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...the unquestioned leader in antenna -mounting preamplifiers 
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amplifiers may come and go, but Jerrold 
POWERMATE remains the one to beat. 

Only POWERMATE delivers consistent high 
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and valleys" to cause smearing and ghosting. 
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men and viewers, even in deepest fringe areas, 
agree that POWERMATE outperforms them all 
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TEST 

EQUIPMENT 

CIRCUITS 
Increase your understanding of instrument operation. 

Service technicians depend for their 
livelihood on their understanding of 
electronic circuits, and on their abil- 
ity to repair them. And yet, surpris- 
ingly few servicemen have a really 
concrete knowledge of what's inside 

the test instruments they use every 
day. Not too many of them realize 
how much easier it would be to use 
test equipment if only they under- 
stood it more completely. In this spe- 
cial book section, you'll learn what is 
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(A) Original schematic 

actually happening inside various test 
apparatus when you take a measure- 
ment, look at a waveform, or feed a 
signal into an ailing set. 

Circuits Are Simple 

At first glance, most test instru- 
ments appear to contain either a maze 
of complex wiring, or a printed board 
with numerous components mounted 
in neat, but confusing, rows. An anal- 
ysis of the wiring diagram may only 
add to your uncertainty, since it ap- 
pears different from anything you've 
seen in a television or radio schematic. 
But, take a second glance at the dia- 
gram. You'll notice it contains the 
same components you work with 
every day, and you'll soon find they're 
connected into circuits that are not 
nearly so complex as they may seem. 
To prove this point, consider that a 
television set contains several times as 
many parts as your voltmeter or scope, 
and its schematic is even more com- 
plicated than that of the test instru- 
ment-if you look at the entire sche- 
matic at once. However, when you 
analyze a TV set, you concern your- 
self with only one portion at a time; 
this method will work just as well with 
test -equipment schematics. 

One feature of instrument diagrams 
seems to offer a stumbling block: Con- 
nections through multisection switches 
can be difficult to trace if you're not 
familiar with them, especially when 
the schematic shows the switch set at 
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(B) Sketch of ohmmeter portion 

Fig. 1. Technique of "extracting" simplified schematic for easier understanding. 
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Fig. 2. Current -measuring circuits con- 

sist of meter with resistive shunts. 

some position other than for the func- 
tion in which you. are interested. But 
there is a technique that can be uti- 
lized to overcome this problem-that 
of "lifting out" a portion of the sche- 
matic and sketching it in simplified 
form. This will be done with many 
of the schematic diagrams shown 
throughout this text, and you'll be 
able to see how it's done. Essentially, 
it involves lightly marking the switch 
on the original schematic as if the 
switch were in the desired position, 
ignoring the actual setting shown. 
Tracing connections is thus greatly 
simplified, and any section of the cir- 
cuit (for example, the ohmmeter por- 
tion) can be sketched in simple form. 
This technique is demonstrated in Fig. 
1; a normal VOM schematic is shown 
in Fig. 1 A, with the R x 1 ohmmeter 
portion marked by heavier lines. Fig. 
1B shows the simplified sketch which 
can then be made for a fuller under- 
standing of the circuit. 

With these "tricks" in mind, let's 
turn to actual equipment, and learn 
exactly what makes each type of unit 
"tick." The most -used instruments on 
the technician's service bench are the 
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characterized by series -resistor chain. 

VOM, VTVM, scope, and signal gen- 
erator. We'll examine the circuits 
commonly found in each, and learn 
how they function. This information 
can be put to practical use through a 
better understanding of how to use 
the instruments more effectively and 
how to determine the cause of any 
malfunction. 

The VOM 

The volt-ohm-milliammeter centers 
around a simple current meter, utiliz- 
ing series and parallel resistances to 
permit measuring voltage and check- 
ing resistance in addition to the basic 
function of measuring current. To un- 
derstand the VOM, you should under- 
stand the meter movement, because 
every other circuit component is 
chosen carefully to complement this 
"heart" of the instrument. 

The Meter 

The sensitivity of the entire VOM 
depends on the meter. Two factors 
involved in rating meter movements 
are the amount of current required to 
drive the pointer to full scale, and the 
resistance of the coil. The less current 
that is required to bring its pointer to 
full scale, the greater is the sensitivity 
of the meter. The coil resistance de- 
pends on the size of the coil wire and 
the number of turns needed for the 
required sensitivity. Most meters used 
in VOM's are 100-ua and 200-ua units 
with 800- or 1000 -ohm coils; less ex- 
pensive instruments use 1 -ma meters, 
while more sensitive ones incorporate 
meters as sensitive as 5 ua. 

The characteristics of the meter coil 
determine the sensitivity of the fin- 
ished VOM. The almost universal sen- 
sitivity for VOM's is 20,000 ohms per 
volt, but there are instruments rang- 
ing from 1,000 to 200,000 ohms per 
volt. 

DC Milliammete 

From the schematic of a typical 
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Fig. 4. Rectifiers are used in every AC 
voltmeter - sometimes they're tubes. 

200,000 ohms -per -volt meter, you can 
extract a sketch of the milliammeter 
section (like Fig. 2A) from which you 
can easily analyze the action of the 
circuit. 

Fig. 2B is a further simplification 
that shows how the shunt resistor in- 
creases the current range of the basic 
meter movement, for measuring great- 
er amounts of current. As the value 
of the shunt resistor is decreased, 
more of the current applied at the 
terminals is shunted around the meter. 
If the instrument of Fig. 2B is placed 
in a circuit carrying 120 ua, only 5 

ua will flow through the meter, and 
115 ua will go through the shunt re- 
sistor. The amount of resistance is 
carefully picked to calibrate the cir- 
cuit for exactly the current range de- 
sired. 

The circuit in Fig. 2A incorporates 
a feature that can be found in sev- 
eral recent VOM's: Switch S2 is con- 
nected to remove the series resistor 
from the meter circuit. When the 
series resistor is thus bypassed, the 
meter -circuit resistance is reduced to 
only that of the meter. As a result, the 
entire circuit requires only half as 
much current to drive the meter to full 
deflection, so each scale reading must 
be divided by 2; thus, the .12 -ma 
(120-ua) scale actually reads .06 ma, 
or 60 ua. 

One other point to notice: For the 
12 -amp scale, a wire shunt is used. 
This is a carefully selected piece of 
low -resistance wire, for it must pass 
almost the full 12 amps of current. 
(Only 5 ua can pass through the 
meter, leaving 11.999995 amps to pass 
through the shunt.) 
DC Voltmeter 

In Fig. 3, a 50-ua, 1800 -ohm meter 
movement is being used in a VOM to 
measure DC voltage. A voltmeter, 
probably the simplest of circuits to 
understand, always consists of drop- 
ping resistors (multipliers) in series 
with the meter movement. The multi- 
plier resistors can be considered in 
either of two ways: They can be 
looked on as dividers that reduce the 
voltage to the correct amount for the 
meter, or they can be thought of as 
current -limiting resistors to lower the 
current so it is just enough to drive 
the meter to full scale. Whichever way 
you prefer to think of them, the mul- 
tiplier resistors in a voltmeter are al- 
ways in series with the meter. This is 
opposite to the arrangement used with 
current meters, which invariably have 
the resistances in parallel with the 
meter movement. 

Some VOM's incorporate a revers- 
ing switch for the DC voltmeter, to 
make it unnecessary to reverse the test 
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Fig. 5. Bridge -type AC rectifier is a 
bit more sensitive than half -wave type. 

leads when measuring certain voltages. 
When it is included, the switch is 
usually placed in the metering cir- 
cuit as shown in Fig. 3. 

AC Voltmeter 

To measure AC voltages with the 
ordinary DC meter movement, it is 

necessary to rectify the input voltage. 
Fig. 4 shows a typical AC voltmeter, 
using a 50-ua, 2000 -ohm meter with 
semiconductor rectifiers M1 and M2. 
In a number of VOM's, M1 and M2 
are a single dual -diode unit. The mul- 
tiplier resistors are almost the same as 
with the DC ranges; the only differ- 
ence is in the values, which must be 
changed to compensate for the addi- 
tion of the meter rectifiers. This means 
the meter sensitivity can't be used di- 
rectly in calculating the values for 
multiplier resistors, because the in- 
ternal resistances and rectifying ef- 
fects of M1 and M2 must also be 
considered. This difference is also cor- 
rected for, in many VOM's, by a spe- 
cial scale on the meter face for AC 
volts. 

Careful analysis of the circuit in 
Fig. ' 4 will help explain one of the 
precautions which you must ordinar- 
ily observe when measuring signal 
voltages in certain electronic circuits. 
-For example, if you were to measure 
the audio voltage at the plate of an 
output stage, the DC voltage present 
would also have considerable effect on 
the meter indication, because a posi- 
tive DC voltage can pass through 
rectifier M2 and cause a reading on 
the meter. The result might be a fair- 
ly high indication, even though audio 
voltage might actually be almost non- 
existent. 

Such readings can lead to confusing 
results. To eliminate this error, you 
can try making a second measurement 
with the test leads reversed, and ac- 
cepting only the lesser reading of the 
two. This precaution is sometimes un- 
necessary, because a number of AC 
voltmeters include a blocking capaci- 
tor (such as Cl in Fig. 4) for meas- 
uring AC in the presence of DC. In 

most instruments, the capacitor is con- 
nected to a jack called OUTPUT be- 
cause it is used primarily in testing 
audio output stages. Very often, the 
scale card of the meter is provided 
with an extra scale - usually cali- 
brated in decibels - to facilitate out- 
put readings and allow for the differ- 
ence in accuracy introduced by add- 
ing the capacitor to the divider net- 
work. 

Fig. 5 shows a slightly different AC 
voltmeter. In this circuit, the rectifier 
unit is wired into a bridge network. 
This arrangement, being full -wave, is 
somewhat more sensitive than the sys- 
tem shown in Fig. 4. One noteworthy 
difference about this circuit concerns 
the erroneous readings that may oc- 
cur in DC -carrying circuits. In the 
circuit of Fig. 5, reversing the test 
leads will have little effect in cor- 
recting the error. Therefore, it is 
necessary to use the "output" function 
when DC is present in the circuit be- 
ing tested. 

Ohmmeter 

Resistance can be measured rela- 
tively easily; it is necessary only to 
apply a known voltage to the un- 
known resistance, measure the result- 
ing current, and use Ohm's law to 
compute the resistance. All three steps 
can be handled automatically by the 
circuit in Fig. 6. 

A 11/ -volt battery is used as the 
voltage source for the R x 1 scale. To 
set the meter for testing, the ZERO 
ADJUST potentiometer is set for a full- 
scale reading with the unknown re- 
sistance at zero ohms (leads shorted 
together). This means the scale card 
will read from right to left for in- 
creasing values of resistance. Prac- 
tically all VOM's are designed this 
way, and are thus called right -hand - 
zero ohmmeters. As the unknown re- 
sistance increases, less current flows 
in the meter, and the pointer indi- 
cates a higher resistance value on the 
scale card. 

The highest range of this particular 
ohmmeter (R x 10K) is powered by 
71/2 volts - usually four 11/2 -volt 
flashlight cells in series with the single 
cell used for lower ranges. Switching 
to the highest range also connects 
the measuring circuit to a different 
point on the divider network. All the 
resistors in the network are carefully 
chosen so that, once the meter has 
been "zeroed" (remember, this is at 
full scale), a zero reading will occur 
at every setting of the range switch 
when the test leads are shorted to- 
gether. In this type of ohmmeter, when 
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Fig. 6. Ohmmeter section of VOM 
changes dividers, voltages with range. 

you find it fails to "zero" on one 
range or another, you can blame slight 
variations in the resistors which make 
up the divider network. (Of course, 
this assumes the batteries are fresh.) 
However, this slight shift can be 
taken care of by resetting the ZERO 

ADJ potentiometer, and will have little 
effect on resistance readings. 

The VTVM 

It has been truthfully said that a 
VTVM is merely a glorified VOM. 
However, this "glorification" is not 
without good cause. One of the as- 
sets of the vacuum -tube voltmeter is 

its input impedance, which is constant 
for all its ranges and very high in 
value -10 megohms is common, com- 
pared with 20,000 ohms per volt for 
most VOM's. This means that, on its 
500 -volt scale, a VOM would have 
an input impedance of 10 megohms- 
comparable to the impedance of a 
VTVM; but, on the 10 -volt scale the 
VOM would have an input impedance 
of only 200K ohms (which would load 
down some high -impedance circuits), 
while the VTVM still would maintain 
its 10-megohm input impedance. 

The VTVM also has other advan- 
tages. The use of a vacuum tube makes 
it possible to incorporate a relatively 
inexpensive meter movement, yet ob- 
tain instrument sensitivity far exceed - 

(A) Bridge -type arrangement 

INPUT TO BE MEASURED ---+ si ----- e+ 

100K 100K 

B - 

(B) Equivalent circuit 

Fig. 7. Metering circuit for VTVM uses 
vacuum tube to increase sensitivity. 
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Fig. 8. DC section of VTVM is similar 
to its counterpart in the usual VOM. 

ing that of the VOM. Also, it permits 
easy conversion of the ohmmeter scale 
into a left -hand -zero type, making it 
more consistent with the rest of the 
scale card. Much higher ohmmeter 
ranges can be used, because of the in- 
creased sensitivity of the metering cir- 
cuit. 

The Metering Circuit 
The main difference between the 

VTVM and VOM is in the metering 
circuit. Most modern VTVM's use a 
bridge circuit like that shown in Fig. 
7, with a vacuum tube as two "legs" 
of the bridge. The meter itself is con- 
nected between the cathodes, which 
represent the balance points for the 
bridge, as shown in Fig. 7B; the tubes 
then represent variable resistances in 
the two upper legs of the bridge. One 
tube maintains balance in the bridge 
when the input is zero; the other 
"senses" the value of any input volt- 
age and unbalances the circuit, caus- 
ing an indication on the meter. 

Let's examine the circuit a bit more 
closely. First, the input: The voltage 
from the measuring circuits (multi- 
pliers, range switch, etc.) is developed 
between the grid of VIA and ground; 
therefore, it is actually applied be- 
tween the grids of the two tubes, since 
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METER 
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METERING 
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(B) More elaborate dividers 

Fig. 9. Special circuit arrangement for 
AC voltmeter in one popular VTVM. 

the grid of VlB is returned to ground 
through R6 and the slider of R7. Thus, 
a positive voltage at point A will 
cause greater conduction in VIA and 
reduce conduction in V 1 B, causing 
point B to become more positive and 
point C to become more negative. The 
meter indicates this change by an up- 
scale movement of the pointer. If a 
negative voltage is applied to point 
A, point C becomes more positive 
(from increased conduction in V I B ) 
and point B becomes more negative. 
The result is a downscale swing of the 
needlè, unless polarity switch S1 is 
changed to cause the meter to read 
upscale. 

When the value of the applied volt- 
age is known, R3 can be adjusted 
until the current through the meter is 
just enough to make the pointer fall 
at the proper marking on the scale 
card, thus calibrating the instrument. 

If the input voltages are not applied 
at just the right "point" in the bridge, 
the positive and negative swings will 
not be symmetrical-that is, a 10 -volt 
positive swing will not unbalance the 
bridge exactly the same amount as a 
10 -volt negative swing. The ZERO BAL 

potentiometer allows for adjusting this 
balance to suit the tube characteristics. 

It is also necessary to establish an 
equilibrium within the bridge, for it 
must be exactly balanced so no indi- 
cation will be passed on to the meter 
when point A is tied to ground or no 
voltage is being applied. For this pur- 
pose, the ZERO ADJ potentiometer is 
provided; it will be found on the front 
panel of most VTVM's, where the op- 
erator can, adjust it easily. 

Certain of the above functions are 
handled somewhat differently in vari- 
ous VTVM's, but you'll find that most 
follow the same general design pat- 
tern. Remember, a circuit such as that 
in Fig. 7 does not depend on an ex- 
tremely sensitive meter movement for 
its sensitivity. In the VTVM whose 
metering circuit is shown in Fig. 7, 
a 200-ua, 650 -ohm meter is used, al- 
though the input impedance of the 
VTVM is 10 megohms. This demon- 
strates a basic fact about a VTVM: 
its input impedance depends essential- 
ly on the divider networks used at the 
input of the instrument, and has little 
to do with the sensitivity of the basic 
meter movement. 
DC Voltmeter 

There is a simple 'method of ana- 
lyzing the voltmeter section of a 
VTVM: merely think of it as a VOM, 
and consider the vacuum -tube meter- 
ing circuit as a simple meter. For an 
example, look at Fig. 8. The input 
multiplier consists of resistors totaling 
10 megohms; various points in this di - 
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Fig. 10. Basic diagram of oscilloscope 
includes the functions most necessary. 

vider chain are connected fo the 
metering circuit to derive the various 
ranges. Since the metering circuit in 
this case (the grid circuit of V 1 A- 
Fig. 7) has almost an infinite imped- 
ance, it has little effect on the divider 
network, or on the input impedance 
of the instrument. 

The DC probe contains a 1-meg re- 
sistor, as do most of those used with 
modern VTVM's. The resistor helps 
isolate the VTVM tube stages from 
the circuit being tested-particularly 
on the lowest range, where the 1-meg 
resistor is the only isolation between 
the measured circuit and the grid of 
VIA. This resistor also makes the 
overall input impedance of the VTVM 
11 megohms on all DC ranges. 

Note the similarity between the cir- 
cuit of Fig. 8 and that in Fig. 3. The 
metering circuit in Fig. 8 performs the 
same functions as the meter and the 
calibration potentiometer of Fig. 3. 

In Fig. 8, you'll also notice an ex- 
tra switch, S2. This is a polarity - 
reversal switch of a type used in some 
VTVM's, which "flips" the input con- 
nections to the entire metering circuit 
instead of changing just the meter 
connections as is done in some instru- 
ments. 
AC Voltmeter 

There are several types of AC volt- 
meters used in different models of 
VTVM's: ordinary AC voltmeters, for 
measuring rms values of power -line 
and audio voltages; peak -reading volt- 
meters, which indicate the peak value 
of any AC waveform; peak -to -peak 
voltmeters, that can measure com- 
plex waveforms such as those found 
in television sets; and special amplified 
voltmeters, usually for measuring very 
small audio or other rms voltages. 

The most common of these-the 
rms voltmeter - is found in both 
VOM's and VTVM's; a typical cir- 
cuit is shown in Fig. 9A. You'll no- 
tice its similarity to the AC voltmeter 
in Fig. 4; the function of the VTVM 
metering circuit is the same as in the 
DC voltmeter just discussed. 

You'll notice two divider networks. 
Since the shunting effect of rectifier 
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V2A will vary with the voltage im- 
pressed across it, allowance must be 
made for this before the rectified volt- 
age is fed to the metering circuit. The 
resistive network associated with 
switch S1 (both sections) takes care 
of this. 

Rectifier V2B feeds a portion of the 
rectified voltage back to the metering 
circuit to balance the entire network 
so it will correctly read both positive 
and negative excursions of the input 
AC voltage. This matters little with 
sine waves, but when the rms (effec- 
tive) value of an odd -shaped waveform 
is being measured, it is important that 
the circuit be effectively balanced. 

A more elaborate variation of the 
AC voltmeter is shown in Fig. 9B, in 
block form. in this system, three di- 
vider networks are incorporated in the 
measuring circuits; the input divider, 
the rectifier - compensating network, 
and a divider network associated with 
the metering circuit itself. The addi- 
tional divider merely permits more 
precise design of the measuring cir- 
cuit to cover each range more accur- 
ately. 

Peak -Reading VTVM 

In the rms-type meter, the "effec- 
tive" voltage of a sine wave is only 
.707 times the peak value, and this is 
what the instrument measures. To 
measure peak (and peak -to -peak) volt- 
ages, a voltage -doubler rectifier -often 
a bridge-type-is normally used, along 
with a filter circuit having a long time 
constant. The values of the filter com- 
ponents are chosen so the capacitor 
hardly has time to start discharging be- 
fore the next half -cycle recharges it. 
Thus, the reading indicates more near- 
ly the actual peak of the input signal. 

In peak -reading VTVM's, the rms 
scale is merely calculated from the 
fact that the rms value of a sine wave - 
is exactly .707 times the peak value. 
Therefore, as a rule, the rms scales 
are accurate only when a sine wave 
voltage is being measured. Remember, 
this applies only to VTVM's that are 
designed for peak or peak -to -peak 
measurements. 

Current Measurement 
Very few VTVM's make any pro- 

vision , for measuring current. When 
they do, their current -measuring cir- 
cuits are exactly the same as those 
used in VOM's, and the bridge circuit 
is not used. The meters used in 
VTVM's, as explained before, are 
seldom as sensitive as those used in 
VOM's, since this sensitivity is not 
needed. For this reason, VTVM's are 
not likely to be capable of measuring 
very low currents-a slight limitation 
on their usefulness. 

r 
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Fig. 11. Vertical amplifier is signal -handling section of the oscilloscope. 

Oscilloscopes 
Next to the VOM and VTVM, the 

oscilloscope is undoubtedly the most 
indispensable troubleshooting instru- 
ment for the practical serviceman. 
With it, he can actually look at the 
most complex waveforms traced by 
the continually alternating signal volt- 
ages in electronic circuits. To perform 
this feat, every oscilloscope-even the 
simplest-must have certain functions. 
A glance over Fig. 10 will show you 
the basic sections that every oscillo- 
scope must contain. Each section may 
be as elaborate or as simple as the ap- 
plication calls for, but the key stages 
are still the same. 

Vertical Amplifiers 
Differences you will find in verti- 

cal amplifiers will generally concern 
the input-attenuator arrangement, the 
amount of amplification, the band- 
width, and the point of sync takeoff. 
A typical vertical amplifier is shown 
schematically in Fig. 11. 

The first significant feature you'll 
notice is the fact that the output is 
push-pull and one output tube con- 
nects to each deflection plate of the 
CRT. Most modern scopes use this 
arrangement, as it permits the use of 
tubes which consume little power, 
while still driving large -screen scope 
tubes. Single -ended output stages are 
still used occasionally, but they're not 
very common. 

