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PREFACE

The ever-increasing application of volt-ohm-milliammeters (vom), vacuum-
tube voltmeters (vtvm) and oscilloscopes in troubleshooting and adjusting the
circuits of all forms of complex electronic equipment has greatly increased the
diversity of voltages, frequencies and test-circuit characteristics with which they
are called upon to operate. As a result, their operating demands often exceed the
inherent capabilities of these fundamental test instruments.

Suitably designed auxiliary devices, arranged in convenient “probe” form,
which add new ranges and new functions to these conventional instruments are
now widely employed for extending their fields of application into circuits of
very high voltage, high frequency, or high impedance. Such probes provide prac-
tical and inexpensive extensions of the inherent capabilities of the instrument,
since they may be quickly connected externally to its input circuit.

The use of a variety of special-purpose instrument probes has now become
a practical necessity, especially in tv receiver servicing. Consequently, it is im-
portant for every service technician to understand thoroughly the function and
basic theory of operation underlying all types of probes and also the correct
methods of using them to obtain the maximum amount of service they are
capable of giving. It is also important to be able to quickly decide which type of
probe is best suited for a particular application, so as to avoid incorrect usage
which may result in misleading test instrument indications, and consequent in-
correct conclusions regarding the observed results of the tests.

It is the purpose of this book to present the required information in a sim-
ple and thorough manner that will make this subject easily understandable and
helpful to both practicing technicians and beginners alike, so that they will
know how to use test instrument probes correctly.

The authors wish to thank Milton S. Snitzer, managing editor of John F.
Rider, Publisher, Inc., who technically reviewed and edited the manuscript for
this volume.

New York City AAG.
August, 1954 R.G.M.
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Chapter 1

RESISTIVE HIGH-VOLTAGE D-C PROBES

1-1. Function of the Resistive High-Voltage D-C Probe

Most conventional volt-ohm-milliammeters (vom) and vacuum-tube volt-
meters (vtvm) have d-c voltage measuring ranges which do not exceed 6,000 volts.
—in fact, many do not exceed 2,000 volts. Such ranges are sufficient for measure-
ment of the low and medium voltages generally encountered in electronic and
industrial electric equipment. However, it is frequently necessary to measure the
much higher d-c voltages present in some of the circuits in industrial electrical
equipment, electromedical apparatus, radio and tv transmitters, and the horizon-
tal output and high-voltage picture tube circuits of television receivers (see
Fig. 1-1A). For example, the typical actual second-anode d-c operating voltages
for black-and-white tv picture tubes of various sizes, and for the color picture
tubes announced thus far, are as follows:

The normal d-c voltage measuring range of a conventional high-resistance
vom, and of a vtvm, can be effectively extended to make high-voltage measure-
ments possible through the use of a simple external multiplier resistor of proper
value, arranged in a suitable insulated probe body, and connected in series with
the input circuit of the instrument. A typical resistive high-voltage probe is illus-
trated in Fig. 1-1B. While such probes are primarily intended for use with high-
resistance vom’s and with vtvm’s, they also have some special applications in
connection with oscilloscopes (see Sec. 1-9).

The multiplier resistance employed is ordinarily chosen to provide a con-
venient decimal scale-multiplication factor such as 100-to-1, or 1,000-to-1, so that
the d-c scale of the vom or vtvm is direct-reading with the addition of one or
more zeros when the probe is used.

1-2. Calcvlating the Multiplier-Resistance Values Required
for use with a VOM

The value of multiplier resistance required to extend the d-c voltage range
(usually the highest d-c voltage range of the instrument is extended) of a vom
to a desired value may be easily calculated if the sensitivity of the instrument is
known, or if the input resistance of the instrument when the range switch is set
for that particular d-c voltage range value, is known. The following practical
example will illustrate this:
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Fig. 1-1. (A) Tv high-voltage circuits where a resistive high-voltage probe must be
used with a vom, or a vtvm, for d-c voltage measurement. (B) Cross section of a
high-voltage d-c probe, and its heavy-duty connecting cable, for use with a sensitive
vom or a vtvm, The insulating probe housing is specially shaped and constructed
to minimize electrical leakage and corona. The full handle length contains a
grounded internal flashover guard shield. A ribbed external leakage and arc-back
barrier is also provided. The long spiral-film type multiplier resistor in removable
cartridge form extends almost the full length of the probe. Either the pin-plug type
termination shown here, or a standard screw-on mike type (panel) connector for
use with most vtvm’s may be provided at the meter end of the connecting cable.
This probe will provide voltage ranges to 60,000 voits dc when used with standard
vtvin’s or high-sensitivity (20,000 ohms-per-volt) vom’s. (B) Courtesy: Precision
Apparatus Co., Inc.
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TABLE 1-1

TYPICAL ACTUAL SECOND-ANODE VOLTAGES
FOR PICTURE TUBES OF VARIOUS SIZES

Pix Tube Pix Tube
Size Voltage (dc) Size Voltage (dc)
10” 8,000- 9,000v 197 12,000-14,000v
127 6,000-11,000v 20~ 10,000-16,000v
147 11,000-12,000v 217 14,000-16,000v
15~ 12,000-13,000v 227 14,000-18,000v
16" 9,000-14,000v CBS Colortron 20,000v
RCA Tri-Color
177 12,000-16,000v Kinescope 20,000v

Let us assume that a service-type vom whose sensitivity is 20,000 ohms-per-
volt and whose maximum d-c voltage range is 6,000 volts is to have this range
extended to 30,000 volts, so that all required high-voltage measurements in
monochrome and in color tv receiver servicing may be made with it. This is to
be accomplished by means of an external multiplier resistor, R, connected in
series with it, with the range switch set at the 6,000-volt range position, as shown
in Fig. 1-2A.

The input resistance, Ry, of the instrument is equal to the full-scale voltage
of the range multiplied by the instrument sensitivity in ohms-per-volt. In this
particular case, Ry = 6,000 X 20,000 = 120,000,000 ohms, or 120 megohms.

The voltage distribution in the probe-plus-meter circuit will be as shown
in Fig. 1-2B. Observe that when the test circuit voltage is 30,000 volts, the meter
is to read full scale, so the voltage being applied to input terminals of the meter
must be 6,000 volts. This leaves 30,000 — 6,000 = 24,000 volts to appear as a
voltage drop developed across the multiplier resistor R. Since this is a simple
series circuit, the voltage drops are proportional to the resistance, so

R 24,000 R

— I e — O —— =2 f

R 6,000 Ry
Therefore, R = 4 X 120 = 480 megohms .This is the required multiplier resis-

tor value for these particular conditions. When this resistor is used, each read-
ing taken on the 6,000-volt d-c scale must be multiplied by the factor 5
(30,000 = 6,000), to obtain the true voltage.

When selecting and applying resistive high-voltage probes to vom’s, it must
be remembered that because the input resistance value of a vom is entirely
different for each setting of the d-c voltage range switch, the calculated value of
the multiplier resistance required to obtain a particular multiplying factor with
a specific instrument is the correct one for only the particular range-switch set-
ting that was considered in the calculation.

