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COAX IS A MUST FOR COLOR TV

Commercial installations have proved that coaxial
downlead is essential for predictable, consistently
good color TV pictures. Coax loss doesn’t increase
in wet weather, while twinlead loss goes up as much
as six times. Coaxial cable can be run anyplace,
even next to metal, without mismatch. Coax
doesn’t deteriorate with age. It won’t pick up
ignition noises or other interferences. In a word,
for satisfactory color reception, even in ‘‘ideal”
reception arecas, your customers need coax.

And now, new Jerrold COLORAXIAL antennas

and kits give you a perfect home-installation
package for every color-reception nced. With
COLORAXIAL, you can offer the whole system,
from coaxial antenna to indoor matching trans-
former, or adapt an existing 300-ohm antenna
for coax operation. Listed below are all the
COLORAXIAL components packaged individually
and in kits, for easy, low-cost conversion. Ask your
Jerrold distributor for COLORAXIAL brochure,
or write Jerrold Electronics, Distribulor Sales
Division, Philadelphia, Pa. 19132.

CAX-16 »
COLORAXIAL
COLORGUARD

COLORAXIAL Antenna for metropoli-
tan and suburban reception areas.
Prematched to 75-ohm coaxia! cable;
complete with fitting. No outdoor match-
ing transformer required—only an in-
door Model T378. List $11.95

K-CAX-16 ¢ COLORAXIAL Antenna
Kit. Everything you need for complete
installation—a CAX-16 Antenna, anten-
na tri-mount with 5-ft mast, 50 feet of
coax cable with fittings, and T378 indoor
matching transformer. List $29.95

COLORAXIAL PARALOGS

PAX-40 ¢ COLORAXIAL Anten-
na for difficult suburban areas.
Prematched to 75-ohm coaxial
cable; complete with fitting. No
outdoor matching transformer re-
quired — only an indoor Model
T378 needed. List $22.95

PAX-60 ¢ COLORAXIAL Anten-
na for suburban to semi-fringe
areas. Prematched to 75-ohm
coaxialcable; complete with fitting.
No outdoor matching transformer
required—only an indoor Model
T378 needed. List $32.95

CAT-2 «
COLORAXIAL
MATCHING
TRANSFORMER KIT W pﬁ
One TO-374A mast-mounting match- 3 % M gy,

ing transformer for any 300-ohm
antenna, and one T378 set-mounting
matching transformer, complete with

bracket and mounting strap.
List $8.20

COLORAXIAL matching transform-
ers are also available individually:
T0-374Alist $4.95; T378, list $3.25

L
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COLORAXIAL CABLE

CAB-50+ 50 feet of sweep-tested
RG-59/U 75-ohm coaxial cable
complete with F-59A fittings at-
tached, plus weatherboot.

List $9.50

CAB-75 o 75 feet of sweep-
tested RG-59/U 75-ohm coaxia!
cable complete with F-59A fittings
attached, plus weatherboot.

List $11.50

JERROLD

A subsidiary of The Jerrold Corporation
ELECTRONICS
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MODERNIZING

You can do numerous things in the way of rebuilding,
improving, and modernizing old scopes. Since there are so
many improvements possible, it becomes necessary to de-
termine which are really important for service work. For
example, you will probably feel the pinch of narrow band-
width more than that of horizontal nonlinearity. Good 60-
cps response is usually more desirable than retrace blank-
ing. High sensitivity is generally more useful than DC re-
sponse. There are many more, but we’ll concentrate here
on showing you how you can improve those important
qualities already mentioned.

CAUTION: Whenever you remove a scope chassis

from its case, remember that the high-voltage power

supply is dangerous. Also remember that the high
voltage is usually connected to the heater, cathode,
and grid of the CRT—this is the opposite of TV-re-
ceiver practice. Even with the instrument off, never
start work on a scope until you have discharged the
high-voltage filter capacitors. Although a bleeder is
normally provided, it is always possible that the
bleeder has become defective, and that the filter ca-
pacitors are holding a charge of 1000 volts or more.

Widebanding The Vertical Amplifier

Consider the “old” vertical amplifier depicted in Fig.
|—a configuration typical of many older scopes. Wideband
response is not possible because there is no high-frequency
compensation (peaking), because plate-load resistors R3,
R10, and R11 have high values, and because vertical-gain
control R1 has high resistance.

Just why do these considerations limit bandwidth? The
input stage uses a 6J5, whose plate capacitance is 5 pf
The output stage employs a 6SN7 with a grid capacitance
of approximately 6 pf. There is also stray capacitance to
ground from the coupling circuit comprising R3, C3, R4,
RS, plus their connecting leads and socket springs. Thus,
about 10 pf of stray capacitance exists—not to mention
“hidden” capacitance due to Miller effect in the 6SN7,
another 40 pf in this case.

As you can see, plate-load resistor R3 (47K) is shunted
by a total effective capacitance of 50 or 60 pf, imposing
a serious limitation on high-frequency response. Fig. 2
shows why. As the signal frequency increases, the reac-
tance of the 60-pf capacitance decreases. At 55 ke, half
the signal is shunted to ground around the 47K resistor,
and we can say the bandwidth has an upper limit of
roughly 55 kc.

Reduce Load Resistance

Obviously then, one band-widening step is to reduce the
load resistance. The 60-pf stray capacitance will then by-
pass a smaller percentage of the signal. For example, sup-
pose we reduce the plate-load resistance to 3K. Now, only
6% of the signal is bypassed to ground at 55 kc. We can
raise the signal frequency to 4.5 mc before half the signal
is bypassed to ground. This is obviously an enormous im-

by Robert G. Middleton

provement, but naturally at a sacrifice of gain or sensi-
tivity.

In spite of the improved frequency response obtained by
using a low value of plate-load resistance, you will still be
dissatisfied. What you need is full frequency response up
to at least 3.58 mc, and preferably to 4.5 mc, for testing
color-TV reccivers.

Compensate High Frequency

Readers familiar with video amplifiers in TV receivers
will immediately recognize the principles of high-frequency
compensation in Fig. 3. Two peaking coils are connected
into the plate-load circuit. The 120-uh coil is series peak-
ing, and the 93-uh coil is shunt peaking. These values are
typical, although the exact inductances required will de-
pend upon the amount of stray capacitance, as well as
how much of it is at the input side (in the preceding tube)
and how much at the output side (coupling circuit and
following grid).

By the same token, a value of 3K for the plate-load re-
sistor is nominal, and you might have to revise this value
up or down to obtain a frequency response that is flat
from 60 cps to 4.5 mc. For example, one typical stage
checked out okay when the plate-load resistor was ad-
justed to 3300 ohms, but another stage required 2200 ohms
to equalize the response at both ends of the bandwidth.
Another stage required that both peaking coils have 100-
uh inductances to obtain full response at 4.5 mc. Hence,
trimming up a vertical-amplifier stage is practically a cut-
and-try procedure. Peaking coils with adjustable cores are
available, which greatly assist in trimming the high-fre-
quency response precisely.

Modifying the Output Stage

Suppose you are modernizing the vertical amplifier in
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Fig. 1. Modify vertical amplifier to improve its bandwidth.
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Fig. 2. Half of signal bypassed at 55kc. Fig. 3. Peaking coils alter the response. Fig. 4. Modified push-pull amplifier.

Fig. 1. It would be most advisable to start by modifying
the output stage first, and then to work backward stage-
by-stage to the input. This procedure immediately brings
up the question: “How do I rework the push-pull output
stage?” Each side is done in exactly the same manner as
for the single-ended stage previously discussed.

Looking at Fig. 4, R1 and R2 (R10 and R11 in Fig. I)
are reduced to 3K each. A 93-uh peaking coil is con-
nected in series with each 3K resistor. A 120-uh peaking
coil is connected at the plate of each triode section. CS5,
Cé6, and the following network are left unchanged.

Test the Results

A quick way to check frequency response is highly de-
sirable when modernizing an old scope, because point-by-
point frequency determinations are very time-consuming.
You can use an audio oscillator and an AM generator to
make spot checks in the pass band, but the test procedure
is much more tedious than a sweep-frequency test. The
discussion here assumes a video sweep generator is avail-
able, although the same principles apply for ordinary gen-
erator tests. (Editor’s Note: A television sweep generator,
set for 4 mc center frequency and a 6-mc sweep width, can
be used—provided the instrument is swept mechanically
rather than electronically. Mechanically driven units will
sweep through “zero” frequency, even though their lowest
center frequency is 4 mc or more.)

From the outset, note that the scope’s own CRT is the
most convenient indicator to use in frequency-response
tests. To check the frequency response of the modified
output stage, connect the output from the sweep generator
through a .25-mfd blocking capacitor to the grid (pin 4)
of the 6SN7 vertical-output tube. You will see an un-de-
modulated sweep-frequency pattern, as illustrated in Fig.
5. (If vou use an audio oscillator or AM generator—set
for CW output—you will see a sine-wave pattern on the
CRT screen.) If the generator is set to sweep from zero
to 5 or 6 mc, you will get a useful evaluation of fre-
quency response, even though a marker is not used.

If you use the spot-frequency method, care must be
taken to avoid false conclusions, because many audio and
RF generators do not have uniform output from one band
to.the next, nor even throughout a single band. Hence, it
is advisable to monitor the output from the generator with
a VIVM using an RF probe. Thus, if the frequency-re-
sponse test is made at .5 volt, for example, this reading
should be checked each time the generator frequency is
varied, and the output adjusted to maintain the .5-volt
level.
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Lastly, to check the output stage for linearity, use an audio
oscillator with any handy audio transformer having a push-
pull secondary, as shown in Fig. 6. (Note that the lower
.25-mfd coupling capacitor has been disconnected from
ground for this test and used as a coupling capacitor for
signal input; see Fig. 7 for original circuit. A true push-
pull drive is required, because the 270-ohm, common-
cathode resistor cannot provide complete phase inversion.)
Now, increase output from the audio oscillator until you
have nearly full-screen deflection. You should see an un-
distorted sine wave. If the sine wave appears compressed at
the top or bottom, simply change the value of the 270-
ohm, common-cathode resistor to obtain the best sine wave.
In case you have to use a lower value, remember to check
plate dissipation once again to make sure the tube is within
its maximum power rating. On the other hand, if you in-
crease the cathode resistance much, you may be able to
use a somewhat higher plate voltage.

Trim the Response

Your choice of peaking-coil inductances establishes the
gain at the high-frequency end. The right-hand portion of
the pattern in Fig. 5 changes greatly with different in-
ductance values. On the other hand, the low-frequency re-
sponse is determined almost entirely by the values of load
resistors R1 and R2 in Fig. 4. Therefore, select load values
which give the same gain over the left-hand portion as
over the right-hand portion of the response pattern. Load-
resistance values are somewhat critical—as R1 and R2 are
varied, low-frequency gain changes rapidly.

Now, you will probably find that midband gain (in the
vicinity of 2 mc) is excessive, and that the pattern rises
objectionably near the center. To correct this condition,
and make the response flat from 60 cps to 4.5 mc, select
suitable values for the damping resistors—R3 and R4 in

Fig. 5. Undemodulated sweep waveform from flat amplifier.



Fig. 6. Testing linearity, vertical amp.

Fig. 4. The exact value will fall in the range from 5000 to
30,000 ohms, in most cases. If you cannot fiatten the mid-
band response satisfactorily with any value of damping re-
sistors, your choice of peaking-coil inductances has been
incorrect. Note also that you might have equal response at
60 cps and at 5 mc, with a midband sag. In such a case,
the sag cannot be corrected by damping resistors—the
shunt peaking coil probably needs a little more inductance.

Incidental Considerations

When modifying a push-pull output stage, always keep
the two plate-load circuits symmetrical. Thus, if you re-
duce the inductance of one peaking coil, be sure to re-
duce the inductance of the corresponding coil the same
amount on the other side of the push-pull circuit. Other-
wise, you will observe a nonsymmetrical pattern on the
CRT screen. Circuitwise, one side of the circuit should
always be a “mirror image” of the other side.

During sweep testing, it is quite likely you will end up
with less vertical deflection than you might wish, unless
your generator has fairly high output. This brings us to
the consideration of stage gain. The 6SN7 tube has a Gm
of about 2600 micromhos. If the plate-load resistances
have a value of 3K each, stage gain will be less than 10.
By substituting another tube type, however, you can im-
prove gain considerably. For example, a 6BK7A has a
Gm of 9300 micromhos, or 3.5 times as much gain as a
6SN7.

A 6BK7 can be connected as shown in Fig. 7. A cath-
ode-bias resistor of 270 ohms is about right, although you
might wish to determine an optimum value later. I can
hear you ask, “Why not use pentodes instead of triodes;
a 6CL6 would give 11,000 micromhos instead of 93007
The answer depends upon your preference, taking into con-
sideration the fact that two 6CL6’s must be used instead
of one 6BK7. Moreover, additional screen-circuit com-
ponents are required by the 6CL6. It may appear that the
added complexity does not justify the increase of only
1700 micromhos.

When you reduce the value of a plate-load resistor, the
plate voltage of the tube goes up, and the tube may run
too hot. Hence, you should check plate dissipation. To take
a practical example, suppose you decided to use a 6BK7.
This tube is rated for a maximum plate dissipation of 2.7
watts per plate.

First, measure the plate voltage; then measure the volt-
age drop across the plate-load resistor. Knowing the value
of the plate-load resistor, you can easily calculate the plate
current from Ohm’s law. If the product of plate voltage
times plate current is greater than 2.7 watts, the power-

Fig. 7. 6BK7 output gives high gain.

Fig. 8. Capucitor-resistor combination.

supply voltage must be reduced. On the other hand, if the
plate dissipation is less than 2.7 watts, you can increase
the power-supply voltage. Unless the output stage is op-
erated near top power capability, you may not be able to
get full-screen deflection without compression or clipping.

It is usually easy to obtain the desired value of power-
supply voltage. Whatever voltages are available can be
dropped down by inserting an RC decoupling circuit in
series with the plate-load resistor. Fig. 8 shows how.

On the other hand, the power-supply output may be too
low to meet requirements. Try chokes instead of resistances
in the filtering networks. Still more output voltage can be
obtained, of course, by using the transformer as a half-
wave supply, instead of a fullwave supply. However, the
ripple frequency becomes 60 cps instead of 120, and you
may need to double the filter capacitances.

Once in a while, trouble arises from parasitic oscil-
lations in a wideband vertical amplifier which distort the
pattern and, in severe cases, lower the effective gain. The
suppression of a parasitic oscillation is simple: Merely
connect a 100-ohm resistor in series with the grid lead to
each triode (R4 and R9 ih Fig. 1). The resistor should be
mounted directly to the grid terminal of the tube socket.
Why Push-Pull Output?

Some older-model scopes use a single-ended output stage.
However, this is the exception in modern scopes. First,
there is the problem of driving the output stage to nearly
maximum capability with minimum distortion. This is best
achieved by using push-pull output. Furthermore, there is
the problem of astigmatism; when a single-ended output

Fig. 9. Driver stage is mirror image of scope-output circuit.
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stage is used, it is more difficult to keep the pattern in sharp
focus over the entire area of the CRT screen.

Driver-Stage Improvements

After the output stage is completed, attention should be
turned to the driver stage. A push-pull stage is advisable
here, similar to that shown in Fig. 9. Phase-inverter action
occurs prior to the output stage, and the output stage is
driven in push-pull. Plate-circuit configurations of both
stages are similar.

The cathode network in the driver stage is arranged
primarily for large-signal phase inversion. This requires
a large amount of current feedback, obtained via the 5100-
and 220-ohm cathode resistors. Since the bias provided
by 5320 ohms would operate VI near the cutoff region,
the grid resistances are not returned to ground but, in-
stead, to the junction of the two cathode resistors. Thus,
only the voltage drop across the 220-ohm resistor is ap-
plied between grid and cathode.

Frequency Response

The frequency response of the driver stage is checked
through the output stage (which has already been ad-
justed for flat response). Apply the generator output to
the grid lead of V1A. As before, a video-frequency sweep
generator provides the quickest test, although an audio
oscillator and AM generator can be used. Adjust the plate-
load components of V1A and VIB in the same manner as
was described for the output stage. This juggling of in-
ductance and resistance values will seem more critical
than before, because any variations from flat frequency
response are multiplied in the output stages.

When you are satisfied with the overall frequency re-
sponse, a check should be made to determine the optimum
cathode-grid bias for VIA. Apply, to the grid of V1A, an
audio signal sufficiently strong that nearly full-screen de-
flection is obtained. An undistorted sine wave should be
displayed. If compression is noticeable along the top or
bottom of the pattern, change the value of the common-
cathode resistor until the compression is climinated. The
same considerations of maximum plate dissipation apply to
the driver stage as to the output stage. Hence, make sure
neither triode is dissipating more than 2.7 watts (assum-
ing a 6BK7 tube is used.)

Driver Operation

In case difficulty is encountered from parasitic oscilla-
tions at high drive levels, insert 100-ohm resistors at the
grid terminals of VIA and VIB.

Ripple (power-supply hum) might be evident in check-
ing out the driver stage, since the gain is now much great-
er, and because VI imposes an additional load on the
power supply (when more current is drawn from a power
supply, the ripple voltage increases). To detect power-
supply hum, set the audio oscillator at about 65 cps, and

apply a signal strong enough to obtain nearly full-screen
deflection. If the pattern *“writhes” at a S-cps rate, better
filtering will be required in the power supply.

After the driver stage has been checked out satisfactor-
ily (with or without attention to the power supply), re-
member to recheck the plate-supply voltage for V2. The
current drain of VI may have lowered the supply voltage
for V2. It is even more important to apply maximum per-
missible voltage to V2 than to VI, because the signal level
handled by the output stage is higher.

Testing Sensitivity

At this point, you may wish to make an overall sensi-
tivity test of the two vertical-amplifier stages. Use a VTVM
to measure the input voltage applied to VIA (Fig. 9) from
an audio oscillator. Adjust the oscillator output for one
inch of vertical deflection on the CRT, and note the VTVM
reading in rms voltage. You can expect an input of .2
rms volt, or less, to produce a vertical deflection of 17,

Other Stage Changes
Vertical-Gain Control

As indicated in Fig. 9, the grid of VIA is normally con-
nected to a vertical-gain control. This is a comparatively
low-resistance potentiometer operating in a cathode-fol-
lower stage, as depicted in Fig. 10. A 2000-ohm poten-
tiometer is used for the same reason that low-value plate-
load resistors are required: the shunt capacitance associ-
ated with the vertical-gain control limits the resistance that
can be used without impairing high-frequency response.

It is good practice to situate the cathode follower and
vertical-gain control at the front of the scope, while the
driver stage and output stage are mounted at the rear,
near the base of the CRT. With this layout, the long lead
connecting the vertical-gain control and the driver stage is
a low-impedance lead which has a minimal tendency to
pick up hum. It is usually unnecessary to shield this lead,
unless the stray hum level is comparatively high. In case
you should require a shielded lead, remember that stray
capacitance across the vertical-gain control will be con-
siderably increased as.a result, and a 1000-ohm poten-
tiometer may be required (instead of a 2000-ohm unit) to
maintain good high-frequency response at all settings.

It is essential that the plate of the cathode follower op-
erate at AC ground. Otherwise, its frequency response and
its insertion loss would be excessive. Hence, a 40-mfd ca-
pacitor is connected between plate and ground. Any con-
ventional triode may be used; if a high-Gm tube is em-
ployed, the cathode follower will have somewhat less in-
sertion loss. Since this is a comparatively low-level stage,
less plate voltage is required than for the driver and out-
put tubes. The 1000-ohm cathode-bias resistor is merely a
nominal value; the optimum value depends upon the tube
type and the plate-supply voltage.

