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PREFACE

A test instrument is the serviceman’s best friend. Properly applied, it will
tell him when a set is defective, why it is defective, and even where it is defective.
But like every other friendship, a certain amount of mutual understanding must exist.
In this instance, since the instrument cannot think for itself, it must rely on its
service companion to do its thinking for it. An instrument will do great things if it
is permitted to do so; it will do little or nothing, and may even confuse, if it is not
properly understood.

It is the purpose of this book to promote a full understanding between test
instruments and their service friends in the conviction that from such an under-
standing will arise a more alert, a more aggressive, and a more successful service
industry.

January, 1953 Milton S. Kiver



PUBLISHER'S NOTE

To further enhance the useability of this, the second
printing, of "How to Understand and Use TV Test
Instruments', full page size illustrations of test
equipments referred to in the text material have been
included. Specific features of these popularly em-
ployed instruments will be more readily apparent.
Text material remains identical to that of the first
printing.
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H someone were to ask which instrument in the
radio or television shop is the most useful, the ans-
wer would undoubtedly be - the VTVM, or vacuum-
tube voltmeter. With this meter in its most basic
commercial form, volts (AC and DC) and ohms can be
measured. Provision for measuring current may be
available also, but in the lower priced units, this
feature frequently is omitted. By the addition of
suitable probes,a VTVM can be employed to measure
high-frequency voltages up to several hundred meg-
acycles.

The usefulness of the VTVM lies in the fact
that most of the work in servicing is centered about
voltage and resistance measurements. When a stage
in a receiver becomes defective, the first step nor-
mally taken consists either in checking the tube or in
substituting another one. If the trouble does not lie
within the tube, then usually voltage measurements
are made next, followed in turnby a resistance check.
Thus, two out of the three servicing steps most
frequently taken are made with the VITVM. In add-
ition, as will be discussed in some detail later, there
are a variety of other jobs which this instrument can
perform. These range all the way from aligning an
FM discriminator, to the tracing of a signal through
a television receiver. The VTVM is truly an instru-
ment that keeps the serviceman in business.

For a number of years, there were no popular-
priced vacuum-tube voltmeters and the only compar-
able instrument available to the serviceman was the
so-called multimeter, or multitester. In fundamental
scope of usefulness, the multimeter performs as
many functions as the VIVM. That is, it will meas-
ure AC and DC volts, current, and resistance. These
meters are still very much in use today, but the
VTVM, because of its higher input impedance, its
ability to function at very high frequencies, and its
greater sensitivity, has generally replaced the multi-
meter as the primary test instrument in the service
shop. While the discussion in this section is com-
pletely devoted to the vacuum-tube voltmeter, many
of the applications outlined can be performed with a
multimeter, especially one possessing a 20,000 ohm
per volt movement. Cheaper multimeters utilizing

section

one

The Vacuum-Tube Voltmeter

1,000 ohm per volt movements are more limited in
application. For example, they cannot be used in low
voltage, high impedance circuits, nor are they suitable
for measuring high voltages when the current drain
must be kept low.

OPERATION OF THE VIVM

There is no denying the fact that when a man
understands the operation of an instrument he is call-
ed upon to use, his results will be more accurate and
his applications more extensive than without this
knowledge. Toward that end, we will try, as far as
space will permit, to indicate the basic operation of
the various types of instruments described in this
book. For information concerning the circuit or
operation of any specific instrument, reference to
instruction manual of that unit is suggested.

The basic circuit which is most widely em-
ployed in vacuum-tube voltmeters is the balanced
bridge circuit shown in Figure 1. The current through
each tube flows in the path indicated by the various
arrows. Thus, for V1A, the current (I;) flows fromthe
plate through part of R3 to B+ and from ground
through R1 back to the cathode of the tube. This
current, in flowing through R1, develops a certain
voltage drop which places point A at some positive
value above ground.

Now, if the grid of V1A is grounded (to place it
at the same potential as the grid of V1B), then we
might expect the potentials at points A and B to be
equal and no current would flow through meter M. If
the currents in both paths are not identical, then
some difference in voltage will exist between points
A and B. In this case, current will flow through
meter M and its needle will deflect. To "zero the
meter” and thus bring about a balance between both
branches of this circuit, variable resistor R3 is
provided. Through its adjustment, the currents
through V1A and V1B can be varied until points A
and B possess identical positive potentials. R3 is the
knob on the front panel of the VTVM which is labeled
""Zero Adjust".

7
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Figure 1. The Basic Circuit of a Modern VTVM.

To employ this circuit for the measurement of
voltages, a voltage is applied between the grid of V1A
and ground. If this voltage is positive, the current
through V1A will increase, and point A will become
more positive than it was. Point B, on the other
hand, will remain unchanged since the grid of V1B
is grounded.

With a very definite difference of potential ex-
isting now between point A and point B, current will
flow through meter M from B to A. Just how much
current will flow will depend upon the value of voltage
applied to the grid of V1A. Consequently, the meter
dial can be calibrated directly in volts.
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Figure 3. A Voltage Divider Network Across VITVM
Input.
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Figure 2, The Front Panel Controls on a Typical
VTVM. Courtesy of Hickok Electrical Instrument Co.

When a negative voltage is applied to the grid
of V1A, the currect through this tube decreases,
causing point A to become less positive and now
current will flow through meter M from point A to
point B. This will force the meter pointer to move
from zero toward the left. Since on most instruments
the zero position is already as far to the left as the
pointer normally goes, applying a negative voltage to
the VIVM would drive the pointer off scale. To
overcome this limitation, we may either reverse the
test leads or incorporate a switch which will accom-
plish essentially the same thing by reversing the
meter connections.

This switch is known by a variety of names, but
the most widely used is +DC and -DC. See Figure 2.

In order to permit the VITVM to measure a
variety or range of voltages, a voltage divider circuit
is placed across the input to the meter, as shown in
Figure 3. The total value of the resistances in this
string is 50 megohms and for the voltage ranges
shown (i. e., 1 volt to 1,000 volts), 50 megohms in
the input impedance of the VITVM. With an input im-
pedance this high, it can readily be appreciated why
the VTVM scarcely disturbs the circuit into which it
is connected to measure voltages. This is one of the
major advantages of the VTVM.

The smallest voltage which will give full scale
deflection of meter M is 1 volt (in this arrangement).
In practice, this will vary with the instrument, with
other common values being 3 and 5 volts. When the
meter is to measure voltages of 1 or less, the right
hand switch is rotated to the line marked 1V. Figure
3 shows the schematic diagram for this condition and
Figure 4 illustrates the settings of the switches on
the front panel of a suitable VIT'VM. The right-hand
range switch is set to the 1V. position and the left-~
hand function switch is set to +DC.V. The common
lead of the meter (coming from the terminal marked
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Figure 2. The Front Panel Controls on a Typical VT VM. (Model 215, Courtesy of Hickok

Electrical Instrument Co.)
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Figure 4. The Simpson Model 266 VTVM Set up to Measure Positive DC Voltages of 1 Volt or
Less. Pay Particular Attention to the Range and Function Switches. (Courtesy of Simpson
Electric Co.)
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Figure 5, VTVM of Figure 4 Set up to Measure Voltages up to 500 Volts DC. Nothing Has
Changed Except Setting of Range Control. (Courtesy of S8impson Electric Co.)

8B



RANGE SWITCH -

SET TO IV
RANGE

FUNCTION SWITCH !

Figure 4. The Simpson Model 266 VTVM Set up to
Measure Positive DC Voltages of 1 Volt or Less. Pay
Particular Attentiontothe Range and FunctionSwitches.
Courtesy of Simpson Electric Co.

"Common") is connected to the negative side of the
voltage to be measured and the DC probe is touched
to the positive side of this voltage. (In most instances
the negative side is the circuit chassis, although in
transformerless sets the chassis need not be B-.)

If the voltage to be measured had been negative
with respect to ground or to the chassis, the meas-
urements could have been accomplished in one of two
ways.

1. Connecting the voltage probe to ground or
chassis and using the common lead as the probe.

2. Or, the leads could have been employed as
they normally are, but the meter reversing switch
changed from +DC.V. to -DC.V. This is the preferred
method.

To measure voltages greater than 1 volt, the
right-hand selector switch of the meter would be
turned to the proper scale. Thus, Figure 5 illustrates
how the meter would be set up to measure voltages
up to 500 volts. Actually nothing has been done ex-
cept to rotate the range switch so that it now points
to the 500 volt marking. Measurements are made
using the DC probe and the common lead in exactly
the same manner as previously outlined. It's as
simple as that.

The selection of the proper voltage scale to
make a certain measurement frequently puzzles the
beginner. The best scale to use is the lowest one
which permits you to obtain a reading without having
the needle go off scale. However, when you first
start to measure an unknown voltage, use the highest
meter scale available. Generally this means 1,000
volts unless you have reason to believe that the volt-
age is even higher than this. In most television re-

THE VACUUM-TUBE VOLTMETER
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Figure 5. VTVM of Figure 4 Set up to Measure Volt-
ages up to 500 Volts DC, Nothing has Changed Except
Setting of Range Control. Courtesy of Simpson Elec-
tric Co,

ceiver circuits (excepting the high voltage circuit)
the DC values seldom exceed 400 - 500 volts.

A zero adjust control is provided on the front
panel of vacuum-tube voltmeters to enable the oper-
ator to balance the meter bridge circuit and to com-
pensate for any changes that may have occurred to
upset this balance. After the meter has been placed
in operation (by turning on the power) and the circuit
selector switch turned to the desired voltage meas-
uring position, the "Zero Adj." knob should be rotated
to the right or left until the pointer is directly over
the zero indication on the meter scale. When making
this adjustment, the DC probe and the common lead
are shorted together. This is to prevent the probe
from picking up stray voltages and causing the meter
to give a false indication. This is especially impor-
tant when the lowest DC scale is to be used.

The zero adjustment should be checked when-
ever the range is changed. A number of vacuum-tube
voltmeters contain provision for placing the needle at
the center of the scale. Internally this is accom-
plished by unbalancing the bridge circuit until the
current flowing through the meter moves the needle
to the mid-point of the scale. See Figure 6. If the
VTVM is now employed to measure voltages, it will
be found that applied positive voltages will cause
the meter needle to swing to the right of center and
negative voltages will swing it to the left of center.

Zero center reading vacuum-tube voltmeters
usually have a separate small scale on the dial face
marked with zero in the center. Whether or not this
particular scale contains any markings is usually
unimportant since the meter in the "Zero Center"
position is not employed to indicate specific voltages,
but merely to reveal whether the circuit under test
is balanced. This is illustrated by a discriminator

9
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Figure 6. A VTVM With a Special Zero Center Scale.
Courtesy of Hickok Electrical Instrument Co.

where a balanced condition will result in a zero cen-
ter indication while an unbalanced condition will cause
either a positive or negative deflection. This partic-
ular application will be considered in detail ina
subsequent section.

AC VOLTMETER -

The measurement of AC voltages with a VTVM
is based on the rectification of the AC voltage by a
rectifier (usually a diode but sometimes a copper
oxide rectifier), and the subsequent application of
this voltage to the grid of the input triode of the
bridge, causing the bridge circuit to function. In the
AC position, the meter will indicate the rms value of
the voltage.

A simplified schematic of the AC voltmeter
circuit of a VT VM is shown in Figure 7. The AC
voltage is applied to a diode where it is rectified and

TO INPUT

TERMINALS OF
BRIDGE CIRCUIT
T0 LV Y9006 CFIG.1)
BLOCK OUT

DC—— R0l

Figure 7. A Simplified Schematic of the AC Voltmeter
Circuit of a VTVM.
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Figure 8. To Counteract the Negative Potential de-
veloped by the Contact Potential, a Small Positive
Voltage is Fed Into the Circuit.

converted into pulsating DC. This voltage is then
applied to the control grid of one of the bridge triodes
through the appropriate resistors in the input voltage
divider string. The voltage is indicated on the VTVM
meter in the same manner as an applied DC voltage.
Additional filtering is provided by R1 and C1.

When a diode tube is used for the rectification
of the AC voltage, an additional internal adjustment
is required. A diode tube will be found to conduct
current even with no voltages applied to the plate or
cathode, but with the filament heated. This minute
current flows from cathode to plate of the diode,
through the external resistors to ground and thence
back to the cathode again. See Figure 8. The voltage
developed across the resistors will be negative with
respect to ground and is known as the contact poten-
tial. To counteract this negative voltage, an equiva-

Figure 9. An AC Probe Which Contains the Rectifier
Diode, Courtesy of Hickok Electrical Instrument Co.
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Figure 6. A VTVM with a Special Zero Center Scale. (Model 209A, Courtesy of Hickok Elec-
trical Instrument Co.)
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lent positive voltage is taken from the power supply
and fed into the circuit. The adjustment of this
positive voltage is made in the factory and should not
be required in the field.

The rectifier diode may be contained in a spec-
ial probe (such as the unit shown in Figure 9) or it
may be situated within the instrument case and a
conventional test prod or probe* used for the AC
measurements. In some meters there is a separate
plug-in jack to which AC voltages are applied and a
separate plug-in jack to which DC voltages are
applied. In other models, both voltages are brought
in through the same terminal. See Figure 10A. Note,
however, that in all vacuum-tube voltmeters the
range switch has a separate position for the AC and
a separate position for the DC.

The measurement of AC voltages follows ex-
actly the same procedure as that of DC voltages. The
only precautions to observe is that the proper probe
is being used and that the selector switch has been
shifted from DC volts to AC volts. See Figure 10B.

The zero adjustment should be checked on all
AC ranges just as it was on all DC ranges.

It may be noted in passing that whenever a
VTVM is capable of measuring AC voltages beyond
1,000 volts (approximately), that it contains separate
pin jacks towhich this higher voltage must be applied.
Thus, in Figure 4, there is a separate terminal for
all AC voltages beyond 1,000 volts (1,000 - 5,000
volts). The unit in Figure 6 has a separate jack for
AC volts from 300 to 1,200 volts. (The pin jack is
labeled 1,200 volts AC but this represents the highest
AC voltage which can be measured.)

* The names '‘test prod"” and "test probe," or just
plain "prod" and "probe,” are used interchangeably
by most instrument manufacturers and by service -
men. This same practice will be followed here.

Figure 10A. A VTVM in Which AC and DC Voltages
are Fed to the Same Terminal. Courtesy of RCA.

THE VACUUM-TUBE VOLTMETER

Figure 10B, An Eico VTVM Instrument is Set up to
Measure AC Voltages. Note: Function Switch is Set
to AC Volts Position; Setting of Range Switch is de-
pendent on Voltage to be Measured. Courtesy of Eico.

PEAK-TO-PEAK READINGS. In servicing the
deflection systems in a television receiver, it is
frequently necessary to measure the peak-to-peak
value of the voltages developed. To accomplish this,
some vacuum-tube voltmeters contain a voltage
doubling circuit of the form shown in Figure 11A.
The peak-to-peak value of the applied voltage is
developed across C2 in the following manner:

Assume that the positive half-cycle of the
applied wave is present at the input terminals to the
meter. Under these circumstances, current will flow
from the cathode (Pin 5) to the plate (Pin 2) and
thence to the right-hand plate of Cl. An equivalent
number of electrons will then flow from the left-hand
plate of C1 through whatever circuit is attached to
the input terminals of the meter and down to ground.
From ground the electrons will flow back to the
cathode (Pin 5) of the tube again. In this current
flow, C1 will have developed across it a voltage equal
to the peak value of the positive half of the applied
voltage, regardless of its wave shape.

During the following negative half-cycle of the
applied wave, the polarity across the input meter
terminals is reversed. See Figure 11B. If we now
compare the polarity of the voltage across Cl with
the negative polarity of the applied voltage, we see
that they are in series with each other. Further
tracing shows that the most negative end of the two
series voltages is applied to the cathode of the second
diode (Pin 1 in Figure 11B), while the most positive
end of the series voltages is at ground potential.
Since the plate of the second diode (Pin 7) is essen-
tially connected to ground through capacitor C2, we
have a situation here where current will flow through
this second diode, charging C2 to the peak potential
of both applied voltages. Then, whatever voltage is
developed across C2 will be applied to the voltage
divider chain and from the appropriate point on this

11



THE VACUUM-TUBE VOLTMETER

/ 05
MFD 2

APPLIED

VOLTAGE

\ 6ALS

———=°_ T0 BRIDGE
I CIRCUT

Figure 11A. A Voltage Doubler Circuit for Peak-to-
peak Measurements. The Positive Peak Voltage
Appears Across Cl. See Text.

string fed to the control grid of one VIVM bridge
tube.

It is important to note again that the arrange-
ment shown in Figure 11B will provide an indication
of the peak-to-peak value of the input wave, irres-
pective of its shape. This is most important because
the rms or average value of a wave will change with
its waveform and any peak-to-peak value obtained by
relying on rms or average values will be incorrect
unless the meter is calibrated for that particular
wavéshape and the waveshape is kept constant for all
measurements (which it very seldom is).

When a2 VTVM is equipped to measure peak-to-
peak values of any wave, it will usually have a sep-
arate selector switch position (or perhaps a separate
probe other than the normal AC probe) for it. See
Figure 6. Be sure to set the switch to this position.
Also check to see whether the meter contains a sep-
arate peak-to-peak scale. Some units do, some do
not. Where there is no separate scale, simply use
the existing AC scale. The value indicated by the
needle for any applied voltage will be the full peak-
to-peak value of that wave.

As an illustration of the procedure to follow
when using the instrument of Figure 6 to measure
normal AC voltages and peak-to-peak voltages, here
are the instructions as given by the manufacturer.

. ©.
-~

.05

APPLIED
voLTAGE  6ALS

Figure 11B. The Full Peak-to-peak Voltage Is Devel-
oped Across C2, See Text,
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A. For measuring normal AC voltages (i. e.,
to obtain rms values):

1. Turn the "Power" switch ON.

2. Connect the AC probe to the outlet pro-
vided for it.

3. Connect the black unshielded test lead to
the "GND" jack.

4. Turn the "Function Selector' switch to
VOLTS AC.

5. Turn "Circuit Selector’ switch to
NORMAL.

6. Turn the "Range" switch to the range
which will cover the voltages to be meas-
ured. If this is unknown, choose the highest
range.

7. Check the meter for zero setting. Ad-
just to zero with the "Zero Adjust" control.

8. Connect the AC probe and the black test
lead to the voltage to be measured.

9. Read the numerical value trom the scale
directly and apply the multiplying factor
for the position of the ""Range!' switch.

B. For measuring peak-to-peak voltages:

1. Procedure for AC peak-to-peak meas-
urements is identical to that outlined above
with the exception of Step 5 which, in this
case, should be changed to "Peak-to-Peak."

On some vacuum-tube voltmeters there is no
special probe or selector switch position for peak-to-
peak voltages, but still a separate peak-to-peak scale
will be found on the face of the meter. See Figure 2.
The markings on this scale are designed to indicate
the peak-to-peak value of sine waves only. (In a sine
wave, the peak-to-peak value is 2.83 times the rms
value.) This type of meter will not correctly give
you the peak-to-peak value of any other shaped wave
because each marking on this peak-to-peak scale is
2.83 times the corresponding value on the AC scale
just above it and this factor of 2.83 does not apply to
waves other than a sine wave.

As an illustration, consider the deflection wave
shown in Figure 12A, and assume its peak-to-peak
voltage is 50 volts. Within its circuit, this wave ex-
tends for 20 volts in the positive direction and 30
volts in the negative direction. If we employed an
rms reading VTVM, it would indicate a value of about
14 volts. This is because the AC voltmeter section
of a VTVM uses a diode which responds only to the
positive portion of the applied wave, becoming non-
conductive throughout the negative portion. (See
Figure 7.) Conventional vacuum tube voltmeters are
calibrated to read an rms value which is .707 times
the peak-positive value of the applied voltage. (Pro-
viding the applied voltage is a sine wave.) If now we
multiplied 14 by 2.83, we would obtain the erroneous
peak-to-peak value of 39.6 volts.



Figures 12A and B. The VTVM Must Contain a Special
Circuit to Indicate Correctly the Peak-to-peak Value
of Waves Other Than Sine Waves. See Text.

If we had a sine wave with the same 50 volts
peak-to-peak value (Figure 12B), 25 volts would ex-
tend in the positive direction and 25 volts in the neg-
ative direction. The VTVM, responding to the peak
of the positive half cycle, would record an rms
value of 25 x .707 or 17.7 volts. On.an adjacent
peak-to-peak scale, this 17.7 multipiied by 2.83,
would yield the correct 50 volts (approximately)
peak-to-peak value. But note again that this occurs
only because the meter is designed around the .707
factor which is derived from sine wave relationships.

HIGH-VOLTAGE MEASUREMENT -

The top DC voltage range of 1,000 volts found
on most vacuum-tube voltmeters is more than suf-
ficient for the measurement of any of the low DC
voltages ordinarily encountered in television re-
ceivers. However, the cathode-ray picture tube
operates at an accelerating potential of from 9,000 to
25,000 volts and some method should be available to
the technician for measuring these high potentials.
Fortunately the input impedance of the conventional
VTVM is so high that by means of special probes,
any VTVM can have its DC voltage range extended to
25,000 or 50,000 volts. (Some high-~voltage probes
extend the VT'VM range only to 10,000 or 15,000 volts,
but the majority of probes go higher than this.)* The
low current drain, arising from the high input im-
pedance, is important because the high-voltage power
supplies in television receivers normally deliver
less than half a milliampere (500 microamperes) and
any meter which would draw more current than this
would load the circuit down sufficiently to kill the
high voltage.

The physical appearance of two high-voltage
probes are shown in Figures 13A and B. Each probe
is long and on each there is a safety flange to protect

* High-voltage probes are also available for 20,000-
ohm per volt multimeters. A 1,000-ohm per volt
meter cannot be used for high-voliage measurement
because the current it would draw would reduce the
high voltage considerably below its normal operating
value.

THE VACUUM-TUBE VOLTMETER

Figures 13A and B. Two High-voltage Probes Designed
for Use With Vacuum-Tube Volt-Meters. (A) Courtesy
of Eico and (B) Courtesy of Hickok.

the serviceman from. coming in contact with the high
voltage to be measured and also to protect him from
arcing or corona. Either of these can be just as
harmful as direct contact. Within the probe isa
very large series resistor across which the bulk of
the applied high voltage is dropped. For example, if
a probe is designed to measure 25,000 volts, then
24,000 volts might appear across the probe internal
resistors and only 1,000 volts actually applied to the
VTVM itself.

To employ the high-voltage probe,its connector
cable is inserted in the DC volt terminal of the
VTVM. The common lead of the meter is securely
fastened to the television receiver chassis. In
transformerless television receivers, an isolation
transformer should be inserted between the receiver
and the AC line. If this is not done, and you connect
the meter common (or meter ground) to the receiver,
you may very well be placing a short across the AC
power line, with accompanying disastrous results.
(f an isolation transformer is not available, make
the measurement as outlined, but keep the meter case
and chassis from making direct contact with any
ground, such as an electric conduit pipe on the bench.)

The next step is to set the VI'VM selector
switch to the proper setting. In most instances this
is the highest DC voltage range, say 1,000 volts.
Just how much each value of this range must be mul-
tiplied (say 10, 15, or 30 times) depends upon the
resistance of the high voltage multiplier. Which
brings up a very important point. The high voltage
multiplier that is used with a specific VT VM should
be designed expressly for that VT VM. Just how
much multiplication is required for a certain scale
when the high-voltage probe is attached will depend
upon (a) the internal resistance of the VI'VM and (b)
the resistance of the dropping resistor in the body of
the high-voltage probe. Any change in the resistance
at either point (probe or VI VM) will alter the voltage
distribution and, with it, the amount indicated by the
meter.

13
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It is quite evident, therefore, that unless you
use a high-voltage probe designed specifically for
your VIVM, the meter readings will be incorrect
unless you know the proper multiplying factor.

Along these lines, it is not safe to assume that
two different model vacuum-tube voltmeters marketed
by the same manufacturer utilize the same high-volt-
age probe. As an illustration, consider the Simpson
Model 266 VTVM and Model 303 VI'VM. The probe
for the Model 266 has an internal resistance of 1205
megohms. To use this probe, the Model 266 meter
selector switch is set to the 1,000-volt scale, but
when readings are taken, you note where the meter
needle is along the 250-volt scale and then multiply
this by 100.

However, to measure high-voltage with the
Model 303 VTVM, you use another probe having an
internal resistance of 991 megohms. Also, on this
meter, you set the selector switch to the 1,000-volt
scale and then multiply whatever reading you obtain
on this scale by 100.

If you. should happen to know wha. the probe
resistance should be for your VT VM, then, of course,
you may use any probe having this value of internal
resistance. But in the absence of such information,
do not interchange probes.

Finally, it is a good rule to keep one hand in
your pocket when making high-voltage measurements.
And the other hand, which holds the high-voltage
probe, should be kept as far away from the contact
end as possible. See Figure 13C.

In a television receiver, the only place where
the high-voltage probe is normally employed is at
the accelerating anode of the picture tube. I the

Figure 13C. How to Use High-Voltage Probe Properly.
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voltage is measured with the high voltage lead dis-
connected from the tube, then the setting of the
brightness control is unimportant. However, if the
measurement is made with the high-voltage applied
to the tube, it is advisable that the brightness control
be turned down so that the screen is not illuminated.

This is done because the power possessed by
the high-voltage supply is quite small and any in-
creased drain will cause the voliage to drop rather
sharply. Normally, the picture tube draws several
hundred microamperes; however, when the probe is
also brought in contact with the high voltage, its add-
ed drain may be enough to cause this potential to
drop, leading to an erroneous reading. By turning
down the brightness control, we remove the tube
drain and thereby permit the meter to record a truer
value of the existing high voltage.

R. F. PROBES -

The outstanding advantage of the VT VM as a
measuring device is its ability to perform this func-
tion without appreciably disturbing the circuit in
which the measurements are made. For DC circuits
and in low-frequency networks (up to approximately
15 kc) we can employ a pair of ordinary leads with
the VTVM to make whatever measurements are need-
ed, without unduly disturbing the operation of the
circuit under test.

As the operating frequency of the circuit rises,
the disturbing influence of the leads increases. Al-
ternating voltages, we have seen, are measured by
bringing them to a rectifier in the VTVM where they
are converted into pulsating DC and from this, the
rms value of the voltage is obtained. Now, as the
operating frequency of the circuit rises, we know that
the capacitance and inductance in that circuit de-
creases. Another way of looking at this is to say
that with frequency increase, a circuit becomes more
sensitive to capacitance and inductance changes.
Moving a wire only one-quarter of an inch in a 200
mec circuit will cause a greater frequency disturbance
than moving a wire several inches in a low-frequency
circuit.

Because of this sensitivity, measurements
in high-frequency circuits must be made with an
instrument which introduces far less extraneous
capacitance and inductance than a pair of test leads.
Toward that end, special RF or high-frequency probe
attachments for VTVM instruments have been
designed wherein the rectifying element is brought
as close to the voltage to be measured as is feasible.
This reduces shunting capacitance to a minimum and,
at the same time, keeps the amount of lead inductance
extremely low.

Two types of rectifiers have been used in these
probes: miniature diodes and crystal rectifiers. The
diode is advantageous because it is capable of meas-
uring higher voltages than a crystal. Its disadvantage
lies in the fact that it requires filament voltages and
these must be brought to the tube through the leads
connecting the probe to the VI'VM proper. The con-
struction of the crystal probe is simpler (no heating
power is required), but to date the voltages which it
can safely measure seldom exceed 20 volts. It is
partially possible to by-pass the voltage limitation of
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Figure 14A. Exploded View of Diode High-frequency
Probe. Courtesy of General Radio.

the crystal with capacitive voltage dividing networks,
but these introduce additional shunting capacitance
that is not desirable.

Exploded views of a diode probe and a crystal
probe are shown in Figure 14, A and B. The diode
probe (here) uses a 9005 acorn tube, chosen espec-
ially for its low input capacitance (1.0 mmf.) and
small lead inductances. The crystal probe uses one
of the many germanium crystal units commercially
available.

Precautions to be observed when using the RF
probe are first, to know the maximum voltage which
can safely be applied to the probe without injury and
second, the frequency range throughout which its
indications can be relied upon. These specifications
are either indicated in the instruction sheets pro-
vided with the probe or they can be obtained from the
manufacturer. While the voltage limitation of diode
probe units is seldom serious, their frequency lim-
itations can be - especially in view of the forthcoming
use of the UHF band for television reception.

When using the high-frequency probe to make

measurements, place the probe end directly on the
point whose RF potential is to be measured. The

\
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Figure 14B. A Crystal-diode Probe and its Internal
Construction. Courtesy of RCA,
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grounding lead of the probe should be kept short and
grounded close to the measuring point.

Circuit components should be disturbed as
little as possible when making RF measurements;
also, keep your hand and other parts of your body as
far away from the circuit as possible. Above all, do
not indiscriminately push leads and components aside
in order to get at the point where the voltage is to be
measured. Pick your way through the circuit care-
fully.

OHMMETER -

The ohmmeter section of a VTVM is shown in
Figure 15. A small battery (such as the Mallory
RMBZ4, 1.34V unit) is used to supply the potential.
This potential, when applied to the grid of one triode
section of the 6SN7 tube is sufficient to cause full
scale deflection of the meter. A variable control,
marked "Ohms Adj.” on the front panel, permits the
operator to accurately position the meter needle so
that it stops directly over the final right-hand mark-
ing of the "Ohms' scale. This is done with no resis-
tor connected between the "Ohms'" and "Common"
terminals of the meter and with the leads from these
terminals NOT touching. The needle position at the
other end of the scale should also be checked by the
procedure previously outlined, i. e., with the meter
leads shorted together. The "Zero Adj." knob is used
this time to bring the needle directly over the zero
line.

When the resistance under test is connected
between the "Common" and "Ohms'" test leads, a
voltage divider circuit is produced consisting of the
1.34V battery in series with one of the standard re-
sistors R1 to R7 and the resistor under test. The
voltage across the unknown resistor is proportional
to its resistance. This voltage is applied to the grid
of one section of the bridge circuit which produces a
meter deflection proportional to the unknown resis-
tance.

RX | MEG
A A
(%) Rx 100K
"Mgilorx TO
A 0%,
RX K COMMON

I0K
& RX 100
1K

Figure 15. The Ohmmeter Section of a VTVM.
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Modern vacuum-tube voltmeters are capable of
measuring resistances up to 1,000 megohms (some
units even go beyond this). This is 1,000,000,000 or
one billion ohms and is more than sufficient for any
normal service work.

When the ohmmeter is not in use, the meter
needle remains at the extreme right-hand side of the
scale at the "Inf." mark. This is opposite to its
resting position when in use on other scales, such as
volts or milliamperes. (An exception to this is the
VTVM shown in Figure 16, where the zero position
for volts is at the center.*)

The most important fact to remember when
measuring resistance is,first, to remove all voltages
from the circuit in which the resistor whose value is
to be checked is located. Secondly, zero the meter
at the low end (using the '"Zero Adj." control) and
position it accurately at the upper end of the scale
(using the "Ohms Adj."” control). At the low end, the
meter leads are shorted together; at the high end,
they are kept apart. Also, use the scale that brings
the needle into the less congested portion of the
scale. On vacuum-tube voltmeters, this is the center
and left-hand section of the scale.

The greatest difficulty that the serviceman
may encounter when using the ohmmeter is to meas-
ure the value of a resistor while this resistor is still
in its circuit. Simply placing the ohmmeter leads
across the resistor will not necessarily give you the
true value of this resistor. It all depends upon
whether or not there are other resistors in the circuit
shunting the one under test. To illustrate, suppose
the value of Rl in Figure 17 is to be determined.
Actually, if you glance at this circuit, the value in-

* The zero center volt scale in this instrument
eliminates the need for a polarity reversal switch
and minimizes possibility of meter overloading when
measuring voltages of unknown polarity.

Figure 16. A VIVM With Zero-center Volt Scale.

Courtesy of Precision Apparatus Co.
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Figure 17. The Measured Value of Rl (Without Re -
moving From Circuit) Is Dependent Upona Center Arm
Setting of R2.

dicated by the ohmmeter can be anywhere between
667 ohms and zero and any of these values would be
entirely correct. Rl, you see, is shunted by a var-
iable 2,000 ohm resistor, R2. When R2 is set so that
its entire resistance is in the circuit, the 1,000 ohms
of R1 is shunted by the full 2,000 ohms of R2 and the
resultant value is:

R (resultant) = R1 x R2
R1 + R2

- 1000 x 2000
3000

= 667 ohms (approximately)

On the other hand, when R2 is taken completely
out of the circuit, by moving the grounded center arm
to the top of the resistor, R1 is likewise grounded out
and the total resistance value is zero.

Since there is no way to determine the true
value of R1 while it is in the circuit, the only thing to
do is to unsolder one end of this resistor and then
measure its value.

Only when it is definitely known that a resistor
is not shunted by other resistances may its true
value bedetermined without removal from the circuit.

Another difficulty which is frequently encount-
ered by the serviceman is the measurement of
resistances in circuits where large valued capacitors
are shunted across the resistor under test. To
understand what will happen in these circuits when
the ohmmeter leads are placed across a resistor, two
facts must be known. First, as we have noted above,
the ohmmeter circuit in the VTVM contains a small
battery and it is the voltage drop developed across
the resistor under test that determines how much
resistance the VI'VM will indicate. Secondly, when a
voltage is applied to a circuit containing resistance
and capacitance, the voltage across the capacitor
does not immediately rise to its full value. Some
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definite time must elapse before this can occur and
the length of time depends upon the amount of resis-
tance and capacitance present in the circuit. When
the resistance value is low and a relatively small
capacitor is used, then the time required by the cap-
acitor to charge may be so short as to appear in-
stantaneous. In this case the serviceman will not be
aware of any time lag between the time he places the
probe in the circuit and the time he glances at the
meter for a reading. However, if the resistance
and/or capacitance values are high, then he will see
the meter needle move up gradually, taking several
seconds, or longer, before it comes tc a complete
stop.

Consider, for example, the circuit shown in
Figure 18A. When the ohmmeter leads are connected
across this circuit, the meter pointer will initially
jump up to 1 megohm and then slowly and gradually
work its way up to 4 megohms. If we assume that the
20 mfd. capacitor is uncharged at the start, then
when the ohmmeter is connected across the circuit,
the capacitor acts as a short circuit across points A
and B. The meter thus initially sees only 1 megohm
and that is all the resistance it indicates on its
scale. Gradually, however, as the capacitor charges
up, more and more of the current flows through the
3 megohm resistor. When the capacitor has become
fully charged, no current (or at least very little) will
be diverted away from the 3 megohm resistor and
now the ohmmeter will indicate the full 4 megohms
of resistance present in the circuit.

If the 20 mfd. capacitor shunted both resistors,
as in Figure 18B, then initially the meter needle
would go down to zero and then slowly rise back up
until it reached a value of 4 megohms. At this point
it would stop.

This concept of an'uncharged capacitor acting
as a short circuit when a voltage is applied across it
follows quite logically from capacitor action. Elec-
trons flow from the negative side of the battery into
the nearest capacitor plate and an equivalent number
of electrons leave the other plate and flow toward the
positive side of the battery (or power supply). Since
the capacitor offers no electrical opposition at the
start, the amount of current flowing through the cir-
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cuit will be limited solely by any resistance that may
be in series with the capacitor. With continued
current flow, however, a charge develops across the
capacitor which acts in opposition to the applied
voltage, gradually reducing the amount of current
flowing through the capacitor. When the capacitor
becomes fully charged, all current flow through it
ceases.

Keep in mind that the charging time is govern-
ed by the values of the resistances and capacitors in
the circuit. This includes whatever resistance is
present in the meter, too. Thus, consider the ohm-
meter circuit in the VTVM of Figure 15. When the
meter selector switch is set for Rxl megohm, the
1.34 volt battery has a 10 megohm resistor in series
with it. This 10 megohm resistor plus the 20 mfd.
capacitor in the external circuit causes the voltage
across the capacitor torise slowly and in consequence
the meter needle will also move up the scale slowly.
And until the capacitor reaches a value which, in
Figure 18C, is 4/14 of 1.34 volts, the VTVM meter
needle will continue to move slowly up the scale.

Were it not for the presence of the 20 mfd.
capacitor, the current flow (and hence, voltage dis-
tribution) in the circuit would be instantaneous and
the full meter indication would be obtained as soon
as the meter leads were connected across the circuit.
It is only when large capacitors are introduced into
the circuit that the slow rise of the meter needle
occurs.

Sometimes other complicating factors enter
the picture just outlined. Thus, if the leakage re-
sistance of the 20 mfd. capacitor (which is of the
electrolytic type) is quite high, as it is in a good unit,
then the action described will take place, as the
serviceman may determine for himself. However, if
the electrolytic capacitor has been in use for some
time, its leakage resistance may be low enough to
producea final meter reading of less than 4 megohms.
This is another pitfall that the technician will have
to guard against when he measures resistances with-
out removing them from the circuit. All in all, a lot
less trouble is encountered if one end of the resistor
is disconnected from the receiver circuit before its
value is measured.

IMEG A 3MEG B IMEG 3MEG i """"""
|
|
|
' |
20MFD ;
|
* . P =
|
!
by |
OHMMETER OHMMETER .
ACROSS THESE A TWO POINTS B -
TWO POINTS INSIDE VTVM

Figures 18 A, B and C. Circuits to I1lustrate Why Meter Needle Will Rise Slowly on Some Resistance

Measurements.
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Figure 19. A Simplified Milliammeter and Ammeter
Circuit Used in a VTVM.

CURRENT MEASUREMENTS -

In comparison to the number of times the volt-
meter and the ohmmeter sections of the VI'VM are
used, there are relatively fewoccasions when current
is measured. For this reason some of the vacuum-
tube voltmeters on the market do not contain any
provision for current measurement. However, for
those units which do, the circuit shown in Figure 19
is typical of the arrangement employed. On examin-
ation this is seen to consist simply of a sensitive
meter (200 microamp movement) with a suitable
array of shunting resistors. The shunt resistors are
arranged so that for full scale deflection in each
range, a current of 200 microamperes flows through
the meter. The balance of the current is directed
through the associated shunt resistors. When large
currents are to be handled, say on the order of 10
amperes or more, special terminals are employed on
the front panel. There is one positive terminal and
one negative terminal. Heavy_ wires capable of han-
dling large currents connect these terminals to the
meter. Since the vacuum-tube circuits do not enter
into current measurement, there is no need to plug
the VI'VM into the power line. Merely set the func-
tion Selector Switch to the "MA* position and connect
the meter leads into the circuit where the current is
to be measured. The "Range' switch is used for low
currents but large currents (10 amps or more) are
never shunted through the switch.

A good precaution to observe when measuring
large currents is never to remove the pin jacks from
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the meter terminals while the current is flowing
through the circuit. Breaking the circuit while this
much current is present will produce a sizeable arc
at the pin. This may not injure the meter, but it will
cause the terminal jack to char in time.

DECIBEL (DB) MEASUREMENTS -

A number of vacuum-tube voltmeters contain a
decibel range with which comparative measurements
may be made in the audio section of a receiver. The
decibel scale in most vacuum-tube voltmeters is so
calibrated that it will read 0 db when .006 watts (or
6 milliwatts) is being dissipated in a 500-ohm line. If
you are using this meter to determine the db level at
a certain point in the audio amplifier system of a
receiver, the impedance should be 500 ohms if you
wish to obtain a correct comparative reading. If the
load impedance is any other value, conversion to the
new impedance will be necessary. Suitable conversion
tables are furnished either by the manufacturer of
the instrument or are available in textbooks or tech-
nical magazines.