Table 1-2 is presented here as an aid in the rapid determination of the cor-
rect multiplier resistance required to extend the normal specified d-c voltage
range of conventional 20,000, 25,000, or 100,000 ohms-per-volt vom’s to the
higher ranges frequently required in the testing of some high-voltage circuits in
electrical and electronic equipment. For added utility, the manufacturer’s name



TABLE 1-2

HIGH-VOLTAGE (D-C) MULTIPLIER RESISTANCE
SELECTION CHART FOR VOM's

14
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For Meter To Give With Use
Having a DC Instrument Mudltiplier Multiply Commercial VOM’s Which
Sensitivity Voltage D-C Range Resistance Scale Have This Sensitivity
of: (Ohms- Range Switch Value of: Readings and Maximum Range (A)
per-Volt) of: Set at: (A) (Megohms) By: Manufacturer Model No.
20,000 10,000v 1,000v 180 10 General Elect, YMW-1
25,000 1,000 480 25 Simpson 250, 277
30,000 1,000 580 30 Triplett 2405-A
50,000 1,000 980 50 Weston 772, 779, 7185
20,000 10,000v 1,500v 170 6.7 Precision 850
15,000 1,500 270 10 Roller-Smith 500
30,000 1,500 570 20
50,000 1,500 970 33
20,000 10,000v 2,500v 150 4 Triplett 625-NA
25,000 2,500 450 10
50,000 2,500 950 20
20,000 10,000v 5,000 100 2 Clough-Brengle 220
25,000 5,000 400 5 Electronic Inst. 555
30,000 5,000 500 6 General Elect. UM-2
50,000 5,000 900 10 Hickok 435, 534, 538
Precision 852
Radio City 461, 462
Simpson 260, 445, 1005
Supreme 567, 584
20,000 10,000v 6,000v 80 Precision 85, 654, 854,
30,000 6,000 480 856, 858, 954, 10-34
60,000 6,000 1,080 Radio City 488-A
Triplett 630
25,000 10,000v 1,000v 225 10 _— —
50,000 1,000 1,225 50
100,000 4,000v 1,600v 240 2.5 Simpson 269
15,000 1,600 1,340 94
25,000 1,600 2,340 15.6
Simpson 30,000v 300v 594 100 Simpson Rotoranger
Rotoranger Model 221
Model
221 50,000 5,000 900 10

Compiled from information supplied by Precise Develop Corp.
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Fig. 1-2. (A) Connection of multiplier resistor in series with vom input circuit.
(B) Voltage distribution in the series probe-plus-meter circuit, for the particular
conditions specified in the text problem.

and model numbers of popular commercial vom’s which fall into each sensi-
tivity-and-range category are also listed. For instrument and range combinations
other than those listed in this table, the calculation procedure explained earlier
in this section may be used.

1-3. Resistive Loading Effect of Probe-and-VOM Combination

The current drawn from the test circuit by the resistive high-voltage probe
and vom combination is a matter of importance when this combination is used
for measuring the voltage in high-voltage circuits whose voltage regulation is
poor. For example, the voltage regulation of the typical picture-tube high-
voltage supplies employed in tv receivers is relatively poor. As a result, the out-
put voltage tends to decrease appreciably (see Fig. 1-3) if the current demand is
increased very much percentage-wise above that of the picture tube in normal
operation. Consequently, for accurate measurement of the high voltage at the
second anode of a picture tube by means of a resistive high-voltage probe and
vom combination, it is necessary to make the measurement in such a manner that
the current load on the high-voltage power supply of the receiver will not be
appreciably greater than the normal beam current of the picture tube. The beam
current of most picture tubes of the 17- to 21-inch size group may be considered
as being approximately 300 microamperes, for normal brightness.

Let us assume that a conventional 20,000 ohms-per-volt vom having a
6,000-volt d-c range is used in combination with an external 480-megohm resis-
tive high-voltage d-c probe to extend this range to 30,000 volts (see Table 1-2),
and that this combination is to be employed to check the second-anode voltage
of a 2l-inch picture tube. This voltage to be checked will be approximately
14,000 to 16,000 volts (see Table 1-1). If the actual second-anode potential is
16,000 volts, the probe-plus-vom combination (whose total resistance is 20,000 X
6,000 ohms + 480 meg = 600 meg) will cause a current drain of approximately
27 microamperes. Obviously, this nominal additional current drain added to the
beam current (approximately 300 ga) of the tube for normal brightness will not
appreciably alter the actual second-anode voltage. Accordingly, the measurement
may be made by merely applying the measuring circuit to the second-anode
terminal and chassis-ground of the receiver.
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Fig. 1-3. Measured steady-load voltage regulation characteristic of high-voltage
supply for the 16AP4 picture tube. Courtesy: RCA

To investigate the current loading effects further, let us next consider the
conditions if a 1,000 ohms-per-volt meter having a top d-c voltage range of 3,000
volts is used for this measurement. A 27-megohm multiplier resistor would be
required to extend the range to 30,000 volts, and the current drain imposed by
the measuring-instrument circuit would not be 533 ua. Since the beam current
of the picture tube is considered to be 300 ua, it is plain that in this case the
appreciable test-instrument current drain would load down the high-voltage
power supply very seriously, resulting in a large regulation error if the measure-
ment were made in the conventional manner. More accurate measurement could
be accomplished by removing the second-anode lead from the picture tube dur-
ing measurement (or turning down the brightness control to minimum), so that
the current drain of the instrument would be substituted for (instead of being
added to) the normal beam current of the picture tube. Of course, greater accu-
racy is obtained by using a 20,000 ohms-per-volt vom for this purpose, so that
the measuring circuit has relatively high resistance.

1-4. Selection of Multiplier-Resistance Values for use with VIVM's

A series multiplier resistor arranged to form an external probe may also be
used to extend the d-c voltage measuring range of a vtvm so that the instrument
may be used for the measurement of high voltages. However, the behavior of
such a multiplier used with a vtvm is different in one respect from that when
used with a non-electronic vom.

The circuit arrangement in Fig. 1-4 shows an external multiplier resistor
arranged in d-c probe form connected in series with the conventional type of
d-c input circuit employed in vtvm’s. In order to permit the vtvm to make d-c
voltage measurements accurately over a variety of easily selected voltage ranges,
a voltage-divider circuit is usually arranged across the input terminals to the
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inserument, as shown, and a range switch permits a definite proportion of the
applied input voltage to be tapped off and applied to the measuring tube and
indicating meter. The tube draws no current from the input circuit. Since the
full voltage-divider resistance is always in the input circuit and is constant in
value regardless of the setting of the range switch, when this input circuit ar-
rangement is employed, an external multiplier resistor will multiply each range
of the vtvm by the same factor (for example 100) and hence the same multiplier
resistor can be used when any range of the vtvm is employed. By selecting a
suitable value of the multiplier resistance for the high-voltage probe, the normal
voltage range for each position of the vtvm range switch can be multiplied by
a desired amount. A decimal (10, 100, 1,000, etc.) multiplying factor is usually
chosen for operating convenience because high-voltage measurements can then
always be made on the upper portion of the scale, which provides higher accu-
racy of indication. In most cases, the multiplier resistance value is selected to
provide the desired high-voltage measuring range when the vtvm range-selector
switch is set at the highest d-c voltage range of the vtvm.

The multiplier resistance required to extend the voltage range of a vtvm
is calculated in the same general manner as for a vom (see Sec. 1-2). For exam-
ple, suppose it is required to extend the 500-volt d-c range of a vtvm having 11
megohms input resistance, to 50,000 volts (100 to 1 voltage multiplication).
When the test input voltage is 50,000 volts, the voltage applied to the normal

EXTERNAL HIGH-VOLTAGE

0-C PROBE |
e ATAC
MULTIPLER |
RESISTOR | RANGE
| SWITCH
INTERNAL BRIDGE
VOLTAGE-DIVIDER __{_< (a:&o::n;?uﬁ'
RESISTOR
i | ONIDER),
| {
- !
GND. -t

Fig. 14. The measuring tube of a vtvm draws no current, and hence the meter in
the vtvm really indicates the voltage drop at any selected point along the internal
voltage-divider resistor, instead of measuring the current through the instrument,
as does a vom. For convenience, the value of the external multiplier resistor in the
the resistive high-voltage probe can be selected to multiply each of the vtvm voltage
ranges by a convenient decimal factor, such as 100.



8 HOW TO USE TEST PROBES

Fig. 1-5. External appearance
of a high-voltage d-c probe
for use with a vom or a vtvm,
provided with an interchange-
able conventional tip for
probing, and an alligator clip
for permanent connection to
the circuit. The multiplier re-
sistor cartridge is held be-
tween a double-spring suspen-
sion system inside of the clear
plastic portion at the left. This
probe is rated at 30,000 volts
maximum. Courtesy: Precise
Development Corp.

vtvm d-c input terminals and 11-megohm input resistance must be 500 volts. A
voltage drop of 50,000 — 500 = 49,500 volts must therefore be developed across
the multiplier resistor. The value of the latter must be, therefore,

49,500
R =———— X 11 = 1,089 meg.

