

PIGTAIL 

FUSES 
BODY SIZE ONLY 
.145x.300 INCHES 

VISUAL 

INDICATING 

For use on miniaturized devices, or on gigantic space 
tight multi -circuit electronic devices. 

Glass tube construction permits visual inspection 
of element. 

Smallest fuses available with wide ampere range. 
Twenty-three ampere sizes from 1/100 thru 15 amps. 

Hermetically sealed for potting without danger of 
sealing material affecting operation. Extremely high 
resistance to shock or vibration. Operate without 
exterior venting. 

Tell us what you need or.. 
Write for Buss Bulletin SFB 

INSIST ON BUSS 
QUALITY 

BUSSMANN MFG. DIVISION McGraw -Edison Co., St. Louis, Mo. 63107 

sales, profits, and backlog in the fiscal year ended February 
28, 1966. 

Sales for the year ended February 28, 1966, of $111,- 
760.265-topping the $100 million mark for the first time 
-were up 16 percent over the previous year. Record back- 
log at fiscal year-end was $63 million (vs. $37 million a 
year earlier), with the larger portion for commercial busi- 
ness, due particularly to "heavy demand for color -televi- 
sion and computer components." 

The Jerrold Corporation's sales and profits continued at 
record levels during the fourth quarter of the fiscal year 
ended February 28, 1966. 

Jerrold operations continued to move at a record pace 
in the first two months of the new fiscal year. Sales for 
March and April were nearly $8 million, up over 30 per- 
cent from the comparable months a year ago, and the 
firm's backlog remains in excess of $14 million. 

Results of CATV systems in which Jerrold has an own- 
.2rship interest are not consolidated in the Company's op- 
erating statement. 

Consolidated net income of Oak Electro/Netics Corp. 
in the first quarter increased 53 percent on a 12 -percent 
sales gain over the similar 1965 quarter. 

Sales amounted to $14,623,822, compared with $13,- 
048,970 in 1965. 

Increased sales in the quarter resulted from strong de- 
mand for the company's major component products, par- 
ticularly rotary and push-button switches, television tuners, 
indicator lights, and quartz crystals and filters. 

BUSS : The Complete Line of Fuses and I 

Electronic Components and Devices, RCA Sales Corp., 
Raytheon Tube Division, Sylvania Tube Division, and 
Zenith Radio Corp. 

Previously, plaques were awarded to the Howard W. 
Sams & Co., Inc., and Tung -Sol Electric, Inc., in special 
presentations. 

Money Matters 

The highest quarterly sales in Admiral Corporation his- 
tory, a sharp increase in earnings, and the declaration of 
the company's first cash dividend since December 1956 
were recently announced. 

Vincent Barreca, president, said that consolidated sales 
in the first quarter were $101,405,845, compared with 
$67,464,682 in 1965. 

The substantial increase in sales was attributable to the 
company's three major divisions-appliances, consumer 
electronics, and government electronics-with the largest 
gain a 151 -percent increase in factory sales of color tele- 
vision receivers. 

Collins Radio Company reported earnings of $5,357,- 
000, or $2.37 per share on the average number of shares 
outstanding, for the nine months ended April 29, 1966. 
Sales were $272,062,000. 

Comparative nine -month results for the previous year 
were earnings of $2,913,000, or $1.31 per share, on sales 
of $197,080,000. 

Backlog at April 29, 1966, was $337 million, compared 
to $261 million a year ago and $430 million at January 
28, 1966. 

General Instrument Corporation broke all records for 

c:z: Buss 
quick -acting 

FUSES 

3 
"Quick -Acting" fuses for protection of 
sensitive instruments or delicate appara- 
tus;-or normal acting fuses for protec- 
tion where circuit is not subject to 
current transients or surges. 

Write for 
BUSS 

Bulletin SFB 

INSIST ON BUSS 
QUALITY 

BUSSMANN MFG. DIVISION, McGrawEdison Co., ST. LOUIS, MO. 
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BUSS SHIELDED FUSEHOLDERS 

PREVENT 
RADIO 
FREQUENCY 
INTERFERENCE 

For use where fuse and fuseholder could pick up radio frequen- 

cy radiation which interferes with circuit containing fuseholder 

-or other nearby circuits. 

Fuseholder accomplishes both shielding and grounding. 

Available to take two sizes of fuses-IA x 11/4" and 1/4 x 1" fuses. 

Meet all requirements of both MIL -I -6181D and MIL -F -19207A. 

Write for BUSS Bulletin SFH-12 

INS/ST ON BUSS 
QUALITY 

BUSSMANN MFG. DIVISION, McGraw. Edison Co., ST. LOUIS, MO. 63107 

sales were aided by growing demand for color television. 
Sales of color -TV sets in the four -month period were more 
than double the sales during the first third of 1965. 

Mr. Morgan noted that consumers have become increas- 
ingly alert to console performance specifications of high 
fidelity stereo and high quality furniture. Consequently, he 
said, demand for quality equipment has been strong. 

Apprentice Training 

Co-operating with the Labor Department's Bureau of 
Apprenticeship and Training, the National Electronic As- 
sociations, Inc., is solidifying a program for the training 
of radio -television repairmen. Fulfilling a dual need, the 
program is designed to ease both unemployment and the 
critical shortage of technicians. Training in the four-year 
apprentice program involves both classroom work and on- 
the-job training. 

Expansions 

The Bendix Corporation is planning to expand its avion- 
ics production with the construction of a new facility at 
the Fort Lauderdale Executive Airport, Fla. E. K. Foster, 
Bendix vice-president and group executive, stated: 

"The new facility is necessary because of the continuing 
growth of the commercial and general aviation market 
and Bendix' increasing share of this market. 

The avionics products of the Radio division include 
radio communications, navigation equipment and systems, 
automatic direction finders, and weather and Doppler ra- 
dar systems. 

Fuseholders of Unquestioned Hi h Quality 
Record high earnings for the year to date, forecasts of 

new highs in sales and earnings for the year as a whole, 
and stockholder approval of the acquisition of D. C. Heath 
and Company, textbook publishers, highlighted the recent 
Raytheon Company annual meeting. 

Thomas L. Phillips, president, told stockholders "this 
year we expect Raytheon's sales volume to exceed $600 
million, more than $100 million higher than last year and 
the highest in any year to date." 

"Looking ahead," Phillips told stockholders "we are well 
on our way to achieving the goals announced a year ago." 
At the 1965 annual meeting, plans were described to dou- 
ble sales and more than triple total earnings by 1970. 

Reeves Industries, Inc. had record net earnings of $106,- 
900 in the first quarter of 1966, or 3 cents per share, com- 
pared to an adjusted net loss of $153,100 for the same 
period last year, H. W. Clapper, company president told 
the shareholders' annual meeting. First quarter sales were 
$2,624,000 compared to $1,943,000 in the comparable 
period in 1965. 

Reeves Industries is a large supplier through its Sound - 
craft Division of magnetic tape for the broadcasting in- 
dustry, the growing home -recording market, and the data- 
processing field. 

The Entertainment Products Division of Sylvania Elec- 
tric Products, Inc. reported that accelerating demand for 
1966 product lines boosted division sales in the first four 
months of this year by more than 100 percent over the 
comparable 1965 period. 

John T. Morgan, president of Sylvania Entertainment 
Products Corp., marketing subsidiary of the Division, said 

ISUAL INDICATING FU 

111 SS 
SUB -MINIATURE 
FUSEHOLDER COMBINATION 

E ONLY 
.270 x .250 
INCHES 

GMW FUSE 
and HWA 
FUSEHOLDER 

For space -tight applications. Fuse has window for 
inspection of element. Fuse may be used with or 
without holder. 

Fuse held tight in holder by beryllium copper con- 
tacts assuring low resistance. 

Holder can be used with or without knob. Knob 
makes holder water-proof from front of panel. 

Military type fuse FMO1 meets all requirements of 
MIL -F-23419. Military type holder FHN42W meets 
all military requirements of MIL -F -19207A. 

Write for BUSS Bulletin SFB 

INS/ST ON BUSS 
QUALITY 

BUSSMANN MFG. DIVISION, McGraw -Edison Co., ST. LOUIS, MO. 63107 
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EDITOR'S NOTE: 

Within the last several years, a 
new branch of electronics has rap- 
idly developed: Medical Electronics. 
Many of the innovations in this area 
are by-products of aerospace re- 
search; others have resulted from ap- 
plication of electronic data-process- 
ing techniques to medical statistics. 
As the frontiers of the state-of-the- 
art recede, the medical -electronics field 
constantly expands, utilizing new de- 
vices and new techniques. For ex- 
ample, lasers are now being used al- 
most routinely in many surgical op- 
erations. And the electroencephalo- 
graph (shown at the right) is a de- 
vice used for measuring the brain's 
activity. With these innovations and 
their effect upon the electronics in- 
dustry in mind, PF REPORTER pre- 
sents this medical -electronics feature. 

M i 1al Electronics Terminology 

The technician who sets out to 
explore the field of medical elec- 
tronics can expect to encounter 
much familiar terminology. Such 
awe-inspiring names as ballistocar- 
diography, electromyography and 
cardiac defibrillator may frighten 
the technician who does not realize 
that the instruments bearing these 
impressive names contain familiar 
circuits. T h e electroencephalo- 
graph, for example, consists of a 
low -frequency amplifier and a pen - 
type recorder; a cardiac pacemaker 
is a blocking oscillator; and a pho- 
nocardiograph is a microphone - 
amplifier -oscilloscope combination 
for displaying heart sounds. These 
instruments, and others, are de- 
scribed below in the familiar termi- 
nology of the electronics technician. 

Ballistocardiograph (bah lis tÔ 

kar' dé o graf) : Each time the 

,. 

Some of the terms you might encounter. 

by Ed Bukstein 

heart muscle contracts, it squeezes 
blood through the circulatory sys- 
tem of the body. Like the ballistic 
recoil of a rifle when the bullet is 
ejected, the ejection of blood from 
the heart produces a movement of 
the body along the head -foot axis. 
A person standing on a sensitive 
scale can sometimes observe this 
effect by noting the slight deflection 
of the scale pointer during each 
heartbeat. The ballistocardiograph 
(BCG) is an instrument that re- 
cords these body movements. 

Recordings of the ballistocardio- 
graph are accomplished with the 
patient reclining on a specially con- 
structed table. The table top is 
mounted on springs or rollers so 
that it is free to move along the 
head -foot axis. Ballistic motion of 
the patient's body is therefore im- 
parted to the table top, and a sens- 
ing device such as a phototube, 

strain gauge, magnetic pickup coil, 
or movable -core inductor responds 
to this motion. Output of the sens- 
ing element is amplified and fed to 
an oscilloscope or a pen -type re- 
corder. The resulting waveform, 
known as a ballistocardiogram, can 
be evaluated by trained personnel 
to reveal information about the heart 
and circulatory system. 

Cardiotachometer (kar" de o tah 
kom' e ter) : The cardiotachometer 
(Fig. 1) is a form of frequency 
meter used to indicate the heart- 
beat rate. The sensing element may 
be a ,microphone responding to 
heart sounds, a pressure transducer 
responding to the pulse, or metal 
electrodes picking up the voltage 
produced by the heart. In any case, 
the output of the sensing element 
is amplified and applied to a pulse - 
shaping circuit. These standardized 
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Fig. 1. Cardiotachometer. 

pulses, one for each heartbeat, are 
then applied to a metering circuit 
to indicate the rate of heartbeat. 

Defribrillator (de fib" ri la' tor) : 

Fibrillation is a condition in which 
the muscle fibers of the heart con- 
tract in a random, un -coordinated 
sequence. The heart therefore loses 
its effectiveness as a pump, and the 
condition is fatal within a few min- 
utes if normal heartbeat is not re- 
stored. By shocking the heart elec- 
trically, the defibrillator causes si- 
multaneous contraction of all mus- 
cle fibers. This produces a condition 
of cardiac standstill from which the 
heart often recovers spontaneously, 
resuming a normal beat. 

The output of the defibrillator is 
often a 60 -Hz sine wave obtained 
through a transformer from the 
power lines. Voltage is adjustable 
in the range of 50 to 200 volts. 
Contact with the patient is estab- 
lished by means of two metal elec- 
trodes placed on the chest, and the 
duration of the shock, .1 to .3 
second, is controlled by a time -de- 
lay circuit. 

High -voltage DC may also be 
used. Capacitance -discharge defi- 
brillators (see Fig. 2 for an exam- 
ple) supply a 2000 to 2500 -volt 
pulse for time durations of less than 
20 msec. In addition, defibrillators 
have been synchronized with elec- 
trocardiographs for treatment of 
fibrillation-the device is then sim- 
ilar to the pacemaker. 

Diathermy (di' ah ther" mé): 
Diathermy employs RF energy to 
produce heat in the deep tissues of 
the body. Eqiupment consists of a 
high -power RF oscillator whose out - 

i rte 

Fig. 2. DC defibrillator. 

put is applied to a pair of metal 
electrodes (insulated to prevent 
electric shock to the patient). These 
electrodes, known as applicators, 
are positioned on the patient's body 
so that the tissues to be heated are 
between the applicators; the patient 
thus becomes the dielectric of a ca- 
pacitor. Proper choice of size and 
position of the applicators permits 
heating of a selected region of the 
body. Typical frequencies of opera- 
tion are in the 13-, 27-, and 40 - 
MHz bands, but some units operate 
in the microwave region around 
900 or 2300 MHz. 

Electrocardiograph (e lek" tro 
kat.' de o graf) : The electrocardi- 
ograph (EKG), see Fig. 3) records 
the voltage produced by the heart 
as it alternately contracts and re- 
laxes. This voltage is picked up by 
means of metal electrodes strapped 
to the arms, legs, and chest of the 
patient. At the electrodes, the volt- 
age is approximately 1 millivolt 
peak and must be amplified to a 
level sufficient to drive a recording 
pen which writes on a paper chart. 
The amplifier must have excellent 

low -frequency response because the 
input pulses from the electrodes 
have a basic frequency of approxi- 
mately 1 Hz (the heartbeat rate). 
For this reason, EKG amplifiers 
generally employ either direct or 
capacitive coupling with relatively 
large values of capacitance -2 to 
10 mfd. 

Although the low -frequency re- 
sponse of the EKG amplifier must 
extend below 1 Hz, high -frequency 
response is not critical. Few electro- 
cardiographs (including the pen 
mechanism) will respond above 
100 Hz, and response may be de- 
liberately limited to less than 60 Hz 
to attenuate stray pickup from the 
power lines. 

The recording mechanism is es- 
sentially a D'Arsonval movement 
fitted with a light .weight pen instead 
of the usual pointer. The pen writes 
on a long paper chart pulled 
through the machine by a constant - 
speed motor. 

Electroencephalograph (e lek" 
tro en sef' ah lo graf) : The elec- 
troencephalograph (EEG) records 
the electrical activity of the brain. 

EEG 

EMG 

ECG 

TABLE 

MICROPHONE 

BCG 

TRANS DUCER 

PCG 

ELECTRO- 

MANOMETER 

Fig. B. Typical examples of medical instrumentation: EEG records brain voltage, 
EMG records muscle voltage, ECG records heart voltage, BCG records movement 
of body when blood is ejected from heart, PCG records waveform of heart sounds, 

and electromanometer records blood -pressure waveform. 
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Fig. C. Oscilloscope designed for medical applications. Fig. 3. EKG records electrical activity of the heart. 