The push-pull output stage shown 
in Fig. 11 is unusual in its own right, 

Fig. 12. Vertical attenuator network. 

because of the uncommon driving ar- 
rangement-usually found only in 
scopes. Cathode follower V2 is used 
as the driver tube. C4 couples the 
signal to the VERTICAL GAIN con- 
trol R5; the impedance of the capaci- 
tor is so low that the cathode -follower 
signal load effectively consists of R5 
and R6 paralleling R4. Canacitor C5 
feeds the signal to the grid of V3. 
But how is the push-pull signal de- 
veloped and made to drive V3 and V4 
on alternate cycles? The insert of Fig. 
11 shows the simplified equivalent 
push-pull circuit. Since C6 grounds 
the grid of R4 for signal voltages, the 
cathode -follower load is connected to 
both grids- one end to V3, and the 
other to V4. Thus, when the signal 
waveform is positive -going, V3 con- 
ducts; on the negative excursion, V4 
conducts. In this way, the tubes act 
in push-pull, without the conventional 
phase-splitters, phase inverters, or 
driver transformers commonly asso- 
ciated with push-pull operation. 

You'll also notice that V3 and V4 
are connected directly to the deflec- 
tion plates; no coupling capacitor is 
used. This means that the deflection 
plates operate at the same potential 
as the output -tube plates, and that 
varying the average plate voltage of 
either output tube will alter the -DC 
voltage on that one deflection plate, 
thus offering an easy mans of posi- 
tioning the beam vertically. 

In the circuit of Fig. 11, this beam 
positioning is done by changing the 
tube bias; control R9 is the adjust- 
able part of a voltage divider which 
balances the bias voltage between the_ 
grids. Moving the control slider to- 
ward V3 will place its grid nearer 
ground potential, applying more of 
the cathode bias to the grid. Mean- 
while, the V4 grid becomes slightly 
more positive because of its connec- 
tion to B+ through R13. Conduction 
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TO HORIZ 

DEFL PLATES 

Fig. 13. Horizontal amplifier doesn't 
incorporate bandwidth -widening parts. 

in V3 decreases, while current through 
V4 increases. The plate of V3 be- 
comes more positive, and so does the 
corresponding deflection plate-thus 
attracting the electron beam in the 
CRT. The plate of V4 becomes less 
positive, aiding the action and allow- 
ing the beam to move toward the op- 
posite' deflection plate more easily. 

To summarize the action of the out- 
put stage: The average position of the 
CRT beam depends on the bias of 
the output tubes, and this beam posi- 
tioning is controlled by R9. The in- 
stantaneous movement of the CRT 
beam in step with the signal is ac- 
complished by the push-pull action of 
the output stages, caused by the signal 
being fed to the output grids from 
the cathode follower. 

The input attenuator limits the in- 
put signal to a level that will not over- 
load the first amplifier stage. It usually 
consists of a resistive divider network 
like that shown in Fig. 12. The capaci- 
tors, which prevent favoring certain 
frequencies, are present only in com- 
pensated attenuators. In more elabo- 
rate instruments, attenuators of even 
greater complexity are common. 

The gain of the vertical amplifier 
section is developed mostly in the in- 
put amplifier. However, the band- 
width of the instrument is dependent 
on the bandpass of all the amplifiers. 
VI in Fig. 11 uses choke Ll for high - 
frequency peaking, and high -value 
cathode -bypass capacitor C2 to pre- 
vent low -frequency degeneration. DC 
coupling to, the cathode follower pre- 
vents any frequency -response problem 
there. 

S WE P VERNIER 

Fig. 14. Multivibrator-type sweep gen- 
erator uses cathode coupling system. 

In the output stage, both series and 
shunt peaking coils are used to flatten 
the overall response of the vertical 
amplifier section. Resistors R15, R16, 
R17, and R18 serve to dampen any 
self -resonant characteristics of the 
peaking coils. 

If a single -ended output stage is 
used, one deflection plate is grounded. 
Operation is then somewhat similar to 
the push-pull action described in the 
insert of Fig. 1\1, with the ground 
connection serving as a signal -coup- 
ling device. 

Horizontal Amplifiers 

In many scopes, the horizontal 
amplifier system is an exact replica 
of the vertical amplifier, having 
equivalent sensitivity and bandwidth. 
In most service scopes this extra gain 
and response is unnecessary, and the 
horizontal section has only enough 
gain to fill the CRT screen with the 
drive signal from the sweep generator. 
Some, however, include extra gain so 
the trace can be expanded for close 
inspection of some portion of the dis- 
play. 

Fig. 13 shows one of the more com- 
mon horizontal amplifiers. It is quite 
similar to the vertical amplifier shown 
in Fig. 11, except it has less gain, and 
the bandwidth is more limited. The 
same push-pull configuration - so 
common in modern scopes-is used 
in this amplifier. However, you'll 
notice the absence of frequency -com- 
pensating devices in this amplifier-a 
clue that bandwidth is not considered 
important for the horizontal sweep 
system of this scope. 

Sweep Generators 

To sweep the CRT beam from side 
to side, a linear-sawtooth generator is 
incorporated in every scope. It may 
be called the sawtooth oscillator, 
sweep generator, sweep multivibrator, 
time -base generator, or one of count- 
less other names based on the circuit 
configuration. The function is always 
the same: to sweep the CRT beam 
across the face of the CRT in a linear 
fashion, and then bring it quickly 
back across the screen to begin an- 
other trace. In a few older scopes, 
blocking oscillators are used, but now- 
adays the multivibrator is the more 
common circuit. 

Two types of multivibrators are 
in general use-the cross -coupled and 
cathode -coupled circuits. The latter 
arrangement, using a common cathode 
resistor to couple the two sections of 
the multivibrator, is probably a little 
more prevalent than the plate -to -grid 
type. A typical cathode -coupled mul- 
tivibrator is shown in Fig. 14. This 
circuit is a free -running sawtooth os- 
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Fig. 15. Frequency -determining parts 
in cathode of cross -coupled oscillator. 

cillator, but can be controlled by a 
synchronizing signal applied through 
Cl. Feedback is provided primarily by 
cathode resistor R2, which is com- 
mon to both stages; however, oscil- 
lation is also dependent on the coup- 
ling provided by capacitor C3. 

The frequency of the circuit in Fig. 
14 depends on the time constants 
formed by C3, }R5, and R6 in the grid 
circuit of V2, and by C4, R7, and R8 
in the plate circuit. The main fre- 
quency selector is a switch that con- 
nects alternate values of capacitors in 
place of C3 and C4, while a dual -con- 
trol potentiometer (R6 and R8) serves 
for "fine tuning." Ranges of sweep fre- 
quencies vary with scope application; 
some sweep only up to 40 or 50 kc, 
while others provide sweep frequencies 
as high as 1 mc. 

A variation of the cross -coupled 
multivibrator is shown in pig. 15. The 
main frequency -controlling compo- 
nents are connected to the cathode of 
V2; S1 chooses one of the frequency - 
determining capacitors, and R6 func- 
tions as a vernier tuning control. Also 
note the DC coupling between the 
plate of V1 and the grid of V2. This 
multivibrator can be controlled by a 
sync signal coupled to the grid of 
V1 through Cl. 

The main frequency -selecting switch 
of most scopes almost invariably in- 
cludes a position which applies a por- 
tion of the AC line voltage to the 
input of the horizontal amplifier; this 
permits sweeping the CRT with a 

706.3V 
60 cps 

TO HORIZ 

INPUT JACK 

1. 20-500 cps 

2. 500 cps -10 kc 

3. 10 kc-50 kc 

4. 1V HORIZ 

5.1V VERT 

6. LINE 
7. EXTERNAL 

SWEEP GEN 

TOMAIN 
y FSE1ECTlREOIIENCY-NO 

COMPONENTS 

_1 f 
HORIZ SELECTOR 1030 -cps 

COMPONENTS 

707875 -cm 
COMPONENTS 

Fig. 16. Horizontal frequency selector. 
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Fig. 17. Sync circuit of typical scope. 

60 -cps sine -wave trace (useful in cer- 
tain applications). Other auxilliary 
positions of the frequency -selector 
switch provide fixed -tuned TV hori- 
zontal and vertical sweep rates; these 
are usually preset to show waveforms 
of two or three horizontal lines or 
vertical frames. Also, the same switch 
is ordinarily used to connect the hori- 
zontal amplifier to the HORIZONTAL 

INPUT jack on the panel. Fig. 16 

depicts a typical frequency -selector 
switch, and shows schematically the 
connection made in each position. 

Sync Section 

Quite a few scopes don't actually 
have a sync "section," although 
practically all of them have pro- 
visions for synchronizing the trace, 
so the waveform display will stand 
still horizontally. Most common is the 
system shown in Fig. 17 or a similar 
variation of it. 

For the + and - positions of the 
switch, a sample of the input signal 
is taken from the plate of each output 
stage. If the signal is- predominantly 
positive -going, best sync is obtained 
if the switch is set at the + position; 
if the signal is mostly negative the - 
position provides best sync. "Line" 
sync makes it easy to stabilize pat- 
terns that are exact multiples or sub- 
multiples of the line frequency -60 
cps. An amplitude control is generally 
used with external sync, since too 
much synchronizing voltage can some- 
times distort the scope's horizontal 
sweep. 

In many scopes of more elaborate 
design, a sync amplifier is included, 
as shown by dotted lines in Fig. 17. 
When this stage is used, the sync - 
amplitude control is usually placed in 
the amplifier grid circuit, thus affect- 
ing all sync signals-both internal 
and external. 

Auxilliary Circuits 

There are a number of circuits, in 
some scopes, that are not absolutely 
necessary to the main function of the 
instrument. These circuits make oper- 
ation of the instrument easier in many 
instances; in other cases, they adapt 
the unit to special applications; some- 
times they -make it easier to interpret 

the traces. Among these auxilliary cir- 
cuits are retrace blanking, Z-axis 
modulation, triggered sweep, polarity 
reversal, variable -bandwidth switching, 
and various calibrating devices. 

Retrace blanking simply consists of 
a negative pulse, derived within the in- 
strument, that is applied to the grid of 
the CRT during the time when the 
trace is "snapping back" to begin a 
new line. In some scopes, the opposite 
"tack" is taken; the CRT is biased 
past cutoff and is "unblanked" during 
sweep time. Fig. 18A shows a wave- 
form with a retrace line visible, while 
Fig. 18B shows the effects of retrace 
blanking. 

Z-axis modulation has limited use in 
service work. It is simply a connec- 
tion, usually on the front panel, by 
which a signal can be applied to the 
grid of the CRT to decrease or blank 
the intensity during negative portions 
of the Z-axis signal. 

A triggered sweep, useful for analy- 
sis of certain pulse waveforms, is 
found most frequently on industrial 
scopes. In these instruments, the sweep 
generator is not free -running, but de- 
pends on an external stimulus or trig- 
ger. As a rule, it must be triggered 
for each excursion of the sweep, but 
some can be set to run for a definite 
number of cycles after each trigger- 
ing pulse. In all models, the trigger 
pulse is applied in essentially the same 
manner as the sync signal in ordinary 
scopes. 

Polarity reversal is rperely a way of 
turning the trace upside down so posi- 
tive -going pulses (such as television 
sync pulses) point downward, where- 
as they might normally point upward. 
This can be done rather easily by pro- 
viding a switch to reverse the polarity 
of the signal just before it is fed to 
the push-pull output stage. With some 
scopes, this is done by switching the 
push-pull input from the cathode (as 
in Fig. 11) to the plate, which must 
have a suitable plate -load resistor. 

A compromise between bandwidth 
and sensitivity must often be reached 
in scope design. To get around this, 
a few scopes offer two bandwidths, 
chosen by a switch on the front panel. 

RETRACE 

(A) Without 
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AMR. ATTENUATOR 
OUTPUT 

(A) Simple oscillator type 

FXED Osë 
1mc 

VARIABLE 
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1.00001 me 

T02.0 me 

_ ATTEN- 
10 cps 

MIXER 
FILTER 

AMPI. 
UATOR -llmc 

OUTPUT 

(B) Heterodyne type 

Fig. 19. Two types of audio generator. 

The wide -band position sacrifices some 
sensitivity; but when measurements 
must be made that demand high sen- 
sitivity, the switch can be set for nar- 
rower bandwidth and higher gain. The 
change is accomplished within the in- 
strument merely by removing the ef- 
fects of some of the peaking compo- 
nents and changing operating voltages 
of certain tubes. 

There are a number of calibrating 
devices and methods. Basically, they 
all consist of a predetermined voltage 
that can be applied to the vertical am- 
plifier. The vertical gain control is 
then set to obtain a certain arbitrary 
vertical trace size; thereafter, that 
amount of deflection represents the 
same value as the calibrating voltage. 
In most scopes, the markings on the 
vertical-attenuator switch then repre- 
sent decimal multipliers for the origi- 
nal calibrating voltage. 

The calibrating voltage is usually 
taken from the filament circuit via a 
resistive divider which sets the exact 
voltage-commonly 1 volt. In many 
scopes, a calibrated graticule aids in 
reading peak -to -peak signal voltages 
with the scope; the calibration is sim- 
pler and more "automatic." 

Signal Generators 

Signal injection is recognized as a 
quick, logical method of localizing 
trouble in all sorts of electronic cir- 
cuits. But, as in other phases of serv- 
ice work, the application of any trou- 
bleshooting plan is only as thorough 
as your understanding of the tool-in 
this case, the signal generator. 

There are a number of general 
types: simple harmonic (noise) gen- 
erators, audio generators, RF gener- 

Fig. 18. Effects of retrace blanking. 
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Fig. 20. Service -type signal generator. 

ators, modulated RF generators, and 
special pulse (and pulsed -RF) gener- 
ators. The simplest of these-the noise 
generator-consists of a circuit that 
can produce sharp pulses at some fre- 
quency in the audio spectrum. The 
fundamental frequency can be used 
for signal injection in audio equip- 
ment, while the high harmonic content 
of the pulsed signal makes its output 
useful also in RF and IF stages. For 
example, a 1000 -cps harmonic gen- 
erator can produce a usable signal 
for troubleshooting IF stages and RF 
amplifiers at more than 1000 times 
the fundamental frequency. This is 
because of the sharp nature of the 
pulses; the sharper the leading edge 
and the flatter the top of each pulse, 
the higher is the harmonic content of 
the signal. 

Audio Generators 

For testing audio circuits, two gen- 
eral types of instruments have been 
developed (Fig. 19). The first, shown 
in Fig. 19A, consists of a simple oscil- 
lator that produces an audio sine 
wave, an amplifier to raise the signal - 
voltage level, and an attenuator sys- 
tem. The oscillator can be a phase - 
shift type, a multivibrator, a blocking 
oscillator, or any other type capable 
of producing an audio sine wave. The 
amplifier increases the signal level suf- 
ficiently to permit injection directly 
into high-level output stages-usually 
5 or 10 volts rms. The attenuator may 
be a carefully calibrated divider net- 
work that permits choosing the exact 
amount of signal-millivolts or volts 
-for a specific purpose; but in less 
expensive generators, the attenuator 
may be only a potentiometer. 

Fig. 19B shows a different type of 
generator, more elaborate than the one 
shown in Fig. 19A; it is called a beat - 
frequency audio generator. In this in - 
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Fig. 21. Hartley oscillator that can be 
amplitude modulated with audio tone. 

strument, the signal from a variable 
oscillator (controlled by the frequency 
dial) is mixed with the output of a 
fixed oscillator; the resulting beat -fre- 
quency signal is amplified and fed to 
the output network. The advantages 
of this system are greater accuracy of 
the audio output frequency, greater 
stability, and a wider range of avail- 
able frequencies. 
RF Generators 

The "old standby" of radio and tele- 
vision servicing is the RF generator, 
usually equipped with an internal 
audio oscillator so a choice of three 
output signals-pure RF, modulated 
RF, or audio only-can be provided. 
This makes for versatility in applica- 
tion, because the instrument can be 
used for all sections of radios and tele- 
vision sets-provided the range of RF 
frequencies is sufficient. Some signal 
generators make provision for modu- 
lating their RF signal with the output 
from an external audio generator, 
further increasing the versatility. 

Fig. 20 shows the essential portions 
of a service -type signal generator, with 
certain more elaborate features added 
in dashed lines. The oscillator is simi- 
lar to those found in other RF de- 
vices; more often than not, it is a 
Hartley type. In many instruments, the 
modulation actually takes place in the 
RF oscillator tube-at the screen grid, 
at the plate, or at both. The attenuator 
shown can be anything from a simple 
potentiometer to a complex bolometer 
arrangement used for measuring mi- 
crovolts of output signal. 

The Hartley oscillator shown in Fig. 
21 is typical of those found in service 
generators, although other variations 
are used. The signal -takeoff point for 
this circuit, however, is somewhat dif- 
ferent from most; the output signal is 
taken directly from the tuned tank (at 
the grid connection) rather than from 
the plate circuit of the tube. This is 
done to permit use of an inexpensive 
triode tube and still allow the plate 
circuit to be connected to the modu- 
lating signal without affecting the 
tuned tank. 

To prevent interaction between the 
tuned tank and the load connected to 
the instrument, a cathode follower is 
inserted between the oscillator and the 
output attenuator system. 

If the oscillator tube is a pentode 
(or a pentagrid type), the circuit can 
be connected as shown in Fig. 22. In 
this arrangement, the output is taken 
from the plate of the tube, while mod- 
ulation takes place at the screen grid. 
Thus, the oscillator section controls 
the plate current at an RF frequency 
by the action of the control grid, 
while at the same time the screen grid 
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FOLLOTOCAWEH R 

FROM 

AUDIO OSC 
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Fig. 22. Bandswitching signal genera- 
tor with screen -modulated oscillator. 
varies the plate current at an audio 
rate. The result of these actions is a 
modulated RF signal fed to the cath- 
ode follower, and thence to the out- 
put system. 

A common attenuator arrangement 
is shown in Fig. 23. It is essentially a 
rather simple configuration, but is ef- 
fective in preventing leak -through of 
RF signal to the output jack. In use, 
the COARSE control is set for enough 
output signal (with the FINE control 
fully clockwise) to fulfill the needs of 
the job being done. Then the FINE 
control couples out only as much of 
the signal as is needed for each step 
of the signal -injection or alignment 
procedure. 

Conclusion 
The circuits in this section are typi- 

cal of those found in the most -used 
bench instruments in the ordinary 
service shop - the VOM, VTVM, 
scope, and signal generator. Each cir- 
cuit has alternate arrangements which 
may vary from instrument to instru- 
ment. You'll find, however, that every 
instrument in each group must per- 
form certain operations, and it is these 
operations you have learned about in 
the preceding pages. If you understand 
the functions described, and the cir- 
cuits used to perform them, you'll 
have no difficulty in understanding 
whatever brand and model of instru- 
ment you own..Also, when you under- 
stand what's going on inside your test 
equipment, you'll not only be better 
able to use each instrument for its 
basic purposes, but you'll find you can 
develop many additional uses. Then 
your instruments will truly be what 
they're intended to be- the tools of a 
professional serviceman. 

RF OTT 

Fig. 23. Common RF output attenuator. 

10 PF REPORTER March, 1963 



Prices effective January 1, 1963 

Tarzian offers 

FAST, DEPENDABLE 

TUNER REPAIR 

SERVICE (MANES) 

I 

It just makes sense that a manufacturer of tuners should 
be better -qualified, better -equipped to offer the most de- 
pendable tuner repair and overhaul service. 

Sarkes Tarzian, Inc. pioneer in the tuner business, 
maintains two complete, well-equipped Factory Service 
Centers-assisted by Engineering personnel-and staffed 
by specialized technicians who handle ONLY tuner re- 
pairs on ALL makes and models. 

Tarzian-made tuners received one day will be repaired 
and shipped out the next. Allow a little more time for 
service on other than Tarzian-made tuners. 

Tarzian offers a 12 -month guarantee against defective 
workmanship and parts failure due to normal usage. And, 
compare our cost of $9.50 and $15 for UV combinations. 
There is absolutely no additional, hidden charge, for ANY 
parts except tubes. You pay shipping costs. Replacements 
on tuners beyond practical repair are available at low cost. 

® Tarzian-made tuners are identified by this stamping. 
When inquiring about service on other tuners, always 

give TV make, chassis and Model number. All tuners 
repaired on approved, open accounts. Check with your 
local distributor for Sarkes Tarzian replacement tuners, 
replacement parts, or repair service. 

\/SARKES TARZIAN, INC. 
Bloomington, Indiana 

MANUFACTURERS OF TUNERS . . . SEMICONDUCTORS ... AIR 
TRIMMERS ... FM RADIOS ... AM/FM RADIOS ... AUDIO TAPE .. , 

BROADCAST EQUIPMENT 

ONLY 

50 
INCLUDING 

ALL PARTS 
(except tubes) 

endjO 
24 -HOUR SERVICE 

1 -YEAR WARRANTY 

TWO SERVICE CENTERS 
TO SERVE BETTER 

See your distributor, or use the 
address nearest you for fast fac- 
tory repair service 

537 South Walnut St. 

Bloomington, Indiana 
Tel: 332-6055 

10654 Magnolia Blvd. 

North Hollywood, Calif. 
Tel: 769-2720 

March, 1963/PF REPORTER 11 



\11I'IDDEN 600* wrote these 6 SUCCESS STORIES. 
Service Technicians supply the happy endings! 

Capacitor success stories are no novelty at Sprague. The "Hidden 600", 
Sprague's behind -the -scenes staff of 600 experienced researchers, have 
authored scores of them! And customers add new chapters every day. But 
none has proved more popular than the 6 best sellers shown here. Developed 
by the largest research organization in the capacitor industry, these 6 
assure happy endings to service technicians' problems. 

O DIFILM® BLACK BEAUTY® MOLDED TUBULAR CAPACITORS 
The world's most humidity -resistant molded capacitors. Dual 
dielectric-polyester film and special capacitor tissue-com- 
bines best features of both. Exclusive HCX® solid impregnant 
produces rock -hard section-nothing to leak. Tough case of 
non-flammable phenolic-cannot be damaged in handling. 

O DIFILM® ORANGE DROP® DIPPED TUBULAR CAPACITORS 
Especially made for exact, original replacement of radial -lead 
tubulars. Dual dielectric combines the best features of both 
polyester film and special capacitor tissue. Exclusive HCX® 
solid impregnant-no oil to leak, no wax to drip. Double 
dipped in bright orange epoxy resin to beat heat and humidity. 

O TWIST -LOK® ELECTROLYTIC CAPACITORS 
The most dependable capacitors of their type. Built to "take 
it" under torrid 185°F (85°C) temperatures-in crowded 
TV chassis, sizzling auto radios, portable and ac -dc table 
radios, radio -phono combinations, etc. Hermetically sealed 
in aluminum cases for exceptionally long life. Withstand high 
surge voltages. Ideal for high ripple selenium rectifier circuits. 