00
(Actually, a 1,090-meg multipligr is used to take into account the 1-meg isolating
probe usually used with the vtvm. The h-v probe is substituted for the isolating
probe, whose purpose is described in Chapter 2.) If it is desired to measure, say,
19,000 volts with this high-voltage probe and vtvm, the range switch should be
set to the 500-volt range. The indication will be 190 volts on the 500-volt scale.
The meter reading is then multiplied by the probe multiplying factor of 100, to
give 19,000 volts.

It is evident that the high-voltage multiplier resistance value which must be
used with a particular vtvm in order to multiply its d-c voltage range by a
specific factor, must be selected especially for that particular vtvm. Also, it must
not be assumed that two different model vtvin's made by the same manufacturer
necessarily have the same input resistance and so may use the same multiplier-
resistance value. They may be designed with different internal resistances, mak-
ing different values of multiplier resistance necessary for a given multiplying
factor.

Table 1-3 is presented here as an aid in the rapid determination of the cor-
rect multiplier resistance required to extend the normal specified d-c voltage
range of a number of popular service-type vtvm’s to the higher ranges required
in the testing of some high-voltage circuits in electronic equipment. The type of
connector required at the end of the probe cable in order to match the type of
input terminal employed on the particular vtvm is also specified in each case.
1-5. Physical Design and Construction of Resistive

High-Voltage Probes

The multiplier resistors, available in all of the values listed in Tables 1-2
and 1-3 to meet the requirements of most 20,000 ohms-per-volt vom’s and most
vtvm’s, are generally of the high-voltage cartridge type having a spiral film-type
resistance element printed on a ceramic core (see Fig. 1-1). They generally are
removable so that different values may be used when necessary.

The probe body, which acts as the housing for the multiplier resistor, is
made of insulating material having high dielectric strength and low leakage.
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Safety, operational simplicity, and rugged construction are the prime considera-
tions in its design. It is provided with several safety flanges to minimize surface
leakage and corona, to protect the hand of the operator from coming in contact
with the high voltage, and also to protect him from arcing or corona. An insulat-
ing handle is provided at the end.

Some high-voltage probes, see Fig. 1-5, are provided with interchangeable
tips to increase their versatility in making contact to the circuits under test.
One is the conventional type for probing, the other is an alligator clip for con-
necting the probe permanently to the circuit during test.

A shielded cable is usually employed. The high-voltage probes for use with
practically all vom’s require a pin-plug type of end connector on the cable to
match the input circuit connectors on the meter. Those for use with vtvm’s may
require any one of three different types of end connectors (see right-hand col-
umn of Table 1-3) to match those used on the meter.

An internal shield, grounded to the cable shield, is usually provided for the
full handle length to protect the operator from possible flashover and to ground
any electrostatic charges that might accumulate on the probe body. The resistor
is not shielded.

1-6. Operating an Instrument with a High-Voltage Probe—
Safety Precautions

The resistive high-voltage probe is employed by removing the original d-c
test lead from the vom or vtvm and substituting the inner conductor of the
probe cable for it. The gnd terminal of the vom or vtvm should be connected
to the shield of the probe cable and to the chassis or the B-minus line of the
equipment under test. Remember that the shielding in a high-voltage probe and
its cable must always be grounded as directed above, otherwise the entire test

50 VOLTS 70 VOLTS
POS. PEAK R PEAK-TO-PEAK AVERAGE PEAK — apPROX
quge (PULSE) OF PULSE ,000V
128 :
VOLTS
e e oo B AT
(PULSE) [s Aty At o\ et
O VOLTS
(A) (B)

Fig. 1-6. (A) Pulse voltage with a d-c component present. In this particular exam-
ple, the peak-to-peak value of the pulse voltage is of the same order as the d-c
voltage. When this pulsating d-c voltage is applied to the input terminals of a d-c
voltmeter, the instrument will indicate 75 volts. In this case, the a-c voltage com-
ponent is sufficiently low so that the instrument will not be damaged. If the value
of the d-c component were only 10 volts, for example, the a-c component would
then cross the zero axis, and the wave would not then be referred to as pulsating
d-c, but as a-c with a d-c component. The distinction is somewhat academic but can
lead to confusion if the definitions are not kept clearly in mind. The pulses present
in some tv receiver circuits have peak values very much greater than the d-c com-
ponent present, as shown at (B). For example, the d-c voltage at the plate of the
horizontal-output tube may be of the order of 300 volts, but the pulse voltage which
accompanies it may be of the order of 6,000 volts peak-to-peak.
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HIGH-VOLTAGE (D-C) MULTIPLIER RESISTANCE
SELECTION CHART FOR VTVM’s

TABLE 1-3

With Use
VTVM D-C Multiplier  Multiply Type of
To Give Range-  Resistance Scale End
Model D-C Voltage Switch Value of: Readings Connector
Mfgr. No. Range of: Set at:  (Megohms) By: Required:
Electronic 100 10,000v 1,000v 100 10 +
Design “ 30,000 1,000 320 30 +
Electronic 210 10,000v 1,000v 225 10 +
Instrument “ 50,000 1,000 1,225 50 ¥
Co., Inc. 221 10,000 1,000 240 10 +
“ 30,000 1,000 740 30 +
“ 50,000 1,000 1,240 50 +
Electronic
Mfg. Co. 100- 15,000v 600v 265 25 *
110
* 30,000 600 540 50 *
Heath Co. V2, V2, 10,000v 1,000v 109 10 +
V2A,V4 30,000 1,000 320 30 +
Hickok 125 10,000v 1,000v 81 10 %
“ 25,000 1,000 216 25 *x
“ 50,000 1,000 441 50 *
203 12,000 1,200 824 10 *
“ 30,000 1,200 218.2 25 ¥
209 12,000 1,200 82.4 10 ®
“ 30,000 1,200 218.2 25 ®
Jackson 645 10,000v 1,000v 109 10 *
«“ 30,000 1,000 350 30 "
Precise 907 10,000v 1,000v 240 10 *
“ 30,000 1,000 740 30 *
909 10,000 1,000 240 10 ®
“ 30,000 1,000 740 30 *
Precision EV-10A  30,000v 6,000v 5333 5 e
“ 60,000 6,000 1,200 10 b
EV-20 12,000 1,200 121.3 10 ®
“ 30,000 1,200 321.3 25 ®
RCA WV-65A  10,000v 1,000v 100 10 *
“ 30,000 1,000 320 30 *
WV-75A 10,000 1,000 100 10 *
“ 30,000 1,000 320 30 *
WV-95A 10,000 1,000 100 10 *
“ 30,000 1,000 320 30 *
‘ 50,000 1,000 540 50 *
162-A 12,500 125 1,090 100 *
162-B 12,500 125 1,090 100 *
162-C 10,000 500 210 20 +
165-A 10,000 1,000 100 10 +
“ 30,000 1,000 320 30 +
170-A 10,000 100 991 100 +
195-A 10,000 1,000 91 10 *
“ 30,000 1,000 291 30 *
“ 50,000 1,000 491 50 *
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Radio City 345 30,000v 1,000v 740 30 +
662-A 30,000 6,000 641.3 5 +
664 10,000 1,000 100 10 +
“ 30,000 1,000 320 30 +
665-A 30,000 6,000 641.3 5 e
668 30,000 6,000 641.3 5 b
Reiner 451 10,000v 1,000v 100 10 +
“ 50,000 1,000 540 50 +
661 30,000 300 1,090 100 +
Simpson 266 25,000v 5,000v 800 5 *E
“ 50,000 5,000 1,800 10 %
Supreme 562 10,000v 1,000v 135.9 10 wn
“ 30,000 1,000 437.9 30 %
574 10,000 2,500 120 4 b
“ 25,0C0 2,500 360 10 %
“ 50,000 2,500 760 20 o
Sylvania 134-Z,221 10,000v 1,000v 153 10 *h
* 30,000 1,000 493 30 w
Triplett 2541 10,000v 100v 1,090 10 *x
“ 30,000 300v 1,090 10 b

Compiled from information supplied by Precise Development Corp.
End-Connector Type Code:

* — Amphenol MC-1F (or equivalent)
screw-on type mike (panel) connector.