If you do not plan to include a preamplifier, a 6J5 tube

INPUT

M P

FROM
STEP
ATTENUATOR

10
DRIVER :
20002 STAGE |

R
10 S v VY +
CATHODE
FOLLOWER
FILTERED
. OUTPUT GLOW
2 FROM Tue |LOAD
RECTIFIER
3300Q .
O

B+

Fig. 10. Cathode-follower gain control.
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Fig. 11. Partial bypass improves highs.

Fig. 12. Add simple voltage regulator.



might be used as a cathode follower. On the other hand,
if a preamplifier is contemplated, the cathode follower
could be one section of a twin triode, such as a 6BK7.
In any case, determine the optimum value of cathode-
bias resistance in the same way as for the other stages.

Preamplifier Considerations

The sensitivity of the scope as measured from the grid
of the cathode follower should approach .25 volt rms per
inch, or better, for CRT’s using ordinary values of ac-
celerating voltage. Since this is not a high sensitivity by
present-day standards, you will probably wish to add a
preamplifier. A simple preamp is depicted in Fig. 11. A
single-ended stage is suitable, because signal level is com-
paratively low and overload distortion is not a problem.
On the other hand, the plate-supply voltage to the preamp
must be extremely well filtered to avoid even slight hum
in the pattern.

Plate-load components in the preamp must be carefully
trimmed for flat frequency response as previously detailed
for the driver and output stages. The tube need not be
operated close to maximum plate dissipation, due to the
comparatively small signal level. A bias resistor of 270
ohms is generally suitable for '2 of a 12AT7, for ex-
ample, but would not necessarily give the best operating
point for another tube type. The tube manual is the best
guide in determining the bias for a low-level stage.

Note in Fig. 11 that some additional high-frequency re-
sponse is picked up in the preamp by partial bypassing of
the cathode resistor. The 500-pf capacitor has only 75
ohms of reactance at 4.5 mc, but has 5 megohms of re-
actance at 60 cps. The value of the bypass capacitor is
best determined by experiment; use the value which trims
the overall frequency response for maximum flatness. Par-
tial bypassing is more helpful in holding up gain at mid-
band than at frequencies near the high-frequency cutoff.
If you use 2 of a 6BK7 for a preamp, with the driver
and output stages previously described, a vertical sensitiv-
ity of 25 mv rms per inch is obtainable.

Total gain and response of the vertical amplifier depends
considerably upon minimizing all stray capacitances. Hence,
all plate-load components should be mounted at least 2"
from any metal surface, and connecting leads in high-im-
pedance circuitry should be kept as. short as possible.
Coupling capacitors should be suspended by their pigtails
from tie lugs, and not permitted to rest against the chassis.
When stray capacitances are thus minimized, you may
find it possible to use somewhat higher values of plate-

load resistance and still be able to trim up stages for flat
frequency response to 4.5 mc. If so, vertical gain is there-
by increased.

The cathode follower is normally located between the
preamplifier and the driver stage. There are certain ad-
vantages from an application viewpoint in placing the
cathode follower ahead of the preamp, but if you do so
you are likely to have a motorboating amplifier to con-
tend with. The simplest way to avoid motorboating with
minimum elaboration of circuitry is to place the pream-
plifier before the cathode follower.

Elimination of Vertical Bounce

One source of annoying vertical bounce in some older
scopes is DC flow through the vertical-gain control. Hence,
virtually all modern scopes split up the DC and the signal
paths in a manner similar to that depicted in Fig. 10. The
100-mfd blocking capacitor prevents DC flow through
the vertical-gain control, while passing AC signal current.
This might seem like a very large coupling capacitance,
but it is required because of the low resistance of the
vertical-gain control. At 60 cps, the 100-mfd capacitor
has a reactance of about 30 ohms, so less than 2% of
the signal voltage is lost at this frequency.

The resistance of the DC path is comparatively high
(4300 ohms), in order that not too much signal current
will be drained to ground around the vertical-gain con-
trol. However, the signal loss is appreciable—nearly one-
third. Cathode-bias voltage is developed across the entire
4300 ohms, but if the total were applied to the grid, the
tube’s operating point would be incorrect. Hence, the grid-
leak resistance is returned to the junction of the two cath-
ode resistors; only the drop across the 1000-ohms resistor
is applied between grid and cathode.

If line voltage fluctuates appreciably, you may observe
an occasional vertical bounce in the pattern. Most notice-
able vertical bounce occurs in the preamp stage, because
its output (including bounce or jitter) is amplified by the
stages that follow. Accordingly, if stabilization is needed,
a power-supply voltage regulator should be provided for
the preamp stage. Simply connect a series resistor and a
voltage-regulator tube in the B+ supply line for the pre-
amp, as depicted in Fig. 12. A VRI50 tube will hold the
plate-supply voltage constant at 150 volts.

The value of the series resistance R in Fig. 12 depends
upon how much voltage is applied to the regulator circuit.
You must provide at least 185 volts to make the tube con-
duct. If a 250-volt source is used, there will be ample
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Fig. 13. Astigmatism controls spot shape produced on CRT.

Fig. 14. 4-step compensated attenuator prevents overload.
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Fig. 15. Square wave viewed on CRT shows compensation.

margin to insure that the VR tube will conduct under load
and under conditions of line-voltage fluctuation. Select a
value for R which provides a 40-ma current flow when
the load is removed (preamp tube unplugged from its
socket). This is the maximum current rating for a VR150
tube. Now when the preamp tube is plugged in, its plate-
current drain subtracts from the VR-tube current, and the
plate-supply voltage remains stabilized at 150 volts.

Astigmatism Control

To obtain sharp focus over the entire area of the CRT
screen, all electrode voltages must be correct relative to
one another. All old-model scopes provide focus and in-
tensity controis, but many did not provide an astigmatism
control. However, you can easily add an astigmatism con-
trol using an ordinary potentiometer. A typical configur-
ation is shown in Fig. 13. This control, connected to the
accelerating anode, tends to interact with the focus and in-
tensity controls, so you may prefer to mount it on the
front panel as an operating control.

Vertical Amplifier Step Attenuator

With so sensitive a vertical amplifier, an input attenu-
ator should feed the vertical-input signal to the preamp,
to adjust the signal level so the preamp will not be over-
loaded. Many old-model scopes provided.a simple high-re-
sistance (such as 1 meg) potentiometer to serve as a verti-
cal-input attenuator. However, a high-resistance poten-
tiometer will not work satisfactorily as an input attenuator
for a wideband scope; stray capacitances bypass high fre-
quencies to ground, and serious distortion occurs at in-
termediate settings of the potentiometer.

Consequently, all modern scopes utilize a compensated
step atteunator of some kind. A good configuration is
shown in Fig. 14, one that can be constructed on a rotary
wafer switch. Four steps of attenuation are provided, X1
to X1000, an adequate range for TV receiver testing. The
resistors should have 5% tolerance; if you use 1% re-
sistors, decading will be more accurate. The trimmer ca-
pacitors provide for adjustment of high-frequency com-
pensation on each step. Fixed-capacitor values shown are
nominal, and are chosen to provide a constant input ca-
pacitance on each step. (Remember that resistors can be
paralleled or connected in series to obtain any unusual
values.)

Fig. 16. Network may need alterations.
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Adjusting the Attenuator

After the step attenuator is wired up and installed on
the front panel, the three trimmers must be properly ad-
justed. The quickest and easiest method utilizes a square-
wave generator. Set the generator to approximately 15 kc
and feed the square-wave voltage to the vertical-input
terminals of the scope. No compensation adjustment is
provided on the X! step, because the input signal has a
direct connection to the preamp in this position.

Hence, the first adjustment is made with the switch set
to the X10 position. Adjust the generator output to avoid
overloading the preamp, and observe the square wave on
the CRT screen. Fig. 15 shows both correct and incor-
rect patterns. The “A” pattern will be obtained at a criti-
cal adjustment of the trimmer, if your square-wave gen-
erator has undistorted output.

Square-wave generators differ considerably in maximum
available output. Thus, you might not have signal voltage
sufficient for a satisfactory test on the X100 position of
the step attenuator. In such case, some other method will
be required to determine the correct setting of the trimmer
on this step. A useful expedient is to use a 60-cps sine-
wave source and a 15,750-cps source from the horizontal
oscillator in a TV receiver. A VTVM is used to measure
the 60-cps and 15,750-cps voltages, and the appropriate
compensating trimmer is set so that exactly equal voltages
produce the same peak-to-peak deflection on the scope
CRT. Finally, the trimmer on the X1000 step can be ad-
justed in the same general manner, using suitable input
levels from power-line and TV-receiver sources.

Low-Frequency Boost

When you check 60-cps square-wave reproduction, you
will observe that the waveform is not flat-topped, but has
a substantial down-hill tilt. This is, of course, differenti-
ation of the square wave, noticeable because of the RC
coupling. To compensate for this distortion, a low-fre-
quency boost circuit can be connected in the plate-return
lead of the preamp, as shown in Fig. 16. The 18K resis-
tor is partially bypassed by CI, the low-frequency boost
capacitor. The value of C1 in Fig. 16 must be determined
experimentally, to obtain\ the best 60-cps square-wave
reproduction. A typical value is 2 mfd. You may also need
to try higher or lower values in place of the 18K resistor.

Cathode-Follower Input

Although the amplifier configuration developed so far is
satisfactory for most service work, there is one limitation
which you may wish to consider. Since the output from
the step attenuator is fed into a triode preamp tube,
the grid-plate capacitance acts as a coupling device. This
means that if you connect a 4.5-mc sound-IF coil (for

Fig. 17. Cathode-follower stage is added before the preamp.



example) to the vertical-input terminals of the scope, it
is easily possible that, when the step- attenuator is set

to its X1 position, the preamp will break into oscillation—

in other words, it operates as a tuned-plate tuned-grid
oscillator.

To avoid this limitation, you can add a cathode-fol-
lower stage ahead of the preamp, as depicted in Fig. 17.
In this layout, the vertical-gain control is advantageously
placed in the first cathode-follower stage, while the second
cathode follower is operated with fixed maximum output.
Detailed circuitry with nominal component values is shown
in Fig. 18. Use of an input cathode follower eliminates
any instability or oscillation, even when high-Q tuned
circuits are under test.

Remember that the plate-load values will usually require
juggling to match the particular stray-capacitance values
which are present, in order to obtain a flat frequency re-
sponse from 60 cps to 4.5 mc. By the same token, the
270-pf partial-bypass capacitor in the cathode circuit of
the preamp may need to be increased or decreased some-
what, for flattest midband response. Optimum grid bias
depends upon the particular B+ voltage available from
the power supply. Hence, if you observe any tendency for
the top or bottom of the pattern to be compressed at full-
screen vertical deflection, change the cathode-bias re-
sistors for best linearity; the bias resistors in Fig. 18 have
nominal values of 1000 ohms for the 6J5, and 500 ohms
each for the 6BK7.

Hum Problems

There are several sources of hum interférence which can
be quite baffling if they are not understood. The necessity
of good power-supply filtering, especially for single-ended
input stages, has been mentioned repeatedly.

Another offender is stray hum pickup by the step at-
tenuator and the lead from it to the grid of the input
cathode follower. This is a very high-gain, high-impedance
section; it is quite easy for 60-cps hum pickup to be notice-
able at maximum vertical gain. In such case, you may have
to enclose the step-attenuator assembly in a metal box or
shield, well grounded to the front panel. Try to place the
input cathode follower near the step attenuator. If your
particular situation requires a grid lead of appreciable
length, it may be necessary to use a section of coax cable
to eliminate hum pickup.

Another source of hum interference is heater-cathode

leakage in any of the tubes. Still another troublemaker

Fig. 18. Schematic showing circuit of cathode follower.

consists of untwisted heater l¢ads routed too close to high-
impedance grid leads or grid components. It is not good
practice to use the chassis as a heater-return circuit.

Crosstalk

Sometimes after completing modification of the vertical
amplifier, everything works fine except that the left-hand
end of the scope trace becomes bent up or down when
the amplifier is operated at maximum gain. This is due to
crosstalk between horizontal-deflection circuitry and the
vertical amplifier—it will disappear when the high-im-
pedance section of the vertical amplifier is suitably
shielded, or when the horizontal-deflection leads are routed
well away from the vertical circuitry.

High-Voltage Hum

Objectionable hum in the high-voltage power supply
appears as intensity modulation of a 60-cps pattern on
the screen. For example, if you display two or three cycles
of a 60-cps sine-wave input on the screen, intensity modu-
lation shows up as excessive brightness followed by ex-
cessive dimness within each cycle of the pattern. The
remedy is simply to increase the filter capacitance in the
high-voltage power supply. Remember that these capaci-
tors must be rated for the prevailing accelerating voltage,
which usually falls in the range from 1 to 2 kv.

Trace Brightness

You may wish to increase the brightness of the pattern,
especially for displaying chroma waveforms; this can
usually be done by raising the CRT’s high voltage. If pat-
tern brightness is marginal, even a moderate increase is
helpful. Inspect the high-voltage filter circuitry, to see
whether a high-value filter resistor is present. Fig. 19A
shows a commonly used RC pi filter. R56 has a resistance
of 1 megohm, and C20 and C21 have a capacitance of .1
mfd each. A drop of 260 volts appears across the [-meg
resistor.

If you reduce R56 to 100K and increase C20 and C21
to obtain adequate filtering, you will gain more than 200
volts and an appreciable increase in screen brightness. In
situations of this kind, it is advisable to split the filter re-
sistance into two parts and use a double-pi circuit like that
in Fig. 19B. The double pi gives much better filtering ac-
tion than a single pi and avoids the necessity for overly
large capacitors.

Fig. 19. Network may need alterations.
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In other cases, the high-voltage filter cannot be modi-
fied to increase its output voltage. The alternative in such a
case is to replace the power transformer with one that
provides higher voltage. Remember that high-voltage recti-
fier tubes often use unexpected filament voltages, which
must be observed in selecting a replacement transformer.
For example, a 1 V2 operates at .625 volt and draws .3 amp
of filament current. Just as in TV-receiver practice, you
can use a filament-dropping resistor if necessary. Never
forget the danger of making voltage measurements here.

If you must measure filament voltage for the high-volt-
age rectifier, first turn off the scope and discharge the high-
voltage filter capacitors. Then, connect a VOM (never a
VTVM) across the filament terminals. Stand back, and
turn the scope on to measure the filament voltage. After
taking the reading, never attempt to touch the VOM or its
leads until after the scope is turned off and the high-voltage
filter capacitors have been discharged.

DC-Response Considerations

To obtain DC response, the vertical amplifier must be
DC-coupled throughout. This requires consideration of the
DC power distribution, to obtain correct grid and cathode
voltages for the tubes in the absence of blocking capacitors.
Furthermore, screen- and cathode-bypass capacitors can-
not be used because their reactance would make the high-
frequency gain greater than the DC and low-frequency
gain. On the other hand, you will still use capacitors in the
vertical step attenuator as before, since this is a com-
pensated configuration which must have response from
zero through 4.5 mc. By the same token, you can use
capacitors in other stages of the vertical amplifier when
compensation of some sort is needed.

Note the DC-coupled vertical-amplifier configuration in
Fig. 20. A two-stage amplifier is used, with cathode follow-
ers between the first and second stages to simplify the DC-
voltage distribution. However, a -45 volt source is still re-
quired for the cathodes of the input stage. While this en-
tails some elaboration of the low-voltage power supply, it

Observe that the basic plan of the vertical amplifier is
the same as for AC-coupled arrangements. In other words,
a balanced configuration is used, and peaking coils are
employed to obtain wideband response. The 1000-ohm
bias-adjustment control is a maintenance adjustment which
is set to make the vertical-positioning control operate over
the desired range. The vertical-positioning control, of
course, is a front-panel control, just as in an AC-coupled
scope.

Note the vertical-gain control. It operates in the com-
mon-cathode circuit of the vertical-output stage. Function-
ally, it varies the amount of cathode degeneration to pro-
vide continuously variable control of vertical gain. The
bias-balance control in this circuit is a maintenance con-
trol which is set for proper grid-cathode bias.

A vertical-polarity reversing switch is provided between
the cathode followers and the vertical-output stage. This is
a supplementary feature which can be omitted; however,
you will find a reversing switch helpful if you are most
familiar with waveform displays which are “right side up.”
Pentodes instead of triodes are employed in this arrange-
ment to get high gain with a minimum of circuit com-
plexity.

Standard sync-takeoff points are in the output load cir-
cuit, just as is common practice in AC-coupled amplifiers.
The 27K series resistors provide effective isolation to avoid
noticeable loading of the vertical-output circuit. Two tap-
offs are utilized, to provide a choice of positive or nega-
tive sync, chosen by a switch in the horizontal section.

You must be able to switch the amplifier of Fig. 20 to
AC-coupled operation at will. When the DC component in
the signal is high, the pattern would otherwise be driven
off-screen. A choice of AC or DC response is obtained by
inserting a .25-mfd coupling capacitor at the input and
providing a switch to short it out when DC response is
desired. The vertical step attenuator employs the same con-
figuration as for AC scopes.

The foregoing points cover the chief considerations for
DC scopes. You should have little difficulty in modernizing
an old DC scope for wideband DC response. Just clean up
the response stage by stage, the same as you would for an

is the price that must be paid for DC response. ordinary AC scope. A
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Sarkes Tarzian, Inc., largest manufacturer of TV and FM
tuners, maintains two completely-equipped Service Centers
to serve YOU. Both centers are staffed by well-trained
technicians in this specialized field and are assisted by
engineering personnel to assure you of FAST, DEPEND-
ABLE service.
@ Tarzian-made tuners—identified by this stamping—
received one day will be repaired and shipped out
the next. A little more time may be required on other makes.
Every channel is checked and re-aligned per manufacturer’s
specifications, not just the channels which might exist in
any given area.

You get a 12-month guarantee against defective work-
manship and parts failure due to normal usuage. Cost to
you is only $9.50 and $15 for UV combinations, including
all labor and parts except tubes. No additional costs. No
hiddén charges. All tuners repaired on approved, open ac-
counts. You pay shipping. Replacements on tuners beyond
practical repair are available at low cost.

*
FOR COMPLETE OVERHAUL

Includes ALL parts (except tubes)
ALL labor on ALL makes

24-HOUR SERVICE with
FULL YEAR WARRANTY

When inquiring about service on other than Tarzian-made
tuners, always send TV make, chassis and Model number,
Check with your local distributor for Sarkes Tarzian replace-
ment tuners, parts, or repair service. Or, use the address
nearest you for fast factory repair service.

%SARKES TARZIAN, INC.

TUNER SERVICE DIVISION

See your distributor, or use the address nearest you

537 South Walnut St.,
Bloomington, Indiana
Tel: 332-6055

10654 Magnolia Bivd.,
North Hollywood, Calif.
Tel: 769-2720

M;nufacturers of Tuners. . . Semiconductors . .. Air Trimmers ... FM Radios... AM-FM Radios ... Audio Tape. .. Broadcast Equipment
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Have you tried new QUIG®connectors?

Once again, Sprague helps the TV-radio service indus-
try by solving two increasingly serious problems . . .
parts replacement in those “inaccessible” chassis nooks,
such as crowded tube sockets, as well as soldering onto
the delicate circuitry of printed wiring boards.

Mechanically sturdy and electrically reliable, the
revolutionary QUIG provides fast, expertly-soldered
connections as easy as A-B-C!

Ten times
actual size

Heat QUIG,
Connection Made!