O ATOM® ELECTROLYTIC CAPACITORS 
- The smallest dependable electrolytics designed for 85°C opera- 

oMS t tion in voltages to 450 WVDC. Small enough to fit anywhere, 
work anywhere. Low leakage and long shelf life. Will with- 
stand high temperatures, high ripple currents, high surge volt- 
ages. Metal case construction with Kraft insulating sleeve. 

O LITTL-LYTIC® ELECTROLYTIC CAPACITORS 
Ultra -tiny size for use in transistorized equipment. High de- 
gree of reliability at reasonable price. All -welded construction 
-no pressure joints to cause "open" circuits. Withstand 
temperatures to 85°C (185°F). Hermetically sealed. Extremely 
low leakage current. Designed for long shelf life-particularly 
important in sets used only part of the year. 

CERA -MITE® CERAMIC CAPACITORS 
Tiny, tough, dependable in practically every application. Low 
self-inductance of silvered flat -plate design gives improved 
by-pass action in TV r -f circuits. Higher self -resonant frequen- 
cy than tubular ceramics or micas. Tough moisture -proof 
coating. Designed for 85°C operation. 

*The "Hidden 600" are Sprague's 600 experienced researchers who staff the largest re- 
search organization in the electronic component industry and who back up the efforts of 
some 8,500 Sprague employees in 16 plants strategically located throughout the United States. 

Handy Hanging Wall Catalog C-457 gives complete service part list- 
ings. Ask your Sprague Distributor for a copy, or write Sprague Prod- 
ucts Company, 105 Marshall Street, North Adams, Massachusetts, 
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H. C. HOUSEHOLD ELECTRICITY Anywhere 
. . . u tier RAR ear. lye O Rime 

Operates Standard A.C. 
Record Players 
Dictating Machines 

Small Radios 
Electric Shavers 

Heating Pads, etc. 
In your own car or boat! 

ïIIIIVII ll'J G°, 
I;p;hltl3 I!II'p 

PRODUCTS 

MODERN 
LIVING 

PLUG-IN TYPE 
PORTABLE 

INVERTERS' 
MODELS 
6-RMF (6 volts) 60 to 80 
watts. Shipping weight 12 
lbs. DEALER NET 
PRICE. . . . . $33.00 
12T-RME (12 volts) 90 to 
125 watts. Shipping weight 
12 lbs. 
PRICE 

DEALER NET 

*Additional Models Available 

"A" Battery 

ELIMINATOR 
For Demonstrating and 

Testing Auto Radios- 
TRANSISTOR or VIBRATOR 

OPERATED! 
Designed for testing D.C. 
Electrical Apparatus on Reg- 
ular A.C. Lines-Equipped 
with Full -Wave Dry Disc - 
Type Rectifier, assuring 
noiseless, interference -free 

lifeoperation 
and 

ileixtremety. 
long 

and reliab 
MAY ALSO BE USED AS A BATTERY CHARGER 

MODEL 610C-ELIF ... 6 volts at 10 amps. or 12 volts 
at 6 amps. Shipping weight 22 lbs. 

DEALER NET PRICE . . . $49.95 
MODEL 620C-ELIT ... 6 volts at 20 amps, or 12 volts at 
10 amps. Shipping weight 33 lbs. 

DEALER NET PRICE . . . . .. $66.95 

AUTO -RADIO 

VIBRATORS 
By every test ATR Auto - 
Radio Vibrators are best! 

and feature Ceramic 
Stack Spacers, Instant Start- 
ing, Large Oversized Tungsten 
Contacts, Perforated Reed, 
plus Highest Precision Con- 
struction and Workmanship and 
Quiet Operation! 

There Is an ATR VIBRATOR fog 
every make of ear! 

Ask your distributor for ATR'$ Low Priced type 1400, 
6 volt 4-prung Vibrator; and 1843, 12 volt 3 -prong; or 
1840, 12 volt 4 -prong Vibrator. THE WORLD'S FINEST! 

UNIVERSAL 

KARADIO 
MODEL 600 SERIES 

Easily installed in -dash or under - 
dash. Amplifier power -supply chas- 
sis may be separated from tuner 

chassis for easy servicing. Utilizes 6 -tube superhetro- 
dyne circuit (2 dual-purpose tubes). Supplied with 
separate 5" x 7" speaker. Neutral gray -tan baked 
enamel finish. Overall size 4" deep x 61/2' wide x 2" 
high. Tuner Chassis; with Amplifier Chassis, 23/e" deep 
x 61/2" wide x 3z/e" high. Shipping weight 7 lbs. WILL 
OUT -PERFORM MOST SETS! 
Model 612-12 Volt, Dealers Net Price $31.96 
Model 606-6 Volt, Dealers Net Pric 31.96 

Airplane Style Overhead 
Mounting under Cab Root 

TRUCK 

KARADIO 
Excellent Tone, 
Volume, and Sensitivity! 
Compact, yet powerful. Fits 
all trucks, station wagons, 
most cars and boats. Just drill a % inch hole in root and 
suspend the one-piece unit (aerial, chassis and speaker) 
in minutes. Watertight mounting assembly holds anten- 
na upright. Yoke -typo bracket lets you tilt radio to 
any angle. 

Extra -sensitive radio has 6 tubes (2 double -purpose), 
over -size Alnico 5 PM speaker for full, rich tone. Big, 
easy -to -read illuminated dial. Fingertip tuning control. 
Volume and tone controls. 33 -in. stainless steel antenna. 
Neutral gray -tan enameled metal cabinet, 7 x 6V, x 4 in. 
high over-all. Shipping weight 10% lbs. 
Model TR -1279-12A for 12V Dealer Net Price $41.96 
Model TR -1279- 6A for 6V Dealer Net Price $41.96 

See Your Electronic Parts Distributor 
Write Factory For Free Literature 

ATR ELECTRONICS, INC. 
Formerly: American Television d Rodio Co 

ATR Quality Products Since 1931 

ST. PAUL 1. MINNESOTA-U.S.A. 

1 

LETTERS 

TO THE 

EDITOR 

Dear Editor: 
I wonder if you could put a note in 

PF REPORTER to see if I can find a job 
as a TV repairman? I'm a Seventh-Day 
Adventist, and would have to be off 
every Sabbath. I'm 42, am an electronics - 
school graduate, and have 12 years' ex- 
perience. 

H. A. DODSON 

202 Holly Ave. 
Charleston Heights, S. C. 

Anyone have an opening for a south- 
ern gentleman?-Ed. 

Dear Editor: 
In the article "Unusual Faults in Fila- 

ment Circuits" (January, 1963), Fig. 5 

shows a special method of obtaining DC 
filament voltage for hum -free operation. 
My friends and I have examined this 
diagram and cannot figure out how the 
circuit works. Would you examine it, and 
if the wiring is correct, please explain 
how it works? 

LAWRENCE W. HUDSON 

Flushing, N. Y. 

The schematic is correct. A detailed 
explanation of voltage -doubler circuits 
appeared in the article "Debugging B+" 
(September, 1962). Operation of the fila- 
ment string can be understood very sim- 
ply if you consider that a DC voltage 
(with respect to ground) appears at the 
junction between the two rectifiers. (Note 
that the AC line is not returned to 
ground.) Any circuit connected at this 
point will receive the voltage-approxi- 
mately 130 volts DC-developed here. In 
this case, that circuit is the filament 
string.-Ed. 

Dear Editor: 
I'd like to point out that on page 41 

of the December issue, capacitor C2 in 
Fig. 4 is shown as a resistor. The text 
refers to a capacitor. Which is correct? 

HENRY GONDER 
West Hollywood, Fla. 

The text has it stated correctly. Ca- 
pacitor C2 across the ringing coil was 
inadvertently drawn as a resistor. Ed. 
Dear Editor: 

Thought it's about time I put in a few 
words from "down under." Having serv- 
iced sets in England, Europe, and Aus- 
tralia, I've come to the conclusion we 
have the same troubles as you encounter 
in the U.S.A. I find the articles in PF 

REPORTER excellent reading and very in- 
formtive. They help universally, without 
regard to the origin of the set. Keep those 
magazines coming! 

CHRIS KNIGHT 
Perth, Australia 

We've always wondered-being on the 
underside, do you ever have trouble with 
tubes falling out of their sockets? Seri- 
ously, we "up over" inhabitants are always 
pleased to hear from our counterparts 
living "down under."-Ed. 

Dear Editor: 
I'd like to get a copy of the "Fusible - 

Resistor Guide" that appeared in the De- 
cember, 1962 issue, without having to tear 
it out. I've kept all issues of PF REPORTER 

since January 1954; I consider them a 
valuable reference library. Ten of the is- 
sues have been slightly chewed by our 
beagle pup, but they are still usable. 

JERRY BIGGER 
Kansas City, Kan. 

Your pup has unmistakably fine tastes, 
Jerry. A reprint of the "Fusible -Resistor 
Guide," on durable card stock, is avail- 
able free to any PF REPORTER reader who 
wishes to carry it in his tube caddy.-Ed. 

Dear Editor: 
In sets which have the dual -diode AFC 

rectifiers soldered into the printed board. 
I make a practice of soldering the pins 
from old tube sockets into the board. 
Then, whenever I have to replace the 
diode later, it is a simple matter of 
plugging the unit in. 

SAYREVILLE ELECTRONICS 
Sayreville, N. J. 

This might save some time if you will 
be servicing the set year after year, or if 

you replace them quite often.-Ed. 

Dear Editor: 
I'd like to see an article, with illustra- 

tions, on repairing and adjusting levers, 
switches, and springs on the clocks in 
clock radios. 

FRED H. ITO 
Walnut Grove, Calif. 

Just watch future issues, Fred. An arti- 
cle on this subject is in the works. --Ed. 

Dear Editor: 
I had an interesting experience recently. 

I spent all morning battling a remote 
control unit, with little success. At noon, 
when I went home for lunch, my October 
issue of PF REPORTER had arrived; so, I 

looked through it while 1 ate. Lo and 
behold, in the Troubleshooter section was 
"Restless Remote," discussing the same 
chassis on which I'd been working. When 
I got back to the shop, I spent only min- 
utes in locating the trouble. This is not 
the first time PF REPORTER has pulled 
me out of a sticky service situation, but it 

surely was the most timely. 
GILBERT CLEMONS 

Georgetown, Del. 

Not everyone gets instant troubleshoot- 
ing for their dessert-just PF REPORTER 
readers. Be sure to watch our future 
menus. Ed. 
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TUBE TESTER 88, $69.50 NET-locates all tube faults 
quickly, accurately with patented Seco grid circuit test 
that ci,ecks tubes 11 ways-also cathode emission test. 
DELUXE POWER SUPPLY RPS-5, $69.50 NET-tran- 
sistorized zener-regulated circuit maintains constant 
voltage over wide load fluctuation without overshoot- 
up to 30 V DC and 150 ma. 
REGULATED TRANSISTORIZED SUPPLY RPS-2, $26.96 
NET-constant voltage-adjustable 0-25 V. Elias tap - 
0 -100 ma. 

TRANSMITTER TESTER 510B, $48.95 NET-reads both 
positive and negative modulaton peaks on 0-120% 
scale-also RF output in 0-5 watts and 0-400 ma. For 
Handy -Talkies too! 
REGULATED TRANSISTORIZED SUPPLY RPS-4, $36.95 
NET-constant voltage-meter ranges 0.1.5, 0-15 and 
0-30 V DC-reads load in 0.30 and 0-150 ma. Taps 
for simultaneous biasing. 

TRANSISTOR AND TUNNEL DIODE ANALYZER 250, 
$74.50 NET-complete transistor lab in one compact 
unit-even has VOM! Analyzes semi -conductors in or 
out of circuit-no set-up data needed. 
ANTENNA TESTER 520A, $49.95 NET-reads Forward 
Power and Reflected Power directly in watts! Antenna 
efficiency reads in: SWR from 1:1 to 8:1, per cent, or 
GOOD -POOR. For 50 ohm coax. 

New Look in Test Equipment 
The look is bold, professional, functional. Handsome black 
cases, lustrous brushed aluminum panels, wide easy -to -read 
meters-"matched set" appearance and quality. It comes 
to you now from Seco. See the "New Look" display of Seco 
test equipment at your electronic distributor's and at the 
May Parts Show in Chicago. Look for the red velvet! 

SECO ELECTRONIC Sr 
I 
NC 

1221 South Clover Drive, 
Minneapolis 20, Minnesota 
Subsidiaryof Di -Acro Corpo- 
ration, Lake City, Minnesota 
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GET G -E APPLIANCES WITH THE PURCHASE OF 
G -E RECEIVING TUBES 

Your G -E Receiving Tube Distributor is giving away goodies for the home 
with the purchase of G -E tubes. You can get General Electric Appliances 
... Automatic Toasters, Can Openers, Coffeemakers, Toothbrushes .. . 

designed to make you a hero with the whole family. 

AUTOMATIC TOOTHBRUSH 
Most effective toothbrush ever de- 
signed, and even children will like to 
use it. Kit includes cordless handle, 
four personal snap -in brushes and 
automatic recharging holder. When 
you buy G -E tubes, ask for ETR-3536. 

AUTOMATIC CAN OPENER 
Opens cans in a jiffy without crank- 
ing and twisting. Safe and easy to use 
... no sharp edges. Magnet automati- 
cally removes the cutout lid. Mounts 
on wall in seconds. Yours with the pw- 
chase of G -E tubes. Ask for ETR-3537. 

wit 
V'yJ AUTOMATIC COFFEEMAKER 

Makes 3 to 9 delicious cups of coffee. 
No watching or timing necessary. Just 
put in the coffee and water, set the 
control for strength and the coffee - 
maker does the rest. Take it home 
with your G -E tubes. Ask for ETR-3538. 

AUTOMATIC REFLECTOR TOASTER 
Toasts both sides at once by reflected 
heat. Any kind of bread will fit ... so 
will frozen waffles, pancakes, cheese 
sandwiches. Shuts itself off automati- 
cally. You can get it with the purchase 
of G -E tubes. Ask for ETR-3539. 

Another accent on value from G-E Distributors 



Or 

be you -r 
_ 

o -wì7 

GET A GENERAL ELECTRIC PLASTIC 
TOOL CASE 

Your G -E Distributor will (quietly) slip you one of these 
handy tool cases made of high -impact polystyrene that 
resists oil, grease, battery acid ... won't warp, rust or rot. 
Lids overlap the base to shed water. Equipped with 2 and 
3. -tier cantilever trays. Red -orange and grey in three sizes. 

ETR-3517 . . . Size 181/4" x 91/2" x 91/2". Yours with the 
purchase of G -E tubes 

ETR-3280.. . 

Size 153/4" x 8" x 81/4" 

Get it with G -E tubes 

ETR-3516.. . 

Size 51/2ff 

Buy G -E tubes and it's 
yours 

Progress /s Our Most Important Product 

GENERAL ELECTRIC 
This program is available at the option 
of your local distributor. 



BUSS Sub -Miniature 
PIGTAIL TRON FUSES 

vices, without sacrifice of space. 
They are hermetically sealed for potting without 

danger of sealing material affecting operation and 
have high resistance to shock or vibration. Operate 
without exterior venting. May be teamed with other 
co n i onent in,. r ' lace u 

rite for BUSS 
ulletin SFB. 

t Lout 

Extreme smearing and apparent overloading are strong clues 
to the nature of this fault, pointing to a video or IF -stage 
trouble. The symptoms appear considerably different from 
those of AGC overload, so you can discount the possibility 
of the defect being in an AGC-controlled stage. The 
"whited -out" half of the screen is characteristic of IF re- 
generation or oscillation, and the ringing points to a stage 
near the video detector. (A hand brought near the tube in 
the faulty stage determined positively which one it was. 
One voltage measurement revealed a bias resistor which 
had increased considerably in value.) 

-From Howard W. Sams "Photofact Guide to TV Troubles" 

BUSS : the complete line of fuses .. 

Here's a condition which, on first glance, could indicate 
trouble in any of several stages. The most prominent symp- 
tom is the horizontal pulling at the top. However, look 
more closely: Poor interlace indicates that the fault is also 
affecting vertical sync to some extent. A 60 -cps hum 
mingled with some snow in the picture indicates the trou- 
ble is probably connected in some way with the earlier 
stages of the receiver-because the high gain of these cir- 
cuits tends to magnify even slight faults. (The trouble was 
traced to an open resistor connecting the AGC line to the 
grid of the first IF tube.) 

-From Howard W. Sams "Photofact Guide to TV Troubles" 

Let BUSS Fuses 
Help Protect Your 

PROFITS 

This is your assurance that when 
sell or install BUSS fuses, you are safe- 
guarded against complaints, call-backs 
and adjustments that might result from 
faulty fuses and eat away your profit., 

It is just good busines 
to sell fuses the BUSS way. 

Write for 
Bulletin SF 

BUSSMANN MFG. DIVISION, McGraw -Edison Co., St. Louis 7, M 
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BUSS Sub -Miniature 
FUSE -HOLDER COMBINATION 

GMW FUSE AND _Q HWA FUSEHOLDER 

I I 

A light weight, protective device for space 
tight applications in multiple circuit apparatus. 
Fuse has transparent window for visual in- 
spection of element. Fuse may be mounted alone 
or used in holder on printed circuit boards. 

HWA holder can also be panel mounted 
with or without use of knob. Knob makes holder 

write for BUS 
bulletin SFB 

This symptom offers a number of clues which can help 
pinpoint the location of the faulty component. For ex- 
ample, heavy snow means the front-end circuits must be 
amplifying; indeed, the sparkle and the heavy, coarse snow 
are indicative of operation at full gain, as when AGC bias 
is lost. In this set, only the first IF and the RF amplifier 
are AGC-controlled. The slight ringing helps eliminate the 
RF amplifier from suspicion, since this symptom is seldom 
caused by this section. Thus, the field is narrowed down to 
the first IF stage. (The trouble was a shorted capacitor in 
the grid circuit, altering AGC voltage and stage tuning. 

-From Howard W. Sams "Photofact Guide to TV Troubles" 

..., of unquestioned high quality 

This picture is faded and washed out, but not snowy-in- 
dicating considerably reduced gain in the video amplifier or 
in one of the later IF stages. (Snow is missing because the 
faulty stage is not amplifying noise developed in the front 
end.) The video in the background, even though washed 
out, shows noticeable variations in shading instead of a 
dull, flat tone; this fact points more conclusively to a middle - 
or last -IF fault than to trouble after the video detector. 
(Voltage measurements on the second and third IF stages 
revealed a plate -supply resistor greatly increased in value.) 

-From Howard W. Sams "Photofact Guide to TV Troubles" 

BUSS 
MINIATURE FUSES 
Made To Foreign Standards 

5MM x 20 MM 
(.197 x .769 INCHES, 

GLASS TUBE) 

Designed for protection 
circuits or equipment. Commonly used i 

Write for BU 
Bulletin SF 

USSMANN MFG. DIVISION, McGraw -Edison Co., St. Louis 
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d 
ways to 
increase 
your 

income 
RCA Institutes, Inc. offers these four compre- 
hensive home study courses especially de- 
signed to help build your income immediately! 

COLOR TV Add Color TV Servic- 
ing to your skills with this up-to- 
the-minute home training course 
and take advantage of the growing 
profit potential in this area! Train 
under the direction of RCA ... ex- 
perts in Color TV. 

Q® 
0 .. 

AUTOMATION ELECTRONICS 
Trains you for the many applica- 
tions of automation electronics in 
industry and government including 
Photoelectronics, Digital Computer 
Techniques, Synchros and Servo- 
mechanisms, Automatic Control 
Systems, and many more! 

TRANSISTORS You get the nec- 
essary background for semiconduc- 
tor technology including character- 
istics of tunnel diodes, rectifiers 
and other solid state devices. Tran- 
sistor trainer also available. 

\e 
IIII 

URI 
MOBILE COMMUNICATIONS 
Trains you to service and main- 
tain 2 -way radio communications 
on land, sea, and air! Gives you 
the technical foundation for space 
communications! 

Take advantage of RCA's Liberal fuition Plan. You only pay for 
lessons you order; and have no long-term obligations. Licensed by 
New York State Education Department. Approved for Veterans. 

RCA INSTITUTES, INC. 
A Service of Radio Corporation of America 
350 West Fourth Street. New York 14, N. Y. 

The Most Trusted Name in Electronics 

SEND THIS COUPON NOW FOR COMPLETE FREE INFORMATION WM MI 

RCA INSTITUTES, INC. Home Study School, Dept. PF -33 
350 West Fourth Street, N. Y. 14, N. Y. 

Without obligation, rush me free information on the following RCA Home Train- 
ing Course: COLOR TV TRANSISTORS MOBILE COMMUNICATIONS 
AUTOMATION ELECTRONICS 

Name Age 

Address 

City Zone State 

CANADIANS-Take advantage of these same RCA courses at no additional cost. 
No postage. No customs. No delay. Send coupon to: RCA Victor Company, Ltd., 
5581 Royalmount Ave., Montreal 9, Quebec. 

ow BB - lll1111 - is - - - - l- - - - i - 

The 
Electronic 
Scanner 

Visual Call System 
+ ' - Depicted in the photo is one 

of two new "Videosentri" 
CCTV systems now being man- 
ufactured by Industrial TV 
Utilities. This system, primarily 
for use in apartment buildings, 
includes a master 8" monitor 
screen in the lobby and a pri- 
vate monitor screen in each in- 
dividual apartment. When a 

1 

visitor enters the lobby to call 
on a tenant, he presses the ap- 

propriate call button; the apartment monitor then shows a 
picture of the visitor. If desired, conversation between the 
two parties can be held through the audio system. To prevent 
tenant "snooping," the apartment monitor cannot be set to view 
the lobby area without a call -button signal from the lobby. A 
similar system for commercial and industrial applications is 
also available. Both types of systems are being marketed 
through service dealers. 
Novar Production 

Sylvania's tube division has begun manufacturing a num- 
ber of novar receiving tubes for use in television receivers. 
Included are: 6GJ5, 12GJ5, 6GT5, 12GT5, 17GT5, and 6JB6 -all horizontal output amplifiers; 6BH3, 17BH3, 22BH3, 
6DW4, and 17BS3-dampers; and 5BC3-a low -voltage recti- 
fier. Sylvania is developing additional novar types for future 
release. 