The principal application of db meters is that
of a power level indicator of AC voltages across
known impedances in audio circuits, and consequently
the selector switch of the VI'VM is set to the AC
Volts position. (Some manufacturers include a db
notation with the AC Volts on the selector switch, and
some do not.) The setting of the range switch depends
on the design of the instrument and recourse to the
instruction booklet is necessary. Also, for different
decibel scales in the same instrument, different
settings of the range switch are necessary.

Note that since the 0 point on the meter db
scale is based on a certain standard, less power than
this will cause the needle to stop to the left of the 0
mark. This position on the db scale is marked off in
negative units, such as -5, -10, -15, etc. Where the
power is greater than the standard, the db indication
will be positive.

If you are going to make any use of the db scale
in your VTVM, note again that its markings are of
value only if the load impedance across which the
measurements are being taken is equal to that used
in the calibration of this particular scale. It is also
well to keep in mind that while most vacuum-tube
voltmeters have a db scale based on 0 db = 6 mw,
some are based upon a zero level of 1 mw across a
600 ohm line. The readings of the two, while capable
of being converted from one to the other, are not the
same when taken directly from their respective
scales.

OTHER MEASUREMENT SCALES -

A small number of vacuum-tube voltmeters,
like the one shown in Figure 6, are also capable of
measuring capacitances. In the instrument of Figure
6 (and in all other vacuum-~tube voltmeters possessing
similar provision) the theory of the capacity meas-
urement resembles that of the ohmmeter, with the
impedance of the unknown capacitor replacing the
unknown resistance. However, since an AC voltage
is needed to measure capacitance, and since only DC
can be applied to the input grid of the bridge tube,



some means must be used to rectify the AC. This is
accomplished by using (in this instance) one diode
section of a duo-diode tube. The output of this recti-
fier is then fed to the input grid of the bridge tube.

It is difficult to make any but the most general
statements with regard to the exact procedure to
follow when making capacity measurements since
each instrument has its own method of approach. The
only advice that can be given is to refer to the in-
struction booklet for the instrument.

DEFECTIVE CAPACITOR TESTS. In the
servicing of radio and television receivers, it is
generally more important to determine whether a
capacitor is good rather than what its valueis. If a
capacitor checker is available, it may do the job. But
in the absence of such an instrument, certain tests
can be performed with a VTVM which will give you a
fair idea whether or not the unit is faulty.

If a coupling capacitor is suspected of being
leaky,a DC voltage measurement from grid to ground
of the following tube should reveal the trouble. See
Figure 20. Normally, all stages which are capac-
itively coupled in a radio or TVreceiver operate with
negative bias. I the coupling capacitor is leaky,
current will be able to flow through it, developing a
voltage drop across Rg. To insure that any positive
voltage noted across Rg is not a result of a gassy
tube, the tube can be removed or another one, known
to be good, substituted in its place.

Another method which has been employed
successfully to determine the condition of a capacitor
is to disconnect one side of the capacitor from the
circuit and then measure its resistance, A good
paper or mica capacitor will show a slight deflection
onthe R x 1 meg range ana the reading will quickly
approach full scale. The smaller the capacitance
value of the capacitor, the smaller the needle deflec-
tion, leading ultimately to an inconclusive test when
the capacitance becomes too small.

An electrolytic capacitor may be checked the
same way, with observance of polarity. That is, the

LEAKY CAPACITOR
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lead connected to the negative terminal of the bat-
tery which is located inside the VTVM should go to
the negative lug on the capacitor and the other, pos-
itive, lead to the capacitor positive lug. Since an
electrolytic capacitor will charge more slowly (be-
cause of its value), it is recommended that these be
checked on the R x 10K range.

An open capacitor of any type will not give any
meter deflection from the full scale point. A faulty
capacitor will have a resistance value far below the
megohm range.

The foregoing ohmmeter tests are useful but it
must be recognized that with them we are testing the
capacitor at a very low voltage. Frequently a cap-
acitor becomes faulty only when its normal, higher
voltage is applied. Hence, if the tests were carried
out at the higher voltage, a truer picture concerning
the condition of the unit would be obtained. A method
of performing these tests at the rated voltage of the
capacitor is as follows:*

In the method to be described, a high DC poten-
tial is applied to the capacitor in series with the
proper DC Volts range (VTVM) to determine whether
or not it has low insulation resistance or abnormal

leakage.

The necessary DC potential can be obtained
from an external high voltage DC power supply or
from the power output tube socket of a radio receiver.
In the latter instance, the plate prong position of the
socket will be the positive high voltage lead, and the
negative return or ground will be the negative lead.

PROCEDURE:

1. Measure and adjust the DC voltage obtainable
from the DC power supply. Then select the proper
meter range that would indicate full scale deflection
for the voltage there available and in keeping with the
capacitor rating.

* This method and the one to follow are described in
the Precision Model EV-10A VT VM instruction
booklet.

CAPACITOR
APPLIED DC.  TOBE TESTED
—e- 4 —|
VTVM
2 ¥

Figure 20, A Leaky Coupling Capacitor Will Place a
Positive Potential at the Grid of the Following Tube.

Figure 21, Set up to Check Leakage Resistance of a
Paper Capacitor.
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2. With the power supply OFF, insert the cap-
acitor to be tested in series with one of the meter
test leads. See Figure 21,

3. Turn ON power supply. An instantaneous
deflection due to the charge of the capacitor will be
indicated on the DC meter.

(A) In case of a good capacitor, the needle
pointer will recede to (or VERY close to) the
zero voltage mark.

(B) I the meter pointer remains noticeably
above the zeroc mark, this indicates that the
capacitor has abnormal leakage.

(C) If the meter pointer remains at the indica-
ted value of the voltage measurement obtained
primarily, then the capacitor is "shorted".

(D) If no meter deflection is obtained, it indi-
cates that the capacitor is "Open' or that the
capacity is too low in value to indicate an in-
stantaneous noticeable meter deflection when
charged.

NOTE: After this test is completed, always FIRST
disengage the negative test lead from cir-
cuit BEFORE turning off power supply to
prevent slamming of needle pointer due to
discharge of capacitor under test.

This method of using a relatively high DC
potential in series with a DC VTVM to qualitatively
check paper capacitors is superior to a simple high
range ohmmeter check because the high potential
tends to "search out" capacitor defects which could
cause breakdown at operating potentials. The low
battery voltage of the ohmmeter circuit (1-3 volts)
is insufficient to perform the "'searching’ function.

The foregoing test is designed for paper or
mica capacitors; it is not to be used with electrolytic
capacitors. For the latter, the best test to perform
is a leakage test and this requires that the VI'VM be
capable of measuring current.

MEASUREMENT OF LEAKAGE IN ELECTRO-
LYTIC CAPACITORS. The leakage in an electrolytic
is measured in terms of direct current (per micro-
farad) flowing through the capacitor, when rated DC
voltage is applied.

All electrolytic capacitors contain an inherent
leakage. However, if leakage above an allowable
amount is present, it can then be termed as poor.
Allowable current leakage is dependent upon such
factors as age and manufacturers' specifications of a
capacitor, design of power unit, filter system and
rectifier tube of the receiver in which the capacitor
is incorporated. In general, considering an 8 mfd.
capacitor THAT HAS BEEN IN USE (rated at 450
volts) the maximum allowable leakage is approx-
imately .5 ma. per microfarad or 4 ma. total.

The following will serve as a basis for com-
puting approximate leakages:
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1. For capacitors rated at 300 volts or more,
leakage of approximately .5 ma. per microfarad is
permissible.

2. For capacitors rated between 100 to 275
volts, permissible leakage is approximately .2 ma.
per microfarad.

3. For capacitors rated below 100 volts,
permissible leakage is approximately .1 ma. per
microfarad.

CAUTION: WHEN OBTAINING ELECTROLYTIC
LEAKAGE MEASUREMENTS, HIGH
VOLTAGE 1S EMPLOYED. IT IS THERE-
FORE EXTREMELY IMPORTANT THAT
THE FOLLOWING INSTRUCTIONS BE
ADHERED TO IMPLICITLY TO PRE-
VENT DAMAGE TO METER.

PROCEDURE:

With capacitors disconnected from radio
receiver circuit, check capacitors for short with
ohmmeter using 0-200,000 ohms range. Polarities
must be observed.

In some instruments the negative terminal of
the ohmmeter battery is grounded while in others it
is the positive terminal. A check of the schematic
diagram of the instrument (in the instruction manual)
will reveal the answer, or, it may be determined by
connecting another voltmeter across the ohmmeter
leads. Once this information is obtained, the negative
lead goes to the outside can or negative terminal of
the capacitor while the positive lead connects to the
anode (positive) terminal of the capacitor. A decided
low resistance reading indicates that the capacitor
is shorted and should be rejected without further
testing.

When an electrolytic incorporated in a receiver
is to be tested, the necessary rated voltage is auto-
matically applied and the following connections are
made for "forming” and measuring the current leak-
age, after being (chmmeter) tested for short.

1. Set "Function" switch to the "MA" position
and rotate the "Range" switch to the 600 MA"
position.

2. Remove the lead in the receiver which goes
to the positive terminal of the capacitor and, instead,
connect this wire to the positive (+) "MA" tip jack on
the meter in series with a proper limiting resistor.
(Wherevoltage applied to capacitor is above 100 volts
the limiting resistor should be approximately 1,000
ohms. When the applied voltage is below 100 volts,
the value of the limiting resistor should be approx-
imately 300 ohms. This limiting resistor is very
important and should not be omitted.)

3. Connect the negative (-) "MA" pin jack
(this is usually meter "GND."” jack) to the positive
terminal of capacitor. (From the above connections
it can be seen that the meter tip jacks, limiting re-
sistor, capacitor terminals and the voltage source
are in series connection.)



4. After series connections are made, turn on
switch of the receiver. The meter pointer will now
deflect to near full scale and then gradually recede
to the zero mark or near zero, after the expiration of
about three minutes. This procedure is known as
"forming" the capacitor.

NOTE: A steady meter pointer indication without
receding to or near zero (after forming
process) indicates a shorted or leaky elec-
trolytic and should be rejected without
further testing.

5. After "forming", short out the limiting re-
sistor and read current leakage of capacitor under
test directly on the 120 ma. scale. If meter reading
is under 30 ma., set "Range"” switch to a lower pos-
ition for a better indication. Divide the meter read-
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Figure 22. The Meter Scales of Several Vacuum-Tube
Volt-Meters. (A) Courtesy of Simpson Electric Com-
pany. (B) Courtesy of Triplett Electrical Instrument
Company. (C) Courtesy of Jackson Electrical Instru-
ment Company.
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ing by the capacitor value and then check with the
rules given previously todetermine if capacitor leak-
age is within acceptable limits.

HOW TO READ METER SCALES

The VTVM, we have seen, is designed to per-
form a number of functions covering a wide range of
voltage, current, and resistance values. Due to the
varied nature of these functions, the meter dial face
contains a number of different scales, some of which
are shown in Figure 22. No two are alike, each diff~
ering from the other in some detail. All the vacuum-
tube voltmeters, however, are designed to be used in
essentially the same manner.

Now, to obtain the proper results froma
vacuum-tube voltmeter requires not only that the
serviceman knows how to connect the meter into the
circuit and how to adjust the panel controls, but that
he also knows how to correctly read the meter scale.
And this latter job is far from being as simple as
many technicians believe it to be.

The correct reading of a meter scale depends
upon knowing three things:

1. The proper scale to read.
2. The value of the markings on that scale.

3. The amount by which each value on the
scale must be multiplied.

The first step is to determine which scale to
read for the measurements being made. This, in
turn, will depend upon the manner in which the in-
strument is set up. The placement of the function
switch tells you what electrical units the meter is in
position to measure, whether it be volts, ohms,
milliamperes, etc. The other control on the front
panel (the range control) will indicate how much of
this quantity the meter will measure. Thus, one
control will indicate what is to be measured, while
the other will tell you how much.

Figure 23. VTVM Simpson Model 303.
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To illustrate, in Figure 23, the right-hand knob
is pointing to +DC and the left-hand knob to 60. With
the controls in these positions the meter will read up
to a maximum of 60 voits, DC. Your first job, after
setting the controls, is noting the proper DC volt
s¢ale. On the meter in Figure 23, this is the scale
labeled "Volts" and is second from the top. The
right-hand value of this scale is 12 for the bottom
row of figures, 60 for the middle row of figures, and
300 for the top row of figures. Each row of figures
(12, 60, or 300) is divided into six sections. Thus, for
the 0-12 row, we have 0,2,4,6,8,10, and 12. In
the second row, 0-60, we have 0, 10, 20, 30, 40, 50,
and 60. Similarly, for the top row, there is 0, 50,
100, 150, 200, 250, and 300.

The row of figures from which you will obtain
your readings will depend upon the setting of the
left-hand (i. e., range) control. In Figure 23, the
knob is turned to 60, which means that all readings
are to be taken from the 0-60 scale.

We might digress here a moment and note that
the left-hand control has [ive ranges for the '"Volts"
scale and yet only three ranges are shown on the dial
face itself. Missing are the 1.2 volt range and the
1,200 volt range. The answer to this apparent "over-
sight,"” of course, lies in the fact that 1.2 volts is 1/10
of 12 volts and hence, whenever the control knob is
turned to the 1.2 volt position, all readings are taken
on the 12 volt scale and divided by 10.

By the same reasoning, when the control knob
is turned to the 1,200-volt position, readings are
again taken on the 0-12 scale and multiplied by 100.
By utilizing one scale for several purposes, a "sim-
plification in the number of figures required on the
meter face is achieved. But if you are unfamiliar
with this practice, your readings can be far out of
line. (Incidentally, this practice is extensively em-
ployed on other scales of the meter, especially the
ohms scale. More will be said of this presently.)

Once it has been determined which scale to
read, the next problem is the actual reading itself.
In many respects this is the most difficult operation
of all to perform and it is here that the greatest num-
ber of errors are made. The trouble seems to stem
from the difficulty in determining the value of each
marking. And yet the process, once learned, is no
more difficult to perform than any other meter oper-
ation.

To start, consider the relatively simple scale
divisions shown in Figure 24. The scale is uniform
from one end to the other and contains numbers
ranging from 0 to 10.

If you examine the scale closely, you will see
that directly below ‘each number is a dark heavy
line. All the other lines on the scale are smaller and
narrower in appearance. The longer and wider marks
can be considered as the major divisions of the scale
while the smaller, narrower lines as the minor divi-
sions.

Between every two consecutive numbers, say,
4 and 5, there are four equally spaced markings. To
ascertain the value of each marking, let us first de-
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Figure 24. A Simple Scale Containing 10 Major Divi-
sions,

termine the value of the entire space between 4and 5.
This is done by subtracting the smaller number from
the larger one. Here, this means 5 minus 4 or 1.
Thus, 1 must be equally divided intofive parts because
the four minor lines produce five spaces between 4
and 6. One divided by 5 (or 1/5) gives an answer of
.2 and consequently each space (between 4 and 5) is
.2. . When you get to the end of the first space, just
after the 4, the result, if shown on the scale, would
be 4.2. At the end of the second space, at the second
minor mark, the result would be 4.4. The third small
marker is 4.6 and the fourth one is 4.8.

The remaining minor divisions throughout this
scale would have a similar value of .2. This means
that the value of any individual minor line would be
.2 higher than the line to the left of it and .2 lower
than the line to the right. This particular relation-
ship is true over the entire scale because all major
divisions are equally spaced from each other and all
minor divisions are equally spaced from each other
also, (i. e., other minor divisions). This latter point
is of considerable importance, although it is not
always true, as we shall presently learn.

If the meter needle should, perchance, stop
between two markers, its reading would be some
value between those of the two markers. Thus, in
Figure 25, the needle is between the second and third
small lines, or between 4.6 and 4.8. If the needle is
midway between the two lines, its value will be mid-
way between 4.6 and 4.8 or 4.7. If the needle is
closer to the 4.6 mark then it is to the 4.8 mark, you
could assign a value of 4.65 to it, but it is problem-
atical whether it would be wise to do so. Actually, in
a situation such as this, you might very well assign

Figure 25, The Pointer Being Between 4.6 and 4.8
Would be Read as Indicating a Value of 4.7,



a value of 4.7 for most needle positions between 4.6
and 4.8. But if the needle came to rest slightly be-
yond 4.6, its value could be called 4.6; or, if the
needle came close to 4.8, the reading could be called
4.8, Meters such as we find in the service shop do
not usually possess an accuracy greater than 2 per-
cent and it is seldom necessary to determine readings
any more accurately than what has been noted above.

To recapitulate briefly, note first the major
divisions on a scale and then the minor divisions.
Major divisions are characterized by heavier and
usually longer lines, and are frequently identifiedby
numbers. Minor divisions seldom have any numbers
placed above, below, or beside them.

To determine the value of each marking, count
the number of minor spaces contained between the
two adjacent major lines and then divide this number
into the difference between the values of the two
major indications. The result will be the value of
each minor marking. In the above illustration, each
minor line had a value of .2.

The scale shown in Figure 24 is probably the
simplest type of scale you will encounter. A slightly
more complex scale is the one shown in Figure 26A.
This, too, contains major and minor markings, but
some of the major lines are unlabeled, together with
all of the minor divisions. Thus, the technician is
called upon to determine more than just the values of
the minor divisions. However, this complicates the
problem only slightly.

On the scale shown in Figure 26A, the figures
range from 0 at the extreme left-hand side, to 10 at
the extreme right-hand side. Actually shown on the
meter face are the numbers 0, 2, 4, 6, 8, and 10. As
a first step, it is necessary to determine the value of
all the unmarked major divisions or, in other words,
all the longer, heavier lines. Starting at the left-
hand side of the scale, the first unmarked major
division occurs between 0 and 2. Hence, its value is
1. The next unmarked major division occurs between
2 and 4 and its value is 3. In similar fashion the
values of 5, 7, and 9 for the next three unmarked
major divisions can be ascertained. These are
shown in Figure 26B.

Once the values of all the major divisions have
been obtained, we can turn to the minor markings. In
the scale of Figure 26, the minor divisions have the
same values as those in Figure 24. In fact, once all
of the major division numbers have been determined,
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Figure 26B. The Values of the Unnumbered Major
Divisions in Figure 26A, as Shown, Appear in Dotted
Form.

it can be seen that this scaleandthat of Figure 24
are identical.

Where the same scale is used with several
different sets of numbers, as it is in Figure 23, the
severicman must be careful to change the value of
the various minor divisions as he switches from one
range to another. Thus, when the meter is set to
operate on the 0-12 volt scale, each minor division
has a value of .2. On the 0-60 volt scale, using the
same set of markings, each minor division is equal
in value to 1. (This follows from the fact that every
mark on the 0-60 scale is 5 times its value on the
0-12 scale.)

Finally, on the 0-300 range, each minor mark-
ing possesses a value of 5.

The scale shown in Figure 27 has a gradation
of markings different from those illustrated hereto-
fore. Here the principal or major divisions are
identified by the numbers 0, .5, 1.0, 1.5, 2.0, 2.5, and
3.0. The space between any two consecutive numbers
is divided into 5 minor divisions and each minor
segment, in turn, is further subdivided in half. For
the purposes of this explanation, let us call the
smallest divisions, sub-divisions, in contrast to the
minor sections.

To tackle first the minor spacings, we note
there are five between every two consecutive num-
bers. Also, the difference between each two major
sections is .5. Hence, .5 divided by 5 produces a
result of .1. This, then, is the value of each minor
section. Thus, between .5 and 1.0 we have .6, .7, .8,
.9, and finally 1.0.

Ascertaining the value of the sub-divisions
now becomes quite simple since each sub-division
line divides each minor section in half. Hence, .1

Figure 26A. A Scale Which IsSimilar tothe OneShown
in Figure 24, Note That Only Alternate Major Lines
are Numbered.

Figure 27. The Value of the Major and Minor Markings
on Another Scale, See Text.
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Figure 28. The Scale Used on the Hickok Model 209A
VTVM. Courtesy of Hickok Electrical Instrument Co.

divided by 2 gives a result of .05 and this is the value
of each sub-division.

On the Hickok Model 209A VTVM, the Volts-
Mils scale used is shown in Figure 28. It is em-
ployed for volts (AC-DC) and for DC current. Two
sets of numbers, 0-3 and 0-12 are found above this
scale, The 0-12 is the easier one to figure out, so
let's investigate it first. Each number is placed
above a major marking; furthermore, between each
two consecutive numbers thereare five equal sections
(produced by four equally spaced lines). Since there
are five sections and the difference between two
consecutive numbers is 1, each section must have a
value of 1/5 or .2. Hence, for the 0-12 scale, each
thin line marking possesses a value of .2,

What may prove somewhat confusing here is the
fact that not all of the thin lines (minor markings)
have the same height. The reason for this stems
from the 0-3 scale. So far as the 0-12 scale is con-
cerned, the height variation is not significant. All the
minor divisions are equally spaced and all possesses
the same value.

Now consider the 0-3 scale. Its major markings
are 0, .5,1.0, 1.5, 2.0,2.5,and 3.0. Similar dark
lines are placed midway between each set of numbers
and so each of these other dark lines has an inter-
mediate value. Thus, the dark line midway between
.5 and 1.0 has a value of .75; the dark line between 2
and 2.5 is 2.25, etc.

Now the question is: Why are these intermed-
iate dark lines used? Their values for the 0-3 scale
are obviously not significant or at least not as sig-
nificant as .5, 1.0, 1.5, etc.

The answer is that these intermediate dark
lines are actually employed for the 0-12 scale, not
the 0-3 scale. However, as long as they are present,
their relationship with regard to both scales should
be known.

The minor markings for the 0-3 scale fall into
two categories. The longer lines could be considered
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4 MINOR DIVISIONS BETWEEN
.5 AND 1O ON 0-3 SCALE.
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ON THE 0-3 SCALE
THERE ARE 4 MINOR
DIVISIONS BETWEEN

THESE TWO MAJOR
LINES.

Figure 29, Further Elaboration of a Portion of the
Scale Shown in Figure 28,

as the true minor divisions while the shorter lines
could be classified as sub-divisions. If we consider
the longer lines first, then between every two con-
secutive numbers there are four such lines. See
Figure 29. This means that these four lines divide
the space up into five sections and hence we must
divide the difference in the two major markings (say
1-.5) by five. Doing this, .5/5, reveals that each of
these minor divisions has a value of .1. Thus, be-
tween .5 and 1 we have .6, .7, .8, .9, and finally 1.0.

The values of the smallest thin lines, the so-
called sub-divisions, can now be readily ascertained.
Each sub-division line is seen to divide each minor
space in two. Since each minor space has a value of
.1, each sub-division has a value of .1/2 or .05. If we
were now to write in the value of each dial marking,
it would appear as shown in Figure 30,

NON-LINEAR SCALES -

Thus far we have dealt only with meter scales
in which the distance between every two consecutive
numbers was the same. Technically, this is known as
a linear scale. However,there are a number of
scales, principally those employed for the measure-
ment of ohms and db, in which the spacings between
numbers at different points along the scale varies.
This means that the values of the minor divisions will
depend upon the particular section of the scale in
which they are located. To illustrate, consider the
Ohms scale shown in Figure 31. At the left-hand
side of the scale, the numbers are spread out and
increase in value slowly. However, as we move to-
ward the right, the spacing between numbers de-
creases and the values increase quite rapidly.

The problem is to determine the value of the
minor divisions at various points along the scale. At

Figure 30. The Value of the Sub~divisions on the 0-3
Scale.



Figure 31. A Typical Ohms Scale.

the left-hand side of the scale each two consecutive
major divisions have but one minor division between
them and consequently the value of this minor division
is midway between that of the two major marks on
either side of it. Thus, the minor mark between 2 and
3 is 2.5; between 8 and 9 it is 8.5, etc.

Over the central portion of the scale, between
10 and 15 (or between 15 and 20), there are five
spaces produced by four minor divisions. The diff-
erence between 10 and 15 is 5 and this, divided by the
five spaces, results in a value of 1 for each of the
four minor divisions. Thus, between 10 and 15 we
have 10, 11, 12, 13, 14, and finally 15.

Between 20 and 30 there is but one mark and so
this must be 25; between 30 and 50 there are several
marks although these should cause no difficulty. The
center mark, darker and longer than the rest, is
obviously 40. The minor divisions on either side of
it can then be seen to be 35 (at the left of 40) and 45
(at the right).

The scale at the extreme right-hand end be-
comes quite crowded and the values rise rapidly.
Again, if any minor divisions appear between the
larger markings, count the number of such marks,
and divide this into the difference between the two
flanking major divisions. This is the method we have
employed heretofore.

Generally speaking one scale is employed for
all ohms measurements and the serviceman must be
careful, when using this scale, to note what positions
his multiplier is in. If it is set for R x 100, then
every value read on the ohms scale must be multi-
plied by 100; if the switch is in the R x 1,000 position,
every value is multiplied by 1,000, etc. And, when-
ever use is made of this scale, the selector switch
should be set so that the readings occur to the left-
hand side of the scale. The markings here are much
clearer and easier to read.

To conserve space, especially at the crowded
end of the scale where the large numbers are found,
1,000 (and higher values in the thousands) is short-
ened by the use of the letters K or M. Thus, some
manufacturers write 1,000 as 1K, 2,000 as 2K, etc.
Others prefer the letter M; thus, 1,000 is printed 1M,
2,000 as 2M, etc.

In vacuum-tube voltmeters, the ohms scale
starts at the left-hand side of the meter dial and ex-
tends to the right. In multimeters, the direction will
vary with the instrument; some scales increase from
left to right while others rise in the opposite direc-
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tion. The methods of using both types of instruments
are identical.

The AC scales in some meters will be non-
linear but in most instruments it will be as linear as
the DC scales. The difference is due to the manner
in which the AC is rectified in the instrument. Other
scales which are generally non-linear are the decibel
(or db) and capacitance scales. No difficulty, how-
ever, should be encountered in reading these scales
if the preceding discussion is fully understood.

To recapitulate, then, correct reading of a
meter scale proceeds in three steps.

Step 1. Find the proper scale to read.

Step 2. Determine the value of the markings
on that scale. In taking this reading, make sure your
eyes are directly over the needle. If you are off to
one -side, the reading you get will be too high or too
low, depending upon which side of the meter you are.

Step 3. Check with the range switch to see if
the scale used should be multiplied by some factor.
Multiplication of scale values is most extensively
employed for resistance measurements, and to a
lesser extent for the other electrical units. However,
there is no set practice in this respect and each in-
strument should be carefully checked for multiplying
factors before being used.

USE OF THE VTVM IN TV SERVICING

The principal applications of the VITVM in tel-
evision receiver service work consists in making
voltage and resistance measurements. The low volt-
age checks are made with an ordinary probe. For
high-voltages, a special probe is available, such as
shown in Figure 13. An ordinary probe, too, is used
for AC measurements (up to approximately 15,000
cycles). Beyond this, extending up for several hun-
dred megacycles, a special RF probe is necessary.
The high-voltage probe and the RF probe are gener-
ally additional accessories which are not included in
the original pricing of the unit. Where the money is
available they should be purchased because they do
extend the usefulness of the meter.

While the VIVM is the work horse of the
service shop, its usefulness for signal tracing, es-
pecially in the RF and IF sections of the receiver, is
frequently overlooked.

Yet with a suitable RF probe and perhaps an
AMgenerator to supply a strong signal, a considerable
amount of testing can actually be carried out here.

To illustrate how the probe may be employed
for signal tracing, consider a television receiver in
which, for some reason, the incoming signal is not
reaching the video second detector. The problem is
to locate the break in the signal path. Tune the re-
ceiver to one of the local channels. Then disconnect
the antenna and feed in the signal from an AM signal
generator. Set the generator to the video carrier fre-
quency for that particular channel. Do not modulate
this signal; in other words, feed in an unmodulated
signal.
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Now, with the RF probe of the VTVM, check for
an indication of this signal voltage at the plate of the
RF amplifier. (Use the full output of the signal gen-
erator and adjust the fine tuning control of the re-
ceiver for peak indication on the meter.) Check for
the RF signal at the grid of the mixer stage.

Continue the check at the mixer plate and at
the grid and plate of each video IF amplifier from
the mixer to the video 2nd detector. In each ampli-
fier stage, the signal should be stronger at the plate
than at the grid. The only exception to this might
occur in the mixer tube, which is not operated as a
conventional amplifier, but rather as a converter
wherein the incoming signal is brought down from its
RF value to the IF level. Further investigation
should be directed to any amplifier stage where the
signal either remains the same or actually decreases
in going through the circuit.

The same probe can be employed to measure
the RF output of the receiver oscillator. Remove alil
signals from the front end of the receiver. Then,
with the power on, place the RF probe of the VTVM
at the point where the oscillator injects its signal
into the mixer circuit. (Ground the RF probe shield
to the receiver chassis as close to the point of con-
tact as possible.) Check the output of the oscillator
by noting the reading it produces on the VT VM scale.
Do this on every channel on which the receiver is
used.

There are several features concerning the use
of the RF probe for signal tracing with which the
serviceman should be familiar.

1. For best results use an RF generator rather
than the incoming signal as the voltage which the
probe detects. The generator will provide a useable
signal at most frequencies; incoming signals, unless
they are exceptionally powerful, will not develop
voltage in the first three or four stages of the re-
ceiver to give a useable indication on your VITVM.

2. As you go through the front end stages of
the set (i. e., those in the tuner) you will find it easy
to confuse the voltage fed by the oscillator into the
mixer with the incoming signal voltage. The test for
the oscillator voltage has already been given. To
check for the signal voltage separately at the mixer,
it will be necessary to disable the oscillator. Gen-
erally, this need not be done if you find a signal in
the video IF stages since the presence of this signal
indicates an interaction between the incoming signal
and oscillator voltage in the mixer. However, when
there is no IF signal at the grid or plate of the first
video IF tube, then separate tests for the signal and
oscillator output at the mixer are warranted.

In dealing with a television receiver, it must be
remembered that if you wish to check directly any
RF or IF signal (in their respective systems), that an
RF probe will have to be used. The RF probe is a
detector which takes the signal present at the point .of
measurement, converts it into pulsating DC, and then
feeds this voltage to the meter where its rms value
is recorded.

If you wait until the signal reaches the video
second detector before measuring it, then only the
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DC probe of the VIT'VM need be connected to the video
load resistor. In this instance the second detector
tube takes the place of the RF probe.

As long as you keep the functions of the RF
probe in mind, there will be no confusion regarding
where it should or should not be used.

ISOLATION TRANSFORMERS -

One statement in this section made reference
to the use of an isolation transformer when using
test instruments to service a transformerless re-
ceiver. Other references to this same practice will
be found in many of the instructional booklets that
come with test equipment. To those men who have
not had much servicing experience, these references
may appear puzzling since they are almost invariably
given without any additional explanation.

The 100-117 volt power line, from which all
electrical equipment operates, has one wire grounded
and one wire energized. The grounded wire potential
remains constant, while the potential of the energized
wire,varies alternately above and below ground by
110-117 volts. (While it is common to refer to the
power line potential as 110 volts, actually the exact
value will vary with each locality. It is not unusual
to find variations from 95 to 125 volts not only from
place to place, but also within the same locality.)

Now, in a transformerless set, such as the AC-
DC receivers so widely employed, the power line
connects directly into the receiver low-voltage power
supply circuit. See Figure 32. One side of the line
becomes the B- for the receiver while the other side
connects to the rectifier tube for the development of
the B+ voltage.

To the receiver it makes little difference which
of the two power line wires is the B- wire and which
connects to the rectifier tube. If the grounded power
line wire is the B- wire of the receiver, then, of
course, the rectifier diode will conduct whenever the
energized wire is positive. On the other hand, if the
plug is reversed in the wall receptacle, the grounded
power wire connects to the rectifier tube and the
so-called "hot" or energized wire becomes the
receiver B-.

Now, the question can be raised, ""How does the
set operate under these conditions?" The set does
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Figure 32. A Power Supply Circuit Common to Trans-
formerless Receivers.



operate, we know, and the answer is to be found in
the fact that when the energized wire becomes neg-
ative, the grounded wire is, by comparison, more
positive. Since the rectifier tube is concerned only
with the relative voltage between these two wires, it
will conduct during this half cycle.

Thus, to the receiver itself, it makes no diff-
erence which power wire connects to B- and which
goes to the rectifier tube.

Suppose, however, that the receiver B- is also
connected to its chassis (which is frequently true)
and that this chassis is resting against the electrical
conduit pipe running along the bench. Since the pipe
is at ground potential, one of two things can happen.

1. If the grounded wire of the power line con-
nects to the receiver B-, then nothing will happen.

2. But if the energized wire of the power line
is the one that reaches the receiver chassis, then
you will be shorting this wire to ground. Result: A
surge of current and one blown fuse. The blown fuse
is readily replaced but the surge of current may
easily damage the receiver On-Off switch and burn
out pieces of metal on the receiver chassis or the
conduit pipe.

Instead of backing the receiver up against the
conduit pipe, suppose we connect a VI'VM to the re-
ceiver for a series of voltage measurements. The
common or ground lead of the VITVM goes to B-,
while the voltage probe is placed at various points to
determine the various potentials. Here, again, we
have several interesting situations which can arise.
If neither the receiver nor the VI'VM chassis (and
cabinet) come in contact with any ground conductor,
nothing will happen. But if either of these units does
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Figure 33. By Using an Isolation Transformer, There
Is no Direct Connection Between the Power Line and
the Receiver,

make contact with a power line ground and the ener-
gized power wire is connected to the receiver B-,
the fuse blowing fireworks discussed will occur, this
time with possible damage to the VTVM, or whatever
other instrument is employed.

To prevent shorting the power line to ground, a
1 to 1 isolation transformer should be inserted be-
tween the power line and the transformerless re-
ceiver. See Figure 33. The isolation transformer
removes the direct connection between the power line
and the receiver and now we can ground the receiver
chassis without disturbing its operation or that of
the power line.

In transformer operated receivers, isolation is

achieved by the set transformer itself and so, of
course, no additional unit is required.
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INTRODUCTION

Despite the fact that television receivers con-
tain broad bandpass circuits extending over a range
of 3 to 6 mc, there are a considerable number of
applications to which an AM generator be put. Thus,
an AM generator can be employed for peaking the
various coils in stagger-tuned video IF systems;
they can be used to align the audio IF circuits; and,
finally, AM generators find extensive application as
marker generators. In this latter capacity, the AM
generator provides an identification signal (or
marker) which, when used in conjunction with a sweep
generator, shows the operator the exact position of
certain frequencies within the bandpass of the circuits
under test. A complete and detailed discussion cov-
ering this very important application will be given in
a later section.

The AM generator, wnatever frequency range
it covers, consists basically of an RF oscillator
whose output frequency can be varied over a certain
range. This signal is available as is (i. e., unmod-
ulated) or it may be combined with a low-frequency
audio signal (i. e., modulated). To achieve this
amplitude modulation, the generator also includes an
audio oscillator, operating at a fixed frequency which
is usually in the neighborhood of 400 cycles. Provis-
ion is always made to bring the modulation in, when
desired, or, to cut it off when only the RF signal (or
carrier) is needed. For direct testing of the receiv-
er’s audio system, the 400 cycle signal voltage is
also available at a front panel jack.

AM GENERATOK CIRCUITRY

The complexity of the AM generator, like that
of the VTVM, depends upon the number of functions
which the unit is designed to perform. One of the
simplest commercial units available (in kit form) is
shown in Figure 1. V1 (a 6C4) is operated as a
Hartley oscillator. The output of V1 is resistance-
coupled to a buffer tube, V2A, A four-step ladder
attenuator and a variable potentiometer in the cathode
circuit of the buffer stage control the output of the
generator without loading the oscillator stage. (Load-

section

two

AM Signal Generators

ing changes in the most rigidly controlled oscillator
will tend to cause a frequency variation.)

The second half of V2 (V2B here), 1/2 of a TF7
tube, is connected as a 400-cycle audio oscillator.
The modulated output then appears across the cathode
of V2A, from which point it is fed to the output
terminals of the signal generator.

Stability is all-important in any type of test
instrument, and especially so in signal generators.
To achieve a measure of stability in the circuit
shown, a voltage regulator tube is connected across
the output of the power supply. With this regulator,
line voltage variations from 95 to 135 volts will not
affect the generator accuracy. However, variations
in the value of the other oscillator components will
have an affect on the frequency, Just how immune
the oscillator is to component value variations de-
pends upon the quality of the parts used, and fre-
quently this varies in direct proportion to the price
of the instrument,

AM signal generators are one of the oldest
pieces of test equipment employed by the radio
serviceman. That they are more complicated now is
due principally to the extension of broadcasting into
newer (and higher) frequencies. Thus, where pre-
war signal generators were required to generate
signals extending only to the end of the radio broad-
cast band, now they must cover this range plus FM
and television, too. This means an extension up to
220 mc and, in time, even higher as the UHF bands
are opened up to commercial broadcasting.

The front panel of the generator discussed in
Figure 1 is shown in Figure 2. The dial face is seen
to consist of a number of scales (here, 7), each scale
devoted to a different set of frequencies. The lowest
frequency scale is the outermost scale (labeled A).
The frequencies across this scale range from 75 kc
at the low end to 220 kc at the high end.

At this point, one might raise the question,
"How do you know that the outer scale concerns the
lowest generated freauencies of this instrument ?"
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Figure 1. The Circuit Diagram

And furthermore, "How do you know that the frequen-
cies are in kilocycles?"

Both are very pertinent and very legitimate
questions that might be asked by any serviceman -
especially one whose experience with signal gener-
ators is limited. The answer to both questions will
be found in the instruction booklet which is supplied
with every test instrument. In some instruments, as
we shall see later, sufficient information is given on
the face of the dial to enable the user to determine
the frequency coverage by inspection alone. In other
instruments, such as the one pictured in Figure 2,
recourse to the instruction booklet is necessary.

One point worth noting about most signal gen-
erators is this. When the different scales are identi-
fied or labeled by letters of the alphabet, such as
A, B, C, D, etc., then almost without exception the
lowest frequency scale is assigned the lowest letter.

Continuing with the scales shown on the AM
generator of Figure 2,the second or "B" scalecovers
the frequency range from 200 kc¢ to 600 kc. A com-
parison of this range with that of scale "A" reveals
that the low end of scale "B" overlaps the high end of
scale "A", In other words, a portion of the highest
frequencies reappear at the low end of scale "B".
This is another common practice and is done to
insure that the rise in frequencies is continuous. If
the beginning of scale "B" started just at the end of
scale "A", it might happen under some circumstances*
that the frequencies generated by the instrument for
scale "A" did not quite extend up to the highest fre-
quencies indicated on that scale. This would cause a
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gap to appear between A and B and impair, to some
extent, the usefulness of this generator. It is to pre-~
vent this from happening that the frequency ranges
of the various scales overlap.

The range of the third or "C" scale of the gen-
erator extends from 550 kc to 1700 kc. Writing 1700
ke in mc produces a result of 1.7 mc. Scale "D"
starts below this, at 1.6 mc and rises to 5.0 mc.
Scale "E" ranges from 5.0 to 16 mc., Next follows
scale "F" with 10 to 50 mc and finally scale "G" with
45 as the first number and extending up to 150 mc.
While 45 is the first number on scale "G", actually
the dial contains markings below this point. However,
the section below 45 (on scale "G") need not be used
since it repeats a portion of scale "F",

The choice of a particular range is governed
entirely by the switch marked ''Band'' located just
below and slightly to the right of the dial knob. There
is a separate position for band A, B, C, D, and E.
Note, however, that bands F and G both occupy the
same selector switch position. Also, if you look
closely at scales F and G you will discover that every
number on scale G is exactly 3 times the number
appearing directly above it on scale F. This means
that one tuned circuit is being used to generate all

* A change in value of circuit capacitance, resist-
ance, inductance, a variation in the operating voltages,
or aging of the oscillator tube itself might readily
alter the frequencies generated by an oscillator, Es-
pecially critical in this respect are the end frequen-
cies of any resonant circuit.
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Figure 2. An AM Generator Available in Kit Form.
Courtesy of Eico.

frequencies from 10 mc on up. The basic or funda-
mental frequencies being developed by the generator
(with the "Band" switch inthe F, G, position) are those
indicated on scale F, namely, 10 to 50 mc. However,
as is true of nearly all oscillators, harmonics are
generated together with the fundamentals. In this
instrument we are interested in the third order har-
monics. Note, however, that there are present also
the second harmonics and possibly some fourth, fifth,
and even higher harmonics, although the harmonic
amplitude falls off quite sharply as the harmonic
order rises.