. k - e 3

NOBODY ELSE HAS QUIG CONNECTORS...
YOU GET ‘€M ONLY FROM SPRAGUE PRODUCTS!

QUIGS are now being packed with Sprague Atom® Capacitors at no extra cost to
you! Whenever you need tubular electrolytics, insist on pre-packaged Sprague Atoms
from your parts distributor and you’ll automatically
get your QUIG component connectors . . . the biggest

boon to the service technician since the soldering gun! s p R n G u E@

THE MARK OF RELIABILITY

WORLD'S LARGEST MANUFACTURER OF CAPACITORS

634104
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Letters to
y the Editor

Dear Editor:

Why is the power switch in an AC-
DC set usually wired between the chas-
sis and the line?

JoHN V. RUDOLPH
Ridley Park, Pa.

For safety reasons. To understand why,
consider the alternatives. The person who
touches a chassis is in danger only if he
is simultaneously  “‘grounded” through
some other part of his body. In Fig. 1,
the switch is connected berween one in-
put lead and the load (filament string
and power supply); the other end of the
load goes to chassis ground, as does the
other input lead. In Fig. 14, the plug is

HOT
GND

GND
HOT
B

Fig. 1. Switch at “high”” end of load.

1f=

lir

inserted in the wall socket so the top in-
put lead connects to the hot side of the
house wiring. With the switch open or
closed, the chassis is at ground and isn’t
dungerous. With the plug reversed, as in
Fig. IB, the chassis is dangerous whether
the set is on or off. Consider next Fig. 2,
where the switch is between the line cord

HOT
A GND

GND
B HOT

il
Ay

IF

Fig. 2. Safer location next to ground.

and chassis ground. In Fig. 24, with the
plug inserted “correctly” in the wall
socket, the chussis is hot when the switch
is open, but anyone who touches it is
protected somewhat because the load is
in series and will reduce current to a non-
lethal level. With the plug reversed as in
Fig. 2B, the chassis becomes hot only
when the switch is on; with the switch
open, chassis isn’t connected at all to the
hot side of house voltage. Now consider
the odds. In Fig. I, the chassis can be
dangerous under two circumstances; if
the plug is inserted incorrectly (switch
on or off), the chassis is dangerous. In
Fig. 2, the chassis is dangerous only if
the plug is inserted incorrectly and the

switch is on; thus only one of the four
possibilities is potentially dangerous. Two-
to-three odds is sufficient to justify put-
ting the switch on the chassis side —Ed.

Dear Editor:

One of the handy features of PF RE-
PORTER is the annual tube listing that
shows how many are normally used
(*TV Tubes Stock Guide”—every April
or May). I'd like to see a similar table
for picture tubes. Many dealers would
prefer to handle only a small stock of
fast-moving types.

R. H. BACHMAN
Lakeside, Cal.

The builders of picture tubes have
solved most of these problems for you,
R.H. Presently, about ten types will re-
place the majority of tubes found—even
older types that aren’t available any
more.— Ed.

Dear Editor:

I noticed the letter on page 12 of the
January 1965 issue, in which J. Ullman
asked about a German radio that tunes
only from 88 to 100 mc. He’s right. The
set is an AKKORD AM-FM transistor
set that can be used as a car radio or
carried as a portable. German FM ra-
dios formerly covered only as far as 100
mec; later they were designed to reach
104 mc. Only recently have German
manufacturers started producing sets that
cover the entire American FM band.

HaroLD E. KIRSCH
Fort Belvain, Va.

Thanks, Harold. The situation you de-
scribe is similar to that with AM-band
sets built in Germany. Until recently,
they covered only frequencies to 1500
ke, instead of 1600 kc as used in the
United States.—FEd.

Dear Editor:

[ understand there’s a likelihood that
dual-channel sound transmission may
soon accompany television programs. I
suggest that it be called “Stareo.” No
pun intended—honestly.

ROBERT M. GLOVER
Carmel. Indiana

Sure, Bob. How about dishonestly?

—FEd.

Dear Editor:

After reading “Horizontal Trouble-
shooting From A to Z” in the January
1965 issue, I feel an urge to shoot some
trouble in the schematic diagram (Fig.
1) on page 2. I'd like to take a potshot
at the grounded end of R3 and move it
instead to B-4. Your trigger-happy
reader. . . .

MELVIN T. HYATT
Prairie Village. Kan.
You won't mind if we place one near-

sighted schematic-checker in the line of
fire, will you, Melvin?—Ed.

Dear Editor:

When checking individual parts such
as capacitors and resistors, we circle the
part lightly with a pencil on the PHOTO-
FACT schematic. This reminds the tech-
nician what has been checked. in case
he’s called away from the bench or an-
other serviceman has to take over on
the job. On the hard surface of PHOTO-
FACT, the marks are easily erased.

ROBERT G. LYONS
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How to replace top qaLlit tubeslih ieili:ical to qult us

Most of the quality TV sets you are presently servicing were designed around
special Frame Grid tubes originated by Amperex. More and more tube types
originated by Amperex are going into the sets you'll be handling in the future.
Amperex Frame Grid tubes provide 55% higher gain-bandwidth, simplify TV
circuitry and speed up your servicing because their extraordinary uniformity
virtually eliminates need for rezlignment when you replace tubes.

Amperex Frame Grid Tubes currently used by the major TV set makers include:
2ER5  2GK5 2HA5  3EH7 3GK5 3HA5  4EH7  4EJ7 4ES8  4GK5S  4HA5  5GJ7
6EH7  BEJ7  BER5 6ES8 6FY5S 6GJ7 B6GK5 B6HA5  6HGB T7HGS  8GJ7

If your distributor does not yet have all the Amperex types you need, please

be patient—in some areas the demand kseps gaining on the supply.
Amperex Electronic Corporation, Hicksville, Lang Island, New York 11802.

Ainperey
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ZENITH QUALITY “STEREO PROFESSIONAL"
and “STEREO PRECISION” RECORD CHANGERS
with Micro-Touch® 2G Tane Arm with *'Free Floating' cartridge. World's

2

2y

On

ga finest automatic record changer for the audiophiie.
ot

{y

ZENITH QUALITY
“ROYALTY CREST" CIRCUIT TUBES
Complete line of more than 875 top-
quality types for maximum per-
formance and dependability.

. ZENITH QUALITY TELEVISION PICTURE TUBES
'g The industry's broadest line of replacement picture tubes.

e

LY

-

Zenith Color replacement tubes Zenith replacement tubes are

ZENITH POSITIVE QUALITY CONTROL contain used material which, prior made only from new parts and
35 i - to re-use, is carefully inspected to materials except for the glass en-
TRANSISTOR RADIO BATTERIES meet our high quality standards. velope in some tubes which, prior
Featuring “Transistor Blend' Electroiyte. The electron gun is new. to re-use, is inspected and tested

to the same standards as a new
envelope.

ENITK for

CHOOSE

®
Now Zenith is your number-one source of Wherever you are located, there's a Zenith
supply with a full line of replacement parts Distributor near you, who can supply you
and accessories, built to famous Zenith quickly with whatever you need on a day-

quality standards. to-day basis.

Zenith ? The quality goes in before the name goes on

Specifications subject to change without notice.

FOR MORE INFORMATION, SEE YOUR LOCAL ZENITH DISTRIBUTOR OR CLIP AND MAIL COUPON: b))

14 PF REPORTER/March, 1965



NEW! ZENITH QUA_JTY OUTDOOR A\ITENN.AS
A compl2:e line featuring ... -

LOG-PERIODIC FBGR ALL CHANNB_
COLOR AND B/W TV,
FM AND FM STEREO

LOG-PERIODIC FOR §
‘¥YH- TV AND FM

PLANAR HELICAL LOG-PERIODK
FOR UHF TV

NEW!
:ENITH QUALITY HEAVY-DUTY
ANTENNA ROTORS

- Manual or Autoniatic
.. can turn Jp to 15G-
Ib. antennain a come
plete circle in only 45
secondc

=

NEW! ZENITH QUALITY HIGH-EFFICIENCY
UNIVERSAL LOUD-SPEAKERS

32 popular sizes for practically any purpose. Built to
Zenith’'s famous original equipment standards.

NEW! NOW ZENITH HAS QUALITY WIRE AND CABLE

Built to-highest standards for every installation application.

) NEW! LOW-LOSS 300 OHM UHF CABLE
™= Finest for all installations—in hanks of 65 ft.

{ V 100 ft. and reels of 1000 ft.

NEW! VHF 300 OHM TRANSMISSION LINE

Covered with special ultraviolet protective goly- .{a
etrglene—ls-year warranty! In hanks of 6 ¥

ft. and reels of 1000 ft. w

COAXIAL CABLE—RG 59/U uttra-flexible,
&S low-loss foam poly in vinyl packets of
f| oy black, white, silver, gray and beige colors.
4 in hanks of 50 ft. and reels of 250 ft. and

‘

1000 ft.
ROTOR CABLE— I
4/C Polarized Parallel—8/C Color Coded y
Round—5/C Polarized Parallel—in hanks ‘,
of 65 ft., 100 ft. and reels of 1000 ft. !

1‘*“”’t MICROPHONE CABLE—1/C Foam Type
> Low Capacitance, spiral shielded. |

reels of 250 ft.
SPEAKER CABLE— ’ zum-_\
i

Polarized heavy-duty in gray, white,
brown, clear, clear gold colors. In reels
of 100 ft. and 500 ft.

GHEST QUALITY

and ACCESSORIES!

I AM INTERESTED IN

RECEIVING INFORMATION CHICAGO, ILLINOIS 60639

ZENITH RADIO CORPORATION - 5801 WEST DICKENS AVENUE {
PARTS AND ACCESSORIES DIVISION, DEPT. PF-3-23

ON

L NAME_ S
PLEASE SEND ME THE MAME
OF THE NEAREST ZENITH ADDRESS.. -
PARTS DISTRIBUTOR. cITY_ o

March, 1965/PF REPORTER 15



ACE TV SERVICE
ANTENNA INSTALLATIONS

ASTURIZTD MALEY

LPV &

LOG PERIODIC
TV/Fm ANTENNAS

-\

LPV-U21
LPV-U15
LPV-U9

TOB3AND CH.7 T0 13 |pyis

UHF LOG-PERIODIC FOR CH.

Only JFD offers You LPV Log Periodics for VHF (Ch.2-13)... UHF

GET THE LION'S SHARE OF ANTENNA BUSINESS (FLATTEN CATV COMPETITION,
T00) BY FEATURING THE JFD LPV-VU LOG PERIODIC! THIS NEW GENERATION OF
LOG PERIOD!C ANTENNAS DELIVERS WHAT VIEWERS WANT—MANY MORE
STATIONS ... VHF CHANNELS 2 TO 13...UHF CHANNELS 14 TO 83...FM/STEREOD.
GIVES THE CLEAN, UNIFORM SIGNAL SETS NEED ESPECIALLY FOR VIVID COLOR
RECEPTION.

Only the LPV follows the patented frequency independent Log Periodic
antenna formula developed by the Antenna Research Laboratories of the
University of Illinois. This new log periodic cellular concept provides you
with a combination of gain, bandwidth, directivity and impedance match
never before possible with conventional
antenna designs.

You can actually see the difference in
truer color purity, in greater contrast, in
finer detail—not on just some of the chan-
nels but all of the channeis! Small wonder
more JFD Log Periodics were installed in
the last 12 months than any other brand.
PREFERRED BY MORE N. Y. WORLD’S FAIR
PAVILIONS . . . New York World's Fair ex-
hibitors demand flawless color reception.
That’s why the House of Good Taste, Ma-

on’t Be .Set. ..
With JFD [PV Log

$27.95

18.
i
6

mode!

sonic Pavilion, Formica House, Eastman Kodak Exhibit, New York City
Exhibit, House of-Japan and other Fair showplaces chose the JFD LPV. This
exclusive preference is pre-selling millions of Fairgoers—opening the door
for more LPV sales by you.

WHY THE LOG PERIODIC iS THE MOST DRAMATIC BREAK WITH ANTENNA
TRADITION SINCE DR. YAGI INVENTED THE YAGI . . . Up until the JFD Log
Perlodlc. it was not possible to devise a truly broadband antenna except
by ‘‘compromise’ design that had to give !
up vital gain to get wider bandwidth . . . or
had to degrade directivity for better imped-
ance. Burdensome parasitics were piled on
to try to compensate for gain ‘‘suck-outs’,
ghost-prone polar patterns, and inadequate
bandwidth. This pyramided performance
complications resulting in signal-sapping
standing waves and impedance matches—
and yet were only effective at the band edges.
Through the use of the revolutionary
new logarithmic periodic formuia, the en-
tire frequency range is covered with dipole

list

LPV-ZU20 $34.95
UHF ZIG-A-LOG ANTENNA FOR CHANNF? 14 70 83  LPV-ZU10 15.95




Be Al Set—
Periodic TV & FM Antennas

(Ch. 14-83)...FM/Stereo...VHF/UHF/FM-C L0" & Black/White

groups (cells) of overlapping resonances. These harmonically resonant
V-dipoles result in a frequency-independent performance. The LPV's inhe-
rently high gain, sharp directivity, 300 ohm impedance match and flat
response are virtually constant across the entire band.

AND ONLY THE JFD LPV HAS IT!... The JFD LPV is the product of the
world's largest and newest antenna laboratories. Here, in the JFD Cham-
paign, lllinois R & D Reseatch Center, a team of scientists and engineers,
under the direction of Dr. Paul E. Mayes, are revolutionizing the state of
the antenna art.

MECHANICALLY SUPERIOR!...COMPARE CONSTRUCTION! . .. Life-time
stainless-steel take-off terminals that can never corrode, ‘‘tank-turret’’ ele-
ment brackets, tough heavy-wall Implex A acrylic insulators, twin U-boits
with 6 inch mast grip span; supple, permanently riveted aluminum drive
line rod; electrically conductive gold alodizing; plus a host of other exclusive
mechanical improvements.

FIGHT CATV WITH THE JFD LPV! Keep CATV out of your area with JFD Log
Periodics (such as the 82-channel LPV-VU) which provide viewers with more
channels—sharper reception—richer color—plus FM stereo. Don't install in-
ferior antennas that open the door to CATV. install the best to get the best
performance—the LPV!

ADVERTISED IN LOOK, SUNSET ... COMPARE ADVERTISING AND PROMO-
TION! . .. A versatile selection of indoor and outdoor sales helps .. . adver-
tisements in LOOK, SUNSET and other national and local consumer publica-
tions . . . in newspapers . .. on television . .. sell your best prospects.

Now is the time and your JFD distributor is the place to stock up and
step up into big-league LPV Log Periodic profits.

SEE WHY AT THE MOMENT OF TRUTH THE PICTURE IS THE PROOF THE
JFD LPV LOG PERIODIC WORKS BEST!

Licensed under one or more of U.S. Patents 2,958,081; 2,985,879; 3,011,168; 3,108,280;
3,150,376 and additional patents pending in U.S.A. and Canada. Produced by JFD
Electronics Corporation under exclusive license from the University of Illinois Foundation.

JFD ELECTRONICS CORPORATION
15th Avenue at 62nd Street, Brooklyn, N. Y. 11219

JFD Electronics-Southern Inc., Oxford, North Carolina
JFD International, 64-14 Woodside Ave., Woodside 77, N. Y.
JFD Canada, Ltd., 51 McCormack Street, Toronto, Ontario, Canada

copyright 1965, JFD Electronics Corp.




FREE from RCA!/

WIN ONE O

BRAND-NEW 196

EACH GRAND PRIZE CHEVY-VAN LOADED WITH THESE RCA PRODUCTS

A pair of new RCA Mark-Nine CB radio
units for fastest shop-to-truck communi-
cation in your neighborhood.

An RCA Treasure Chest Tube Caddy fully
loaded with the fastest selling RCA re-
olacement receiving tube types.

One RCA Colorama picture tube and two
popular RCA Silverama black-and-white
replacement picture tubes.

F Five RCA popular
= and versatile test instruments:
RCA WR-64A Color Bar/Dot/ Crosshatch Generator
RCA W0-33A Super-Portable 3” Oscilloscope

RCA WR-69A Television/FM Sweep Generator

RCA WR-S8A Crystal-Calibrated Marker Generator
RCA WR-70A RF/IF/VF Marker Adder

A colorful, attractive counter merchan-
diser fully stocked with RCA transistor
radio batteries.

Two complete kits of RCA’s “Top-of-the-
Line' replacement transistors for enter-
tainment-type equipment.



THESE NINE

-VANS !!!

ADDITIONAL PRIZES INCLUDE:

SECOND PRIZES: THIRD PRIZES: FOURTH PRIZES:
RCA Victor Color TV Sets RCA Victor Black-and-White Portable TV Sets RCA Victor Portable Transistor Radios

RCA’s 1965 Regional Sweepstakes is for Radio/TV/Hi-Fi Service Dealers and
Technicians EXCLUSIVELY!

NO JINGLES TO WRITE—NOTHING TO GUESS—NOTHING TO BUY! Simply pick
up and fill out an entry blank and official rules at your RCA Distributor.

Enter as often as you like. Each entry must be submitted and mailed separately.
See your Participating RCA Distributor right away.

This offer not made in states and localities where restricted or prohibited, such as Wisconsin and Florida.

RCA ELECTRONIC COMPONENTS AND DEVICES, HARRISON, N.J.

The Most Trusted Name in Electronics



‘“We've found that our Yellow Pages ads reach people at
just the right time—when they need service,” says Ashby
W. Bardwell, President, Bardwell Appliance Service, Inc., Cleveland,
Ohio. “During twenty-three years in business, we've noticed that no
matter how people first hear our name — from a newspaper ad, word-
of-mouth, or from the sticker we leave behind on all jobs — when they
need service they look in the Yellow Pages. When they do, they see
our ad, recognize our name, and we have a good chance of getting
their business. We have a lot of faith in the Yellow Pages . . . that’s
why we put a major part of our ad budget in there.”

Advertise for action... || Yellow Pages

*The 3 out of 4 busy Americans who shop the Yellow Fages way.

20 PF REPORTER/March, 1965 Circle 8 on lizerarure card

Bardwell gets the Action-People. Do you

REFRIGERATION & AIR CONDITIONING
SERVICE

Yes ... We're on the Way
within @ Day!
COUNTY-WIDE

621-8244

EAST WEST
321115 886-4000

BARDWELL

APPLIANCE SERVICE INC.

FOR “SERVICE THAT SAVES” ON

&y -
N %,
&

SPECIALIZING IN MOTPOINT TOR OVER 13 YEARS
WE REPAIR THE MAJORITY OF ALL HOTPOINT
A’FLIANC!S IN CUYAMOGA COUNTY

. weamm KELVINATOR

l Jobs Completed in the Home by Trained Personnel
3125 DETROMT

Display ad (shown above reduced) runs under
REFRIGERATION SERVICE. Call your Yellow Pages
man to plan your program. Find him in the Yellow
Pages under: ADVERTISING — DIRECTORY & GUIDE.