Long Live the King 

cent annual sales meeting 
Springs, California. 
Fishin' Time's A-Comin' 

Instant Credit 
Mr. Harry R. Ashley, president of EICO Electronic Instru- 

ment Co., Inc., recently announced his firm has joined the 
"Uni -card" Credit Plan. Now, any Uni -card holder can pur- 
chase EICO electronic equipment-hi-fi and test instruments, 
for example-from any authorized EICO dealer, without a 
down payment. 
Go-Togethers 

Mr. A. A. Ward, president of 
Altec Lansing, and Mr. H. S. 
Morris, vice president of the 
firm, are shown congratulating 
Milton G. Thomas, Southeast- 
ern Regional Sales Manager, on 
his winning a recent nationwide 
sales campaign. The mock cor- 
onation ceremony, proclaiming 
Mr. Thomas "King Mike I," 
highlighted the company's re - 

held at the Riviera Hotel, Palm 

A free fishing rod or reel is 
being offered by Permacel with 
the purchase of 288 rolls of 
plastic electrical tape. The pur- 
chaser has a choice of either a 
Wright -McGill "Grainger" spin- 
ning rod or a Garcia -Mitchell 
spinning reel. The offer, which 
expires April 15. 1963, applies 
to the purchase of 29D, 29L, 
295D, or 295L plastic tapes. 

Service technicians will find, 
for a limited time, a free 3 -oz. 
(caddy -size) can of "Trol-Aid" 
packaged with every large, 
economy -size can of "Tun-O- 
Lube" tuner cleaner. Chem- 
tronics, manufacturer of these 
products, is offering the special 
purchase to acquaint technicians 
with the new 16 -oz. can of 
"Tun-O-Lube." 
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ITT batteries...and ITT tubes...give you first -line quality 
...and extra profit margin 

ITT 

ITT batteries-penlites, C, D, and 

9 -volt miniatures - now offer the 
same "extra value" and acceptance 
already experienced with fast-mov- 
ing ITT Receiving Tubes. 

ITT can provide this "extra 
value" of finest quality at higher 
profit margins in each of its lines 

because ITT products are on call 

from 154 factories and laboratories 
in 24 countries. If you are selling 

ITT tubes and batteries, you can 
compete with anyone in the world 

... on quality, on price, and on 

acceptance. Brands without these 

worldwide resources are finding it 

tougher than ever. 

Make sure you have this value 

leadership in your service market. 
Stock ITT tubes and batteries-the 
only worldwide lines with such a 

world-famous name. 
ITT Distributor Products Divi- 

sion, International Telephone and 

Telegraph Corporation, Box 99, 
Lodi, New Jersey. 



SENCORE 
SIMPLIFIES COLOR SERVICING 

NEW! CA122 
COLOR CIRCUIT ANALYZER 

A simple approach to a complex problem 

Here is an instrument that is designed to eliminate the guess- 
work in color TV servicing. A complete analyzer that pro- 
vides all required test patterns and signals for testing from 
the tuner to the tri -color tube. Additional analyzing signals 
for injection at each stage including audio, video and sync, 
brings to life a truly portable and practical TV analyzer for 
on the spot service; virtually obsoleting other analyzers with 
the advent of color. Sencore's simplified approach requires 
no knowledge of I, Q, R -Y, B -Y, G -Y or other hard to re- 
member formulas. The CA122 generates every signal nor- 
mally received from the TV station plus convergence and 
color test patterns. 
The CA122 offers more for less money: 
TEN STANDARD COLOR BARS: The type and phase that is 
fast becoming the standard of the industry. Crystal con- 
trolled keyed bars, (RCA type) as explained in most service 
literature, offer a complete gamut of colors for every color 
circuit test. 
WHITE DOTS: New stabilized dots, a must for convergence, 
are created by new Sencore counting circuits. 
CROSS HATCH PATTERN: A basic requirement for fast CRT 
convergence. 
VERTICAL AND HORIZONTAL BARS: An added feature to 
speed up convergence, not found on many other color gen- 
erators. 
SHADING BARS: Determines the ability of the video ampli- 
fier to produce shades (Y Signal) and to make color tem- 
perature adjustments. An important feature missing on other 
generators. 
COLOR GUN INTERRUPTOR: For fast purity and convergence 
checks without upsetting color controls. Insures proper op- 
eration of tri -color guns, preventing wasted time in trouble 
shooting circuits when CRT is at fault. 

NEW! PS12O PROFESSIONAL 
WIDE BAND OSCILLOSCOPE 
A portable wide band 3 inch oscilloscope for fast, on -the -spot 
testing. An all new simplified design brings new meaning to 
the word portability ...it's as easy to operate and carry as a 
VTVM. Though compact in size, the PS120 is powerful in 
performance: Vertical amplifier frequency response of 4 MC 
flat, only 3 DB down at 7.5 MC and usable to 12 MC, equips 
the technician for every color servicing job and the engineer 
with a scope for field and production line testing. AC coupled, 
with a low frequency response of 20 cycles insure accurate 
low frequency measurements without vertical bounce. Sensi- 
tive single band vertical amplifier; sensitivity of .035 volts 
RMS for one inch deflection saves band switching and guess- 
ing. Horizontal sweep frequency range of 15 cycles to 150 
KC and sync range from 15 cycles to 8 MC (usable to 12 
MC) results in positive "locking" on all signals. New exclu- 
sive Sencore features are direct reading peak -to -peak volts 
-no interpretation; dual controls to simplify tuning; lead 
compartment to conceal test leads, jacks and seldom used 
switches. Rear tilt adjustment angles scope "just right" for 
easy viewing on bench or production line. 
Size: 7"w x 9"h x 11 ,4"d. Weight: 12 lbs. 

Dealer Net 124.50 
(with low cap. probe) 

Kit 74.50 

A must for color . . 

a money maker for black and white TV servicing 

ANALYZING SIGNALS: RF and IF signals modulated with 
any of the above patterns for injection into grid circuits from 
antenna to detector. IF attenuator is pre-set for minimum 
signal for each IF stage to produce pattern on CRT thus 
providing a check on individual stage gain. Sync and video, 
plus or minus from 0 to 30 volts peak to peak, have separate 
peak to peak calibrated controls for quick checks on all video 
and sync circuits. Crystal controlled 4.5 me and 900 cycles 
audio simplify trouble shooting of audio circuits. 
NEW ILLUMINATED PATTERN INDICATOR: A Sencore first, 
offering a rotating color film that exhibits the actual color 
patterns as they appear on color TV receivers. Locks in with 
pattern selector control. 
You'll pay more for other color generators only. 

Dealer Net 187.50 

A must for servicing color TV in the home ... lowest 
priced broad band scope. All hand wired - all 
American made 
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TUBE TESTING 

Fast, Accurate .. . 

never lets 
you down 

A must for color 

SENCORE 
SIMPLIFIES SWEEP CIRCUIT TROUBLE SHOOTING 

SS117 
SWEEP CIRCUIT ANALYZER 

For Color and Monochrome Testing 

A professional trouble shooter that helps you methodically 
walk the trouble out of "tough -dog" sweep circuits in mono- 
chrome and color receivers. The SS117 provides a positive 
but simple push button test on all circuits indicated in the 
block diagrams. These time-consuming circuits are checked 
step-by-step with tried and proven signal injection and sub- 
stitution methods. All checks can be made from the top of 
the chassis or from under the chassis when it is removed 
from the cabinet. 
TV horizontal oscillator check is made by substituting a uni- 
versal oscillator known to be good. Horizontal output check 
consists of a cathode current and screen voltage test. The 
TV horizontal yoke is checked by substituting a universal 
yoke from the SS117 and viewing brightness or restoration 
of 2nd anode voltage. Horizontal flyback is checked dynam- 
ically in circuit by measuring the power transfer to the yoke 
when TV is turned on. TV horizontal sync can be used to 
control the SS117 horizontal oscillator,providing a positive 
check on sync from the video amplifier to the TV oscillator. 
Vertical circuits are tested by simple signal injection from 
vertical yoke to oscillator for full height on CRT. The SS117 
with the CA122 Color Analyzer provides a complete TV 
analyzer for virtually every stage in monochrome or color 
receivers. 
External checks for AC, DC, peak to peak voltage readings 
and DC current in the upper right hand corner save using a 
separate VTVM. Accurate 2nd anode measurements up to 
30,000 volts are made with a sensitive 300 microamp meter 
and the attached high voltage probe. AC Outlets, all steel 
construction and mirror in the cover makes every servicing 
job easier. 
Size: 10X" x 9U" x 3%". Wt. 10 lbs. 

The SS117 checks them all 

SYNC. CIR. 

it H. SYNC. 

DISCRIM. 

VERT. 

OSC. 

HORIZ. 
OSC. 

HORIZ. 
OUTPUT 

VERT. 

OUTPUT 

HORIZ. 

FLYBACK 

XFORMER 

VERT. 

OUTPUT 

XFORMER 

2nd ANODE 

VOLTAGE 

CIRCUIT 

FREE-A 33 RPM half hour permanent record 
Dealer Net 89.50 packed with every unit explains each test. 

VERT. 

DEFLEC. 

YOKE 

HORIZ. 

DEFLEC. 

YOKE 

FOR FASTER MORE ACCURATE 
TC114 MIGHTY MITE 

TUBE CHECKER 
This is the famous Mighty Mite, acclaimed by over 25,000 
servicemen, maintenance men and engineers as "the best 
they've ever used." A complete tube tester that is smaller 
than a portable typewriter yet finds tubes that testers cost- 
ing hundreds of dollars miss, thus selling more tubes and 
reducing call backs. A real money maker for the serviceman 
and a trusty companion for engineers, maintenance men and 
experimenters. The Mighty Mite has been acclaimed from 
coast to coast as the real answer for the man on the go. Even 
though the Mighty Mite weighs less than 8 pounds, new 
circuitry by Sencore enables you to use a meter to check 
grid leakage as high as 100 megohms and gas conditions that 
cause as little as one half microamp of grid current to flow. 
Thus, too, it checks for cathode current at operating levels 
and shorts or leakage up to 120,000 ohms between all ele- 
ments. And it does all this by merely setting four controls 
labeled A, B, C, & D with new type easy grip knobs. Check 
these plus Sencore features... Meter glows in dark for easy 
reading behind TV set...The new Mighty Mite has large 
size Speedy -Setup Tube Chart inside of cover-cuts setup 
time for even faster servicing. New stick proof D' Arsonval 
meter will not burn out even with shorted tube Rugged, 
all steel carrying case and easy grip handle. 
The improved Mighty Mite will test virtually every radio 
and TV tube that you encounter, nearly 2000 in all, includ- 
ing foreign, five star, auto radio tubes plus the new Corn- 
pactrons, Novara, Nuvistors and 10 pin tubes. Has larger, 
easy -to -read type set-up booklet for faster testing. 
Size: 10X" x 9y" x 33". Weight: 8 lbs. 
Dealer Net 74.50 
TM116 TUBE TESTER MODERNIZING PANEL 
New tube adapter for testing Compactrons, Novars, Nu- that your tester checks 
vistors and 10 pin tubes in any tube tester except cardo- conventional tubes. Tube set-up 
matic types. Plugs into octal socket of your tube tester chart included with each adapter 
enabling you to test these new tubes in the same manner Dealer Net 24.95 
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WHAT ELSE DOES PHILCO PUT IN THE CARTON? 

When you pick up the box, you expect to find a receiving 
or CR tube in it. Naturally. 

But when the name PHILCO is on the carton, you get 

something more . . . at no extra cost to you. In every 

Philco carton there is an important extra ... a bonus that 
you can't see but is even more valuable to you! 

The name "Philco" has enjoyed prestige and respect in 
parts and accessories for over 33 years. Now, it has 
added resources and stability with another famous name 
... "Ford". Together they stand for products that assu-e 
your confidence and dependability ... now, even more 
than ever before. 

When you use Philco tubes, your customer knows you 
What is it? ... it's A SATISFIED CUSTOMER! are delivering the best. 

Use the Tubes That Mean "Satisfied Customers" 

PHILCO Star Bright 20/20 Picture Tubes and PHILCO Receiving Tubes 

A complete line of all types for all makes and models of television and radio receivers, manufactured 
under exacting quality standards, thoroughly tested and inspected. 

Factory -Supervised 

DEPEND ON YOUR PARTS & SERVICE OPERATIONS 
PHILCO DISTRIBUTOR PH LCO, your one -stop -shopping center for 

quality picture tubes and receiving 
tubes for Philco or ANY OTHER 
MAKE. A SUBSIDIARY OF !'¡o 



Exquisite Collection 
of Fabulous 

LANVIN 
PARIS PERFUMES 

Arpege 
My Sin 

Scandal 

Here is a sweetheart gift that does 
double duty. Three famous Lanvin fra- 
grances packaged expressly for Philco. 
The deluxe hinged lid package doubles 
as an attractive jewel box after the 
perfumes have been used. 

Your 
Complimentary Philco 

Gift with Receiving 
the purchase of Tubes* 

Gifts from your Philco Distributor 
for all of YOUR Own GIFT Occasions 

Famous 
.John Frederics 
Seamless Runless 
Hosiery- 3 Pairs 

Fine, ultra sheer nylon hosiery that WILL 
NOT RUN UNDER NORMAL WEAR. Regular 
$4.95 value. Nationally -famous JOHN 
FREDERICS brand that every woman recog- 
nizes. Latest fashion shade, all sizes. Pack- 
aged 3 pairs to a box. 

Your Complimentary Gift with the 

purchase of 66 
Philco Receiving Tubes* 

* Or any Combination of CR Tubes aid Receiving 
Tubes. One Philco Star Bright 20/20 CR Tube equiv- 
alent to 25 Receiving Tubes. 

DON'T DELAY -See Your Philco Distributor Today -Offer Limited I 



DESIGNED FOR COLOR TV, 
WINEGARD 

COLORTRON ANTENNAS 
4 gold anodized models from $2495 

'Pat. Nos. U.S. 2,700,105; 2,955,289 Canada 511,984 Others Pending. 

.et 

AVAILABLE WITH REVOLUTIONARY 
NUVISTOR COLORTRON AMPLIFIER... 

Now, through continuous Winegard research, a new, im- 
proved Electro -Lens yagi has been developed-the NEW 
WINEGARD COLORTRON-PERFECT ANTENNA FOR COLOR TV ! 

Colortrons have a flat frequency response (plus or minus 
1/2 DB across any 6 MC channel), no "suck -outs" or "roll -off" 
on end of bands ... accurate 300 ohm match (VSWR 1.5 to 
1 or better) ... unilobe directivity for maximum ghost and 
interference rejection. They deliver today's finest color recep- 
tion, give a new picture quality to black and white. Colortrons 
are the only outside antennas that carry a WRITTEN FACTORY 
GUARANTEE OF PERFORMANCE. 

And Colortrons are built to last. High tensile aluminum 
tubing for rigidity and stability, insulators with triple mois- 
ture barrier, GOLD ANODIZED for complete corrosion -proofing. 

There are 4 Colortron models to cover every reception need, 
from suburbs to distant fringe areas ... $24.95 to $64.95 list. 

New Winegard Colortron twin-nuvistor amplifier perfectly 
matches Colortron antennas. Gives added gain and sensitivity 
on both color and black and white. Ultra -low noise, high 

World's most powerful TY antenna 7}X. , 
- rr 

MODEL C-44 

GOLD ANODIZED $64.9 

NUVISTOR 
AMPLIFIER 

$3995 

gain Colortron Nuvistor Amplifier can easily drive 6 or more 
TV sets. 

With revolutionary twin-nuvistor circuit, Colortron ampli- 
fiers can handle up to 400,000 micro -volts of signal without 
overloading. This is 20 times better than any single transistor 
amplifier. The Colortron Amplifier will bring the weakest 
signals up out of the snow, yet strong local TV & FM signals 
will not overload it. A special life saver circuit gives the two 
nuvistors a life of 5 to 8 years. 

This amplifier is completely trouble free and the finest 
performing antenna amplifier you can own. 

Completely weather sealed, nothing is exposed to corrode. 
and cause trouble ... has all AC power supply with 2 set 
coupler. (Model No. AP -220N, $39.95 list). Twin transistor 
model also available up to 80,000 micro -volts input. New type 
circuit protects transistor from static electricity built up in 
lightning. flashes. (Model No. AP -220T, $39.95 list). 

Colortron Amplifier can be added to any good TV antenna 
for sharper, clearer TV reception. 

Ask your distributor or write for technical bulletin. 

MODEL C-43 

GOLD ANODIZED $51.90 

MODEL C-42 

GOLD ANODIZED $34.95 

MODEL C-41 

GOLD ANODIZED $24.95 

There's an extra bonus of quality and performance in every Winegard product. 

3009-3A Kirkwood Burlington, Iowa 
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channel; antenna terminals shorted. * Means volt- 
age varies with conditions - see "Variations." 
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Contrast Control at Plate 
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CATH 

3 100K 

BRIGHTN ESS 
010K 

250V 

WAVEFORMS taken with wide -band scope; con- 
trols set for 25 -volt p -p video to CRT. Low -cap 
probe (LC) used where direct probe distorts signal. 

Pentode section of 6DX8 functions in single 
video output stage. Detector load is DC -coupled 
to grid circuit, and input signal determines grid 
bias of V 1 A. Type of circuit shown here has 
constant gain regardless of contrast -control set- 
ting. Control doesn't change operating voltages 
on tube; it merely taps off wanted amount of 
signal to be fed to CRT cathode. (Principle of 
operation is similar to that of many volume -con- 
trol circuits.) Plate circuit of V 1 A has three 
different parallel paths to B+ voltage sources: 
R7 -L2 in series, R6 -R8 in series, and R 10-R 11 
in series. As a result, plate voltage is little af- 
fected by any one open component. Sync signal 
to separator is taken off via voltage divider 
(R6 -R8) in plate circuit. AGC takeoff is from 
two different points; R5 provides a DC voltage 
for keying -tube grid, while a video signal for 
this grid is coupled via C4. Correct operation of 
AGC is dependent on both these inputs; there- 
fore, almost all troubles in video output stage 
will upset AGC action to some degree. As a 
result, bias on AGC-controlled stages may be 
upset enough to create RF -IF signal distortion 
that aggravates trouble symptoms. 

With station signal present, voltage 
PIN 6 increases from 135 to' 145 volts. 

Adjusting AGC control for more 
gain through front-end stages causes propor- 
tional increase in W3 amplitude; DC plate volt- 
age also increases, since average conduction of 
V 1A is reduced. 

Very little change in DC voltage 
results from applying signal or ad- 
justing contrast control. 

DC voltage shifts from -.4 volts to 
-1 volt when signal is present; re- 
mains close to this value at all mod- 

erate or strong input -signal levels. Rotating 
AGC control causes larger shift in voltage here; 
maximum setting without overload is -3 volts, 
and minimum ( which results in weak picture 
and unstable sync) is -.1 volt. 

CRT used in this set is a "low - 
drive" type; 25 -volt video signal ap- 
plied to cathode is sufficient for 

normal contrast. W4 amplitude varies from 8 
to 40 volts with adjustment of contrast control. 



SYMPTOM 1 

Insufficient Video 

No Snow; 
Normal Sound 

Ru 1 Open 

Waveform 
Analysis 

WI is lower in amplitude than normal-only .8 
volts at an AGC setting that would normally yield 1.5 
volts-but it is passing through front end without 
distortion. W3 is also properly shaped, but measures 
20 volts (a 50% drop from normal). W4 offers good 
clue to trouble spot, for its amplitude won't change with 
contrast adjustment. However, a slight change in fre- 
quency response does occur when control is set to 
minimum. These indications call for further checking 
in and around contrast -control circuit. 

aY P om Analysis 

Picture has "washed-out" ap- 
pearance. Absence of snow, and 
good sound, suggest front-end stages 
are probably not at fault. Contrast 
adjustment causes only minor 
change in picture; AGC control is 
operative, but adjustment doesn't 
clear trouble. Overload doesn't oc- 
cur as usual at maximum setting. 

Voltage and 
Component Analysis -.4 V 

8 

115V 

6 
150V 

.8V 

Biggest clue to trouble is plate voltage. With R11 
open, one of parallel B+ paths to plate of V1 A is 
broken, and plate voltage drops to 115 volts. Voltages 
on grid and cathode stay within normal limits. DC - 
voltage decrease is passed to AGC grid via R5, but 
signal input to same point via C4 increases because 
open R11 prevents voltage division. Net result is that 
AGC circuit receives false impression of strong station 
signal, and overbiases RF -IF stages. If C4 or bottom 
of R10 were to open, AGC would cut off front end. 

SYMPTOM 2 

Overloaded Video 

Buzz in Sound 

R7 Open 

Waveform 
Analysis 

IMILEGIBIS 

impMrv^`' ̀
 MM' 

Excessive (10 -volt) amplitude of W1 is big clue 
that RF -IF stages are running at high gain. Undistorted 
shape of this waveform, coupled with fact the AGC 
control is operative, is a clue that trouble isn't caused 
by AGC circuit alone. W3 is much too high in ampli- 
tude, shows compressed sync pulses, and thus ties 
trouble to video amplifier. Gain of stage has actually 
decreased-grid signal is amplified 15 times, rather 
than normal 25 or 30 times. Excessive RF -IF gain -is 
consequence of defective signal fed to AGC system. 

Symptom Analysis 

Problem looks like typical AGC 
overload trouble, with picture tear- 
ing, and loud buzz in sound. Ad- 
justing contrast control for lower 
video -signal input to CRT cathode 
changes contrast of picture on 
screen only slightly. Rotating AGC 
control to its minimum position will 
affect picture, but won't cure fault. 

Voltage and 
Component Analysis -4.5 V 

7 

130V 

6 
150V 

q 

.2V 

High negative voltage on grid of V1 A is due to ex- 
cessive signal amplitude; W1 is so strong that nega- 
tive peaks drive VI A into cutoff, accounting for flat- 
tened positive peaks of W3. With high average bias, 
tube presents abnormally high resistance from plate 
to ground. Since lowest -resistance branch of plate load 
is open, total plate -to -source resistance is also higher 
than normal. Ratio between these resistances stays 
nearly constant; thus, plate voltage is deceptively close 
to normal. High -wattage R7 is among first suspects. 