Like the electrocardiograph, this in- 
strument consists of a high -gain am- 
plifier and a pen -type recorder. The 
brain -generated voltage is picked up 
by small metal electrodes on the 
surface of the scalp. The waveform 
is roughly sinusoidal and the ampli- 
tude at the electrodes is in the p. volt 
region. The dominant frequency 
component, known as the alpha 
rhythm, is approximately 8 to 12 Hz. 

Research and clinical electroen- 
cephalographs are multichannel in- 
struments to permit simultaneous 
recording from different areas of the 
scalp. Typically, the instrument con- 
sists of eight identical amplifiers 
feeding eight recording pens. All 
pens write on the same (wide) 
chart so that the waveforms are re- 
corded in correct time relationship. 

Electromanometer (e lek" tro 
man om' e ter) : The electromano- 
meter is a pressure -recording de- 
vice. A typical instrument employs 
a transducer such as a strain gauge 
for sensing variations of pressure. 
The transducer is mounted in a hy- 
podermic syringe which is inserted 
into the blood vessel whose pres- 
sure is to be monitored. The strain 
gauge varies in resistance accord- 
ing to pressure changes and is con- 
nected in a bridge circuit. The de- 
gree of unbalance of the bridge then 
varies according to pressure 
changes. Output of the bridge is am- 
plified, and the resulting waveform 
is either displayed on an oscillo- 
scope or applied to a pen -type re- 
corder. Some electromanometers 
employ surface -type transducers 
such as condenser microphones for 
measuring pulse pressure. 

Electromyograph (e lek" tro mi' o 
g r a f) : The electromyograph 
(EMG) records the electrical activ- 
ity of muscle. A needle -shaped elec- 
trode is inserted into the muscle to 
be studied and picks up the voltage 
pulses produced when the muscle 
fibers contract; these pulses are am- 
plified and displayed on an oscillo- 
scope. (Pen -type recorders do not 
have the frequency response gener- 
ally required for electromyog- 
raphy. Most electromyographs 
include an audio amplifier and loud- 
speaker to make the muscle pulses 
audible. To the trained diagnostic- 
ian, these sounds are as meaningful 
as waveforms on the oscilloscope. 

Oximeter (ok sim' e ter) : The ox- 
imeter is a device for measuring the 
oxygenation of the blood. The blood 
sample is placed between a light 
source and a photocell, and the 
light transmitted through the sam- 
ple is a measure of the oxygen con- 
tent. Output of the photocell is am- 
plified and displayed on a meter. 
Some oximeters employ an ear -clip 
so that measurement can be per- 
formed without drawing a sample of 
blood. The ear -clip contains a min- 
iature light bulb and photocell to 
measure light transmission through 
the ear lobe. 

Pacemaker (pas mak er): The 
pacemaker is a pulse generator used 
for restarting the heart after a con- 
dition of standstill (cardiac arrest) 
has occurred. By means of elec- 
trodes placed on the chest, or direct- 
ly on the heart during surgery, puls- 
es of current are passed through the 
heart at regular intervals. Each 

pulse causes the heart muscle to 
contract, restoring normal heart- 
beat. The pulses are 1 to 2 millisec- 
onds in duration and are variable 
in repetition rate from approximate- 
ly 20 to 200 pulses per minute. A 
few heart patients require continual 
electrical stimulation, and miniatur- 
ized pacemakers are implanted sur- 
gically in their bodies. 

Phonocardiograph (fo" no kar' 
de o graf) : The phonocardiograph 
(PCG) records the waveforms cor- 
responding to the sounds produced 
by the heart. The sounds are picked 
up by a microphone held against 
the chest, and the signal is fed to a 
high -gain, low -noise amplifier. Am- 
plifier output is either displayed on 
an oscilloscope or is applied to a 
pen -type recorder. A headset or 
loudspeaker is also included for 
aural monitoring of heart sounds. 

The waveforms recorded by the 
phonocardiograph convey diagnosti- 
cally useful data not attainable by 
use of the ordinary stethoscope. 
The acoustical stethoscope (and the 
doctor's ears) does not respond to 
many important heart sounds, 
which are low in both frequency 
and intensity. 

Crystal and condenser micro- 
phones are often employed in pho- 
nocardiography. In a variation of 
the basic technique, a subminiature 
microphone can be pushed through 
a blood vessel until it is inside the 
heart. This permits monitoring of 
sounds within the chambers of the 
heart, and these sounds can be in- 
terpreted in terms of blood flow, 
valve action, leakage, or other de- 
sired information. 
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Ambitious electronic technicians 
can render a valuable service to 
nearby aerospace firms which use 
vibration test equipment, and can 
be well paid for occasional trouble- 
shooting and assistance. This ar- 
ticle will briefly describe vibration 
test systems and tell how they are 
used. Finally, it suggests ways to 
go after this lucrative business. 

A few old "shakers" are driven 
mechanically, somewhat like oscill- 

Test Equipment 

High -power audio equipment in the laboratory. 

by Wayne Tustin 

ating paint mixers. We will discuss 
more modern electromagnetic sys- 
tems which are used quite com- 
monly by aerospace firms, military 
and government research labs, etc. 

Electromagnetic Shaker Systems 

A system for vibration testing 
usually consists of three major ele- 
ments: 
(1) An electromagnetic shaker, or 

vibration exciter, such as 

Fig. 1. Shaker attached through floor of temperature chamber. 

AIR OUT 

.. 

DC FIELD COILS 

TABLE 

Ö\\\\M 

\1 Y\ 
FLUX PATH 

AC 
DRIVER COIL 

AIR OUT 

COVER PLATE 

BODY 

BLOWER 

Fig. 2. Cutaway view of a shaker. 

shown in Fig. 1. This is really 
an overgrown loudspeaker. As 
shown in Fig. 2, DC flows in 
a field winding which is con- 
nected to a table. The table 
(and the item to be tested) 
vibrate at the frequency of 
the AC; the most common 
frequency range is 5 to 2,000 
Hz. Maximum stroke is usu- 
ally 1 inch. 

(2) A power amplifier which can 
deliver enough AC voltage 
and current to drive the shak- 
er. Amplifiers range from 1 

to 150 kilowatts or greater, 
though most encountered are 
relatively small -1 to 10 kw. 
For maximum fidelity, com- 
bined with reasonable cost 
and efficiency, these amplifiers 
are usually Class AB1 or AB2. 
Most of them use forced -air 
or water-cooled vacuum tubes, 
but a few of the latest use 
large water-cooled transistors. 
Signal sources and system con - (3) 
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Fig. 3. A typical 

trots. These may be located 
on the power amplifier or in 
a separate console. The type 
of signal source used depends 
upon the type of vibration 
testing required. Most vibra- 
tion testing calls for sinusoidal 
motion of the shaker and test 
item. However, a growing 
number of vibration test spe- 
cifications call for "random" 
vibration. 

Fig. 3 is a block diagram of a 
basic shaker system. 

System Uses 

Do not be surprised if you have 
not heard much about vibration 
testing previously. It is a new field 
of testing, one which is of tremend- 
ous importance in America's de- 
fense efforts and in the "Space 
Race." As recently as 10 years 
ago, very little vibration testing was 
being performed. 

Most vibration testing is done to 
increase the reliability of aircraft, 
missiles, and rockets, It really be- 
gan during World War II, when 
military aircraft missions often 
were aborted because the vibration 
from the engines affected delicate 
electronic and electromechanical 
systems and interfered with their op- 
eration. Often the culprit was a 
"noisy" vacuum tube or a "chat- 
tering" relay. Such faults had not 

shaker system. 

previously caused trouble because 
prewar engines were less powerful 
and airborne systems were much 
simpler (or did not exist at all) . 

Most vibration testing is a form 
of environmental testing. Such tests 
are performed to find out if a par- 
ticular component or assembly will 
operate satisfactorily while being 
subjected to vibration. Will a tube 
produce noise? Will a relay chatter? 
Will a circuit function correctly? 
Attach the test item to a shaker 
and find out! 

Test Specs 

Test specifications dictate the 
type of motion, frequency range, 
severity of vibration, and length 
of time the test will continue. An 
early test specification called for 
sweeping the frequency range from 
10 to 500 Hz and back to 10 in 
15 minutes. This sweep was to be 
repeated 8 times, with the test 
item oriented in each of three di- 
rections. Up to 74 Hz, the "cross- 
over" frequency, the stroke was 
to be held at 0.036" (peak -to - 
peak). Above 74 Hz, the accelera- 
tion was to be controlled at ±10 
"g" or "gravitational constants." 
Such a test specification is shown 
graphically in Fig. 4. Newer speci- 
fications may call for sweeping up 
to 2,000 Hz or even higher, for 
strokes up to 1", and for accelera - 

4 CONSTANT ACCELERATION, + lOg (PEAK) 

o 

gir. 

ay , 
;P 44e 

o 

10 74 

FREQUENCY -CYCLES PER SECOND 

500 

Fig. 4. Early test specification. 

tions up to ± 100g. The motion is 
to be sinusoidal; the output of a 
motion pickup, called an acceler- 
ometer, should resemble Fig. 5 
when it is viewed on an oscillo- 
scope. The signal which drives the 
power amplifier, which in turn 
drives the shaker, originates in an 
audio oscillator. 

The vibrations just described are 
an attempt to simulate the kind 
of vibration that occurs in ships, 
autos, and piston-engined, propel- 
ler -driven airplanes. It usually is 
caused by "dynamic unbalance"- 
the rotation of parts which are not 
perfectly balanced. (A simple ex- 
ample is the vibration you feel in 
your car when a wheel is unbal- 
anced.) 

Fig. 5. Motion generator output. 

Fig. 6. Noise generator output. 

More and more test specifica- 
tions now call for "random" mo- 
tion, which is much harder to de- 
scribe than the sinusoidal vibration 
just discussed. Random vibration 
usually contains a spectrum of fre- 
quencies; that is, all frequencies 
in a continuous band (such as 20 
to 2,000 Hz) are present at once. 
Signals for such tests originate in 
a noise generator, and the motion 
will definitely not be sinusoidal. 
The output of a motion generator 
attached to the shaker may look 
like Fig. 6 when viewed on an 
oscilloscope. 

Controlling the Test 

As we mentioned earlier, the 
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controls may be located on the 
power amplifier. In larger, more 
elaborate systems, operating con- 
trols will be found on a separate 
console. The console may be locat- 
ed in a soundproof room, as big 
shakers create much noise when 
they vibrate. The power amplifier 
may even be located outside the 
test lab. This is especially true if 
it is a large, air-cooled unit; these 
units make a lot of blower noise 
and may dump much hot air from 
their exhausts. 

For sinusoidal vibration tests, as 
suggested by Fig. 5, the two essen- 
tial operating controls are these: 

1. the frequency of the oscil- 
lator; 

2. the setting of a gain control, 
which may be marked "Force Con- 
trol." 

For random vibration tests, the 
operating controls are much more 
complex. Elements known as equal- 
izers, clippers, analyzers, and with 
other strange -sounding names will 
be encountered. At first these may 
be difficult to understand (both 
what they do and how they work), 
but eventually you will be able to 
service them as well as the simpler 
parts of the system. 

The great majority of vibration 
testing laboratories are equipped 
to do only sinusoidal vibration 
testing. Only a very few labs are 
equipped for random testing. 

Getting Started 

There is a great deal more you 
need to know, both to understand 
the functions of the system and of 
its parts, and to know how to trou- 
bleshoot a shaker system. Remem- 
ber, though, that they closely re- 
semble a hi-fi system. Shaker mo- 
tion should merely duplicate the 
input electrical signal. 

A great deal of information may 
be found in the instruction manu- 
als that are originally provided 
with every system. You should bor- 
row these and study them. Un- 
fortunately, they usually have two 
shortcomings: 
1. They are badly compartmented. 

That is, one section will deal 
with the shaker, another will 
describe the power amplifier, 
etc. Manuals seldom give the 
reader an overall look at how 
the entire system works. They 

assume that the reader already 
knows a great deal about vibra- 
tion testing. 

2. Manuals may contain a lot of 
"boilerplate" material; that is, 
they carry much more -or -less 
standardized printed material 
that applies to all of that manu- 
facturer's systems. You will 
have to search to find the spe- 
cific information that applies 
to the shaker, amplifier, etc., 
that you are trying to service. 

Home -study courses are avail- 
able, offering a great deal of gen- 
eralized information both for the 
operator of shaker systems and for 
people who must maintain them. 
As you absorb the general infor- 
mation in those courses, the specific 
information found in the shaker 
system manuals will become clear 
and understandable. 

Soliciting Business 

Most users of vibration test 
equipment will welcome your of- 
fer to maintain their shaker sys- 
tems in good running order. Usu- 
ally you should talk to someone 
whose title might be Head, Vibra- 
tion Test Laboratory; or Head, 
Environmental Test Laboratory; or 
Manager, Test Department. 

Explain that you are soliciting 
the business of keeping their shaker 
equipment in "like new" condition. 
Emphasize that you know how im- 
portant it is to the test lab that 
the shaker system not break down 
on the day of an important test. 
Such breakdowns often have dire 
consequences, since vibration tests 
are usually the final step before 

shipment of a firm's product. Tell 
them you understand the basic 
operation of their systems but that 
you will need to study their manu- 
als. Point out that you believe in 
preventive maintenance to find and 
correct minor imperfections before 
they become major catastrophes. 
Explain also that you are available, 
in case of emergency, at night or 
on weekends (at higher rates). 

The managers of these laborato- 
ries are often mechanical engi- 
neers. Their knowledge of elec- 
tronics may be somewhat limited. 
Don't try to "snow" them, of 
course; quietly affirm that you are 
competent to do the job. In many 
cases, you will be welcomed. 

Of course, the initial answer 
may be, "No." The firm may al- 
ready have a good electronics tech- 
nician who operates and maintains 
the vibration test system. Leave 
your card, anyway; that man may 
leave or be reassigned to another 
job. His successor may not be as 
competent, and you could be asked 
to take over maintenance. 

You will note that most of the 
suppliers in Table I are either on 
the East or West Coast, close to 
most aerospace centers. But many 
government and military laborato- 
ries, and many of the firms that 
manufacture aerospace products, 
are located some distance away. If 
one of these users of vibration 
equipment (located in Missouri, for 
example) needs a serviceman, that 
man must fly a long distance, at 
considerable expense and with seri- 
ous delays, to vital test programs. 

There will be times, of course, 
Please turn to page 61 

Table I 

Major Sources of Vibration Test Equipment 
and Auxiliary Equipment 

Electromagnetic Shaker Systems 
AGAC-Derritron Corp. 
Ling Electronics 
MB Electronics 
Unholtz-Dickie Corp 

Vibration Measuring Systems 
Endevco Corp. 
Gulton Corp. 
Kistler Instruments Corp. 

Vibration Analysis Systems 
Honneywell 
Spectral Dynamics Corp. 
Technical Products Corp. 