The range, then, of the generator shown in
Figure 2 extends from 75 ke to 50 mc on fundamen-
tals, and from 50 mc to 150 mc on harmonics. The
practice of using harmonics for the higher frequen-
cies is a common one since it is obviously more
economical to use one set of tuned circuits for two
ranges than one. The disadvantage of this arrange-
ment is the decrease in signal output for all har-
monics, Thus, the strength of the "G" scale signals
will be less than those of scale "F" and might prove
difficult to work with. Also, by using harmonics it
is possible that spurious signals, caused by the beat—
ing of one frequency against another, will develop
which will give false indications in the circuit you
are working with, With careful design, however,
these disadvantages can be minimized (and are) to
the point where the majority of present day AM
generators develop their highest frequencies harmon-
ically and little difficulty is encountered in normal
operation.

VERNIER SCALES

The graduations on the various scales of the
generator dial are simply designed and if you apply,

AM SIGNAL GENERATORS

the rules established in Section 1 for reading VTVM
scales, no difficulty will be encountered. Generator
dials are seldom as complicated as VTVM scales.

There is, however, one feature concerning
these dials that differs considerably from anything
that has been previously encountered in vacuum-tube
voltmeters. This feature is the use of an auxiliary
vernier scale in conjunction with the generator dial.
Now, by definition* a vernier is an auxiliary scale
containing slightly smaller divisions than the main
scale, and by means of which readings may be made
with greater precisionthan allowed by the main scale.

On the generator shown in Figure 2, the vernier
scale is located just above the dial knob. When the
knob is rotated, it moves the main dial pointer across
the scales; at the same time the vernier scale
contains a greater number of divisions per inch and
hence, for a given rotation of the knob, moredivisions
are covered on the vernier scale than on the main
dial. And because of this, it is possible, as we shall
see, to determine readings on any of the main scales
to a greater degree of accuracy than if there was no
vernier.

In Figure 3 two scales are shown. Scale A, the
main scale, has 7 divisions while scale B, the vernier
scale, has 21. As the pointer moves from 0 to 7 on
scale A, it will travel from 0 to 21 on scale B. Fur-
thermore, since both scales are linear, the 21 vernier
divisions will be divided evenly between the 7 divis-
ions of scale A, This means that as the pointer
moves from 0 to 1 on the main scale, it will move
from 0 to 3 on the vernier scale. (Another way of
stating the same facts is to say that each vernier
division is equal to 1/3 division on the main scale.)

Now, as long as we desire to deal only with the
whole numbers on scale A (such as 1, 2, 3, 4, etc.)
and we can set the pointer precisely on each major
mark, then the vernier scale will be of little use. But
when, as is frequently the case, we wish to set the
pointer to some position between whole numbers, then
the vernier scale comes in very handy.

* As given in "A Dictionary of Electronic Terms,"
published by the Allied Radio Corporation of Chicago.
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Figure 3.
31



AM SIGNAL GENERATORS

Figure 4. The Vernier Scale "B" Helps to Set the
Pointer to a Desired Point on Scale "A".

To illustrate, suppose we desire to set the
main scale pointer to .33, This point, we know, is
one-~third of the distance between 0 and 1 and, more
frequently than not, we would be wrong. We may not
be very far wrong, but the chances are good that we
would be off to a certain extent, However, with the
help of the vernier scale, we can actually hit .33 right
on the head. For when we move the pointer from 0 to
1 on the main scale A, we go from 0 to 3 on the ver-
nier scale B. This means that when we move the
pointer on the vernier scale to 1, the pointer on the
main scale is at .33. See Figure 4. Since we can hit
1 on the vernier scale quite accurately, we can reach
.33 on the main scale just as precisely.

Continuing, when the pointer is directly at line
2 on the vernier scale, it is at .66 on the main scale.
And, finally, when the pointer is at 3 on the vernier
scale, it is at 1 on the main scale.

Thus, we see that with the help of the vernier
scale, we can obtain many more accurate readings on
the main scale than we could have without this addi-
tional scale., Other points than those discussed may
alsobe determined more accurately with the aid of the
vernier scale. For example, suppose we wish to set
the pointer to .5. This point is approximately mid-
way between .33 and .66 and by setting the pointer
midway between lines 1 and 2 on the vernier scale we
can come quite close to the .5 position. Certainly we
can more closely approximate .5 on the main scale by
using the vernier than we could be relying on scale
A alone.

One fact made evident by the foregoing dis-
cussion is that the more divisions the vernier scale
possesses (over a given section of its scale),the more
accurate will be the settings made on the main scale.

We are now in a position to consider vernier
scale usage in more specific terms. Thus, in Figure
2, suppose we wish to obtain a signal having a fre-
quency of 145.6 kc. This would lie on scale Abetween
140 and 150 ke. To determine where 145.6 exists as
closely as possible, set the pointer first on 140 kc
and note the reading on the vernier scale. In this
case let us say it is 73, Next, rotate the knob until
the needle is at 150 kc on scale A. Again note the
reading of the vernier scale. At this point it is 99,
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We see, then, that for a variation of 10 kc (150
kc - 140 kc), the vernier moved 26 divisions (99-73)
past its reference hairline. If we divide the 26 into
the 10, we obtain an answer of .384. This means that
every division of the vernier equals .384 kc on scale
A. Thus, if we move the vernier from 73 to 74, we
change the generator output frequency from 140 kc
(at 73) to 140,384 kc (at 74).

To reach 145.6, we have to increase the gen-
erator frequency 5.6 kc above 140 kc. Since each
vernier mark is equal to .384 kc, what we have to
determine is how many times does .384 go into 5.6.
This will tell us how many divisions to move the
vernier scale past 73. Performing the division
(i. e., 5.6

384) gives us an answer of 14.6. And so, if
we add 14.6 to 73 (our starting point or 140 kc), we
set the vernier dial to read 73 + 14.6 or 87.6, the
signal generator will be developing an output frequen-
cy of 145.6 kc.

It should not be supposed that the value of .384
ke per vernier division holds true at all points on
scale A. It would hold true if scale A were perfectly
linear and if the vernier scale were likewise per-
fectly linear. Since this is seldom true, it is best to
go through the same procedure for each different
section of every scale. In this way you will be cer-
tain of approaching as close to the desired frequency
as possible,

OTHER GENERATOR CONTROLS

In addition to the "On-Off" switch and the
"Band" switch which we have previously considered,
there are three other controls and two signal outlets
on the generator of Figure 2. One control, the
"Multiplier," is a four-way selector switch serving
to regulate, in four steps, the intensity or amplitude.
of the signal delivered by the generator. In the X1000
position, the maximum amount of signal is available
at the "RF OQutput" terminal located just above this
control, In the X100 position, approximately 1/10th
as much signal is permitted to reach the output term-
inal, the remainder of the signal being dissipated in
resistive attenuation pad. See Figure 1. In the X10
position, the signal level is still further decreased,
and in the X1 position it is at its lowest point.

In each of the four positions, the level of the
signal may be continuously varied by means of the
"Attenuator” control., This type of arrangement
provides full control of the signal from maximum to
minimum,

On the other sideof the panel there is a "Signal"
control possessing three positions: Audio, wherein
the audio signal (400-cycles) is made available at the
"Audio Output" terminal; RF, when only an unmod-
ulated RF signal appearsat the "RF Output" terminal;
and "Mod," when the RF signal at the "RF Output”
terminal is modulated by the audio note.

Control of the amplitude of the audio signal at
the "Audio Output” terminal is also achieved by
rotating the "Attenuator” control. This knob attaches
to a dual potentiometer, one section of which serves
for the RF signal, and one for the audio signal.
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To obtain the signal voltages present at either
the "RF Output" terminal or the "AudioOutput" term-
inal, a coaxial cable is provided with the instrument.
One end of the cable screws on to the output terminals
while the other end contains two alligator clips. One
clip attaches to the other conductor of the cable and
represents the ground output connection of the gener-
ator. The other clip connects to the inner conductor
of the cable and is the one which is usually referred
to as the "hot" lead since it carries the signal.

While most generators - in common with this
one - contain an internal audiooscillator whose output
can be used to amplitude-modulate the RF signal,
provision is also made to permit modulation by an
external signal, if this is desired. In the instrument
shown in Figure 2, the external modulating voltage
is fed into the instrument at the "Audio Output - Ext.
Mod." terminal. The "Signal” control is placed in
the RF position to disable the internal audiooscillator
and prevent it from feeding its signal to the buffer
tube at the same time.

USE OF THE AM GENERATOR

To place the AM generator of Figure 2 into
operation, it would be connected to the nearest AC
outlet and the "On-Off" switch flipped to the "On"
position, The instrument should be permitted a
period of 10 to 15 minutes to warm up and in the
meantime its various controls can be set to position.
Initially the “"Multiplier" control is switched to the
X1000 position; and the "Attenuator" knob set any-
where from mid to maximum clockwise position. The
"Band" switch would be set to the range which con-
tained the desired frequency and the "Signal"” control
would be positioned either at "RF" or "Mod" depend-
ing upon whether an unmodulated or a modulated
signal was desired. Finally, the dial would be set to
the frequency required and possibly, as a last step,
the coaxial cable connected to the "RF Output” term-
inal. When the 10 or 15 minutes have elapsed, the
instrument is ready for use,

Those men who have had extensive experience
with generators of this type will recognize that the
foregoing sequence may be varied by the individual
as he sees fit. Actually, the sequence given is merely
to indicate a method of preparing this instrument for
use and is not to be construed as the only method,

Once the generator is connected to the receiver
and the signal modulation is either being heard or
observed on an indicator (such as an oscilloscope or
VTVM), then the "Multiplier"” and "Attenuator" con-
trols are adjusted for the‘desired signal output. If
the generator is being used for signal tracing pur-
poses, then it is customary to use a moderate to
strong signal output. On the other hand, if the gen-
erator is being used for alignment, the controls are
set as low as it is possible to place them and still
obtain an indication from the receiver. Never over-
drive a receiver being aligned because any adjust-
ments made under these conditions will not provide
maximum sensitivity when the set is used to receive
weak or moderate signals, We will return to this
point again (and again) in a subsequent section cov-
ering the application of generators in FM and TV
receiver alignment.

AM SIGNAL GENERATORS
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ke to 240 mc. Courtesy of Superior Instrument Co.

If itis desired to employ the generator for audio
alone, the ''Signal' switch is set to '* Audio.’”” The
coaxial cable connected to '* Audio Qutput-Ext. Mod."’
adjust '' Attenuator'' for desired output (revealed by
audio note heard, or the level developed on your oscil-
loscope or VTVM). None of the other controls have
any effect on the audio output signal.

The front panel of another AM signal generator
is shown in Figure 5. The frequencies covered by
this instrument extend from 100 kc to 240 mc in
seven (A, B, C, D, E, F, G) ranges. Not only is each
of the scales identified by a letter, but also the fre-
quencies for that range. To select the desired band
of frequencies, there is a "Range" switch in the lower
right-hand corner of the front panel. Note, however,
that bands E, F, and G are all obtained at the same
switch setting indicating that all frequencies beyond
the fundamental range (18-60 mc) of band E are
harmonics. For band F the second harmonics are
utilized and for band G, the fourth harmonics. The
instrument output will thus be expected normally to
decrease as you go from scale E, to F, to G.

Two hairline indicators are used because the
dial plate only rotates for 180° and whatever is on
the bottom half of the plate (bands D, E, F, and G)
cannot pass underneath the tophairline indicator. The
top indicator is thus used with bands A, B, and C
while the bottom reference line deals with the re-
maining four ranges. Also, because of this arrange-
ment, frequency on the top three scales increases
from right to left while on the lower scales the
frequency rises from left to right.

The other controls on this generator are seif-
explanatory and should cause no difficulty, The
"Level" control, instead of being calibrated in terms
of X1000, X100, X10, and X1, as in the previous gen~
erator, now contains the markings of Lo, Med, and
Hi. A continuously variable potentiometer labeled
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Figure 6. A Signal Generator Especially Designed for
TelevisionService Operation. ItsRange of Frequencies
Extends From 18 to 250 mc. Courtesy of Superior
Instrument Co.

"Attenuator"” permits control of the signal level out-
put for each position of the "Level" control.

Available, too, are "Mod" On-Off switch, a
power switch, and two signal output connectors. The
knob to turn the large dial plate is located at the
right.

The instrument in Figure 5 can be employed
for AM, FM, and TV receivers. For those shops
which devote most of their time to television sets, a
special signal generator developing only frequencies
from 18 to 250 mc is made available by the same
company, This unit is shown in Figure 6. The con-~
trol marked "Output” in the lower right-hand corner
of the panel regulated the level of the output RF sig-
nal, It serves the same purpose as the knob labeled
"Attenuator"” in Figure 5. A four position switch
marked "Multiplier" performs the same function as
the "Level" control on the signal generator of Figure
5.

It is interesting to compare these two instru-
ments and note the differences in the labeling of
controls which perform the same functions in their
respective units. This in spite of the fact that both
units were designed by the same manufacturer. There
is no standard nomenclature for instruments doing
similar jobs although it is true that most differences
in control labeling can be resolved with a little study.

A simplification in dial markings is achieved
in the signal generator shown in Figure 7. The dial
is mounted behind the front panel and only a small
section of it is visible at any time. Two scales take
care of five bands,

(A) 65-205 ke

(B) 205-2050 ke
(C) 650-2050 ke
(D) 2050-6500 ke
(E) 6.5-20.5 mc

and the reason this can be done can be seen from an
34

Figure 7. A Supreme Model 661 AM Signal Generator.

inspection of the above frequency arrangement.
Three of the bands (i. e., A, C, and E) are multiples
of each other permitting the use of one scale (with
the appropriate mental multiplication) for all three.
The other two bands, B and D, can both be accommo-
dated on another separate scale by the same arrange-
ment,

Two additional signal generators are shown in
Figures 8A and 8B. Both units contain controls which
are similar in name and functions to the controls on
the AM generators just discussed. In Figure 8A the

Figure 8A. A Signal Generator Which Will Generate
Frequencies up to 120 mc. The Range Selector Mark-
ings Extend Onlyto 40 mc, but by Means of Harmonics,
120 mc can be Obtained. Courtesy of Triplett Electri-
cal Instrument Co,
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Figure 8B. A Simpson Model 340 Signal Generator.

Courtesy of Simpson Electrical Instrument Co.

"Int. Mod" position of the "Circuit Selector" switch
refers to the modulation which is applied to the RF
signal by the instrument’s own audio oscillator. This
position is usually referred to as "Mod RF" rather
than as "Int, Mod."

MORE ELABORATE AM GENERATORS

The foregoing analysis has dealt with those
controls which are basic to all signal generators
without regard to their cost. On more elaborate units
additional controls and connector terminals will be
found, enabling the instrument to perform a wider
variety of jobs.

A s an illustration, consider the AM signal
generator shown in Figure 9. Some of its controls,
such asthe "Band Selector,"” the four positionselector
switch at the right, and the center dial are immed-
iately recognizable. The RF output connector terminal
uses a coaxial cable, while the audio signal is ob-
tained from a pair of pin jacks at the right. In place
of the four position "Multiplier" control used in
Figure 2, this instrument has a continuously variable
potentiometer labeled "RF Control - 1."” Then, for
any setting of this control, "RF Control - 2" permits
the operator to take all of the RF signal offered or
any portion of it. In other words, "RF Control -~ 2"
is identical in its function to the "Attenuator" control
of the previous signal generators. The RF output
signal may be obtained at one of two terminals. One
terminal, at the left, is marked "Low;" the other,
slightly to the right of it, is marked "High." The RF
signal is available at both connectors, except that the
amplitude is somewhat lower at the "Low" terminal
than at the "High" terminal, due to the presence of a
4,000-ohm resistor in the  line leading to the "Low"
connector. The manufacturer recommends the use of
the "Low" terminal at all times except where the
circuits are misaligned and the maximum signal from
the generator is required. A screw-cap allows
shielding of the unused terminal to minimize signal
leakage from this source.

At the opposite (right-hand) side of the instru-
ment panel there is a "Mod Control" with which the

AM SIGNAL GENERATORS

intensity of the audio signal can be varied from zero
to maximum, Itis called a modulation control because
by regulating the amplitude of the audio voltage, it
will regulate the extent to which the RF carrier is
modulated. The greater the degree of modulation, the
louder will be the audio output from the circuit under
test.

Another feature of this instrument which has
not been encountered in previous signal generators
is the "AVC Control" and the two pin jacks marked
"AVC Voltage" - and +., The purpose of this arrange-
ment is to make available a DC voltage which can be
applied to a receiver being aligned. The voltage
itself is obtained from the two pin jacks while its
amplitude can be varied by means of the "AVC
Control" potentiometer located just above it.

Normally, when a set to be aligned possesses
AVC, it isnecessary tokeep the injected signal voltage
low in order that the set does not develop sufficient
AVC voltage to counteract the variations in output
produced when the various circuits are tuned through
resonance. It is, after all, the purpose of the AVC
network to maintain the output of a receiver steady
as the input signal varies. However, when we inject
a signal for alignment purposes, we wish to observe
just how the output varies as each tuned circuit is
adjusted. To the AVC system, the variations produced
by alignment have the same effect as varying the
strength of the input signal and it reacts accordingly.
The result, with the AVC network in o'peration, is to
broaden the response curve of the various tuned
circuits, making it difficult (if not impossible) to
achieve peak alignment,

The solution to this problem is either (1) to
feed in so low a signal that the AVC action will be

TOP HAIRLINE USED
FOR SCALES A,B&C

TwWC R QUTPUT
CONTROL &

VERNIER PLATE
VERNIER SCALE

HIGH RF BOTTOM HAIRLINE
OUTPUT USED FOR SCALES D.E,
Ff2 5 ra

LOW RF OUTPUT
TERMINAL ’

Figure 9. The Precision Model E-200C Signal Gen-
erator. The RF Attenuator Controls are Both Contin-
uwously Variable. This Is a Departure From the Pre-
vious Instrument. Courtesy of Precision ApparatusCo.
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small or (2) to disable the AVC system and apply in
its place a fixed DC voltage equal in value to the AVC
biasing voltage developed with normal signals.

The first method is the simplest to perform
and is widely used. Unfortunately, however, the
alignment obtained by this method does not corres-
pond exactly with the alignment of the receiver under
normal operating conditions and, consequently, the
set is not actually adjusted for optimum operation
under its normal operating conditions. The difficulty
arises from the fact that when the grid bias of a tube
changes, so does its input capacity. This capacity, in
turn, parallels whatever tuned circuit is connected
across the input of the amplifier stage, and as it
changes in value, so does the resonant frequency of a
tuned circuit, It is thus evident that for peak per-
formance the tuned circuit should be aligned with a
grid bias as close to the normal value as possible.

In recognition of these facts, a controllable DC
voltage is made available at the front panel of the AM
generator shown in Figure 9. The AVC line in the
receiver is opened up and the DC voltage from the
generator substituted in its place. The voltage is set
at the value normally developed by the receiver AVC
circuits and the set is aligned. The scale on the AVC
control is calibrated to indicate the exact voltage
appearing at the two AVC jacks.

SCALE CALIBRATION -

This same generator (Figure 9) has a vernier
scale arrangement that differs from the vernier scale
previously discussed in connection with the generator
of Figure 2. Along the upper circumference of the
dial there is a scale marked from 0 to 110. Directly
above this scale, in the center of the instrument, is a
small vernier plate* with markings from 0 to 10,
Through the use of this auxiliary plate, readings on
to 0-110 vernier scale can be made accurately to
tenths of one division, In other words, between 0 to
110 we can obtain 1100 readable points, And from
our previous discussion we know that a vernier scale
possessing 1100 readable points is considerably
more accurate than a scale possessing only 110
divisions.

The manner in which the vernier scale and the
vernier plate above it are utilized can be seen from

* Note carefully this distinction between the small
vernier plate and the larger vernier scale.

VERNIER
PLATE

VERNIER

Figure 11. The Vernier Scale Reading Is 40.1.

the following discussion. Let us suppose that the ver-
nier scale is so set up that the number 40 is directly
underneath the 0 of the vernier plate. Then it can be
seen from Figure 10 that none of the other vernier
plate markings are directly over a division on the
vernier scale except number 10 on the vernier plate.
And if you look closely you will see that this 10 on
the vernier plate coincides with 49 on the vernier
scale. In other words, 10 vernier plate divisions are
exactly equal to 9 vernier scale divisions. It is this
particular relationship which enables the vernier
plate to divide up each vernier scale division into ten
equal parts,

Now, if you move the large vernier scale
slightly to the left until the number 1 division on the
vernier plate is directly over one of the vernier scale
divisions - as shown in Figure 11 - then you will not-
icethat the 0 of the vernier plate is just slightly beyond
the number 40 on the vernier scale below it. To be
exact, the vernier scale is now set at 40.1,

Next, move the vernier scale again slightly to
the left until the number 2 division of the vernier
plate is directly over a division on the vernier scale.
If you now examine the point where the 0 of the
vernier plate is with relationship to the vernier
scale beneath it, you will see that it appears as shown
in Figure 12, The 0 of the vernier plate is now at
40.2 on the vernier scale.

It is interesting and important to note from
Figures 11, 12, and 13 that one and only one vernier
plate division can fully coincide, at one time, with a
vernier scale division except for the extremes of
zero and 10. In Figure 11 only the number 1 vernier
plate division coincides with a scale division beneath
it and consequently the decimal to be added to 40 (in
this case) is .1. The full reading then becomes
40.1, In Figure 12, only the number 2 vernier plate
division coincides with a scale division beneath it and
now the decimal to be added to 40 is .2, The full
seading then becomes 40.2,

VERNIER
PLATE
VERNIER
SCALE
40 so
P So

VERNIER
PLATE
VERNIER
y 'SCALE
40 50
2° 85

Figure 10, The Reading on the Vernier Scale in its
Present Position is 40. This Is True Because the Zero
on the Vernier Plate Is Directly Over the 40 on the
Vernier Scale,
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Figure 12. The Vernier Scale Reading Is 40.2 Because
Only the Two (2) Mark onthe Vernier Plate IsDirectly
Over a Vernier Scale Division.




We can continue moving the large vernier scale
slowly to the left (or counterclockwise) and if you
watch the vernier plate you will see the number 3
division coincide with a vernier scale division, then
the number 4 vernier plate division, etc., until the
zero itself passes directly over the 41 marking of the
vernier scale., The dial reading at this point would
be 41.

This same procedure can be employed at any
point along the 0-110 vernier scale with the result, as
stated previously, that we can obtain 1100 readable
points. It is necessary only to remember to look
along the vernier plate and locate that division which
most completely coincides with (runs into} one of the
dial divisions directly below it. If this number hap-
pens to be the sixth line of the vernier plate, then we
add 6/10 to that division on the vernier scale which
is to the left of the zero line of the vernier plate, In
the above illustrations, the number 40 was the one to
which the .6 would be added. However, the vernier
plate could be used in conjunction with any division of
the vernier scale.

Once you become familiar with the use of the
vernier scale on this instrument, you can use it with
any frequency scale, A, B, C, D, E, F, F2, and F4.
An example will serve to illustrate the method.

Suppose it is desired to obtain an output fre-
quency of 716 kc. Reference to the dial plate reveals
that this frequency is on band C. Setting the "Band
Selector" switch to band C, we rotate the dial until
the 710 ke line is directly underneath the tophairline.
The vernier scale would then be read and it might be
38.2. (Note that the vernier scale is not read with
reference to the hairline used by scale C but, instead,
read with reference to the zero line on the vernier
plate, This is important and must be observed,
otherwise the vernier plate is useless.)

Scale C would now be turned until the 720 kc
line was directly underneath the top hairline. The
vernier scale would again be read and its value might
be 40.1. This means that for a change of 10 kc on
scale C, the vernier scale (with the help of the ver-
nier plate) changed 40.1 - 38.2 or 1.9 divisions.

Dividing the 10 kc into the 1.9 divisions tells us
that for each kc at this point on scale C, the vernier
moves .19 divisions, Hence for 6 kc, the vernier
scale would have to move .19 times 6 or 1.14 divi-
sions. Since the vernier scale was 38.2 at 710 kc, if
we add 1.14 to it (for a total of 39.34), the dial would
be at 716 ke, which is what we want. Hence the
vernier scale would be set to 39.3 and the job is
completed. (The 39.34 is converted to 39.3 since we
cannot set the vernier scale to any value closer than
this, Had the number been 39.35, the setting would
have been 39.4.)

The same vernier scale would be used for
bands D, E, F, F2, and F4 on the bottom half of the
dial plate except that for reading the frequencies on
these scales, the bottom hairline is used. Otherwise
the procedure is exactly as outlined above, Thus, to
obtain an output of 33.7 mc, we would first set scale
F2 so that the 33 mc line was underneath the bottom
hairline marker. Then the vernier scale reading

AM SIGNAL GENERATORS

would be noted, Next, the F2 scale would be moved
until the 34 mc mark was directly underneath the
hairline and the vernier scale reading again noted.
Seven-tenths of the difference between these two
vernier readings would lead us, as before, to the
correct vernier setting in order to obtain an output
frequency of 33.7 mc.

It is also possible to reverse the foregoing
procedure to set the dial according to a given fre-
quency. Thus, suppose you know from past experience
that when the vernier scale is set at 34.7 and the
"Band Selector" switch is set for the "A" band, that
the output frequency is 109,95 ke and you wish to set
the generator so that this frequency is developed. To
reach 34,7 on the vernier scale, move the dial until
the 34 falls directly under the zero line of the vernier
plate. Then watch the Tth division on the vernier
plate as you slowly rotate the dial toward 35, When
the Tth line on the vernier plate is directly over one
of the dial divisions below it, stop, because at this
point the vernier scale reading is 34.7.

CRYSTAL CONTROLLED AM GENERATOR

The AM generators discussed thus far are
typical of the majority of such units which are avail-
able to the radio or television serviceman, However,
for certain applications, where signals possessing
crystal accuracy are desired, or where it is necess-
ary to know the level of the output voltage, a gener-
ator such as shown in Figure 13 can be obtained. This
particular instrument provides RF signals from 125
ke to 120 mc and from 150 mc to 220 mc, all on
fundamentals. In addition, a crystal oscillator is
included into which crystals between the ranges of
250 ke and 20 mc may be connected, For use in the
mobile band, extending from 152 to 162 mc, special
crystals ground to produce a specific frequency are
available. All output voltages may be calibrated
within the l1imits of one-half microvolt to 100,000
microvolts by means of a step and a continuously
variable microvolt control.

In the center of the front panel there is a large
frequency dial calibrated with the frequencies of the
8 bands covered by this instrument. The large dial
plate may be rotated rapidly by using the center knob,
or much more slowly by using a vernier drive (giv-
ing a reduction ratio of approximately 50 to 1) located
at the lower edge of the main dial. The vernier drive
may be disengaged completely from the main drive
by pulling forward and rotating the knob.

Directly above the tuning dial is a meter with
which the RF output may be calibrated. In addition,
the meter also contains three db calibrated scales
permitting it to be used as a 3-range decibel meter,
For this purpose the "Meter Circuit Selector" switch
is turned to the desired db range and the signal is
fed in at the pin jack on the panel labeled "Meter."

Choice of the desired operating frequency is
determined by the "Band Selector" switch. The last
position of the switch, in the extreme clockwise pos-
ition, is labeled "Int, Xtal." When the selector switch
is in this position, output is obtained from the crystal
oscillator, Either an external crystal (between 250
ke and 20 mc) is plugged into the "Ext, Xtal" socket
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Figure 13. A Crystal-Controlled AM Generator. {Model 292X, Courtesy of Hickok Electrical

Instrument Co.)

on the panel of the instrument, or a special crystal
unit (for the 152-162 mc band) would be connected
internally in the generator.

All RF signal output (including that derived
from the crystal oscillator) is taken from the "RF
Output” jack, Control of the amplitude of this signal
is achieved by three controls: "Master Attenuator,”
"Microvolts,”" and "Qutput Multiplier." The "Master
Attenuator"” is adjusted until the meter is positioned
at the proper reference point on its scale. (This in-
formation is contained in the instruction booklet
that comes with the instrument.) Having done this,
the settings of the "Output Multiplier" and "Micro-
volts" controls will then give the amplitude of the
signal directly. For example, if the "Output Multi-
plier" control is set in the x 1 position, and the 0-10
dial on the "Microvolts” control is at 6, the generator
output will be putting out 6 x 1 or 6 microvolts.

On the left-hand side of the panel, there is an
audio output control which regulates the amplitude of
the audio voltage obtainable from this instrument.
This control also has ganged to it an On-Off switch.
An "Output Selector" determines the type of signal
made available by the unit, whether it be audio, pure
RF, or modulated RF.

The "Xtal-Band Selector" switch is in the
normal position when the generator is required to
develop signals having frequencies from 125 ke to
120 mc (bands A through G). For the H-band, 150-220
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mc, the switch is turned to the left. And when the
crystal oscillator is to be used, the switch is turned
to the "Int, Xtal" position,

A standby-operate switch enables the operator
to keep the tube filaments lit, but with no B+ voltages
applied to the circuits. The instrument is now in the
standby position. In the operate position, the B+
voltages are activated and the instrument isready for
use,

The foregoing briefdiscussion of the instrument
shown in Figure 13 will give you some idea of how
such a unit would be employed. Actually, to obtain
full benefit of all its facilities, the operating in-
struction manual would be required.

The instruments which have been discussed and
illustrated in this section do not represent all such
units commercially available, They are merely re-
presentative of the type of generators the serviceman
is most likely to encounter, However, if the purpose
of each of the various controls discussed is under-
stood, then little difficulty should be encountered in
dealing with other AM Generators.

Thus far we have not discussed application of
the various instruments either in television or tele-
vision alignment, This will be reserved for later
sections, after additional test instruments have been
described.



WHY SWEEP GENERATORS?

For many years, the favorite test instruments
of the radio serviceman were the multimeter (VTVM
or VOM) and the AM signal generator. With these he
could perform any service task required - from the
tracking down of a defective component tothe complete
alignment of a receiver. Other instruments were
available but for many service shops these were con-
sidered as nice to have but not absolutely essential.

With the advent of FM and television, the
serviceman found that his basic instruments now had
tobe expanded to include a sweep frequency generator
and an oscilloscope. Where previously these two
additional instruments were useful but not essential,
now they assumed an importance equal to that of the
multimeter and the AM generator.

To understand the reason for this change we
must turn tothe newer FM and television circuits and
compare them with AM receiver circuitry. Actually,
to get at the real reason for the change we should go
back to the broadcast station itself. A receiver is
nothing more than a device which converts the trans-
mitted signal back to its original form, be it speech,
music, or a picture. Hence, the basic design of the
receiver is established by the transmitter.

fo
fo -5 KC fo +5KC
LOWER UPPER
SIDEBAND CARRIER SIDEBAND _—J

Figure 1. A Signal Which Is Broadcast by an AM
Radio Station can Occupy a Maximum Band Width of
10 ke.

section

three

Sweep Signal Generators

10 KC

Figure 2. A Typical Response Curve of AM Radio
Receiver.

The signal which is broadcast by an AM radio
station usually is restricted to a bandwidth of 10 kc.*
Half or 5 of this 10 kc are above the station's carrier
frequency and half below. See Figure 1. (The same
information is contained in both halves (or sidebands)
of the signal, and one sideband could be dispensed
with. However, to do this would complicate the cir-
cuitry of the receiver and the transmitter and is not
economically desirable.) The response curve of the
receiver's tuned circuits, in order to receive this
signal, possesses the shape shown in Figure 2. The
received signal is centered about the peak of the curve
where it receives the maximum amount of ampli-
fication. While the amplification at this point is not
absolutely uniform, as it should be, its variation in
the immediate vicinity of the peak is sufficiently
small to be unimportant in most instances.

The AM broadcast band extends from 550 kc to
1700 ke (approximately) and when we compare 10 ke
to these values (550 ke, 1700 ke, or any intermediate
frequency), we see that it represents but a small

* FCC regulations permit use of audio modulation
frequencies up to 7.5 k¢ which results in a maximum
bandpass of 15 kec. However, if frequencies this high
cause interference to other stations, the range must
be reduced, generally down to 5 kc.

39



SWEEP SIGNAL GENERATORS

portion of the carrier frequency. Because of this and
because the response curve is symmetrical, simple
tuning circuits can be employed in the receiver.
Satisfactory alignment can be carried out by feeding
in a single frequency signal and peaking each tuned
circuit for maximum response on a VIVM.

In FM receivers, the situation is altered some-
what for several reasons. First, an FM signal occu-
pies a bandwidth of approximately 200 k¢ which is 20
times wider than that required by an AM signal.
Secondly, FM IF amplifiers make use, from time to
time, of double-peaked transformers and for optimum
results the alignment of these circuits should be
carried out visually. Finally, the response of an FM
detector possesses a special shape (i.e., an S-curve)
and this, too, should be ' seen'' to determine whether
it possesses the proper linearity.

It is possible to align FM receivers using only
an AM generator and a VTVM, in spite of the wider
bandpass of the circuits, but visual alignment is re-
commended.

We come now to television receivers and to
fully appreciate their requirements, let us examine
the signal which is transmitted by the broadcast
station. This is shown in Figure 3 for channel No. 2,
54-60 mc. The television signal, complete, consists
of a video portion and an audio portion. The video
portion extends roughly for 5.25 mc while the audio
occupies a bandwidth of slightly less than 50 kec.
However, the combination of the two plus the spacing
between the video and the audio signals results in a
bandpass of 6 mc. Thus, where the RF stages of a
radio receiver are required to handle only 10 kc and
the RF stages of an FM receiver must deal with 200
ke, the input section of a television receiver finds it-
self faced with a signal 6 mc wide.

This is still not the full story on television
receivers. In the video IF section of the TV receiver,
it is important that the proper bandwidth (3.5 mc to
4.0 mc depending upon set design) be maintained and
that the video carrier receive approximately half of
the maximum amplification.
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Figure 3. The Video and Sound Signals Broadcast by
a Television Station. The 54-60 mc Range Is That
Allotted to Channel 2,
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Figure 4. (A) A Simple Tuned Circuit LC, and (B)
Its Response Curve.

Furthermore, the sound signal, if it is permit-
ted to pass through the video IF system (as in inter-
carrier sets), must be restricted to a certain level on
the response curve. The criticalness of TV receiver
alignment thus becomes evident, and this, coupled with
the fact that the response curve is not symmetrical,
leads to the necessity for aligning video circuits
visually. With visual alignment you obtain a graphic
picture of the circuit response as it is now, and by
comparing the curve you see with the curve shown in
the manufacturer's service manual, you can tell im-
mediately whether or not the system is aligned
properly. If additional adjustments are required,
these can be made on the spot and their effects will
be at once apparent on the scope screen. Once
mastered, this method of alignment can be performed
in not much more time than it takes to align a radio
receiver. This in spite of the fact that the bandpass
of TV circuits is fully 400 times broader than radio
circuits.

THE RESPONSE CURVE - WHAT IT MEANS

A simple tuned circuit, consisting of a coil and
a capacitor, will respond to different frequencies in
the manner shown in Figure 4. Let us assume that
this resonant circuit is peaked to 456 kc. This means
that if you apply a 456 kc signal to the gridof the tube,
the resultant plate current that flows through the tube
and the resonant circuit will develop more voltage
across the tuned circuit than any other signal of equal
input amplitude operating at some other frequency.

Another way of saying the same thing is to state
that the impedance of L and C in Figure 4 is maximum
at 456 ke. We can actually determine this by taking
an AM signal generator and connecting it to the grid
of the tube. To check the voltage which is developed
across L and C, let us use a vacuum tube voltmeter
having a high-frequency probe. We need this probe to
measure voltages having frequencies of the order of
456,000-cycles.
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AM GENERATOR

Figure 5. The Equipment Set Up to Obtain the Response Curve of LC.

The set-up of our apparatus is shown in Figure
5. The AM generator feeds its signal into the tube
and the resulting plate current flows through the res-
onant circuit, L, and C. We will assume that 1 volt of
signal is applied to the tube for each different fre-
quency to which we set the generator. This will cause
the same amount of plate current to flow for each
different signal. However, we will not develop the
same amount of voltage across L and C because its
impedance will vary with different frequencies and
voltage is equal to impedance x current. Even though
the plate current is the same for each applied fre-
quency, the impedance of Land C is not and hence the
voltage developed across L and C will vary.

We have now laid the groundwork for the plotting
of the response curve of L and C point-to-point or
rather, frequency-by-frequency. To start, let us
apply a frequency of 456 kc to the grid of the tube and
let us say that the VTVM indicates a reading of 1 volt
across the LC combination.

Next, alter the frequency of the signal generator
to 458 kc. If you look at the VTVM now, you will find
that its reading is no longer 1 volt, but something
slightly less, say .94 volts. What this means is that
the impedance of L. and C is not as high at 458 kc as
it is at 456 kc.

If we continue to raise the frequency of the
signal generator and watch the needle on the VTVM
scale, we will find that it will move lower as the
frequency rises. Points I through P in the graph of
Figure 6 show this. If we return te 456 kc and then
decrease the signal frequency gradually down to 446
ke, we will find that again the meter readings will
decrease. This decrease is represented by points G
through A in the graph of Figure 6.

Thus we find that the maximum voltage is de-
veloped across L and C at 456 kc. At all other
frequencies above and below this value, the voltage
goes down.

Without disturbing the equipment set-up, let us
attach a motor drive to the dial of the AM signal gen-

erator which will cause the dial to rotate from one
end of the scale to the other. This, in turn, will vary
the output frequency of the generator.

If the motor turns the dial very slowly, we will
actually be able to watch the needle of the VTVM
move back and forth in response to the changing volt-
ages. However, just watching the motion of the needle
will not help us develop a clear picture in our mind of
how the circuit response varies.

A far better method of observing the complete
circuit response can be achieved by replacing the
VTVM with an oscilloscope. If the voltage that is
developed across L and C is applied to the vertical
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Figure 6. The Response Curve of LC in Figure 5
Obtained Point by Point, (For the Sake of Simplicity,
it Is Being Assumed That the Amplification of the
Pentode Stage in Figure 5Is 1.)
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input terminals of the oscilloscope, you will see the
entire response curve of L and C over the rangeof
frequencies provided by the curve which we plotted so
tediously point-by-point in Figure 6.

We could, if we wish, apply the same technique
to a whole IF system rather than to a single tuned
circuit. Again we would feed the signal in at one end
and observe the voltage variation that appeared at the
other end. The beauty of such an arrangement is that
it permits us to see instantly what effect any one ad-
justment has on the overall response. Visual align-
ment is widely employed in television because the
wide bandpass of video circuits rules out a point-to-
point alignment and because the placement of certain
frequencies (such as the sound carrier or the video
carrier) must occur at specific points onthe response
curve, It is only by means of the visual method that
these points can be quickly and accurately checked.

SWEEP GENERATORS

In order to produce a response curve on the
screen of the oscilloscope, it was necessary to attach
a small motor to the generator dial. This may seem
like a rather crude method for continuously varying
the generator output frequency, yet the first sweep
generators that were manufactured contained just
such a motor. However, instead of having the motor
turn the outside dial, it was employed to whirl the
rotor plates of a variable capacitor at a rate of 60
times asecond or more. The rotating capacitor
plates caused the generator frequency to vary and in

this way frequency variation was achieved. In time
more efficient methods were developed, the two now
finding widest application being the reactance tube
and an electro-mechanical arrangement using a
speaker -like assembly.