SYMPTOM 3 

No Video 

No Audio; 
No Snow 

R4 Open 

Waveform 
Analysis 

No video, but only random circuit noise, is present 
in W1 and W3. Trouble could be caused by defect in 
AGC circuit cutting off RF and IF stages. Clamping 
AGC fails to produce picture on CRT; but causes 
normal W1 to appear at grid of VIA, proving fault 
involves AGC, and indicating a check on the video am- 
plifier is in order. Injection of signal to grid of V1 A 
fails to give any indication on CRT screen. This case 
demonstrates that trouble is difficult to isolate to video 
stage without taking AGC into account. 

Symptom Analysis 
Raster is present, but no video or 

audio. Slight buzz can be heard in 
sound at high volume setting. Rota- 
tion of AGC control to maximum 
position reveals weak,'garbled sta- 
tion audio and increased buzz; this 
proves tuner oscillator is working. 
Weak audio could be capacitively 
coupled through dead video stage. 

Voltage and 
Component Analysis 

250V 
6 

15V 

Full 250 -volt B+ on plate of V 1 A indicates tube 
is not passing plate current. Voltage on the grid is 

zero, which would permit tube to conduct heavily 
under normal conditions. Screen is receiving normal 
supply voltage, so cathode -return path must be open. 
15 -volt reading on cathode further confirms cathode 
circuit is causing tube cutoff. If tube conduction were 
developing this high drop across cathode resistor, plate 
voltage would be drastically reduced-not high. If R4 
merely increased value, weak picture might appear. 

SYMPTOM 4 

No Raster 

High Voltage and 
Sound Normal 

C7 Shorted 

rzerinini 

.040soweiggi 

Waveform 
Analysis 

Symptoms noted during home call focus attention 
directly on CRT signal and bias circuitry. Normal ap- 
pearance of W3 further confirms that video output and 
previous stages are operating normally. Scope check 
of W4 during rotation of contrast control shows ampli- 
tude variations, proving control is doing its job. Nor- 
mal W3 and W4, even with C7 shorted, could be mis- 
leading in one sense, but a valuable clue in another- 
they further tie trouble to wrong DC operating voltage 
on grid or cathode of picture tube. 

Symptom Analysis 
High voltage is present, and pic- 

ture -tube checker shows CRT to be 
good; so trouble is probably in cir- 
cuitry associated with CRT gun- 
probably wrong operating voltage 
on some element. Station audio is 

good in volume and clarity, almost 
ruling out defective front end or 
AGC, and most video troubles. 

Voltage and 
Component Analysis 

NO 

VOLTAGE 

CLUES 

No meaningful voltage change takes place on any 
element of V 1 A. Voltage reading on cathode of CRT 
(point A) reveals 145 volts. (Normal cathode voltage 
on this "low -drive" CRT is 30 to 35 volts, variable with 
brightness control.) Only feasible way a voltage this 
high could reach cathode is via shorted C7. Leakage 
in C7 will lower brightness -control range, but defect 
must become very bad before customer will complain. 
He'll call much quicker if C7 opens; video will be 
very weak, giving appearance of defective CRT. 



S1t+Tagk by Allan F. Kinckiner 

RNGONG C 

A large number of different de- 
fects are capable of causing a par- 
tial or complete loss of raster and 
high voltage, so the serviceman 
generally shifts his mental appa- 
ratus into high gear whenever he 
is confronted with this complaint. 
Defects can range from simple short 
or open connections to complex 
malfunctioning of entire circuits. 
Componentwise, trouble may be 
caused by anything from a "two - 

(A) Low -Q, iron -core 

t\¡ur."..___ 

(B) Medium -Q, ferrite -core 

(C) High -Q, ferrite or air core 

Fig. 1. Typical coil ringing patterns. 

)=[ECKS F 63 SWEEP C 

bit" resistor or capacitor to a trans- 
former costing as much as twenty 
dollars. 

In an overwhelming majority of 
raster and high voltage troubles, 
routine voltmeter and scope read- 
ings-coupled with tube changing 
and component checking or sub- 
stituting-will reveal the source of 
trouble. In the remainder of cases, 
where these procedures give indefi- 
nite results, the inductances in the 
circuit (yoke, flyback, and width 
coil) become suspect. Resistance 
checks of their windings often fail 
to disclose faults, so a better means 
of checking these parts is needed. 

Coil Ringing Characteristics 

One reliable means of determin- 
ing the efficiency of an induc- 
tive component is to examine the 
damped wave train generated when 
the inductor is excited by a sharp 
pulse. The sudden change in ap- 
plied voltage sets off several cycles 
of oscillation or "ringing" that can 
be scoped as shown in Fig. 1. The 
number of ringing cycles and the 
rate of their decay are determined 
by the efficiency or Q of the coil. 
Low -Q inductors, such as audio or 
vertical output transformers and 
other laminated iron -core types, 
ring as in Fig. 1 A. Units with 
powdered -iron or ferrite cores, like 
those in horizontal deflection cir- 
cuits, produce more cycles of ring- 
ing (Fig. I13)-showing that such 
inductances have considerably high- 
er efficiency or Q factors. A very 
high -Q coil will ring in the manner 
shown in Fig. I C; although this 
pattern was obtained from an air - 
core choke wound in special fashion 
with Litz wire, it is not much dif- 
ferent from the waveforms gener- 

DIS 

ated by the latest 114° horizontal 
sweep components. 

This indication of Q is far more 
useful than any DC test for spot- 
ting slight defects in coils. For 
practical purposes, it is not neces- 
sary to make an exact measure- 
ment of Q; a comparison with a 
known good coil of a similar type 
furnishes sufficient evidence to spot 
trouble. However, a numerical un- 
derstanding of the Q factor will 
help explain why the ringing test is 
useful. 

Q is actually the ratio between 

COIL 
BEINO 

TESTED 

SCOPE 

SPECIAL 
BINDING 
POST 

(A) External hookup for all tests 
SWEEP FREQUENCY SWITCH 

ADD 
750 - 
mmt 

ADD 
BINDING POST 

ON PALL 

B+ 

(B) Sweep -generator pulse takeoff 
ADD 
330 
mmt ADD 

POST 
ON PANEL 

B+ B+ 

FREQ 

VERNIER 

BLANKING 

AMP 

SWEEP 

SWITCH 

TO 
HORIZ 
AMP 

B+ 

TO CRT 

CATHODE 

TTrTT 

(C) Pulse from blanking amplifier 

Fig. 2. Connections for obtaining 
pulse from scope for ringing tests. 
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(A) 10 kc-too few cycles shown 

Fig. 3. Proper 

a coil's inductive reactance and its 
AC resistance-the higher the ratio, 
the greater the Q. Shorted turns 
and similar defects increase the AC 
resistance by absorbing power in 
the defective winding; therefore, the 
Q is lowered. It should be noted 
that the AC resistance behaves dif- 
ferently from the DC resistance. In 
a DC ohmmeter check, a few 
shorted turns merely lower the ap- 
parent resistance - sometimes by 
such a small amount that the fault 
goes undetected. 

The relative effect on AC and 
DC resistance is clearly shown by 
the following example. In one spe- 
cific type of deflection yoke, the 

HORIZ 

OUTPUT 

ISOUTED-SECONDARY CIRCUIT 

(B) 300 cps-dies out too fast 

scope -sweep 

HORB 
YOKE 

WINDINGS 

CRART OF RESULTS 

_J 

frequency 

(C) 2600 cps-close to ideal 

is a "must" for good check of flyback. 

vertical windings normally have an 
inductance of 44.3 millihenries. 
Special measurements in a 1-kc 
bridge circuit indicate a Q of 4 and 
an AC resistance of 69 ohms, 
whereas the indicated DC resist- 
ance is 60 ohms. With a short be- 
tween turns of the vertical winding, 
one yoke of this type was found to 
have an inductance of 38.6 milli - 
henries, a Q of 2.7, and an AC 
resistance of 90 ohms, even though 
the DC resistance was still almost 
exactly 60 ohms. This trouble 
could have been discovered quickly, 
without computations, by someone 
who was experienced in using a 

scope for ringing checks. 

8 + 

AUTOTRANSFORMER CIRCUIT 

CONDITION PATTERN FOR: 
Isolated -Secondary Autotranstormer Direct -Drive 

Flyback, Yoke, and 
Width Coil Normal A A A (1) 

Short In 
Flyback B B B (1) 

Yoke Short 
(Mild) 

C (3) B or D 
(3) (5) 

A (3) 

Yoke Short 
(Severe) 

D (4) B (5) A (6) 

Short In 
Width Coil 

B (2) B -- 

REFERENCE NOTES 

(1) Yoke must be connected In circuit 
(2) As little as one shorted turn. 
(3) Keystone -shaped raster. 
(4) No ranter or high voltage. 
(5) Might kill raster, or shrink raster without keystoning. 
(6) Wut not kill high voltage; raster will be thin vertical tine. 

HORIZ 
YOKE 

WINDINGS 

Test -Pulse Source 

Many servicemen receive the sug- 
gestion of ringing checks with more 
than a little skepticism. "Where," 
they want to know, "do I get the 
pulse needed to generate the ring- 
ing?" Actually, it is seldom neces- 
sary to look any farther than the 
scope itself. 

Many models of scopes have 
usable pulses already present at 
panel jacks bearing such diverse 
names as Z AXIS, HORIZ IN, NEG 

GATE, and SAWTOOTH. The presence 
of such signals is generally not re- 
vealed by connecting the scope's 
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Please turn to page 87 
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Fig. 4. Ringing tests in horizontal sweep circuits characteristically give these results. 
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ALIGNMENT EQUIPMENT FOR STEREO FM 

It has been almost two years 
since the Federal Communications 
Commission (FCC) held the press 
conference announcing a new me- 
dium in broadcasting-stereo FM. 
The long-awaited stereo standards 
were described, and approval was 
granted to begin stereo -FM broad- 
casting as soon as equipment could 
be installed. Now there are near- 
ly 300 FM stations broadcasting 
stereo, and many more are contem- 
plating the idea. 

Many servicemen have been won- 
dering what's happened to stereo 
FM - why don't they hear more 
about it? The answer is: There's 
a steady build-up of interest among 
the listening public, but the only 
service technicians who are "in" on 
this quiet development are those 
who have accumulated the know- 
how and special equipment to han- 
dle multiplex receivers. 

These receiver or adapter units 
are much less complicated than a 
TV set, even though the circuits 
may seem unfamiliar. The usual 
multiplex section of an FM receiver 
consists of an amplifier or two, a 
frequency doubler or a locked os- 
cillator, several tuned coils, trans- 
formers, capacitors, resistors, and 
sometimes trap circuits. The main 
difference between these circuits 
and those with which you're already 
familiar is in the special signal that 
must be handled, bringing about 
the need for specialized test instru- 
ments. If you have this equipment, 

What you need and how to use it. 
by Fred G. Biesecker 

and understand its use, you should 
find servicing stereo FM both easy 
and interesting. 

Characteristics of the Signal 

The stereo -FM signal contains all 
the information needed to enable 
multiplex receivers to reproduce the 
original stereo program. In addi- 
tion, the stereo signal is compatible; 
that is, it provides an FM signal for 
listeners who have only ordinary 
FM receivers that are not equipped 
for stereo. 

Although the stereo -FM signal is 
similar in many ways to the mono- 
phonic FM signal, it cannot be 
transmitted over as long a distance 
without deterioration of stereo qual- 
ity; the stereo signal has only one- 
half to two-thirds the coverage 
range of a monophonic signal. 
Therefore, it is necessary that re- 
ceiving equipment be in peak op- 
erating condition to produce ac- 
ceptable results. 

The compatible signal used by 
monophonic receivers is the sum of 
the left and right stereo channels 
(L + R). The FCC specifies that 
the signal should frequency -modu- 
late the station carrier the same as 
an ordinary monophonic signal. 
The difference between the left and 
right stereo channels (L - R) 
amplitude -modulates a 38-kc sub - 
carrier; the latter is then sup- 
pressed, leaving only its upper and 
lower sidebands (23 to 53 kc) to 
modulate the main carrier. The 

19-kc pilot signal 

L+R signal-. / L- R sidebands 

f777.7.77:7273.. F:7777777:7771 
0 15 kc 38 kc 

SCA 

subcarrier 

67 kc 

Fig. 1. Composite stereo FM signal is made up of several different parts. 

two signals, L + R and L - R, 
are interleaved at the transmitter, 
frequency - modulating the station 
carrier at 90% modulation, or ±67 
kc deviation from center frequency. 

Fig. I shows the composite stereo 
FM signal as it is put together at 
the transmitter, with the L + R 
and L - R signals shown in their 
respective portions of the channel 
spectrum. Located between the 
L R and L - R signals is a 
19-kc signal known as the pilot 
carrier. This signal is used to syn- 
chronize the L - R demodulator 
in the receiver, to keep the phase 
of the resulting signals precisely 
the same as in the transmitter. This 
19-kc pilot carrier must be trans- 
mitted with an accuracy of ±2 
cps, according to FCC require- 
ments. The 67-kc carrier signal- 
indicated at the right in Fig. 1 - is known as the SCA (Sub- 
sidiary Communications Authoriza- 
tion) subcarrier. It is authorized 
by the FCC for use by some sta- 
tions to transmit special program 
information, such as background 
music or a similar service. It can 
operate simultaneously with either 
mono- or stereo -FM programs. 

Prealignment Information 
Fig. 2 shows a block diagram 

of a typical stereo -FM multiplex 
adapter. Let's go through it, espe- 
cially noting the tuned circuits and 
how they affect operation. 

The composite stereo signal is 
coupled to input amplifier VI A 
through CI . At the output of V 1 A, 
the signal is split; a portion is ap- 
plied to cathode follower V 1 B, and 
then sent through a low-pass filter 
composed of L1, C2, and C3. This 
filter network eliminates all except 
the L + R signal (below 15 kc), 
which is applied to the separation 
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control for insertion into the ma- 
trixing circuit. 

The above -15 kc portion of the 
signal from V1 A is applied to the 
grid of V2A. The L - R side - 
bands, the pilot carrier, and any 
SCA signals are amplified and fed 
through a bandpass filter composed 
of C5, C6, and L2. The filter passes 
the L - R signal and works in 
conjunction with another filter - 
Rl, L3, and C7-to eliminate any 
SCA information. Notice that L2 
and L3 are tunable; they must be 
adjusted during alignment to pass 
a maximum of the 23- to 53-kc 
energy while eliminating the 67-kc 
signal. 

From the plate of V2A, the 19- 
kc pilot carrier is applied to tuned 
transformer Ti, to synchronize a 

keyed Hartley oscillator - V2B. 
The 38-kc output of V2B is cou- 
pled through transformer T2 and 
inserted at the demodulator net- 
work to recover the L -R signal 
from the 23- to 53-kc sidebands. 
The demodulator consists of bal- 
anced diodes Xl and X2. Diode 
X1 develops the L -R signal di- 
rectly, while diode X2 inverts it- 
resulting in an R - L signal. The 
two are sent to the matrix network 
for mixing with the L R signal, 
thus reclaiming the left and right 
signals in their original form. Then, 
following a de -emphasis network, 
the signals are coupled to their re- 
spective left- and right -channel am- 
plifiers. 

The Front End 

Before alignment of a stereo FM 
multiplex adapter is attempted, it is 

important that the FM receiver sec- 
tion be properly aligned. Since the 
information contained in the stereo 
signal extends to 53 kc, the IF 
bandwidth must be at least 150 kc 
to accommodate the entire signal, 
and a 200-kc bandwidth is pre- 
ferred to allow for any slight mis - 
tuning or drift. 

The response of the FM detector 
in the receiver or tuner must be 
linear over a frequency range from 
50 cps to 53 kc. If it isn't, one of 
several results might occur. First, 
attenuation or loss of the L - R 
signal might cause inadequate stereo 
separation. Second, a nonlinear 
response can induce a phase shift 
between the sidebands, causing un- 
wanted modulation and resulting 
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Fig. 2. Adapter reinserts 38-kc subcarrier and matrixes L + R with L - R. 

in distortion as well as poor chan- 
nel separation; these effects are 
especially noticeable at higher fre- 
quencies. Third, a nonlinear de- 
tector can result in a phase shift 
between the pilot carrier and the 
L - R sidebands, causing im- 
proper reinsertion of the subcarrier; 
this, too, would result in distortion 
and a loss of channel separation. 

The Multiplex Section 

Stereo -FM equipment that is in 
need of multiplex adjustment often 
provides significant clues. For ex- 
ample, a fluttering 400 -cps tone is 

a good indication that alignment of 
the 38-kc oscillator (if this system 
is used) is necessary; this trouble 
can sometimes be taken care of 
simply by adjusting the oscillator 

slug until the tone is no longer 
heard. 

Insufficient channel separation 
can also be caused by a misaligned 
38-kc oscillator. But, before mak- 
ing adjustments for this reason, be 

sure the local station is transmitting 
stereo. 

Low "whistle" tones heard' dur- 
ing a stereo broadcast indicate in- 
terference from the 67-kc SCA 
subcarrier beating with the second 
harmonic of the 38-kc signal. There 
are three possible cures for this in- 
terference. First, try retuning the 
FM dial for minimum interference; 
then, if it is still objectionable, ad- 
just the 67-kc trap in the multiplex 
circuitry. 1f this doesn't help, it 

may be necessary to realign not 
Please turn to page 92 

CHART I-Features of Stereo FM Signal Generators 
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MX625SG Preset 

88-90 mc 

0-1V rms Yes Fixed Input 
Jack 

No $495.00 No Calbest 

Fisher 300 Preset 
100 mc 

;97-103 mc) 

0-6V p -p Yes Phase 

Adj'ble 
Input 
Jack 

1000 and 

1200 cps 

$495.00 No 

Hickok 725 Variable 
92-104 mc 

0-4V p -p No Phase 

Adj'ble 
Built -In 

67-kc Sub- 

carrier 

400 and 

1200 cps 

$495.00 No 

Karg MX -1G None 0-10V p -p No Fixed None No $250.00 Yes 

Precision 
Apparatus 

E-490 None 0-12V p -p No Phase 

Adj'ble 
None No $229.00 

Yes 

RCA WR -51A 100 mc 0-10V p -p No Phase 
Adj'ble 

67-kc Sub 
carrier 

400 and 
1000 cps 

No 

H. H. Scott 830 None 0-5V rms No Phase 

Adj'ble 
None No 
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SKOPE SKILLS 
The oscilloscope is a jack of all trades; it can serve as a signal tracer, distortion 

analyzer, AC voltmeter, frequency meter, alignment indicator, and test -signal source, 
among other things. The key to making full use of its versatility is deft and intelligent 
operation of the many panel controls. Most technicians have learned at least the rudi- 
ments of scope operation-setting up the brightness, focus, and positioning controls, 
and bringing at least an approximation of the correct signal waveform into view. For 
those who are having difficulty in progressing past this point, the hints on these pages 
should open the door to the many advantages of operating a scope like a "pro." 

1 
Many scope users-even experi- 
enced ones-don't obtain maxi- 

mum benefit from waveform analysis 
because they don't have a keen aware- 
ness of the relation between vertical 
gain settings and peak -to -peak voltage 
readings. Yet, exact amplitude mea- 
surements are just as important as 
waveshape analysis in the diagnosis 
of signal faults. The most common 
method of checking waveform ampli - 
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Ludes is by comparison with a test 
signal of known peak -to -peak voltage. 
Most service scopes have some type 
of built-in calibrating signal, fed to 
the CRT either internally (by a CAL 
switch-photo 1A) or from a panel 
jack via the vertical input terminal 
(photo 1 B). 

2 
With this signal applied, the ver- 
tical -gain vernier control is ad- 

justed until the waveform extends 

some specific number of divisions on 
a scale or graticule placed in front of 
the CRT. (If a sine wave is used, 
reducing the horizontal gain will 
make it easier to set up the calibra- 
tion.) Now, if the vertical gain is 
left untouched, the sizes of all other 
waveforms will indicate their ampli- 
tudes, relative to that of the calibra- 
ting signal. For waveforms too high 
to fit on the screen, all you need 
to do is switch the vertical attenuator 
to a higher position, and multiply the 
measured voltage by the attenuation 
factor. 

3 
Once the vertical -gain vernier 
setting has been "frozen" by cal- 

ibration, waveform height can he ad- 
justed only with the decade attenu- 
ator; thus, it will naturally vary over 
a wide range. However, usable wave- 
forms can be obtained without con - 
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stant recalibration, if the scope is 
set up so that nearly all patterns will 
he between 0.4" and 4" in height. 
One popular calibration standard 
makes 1 volt peak to peak equal to 

MULTI t0' PLIER 

6 .5 4 

.3 

10 i 
_ 

PEAK TO PEAK VOLTS 4B VERTICAL INPUT 
1" deflection on the x 1 range; then 
this range is most suitable for view- 
ing signals of between 0.4 and 4 
volts peak to peak. At the same 
time, effective spans of the x l 0 and 
x100 ranges are 4-40 and 40-400 
volts. 

You'll occasionally want to change 
the fine adjustment to expand or re- 
duce waveform height for a better 
view. To avoid losing calibration, why 
not mark the vertical dial with the 
correct position? 

There's a trend afoot to pro- 
vide "direct readout" of vertical 

gain settings in peak -to -peak voltage 
values, instead of the arbitrary decade 
multipliers and 0 -to -I00 vernier log- 



ging scales which have long been 
conventional for scopes. One recently 
introduced model has voltage values 
marked on the CRT graticule (photo 
4A); although the preliminary cali- 
bration procedure is basically simi- 
lar to that used on other scopes, the 
numerical scale simplifies the process 
by making it unnecessary to count 
squares on an unmarked scale. An- 
other approach (photo 4B) is to set 
the unknown waveform to a pre- 
scribed height on the CRT screen, and 
then read the peak -to -peak voltage 
directly from the control dial (multi- 
plying the vernier setting by the fac- 
tor that appears in the small window). 

5A 

5B 

5 
Touching the direct probe of a 
scope to a circuit is the same 

thing as placing a 20- to 100-mmf 
capacitor across it. This shunt capaci- 
tance can throw sensitive sweep oscil- 
lators off frequency and decrease the 
amplitude of video waveforms at 
high -impedance points. Adding a low - 
capacitance probe reduces the capaci- 
tive loading caused by the scope to 
a small proportion (typically 1/10) 
of the original amount; but at the 
same time, the signal reaching the 
scope terminals is only 1/10 of that 
picked up by the probe. 