Alexandria, Virginia 
Anaheim, California 
New Haven, Connecticut 
Hamden, Connecticut 

Pasadena, Californie 
Metuchen, New York 
Clarence, New York 

Denver, Colorado 
San Diego, California 
Hollywood, California 
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Milestones of TV 

Many discoveries and inventions 
were accidental. For instance, light- 
ning struck a tree and man discov- 
ered fire. However, television wasn't 
discovered that easily. It was the 
result of many years of work by 
many people. Most of these people 
were caught up with the idea of 
long-distance communication. 
Morses's telegraph was the first 
breakthrough; others soon followed. 

Within months of the invention 
of the telegraph, Alexander Bain in- 
vented a system for sending images 
over wire. The device employed a 
wire brush to scan words made of 
metal type, and the receiver repro- 
duced the words on chemically 
treated paper. Some of Bain's basic 
principles are still in use in the fac- 

A short history of early television. 

by T. T. Jones 

simile and wire -photo networks. 
The first actual transmission of a 

picture by electricity came in 1862, 
when outline drawings were sent 
over wires by a device called the 
Pantelegraph. The system, invented 
by Abbe Caselli, was in use be- 
tween Paris and Amiens from 1865 
to 1869. A similar system was ob- 
served in use just ten years ago. 
This device, called the Telauto- 
graph, reproduced handwriting as it 
was written. It was used between 
floors of a large midwestern hos- 
pital. 

In 1875, G. R. Carey conceived 
the TV system shown in Fig. 1. 
The basic idea was ingenious, but 
there were many practical prob- 
lems. The system failed primarily 
because the selenium cells of the 

SUBJECT 

MOSAIC OF 

PHOTOCELLS 

BANK OF LAMPS 

SEPARATE WIRES FROM 
EACH PHOTOCELL TO ITS 

CORRESPONDING LAMP 

Fig. 1. 1875 photocell TV system. 

day did not develop sufficient cur- 
rent to light the bulbs. It was an- 
other 30 years before DeForest in- 
vented the vacuum tube which could 
amplify the current from the cells. 
Another problem was the tremen- 
dous number of circuits needed to 
carry the picture. 

The most significant advance in 
the early quest for TV came in 
1884 when Paul Nipkow invented 
the scanning disc. The disc shown 
in Fig. 2 scans 24 lines per frame. 
Later developments increased the 
scan to 240 lines. The scan is ef- 
fected by rotating the disc. As each 
hole reaches the end of the line the 
following hole starts across, slightly 
lower, to scan the next line. At the 
end of one revolution, hole number 
one is in position to start the next 
frame. The scanning disc solved one 
of Carey's problems, since only one 
circuit could carry the picture. 

There was little TV activity dur- 
ing the next few years, since many 
of the best minds of the day turned 
their attention to radio. However, 
in 1907 Boris Rosing patented a TV 
system using the cathode-ray tube 
as a receiving device. At this time 
the CRT was a crude and fragile 
laboratory toy. Rosing worked at 
the St. Petersburg Technological In- 
stitute and had a young student 
named V. K. Zworykin. Zworykin's 
experiences in St. Petersburg were 
the foundation for his brilliant ca- 
reer in television. 

The following year, Campbell - 
Swinton in Great Britain proposed 
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Fig. 2. Nipkow's 1884 scanning disc. 

a system using a CRT as a camera 
device, but somehow nothing came 
of it. 

By this time, all the ingredients 
of a TV system had been discov- 
ered. The problem was the consoli- 
dation of the existing ideas. How- 
ever, World War I halted most of 
the TV experimentation, and it was 
not until 1923 that further signifi- 
cant work was done. In that year 
J. L. Baird, in London, and C. F. 
Jenkins, in New York, sent silhou- 
ettes over wire with a scanning -disc 
system similar to that in Fig. 3. 

By 1925, Jenkins and Baird were 
using moving pictures in their ex- 
periments. During the same year, 
Mr. Jenkins broadcast movies over 
station NOF in Washington, thus 
establishing the enduring tradition 
of old movies on the late show. 

In 1927, A.T. & T. tried a 
TV -telephone experiment between 
Washington and New York, using 
50 -line scan. The experiment was 
reasonably successful, but no at- 
tempt was made at the time to com- 
mercialize it. In the late 30's, how- 
ever, a commercial phone -TV link 
was in operation between Berlin 
and Nuremburg, Germany, with toll 
charges twice the regular long-dis- 
tan.:e phone rate. More recently, a 

high quality phone -TV system was 
in use between the New York 
World's Fair and the Chicago Mu- 
seum of Science and Industry. 

England and America were linked 
by TV Feb. 8, 1928. Baird trans- 
mitted a picture of Mrs. Mia Howe 
in London to a receiver in Harts- 
dale, N. Y. The event received con- 
siderable publicity in the New York 
Times, which called it a `mile- 

stone of epochal importance." Some 
thirty-five years later Telstar dupli- 
cated the feat, with much improved 
picture quality. 

The year 1928 produced many 
"firsts" in television. In August, Mr. 
Baird demonstrated a crude color 
TV system, and a 3D stereoscopic 
TV. In May, WGY in Schenectady 
became the first station to have a 

regular TV schedule, 3 afternoons 
a week. Movies were broadcast on 
a regular schedule in Washington, 
starting July 2, and WGY broad- 
cast the first live drama show on 
Sept. 11. At the same time, Philo 
Farnsworth was quietly working on 
a receiver which used a CRT in- 
stead of a scanning disc. 

TV sprang up in several nations 
the next year. BBC began broad- 
casting in England on an experi- 
mental basis, and Germany soon 
followed. These two nations had 
stations on the air more or less reg- 
ularly until World War II began. 
At least fifteen other countries had 
some activity. 

Germany and Russia were quick 
to realize the value of TV to their 
propaganda machines. Receivers 
were installed in many public places 
so that the state news agencies could 
be seen and heard. 

Bell Labs held a public demon- 
stration of a color -TV system in 
1929; however, with so many prob- 
lems still to be solved in black -and - 
white, color received little attention. 

By 1931, however, the TV in- 
dustry was booming. Fifteen sta- 
tions in the U. S. had regular trans- 
mission schedules. All were using 
scanning discs, and most of them 
used 48 -line pictures, 1.5 per sec- 
ond. W9XR in Chicago had only 
24 lines, but W2XBS scanned 72 
lines per frame. The transmission 
channels were about 100 kHz wide, 

Fig. 4. TV receiver of 1932 vintage. 

in the band from 2000 to 2900 
kHz. A typical receiver of the per- 
iod is shown in Fig. 4. 

The English Derby was televised 
live in 1931. This was a major 
event, because the cameras of the 
day were very insensitive to light. 
Most programs were performed un- 
der carbon -arc lights. This same 
year, Allen Dumont began opera- 
tion of his factory which was to 
bring the CRT out of the labora- 
tory and into homes. 

Two years later the boom col- 
lapsed. The 48 -line scan did not 
give good quality pictures, and even 
when scanning discs were improved 
to 120 lines, the definition was poor. 
CBS suspended broadcasts after 
2500 hours on the air. 

Research went on, however, as 
RCA was experimenting with the 
iconoscope, and Farnsworth was 
perfecting the image -dissector tube. 
The answer to scanning problems 
was at hand. 

The year 1935 ushered in a new 
series of experimental broadcasts. 
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Fig. 3. 1923 scanning system sent silhouette images. 
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TUBE and TRANSISTOR DATA 

CATHODE-RAY TUBES 

16CHP4 
Protection-tension band 
Deflection -114° 
Filament -6.3V @ 0.45A (11 sec) 
Grid 2-30V 

16CMP4 
Protection-tension band 
Deflection -114 ° 
Filament -6.3V @ 0.45A (11 sec) 
Grid 2-400V 

17EMP4 
Protection-tension band 
Deflection -114° 
Filament -6.3V @ 0.45A (11 sec) 
Grid 2-50V 

19ESP4 
Protection-tension band 
Deflection -114° 
Filament -6.3V @ 0.6A (11 sec) 
Grid 2-50V 

19FEP4 
Protection-tension band 
Deflection -114° 
Filament -6.3V @ 0.45A (11 sec) 
Grid 2-30V 

7 

2-6 
3 

8HR 

7 

2-6 
3 

8HR 

7 

2-6 
3 

8HR 

7 

2-6 
3 

8HR 

7 

2-6 
3 

1 9FNP4 
Protection-tension band 
Deflection -114° 
Filament -6.3V @ 0.6A (11 sec) 
Grid 2-300V 

21 FXP4 
Protection-filled rim 
Deflection -114° 
Filament -6.3V @ 0.45A (11 sec) 
Grid 2-400V 

23GTP4 
Protection-tension band 
Deflection -110° 
Filament -6.3V @ 0.6A (11 sec) 
Grid 2-300V 

23HGP4 
Protection-tension band 
Deflection -110° 
Filament -6.3V @ 0.45A (11 sec) 
Grid 2-300V 

23HKP4 
Protection-filled rim 
Deflection -110° 
Filament -6.3V @ 0.6A (11 sec) 

Grid 2-150V 

8HR 

7 

2-6 
3 
4 

8HR 

7 

2-6 
3 

8HR 

7 

2-6 
3 

8HR 

7 

2-6 
3 

26 PF REPORTER/August, 1966 

8HR 8HR 



TRANSISTORS 

2N1180 
FM -IF Amplifier 
PNP-Germanium 

2N2009 
FM Oscillator 
PNP-Germanium 

2SA60 
Video Amplifier 
PNP-Germanium 

2SA70MA 
IF Amplifier 
PNP-Germanium 

2SA71 B 

IF Amplifier 
PNP-Germanium 

E 

CASE 

CASE 

CASE 

DOT/ KEY 

CASE 

DOT;KEY 

2SA103 
IF Amplifier 
PNP-Germanium 

2SA103CA 
IF Amplifier 
PNP-Germanium 

2SA127 
Video Amplifier 
PNP-Germanium 

2SA141 
AM IF Amplifier 
PNP-Germanium 

25A235C 
Video IF Amplifier 
PNP-Germanium 

DOT 

CASE 

C 

KEY 

C 

DOT KEY 

CASE 
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2SA385 
Noise Inverter 
PNP-Silicon 

25A437 
Video IF Amplifier 
PNP-Germanium 

25A448 
UHF Oscillator 
PNP-Silicon 

25A454 
IF Amplifier 
PNP-Germanium 

2SA455 
IF Amplifier 
PNP-Germanium 

2SA456 
IF Amplifier 
PNP-Germanium 

C 

DOT/KEY 

CASE 

CASE 

CASE 

CASE 

CASE 

2SB62 
Vertical Output 
PNP-Germanium 

2SB94 
Horizontal Oscillator 
PNP-Germanium 

293128 
Vertical Output 
PNP-Germanium 

258169 
AF Amplifier 
PNP-Germanium 

2SB172A 
AF Amplifier 
PNP-Germanium 

25B172F 
Horizontal Oscillator 
PNP-Germanium 

(CASE) 

(CASE) 

®E 0 
oB 

DOT/KEY 
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25817313 
AF Amplifier 
PNP-Germanium 

25B175A 
AF Amplifier 
PNP-Germanium 

25B178A 
AF Amplifier 
PNP-Germanium 

258232 
Horizontal Driver 
PNP-Germanium 

256263 
AF Amplifier 
PNP-Germanium 

258324 
Voltage Regulator 
NPN-Germanium 

C 

DOT/KEY 

C 

DOT/KEY 

258432 
Horizontal Output 
PNP-Germanium 

256448 
Horizontal Driver 
PNP-Germanium 

25C58A 
Video Amplifier 
NPN-Silicon 

2SC281 
AGC Keying 
PNP-Germanium 

25C526 
Video Amplifier 
NPN-Silicon 

25C538 
Vertical Driver 
NPN-Silicon 

(CASE) 

- - ,oEKC 
1 i 

\ ou / 

C 

DOT/KEY 

CASE 

CASE 
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Testing FM -Stereo Adapters 
Dynamically 

The beginner is often uncertain 
as to how to proceed in a dynamic 
test of an FM -stereo adapter. His 
uncertainty results from an incom- 
plete knowledge of how the adapt- 
er works, and how to evaluate the 
test data. Therefore, we will take 
the reader step-by-step through the 
signal characteristics and signal -cir- 
cuit actions of FM -stereo adapters. 
This review will show normal and 
abnormal signals, and the adjust- 
ments required for peak perform- 
ance. Knowledge of signal process- 
ing and circuit action will enable 
one to pinpoint a faulty component. 

The Stereo Signal 

Basically an FM -stereo signal 
consists of two audio -frequency sig- 
nals that occupy the same FM chan- 
nel. These separate audio signals 
provide stereophonic sound repro- 
duction. The individual audio sig- 
nals are identified as "Left" (L), and 
"Right" (R). These correspond to 
the outputs from a pair of micro- 
phones at a sound studio, as seen in 
Fig. 1. The audio signal from the L 
microphone is different from that of 
the R microphone; therefore, the 
stereo signal consists of two audio 
waveforms which vary independent- 
ly in frequency and amplitude. At 
the receiver, the L and R signals are 
fed to separate speakers. The speak- 
ers are placed some distance apart 
to simulate the distance between 
transmitting microphones. 

Multiplexing 
Beginners might suppose that an 

FM radio channel could be divided 
into two equal parts for transmis- 
sion of the L and R signals on indi- 
vidual carrier waves. However, this 
is not feasible for two reasons. First, 
one audio signal requires nearly all 
the available bandwidth in an FM 

by Robert G. Middleton 

channel. Fig. 2 shows the bandwidth 
relations. Note that the maximum 
available frequency swing in each 
channel is ±75 kHz. 

This frequency swing of ±75 
kHz corresponds to 100% modula- 
tion of the FM carrier. Hi-fi repro- 

duction comprises audio frequencies 
up to 15 kHz. In an AM signal, this 
corresponds to a frequency range of 
±15 kHz, or a bandwidth of 30 
kHz. However, in FM sidebands, the 
width has little relationship to the 
audio frequency of the modulating 

AREA OCCUPIED BY PROGRAM 
PARTI CI PANTS 

LEFT RIGHT 

AMPLIFIER 
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ADJACENT LOWER CHANNEL CENTER 

CHANNEL FREQUENCY 

ADJACENT HIGHER 

CHANNEL 

SWING -'- 75KC 

TOTAL 150KC 

25KC 

SWING 

25KC 75KC 25KC 

TOTAL 150KC 

SWING 

25KC `- 75KC -r - 
GUARD BAND GUARD BAND 

TOTAL 150KC 

Fig. 2. Maximum deviation is 75 kHz. 

signal. Since all the available band- 
width of an FM channel is required 
to transmit 100% modulation of a 

single audio signal, cutting this 
bandwidth in half in order to trans- 
mit a second audio signal would re- 
sult in reduced audio level. 

Therefore, we must consider how 
two signals can be multiplexed so 
that each signal occupies all of the 
available bandwidth in the channel. 
The basic requirement of multiplex- 
ing is that each signal be trans- 
mitted without distortion and with- 
out interference to the other signal. 
Each signal must also have an elec- 
trical characteristic that permits 
"clean" separation from the com- 
bined signal at the receiver. 