The Electronic Scanner

news of the servicing industry

1965 Business Qutlook

A reccnt statement by George S. Dively, chairman of Harris
Intertype Corp., points out that current business activity all
over the nation, well into its fourth consecutive year of strong
growth, continues to be remarkably well balanced. However.
the ability of business to continue to achieve these economic
gains is likely to be further tested in 1965, Although consumer
spending for goods and services is clearly expected to move to
new highs, several important factors will have to be over-
come. These include the diminishing benefits of the income-
tax cut. the dampening eflect of world monetary problems
with the resulting hike in the Federal Reserve Bank discount
rate. the unbalancing cfiect of demands by labor for wage in-
creases substantially beyond productivity gains. and the antic-
ipated decline in steel demund following the inventory build-
up prior to labor negotiations. On the other hand, the con-
tinuing acceleration of technological developments, both for
consumers and industry, could create stronger market demands
and general economic impetus well beyond present levels. The
result. for service technicians who run sound business oper-
ations. should be definitely greater prosperity. If the economy
can satisfactorily bridge 1965. the prospects for greatly in-
creased houschold formations commencing in 1966 would scem
to provide strong support for a dynamic economy in the
years ahead.

Three Million Color Tubes

W. Walter Watts, Group Ex-
ecutive Vice President, recently
announced production ol RCA’s
three - millionth color-television
picture tube. The landmark
color tube, made at the com-
pany's plant in Lancaster. Pa..
was a new rectangular 257, 90
tube. A version of the RCA
shadow-mask design. the tube
is now in commercial produc-
tion. “Production of RCA’s

three-millionth color tube is a
- i new milestone in the history of
% g |
| . color television.” Mr. Walts

said. “This event is concrete evidence that the new medium
has come of age. By December of this year. we expect that
the color-television industry will cross over into the hillion
dollar-u-year status.” he added. Present estimates place the
total industry output of color picture tubes in 1965 at 2.
200,000. an increase of 500.000 over the current year. Of
that total. RCA plans to make about 1,500.000 color CRT’s
in the popular 21” round and new 19” and 25” rectangular
sizes.

The Hi-Fi Bandwagon

“Hi-fi has become too highbrow.” A hi-fi components manu-
facturer leveled that charge at his own industry. declaring that
too much technical mumbo-jumbo has so confused the public
that hi-fi sales have not measured up to their potential. Karl
Jensen. president of Jensen Industries, contends that hi-fi needs
to come down out of the clouds, drop its snob appeal. simplify
hi-fi and sterco concepts for popular appeal to reach the mass
market.

“Instead of selling home entertainment, which is what hi-
fi primarily constitutes. we've been confusing and confounding
the public with technical verbiage. Instead of talking about
what comes out of hi-fi, we’ve been selling what's in hi-fi—
instead of music, we’ve been talking about the notes. Instead
of Beethoven and Brahms, we’ve been selling woofers and

COMPLETE TUNER
OVERHAUL

ALL MAKES — ONE PRICE

ALL LABOR
AND PARTS

(EXCEPT TUBES
& TRANSISTORS)*

v TRANSISTOR

CULUR 'I'UNERS GUARANTEED COLOR
ALIGNMENT — NO
AODITIONAL CHARGE
Simply send us the defective tuner complete; include tubes,
shield cover and any damaged parts with model number
and complaint. Your tuner will be expertly overhauled and
returned promptly, performance restored, aligned to original
standards and warranted for 30 days.
UV combination tuner must bz single chassis type; dismantie
tandem UHF and VHF tuners and send in the defective unit
only.
Exact Replacements are available for tuners unfit for over-
haul. As low as $12.95 exchaige. (Replacements are new or
rebuilt.)
And remember—for over a decade Castle has been the leader
in this specialized field . . . your assurance of the best in
TV tuner overhauling.

Pioneers of TV Tuner Overhauling

QT UANE RSSE :l:l CIE—. I E

MAIN PLANT: 5701 N. Westarn Ave., Chicago 45, lllinois
EAST: 41-90 Vernon Blvd., Long Island City 1, N.Y.
CANADA: 136 Main Street, Toronto 13, Ontario

*Major Parts are additional in Canada
Circle 9 o= literature card




tor the Thai metropolitan police frequency and received patrol
For % x 1% inch fuses calls. Two areas for record and tape sales featured American
Series HJ, HK, and HLD jazz, folk, and classical music. Theater areas demonstrated
= cameras, slide and movie projectors, and other sight equip-
ment. A complete line of hi-fi components—including speak-
For % x1% inchfuses : ers, stereophonic tuners and. amplifiers, and sound nelwor.k.s—

Series HPC 4 were demonstrated, mainly in soundproofed rooms. Television,
both consumer units and closed-circuit systems, rounded out
the show.

Overseas Expansion

To meet the increasing demand for communications products
and electronic components in foreign markets, E. F. Johnson
Co. has completed export distributing arrangements with Ro-
burn Agencies, Inc. of New York. As exclusive export distribu-
tors, Roburn will handle distribution of Johnson’s communi-
cations, amateur-radio, and selective-paging equipment as well
as their electronic-component line.

CATV Expansion Seen

Save Assembly Time with
uu i c k ’ c 0 n n e Ct Te r m i n al s 0 n Community-antenna television systems will, in the not too dis-
BUSS Fuseholders STl and large i was predictod oy Milton I Shasn prost

dent and board chairman of The Jerrold Corp. Addressing the
Federal Communications Bar Association at the National Press
Eliminates soldering. Permits use of pre-assem- Club in Washington, Mr. Shapp aiserted. that “lhe‘r‘e is no hold-
bled harness. Reduces assembly time. ing back the growth of CATV,” adding that “the evidence
s overwhelming that the public wants television service which
only cable systems can bring. No segment of the public has
Write for BUSS vet been harmed by CATV, nor will it be harmed in the fu-
Bulletin SFB ture by its continued expansion.” He emphasized that the con-
tinued development of community-antenna television will have
tremendous impact on the broadcast industry, but that the
latter “will adjust to these changes and continue to grow.”

BUSS: The Complete Line of Fuses...

tweeters. We’ve been talking in a foreign language, and it’s
about time we started offering some translations.

“Our own highly diverse inventory indicates the illness
which is afflicting the industry. We have created a veritable
hi-fi jungle, much of which has become impenetrable to any
but electrical engineers and a minority of hi-fi nuts. And yet
we are kidding ourselves that we are selling mass entertain-
ment. It is time that the hi-fi industry looks facts in the eye
and takes the obvious cure of producing a product that is easy
to understand, to listen to, and to enjoy. We need to stop speak-
ing of hi-fi in terms of wild and whacky sounds, of decibels
and dynamometry. Let’s take hi-fi out of the hands of the
engineers and give it back to the public.”

Dealer merchandising of hi-fi should de-emphasize techni-
cal data and emphasize enjoyment of music listening. Manu-
facturers should simplify replacement of parts. People nowa- F U s ET R 0 N
days want a hi-fi set for the pleasures of listening, not for |
gimmicks and gadgets. “When the industry recognizes this

and quits the high-brow kick, the industry will find hi-fi sales d U a I i e I e m e nt F uses

can make sweet music indeed,” concluded Jensen.

time—delay type

Audio-Visual International

Twelve Bangkok firms repre- “Slow blowing” fuses that prevent needless
sentipg twice that many U.S. outages by not opening on motor starting cur-
manufacturers of audio-visual rents or other harmless overloads—yet provide
e:lUitll’lmem’ di‘ti a.b}rlitSk 3“5“1653 safe, protection against short-circuits or danger-
al € recen sight-and-soun

show in the U.S. Trade Center eusFoverigags:

at Bangkok, Thailand. Nine of

the U.S. firms say that esti- Write for BUSS
mated sales during the coming Bulletin SFB
year are expected to reach near-

- ly three-quarters of a million

dollars as a direct result of the show.
A highlight of the three-week event was a Chevrolet Che-
velle equipped with a Motorola radiotelephone, which ‘was set

Circle 10 on literature card
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Microwave Spans U.S.

An unusual coast-lo-coast telephone call, the first official
cross-country voice communication by Western Union micro-
wave, signalled the opening of the company’s new $80,000,000
transcontinental microwave system, and its entry into new and
broader areas of telecommunications.

Using a special Western Union pushbutton telephone, Walter
P. Marshall, president, made the initial call over the microwave
radio system to San Francisco from the company’s office in
New York City. “This new microwave system,” said Mr,
Marshall, “can handle all types of record and voice communi-
cations at high speeds and in large volumes. It is Western
Union’s first coast-to-coast microwave network and opens
the way for many new communication services that will bene-
fit the general public, business, government, and the military.”

The network consists of 267 microwave stations spaced 25

BUSS S ce S to 30 miles apart which, for reasons of national defense, are

pa aver routed to by-pass critical target areas. It also provides the

nation, for the first time, with a second, separate transconti-

nental network of broadband facilities geared to modern high-

ane Oun e use 0 er speed communications requirements and available for use in

any emergency. The new system is capable of handling all

forms of electronic communication, including high-speed fac-
simile, data, telegraph, voice, and Telex services.

e Fuseholder takes 14 x 114 inch fuses. Co - :
a /4 inch fu Coments o Various uses of the microwave system were demonstrated

94 x 1Y4 inch fuses simply by changing screw type

knob. Holder is rated at 30 ampere for any voltage for the press in‘ transmissio_n exchanges between New York
up to 250. and San Francisco, including the first live coast-to-coast

. . . . microwave transmission of the heartbeats of a mother and
* Also available in military type which meets all her unborn child. The transmission was made directly from

requirements of MIL-F-19207A.

Booth Memorial Hospital in Los Angeles to viewers at San
Francisco and New York. The two heartbeats were seen at
Write for BUSS both cities in the form of electronic patterns on a large oscil-
Bulletin SFH-10 loscope and also heard over loudspeakers.

An important feature of the microwave system is its dual
transmission capacity which assures maximum reliability and
continuity of service. Signals travel simultaneously over sep-
arate operating frequencies using separate radio equipment.A

of Unquestioned High Quality...

Mr. Shapp poined out that CATV provides the lowest-cost
method by which a television-set owner can enjoy “the high-
est quality reception from all the stations he wishes to re-
ceive.” Systems now in operation provide up to 12 channels of
television, and systems capable of handling at least 20 chan-
nels are currently on the drawing board.

Little mention was made in Mr. Shapp’s address of the im-
pact of CATV on servicing, although he pointed out that
“dealers and servicemen in CATV areas more than make up
for the loss of individual antenna sales by increased set sales
and services.”

ITT Engineer Describes Extremely Senstitive FM

Special frequency-modulation receivers that can detect signals
weaker than the threshold level of conventional FM receivers
were described by an engineer of an International Telephone
and Telegraph Corp. subsidiary. Mr. M. Sassler of ITT Fed-
eral Laboratories said that the receivers are specially useful
for reception of signals from satellites and spacecraft. Such g -

signals, he said, besides being weak, may also have doppler- qUICk-ac tlny Fuses
drift rates of as much as +=250 k¢ and may be amplitude

modulated by a spinning satellite transmitting antenna. They
are best detected by using low-noise front-end amplifiers and

threshoid-extension demodulators. The engineer described a “Quick-Acting” fuses for protection of sensitive
demodulator using a phase-locked feedback loop to narrow the instruments or delicate apparatus;—or normal
receiver’s effective noise bandwidth and thus match the spec- acting fuses for protection where circuit is not
trum of the received signal. subject to starting currents or surges.

“Sell-Service’’ Progress

Write for BUSS
Bulletin SFB

EIA says results of an Indianapolis test of a “Sell Service”
program (see PF REPORTER, December 1964, page 25) in-
dicate that technicians who asked the question did increase
their business. The objective of the program is to persuade
service technicians to ask “What else needs fixing?” on service
calls.

Circle 10 on literature card
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247 WAYS TO MAKE MORE

From now on, color-TV work is going to bring in a bigger and
bigger part of your income. And RCA has EVERYTHING to
make color-TV service MORE PROFITABLE for you.

To save you money and manhours.

To increase your efficiency so you can get more jobs out
in the same time.

To eliminate those time-wasting extra phone calls and
trips to the distributor.

Take the famous RCA Color-TV Test Jig (large unit at
right). It cuts manhours in half on a color house call. With-

out it, when you have to pull a set into the shop, it takes two
men. With it, it takes just one (you pull the chassis only—
feave the color tube and the cabinet). That means MONEY
...extra money for you.

Take the RCA Color Parts Rack (large unit at left). The
rack is FREE when you buy the basic complement of 120
most-needed color service parts. Keeps your color parts
neatly organized, all in one place. Simplifies restocking,
lets you know what you're short of. No more running out of
a vital part just when you need it—which slows down a job.



MONEY IN COLOR-TV SERVICE

That means MONEY...extra money for you.

Take the other color service parts arrayed in the photo
and listed at right. Degaussing coils, transformers, chokes,
yokes, connectors, cables, replacement parts...each with
a special function to save you time, to increase the quality
and accuracy of your work, to help you cut down on call-
backs. That means MONEY...extra money for you!

245 specialized color service parts in all. The Rack and
the Jig make it 247. And all of them mean MONEY...extra
money for you.

RCA PARTS AND ACCESSORIES, DEPTFORD, N.J.

he Most Trusted Name in Electronics

®

RCA Parts and Accessories fcr color-TV

service include: Color Test Jig—to test all RCA color-TV
chassis eColor Parts Rack—sturdy, well-organized unit con-
taining complement of 120 most-needed color-service parts o
Degaussing coils—to demagnetize picture tube and chassis e
Special-purpose extension cables—to extend kinescope socket,
deflection yoke, convergence magnet and kinescope high-volt-
age leads when chassis is removed from cabinet for servicing
» Special alignment probes—video detector test blocks, IF test
blocks, sound detector test blocks, mixer grid matching pad,
tuner IF input head e High-voltage interlock plug—to by-pass
high-voltage shorting switch e Plus sockets, transformers,
fixed and variable capacitors, reactors, resistors, diodes,
switches, coils...EVERYTHING to save you time and make
more money for you in color-TV service.




for color and UHF. ..

Belden All-Weather Lead-/n
delivers 25% to 51% more power

It's no great news to you that when your customer pays a good price for
a color TV set, he's going to be pretty choosy about the quality of his
picture. He'll be a lot more aware of a poor color picture than a poor
black and white picture.

So it's to your advantage . . and his . . to install the best TV lead-in you

can get your hands on .. Belden All-Weather Permohm*! When wet, this

6 A Be a Cartoon all-channel, 300-ohm line delivers 25% to 51% more signal power to the

% j Gag Writer! receiver, This means clearer color and UHF TV reception the year

4 <7 Win a $25.00 ‘round in all areas . . including areas where there's extreme salt spray,
" B oe B'ond rain, snow, ice, and industrial contamination.

Send us your gag ideas for future cartoons. For Save yourself callbacks and headaches. Install Belden All-Weather

each of your gag ideas used, we'll send you a Permohm .. and forget it. That's pretty good insurance for pennies a foot!

~ $25 Savings Bond. Write Belden Manufacturing
Company. Attention: Mrs. Madelsa Alison,

P.O. Box 5070-A, Chicago, lllinois 60680.
Better Built. . . Better Buy . . . Belden *U.S. Patent No. 278226)

X-This month's winner: E. J. Stanmyre, Mo e s
Route 2, Box 306, Canton, North Carolina SINGE 1902 Cricaco 8-5-4

power supply cords ¢ cord sets and portable cordage - electrical household cords ¢ magnet wire « lead wire

MOT MUCH— A BUCK ©OR w

TWO FOR MOST JOBS. WHEN

g TOM SAYS PERMOHM AG
THAT BABZ /S CoLp LEAD -IN IS REAL GCOD Js;wUY s P/:\\Y/AG $40505%;e

Cln 3 L FOR OUR COLOR TV ,
AL I GE" IS HBH INSTALLATIONS. DOES HE SMT GONNA YELL

ABOUT RAYING A AW
RESKSTANCE WITH THE STUFF CcosT ANY cEVTS > 7 8= SURE

HiSH FREJUENCY] HE GETS A Gop PETURE /

A , o ;‘/

WHEN RALOH CAME IN AT

3AM. HIS WIFE SAID - IS5 HE SETTING

< 7¢ A WIPE RANGE RE—
RALPH, WIRE ou /A/SUMTE‘b WSE .. THATES, IS

wiFs oN THE PHOVE!

Circle 11 on literature card
26 PF REPORTER/March, 1965



C.psREPORTER S ymi%@f "

Wl 40V 7875~ LC

FROM VIDEQ
AMP PLATE
- BURST AMP
6EW6
@)= et
W2 60V 7875~ LC BANDPASS .
AMP 3
HORIZ GAIN INCREASED @_mpy ) G :‘[:'_-\
‘_'.__ - i 1-[ ===% 1
l ®@zax 4T
: = 0
@im -] O
E
KEYING 15
PULSE FROM @'T' o
FLYBACK
W4 8V 7875~ LC FROM COLOR

KILLER CONTROL

DC VOLTAGES taken with VIVM, on inactive channel;
antenna terminals shorted. *Indicates voltages tak-
en with signal present—see ‘‘Operating Variations.”
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WAVEFORMS taken with wideband scope; TV controls
set to produce normal color-bar pattern on screen.
Low-cap (LC) probe used to obtain all waveforms.

Normal Operation

This burst-amplifier circuit (from Magnavox 45 series)
uses pentode 6EW6 to separate burst signal from re-
mainder of incoming chroma information. Composite
signal from video stage is applied through C1-C2. Low
capacitance of C1 (18 pf) blocks sync pulses and al-
lows only chroma and burst signal to reach C2 and
burst-amplifier grid. Positive horizontal pulse from fly-
back is also applied to grid via R2; bias on V1 is such
that it conducts only during uppermost tip of pulse—
during horizontal retrace and burst time. Thus, pulses
containing only pure burst signal appear at plate. Cen-
ter-tapped plate transformer (L1) couples burst pulses
through C7 to plate and C8 to cathode of chroma-sync
phase diodes; signals from cach side of secondary are
180° out of phase. Phase-shifting network (C6 and
TINT control R1) adjusts phase of burst signal applied
to phase detector diodes. When no burst is present in
seccondary of L1, diodes conduct equally; therefore, no
correction voltage is developed at TP1. With color
burst, diodes compare burst phase with 3.58-mc oscil-
lator phase. If phase error exists, shift in voltages at
C and B develops correction voltage at TP1, which is
applied to oscillator to compensate for phase shift. Ad-
justing L1 also affects phase and amplitude of burst
signal applied to phase detector. Adjustment is usually
shop job, although minor touchup in field may be
necessary to provide proper range of TINT (hue) con-
trol. Burst signal is also fed (via C9, C10) to killer
detector, operation is similar to sync-phase detector.

Operating Variations

With or without signal, operating controls

AB have virtually no effect on DC voltage.

However, signal strength at antenna ter-

minals and setting of fine tuning will vary magnitude of

voltages at B and C; may vary from high of 50 volts

with strong signal to low of 30 on weak station—nor-
mal is 40 volts each.

Grid and cathode voltages remain con-
PIN 1, 2 stant regardless of control settings, either
with or without signal.

Screen is connected directly to B+

PIN 5, & source; plate is supplied through relative-

ly low-value RS. Voltage remains same,

with or without signal and isn’t changed by control
settings.

Amplitude of W1 is dependent upon sig-
nal strength at antenna—may vary from
25 to 45 volts p-p. Amplitude of W3, W5,
and W6 will vary according to amplitude of burst sig-
nal at control grid. Amplitude variations in W3 of 150-
200, W5 and W6 of 90-120 volts p-p aren’t unusual;
content, rather than amplitude, should be primary con-
cern when viewing these waveforms. W2 was taken with
scope horizontal gain expanded to show position of
burst signal on horizontal pulse (notice it’s on extreme
tip). Rotating horizontal hold contro! will change posi-
tion of burst.

WAVE-
FORMS



Color Weak or Missing

Color Sync Lost

R5 Open

(Plate Supply Resistor—1000 ohms)

Symptom
Analysis

Depending on setting of killer control, complaint may
be “no color” or “weak color and loss of color sync.”
Color-sync or killer stages are best suspects. Logical
point to begin checks is burst amplifier—it could cause
either symptom.