At most TV test points, signal 

strength still is ample to produce a 
clear pattern; the vertical amplifier is 

simply operated at higher gain. In 
critical circuits the user is rewarded 
by more accurate waveforms. For 
example, photo 5A shows the modi- 
fied sawtooth waveform at the plate 
of a vertical multivibrator, as viewed 
with a low -capacitance probe. Use of 
a direct probe (photo 5B) greatly 
attenuates the negative spikes in this 
waveform, and also tends to induce 
vertical rolling. 

The direct probe has an advantage 
over the low -cap probe, however, in 
viewing weak signals and ripple wave- 
forms under 1 volt peak to peak. 
To use a low -cap probe in such cases, 
the scope has to be operated at close 
to maximum gain, and is subject to 
stray pickup of hum and hash. Photo 
5C shows the cathode waveform of 
a video output tube (this happens to 
be W2 in this month's Symfact) as it 
would appear if taken with a low -cap 
probe; notice the waviness due to 
hum. By use of a direct probe, the 
scope can be operated on the next 
higher attenuator setting, with the 
improved results shown in photo 5D. 

6 Practically all scoping done in 
TV work requires setting the 

scope's sweep oscillator at either 30 
or 7875 cps, to display two cycles of 
either vertical or horizontal sync or 
sweep signals. (Viewing only one 
cycle isn't recommended, since re- 
trace is likely to occur at a critical 
point.) Even if the sweep switch has 
special "V" and "H" settings to aid 
in locating these important frequen- 
cies, the sweep vernier has to be ad- 
justed critically to "tune in" a signal. 
If the scope has a sync -amplitude 
control, applying a moderate amount 
of sync at first will help in location 
of the proper vernier setting; but the 
less sync is used, the less chance 
there is of distorting the sweep trace. 

Solidly locking in a waveform can 
be one of the most difficult aspects of 
scope operation. The source of the 
sync, as well as its amplitude, affects 

stability. Many scopes now provide a 
choice of negative or positive polarity 
for internal sync, since many wave- 
forms respond much better to one 
than to the other. 

Since internal sync is derived from 
the signal in the scope's vertical am- 
plifier, a change in the vertical -gain 
setting may alter the sync strength. 
This tends to let the sweep oscillator 
drift off frequency, especially if you 
are depending too heavily on sync to 
stabilize the pattern. For easier lock - 
in of signals at 7875 cps, try switch- 
ing to external sync and running a 
clip lead from the panel SYNC jack 
to the general vicinity of the set's 
high -voltage cage. Direct attachment 
to yoke -lead insulation is not recom- 
mended because the induced sync sig- 
nal may have an amplitude of several 
hundred volts. For 30 -cps waveforms, 
LINE sync may work better than in- 
ternal sync. Careful attention to your 
sync sources will minimize the annoy- 
ance of readjusting the sweep vernier 
every time you switch back and forth 
from 30 cps to 7875 cps. 

7 
Alignment setups, in conjunction 
with a sweep generator, bring 

into play a group of scope controls 
that are ignored in all other service 
work. The alignment generator takes 
over the job of horizontally deflect- 
ing the scope trace, to make sure this 
trace will be perfectly synchronized 
with the frequency -modulated gen- 
erator -output signal; therefore, the 
scope's sweep generator has to be 
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1000 + 100K 
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í+ 

disabled. In some scopes, the sweep - 
selector switch has an OFF or EXT 

position; in others, switch contacts 
operated by the sync control render 
the scope's sweep and sync controls 
ineffective. The horizontal gain con- 
trol adjusts the length of the trace 
line produced by the input from the 
generator, and the vertical gain con- 
trols affect the height of the response 
curve. 

The PHASING control is effective 
only when the horizontal plates of the 
scope CRT are being driven by an 
internal 60 -cps sine -wave signal (line 
sweep); therefore, this control is in- 
active in a normal alignment setup. 



Industry uses 
UNIQUE 

TEST 

EQUIPMENT 
by Joseph A. Risse 

Many test instruments for indus- 
trial -electronics troubleshooting are 
general-purpose units, not unlike 
those used in servicing entertain- 
ment equipment. Some industrial 
test instruments, however, are sin- 
gle -function types that have been 
designed for a specific type of job 

Editor's Note: This article was prepared 
from material in Howard W Sams' "Elec- 
tronic Test Instrument Handbook." 

and are not usually well suited to 
other unrelated purposes. 

In industrial electronics, many of 
the instruments and devices are not 
designed for testing as such, but 
rather for measurement of particu- 
lar parameters or processes, such as 
metal thickness, radiation, vibra- 
tion, transistor characteristics, shaft 
rotation, temperature, etc. Here are 
some of the instruments with which 
industrial electronics technicians 
will want to be familiar. 
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Fig. 1. Voltage -breakdown tester analyzes HV leakage through dielectrics. 

Stroboscopic Tachometer 
A stroboscopic tachometer is a 

stroboscope calibrated in flashes 
per minute, or in rpm (revolutions 
per minute) . In use, a stroboscopic 
lamp is aimed at a rotating device 
such as a rapidly revolving shaft- 
and the flash rate of the strobo- 
scope is adjusted until the shaft or 
other device appears to stand still. 
The speed, or a multiple or sub- 
multiple of it, can then be read di- 
rectly from the scale of the in- 
strument. 

Voltage -Breakdown Tester 

An instrument designed for test- 
ing the breakdown voltage of di- 
electrics and insulation is shown 
schematically in Fig. 1. Depending 
on whether the insulating material 
is to be tested for AC or DC 
breakdown, it is connected from 
either a high -voltage AC or a high - 
voltage DC terminal to ground. 

The test voltage (up to 3 kv AC 
or 4 kv DC) is brought to the de- 
sired level by a control knob on 
the panel. For AC testing, an in- 
stantaneous -type circuit breaker 
SW4 serves as both a break- 
down indicator and a protective 
device. In DC testing, variable 
series resistances Rl through R13 
are inserted to limit the maximum 
current drawn from rectifier VI. 
Indicator light P2 is energized when 
the current exceeds a preset value. 
The DC output voltage present at 
the "Hi -Pot DC" jack is indicated 
on voltmeter M 1. 

Automatic Hi -Pot Tester 
The tester shown in Fig. 2 is 

designed for voltage -breakdown or 
dielectric testing between two or 
more conductors. A known high 
voltage is applied between the con- 
ductors under test for a specific 
period of time. Breakdowns are 
indicated when and where they 
occur. A control console houses the 
high -voltage supply, the overload 
system, the timing mechanisms, and 
the sequence -control system. The 
glass - covered test - jig receptacle 
houses the high -voltage transfer re- 
lays, the position -indicator lamps, 
and a transformer for continuity 
testing at lower voltages. 

A dual -scale meter shows the 
value of the test voltage, and a 
line -voltage regulator compensates 
for line -voltage variations. A spe - 
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cially designed relay in series with 
the high voltage provides high sen- 
sitivity to breakdown. The test 
voltage-from 0 to 2000 volts rms 
-may be applied to as many as 

11 devices, either sequentially or 
simultaneously, for periods of 2 to 
120 seconds. 

Digital Voltmeter 

Digital instruments of high ac- 
curacy are being used in industry 
for both manual and automatic 
measurements. A typical example 
is the voltmeter shown in Fig. 3. 

The particular advantage of a 

digital voltmeter is that it makes 
high - precision readings possible. 
The range covered is from 9.999 to 
999.9 volts, with an average meas- 
uring time of 1 second. The meas- 
ured voltage is displayed in a row 
of four 1" -high numerals. 

In a digital voltmeter (DVM) , 

the unknown voltage is applied to 
one side of an electronic balance 
detector. At the same time, precise 
voltage increments are added by 
the DVM to the other side of the 
detector until the two voltages are 
equal. The voltage value added by 
the DVM to balance the unknown 
is displayed as its readout. 

The DVM measurement tech- 
nique is called the potentiometric 
or comparison method, in which a 
second voltage is developed to 
equal the unknown. As is shown 
in the functional diagram of Fig. 
4, the potentiometric voltage is 

taken from a voltage divider con- 
nected to a very stable source 
known as the reference voltage or 
working reference. Programmed 
stepping switches vary the voltage - 
divider setting until the potentio- 
metric voltage is equal to the un- 
known input voltage; at the same 
time, they operate the digital read- 
out. The voltage -comparison am- 
plifier informs the programming 
circuits of the relative amplitude of 
the unknown input and potentio- 
metric voltage to each step of 
the switches. A polarity -reversing 
switch for the reference voltage 
permits measuring both positive 
and negative inputs. The range 
switch varies the setting of an input 
attenuator so voltages greater than 
the reference voltage can be meas- 
ured. Range changing may also be 
accomplished by choosing a differ - 

Fig. 2. Hi -Pot tester locates breakdowns in insulation between conductors. 

ent reference -voltage value, gen- 
erally changing to 1 volt or 100 
volts. 

Taut -Band Meter Movements 

In meters designed for portable 
use in industry, a unique meter - 
movement construction is often 
employed - taut -band suspension. 
A basic movement in which this 
suspension is utilized is shown in 
Fig. 5. Instead of spiral springs, 
as in d'Arsonval movements, two 
metal strips (given a partial twist 
and held taut by tension springs) 
serve as springs to hold the pointer 
against the zero stop. The advan- 
tages of this relatively new suspen- 
sion method include: 
1. Elimination of bearings (and 

thus bearing friction). 
2. Relative immunity to vibration 

and shock. 
3. Reduced maintenance because 

of fewer moving parts. 

+9,873 0 0 
C 

Fig 3. Digital voltmeter generates 
voltage to compare with unknown. 

4. Increased sensitivity, up to sev- 
eral hundred percent over jewel - 
and -bearing instruments. 

In the figure, the relative size of 
the taut band has been exaggerated 
in order to show the construction 
of the movement more clearly. 
Actual taut bands are only 0.005" 
wide and 0.0005" thick. 

Recording Instruments 

Recording instruments are used 
in industry where it is desired to 
have a permanent, continuous rec- 
ord of information such as voltage, 
current, pressure, humidity, flash 
points, rpm, etc. Any quantity 

Please turn to page 83 
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Switches 

Voltage 
Comparison 

Amplifier 

Digital 
Voltage 
Divider 

Potentiometrie 
Voltage 

Cal bration 
Control 

Polarity 
Switch 

10v 
-Reference 

Voltage 

Fig. 4. Programmed switches set up voltage balance and digital readout. 
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To keep up with the advancing electronics field, 
many new and helpful items of test equipment have 
been developed. The serviceman is faced with the 
problem of choosing the right instruments to cope 
with the variety of faulty electronic devices he en- 
counters each day. Purchasing every new piece of test 
equipment that becomes available is impractical and 
unnecessary. Each serviceman must weigh his own 
needs and purchase only those items that can help 
him make a profit. For example, it would be impracti- 
cal to purchase a color -bar generator for a shop that 
repairs only transistor radios. If an instrument is going 
to remain on a shelf and collect dust, it serves no 
useful purpose and is an unwise investment. But the 

TEST EQUIPMENT 

Guide 
FOR SHOPS 

serviceman should keep an open mind in considering 
unfamiliar new types of test equipment, because they 
may offer him an opportunity to increase his effi- 
ciency. Likewise, he should not hesitate to replace 
obsolete or worn-out equipment, which can waste 
valuable time by giving false readings or even failing 
to work when needed. 

From a recent survey of service shops, it was found 
that the VOM, VTVM, oscilloscope, and tube tester 
are still considered basic instruments. The chart be- 
low shows additional test equipment that will prove 
helpful for various types of service work. It is divided 
into categories in case you want to concentrate on 
one or more specialized fields. 

-a 
a 
o 

E 
E 
3 
o 

11-W 

TV 

Cotir 
TV 

Wide 
Band 

Bar 
Dot 

AC -DC 
Radio 

Xstr 
Sets 

Ni -Fi AC 
Type 

Stereo 
Audio 

FM 

Auto 
Radio 

CB AM 

2 -way AM 
FM 
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f I Itv 11S-01fr 
Tips for Technicians 

Mallory Distributor Products Company 
P.O. Box 1558, Indianapolis 6, Indiana 
a division of P. R. Mallory & Co. Inc. 

Time for a new look at silicon rectifiers 
The silicon rectifier industry moves at such a rapid pace 

A that you may not be aware of some recent developments. 
T 

a 

SILICON RECTIFIERS -750 ma @ +50°C 

PRV T A D H 

50 1N2090 A50 D50 1N536 
100 1N2091 A100 D100 1N537 
200 1N2092 1N2069 1N3193 1N538 
300 1N2093 A300 D300 1N539 
400 1N2094 1N2070 1N3194 1N540 
500 1N2095 A400 D400 1N1095 
600 1N2096 1N2071 1N3195 1N1096 

CT P 

PACKAGED RECTIFIER CIRCUITS 

PRV 

750 ma ® +50°C 1.5 amp 
ß +50°C 

FW VB CTN CTP 

50 VB50 CTN50 CTP50 FW50 
100 VB100 CTN100 CTP100 FW100 
200 VB200 CTN200 CTP200 FW200 
300 VB300 CTN300 CTP300 FW300 
400 VB400 CTN400 CTP400 FW400 
500 VB500 CTN500 CTP500 FW500 
600 VB600 CTN600 CTP600 FW600 

Take hermetic sealing for example. Many technicians feel 
that the "top hat" rectifier is the only safe one to use .. . 

probably because it's the original MIL type (1N536, etc.). 
This is the Mallory "H" type. It's a fine rectifier and we sell 
thousands of 'em. If you really need hermetic sealing, you 
should check the Mallory "D" series. It's smaller than 
the "H" and actually has better characteristics at a lower price. 

But are you sure you really need hermetic sealing ? The 
Mallory "A" series (axial leads) and "T" series (parallel 
leads) actually withstand four times the humidity cycling 
of the MIL test. They're both epoxy encapsulated and are 
available in all ratings up to 600 PRV at lower cost than 
either the "D" or "H". You shouldn't confuse the Mallory 
"A" or "T" rectifiers with those made by other people, 
though. No kidding, we use a superior encapsulating sys- 
tem. If you need quality, you'll be ahead with Mallory. 

So, whenever you need 750 ma from 50 to 600 PRV, decide 
on the style and price that fit your requirements. Your 
Mallory Distributor has exactly the right rectifier for you. 

Multi -rectifier circuits. Instead of hooking up a number of 
rectifiers to make a doubler, full -wave center -tap or full - 
wave bridge, you can now get Mallory pre-packaged circuits. 
Cost is less than that of separate rectifiers. And convenience 
and reliability are far greater, because you have fewer 
solder connections to make, fewer parts to stock and handle. 
We make them in ratings up to 600 PRV. 

Reliability. Lots of people think "reliability" applies only to 
military electronics. But Mallory doesn't think so. We 
think the service technician needs reliable components, too. 
We'd like to say our silicon rectifiers were 99.99% reliable. 
But we can't. In order to quote 99.99%, one must have a 
failure somewhere. The fact is, that during 1962 we didn't 
have a single failure. Saying 100% reliability sounds like 
bragging ... so we won't say it. 

You might be interested to know that every single Mallory 
silicon rectifier gets a complete electrical check at full 
temperature and full load THREE SEPARATE TIMES. 
Time consuming ? You bet ! But there is absolutely no 
question about quality. 
Mallory Silicon Rectifiers are available through your Fran- 
chised Mallory Distributor ... see him for other Mallory 
products, too ... batteries, capacitors, controls, switches, 
resistors and vibrators. In fact, see him for all of your 
electronic requirements. 
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WE RECOMMEND 

RAYTHEON TUBES 

OR PERFORMANCE D 
ee 

Good Housekeeping 
.o GUARANTEES 

ltteENT OR REFUND TO £1- 

RAYTHEON 

GUARANTEED BY 

GOOD HOUSEKEEPING 

Bring 'em back for more 
This business -builder makes real sense-the new cus- 
tomer -catching Good Housekeeping Seal decal for 
service dealers who replace with Raytheon receiving 
and picture tubes. It's yours-part of Raytheon's 1963 

"Deal with the Seal," created to help boost your 
profits and enhance your own fine service reputation. 

We're using full -page advertising in Good Housekeep- 
ing magazine to tell more than 5 million families how 

the Good Housekeeping Seal guarantees perform- 
ance and quality of all Raytheon tubes. We're re- 



'he 
41 

First, when it comes time to replaces worn-out big picture tube, it's important that the man of the house be prepad with a few basic facts. Pore, n - stance, Raytheon pictura tubes are made with all new glass. Many ordinary re- placement tubes are not new, through and through, as yo have every right to ex them to be. Ra Pect 
Picture T 

yrecn pteteh, Tubes are completely new-just like Your original. They're guaranteed in writ_ in rom bane to faceplate. components and all new glass-nothing rebuilt. And, with all these advanta Raytheon Cniline Picture Tubes are competitively 
priced. Look for the "All New Glass" sticker on the Ray- theonpicturen.h,. ,,,I,,,,, 

WHEN IT'S TIME TO CALL A TELEVISION'SERVICE 
MO 

e.it t the a u' whc uses only first -quality, tury--war- 
ranted Raytheon eectronic tubes. You can be sirr, he is 
an excellent technician who has proven himself throngli 
experiences 

td trailing. You can he sure he has co 
secs -ice facil. ties c} arges fair prices, an ys gives 
an itemized 

I ill He s IDPlete 
ur television ref;,irs 

viewingardrantiuu`n'sed 

fast.t for 
enjoyment. enjoyment. 

WHAT 

¡ll8 
RHUSBND 

ULD KNOW 

ABOUT 

TELEVISION 
TUBES 

`iÍ WHAT'S BACKING UP THE BIG 
PICTURE TUBE? 
A whole array of a . n ceiving tribes. Each re- al 

Must beof these 
a reliable. tireless performer. Again, the best way to keep your TV perfect for sight and sound is to look for the Raytheon name on all replacement tubes. The reli- ability of Raytheon tubes is the reason so many television manufacturers use them originalequipment.Thestriet 

quality control practiced in building Raytheon tubes makes them a top choice for many important military ap- plications such as missiles and satellites, 

LOOK FOR THIS SEAL! 
6. ,,,,E. Ray. 

c" -awn to be-picture 
, nMen and receiving tubes_ ones the Good Housekeep- log Guaranty Seal? Of all Io. seals users depend upon, his isthe one must looked for. 1 t means the product has been thoroughly checked, and an assurance given that when YOU buy, you'll get Ion ger, trouble -free performa 

You'll find this Good Housnce.e. keeping Seal combined with Raytheon's identifying sy.m_ 
bol in T V service dealer stores advertisements 

and in the, Yellow Pages listings. Look for the familiar sign of de- Pendability for th,. best in TV enj 
r .ment: 

GUARANTEED 
BY 

G000 HOUSE kf GeJNG 

Next time your TV set acts up, remind your husband to insist on Raytheon. Remind him to look for the Raytheon and Good Housekeeping Seals o every replacement tube. And remember to let him take the bows 

G9/ 5 
Qd'F-4l`y, 4 

I 

?Ñ ` 
`9Si,.yS ``6: 

with this Famous Seal* 
minding those families - your customers-that this 
Good Housekeeping Seal decal means extra assur- 
ance of radio and TV service satisfaction. 

FREE-order your own complete Good Housekeeping 
Seal tie-in promotional kit. Includes colorful Good 
Housekeeping Seal decals for store, truck or tool 
kit use, repair labels, attention -getting direct mail. 
Just mail this coupon today. The promotional kit is 

FREE, remember, and mailed 
direct to you! RAYTHEON 

,____._ Ill _site 
RAYTHEON-Distributor Products Division 111 

Box 28, Westwood, Massachusetts 
Rush me my 1963 Raytheon "Deal with the 
Seal" Promotion Kit. 

Name 

Store Name 

Address 

city Zone State 

411111 NI MI 1311 MI 



Getting MORE from 

your TEST EQUIPMENT 
Keep looking for new ways to utilize what you now have. 

by Robert G. Middleton 

Experienced technicians have 
learned that basic test instruments 
-such as the VOM, VTVM, oscil- 
loscope, and signal generator-can 
do many more jobs than are usually 
expected of them. To develop these 
additional methods of using test 
equipment requires a basic under- 
standing of the workings of each 
instrument, and a certain amount 
of imagination. 

Unusual ways to use test appa- 
ratus are illustrated by the fol- 
lowing examples, which are all 
practical techniques you can use in 
everyday service work. They dem- 
onstrate the type of thinking in- 
volved in making better use of 
your basic instruments. 

VOM as AC Ammeter 

When tracing power -supply 
shorts, some technicians choose the 
technique of monitoring the line - 
current demand of the receiver 
while disconnecting various power - 
supply branches. This is a useful 
method, because when the shorted 
branch is disconnected, the current 
decreases sharply. If the excessive 
current is due to a defect in the 
power transformer, "unloading" it 
will leave the input current unaf- 
fected. A burned -out tube in a 
series -string receiver will cause the 
meter pointer to leap, quiver, and 
fall back to zero when the receiver 
is first turned on. The momentary 
reading occurs because the B + 
filters charge up through the semi- 
conductor rectifiers; there is no 
heater drain, nor is any current 
drawn from the power supply. 

The initial surge in a normal TV 
receiver is from 5 to 15 amperes. 

LINE PLUG 

FILTER CHOKE OR 

SIMILAR INDUCTOR 

RECEPTACLE 

Fig. 1. Line splitter adapts VOM to 
measure AC current on voltage ranges. 

The ammeter will then drop quickly 
to a reading of 0.5 to 1 amp, and 
creep up until the raster is about 
to appear. Then, as the horizontal 
system swings into operation, the 
ammeter reading will rapidly climb 
to the normal operating value. 

Very few service -type VOM's 
have a built-in AC ammeter func- 
tion, but some manufacturers build 
adapters or accessories for this pur- 
pose. In fact, it is a simple matter 
to make up your own adapter, as 
shown in Fig. 1. The line splitter 
is a short length of AC cord, inter- 
connecting a standard AC plug and 
receptacle. One of the wires in the 
line splitter is run through the core 
window of the current transformer 
(any small iron -cored inductor). 
The male end of the splitter is 
plugged into the female receptacle. 

TV 

CHASSIS 

VOM 

-re 0-r-- 

Fig. 2. Use current through R2 as a 
reference for calibrating line splitter. 

a 0 a O G O 

o 0 

R1 is a calibrating resistor, and its 
value will be selected during the in- 
itial calibration. Of course, the 
adapter should be enclosed in a 
small box, for the sake of neatness 
and to keep the position of the 
single -turn primary fixed. 