As in color television, we also 
have a compatibility requirement. 
In other words, the multiplex trans- 
mission must "look like" an ordi- 
nary FM signal to a conventional 
receiver, but it must also "look like" 
separable L and R signals to a 

stereo -multiplex receiver. The FCC - 
approved method is comparatively 
simple. Let us analyze this system 
step-by-step. 

It starts with the familiar monau- 
ral audio signal. The mono signal 
is the arithmetic sum of the L and 
R signals. Hence, the first step in 

the FCC -approved method is to 
employ two microphones as if they 
were one. When we mix the L and 
R signals as shown in Fig. 3, we 

obtain a mono (L & R) signal. If 

L+R AUDIO 
AMPLIFIER 

L+R+38KC 

38 -KC 
OSCILLATOR 

MIKE 

MIKE 

AMPLIFIER 

AMPLIFIER 

MODULATOR RF SECTION 

ANTENNA 

Fig. 3. Mixing signals produces mono. 

this L R signal is modulated on 

the FM carrier, the result is the same 
as if one microphone were used. 

Insofar as ordinary FM receivers 
are concerned, only this mono- 
phonic audio signal is being trans- 
mitted. Actually, we shall see that 
addititonal information, to which an 
ordinary FM receiver is unrespon- 
sive, is also being transmitted. 

Formation of the 
Multiplexed Signal 

Suppose that we add a 38 -kHz 
carrier to an audio program, and 
modulate both signals on the RF 
carrier, as depicted in Fig. 4A. Evi- 

dently, only the audio L -- R sig- 

nal can be reproduced at the re- 

ceiver. The 38 -kHz carrier is far 
out of the range of audibility. Fur- 
thermore, if we modulate the 38 - 

kHz carrier, this modulated signal 

is inaudible on an ordinary FM re- 
ceiver. For example, if we modulate 
the 38 -kHz carrier with a 15 -kHz 
audio signal, the lower sideband has 

a frequency of 23 kHz and the upper 
sideband has a frequency of 53 

kHz (Fig. 4B). Nobody can hear 
either a 23 -kHz or a 53 -kHz tone. 

Let us see how the upper and low- 

er sidebands in Fig. 4B can be re- 
covered and fed to another speaker. 
Fig. 5 shows the basic arrangement. 
This method employs a 23- to 53 - 

kHz bandpass circuit that picks out 
the modulated 38 -kHz signal and re - 

MODULATOR _y RF SECTION 

ANTENNA 

o 

jects the mono signal. In turn, the 
output from the bandpass circuit is 

fed to a detector. Accordingly, the 
audio signal which modulated the 
38 -kHz carrier is developed and fed 
to the second speaker. Thus, the en- 
coded signal, which was rejected by 

the first speaker, has been made 
audible from the second speaker. 
This is the fundamental principle of 

multiplex operation from transmit- 
ter to receiver. 

The beginner may be confused at 

this point, unless it is stressed that 
the signals charted in Fig. 4B oc- 
cupy the audio and ultrasonic range. 
Note carefully that the output from 
the discriminator in Fig. 5 is an 
ordinary audio signal accompanied 
by a super -audio or ultrasonic sig- 
nal comprising the modulated 38 - 
kHz carrier. This modulated 38 - 

kHz carrier from the discriminator 
can be truly regarded as an audio 
signal modulated on a very -low - 
frequency RF carrier. 

The L -R Signal 

Although the simple arrangement 
shown in Fig. 5 reproduces the 
two independent signals shown in 
Fig. 4B, the arrangement must be 
elaborated slightly to obtain an R 
signal from one speaker and an L 
signal from the other speaker, to 
meet our goal of stereo reproduc- 
tion. Let us see what is necessary. 

First, we form an L -R signal. 
This is done with a phase inverter, 

MONO 

SIGNAL 

L 

AUDIO 
SIGNAL 

5 10 15 

MO DU LA Il) 
38 -KC SIGNAL 

38 KC 

ER 

SIDEBANDS 

20 25 30 

FREQUENCY KC 

35 40 45 

UPPER 

SIDEBANDS 

50 55 

(B) Spectrum analysis. 
( A) Block diagram 

Fig. 4. Adding the 38 kHz signal. 
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FROM 

FM 

TUNER 

DISCRIMINATOR 

23 TO 53 KC 

BANDPASS 
CIRCUIT 

-\ 
DETECTOR 

REPRODUCES 

THE L + R 

SIGNAL 

REPRODUCES THE MULTIPLEXED SIGNAL 

Fig. 5. Detecting the 38 kHz signal. 

as in Fig. 6. By inverting the polar- 
ity of the R signal and adding it to 
the L signal, we get an L -R signal. 

This gives us both L + R and L 
R signals to work with. If we 

add L R to L R, we get 2L. 
If we subtract L -R from L + R, 
we get 2R. Then, we can feed 2L to 
one speaker and 2R to the other. 
This gives us stereo reproduction. 
Now that we have L + R and L - 
R signals, the multiplex transmission 
is made as shown in Fig. 7. To ob- 
tain stereo reproduction at the re- 
ceiver, we add and subtract the 
L + R and L -R signals in mix- 
ers, as seen in Fig. 8. Accordingly, 
one speaker reproduces the R sig- 
nal, while the other reproduces the 
L signal. Stereo reproduction thus 
results from multiplexing the L + 
R and L - R signals when suit- 
able receiving equipment is used. 

Subcarrier Suppression 

Although the 38 -kHz subcarrier 
could be transmitted in theory, it is 
suppressed to permit the upper and 
lower sidebands to be transmitted 
at a higher level, improving the sig- 

L+R 
SIGNAL' 

L - R 

MODULATOR 

38 -KC 
OSCILLATOR 

SIGNAL 
MODULATOR 

ANTENNA 

RF SECTION 

MIKE 

MIKE 

AMPLIFIER 

AMPLIFIER 

MIXER 

MIXER 

PHASE 

INVERTER 

L 
SIGNAL 

L -R 
SIGNAL 

-R 

Fig. 6. Forming L H- R and L - R. 

nal-to-noise ratio. The subcarrier 
must be reinserted with the side - 
bands at the FM receiver. Reinser- 
tion must be accomplished not only 
at the \exact frequency of 38 kHz, 
but also in the correct phase, if dis- 
tortion is to be avoided. How can 
this be done? The practical answer 
is to transmit a 19 -kHz pilot sub - 
carrier. You will see from Fig. 4B 
that 19 kHz falls in an empty space 
between the L + R signal and the 
lower sidebands of the L -R sig- 
nal. This insures clean reception of 
the pilot subcarrier without any 
interference. 

At the transmitter, the 38 -kHz 
subcarrier is actually generated, 
though it is not broadcast. Instead, 
a 19 -kHz oscillator is locked to the 
38 -kHz subcarrier generator and 
thereby maintained in correct phase. 
This 19 -kHz pilot subcarrier is 
broadcast in place of the 38 -kHz 
subcarrier, which is suppressed. In 
turn, the FM receiver reproduces 
the 19 -kHz pilot subcarrier. Next, 
the receiver generates the second 
harmonic of the 19 -kHz pilot sub - 
carrier. This second harmonic is a 
synchronized 38 -kHz carrier wave 

that is reinserted with the upper and 
lower sidebands of the L -R sig- 
nal. The end result is the same as 
if the 38 -kHz subcarrier had been 
broadcast with the L -R signal. 

Stereo Multiplex 
Signal Generator 

Dynamic tests of FM stereo adap- 
ters are made with a stereo multi- 
plex signal generator. These genera- 
tors must supply an L + R signal, 
an L -- R signal, and a 19 -kHz 
pilot signal, just as an FM transmit- 
ter does. Most stereo multiplex gen- 
erators supply a choice of modu- 
lated RF or unmodulated (audio) 
output. The modulated RF output 
is provided by an RF oscillator with 
a frequency near 100 MHz. The L 

R and L - R signals have a 
typical audio frequency of 1 kHz. 

A typical FM stereo -multiplex 
signal generator provides a total of 
12 test signals, as follows: 

1. Left monophonic output. 
2. Right monophonic output. 
3. Sidebands of L without 19 - 

kHz pilot. 

FROM FM IF DISCRIMINATOR 
L 

AMPLIFIER 
L + R 

-f 23 TO 53 KC 

BANDPASS 
CIRCUIT 

AMPLIFIER 

L - R 

l+R 

MIXER 

DETECTOR 

MIXER 

2L -H 

-L+R 

L -R 
PHASE 

INVERTER 

Fig. 7. Forming composite signal. 
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B&K MODEL 970 RADIO ANALYST 

SERVICE AM & FM 
AUTO AND TRANSISTOR RADIOS 

AT A PROFIT. 
Jobs that used to be unprofitable now go so quickly that you can make 
good money handling them! There are millions of auto radios and tran- 
sistor radios in the field-portables, auto and table models, plus hi-fi 
and communications equipment. Instead of turning them away, you can 
turn them into money-makers with the B&K Model 970 Radio Analyst. 

The 970 is effective because it's accurate and complete. Using the 
famous B&K signal injection technique, this all -in -one instrument pro- 
vides the required do power, lets you test power and signal transistors 
in and out of circuit; generates RF and audio signals, and includes a 
rugged, accurate VOM. Four functions in one compact package-with 
solid state reliability, B&K professional quality. 

LOW INVESTMENT-QUICK RETURN 

See your B&K Distributor or write for Catalog AP22-R Net $19995 

B & K MANUFACTURING CO. 
DIVISION OF DYNASCAN CORPORATION 
1801 W. BELLE PLAINE AVE. CHICAGO, ILL. 60613 

Export: Empire Exporters, 123 Grand St., New York 13. U.S.A. 

FEATURES: 
BUILT-IN POWER SUPPLY 
Auto Radios-High current, low -ripple, for 
transistor, hybrid, and vibrator types. 
Transistor Portables -1t to 12 volts for 
battery substitution-plus separately vari- 
able voltage tap for bias. 

QUICK AND ACCURATE TESTING OF 
POWER AND SIGNAL TRANSISTORS 
In-Circuit-stage by stage DC signal injec- 
tion and sensitive metering of power supply 
current. 
Out-of-Circuit-Direct Beta and Leakage 
meter scale readings. Easy balancing or 
matching. 

VERSATILE SIGNAL GENERATORS 
RF Generators-provide broadcast and IF 
frequencies for both AM and FM bands. 
Audio Generator-for AM or FM modula- 
tion of the RF signals, and for trouble- 
shooting audio circuits. 

RUGGED VOM 
Volt-OHM-Milliammeter-with rugged, 
taut band meter-provides correct ranges 
for easy, fast servicing of all home and 
auto radios, as well as transistor portables. 
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ELECTRONIC SWITCHING SWITCHING METHOD 

i F ILTERS 

SUBCARRIER ELECTRONIC LEFT OUTPUT 

REGENERATOR SWITCH 

INPUT 

PROCESSES PROCESSES 

PILOT COMPOSITE RIGHTr OUTPUT 

SUBCARRIER SIGNAL 

LEFT OUTPUT 
15 -KC 

LOW -PAS S 

FILTER 

L -R 
23KC 

HIGH-PASS 
BI -PHASE INPUT 

FILTER 
DETECTOR RIGHT OUTPUT 

RL 

SUBCARRIER 

SUBCARRIER 

REGENERATOR 
MATR IX I NG METHOD 

PROCESSES PILOT 

SUBCARRIER 

ENVELOPE METHOD 

INPUT SUBCARRIER 
REGENERATOR 

PROCESSES PILOT 
SUBCARRIER 

MIXER 

POSITIVE 
DETECTOR 

LEFT OUTPUT 

HNEGATIVE 

DETECTOR 

RIGHT OUTPUT 

4. Sidebands of R without 19 - 
kHz pilot. 

5. Sidebands of L with 19 -kHz 
pilot. 

6. Sidebands of R with 19 -kHz 
pilot. 

7. L -channel composite signal 
without 19 -kHz pilot. 

8. R -channel composite signal 
with 19 -kHz pilot. 

9. L -channel complete compos- 
ite signal. 

10. R -channel complete compos- 
ite signal. 

11. 19 -kHz sine wave. 
12. 38 -kHz sine wave. 
The applications of these various 

signals will be explained after a 
brief description of FM stereo 
adapters. 

FM Stereo -Multiplex Adapters 

An FM stereo -multiplex adapter 
is connected between the FM tuner 
and a pair of audio amplifiers. The 
output from the FM tuner is an 
audio signal (L + R signal) , a 

19 -kHz pilot subcarrier, and side - 
bands of the modulated 38 -kHz 
suppressed subcarrier. These are 
L - R sidebands. The adapter 
has one input and two outputs. 
Adapter circuits fall into three chief 
categories, shown in Fig. 9. Thus, 

a particular adapter might employ 
an electronic switching system, a 
matrixing system, or an envelope 
system of multiplex detection. At 
this point, we merely note that the 
end result is the same no matter 
which system is utilized. 

Plan of Test 

Fig. 10 shows the general test 
setup. The stero-multiplex gener- 
ator is connected to the input of 
the adapter. A scope or a VTVM 
can be used to monitor the left - 
channel and right -channel outputs. 
It is more convenient to use a pair 
of VTVM's or scopes so that we 
do not have to transfer connections 
back and forth. However, this is 

a matter of shop facilities and per- 
sonal preference. Note that if the 
adapter is being tested without an 

FM tuner, we use the audio output 
from the generator and feed it to 
the adapter input connector. On 
the other hand, if the adapter is 
being tested with its companion 
FM tuner, we use the modulated - 
RF output from the generator and 
feed it into the antenna -input ter- 
minals of the FM tuner. To avoid 
objectionable noise, the left and 
separation for R -channel and L - 
channel signals. 
right audio amplifiers may be dis- 
connected from the adapter. 

It is highly advisable to test the 
adapter without the FM tuner so 
that any defects present in the tuner 
will not be falsely attributed to the 
adapter. Our first test is made for 
separation. This is the most basic 
function of an adapter. 

Figs. 11A and 11B show the 
results of a test when an adapter 
performs ideally. The generator is 
set for R channel audio output. 
When the probe is applied to the 
right -output lead, we observe a 
l -kHz sine wave. On the other 
hand, when the probe is applied 
to the left -output lead, we see only 
a horizontal trace. This is complete 
or 100% separation of the L and 
R signals by the adapter. Of course, 
you will not expect to find com- 
plete separation. Instead, the left 
output signal is likely to look like 
the waveform in Fig. 11C. This 
is called crosstalk. The separation 
control on the adapter is used to 
minimize crosstalk (or to peak 
separation) . 

After you have checked the 
adapter for separation with an R 
channel composite audio signal, 
switch the generator to L channel 
output and again observe the wave- 
forms at left output and right out- 
put leads. You may find that the 
separation control must be read- 
justed slightly for best separation. 
In this event, leave the control set 
midway between the points of best 

Please turn to page 40 

AUDIO COMPOSITE 

SIGNAL OR RF OUTPUT 

GENERATOR 

ADAPTER 

OR STEREO 

RECEIVER 

LEFT CHANNEL 

RIGHT CHANNEL 

SCOPE OR VTVM 

LEFT 

AUDIO AMP 

RIGHT 
AUDIO AMP 

LET 
SPEAKER 

RIGHT 
SPEAKER 

Fig. 10. Separation measurement. 
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A COMPLETE FAMILY OF QUALITY UHF -VHF -FM ANTENNAS 

KP %isik NF 
OVER 900 MODELS FOR EVERY AREA - EVERY PURPOSE 

c 

ffíilb L pliAse 
WITH PIGGY BACK POWER PACK 

Gives the EXTRA PUNCH needed to produce the 
best in color and improved black and white. High 
Gain, high front to back ratio. Double U -bolts 
and double cross -arms for rugged rigidity. 2 -piece 
locking mast clamp. No boom braces needed. 