The reactance tube method of obtaining fre-
quency sweeping, or what is the same thing, frequency
modulation is based on the fact that a tube and an
appropriate electrical circuit can be made to appear
as a capacitance or inductance toan electricalcircuit.
And, if we apply a 60-cycle voltage to the grid of such
a tube, the current through it will vary causing its
capacitive (or inductive) effect to change at the same
60-cycle rate. By placing the reactance tube network
across the tank circuit of an oscillator, we will pro-
duce a frequency variation. In the past, extensive use
of this method was made in sweep generators. Within
recent years, however, it has been largely superceded
in popular-priced instruments by an electro-
mechanical method which is less expensive and which
can produce wider sweeping ranges, when carefully
designed. (Some difficulty is experienced on small
frequency sweeps. Also, its moving parts are subject
to wear and warping.)

In the electro-mechanical system of varying
the frequency of an oscillator, a metal plate is posi-
tioned close to an oscillator coil and then the metal
plate is alternately moved closer to and away from
the coil. This mechanical movement changes the
inductance of the oscillator coil and with it the oscil-
lator frequency.

In the EICO sweep generator the oscillator coil
consists of a specially designed flat open wound spiral
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Figure 7. The Speaker-mounted Movable Membrane
and Flat Oscillator Coil by Means of Which Frequency
Sweeping Is Achieved.

coil embossed on a bakelite base plate. A flat metal
membrane, which is mounted on the diaphragm of a
speaker, is placed parallel to and very close to this
coil. See Figure 7. When the speaker diaphragm is
vibrated, the metal membrane moves with it, varying
the inductance of the oscillator coil.

The extent of the frequency sweepis determined
by the amplitude of the diaphragm vibration. This, in
turn, depends upon the voltage applied to the speaker
coil. The sweep rate is determined by the frequency
of the voltage applied to the speaker voice coil and
this is usually the same as the power line frequency
(i.e., 60 cycles). Also, because use is made of the
power line, the 60-cycle rate of variation is a sinus-
oidal one.

Now, so far as the operation of the sweep gen-
erator is concerned, it makes little difference whether
the frequency varies back and forth sinusoidally or
in some other fashion. However, sweep generators
are invariably employed with oscilloscopes and to an
oscilloscope the manner in whichthe frequency sweeps
back and forth in the generator is most important.
Because of this, it may be desirable to review briefly
the frequency variation in a sweep generator to see
how this will affect the oscilloscope.

SINE WAVES

Almost everyone who has had any contact at all
with radio is more or less familiar with a sine wave.
See Figure 8. For half of its cycle (ABCDE) the wave
is positive and the current in the circuit to which this
voltage is applied will flow in one direction. During
the second half of its cycle (EFGHI), the voltage
polarity reverses and with it, the current direction.

In examining this wave more closely, we find
that it starts from zero (at point A) and increases in
amplitude until a peak is reached at point C. Then it



Figure 8. A Sine Wave,

decreases in a similar manner until, at point E, it is
back to zero again. From point E to point G the
voltage rises again, this time inthe negative direction
until point G is reached. This is the negative peak.
Beyond G the wave drops back to zero, reaching this
value at I.

If we apply this sine wave of voltage to a sweep
generator, the output frequency will vary in a similar
manner. See Figure 9. For the sake of this discus-
sion, let us assume that at point A, when the sine
wave voltage is zero, the generator is putting out a
frequency of 25 me. Then, as the sine voltage rises
to its peak (point C), the sweep generator output
frequency rises to a value of 27 mc. From C to E, as
the sine voltage decreases, the frequency of the sweep
generator follows suit, dropping down from 27 mc to
25 mc.

From E to G, the sine wave dips into the nega-
tive half cycle and the output frequency of the sweep
generator drops, in step, from 25 mc to 23 mc. Point
G is the lowest point of the sine wave and from here to
point I, the voltage returns to zero. In step with this,
the frequency output of the generator rises from 23
mc to 25 mc. This sequence is repeated cycle after
cycle for as long as the equipment is in use.

C
27
B/~ M\bp
26pc 26 MC

Figure 9. The Sinusoidal Change in Output Frequency
of a Sweep Generator in Which the Modulator Is Driven
by a 60-cycle Voltage. (Whether the Output Frequencies
Increase on the Positive 1/2 Cycle, as Shown, Depends
on the AC Connections to the Voice Coil of the Speaker-
driving Unit.)

SWEEP SIGNAL GENERATORS

Looking at Figure 9, we see that the center
frequency of the sweep generator is 25 mc. During
one half cycle it rises to 27 me and during the follow-
ing half cycle it decreases to 23 mc. The sweeping
range of the generator is thus from 23 mc to 27 mc,
or, stated somewhat differently, it is 25 mc +2mc.

By changing the frequency of the sweep gener-
ator, we can raise or lower the center output fre-
quency from 25 mc to any other frequency which the
unit is capable of developing. In fact, we will soon
see sweep generators whose ranges extend from 500
ke to 220 mc and more. Also, at many points, a
sweeping range of as much as 15 mc is available.
However, for simplicity of discussion, we will use the
25 mc +2 mc mentioned above.

There is still another property of the sine wave
variation which has not been discussed and this con-
cerns the rate at which the frequency varies as it
goes through one complete cycle. Let us return to
Figures 8 and 9 and consider the positive half cycle
ABCDE. The wave rises from A to B fairly rapidly.
We know this because the slope of the wave here is
steep. From B to C and from C to D the wave amp-
litude changes much more slowly because to go from
B to D takes four times as long as it does to go from
A to B. See Figure 10.

From D to E the rate of change again becomes
quite rapid because of the steep slope of the wave
within this region. The rapid change is maintained
until point F is reached.

From Fto G to Hthe rate of change again slows
down; in fact it takes just as long to cover this
distance as it did to go from B to D and this should be
so because FGH occupies the same position on the
negative half of the sine wave as BCD on the positive
half.

The final secion of the curve, H to I, requires
as much time to complete as it did going from A to B.

This uneven rate of change throughout the sine
wave cycle reflects itself in an uneven variation in
frequency from the output of the sweep generator.
Thus, in Figure 9, the output signal starts from 25 mc
and rises fairly rapidly to 26 me. From 26 to 27 mc,

TIME_.

IF THIS TIME
1S EQUAL TO THEN THIS
| SEC. TIME EQUALS G

4 SECS

Figure 10. The Rate of Change Varies at Different
Points on a Sine Wave.
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the rate of change slows down and so the generator
needs more time to cover the 1 mc from 26 to 27 mc
than it did to go from 25 to 26 mc.

The return from 27 to 26 mc requires as much
time as it did in going from 26 to 27 mc. However,
once past point D (26 mc), the generator output rate
increases and the swing through 26 to 24 mc is ac-
complished in short order. From points F to G to H
(24 to 23 to 24 mc) a slowing down occurs again, just
as it did at the positive peak. Finally, from Hto I, or
from 24 to 25 mc, the rate of change increases again.*

SWEEP GENERATOR AND OSCILLOSCOPE

With this understanding of how the frequency of
the signal output of a sweep generator acts when it is
varied in a sinusoidal manner, let us take this signal
and apply it to an IF amplifier. The signal is fed in
at the input end of the amplifier or system and the
output is obtained at the other end and applied to the
vertical input terminals of the oscilloscope. A
detector is required between the output of the ampli-
fier and the oscilloscope because the frequencies
involved (24-26 mc) are muchtoo high to pass through
the vertical amplifiers of the oscilloscope and also
because we are not really interested inthe frequencies
themselves but rather what happens to their amplitude
as they pass through the circuit under test.

A response curve of a circuit, such as the curve
shown in Figure 11, tells us which frequencies the
circuit allows to pass and which frequencies it attenu-
ates. Thus, 25 mc is permitted to pass through freely
while 23 mc and 27 mec are greatly attenuated. Note,
too, that there are other frequencies, such as 24 and
26 mc here, which although they pass through the
system, do not receive as much amplification as the
25 mc signal.

* While the frequencies as shown in Figure 9 may
not occur at precisely the points shown, the rate of
change as indicated in the discussion does take place
and this is actually what the discussion is trying to
emphasize.

Figure 11, A Response Curve. See Text.

Now, assuming that the signals applied to the
system to be tested are all equal in amplitude, we can
see from Figure 11 that when they come out at the
other end of the system, the 25 me¢ signal will be
stronger than either the 23 or 27 mc signals. It is
this change in amplitude that we are interested in
showing on the scope screen.

When we pass a set of signals through a system
and the amplitude of the signals change, then we can
rightfully say that the signals have been amplitude
modulated. And to obtain this modulation, or vari-
ation in signal amplitude, we pass the output signal
through an AM detector.

This is the reason for inserting a detector be-
tween the amplifier and the oscilloscope as shown in
Figure 12. The detector ''skims off'' the amplitude
variation introduced by the system through which the
signal has passed and then feeds this to the oscil-
loscope producing the response curve seen on the
screen.

We have now progressed to the point where we
can consider a statement made earlier in the dis-
cussion to the effect that the manner inwhich
frequency is swept back and forth in the generator is
important to the oscilloscope which must develop the
response pattern.

In an oscilloscope, the electron beam starts at
the left-hand side of the screen and moves toward the
right at a constant rate. When it reaches the extreme
right-hand side, it is rapidly returned to the extreme
left-hand side from which point the same cycle of
events recur. As the beam moves across the fluore-

AMPLIFIER SYSTEM
UNDER TEST

DETECTOR

VERT. INPUT [

GENERATOR

= SCOPE =

PURPOSE OF THIS LINE TO BE EXPLAINED PRESENTLY

Figure 12, How to Connect Sweep Generators and Oscilloscopes to an Amplifier System to Obtain Its Re-

sponse Curve, See Text,
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Figure 13. The Manner in Which the Beam on an
Oscilloscope Screen Traces and Retraces.

scent screen of the oscilloscope tube, it leavesa
bright green trace. If the forward motion of the beam
recurs often enough - say 40 times or more a second-
the brightness of the line will remain steady, without
flickering.

This is the normal operation of an oscilloscope
and to obtain the type of motion described, a saw-tooth
deflection voltage is applied to the horizontal deflect-
ion plates. See Figure 13. From A to B the voltage
rises slowly but steadily, forcing the beam to move
across the screen from left to right. From Bto C,
the voltage drops sharply, producing the rapid retrace
of the beam from right to left on the screen.

The saw-tooth wave of Figure 13 is the type of
voltage ordinarily employed in the scope tc move the
beam back and forth across the screen. In view of
this, it would only seem natural to retain this type of
voltage when using the oscilloscope to depict the re-
sponse curve such as we have in Figure 11. Butif
this procedure is followed, certain complications
arise, as we shall soon see.

To start, let us develop a response pattern on
the oscilloscope using a sweep generator having a
sinusoidal frequency and an oscilloscope in which the
beam is swung across the screen by a saw-tooth volt-
age. In the oscilloscope,the use of a saw-tooth
driving voltage means that the beam moves evenly
and steadily from left to right across the screen. On
the other hand, the frequency variation of the signal
from the sweep generator is an uneven process, as
we have noted. At times the frequency is changing
slowly; at other times it is shifting rapidly. Thus,
when we combine a sinusoidally changing frequency
with” a linearly (or steadily) moving electron beam
we will derive a pattern in which the frequencies are
not evenly spaced along the screen. When the signal
frequency changes slowly, the curve will be stretched
out; when the frequency is changing rapidly, the
curve will be bunched together. Remember that the
beam is moving along at a steady pace. If, during
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Figure 14, A Sinusoidal Frequency Variation, Coupled
With a Linear Saw-tooth Beam Motion, Will Produce a
Pattern Bunched in the Middle and Stretched Out at
the Ends.

any given time, say 1 second, the frequency of the
generator is changing rapidly, then that portion of the
traced-out response curve will occupy just as much
space on the oscilloscope screen as a smaller fre-
quency change occuring slowly. T

In Figure 14, the sinusoidal frequency variation
(from the signal generator) is compared to the steady
movement of the electron beam. From point Bto point
C of the sine curve there is a much faster change than
from A to B or from C to D. The visual result is a
pattern that is bunched together in the middle and
spread out at the ends.

The only solution to this problem is to employ
the same sinusoidal driving voltage for the oscillo-
scope that is used in the sweep generator. And in
order to accomplish this, there is available on the
front panel of all sinusoidal sweep generators a ter-
minal post from which we can obtain sufficient 60
-cycle voltage for the oscilloscope. The internal
saw-tooth generator of the oscilloscope is disabled*
and the 60 cycle sine wave voltage from the sweep
generator is applied in its place to the horizontal in-
put terminals of the oscilloscope. With this substitu-
tion, the motion of the scope scanning beam changes,
as the following discussion will reveal.

T See Chapter 3 of '* Television & FM Reciver Ser-
vicing'' by the same author. Published by D. Van
Nostrand Co., Inc., 250 4th Avenue, New York 3, New
York.

* Or otherwise prevented from reaching the hori-
zontal deflection plates of the cathode-ray tube.
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Figure 15. The Motion of the Electron Beam in the
Oscilloscope When it Is BeingDriven by aSine Voltage.

Consider the sine wave shown in Figure 15. At
point A, when the applied voltage is zero, the electron
beam is at the center of the screen. From A to B, the
beam is deflected to the right, traveling from the
center of the screen to the far right-hand edge which
it reaches when the applied voltage reaches point B.
At B it pauses momentarily, then slowly starts to re-
trace to the left. The closer it gets to the center of
the screen, the faster it travels until, at point C, it is
at the center (where it was at point A) and now travel-
ing as fast as it ever will throughout the entire sine
wave cycle.

Once past the center, the beam begins to slow
down (although still moving to the left). This slow-
down continues until point D, when the beam is as far
to the left as it will go. There is a momentary pause
and then the beam starts moving back toward the
center again until, at point E, it is at the center and
traveling fast toward the right.

This is one complete sine wave deflectioncycle.
Comparing this motion with that produced by a saw-
tooth wave, we see that with sine wave deflection the
beam does not have a special retrace time. We could,
if we wished, call the left-to-right motion the tracing
motion, and the right-to-left travel the retrace motion.
But in both directions the beam is sometimes travel-
ing fast, sometimes slow. Under the influence of a
saw~tooth wave, the slower motion is toward the right
and the faster motion (retrace) is toward the left.

By combining a sinusoidal sweep generator
with a sinusoidally deflected scanning beam we will
obtain a response pattern in which the frequency is
evenly spaced. This is true because when the rate of
frequency change inthe generator increases,the beam
will be traveling faster across the oscilloscope
screen. And when the frequency variation slows
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Figure 16, A Double Pattern On Figure 10 Due to
Improper Phase Control Setting.

down, so will the rate of beam travel. The two will
therefore be in step with each other and the pattern
produced will neither be compressed or spread out, if
the circuits are correctly aligned.

DOUBLE PATTERNS

The pattern in Figure 11 is the one that should
be obtained on the screen when its circuit (Figure 12)
is being checked. It may frequently happen, however,
that more thanone pattern is obtained. See Figure 16.
Let us see why this occurs and what can be done to
correct it.

The pattern in Figure 11 was obtained when the
60-cycle sine wave voltage modulating the generator
was exactly in phase with the 60-cycle voltage driving
the beam in the oscilloscope. Now, although the volt-
ages for the beam deflection and the sweep generator
oscillators are taken from the same source, it does
not necessarily follow that these voltages are still in
phase with each other by the time they actually reach
the beam or the modulating circuit. The voltages are
transferred from point to point by means of capaci-
tors and resistors and such networks will alter the
phase of a voltage. Consequently, it becomes evident
that some form of phase control is needed at the
signal generator. With this control, the phase of one
of the sine-wave voltages is shifted until, at their
point of application, both are in phase. Visually, the
serviceman adjusts the phase control until both pat-
terns on the screen blend into one.

27
25 l 25 25 ®
OUTPUT FREQ.
OF SWEEP GEN.
23
Tl, T'z T, T, T,
RS /|
c\| c
POSITION OF
L. BEAM

Figure 17. To Hlustrate Why Double Patterns are
Obtained on the Screen.



It may be instructive to determine why a phase
difference between the two driving 60-cycle voltage
causes the appearance of more than one pattern: We
will assume that the sine wave voltage shown in Fig-
ure 17TArepresents the frequency variation of the
signal generator. The voltage driving the electron
beam inthe oscilloscope is shown in Figure 17B. The
voltages, it can be seen, are out of phase by approxi-
mately 45°. Both voltages are keyed to each other to
make it simpler to refer to specific points in the dis-
cussion and to the double pattern of Figure 18.

At the start, time T1, the output voltage of the
signal generator is at 25 mc. At this moment the
beam is halfway between the center of the screen and
the extreme right side. This is due to the positive
voltage which is being applied to the scope deflection
system at this time. If the deflection voltage were in
phase with the modulating voltage, the beam would be
in the center of the screen. Since curve Bleads curve
A by 45%, the beam is displaced to the right.

At T1 the response of the circuit to 25 mc is
such (see Figure 11) as to place the beam at the point
noted in Figure 18.

From time T1 to time T2, the deflection voltage
willdrive the electronbeam from its starting position
to the extreme right side of the screen and then about
halfway back toward the center. During this same
interval the signal generator frequency will change
from 25 to 27 mc. Note this portion of the response
curve in Figures 11 and 18. In Figure 18, a portion
of the response curve is bent back on itself because
the beam moves to the right-hand side of the screen
and then halfway back to the center again in the time
interval from T1 to T2.

From T2 to T3, the electron beam travels from
its last position (T2) to a point haliway between the
center of the screen and the left-hand side of the
screen. During this time the signal generator fre-
quency willgo from 27 to 25 mc¢. The beam is travel-
ing fairly fast between T2 and T3 whereas the gene-
rator is changing more slowly. As a result the
visible curve on the scope screen is '' stretched out'’
or elongated more than it is in Figure 10.

We may pause for a moment and note again that
on the steep slopes between the positive and negative
peaks of a sine curve the voltage is changing quite
rapidly whereas at or near the peaks it is changing
slowly. In fact at the peak it stops momentarily.
This explains the stretching out of the curve.

s

ARROWS INDICATE MOTION
OF ELECTRON BEAM

Figure 18. The Arrows Indicate the Path of the Electron
Beam. T1 Through T5 are Keyed to Figure 17.
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Figure 19. A Commercial Sweep Generator Which is
Available in Kit Form, Courtesy of Eico.

Between T3 and T4the beam moves fairly
slowly from its last position (T3) to the left-hand side
of the screen and then back to a point halfway to the
center of the screen. During the same interval the
generator frequency is changing from 25 mc to24 mc.

Finally, in the time interval T4to T5 the pattern
is completed.

The overall result is two similarly shaped re-
sponse curves slightly displaced. By adjusting the
phase control the curves can be brought together until
only one is visible,

COMMERCIAL SWEEP GENERATORS *

There are a variety of sweep generators avail-
able to the serviceman ranging in price from $34.95
for a kit to well up in the hundreds of dollars for
elaborately designed instruments capable of perform-
ing a variety of jobs.

An example of what is available inthe kit class-
ification is the instrument shown in Figure 19. It is
designed to cover, roughly, a range of frequencies
from 500 ke (.5 mc) to 227 mc. On the main tuning
dial, the bottom scale is a reference scale marked
from 0 to 100 linearily. (This might to some extent
be employed as a vernier scale although it would
obviously be a very rough vernier scale. As we shall
see in a later section, precise calibration of the scale
of a sweep generator is not as important as the
precise calibration of the dial of an AM generator.)

The next three scales marked '"Center Sweep
Frequencies'' and calibrated from 0-60, 0-120, and
168-227 are the center frequencies about which the
sweeping takes place. For example, if the main dial
pointer is set at 100 megacycles and the ' Sweep-
width'’ control is set at a maximum sweep width of

* As the reader has undoubtedly guessed by now, the
words sweep generator and frequency modulated or
FM generator have the same meaning.
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30 megacycles, the output frequency will sweep back
and forth from 85 to 115 megacycles.

The uppermost scale is for an internal oscil-
lator operating from 54 to 114 mc. In this particular
instrument this scale isused in calibrating the instru-
ment and also is useful as a source of standard RF
signals in the above range.

The reader will notice that all output ranges
are available without bandswitching. How this can be
accomplished will become evident when the des-
cription of the circuit is given later.

The various controls found on this instrument
are as follows:

"SWEEPWIDTH'® CONTROL: This control
varies the amount of sweepwidth about thé center fre-
quency indicated by the main tuning dial pointer. It is
calibrated linearly from O to 30 megacycles and
intermediate points give an approximate indication of
the actual amount of sweep.

"RF ATTENUATOR:'" This control deter -
mines the strength of the RF signals delivered to the
RF output connector.

'""RF OUTPUT" CONNECTOR: The coaxial
cable supplied with the instrument is attached to this
connector and the output fedto the FM or TV receiver
being aligned.

'"60 CYCLE' OUTPUT TIP JACKS: These tip
jacks are used to supply 60-cycle voltages to the
horizontal deflection amplifiers of the oscilloscope
used. Connect two test leads from these tip jacks to
the horizontal binding posts onthe oscilloscope or use
a shielded cable.

'* PHASING CONTROL:"" This control varies
the phase of the 60-cycle AC supplied through the tip
jacks. Always adjust this control to obtain a single
trace on the oscilloscope screen.

When turned to the extreme counter-clockwise
position, the sweep generator is turned off.

*""CRYSTAL'" SOCKET: External crystals are
inserted in this socket to obtain marker points on the
trace being observed for calibration purposes and for
use as a crystal controlled RF signal for external ap-
plications. When a crystal is inserted, it is connected
in a oscillator circuit which oscillates at the crystal
frequency, also producing harmonics such as the 2nd,
3rd, 4th, 5th, 6th, etc. For example, 2 5 mc crystal
will produce harmonics at 10 me, 15 mc, 20 mc, 25 me,
30 mc, etc.

""CRYSTAL AMPLITUDE'"" CONTROL: This
control varies the output of the crystal marker oscil-
lator. It should be adjusted for minimum observable
output so that it has the least effect on the pattern
observed. The output of the crystal marker oscillator
is connected so that its output together withthat of the
sweep generator is varied simultaneously with the
''RF Attenuator'' control.

""EXT. MARKER' BINDING POSTS: These
binding posts allow injection of an external marker,
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Figure 20, A Block Diagram of the Sweep Generator
Shown in Figure 19.

such as a standard AM signal generator. The ground
lead of the external AM signal generator is connected
to the binding post marked'* GND'' while the high side
is connected to that marked ' Ext. Marker' . The
output of the external marker can be varied simul-
taneously with the sweep generator output using the
'""RF Attenuator' .

CIRCUIT DESCRIPTION

A block diagram of the system used in the EICO
Model 360 sweep signal generator is shown in Figure
20. An oscillator with a fixed center frequency of 114
megacycles is frequency modulated to a maximum
sweepwidth of 30 megacycles, sweeping this fixed
oscillator back and forth from 99 to 129 megacycles.
The amount of frequency modulation is controlled by
the "' Sweepwidth'' control setting.

From the block diagram it is seen that the out-
put of the fixed sweep oscillator is heterodyned or
mixed with that of a variable oscillator. The latter
variable oscillator is a standard Hartley oscillator
having a frequency range of 54 to 114 mc which is
controlled by the main tuning dial setting. The re-
sultant beats or heterodynes betweenthese two
oscillators (one fixed and frequency modulated and
the other variable) provide the frequency ranges of the
instrument. For example, the difference frequencies
between the 114 mc fixed swept oscillator and the
54-114 mc variable oscillator provide the frequency
range of 60 to 0 mc. The sum frequencies of the two
oscillators provide the range of 168 to 228 mc. The
second harmonic of the difference frequencies gives
the range 120 to 0 mc.

The output of these two oscillators is '* mixed"'
in the mixer tube which also serves as a cathode
follower output tube. This tube is 1/2 of a 12AU7 dual
triode, the other half being used in a Pierce crystal
oscillator circuit. A schematic diagram of the
instrument is shown in Figure 21.
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Figure 21. A Schematic Diagram of the Eico Sweep Generator,

PRODUCING FREQUENCY MODULATION OF
THE FIXED SWEPT OSCILLATOR. The fixed swept
oscillator at a center frequency of 114 mc is fre-
quency modulated by mechanical means. The
oscillator coil consists of a specially designed, flat
open wound spiral coil embossed on a bakelite base
plate. A flat metal membrane is placed parallel and
very close to this coil, and is mounted on the dia-
phragm of a speaker. Whenthe diaphragm is vibrated,
the metal membrane vibrates varying the inductances
of the oscillator coil which is very close to it. The
oscillator frequency is thus varied. To obtain dif-
ferent sweep widths, a rheostat varies the amount of
voltage applied to the speaker voice coil. The greater
the voltage, the greater the diaphragm vibration, and
the greater the frequency variation.

A WIRED SWEEP GENERATOR -

A sweep generator which is more elaborate than
the previous instrument is the unit shown in Figure
22. Continuous frequency coverage from 2 megacycles
to 240 megacycles is achieved in five bands without
any skip. Furthermore, the harmonics are strong
enough so that it is possible to go as high as 480
megacycles and appropriate scales are provided for
these higher frequencies.

This unit is manufactured by the same firm
that produced the AM generator shown in Figure 9,

Section2. It, too, contains a vernier scale and vernier
plate. Of the 160 divisions contained on the vernier
scale, only 150 of them are useful so far as the fre-
quency scales are conceried. This 150, however,
should be multiplied by 10 because of the vernier
plate. Hence, a direct reading to one part in 1500 is
possible and this provides greater accuracy than
would be needed in a sweep generator for any appli-
cation.

Before we examine the various front panel
controls, it may be instructive to examine briefly the
circuit of this generator. See Figure 23. With sweep
generators, even more than AM signal generators, it
is tothe advantage of the serviceman to know as much
as possible about the operation of the instrument. The
sweep generator is a fairly complex piece of equip-
ment, subject to misuse or misapplication. The
serviceman who comes in daily contact with sweep
generators may not appreciate it, but actually, to
know how to apply such an instrument properly and to
its fullest extent requires a greater amount of tech-
nical know-how than it does to operate an AM
generator.

OSCILLATOR '"A'". This is a variable
oscillator covering a fundamental range of 71 to 120
mc. At every point within this frequency range, the
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Figure 22, A Precision Model E400 Sweep Generator,

Courtesy of Precision Apparatus Co., Inc.

oscillator isfrequency modulated by the same
electro-mechanical method as the previous generator.
The oscillator frequency is thereby varied above and
below the oscillator mean frequency at a 60-cycle
repetition rate.

(In the previous instrument, the variable oscil-
lator was not modulated at all. Here, it is.)

OSCILLATORS "'B'" and ""C'* are fixed fre-
quency oscillators calibrated at 75.0 mc and 37.5 mc
respectively. In operation only one of these oscil-
lators is in use at any one time. The output of
oscillator '' A'' and either oscillator '"B'' or ""C"
are simultaneously injected into a high frequency RF
mixer stage labeled ''D'*. This stage mixes the
signals of oscillator '* A'* with those of "' B'* or '"C"'
and delivers the carriers, sum and difference fre-
quencies to the "' RF Amplifier -Marker Injection'"'
stage (labeled '""E'').

A crystal oscillator (labeled ' F*') provides for
the simultaneous insertion of any one of four crystals
for applications requiring use of crystal-accuracy
marker and calibrating pips. The use of a 4-crystal
holder eliminates the inconvenience of frequent in-
sertion and removal of crystals. Each of the 4 -
crystal positions is quickly selected by a rotary
switch and the crystal marker amplitude may be
controlled separately.

In addition, variable frequency marker input
terminals provide a direct means for use of any
standard, suitable AM signal generator as a marker
pip-generator.

FUNCTION AND DESCRIPTION OF FRONT
PANEL CONTROLS AND SWITCHES

Main Funing Dial and Band Selector Switch -
50

(a) The markings "AX),” "B," "C(Y),"
"D, and ""E' on the ''Band Selector'' switch re-
fer tothe corresponding bands onthe maintuning dial.

(b} The marking '"A(X),"” *"C(Y),"” indicate
that bands '* A'' and "'X'' are in operation when the
** Band Selector' is set to '"A(X)'"" and that bands
"C' and ''Y'" are inoperation when the '"Band
Selector' is set to '""C(Y)'".

(c) When the ""Band Selector' switch is
rotated to the position marked '* Xtal only'* all oscil-
lators with the exception of the internal Crystal
Marker oscillator are disabled, permitting application
of just the pure Crystal Marker oscillator output as a
simple crystal oscillator for external use with no in-
terference from the remainder of the generator's
oscillators.

""SWEEP WIDTH'" CONTROL: Rotation of the
""Sweep Width'' control varies the degree to which
the variable oscillator (Osc. '" A'"") is deviated from
its mean frequency. For example: if the ''Sweep
Width'' control is set to 200 kc and if the main tuning
dial is set to 10.7 megacycles, the RF output from the
sweep generator will be varying from approximately
10,800 kc (10.8 mc) to approximately 10,600 ke (10.6
mc) at a 60-cycle rate. Therefore, the calibration on
the '"Sweep Width'' dial indicates total sweep width,
not deviation to each side of the mean frequency. The
deviation is only 1/2 of the total sweep.

The calibrations of the ''Sweep Width'' control
are NOT intended for use as accurate indications of
sweep width at every setting of the main dial. They
are intended for use as a convenient guide to the
approximate setting required tobring the full response
pattern into view on the scope screen. This is true of
all sweep generators.

""SWEEP RANGE'* SWITCH: This switch sets
the range for which the ' Sweep Width'* control is
calibrated, (0-1000 kc or 0-15 me). The third position
(marked '' Ext. Dev.'') frees the modulator from its
internal 60 cycles excitation and allows the operator
to excite the modulator from an external AC source
through use of the panel pin jacks marked ' Ext.
Dev."" The fourth position (marked '"Dev. Off'")
disables the modulator from both internal and external
deviation sources. Under this fourth condition, all
frequencies indicated on the main tuning dial are un-
modulated RF signals. Should a source of audio
frequency voltage then be applied tothe '' Audio Mod.""

ExT OsCliLATOR iy
AUDIO  —] FREQUENCY 0 RF AMP RF
MODULATION PTED R.F. MIXER MARKER “ouTPUT
OSCILLATOR INJECTION
0SCrLATOR | g
CRYSTAL
e, ooe MARKER
. C EXT. MARKER osc.
SIGNAL INPUT
C(CRYSTAL SIGNAL
AALABLE HERE)
OSCILLATOR VOLTAGE
FIXED LOW REGUL ATED
FREQ Oc¢- SUPPLY
375MC

Figure 23. A Simplified Block Diagram of the Sweep
Generator Shown in Figure 22.



pin jacks onthe front panel, the output of the generator
becomes an amplitude modulated (or AM) signal
generator. This is a useful feature of this generator
and is not always available on other instruments.

' PHASE CONTROL:'"" Due to the fact that full
sinusoidal voltages are simultaneously applied to the
electro-mechanical modulator and the '' Hor. Sweep"'
terminals of the oscillograph, two traces of the tuned
circuit response curve will normally appear on the
oscillograph. Without corrective network, one of the
traces will usually be found out of phase with the
other trace, resulting in both traces appearing on the
oscilloscope, adjacent to each other. The '' Phase
Control'' operates a capacity phase-shift network
which permits both traces to be superimposed on the
oscillograph.

The inherent characteristics of the modulator
unit are suchas may sometimes prevent exact super-
imposition of the two traces (by manipulation of the
' Phasing Control’). As a result, it may be found
(when wide sweep width is employed) that similar
portions of the two traces may lie closely adjacent to
each other instead of being exactly superimposed.
This has absolutely no effect upon the overall opera-
tion and can be disregarded by the operator.

"RF LEVEL' and ""OUTPUT CONTROL:"'
The control labeled '' RF Level'' adjusts or controls
the magnitude of RF which is fed or transmitted to
the "' Output Control.’”” With the ''Output Control'’
set to maximum, the '""RF Level'' control should be
set at a point which will result in the maximum out-
put required for the particular application. From that
point on, the ' Qutput Control'' is used to attenuate
the signal from the sweep generator.

""CRYSTAL MARKER:" (Selector, Attenuator,
Panel Connector and Switch).

(a) '"Crystal Selector'” Switch. When one to
four appropriate crystals are inserted into the multi-
ple crystal socket this switch will select any one of
the 4 crystals and electrically insert it into the inter-
nal oscillator circuit.

(b) Crystal Marker ''On-Off'' Toggle Switch.
This switch permits the internal crystal marker
oscillator to be turned On or Off. When the internal
crystal marker is not required, this toggle switch
should always be thrown to the '* Off'' position.

(c) ''Crystal Marker Amplitude' Control. The
' Crystal Marker Amplitude'’ control is an attenuator
for the internal crystal marker oscillator. In use,
the amplitude or height of the marker ' pip" will
increase as the control is turned clockwise. This
control should be advanced only as far as required to
just make the ' pip'' visible. If the control is ad-
vanced to obtain an excessively strong '' pip'’, the
overall response curve may be distorted by the strong
marker signal.

(d) '"Ext. Mark. Input - Crystal Mark. Output''
Connector. This connector in the lower left-hand
corner of the panel, permits the operator to obtain
externally the output of the crystal marker oscillator
only, for a variety of purposes. For this function, the
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'* Band Selector'' Switch is rotated to the '* Xtal Only'’
position.

At the same terminal another generator can
inject an external marker signal into this instrument.
This marker signal will combine with the swept
signal, traveling with this latter signal to the circuit
under test.

""HOR, SWEEP'" CONNECTOR. This con-
nector supplies a horizontal sweep actuating voltage
to the horizontal input terminals of the oscilloscope
being used.

" EXT. DEV."" PIN JACKS (External Deviation).
With the '’ Sweep Range'' selector switch rotated to
the "' Ext. Dev.'' position, an external source of AC
voltage at a frequency between 25 to approximately
200 cps. may be applied to the '* Ext. Dev.'' pin jacks,
thereby externally exciting the modulator. Care must
be taken when applying AC voltage to the ' Ext. Dev."’
pin jacks. Should excessive voltage be applied, the
modulator driving coil may be overloaded and
damaged. Apply only enough voltage as will yield
sufficient sweep width tobring the entiré response
curve of the tuned circuit under test into view on the
oscillograph screen. (Approx. 1.5 volts maximum).

When an external source of sweep potential is
employed, the approximate deviation calibrations of
the '*Sweep Width'' control are no longer applicable.
Also, the "' Hor. Sweep'' connector still puts out a
60-cycle sine wave driving voltage which would not be
suitable with any external modulating voltage except
one whose frequency was also 60 cycles.

"OUTPUT' CONNECTOR. A coaxial cable
connects to the ' Qutput'’ connector onthe instrument
panel.

BINDING POSTS ON PANEL. These binding
posts are provided for additional grounding connec-
tions to be made by the operator. One grounding strap
should be connected from one binding post on the
panel to the receiver under test. If found necessary,
another ground connection may be made by the opera-
tor from the other binding post to another point on the
receiver or to the oscilloscope being used.

INITIAL SET-UP OF INSTRUMENT. Before we
leave this instrument, it may be advantageous to note
how it would be set up initially--in preparation for an
alignment. When a generator is being used in the
shop, perhaps by several people, it may come to the
serviceman who is now going to use it with the con-
trols set in almost any fashion, depending how the
previous man employed it. To the inexperienced
serviceman, the resetting of the controls is perhaps
as big a job as the actual performance of the align-
ment procedure itself. Toward that end, the following
preliminary set-up procedure will be of interest.

(a) "' PHASE CONTROL" is set at approxi-
mately mid position.

(b) '"BAND SELECTOR'" switch is set to the
proper frequency band.

(c) The main tuning dial is rotated to the mid
frequency of the range to be covered.
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() ""SWEEP RANGE'" switch is set tothe
proper range (0-1000 kc for FM; and 0-15 mc to TV).

(e} The position of the ''SWEEP WIDTH'" knob
will depend on the passband of the circuit to be swept
over. Generally the generator sweep should have a
value about 50 percent greater than the maximum
band pass of the circuit under test. For a 4.0 mc¢ TV
system this would mean setting the '' Sweep Width"'
control to 6 mc.

(f) The '""RF LEVEL'®* and ""OUTPUT CON-
TROL'" knobs should be advanced to full rotation.
This will insure maximum output at the start.

(g) Initially there would probably be no need for
a crystal marker and sothe ''Crystal Marker''
switch would be thrown to the ' Off'* position. With
the crystal oscillator thus made inoperative, the
position of the '' Crystal Selector'' switch would be of
no consequence.

The instrument, with the power on, would now be
ready for connection to the receiver with which it is
to be used. Just what this next phase of the operation
is, will be covered in detail in a later section. At the
moment we are primarily concerned with becoming
familiar with the instrument and its capabilities and
controls.

SWEEP GENERATORS WITH
INTERNAL VARIABLE MARKERS

The sweep generators which have been de-
scribed to this point have been designed for use with
an external variable marker generator for the identi-
fication of different frequency points along the
response curve. In the generator shown in Figure 24,
such a marker oscillator is actually made part of the
sweep instrument itself. The ranges covered by the
marker unit are 19 to 31 mc and 30 to 48 mc. A
separate dial is employed for the marker generator
so that any of its frequencies may be chosen independ~
ently ef the sweep frequency generator.

The output of the marker generator is combined
with the sweeping signal and thenboth may be obtained

FREQ. SCALES

WIDE SWEEP,
FOR TV CONTROLS AMT,
QF MARKER

SIGNAL INJECTED

NARROW SWEEP
FOR FM
TO PRODUCE

SINGLE PATTERN

CETERMINES
| WHETHER PIP
OR DiP 15 SEEN

ON CURVE

SWITCH TO
CHOOBE MARKER

OIAL OF
GEN. RANGE

MARKER GEN,

’E QUTRUT

Figure 24, A Sweep Generator Possessing its Own
Marker Generator, Courtesy of Hickok Electrical
Instrument Co.
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from the terminal marked ''Output.' The amplitude
of the marker pip can be controlled by the '' Marker
Injection' knob.

A crystal may be plugged into the external
holder to permit accurate adjustment of the receiver
oscillator. Extremely accurate pips may also be
generated for fixed markers on the response curve
when proper crystals are used. Crystals are avail-
able from the factory for any frequency between 10 mc
and 215 mc.

Finally, an external signal generator may be
connected between the ' External Marker'' pin jack
and "' GND'' to provide an additional marker fre-
quency if it is desired. Since this binding post is
internally connected to the marker oscillator and
crystal oscillator circuits, it is possible to obtain
from this pin jack signals directly from either of
these oscillators.

Of particular interest is the use of the marker
generator signal toalign the various trap circuits and
peaking coils in the video IF system of a television
receiver. 400-cycle modulation of this marker gen-
erator output can be achieved by flipping the '' Int.
Marker'' switch (located in the lower right-hand
corner of the panel) to the '"Mod.'" position. If an
unmodulated signal is desired, the switch is moved
to the '"CW'* position. When the instrument is being
used to sweep out a response curve, the switch is
normally in the '*CW'" position.

Next to the '"CW' -'"Mod.'" switch is another
switch containing the words '* ABS'' and "' Osc." In
the '*Osc.'" position, the marker generator signal
produces a pip on the response curve, as shownin
Figure 25A. However, in the ''ABS'' position, the
pip is changed to a dip in the curve. See Figure 25B.