+ = Amphenol MC-1F connector plus
Amphenol MC-1P phone jack
** — Pin plug.

system will be “hot” and the operator may receive a severe and possibly danger-
ous shock. (When testing the circuits of transformerless tv receivers, an isolation
transformer should be connected between the receiver and the a-c power line to
prevent the possibility of placing a short across the power line if the meter case
and chassis should accidentally become grounded). The range switch of the meter
should be set to the proper position (in most cases, this is the one for the high-
est d-c voltage range of the meter). Multiply all voltage indications obtained on
this range by the multiplying factor of the probe.

It is advisable to form the habit of keeping your unoccupied hand in your
pocket whenever you are making high-voltage measurements. The other hand
should hold the handle end of the probe only, keeping it as far away from the
safety flanges as possible. It is also advisable to make the connection to the cir-
cuit with the power off, then apply power and read the voltage value.

1-7. Use of High-Voltage D-C Probe as a Low-Pass Filter in the

Measurement of D-C Voltage with High-Voltage

A-C Pulses Present

It is frequently necessary to employ a vom or a vtvm to measure d-c voltages

of the order of several hundred volts in the presence of very high voltage short-
duration pulses of the order of several thousand volts, without damaging the
vom or vtvm (see Fig. 1-6). For example, this condition exists at the plate of a
horizontal output tube in a tv receiver where the d-c voltage may be only 300
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Fig. 1-7. (A) A high-voltage
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or 400 volts but it is accompanied by sharp, short-duration pulses of approxi-
mately 4,000 to 6,000 volts peak-to-peak.

While each high-voltage pulse does not affect the pointer deflection of the
d-c voltmeter directly, it may send a large pulse current through its multiplier-
resistor network. This current can cause serious damage by overheating or burn-
ing out the voltage-divider resistors.

However, it is quite practical to measure the d-c voltage at the plate of a
horizontal-output tube without damage to the voltmeter if a high-voltage d-c
probe is used. In this case, the high-voltage probe is not used primarily to attenu-
ate the measured voltage but to serve together with the input capacitance of the
shielded cable and voltmeter, as a filter which keeps large short-duration pulse
currents from flowing. However, the d-c voltage will also be attenuated, so a
low-voltage meter range should be used. A 100-to-1 resistive high-voltage probe
is convenient; the range switch of the voltmeter must then be set to a low-voltage
range, such as 3 or 4 volts full scale. When the range switch is set to the 3-volt
range, a 100-to-1 high-voltage d-c probe will provide an effective full-scale range
of 300 volts dc, but more important it provides the required circuit filtering so
that the vtvm is not damaged by the high-voitage pulses.

Consider how much the 6,000-volt pulse voltage is attenuated at the meter
terminals. Assume that a vtvm having an input resistance of 12 megohms is used.
The 100-to-1 multiplier resistor will have a value of 1,188 megohms. Accordingly,
1/100 of the applied d-c voltage appears at the vtvm input terminals. However,
the attenuation factor for the unwanted pulse voltage is very much greater.
Suppose that the total input capacitance of the shielded cable plus the vtvm
input capacitance is 100 ppf, see Fig. 1-7A. The equivalent circuit is shown in
Fig. 1-7B. At the fundamental frequency (15,750 cps) of the horizontal-output
pulses, this capacitance has a reactance of about 0.1 megohm, which causes a
pulse attenuation of about 12,000 to 1. In other words, only about 14 volt ac
(pulse) appears across the vtvm input terminals.

1-8. Use of 100-to-1 Resistive High-Voltage Probe to Increase the
Input Resistance of a VIVM for Measurement of Low Voltages
in High-Resistance Circuits

The vertical blocking oscillator in a tv receiver often has a high grid imped-
ance, with a resistance component of 10 megohms, or more. Under such circum-
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stances, the application of a vtvm to measure the grid bias seriously disturbs the
circuit operation, as the circuit resistance is reduced to approximately one-half
by application of the instrument.

To avoid this type of trouble, the operator may make use of a 100-to-]
resistive high-voltage probe. The multiplier resistor in such a probe has a value
in the order of 1,000 megohms, which is sufficiently high so that it does not dis-
turb the grid circuit of the vertical blocking oscillator. If the vtvm is operated
on the l-volt range, the full-scale indication becomes 100 volts, and a grid bias
of —75 volts represents three-quarters full-scale deflection.

1-9. Objections to use of a Resistive High-Voltage Probe
with a Scope to Display Waveforms of High A-C Voltages

A resistive high-voltage probe may be used with a vtvm to accurately and
safely measure the value of the high second-anode voltage at the tv picture tube,
or the high voltage at the plate of the horizontal output tube, or at the plate of
the damper tube. Technicians sometimes fall into the error of trying to go a
step further by using the same type of probe with an oscilloscope that has pro-
vision for a-c input only, in an attempt to display and measure the peak-to-peak
value of the sweep voltage, the ripple present in the high voltage applied to the
picture tube sccond anode, etc. When this is attempted, practically the full high
voltage being applied to the probe input circuit can also be present at its out-
put circuit and this may cause breakdown of the input blocking capacitor within
the oscilloscope (see Fig. 1-8A). The blocking capacitor in the scope is usually
rated at only 600 volts.

It is sometimes recommended in servicing literature that a check of these
voltages can be made with a high-voltage probe and a-c type scope if a 1-meg
resistor is connected in shunt with the scope input terminals as shown in Fig.
1-8B. Although scope capacitor puncture is avoided by this method, there are
other serious drawbacks to its use. These are: (1) since the actual attenuation
factor of the probe when used with the a-c scope is unknown, the peak-to-peak
voltage of the ripple cannot be measured; (2) the mutliplier resistor in this type
of probe is unshielded, so it is quite susceptible to hand-capacitance effects and
to variable capacitance effects to surrounding metallic objects. Also, whenever
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Fig. 1-8. (A) Technicians sometimes make the error of attempting to use a resis-
tive high-voltage probe with an a-c type oscilloscope to observe the ripple in the
high-voltage supply. This leads to possible breakdown of the blocking capacitor in
the scope input circuit. Use of the alternative circuit arrangement (B), which is
ofteq suggested, is also open to several objections which are discussed in the accom-
panying text.
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such a probe is used in the vicinity of stray fields, spurious voltages induced in
the resistor by them cause spurious displays that interfere with the main display;
(3) the d-c probe is uncompensated, and always introduces some degree of dis-
tortion into the desired waveform. Because these actions make it impossible to
obtain accurate display of the peak-to-peak voltages on the screen, they cannot
be measured accurately.

Such a high-voltage d-c probe cannot be used in such tests with a d-c scope,
since the high d-c voltage which is present (with respect to the relatively small
a-c ripple voltage) deflects the scope beam off screen whenever the vertical gain
control is advanced sufficiently to obtain a sizeable pattern.

A resistive type high-voltage probe designed for use with a vtvm should,
therefore, be used only with a vtvm. When high a-c voltages are to be investi-
gated with a scope, the technician should employ a suitable high-voltage capaci-
tance-divider a-c type probe (see Chapter 2). Such probes largely avoid waveform
distortion and stray-field pickup, and have a known attenuation factor.



Chapter 2

CAPACITANCE-DIVIDER HIGH-VOLTAGE A-C PROBES

2-1. Need for an A-C Voltage Divider in the Use of Scopes
for High-Voltage Circuit Testing

Troubles in the various high-voltage circuits of tv receivers can usually be
located very quickly by means of suitable signal-tracing techniques employing
the proper instruments. D-c voltage measurements in the high-voltage circuits
present no particular problem, for they can be made with a vom or a vtvm in
combination with a suitable resistive high-voltage multiplier probe, as explained
in Chapter 1. However, it is frequently necessary to employ an oscilloscope to
measure the peak-to-peak values, or to observe the waveforms, of the high-
voltage pulses present at several points in these circuits—especially in the 15,750
cps horizontal sweep circuits. Whenever oscilloscopes are employed in high-
voltage circuits, it should be remembered that they are rated by their manufac-
turers as to the maximum allowable voltage which may safely be applied to their
input terminals, and the majority of these ratings for service-type scopes are of
the order of only 600 volts.