CP23G WITH POWER PACK 

FRINGE AREAS 

LIST $44.80 

N 

CP19G WITH POWER PACK CP15G WITH POWER PACK 

NEAR FRINGE -FRINGE SUBURBAN -NEAR FRINGE 

LIST $35.05 LIST $26.10 

CP11G 

SUBURBAN 

LIST $20.19 

CP28G WITH POWER PACK 

DEEP FRINGE AREAS 

LIST $53.75 

CP7G 

CITY AREAS 

LIST $13.02 

COLORDYNE 
COMBINATION UHF -VHF -FM 

An antenna for all channels 2 through 
83. Simplicity of design permits high 
gain reception at low cost. 

CD13G LIST $21.92 
SUBURBAN -NEAR FRINGE 

SUBURBAN-CITY 
CD11G LIST $17.70 

COLORVISTA UHF 
Converts any existing VHF antenna 
to 82 channel reception with a single 
lead. Receives UHF in one direction 
and VHF in another with no rotor or 
coupler necessary. 

CVU-13G LIST $14.15 

Colorphase Combination 
ALL -BAND UHF -VHF -FM 

WITH PIGGY BACK POWER PACK 
One antenna to cover all channels 2 
through 83 with single down lead for 
all areas including FRINGE AREA. 

FRINGE 

CPC27G WITH POWER PACK LIST $40.75 

: 3rÑ k;5-:..Y 
SUBURBAN 

NEAR FRINGE 
CPC24G WITH POWER PACK LIST $35.41 

CITY AREAS 

CPC12G LIST $17.42 

low\ 

used 

KAY -TOW NES 
ORIGINATOR - 
DESIGNER OF 
World Famous 

Cross Phase Circuit 
in most modern antennas 

NEW U -12G 
Outperforms 4 -Bay Bow Tie. Features 
resonating reflector to provide more 
gain across entire band. Folds into 
small carton,can be mailed by Parcel 
Post. Gold Anodized. 

LIST $8.75 
COLOR FRINGE 

AREAS 

UHF-4BT 

LIST $7.65 
FRINGE AREAS 

Quality UHF model mounts with U - 
bolt or wedges into mast. Elements 
of Hi -Tension Aluminum alloy for 
mechanical stability. Reflector screen 
double galvanized for long life. 

GENUINE GOLD ANODIZED Not 

QUALITY 
1 

KAV- 
TOWNES 

A Spray To Wash Awayl 

PERFORMANCE ECONOMY 

KA If- TOWNES antenna company 
511 DEANOME, C 016 
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GET SUPERIOR 82 -CHANNEL 
COLOR TV RECEPTION WITH 

NEW BELDEN 
8290 
SHIELDED PERMOHM* 
LEAD-IN 

Until the introduction of Belden 8290 Shielded Permohm 
TV lead-in cable, there were serious limitations in the ef- 
fectiveness of the various lead-in cables available, whether 
twin lead or coaxial. 

Here Robert E. Sharp, electronic engineer of the Belden 
Manufacturing Company, discusses the problems and the 
reasons why Belden 8290 Shielded Permohm is the all- 
purpose answer for 82 -channel and color TV reception. 

Q. What problems have been experienced in using twin lead 
cables other than 8290 ? 

A. Most installers have found out that using flat ribbon or 
tubular 300 ohm line for UHF and 
color installations is unsatisfactory. 
When these lines encounter dirt, 

pp 
rain, snow, salt, smog, fog, or in- 
dustrial deposits, the impedance 

1 ii drops abruptly, the attenuation 
soars and the picture is lost. 

To overcome this problem, Belden developed its 8285 
Permohm line which encapsulates the flat twin lead in a 
low loss cellular polyethylene jacket. This keeps all of the 
surface deposits out of the critical signal areas-regardless 
of weather conditions. 

Although this was a major improvement, there still re- 
mained the problem of electrical interference signals from 
automotive ignition systems, reflected TV signals and ex- 
treme electrical radiation which could be picked up by the 
lead-in to create ghosts and static lines in the picture. 

Q. Then, is this why many people recommend coaxial cable 
as TV lead-in ? 

A. Yes. Because of the incorporation of a shield, coaxial 
cable has an advantage over unshielded twin lead. 

Q. Then, why isn't coaxial the total answer? 

A. Coaxial cable has much higher db losses per hundred 
feet than twin lead. Although the shield in coaxial cable 
does reduce lead-in pick-up of interference signals, it is 
not as effective as a 100% Beldfoil* shield. 

Another way to put this is that 8290 delivers approxi- 
mately 50% of the antenna signal through 100 feet of trans- 
mission line at UHF while coaxial cable can deliver only 
15% to 20%, frequently not enough for a good picture. Even 
at VHF, the higher losses of a coaxial cable may be intoler- 
able, depending on the signal strength and the length of 
the lead-in. 

The following chart spells this out conclusively. We 
have compared RG 59/U Coax to the new Belden 8290 
Shielded Permohm. All 300 ohm twin leads, under ideal 
weather conditions, have db losses similar to 8290. 

db LOSS/100' db LOSS/100' 
CHANNEL MC 8290 COAX (RG 59 Type) 

2 57 1.7 2.8 
6 85 2.1 3.5 
7 177 3.2 5.2 

13 213 3.5 5.9 
14 473 5.4 9.2 
47 671 6.6 11.0 
83 887 7.7 13.5 

Capacitance: 8290-7.8 mmf/ft. between conductors 
Coax -21 mmf/ft. 

Velocity of Propagation: 8290-69.8% 
Coax -65.9% 

Q. Won't the use of matching transformers improve the effi- 
ciency of a coaxial cable system ? 

A. No! The efficiency is further reduced. Tests show that 
a pair of matching transformers typically contribute an ad- 
ditional loss of two db, or 20% over the band of frequency 
for which they are designed to operate. Incidentally, trans- 
former losses are not considered in the chart. 
Q. How does 8290 Shielded Permohm overcome the limita- 

tions of other lead-ins? 

A. 8290 is a twin lead with impedance, capaci- 
tance, velocity of propagation and db losses 

, 

which closely resemble the encapsulated 
Permohm twin lead so that a strong signal 
is delivered to the picture tube. At the same 
time, 8290 has a 100% Beldfoil shield which 
prevents line pick-up of spurious interference 
signals. In short, 8290 combines the better 
features of twin lead and coaxial cable into 
one lead-in. 

Q. What about cost? 
A. In most cases, 8290 is less expensive than coax since 
matching transformers are not required. The length of the 
lead-in is also a factor in the price difference. The cost of 
coaxial cable installations can vary tremendously, depend- 
ing upon the type and quality of matching transformers 
used. If UHF reception is desired, very high priced trans- 
formers are required. 

Q. Is 8290 Shielded Permohm easy to install? 
A. Yes! Very! It can be stripped and prepared for termina- 
tion in a manner similar to 300 ohm line without the use of 
expensive connectors. It also can be taped to masts, gut- 
ters or downspouts, thus reducing the use of standoffs. 
There is no need to twist 8290 as the shield eliminates 
interference problems. It is available from your Belden 
electronic distributor in 50, 75, and 100 foot lengths, already 
prepared for installation, or 500' spools. 8.11.5 

BELDEN MANUFACTURING COMPANY 
P. 0. Box 5070-A Chicago, III. 60680 
'Belden Trademark Reg. U.S. Pat. Off. 
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SYMPTOM CAUSE REMEDY 

Fuse blows with V6 out of 
socket. 

Short in T1 Replace 

Fuse blows only with V6 in 
socket. 

Defective V6, short C7 Replace 

Filament not lit. Open heater in tube 
Open green lead for T1 or leads 

to filaments. 
6.3V winding of T1 open 

Replace tube 

Replace T1 

POWER bulb doesn't light Defective R18, I2 Replace 

MX stereo bulb doesn't light 
when stereo program is in 
progress 

Defective R10,T2,T3,I1,C6, 
CR1, CR2 

Replace 

MX stereo bulb lights only 
with V1 out of socket 

Misaligned T2 and T3 Realign 

DC voltage at V6 cathode 
(pin 7) is incorrect as speci- 
fied below: 

a) No voltage 

b) High voltage 

c) Low voltage 

Defective V6 
C7 shorted internally or 

externally 
Connection to center top of h.v. 

secondary winding of T1 open 

Lead from C7C, R19, or R20 open 

T4 shorted to ground 
C7A open or shorted 
V6 defective 

Replace 
Repair or replace 

Repair or replace 

Repair or Replace 

Replace 
Replace 
Replace 

Excess hum C7 open Replace 

Sustained microphonics V1 defective Replace 

Distorted Stereo T2,T3,T4 out of alignment Realign 

Lack of separation V2,R31,R33,R34,R35,CR1,CR2, 
CR3,CR4, CR5, CR6 

Replace 

High-pitched whistle on certain 
FM stereo stations 

67kc (SCA sub -carrier) trap T5 
misaligned or defective 

Realign by adjusting 
coil slug for inaudi- 
bility of whistle. If 
defective, replace. 

Fig. 13. Trouble shooting chart for the EICO MPX adapter. 
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Every time 
you sell an RCA 

TV antenna 
you buy 

customer confidence. 

Customers feel better about buying 
from you, when they know you sell 
antennas with the first name in color 
and black & white TV. 

Your profit is assured, too, when 
your antennas have the RCA Mark 
of Quality. That's because you sell 
a brand, rather than a price. And, 
the RCA brand identifies the leader 
in TV station equipment, TV receiv- 
ers, and TV satellite equipment for 
outer space. Therefore, the customer 
expects this brand to identify out- 
standing TV antenna performance. 
It does. 

There's an RCA antenna for every 
reception area. For maximum profit 
and performance, sell the top of 
RCA's complete line. RCA COLOR - 
SCAN outdoor antennas bring all 
VHF, UHF and FM signals to sub- 
urban and fringe areas. The RCA 
COLOR -MARK II is unsurpassed in 
indoor antenna performance ( VHF, 
UHF and FM ) -and its styling is in 
a class by itself. 

Have your RCA Distributor give 
you the profit picture on RCA an- 
tennas. It's as beautiful as the TV 
picture your customer gets when he 
buys them. 

RCA PARTS AND ACCESSORIES, DEPTFORD, N.J. 

The Most Trusted Name 

in Electronics. 
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Testing FM Adapter Trouble Symptoms 
(Continued from page 34) 

I A) Normal right output. 

(B) Ideal left output. 

(C) Normal left output. 
Fig. 11. Input to right channel. 

Evaluation of Separation 

Adapters are rated for separa- 
tion in decibels. When making the 
separation test, we measure the dif- 
ference between the two wave -form 
amplitudes in db units. Check your 
measured db value against the 
manufacturer's rating on separation 
for the adapter. If your measured 
value is less, there is troubleshoot- 
ing to be done. Tubes are the most 
common troublemakers, followed 
by capacitors, semi -conductor di- 
odes, and resistors. Tuned -circuit 
alignment is checked last, as it is 
seldom the culprit. Transistorized 
adapters may develop a defect in 
a transistor, but this is much less 
likely than capacitor trouble. 

Let us review some typical adap- 
ter trouble symptoms. The circuit 
diagram for a widely -used adapter 
is shown in Fig. 12. If we should 
find unsatisfactory separation, we 
check V2, R31, R33, R34, R35, 
CR1, DR2, CR3, CR4, CR5, and 
CR6. Other trouble symptoms might 
be fuse blowing, dark multiplex 
stereo bulb, hum, microphonics, dis- 
torted stereo output waveform, or 
whistles. The components to check 
in case of such trouble symptoms are 
charted in Fig. 13. It was noted 
previously that the configuration 
shown in Fig. 12 is only one of 
the three basic systems used in 
multiplex adapters. However, the 
general principles of multiplex op- 
eration serve as a guide to pin- 
pointing defective components in 
any type of adapter. 

Adapter Operation 
With FM Tuner 

After you have checked out the 
operation of an adapter, the next 
consideration is performance in 
combination with the companion 
tuner. The test setup is made as 
indicated in Fig. 14. In the ideal 
situation, performance will be the 
same as when composite audio is 
fed directly to the adapter. In prac- 
tice, however, we will find at least 
a slight difference in performance. 
One of the most common trouble 
symptoms is waveform distortion, 
which may or may not be accom- 
panied by reduced separation. In 
other words, we might not see a 
true sine wave as illustrated in Fig. 
1 1 , but a waveform with clipped 
peaks, or possibly even a dip in 

Fig. 15. Distorted peaks caused by 
poor FM tuner alignment. 

the peaks (Fig. 1 5) . In such cases, 
we should use a sweep generator 
to check the RF, IF, and discrim- 
inator alignment. Most technicians 
are familiar with sweep alignment 
of FM tuners. It should be stressed 
that an alignment job that "gets 
by" in mono reception will prob- 
ably be inadequate for good stereo- 
multiplex reception. You can use 
test signals from an FM stereo- 
multiplex generator for touch-ups, 
but this will result only in a rough 
alignment, and must usually be sup- 
plemented by complete alignment 
with a sweep and marker generator. 

Conclusion 

We have covered the basic points 
of importance for dynamic tests of 
FM -stereo adapters. These ex- 
planations will get the beginner 
"off the ground", but there are nu- 
merous details yet to be learned 
to qualify as an experienced stereo 
technician. Remember too, that your 
evaluations of adapter and tuner 
performance cannot be more ac- 
curate than your test equipment. 
Efficiency at the bench also requires 
a good understanding of the cir- 
cuit action utilized in the three 
basic adapter systems. 

GENERATOR 

SET TO MODULATED -RF 

OUTPUT 

FM TUNER ADAPTER 

LOW -C 

PROBE 

LEFT OUTPUT 

RIGHT OUTPUT 

Fig. 14. Test set-up with FM tuner. 
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FA = ULOUS NEW 
TV ANTENNA AMPLIFIER 

TAKES rJTIMES 
GREATER SIGNAL 

INPUT ! 

HOLY MATRIMONY! 
WHAT WILL WINEGARD 
COME UP WITH NEXT? 

FANTASTIC! 
READ THE 
SENSATIONAL 
DETAILS!» 



SUPER RED -HEAD COMES TO THE 
RESCUE OF TV TECHNICIANS -- 
SAVES RECEPTION IN GOTHAM 
CITY AND ALL PARTS OF THE U.S.A. 

WINEGARD SUPER RED -HEAD 
DELIVERS MAGNIFICENT COLOR a 
B a W TO TV SETS EVERYWHERE! 