To calibrate your adapter, use 
the reference setup shown in Fig. 
2. The VOM is set to the AC - 
voltmeter function-usually on the 
lowest range, unless the inductor 
you are using as a current trans- 
former has a rather large induct= 
ance. R2 is a power resistor having 
a low value, such as 1 or 2 ohms. 
After the chassis has warmed up, 
and is drawing steady current from 
the line, measure the AC voltage 
drop across R2 and calculate the 
current from Ohm's Law: I = 
E/R. Do not remove the resistor 
from the power line. 

Plug in the current adapter, and 
connect the VOM to the adapter 
output. Now, select a value for R1 
(in the adapter) which causes the 
VOM to read 1 volt for each am- 
pere in the line. For instance, if 
the chassis is drawing 2.25 am- 
peres, select a value for R1 which 
makes the VOM read 2.25 volts. 
Then, the AC voltage scale can be 
used to read AC amps. If the in- 
ductor does not give enough output 
voltage, simply utilize a choke with 
more turns. Small filter chokes with 
high inductance are best and usu- 
ally will provide ample output to 
"trim down" with the shunt resistor. 
Or, you may even find that a two - 
turn primary suits the characteris- 
tics better than a one -turn primary. 
In any case, do not omit R1 from 
the adapter, or transients that oc - 
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cur when the line splitter is con- 
nected or disconnected might cause 
arcing between layers of the induc- 
tor secondary. The resistor serves 
not only to calibrate the readings, 
but also to protect the inductor. 

VTVM as RF Voltmeter 

Most VTVM's have an RF 
probe, 'or such a probe can be 
obtained from the manufacturer. 
Vacuum -tube diode probes will 
withstand considerable input volt- 
age without being damaged, while 
semiconductor types are somewhat 
limited in this latter respect. Since 
nothing is ahead of the RF probe, 
signal frequencies up to 100 me 
and sometimes 250 me can be ap- 
plied. If the lowest full-scale range 
of the meter is .5 volt, or there- 
about, as little as .01 volt (10 my ) 
rms will be readable on the scale, 
and the instrument can be used as 
a high -frequency signal tracer. 

Y ou can make a quick check for 
local -oscillator operation in a TV 
set by touching the RF probe to a 
floating tube shield placed over the 
oscillator tube. Furthermore, the 
IF signal can be traced through the 
IF strip. You should measure about 
0.1 volt at the first IF grid, if the 
set is receiving a fairly strong sig- 
nal. In normal operation, a greater 
signal voltage is measured at each 
successive plate and grid terminal. 
Of course, the probe tends to de - 
tune the 1F circuits, so the readings 
are only relative; but this procedure 
will enable you to isolate the trou- 
ble area, in case the signal is being 
stopped or attenuated somewhere. 

If you suddenly get a very high 
reading when testing at an 1F ter- 
minal, detuning has caused oscilla- 
tion. Disregard this reading, and 
simply proceed to the next grid or 
plate terminal. 

Beginners are sometimes con- 
fused when the VTVM shows a 
reading as the probe is moved 
about in the air; but the uncon- 
tiected probe tip is only picking up 
stray fields. To avoid errors from 
this source, make it a practice to 
short the probe tip to the ground 
lead when zeroing the meter. 

The short ground lead provided 
with an RF probe should always 
be used, because a long ground 
lead (Fig. 3) develops excessive re- 
actance at higher frequencies. This 
will cause the RF reading to be 
low. To prove this fact, first ob- 

,utrowxTvru%ror.G/.a 

t>t Shiled4land4- 

CASTLE 
TV TUNER SERVICE CENTERS 

1 Compare the Quality 
What price quality? We could "just repair" your 
tuner for less that $9.95 ... but, the little extra you 
pay for a Castle Overhaul buys a lot of quality. And 
don't forget the "Big Bonus" you get on a UV com- 
bination . . . a double portion of Castle quality for 
the same price. 

And remember ... in over a decade of service 
in this specialized field, there has been no in- 
crease in the Castle Overhaul charge of $9.95. 
Castle replaces all defective parts, (tubes and major 
parts are extra at net prices) and then aligns your 
tuner to the exact, original specifications. 
Simply send us your defective tuner complete; in- 
clude tubes, shield cover and any damaged parts 
with model number and complaint. 

ONE PRICE 

995 
ALL MAKES 
VHF TUNERS 

UHF TUNERS 

UV COMBINATIONS' 

'UVcombination tuner 
must be of one piece 
construction. Sepa- 

rate UHF and VHF 
tuners with cord or 
gear drives must be 

dismantled and the 
defective unit sent in. 

90 Day Warranty 

Send for FREE Mailing Kit and complete details. 

ree /stab adg Gex se'tviuJ Qatt, 

Pioneers in TV Tuner Overhauling 

CASTLE TV TUNER SERVICE, INC. 

5701 N. Western Ave., Chicago 45, Illinois 

653 S. Palisade Ave., Cliffside Park, New Jersey 

In Canada: 136 Main St., Toronto 13, Ontario 
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THE INDUSTRY'S 

ONLY COMPLETE 

"LOOK -ALIKE" LINE 

OF BOTH NEEDLES 

AND CARTRIDGES! 

gi=simcr 

150 Exact 

Replacement 

Cartridges 

300 Exact 

Replacement 

Needles 

Speeds your phono 
service ... assures consistent 

high quality and complete 
compatibility of needles and 

cartridges. Inventory and handling 
costs are cut to the bone. And the 

industry's greatest array of sales tools 
-cross-reference catalogs, wall charts, 

displays and merchandisers - is 

available to suit your requirements. 
Ask your E -V distributor, or send 

coupon for profitable details, today. 

Jkerüegvez 
ELECTRO -VOICE, INC., Dept. 337R 
Buchanan, Michigan 

Please send my free needle and cartridge catalogs 
plus name of nearest distributor. 

Name 

Address 

City State 

Fig. 3. Long test lead is poorer RF 

ground than outer conductor of cable. 

serve the signal -voltage reading 
with both ground leads connected. 
Then, disconnect the short ground 
lead, forcing the RF signal to re- 
turn via the long test lead. The 
scale reading will take a nose dive. 

Sensitizing Your 
Capacitance Bridge 

Most capacitance bridges use an 
electron -ray tube as a null indica- 
tor. There are probably times when 
you have wished the null indica- 
tion were more sensitive, so you 
could adjust the bridge with greater 
accuracy. It's easy to sensitize the 
null indication by using your scope 
in place of the electron -ray tube. 
Connect the vertical -input lead of 
the scope to the electron -ray tube 
input terminal of the bridge, and 
the ground lead to the bridge's 
"common" bus. 

A 60 -cps sine -wave pattern will 
appear on the scope screen. As the 
bridge approaches a balanced con- 
dition, the amplitude of the pattern 
will drop sharply and become very 
small at the well-defined balance 
point. At the same time, the "eye" 
indicator will be changing its pat- 
tern very slowly. 

Scope as P -P Voltmeter 
Interpreting wave shapes is one 

thing, and measuring waveform 
amplitudes is another. We some- 
times tend to neglect peak -to -peak 
voltage measurements in service 
work, and this is unfortunate, since 
amplitude is just as important as 
shape-sometimes even more so. 
In other words, a signal -circuit fault 
may result in a large change of sig- 
nal amplitude with little or no 
change in waveshape. If we fail to 
measure the peak -to -peak voltage, 
we miss the boat. It does take a 
little time to calibrate a scope for 
peak -to -peak measurements, but it 
is time well spent. Let's summarize 

the basic facts about peak -to -peak 
voltage measurements: 

1. As depicted in Fig. 4, the 
vertical attenuator in most 
modern scopes has a "step" 
switch and a fine control. 
With the calibrating voltage 
applied, note what settings of 
both controls are necessary 
for a reference deflection 
(usually of 1" or 2"). 

2. After making these settings, 
use only the step attenuator 
to provide patterns of usable 
height; if you change the set- 
ting of the fine control, the 
basic calibration is lost. 

3. The step attenuator (Fig. 5) is 
a decade, or decimal, device. 
In other words, the pattern 
height is increased or de- 
creased by a factor of 10 
when you switch to an adja- 
cent position. This makes it 
simple to keep track of the 
vertical sensitivity for what- 
ever pattern height was cho- 
sen for calibration. 

An example will help clarify 
these steps. Suppose the calibration 
voltage is 1 volt peak to peak, and 
you adjust the vertical gain control 
for a 1" deflection on the scope 
graticule. Then, as long as the at- 
tenuator (step) switch remains at 
the 1 position, 1" will represent 1 

volt of input signal; thus, a 3" pat- 
tern will be caused by a 3 -volt sig- 
nal. If the attenuator switch is 
changed to 100, each 1" of deflec- 
tion automatically represents 100 
volts; a 3" pattern would indicate 
the presence of a 300 -volt peak -to - 
peak signal. 

The same technique will apply 
no matter what calibrating voltage 

Fig. 4. Scope vertical gain is adjust- 
able by step switch and fine control. 
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See Only the Scale You Want... in the Exact Range You Want 

just set the range switch 

and the correct scale appears 
AUTOMATICALLY 

V O MATIC 360 
AUTOMATIC VOLT -OHM MILLIAMMETER 
Greatly simplifies your VOM use. Individual full-size scale for each range-and 
only one scale visible at any one time, automatically. Once you set the range 
switch, it is impossible to read the wrong scale. Reading in the range you want is 
amazingly easy-and direct. No reading difficulties, no multiplying, no errors. 

Sensitivity 20,000 ohms per volt DC; 5000 ohms per volt AC. Accuracy ±3%o DC; ±5%o AC; 
(full scale). DC Volts in 6 ranges 0-6000. AC Volts in 6 ranges 0.6000. AF (Output) in 4 ranges 
0-300 volts. DC Current in 5 ranges 0-10 amps. Resistance in 4 ranges 0-100 megohms. 
Supplemental ranges also provided on external overlay meter scales. Meter protected 
against extreme overload and burn -out. Polarity reversing switch. Automatic ohms -adjust 
control. Mirrored scale. Complete with 11/2 -volt and 9 -volt batteries, test leads, 
and easy -viewing stand. Net, $5995 

in the new 

VOM and VTVM 

WITH 
BURN -OUT PROOF 

METER 

DYNAMATIC 375 
AUTOMATIC VACUUM -TUBE VOLTMETER 

Once you set the range switch, you automatically see only the scale you 
want and read the exact answer directly. Saves time, eliminates calcula- 
tion, avoids errors. Individual full-size direct -reading scale for each range. 
Simplifies true reading of peak -to -peak voltages of complex wave forms in 
video, sync and deflection circuits, pulse circuits, radar systems, etc. 
Includes DC current ranges, too. 

Accuracy ±3%o full scale AC and DC. Sensitive 100 microampere meter movement. 
DC Volts in 7 ranges 0-1500. AC Volts (rms) in 7 ranges 0-1500. AC Volts (peak -to - 

peak) in 7 ranges 0-1500. DC Current in 3 ranges 0-500 ma. Ohms in 7 ranges 0-1000 
megohms. Utilizes single DA -AC ohms probe and anti -parallax mirror. Swivel stand 
converts to carry -handle. Includes 11/2 volt battery. 
Operates on 117 volts 50-60 cycle AC. Net, $8995 

Ask Your B&K Distributor 
for Demonstration, or 

Write for Catalog AP20-R 

B & K MANUFACTURING CO. 
Division of DYNASCAN CORPORATION 

1801 W. BELLE PLAINE AVE. CHICAGO 13, ILL. 
Canada: Atlas Radio Corp., 50 Wingold, Toronto 19, Ont. 
Export: Empire Exporters, 253 Broadway, New York 7, U.S.A. 
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you use -2 volts could be set up 
as a 2" deflection. Also, some scope 
graticules are marked in divisions 
other than inches. If so, these di- 
visions can be used the same as 
described for inches: one division 
can represent 1 volt, and so on. 

Normal peak -to -peak voltages at 
key check points are specified on 
most receiver service diagrams. 
Don't overlook this valuable trou- 
bleshooting aid -there are many 
circuit faults which can't be pin- 
pointed by ordinary DC voltage 
and resistance measurements, but 
can be located quickly by checking 

signal amplitudes with a scope. 

Signal Generator for Gain Tests 

A signal or marker generator is 

an indispensable adjunct to the 
foregoing instruments. Tests may 
show that RF and IF stages are 
operating, but the signal level still 
is suspiciously weak. In such cases, 
a gain measurement of each stage 
is in order. Proceed as follows: 

1. Connect a VOM or VTVM 
at the detector output. 

2. Apply the generator output- 
at a frequency in the middle 
of the IF hand-to the grid 

SAVE 

rFor Black & White and Color 
"Most valuable and useful" ... "Wouldn't be 
without it" ..'. "Pays for itself over and over 
again" ... servicemen say. Quickly checks 
and corrects television picture tube troubles 
in a few minutes right in the home with- 
out removing tube from set. Gives new life 
to weak or inoperative tubes. Checks for 
leakage, shorts, open circuits and emission. 
Removes inter -element shorts and leakage. 
Repairs open circuits and low emission. Re- 
stores emission and brightness. Life Test 
checks gas content and predicts remaining 
useful life of picture tube. Makes new tube 
sales easier. Completely self-contained. Rich 
leatherette -covered carry -case. Net, $7495 

THE INDUSTRY'S STANDARD 

Most Widely Used Today 
by Professional Servicemen 

CATHODE 
REJUVENATOR 

\,TE STE R 1 
TESTS AND REJUVENATES 

all picture tubes at 
correct filament voltage 
from 1 to 12 volts 

TESTS AND REJUVENATES 

110° tubes and the 
new 19" and 23" tubes 

TESTS AND REJUVENATES 

color picture tubes. 
Checks each gun of 
color tube separately 

Subscribe to 
New 

Picture Tube 
Information 

Service 

UP -DATE YOUR B&K CRT WITH THESE ACCESSORIES 

Model C40 Adapter. For use with previous Models 400 and 350 
CRT's-to test and rejuvenate TV color picture tubes and 6.3 volt 
110° picture tubes. Net, $9.95 
Model CR48 Adapter. For use with previous Models 400 and 350 
CRT's-to test and rejuvenate 110° picture tubes with 2.34, 
2.68, and 8.4 volt filaments. Net, $4.95 

See Your B&K 
Distributor, 
or Write for 

Catalog AP2O-R 

BaK MANUFACTURING CO. 
Division of DYNASCAN CORPORATION 

1801 W. BELLE PLAINE AVE CHICAGO 13, ILL. 

Canada: Atlas Radio Corp., 50 W ingold, Toronto 19, Ont. 

Export: Empire Exporters, 253 Broadway, N.Y. 7, U.S.A. 
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Fig. 5. Effect on waveform when at- 
tenuator is switched to higher position. 

of the suspected stage, and 
then to the following grid. 
(Clamp the AGC line in this 
test; also keep the signal level 
low, so it won't overload the 
set.) 

3. The ratio of the voltmeter 
readings is the approximate 
stage gain. In Fig. 6, for ex- 
ample, if the voltmeter read- 
ings are 2.5 volts and .25 volt, 
the stage gain is 10. 

The generator should have a 
blocking capacitor in series with the 
output lead to prevent disturbing 
the DC grid bias; a 250-mmf 
capacitor is satisfactory. The VT - 
VM should be set to measure DC 
volts. As a general guide, a stage 
gain of about 10 is normal for low 
values of AGC clamping voltage. 
High AGC bias will reduce the 
measured gain in normal operation, 
but will not block the controlled 
tubes because they generally are 
remote -cutoff types. 

In summary, basic test instru- 
ments will give much greater bene- 
fits if full advantage is taken of 
their capabilities. It is a fact that 
many tests and measurements com- 
monly considered to be in the prov- 
ince of elaborate and expensive 
instruments can be made with basic 
test equipment, provided you know 
how to use it. 

2ND VIDEO IF 

y 

3RD VIDEO IF 

250 mmt 
BLOCKING 

CAPACITOR 

VIDEO DEI 

Fig. 6. Test setup to check IF stage 
gain with signal generator and VTVM, 
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..,leave sooner-get there faster! 

It's there in hours s ..and costs you less! 

Buses Daily Running Time 20 lbs. 30 lbs. 40 lbs.* r 
BOSTON 

NEW YORK 20 5 hrs. 15 min. $1.80 $2.10 $2.35 

LOUISVILLE 
NASHVILLE 13 4 hrs. 10 min. 1.70 2.00 2.35 

MIAMI 
DAYTONA BEACH 18 5 hrs. 30 min. 1.90 2.15 2.45 

LOS ANGELES 
SAN FRANCISCO 28 9 hrs. 20 min. 2.10 2.45 2.80 

CHICAGO 
INDIANAPOLIS 10 4 hrs. 15 min. 1.70 2.00 2.30 

*Other low rates up to 100 lbs. 
Save time! Save money! Ease those inventory control prob- 
lems too! Ship via Greyhound Package Express! Packages go 
everywhere Greyhound goes, on regular Greyhound buses. 
Very often they arrive the same day shipped. Ship nation- 
wide, anytime... twenty-four hours a day, seven days a week, 
weekends and holidays. Ship C.O.D., Collect, Prepaid, 
or open a charge account. Insist on Greyhound Package 
Express. It's there in hours ... and costs you less. 

GREYHOUND PACKAGE EXPRESS, Dept. 52-P 
140 S. Dearborn St., Chicago 3, Illinois 
Please send, without cost or obligation, complete 
information on Greyhound Package Express service 
... including rates and routes. 

NAMF 

COMPANY 

ADDRESS 

CITY 

TITLE 

STAT PHON 

CALL YOUR LOCAL GREYHOUND BUS TERMINAL 

OR MAIL THIS CONVENIENT COUPON TODAY 

«?t, , ai,.F`es_ gy 

EYHOUND 
Liareo 1, ,.9, 

Inui' - r 

-J 
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QUICKER SERVICING 
by George F. Corne, Jr. 

service transistors 

with a VOM 
Many servicemen have perfectly 

good VOM's in their shops doing 
nothing but sitting and collecting 
dust on the shelf; others may be 
using their VOM's now and then, 
but only on tube radios and TV 
sets. Most technicians really haven't 
given much thought to using a 
VOM for servicing transistorized 
equipment. They usually prefer to 
use a VTVM for transistor work 
simply because they feel their 
VOM can't do the job as well, or 
that it might "load" transistor cir- 
cuits enough to affect their opera- 
tion. If you have similar impres- 
sions about the VOM, you may be 
missing some of its features that 
can be put to good use on tran- 
sistorized sets. 

One of these features in partic- 
ular-current-measuring capability 
-is certainly applicable to transis- 
tor -radio repair. Don't forget, the 
transistor is a current -operated de- 

vice, and current readings are very 
helpful (sometimes even necessary) 
in checking and troubleshooting 
transistor radios. Most vacuum - 
tube voltmeters don't have this 
feature, and you must use a sep- 
arate milliammeter to check cur- 
rent in a receiver. There are special 
test instruments designed especi- 
ally for transistor work, most of 
which come equipped with a cur- 
rent meter-but so do VOM's. 

Voltage Measurements 
The majority of VOM's, es- 

pecially newer ones, have a sensi- 
tivity rating of 20,000 ohms per 
volt (ohms/volt). This means that 
when the range switch is set to read 
1 volt full scale, the shunt resis- 
tance connected to the circuit un- 
der test will be 20K; on the 2.5 - 
volt range, the resistance will be 
2.5 times 20K, or 50K. The shunt 
resistance increases proportion - 

TO FIRST 
IF CAN 

INDIRECT METHOD 

EMITTER 4.2 V 

BASE 4.0 V 

BIAS 0.2V 

B+ 

Fig. 1. Two methods to measure base -to -emitter voltage in transistor stage. 

ately as the voltage range is in- 
creased. The accuracy of the volt- 
age reading obtained will generally 
increase, since less circuit loading 
will occur. 

A VOM with a sensitivity of at 
least 20K ohms/volt can be used 
to measure transistor -radio volt- 
ages, with suitable accuracy. Cir- 
cuits that use transistors have low 
impedance and are less likely to be 
upset by the low shunt resistance 
of the VOM than, for example, the 
high -impedance grid circuit of a 
vacuum -tube oscillator. (A VOM 
with an ohms/volt rating lower 
than 20K may tend to load circuits 
an undue amount, affect their op- 
eration, and cause inaccurate volt- 
age readings. For this reason, it 
shouldn't be used for transistor 
servicing.) 

Ranges 

The best VOM's for transistor 
work are those in which the lowest 
DC voltage range is only 1 or 2.5 
volts, full scale. (Many newer in- 
struments have even lower voltage 
scales especially intended for tran- 
sistor measurements, so keep this 
in mind if you're thinking of buying 
one.) A meter with a range this 
low is useful for measuring the low 
bias voltage between the base and 
the emitter of a transistor. This 
bias voltage is normally just a few 
tenths of a volt, and reading it be- 
comes a guessing game on a higher 
voltage scale-say the 10 -volt scale, 
for instance. 

On the other hand, in case your 
present VOM doesn't have a 1- or 
2.5 -volt range, don't worry about 
it; you can still measure the bias 
voltages mentioned above, merely 
by adopting a different method. 
Using the chassis as ground, meas - 
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72947g,,,e./ 61/ 
VYTANT ALEKS 

CAUtEATEDY OIjTLREAD 

HANDSOME, DBRABLE, 
PROTECTIVE CASE 

"E -Z VIEW" WINDOW FOR 
SHORT, CONTINUITY tad 
GRID LEAKAGE TESTS 

EASY TO READ 
SELECTOR CONTROL 

INDICATOR EIGHTS 

GC 
ELECTRONICS 

<S2D 
FEWER 

CONTROLS 
VERSATILE 

CONTROLLED REJUVENATION 

Easy to Use! 
TTESTER and 

REJUVENATOR 
FOR COLOR and Black and White! 

MOVABLE COVER 

UNIVERSAL SOCKET CARLE 
FITS ALL CRT TUBES 

FREE Send for new catalog of complete line of 
GC Test Equipment. Write Dept. 44, GC Electronics, 
400 S. Wyman, Rockford, Ill. 