The use of marker signals in receiver circuit
alignment is actually a consequence or by-produce, as
it were, of using sweep frequency generators to per-
form circuit adjustment. When you obtain the

Figure 25. A Comparison Between the Appearance of
a Conventional Pip Produced by the Beat Method (A),
and a Pip (or Dip, Actually) Produced by the Absorp-
tion Method (B).
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response curve of any system on an oscilloscope
screen, you must have some way of determining the
various frequency points on that curve in order to
determine, first, if the curve extends over the proper
range and second, if specific frequencies are located
where they should be. It is the function of the marker
generator to provide this information and it does so
in the following manner. The signal from the marker
generator is combined with the signal from the sweep
generator and both are then passed through the system
to be aligned.* At the output of this circuit both
voltages are applied to a detector (usually the video
second detector of the receiver) where the marker
frequency beats with the sweep frequency signal to
produce a series of sum and difference frequencies.
As a concrete illustration, suppose the sweep gen-
erator is sweeping from 22 to 28 mc and the marker
generator is at 25 mc. Then when these signals reach
the video second detector after having passed through
the video IF system, they will beat together. The
25 mc marker will beat with the sweep generator's
25 mc to produce a difference frequency of zero
cycles (DC). As the sweep generator moves away
from 25 mc, say to 25.001 mc, then the best difference
frequency produced will be .001 mc or 1,000 cycles.
At 25.002 mc, the best difference frequency will be
2,000 cycles, etc. In other words, the marker signal
will beat with the sweep signal at every frequency
within the 22 to 28 mc sweep range. The sum fre-
quencies produced will extend from 47 mc to 52 mc
and since frequenciés this high will never pass
through the vertical deflection circuits of the oscil-
loscope, they can be disregarded. The difference
frequencies produced by this beating action will ex-
tend from 0 (when both signals are at 25 mc) to 3 mc
when the sweep generator is either at 22 mc (25 mc-
22 mc) or at 28 mc (28 mc-25 mc).

Now, since the vertical deflection amplifiers of
most oscilloscopes seldom have a flat response be-
yond 500,000 cycles, all the difference frequencies
produced above this value (i.e., 1/2 me)will either be
attenuated or eliminated altogether. In addition, if
we place a small by-pass capacitor (500 mmf. or so)
across the input terminals of the oscilloscope, allbut
the very low beat frequencies will be shunted away
from the oscilloscope circuits and will not appear on
the screen. The result, as shown in Figure 254, is a
fairly well defined pip on the screen.

Note, then, that this pip is produced by the very
low beat frequencies which occur whenthe sweep fre-
quency is close to the marker frequency. In this
discussion this would be at 25 mc. Beat frequencies
are produced at all other sweep frequencies but be-
cause of the factors mentioned above, do not appear
on the screen.

The scanning beam inthe oscilloscope is moving
across the screen in step with the changing fre -
quencies coming out of the sweep generator to trace
out the response curve. When we introduce the
marker signal into the circuit, the pip it produces
will appear at that point onthe curve where the sweep
signal frequency is the same as the marker signal

* Additional information on producing marker pips
is also found in a later section on Sracial Test
Instruments.
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frequency. If we change the marker frequency, the
beat between it and the sweep signal occurs at some
other point in the sweeping range and, on the response
curve, the pip moves to a different position. In this
way we can move the pip to whatever section of the
curve we wish andnote from the marker dial just what
the frequency of the curve is at that point.

Most marker pips are produced by the beating
method. Another method, available in the generator
of Figure 24, is an absorption type of marker where
the voltage in the sweep signal having the same fre-
quency as the absorption circuit is '" sucked out' or
absorbed by the marker circuit. The indiction that
this type of marker provides is shown in Figure 25B
and is seen to be actually a dip or notch in the re-
sponse curve,

BLANKING CONTROLS

The sweep generator shown in Figure 26
contains an internal marker oscillator, a sweep
generator, and the usual controls that go with these
two generators. Of interest are the additional features
contained in this instrument since they may, in one
form or another, appear in other sweep generators
that the serviceman is likely to encounter. These
features include a '* Blanking" or ''Double Pattern”
switch, a method of injecting video modulation, a beat
detector jack, and a method of reversing the sweep.

The ' Blanking'' or ''Double Pattern'' switch,
located in the lower right-hand corner of the instru-
ment panel determines, by its position, whether the
normal double pattern willbe seen on the oscilloscope
screen or instead a single pattern with a base line.

The blanking circuit when turned on, injects a
negative pulse into the FM oscillator circuit in such
a manner that oscillation is stopped during the return
trace of the oscilloscope, thereby producing a base
line and a single trace response curve on the oscil-
loscope screen. Thus, as the electron beam sweeps
forward from left to right, the response curve of the
circuit under test is traced out. On the return trip,
the beam would ordinarily trace back over the same
curve. This second tracing is not actually necessary
since it provides the same information as the forward

SWEEP GENERATOR EXT. CRYSTAL
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Figure 26. A Sweep and Marker Generator With
Blanking and Reverse Sweep Features. Courtesy of
Jackson Electrical Instrument Company.
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TRACE —

+ RETRACE

Figure 27. The Appearance of a Response Curve and
its Zero Reference Retrace Line When Blanking Is
Employed in Sweep Generator.

trace. Furthermore, there is generally sufficient un-
balance existing inthe circuit so that the second trace
does not coincide at all points with the first trace, re-
sulting in two curves. This second trace can be
removed by stopping the oscillations of the sweep
generator during this period and that is what happens
when the '" Blanking'' switch is flipped on the gen-~
erator of Figure 26. Within the scope, however, the
beam is not similarly blanked out and so it produces
a zero voltage or reference line because during this
period it is receiving nothing from the circuit under
test. See Figure 27. (The circuit, by the same token,
is not putting out any voltage because it is receiving
nething from the sweep generator.) The presence of
the base line aids the technician to better orient the
various values of the response curve and thereby tends
to simplify and hasten the servicing and alignment
process. The zero base line proves to be especially
valuable for FM discriminator alignment since in this
instance the linear portion of the S-response curve
should extend for equal distances above and below this
level. See Figure 28.

VIDEO MODULATION -

A connector is provided as a means of inserting
a video signal from a normally operating television
receiver intothe generator. This signal modulates the
marker oscillator to '' rebroadcast'' this video signal
on any desired channel or frequency. It may also be
used to insert an audio signal, either sine or square
wave, for linearity adjustment. (The marker gen-
erator, in three ranges, covers the frequencies of 4 me
to 216 mc.)

The manner in which the video modulation
feature can be employed will be seen from the

following:

ZERO REFERENCE

LINE
/

Figure 28. The "S" Response Curve of an FM Detec~
tor With Zero Reference Line Produced by Blanking
Circuit in the Sweep Generator.
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1. Video modulating the Marker Generator.

(a) Turn the instrument on and set the
'* Marker'' selector to '' Variable'' position.

(b) Set the '*Range'' switch (underneath the
marker generator) to Band ''C'" and the dial
to the picture carrier frequency of the
channel to be checked.

(c) Connect the ""RF Output’* cable of the
generator to the antenna terminals of the
television receiver to be checked.

(d) Tune in a picture from a television
station on a normally operating television
set. (This is another set, not the one to be
tested.)

(e) Using a shielded lead, feed the video
signal from the good TV set picture grid into
this generator through the '' Video Mod.'’
connector. A 0.1 mfd, capacitor should be
placed in series to isolate the DC voltage
from the set.

(f) If the picture appears reversed (negative
picture) on the screen of the sét under test,
adjust the contrast control onthe set feeding
the video signal. If this does not correct the
condition, then the video signal should be
taken from some other point in the TV set
where its polarity is opposite to what it is at
the picture tube. This point is generally at
the grid of the last video amplifier. Note,
then, that the detected signal from the good
set is used, in conjunction with the signal
generator, to provide a test signal, for the
set tobe checked. Such aprocedure
might be feasible when only one station ison
the air yet you wish to check receivers on
other channels. The video signal you derive
from one set could be used to modulate the
signal generator on any frequency. An
arrangement of this type is also useful when
no stations are on the air but you have a
source of video signal available in the shop.
(A video signal generator suitable for this
purpose is described in a later section.)
With this equipment you can generate your
own video RF signals.

2. Modulating to produce Bar Patterns. Ver-
tical and horizontal bars on the picture tube raster
offer a method of checking horizontaland verticalline-
arity adjustments of a television receiver. By using
an audio oscillator capable of generating multiples of
the vertical (60 cycles) or horizontal sweep frequency
(15.75 kc), it is possible to produce vertical or hori-
zontal bars with this instrument.

(a) Obtain a signal from the variable mar-
ker oscillator by the procedure described
above. (Steps la, b, and c.)

(b) Select a picture carrier frequency and
feed the RF output intothe antenna terminals,
or select the picture intermediate frequency



and feed the RF output tothe grid of the first
video IF stage.

(c) Feed the output of the audio oscillator
into the '' Video Mod.'' connector.

(d) To produce horizontal bars to check
vertical linearity, set the audio frequency
oscillator to a multiple of the 60-cycle re-
ceiver vertical sweep frequency. As an
example, if the audio frequency is 600 cy-
cles, 10 horizontal bars should appear. The
top or the bottom bar may be decreased in
width, due tothe retrace time of the receiver
vertical sweep oscillator,

(e) To produce vertical bars to check the
horizontal linearity, set the audio oscillator
(or AM generator) to some multiple of the
15.75 kc horizontal sweep oscillator fre-
quency. If the applied frequency is 157.5 kc,
10 vertical bars will appear. If the fre-
quency is 78.75 kc, 5 vertical bars should
appear. Equal spacing between bars indicate
good linearity.

Note: For satisfactory modulation, either video or
bar pattern, between 5 and 10 volts will be necessary
at the '' Video Mod."' connector.

BEAT DETECTOR -

Aterminal is provided asa means of connecting
headphones to hear, or connecting an oscilloscope to
observe, the zero beat between the crystal oscillator
and the variable marker oscillator for calibration.
The manner in which this calibration is accomplished
is as follows:

(a) Pluginthe desired calibrating crystal inthe
panel holder provided for it. As an example: A 12.5
mc crystal to check the 25 mc point on Band "' B"' of
the variable or marker oscillator. (Crystal oscil -
lators produce strong harmonics and it is feasible to
use lower frequency erystals when the desired fre-
quency is quite high. Lower frequency crystals are
also sturdier and less expensive.)

(b) Turn the '"Marker' selector switch to the
**Calibrate'' position and allow the instrument to
warm up for at least 10 minutes.

(c) Set the marker frequency dial to the 25 mc
reading.

(d) Connect headphones to the ' Beat Detector"
jack. Swing the marker frequency dial back and forth
until a beat note is heard.

(e) At the zero beat point, note the dial reading.
I the scale is off, you can do one of two things. First,
either bring the frequency of the generator back into
line by making such adjustments as are recommended
by the manufacturer or second, drawing up a calibra-
tion chart in which you list on one side the frequency
markings as they are on the dial and on the opposite
side, the correct value of each of these markings. In
following this latter procedure, only the major
scale markings need be checked.
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USING AN EXTERNAL MARKER SIGNAL -

This instrument (Figure 26) is capable of devel-
oping its own marker signal. However, if it is
desirable (as it frequently is) to use 2 marker pips on
a given response curve, this may be accomplished by
connecting an accurate RF signal generator to the
'* External Marker'' connector and setting it to pro-
duce the desired marker frequency. The output con-
trol of the auxiliary oscillator should be adjusted to
give approximately the same size '' pip'' as the one
produced by the generator of Figure 26.

Incidentally, it will undoubtedly occur to many
readers that the calibration of other AM generators
may be checked against the crystal oscillator in this
instrument. Simply connect the external generator to
the "' External Marker'' connector. Then plug in the
appropriate crystal in the crystal holder. and turn the
'* Marker'' selector switch to the " Crystal'' position.
Connect headphones to the ' Beat Detector'' jack.
Then swing the dial of the external generator back and
forth slightly until a beat note is heard.

SWEEP PHASE REVERSAL -

The '"Sweep'* control has '' Off -On-Reverse'’
positions. In the "' Off'' position, the 60-cycle driving
voltage is removed from the FM oscillator and the
output from the sweep section is unmodulated RF. In
the ''On'' position the driving or sweeping voltage is
applied to the FM oscillator and the sweep section is
delivering an FM signal. This, when fed to a tele-
vision receiver, would produce a response pattern.
Now, it can happen, because of the manner in which
the test equipment is designed, that in the response
pattern obtained, the high frequency end of the curve
is at the left and the low frequency end is at the right.
See Figure 29A. Allthis means is that the oscillo-
scope tracing beam is at the left-hand side of the
screen when the sweep generator is sweeping out the
high frequency end of the response curve. It does not
affect the response curve or its circuit in any way.

However, the reversed pattern can sometimes
confuse the technician since many textbooks and
instruction manuals show response curves with the
low frequency section at the left and the high frequency
section at the right,as in Figure 29B. To reverse the
curve so that it can be compared with the standard
patterns, this generator contains a reverse position

25.75 MC 2|..'24c 21.5MC 25.75MC
HIGH Low  LOw HIGH
FREQ. FREQ. FREQ. FREQ

Figure 29. (A) AVideolF Response Curve That May be
Obtained on the Scope Screen. Note That the High IF
Frequencies Are at the Left and Low IF Values at the
Right. (B) By Flipping the Phase Reversal on the
Jackson Generator, the Curve in (A) Is Reversed tc
the Form Shown in (B).

55



SWEEP SIGNAL GENERATORS

Figure 30. A Crystal-controlled AM, FM, and TV
Sweep Generator. Courtesy of Simpson Electric Co.

on its '' Sweep'' selector switch and by turning to this
position, the direction of sweep is reversed.

A SECOND TYPE AM - FM - TV GENERATOR

Combination AM, FM and TV generators are
gradually becoming more common as the scope of the
servicing field expands. The generator in Figure 24
could be considered as representing an initial step
toward achieving this combination by including a
marker generator (of limited range) with its sweep
generator. The next instrument (Figure 26) took a
longer step forward in this direction not only by ex-
tending the range of its marker generator, but by
adding such extras as a beat detector jack, a phase
reversal switch, and making provision for audio and
video modulation. Still another generator along some-
what the same lines is the unit shown in Figure 30.

Physically this instrument is divided into two
sections: A right-hand section and a left-hand sec-
tion. Grouped on the left is a three-range RF
generator, a crystal calibrator,and a 400-cycle audio
oscillator.

The type of signal desired is selected by a
"1 Signal'’ selector switch (left). When this switch is
in the "' Off'' position, the section is inoperative. In
the ' Unmod. RF'* position, an unmodulated RF signal
is available at the '""Qutput'' cable and controlled
through the two '' Signal Attenuator'' controls. In the
'*Cal."" position, a 5 me crystal oscillator or one of
its harmonics is mixed with the RF signal or one of
its harmonics to produce a ' beat' pattern which can
be observed on an oscilloscope screen and thus pro-
vide an accurate means of adjusting the RF signal to
an exact frequency.

To see this beat pattern, the ''Qutput'' cable
would be connected to the vertical input terminals of
an oscillscope. As the AM signal generator dial is
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Figure 31. A Sequence of Patterns Passing Through
Zero Beat. Zero Beat is Obtained at '"C'*, '"A'",
"B'", ""D'" and ""E'' Are Above or Below Zero Beat.

turned slowly through zero beat, the sequence of
patterns shown in Figure 31 will be observed. The
one which is obtained at zer o beat is indicated. To
determine the precise point where zero beat occurs,
it is necessary to turn the generator dial as slowlyas
possible. Even so, at higher frequencies, it may be
quite difficult to determine exactly when zero beat is
reached because even a hair's turn of the dial will
change the generator'sfrequency enough to
cause it to pass through zero beat and be several
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hundreds of cycles away from it. In such situations it
is best to go back and forth over the zero beat point
until you have narrowed it down as closely as you can.

When the ''Signal" control is in the ''Mod.
RF'' position, a 400-cycle modulated RF signal is
available at the output cable and controlled by the two
' Signal Attenuator'' controls.

In the '" Audio' position, a 400-cycle audio
signal is available at the output cable and controlled
through the '* Signal Attenuators.''

The '' AM Generator Range'' switch (upper left)
together with the tuning dial selects the desired RF
signal.

Band ' A'* Fundamental 3.2-8 mc second har-
monic 6.4-16 mc.

Band ""B'"" Fundamental 15-38 mc second
harmonic 30-76 mc.

Band '"'C'* Fundamental 75-125 mc second
harmonic 150-250 mc.

The ' Power'' switch (lower left) controls the
power input to the unit. In the '" Off'' position the
entire instrument is turned off. In the '*Stand By"
position all tube heaters are on but no plate voltage is
applied. In the '' Operate'' position the plate supply
is turned on. The green light (left) is on in the '' Stand
By'' position and the red light (right) indicates the
** Operate'' position.

The right-hand section of this instrument con-
tains a frequency modulated signal generator, a 140
mc fixed frequency oscillator, mixer, phasing and
blanking circuits.

The fundamental range ot the FM generator is
140 to 260 mc and is available at the '' Output' ter-
minal when the '* FM Generator Range'' switch (upper
right) is in position ** B''. In position ' A'* the 140
mc fixed oscillator is in operation and is mixed with
the FM generator to produce difference frequencies
from 2-120 mc. In the '"Off'' position, both oscil-
lators are inoperative.

The "' FM Sweep'' control (right) regulates the
amount of frequency sweep from zeroto over 15 meg-
acycles. (The numbers on this dial are for reference
only.)

The '' FM Attenuator'' controls the output from
the FM section.

The ' Phasing'' control adjusts the horizontal
sweep of the oscilloscope to coincide with the fre-
quency sweep of the oscillator in order to super-
impose the return trace on the forward trace.

The '*Blanking'' control injects a negative
pulse into the FM oscillator cireuit in such a manner
that oscillation is stopped during the return trace of
the oscilloscope thus producing abase line anda
single trace response curve on the cathode-ray tube.

The output attenuator is a step attenuator
through which allsignals must pass into the '’ Output"’
jack directly below it.

SWEEP SIGNAL GENERATORS

Figure 32. An FM-TV Generator in Which the Sweep
Frequencies are Obtained at Certain Fixed Positions
of a Selector Switch. Courtesy of Supreme Instrument
Co.

Four cables are supplied for making connections
between the generator, the receiver and the oscillo-
scope.

After the sweep signal has passed through the
receiver and it has been demodulated by the video
second detector, it is returned to the generator by
means of a coaxial cable to the ''Signal Input’* ter-
minal where it passes through to the '* Vert. Ampl."’
cable and from here to the vertical amplifier of an
oscilloscope. This arrangement was designed to
simplify the alignment operation by internal switching
of the oscilloscope input. (Note: The receiver output
can be fed directly to the oscilloscope, if desired,
The arrangement suggested here is only for con-
venience.)

The *'Horiz. Ampl.'' cable connects to the
horizontal amplifier of the oscilloscope to provide a
synchronized 60-cycle sine wave sweep with variable
phasing.

FIXED FREQUENCY GENERATOR

A somewhat different approach to FM & TV
generator design is illustrated by the instrument
shown in Figure 32. Here, the various sweep fre-
quencies requiredfor the alignment and adjustment of
television receiver circuits are obtained from certain
fixed positions of a selector switch rather than by the
more conventional centinuous frequency dial.

The front panel of this instrument contains two
large selector switches, one labeled ''Sweep Selec-
tor,'" and the other ''Video Selector." The various
positions of the ''Sweep Selector'' switch are as
follows:
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CHANNEL selector—S3witch to the desired TV channel or
to intermediate-frequency range. When this selector is at
positions 2" through 13, the rf-output voltage appears
at the RF OUT terminal. When the selector is at “IF” posi-
tion, the output if and video frequencies are determined by
the IF/VIDEO control and are obtained at the IF/VF QUT
terminal.

SWEEP WIDTH control—Has two functions; turns the RF ATTEN control—Determines the amplitude

power on between positions “OFF” and “1”*, and adjusts the of the rf output (at RF OUT terminal) when the
sweep width of the output voltage. CHANNEL selector is at positions *“2” through

“13’,'
IF/VF ATTEN control—Permits continuous adjust-
ment of the amplitude of the if/vf output (at IF/VF
OUT terminal) when the CHANNEL selector is at “IF”
position.
s e e

£l &)

IF/VF OUT terminal—The if/vf output voltage
appears at this terminal when the CHANNEL _——
wive arn tonse SVELP stuenavon

selector is at “IF” position. \ /ﬁ‘\ ® <
N Ny

IF/VIDEO control—Tunes the variable-frequency
oscillator to produce the desired if and video frequencies
at the IF/VF OUT terminal with the CHANNEL se-
lector at “IF” position.

RF OUT terminal—The rf output voltage
appears at this terminal when the CHANNEL
selector is at positions *“2” through “13”.

SCOPE terminal—A sinusoidal voltage of line frequency,
which can be applied to the horizontal-input terminals of an
oscilloscope, appears across this terminal and the GROUND
terminal. The phase relationship of this sweep voltage and
the output of the WR-59B can be adjusted by means of the
PHASE control to produce a single pattern on the oscillo-

scope.
PHASE control—Used only if the voltage across the

SCOPE and GROUND terminals is applied to an oscil-
loscope. It adjusts the phase of this voltage with respect
to the output voltage of the WR-59B, so that a single
pattern will appear on the oscilloscope.

GROUND terminal—Is directly connected to the chassis
of the instrument ; serves as a common ground for the chassis
of the equipment under test and associated test instruments.

BLANKING switch—At “ON” position, provides a zero-
reference line which is useful for checking the response curve
of the circuit under test.

Figure 33. Another Sweep Generator in Which the Various Frequencies are Selected by Means of a Switch.
Courtesy of RCA.

58



Channel Frequency Band Width
A 4.5 mc 1 mc
B 10.7 me 2 mc
C 100, mc 2 mc
D 20-24 mc 4 mc
E 20-28 mc 8 mc
F 38-48 mc 10 mc
2 54-60 mc 10 me
3 60-66 mc 10 mc
4 66-72 mc 10 mc
5 76-82 mc 10 me
6 82-88 mc 10 mc
7 174-180 mc 10 mc
8 180-186 mc 10 mc
9 186-192 mc 10 mc

10 192-198 mc 10 mc
11 198-204 mc 10 mc
12 204-210 mc 10 mc
13 210-216 mc 10 mc

Sweep width is variable on each channel from
zero to the maximum indicated above. Each channel
is calibrated on the single frequency indicated or in
the middle of the range indicated with the ' Sweep
Width'' control turned to zero. Channels'' A,"" '' B,"’
& '"C" are provided with air trimmers for
calibration.

On the other side of the panel, the ' Video
Selector'' control selects the output frequency of the
video carrier oscillator inany of the standard channel
ranges. Thus, for Channel 2, 54-60 mc, the video
carrier frequency is 55.25 mc; etc. Normally, the
output of the video carrier oscillator is unmodulated.
However, any external signal having afrequency from
5 cycles to 5 megacycles can be used to modulate the
carrier. The modulating signal would be fed into the
generator at the '*Video Input'' terminal and the
modulated video carrier signal obtained at the outlet
marked '' Video-Marker Output.'" This latter signal
can be fed to the antenna of a receiver and if it is
properly modulated, can be substituted as a miniature
TV station in place of regular broadcasts. This is a
desirable servicing feature that is especially valuable
in areas where signals are weak, unreliable, or are
available only during limited periods of the day. (A
suitable source of video signals will be described in
the section on Special Test Instruments.)

At the end of the '' Video Selector'' switch there
are two positions marked '""X'" and ""'Y." In the
"X'" position a marker generator is activated and
its output appears at the '*Video-Marker Qutput'’
terminal. The frequency range in the ''X'' position
is 19 to 31 mc; in the "Y' position it is 31 to 50 mc.

The desired frequency in either of these ranges is
selected on a 3-inch dial in the center of the panel.

The generator also contains a crystal oscillator
whose frequency is determined by an external plug-in
crystal. This oscillator is separate from the marker
oscillator and thus makes it possible to obtain two
markers at the same time by using a crystal of the
desired frequency and setting the marker oscillator
to the other desired frequency.

Another sweep generator whereinthe various
frequencies are obtained by means of a selector

SWEEP SIGNAL GENERATORS
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Figure 34. A Variable Permeability Sweep Generator.
Courtesy of General Electric.

switch is the unit shown in Figure 33. Sweep frequenc -
ies for each of the twelve channels are available plus
an IF position where a variable frequency oscillator
produces signals from 0.3 to 50 mc. The operating
frequency within this 0.3-50 mc range is selected by
the ""IF Video' knob. The markings on this control
are only approximate since precise determination of
any frequency in the response curve swept outis
accomplished by a separate marker generator.

The maximum sweep width for the RF and IF
positions is 10 mc.

VARIABLE PERMEABILITY SWEEP GENERATOR

In the most sweep generators, the periodic
variations infrequency are achievedeither by electro-
mechanical means or by a reactance tube. In the
sweep generator shown in Figure 34, still another
method is employed, one known as the variable per-
meability or the variable reluctance method.

The basic circuit employed is shown in Figure
35. An iron core choke is constructed with a wide gap
and a small piece of powdered iron is placed across
this gap. The tuning coil of the oscillator is then
wound around this iron slug and whatever affects the
permeability of the iron slug will automatically serve
to alter the frequency generated by the oscillator.

When current is sent through the main choke
winding, lines of flux are established in the iron core
of the choke in the manner shown in Figure 35. Note
that the lines of flux are more concentrated in the
powdered iron slug than they are in the laminated
iron core. Increasing the current through the choke
winding will cause the lines of flux in both the lami-
nated iron core and the powdered ironslug ta increase
in like measure. However, since the flux lines are
more concentrated in the iron slug, their effect in
altering the permeability of this iron section will be
greatest. By applying a 60-cycle voltage to the main
choke coil, we can force the slug permeability to vary
in a similar manner and since the oscillator coil is
wound around this slug, its frequency will vary, too.
Since the flux changes 60 times a second, the fre-
quency of the oscillator will shift back and forth at
the same rate and we have achieved frequency modu-
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Figure 35. The Basic Modulator and Oscillator Cir-
cuit Used in the G.E. Variable Reluctance Generator.

lation. (For those readers who wish a more detailed
description of this method of frequency modulation,
reference should be made to the May, 1950 issue of
Radio and Television News Magazine, P. 48.)

The sweep oscillator (or swept oscillator, as the
manufacturer labels this stage) consists of a 6J6 dual
triode with both sections paralleled as a modified
Colpitts oscillator tuneable through a range of 165 to
220 mc. A series of voltage taps from the secondary
of the power transformer allows the operator to
select several widths of sweep output by means of the
" Sweep Width'' selector switch shown in Figure 34.
Available sweep widths are as follows:

'* Sweep Width'' Control Approx. Width

Position 1* 0

500 ke
4.5 me
2 mc
9 mc
14 mc
19 mc

~J O Wb O N

In position 1, the sweep oscillator functions as
a simple AM generator producing frequencies over

* Maximum counter clockwise.
60

the range from 165 to 220 mc, depending onthe setting
of the oscillator variable capacitor. A front panel
calibrated dial is provided for this purpose.

This generator will also cover the range from
4 mc to 110 mc and this is accomplished by beating
another oscillator against the sweep oscillator. (See
Figure 36.) The second or beat oscillator is tuneable
from 220 mc through 275 mc. To cover the frequen-
cies from 55 to 110 mc, the beat oscillator is left at
275 mc and the sweep oscillator is varied throughout
its range from 165 to 220 mc. 275 mc minus 165 mc
equals 110 mc and 275 minus 220 mc equals 55 mc.
Hence the range from 55 to 110 mc is covered. The
difference frequencies of the two oscillators are pro-
duced in a mixer and fed through an attenuator to the
front panel.

The generator is also capable of developing
voltages having frequencies from 4 mc to 55 mc.
This is achieved by tuning the sweep oscillator to 220
mc and varying the beat oscillator over its range
from 220 mc to 275 mc. The lowest output frequency
which can be reached is 4 mc because when the beat
oscillator approaches 220 mc, it has a tendency to
lock in with the sweep oscillator and the frequency
drops sharply to zero. Because of this, it is difficult
(if not impossible) to obtain any frequencies below 4
me.

The output attenuator in this instrument is in
five steps, x 1, x .1, x .01, x .001, and x .0001. The
strongest output would be obtained from the x 1 con -
nector. Instead of using a selector switch to achieve
the desired output level, there is a separate front
panel connector for each level output. The RF output
cable is plugged into whatever connector is desired.

Another feature of interest is the placement of
the RF output potentiometer at the terminal end of
the output cable., This attenuator control can be
partially seen in Figure 34: it is shown by itself in
Figure 37. The knob at the top of the unit is con-
nected to the shaft of the potentiometer. Either
balanced or unbalanced output arrangements are
available.

SWEPT BEAT
OSCILLATOR MIXER OSCILLATOR
———————ell)
60 CYCLE FROM
POWER TRANS. ATTENUATOR
L
\‘ I RADIO FREQUENCY
ouTPUT
PHASE
CONTROL

TO HORIZONTAL
PLATES OF SCOPE

Figure 36. A Block Diagram (Simplified) of the G.E.
Sweep Generator.
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Figure 34. A Variable Permeability Sweep Generator. (Model ST-4A, Courtesy of General
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Figure 37A. The Output Adaptor Which Converts the
Single-Ended Output of the G.E. Sweep Generator to a
Balanced Output for Working Into a 300-Ohm Resistive
Load.

Most of the remaining controls on the front of
this sweep generator are similar to controls on other
instruments which have already been discussed.
Thus, there is a phase control, a phase reversal
switch, and a blanking switch. Terminals are provid-
ed, too, for feeding a portion of the 60-cycle sweep
voltage to the oscilloscope. Finally, an ''Output To
Marker' jack permits a portion of the RF output
voltages to be fed to a separate marker generator
also manufactured by the same company. Just what is
accomplished by this will be seen presently when
marker generators are discussed in the section on
Special Test Instruments.

AM - FM GENERATORS

Sweep generators, in general, are designed to
be used with FM or TV receivers. This particular
combination is a natural one since all television re-
ceivers contain an FM sound section and the allocated
RF-frequencies for the FM broadcast band, 88-108 mc,
falls between the low and the high band television
channels.

There are, however, a number of generators
available that are meant to be used primarily with
AM .’ FM receivers only. These instruments are
usefu. for those shops that concentrate chiefly on AM
or FM receiver servicing with little or no work in
the TV line. Such instruments are also useful in
those localities where there is no television.

Ro;a GEN)
=il

|
Figure 37B. Schematic Diagram of the OQutput Adaptor.
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Figure 38. ASweep Generator Designed Primarily for
AM-FM Application, Although it can be Employed for
Peaking of TV Circuits. Courtesy of Sylvania Electric
Products, Inc.

An AM -~ FM generator that will illustrate the
type of controls found on such instruments is shown
in Figure 38. The functions of some of these controls
will be recognizable immediately from previous
discussions. Thus, the "'RF Amplitude' control
smoothly varies the RF output of the generator from
zero to whatever level is established by the ""RF
Attenuator'' switch. The lowest position of this
latter control is at the '"10K" point. The highest is
at the '' 1'* position.

The '*Range'' selector switch, in the upper
right-hand corner, establishes the band of frequencies
generated by the instrument. There are seven bands
listed, extending from 80 kc at the low end to 60 mc
at the high end. 60 mc, however, is not the highest
frequency that can be obtained from the generator and
the reason for this will be seen from the following
description of the generator circuitry.

CIRCUIT DESCRIPTION

Basically, there are two oscillators in this
generator. One is continuously variable from 80 ke to
60 mc by means of a tuning dial and the '' Range'’
selector switch, and its frequency is read directly
from the dial, in black figures. The other oscillator
may operate at either 1 mc or 60 mc depending on the
setting of the "' Output Selector'' switch. It may be
amplitude modulated or frequency modulated, depend-
ing on the setting of the ''Circuit Selector'' and the
' Qutput Selector’' switches. 400 cycle internal ampli~
tude modulation, 0 to 100%, is available,using the AM
CW setting of the '"OQutput Selector'' switch and the
400 AM position of the ' Circuit Selector’' control.
60 cycle frequency modulation is available on the 60
mc and 1 mc fixed oscillators, and 400 cycles on the
60 mc oscillator. The percentage modulation (for
AM) or frequency deviation (for FM), is controlled by
rotating the '* Modulation'' knob.

The outputs of the variable oscillator and the
modulated fixed oscillator are combined in a mixer
tube, when FM sweeps are used, and therefore the
signal generator output under these conditions is a
combination frequency of the two. Hence, to get the
frequency of the output of the signal generator, it is
necessary to add or subtract the frequency of the
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fixed oscillator (either 1 mc or 60 mc) and the direct
dial reading. The most frequently used FM frequen-
cies are marked in red figures on the dial. More on
this point presently.

In addition to the two RF oscillators, the signal
generator contains an audio oscillator which furnishes
a 400-cycle audio signalfor external use. It also con-
tains a heterodyne detector, and provision for a 1 mc
crystal. The crystal is not furnished with the signal
generator, but can be purchased separately.

The output of the mixer tube in the signal gene-
rator is applied across an attenuator system posses-
sing continuous and step attenuators. The output will
vary considerably across the frequency range of the
signal generator, and for this reason there is a meter
connected across this point, so that the voltage across
the attenuators may be kept constant at all times. The
' RF Set'' knob is used to keep this voltage constant
at some arbitrary point about 6 on the meter. The
""RF Set' control is not to be used to vary output;
this is the function of the attenuators. If higher volt-
ages are required for badly adjusted receivers, a
'""HI-RF" jack provides about 1.0 volt signal, with an
impedance of 500 ohms. The impedance of the coax
lead at the regular '* RF'' outlet is 50 ohms.

The controls on this instrument which would
give the serviceman the greatest amount of trouble
are the '* Output Selector'', ''Circuit Selector'', and
'* Modulation'' controls. The following detailed de-
scription showing how the generator is set up to
deliver AM and FM signals will help to clarify their
application.

OPERATION -
A. To obtain Unmodulated RF (CW).

1. Set ''Range' switch to the desired band
and the tuning dial to the desired
frequency.

2. Set '""Circuit Selector' to CW.
3. Set ' Output Selector'' to AM - CW.

4. Set the ""RF Set'" control so that the
meter reads 6.

5. Set the ' RF Attenuator'' switch and the
'*RF Amplitude'' control todesired out-
put. Maximum output will be delivered
when the '"RF Attenuator' is set to 1,
and the ''RF Amplitude'' control is at
the maximum clockwise position.

6. Connect test leads of the RF coaxial
cable to circuit under test. Connect the
metal shield to chassis ground.

When AC, DC receivers are being tested, an
isolationtransformer- is inserted betweenthe receiver
and the AC line. If such a transformer is not avail-
able, then a 400 volt .01 mfd blocking capacitor
should be connected between the signal generator
ground and the receiver chassis.
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The center lead of the coaxial cable should be
isolated from the test point if a DC voltage is present
here. Use a 400 volt .01 mfd. capacitor when using
frequencies up to 1500 kc. Above this point a smaller
capacitor may be used.

With the RF meter set to a constant reference
level, the voltage across the attenuator system will
be constant, regardless of frequency. To control the
amount of signal in the coaxial cable, the "RF
Attenuator'' control will reduce the signal by mul-
tiples of 10 step-by-step, and the ''"RF Amplitude '’
control will permit smooth adjustment of the re-
sultant signal, from 2zero to maximum. Maximum
RF signal is available when the attenuators are set
for maximum output, but these attenuators are not
designed to control the '' HI-RF."'

B. To obtain Amplitude Modulated Output.

1. With internal modulation (0-100%, 400
cycles.)

(a) Settings same as those in the un-

modulated CW output case, except that

'*Circuit Selector'* switch is turned to

""400~ AM'* and the '"Modulation"
control is rotated clockwise to the de-
sired percentage of modulation (Figure
39 A). The modulation control has four
ranges but the only one of interest in the
present set-up is the scale marked ' %
AM 400~.

2. With External Modulation.

(a) Settings same as those in (1), ex-
cept that the ' Circuit Selector'' switch
is set to'' Ext. Mod.'' An external audio
signal may then be connected between
' Ext. Mod.'' binding post and ground.
The external modulating frequency may
be anywhere in range of 50 to 12,000
cycles. About 38 volts rms will produce
100% modulation.

3. The modulation control is calibrated to
+5% at the 30% (standard AM test modu-
lation) point.

OUTPUT SELECTOR CiRCUIT SELECTOR OUTPUT SELECTOR CIRCUIY SELECTOR
AN Cw 400~ AM FM 1M 60~ FM

tA)

OUTPUT SELECTOR CIRCUIT SELECTOR OUTPUT SELECTOR GIRCUIT SELECTOR
FN SOMC 400~ FM FM SOMG 6O~ FM

100, X,

(42

Soug

Figure 39. Modulation Dial Detail of Sylvania AM-FM
Generator,



C. To use the Heterodyne Detector. *

1. Set the ''Circuit Selector'' switch to
'* Det."' position, andturnthe "'RF Amp -
litude' control to 0, reducing signal at
'""RF'" terminal.

2. Plug in a pair of headphones, preferably
high impedance, into the '* Phones'' jack.

3. Set ''Range'' switch to desired band and
tuning dial to desired frequency.

4. Apply the external signal between the
"RF IN'' jack and ground. The ampli-
tude of the external signal should be at
least .1 volt for best results. Do not
apply an external signal of greater than
50 volts RF, or having a DC component
of greater than 400 volts. When the fre -
quency of the external signal and the
signal generator coincide, a beat note
will be heard inthe headphones. At zero
beat, the frequency on the signal gene-
rator dial is the same as the frequency
of the external signal. Care should be
taken that harmonics of either signalare
not confused with the fundamental fre-
quencies. Always use the signal which
supplies the strongest beat note.

* Another name for beat detector. In this instrument
a 1N34 germanium crystal is the detector.

The heterodyne detector affords the service-
man a method of checking the frequencies of unknown
signals that fall within the range of this instrument.

D. To Obtain Audio Output.

1. Set ''Circuit Selector'* switch to ' 400
~ AM'' position and take off audio volt-
age between '* AF Out'" and '' Ground''
binding posts.

2. The audio output voltage at 400 cycles is
1.3 volts.

E. To Obtain Narrow Band FM Output for Test-
ing AM Receivers.

1. Set the ' QOutput Selector' switch to
"FM 1 me."

2. Set the tuning dial to the IF frequency
desired, reading the red dial figures
(0-600 kc). If other frequencies are de -
sired they may be obtained by setting
the black dial figures 1 mc higher than
the desired center frequency.

3. By means of the ""RF Set' control,
ajust the output meter to a chosen re-
ference level (about 6 onthe meter

scale).

4. Set the '"'Circuit Selector'* switch to
" 60~ FM,'" and turn the modulation

SWEEP SIGNAL GENERATORS

controltothe sweep width required. (See
Figure 39B).

5. The modulation control scale is cali-
brated to a +5% at the 30 kc point.

This particular setting of the generator controls
enables the serviceman to see the entire response
curve of the tuning circuits of an AM receiver. (This
operation is.seldom performed because simple peak-
ing using an AM generator and a VTVM will normally
be sufficient. However, if a visual alignment is de-
sired, this generator will furnish the necessary
sweep signal.)

The red figures on the dial are used since they
represent the frequencies derived from the signal
mixing of the variable oscillator and the fixed 1 me
FM oscillator. Where the frequency desired is not
given in red, turn the dial until its value is 1 mc¢
higher than the frequency you wish. For example, if
you want an FM signal of 8.5 mc,and this is not given
in red, then set the scale to read 9.5 mc. This fre-
quency mixed with the 1 mc FM oscillator will
provide, at the output a difference frequency of 8.5
mc. (There will, of course, also be present the sum
frequency of 10.5 me which can also be used if it is
needed.)

For this setting of the instrument controls, the
**1 mc, 60~ ' scale of the '*Modulation' control
would be employed to set the desired sweeping range.
The maximum sweep indicated is 30 kc.