Waveform Analysis

Grid waveform (W2) is reduced
slightly in amplitude but shape
is normal; therefore, preceding
stages are most likely okay. Loss
of signal at plate (W3), consid-
ering nearly normal signal at
cathode (W4), suggests tube just
isn’t amplifying. Scope readily
isolates trouble to burst ampli-
fier, but it will not definitely indi-
cate open resistor. Open pri-
mary winding of L1 or break in
printed-circuit board would give
same scope indication.

Voltage and
Component Analysis

Voltage readings quickly isolate trouble to open RS.
B+ is normal on supply side of resistor but missing at
plate and at junction of RS and L1. Absence of plate
voltage prevents burst amplifier from operating; conse-
quently no burst signal reaches killer phase detector,
ultimately resulting in either no color or weak color—
depending on setting of color-killer control. In any case,
burst isn’t holding oscillator in phase; thus, loss of
color sync results. A shorted C5 could have burned or
opened R5; replace C5, too.

Best Bet: Scope followed by voltage checks.

Color Incorrect

Tint Control is Operative

C3 Shorted

(Cathode Bypass—.01 mfd)

Symptom
Analysis

With receiver tuned to station signal, color is quite er-
ratic, flesh tones may appear blue and change to green
or red intermittently. Color-sync trouble is evident;
burst amp is commonly associated with this type of
symptom. However, could be AFC or oscillator.

W3 B0V 1815~ LC

Waveform Anclysis

Abnormality of W3 is readily ap-
parent—burst signal has color
bars and negative horizontal
pulse. Waveform proves trouble
is in burst stage. Grid signal
(W2) isn’t correct either; color
bars are present, but horizontal
pulse is distorted. Cathode signal
(W4) gives best clue—sawtooth
is missing; only weak color-bar
pattern is present. Scope is use-
ful in isolating trouble to com-
ponents associated with cathode
circuit of burst amplifier.

Voltage and
Component Analysis

With or without signal, plate and screen voltages are
near normal. Negative 7 volts on pin 1 and complete
absence of voltage on cathode (pin 2) offer good clue
to trouble in burst stage, and explain why colors are in-
correct. Tube is allowed to conduct more than normal
due to reduced bias between grid and cathode. Phase
shift in burst stage causes 3.58-mc oscillator to shift,
causing CW signal applied to demodulators to be in
wrong phase. (Open C3 causes slight shift in burst phase
but can be compensated for by adjusting tint control.)

Best Bet: Scope and voltage measurements.



Color Lost

Monochrome Pix Normal

C2 Open

(Grid-Coupling Capacitor—120 pf)

Symptom
Analysis

Complete loss of color when tuned to station signal.
However, using color-bar generator and overtuning re-
ceiver, slight amount of color can be had, but with poor
color sync. Loss of burst signal could cause this symp-
tom through action of color killer.

Waveform Analysis

Normal color-bar waveform (not
shown) is present at point A.
Grid of VI (W2) has only hori-
zontal pulse — color bars and
burst signal are missing (see ac-
companying normal W2). Junc-
tion of C1 and C2 reveals normal
color bars and burst signal,
therefore C2 must be open or
printed board has break. When
no color can be obtained, it is
wise to check burst-amplifier
stage to see if loss of color results
because burst is missing.

Voltage and
Component Analysis

Only abnormal voltage reading is 65 volts on pin 2;
suggests tube is overconducting, most likely from
above-normal amplitude of grid signal. With low re-
sistance in plate circuit, overconduction doesn’t cause
change in plate voltage. Interaction between burst
amplifier, 3.58-mc oscillator, AFC, and color Killer
makes it difficult to pinpoint defective stage immediately
when color is lost or out of sync. Missing burst may
cause loss of color or absence of sync, depending on
signal strength and sctting of killer control.

Best Bet: Scope is adequate.

Color Sync Lost

Frequency Error Slight

R2 Increased in Value

Grid Resistor—100K)

Symptem
Analysis

Station signal gives indication of color-sync loss; colors
drift across screen and aren’t stationary at any setting
of controls. Color-bar generator proves symptom truly
is loss of color sync; also, small number of horizontal
bands indicates frequency error is slight.

Waoveform Analysis

Amplitudes of W6 (not shown)
and W5 are greatly reduced; sug-
gests trouble is in burst amplifier,
not oscillator or AFC. Abnormal-
ly low amplitude of W3 further
isolates trouble, indicating L1
and associated components are
okay. Horizontal pulse at grid
(W2) is only 25 volts p-p (nor-
mal is 60)—indicates defect is
most likely in R2, R3, or possibly
fiyback. Decreased amplitude of
keying pulse lessens tube con-
duction.

Veoltage and
Component Analysis

Low reading (20 volts) at pin 2, with normal reading
on all other elements, proves tube conduction is reduced
or value of R4 has decreased—resistance measurements
prove latter isn’t true. Ohmmeter checks from grid to
ground are helpful in locating increased value of R2.
Normal reading is 33K, as R3 is paralleled by R2 and
winding on flyback, but R2 now mcasures 44K. Im-
proper color sync is result of changed opzrating char-
acteristics of burst amplifier: burst phase is thus altered.
resulting in incorrect AFC voltage to oscillator.

Best Bet: Scope and resistance measurements.




SYMPTOM 5

Color Incorrect

Tint Control Inoperative

C6 Open

(Tint Coupling Capacitor 120 pf)

Symptom
Analysis

Flesh tones appear purple and cannot be changed by
adjusting tint control. Color-bar generator shows 60° to
90° phase shift has occurred. Inability to change hues
with tint control suggests making initial checks of con-
trol and associated components.

Waveform Analysis

Input to burst amplifier (W2) is
normal—burst signal and ten
color bars are present. Plate sig-
nal of V1 (W3) is increased in
amplitude; however, waveform
content is as should be. W6 (not
shown) and WS$ are correct in
amplitude; reason for incorrect
color must be that phase of burst
signal has changed; cannot be
determined with scope. Scoping
junction of C6 and RI isolates
open circuit, no signal is present
—normal burst should be.

Voltage and
Component Analysis

Voltage checks are completely useless; all readings are
normal with or without signal, With C6 open, tint con-
trol cannot change phase of burst signal; therefore, im-
proper color pattern is seen because burst transformer
(L1) is aligned with tint control at center of range.
Phase of signal applied to chroma-sync phase detector
is approximately 60° out of phase if tint control is in-
operative and burst transformer is aligned properly.
Open capacitor is often difficult to locate with voltage
checks or resistance measurements.

Best Bet: Scope and component analysis.

Color Sync Lost

Frequency Error Slight

R7 Increased in Value

(AFC Balance Resistor—1 meg)

Symptom
Mlulru_iu

Sync loss when station signal is tuned shows up as red,
blue, and green bars in picture. Color-generator pat-
tern also proves loss of color sync is primary concern
—also indicates frequency error isn’t great. Adjusting
tint control changes frequency error.

Wuoaveform Analysis

Actually, waveform checks aren’t
much help in isolating trouble.
Signal on both plate and grid of
burst amplifier are normal, as is
burst signal to chroma-sync phase
detector. This is one of these rare
instances when scope cannot help
isolate defective stage. Fact that
burst is normal suggests voltage
and/or resistance checks in AFC
circuit might prove helpful. Re-
sistor with changed value is gen-
erally difficult to locate with

scope.

Voltage and
Component Analysis

Most valuable clue from waveform analysis is that AFC
circuit is likely culprit. DC voltages at B and C are un-
balanced—with signal, B reads — 50 volts, C measures
40 volts. Same unbalanced condition is evident without
signal, throwing further suspicion to change in value of
one AFC balance resistor. If either R6, R7, or printed
board were open, symptom would be similar, but oscil-
lator frequency error would be much greater—larger
correction voltage would be applied to reference-oscil-
lator grid—junction of R6-R7.

Best Bet: VTVM and circuit analysis.
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Troubleshaoting
PICT 0-GUIDE

LET’S GET DOWN TO BUSINESS

...In Color-TV Service

Make your shop look like it means business. You can with business-like
technical, promotional, business and service aids from RCA ... with the
emphasis on color TV service. Remember, more and more of your service
jobs will be color TV jobs.

TECHNICAL AIDS... to help you further develop your professional skills.
The famous RCA Color TV Troubleshooting Pict-O-Guide. Completely
revised and updated, it's the quick and easy, all in one, profusely illus-
trated guide to proper troubleshooting and alignment of color TV sets.
A MUST reference book, if you want to make money in coélor TV service.
Form #1A1389.

Also available (not shown): RCA Institutes Color TV Home Study Course,
the basic definitive course in color servicing; 8 graded lessons, counsel-
ling and examination service. Form #1A1325.

PROMOTIONAL AIDS... to help you attract more customers.

lltuminated Flashing Window Display (at left on counter).

A real attention grabber for your window or counter. Alternates between
full color and black and white to dramatize both services. Form #1A1491.

Color TV Service Banner (on wall). In rich red satin, for door, wall or
window display. Form #1A1492,

Also available, (not shown) are a transparent window streamer, ad mats
for local newspapers, post cards and envelope stuffers all promoting your
color TV service capabilities.

BUSINESS AND SERVICE AIDS...to help make your job easier.

RCA Receiving Tube Floor Merchandiser (left) Spacious, 6 foot gravity
feed metal shelving unit in bright red baked enamel finish. Seven shelves
with adjustable dividers for each shelf. Helps you keep a really good
supply of tubes in one well organized area. Form #1A1504.

RCA Receiving Tube Wall Merchandiser (rear) Three feet high and three
feet wide, a metal gravity feed shelving unit finished in red baked enamel
to hang on wall or rest on counter. Form #1A1503.

RCA TV Tool Kit (on counter) Contains 12 most needed TV tools: 3
aligners, aligning wrench, tuning wand, 3 trimming tools, standard and
recessed screwdriver, solder aid, heat sink and clamping type tweezers . ..
just about everything you need on a service call in one container; also
handy in the shop. Form #1A1509.

RCA Superweld Tube Caddies. Large ““Treasure Chest’' caddy (1A1001A)
shown on counter at right holds up to 362 receiving tubes. Junior version
(1A1002A) (not shown) holds up to 234. Both feature a Superweld viny!
covering that protects like armor.

You'll also want to ask your RCA distributor about store hours signs, door
knob hangers, and weekly work schedule pads from RCA.

These are the aids you really need in your business.

AVAILABLE THROUGH YOUR LOCAL AUTHORIZED RCA TUBE OISTRIBUTOR.

ELECTRONIC COMPONENTS AND DEVICES, HARRISOHN, N.J.
The Most Trusted Name in Electronics
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By Homer L. Davidson -

Test Equipment

COMMON TROUBLES ARE
EASY TO LOCATE AND
CURE

Most radio and TV repair shops
don’t seem to find time to repair
their own test equipment. A good
plan would be to repair one instru-
ment per month, or to make up a
list of instrument repairs and do
them when a slack day occurs. A
look at our own test bench shows
several test leads and prods are
taped up, and should be replaced.
The tube tester has a couple of bad
sockets and one jack on the VIVM
is loose. Even the pilot light is out
on the bench power supply. Let’s
not even wait! Let’s take a little time
out now and repair some of our test
equipment.

The Voltmeter

The VOM and VTVM get the
toughest workout in any repair shop.
First, take a look at the test leads
and replace bent or broken tips and
jacks. A new set of test Icads may
be in order if the old ones have been
cut off and repaired until they are
short. Look at the meter glass. If
it 1s cracked or broken, take the
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measurements and get a new one
from your local glass cutter. Don’t
use a piece of cut plastic because
static electricity will cause the meter
to read incorrectly.

Brush out dirt and clean up the
plastic case. Ordinary alcohol will
clean and polish that black plastic
case till it looks like a new one. If
there are any cracked cases use ‘an
epoxy cement to put them together
again. Worn dials and numbers can
be restored with a plastic lettering
tool. Check the batteries and replace
them, if needed. Spray the selector
switch (Fig. 1) with a good contact
lubricant.

If any one of the scales fail to
work, check the battery or the mul-
tiplier resistors. With a weak battery,
the meter hand will not zero-adjust
correctly. When only one scale is
bad, either the multiplier resistor is
burned out or a switching contact
is bad. These resistors can burn out
quickly if voltage too high for the

scale is accidentally applied, or if -

B+ is connected to the ohmmeter
scale.

Before replacing a multiplier re-
sistance, have a diagram of the test-
er handy. These diagrams are gen-
erally included in the test instru-
ment manual; if they’ve become lost,
secure one from the manufacturer.
Schematics of several popular radio-
TV test instruments are included in
the Howard W. Sams book Test
Equipment Circuit Manual (TEC-
1).

Let’s take a look at the Rx1 scale
of a typical VOM, diagramed in
Fig. 2. If one of the multiplier re-
sistors has changed value and needs
to be replaced, it may be difficult
to obtain locally. These odd-value
resistors are not often stocked by the
radio-TV wholesaler, but must come

Fig. 1.

Cleaning contacts of a VIVM.

from the test equipment manufactur-
er, even though they are not costly.
Look at the DC volt-meter range of
the same VOM, shown in Fig. 3.
These resistors could be located
more easily, since they aren’t un-
usual values; in fact, several resistors
could be placed in series to obtain
the correct resistance.

VOM Calibration

A VOM can be calibrated with
known voltages. A fresh mercury
cell is an excellent source of 1.4
volts. Two of them in series can be
used to check the low voltmeter
scales. If the reading is off more than
39%, check the multiplier resistor.
It is rare that the meter movement
is the cause of inaccuracies, but
this is possible.

Place several cells in series to
check the next higher voltage range.
If that range is okay, use a higher-
voltage battery or a regulated sup-
ply to check the upper ranges. If the
voltages in TV and radio sets can
be measured within 10%, this is
good enough to get by with until
you can have the instrument over-
hauled. One other method of check-
ing is to use a new voltmeter for
comparison. Generally, a new meter
will be fairly accurate — at least
to its rated tolerance.

The AC ranges can be checked
against known voltages, such as the
6.3-volt AC filament transformer
and the 117-volt AC power line.
If the AC voltage scales seem to be
more than 107 off, suspect the
meter rectifier or a multiplier re-
sistor.

It is also easy to check the ohm-
meter range. Take a few 19 carbon
resistors that will cover the 1/3 and
2/3 points of each scale. If 1%
units aren’t available, pick up some
5% types. Add the resistors in
series until all scales are checked
out. Multiplier resistors are the
usual cause of incorrect ohmmeter
readings. If only one range is wrong,
see if the multiplier resistor has been
hot or burned. Weak batteries cause
poor zeroing.

The milliammeter scale can best
be checked by comparison with a
meter known to be accurate. Simply
hook the two meters in series with
one lead of a battery and some load,
such as a small transistor radio. If
one of the low-value shunt resistors
—such as 11.5 ohm, 2 ohm, or .025
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Fig. 2. Simplified diagram of the Rx1 scale.

ohm—is defective, it will need to be
secured from the meter manufac-
turer.

Calibration of a VTVM can be
checked the same as with a VOM.
However, most VTVM’s have cali-
bration controls and thus don’t re-
quire new multipliers merely for
correcting inaccuracies. With  the
batteries and known voltages, the
scales can be set with the controls
to read correctly.

If the ohmmeter readings should
be erratic and you suspect a bad
lead. short the two jacks together
with a short piece of copper wire.
Adjust the pointer for zero and re-
move the wirc jumper. Insert the
test lecads and, if any valuc other
than zero ohms is noted, install new
leads.

The VTVM should have all the
tubes checked and any questionable
ones replaced with good ones. Clean
the switch contacts and check all
test leads. Especially check the probe
cable and plug. Tighten up all loose
jacks or plugs.

If the low ohms range will not
register to full scale, replace the
small flashlight battery. Make a
thorough visual check while the in-
strument is apart. On onc of our
units, the zero-adjust knob would
not bring the meter pointer to the
exact end of the scale. The control
was worn at this spot and the ncedle
would cither fall in-scale or way off-
scale. Instead of fooling around with
a control lubricant, we installed a
new control.

Tube Tester Repair

The most usual trouble with the
tube tester is poor and worn sockets.
Socket troubles are often confined to
the 7-pin, 9-pin, octal, and 12-pin
sockets, because they are used the
most. Choose a high-quality tube
socket for replacing any of these

worn ones. Some of the tube-tester
manufacturers place the sockets on
a top panel (Fig. 4), and this whole
unit can easily be replaced by un-
screwing two small screws and un-
plugging the socket assembly.

If the tube tester doesn’t give a
reading for a tube being tested, try
a new tube. Still no dice? Take a
look at the bias fuse, which may be
only a dial lamp. If necessary, re-
place it.

A dirty or worn bias-sctting rheo-
stat will cause erratic readings and
should be cleaned or replaced. In
one tube tester, the bias control was
burned out. No one seemed to know
how it happened, but the only place
to securec onc was from the manu-
facturer. It finally devecloped that
some switches were set wrong and
the button held down too long, until
the control finally popped.

The rectifier tube should be
checked and replaced, if weak, while
the tester is open, And, of course,
all the switching contacts should be
treated with a good switch cleaner.
If any section of the function switch
doesn’t work properly, the switch is
bad or there is a loose or broken
wire.

Once in a while, a meter hand
will stick partly across the scale. Dis-
mount it from the tester, remove it
from its casc, and look closely at the
adjustment spring. Somctimes the

Fig. 3. Multipliers used in voltmeter circuit.

pointer basc may have jumped out
of the meter bearings. If you have
poor eyesight and big thumbs, don't
try to repair the meter. Send it in
to the manufacturer to be repaired.
(Sometimes a plastic-covered meter
will develop static electricity on the
face and the meter may act similar-
ly.)

Watch out for selector knobs that
have turned around. A wrong or
loose knob could make a costly er-
ror. If your tester has a knob that
won't stay put, file the set-screw
side flat.

Other Instruments

In our shop, we found a lot of
other instruments that could use
minor corrcctions. Our B & K Tele-
vision Analyst Model 1076 has a lot
of jacks and test leads that some-
times cause trouble. Dressing them
up periodically is important. When
troubleshooting  the  Analyst, re-
member that this tester is as easily
repaircd as any TV receiver.
Trouble is isolated to a section and
then pinpointed and repaired; as an
example, take the following case
histories.

One of our technicians had re-
paired a faulty sync section in an
Admiral 21" receiver, but couldn’t
get the set back together that eve-
ning. When he came back the next

e Please turn to page 107

L W

Fig. 4. Separate sockets demount easily by removing two screws.

U
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The increased use of novars,
nuvistors, magnovals, and tubes of
other strange base configuration in
home entertainment and industrial
equipment may have obsoleted your
tube tester. The fact that you can’t
test a few tubes might not worry
you, as you can always replace a
suspected tube with a new one. This
system however, has a couple of
drawbacks that can prove expensive
to a service technician.

We have all experienced the prob-
lems that occur when a new tube
used for replacement is bad. (This
usually results in a time-consuming
search for a nonexistent circuit de-
fect, before we decide to try another
tube.) Another problem can arise
from the substitution method when
tube replacement fails to affect the
trouble symptom, because the logi-
cal assumption is that the original
tube is good and the trouble is
caused by an associated circuit de-
fect. Some wasted hours later you
find you had a circuit fault and a
bad tube. A good, up-to-date tube
checker is often the answer to effici-
ent troubleshooting. An analysis of
your tester, to determine whether it
is doing an efficient job for you com-
pared to the new testers available,
might be in order.