Excessive input voltage applied to a scope can do harm in several ways. It
may actually puncture the blocking capacitor, and char or burn out attenuator
resistors. It may arc through terminal-insulating washers and carbonize terminal
strips. Or, it may overload the scope amplifier and distort the displayed wave-
form without doing actual physical damage to the scope. In fact, although rated
at around 600 volts maximum input, many service-type scopes become over-
loaded and begin to distort the reproduced waveform when much lower voltages
are applied to the vertical input terminals.

It is evident that some of the a-c voltages encountered in a tv receiver chassis
are sufficiently high to damage the scope input circuit if applied directly to the
vertical input terminals of the scope for either voltage measurement or wave-
form observation. The sweep voltage at the plate of the horizontal-output tube,
which may be as high as 6,000 volts peak-to-peak, which is the key voltage to be
checked in most horizontal sweep circuit troubleshooting, is a case 1n point. The
voltages at the plate of the damper tube, at the plate of the high-voltage rectifier
tube, and in the high-voltage filter circuits, are similar examples (see Fig. 2-1).

To protect a scope against damage when such high a-c voltages must be
checked, it is necessary to employ a suitable voltage divider which will make it

15
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possible to apply only a fraction of the actual test circuit voltage to the oscillo-
scope input terminals and still preserve the waveshape that is to be observed.
Furthermore, if actual measurement of the voltage is required, the voltage di-
vider must attenuate the test circuit voltage by a definite known factor so that
the peak-to-peak (or other) value can be read from the calibrated scope screen.

One possible method of protecting a scope against damage when such high
a-c voltages must be checked was discussed earlier, in Sec. 1-9. It utilizes a con-
ventional resistive type high-voltage (d-c) probe, that is connected in series with
the vertical-amplifier d-c input of the oscilloscope (in oscilloscopes which pro-
vide such a connection). The multiplier resistor in the probe and the internal
resistance of the scope functions as a voltage-dividing network. This combina-
tion can be designed to provide a voltage-reduction ratio of 1,000 to 1 if desired,
depending upon the internal resistance of the scope and the multiplier resis-
tance used. With this stepdown ratio, a 20,000-volt signal input for example, will
provide a 20-volt signal to the scope input. If the scope being used has provision
for a-c input only, a d-c path may be provided by shunting a 1-megohm resistor
across the input terminals as shown in Fig. 1-8B.

The a-c voltage division obtained with this arrangement is not as accurate
as the d-c voltage division because the capacitance between the probe body and
ground varies with every change of position in which the probe is held. Because
the capacitance shunts the multiplier resistance, the divider ratio for a-c is vari-
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able. Unfortunately, these variations are particularly noticeable at the 15,750-
cycie horizontal-deflection frequency range in which most of the measurements
and tests where this arrangement might be used are made. Consequently, this
arrangement is unsatisfactory for tests where it is necessary to measure the ampli-
tude of the voltage waveform.

Another objectionable condition is that crosstalk fields in and around the
high-voltage section of a tv receiver enter the unshielded portion of the probe
and produce undesired currents in the internal series resistor. These currents com-
bine with the desired currents, thereby causing distortion of the observed wave-
form. Consequently this arrangement is not satisfactory for tests in which it is
necessary to carefully check the waveform of the voltage under observation. This
arrangement is generally satisfactory only for those high-voltage signal-tracing
applications where the only scope indication required is one that shows either
the presence or the absence, and the general shape of, the a-c voltage wave.

A resistive type voltage-divider is satisfactory for use in d-c and low-fre-
quency a-c circuits. For higher frequencies, such as the horizontal deflection fre-
quency in a tv receiver, a capacitive form of voltage divider provides much more
satisfactory operating characteristics.

2-2, The Capacitive Type of Voltage Divider

In the capacitive type of voltage divider, the high voltage is applied to two
capacitors connected in series, as illustrated in Fig. 2-2A. A division of the ap-
plied voltage takes place, with a portion appearing across each capacitor. Con-
sequently, this arrangement may be used as a voltage divider between high-
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Fig. 2-2. (A) Basic circuit arrangement of a capacitive-type voltage divider. (B) A
practical capacitance-divider type high-voltage probe for attenuating high test vol-
tages to the lower values that lie within the safe input voltage rating of the scope.
Trimmer capacitor C2 is adjusted to provide the correct desired voltage-stepdown
ratio when the probe and its cable are connected to the input circuit of a given
scope.
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voltage test circuits and the scope input terminals to reduce the test signal vol-
tages to suitable lower values that can be safely handled by the input circuit of
the scope. This enables a scope to be used for a-c high-voltage testing which
would otherwise damage the input circuit of the instrument. The voltage divider
is usually made up in convenient probe form, with a shielded cable for connec-
tion to the scope input terminals.

The voltages which appear across the individual capacitors are in inverse
ratio to the capacitances (and their reactances). Thus, the following relationship
exists in the circuit of Fig. 2-2:

Er C2

E2 - :71
also, £1 = E3 — E2. Substituting the value for Es in the foregoing equation
gives,

E3 — E2 Ca, E;z C2
—————— = —— from which —— -] = —
Ez Cr E2 Cr
Since E3 is the required voltage-stepdown ratio, 7,
E2
we have Ca,
t—1=——o0rCz2=Cr (r—r)
Cr

This last equation enables the value of Cz to be easily calculated when the
voltage-stepdown ratio and the Cr value that will be used have been decided
upon.

For large voltage stepdown, capacitance Cr is much less than capacitance
C2. Any proportion of voltage division may be affected by proper choice of the
two capacitances to provide the desired voltage ratio in accordance with the
above equations.
2-3. Practical Capacitance-Divider High-Voltage Probe Design

The essential elements of a practical high-voltage capacitance-divider probe
are illustrated in Fig. 2-2B. The input impedance (which varies with the fre-
quency) is made as high as possible to minimize loading of the high-voltage re-
ceiver circuits under test, so that the measured peak-to-peak voltage values will
be correct. Since the probe is to be used exclusively for high-voltage circuit test-
ing, high-voltage insulation must be provided in its construction. Commercial
probes are shielded to minimize hand-capacitance effects and stray-field pickup
that would alter the scope trace.

In order to safely withstand the highest voltages encountered in tv receiver
test work, the first capacitor, Cz, employed in the network usually consists of a
high-voltage rectifier tube, such as a 1 x 2, 1 x 2—A, or a 1B3, connected not as
a rectifier but as an inexpensive small high-voltage capacitor. The plate-to-fila-
ment capacitance of these tubes ranges between approximately 0.9 to 1.5 uuf,
and their breakdown voltage is upwards of 15,000 volts. The tube should not be
gassy, or it will not withstand the high potentials encountered.

Capacitor Cz, which is mounted within the probe head, is of the variable
trimmer type so that the ratio C2/Cr can be adjusted to the correct value to pro-
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duce the desired voltage-attenuation ratio (usually 100-to-1) at any time. In a
100-to-1 ratio probe, the trimmer capacitor need withstand only about 1/100
of the voltage applied to the probe tip. Since the highest voltage encountered in
the applications where such probes are used in tv receiver work is less than
20,000 volts, the trimmer capacitor need not have a voltage rating higher than
about 200 volts.

In Fig. 2-2B, C3 represents the combined capacitance of the shielded cable
plus the input capacitance of the scope. Since C3 parallels C2, the voltage-
division ratio and probe calibration will be affected by any change in either the
cable capacitance or the scope input-circuit capacitance. Consequently, since the
probe trimmer C2 is adjusted to provide the correct voltage-stepdown ratio with
a given shielded cable and scope capacitance, the calibrating capacitor C2 must
be readjusted whenever the probe is used with a different cable or scope.