YOU'LL LOVE WINEGARD'S SUPER RED -HEAD! It is 
the first transistor preamplifier that can be successfully 
used in almost any signal area without overload. Winegard's 
new twin transistors allow SUPER RED -HEAD to take up 
to 160,000 microvolts of signal (80,000 per VHF -TV band). 
In addition, it features extra high gain and the lowest noise 
figure of any transistor preamp. This means the TV receiver 
gets maximum clean signal for sharpest, clearest reception 
on both distant and local stations. FM amplification, which 
can cause annoying interference, is reduced to a minimum. 

SUPER RED -HEAD SMASHES CROSS - 
MODULATION PROBLEM-- TAKES 
UP TO 160,000 MICROVOLTS INPUT! 

SLEEK 
RED -HEAD 
CLAMPS DIRECTLY 
ON COLORTRON 
ANTENNAS -- 
ATTACHES EASILY 
TO ANY VHF ANTENNA. 

SUPER RED -HEAD circuitry is enclosed in Winegard's 
field -proven weather-proof housing which mounts easily on 
any VHF antenna. Two models : RS -230 (300 ohm) and 
RS -275 (for 75 ohm coaxial cable). 

SEE YOUR WINEGARD DISTRIBUTOR 

¡Fi1leganiantenna systems 
WINEGARD CO. 10 3000 KIRKWOOD BURLINGTON, IOWA 5260? 



Notes on Test Equipment 

analysis of test instruments ... operation ... applications 

by T. T. Jones 

Radio Analyst 

Carrying on the tradition of the 
earlier analysts, the new B&K Mod- 
el 970 Radio Analyst is a multipur- 
pose instrument which by itself en- 
ables the technician to repair most 
radios. Included in this one cabinet 
is a power supply for battery radios, 
an AM and FM signal generator, 
and a VOM. There are many addi- 
tional conveniences which make 
short work of radio repair. 

The instrument supplies power 
for the set under test from a trans- 
former supply. This supply has a 
ten -position switch which enables 
the operator to select any voltage 
from 1.5 to 15 volts in 1.5 -volt 
steps. The output is rectified by a 
full -wave bridge and filtered through 
a swinging choke and a 20,000-mfd 
capacitor. The output terminals have 
a 200 -ohm potentiometer in parallel, 
and the arm is connected to the bias - 
output terminal. Thus, in addition to 
the step -selected voltage, any volt- 
age in between may be selected for 
use with a receiver which requires 
a tapped supply. See Fig. 2. 

The VOM uses a conventional 

Fig. 1. Performs many functions. 

circuit with a 100 -ma meter. The 
meter is protected against overload 
by a pair of diodes, and sensitivity 
on the volt scales is 5.5K ohms per 
volt. A six-inch patch cord is pro- 
vided so that the meter can be used 
to monitor the current supplied by 
the power supply. 

There are several transistor tests 
built into the 970. The first is an in - 
circuit test. If the device under test 
is hooked to the 970 power supply, 
a single probe is touched to the base 
of the transistor in the circuit. The 
meter will read up -scale if the trans- 
istor is capable of amplifying. 

A more sensitive check is the beta 
test. This must be performed with 

B&K Model 970 
Specifications 

Power Supply 

Output: DC Power;. 1.5, 3, 4.5, 6, 

7.5, 9, 10.5, 12, 15 volts cali- 
brated at 1 amp, capacity 5 amp 
6, 12 volt Auto calibrated at 5 

amp, capacity 5 amp. Switch se- 
lected. 

Bias; continuously variable 0-100% 
of DC Power selection. 

Ripple: less than 5%. 
Fuse: 3 amp on primary of power 

transformer, 5 amp protects pow- 
er supply diodes. 

VOM 

Sensitivity: 5.5K ohms/volt 
DC volts: 2, 20, 200, 500 volts @ 

5% full-scale accuracy. 
DC current: 20, 200 ma. 2.5 amp. 

@ 7% full-scale accuracy. 
Resistance: R X 1, 10, 100 @ 20°% 

full-scale accuracy. 

Signal Generator 

Frequency: Band A 250 kHz -750 
kHz AM 
Band B 750 kHz -2 MHz AM 
BandC 10MHz-11.4 MHz AM or 
FM 
Band D 88 MHz -108 MHz FM 

Accuracy: 2% at 455 kHz, 1600 
kHz and all frequencies in Band 
D. 
All other frequencies 5%. 

RF level: Minimum .025 volt rms 
on Bands A, B & C. Minimum 
.01 volt rms on Band D 

Modulation: 400 Hz. Supplies a 
minimum of 30% modulation on 
AM and 70 -kHz deviation on 
FM. 

Audio output: 400 Hz. Minimum 
50mv rms into a 3 -ohm load. 
1.25V rms into a 72 -ohm load. 

Transistor Tester 

In -circuit: Good/bad. 
Out -of -circuit: Beta; 0-300. Leak- 

age; good/bad. 

3 AMP 
10 

7 

12 
D9 

D10 

D11 D13 

2.9 TO 18V AC- 

D12 

11 D7 
001 

200 5% + ® 
2 

§ D8 
13 

T 1000 

25V 

D14 

TO TRANSISTOR 

TESTER 

F2 

.02 TO .003H 

at, 
DC 

OUTPUT 

+2 TO +11V 

NO LOAD 
RED 

200 

20, 000 - 
W.W. 

18V 

56 
1W M.F. 

50W 
W. W. 

180W 

M. F. 

2W 
W.W. 

BIAS 
e 

50 BLUE 
5W 

W. W. 

+14v 

O 
BLACK 

Fig. 2. Power -supply schematic. 
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N 
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125V 

OUTPUT TO RF 
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Fig. 3. Phase -shift oscillator. 

the transistor out of the circuit, as 
shunt resistances can make the test 
meaningless. Beta is read on a scale 
calibrated 0-300. Provisions are 
made for greatly increased current 
capacity, to test the beta of power 
transistors. In addition to the beta 
test, there is a collector -to -emitter 
leakage test. 

The signal generator consists of 
two sections. The first section is a 
two -stage, phase -shift oscillator, 
shown in Fig. 3. Feedback is 
through the network C18, C19, 
C20, R23 and R24. These compon- 
ents shift the phase 180 degrees at 
only one frequency-400Hz. Phase 
shift is more or less than 180 de- 
grees at any other frequency, and 
will not sustain oscillation. There- 
fore, the oscillator is very stable and 
accurate at 400 Hz. 

The RF oscillator is a capacitor - 
tuned, modified Hartley circuit. 
Modulation of the RF carrier is ac- 
complished by feeding the audio 
signal to the collector for AM and 
switching it to a varactor diode 
across the tank coil for FM. Cali- 
bration accuracy was very good on 
the unit we tested. 

The unit is housed in a heavy - 
gauge wrinkle -finish case. In gen- 
eral appearance it is a miniature of 
the famous TV analyst, and should 
make a welcome companion for 
that unit. 

For further information, circle 62 
on literature card 

Audio Generator 

The increasing sales of stereo 
radio and record players have been 
paced by the improvements in fi- 
delity. Today's $100 portable record 
player sounds as good or better 
than the finest consoles of 15 years 

e 
RED 

© AUDIO 
OUTPUT 

100K 2W 

BLACK 

0 

ago. Records and tapes are con- 
stantly improving. 

The end result is that the con- 
sumer-your customer-demands 
better fidelity. His ear is trained to 
notice those slight distortions and 
roll -offs that would have been ac- 
ceptable a few years ago. The days 
are past when repairing a record 
player means putting on a platter 
and seeing if you can hear sound. 

Now you need a calibrated, low - 
distortion audio generator to pro- 
duce a signal. EICO has just such 
an instrument, pictured in Fig. 4. 
The output frequency is selected by 
switches which insure highly repeat- 
able readings. The voltage output 
is measured on an accurate volt- 
meter, also providing repeatable 
tests, in addition to the obvious 
convenience. The harmonic distor- 
tion on the unit we tested was found 
to be less than .05% across the en- 

EICO Model 378 
Specifications 

Frequency Range: 

1Hz-110kHz, switch slected, two 
significant figures and multiplier. 

Frequency Accuracy: 

Output Level Ranges: 

0-3, 10 -volts rms into a high -imped- 
ance load (IOK12 minimum). 0-.003, 
.01, .03. .1, .3, 1 volt rms into 
60051 3 -volt range; 

Source Impedance: 

10 -volt range; varies between 0 and 
100012. 
3 -volt range; varies between 800 
and 100012 
1 -volt range and below, 60012 ex- 
ternal load, 290t2 internal load. 

Db Ranges: 

-70 to + 22db, in 10 -db steps 
(Odbm 1mw in 60012) 

Meter Accuracy: 

2% full scale. 

Output Distortion: 

less than .1% 20Hz-20kHz. 

Power Requirements: 

105-125 VAC, 
50-60Hz, 40 watts, 

Size (HWD): 

81/2" X 121/2" X 71/" 

Weight: 

13 pounds 

Price: 

$49.95 kit, $69.95 wired. 

Fig. 4. Low -distortion generator. 
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You can choose from 94 great gifts, if you're "Mister 
Right"-the independent service dealer who carries 
Sylvania tubes. 

Nobody but Sylvania makes this offer. And the "rules" 
are a snap! 

You get Sylvania Means Business (SMB )-Mister Right 
dealer certificates from your participating distributor. 
One certificate for every $12.50 worth of Sylvania receiv- 
ing tubes you buy. And one for every picture tube-SILVER 
SCREEN 85®, color bright 85(TM) OI COLOR SCREEN 85. 

The more certificates you earn, the more gifts you can 

choose from. Check the selection with your Sylvania dis- 
tributor. He'll give you an order form for prizes, too. 

So start stocking up now-for prizes and for profits. 
Sylvania Means Business. 

Sylvania Electronic Tube Division, Electronic Com- 
ponents Group, Seneca Falls, New York 13148. 

LVA\ IA 
SUBSIDIARY OF 

GENERAL TELEPHONE & ELECTRONICS GTE 
Circle 15 on literature card 

August, 1966/PF REPORTER 45 



3 reasons why 

1 

it pays to use 

General Electric 
renewal parts 

INCREASED CUSTOMER 

SATISFACTION 
The best customer is a satisfied one- 
satisfied with your service and with 
the quality of the parts you use. Sat- 
isfy your customers with genuine G -E 
quality. 

2 
AVAILABILITY OF PARTS AND 

SERVICE CATALOGS 
G.E.'s dependable distribution system 
makes it easy for any appliance tech- 
nician to obtain genuine parts and re- 
quired service information. 

3 
REDUCED INVENTORY AND 

SERVICE COST 
With G.E.'s continuing parts standard- 
ization program you can stock fewer 
parts. Save time and money in every- 
day service operations. 

BUILD PROFITS WITH THESE FAST MOVING TV AND PHONOGRAPH 

Knob ET43X299 

PARTS 

Polarized Extension Cord 
ET90X32 Transistor EA15X25 Spindle EA97X174 

These are four samples of G -E renewal parts, parts that 
are factory engineered, precision -fitted, and designed for 
long-lasting performance. Call your nearby General Elec- 
tric distributor and ask him for Genuine G -E Renewal Parts. 

GENERAL ELECTRIC 
S}U-4xC, 

Fig. 5. Oscillator circuit. 

tire audible portion of the output. 
The oscillator circuit (Fig. 5) uses 

a voltage amplifier directly coupled 
to a phase inverter, which in turn is 
coupled back to the cathode of the 
amplifier through C7 and R27. At 
the same time, negative feedback is 
accomplished by coupling through 
C7 and the capacitor -shunted "T" 
network. 

Frequency is determined by 
switching R1 and R6 at the decade 
level and R9 and R14 for units. C2 
and Cl are switched by the multi- 
plier control and change the ranges 
by a power of 10. 

An interesting feature of the cir- 
cuit is R27, which is actually a 3 - 
watt lamp. Its function is similar to 
a thermistor. As the positive feed- 
back through C7 and R27 builds 
up, the oscillator would soon "run 
away." However, increased current 
through R27 results in an increase 
of resistance, stabilizing the circuit 
at a constant amplitude. R26 is 
used to set this level at a point be- 
low distortion. The signal from the 
oscillator is passed through an at- 
tenuator. This has a variable con- 
trol (Output/Fine) and an 8 -step 
switch with 10 -db steps. There is a 
600-2 load which is automatically 
switched out in the 3- and 10 -volt 
levels, and may be manually 
switched out at lower levels. The 
meter is connected in the attenuator 
and automatically reads the voltage 
present at the output terminals, if 
the generator is terminated properly. 
It is also calibrated in db and ref- 
erenced to 0 dbm (1 my in 60012) . 

We put the unit through its paces 
in the lab and found it to be well 
within specifications on all func- 
tions. Since initial tests it has been 
used quite extensively in the lab and 
has stood up quite well. 

For further information circle 63 
on literature card 
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ZERO DB 

Sencore has done it again-introduced the right 
instrument at the right time at the right price. FM - 
Stereo Multiplex is here, now, and growing as fast 
as Color TV. This new field is just waiting for qual- 
ified men. All you need to start "channelizing" 
profits your way is the new Sencore Econoline 
MX11 Channelizer Multiplex Generator. So light 
and compact you take it with you on your TV serv- 
ice calls, and when in the home suggest an align- 
ment on that FM -Stereo hi-fi in the corner. 

So simple to operate, you need no other instru- 
ment. Just hook up the RF output cable to the 
receiver antenna terminals; connect the two speak- 
er leads in place of the speakers; then read the 
channel separation directly on the meters. Two 
meters with built-in loads substitute directly in 
place of speakers. When you flick on the left 
channel switch you have left channel output; now 
flip on the right channel switch and you have both. 
That's all there is to it. 

All solid state circuitry-battery 
operated. Feature for feature, dol- 
lar for dollar, the Sencore MX11 
Channelizer is your No. 1 buy in 
multiplex generators. Sencore has 
paved the way-so take the quick- 
est road to your distributor. In 
stock now for only .. 

$995° 
(Less than the, 
price of a kit.) 

- 11IP' 

tFp 

20.\0 -5 
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A Complete FM Stereo Service Center 
The ultimate in multiplex generators for this field that's growing as fast as color TV. Like 
having your own FM stereo transmitter on your bench or service truck. 
The MX129 produces all signals needed for trouble -shooting and aligning the stereo portion 
of the FM multiplex receiver. It is a complete trouble -shooting analyzer with a sensitive 
transistorized AC voltmeter calibrated in peak to peak volts and decibels. It can be used 
as a stereo demonstrator even when no stereo program is being broadcast. With the MX129 
you can use external sources to modulate the carrier, re -balance the system at any time, 
and adjust the crystal controlled pilot signal to any level. Instantaneous warm-up-all solid 
state, A.C. powered. 
The Sencore MX129 gives you features comparable to equipment costing 

$16950 50 up to $350.00, yet its priced at only 

NC01=1 
NO. I MANUFACTURER OF ELECTRONIC MAINTENANCE EQUIPMENT 

426 SOUTH WESTGATE DRIVE, ADDISON, ILLINOIS 60101 

Circle 18 on literature card 
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You get 
extra satetv with 

new Centralab 
miniature 
electrolytics 
These closer tolerance, higher temperature, 
epoxy sealed capacitors will reduce callbacks 
and increase your service profits. 