Mutual-Conductance Testers

In practically all home-entertain-
ment devices, tubes function as
amplifiers (excepting diodes and
rectifiers). Oscillator circuits (RF,
horizontal, vertical, etc.) are basic-
ally amplifiers with some form of
regenerative feedback. A good test
of a tube, then, would be to test its
ability to amplify, and its ability to
amplify is determined by its mutual
conductance (Gm). Mutual con-
ductance is defined as the change in
plate current caused by a small
change in grid voltage.

Gm = i
Eg
where
Ip = change in plate current
Eg = change in signal grid
voltage

Gm = mutual conductance.

The measurement of mutual con-
ductance is one of the best tests for
determining a tube’s merit; how-
ever, a simple test for emission is
also a very useful check, and it can
be performed economically by less
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complex testers.

Emission Testers

Emission testers indirectly indi-
cate a tube’s ability to function as
an amplifier. They accomplish this
evaluation by checking the cath-
ode’s emission capibility; a tube
with low emission obviously would
not be a good amplifier. Other tests
are usually incorporated in emission
testers, for example: shorts between
elements, heater-to-cathode leakage,
presence of gas, contaminated con-
trol grids (grid emits current), etc.
Since an emission-type checker re-
quires only simple circuitry, it is,
as a general rule, less expensive than
the more elaborate mutual-conduc-
tance testers.

Styles

While most tube testers are des-

TESTERS

Units Now on the Market
Are a Bit Different Than
Those Previously Available

signed for the dual role of testing
tubes in the field and on the service
bench, others are designed for the
bench exclusively. Still others per-
form the dual roll of countertop
tester for “do-it-yourself fans,” and
bench checker for the technician.
Another choice for individual pref-
erence is the method of operation.
Some general styles and configura-
tions are listed below:

1. Roll Chart-—A roll chart con-
-

o

prasien

MULTIPLE 3
SOCKET HARNESS

Fig. 1. CRT Tester has provision for
three different G2 voltage levels.

tains the information necessary
to set up test conditions. The
roll-chart itself offers an addi-
tional choice; it may be flat, up-
raised, tilted, or positioned any-
where on the chassis, depending
on the model and the manu-
facturer.

2. Set-Up Cards—Indexed set-up
cards rather than a roll chart are
available on several models. In
choosing your new tester, the
presentation of reference infor-
mation should be given some
thought. Up-to-date data must
be available, therefore storage
of the cards and easy modifica-
tion of the reference material
are of primary concern.

3. Multiple Sockets—This type of
tester contains prewired, labeled
sockets to accomodate many
common tubes, and offers mini-
mum setup time. An objection
to its use is the difficulty in up-
dating the tester as new tube
configurations appear. Many
manufacturers now include a
blank panel to alleviate this
problem.

4. Multiple Sockets and Roll Chart
— Combination models offer
prewired sockets for fast testing
of more common tubes, while
covering other tubes through the
conventional roll-chart informa-
tion system; actually two tester
types in one.

Tube testers are also available in
combination with other pieces of
test equipment. Tube testers and
CRT tester-rejuvenator combina-
tions are common. A tube tester,
VOM, and CRT tester-rejevenator
was introduced last year. Treated as
“window dressing” for many years,
the tube tester is gaining more re-
spect from the modern service tech-
nician all the time. With approxi-
mately 3000 different tubes avail-
able to design engineers for use in
home entertainment and industrial
application, the old substitution sys-
tem has been replaced by the direct-
check method. Ten years ago, when
a complete complement of tubes
could sit on a handy shelf ready for
instant substitution, the drawbacks
of the substitution method were far
outweighed by the time it saved. In
today’s shop, a stock of tubes in
standby position for substitution
would occupy far too much space
for practical servicing, and the time
formerly saved by substitution is



now saved by testing. Modern cir-

cuitry incorporating multipurpose

tubes almost demands the use of
testers to eliminate the tube as a
source of trouble.

A partial list of available late-
vintage testers is shown in Table 1.

CRT Testers and Rejuvenators

Obsolescence, the same disease
that afflicts old receiving-tube test-
ers, has also taken its toll in the
ranks of CRT testers. The introduc-
tion of new CRT’s with an assort-
ment of heater-current ratings, to-
gether with ditferences in tube bases,
has made the continued use of the
old tester an exasperating experi-
ence.

Color CRT’s present special prob-

lems that should be considered
when you plan to purchase a re-
placement tester. A basic similarity
in the symptoms found in most
color repair work calls for a good
CRT tester. There is a wide variety
of trouble symptoms which indi-
cates either circuit defects or CRT
defects (or both). Early elimination
of the CRT us a suspect serves two
very beneficial purposes: First,
much time will be saved by keeping
the service technician on the right
path; and, second, customer good-
will can be enhanced by a quick
answer to that old question, “Do
vou think it’s the picture tube?”
Various manufacturers have an-
swered the challenge of these new
tubes with an assortment of instru-

8
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Fig. 2. Line-voltage control insures
precisely correct CRT heater voltages.

ments capable of testing all tubes
on the present market, and most
have built-in  safeguards against
obsolescence in the near future.
Table 2 lists some of the newest
testers available.

Here are just a few of the inno-
vations engineered to aid you in
doing more profitable service work:
1. Filament-Voltage Control — An

easy means of providing the cor-
rect filament voltages to the
heaters of the CRT.

Gun Switch—The recommended
method for checking color
CRT’s is to test one gun at a
time; the gun switch allows you
to perform this test, thus pro-
viding a means for comparing
the guns. This is an important
check; should a particular gun
become low In emission com-
pared to the other two, serious
problems in color-rendition gen-
erally result.

3. G2 Voltage Control-—To extend
the range of testers and provide

Table i.

9

ADAPTER

ADAPTERS

MULTIPLE SOCKETS

Fig. 3. Multiple-connector cable and
separate sockets provide versatility.

against obsolescence, a selec-
tion of G2 voltages is available
on many CR testers. The cor-
rect voltage for each type of
tube assures a correct evalua-
tion, and proper setup proced-
ures are included with cach test-
er. A typical multivoltage G2
provision is shown on the tester
of Fig. 1.

Line-Voltage Control — Line-
voltage control is important in
testing color CRT’s. Low line
voltage can result in an improp-
er evaluation of the merits of the
tube under test. If your tester
doesn’t have a line-voltage con-
trol, you should take care to in-
sure that you have the proper
supply voltage when testing. Fig.
2 shows a tester which employs
a voltage-control potentiometer.
Sockets and Adapters—Most of
the testers on the market today
include all necessary adapters
and convenlent storage space.

® Pleuse turn to page 106

TESTER SOCKETS AVAILABLE CRT CK STYLE SETUP
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EICO 667 X x| xpxpx|x! x| x| x| x [x|x|x X X
EICO 628 X XX X [x{x|x|{x| |x X X
Hickok 580 X x [ xpx]x|x|x|x|x X
Hickok 799 X X[ x [ x[x|x|x|x|{x|x x X | X
Jackson 658A X X{X | X|X]X[X|X|X|X X
Mercury 1101 X X (X [ X [X XX {X[X|X X X
SECO 1078 X [ x[x|x{x|x{x| x|x|x X X
SENCORE TC130 X| X | x| x|X x|x| x| X X X X
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1 At the service counter, Bob Breda receives a customer’s Ojars Staks takes an instrument from the incoming-in-

instrument for repair. The service order is prepared im- 2 strument storage area where other equipment awaits re-
mediately, work number is assigned, and all particulars on pair. Work-order numbers are checked against the original
the nature of the malfunction are noted on the repair order, invoice for service data to speed the specific repair order.

- -

Citizens-band transceivers, another service specializa-
3 tion of B&S Electronics, are repaired and serviced at a

separate test position which has alignment and calibration
equipment for both FM and AM communications gear.

Each general category of instruments has a separate and An example of the various special services provided is
4 complete bench area to insure rapid service. One factor 5 the repair and calibration of meters and meter move-
in the success of this operation is the willingness of all ments. Burned-out armatures, bent pointers, or broken or

members to work on any unusual or complex equipment. missing jewels—all are repaired or replaced as required.



An extensive bank of tube testers and checkers enables

6 B & S technicians to evaluate thoroughly all types of

tubes and semiconductor devices. This area, as are all others,
is separate and self-contained to speed work completion.

Service and repair of test instruments, medical elec-
tronics devices (audiometers), and other specialized
equipment is the hard business line taken by Bob
Breda and Ojars Staks, who operate B & S Electronics
in a western suburb of Chicago. Joining forces in 1957
after independent careers in the radio-TV servicing
business, Breda and Staks have carefully guided their
efforts away from general servicing toward their present
highly specialized and efficient operation. As the official
repair station for several major test-equipment manu-
facturers, B & S Electronics handles several hundred
instruments a month with their basic three-man staff.
Average handling time from receipt of an instrument to
reshipment is 7 to 10 days. Some radio and TV servicing
is still done in the shop, but no new consumer business
is solicited. Breda and Staks also service bulk gquanti-
ties of auto radios for local dealers and servicemen who
have more than they can handle efficiently. Both men
feet their continued success lies in expanding to in-
clude additional specialized fields, particularly in in-
dustrial and medical electronic equipment.

A separate, enclosed booth contains precise audio equip-

9 ment used to Service a line of audiometers. These in-

struments are used by hearing specialists to perform ex-
acting medical tests, and require regular calibration.

Staks carefully repositions the armature shaft of a meter

7 in for repair. The need for a delicate and knowledgeable

approach to servicing is emphasized by these shop owners.
The ability to perform these services brings good income.

Tape recorder from a custom high-fidelity installation is

8 checked out at the audio bench. The panel at left has

several circuit modules (audio amps, IF strips, detector, etc.)
which can be substituted for the circuits under test.

A commercial package-shipping service makes several
1O stops a day to deliver and pick up instruments. B& S
uses this shipping method, even locally, and has no trucks
of its own on the road. All instrument shipments are insured.



USING COLOR GENERATORS

In past issues, we’ve covered the
operation of various color genera-
tors: NTSC types producing both
single- and multiple-bar displays;
rainbow types, usually with a three-
color display; and keyed-rainbow
types that produce a series of multi-
colored bars. Now we’ll take a closer
look at keyed-rainbow generators,
concentrating on a few uses for the
color-bar pattern and showing ac-
tual screen presentations. We won’t
be concerned with the additional
patterns (dots, vertical and horizon-
tal bars, and crosshatch) used for
convergence and linearity adjust-
ments in color receivers. Most gen-
erators, of course, supply these sig-
nals, too.

Typical Color-Bar Pattern

The majority of generators intro-
duced in the past six or eight months
are of the keyed-rainbow type. Ten
color bars, varying in hue from yel-
low-orange through red, blue, and
green, are produced on the screen
of the color CRT. Each bar repre-

Fig. 1.
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The fourth bar is magenta with hue at center.

interpreting keyed-rainbow
patterns and waveforms.

By George F. Corne, Jr.

sents a change in phase of 30°. The
same basic color pattern (Fig. 1),
produced by all color generators
using the offset-carrier principle, can
be very useful in color servicing and
can tell us much about the overall
condition of the color receiver.
Color and Hue Checks

Color bars with an acceptable de-
gree of saturation are shown in Fig.
1, so we know all circuits handling
the video signal—from the front end
through the color circuits — are
working normally. The colors vary
in hue across the screen in the
correct sequence: yellow - orange,
orange, red, magenta, reddish blue,
blue, greenish blue, cyan, bluish
green, and green. This preliminary
observation assures us that colors
will be produced from any normal
station signal in proper hue and
saturation. (Incidentally, it’s a good
idea to commit this sequence to
memory, although most generators
have the pattern visible on the front
panel.)

Although each color bar has its

own individual hue, it’s more ad-
vantageous to concentrate on bars
having the most significant mean-
ings. The important bars, counting
from the left, are the third, fourth,
sixth, and tenth. With the hue (tint)
control set to the center of its range,
the third bar should be brightest
red, the sixth brightest blue, and
the tenth brightest green. The posi-
tions of these three bars represent
the phase angles for R-Y, B-Y, and
G-Y signals. We mention the fourth
bar (magenta) because it is the one
technicians use most for a check of
hue-control range. Some technicians,
however, prefer the eighth bar
(cyan).

Rotation of the hue control
through its complete range should
provide at least a 60° phase change.
Since the bars in a keyed pattern
are at 30° intervals, this represents
a movement the width of one bar to
either side of the bar selected as a
guide. For example, turning the hue
control counterclockwise—using the
fourth bar (magenta) as a refer-

Fig- 2. A 30° phase shift will color third bar magenta.



ence—should shift the magenta hue
to the third bar (a 30° change), as
shown in Fig. 2. Rotating the con-
trol fully clockwise should shift the
magenta hue to the fifth color bar
(a 30° change in the other direc-
tion), as in Fig. 3. Thus, the two
30° shifts total the required 60°
phase change.

In some receivers, the phase can
be shifted more than 60° with the
hue control; however, make sure at
least a 30° shift can be made in each
direction. If the bars don’t change
color in this manner during rotation
of the hue control, it may be neces-
sary to align the color-phasing cir-
cuits. If the phase is only slightly
off (magenta hue range covers the
fourth, fifth, and sixth bars, for ex-
ample), a small adjustment of the
transformer in the burst-amplifier
stage will probably be all that’s
necessary. An article describing a
complete phasing-alignment proced-
ure using the keyed pattern appeared
in the November 1964 PF RE-
PORTER.

Most generators have some means
of controlling the output level for
the purpose of verifying a complaint
of total loss of color, or to see if the
color-sync circuits are functioning
properly. If the receiver maintains
a normal color display below the
generator’s 50% point, operation on
a station signal will be acceptable.
We've shown in Fig. 4 what appears
on the screen with a loss of color
. sync when using the keyed-rainbow
pattern. In the example shown, the
frequency error is small; with a
larger frequency error, more color
blobs will appear. On a station sig-
nal, however, you’ll probably see
only three stripes of color — red,

green, and blue—usually situated
horizontally.

A more positive simulated station
check can be made in the following
manner: Connect the generator and
tune in a normal bar pattern. Then,
disconnect the generator leads from
the receiver antenna, and place them
in close proximity to the set. If a
snowy color-bar pattern, as shown
in Fig. 5, is produced on the screen
and the bars are in sync, you can be
sure the receiver will produce a good
color picture when tuned to a sta-
tion.

Scope Checks

We've seen the screen presenta-
tions of a keyed-rainbow pattern,
useful for checks of performance
and controls. Now, let’s briefly ac-
quaint ourselves with the oscillo-
scope waveforms produced by the
generator so we can use the genera-
tor for signal tracing.

Fig. 6 is a block diagram of typi-
cal color circuits, and Fig. 7 the
waveforms for these circuits. Note
the important check points in these
circuits, and the normal signals that
should be present at each.

TP-1: You should find the com-
posite generator signal, consisting
of the horizontal-sync pulse (large
spike) and 11 bars of color infor-
mation (smaller spikes). A wave-
form taken here should be approxi-
mately 2 volts in amplitude, if fed
from the detector output (50 volts
if fed from a video amplifier). A
correct waveform indicates all cir-
cuits up to this point are okay. If
W1 is missing or attenuated, the
subcarrier isn’t passing through the
front end, IF’s, or (in some re-
ceivers) a video stage.

Fig. 3. Fifth bar magenta when the hue is clockwise.
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TP-2: Here’s the keyed pattern
fed to the chroma-bandpass and
burst-amplifier stages. Notice that
the sync pulse has been eliminated
by the small 18-pf coupling capaci-
tor. There are 11 pulses of color;
the first pulse appears during hori-
zontal-retrace time and simulates the
color-sync pulse (or color burst).
Remember, only 10 bars of color
reach the grid of the picture tube.
All bars should have the same gen-
eral amplitude—close to 1 volt, if
fed directly from the detector (6
volts if from video amplifier).

TP-3: Look for clean color bars
4 to 8 volts in amplitude. In some
receivers, as here, 10 bars are pres-
ent—the burst pulse has been keyed
out; in others, when the burst sig-
nal is permitted to pass through the
bandpass amplifier (it is keyed in a
later stage), you'll find 11 bars. The
height of all bars should be about
the same. If they aren’t, gain of the
bandpass stage(s) is changing dur-
ing horizontal scan. The result on
the screen would be poor saturation
of some color bars. Usually, a de-
fect in the bandpass grid or plate
circuit causes unequal gain.

TP-4, -5, -6: The demodulated
color-difference signals are shown
at these points. Compare these
waveforms with the CRT screen
presentation for a better understand-
ing. The first five color bars on the
screen require that the red gun be
on. Notice in W4 that the first five
bars apply a positive”signal to the
red grid; thus, conduction in the red
gun follows the signal envelope. The
remaining bars — 6 through 10 —
don’t contain red, and the red sig-
nal for those bars is nulled or nega-
tive.

Fig. 4. loss of color sync with a keyed-rainbow input.
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Fig. 5. Simulated station check; color

is in sync, but snow is present.

Let’s take a closer look, and
establish what is present when a bar
is nulled on the base line (our zero
reference). When the signal at a
particular grid is at zero, the gun
isn’t completely cut off. Rather, zero
reference means the gun is conduct-
ing only the amount it does when
no color signal is present — the
amount necessary, when combined
with the other two guns, to make a
white raster. This operating point is
set with the screen and drive con-
trols.

You'll notice the first two bars do
contain some green, even though
the signal on the green grid (W6)
is nulled (zero) on the first bar and
is slightly below zero on the second
bar.

Similarly, in W5 on the blue
grid, the blue gun conducts during
the fourth through the eighth bars—
when blue is needed on the screen.

10 COLOR
BARS

(W1) Video output
3RD BAR
 MAX IMUM

6TH BAR
ZERO
(W4) Red CRT grid

Fig. 7 Block diagram showing test points for tracing signal waveforms.
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Notice the first, second, third, and
tenth bars don’t require blue, so the
signal on the blue grid during the
period of those bars is nulled or
negative.

W6 is the color signal at the green
grid. Here, the tenth bar is maxi-
mum positive, as it should be. Of
course, some green is also necessary
for the eighth and ninth bars, and to
a lesser degree for the first, second,
and seventh bars. Although the sig-
nal on the green grid is nulled or
slightly negative during the latter
three bars, the green isn’t cut off
completely—some green is needed
for those color hues, too, and the
drive setting controls just how much
is available.

When the hue control is rotated,
the relative amplitudes of the wave-
form bars change as the color bars
on the screen change hue. For ex-
ample, on the red grid, magenta is
represented by the fourth bar, but it
can be shifted to correspond to the
third- or fifth-bar position. If a
scope is used for phasing adjust-
ments, the significant bars are those
nulled at zero (base line); the sixth
bar on the red grid, the third and
ninth bars on the blue grid, and the
first and seventh bars on the green
grid.