Service technicians who do not need to use a capacitance-divider type high-
voltage probe sufficiently often to warrant the expense of purchasing the ready-
made variety may construct the simple home-made 100-to-1 probe, illustrated in
Fig. 2-3. This consists of two lengths of RG-59/U coaxial cable. All of the outer
braid is removed from the shorter length of coax, and approximately 314 inches
of outer braid is removed from the longer length. The two pieces of coax are
placed so that they overlap 3 inches, and are taped together. Plastic electrical
tape should be used for this purpose. A 100-puf, 500-volt capacitor is connected
between the inner and outer conductors of the long piece of coax. If a variable
trimmer type capacitor is used, it may be adjusted to obtain a stepdown ratio
of exactly 100-to-1, so that the calibration factor of the scope will be changed
by a decimal value (add two zeros) when the probe is employed. Also, the step-
down ratio may be “touched up” whenever it becomes necessary.

2-4. Choice of the Voltage-Stepdown Ratio, and
Maximum Voltage Rating
Since it is preferable for convenience in estimating the signal voltage from
the height of the trace produced on the scope screen, the voltage-divider probe
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Fig. 2-3. Simple shop-constructed capacitance-divider type high-voltage probe made

of coaxial cable. The voltage stepdown ratio is approximately 100-to-1. Courtesy:
DuMont Service News
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is usually designed to provide decimal attenuation; i.e., the stepdown ratio is
usually made either 10-to-1, or 100-to-1, the latter being the most commonly used
since the greater attenuation is more often required when high-voltage circuits
are to be tested. If a 1,000-volt wave is applied to the input terminals of a
100-to-1 voltage divider, only 10 volts will be applied to the input terminals of
the scope. If the scope screen has been calibrated for peak-to-peak sensitivity of 1
volt per square, the 1,000-volt wave will produce 10 squares of deflection on the
screen. By using such a decimal voltage-divider, it is not necessary for the opera-
tor to recalibrate the scope every time the attenuator is employed with it. He
merely adds one zero or two zeros, as the case may be, to the original scope
calibrating factor.

When circuits in which high voltages of lower levels exist are being checked
(as {for example when checking the waveform across the horizontal-deflection
coils of a tv receiver), it is often more desirable to use a divider probe having a
ratio of only 10-to-1 so that sufficient voltage is applied to the scope input termi-
nals to produce adequate deflection for accurate waveform study or peak-to-peak
voltage measurement, without overloading the scope amplifier.

The design of the probe must be such that it is able to safely withstand the
maximum circuit voltage to which it will be subjected at any time. A rating of
at least 30kv is required for picture-tube second anode voltage checks in mono-
chrome and color tv receivers.

2-5. Adjusting the Trimmer Capacitor for
Correct Voltage-Stepdown Ratio

If the high-voltage capacitance-divider probe is used when the peak-to-peak
voltage values of waveforms are to be measured by the scope, the probe should
be adjusted accurately for 100-to-1 (or 10-to-1) stepdown voltage. A simple
method of doing this, for a scope that contains a 100-to-1 input attenuator is
given below.

Most tv service scopes are provided with a decimal step attenuator. To check
the calibration of a 100-to-1 probe, first apply the scope input terminals alone
across a low-impedance circuit, such as the cathode circuit of a tv receiver
damper tube, using direct leads to the scope. Set the scope step attenuator to the
lowest-sensitivity (Xr) position, and adjust the vernier attenuator for any con-
venient number of squares of deflection on the screen. Then connect the probe
between this same signal point and the scope input and advance the step attenu-
ator to the Xroo position (100 times as sensitive). If the attenuation factor of
the probe is correct, the waveform will then occupy the same number of squares
on the scope screen as before. If it does not occupy the same number of squares,
the probe trimmer may be suitably adjusted by means of an insulated screw-
driver until it does. It is then in correct adjustment to produce 100-to-1 voltage
attenuation when it is used with that paricular shielded cable and that particular
scope input circuit.

Some service scopes are in use which do not have a compensated input sys-
tem. It should be observed that the input capacitance of such a scope will vary
as the scope attenuator is varied, and hence the calibration. factor of the probe
will also be changed somewhat. Further, it is very likely that waveform distor-
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tion will be encountered at the lower settings of such an attenuator, due to fre-

quency discrimination and phase shift in the attenuator itself.

2-6. Test Circuit Loading Effects of Capacitance-Divider Type
High-Voltage Probes

Because the input capacitance of a 100-to-1 high-voltage capacitance-divider
probe is usually less than 2 puf, as compared with an input capacitance of ap-
proximately 8 upf for a typical to-to-1 high-voltage capacitance-divider probe,
the 100-to-1 probe has a much higher input impedance than the latter, hence
imposes much less loading on the circuit to which it is applied.

The reduced likelihood of circuit loading imposed by a high-valtage 100-to-1
capacitance-divider probe is an advantage in many tests. However, this probe
cannot be used in low-level circuits because it may be impossible to obtain usable
vertical deflection on the scope when the voltage is attenuated to only 1/100 of
its original value by the probe.

Most typical service scopes have a vertical-deflection sensitivity of approxi-
mately 0.02 volt rms per inch at full gain, corresponding to a sensitivity of 0.057
volt peak-to-peak per inch. Under these conditions, the 100-to-1 probe will pro-
vide 1 inch of deflection for an input signal of 5.7 volts peak-to-peak. If the
signal voltage is less than this, the 10-to-1 probe will probably have to be used in
order to obtain usable deflection on the scope.

The input impedance of the capacitance-divider type of high-voltage probe
is relatively high, but becomes less as the frequency increases. The variation of
the input impedance of the type of probe shown in Fig. 2-2B in the horizontal
sweep frequency range is shown in Fig. 2-4. The value of the input impedance
is determined by the plate-filament capacitance of the tube used in the voltage
divider.

At lower frequencies, such as 60 cps, the input impedance of the probe
becomes extremely high. However, the probe cannot be used in circuits of such
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Fig. 2-5. Close-up of a 100-
to-1 capacitance-divider type
high-voltage probe being ap-
plied to the plate terminal of
the horizontal-output tube of
a tv receiver in order to check
the 6,000-volt peak-to-peak
voltage and examine its wave-
form at that point, without
impairing the waveshape or
incurring danger to the input
circuit of the scope. This par-
ticular probe is useful to
10,000 p-p volts. Observe the
grounding lead from the probe
shield clipped to the receiver
chassis. Courtesy: Scala Radio
Co.

low frequency such as a vertical sweep circuit, because it is uncompensated.
Therefore the very small series capacitance of the tube used in it, in conjunction
with the input resistance of the scope, distorts the waveform of the voltage under
test. Spikes (high-frequency components) in the waveform are passed satisfac-
torily, but the low-frequency sawtooth component is distorted.

2-7. Capacitance-Divider Type High-Voltage Probe Applications
and Practical Operating Hints

(1) Troubleshooting Horizontal-Sweep Circuits. The capacitance-divider
type high-voltage probe is an uncompensated type of probe, and although it does
have some other uses, it is intended primarily for use in troubleshooting the hori-
zontal sweep circuits of tv receivers, where the frequency is 15,750 cps, and the
capacitive component of the scope input impedance dominates the attenuation
factor of the arrangement. It can be applied, for example, at the plate of the
horizontal-output tube, as shown in Fig. 2-1 and Fig. 2-5, or at the plate of the
damper tube, to examine the operating waveforms and to measure their peak-
to-peak voltages, without impairing the waveshape or incurring danger of dam-
age to the scope. The shape of the wave helps the technician identify certain
defects in the flyback transformer, and the p-p voltage shows the condition of
the drive circuit.

When used in such applications, the scope should first be calibrated for a
known sensitivity in peak-to-peak volts of deflection per square on the ruled
graph screen. The probe is then connected to the scope, and the calibration
factor is multiplied by 100. For example, if the scope has been calibrated for a
sensitivity of 10 peak-to-peak volts per square, the 100-to-1 high-voltage probe
converts this calibrating factor to 1,000 peak-to-peak volts per square, and a
6,000 peak-to-peak volt waveform will occupy six squares on the scope screen.
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The operator should note that the peak-to-peak voltages of such waveforms
are usually specified in the service notes for the tv receiver with a tolerance of
about 20 percent, which means that the receiver operation is to be judged faulty
if a wave that is normally 6,000 p-p volts should measure more than 7,200 p-p
volts, or less than 4,800 p-p volts. It must also be observed in this regard that
variations in power-line voltage are reflected through the receiver circuits as
variations in measured peak-to-peak voltage values. Receiver manufacturers spe-
cify waveform voltages upon the basis of a design-center a-c line voltage of 117
rms volts.