F. To Obtain Wide Band FM Output for Test-
ing FM Receivers.

1. Set the ' Output Selector'* switch to FM
60 me. This brings in the 60 mec FM
oscillator and mixes its output with that
of the variable oscillator.

2. Set the tuning dial to the IF or RF fre-
quency desired, reading the red dial
figures. Frequencies other than those
shown in the direct reading red scale
have to be obtained by making your own
computations, as follows:

(a) Frequencies lower than 60 mc: Set
the black dial figures to a reading 60 mc
higher thanthe desired output frequency.

(b) Frequencies higher than 60 mc: Set
the black dial figures to a reading 60 mc
lower than the desired output frequency.
The reason for this procedure stems
from the fact that to obtain signals below
60 mc, we are using the difference fre-
quenices produced by the mixing of the
two oscillator signals. Therefore, the
black figures are set to a value 60 mc
above the desired frequency. If 15 mc is
required, mixing 75 mc from the vari-
able oscillator (given in black figures)
with the fixed 60 mc from the FM oscil-
lator will give us what we want. On the
other hand, to obtain signals above 60
mc, we use the sum frequencies from
the two oscillators.
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3. Adjust the output meter to a reference
level of about 6,

4. Set the ''Circuit Selector' switch to
60 cycles FM, and turn the 't Modulation''
controltothe sweep width desired.
Maximum sweep available is 700 kc.
(Plus 350 ke and minus 350 kc.)

60 cycles FM means that the frequency modu-
lation is occurring at a 60 cycle rate. This is similar
to the 60 cycle sweeping of the frequency in the TV
generators previously discussed inthis section.
When the generator of Figure 38 is being used to
sweep out a response curve of an FM receiver, 60
cycle sine wave sweeping voltage for the oscilloscope
is obtained from the terminal marked ' AF Out
(Sync)'.

There is also available on this generator a 400
cycle FM position where the frequency modulating or
frequency sweeping is occurring at a 400 cycle rate
instead of the more conventional 60 cycle rate. This
is done so that the serviceman will have a source of
FM output which can be used for checking the overall
performance of an FM receiver for distortion. When
this 400 cycle FM modulated signal is fed into the
mixer of an FM receiver, for example, and passed
through the IF system, FM detector, and audio stages
then a 400-cycle note will be heard in the speaker.
By means of an oscilloscope connected even as far
down the line as the voice coil of the receiver, you
can observe any distortion of the 400 cycle modu-
lation which might have crept in at some point in the
receiver through which the signal has passed.
Further, by sending the FM signal through the entire
receiver, a check of distortion from antenna to voice
coil can be made.

Of course, 60 cycle FM modulation might also
be used in the same manner although a 400 cycle note
is easier to work with (i.e., listen to) than the raspy
60 cycles.

In the generator of Figure 38, a 400 cycle sine
wave voltage for the horizontal input terminals of the
oscilloscope is available at the'' AF Out (Sync)'' post
when the ''Circuit Selector'' switch is in the '' 400
FM" position.

G. External Modulation.

1. With the "' Output Selector'' switch set
on either ''FM 1 me,'" '"AM CW," or
""FM 60 mc,' the '"Circuit Selector'"
may beset to' Ext. Mod.’* and the
signal then will be modulated by any
audio frequency signal applied between
the '" Ext. Mod.'' binding post and the
'* Ground'' binding post, providing it is
in the frequency range between 50 and
12,000 cycles. At other frequencies
some modulation may be obtained, but
possibly not the full amount. When using
external modulation, the '* Modulation'*
control shouldbe turned fully clockwise,
to prevent loading the signal source.

H. Very High Frequencies.
64

Due to the fact that harmonics are present in
the output of all oscillators, a second harmonic of the
AM CW oscillator will furnish output up to 120 mega-
cycles, with some output even at higher frequencies.
These harmonics can be made use of in aligning the
short wave sections of AM receivers going above 60
mc, and their frequency is simply twice the frequency
indicated on the calibrated dial. Considerable energy
is present even at TV RF frequencies, and an AM
signal may be usedto produce bar patterns on picture
tubes.

When the outputs of the sweep oscillator and
the variable oscillators are combined, as in the pro-
cedure when FM signals are being used, numerous
harmonics are available. The sum and difference
frequencies will be quite strong, and their harmonics
will be strong enough for most alignment work. This
makes it possible to obtain useable signals up to 240
megacycles. The frequency is read by adding 60 mc
to the dial reading, and multiplying the sum by two.

Visual alignment of the video RF or video IF
stages of a television receiver is not possible because
the maximum frequency swing obtainable from this
instrument is only 700 kc. However, visual alignment
of the sound IF stages of a television receiver can be
carried out,

I. To Check or Calibrate, Using an Internal
Crystal.

1. Turn'' Output Selector'' to'' Xtal 1 me,"’
and "' Circuit Selector'' to ' Det.'*

2. Plug headphones into phone jack, and
turn dial for zero beat. Beats will be
found for the fundamental and large
number of harmonics of the crystal fre-
quency. An external lead may be run
from the ''Xtal Output' to the *'RF
IN'' jack to pick up weaker harmonics
for higher frequency comparisons.

HICKOK AM-FM GENERATOR

An AM - FM generator which is somewhat more
elaborate than the foregoing instrument is shown in
Figure 40. This contains, in addition to the signals
provided by the previous generator, an audio signal
capable of being varied between 0 and 15 kc, dual-
frequency crystal control, and an output or db meter.
The crystal oscillator can provide output frequencies
of either 100 ke or 1000 k¢ and harmonics of each so
that appropriate points may be checked all along the
frequency dial.

The decibel (db) meter consists of a conven-
tional copper oxide rectifier and its associated
meter. The meter may be used to measure output
voltage ranging from zero to 140 volts or decibel
power levels ranging from -10 db to 38 db. As all of
the db meter scales are calibrated on the basis of 0
db = .006 watts (6mw) when used across a 500-ohm
termination, the voltage readings and db readings
correspond only when the meter is connected across
a 500-ohm termination. There is a blocking capaci-
tor in the decibel meter for circuits having a DC
component.
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Figure 40. Another Sweep Generator Designed Principally for AM-FM Application. (Model
288, Courtesy of Hickok Electrical Instrument Co.)

A brief description of the various controls on
this instrument will inidcate their function.

A. '"Frequency Modulated Sweep' -~ A dual
purpose control which is used as the AC line
power switch and also as a controlof the bandwidth of
the sweep for frequency modulated output. To place
the instrument in operation, turn the control clock-

wise until the line switch is closed which will be
indicated by an audible click and the lighting of the
pilot light. The position of this control, when not
operating as a bandwidth sweep control, has no effect
on the operation of the instrument.

B. ''Band Selector'' - A ten-position control;
The first seven positions, Bands " A" through "' G,"’
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select various frequency ranges from 100 kc to 110
mec, the next two positions select either the '' 100 ke'’
or '"1000 kc'' crystal frequency and the last position
selects the "' 0-15 ke'' audio frequency. (Note that
1000 ke is equal to 1 me.)

C. '""Frequency Adjustment'' - Control of the
frequency within the range selected by the '" Band
Selector'' switch. Calibration of the dial permits in-
terpolation of the scale if desired.

D. ' Output Control'' - Linear potentiometer
control of the RF and AF output voltage of the signal
generator.

E. ''Qutput Multiplier'* - A five-position con-
trol of the output of the signal generator. Positions
"RF x 1, "RFx 10,"”and "' RF x 100" are the three
output levels of RF signal. Positions ''0-15 kc AF
FM,'" in conjunction with the '’ Output Selector'
switch, selects either the 0-15 kc audio frequency
output or any of the frequency modulated outputs.
Position ''400 AF'' selects the 400 cycle audio volt-
age as an audio signal or for amplitude modualtion.

F. '""FM - AM Selector'* - A three position
control.

1. '* Amplitude Modulated'' for all outputs
other than frequency modulated outputs.

2. '1000 ke 30 ke Sweep'’ for the 1000 kc
signal frequency modulated with a band-
width of 0-30 ke.

3. " 50 mc 450 kc Sweep'' for the 50 mc
signal frequency modulaied with a band-
width of either 0-150 kc or 0-450 kc.

F. '"Qutput Selector'* - A five position switch
selecting the various types of outputs.

1. " Off Ext.'* for unmodulated radio fre-
quency output or either frequency or
amplitude modulation from an external
source.

2. '400 AMP" for 400 cycle amplitude
modulation and for a 400 cycle, fixed
audio frequency signal.

3. ''400. Freq.'" for 400 cycle modulating
frequency used for frequency modu-
lating the 50 mc, 0-15 k¢ sweep output.

4, "60~Freq.'" for 60 cycle modulating
frequency used for frequency modulating
either the '' 1000 kc -30 ke sweep,’’ or
"' 50 me -450 ke sweep,'’ output.

5. ' 0-15 kc AF" for an audio frequency
variable from 0 to 15 ke.

H. "' Variable Audio Frequency'' - A calibrated
variable control of the audio frequency output from 0
to 15 kilocycles.

I. "' Synchronized Sweep Voltage' (''Gnd-QOut-
put''). Output connections for a 60 cycle voltage from
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Figure 41. A Push-button Type of Signal Generator.
Courtesy of Supreme Instrument Co,

the power supply for supplying the horizontal sweep
of an oscilloscope. Note that a 400 cycle sine wave
voltage is not available for deflecting the scope beam.
If it shouldbe desiredto use the 400 cycle FM for de-
veloping response curves, it would be necessary to go
internally into the instrument to obtain the 400 cycle
audio source to be used simultaneously with the 400
cycle FM output. Without this change, response
curves must be obtained using the 60cycle FM sweep.

J. '"External Modulation (Amp-Freq.)" -
Amp: permitting amplitude modulation connection
from an external source. Freq: permitting frequency
modulation connection from an external source.

K. " Pilot'' -Indication of power being
supplied the signal generator.

L. ""Output'' - Attached shielded output cable
for the output signal.

M. ''Decibel Meter' - (-10 to +6, +6 to +22,
+22 to +38) - pin jacks for connection to the combi-
nation AC voltage and decibel meter at one of the
three ranges available.

N. ''Ground' - Binding post for connecting the
ground of the signal generator to that of any associ-
ated equipment; also the ground connection for the
** Decibel Meter.'*

Before we leave the subject of AM-FM gene-
rators, we might note the unit shown in Figure 41.
In place of a selector switch for choosing the RF
band, pushbuttons are employed. To choose a certain
band, the appropriate push button is depressed. The
exact frequency, then, within this band is obtained by
rotating the dial to the proper position.

Similar push buttons are available for the ''RF
Multiplier’* and the '' Audio Output Impedance.'' The
latter is a special transformer in the audio frequency
section which offers the serviceman a choice of four
selected impedances to match the input of P-A
amplifiers, motion picture sound equipment, inter-
department communications systems, etc. Audio fre-
quencies from 15 to 15,000 cycles are available.



INTRODUCTION

It does not take a serviceman long to discover
that one of his most valuable tools in the servicing
and alignment of television receivers is the oscillo-
scope. For servicing, the oscilloscope is used to
reveal the waveshape of the signal in each of the
circuits through which it passes. Of particular
interest are the video amplifiers, the sync separator
circuits, and the horizontal and vertical sweep sys-
tems. In each of these circuits comparison of the
signal as it is with the waveform diagrams furnished
by the manufacturer provides an excellent method of
determining whether or not a circuit is operating

properly.

For alignment, the oscilloscope is a natural
companion to the sweep generator, depicting graph-
ically the response curve of the circuit into which the
sweep signal is fed. This superior method of aligning
wideband circuits not only provides an instantaneous
picture of the circuit conditions as they exist, but any
changes that are wrought by adjusting coil cores
and/or trimmer capacitors in the circuit become
immediately apparent. The technician is thus kept
fully informed at all times of the condition of the
circuit being worked on.

Much of the mystery which once surrounded the
oscilloscope, its mode of operation and the circuits
it employs, has now been replaced by everyday fam-
iliarity. This is because an oscilloscope and the
deflection circuits in a television receiver operate by
the same basic principles. In a television receiver,
saw-tooth deflection currents (or voltages, depending
upon whether there are deflection coils or deflection
plates) sweep the electron beam from side to side or
from top to bottom. This, too, is the action in an
oscilloscope withthe exceptionthat in the oscilloscope
the saw-toothed deflection voltage is applied only to
the horizontal deflection plates. The vertical de-
flection plates receive the incoming signal. Focus
and centering controls (of one sort or another) are
similar in purpose in TV sets and oscilloscopes. An
intensity control on an oscilloscope becomes the
brightness control on a television receiver. These

section
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The Oscilloscope

are some of the more obvious similarities - others
will become apparent as we describe and examine
many of the oscilloscopes which are currently avail-
able to the serviceman,

BASIC OSCILLOSCOPE CIRCUITS

The heart of an oscilloscope is the cathode-ray
tube, for it is on the fluorescent screen of this tube
that the various waveforms applied to the unit are
depicted. A beam of electrons is developed in a gun
structure located at the narrow or neck end of the
tube. Electrons emitted by a hot cathode are accel-
erated forward and as they travel through a series of
metallic cylinders, they are formed into a narrow
beam. This beam then travels down the length of the
tube to the fluorescent screen. See Figure 1, Wher-
ever the beam strikes the screen, visible light is
produced.

As in the case of the conventional vacuum tube,
the control grid regulates the number of electrons
which travel past it. Since the extent of this electron
flow directly affects the intensity of light which is
emitted by the fluorescent screen, the illumination
level is controlled by varying the grid voltage on the
tube. This control is placed on the front panel of the
instrument and is called the "Intensity" control. See
Figure 2, Turning this knob counterclockwise will
cause the trace produced by the beam to become
dimmer until it finally disappears; turning the control
knob to the right or clockwise will gradually raise or
in¢rease the beam intensity.

There is no one correct position for this con-
trol. Just how intense the beam should be will depend
upon the amount of surrounding light. If the oscil-
loscope is used in an area where the light level is
high, then, in all probability, the "Intensity" control
will be turned well to the right, Where the surround-
ing light is not too bright, a less intense trace will
prove sufficient. It all depends on the serviceman
and where he works.

The electrons emitted by the cathode have a
tendency to spread out, and it is necessary to control
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Figure 1. The Internal Structure of an Electron Gun and the Path Travelled bv the Beam in Reaching the

Fluorescent Screen.

and focus them into a narrow beam. This is accom-
plished by the focusing and accelerating electrodes,
which act in the same manner as the optical lens
system of a camera, except that in this case, it is an
electron beam which is focused rather than a light
beam. By adjusting the voltage applied to the focus-
ing electrode, the beam diameter is controlled. The
potentiometer which performs this function is also
mounted on the front panel and is called the "Focus"
control. See Figure 2.

After passing through the focusing and acceler-
ating electrodes, the electron beam reaches two sets
or pairs of deflecting plates which are mounted at
right angles to each other. Remembering that elec-
trons are inherently negative and that opposite
charges attract and like charges repel, we can
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BEAM REGULATES BRIGHTNESS
Of SPOT OR TRA&CE ON
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SCREEN PATTERN
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APPLIED HERL

Figure 2. The Front Panel Controls of an Oscillo-
scope. Courtesy Simpson Electric Company.
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appreciate what these plates do. Looking in at the
face of the tube (Figure 3) we would see the fluor-
escent screen, the plates, and the white (or light) dot
caused by the electron beam striking the screen.

If now we apply a positive voltage to Plate HIl
and a negative voltage to plate H2, Hl will attract
the beam, H2 will repel it, and the beam will move
closer to H1l. Therefore, the dot of light is displaced
to the left, By the same token, if the reverse voltages
are applied to the plates, the beam would move to the
right,

If an alternating voltage is applied to both
plates, the beam will continuously deflect from one
side to the other. If the voltage is made to change
quickly enough, the result will be a horizontal line.
See Figure 4. The most common type of voltage
which is applied to the horizontal deflection plates is
the saw-tooth wave shown in Figure 5. From A to C
the voltage rises steadily and linearly, moving the
beam across the face of the oscilloscope screen at an

CRT SCREEN

Figure 3. The Horizontal Deflection Plates (P1 and
P2), the Vertical Deflection Plates (V1 and V2), and
the Fluorescent Screen of a CRT as Seen Head-On.
With no Deflection Voltages Applied to any of the
Plates, the Electron Beam WillStrike the Screen at the
Center.
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Figure 2. The Front Panel Controls of an Cscilloscope. (Model 476, Courtesy of Simpson
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Figure 4. An Alternating Voltage Applied tothe Hori~
zontal Deflection Plates H1l and H2 Will Produce a
Line on the Screen.

even rate, At point C, it drops sharply, returning to
the same level as point A. This drop causes the
electron beam to retrace rapidly.

Half of the applied saw-tooth wave is negative
(points A to B) and while this portion of the wave is
active, the beam is at some point to the left of center.
At A the beam is farthest to the left, but as the saw-
tooth voltage gradually rises, the beam is drawn in
toward the center, reaching this point when the volt-
age reaches point B. As the voltage continues to
rise, the forward motion of the beam brings it to the
far right-hand section of the screen when the saw-
tooth voltage reaches point C. From point C to point
D, the saw-tooth voltage drops sharply, causing the
electron beam to retrace quickly back to the left-hand
side of the screen again.

We see from this sequence that the application
of a saw-tooth voltage to the horizontal deflection
plates moves the beam first one way across the
screen, and then the other way. If this back and
forth motion is repeated often enough per second, the
various traces blend into each other, producing a
steady horizontal line (also known as a base or axis)
of uniform intensity.

To reproduce a certain waveform, say the re-
sponse curve shown in Figure 6, then as the beam
travels on its way from left to right, we also want it
to move vertically (or up and down). This can be
accomplished by applying the wave to be reproduced

BEAM FORWARD C (RIGHT-HAND
(LEFT—» RIGHT) SIDE OF SCREEN)
TRACE
’
screen B R
CENTER P
BEAM '/
RETRACE ’
P4
A LEFT-HAND D
SIDE OF SCREEN

Figure 5. The most Common Type of Voltage which
Is Applied tothe Horizontal Deflection Plates in a CRT
Is the Saw-Tooth Wave.

Figure 6. To Reproduce this Curve on aScope Screen,
then as the Beam Travels from Left to Right, it Must
also be Made to Move Vertically.

to the vertical deflection plates. When the voltage
applied to the vertical plates increases, the beam
moves up; when it decreases, the beam moves down.
In this way the beam moves up and down as it travels
across the face of the cathode-ray tube and the wave-
shape of any voltage applied to the vertical deflection
plates is traced out,

It is perfectly feasible to apply waveforms to
be observed directly to the deflection plates them-
selves and this is sometimes done (as we shall see
later). However, in order to obtain any sizeable
deflection of the beam, either straight across or up
and down, a considerable amount of voltage is re-
quired. A much more flexible arrangement is
achieved by inserting amplifiers between the deflec-
tion plates and the applied voltages. Now, with rather
small input voltages, a sizeable deflection of the
electron beam can be obtained and the usefulness of
the oscilloscope as a test instrument is increased,

The block diagram of the oscilloscope, thus far,
appears as shown in Figure 7. There is one set of
amplifiers leading to the vertical deflection plates
and a similar set feeding the horizontal plates, Just
how many amplifier stages are contained in each
system depends upon how elaborately the oscilloscope
is designed. In the more expensive units there may
be as many as four stages; in the lower priced in-
struments only two stages will be found. In prac-
tically all instances, the final or output stage is
push-pull, providing balanced voltages for each set of
deflection plates. The use of such balanced voltages
produces a trace which is uniformly wide at both
ends of the trace line. When single-ended amplifiers
are used, this is not true.

Aside from a power supply, only one more
circuit is needed in Figure 7 to complete the basic
diagram of an oscilloscope. This is the sweep or
saw-tooth generator, the stage which develops the
saw-tooth wave which is applied to the horizontal
deflection plates through the horizontal deflection
amplifiers. Two types of saw-tooth generators are
in general use today, the multivibrator and the thya-
tron tube. The multivibrator is a resistance-capac-
itance coupled oscillator in which the frequency of
oscillation is determined by the values of the capac-
itances and resistances used in the circuit. The
saw-tooth wave is developed across a capacitor which
is allowed to charge (producing the trace or forward
motion of the electron beam in the oscilloscope) and
then rapidly discharged (producing the faster retrace
portion)., This multivibrator is identical in form to
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Figure 7. A Simplified Block Diagram of an Oscil-
loscope.

the multivibrators used in the sweep systems of the
television receivers.

The thyratron tube is a gaseous tube of special
construction. In the thyratron circuit, Figure 8, when
the power is {first applied, the capacitor C, connected
across the tube, will charge up at an approximately
uniform rate until it reaches a certain potential
known as the ionizing potential of the tube. (Until
this level is reached, the tube is nonconductive.)
When the tube ionizes, it conducts heavily, effectively
placing a short-circuit across capacitor C and
causing it to discharge rapidly. When the potential
across the capacitor, and therefore the tube, drops
below a level known as the deionization level, the tube
ceases to conduct and the charge again builds up
across the capacitor. This deionization level is close
to zero and so the voltage build-up across the cap-
acitor C ranges between the ionizing potential at
which the tube fires and the deionizing potential at
which it ceases to conduct. See Figure 8, The fre-
quency of the saw-tooth wave generated depends upon
how rapidly C charges and this, in turn, is governed
entirely by the relative values of C and R.

The foregoing circuits represent the basic
components of every oscilloscope, Just how many
front panel controls will be found on the instrument
depends upon how elaborate its circuits are. In the
discussion to follow, we will examine the operating
controls of a number of modern oscilloscopes in ord-
er to see not only what these controls do, but how
they are employed in television service and alignment

work,
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Figure 8. Thyratron Tube Method of Developing Saw-
Tooth Waves,
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OSCILLOSCOPE OPERATING CONTROLS

The oscilloscope in Figure 2 contains what
might be termed a typical number of controls. The
"Focus" control is used to adjust the sharpness of
the trace or point of light on the screen, This knob
is rotated until the trace is as sharp and as clearly
defined as it can be. The "Intensity"” control enables
the operator to adjust the brilliance of the spot or
trace. The proper method of adjusting this control
was previously discussed. To move the beam verti-
cally or horizontally, "Vert. Centering" and "Horiz.
Centering" controls are provided. Rotating the
vertical centering knob moves the trace or pattern up
or down while rotating the horizontal centering knob
moves the pattern left or right. With the aid of these
two controls, the pattern can be positioned anywhere
on the face of the tube.

The next three controls, "Sync," "Range Fre-
quency," and "Sweep Range," are all associated with
the saw-tooth generator contained in this instrument.
The simplest of the three controls, and actually the
one to be set first, is the "Sweep Range" control.

In the "OFF" position, this control turns the
sweep generator off and the beam appears as a pin
point of light at the center of the screen. In other
words, by turning the sweep generator off, we have
removed all deflection voltages from the horizontal
deflection plates and the electron beam impinges on
the screen at a single point, usually the center.

If the beam is permitted to remain stationary
at one point on the screen with even normal intensity,
it will soon burn the screen, with the result that in
future use this area may become insensitive and not
produce any light at all as the beam passes over it,

If, in the process of wurking with an oscillo-
scope, it becomes necessary to shut off the sweep
oscillator, then reduce the beam intensity until the
spot is only faintly visible.

The question now arises, "When is it necessary
to set the ‘Sweep Range’ control to the ‘OFF’ pos-
ition?" The answer: When a special 60-cycle sine
wave deflection voltage is fed to the oscilloscope
from a sweep generator during an alignment. It will
be remembered that this particular point was dis-
cussed in the previous section on sweep generators.
The 60-cycle sine wave voltage from the generator
is fed into the oscilloscope at the terminals marked
"Horiz. Input" and it is used in place of the saw-~tooth
voltage to deflect the beam horizontally, We will
return to this point again when we discuss TV re-
ceiver alignment.

Beyond the "OFF" position, the "Sweep Range"
switch selects the operating frequency range for the
horizontal saw-tooth oscillator, The first position
beyond "OFF" is labeled 15 to 75 cycles, which means
that the frequency of the saw-tooth deflection voltage
produced will lie within this range.* The exact fre-

* The frequency of the saw-tooth wave tells you how
many times a second the beam sweeps across the
screen from left to right and how many times it re-
traces. For example, a 60-cycle saw-tooth wave will
move the beam 60 times per second from left to right
and 60 times from right to left on retrace,



quency generated between 15 and 75 cycles will be
established by the position of the "Range Frequency"
control, This potentiometer is a fine tuning or
vernier adjustment on the "Sweep Range" control. At
the low end of its rotation the saw-tooth frequency
generated is at its lowest value for any position of
the "Sweep Range" switch; at the other end (extreme
clockwise position), the saw-tooth frequency is at the
highest value for the range chosen by the "Sweep
Range" control. In the case of the 15 to 75 cycle
position, this would be 75 cycles (approximately).

Sweeping ranges of this particular instrument
(of Figure 2) extend from 15 cycles to 60,000 cycles.
This permits us to see one cycle of any wave having
a frequency between 15 cyclesand 60,000 cycles, Any
wave with a frequency above 60,000 cycles will devel-
op more than one cycle on the oscilloscope screen;
any wave having a frequency less than 15 cycles will
develop less than one cycle during one forward trace
of the electron beam.

To use the two foregoing controls to observe
one or more cycles of any wave applied to the vertical
input terminal (and ground, of course), set the "Sweep
Range" switch to the range within which the signal
frequency falls. Then rotate the "Range Frequency”
control until one cycle (or two or as many asdesired)
appears on the oscilloscope screen.

If you don’t happen to know the approximate
frequency of the applied signal, it takes but a minute
to try each of the five range positions of the "Sweep
Range" switch until you find the best range to use.
After a little practice it takes longer to explain how
to do it than it does to do it,

In order to work with any pattern on the screen,
the pattern should be held stationary. With the
"Range Frequency" control, it is possible with some
patience, to adjust the frequency of the saw-tooth
generator until it exactly equals (or is an exact mul-
iple of) the frequency of the applied vertical signal,
But, unless this control is constantly adjusted, the
frequency of the saw-tooth generator will change
(even if only a few cycles) and the pattern will drift,

To keep the trace or pattern steady without
frequent recourse to the "Range Frequency” control,
a portion of the incoming signal is fed to the saw-
tooth generator and serves as a synchronizing pulse
which locks the generator in step with its own fre-
quency. The "Sync" control enables the operator to
vary the amount of synchronizing pulse or signal fed
to the sweep oscillator. The optimum position for
this control is at that point where the smallest amount
of sync signal causes the pattern to become station-
ary. Thus, you start with the "Sync" control at zero
and slowly turn it to the right (clockwise) until the
pattern locks in. ¥

The three controls just described and espec-
ially the "Sync" control, are to be used in conjunction
with the "Function" switch situated just below them.

T It is important before using the "Sync" control to
adjust the "Range Frequency" knob until the pattern
is close to being stationary.
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This "Function" switch is a 5-position switch which
controls the power input and selects the desired hor-
izontal deflection signal. The power is off in the OFF
position of the switch and is on in the remaining four
positions. In addition, the switch makes the following
connections in its 5 positions:

1. OFF. Opens the circuit for the power input,

2. INT. SYNC. A linear (or saw-tooth) sweep
voltage is applied to the horizontal amplifier. At the
same time, a portion of the "Vert. Input” signal is
fed into the sweep oscillator through the "Sync" con-
trol. If the frequency of the applied (or "Vert, Input")
signal is near frequency, the pattern can be locked
steady on the screen of the cathode tube.

3. LINE SYNC. The saw-tooth sweep voltage
is still applied to the deflection plates through the
horizontal amplifier., However, now, the synchron-
izing voltage is not taken from the incoming signal,
but from the 60-cycle power line. The 60-cycle pulse
is injected into the sweep oscillator through the
"Sync" control and therefore locks the saw-tooth
oscillator in sync with the line frequency. This is
usable for applied signals having frequencies of 20, 30,
60, 120, and 180 cycles, and for other sub-harmonics
of 60 cycles.

4, EXT.SYNC. The saw-tooth sweep voltage
is still active, However, now, a synchronizing pulse
can be obtained only from an external signal injected
into the sweep circuit through the "Ext. Sync" ter-
minal. The setting of the "Sync” control still deter-
mines how much of this sync pulse reaches the
saw-tooth oscillator,

5. HORIZ. AMP. In this position the saw-tooth
voltage of the oscilloscope’s sweep generator is dis-
connected from the horizontal amplifier and the beam
is stationary at the center of the screen in a small,
round spot. To obtain any horizontal deflection of
the beam, an external signal must be applied to the
"Horiz. Input” terminal at the front of the oscillo-
scope. This signal will be amplified by the horizontal
amplifier and applied to the horizontal deflection
plates of the cathode-ray tube.

When the "Function" switch is in the "Horiz.
Amp.," position, no use is made of the internal sweep
oscillator of the oscilloscope. Consequently, to
prevent stray voltages from the oscillator reaching
the horizontal system, it is always best to place the
"Sweep Range" switch in the OFF position when the
"Function" switch is set at "Horiz, Amp,"

The most frequent use that the TV serviceman
will make of the "Horiz. Amp." position will be in TV
or FM receiver alignment, As discussed previously,
nearly all sine wave sweep generators supply their
own 60-cycle deflection voltage for the oscilloscope
and this should be used in preference to a 60-cycle
saw-tooth or sine wave voltage which the oscilloscope
may be capable of supplying.*

* An exception to this occurs when the oscilloscope
contains specific provision (in the form of a phasing
control) enabling it to develop a properly phased
pattern. Such units will be examined presently.
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On either side of the '* Function'' switch are the
gain controls for the vertical and horizontal ampli-
fiers. Thus, the ' Vert. Gain'' control adjusts the
amplitude of the signal fed into the vertical
pre-amplifier and hence it controls the height of the
pattern on the viewing screen. The '' Horiz. Gain''
potentiometer adjusts the input to the horizontal
amplifier to produce the desired pattern width on the
cathode-ray screen. This control is effective when-
ever any voltages, external or internal, are applied
to the horizontal amplifier.

Just beneath the "Vert, Gain" control is the
"Vert. Attenuator" switch. This is a voltage divider
network which limits the amount of the vertical input
signal reaching the first vertical amplifier. There
are four switch positions labeled: .5, 5, 50, and 500
volts, These figures indicate the maximum value of
input signal that should be apptied with the switch in
each position. Thus, with the attenuator switch in the
.5 position, no signal having an amplitude greater
than .5 volts rms should be applied to the "Vert.
Input" terminal (and ground). Excess voltage on any
range may produce a distorted pattern or may poss-
ibly cause damage. On the other hand, setting the
control pointer too high - say at 500 volts for an
input voltage of 30 volts will produce a pattern which
is too small, In other words, do not set the control
too high or too low.

The "Vert. Attenuator" switch receives the
applied signal before the "Vert, Gain” control. Hence,
the attenuator switch may be considered as a rough
adjustment with the gain potentiometer as itsvernier.

The last remaining control on the front panel of
this instrument (Figure 2) is the "Horiz. Sens."
switch. This two-position switch is in series with
the line from the "Horiz, Input” terminal to the hor-
izontal amplifier and it is marked "High" for the
closed position of the switch. The circuit (Figure 9)
indicates that the full signal is fed to the horizontal
amplifier when the switch is in the "High" position.
The system is thus most sensitive at this setting and
affords any applied signal maximum amplification
(provided, of course, that the "Horiz. Gain" control
is turned up, too.)

The "Horiz, Sens." is marked "Low" for the
open position of the switch and a 1 megohm resistor
is placed in series with the input to the "Horiz. Gain"
control,

5 12 MEG

HORIZ
INPUT

Figure 9. The Horizontal Input Circuit of the Instru-
ment Shown in Figure 2.
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These markings of "High" and "Low" can be
confusing since they refer to the sensitivity of the
horizontal amplifier system and not to the applied
voltages. Actually, strong voltages are applied with
the switch in the "Low” position because with a
strong voltage, less amplification is required. On
the other hand, with a weak signal, the "Horiz. Sens.”
switch would be set to "High."

At the bottom of the oscilloscope there are six
terminal posts through which connections are made
to the instrument circuits, 'The posts are employed
as follows:

"GND." Two ground terminal posts are pro-
vided, one on each side of the front panel for ground-
ing input circuits.

"VERT. INPUT". Any signal connected between
this terminal and "GND." will be coupled through an
isolating amplifier to the vertical amplifier to be
used for vertical deflection.

"60-CYCLE TEST SIGNAL". A 6.3 volt, 60-
cycle signal is available at this connection for any
outside use including calibration of the sweep fre-
quency of the instrument itself.

"EXT. SYNC", When the "Function" control is
in the "Ext, Sync" position, any signal connected be-
tween the "Ext. Sync" terminal and the "GND."
terminal will be coupled to the "Sync" control,

"HORIZ. INPUT", Any signal connected
between this terminal and "GND." can be fed into the
horizontal amplifier if the "Function" switch is in
"Horiz. Amp." position. (Turn "Sweep Range" to
OFF.)

We have now covered all the front panel con-
trols and terminals of the oscilloscope. Also located
on the front panel, at the bottom, is a cover plate
marked "Remove for Internal Oscilloscope Connec-
tions." When the four mounting screws are removed
and the plate taken off, a terminal board with 10
numbered terminals appears, as shown in Figure 10.
Note that jumper wires connect the following terminal
pairs: 1and 6,2and 7,3 and 8, 4 and 9, and 5 and
10, The jumper wires between 4 and 9, and between
5 and 10 connect the output of the horizontal amplifi-
ers to the horizontal deflection plates; the wires
between 1 and 6, and 2 and 7 connect the output of the
vertical amplifiers to the vertical deflection plates;
and between terminal 3 and terminal 8 they feed a

1 2 3 4 5
6 7 8 9 10
Figure 10. The Terminal Board Located Behind the

Front Panel Cover Plate of the Oscilloscope Shown in
Figure 2.




blanking pulse (from terminal 3) to the cathode
(terminal 8) of the cathode-ray tube.

To use the plates directly, we would first
remove the jumpers, thereby breaking the circuit
between the vertical and horizontal amplifiers and
their respective deflection plates. Next, to apply a
voltage to the horizontal plates, we would connect it
between terminals 9 and 10, To bring a voltage to
the vertical plates, we would apply it across termin-
als 6 and 7.

The television serviceman will seldom have
occasion to use the plates directly. This becomes
necessary when the signals to be observed either
have very large amplitudes or their frequencies are
too high to be successfully passed through the verti-
cal deflection amplifiers. It is also possible to use
the plates directly for the measurement of DC volt-
ages (which will not be passed by the R-C coupled
vertical amplifiers). Either the vertical or the
horizontal deflection plates may be used. The oscil-
loscope is calibrated first by the applying of a known
voltage to the selected pair of plates and noting how
much the spot on the screen is moved or shifted. The
known voltage is then removed and the unknown DC
voltage applied in its place. The deflection of the
spot that this latter voltage produces is now com-
pared with that caused by the known or calibrating
voltage, From the equation below, the value of the
unknown DC voltage is determined.

D Known - E Known
D Unknown E Unknown
Where:

D Known = Distance in inches spot is moved by
known voltage,

D Unknown = Distance in inches spot is moved
by unknown voltage.

E Known = Value of known voltage.

E Unknown = Value of unknown voltage (to be
found).

When direct use is made of the deflection plates
in the oscilloscope of Figure 2, not only are the
vertical and horizontal amplifiers disconnected from
the plates, but the normal centering voltages are
also removed. In this condition, rotation of the front
panel centering controls will have no effect on the
beam. In fact, the only front panel controls which
will have any effect are the power on and off, the
"Intensity" and the "Focus". (In some oscilloscopes,
the positioning controls are effective under all con-
ditions.)

"INTENSITY MODULATION"., The cathode of
the C. R. tube is connected to terminal No. 8 on the
front panel board through a capacitor. Ordinarily,
terminal No, 8 is connected to terminal No. 3, there-
by receiving (from terminal 3) a short, sharp, pos-
itive pulse of voltage every time the beam retraces
rapidly from right to left. The application of a
positive pulse to the cathode of a tube produces the
same result as the application of a similar negative
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voltage to the control grid. If the pulse is sufficiently
powerful, it will cut the beam off during the retrace
interval and thatis precisely what happens here. This
action is desirable because there is seldom any rea-
son for having the beam produce a visible marking
during the retrace interval. In fact, by blanking out
the beam, the desired pattern stands out clearer.

It is not necessary to employ the cathode solely
for the purpose of blanking out the retrace, If it is
desired to intensify the beam during certain portions
of its sweep, then negative pulses can be fed to the
cathode via terminal 8, Simply remove the jumper
between 3 and 8 and apply the intensifying voltage
between 8 and one of the "GND.," terminals, By feed-
ing in different types of voltages, we can either
brighten the trace or cut it off during certain selected
portions of its cycle. This process of varying the
beam intensity is known as intensity modulation and
many oscilloscopes contain some provision for
achieving it. While not much use is made of this
facility in television service work, it is employed in
frequency measurement. For those interested in
this application, additional information will be found
in the instruction manual which comes with their
oscilloscope.

In working with oscilloscopes or in reading the
instruction manuals that accompany them, it will be
found that the horizontal input terminals are some-
times called the "X" axis. This terminology was
borrowed from mathematics where it is customary to
refer to all horizontal axes as "X" axes, By the
same token, the vertical input terminals are referred
to as "Y" axis. And, to complete the analogy, the
intensity modulation terminal is known as the "Z"
axis. Despite the names, all three systems operate
as outlined above,

HOW TO SET UP SCOPES

The foregoing discussion has dealt with the
function of each control found on the oscilloscope of
Figure 2. To someone who is unfamiliar with this
instrument, even the relatively small number of
controls can prove quite confusing unless he knows
how to set the instrument up and prepare it for use.
Toward that end, the following outline will prove
helpful,

A. Before the power is turned on, the following
controls should be set to approximately mid-position.

1. "FOCUS"

2, "VERT, CENTERING"
3. "SYNC"

4. "RANGE FREQUENCY"
5. "HORIZ. CENTERING"
6. "INTENSITY"

B. Set the "Vert, Gain" to zero and "Horiz,
Gain" to 5.

C. Set "Vert. Attenuator" to 500 V position,
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D. Set "Horiz. Sens" to "Low",
E. Set "Sweep Range" to 75-350-cycle position,

F. Now turn the "Function" switch from OFF
to "Int. Sync" and the "Operate" pilot light should
come on. Let the instrument warm up for approx-
imately five minutes.

On the screen a single straight line should
appear. Rotate the two centering controls until the
line is centered on the screen. Adjust the "Intensity”
control until the line is as bright as desired and then
bring the line into sharpest focus by rotating the
"Focus" control, If the horizontal line extends be-
yond the edges of the screen, it may be desirable to
reduce the "Horiz, Gain" setting until the ends of the
line are visible,

Thus far we have proceeded on the assumption
that with the various controls set as indicated, a line
will appear on the screen when the power is turned
on,

But suppose it doesn’t. What then?

The first thing to check is the "Operate" pilot
light. Is it on? If it is, then turn next to the "Intens-
ity" control and set it to at least three-fourths
position, or possibly to the maximum clockwise
position. Note whether any trace (or dot) appears on
the screen.

If the trace is still missing, move the "Vert,
Centering” and "Horiz. Centering" contirols as the
line may be off screen,

If the instrument is operating normally, these
adjustments will produce a trace on the screen, Ab-
sence of the trace indicates that the unit is somehow
defective.

Once the oscilloscope has been set up as in-
dicated, it is in position to receive voltages for its
vertical amplifiers, The voltage should be applied
between the "Vert. Input” terminal and "GND." and
the "Vert. Gain" control is rotated until the pattern
occupies as much height as desired. If you find that
the pattern is too small at any setting of the "Vert,
Gain" control, switch the "Vert. Attenuator” to a
lower position.