Summary

The color-CRT photos and scope
BURST

10 COLOR
BARS

HORIZ SYNC
NOT PRESENT

(W2) Bandpass grid

6TH BAR
MAX IMUM 8

9TH BAR
ZERO

3RD BAR
ZERO

(W5) Blue CRT grid

ART
| NELiFER

L5

o FES
[+ 8=}
s

AUE
S

TULIEE,
[e SEe i

Fig. 6. Block diagram showing test
points for tracing signal waveforms.

waveforms presented here represent
only the basic servicing procedures
using a color generator. Final oper-
ational checks on a color receiver
include: proper color rendition; con-
trol of color saturation; range of
hue-control; color-sync action; and
a simulated station check. All can
be performed in a matter of minutes
with a keyed-rainbow generator, if
you'll follow the procedures out-
lined. Concentrating on the impor-
tant bars in each pattern and wave-
form makes the performance check
fairly easy. Waveforms produced by
the color generator can be used also
for signal tracing. Locating with
your scope the stage responsible for
a loss of color, or for weak color,
is the short route to quicker servic-
ing. Know what signal should appear
where, and you’ll find color-set trou-
bleshooting far easier in the fu-
ture. A

BURST
NOT PRESENT

10 COLOR

. BARS
(W3) Demodulator grid
10TH BAR
MAX IMUM

W

15T BAR [
ZEROD |
7TH BAR
ZERO

(W6) Green CRT grid




Servicing
Industrial

Electronics
by
William H.
Lombe i

Far more quickly than most of us
realize, electronic servicing is chang-
ing from what used to be a fairly sim-
ple business to one of rather confus-
ing complexity. For almost 45 years,
we have been servicing radios and
phonos, and, more recently, we've
come to a pretty fair understanding
of b-w and color TV sets. The prob-
lem is that, no matter how fast we
move, the industry seems to move
faster; the result is a growing need
among servicemen for increased un-
destanding of more complicated
equipment. We need that understand-
ing because daily uses for radar, mi-
crowave, marine and aircraft naviga-
tional devices, medical electronics.
and other fascinating equipment means
that we will be called upon to service
this more complex circuitry—and, all
too probably, before we are ready.
This article is offered so you may ob-
tain a better understanding of what in-
struments are required for servicing at
microwave frequencies, and to pro-
vide a little food for thought. Perhaps
you'll ask yourself if youre moving
with the industry or dropping behind.

Line-of-sight microwave transmis-
sion finds many applications in today’s
communications. Typical uses for
these radar-related radio waves are
multichannel telephone carrier sys-
tems, STL (Studio-Transmitter l.ink)
applications, TV transmission systems
for CATV relays, and data transmis-
sion. In many cases, no distinction is
made between equipment for trans-
mission of video and that used for
voice and data.

The basic requirement for an RF
system in any of the above-mentioned
functions would be a bandwidth ade-
quate to pass the highest-frequency
information. For video systems, this
would normally be anywhere from
4.5 to 8 mc; for data transmission the
bandwidth requirement could be as
high as 10 mc; for multichannel tele-
phone application the bandwidth re-
quirement seldom exceeds 3.5 mc.

instruments for
cRO
ervicing

Typical Equipment

In order to describe various test
equipment used in servicing micro-
wave links, a description of a basic
system and its component parts is
necessary. The block diagram shown
in Figs. | and 2 represent only one
particular system and by no means are
intended to describe all microwave
transmitters and receivers available on
the market today.

Transmitter

Fig. | shows the block diagram of
a typical microwave transmitter. The
video or data signal applied to the
transmitter is coupled to the modula-
tor where voltage amplifiers boost the
signal to approximately 20 volts p-p.
The modulator output is capacitively
coupled to the repeller of the reflex
klystron. Output of the klystron is
RF energy which is fed directly to the
ferrite isolator, a unidirectional device
which passes signals in one direction
with approximately 2 db attenuation
and rejects signals in the reverse di-
rection by 40 db. The isolator is used

WAVE

to minimize reflections (which cause
modulation nonlinearities) due to di-
plexer, waveguide, and antenna mis-
matches. From the isolator, energy
flows past the crossguide coupler into
the diplexer filter. The diplexer filter
is a three-section, resonant, post-type
device with a bandwidth of approxi-
mately 30 mc at the Y2 db points.
From the filter, RF energy is coupled
to the antenna system through a verti-
cal waveguide run. Energy flowing
through the crossguide coupler is
loosely coupled and fed into a mixer
to obtain an AFC-control voltage.

A crystal-controlled reference oscil-
lator, at a frequency between 75 mc
and 82 mc, generates a carrier which
is then multiplied in two stages to a
frequency 100 mc removed from the
output carrier generated by the reflex
klystron. The output of the second
multiplier is fed into the above men-
tioned mixer. Mixer output is an RF
voltage in the vicinity of 100 mc. This
energy is fed into an IF-and-limiter
chassis, the output of which is of con-
stant amplitude. The IF signal fre-
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Fig. 1. Taken unit by unit, a typical microwave transmitter is simple.
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Fig. 2. The signal path through the microwave receiver is easily traced.

quency is directly related to the output
frequency of the reflex klystron. That
is to say. if the Kklystron frequency in-
creases by 1 mc, the frequency of the
IF output also increases 1 mc: the
converse is also true. Output of the
IF is fed to the discriminator chassis
where frequency shifts are converted
to voltage variations.

Three outputs are taken from the
discriminator. One is fed to a video
monitor, another is applied to the de-
viation monitor for measuring the
peak-to-peak deviation of the trans-
mitter carrier, and the other (a filtered
component of the video) is DC cou-
pled to a chopper-stabilized AFC am-
plifier. Output of the AFC amplifier
is DC-connected through the power
supply to the repeller of the klystron,
thereby completing a closed-loop fre-
quency-control system. A single power
supply supplies all system components,
including the reflex klystron. A front-
panel meter is provided to monitor
all tubes, power-supply voltages, RF
power output, and peak-to-peak devi-
ation.

Receiver

Fig. 2 shows the block diagram of
a typical microwave receiver. RF
energy from the receiving antenna is
coupled to a five-section post-type
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Fig. 3. Test setup check AG and Aé4.
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preselector, the output of which is
matched to a single-ended mixer. One
milliwatt of energy from the local os-
cillator’s reflex klystron is also cou-
pled into the mixer.

Mixer output is 75-mc energy which
is fed to a low-noise preamplifier.
From the preamp, the signal is cou-
pled into a bridged-T phase equalizer.
This equalizer compensates for phase
distortions injected by the preamp,
IF, and waveguide sections. From the
phase equalizer, the signal passes to
the IF section where amplified AGC
maintains a constant output level re-
gardless of varying RF-input levels.
IF chassis output is fed to the limiter
and discriminator chassis, where am-
plitude variations are removed by the
limiter. The output of the discrimina-
tor is low-pass filtered and connected
to an AFC amplifier. Output of the
differential-AFC amplifier is DC-con-
nected, through the power supply, to
the repeller of the local-oscillator klv-
stron, thereby completing the closed
loop for the receiver’s automatic fre-
quency control.

Video signals from the discriminator
are connected to a video amplifier
which increases their level to 1.5 volts,
a level suitable for drop-cable pur-
poses. (A drop cable is used in CATV
systems to feed each individual home.)

A front-panel meter monitors all
tubes, power-supply voltages, and the
amplified-AGC buss: the latter is used
to calibrate receiver carrier levels.

Test Equipment and Techniques

The test equipment and techniques
described here are by no means com-
plete, but should provide a good famil-
iarity with typical equipment. Other
manufacturers of microwave transmis-
sion and test equipment may employ
other methods for measuring the vari-
ous parameters of microwave links.

Differential Gain and Phase

Two parameters of prime import-
ance in video transmission are differ-
ential gain and differential phase. Sim-
ply stated, differential gain is the un-
desired amplitude modulation of an
RF carrier of one frequency, in the
presence of a second carrier of a dif-
terent frequency, due to gain varia-
tions in parts of the system. (The big-
gest offenders in any microwave link
are the transmitter Klystron and the
receiver discriminator.) Differential
phase, similarly, is undesired phase
modulation of one tone in the pres-
ence of a second tone due to phase dis-
tortions introduced by the system.
Most phase nonlinearities in a micro-
wave link occur in the IF system of
the receiver.

Two test sets commonly used to
measure differential gain and phase
are the Western Electric 47A trans-
mission-measuring system, and the
Telechrome 3508 (for differential gain
only). The block diagram of the WE
+47A test setup is shown in Fig. 3.

Output of the 47B sending unit is
adjusted for a 1 volt p-p composite-
video output using a ratio of 4 to 1
between the 15.750-k¢ and 3.58-mc¢
tones. Transmitter deviation is ad-
justed to 10 mc p-p with the pre-and
de-emphasis networks out of the cir-
cuit. Receiver output is connected to
the 47C receiving unit, and the cAL-
TEST switch placed in the GaIN posi-
tion. caL | coarse- and fine-tuning
controls are then adjusted for a 20-ua
meter reading. caL 2, 3, and 4 are ad-
justed for O-ua meter readings. With
the scope calibrated for a S-cm dis-
play. the results observed are differ-
ential gain (.2 db/em) and differen-
tial phase (10°/cm) with the caL TEST
switch in the appropriate position.

Adjustments for differential gain are
made by touching up the discrimina-
tor tuning. Adjustments for differen-
tial phase are made in the 1F tuning.
Some microwave receivers incorporate
a phase equalizer in the IF section of
the receiver, with which compensa-
tion for phase distortions in the basic
IF stages and preamp may conveni-
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Fig. 4. Scope (calibrated to .2 db/cm)
shows the differential gain of .5 db.




ently be made.

Once the link has been adjusted (re-
member, no pre- or de-emphasis with
10 mec p-p deviation), a 12-db pre-
emphasis network is inserted at the in-
put of the microwave terminal. Trans-
mitter level and gain control are left
untouched. A matched de-emphasis
network is inserted at the output of
the receiver, and the level (from re-
ceiver) is re-adjusted to I volt p-p. The
47C is recalibrated, and differential-
gain and differential-phase measure-
ments are once again performed. Typi-
cal results are shown in Fig. 4 (.5
db) and Fig. § (1.5°).

Differential-gain measurement by
the use of the Telechrome 3508 is
accomplished by using a stairstep
waveform with super-imposed burst
signal. A block diagram of the test
setup is shown in Fig. 6. Fig. 7 shows
the stairstep (10 seteps) with the 3.58-
mc burst superimposed. At the re-
ceiver output, a l-mc high-pass filter
is used to remove the stairstep, leav-
ing the 3.58-mc burst intact. The am-
plitude difference in db, from the
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Fig. 5. Scope (calibrated to 1°/cm)
shows the differential phase of 1.5°.

smallest to largest burst, is the differ-
ential gain of the system. Fig. 8 shows
the output of the 1-mc high-pass filter.
A tapering from left to right can be
observed; the measured differential
gain (AG) is 1 db.

Noise-power Ratio

An important parameter of any
data- or message-handling system is
the noise-power ratio of the link. This
ratio is a measure of the degradation
of a single channel due to the proxim-
ity of other channels in the same mi-
crowave system. The most commonly
accepted method of measuring NPR is
with a white-noise generator, band-
stop filter unit, and tuned-receiver sys-
tem. A typical test set for making this
check consists of the Marconi TF
1226B noise generator, TM 5774
band-stop filter unit, and the TF
1225A noise receiver shown in Fig. 9.
The block diagram for a typical test
setup is shown in Fig. 10.

Assuming a 600-channel link, using
single-sideband suppressed-carrier mul-
tiplex with a transmitter input level
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Fig. 6. Equipment setup for checking
A G using combination test set.

of — 35 dbm per channel, the test is
performed as follows: A 2538-kc low-
pass filter (standard frequency) is in-
serted in the white-noise generator,
and the output level set at + 11 dbm.
35 db of attenuation is introduced in
the band-stop filter unit using a cali-
brated, built-in attenuator. The signal
level into the microwave transmitter
is then representative of a single-chan-
nel test tone of — 35 dbm. Receiver
output is connected to the noise re-
cevier, and the noise-power-ratio at-
tenuator set to 20 db: a sensitivity con-
trol is adjusted for any convenient
meter reading. The band-stop filter as-
sociated with the receiver channel un-
der test is then inserted to absorb the
noise signal in that narrow slot or
band of frequencies, and the noise-
power-ratio attenuator is adjusted to
equal the reference-meter reading
noted in the initial setup: the differ-
ence in required attenuation between
the initial reading and the new read-
ing is the NPR for that particular slot.

Four commonly measured slots in a
600-channel system are 70 ke, 534 kc.
1000 ke, and 2438 kc. System specifi-
cations generally call out a minimum
NPR for the worst channel.

Combination Test Set

A useful piece of test equipment for
calibrating receiver AGC, checking
AFC, and determining discriminator
sensitivity is the 623B test set built
by the Dymec division of Hewlett-
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Fig. 7. Stairstep pattern with super-
imposed 3.58-mc color-burst signal.
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Packard. After the test set has been
allowed to warm-up and has been cali-
brated, its output is connected through
a 30-db crossguide coupler to the re-
ceiver input. With the test set attenu-
ator at zero, the receiver input level
is — 60 dbw. If the amplified AGC
buss of the receiver under test has
been properly zeroed, it is now pos-
sible to run a plot of AGC metering
vs. received carrier level. The calibra-
tion is generally taken in 5-db steps
by varying the test-set attenuator and
reading the receiver’s front-panel me-
ter. In doing this, a calibrated front-
panel meter reading is obtained
(known input power to the receiver)
such that, when the antenna is recon-
nected to the receiver, a fairly accu-
rate measurement can be made of the
receiver’s input-power level. Where an
amplified AGC buss is not used, meter
readings on each succeeding limiter
are observed.

The procedure for measuring dis-
criminator sensitivity is as follows:
With the test set in its calibrate posi-
tion and attenuation at zero, connect
-

Fig. 8. Output from 1-mc high-pass
filter shows differential gain of 1 db.

the scope to the crystal-output ter-
minal. Adjust the deviation until a
carrier notch appears at the center
of the mode pattern. The test set’s
frequency micrometer is read with
the absorption marker at each end of
the mode display and the difference
noted (this is the peak-to-peak devi-
ation). The test-set output is then fed
into the receiver through the 30-db
crossguide coupler. The scope is con-
nected to the discriminator test point,
and the peak-to-peak voltage is re-
corded. The resulting voltage, divided
by the set deviation above, is the dis-
criminator sensitivity in volts/mec.
To measure a microwave transmit-
ter's power output, transmitter output
is fed through a 30-db coupler to the
test-set RF input. The CALIBRATED-OP-
ERATE switch is left in the OPERATE
position. Power output is read directly
in dbm, and 30 db is added to the
above reading to obtain the transmit-
ter power output in dbm. An alternate
method is to read the test-set meter
directly in dbw, regardless of the fact
that the meter is in reality calibrated
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in dbm. The direct conversion is made
possible by the use of the 30-db cou-
pler.

Baseband Video Response

There are three methods whereby
the baseband video response of a mi-
crowave link may be checked: The
point-by-point method using a signal
generator and a VIVM-—this is tedi-
ous and time consuming, but yields
satisfactory results; a faster method
utilizes a multiburst signal provided
by a combination-test-signal generator.

The first step in checking the sys-
tem’s baseband response using this
type of equipment is to connect the

burst generator directly to the scope
used to observe the system output.
Scope response must be flat to at
least S me, with the burst frequencies
adjusted for equal amplitude. The gen-
erator is then connected to the input
of the link and the scope connected to
the link output (sce Fig. 8); remove
I-mc high-pass filter for this test. Care
must be taken to terminate the burst
generator and scope properly. It a 75-
ohm variable attenuator is inserted be-
tween the receiver output and the
scope input, it is possible to determine
the amplitude variation directly in db.
This is done hy noting the dp change
required in the attenuator to vary the
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Fig. 9. Technician performing white-
noise test for noise-power-ratio test.

amplitude of the greatest burst level
to that of the smallest burst level.

The limitations here arc the require-
ment of a scope with a flat frequency
response to at least 5 mc, and the use
of only six individual frequencies (.5,
[.5, 2. 3, 36, and 4.2 mc). If pre-
and de-emphasis networks are incor-
porated into the link under test. care
must be taken not to overdeviate the
klystron with the burst signals. Ex-
cessive deviation is possible since the
use of pre- and de-emphasis is based
on the fact that full-amplitude high-
frequency components do not  exist
under normal-signal  conditions as
they do when using multiburst signals.
The results of a multiburst test arc
shown in Fig. 11.

The third method of checking base-
band frequency responsc involves the
use of a video-sweep generator. an ex-
ternal detector, and an oscilloscope.
In this test. the scope requirement is
minimal: a frequency response of 200
or 300 kc is adequate. Here, again,
the first step is to connect the sweep
output to the detector and check the
basic lincarity of the sweep-detector
combination. This measurement  is
made as shown in Fig. 12. To measure
the overall video response. connect
the output of the AV-75 to the trans-
mitter input and the D-86 detector
RF In connection to the receiver out-
put.

The scope’s horizontal drive neceds
to be generated at the receiver re-

WHITE NOISE b
GEN
NIt
TUNED MICROWAVE|_(—
ROVR RCVR

Fig. 10. An equipment setup for the
white-noise power-ratio determination.
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Fig. 11.

shows
multiburst test of baseband response.

Scope six-frequency

gardless of the type (Jerrold 900A,
Jerrold 1015, Telonic SM2000, Kay
110 A, etc.) of sweep unit that is
used. For some sweeps a sine wave is
required, while others require a saw-
tooth, and still others require a pyra-
midal-shaped wave. The requirement
for generating a separate horizontal
drive is the one limitation inherent in
this measuring technique.

A typical frequency-response curve
is shown in Fig. 13. The amplitude
variation is measured by inserting 1
db of attenuation using attenuator
“B” and calibrating the scope display
at a convenient setting (generally |
db/cm). With attenuator “B” reset to
zero, the variation in system ampli-

tude is then read directly from the
scope. Attenuator “A” is used to ad-
just the level of video fed to the mi-
crowave transmitter.

Field-Strength Meter
The Jerrold 704B field strength

meter is continuously tunable from
54 mc to 220 mc with a 3 db band-
width of .6 mc and a dynamic range
of 100 uv to 3 volts. The following
checks and measurements on a micro-
wave link can be performed with the
7048B:

Measurement of peak-to-peak

deviation

AFC operation

IF output level adjustment

Antenna peaking

The peak-to-peak deviation of a

transmitter is checked as follows:
Connect the 704B to the output of
the transmitter IF chassis and note
the rest frequency of the IF carrier
(on a properly adjusted system this
should be 100 mc). Insert a 15-kc
square wave into the modulator (1
volt p-p) and adjust gain control half
way. Retune the 704B until two dis-
tinct peaks are noted, one each side
of 100 mc. The frequency difference
between the two readings is the peak-
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Fig. 12. Test setup for determining bandpass characteristic with sweep gen.

.95

Yorl

COMBO  PLUS
9.95 POSTAGE

PRECISION TUNER SERVICE
P. 0. BOX 272
BLOOMINGTON, IND.

6 MONTH WARRANTEE

__W_*,ffﬂ

1210 5. WALNUT ST,
EDISON 99653

}0:139 6 e

" !

= 'ﬂ,ev-.e

All Types T.V. Tuners Cleaned, Repaired and Aligned to Factory Specnﬁcatmns. Same day in shop
service on most Tuners. Price Includes Minor Parts, Major Parts at Cost Price. We use Original
Parts if possible. State Make Model and Enclose all Parts and Tubes. Pack Well and Insure.

ALSO HAVE LARGE STOCK OF EXCHANGE TUNERS, WRITE FOR TYPES AND PRICES.

Circle 15 on literature card




Tips for Technicians

Mallory Distributor Products Company

a division of P. R. Mallory & Co. Inc.

P.O. Box 1558, Indianapolis, Ind. 46206
= —

How to reduce
ripple In solid state circuits

Many of the new solid state circuits you’ll be working

with are line operated. This means that the power supply

has to produce just about as pure DC as possible, at

uz anywhere from 3 to 25 volts. How do you get ripple
VAC + e B

e down to the rock bottom minimum, so there’s no trace

I:[-_,I_ of 60 cycle hum in the output?