(2) Troubleshooting 60-Cycle Vertical-Sweep Circuits. Capacitance-divider
type high-voltage probes should not be used in the 60-cycle vertical-sweep cir-
cuits of a tv receiver, because at 60 cycles the capacitance of the probe is work-
ing into an effectively constant resistance. The reactance of the probe input
capacitance is not constant, but decreases with increase of frequency (see Fig.
2-4). In consequence, each harmonic component of the waveform undergoes a
different attenuation, so waveform distortion results due to the resulting fre-
quency discrimination and phase shift. Because of such distortion, use of this
probe in circuits of such low frequency must be restricted to those applications
where the technician needs to determine the presence or absence of a waveform
without concern about its shape (see also No. 4 below).

(3) Checking for Ripple Voltage in the High-Voltage Supply. The alert
technician may be interested in additional applications of the capacitance-divider
high-voltage probe, such as the one illustrated in Fig. 2-6. This test displays the
ripple voltage on the output of the high-voltage supply, as shown in Fig. 2.7.
When the ripple is excessive, the beam current in the picture tube is modulated
by the ripple, and alternate light and dark gray vertical bars appear on the left-
hand side of the raster. The scope is swept at 15,750 cycles per second (or a
submultiple) to display the ripple voltage. A probe having a voltage rating of
at least 20,000 volts is required for making this test in black-and-white receivers
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Fig. 2-7. Typical ripple vol-
tage on the output voltage of
the high-voltage supply at the
second-anode of the picture
tube.

(see Table 1-1 in Chapter 1). The color tube in color tv receivers is operated at
higher voltages, and a probe with a voltage rating of at least 30,000 volts may
be required for such receivers.

Occasionally the technician makes the error of attempting to use a resistive-
type high-voltage probe with a scope to observe the ripple on the high-voltage
supply. This leads to trouble, because after a short time the blocking capacitor
in the scope input circuit charges up to puncture voltage, and ruptures. Only a
capacitance-divider type high-voltage probe should be used for such tests.

(4) Checking for 60-Cycle Buzz Pulse. When the scope is swept at 60 cps,
the same test may be used to check for the presence of 60-cycle buzz pulse in the
output from the high-voltage power supply. The buzz pulse is developed by
modulation of the beam current in the picture tube by the vertical sync pulse
at the grid of the picture tube. The appearance of such a buzz pulse is shown
in Fig. 2-8.

In case the d-c voltage at the second anode of the picture tube exceeds the
voltage rating of the probe, a series blocking capacitor C should be used, as
shown in Fig. 2:9. In this case, the attenuation factor of the probe is altered. It
must be remembered that the operating characteristics of a high-voltage capaci-
tance-divider probe are such that ripple voltage is displayed on the scope with
its actual waveshape, whereas a buzz pulse of lower frequency is displayed dis-
torted to a greater or lesser extent. However, the distortion encountered when
displaying such 60-cycle waveforms is of little concern to the technician, because
he is usually intcrested only in determining whether or not the buzz pulse is
present.

In case it should be desired to obtain the true shape of such 60-cycle pulses,
it becomes necessary to use a high-voltage type of compensated R-C low-capaci-
tance probe. Such probes are somewhat bulky and their applications are some-
what limited; hence they are not often used in service work.

Fig. 2-8. 60-cycle buzz pulse
at the second anode of the
picture tube, displayed by a
capacitance-divider high-vol-
tage probe and scope (sine-
wave sweep). The low-fre-
quency characteristics of the
probe are such as to distort
the pulse waveshape, but since
the technician needs chiefly
to determine only the presence
or absence of the pulse, the
distortion is not important in
this application.
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Fig. 2-9. When testing at the second anode of the picture tube for ripple, or for
tunable buzz pulses, it is good practice to place a d-c blocking capacitor, C, in
series with the voltage-divider probe, as shown here, for protection in the event that
the d-c voltage at this point exceeds the voltage rating of the probe.

Another method which is used to obtain good waveform with 60-cycle pulses
is to increase the capacitance of both of the capacitors in the probe, in order to
minimize the effect of the input resistance of the scope. However, the increased
input capacitance causes such a probe to load the circuit under test more heav-
ily, and the probe is accordingly less useful for tests in other circuits where the
operating frequency may be higher.

(5) Video Amplifier Tests. When tracing low-frequency square waves
through a video amplifier, a capacitance-divider type probe should not be used
because excessive wave distortion will result. The only satisfactory method of
investigating the operation of a video amplifier at low frequencies is by means of
a properly compensated R-C low-capacitance probe. Of course, the scope used
must have adequate low-frequency response for this use.



Chapter 3

TEST-CABLE SHIELDING AND TEST-CIRCUIT LOADING FUNDAMENTALS

3-1. Probe and/or Test Leads Become Part of the Test Circuit

The internal input circuit of commonly used test instruments, such as
vom’s, vtvm'’s, and scopes, are customarily brought out to two or more externally
mounted terminals located in a convenient position on the case. Conscquently,
in order to apply the instrument to selected points in a circuit under test, it is
necessary to extend the instrument circuit from these input terminals to the cir-
cuit under test by means of a pair of suitable test leads, or by a cable. Various
ways of doing this are illustrated in Fig. 3-1. If the particular test conditions
make it necessary to use a probe of some kind with the instrument, the probe is
attached to the test end of the cable so that its tip may be applied directly to
the point of test.

Thus, the function of the pair of test leads (or the test cable) is basically to
serve as the electrical link between the test instrument and the circuit under
test. In doing so, it becomes an integral part of the instrument input-circuit
system. 1f a probe is employed, its electrical components and internal wiring
also become part of this circuit. This is a vital point to be recognized and kept
constantly in mind because, as will presently be explained, the high-frequency
operating characteristics of the test leads or cable may introduce undesirable
effects on the operation of the circuit under test; or the cable and/or probe may
allow spurious voltages to be induced in them by extraneous fields, and these
spurious voltages enter the input circuit to the instrument. ‘The instrument indi-
cation may be adversely dffected in either case, so a true indication of the con-
ditions existing at the test points will not be obtained, and misleading conclu-
sions will result.

3-2. Inherent Series Inductance, Shunt Capacitance, and
Resonance Effects in Test Leads

Two arrangements of an open-wire line used for the test leads of an instru-
ment are illustrated in Fig. 3-1. Two independent separated wires are shown in
Fig. 3-1B; a 2-wire parallel-cord arrangement is illustrated in Fig. 3-1C. There
is more than meets the eye here because, from an electrical viewpoint, an open-

26
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Fig. 3-1. (A) The input circuit of any test instrument must be extended from the
instrument input terminals to the test points in the circuit under test. Direct test
leads, or a probe and cable, may be employed to accomplish this. (B) Direct test
leads employing an open-wire line consisting of two independent separated wires.
(C) Direct test leads employing open-wire line consisting of a 2-wire parallel-cord
arrangement. (D) If a probe of some kind must be used with the instrument, it is
inserted in this extension circuit (usually at the test-point end). In either case, the
probe and/or test leads, or cable, become an integral part of the test instrument
input system.

wire transmission line is far more than just two wires. The current that flows
through each wire produces a magnetic field around it, and simultaneously, the
potential difference existing between the wires establishes an electrostatic field at
right angles to this. These fields are illustrated in Fig. 3-2A. As a result, each ele-
mental (or small) length of wire in the line has inductance, L, as shown in
Fig. 3-2B; each elemental (or small) length of line has capacitance, C, between
the two wires, and also between each wire and any nearby conductor such as a
metal chassis, etc. Also, each elemental length has series resistance, R, and shunt
leakage, G, (which can be kept comparatively small in practice, even at high
frequencies, by the proper use of modern low-loss insulating materials such as
polyethylene). In the separate-wire arrangement in Fig. 3-1B, the distributed
capacitance between the wires themselves, and between the wires and other
nearby conductors, varies with each shift in position of leads with respect to each
other or to the other objects, since this changes the distance between them.