They operate at higher temperatures ... 
-20°C to +85°C: 20° higher than the prevalent +65°C maximum for 
miniature types, thus providing an extra margin of safety during use. 

They're closer tolerance ... 
+100%, -0% thus providing assurance that every unit will provide 
the required circuit capacitance, eliminating problems in critical 
circuits. 

They'll last longer... 
as a result of their better temperature stability, better tolerance and 
epoxy sealed cases. 

They're small ... 
so they'll always fit. 

They're available in the types you need ... 
every voltage requirement up to 50 VDCW with both axial and printed 
circuit lead styles. 

They're in stock at your distributor ... 
along with a full selection of low voltage ceramic and polystyrene 
capacitors for semiconductor circuitry. Ask for them on your next 
order, or write for a complete catalog to Distributor Products, 
Centralab, P. 0. Box 591, Milwaukee, Wisconsin 53201. 

CenprAab 
DIVISION OF GLOBE -UNION INC 

Circle 20 on literature card 
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D-6601 

Book Review 

Fundamentals of Transistors, A Pro- 
grammed Text; RCA Service Com- 
pany; Prentice -Hall, Inc., Englewood 
Cliffs, N.J., 1965; 223 pages, 91/4" x 

61/2", hard cover; $10.00. 
The foundations of transistor tech- 

nology and circuit behavior are im- 
parted to the reader through a teach- 
ing technique called programmed in- 
struction. Progression from the rela- 
tively easy concepts of conductivity, 
conductors, and insulators to the 
more difficult areas of junction theory 
and transistor behavior is accomp- 
lished in small, comprehensive steps. 

The text material is organized into 
68 separate sections, each section 
conveying a particular idea, specific 
application, or behavorial aspect of 
semiconductor devices. Section 1 

through 10 cover semiconductor phy- 
sics. Junction theory and diodes are 
the subjects of sections 11 through 
17. Sections 18 through 24 are con- 
cerned with PNP and NPN transis- 
tor theory, including symbology and 
the effects of collector -voltage and 
emitter -current changes. Sections 25 
through 37 deal with the configuration 
and characteristics of the common - 
base amplifier. Similar information 
concerning common -emitter amplifi- 
ers is covered in sections 38 through 
45, with additional information on 
the graphical relationships of current. 
voltage, and power gain. Sections 46 
through 53 discuss the common - 
collector amplifier. A self test of the 
three transistor configurations is con- 
tained in Section 54. A comparison 
of transistor and vacuum -tube ampli- 
fiers is made in Section 55. Sections 56 
through 62 contain information on bi- 
asing methods. The effects of temper- 
ature on semiconductors and related 
circuits are dealt with in Sections 63 
through 66. The remaining sections 
discuss zener diodes and transistor 
electronic switching. 

Although programmed instruction 
has been applied to many subject 
areas of electronics, the reader will 
find it particularly effective in learn- 
ing the basics of transistor theory and 
application. Comprehension and re- 
tainability should be high using this 
type of self -instruction. A 



This part speaks for the 
whole radio. 

This box speaks well of you. 

To the listener, the speaker is 
the most important part of the 
radio. Reason enough that it be 
of the highest quality and reli- 
ability. And when it says Delco 
on the box you can be certain 
you've got it: genuine OEM quality. 

Delco Radio Parts are designed by engi- 
neers who specialize in automotive radios. 
Delco Radio speakers, for example, provide 
greater efficiency and sensitivity per ounce 
of magnet than any other speakers built. 
And since nearly half the cars on the road 

Del 

GM 

have Delco Radios as original 
equipment, you are assured of 
a vast pre -sold market. 

Doesn't it make sense to 
stock the best for your cus- 
tomers? 

They know Delco's reputation. So, the next 
time you reorder, remember your United 
Delco Supplier. He handles the most widely 
advertised, merchandised and recognized 
name in the parts business. 

Why not let Delco Radio speakers say 
something nice about you? 

11 1 united v DeiQo 

Delco Radio, Division of General Motors, Kokomo, Indiana. 
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»tvinee, 
Circuits in Industry 

In industrial electronics, as in 
other lines of instrumentation, the 
secret of good performance and re- 
liability lies as much in the design 
of the units as in the materials and 
methods of construction. A com- 
plete system for industrial measure- 
ments must include not only a trans- 
ducer to convert the sensed quantity 
to an electrical one, but also a suit- 
able electronic circuit to utilize the 
resulting signals. The circuit re- 
quired for a particular application 
will depend upon the type of trans- 
ducer employed and the function to 
be performed by the system output. 

Many types of transducers, in- 
cluding those in which a mechanical 
input produces a change in imped- 
ance or electrical coupling, must be 
supplied with a suitable excitation 
signal if a useful output is to be 
produced. Other types require the 
application of a biasing or polariz- 
ing voltage. Weak output signals 
must be amplified to a level suffi- 
cient to drive other instruments or 
for transmission to a remote loca- 
tion without serious losses caused 
by noise pickup along the way. 

Modulation techniques are often 
used to facilitate transmission of 
the signals, and they permit use of 
simpler and more dependable ampli- 
fiers. In turn, the signal must be 
demodulated to recover the original 
information. Auxiliary circuits may 
include a means of compensating 

by Edwin Walker 

for changes in transducer or system 
characteristics that may result from 
variations in operating conditions. 
Other facilities which may be re- 
quired in particular applications in- 
clude filters to restrict the band- 
width of the system and linear net- 
works that modify the shape of the 
transfer characteristics. 

One of the most versatile cir- 
cuits for measuring electrical quanti- 
ties is the bridge. By using an ap- 
propriate configuration, resistance, 
inductance, capacitance, frequency, 
or voltage may be measured. Mea- 
surements thus made are extremely 
accurate, since the value of the 
known parameter is expressed in 
terms of bridge elements that can 
be precisely calibrated. 

Fig. 1. Basic bridge circuit. 

For some purposes, bridges are 
used strictly for comparisons-the 
bridge is balanced or nulled and 
the value of the unknown arm is 
calculated by a simple ratio equa- 
tion. In other cases, the bridge 
serves as a means for obtaining a 
voltage roughly proportional to the 
deviation from a null condition. 

Impedance Measurements 

Fig. 1 illustrates the basic bridge 
circuit for measuring impedance. 
The unknown impedance may be 
placed in any one of the four arms. 
The remaining three arms consist 
of suitable fixed or calibrated im- 
pedances. An excitation voltage, E1, 
of suitable frequency, is applied to 
the input terminals while a null de- 
tector is connected across the out- 
put voltage, E2. One or more of the 
three calibrated impedances are ad- 
justed to reduce the output voltage 
to zero. For this bridge circuit, the 
impedance relationship necessary 
for a null condition is expressed by 
the equation Z,/Z2 = Z3/Z4. 

When an electromechanical trans- 
ducer is connected as the unknown 
impedance in a bridge circuit, a 
measurement of the mechanical in- 
put to the system is accomplished 
first by adjusting the bridge for 
balance, then by reading the value 
from a calibrated dial. In applica- 
tions where manual balancing can - 
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L-1:3" 

CG138 

It's time you too switched to Sencore and saved $100 
in the bargain. The new LO -BOY is a solid Sencore value - already selling at the rate of one every 8 minutes. 

Small wonder. The LO -BOY outperforms the highest priced 
unit on the market . and gives you all this: Ten 
standard RCA licensed color bars; NTSC phased colors. 

All the patterns found on more expensive generators- 
crosshatch, individual vertical and horizontal lines, and 
adjustable white dots ... all at the flick of a switch. No 
lines missing on crosshatch -14 horizontal and 10 vertical, 
same as our more expensive models. Interlace control- 
a Sencore "first." Stops dot bounce that varies from set 
to set. Rugged all steel construction with tough scuff - 
resistant vinyl finish. LO in silhouette-not much bigger 
than a cigar box. LO in warm-up time. All solid state 
design. LO in troubles. All new patent pending counting 
circuits using new silicon transistors. Crystal controlled 
timers for the utmost in stability. 

Timer controls brought right out on the front panel as 
simple operators controls. Adjusted as easily as the hori- 
zontal and vertical hold controls on a TV set, if they 
should ever jump. Absolutely eliminates timer instability. 

Compare these features and you'll decide in less than 8 
minutes that you need a new Sencore Lo -Boy. 

SENCORE CG10. All solid state. New zener regulated battery 
power supply with long life "C" cells. The 12 volt battery supply 
can wear down to nearly 9 volts before the circuits are affected. 
New leakproof battery holders permit easy bat- 
tery replacement without dismantling the unit. 
You don't have to hunt for a place to plug it in. 
Priced at less than the cost of a kit. Only 

$8950 

SENCORE CG138. A performance giant just like the CG10 except 
AC operated with a zener regulated power supply for added 
stability even with line voltage variations. Has 
4.5 me crystal controlled signal for fine tuning 
as recommended by color set manufacturers. 

Only 
$10950 

Gott NIl4115 

Every 8 Minutes of 
Every Business Day 

CG10 

SOMEONE 
BUYS 

A NEW SENCORE 
LO -BOY 

STANDARD COLOR 
BAR GENERATOR 

See America's most complete line of professional test instruments - 
at your Distributor's now. 

NO, 1 MANUFACTURER OF ELECTRONIC MAINTENANCE EQUIPMENT 

426 SOUTH WESTGATE DRIVE, ADDISON, ILLINOIS 60101 
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not be used, the signal from the 
bridge can be applied to a servo 
amplifier that drives a motor con- 
nected to the adjustable bridge 
member. The transducer output is 
then read from a pointer affixed to 
the motor shaft. If remote indica- 
tion is required, a signal propor- 
tional to the transducer output can 
be generated by a potentiometer 
driven from the motor shaft. 

Resistance Measurements 

Fig. 2. illustrates the circuit of a 
Wheatstone bridge, the most com- Fig. 2. Wheatstone Bridge. 
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monly used bridge for resistance 
measurements. Either AC or DC 
excitation may be employed, pro- 
vided that the frequency is kept 
sufficiently low to insure that the 
bridge impedances are kept free 
from reactive components. This 
usually is true at frequencies up to 
a few kHz. The condition for bal- 
ance of this bridge is expressed by 
this equation: R,, - (R,/R_)R,. 

While all three of the calibrated 
bridge resistors could be made vari- 
able, it is usually more convenient 
to make R, and R., fixed, and to 
achieve balance by adjusting R:;. If 
a wide range of resistances are to be 
measured, the bridge ratio R,/R., 
is usually set at a convenient power 
of 10 by switching appropriate fixed 
resistances into these two arms. With 
such an arrangement, the value of 
the unknown resistance may be read 
directly from a dial on R;,. 

In the bridge circuit shown in Fig. 
2, the position of the excitation 
source and detector may be inter- 
changed without affecting conditions 
under which a null is obtained. For 
any given application, choice of 
source and detector positions will 
be determined largely by impedance 
levels at the two sets of terminals. 

Measuring Reactive Impedances 

When building AC bridges for 
measuring reactive impedances, 
several factors limit the choice of 
elements for use in the bridge arms. 
Precision inductors are expensive 
and tend to be quite bulky. Further- 
more, the presence of unavoidable 
resistance and core losses limits the 
Q that can be realized. In addition, 
the range of inductance variations 
is rather limited, because variations 
in inductance are accompanied by 
changes in Q. 

Calibrated variable capacitors 
are also subject to serious limita- 
tions. They are available only in 
very small values of capacitance, 
and because of their small values, 
stray circuit capacitances often im- 
pair the accuracy of calibration. 

Because of the foregoing factors, 
the use of either fixed or variable 
inductors in bridge arms should be 
avoided. Where capacitors are re- 
quired, the circuit should be so ar- 
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ranged that fixed capacitors can be 
used. If necessary, various values 
of fixed capacitance can be switched 
into the circuit to permit operation 
over a wide range of impedances or 
frequencies. 

If the foregoing conditions are 
met, all the continuously variable 
bridge elements will be resistors. 
In general, two calibrated variable 
resistors will be required in an AC 
bridge because of the need to bal- 
ance the real and active com- 
ponents simultaneously. For bridges 

used to measure small changes in 
reactance from a nominal value, 
however, it is often possible to ar- 
range the circuit so that once the 
bridge has been balanced for the 
nominal value of impedance, only 
one resistance need be reset to re- 
store balance after a small imped- 
ance change. 

Capacitance Measurements 

The circuit of a Wien Bridge, the 
most commonly used type for mea- 
suring capacitance. can be seen in 
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Fig. 3. Wien capacitance bridge. 

Fig. 3. Capacitor C, is usually a 
fixed capacitor with provision for 
switching in different values if a 
wide range of capacitance is to be 
measured. Resistors R, and either 
R, or R, are continuously variable; 
R: or R, can be calibrated directly 
in capacitance, and if a fixed ex- 
citation frequency is employed, R, 
will provide a direct indication of 
dissipation factor. 

The Wien Bridge is essentially a 
symmetrical circuit; two of the cali- 
brated arms are pure resistance, 
while the third contains the same 
type of impedance as is present in 
the unknown. Balance is achieved 
by adjusting the variable elements 
so that all three pairs of correspond- 
ing elements are in the same ratio. 

Inductance Measurements 

The same technique used for mea- 
suring capacitance can be employed 
for measuring inductance. Because 
precision inductors suffer from the 
limitations already described, it is 
preferable to utilize a capacitor as 
the reactive bridge element. To 
make it possible to balance a bridge 
containing both a single inductor 
and single capacitor, it is necessary 
that the two reactive elements be 
located either in the same arm or in 
arms diametrically opposite each 
other. Location of the two reactive 
elements in the same arm is usually 
undesirable, since it would necessi- 
tate use of a variable capacitor. As 
a result, most inductance bridges 
employ a fixed capacitor in the arm 
opposite the unknown reactance. 
With this arrangement, balance is 

achieved by adjusting the two re- 
sistive elements. The range of such 
a bridge can be set by switching the 
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Fig. 4. Maxwell inductance bridge. 

value of the third resistive arm, or 
capacitor, usually in cascade steps. 

A bridge circuit of this type is 
illustrated in Fig. 4. Either R1 or R3 
may be calibrated to read inductance 
directly, while quality is indicated 
by the R_ value needed for balance. 

When using Maxwell's inductance 
bridge for measuring inductors hav- 
ing high values of Q, it is necessary 
that R, be capable of assuming very 
large values. It is sometimes difficult 

to obtain calibrated variable resis- 
tors having the necessary range, 
thus Hay's inductance bridge (Fig. 
5) can be used instead. In this cir- 
cuit, the resistor is placed in series 
with the capacitor, instead of in the 
parallel arrangement utilized in the 
Maxwell circuit. This permits an 
inductor with a high Q to be bal- 
anced by a relatively low value of 
R... 

Frequency Measurements 

In addition to measuring im- 
pedance, bridge circuits are also 
employed for measuring the fre- 
quency of an applied signal. A 
bridge circuit used for this purpose 
is arranged so that its balance is 
largely dependent upon frequency. 

A Wien bridge circuit for measur- 
ing frequency is shown in Fig. 6. 
This circuit differs from the Wien 
capacitance bridge in that C., is 
shunted with a low value of resist- 
ance to minimize the frequency - 
dependency of the null. 