To produce a stationary pattern of the wave,
adjust the "Sweep Range" first, then the "Range
Frequency", and finally the "Sync" controls as
outlined previously.

It is possible to check the vertical system of
the oscilloscope before any signals are applied. To
do this, run a short jumper from the "60-cycle Test
Signal" terminal to the "Vert, Input" terminal. This
will place a 60-cycle voltage across the vertical
input terminals. Then adjust the "Vert. Gain" and
"Attenuator" controls until the sine wave pattern
appears on the screen.

The oscilloscope shown in Figure 2 possesses
the particular shape that it does because it is also
available in combination with an AM generator and an
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Figure 11. The Genescope - a Multi-Purpose Instru-
ment Containing an AM Generator, a Crystal
Calibrator, an Oscilloscope, and a Sweep Generator.
Courtesy Simpson Electric Company.

FM and TV sweep generator. See Figure 11, At the
time of this writing this is the only instrument of its
kind.

OTHER OSCILLOSCOPES

The front panel of another oscilloscope is
shown in Figure 12, This unit, which can be procured
in kit form as well as assembled, contains essentially
the same controlsas the previous oscilloscope. How-
ever, the physical placement of the controls differs
and, in some instances, their names have been alter-
ed. Thus, in place of the previous "Sweep Range",
we now have "Coarse Frequency". The markings on
this latter control start at 30 cycles and extend up to
30,000 cycles. Actually, you will discover, after
working with different oscilloscopes, that the numbers
inscribed at each position of this control are only

NOTE RULED PLASTIC
MASK OVER SCRLEN

COARSE FREQ.

0SCHLOSCOPE

HORIZ.
POSITIONING
CONTROL

INTERSITY

FINE FREQ.
CONTROL

. N
VERT, HOR. GAl

POSITIONING
CONTROL

VERT. GAIN.

SYNC,
CONTROL

EXTERNAL 3SYNC,
VOLTAGE APPLIED HERE

Figure 12. An Oscilloscope which Is Available in Kit
Form. Courtesy Eico.
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NOTE RULED PLASTIC
MASK OVER SCREEN
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Figure 12, An Oscilloscope Which Is Available in Kit Form, (Model 425, Courtesy Eico.)
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Figure 13, An OsciHOScope Contaim'ng a Special g Axis" Amplifier, {Model 660, Courtesy
Supreme, Inc.)
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approximate and in many instruments there is con-
siderable overlap between adjacent ranges. Thus,
although the lowest range of the unit in Figure 12 is
marked as 30, it is possible to go somewhat below
this. Also, it will be found that sweeping frequencies
above 30 M, or 30,000 are attainable.

The "Fine Frequency" control in Figure 12
serves the same purpose as the "Range Frequency"
knob in the previous unit. And the "Sync Amp." is
the circuit which is employed to lock the horizontal
sweep to the frequency of the signal being observed.

Power to the instrument is controlled by a
separate switch instead of being part of a multi-pos-
ition switch. The "Horiz. Input” switch connects the
horizontal amplifiers to either the internal saw-tooth
generator or to the horizontal input binding post. The
"Sync" switch transfers the horizontal synchroniza-
tion from internal sync to the "Sync Input” jackon the
front panel, There is no line synchronization switch
in this oscilloscope and to lock the sweep generator
in with the power line frequency, a short wire would
have to be connected from the 60-cycle test binding
post to the "Sync Input" post. Then the "Sync" switch
would be placed in the "Ext." position.

In this oscilloscope, an intensity modulation
jack is located on the rear panel and is used for the
same purpose as it was in the previous oscilloscope.
Also on the rear panel is a terminal strip from which
connections can be made direct to the vertical de-
flection plates. No such facility is available for the
horizontal deflection plates. Connecting terminal
jacks on the front panel include "Horiz. Input",
"GND.", "Vert, Input", "Sync Input”, and "60-Cycle
Test",

Another oscilloscope, shown in Figure 13,
differs in certain respects from the previous two
instruments, Of minor interest is the fact that the
power on-off switch is now ganged to the "Intensity"
control., When this control is in the extreme counter-
clockwise position, the power is off. To turn the
power on, rotate this knob in a clockwise direction.
The pilot light will come on, indicating that the in-
strument is in operation. Further rotation of the
knob will increase the intensity of the beam on the
cathode-ray tube screen,

While this is the first oscilloscope, thus far,
which employs this particular arrangement, it isa
fairly common one.

The instrument contains a set of terminals on
the front panel labeled "Z-Input", This is for mod-
ulating the beam, In addition, there is "Z-Axis"
amplifier which will amplify any signal applied to the
"Z-Input” terminals before coupling this signal to
the control grid of the cathode-ray tube, The "Z-
Axis Gain" control regulates the amount of voltage
applied to this amplifier, When the control is in the
extreme counterclockwise position, none of the "Z-
Axis" voltage reaches the cathode-ray tube grid.
Rotating the knob in a clockwise direction permits
more and more voltage to reach the "Z-Axis" ampli-
fier, producing a greater effect on the cathode-ray
tube beam. In use, connect the desired "blanking" or
"brightening" signal to the "Z~Input" terminals, and,
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Figurer13. An Oscilloscope Containing a Special "' Z-
Axis'' Amplifier. Courtesy Supreme, Inc.

starting in the extreme counterclockwise position,
rotate the control clockwise until the desiredblanking
or brightening is observed on the trace. Never use
more "Z-Axis" gain than is necessary, since too

much blanking or brightening distorts the picture.

The "Sweep Frequency" control on this instru-
ment is a six-position switch with the various
frequency ranges identified by letters, A, B, C, D,
etc., instead of the more conventional method of using
the frequencies themselves. However, by referring
to the instruction manual, it will readily be found that
the various letters stand for the following sweep
frequencies.

A, 6 cps to 60 cps
B. 20 ¢ps to 200 cps
C. 90 cps to 700 cps
D. 550 cps to 4 ke
E. 3.5kec to 25 ke
F. 24 ke to 150 ke

In practice, the time it takes to find the proper
settings of the "Sweep Frequency" and "Fine Fre-

9 MEG

AC VOLTAGE
TO BE
OBSERVED t

TO INPUT
IMEG  oF scopE

Figure 14. A resistive Voltage Divider Network Sug-
gested by Supreme, Inc. for use with their Oscilloscope
of Figure 13.
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quency" controls (to obtain one cycle of the input
wave on the screen) is so short that reference to the
table in the manual is seldom necessary.

Incidentally, while we are on the subject of
instruction manuals, it is strongly recommended that
these manuals be carefully and thoroughly studied.
No one knows better than the manufacturer what the
capabilities of his instrument are and this informa-
tion is, for the most part, found only in the manual.
To illustrate the point, the oscilloscope in Figure 13
contains vertical input terminals and a vertical gain
control. There is, however, no special attenuation
control for handling large signals and looking in the
manual we find that signals larger than 25 volts
peak-to-peak should not be applied directly to the
input terminals since they will produce a distorted
trace. The manufacturer suggests that if it is de-
sired to view the waveform of higher voltages, they
first be reduced to a suitable value by the use of a
resistive network such as shown in Figure 14. This
network is so proportioned that the scope receives
1/10 of the total applied voltage.

At the bottom of the front panel (Figure 13)
there is a socket receptacle marked "Probe". Into
this receptacle is plugged a male socket which, in
turn, is connected to a special high-frequency probe.
The oscilloscope, through the socket, feeds filament
and plate voltages to a small 6C4 tube contained
within the probe housing. The probe, because of its
high input impedance (5 megohms) and low shunting
capacitance (9 mmf{.), can be used to pick up RF and
IF signals directly at various points within a radio
receiver. The 6C4 acts as an RF cathode follower,
feeding whatever signals it receives to the vertical
system. (T he vertical amplifiers have a response
that extends out to 7 mc.) The probe cannot be used
with FM or television receivers because of the very
high RF and IF frequencies in these circuits.

PHASING CONTROLS

It was noted earlier in this section that when
an oscilloscope is used in conjunction with a sweep
generator, a 60-cycle sine wave beam sweeping
voltage must ordinarily be obtained from the gener-
ator, However, if the oscilloscope contains the
proper auxiliary circuits, this extra connection can
be dispensed with and the sine wave beam sweeping
voltage obtained from the oscilloscope itself,

If the front panel of the oscilloscope shown in
Figure 15 is examined carefully it will be found to
contain a control labeled "60-Cycle Phasing". In
addition, if you glance at the "Coarse Frequency"
control, you will find a position, at the extreme left
hand side of this scale, marked "60-Cycle Sweep".
With the knob in this position, the saw-toothoscillator
is turned off and a 60-cycle sine wave voltage is
applied to the horizontal amplifier. This, then, dup-
licates what the connecting lead from the sweep
generator would do.

The next step is to be able to adjust the phase
of this 60-cycle voltage in order that it may be
brought in step with the sine wave driving voltage in
the sweep generator. When the inphase condition is
attained, essentially one trace (or response pattern)
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Figure 15. An Oscilloscope which can Provide its own
60 Cycle Sweep and Phasing Control. Courtesy
Sylvania Electric Products Company.

will be observed on the screen. This is the function
of the "60-Cycle Phasing" control on the oscilloscope
of Figure 15,

At this point an interesting question could be
raised: "When an oscilloscope such as shown in
Figure 15 is used with a sweep generator for a cir-
cuit alignment, and the oscilloscope is made to
supply its own sine wave deflection voltage, can a
single response pattern be obtained by varying the
sweep generator’s phase control instead of the oscil-
loscope’s phase control?" The answer is "No", be-
cause the phase control in the sweep generator varies
the phase of the 60-cycle voltage that it has available
for connection to the oscilloscope. This control does
not vary the phase of the 60-cycle voltage which it
itself uses to sweep the oscillator frequencies back
and forth. And, if we do not use the 60-cycle voltage
that the sweep generator has available for the oscil-
loscope, then, of course, the control will have no
effect,

In the oscilloscope of Figure 15, the "60-Cycle-
Phasing" control does not become effective until the
"Coarse Frequency" switch has been set to the
"60-Cycle Sweep" position.

One further point concerning this oscilloscope
is the "Vert, Attenuation" switch, The switch re-
duces the height of the vertical trace by attenuating
the signal fed from the "Vert. Input" terminals to the
cathode follower. The 1:1 position applies full signal;
the 100:1 applies 1/100th of the signal, etc.

PRECISION OSCILLOSCOPE

To illustrate the wide variety of names that
different manufacturers assign to controls which per-
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Figure 15. An Oscilloscope Which Can Provide its Own 60 Cycle Sweep and Phasing Control.
(Model 400, Courtesy Sylvania Electric Products Inc.)
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Series ES-300A

Figure 16. The Precision Model ES-500A Oscillo-
scope. Courtesy Precision Apparatus Company.

form exactly the same functions, the oscilloscope
shown in Figure 2 used the name "Range Frequency”
for the potentiometer which varied the saw-tooth
sweep frequency within any given range. In the
following instruments this was changed to "Fine
Freq." (Figure 12), and "Freq. Vernier" (Figure 15),
Now, in Figure 16, the name has been shortened to
"Vernier"., In general, the names most frequently
employed are either "Fine Frequency" or "Vernier",

Under "Synchronization” in Figure 16 we find
first the usual "Sync" control (or, as it is labeled
here, the "Sync Lock") with which we can regulate
the amplitude of the sync voltage applied to the
internal saw-tooth generator. Next to it is a switch
which, in previous instruments, was labeled as the
sweep or sync selector. However, instead of having
three positions, EXT., INT., and LINE, there are four
positions here, with two positions for INT.,i. e., INT.
NEG., and INT. POS. In either position, a portion of
the signal or voltage applied to the vertical input
terminals is fed to the saw-tooth generator to provide
synchronization or lock-in of the pattern observed
on the screen.

The reason for incorporating this additional
position can be seen if we examine Figures 17A and
17B. Non-sinusoidal waveforms may occasionally
have a large negative voltage as compared to the
positive voltage (or vice versa). If the polarity of the
synchronization circuits in the scope is not selectable
from the oscilloscope panel, a waveform of the type
illustrated in Figure 17B could be synchronized only
by its relatively small peak. In such a case, insuf-
ficient voltage might be available for synchronization
and an unstable pattern could result. This instability
can be overcome by designing the sync selector
switch so that sync voltage can be obtained from
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Figure 17. Non-Symmetrical Waveforms which Could
Make it Difficult to Obtain Suitable Synchronization in
an Oscilloscope. See text.

either the positive or negative peak of the wave to be
observed.

With a sine wave or any other symmetrical
waveform, the same lock-in action will be obtained
with the switch in either position.

There are two knobs labeled "Horizontal
Phase" and "Blanking Phase” at the bottom of the
front panel. The first of these controls, "Horizontal
Phase,” has already been encountered on the previous
oscilloscope, Figure 15, under the name of "60-Cycle
Phasing”. All the remarks made there are applicable
here, too.

The second control, "Blanking Phase”, when
turned from its OFF position, applies a sine wave
voltage to the control grid of the cathode-ray tube.
This has the effect of intensifying the trace during
a portion of the sine wave cycle, and of blanking it
out during its most negative portion. The most useful
application of this function is the elimination of one
of the dual patterns obtained in the sweep alignment
of TV and FM receivers. The 60-cycle sine wave
applied to the control grid of the CRT is so phased,
by means of the "Blanking Phase" control, that when
the second pattern should be traced out, the beam is
blanked out. This results in one pattern which is
much easier to work with.

Blanking controls, it will be remembered, were
previously encountered on sweep generators. When
this control was turned on, the sweep oscillator was
prevented from functioning during its backward sweep
and, as a consequence, a single response patterntrace
was produced on the screen. In essence, then, the
blanking switch on the sweep generator and the
"Blanking Phase" control on the oscilloscope of
Figure 16 perform the same function,

There is, however, this difference. When the
blanking control isin the sweep generator, the pattern
seen on the scope screen will appear as shown in
Figure 18A. During the backward trace, when the
sweep generator is inoperative, the sine wave deflec-
tion voltage applied to the scope will bring the beam
straight back across the screen, forming a base line.
This base line is helpful as a reference or zero axis
against which the serviceman can compare the re-
sponse curve. Inaligning discriminators, for example,
both halves of the '*S*'' curve should be symmetrical.
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(A) (8)
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Figure 18. FM Detector Response Obtained on an
Oscilloscope with Blanking Control in Sweep Gene-
rator. (B) Usual Dual Pattern with no Blanking.

By having a reference line to work against, the job of
judging when the balanced condition is reached is
considerably eased. Figure 18A shows the "8" curve
with a base line, while Figure 18B illustrates the
usual dual pattern when no blanking is employed. The
advantage of the base line arrangement is evident.

Now, when the blanking control is contained in
the oscilloscope instead of the sweep generator,
turning it on and adjusting it will remove one of the
dual patterns. However, unlike the previous arrange-
ment, no base line will appear. The reason, of course,
stems from the fact that the blanking control in the
oscilloscope removes the second pattern by cutting
off the C.R.T. beam. During this interval noelectrons
reach the screen. On the other hand, when the blank-
ing control is in the sweep generator, the sweep
oscillator stops working for one-half cycle and the
generator output drops to zero. Since the oscillo-
scope beam is not affected, it still continues to be
seen. However, with no signal voltage coming in
during this interval, it moves unaffected across the
screen, producing the base line. During the next for-
ward trace, the sweep generator resumes normal
output and the response pattern is produced.

To operate either type of blanking control, first
produce the response pattern with the dual traces.
Next, bring the two patterns as close together as
possible. Then rotate the blanking control until only
one trace is visible,

VERTICAL POLARITY SWITCH -

Another useful feature of the oscilloscope of
Figure 16 is the "Vertical Polarity” reversing switch.
This switch has two positions marked NORMAL and
REVERSE. When the switch is moved from one posi-
tion to the other, the pattern on the screen is flipped
over or reversed in the vertical direction. Thus, if
the pattern appears as shown in Figure 19A when the
switch is in one position, it will appear as shown in
Figure 19B when the switch is turned to the other
position, This is a useful device for interpreting TV
video IF and sync or sweep waveforms, especially
when the manufacturer’s manual shows the pattern
in one position and your scope shows it in the
opposite position.

Reverse patterns on the screen is a source of
confusion to many servicemen. Why, for example,
should the manufacturer’s bulletin show the pattern
pointing up when your scope has it pointing down?
78

Figure 19. The Vertical Polarity Reversing Switch
in the Precision Oscilloscope with Permit Curves to
be Displayed in Either Direction.

Does it mean that your equipment is hooked up wrong
or does it indicate a defective circuit?

Actually, the answer is neither one. The po-
larity of the signal at various points in a television
receiver is important and in general the manufacturer
attempts to show the signal as it should be at each
specific point. Now, this same signal, fed to your
scope may come out (at the screen) right side up or
upside down, depending upon whether your scope has
an even or an odd number of stages in its vertical
amplifier system. Any voltage, passing through an
amplifier, is reversed in phase by 180°. Therefore,
if the signal shown in Figure 19A is fed into the grid
of an amplifier, it will appear at the plate as shown
in Figure 19B. Pass this second sighal through one
more stage andlo andbehold, it is right-side upagain.

As a general rule, two or any even number of
stages will produce a signal at the output which has
the same phase (approximately) as the input signal.
By the same token, pass a signal through one or
any odd number of amplifiers and its phase will
be reversed.

Thus, the polarity of the wave seen on the
screen of an oscilloscope will depend upon the number
of amplifiers in its vertical system.

In the instrument of Figure 16, this limitation
is circumvented by the polarity reversing switch. To
obtain a reversal, the designers of this instrument
merely reversed the connections made to the final
push-pull vertical amplifier stage. See Figure 20,

VERTICAL POLARITY
REVERSING SWITCH

®eavs '”(_.

Figure 20. Simplified Diagram of the Vertical Revers-~
ing Switch Circuit in the Precision Oscilloscope.
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Figure 22, Hickok Model 195-B Oscilloscope. (Courtesy Hickok Electrical Instrument
Company.)
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Figure 21. (A) Video IF Response Curve withthe Low
Frequencies at the Left and the High Frequencies at
the Right. (B) Same Curve in Reversed Position.

In the NORMAL position of this switch, the grid of V2
receives its signal from the plate of V1 while V3 re-
ceives its signals from the cathode of V2, In the
REVERSE position, the input signals to V2 and V3 are
interchanged. Note that the same phase reversal can
be incorporated in the horizontal system. Thus, one
oscilloscope may show a video IF response curve
with the low frequency and at the left (Figure 21A)
while another may have it on the right (Figure 21B).
Testbooks and service manuals usually prefer toshow
curves with their low frequencies at the left and high
frequencies at the right and that is the way most ser-
vice men come to recognize them. The curve in
Figure 21B may be transformed into the one in Figure
21A by reversing the voltages applied to the horizontal
deflection plates. Sometimes an oscilloscope contains
such a horizontal phase reversal switch, although it
is not often found.*

ADDITIONAL OSCILLOSCOPE CONTROL. NAMES

Additional changes in the names of some of the
controls is encountered in the oscilloscope shown in
Figure 22. Thus, what was previously known as the
“"Coarse Frequency" control is here labeled as the
"Steps" control. Associated with this control is the
"Vernier" knob. The "Locking" control is similar
in operation to the previous "Sync" lock-in controls.

In the horizontal system there is a '* Horizontal
Gain'' potentiometer and justbeneath it is a 4-position
selector switch (unnamed on this panel) to determine
what is fed into this system. The designations at
each position are as follows:

A. AMP, OUT. Any voltage connected to the
horizontal input binding posts is fed directly to the
horizontal deflecting plates through a DC blocking
capacitor.

B. AMP. IN. The voltage at the horizontal
binding posts is fed through the horizontal amplifier
to the deflecting plates. This would be the position
to use, for example, when a 60-cycle sine wave
driving voltage is obtained from the sweep generator.

*Horizontal reversal of a pattern can also be accom-
plished by reversing the phase of the 60 cycle driving
voltage fed by the sweep generator to the oscilloscope.,
This was previously noted in section 3.

THE OSCILLOSCOPE

C. 60m, The horizontal deflection voltage is a
60-cycle sine wave obtained from the power supply.
The position could be used, during a sweepalignment,
in place of the 60-cycle driving voltage from the
generator. To superimpose the two response
patterns produced on the screen, a "Phasing” control
is available.

D. S.S8. OSC. Now the horizontal sweep voltage
is derived from the internal saw-tooth sweep oscil-
lator and may be of any frequency from 10 cycles
to 25 kc.

Just below this 4-position switch is a 3-position
switch (up, center, and down) governing the synchro-
nization or lock-in of the saw-tooth sweep oscillator.
When switched to the INT. position, the sweep oscil-
lator may be synchronized at the frequency, or sub-
multiple of the frequency, of any voltage being applied
to the vertical deflecting circuits.

In the center, it is in the EXT. position and the
oscillator may be synchronized from any external
source of frequency. An arrow points to the binding
post where this external synchronizing voltage is
applied. (Note that on the left-hand side of the pilot
light there is another terminal marked EXT., but this
one is associated with the "Intensity Mod." switch.

The third or final position of the "Sync" control
(down) is labeled 120 cycles FM and in this position,
120-cycle pulses are obtained from the power supply
and used to synchronize the saw-tooth sweep oscil-
lator. (In a full-wave power supply, the frequency of
the rectified pulses is 120 cycles. In a half-wave
power supply, it is 60 cycles.)

This particular position of the "Sync" switch is
designed to meet the recommendations that some
manufacturers of FM receivers make concerning the
alignment of their sets. More information on this
point will be given in a later section.

The "Intensity Modulation” switch (at the left)
contains two positions - INTERNAL and EXTERNAL.
The EXTERNAL position, of course, is the familiar

80~ SINE wavE

SWEEP vOLTAGE

N SELECTED 8Y TH:S
-

NOTE NEW
“DEMOD*

POSITION SYNC. SWITCH

INTENSITY e e EXT SYNC
MODULATION - TERMINAL
SWITCH

Figure 22. Hickok Model 195 B Oscilloscope. Cour-
tesy Hickok Electrical Instrument Company.
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one wherein any external voltage may be applied to
the EXT. binding post and employed to intensity or
blank out a portion of the beam trace. The new posi-
tion, labeled INT. is used only when 60 cycles is being
used for horizontal deflection and, in this position, the
return trace is blanked out.

Note, therefore, that this instrument (Figure
22) contains a "Phasing" control with which to super-
impose the forward and return traces (when 60-cycle
sine wave deflection is being used) and an internal
blanking circuit to remove the return trace. In the
previous oscilloscope (Figure 16), it was further
possible to adjust the phase of the blanking voltage by
rotating the "Blanking Phase" control. This provided
some latitude in choosing the position of the forward
or backward trace to be blanked out which is not
available here.

PROBES -

Before we leave the oscilloscope of Figure 22,
it might be of interest to note that in the vertical
selector switch (which is located just beneath the
"Vertical Gain" control) there is one position labeled
"Demod"”. When the vertical selector switch is in
this position, any modulated RF voltage applied to the
vertical input terminals is detected and then applied
to the vertical amplifier system for presentation on
the screen. In essence, we have here a built-in RF
probe. Thus, in a radio receiver, any of the RF or IF
signals could be applied directly to this scope.

It is important to remember, however, that be-
cause leads must be used between the vertical input
terminal of the scope and the receiver, that only rela-
tively low-frequency signals can be detected success-
fully. If we probed high-frequency FM and TV circuits
with these same leads, circuit operation would be
disturbed to such an extent that the usefulness of this
arrangement would be questionable. However, for
low-frequency signals, this added convenience is
desirable.

There are occasions, i1n signal tracing and in
sweep alignment, when it would be helpful if the signal
at various points in the RF or IF stages could be
viewed directly on the scope screen. To permit this
to be done, many oscilloscope manufacturers have
available RF probes which can be used in circuits
operating at frequencies as high as 200 mc or more.
These RF probes are similar to VIVM RF probes,
containing a2 germanium crystal (or a miniture diode)
which detects the received signal and then applies
the low-frequency modulation of the signal to the
vertical input terminals of the scope for screen pre-
sentation.

The principal difficulty which is encountered in
using these probes is the small amount of signal which
is present in the RF and IF stages of a receiver. A
good oscilloscope will require about .015 volts (rms)
of input signal to produce a pattern 1-inch high. Low~
priced units will generally need considerably more
voltage, sometimes as much as .5 volts, to produce
the same size pattern. In the final IF stages of a re-
ceiver it may be possible to obtain this large a signal;
seldom in the RF section, or first IF stages.
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Figure 23A. Low-Capacity Probe Circuit.

The word "probe"” has a variety of meanings in
radio and television parlence. Thus, in VI'VM’s there
is an RF probe and a high voltage probe. Also, the
word probe is applied frequently to the test lead or
prod which connects to the AC input jack and to the
lead which goes to the DC input terminal. With oscil-
loscopes, there is the RF probe we have just dis-
cussed. In addition, there is frequently found another
type of probe known as a low-capacity probe. Its
purpose is to permit the proper observation of wave-
forms in low-capacity circuits.

The vertical input circuit of an oscilloscope
contains a certain amount of capacitance - on the
order of 30 to 50 mmf. To this we can add (on the
average) another 25 to 50 mmf of capacitance arising
from the test lead.* Thus, when you place your test
prod or probe at some point in a circuit to observe
the waveforms present there, you are automatically
shunting this point with 80 to 100 mmf of additional
capacity. In some circuits, this additional capacity
will have virtually no effect on the circuit operation;

*A pair of plain leads will shunt less capacitance
across the circuit than a section of coaxial cable.
However, the cable is shielded, reducing or eliminating
spurious signal pickup and, because of this, is
more desirable.

Figure 23B. How the Low-Capacity Probe Might
Appear When Constructed. Courtesy Hickok Electri-
cal Instrument Company.



in other circuits, especially where the waveforms
contain relatively high frequencies (such as square
sync pulses), the additional capacitance will actually
alter the shape of any wave present here.

To minimize the disturbing effect of the oscil-
loscope test lead, a special low capacity probe can be
designed. A small, semfivariable capacitor and re-
sistor, connected as shown in Figure 23A, are encased
in a special housing to form a low capacity probe.
The value of the capacitor will usually be about 10 to
15 mmf. while its parallel resistor will be about 2.2
meg. The reduction inshunting capacity occurs be -
cause the padder capacitor is actually being placed
in series with the 80 to 100 mmf of combined capacity
present in the connecting test lead and at the vertical
amplifier input. And since capacitances in series
produce a total value which is less than the lowest
capacitor, the addition of 10~15 mmf of series capaci-
tance reduces the effective overall capacitance to a
decided improvement over the 80 mmf or so present
before the addition.

One disadvantage of this arrangement is thatthe
voltage actually reaching the vertical amplifiers of
the scope is reduced in the same proportion as the
input capacitance., Thus, if the total capacitance is
decreased by 1/100, so is the voltage reaching the
scope. In television service work, the observation of
waveforms using the low-capacity probe usually is
required in the video amplifier and sweep systems
and in these stages sufficient voltage is available,
even with the probe reduction.

The two illustrations in Figure 24 show clearly
how a much truer picture of the circuit waveform is

Figure 24. Wave Shown at (A) Was Obtained Without
use of Low-Capacity Probe; Wave at (B) Did have
Probe. Note the Difference Between the Two.
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Figure 25. (A) Padder Capacitor Value too High.
(B) Padder Capacitor Value too Low. (C) Padder
Properly Adjusted.

obtained when a low-capacity probe is employed. The
steep sides of the waveform, containing the higher
frequency components, are much more in evidence, in
Figure 24B than they are in Figure 24A. It is in the
reproduction of steep sided pulses and waveforms
that the low-capacity probe is most useful.

Anyone not possessing a low-capacity probe
may build one from the circuit shown in Figure 23.
Then connect it to the oscilloscope it is to be used
with and apply a square wave to the probe. Use a fre-
quency between 1,000 and 10,000 cycles. Adjust the
padder condenser until the wave on the screen is
also square.

Figure 25A illustrates a condition where tne
value of the padder capacitor is too high and Figure
25B where the padder capacitor value is too low.
Figure 25C is the square wave as it appears when the
padder is properly adjusted.

Inthe absence of a square wave generator,
Philco recommends that the probe be connected to the
video detector of a TV set known to be in good work-
ing order. Set oscilloscope for composite video
signal, and adjust padder so that amplitude of vertical
and horizontal sync pulses are equal. See Figure 25D,
(Oscilloscope sweep frequency is set at 30 cycles to
observe composite waveforms.)

Once a low-capacity probe is adjusted for a
certain oscilloscope, it should be used only with that
instrument. Use with any other oscilloscope should

Figure 25. (D) Padder Capacitor Properly Adjusted
for Normally Operating Video Detector Source.
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not be attempted unless the padder is returned. It is
also well to keep in mind that the probe cannot
compensate for limitations in the frequency response
of the vertical amplifier system of the oscilloscope.

In recognition of its usefulness, a low-capacity
probe is built into the oscilloscope shown in Figure 286,
Whatever voltage the probe picks up will reach the
vertical amplifiers when the selector switch located
just above the probe is turned to one of the three po-
sitions on the side marked PROBE. In the PROBE-1
position, the probe signal receives its greatest ampli-
fication. In the PROBE - 1/10 position, only 1/10 of
the voltage of the PROBE-1 position reaches the verti-
cal amplifier. And in the PROBE 1/100 position, even
less of the signal reaches the vertical amplifier.
Thus, there is a certain amount of attenuation in the
probe circuit itself, plus an additional amount in the
1/10 and 1/100 positions, if desired.

When the low-capacity probe of this oscilloscope
is not in use, signals are applied to the terminal
marked AC. This terminal is similar to the vertical
input terminals on the previous oscilloscopes. A
separate attenuating system (AC-1, AC-1/10 and AC-
1/100) is available for these signals.

PEAK-TO-PEAK VOLTAGE MEASUREMENTS

In this instrument ( Figure 26) we meet for the
first time a feature which is finding increasing usage
in television servicing. This is the "Calibrate Volts
PK-PK (Peak-Peak)" control. The values shown in
the various positions represent the peak-to-peak volt-
ages which will be obtained from the "Cal Volts Out"
terminal. For, example, when the "Calibrate" switch
is in the 0.3 position, the sine wave voltage obtained
from "Cal Volts Out" terminal is 0.3 volts, peak-to-
peak. Additional peak-to-peak voltages of 1.5, 3.0,
15, 150, and 300 are also available.

Having voltages available whose peak-to-peak
value is known is extremely helpful when servicing
the vertical or horizontal sweep systems of television
reteivers. In checking through any sweep system,

VERTICAL ATTENUATION
SWITCH FOR PROBE AND AC

SELECTS VALUE
OF CALIBRATION
VOLTAGE

Figure 26. Oscilloscope Containing a Built-In Low-
Capacity Probe. Provision is Also Available for
Measuring Peak-To-Peak Values of Any Waves De-
picted onScreen. Courtesy General Electric Company.
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Figure 27. The Wave Shown Above Covers a Height
of Ten Squares on the Ruled Mask.

two facts concerning the waveforms found there are
important - wave shape and peak-to-peak amplitude.
The wave shape can be determined by inspection on a
scope screen; the wave amplitude, however, must be
measured and having known calibration voltage on
hand is one way to accomplish this. The method of
measurement is as follows:

Apply the wave whose amplitude is to be deter-
mined to the oscilloscope input terminals and, with
the vertical gain control, adjust the amplitude of this
wave until it occupies a reasonable height --- say
one-half the size of the screen. To facilitate the
measurement, it is generally best to have the wave
extend over a specific number of vertical squares on
the screen mask. A simple figure to work with, in
thisrespect, is 10or 15 squares. (The wave in Figure
27 covers 10 squares.) Whatever the figure, make a
specific note of it,

Now remove the signal and, without touching
the vertical gain control, apply the calibration voltage
to the same (vertical) input terminals. A sine wave
will appear on the screen. See Figure 28A. Compare
its height with that of the previous wave and if the
two cover as many vertical squares, then both possess
the same peak-to-peak value. Assume that this
happens when the calibration switch is in the 30 volts
peak-to-peak position. Then both waves have a peak-
to-peak value of 30 volts. (Some servicemen like to
turn down the horizontal gain control until the cali-
bration sine wave is only a vertical line. See Figure
28B. They claim that such a line is easier to work
with, Either method will give similar results since
we are not interested in the horizontal spread of the
wave, but only its height.

The fortunate occurence of both waves having
the same peak-to-peak value is not likely to be the
most common experience of the serviceman. More
often than not, the amplitudes of both waves will
differ. Let us say that when the unknown wave is ad-
justed to cover a height of 10 squares, the calibration
sine wave, with the "Calibrate" switch in the 30 volts
position, covers only 8 squares. Then the peak-to-
peak amplitude of the unknown signal is computed
as follows:
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Figure 26. Oscilloscope Containing a Built-In Low Capacity Probe. Provision Is Also Available
for Measuring Peak-to-Peak Value of any Waves Depicted on the Screen. (Model ST-2C,
Courtesy General Electric Company.)
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Figure 29. This Oscilloscope Contains a Built-In Peak-to-Peak Voltmeter Together with
Several Calibrating Controls. (Model 34-31, Courtesy of Triplett Electrical Instrument Co.)
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Figure 28,
CALIBRATION
Voltage Value - Unknown Voltage

No. of vertical squares
it covers,

No. of vertical squares
it covers,

The CALIBRATION voltage value here is 30 volts,
and the number of vertical squares it covers is 8.
The unknown voltage covers 10 vertical squares.
Hence,

30 volts _ X
8 10
then,
8 X =300
or
and,

X = 37.4 volts peak-to-peak. (Approx.)

(The same formula would be employed had the ampli-
tude of the calibration wave been greater than that of
the unknown wave.)

Always measure unknown peak-to-peak ampli-
tudes using calibrating voltages which approximate

THE OSCILLOSCOPE

the unknown value as closely as possible. Not only
does this lead to more accurate results, but it is also
easier to work with.

The convenience of having a calibrating voltage
handy to measure the peak-to-peak values of any
voltage applied to the vertical input terminal is re-
cognized in another oscilloscope (Figure 29) by in-
corporating a peak reading voltmeter and several con-
trols for varying the amount of the calibrating voltage
Perhaps the best way of illustrating the operation of
these controls is by means of an example.

Assume there is a pattern on the screen and we
wish to determine its peak-to-peak value. As a first
step, we would adjust the "Vertical Gain" control
until the pattern height extended over a convenient
nuraber of screen mask lines - say 10 or 20, The
number makes no difference. Note the height of the
pattern so that the calibration wave can be made to
approach this value. Also, observe the position of
"Vertical Atten. Cal." selector switch., Let us
assume that it is in the second position marked 1.
With this data in hand, turn the "Vertical Atten. Cal.”
switch to the 3V CAL. position. This removes the
original pattern from the screen and substitutes inits
place a 60-cycle sine wave. The peak-to-peak value
of this sine wave can be read from the 0-3V scale of
the voltmeter on the front panel.

Rotate the "Calibrating Voltage" control until
the sine wave covers as much height as the unknown
wave and when this condition is reached, the peak-to-
peak value of the sine wave is simply read from the
meter scale.

Figure 29. This Oscilloscope Contains a Built-In
Peak-To-Peak Voltmeter Together with Several Cal-
ibrating Controls. Courtesy Triplett Electrical
Instrument Company.
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Available, too, is a 0-10 volt position of the
"Calibration" switch, if more voltage is desired.

Note that it is the meter which gives you the
peak-to-peak value of the calibrating sine wave. The
"Vertical Atten, Cal." switch merely indicates which
meter scale to read - 0-3 or 0-10,

To continue, suppose in the above example, that
the sine wave occupied as much vertical distance as
the unknown wave when the peak-to-peak reading on
the meter was 2.5 volts. Then this value multiplied
by the 1 to which the "Vertical Atten. Cal." switch
was set when the unknown wave was applied tells us
that the peak-to-peak value of this wave is 2.5 volts.
Had the "Vertical Atten. Cal." switch been set at 10
when the original wave was applied, the meter reading
(2.5 volts) would have had to be multiplied by 10 (to
give 25 volts). Or, had the switch been set to the 1st
position, or .1, the meter reading would have had to
be divided by 10. Which brings up an interesting
question. Why, for example, do we take the attenuator
control setting into account here when this was not
done before? The answer is to be found in the manner
in which the calibration voltage is applied to the
vertical system. If this calibration voltage is applied
to the vertical input terminals in the same manner as
the unknown wave, then obviously whatever value we
determine for the calibration voltage will be the same
for the unknown wave.

In this oscilloscope (Figure 29), however, the
calibration voltage is applied internally and, as it
happens, it is fed in at a point which is beyond the
attenuation network. Therefore, when the incoming
signal is attenuated, the amount of attenuation it re-
ceives must be taken into account because we wish to
know the true peak-to-peak value of the voltage as it
is at the vertical input terminals and not what it be-
comes after it has passed through the attenuator net-
work, It is to arrive at this true value that we follow
the multiplication procedure outlined above.

In this respect, remember that when a low-
capacity probe is used to display a wave on an oscil-
loscope screen, the attenuation caused by the probe
must be considered, too. If this information is not
available, dispense withthe probe and use an ordinary
pair of leads while the peak-to-peak measurement is
being made. This may resultin some distortion of the
waveform, but, in general, it will not alter the peak
amplitude appreciably.

To the reader who wonders how to determine
when to use which procedure there can only be one
answer--study the instruction manual of your par-
ticular instrument. This cannot be emphasized too
strongly. If you think enough of an instrument to buy
it, then spend the little extra time required to learn
what it will or will not do.

OTHER PEAK-TO-PEAK MEASURING METHODS -

When the oscilloscope is incapable of supplying
its own calibrated voltages, recourse may be made to
a variac and an ordinary VTVM, to a special voltage
calibrating instrument, or to a VIVM capable of
measuring peak-to-peak values. Each method will be
described in turn.
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Figure 30, Relationship Between RMS, Peak, and
Peak-To-Peak Values of a Sine Wave.

A. VARIAC AND VTVM.

To start, feed the TV signal into the vertical in-
put terminal of the oscilloscope. Then, with the wave
present on the screen, adjust the vertical gain control
of the oscilloscope until the display occupies a height
between one-half to three-quarters of the .full screen
height. Note the exact number of lines that the pattern
covers vertically. (In the absence of a mask, use a
crayon to mark off the top and bottom of the wave.)
This done, remove the signal from the oscilloscope
and apply in its place an AC voltage obtained from the
output of a variac. Rotate the Variac control until its
sine wave equals the peak-to-peak height of the previ-
ous TV signal.

None of the controls of the oscilloscope are
touched during this second operation.

Now, with a VTVM or an AC voltmeter, measure
the AC voltage being fed to the oscilloscope by the
Variac. The figure thus obtained is the RMS value of
the wave. The peak value may be computed by multi-
plying this RMS figure by 1.414, See Figure 30. Since
the peak-to-peak value is twice the peak value, the
RMS meter reading is multiplied by 2 x 1.414 or 2.828.

T o illustrate, suppose the input AC voltage
applied by the Variac to the oscilloscope is 10 volts.
The peak-to-peak voltage of this wave is 10 x 2,828
or 28.28 volts. If the unknown wave covers the same
height on the screen, its peak-to-peak amplitude is
also 28.28 volts.

When you cannot obtain a calibrating voltage
whose amplitude equals that of the TV signal, the
next best approach is to come as close as possible
with the calibrating voltage and then estimate the
amplitude of the unknown signal by comparing its
height with that of the calibrating wave. The formula
to use is:

Peak-to-Peak Value Peak-to-Peak value

of AC wave - _of unknown signal
Screen height of Screen height of
AC wave unknown wave

The screen height of both waves may be either
in inches or in the number of lines or squares covered.
In other words, they may be in any units, just as long
as both measurements are expressed inthe same units.