Name 

Address 

City State 

Just off the GC Production lines ... designed for the serviceman 
to answer his specific need, simply and practically. The GC CRT 
Tester and Rejuvenator brings you, in addition to conventional 
testing, a unique DYNAMIC EMISSION test together with an 
effective CONTROLLED SHOT REACTIVATION circuit. 
CATHODE EMISSION TEST is a GC first. A high voltage pulse 
applied to the 2nd anode of the CRT provides more accurate 
tube condition. Provisions for bias cut-off test. 
LIFE TEST to predict the remaining useful life of the picture tube. 
CONTROLLED DC shot REACTIVATION cleans cathode surface 
for normal emission provided by 3 levels of reactivation intensity. 
Indicator light safeguards against overdose and tube damage. 
ADAPTABLE TO ALL 1100 PICTURE TUBES with special fila- 
ment voltage, as well as the newest 19" and 23" Tubes (23EP4 ). 
CHECKS SHORTS, FILAMENT CONTINUITY, GRID LEAKAGE 
with "E -Z View" neon window indicator. Easy ... positive. 
TESTS, REACTIVATES ALL COLOR CRT TUBES, each gun 
separately including the newest "small button" Diheptal RCA 
unit. 
100% SELF CONTAINED in handsome, protective carrying case. 
ACCESSORY COMPARTMENT contains power cord ... a single 
combination socket cable to accommodate ANY CRT. 
PLUS easy to read wide angle, calibrated meter and selector 
control indicator lights clearly indicate test functioning. 
No. 36-616 CRT TESTER AND REJUVENATOR Net 69.95 

GC ELECTRONICS CO. 
DIVIM.ION OF TEXTRON ELECTRONICS, INC.. 400 So. WYMAN STREET, ROCKFORD, ILLINOIS, USA 
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You can ... 
OUTPUT 

PICK UP A HUMAN HAIR 
with these 
precision -machined points 

CHAN NEL LOCK 

No. 738 Long -reach 

Round -Nose Plier 
A precision gripping tool for precision 
work . . . the CHANNELLOCK No. 
738 Round -Nose Plier. Gives you a 
long slim, firm grip in tight places you 
can't reach with other pliers. Hundreds 
of uses on electrical, radio, TV, Hi-Fi 
and all other types of electronic work. 
Comfortable, blue -plastic grips. Top 
quality, polished forged steel. Ask your 
tool supplier for a CHANNELLOCK 
No. 738 Round -Nose Plier. If he's out 
of them, ask him to order one for you. 

Write for Catalog of 
Complete Line of Pliers 

#118 LONG -REACH FLAT -NOSE PLIER 

#128 LONG -REACH DIAGONAL CUTTER 

#748 LONG -REACH END CUTTER 

Channellock Pliers are made only by 

CHAMPION DeARMENT TOOL COMPANY 
Meadville, Pennsylvania 

2ND IF 

FROM 

FIRST 

AVC 

TO BASE 

FIRST 

IF AMP 

DRIVER 

VOLUME 
2500n 

10 mId 

15V 
5. 

*READINGS TAKEN WITH VIVM 

V 

100 
mld 
10V 

Cr. 

5.8V 

6 VOLTS TOTAL 

10K 

10K OUTPUT 

82n 

100 
mId 
10V 

6V SOURCE 

5.8V SOURCE 

Fig. 2. Partial schematic demonstrates voltages taken with a VOM and VTVM. 

ure the voltages on both the base 
and the emitter of the transistor, 
and then compare these two volt- 
ages. Their difference represents 
the bias between those two ele- 
ments of the transistor. As pointed 
out before, the readings will be 
fairly accurate - especially when 
measured on the 10 -volt range. 

These two methods of measuring 
bias voltage with a VOM are dem- 
onstrated in the partial schematic 
shown in Fig. 1. In the direct meth- 
od, the test leads are connected be- 
tween the base and the emitter of 
the transistor, and the bias is read 
directly from the meter. The indi- 
rect method involves measuring 
the base -to -ground and emitter -to - 
ground voltages separately, and 
subtracting one from the other to 
obtain the bias voltage. 

Readings-VOM vs VTVM 

To illustrate that the VOM will 
give suitable indications of voltage 
on transistor elements-base, emit- 
ter, and collector - without load- 
ing the circuit, let's check some ac - 

tuai VOM readings against those 
obtained with a VTVM. (These 
readings are for the purpose of 
pointing out that the VOM is ap- 
plicable to transistor work-not as 
a proving ground for demonstrating 
the advantages of one meter over 
the other.) The "guinea pig" is a 

typical six -transistor radio, of which 
a partial schematic is shown in 
Fig. 2. 

The negative side of the 6 -volt 
battery is connected to the chassis, 
and this point serves as common 
ground for all the voltage measure- 
ments. The VOM is a 20K -ohms/ 
volt type, and two voltage ranges 
are used -2.5 and 10. Voltages 
measured in the stages not shown 
will give similar results. 

The two sets of voltages shown 
for the transistor elements in Fig. 
2 point out that, in almost every 
measurement, the VOM gives near- 
ly the same reading as the VTVM. 
Special attention was paid to the 
performance of the oscillator -con- 
verter when the VOM was con- 
nected to it, but there was no ma - 

Western T. V. Tuner lßebuilders 
VHF or UHF ALL MAKES 

$ 9.9 5 Includingdl all parts 
anaor 

motor parts extra at Howl net price. 

UHF -VHF COMB. $17.00 
90 Days Guarantee - 24 Hour Service 

All tuners are thoroughly cleaned, mechanically and electrically overhauled, aligned with 

crystal -controlled equipment, and finally given air check for sensitivity with TV transmitters. 

WESTERN TUNER REBUILDERS 
1140 No. Vermont, Los Angeles 29, 4130 El Cajon Blvd., San Diego 5, 

California-NOrmandy 2-1397 California-ATwater 4.2733 
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3 SPEAKERS CAN NOW REPLACE 16 

These three new Delco Radio 8 -10 -ohm replacement 
speakers permit you to cut 16 numbers from your 
inventory. They can replace all units in current Gen- 
eral Motors cars and many competitive makes. They 

Delc o 
install easily and quickly, take a "tip jack," "blade," or 
solder connection. Excellent for home hi-fi and TV 
sets, too! Speak up for the latest in replacement 
speakers. Call your United Delco supplier today. 

THREE NEW SPEAKERS, ALL WITH SLOTTED MOUNTING HOLES SPECIAL 
Number Size Magnet Wt Mounting UNIVERSAL 8 -10 -OHM 

6126 6 x 9" 1.6 oz. front/rear 6 x 9" REAR SPEAKER PACKAGE 
Contains all materials necessary for 

1.6 oz. front/rear 6127 4 x 10" rear -seat speaker installation: Speaker, 

6128 6" round 2.5 oz. rear -seat Grill, Wiring, Switch. Part No. 6122. 

Delco Radio Automotive Radio Service Parts and Electro -Mechanical Devices are distributed nationally through United Delco 
DELCO RADIO, Division of General Motors, Kokomo, Indiana 

F' United V 
Delco 
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mostRELIABLE 
TRANSISTOR 
antenna AMPLIFIER 

RED HE 
Red Head is one transistor amplifier that does 
what it's supposed to do . . boosts those 
weak signals right out of the snow, gives 
brighter contrast to your pictures without 
trouble and call-backs. 

Red Head has a Iightning-protected circuit- 
no transistor burnout due to lightning flashes, 
static precipitation or power line surges. 
Built-in high pass filter rejects interference 
from Citizen's Band, hams, etc. Unlike other 
transistor amplifiers, it can't cause smear or 
graininess in picture from phase distortion... 
has linear frequency response, no suck -outs or 
roll -offs at end of b nds. You get clear, bright 
picture detail on color and black and white. 

OTHER ADVANTAGES OF WINEGARD'S RED 
HEAD-has newest type four -lead transistor 
... is AC powered, no corrosion at terminals, 
no polarity problems-has built-in 2 -set 
coupler in power supply-mounts easily on 
antenna, mast or wall-powerful enough to 
drive 6 sets, can be remoted up to 1500 feet 
using 300 ohm twin lead or ladder line. New 
eye-catching bright red amplifier housing- 
gives lasting product identity. 

Red Head is your best transistor antenna 
amplifier buy. Try a few and see for your- 
self. Write for technical data or ask your 
Winegard distributor. 

There's a Winegard Quality Antenna for Every Reception Need 

CO LO RT RON 
AMPLIFIER 

$39.95 

COLORTRON ANTENNA 
Model C.11-Gold Anodized 

$64.95 

COLORTRON ANTENNA 
Model C-41-Gold Anodized 

$51.90 

COLORTRON ANTENNA 
Model 0.42-Gold Anodized 

$34.95 

COLORTRON ANTENNA 
Model Cd1-Gold Anodized 

$24.95 

YOU GET AN EXTRA BONUS OF QUALITY AND VALUE FROM WINEGARD 

Winegard ANTENNA SYSTEMS 
3009-3B Kirkwood Burlington, Iowa 

jor change in its operation due to 
circuit loading. This was true for 
the other circuits in the receiver, 
too. 

Current Measurements 
The current -measuring fe-ture 

of a VOM also makes the instru- 
ment valuable in transistor repair 
work. Not only can you check to 
see that the total current drawn by 
the radio is within limits (good 
callback insurance after a repair 
job is complete), but you can also 
use current readings to check the 
operation of each transistor stage 
-as you'll see presently. 

The total current drawn by a 
transistor radio varies from one re- 
ceiver to another, of course, as 
does the amount required by a 
single stage. The RF and IF stages 
draw considerably less current than 
the driver and output stages-par- 
ticularly if the output is wired in 
push-pull. For this reason, it's well 
to have some idea what values of 
current you might expect to find 
in individual transistor stages. Here 
are some typical values: RF and 
IF stages normally draw from .5 
to 1.5 ma; driver stages from 1.5 
to 3.5 ma; output stages, 5 ma or 
more, depending on the setting of 
the volume control. Let's take a 
closer look at a typical six -transis- 
tor radio, especially noting the cur- 
rent distribution throughout the 
stages. 

Under idling conditions-no in- 
put signal, and volume control set 
to minimum-the total current 
measures 10.2 ma. The current dis- 
tribution for each stage is as fol- 
lows: converter, .5 ma; first IF 
amplifier, 1.4 ma; second IF am- 
plifier, 1.2 ma; driver, 1.6 ma; 
push-pull output stage, 5.5 ma. 
Again, these current values are for 
no -signal conditions. Tuning in a 
station and rotating the volume 
control for a normal listening level, 
we see the total current drawn by 
the radio zoom to 35 or 40 ma, 
and at maximum volume, 60 to 70 
ma. The majority of this current is 
drawn by the class -B driver and 
output stages. 

The actual measurement of the 
current through an individual tran- 
sistor stage can be accomplished by 
several different methods. One way 
is to measure the voltage drop 
across the emitter resistor (or col - 
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It used to take 2 men to pull 

a color TV set into the shop... 

COLOR T 
TEST 'le 

Cuts your manhours on Color -TV home service calls 

BUT NO MORE 

Here is a real "must" for anyone servicing or planning to 
service color TV sets. 

No longer must you send two men to a customer's home 
to pull in his entire color set. Now, one man can simply 
remove the chassis and bring it back to your shop for 
testing, troubleshooting and alignment in your RCA Color 
TV Test Jig. 
Look at some of the extra advantages built into this money- 
saving unit: 

Minimizes costly damage claims. Pulling chassis 
eliminates possibility of scratching or damaging a cus- 
tomer's cabinet when transporting it to and from his 
home. 

Saves time. Eliminates need to reconverge a cus- 
tomer's set when chassis is returned. Convergence 
control panel on Test Jig provides static and dynamic 
convergence for CTC-10, CTC-11 and CTC-12 chassis. 

Versatile. Can be used with CTC-4, 5, 7, 9, 10, 11 
and 12 chassis. 

Safe. Supplied with factory -installed safety glass 
and kine mask. 

Complete components kit, supplied with unit, pro- 
vides all necessary service components and instruc- 
tions for installing RCA Color Picture Tube. 

Professional appearance. Finish matches that of 
your other RCA test instruments. 

The RCA Color TV Test Jig is available through your Author- 
ized RCA Parts and Accessories Distributor. See him this 
week to find out how this versatile instrument can help 
you capitalize on the growing Color TV servicing market. 

For information on where you may obtain the RCA Color 
Test Jig, and for additional specifications, fill out and mail 
the coupon below. 

RCA PARTS AND ACCESSORIES, CAMDEN, N J. 

eefr. 
The Most Trusted Name in Electronics 

RCA Parts and Accessories 
P.O. Box 654, Camden, New Jersey 

Please send me full specifications on the RCA Color TV Test Jig, and the 

name of the nearest distributor where I may obtain it. 

Name 

Company or Service Shop 

Address 

City Zone State 

1 
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Available from all authorized ARCO distributors 

Vef 

4'COI fk 
Electrolytic 

UM 3410 

020 MFD 

IOMFD 

-20MFD 

350 «DC 

350 MC 

25 MNDC 

OCR ELECTRONICS, OK 

MADE IN USA 

Ñrcolyiic ® 

1401 Values...The largest 
selection of exact replacement 

twist -mount & tubular electrolytics 
99.99% high purity aluminum foil electrolytics at no extra cost! Choose from 

stock any single, dual, triple or quadruple capacitance-voltage combination for 
replacement in television, radio, and other electronic equipment R Made to with- 
stand high ripple and high surge voltages Designed for 85°C high temperature 
operation I Greater shelf and operating life because only premium grade ingredients 
are used Built and tested to meet EIA Specification RS -154 Individually pack- 
aged with mounting plates for your convenience Unconditionally Guaranteed. 

ARCOelectronics Inc. (U7s.; 
s Angeles 35 

ELECTROLYTIC DIVISION 

Community Drive, Great Neck, New York HUnter 10500 

lector resistor, if the stage has one), 
and then calculate the current by 
Ohm's law; you might find this to 
be the easiest way. Another method 
is to disconnect the emitter circuit 
and insert the current meter. You 
can do this without removing any 
of the components in the circuit, by 
merely cutting the printed foil (or 
circuit) going to the emitter, and 
connecting the meter across the 
open conductor. 

A third method (which is also 
one of the quickest means of lo- 
cating a defective transistor stage) 
involves connecting the meter to 
monitor the total current drawn by 
the radio. Then, one transistor at 
a time can be checked by shorting 
the base to the emitter while watch- 
ing the meter for a change in cur- 
rent. 'The total value of current 
drawn by the radio will decrease a 
small amount when this test is per- 
formed, if the transistor is working; 
removal of the bias voltage stops 
current flow through the transistor. 
Make sure you check any stage that 
doesn't cause a change in current 
when this test is performed-it is 
probably inoperative. Caution: Do 
not short any element of a transis- 
tor to chassis as you might do in 
tube circuits-grid to ground, for 
example-because, in some circuits 
this action could cause excessive 
current and ruin the transistor. 

Resistance Measurements 
For all general purposes, the 

ohmmeter section of a VOM oper- 
ates in the same manner as that 
of many VTVM's. When using 
an ohmmeter in transistorized cir- 
cuitry, you ' should guard against 
possible damage to the transistors. 
Many ohmmeters are capable of 
delivering enough voltage and cur- 
rent to ruin low -power transistors 
-those used as RF and IF ampli- 
fiers, for example. For this reason, 
it's best to follow two simple rules 
governing resistance measurements 
when semiconductors are present: 

Test Voltage 

First, before you use the instru- 
ment, measure the voltage that is 
available at the ohmmeter's test 
leads. Most ohmmeters are pow- 
ered by a single 1.5 -volt dry cell, or 
two cells connected in series for a 
total of 3 volts. But, there are in- 
struments that use higher voltages 
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FINES1 
NEy.MpKE 

FOR 

Proessìonal 
Servicemen 

TESTS 
All TV and Radio Tubes 

-Old and New 

TESTS 
European Hi-Fi Tubes, 

Voltage Regulators, and 
Most Industrial Types 

TESTS 
for True Dynamic 

Mutual Conauctance (Gm) 

Model 700 
DYNA-QUIK 

DYNAMIC 
MUTUAL 

CONDUCTANCE 
TUBE TESTER 

Multiple -Socket Speed 
with Gm Accuracy 

PLUS OBSOLESCENCE PROTECTION 

See your B&K Distributor 
or Write for Catalog AP2O-R 

TESTS 
the New 10 -Pin Tubes 

111111fflmr 
TESTS BOTH OLD AND NEW TUBE TYPES-SELLS MORE TUBES PER CALL 

All over the nation, thousands of professional servicemen rely on the 
"700". Once you use it, you'll be as enthusiastic as they are. Everyday 
use has proved its speed ... its accuracy ... its efficiency. This up-to-date, 
obsolescence -proof tube tester is designed for maximum use today and 
tomorrow. Provides multiple -socket section to quick -check most of the 
TV and radio tube types the true dynamic mutual conductance way- 
plus simplified switch section to check new tube types in Dyna-Quik 
emission circuit. Also includes provision for future new sockets. 
Makes test under set -operating conditions. Checks each section of 
multi -section tubes separately. Checks for all shorts, grid emission, 
leakage and gas. Makes quick "life" test. Exclusive adjustable grid 
emission test provides sensitivity to over 100 megohms. 

Makes complete tube test in seconds. Checks average set in a few 
minutes. Discovers weak tubes that need replacement. Satisfies more 
customers. Sells more tubes. Saves call-backs. Insures your reputation. 
Pays for itself over and over again. Net, $16995 

Time -Saving, Money -Making instruments Used by Professional Servicemen Everywhere 

Model 960 Transistor 
Radio Analyst 

Model 360 V 0 Matic 
Automatic VOM 

Model 375 Dynamatic 
Automatic VTVM 

Model 1076 
Television Analyst 

Model 440 CRT 
Rejuvenator Tester 

NEW TUBE INFORMATION SERVICE 
Available every 3 months, on subscription, 

for all B&K DynaQuik Tube Testers 

B a K MANUFACTURING CO. 
Division of DYNASCAN CORPORATION 

1801 W. BELLE PLAINE AVE. CHICAGO 13, ILL. 
Canada: Atlas Radio Corp., 50 Wingold, Toronto 19, Ont. 

Export: Empire Exporters, 253 Broadway, New York 7, U.S.A. 
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on certain positions of the range 
switch. One unit uses 1.5 volts for 
the R x 1 and R x 100 ranges, and 
7.5 volts for the R x 10K range. 
A few have as much as 15 to 30 
volts available at the test leads. So, 
if you haven't already done so, ro- 
tate the selector switch on your 
meter to each resistance range and 
check the output voltage with a 
separate voltmeter. This way, you'll 
know how much voltage is avail- 
able. 

If more than 3 volts are present 
at your meter leads, on any range, 
you'd do well to check the voltage 

rating of the transistors before you 
connect the test leads. The voltage 
rating of a transistor varies with 
the type, of course, as does the 
breakdown voltage between the 
base, emitter, and collector ele- 
ments. Usually, transistor manuals 
list the breakdown voltage from the 
collector to the other two elements, 
but breakdown voltage isn't nor- 
mally given for the base to the 
emitter. As a rule of thumb, don't 
apply to the collector of a transis- 
tor a DC test voltage that exceeds 
the supply voltage of the receiver, 
and don't apply a DC test voltage 

TV ne 
ubes 

,both d a 

Tests alt 
Novars 

Tests Nuvistors,10-pin 

Tubes, and 12 -Pin 

Compactrons 

Tests Voltage Regulators, 

Thyratrons, 
Auto Radio 

Hybrid Tubes, European 

H¡_F¡ Tubes, and Many 

Industrial Types 

PROFESSIONAL QUALITY 

AT LOW COST 
Model 600 Compact Portable Dyna-Quik 

Makes Tube Testing Quick, Accurate, Profitable! 
It's amazing how quickly you can accurately check out tubes 

on every call-sell more replacements, and make more money- 
with this up-to-date, low-cost professional quality tube tester. 

Chec.(rs for all shorts, grid emission, leakage, and gas. Checks each 
section of multi -section tubes separately. Checks tube capability 

under simulated load conditions. Rejects bad tubes, not good 
tubes. Quickly reveals tube condition, saves customers, stops 

call backs, increases servicing profit. 
Exclusive adjustable grid emission test. Sensitivity to 

over 100 megohms. Phosphor -bronze socket contacts. 
Complete tube listing in handy reference index. 

Handsome, sturdy leatherette -covered carry -case. 
Size 8M" x 11" x 4%". Net, $7495 

See Your 8&K 
Distributor 
or Write for 

Catalog 
AP2O-R 

QUICK, DIRECT, ERROR -FREE 
READINGS WITHOUT MULTIPLYING 

Model 375 Model 360 
VTVM V O Matic 

Net, $89.95 Net, $59.95 

B a K MANUFACTURING CO. 
Division of DYNASCAN CORPORATION 

1801 W. BELLE PLAINE CHICAGO 13, ILL. 
Canada: Atlas Radio Corp., 50 Win gold, Toronto 19, OM. 
Export: Empire Exporters, 253 Broadway, New York 7, U.S.A. 

from the emitter to the base of a 
transistor in excess of 3 volts. Gen- 
erally, the 1.5 volts found in mod- 
ern ohmmeters should be safe 
enough. 

In passing, we might caution 
against the use of component 
checkers -a resistance -capacitance 
checker, for example-to measure 
the resistance of a transistor. Most 
of these instruments use bridge cir- 
cuits, with a fairly high test voltage 
(AC in some)-enough to damage 
a transistor. 

Test Current 

The second rule to remember in- 
volves the current available from 
the ohmmeter's test leads. When 
measuring the resistance of circuits 
containing low - power transistors 
(or when checking the transistor 
out of circuit), use a high resist- 
ance scale-at least R x 100. Max- 
imum current flows from the meter 
test leads when the range switch is 
in the R x 1 position. In this posi- 
tion, an excessive amount of cur- 
rent might be drawn by a transistor 
with low -resistance diodes-enough 
to ruin it, and quick. The R x 1 

scale may be used to check high - 
power output transistors, for they 
are capable of handling the higher 
current available from the meter 
(often several hundred milliam- 
peres). 

Summary 
The VOM is a versatile instru- 

ment for use in servicing transistor 
radios. In addition to having fea- 
tures to measure current, voltage, 
and resistance, (all needed for tran- 
sistor troubleshooting) it is usually 
portable and ready for instant use, 
needing no external power. 

If you will equip it with a few 
special probes for transistor servic- 
ing (alligator clips and needle -point 
tips, in particular) and keep it as 
a permanent test instrument on 
your transistor servicing bench, 
you'll find each repair job a bit 
easier; and your VTVM will be 
free for other applications. 

Handful of Testers 
The unit pictured, Heath Co.'s 

Model IM -20 Handy Lab, has 
quite a few instruments packed 
into its 521/2 cubic inches-a DC 
voltmeter, a resistance and capaci - 
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