If all resistors are made variable, 
use of this bridge becomes very 

Fig. 5. Hay inductance bridge. 

complicated. To simplify the oper- 
ation, it is customary to fix the 
ratios R3/R, and C,/C3. A common 
arrangement employs equal capaci- 
tance values for C3 and C4, while 
R, and R, are maintained at equal 
values by utilizing two variable re- 
sistors on a common shaft, with R 
being equal to twice R1. 

To permit the obtaining of a 
sharp null, despite slight inaccura- 
cies in component values, a low - 
resistance potentiometer is often in- 
serted between R1 and R2. This in - 
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Fig. 6. Wien frequency bridge. 

sures sharp frequency discrimination 
without introducing appreciable er- 
ror. Where a wide range of fre- 
quencies must be measured, the 
range of the bridge may be ex- 
tended by simultaneously switch- 
ing the values of C, and C4. 

Comparing Voltage 

A half -bridge circuit is useful for 
the comparison of two voltages. 
This circuit (Fig. 7) is often used in 
conjunction with balanced trans- 
ducers which, in their normal state, 
have equal voltages developed 

across their two sections. In such 
an application, use of the bridge 
cancels out the quiescent compon- 
ent of the signal. 

The application of a mechanical 
input to the transducer causes volt- 
ages to change in opposite direc- 
tions, with the difference between 
them appearing at the output term- 
inals. Alternately, the balance of 
the system can be restored by 
changing one or both resistors, 
while the value of input is deter- 
mined from the amount of change 
required to restore the null condi- 
tion. When this technique is used, 
the two resistors are replaced by a 
calibrated potentiometer from whose 
wiper the output is taken. 

E2 

HE FIN 
OUCH !SN AÁPRó - Fig. 7. Half -bridge circuit. 

IN BETTER, 
FASTER 
ELECTRICAL WORK 

Goes on in seconds- 
dries in minutes! 

KRYLON .. . 

AMERICA'S NO. 1 SPRAY PAINT 

OBORDEN 
CHEMICAL 

TUNER 
CLEANE 

LUBRICANT 
SPRAY 

EMELY 
HEAT O` 

D vsv v 

My Distributor is J 
58 PF REPORTER/August, 1966 

Circle 31 on literature card 



In the city you don't need a very powerful antenna. Generally, 

your problem is too many signals rather than not enough. But 
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Maintaining Vibration 
(Continued from page 23) 

when you will be "stuck." At 
those times, you should plan to 
telephone the service department 
of the equipment manufacturer for 
assistance in locating and fixing the 
difficulty; this help will be cheer- 
fully given. Once in a great while, 
your customer will have to arrange 
for a field service man to come and 
bail you out; but these events will 
be rare. If you were not taking care 
of their equipment, your customer 
would have to pay for many more 
such trips. 

What Can I Charge? 

There is danger both in under- 
charging and in overcharging. If 
you undercharge, you will not be 
adequately paid for your time. If 
you overcharge, you may not make 
a sale. Shaker manufacturers charge 
around $100 per day for their field 

engineers, plus travel and living 
expenses. A relatively minor repair 
on a shaker system in a smaller 
town, remote from a major airport 
and from the shaker manufacturer, 
can cost $500 plus parts. Here is 

your main advantage-you are al- 
ready nearby. The customer's tests 
are not delayed several days waiting 
for the field man to arrive. 

You can do quite well at $10 
to $12 per hour. You should ask 
for at least a 6 -month contract 
that will guarantee you at least 
$100 per month. This will com- 
pensate you for the time required 
to familiarize yourself with their 
particular system, in the unlikely 
event that no troubles occur. 

You should agree on what parts 
will be stocked, and by whom. You 
should also agree as to which of 

you will order special parts as re- 
quired (output tubes, for example, 
can run $800 apiece). 

Conclusion 

A competent electronics techni- 
cian can quite easily understand the 
functioning of an electromagnetic 
shaker system and its associated 
instrumentation. He can materially 
help nearby aerospace firms and 
laboratories by assisting with the 
maintenance of this equipment, and 
can add considerably to his income 
at the same time. 
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Milestones 
(Continued from page 25) 

Fig. 5. Andrea TV receiver of 1938. 

RCA went on the air in New York 
with electronically scanned trans- 
mission. Philadelphia and Los An- 
geles soon followed. The Don Lee 
Broadcasting Company started a 
daily schedule of broadcasts using 
300 -line, 24 -frame pictures. 

In 1936, BBC in London com- 
menced a regular schedule with a 
405 -line scan, the same system in 
use today on its VHF channels. TV 
was better accepted in London than 
in America. People started building 
and buying receivers, and the in- 
dustry was highly developed at the 

start of World War II. There were 
over 20,000 receivers in use by 
September 1939. BBC suspended 
operations at the start of the war, 
but was soon back in business fol- 
lowing the end of hostilities. 

By the end of 1936, several TV 
proposals were before the FCC. The 
broadcasters wanted a frequency 
spectrum from about 35 to 85 MHz, 
and amateur radio operators be- 
came concerned over the possibility 
of losing their 5 -meter band. The 
band was later moved down from 56 
MHz to 50 MHz, but the hams did 
retain the full 4 -MHz bandwidth. 

Surveys were made to determine 
whether the public actually wanted 
TV, and one survey concluded that 
the average person would watch 
less than 12 minutes a day. The 
surveyor thought, however, that if 
some really good programs were 
broadcast, the viewer might watch 
for as long as a half-hour. 

Some hams built receivers to 
watch the experimental broadcasts, 
and at least one company offered 
receivers in kit form. RCA pub- 
lished a 3 -page advertisement in a 
1938 edition of a ham journal dis- 

cussing the problems of TV devel- 
opment. The ad invited hams to 
help develop the industry, as they 
had helped radio, and offered kine- 
scopes for sale. The 5" Model 1801 
CRT was priced at $40. This was 
at a time when the average service 
technician earned $30 a week. 

The set shown in Fig. 5 is one 
of the first commercial receivers of 
1938. An interesting feature is the 
lack of vertical and horizontal con- 
trols on the front, although the set 
does have a focus control on the 
front panel. Incidentally, the set is 
still operating. 

In April 1939, RCA started a 
regular schedule of TV broadcasts. 
The opening was marked by an ad- 
dress by David Sarnoff from the New 
York World's Fair. On August 26 
of the same year TV viewers saw 
the Brooklyn Dodgers play the Cin- 
cinnati Reds in the first televised 
pro baseball game. 

CBS demonstrated a working col- 
or -TV system the next year, and 
even did some experimental color 
broadcasts over W2XAX in New 
York. Another New York station, 
WCBW, ran daily broadcasts using 
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LOUDSPEAKERS AND 
BATTERIES 

Looking for the finest replacement 
loudspeaker you can find? It's Zenith 
... for practically any purpose: 
stereo, TV, radio or car radio. Zenith 
has sold quality speakers for over 
45 years. Today you can choose 
from a full line, with each speaker 
offering exceptional power and fre- 
quency response. 

Zenith Quality Long Life batteriès 
with "Transistor Blend" electrolyte 
are designed for superior perform- 
ance in transistor radios. Zenith's 
high standards and constant Positive 
Quality Control help Zenith bat- 
teries deliver more power and longer 
service for radios. 
and flashlights. 

Order all genuine Zenith replacement parts and accessories from your Zenith distributor. 

BUILT TO THE QUALITY STANDARDS OF ZENITH ORIGINAL PARTS 

Em, m The quality goes in before the name goes on 
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this system in 1941. Baird then demonstrated a 3-D 
color -TV system. It was developed to the point where 
the viewer did not need special glasses to view the 
stereoscopic effect. Commercial telecasting was finally 
given the green light July 1, 1941. WNBT, New York, 
was the first commercially licensed station on the air. 

The scanning standard was raised from 441 lines to 
525, and the sound changed to FM. Hundreds of re- 
ceivers were returned to factories for modification to the 
new standards, and in many cases this was done free of 
charge. Typical receivers of the day had 7- to 10 -inch 
screens. One manufacturer shipped CRT's in a separate 
carton to minimize possibility of breakage. 

The outbreak of WW 11 brought curtailment to 
most TV activity. CRT production converted to radar 
sets. Most experimental work with TV was directed to- 
ward remotely controlled bombers. However, six sta- 
tions stayed on the air during the war, most of them 
broadcasting only four hours weekly. Telecasts were 
used in instruct air-raid wardens and the Red Cross 
workers, and to conduct War Bond drives. Neverthe- 
less, some sports and entertainment programs were still 
broadcast, and receivers were donated to military hos- 
pitals in the viewing area. 

After the war, activity resumed quickly, with 30 
station -construction permits in 1946 and 66 in 1947. In 
1947 the viewing audience topped one million for the 
first time when the Louis -Walcott bout was televised. 
By 1950, 47 stations were on the air, and 109 more 
were authorized. 

The networks were expanding over the country and 
finally reached coast to coast in 1951. President Tru- 
man opened the cross-country link speaking from San 
Francisco. 

The same year, the FCC approved the field -sequen- 
tial color system. CBS started colorcasting on a regular 
schedule June 25, 1951. Some receivers were built and 
sold for this system, but material shortages caused by 
the Korean war forced suspension of color transmission 
on Oct. 5, 1951. The FCC approved the present color 
system Dec. 17, 1953, and regular broadcasts in com- 
patible color began the following January. 

The space age has brought new TV milestones at a 

fast pace. Communications satellites have linked conti- 
nents, and weather satellites have sent back remarkable 
photos of the earth. Pictures from the Moon and Mars, 
sent back via TV, have added much to man's knowl- 
edge of space. 

Proposals have been made recently for stereo sound 
in TV. The Russians have announced a 3-D TV sys- 
tem using one picture tube; but there are moving parts 
involved in the picture display, and evidently the viewer 
will have to wear special glasses. 

A more promising system is the laser display device 
currently undergoing development. Known as the wave - 
front -reconstruction method, the system is still in early 
laboratory stages. However, we can expect to see and 
hear our TV programs in three dimensions in the not - 
too -distant future. 

just in time for the 
fm and uhf boom! 

an all transistorized 
field strength meter. 

THE ALL NEW SENCORE FS134 

FIELD STRENGTH METER 

Once again, you can turn to the roof tops for a fast dollar 
in antenna installations. But this time, you can do it the 
easy way. No more running up and down ladders, locating 
cumbersome AC extension cords, lugging heavy tube 
operated field strength meters on the roof, or worse yet, 
getting the shock of your life from the AC line as you 
hold onto a soil pipe. Here is a new portable field strength 
meter to fill your every need in VHF, UHF or FM antenna 
installations. Many customers want all antennas on one 
mast thus creating interaction. Here is where the FS134 
goes to work. You can optimize antenna location and 
orientat'on in seconds. Just connect the antenna, tune in 

the station and adjust. Self-contained speaker blasts forth 
the sound from the TV or FM station to insure that you 
have the exact signal that you are looking for. The F5134 
is so light weight (only 9 lbs.) that you can take it with 
you up the chimney if necessary. Get rid of the assistant 
at the other end of the transmission 
line and the needless "yelling" back and 
forth. Get the FS134 today . . . 

only $1995° 
COMPARE TO ANY OTHER FIELD STRENGTH METER 

AT TWICE THE MONEY 

Sensitivity . . . 30 microvolts ±3 DB on VHF -FM and 30 microvolts 
±6 DB on UHF Sound system sensitive to 5 microvolts for locating 
and identifying weak stations Input impedance . . . 300 ohms or 75 

ohms 500 KC band width Powered by easy to get "C" cells 

4" meter with 2% accuracy calibrated in DB and microvolts. 

professional quality - that's the difference! 
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you look silly up there 
Breakthrough Antenna? 
(Especially when it costs no more) 

Channel Master didn't invent color. 
What we have done is to bring out 
the best in it. On both the VHF and 
UHF bands. 

We're so much deeper than any- 
body else in top -calibre color an- 
tennas, you'd think we had a patent 
on the product. We do. 3 patents, 
in fact, and 2 patents pending. 

What it adds up to is a grand 
total of 20 topline antennas with 
design so advanced-that they're 
better than anything anyone has 
ever made before. Anyone else has 
to be No. 2 at best-in quality (and 
sales). And hardly likely to become 
No. 1-even if they do try harder. 

It's our principles that keep us 
on top. (Our proven Crossfire VHF 
Proportional Energy Absorption 

Principle - our proven Coloray 
Power Equalizer Principle-and our 
equally proven Ultradyne UHF 
Principle. To name three.) 

What's your area-what's your 
need? Channel Master meets it with 
a model from one of three series: 

Color Crossfire Series.'` The best 
selling VHF/FM color antennas in 
history. Top gain and highest pos- 
sible front -to -back ratio from me- 
tropolis to suburbs to deep fringe. 
Need we say more! 

Coloray Series.* The antennas 
that don't believe in ghosts. They 
combine the high gain character- 
istics of the Crossfire with up to 30 
to 1 front -to -back ratios. 

Ultradyne Series/' Includes 
Ultradyne Crossfires - the most 

powerful 82-channel/FM antennas 
yet developed ... with 15:1 front -to - 
back ratio across the entire UHF 
band. Ultradyne "UHF only" an- 
tennas require no coupler when 
used with any 300 ohm VHF an- 
tenna (such as the Crossfire). 

All twenty "Color Breakthrough" 
antennas are built extra -rugged 
and protected against corrosion by 
our famous EPC Golden Overcoat. 

So while you're up there, mister, 
make sure you don't let your cus- 
tomer (and yourself) down. Install 
a Channel Master-and it's 20 to 
1 you've picked the right antenna. 
And when, like us, you get to sell 
more antennas than anybody else, 
you can bet it won't be by accident. 
It has to be by design. 

CHANNEL MASTER The Color Breakthrough Antennas 
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Buy Philco tubes 
and send your kids back to school brighter. 
You already know how good Philco Star 
Bright 20/20 Picture tubes and Star 
Light Receiving tubes are. If you 
didn't, you wouldn't depend on 
them as you do. And enjoy 
such outstanding cus- 
tomer satisfaction. 

But now, Philco 
has a way for you to 
shed some light on 
another area. Your 
kids and their school- 
ing. It's a special back - 
to -school offer, and it 
works like this. 

When you buy either 
55 receiving tubes or two 
picture tubes, you get a 
free, beautifully bound 
Webster's New World 
Dictionary. Or a handsome 
executive -type attaché case. 

If you buy 110 receiving 
tubes or four picture tubes, you can 
get both the dictionary and the 

attaché case-or a Lloyd student lamp, a high - 
intensity light that's good for the 
eyes and maybe the grades. 

Our offer applies to students of 
all ages. Grade schoolers or grad- 
uate students. But it expires on 
September 30, 1966, because, 
after all, it is a back -to -school deal 
and, by that time, everybody will 
be back in the classrooms. 

So if you've never 
helped your kids with 
their studies, and you'd 
like to, now's your big 
chance. It'll give you 
pleasure to know that 
your business helped 
your kids make the 
grades. See your Philco 
Parts Distributor and 
learn all the details. 
Matter of fact, he'll 
give you a great -look- 
ing ball-point pen 
just for stopping by. 

PHILCO 
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