Figure 31. A Voltage Calibrator. Courtesy Hickok
Electrical Instrument Company.

B. OSCILLOSCOPE CALIBRATORS.

There are, at the present time, about a half
dozen voltage calibrator instruments by means of
which it is possible to determine the peak-to-peak
voltages of any wave in the television receiver sweep
or video circuits. All are simply designed, lending
themselves to quick and easy application.

The block and schematic diagrams of the cali-
brator shown in Figure 31 are given in Figures 32
and 33. A multivibrator using a 6SN7 tube develops a
symmetrical square wave output. The multivibrator
frequency is approximately 440 cycles, but this hasno
bearing on the application of the instrument. A low-
frequency was purposely chosen to enable the square
wave to be depicted on the scope screen and also to
permit the use of a conventional copper oxide metering
circuit. The peak-to-peak output of the multivibrator
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Figure 32. Block Diagram of the Hickok Model 630
Television Voltage Calibrator.

is measured by the meter while, at the same time,
the wave itself appears on the scope screen, See
Figure 34, When the square wave occupies the same
height as the unknown wave, the peak-to-peak value
is read from the meter.

Specifically, the calibrator is connected to
equipment under test as shown in Figure 35. The
voltage to be measured is connected to the "Voltage
Input" terminals while the "Voltage Output” termi-
nals connect to the oscilloscope. Throw the "Direct-
Cal." switch to the DIRECT position. This feeds the
TV signal directly to the oscilloscope where its
pattern may be observed. Then adjust the vertical
gain controls of the oscilloscope until the pattern
occupies a suitable height.

The next step is to use the square wave in the
calibrator to determine the peak-to-peak value of the
TV signal. Throw the "Direct-Cal." switch to the
CAL. position. This removes the TV signal from the
oscilloscope and substitutes in its place the square
wave of the calibrator. Actually, all you see of the
square wave are the top and bottom horizontal lines.
Adjust the separation of these two lines, using the
"Voltage Range Selector” and "Vernier" controls,
until their distance is equal to the peak-to-peak sepa-
ration of the TV signal. Then simply read the peak-
to-peak voltage from the meter scale. The meter
range to read is determined by the "Voltage Range
Selector" switch.
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Figure 33. The Schematic Diagram of the Hickok Model 630 Television Voltage Calibrator.
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Figure 34. The Screen Presentation Produced by the
Hickok Calibrator.

Peak-to-peak voltages up to 100 volts may be
read directly from the meter. When the TV signal
has a greater amplitude than 100 volts, the height it
occupies is compared with that of the 100 volt peak-
to-peak square wave using the following formula:

Ecal _ Ex
Dcal Dx
where
Ecal = calibrating voltage (i.e., 100 volts)
Dcal = number of squares or lines on scope
screen covered by calibrating voltage
Ex = unknown voltage
Dx = Divisions of deflection for unknown

voltage

This formula will be recognized as being simi-
lar to the estimating formulas previously given.
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Another oscilloscope calibrating instrument is
the Sylvania Electric unit shown in Figure 36. This,
too, uses a symmetrical, square-topped wave which
is controllable in amplitude from zero to 100 volts.
In place of a meter, the "Volts" control is calibrated
directly and the value as indicated on this dial scale,
multiplied by the setting of the "Multiplier" control,
represents the actual peak-to-peak amplitude of the
square wave observed on the oscilloscope screen.
Estimation, using the formula given previously, is
required when the peak-to-peak value of the TV signal
being measured exceeds 100 volts.

A modified oscilloscope calibrator using sine
waves in place of square waves is shown in Figure 37.
The signal to be measured is fed in at the "Input”
terminals while the oscilloscope connects to the
"Scope" terminals. The selector switch at the right
is capable of providing six different peak-to-peak
voltages; 1, 2.5, 25, 100, and 250, These values re-
present the maximum peak-to-peak voltages obtain-
able from their respective positions when the switch
makes contact with them, The "Calibrating Voltage
Adjustment” potentiometer at the left enables the
operator to vary the voltage at each position from
zero to its maximum value,

RMS and simple peak voltage values are also
given on the selector switch and on the meter face.

In operation, the calibrator is plugged into an
AC outlet to develop its sine wave voltages. Then,
with the TV input signal and oscilloscope connected
as indicated above, the instrument selector switch is
set to any one of the circle positions located between
each set of figures. There are six such circles and
when the switch is in any one of these positions, the
TV signal at the "Input" terminals passes through the
calibrator and appears on the scope screen. Here its
height is adjusted to cover the desired number of
mask lines.

Figure 35. How the Hickok Calibrator is Connected for Use.
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Figure 36. The Sylvania Oscilloscope Calibrating
Standard. Courtesy Sylvania Electric Company.

The selector switch is then turned to one of the
six calibrating positions containing the peak-to-peak
figures. This removes the TV signal from the oscil-
loscope and substitutes in its place a sine wave. The
peak-to-peak value closest to that of the TV signal
amplitude is chosen and the "Voltage Adjustment”
knob rotated until the sine wave occupies as much
heightas the TV signal. The exact peak-to-peak value
is then read from the appropriate scale of the cali-
brator meter.

Note that the selector switch of the calibrator
contains twelve positions with six producing sine waves
of different maximum amplitudes and six alternate
positions feeding the TV signal (at the "Input" termi-
nals) directly to the oscilloscope. This arrangement
makes it very simple to alternate between the cali-
brating voltages and the signal under test.

C. PEAK-READING VTVM.

A VTVM which is specially designed to indicate
peak-to-peak values of a wave will give this value
directly when connected into the TV circuit., Pre-
cautions to observe in accepting the peak-to-peak
readings of many VITVM’s were given in Section 1 and
it is suggested that the reader refer back to these
before using a VIT'VM for this purpose.
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Figure 37. The Oscilloscope Calibrator Manufactured
by Simpson Electric Company.

BANDPASS VS. SENSITIVITY

The function of the vertical amplifiers in an
oscilloscope is to amplify applied signals in order
that they may be sufficiently powerful by the time they
reach the deflection plates to produce a sizable pattern
on the screen. The greater the amplificationavailable
in this system, the smaller the input signal needed to
produce a given vertical deflection. In other words,
the oscilloscope becomes more sensitive asa measur-
ing device.

Of importance, too, in the vertical system is
its bandpass or its ability to amplify a range of fre-
quencies. The signals whose wave shapes are pro-
trayed on the oscilloscope screen are those found in
television receivers, i.e., square waves, saw-tooth
waves, and video signals, to mention the more com-
mon ones, Each of these waves contain a number of
frequencies and to accurately depict their wave
shapes, every frequency contained in the wave should
be passed by the vertical amplifier system. For
accurate television signal observation, this can mean
a 4-mc (or more) bandpass.

The objectives, then, in designing an amplifier
for use in the vertical system of an oscilloscope are
wide bandpass and high amplification. Unfortunately,
for any given circuit, bandwidth x gain is a constant
which means that if we increase the bandpass by a
certain amount, we decrease its gain by the same
factor. Thus, one works against the other and if we
desire a wide bandpass, we must make up for the re-
sultant gain reduction by adding more amplifier stages.
This, in turn, raises the cost of the instrument,

Most manufacturers of moderately priced
equipment resolve this conflict by designing the verti-
cal system amplifiers to possess a nominal bandpass
(between 300,000 cycles and 1,000,000 cycles). Sever-
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Figure 38. An Oscilloscope Capable of Providing Either Wide-Bandpass (4 mc) or High Gain.
(Model CRO-2, Courtesy of Jackson Electrical Instrument Co.)

al manufacturers permit the instrument user to
choose between high sensitivity and wide bandpass by
providing a suitable switching arrangement. This,
for example, is true of the oscilloscope shown in Fig-
ure 38, The "Vertical Input" control has three posi-
tions where the vertical system possesses a wide
bandpass (response uniform within 10% from 20 cycles
to 4.5 mc) with a fair amount of gain and three posi-
tions where the bandpass is reduced (uniform within
10% to 100 kc), but the gain is up. For each of these
positions, attenuation ratios of 100:1, 10:1, and 1:1
are available,

In the oscilloscope of Figure 29, there is a
switch at the rear by means of which the bandwidth of
the vertical system can be widened from its normal
value of 2 mc to a special value of 4 mc. However,
in the 4 mc position, the system gain is reduced
in half,

This matter of bandpass is a source of confusion
to many servicemen. Just how wide should the verti-
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cal system bandpass be for suitable application to TV
receiver servicing? The answer to this can be found
by analyzing where (and how) the oscilloscope is
employed. Broadly speaking the scope is used either
in conjunction with a sweep generator to trace out the
response curve of a circuit or it is used in‘servicing
to show whether or not a signalis present at a certain
point in a circuit and, if so, what its shape is.

Oscilloscope use with a sweep generator re-
quires that it be capable of depicting a waveform
having a repetition frequency of 60 cycles -- this
being the rate at which the response pattern is swept
out. Hence, the vertical system bandpass should ex-
tend down below 60-cycles, preferable to 30 cycles
or less. The lower this limit, the more linear the
response will be at 60 cycles.

For servicing, the oscilloscope finds its great-
est application in checking voltage waveforms in
stages located beyond the video second detector.
These include the video amplifiers, sync separator
stages, andthe vertical and horizontal sweepsystems.
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Figure 39. An Gscilloscope Containing a Modified Sweep Generator. (Model 505, Courtesy

of Hickok Electrical Instrument Co.)

In all but the video amplifier stages, the fundamental
frequencies are low (either 60 cycles for the vertical
sweep system or 15,750 cycles for the horizontal
sweep system). The rectangular pulse or saw-tooth
waveforms in both systems have components that ex-
tend to the twentieth harmonic (or so) and taking this
into consideration only requires that the bandpass be
uniform to a maximum of 315000 cycles (15,750 x
20 = 315,000).

In the video amplifier stages, the full 4.0 mc
video signal is present, but in everyday servicing you
are interested primarily in determining whether the
video signal is present rather than accurately de-
picting its wave shape. Hence, any oscilloscope which
possesses a uniform vertical frequency response in
excess of 300,000 cycles will be suitable for television
receiver servicing.

Understandably, the greater the vertical band-
pass, the more desirable the instrument, but the
300,000 cycle figure may be looked upon as repre-
senting a value below which it is not desirable to go.

SPECIAL FUNCTION OSCILLOSCOPES

The instruments we have discussed thus far in
this section have been concerned solely with those

functions that an oscilloscope would normally be
called upon to perform. (The Genescope shown in
Figure 2, of course, is three instruments in one and
is not designed to be used principally for any one
purpose, such as the other units are.) However,there
are available certain oscilloscopes which will perform
other duties that are not ordinarily considered as
being within the province of an oscilloscope. One
such unit is shown in Figure 39. In addition to being
an oscilloscope, there is also available here a modi-
fied sweep generator.

The controls for this sweep generator are posi-
tioned in the lower left-hand corner of the front panel
under the general heading of RADIO FREQUENCY.
Contained within this instrument is and RF oscillator
which can operate at a fixed frequency of 1,000 kc
(1 inc) or at a frequency of 50 me, depending upon the
position of the "FM Selector" control. A reactance
tube is connected to this oscillator and by means of
this circuit the frequency of the oscillator can be
shifted back and forth 60 times a second. At 1,000 ke,
the frequency sweep range is 0-30 kc (depending upon
the position of the "Sweep" control) and at 50 me, a
sweep as wide as 450 ke is possible. Thus, what we
have here is an FM oscillator capable of operating at
one of two frequencies, 1,000 kc and 50 mc.
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Three controls on the front panel are associated
with the FM oscillator: "FM Selector”, "Sweep",
and "Output". The "FM Selector" is a four position
switch controlling the frequency modulated RF output:

a. 1,000 kc: 0-30kc SWEEP - the 1,000 ke
RF signalis frequency modulated
with a sweep variable from 0-30
ke.

EXT - the 1,000 k¢ RF signal
may be frequency modulated from
an external source.

b. 1,000 kc:

0-450 kc SWEEP - the 50 mc RF
signal is frequency modulated
with the sweep variable from 0
to 450 kc.

c. 50 mc:

d. 50 mc: EXT - the 50 mc RF signal may
be frequency modulated from an

external source,

The "Sweep" control determines the sweep
range of the FM oscillator. When the FM oscillator
is operating at 1,000 kc, this control varies the sweep-
ing range continuously from 0 to 30 kc. When the out-
put frequency is 50 mc, the sweep is continuously ad-
justable from O to 450 kc. This control is also in the
circuit when external modulation is employed.

The "Qutput" control in the OFF position
serves as an off-on switch for "the RF oscillator. In
the 0-100 position, it serves as a control of the RF
output level.

At first glance, the usefulness of an FM oscil-
lator which is capable of generating only two fre-
quencies may hardly seem to justify the additional
cost and effort necessary to include it in the oscillo-
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scope. And this would be true if that is all this parti-
cular ecircuit did. However, a triode mixer is also
included with the oscillator and external RF signals
may be fed to this triode for mixing with the output of
the FM oscillator. Thus, suppose the FM oscillator
is operating at 50 mc and another generator is con-
nected between the "EXT.OSC. Input" and "GND"
terminals (both located at extreme lower left-hand
corner of the front panel). If the external generator
is set to 60 mc, its signal will mix with the frequency
modulated 50 mc signal in the mixer tube developing
and making available at the "RF Output" terminal
a 10 mc FM signal, 10 mc is the difference frequency
although, as a matter of fact, the sum frequency (50
mc + 60 mc) of 110 mc will also be present and may
be used, if desired.

Thus, we have a flexible arrangement whereby
a wide variety of output frequencies may be generated,
limited only by the frequency range of the external
oscillator. The frequency modulated signals so pro-
duced may be fed to areceiver and its response curve
determined by feeding the receiver output back to the
vertical input terminals of this same oscilloscope.

The remaining controls on this instrument, in-
cluding the "Phasing" control, deal exclusively with
the oscilloscope. They are, in fact, quite similar to
the controls on the instrument shown in Figure 22,
both units having been manufactured by the same firm.

The oscilloscopes covered in this section are
those which are designed primarily for use in radio
and television servicing, and therefore are the instru-
ments of greatest interest to the TV technician.
Available but not mentioned are a host of other oscil~
loscopes, many highly specialized for specific in-
dustrial or engineering applications. There is proba-
bly no other single test instrument which is as ver-
satile as the oscilloscope. Its range of application is
truly science wide.
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Special Television Test Instruments

SPECIAL TV TEST INSTRUMENTS

The vacuum-tube voltmeter, the AM signal gen-
erator, the sweep signal generator, and the oscillo-
scope are the four basic test instruments of the tele-
vision serviceman. Without them repairingtelevision
receivers would be more or less of a haphazard affair
filled with uncertainty. You would frequently find
yourself wondering whether a set has been completely
repaired or whether there was still something else
that could have been done. On difficult jobs you would
be forced to spend many needless hours locating the
trouble., Certainly no one who expects to be a suc-
cessful serviceman can afford to be without suitable
test equipment.

There are, in addition to the foregoing instru-
ments, other units which will perform specific jobs
that arise either in connection with the servicing or
alignment of television receivers, or in their instal-
lation. It is helpful, for example, to know the ap-
proximate strength of a received signal when erecting
an antenna array. This can be done with a field
strength meter. Or, a composite video signal genera-
tor would be of considerable assistance when used as
a substitute for regular TV signals which may be off
the air. These and other instruments, while they
may not be as basic in application to all phases of
television servicing as the instruments previously
described, are not to be dismissed as so much fluff,
They serve a very definite purpose and are well re-
garded by the men who have occasion to use them.
Television servicing is a highly specialized and
competitive field, and any device which will improve
the efficiency of an operation is definitely worthwhile.

In this section we will consider some of the
more important specialized instruments which are
available to the service technician,

MARKER GENERATORS

The purpose of a marker generator, we know
by now, is to provide known frequencies with which to
probe and identify the various sections of a response
curve,

The function of the marker generator is an im-
portant one in the alignment of television receivers
and actually such generators should properly be con-
sidered as a basic TV service instrument. In essence
this was done in Section 2 since marker pips can be
provided by any AM generator of suitable range.

The reason for withholding the description of
marker generators until this section is due to their
sepcific designation as marker generators by their
manufacturers (rather than AM signal generators) and
because they contain certain special features which
could not be fully appreciated until after sweep gen-
erators had been examined. Just what these are will
be brought out as each instrument is examined.
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Figure 1. Sylvania Television Marker Generator.
Courtesy Sylvania Electric Products, Inc.
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A marker generator manufactured by Sylvania
Electric is shown in Figure 1., Contained within the
unit are two separate oscillators: a variable fre-
quency oscillator (vfo) capable of generating fre-
quencies from 15-240 mc in four bands (labeled A, B,
C, and D on the front panel) and a crystal-controlled
oscillator which will operate with plug-in crystals
having fundamental frequencies in the range of 2-20
mec. The crystal oscillator is used for the alignment
of intercarrier TV receiver sound systems (to be
described later) and for checkingthe calibration of the
vfo. The output of each oscillator is individually con-
trolled by attenuators.

A five-position "Selector” switch is used toturn
power on or off and to choose the type of output de-
sired. In the STANDBY position only the filament
voltage is applied to the various tubes, while in the
three operating positions which follow, the plate volt-
age is also applied. Indicator lights are used todenote
STANDBY and OPERATE positions.

By means of the "Selector” switch it is possible
to choose the output of the vio and crystal oscillators
separately or in combination. Thus, two marker pips
may be obtained by the simultaneous use of both os-
cillators. Crystal controlled IF markers may be ob-
tained from the harmonics of a crystal of appropriate
frequency inserted in the panel socket. For example,
if the receiver being worked on has a video carrier
IF value of 26.4 mc, a crystal with a fundamental
frequency of 13.2 mc will, on the second harmonic,
produce the 26.4 mc signal, The vfo can then be set
at some other frequency to provide another identi-
fying pip.

A feed-through connection is provided for the
sweep generator signal, enabling both marker and
sweep signals to combine, No attenuation is suffered
by the sweep signal in this process while the amount
of marker signal which is injected into the sweep
signal can be controlled by its respective attenuator.

T o check the frequency response curves of a
television receiver using this marker generator, we
would proceed as follows. Set the "Selector" switch
to the position labelled STANDBY and allow the unit
to warm up, Connect the output of the sweep generator

to the marker generator connector labelled "Sweep
Generator Input”. Connect the output of the marker
generator to the circuit under test in the manner
designated for the sweep generator. See Figure 2.
Proceed to display the TV receiver response curve
on the oscilloscope using the sweep generator only.
Set the "Band" switch to the proper position. Adjust
the marker generator dial to correspond with the
center frequency of the sweep signal generator. Set
the "Selector" switch to the position marked VFO.,
Observe the oscilloscope and advance the "VFO Atten-
uator" until the marker pip appears. If the marker
pip is broad or fuzzy, shunt the input to the oscillo-
scope with a .001 mfd. capacitor. The output of the
marker generator should be kept at a minimum to
avoid distortion of the response curve., Adjust the
vfo marker pip to the desired position on the response
curve and read the frequency from the vio scale.

To check the calibration of the vfo against the
crystal, we would proceed as follows. First we would
feed the signal output of a sweep unit into this marker
generator and then feed the combined marker and
sweep output into the circuit under test. See Figure
2. An oscilloscope would then be connected to the
other end of the circuit and adjusted so that the re-
sponse curve would be displayed on its screen.

Next, a crystal is selected having either its
fundamental or a harmonic of its fundamental fre-
quency lie within the pass-band of the curvedisplayed
on the oscilloscope and this crystal is inserted into
the crystal socket of the marker generator. The
"Selector"” switch is set to the position marked XTAL
& VFO. The "Crystal Attenuator” control is adjusted
until the crystal marker pip appears on the res-
ponse curve,

Now, adjust the vfo marker pip to coincide with
the crystal marker pip and check the frequency indi-
cated on the dial against the crystal frequency (or the
harmonic which is being beat against). Slight inaccu-
racies can be corrected by adjusting a vfo trimmer.

Another way of checking the vfo against a
crystal, without using a sweep generator, is to feed
both vfo and crystal signals into the video IF system
of a television receiver. An oscilloscope is placed
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Figure 2. Connecting Sweep Generator to Marker Generator.
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Figure 1. Sylvania Television Marker Generator. (Model 501, Courtesy of Sylvania Electric
Products Inc.)
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satile Marker Generator, Included Is a Crystal-Calibrated Variable Frequency
Oscillator, Two Crystal-Controlled Oscillators, a Modulator Stage for Internally Modulating
the Cutput at Audio and RF Frequencies, and an Audig Amplifier with Internal Speaker,
WR-39C, Courtesy RCa.)
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Figure 3. A Crystal Detector which can be Used for
Zero Beating Two Signals, as Described in Text.

across the video second detector load resistor. Then
the vio frequency is varied until zero beat is observed
on the oscilloscope screen. The reading of the vio
scale should be at or close to the crystal oscillator
frequency or a multiple thereof.

Crystal calibration of the vfo canalso be carried
out by feeding the combined output of the vio and
crystal oscillator into the detector network shown in
Figure 3 and then transferring the demodulated signal
to the vertical input terminals of an oscilloscope.
When the vio frequency coincides with the crystal
frequency or one of its harmonics, a zero beat pattern
will be observed on the scope screen.

RCA TELEVISION CALIBRATOR -

The number of functions which a marker gen-
erator can be designed to perform is limited only by
the ingenuity of the designer and the selling price

Figure 4. A Versatile Marker Generator. Included is
a Crystal-Calibrated Variable Frequency Oscillator,
TwoCrystal-Controlled Oscillators, a Modulator Stage
for Internally Modulating the Output at Audio and RF
Frequencies, and an Audio Amplifier with Internal
Speaker. Courtesy RCA.

SPECIAL TELEVISION TEST INSTRUMENTS

which he wishes to place on the instrument. The
instrument shown in Figure 4 is a combination of
the following:

1. A crystal-calibrated TV marker generator
with dual markers for all TV frequencies.

2. A bar-pattern generator for makinglinearity
adjustments,

3. A re-broadcast minature transmitter for
checking all 12 TV -channels.

4, A heterodyne frequency meter including
amplifier and speaker.

5. A signal generator operating on fundamentals
in all TV bands.

6. A dual crystal standard with three crystals
supplied.

The variable frequency oscillator which is the
primary source of marker signals has a range from
19 mc to 240 mc on fundamentals, and twice this on
second harmonics. In addition, there are three
crystals, .25 mc, 2.5 mc, and 4.5 mc, which can be
employed for calibration, for producing additional
marker pips, or for alignment of'the sound IF system
of intercarrier receivers. Zero beating facilities are
provided in the form of a built-in speaker or, when
the signal is weak, headphones may be plugged in. A
jack is also provided to permit insertion of an external
modulating voltage of any frequency when modulation
of the output frequency of the variable-frequency os-
cillator is desired. Finally, the instrument may be
utilized for checking the vertical and horizontal line-
arity of a television receiver. This latter application
is somewhat outside the province of marker generators
and so the manner in which it is achieved may be
of interest.

The instrument is tuned to the picture carrier
frequency (of one of the 12 channels) and the "Cali-
brate" switch is set to .25 mc. This causes the .25
mc crystal oscillator output to modulate the output of
the variable frequency oscillator. When this signal is

Figure 5. Vertical Barsto Check Horizontal
Linearity.
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Figure 6. Horizontal Bars Designed to Check Vertical
Linearity.

applied to a television receiver, a vertical bar pattern
of approximately 16 bars will appear on the receiver
screen. See Figure 5, If the bars are all evenly
spaced, the horizontal motion of the scanning beam is
linear; if the spacing is uneven, the horizontal linearity
requires adjustment,

To check the vertical linearity, the "Calibrate"
switch is turned to the CRYSTALS OFF position and
an audio oscillator is plugged into the "Mod. In" jack.
If the audio frequency is set at 1200 cps, 20 horizontal
bars will appear on the receiver screen. See Figure
6. If the vertical motion of the scanning beam is
linear, the bars will be evenly spaced from each other;
non-linearity will reveal itself by unevenly spaced bars.

ALTERNATE METHOD OF MARKER INSERTION -

In all of the previous applications of marker
generators, their signals were passed through the
circuit under test together with the sweeping signals.
Extreme care must be observed at all times that the
marker signal amplitude is kept low enough so that it
does not disturb the response curve.

Another difficulty that is frequently encountered
with this method of marker insertion is the disap-
pearance of the marker pip when it passes through a
depression produced by atrap circuit. Thus, in Figure
7, the pip will be visible as long as it is kept above
the level of the dashed line, A-B, but when it drops
down into one of the dips produced by the video traps
the pip energy is absorbed (along with the sweep sig-
nal at that frequency) and very little if any of the

MARKER PIPS
STRONGEST N
THIS REGION

MARKER PIPS
NOT VISIBLE HERE

MARKER PIPS
DISAPPEAR HERE

Figure 7. When the Marker Signal Passes Throughthe
Circuit Under Test, it is Frequently Difficult to Dis-
cern the Marker Pips Below Level A-B.
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Figure 8. Marker Pip Amplitudes Can be Kept
Constant Across the Entire Response Curve by not
Passing Marker Signal Through the Test Circuit.
See Text.

marker will be seen on the screen. This makes it
difficult to determine whether or not the trap circuit
is adjusted exactly on frequency. It also means that
the pip amplitude will vary at different points along
the response curve (just as the curve amplitude does)
and this necessitates frequent adjustment of the
marker signal amplitude.

It is possible to circumvent these difficulties
by not passing the marker signal through the test
circuit at all. The set up for the equipment is shown
in Figure 8. The signal from the sweep generator is
fed to the circuit under test in the normal manner.
At the same time, a small portion of the same sweep
signal is fed to a special marker generator.

Within the marker generator the sweep signal
and the marker signal are mixed together and detected
producing the same pip they would have, had they both
been sent through the test circuit and its detector.
This pip is then combined with the detected output of
the circuit under test and fed to the vertical input
terminals of an oscilloscope. Because the same
sweep signal is used with the marker generator and
the test circuit, the position of the pip on the response
curve will be where it would have been had it been
passed through the test circuit. However, now the
pip amplitude is constant over the entire response
curve, even in valleys produced by trap circuits, or
at other points near the response baseline.

For a marker generator to be employed in this
manner, it must contain facilities for accepting the
sweep signal, for mixing it with the marker voltage
and then combining the resultant pip with the demodu-
lated signal from the circuit under test. Thisnecessi-
tates a special design, such as that possessed by the
marker generator shown in Figure 9A.

A block diagram of this instrument is shown in
Figure 9B. A modified Colpitts type oscillator
comprises one half of a 12AT7 tube. A 15 position
gang switch provides the means of switching any one
of twelve crystals or three tuneable circuits into the
grid of the oscillator. For greater frequency stability,
the crystal fundamentals are kept low and harmonic
outputs are used for the desired picture carrier
frequencies. The following list gives the crystal
fundamental and harmonic used for each channel.



Figure 9A. A Special Marker Generator Designed
to Develop Marker Pips Independently of the Test
Circuit. Courtesy of General Electric Company.

Crystal Picture Crystal
Channel Fundamentals Carrier Harmonic

2 18.416 mc 55.25 mc 3rd
3 20.416 mc 61.25 mc 3rd
4 22.416 mc 67.25 mc 3rd
5 25.750 mc 77.25 mc 3rd
6 20.812 mc 83.25 mc 4th
i 21.906 mec 175.25 mc 8th
8 22.656 mc 181.25 mc 8th
9 23.406 mc 187.25 mc 8th

10 24.156 mc 193,25 mc 8th
11 24,906 mec 199.25 mc 8th
12 25.656 mc  205.25 mc 8th
13 26.406 mc 211.25 mc 8th

The output of the picture carrier oscillator is
taken from the cathode and fed to the grid of the mixer
modulator tube (the other half of the 12AT7 tube).

A sampling of the sweep generator output is
cabled to the marker generator. This voltage is
applied to the grid of the sweep coupling tube, which
prevents any interaction between equipments. The
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output of this tube is taken from its cathode and fed
to the cathode of the mixer modulator stage.

Since the mixer modulator grid is being driven
by the picture carrier oscillator across a large value
grid resistor, it is biased to the non-linear portion of
its operating curve. Thus, the tube acts as an untuned
detector and demodulates the combined signals applied
to it. The pip output appears at the plate load resistor
and is transferred to the grid of the first marker
amplifier stage.

There are three stages of marker amplifiers
and-as the pips pass through, they are shaped and
sharpened to produce a clearly defined marker indi-
cation when they are subsequently presented on an
oscilloscope screen. Control of the marker output is
accomplished by the "Marker Size" control wired into
the grid circuit of the last marker amplifier. The
output of the final marker amplifier tube is fed to the
cathode of the superimposing section.

The output of the receiver being aligned is
connected to J3 which injects the signal on the grid of
the superimposing section. The detected marker
signals are fed to the cathode of the same tube and
the combined output appears at J4 to be transferred
to the vertical input of the test oscilloscope.

4.5 AND 1.5 MC OSCILLATOR -

‘The crystal used in the crystal oscillator grid
circuit is a triplex cut and normally oscillates at 4.5
mc. By changing the plate tuning, it will also oscillate
at 1.5 mc. The plate load switching is done with the
3-position "Crystal Modulator" selector switch. B+
can be removed by actuating the ON-OFF switch
located just below the selector switch.

The output of the crystal modulator is fed tothe
plate of the modulator tube where it plate modulates
the picture carrier oscillator output, producing side-
band markers +4.5 mc from the picture carrier to
show the relation of picture carrier to audio carrier.
See Figure 10A. In the 1.5 mc position, markers are
produced every 1.5 mc across the response curve,
allowing the operator to check adjacent channel re-

453815
MC J3
PICTURE 0sC INPUT
CARRIER FROM RECEIVER
COLPITTS
osc.
y
SUPER - J4 10
MARKER MARKER
MODULATORL . o IMPOSING |~
/ AMPLIFIERS MPLIFIER [ St c TION SCOPE
SWEEP  [wrer
SiGNAL [EOUPLING NG
(NPUT L  “MARKER SIZE"

CONTROL

Figure 9B. Block Diagram of The G. E. Marker Generator.
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sponse and band pass characteristics. See Figure
10B. The reader will find it interesting to study
Figure 10B because it demonstrates very effectively
the following relationships that exist between adjacent
channel signals:

1. Picture carrier of one channel is 1.5 me
from sound carrier of lower channel. 67.25 mc is the
picture carrier of channel 4; 65.75 mc is the sound
carrier of channel 3.

2. Picture carrier and sound carrier of same
channel separated by 4.5 mc.

3. Adjacent picture carriers are separated by
6.0 mc.

Hence, by knowing the frequency of the picture
carrier oscillator, it is a simple matter to check the
remainder of the response curve by noting the position
of each 1.5 mc marker.

Another marker generator that can be employed
in the same manner is the unit shown in Figure 11,
The signal from the sweep generator is applied to the
input terminal where a portion of it is fed to an RF
buffer amplifier. The rest of the sweep signal appears
at the output terminal from which point it is fed to
the circuit under test.

Within the marker generator, the abstracted
portion of the sweep signal passes through an RF
amplifier to a 6AK5 variable oscillator and detector
stage. The resultant beat note obtained from the
mixing of the sweep and marker signals is passed
through a tuned 10 kc network to a 6J6 dual audio
frequency amplifier and thence to the "Pip Output"
terminals of the instrument. By means of a low-
capacity shielded lead or a twisted pair, the pip
signal is taken from these terminals and applied to
the vertical input terminals of an oscilloscope where
it combines with the demodulated response signal
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Figure 11. Another Special Marker Signal Generator.
Courtesy Kay Electric Company.

from the circuit under test, The set-up of the instru-
ments is shown in Figure 12,

Note that with this instrument, combination of
the pip signal and the response voltage from the test
circuit does not occur in the marker generator (as in
the previous instrument), but at the vertical input
terminals of the oscilloscope. All other phases of
this operation, however, are similar.

The frequency range of the continuous or marker
oscillator extends from 19 to 49 mc in two bands--10
to 30 mc and 30 to 49 me. A separate crystal oscil-
lator generates a frequency of 4.5 mc for alignment of
the sound system of intercarrier receivers and for
adjusting 4.5 mc video traps. Also, harmonics of 4.5
mc may be employed to check the calibration of the
variable (CW) oscillator.

UHF SWEEP-MARKER GENERATOR -

With the opening of the ultra-high frequencies
(470 - 890 mc) to television broadcasting, special
sweep and marker generators designed to operate
within this range will be required by the television
service man and the television engineer. At the time
of this writing very few popular priced UHF genera-
tors have made their appearance, and so it is difficult
to judge what their price range will be or how they
will differ from their VHF counterparts, especially
in the oscillator section of the instrument. Infor-
mation has been released on the RCA WR-40A UHF
Sweep-Marker generator and it may be instructive to
examine its features to see what has been done along
these lines.

The WR-40A (shown in Figure 13) is-a sweep
oscillator with built-in marker oscillator and crystal
calibrator, The generator also includes mixers and
adders for superimposing markers upon the response
curve affer the signal has passed through the tuner
under test.

The sweep frequency oscillator in this instru-
ment employs a type 5675 UHF pencil-type triode in
a modified cavity resonator circuit and is continu-
ously tuneable from 470 to 890 mc. It is frequency
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Figure 9A. A Special Marker Generator Designed to Develop Marker Pips Independently of the
Test Circuit. (Model ST-5A, Courtesy General Electric Co.)
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Figure 11. Another Special Marker Signal Generator. (Megaliner, Courtesy of Kay Electric
Co.)
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Figure 13. A UHF Sweep-Marker Generator. (Courtesy of RCA.)
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Figure 12. Instrument Set-Up Using the Marker Generator Shown in Figure 11.

modulated by a vibrating device which varies the
inductance of the cavity to provide a linear frequency
deviation up to 45 mc. The cavity is designed to have
very low leakage, and a capacitance adjustment in the
cavity compensates for shifts in calibration whenit is
necessary to replace the oscillator tube. Blanking of
the sweep oscillator is included to give a reference
base line. The blanking voltage is controlled by a
push-button on the front panel so that it may be easily
removed for precise setting of the phasing control.

The marker system included in the instrument
consists of a variable frequency oscillator similar to
the sweep oscillator and a crystal calibrator which
provides 1 and 10 mc calibration pips throughout the
UHF TV band. The crystal calibrator consists of a
10 mc crystal oscillator, a 1 mc locked-in oscillator,
and a three tube harmonic generator. A sensitive
amplifier together with mixers and adders is used to
superimpose the variable frequency and crystal

CONTROLS AMPLITUDE

OF RESPONSE VOLTAGE TC SETS MARKER
CONTROLS RF. SeoPE FOR A SINGLE GENERATOR
ouTePuT RESPONSE PATTERN  FREQUENCY

SWEEP
SIGNAL
oUTPUT CONTROLS DEMODULATED y
AMPLITUDE OF  OUTPUT FROM  RESPONSE CURVE 60 ~. DEFLECTION
CRYSTAL PIPS TEST CKT. WITH MARKER PIPS  VOLTAGE TO
TO SCOPE SCOPE

¥igure 13. A UHF Sweep-Marker Generator.
Courtesy RCA.

markers on the response curve for observation on an
oscilloscope screen,

From the block diagram of the generator, Fig-
ure 14, we see that the output of the sweep oscillator,
V9, goes to three different points in the circuit. One
portion of the sweep oscillator connects directly to
the RF output terminal from which point it is fed to
the circuit under test. Another portion of the sweep
oscillator signal goes to a crystal mixer - CR2 -
where it combines with the marker signal to form a
pip. The final connection from the sweep oscillator
is made to CR1, a crystal mixer where the output
from the crystal calibrating circuits is combined with
the sweep signal to form a series of pips spaced at 1
or 10 mcintervals, depending on the crystal oscillator
chosen by the "Cal" switch.

The pips produced by the marker section of the
instrument and the pips produced by the calibrating
section are each separately shaped and amplified and
then combined in V7B, At the same time, the de-
modulated output from the tuner (whichis the response
curve of this tuner) is brought back to the instrument
via the "Response Input” terminal and amplified by
V8B. From here the signal goes to V8A where the
marker and/or crystal pips are added and then the
combined signal goes to the vertical input terminals
of an oscilloscope. See Figure 15. The horizontal
sweep frequency for the oscilloscope is also obtained
from the front panel of this generator.

Note that none of the pips pass through the test
circuit and hence cannot affect the amplitude of the
response curve. Furthermore, all pips are equally
visible at every point on the curve.

TV SIGNAL SUBSTITUTE INSTRUMENTS

Lack of a television signal hampers the service
man by preventing him from performing an air check
on a receiver before it leaves the shop or from con-
ducting certain tests while he is repairing it. With-
out a signal he may be unable to determine what the
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Figure 14. Block Diagram of the RCA UHF Sweep-
Marker Generator.

defect is; or, if the set repaired, he may be unable to
make final adjustments on certain operating controls
which frequently require some correction, however
slight, Into this category fall the vertical and
horizontal hold, linearity, and size controls. In the
pages that follow, a representative group of instru-
ments are described, instruments which will provide
partial or total substitution for a TV signal.

LINEARITY CHECKS -

In a properly adjusted television receiver, the
electron scanning beam travels from left to right and
from top to bottom at uniform rates of speed. Any
speeding up of the beam will cause the picture to
stretch out while any slowdown will result in image
compression, Either effectis labeled as non-linearity
and in the absence of a component defect can usually
be corrected by adjustment of the corresponding
linearity controls,

T o determine whether non-linearity exists in
either sweep section of atelevision receiver, we must
first produce a test pattern (preferably) or a picture
on the screen, Non-linearity cannot be determined by

Figure 16.

using a raster alone. In the absence of a received
signal, linearity checks can be performed in several
different ways. The simplest approach is to take an
audio generator and connect it across the load re-
sistor of the video second detector stage. If we set
the generator frequency to 60 cycles, then half the
screen will be light and half will be dark. See Figure
16. This is so because it takes the electron scanning
beam approximately 1/60th of a second to travel from
the top of the screen to the bottom and in this time
the applied 60 cycle sine wave will have passedthrough
one-half positive cycle and. one-half negative cycle,
If we assume that the positive half cycle is active
first, then the top half of the screen will be bright.
During the succeeding negative half cycle, the beam
current reaching the screen will decrease, possibly
reducing to zero. Therefore, the screen during this
half cycle will be dark.

To increase the number of bars on the screen,
we need only raise the frequency of the generator.
When the frequency reaches 660 cycles, its voltage
(which, remember, is reaching the grid of the picture
tube) will pass through eleven complete cycles in the
time it takes the beam to travel once from top to
bottom of the screen. We will thus see eleven white
and eleven black bars, all horizontal. This is shown
in Figure 17,

RF OUTPUT
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SCOPE

L2l "l “al —aah

©©
2 (@]

HOR O 8 VERT

Figure 15. The Manner in Which the UHF Generator is Employed to Align a UHF Tuner. Courtesy RCA.
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Generally, it is desirable to have 20 or so bars
on the screen obtained by raising the audio generator
frequency to 1200 cycles or higher. In this way the
bars are not too thick and the vertical linearity can
be adjusted accurately., The pattern observed on the
screen will be stationary because some of the signal
applied across the videosecond detector load resistor
will find its way into the sync circuits and stabilize
the vertical sweep oscillator. (Sync take-off points
are almost always placed after the video detector.)

To check the horizontal linearity of a set, we
must develop a series of vertical bars across the
face of the tube. See Figure 18. This can beachieved
by raising the frequency of the applied sine wave until
it affects the electron beam during the scanning of a
single line. We know that lines are scanned out atthe
rate of 15,750 per second. Hence, in order to blank
out portions of a line while the beam is movingacross
the face of the tube, the frequency of the applied signal
should be higher than 15,750 cycles. A good value to
use is 315,000 c