First tip: start out with a full wave rectifier. This
inherently gives you far less filtering to do than a half-
: wave rectifier. If you need up to 1.5 amperes DC, the
] simplest way to do the job is to use a Mallory Type FW
' full wave bridge circuit package. All four rectifiers are
factory-connected in this compact, encapsulated unit.
All you need to do is connect the four leadwires—
‘ AC input and DC output—in your circuit, and you’re
ready to go. You’ll save yourself some money, because

i the package costs appreciably less than four separate
i rectifiers. Or you can use a full wave center tap ... we
i 'r‘ﬂ'kﬂa‘l have packaged circuits with either positive or negative
= i: ”13’ E‘ center, also rated 1.5 amperes. And if you need higher
Type S = currents, take a look at our stud-mount and press-fit

3 amps Type VS Type V types which go up to 25 amperes.
15 amps 25 amps

Capacitors: Next tip: use a lot of capacitance. Brute force filtering
is the sure way to kill ripple. And when it comes to
packaging maximum capacity into a filter, the Mallory
line gives you a broad choice. The “mostest microfarads”
comes in the CG computer grade series, where you can
get up to 115,000 mfd. at 8 volts in standard, off-the-shelf
parts . . . dollar for dollar, the most filter for your money.
But you don’t always need this much capacitance, or
perhaps you have limitations on physical size. Then
take a look at what you can get in Mallory TC capacitors
(the horizontal mounting type): up to 1000 mid.,
at 50 volts.

( Full wave bridge rectifier N

Rectifiers:

\ “-52 .

""h.'!-“-“

Or maybe you’d prefer a vertical twist-mount type.
That’s our famous FP series. Up to 10,000 mifd. at
6 volts, or 7,500 mfd. at 25 volts in single units, and
slightly less in multiple-section types.

Your Mallory distributor carries a wide selection ready
for immediate delivery. See him soon. He’s your best
source for everything that’s best in electronic components,
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to-peak deviation of the transmitter.
Another approach is to set the field-
strength meter to a given frequency
(say 103 mc), and adjust the gain
control until a peak is noted. The peak
below 100 mc should now be found
at 97 which indicates a p-p deviation
of 6 mc.

The same test may be performed
by using a sine wave, with the excep-
tion that sharp. distinct peaks will not
be noted. but rather two peaks sepa-
rated by a shallow valley. If an at-
tempt is made to measure deviation
during transmission of video which is
constantly varying in level, the meas-
urement becomes more difficult.

AFC operation of a transmitter or

receiver may be checked in the fol-
lowing manner: Note the undeviated
rest frequency of the IF carrier; turn
the AFC off and introduce some error
by manually varying the repeller volt-
age. (A 10-volt change is adequate
for this test.) Turn the AFC on and
observe that no retuning of the 704B
is necessary to obtain the same read-
ing that was observed before the AFC
was turned off (before the error was
introduced). This is by no mecans a
rigorous test and will not show the
transmitter to be on frequency within
the tolerance of =.005% : it will dem-
onstate only that the AFC circuitry
is functioning properly.

As a tuned voltmeter, the 704B is

easily service
transistor
radios...and
make money!

with Exclusive
Dyna-Trace Single-Point Probe and Built-in Metered Power Supply and VTVHM.

Chack aff cinouits - Pinpoirt any thouble . .. in iz

This is the way to profit from transis-
tor radio servicing. There’s no hit or
miss, no waste of time and work. The
B&K 960’ Analyst gives you a com-
plete transistor radio service shop in
one easy-to-use instrument. It provides
signal-generator, power supply,
milliammeter, VIT'VM, battery tester,
ohmmeter, and both in-circuit and out-
of-circuit transistor tester—all in one.
Also speeds servicing of tube-type
radios. Brings you new customers, and
new profit. Net $9995

Unique Point-to-Point Signal Injection
Easily enables you to troubleshoot any stage
of any transistor radio—fast.

Built-in Metered Power Supply

Makes it easy to operate radio under test.
Provides from 1 to 12 volts in 1% voit steps.
Supplies bias taps.

Simplifies In-Circuit Transistor Test
Dyna-Trace single-point probe needs only
the one contact to transistor under test.
Gives fast, positive meter indication.
Built-in VTVM

Includes essential high-input-impedance
vacuum-tube voltmeter for correct servicing.
Test All Transistors Out-of-Circuit

Meter has ‘‘good-bad'’ scale for both leakage
and beta; and direct-reading beta scale.
Also automatically—determines NPN or
PNP. Meter is protected against accidental
overload and burn-out.
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used to adjust the output level of the
receiver's IF stages to a level of .7
volt rms with an undeviated carrier.
If the link is carrying video traffic,
the IF-output level is adjusted to .55
volt rms (2 db lower than .7 volt
rms). The above mentioned check on
deviation and AFC action can be
made in the link receiver if the trans-
mitter AFC system does not employ
an IF chassis.

The 704B tuned to the IF carrier
frequency serves as a useful instru-
ment for the final peaking of the an-
tenna system. The procedure here is
to insert a 6 db. 75-ohm resistive
splitter between the waveguide mixer
output and the preamplifier input. The
third terminal of the splitter is con-
nected to the field-strength meter. The
704B reading should be in the vicinity
of .5 mv rms for a received carrier
level of — 65 dbw. Because the 704B
is a linear device. any improvement
in antenna alignment will be clearly
noticeable and not reduced in magni-
tude as is the case with the logarith-
mic-like characteristics of the ampli-
fied AGC buss.

On systems where the connection
from the mixer to the preanmyp is not
available at a 75-ohm impedance level.
sttmilar results can be obtained if the
splitter and 704B can be connected
between the preamp and main IF.
Best results will be obtained if the
AGC buss does not include the pre-
amplifier.

Much of the information presented
in this article is of a fairly high tech-
nical level. and many terms used are
probably unfamiliar to service tech-
nicians for whonm microwave equip-
ment is a new experience. In order
to avoid constant editorial interrup-
tions for the purpose of explaining
terms. however, thev have been left in
context with the expectation that many
general nieanings may be deduced
from their repeated use in familiar
setups. Remember that whether or not
vou decide to enter the field of micro-
wave servicing, you owe it to your
profession, and to yourself, to up-
grade constantly vour knowledge of
clectronics. A

Fig- 13 Video-bandpass response mark-
er is at 8 cm. lower trace 1 db dn.
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DELUXE B&K
T e —— MODEL 1076 B&W and COLOR
transmits B&K patterns or your own TELEVISION AN ALYST

pictures onto TV screen

It’s like having your own TV station! You can inject w?:th C?‘ystal-controlled Ke?/ed Rainbow COZOT Dlsplay

your own TV signals at any time, at any point—and and Highly-Stable Horizontal Oscillator Sync
quickly solve tough dogs, intermittents, any TV
trouble, as you watch the generated test pattern on
the raster. Checks any and all circuits in any stage

throughout the video, audio, r.1., i.f., sync and sweep 7 g

sections of the TV set. No external scope or wave-
form interpretation is needed. And if you wish, you
can transmit your own slide-pictures.
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AUDIO FACTS

By George M. Frese

A friend of mine recently pur-
chased a hi-fi kit. When he com-
pleted the assembly and turned it
on, he was quite pleased with the
sounds he heard. His enthusiasm led
him to ask me over to hear his new
system. As we both listened, we
agreed it sounded fine.

Then I suggested it might be fun
to put the system through perform-
ance tests to see how such a good-
sounding system would measure up.
To our surprise, there was a 50-kc
oscillation that was producing 4%
harmonic distortion and —25 db of
extraneous hiss noise, besides re-
ducing the output power.

The 50-kc oscillation was easily
cured by rerouting some wiring,
which reduced the harmonic distor-
tion to .3% and the extraneous
noise to —60 db, and considerably
increased the output capability.
Once again we put music through
the system, and were astonished at
how marvelous it sounded. By com-
parison, the original sound we had
thought to be so fine was actually
not very good at all. We had proved
definitely that a listening test is not
an adequate check for a high-quality
audio system. This article will deal

w1

Fig. 1. Typical test setup for measuring
frequency response of audio system.

50 PF REPORTER/March, 1965

with testing and measuring in audio
systems, for the purpose of evaluat-
ing them and deciding what im-
provements can be made.

Characteristics to be Considered

To be sure that an audio system
is functioning properly, we need to
evaluate several of its performance
characteristics. Characteristics that
affect the ear are frequency re-
sponse distortion due to amplitude
nonlinearity, extraneous noises, and
sometimes the operating power out-
put.

There are other characteristics
important to the installation and op-
eration of an amplifier, but they do
not directly affect listening. For ex-
ample, it may be of importance that
the input impedance is 250 ohms,
but the exact value of this imped-
ance does not seriously affect the
quality of the sound. Other such
noncritical  characteristics include
power consumption, output imped-
ance, output power capacity, over-
all gain, and parts ratings.

Frequency Response

Frequency response is a measure
of how well an amplifier passes all
frequencies fed into it. Frequency
response is measured in relative db,
using 1000 cps as the reference or
0-db frequency.

-How does it affect listening? As
an example, if the low-frequency
register seems weak to the ear, it

might be that 100 cps is — 6 db; or,
if the music sounds too shrill, per-
haps 5000 cps is +6 db. It is gen-
erally considered that an overall
broad, flat response produces the
most natural sound reproduction—
that is, a system which passe: all
frequencies equally. A perfectly flat
response from 20 to 20,000 cps is
broad enough for most audio re-
quirements.

There are instances where a
broad, flat response is not desirable.
For high-quality broadcasting, an
overall flat response is desirable; but
systems of pre-emphasis and de-em-
phasis are often used in intermedi-
ate steps of the transmission system.
For example, a disc recording is re-
corded with the high frequencies ac-
centuated (emphasized) and the low
frequencies attenuated (de-empha-
sized). Then on playback, the pre-
amplifier boosts bass and attenuates
high-frequency response so the over-
all sound becomes flat in frequency
response. This same general process
is used in FM and broadcasting in
the aural part of TV. Therefore the
audio section of an FM or TV re-
ceiver will have high-frequency de-
emphasis in order for the overall
sound to be reproduced with fidelity.
These factors are mentioned because
if there is pre-emphasis or de-em-
phasis in the system, it must be
taken into account in testing.

The equipment needed for re-
sponse measurements is as follows:
Audio oscillator that is variable over
the spectrum, associated pads,
matching transformer, and audio
voltmeter (see block diagram in Fig.
1). Set the oscillator frequency to
1000 cps and adjust the oscillator so
that the signal level into the audio
system is approximately the same as
during normal operation. Whatever
the output meter reads can be con-
sidered as zero db. Then shift the
oscillator frequency to the next test
frequency, adjust the oscillator out-
put for the same input level as was
used at 1000 cps, and record the
output reading in db above or below
the 1000-cps reference. You will get
a good idea of the response of the
system by checking the following
frequencies: 30, 100, 1000, 5000,
and 15,000 cps. You can check any
other frequencies that appear from
these tests to be in need of study.

There are other signal sources,
such as tone records or tone tapes,
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a sweep tone generator, and sweep
records or tapes; however, the meth-
od described here is simple and
straightforward.

Should the response appear to be
incorrect, the oscillator output lead
can be moved a stage at a time,
keeping its output level appropriate,
or the output meter can be moved
backward a stage at a time. (The
best type of meter for this purpose
is an audio harmonic-distortion me-
ter, used on the NOISE position.)
By this method of stage-by-stage
isolation, the exact section produc-
ing improper response can be lo-

cated, and correction can be made.
Amplitude Distortion

The word distortion refers to
sounds that are not reproduced ex-
actly like the original. They can be
caused by amplifier nonlinearities,
by poor frequency response, or by
phase shift. Because it is most com-
mon, distortion caused oy nonline-
arity is what we’ll discuss here. Am-
plitude distortion is the instantan-
eous deviation from the original in-
put shape, as depicted in Fig. 2. If
there are serious nonlinearities in the
amplifying system (all systems have
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Fig. 2. Example of amplitude distortion.

some), two types of distortion will
result—harmonic distortion and in-
termodulation distortion.

Harmonic distortion can be ex-
plained as follows: Suppose a pure
sinusoidal tone (say 400 cps) is fed
into the system. If there is any har-
monic distortion in the system, the
output will contain additional fre-
quencies of various amplitudes, de-
pending upon the type and amount
of nonlinearity. The frequencies
newly generated by the distortion
process will be whole-number multi-
ples of the fundamental—such as
800, 1200, 1600, 2000. . . . n cps.

Intermodulation distortion is ex-
plained as follows: Two pure fre-
quencies are fed into the system
(say 400 and 1000 cps). In a non-
linear system, the output will now
also contain new frequencies equal
to the sum and the difference of the
two input frequencies, or 1400 and
600 cps. Thus, for first-order dis-

tortion products, we have 800,
1200, 1600, 2000. . . . n; 2000,
3000, 4000, 5000. ... n; and 1400

and 600 cps. Third-order intermod-
ulation products might be 1200 +
2000 = 3200 cps, etc. This sort of
distortion produces many combina-
tions in the third order, but there is
no need to be concerned about them
— if second-order products are
10%, the third order will be only
1%. Second-order products will be
so undesirable, the smaller third
order will go unnoticed.

There are many ways intermodu-
lation distortion can be measured.
For example, we might feed in 700-
and 1000-cps tones, cancel 700 and
1000 cps from the output, and tune
a measuring instrument to 1700 cps,
300 cps, or both. The rms ampli-
tudes of 1700 and 300 cps can be
presented as a percentage of the rms
value of the original 700- and 1000-
cps signals.

A simpler method is to measure
harmonic distortion. This requires
an audio oscillator connected into
the system and a harmonic-distor-
tion meter bridge across the output
(see Fig. 3). In the meter, the




convergence and color adjustments
are easier, faster, more accurate!

B&K MODEL 1240
LOW PRICED PORTABLE
CO OR GENERATOR

with crystal-controlled keyed rainbow color display!

Thinnest Horizontal Lines! Smallest Visible Dots!
(Just one raster scanning line thick)

Simplifies In-Home (or Shop)
Color TV Set-Up and Servicing

You're the color TV expert when you use the €“1240.”
You have the advantage of B&K quality —with features
not avatlable before at such surprisingly low cost.

Provides crystal-controlled keyed rainbow color dis-
play on TV screen to test color synec circuits, range of hue
control, and align color demodulators. Shows ability of
TV receiver to display color values.

Provides dot pattern, crosshatch, horizontal and ver-
tical lines. Highly stable crystal-controlled count circuit
with small-step count assures greater reliability and sta-
bility of color, dots, and lines. All horizontal lines and

only

1942

dots are just one raster scanning line thick. Lines begin
off-screen and end off-screen, with no break in line.
Dot brightness is adjustable with easily accessible
control. Chroma Level Control simplifies color syne
trouble-shooting.

Operates on channels 3, 4, and 5, and adjustable with-
out removing cabinet. No connection inside TV set is
needed. Power transformer operated and line isolated to
prevent shock hazards. Operates reliably on 105-125
VAC, 60 cps. (Color Gun Killer is available as optional
accessory.) Extreme lightness and portability (9 lbs.)
make it ideal for in-home servicing.

B&K MANUFACTURING CO.

DIVISION OF DYNASCAN CORPORATION
1801W . BELLE PLAINE AVE.-CHICAGO, ILL. 60613
Canada: Atlas Redio Corp., 53¢ Wingold, Toronto 19, Ont,
Export: Empire Exporters, 123 Grand St., New York 13, U.S.A,

wee it af your B&R Distribmior
or Write for Bulletin AP21-R

irc ] re card
Gl S March, 1965/PF REPORTER 53



3 WAYS
T0 BIGGER

- CARTRIDGE
PROFITS!

1. More “look-alike" exact replace-
ment models than any other brand.
Over 350 needles, 225 cartridges.

2. Easy-to-use reference material.
E-V computer-printed catalogs make
proper needle/cartridge selection easy,
fast and accurate.

3. Highest standards. Rigid quality
control and inspection cuts call-backs,
gives full value to every customer.

Stock and sell E-V needles and cartridges
for more profits. Pick up your
FREE replacement quide al your nearby
Electio-Voice distiibulor today!

ELECTRO-VOICE, INC.
Dept. 357R, Buchanan, Michigan 49107

EleiioYoree

BETTING HEW STAMDARDS IN SOUND

Circle 22 on literature card
54 PF REPORTER/March, 1965

fundamental frequency is cancelled
out completely in a bridge circuit,
leaving the meter to read the rms
value of unwanted harmonic energy
that has been developed.

When the harmonic reading is ob-
tained, the input oscillator is shut
off. The remaining reading is not
distortion, but is extraneous noise
generated within the amplifier. An
oscilloscope connected to the output
of the distortion meter will help ana-
lyze the type of distortion or extra-
neous noise present in the system.

If harmonic distortion is below
3% to 5%, you need not be too con-
cerned for intermodulation distor-
tion will usually be quite low, as
you can see in the chart of typical
values in Fig. 4. An excellent audio
system can be below 19 distortion
and it is even practical to find dis-
tortion in ordinary audio amplifiers
as low as .25%.

Extraneous Noise

Extraneous noise has already
been discussed partially along with
amplitude distortion. Noise is gen-
erally considered to include all sig-
nals in the output that were not part
of the input signal.

It is measured by inserting an
input signal of 1000 cps, then set-
ting the gain of the system so the
output is normal. The noise meter
is adjusted to read 100%. Turn oft
the input signal, turn up the noise-
meter multipliers until a reading is
obtained. The reading can be either
in % of 100 or in db below 100%;
the db reading is more common. A
hi-fi system should read at least
— 60 db of noise whereas —45 db
is acceptable for some purposes.

A scope will show what type of
noise is present. Three types of
noise are common, and a fourth is
possible. Hum (60-cps) is the most
common, and can be injected into
the system in so many ways it would
require another article the length of
this one to deal with the subject. The
cause of 120-cps power-supply hum
is a little more definite; it is usually
caused by inadequate or defective
power supply filters, but can some-
times be traced to magnetic coupling
between audio and full-wave power
transformers. Thermal hiss is next in
probability of occurrence; the com-
mon cause of thermal noise is with-
in a tube, but it could be caused by
a bad resistor or leaky capacitor.

TRANSFORMER

AUDIO 12 ™ AUDIO SYSTEM AP 3
OSCILLATOR i [° UNDER TEST T

SCOPE
DISTORTION
METER

Fig. 3. Typical test setup for meas-
uring distortion; checks noises, too.

Too weak an input signal for some
“tube might be the cause—such as a
low-level pickup feeding a high-loss
equalizer before any amplification
takes place.

Power Output

Any audio amplifier has a rated
amount of power it is expected to
deliver undistorted. Then there is a
higher rating of power that is re-
quired only occasionally or is built
into the system as a reserve. Much
can be learned about the condition
of an amplifying system by measur-
ing its output capability at its rated
distortion.

Power measurements are rela-
tively simple to make. There are
audio output power meters available
that read audio power directly. Usu-
ally, however, an AC voltmeter such
as the AC range of a service-type
VOM or VTVM is adequate, pro-
vided only one frequency (1000 cps,
preferably) is involved; a resistor of
the correct output impedance and
wattage rating is connected across
the output, and power computed
from the formula P = E*/R.

Output power is increased until
the distortion reaches its rating. The
rms voltage is read on the meter and
power determined by the formula.
That power is the capability of the
system.

Input and Output Impedance
Usually the input and output im-

INTERMODULATION
DISTORTION

HARMONIC
DISTORTION

PERCENT DISTORTION

% 50 7% 100
RELATIVE VOLTAGE OUTPUT

Fig. 4. IM vs H curve for push-pull amp.
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