For convenience, these distributed constants may be considered as being
lumped at one point along the line as shown in Fig. 3-2C. To them are added
the effective Lz, Rr and Cr of the input circuit of the instrument itself. The
sum total of these are presented to the circuit under test. The total L of this
input circuit becomes very important at high frequencies where even a short
length of lead, having small inductance, develops appreciable inductive reac-
tance that decreases the signal energy transfer through it. The total distributed
or “stray” circuit capacitance (which includes that caused by the proximity of
the wires to a metal chassis, to the human body, etc.) also becomes very impor-
tant, since it results in considerable shunting at the higher frequencies because
the reactance of this capacitance decreases as the frequency increases. Also, because
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Fig. 3-2. (A) View of the instantaneous magnetic and electrostatic fields about each
wire at one point along an open-wire transmission line. (B) As a result of the exis-
tence of these fields each elemental length of the line contains series inductance and
resistance, and shunt capacitance and leakage. The distributed constants in an open-
wire line are shown here, (C) Equivalent circuit, assuming lumped constants.
of this inductance and capacitance, the input circuit can operate in many cir-
cumstances as a resonant stub or circuit.
These circumstances can often lead to serious consequences when a vtvm or
a scope is applied to certain types of circuits under test. An example of this is
illustrated in Fig. 3-3 in which a meter is being employed with open-wire test
leads to check the plate voltage in a tv i-f amplifier stage. Under these condi-
tions, the test leads act as an open stub whose detuning influence may cause the
stage to break into violent oscillation. This causes the value of the plate voltage
to change, resulting in a misleading meter indication and consequent incorrect
conclusions regarding the condition of the stage.
3-3. Action of Stray Fields Upon Probes and Open-Wire Test Leads
The use of unshielded open-wire test leads and probes may be responsible
for other obscure effects which introduce inaccuracies in measurements made in
high-frequency circuits. For example, a test lead, or the internal wiring or com-
ponents of an unshielded probe, may often act as an antenna in picking up
signal energy from one circuit and re-radiating it to another circuit in the device
being tested. In this way, normally shielded and isolated sections of an electronic
device may become cross-coupled to each other by the application of the test
instrument—sometimes to such an extent that regeneration or oscillation occurs.
Another objectionable condition is often encountered when open-wire test
leads are used with a vtvm or an oscilloscope. The open-wire leads have spurious
voltages induced in them by strong stray magnetic and electrostatic fields which
may exist about the equipment under test, or by the power-frequency fields sur-
rounding the wiring system of the test bench and nearby wall. For example,
strong stray fields commonly arise from the horizontal and the vertical deflection
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circuits of tv receivers under test. Stray fields from the vertical sweep system are
especially bothersome since the vertical deflection circuits carry power-line fre-
quency (60 cycle) currents. The 15.75kc fields from horizontal-deflection cir-
cuits are also troublesome. The situation is illustrated in Fig. 8-4. When the cir-
cuit under test has a high impedance, the spurious interference voltages induced
in open-wire test leads used with a scope are likely to result in a corresponding
visible interfering pattern on the scope screen. This seriously interferes with
the pattern it is desired to check, measure, or study.

Some probes used in tv service work are either unshielded, or only partially
shielded, in construction. Such probes often cause incorrect instrument indica-
tions when they are used in the vicinity of flyback circuits, etc., in a tv receiver
chassis, because the strong stray fields present around such circuits induce spu-
rious voltages in the unshielded components and internal wiring of the probe
and these may be sufficiently strong enough to affect the vtvm or scope indica-
tion. A simple method for testing a probe to determine whether its shielding is
adequate to prevent this is illustrated later in Fig. 7-20.

3-4. Minimizing the Effects of Strong Fields by Means of Shielding

Effective reduction or elimination of spurious-voltage induction by strong
fields can be accomplished by employing a suitable shielded construction for
those probes which are susceptible to this trouble, and the use of suitable
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Fig. 3-3. The pair of open-wire test leads work into the high input resistance of the
vtvm. Accordingly, the tv i-f amplifier circuit under test “sees” the open-wire test
lead as a tuned open stub; this stub has 3 resonant frequency which changes with
each shift in the position of the two wires comprising the test leads, or of the
operator. The amplifier plate circuit may become detuned by the stub, and if the
detuning is such as to make the plate circuit resonate in the vicinity of the grid
circuit frequency, and if there is sufficient tuned-plate tuned-grid feedback present,
the stage “takes off” and oscillates violently. As a result of the oscillation, the grid
of the tube draws current, which develops a large negative bias on the grid. The
negative bias on the grid changes the amplifier operation from Class A to Class C,
and changes the average plate current through the tube. This change in average
plate current results in a different value of plate resistance, which in turn causes the
distribution of d-c voltage drops in the circuit to change. Under these conditions,
the. technician measures an incorrect value of the plate voltage, and draws false
conclusions regarding the conditions of the stage.
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shielded cable (such as flexible coaxial cable), for the test leads between the
probe and the instrument, as shown in Fig. 3-1D. The type of coaxial cable com-
monly employed is illustrated in Fig. 3-5A. The inner stranded-wire conductor
is used for the “hot” test prod or probe connection, as shown in Fig. 3-1C. The
surrounding onc or two layers of copper braiding, which is concentric or “co-
axial” with the inner conductor, serves as the other conductor of the line and
also acts as an electrostatic shield to prevent stray outside fields from inducing
spurious voltages in the cable. The instantaneous magnetic and electrostatic
fields that exist at a point along a coaxial cable due to the current flowing
through it are illustrated in Fig. 3-5B. Observe that the coaxial construction con-
fines them entirely within the cable, so there is no external radiation of any of
the radio-frequency energy from within the cable.

The wire, W, which serves to connect the outer conductor to the circuit
under test should be short. Its contact with the circuit under test should be made
as close as possible to the point where the test prod or test probe makes contact
with that circuit, because this wire, as well as the corresponding one at the in-
strument-end of the test cable, is unshielded and so could act as a radiator or
could have spurious voltages induced in it by stray fields. If the test cable is
viewed as an extension of the measuring-instrument circuit, the logic of effec-
tively shielding the test cable right up to the actual points of contact with the
circuit under test, and also up to the instrument input terminals, becomes obvi-
ous. This wire also has inductance and capacitance, which can be minimized by
keeping it as short as possible. In addition, the use of a fitting that maintains the
shielding at the input terminals of the instrument is highly desirable.

3-5. Increased Capacitive Effect in Coaxial Shielded Cable

The use of a shielded input cable represents an important advance over
open test leads, because the stray fields about the test bench and equipment
under test are rejected by the shield construction. However, the use of a coaxial
test cable is not a cure-all for the troubles encountered in sampling the voltage
of a circuit under test for application to the indicating instrument, and it intro-
duces some special problems of its own.

The one important disadvantage to its use is the fact that due to the close
proximity of the two conductors in the cable, to their increased effective surface
area, and to the higher dielectric constant of the insulating material between
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them as compared with that of air, the distributed capacitance of a coaxial cable
is considerably greater than that of a pair of open-wire test leads of the same
length. Consequently, the undesirable effects of distributed capacitance in the
test lead are intensified when shielded cable is used. However, the capacitance of
the shielded cable is fixed and remains unchanged irrespective of the position
or movement of the cable while tests are being made. This is a definite advan-
tage over the variable-capacitance effects encountered during manipulation of
the open-wire test leads shown in Fig. 3-1B, and to some extent for those shown
in part C of the same figure.

The distributed capacitance of a coaxial cable is a function of the material
used for the insulation, and a function of the cable dimensions. (Note: Typical
values are 20 to 30 puf per foot of cable length.) Obviously the only way to re-
duce the capacitance by a change in cable dimensions is to increase the ratio of
the diameter of the outer conductor (shield) to that of the inner conductor. But
beyond a certain point, this results in a cable that is too bulky, weighty, and
inflexible and uses a prohibitive amount of comparatively expensive dielectric
(which also has r-f losses).

3-6. Shielded Test Cable may not always appear Capacitive
to the Circuit under Test
It is sometimes assumed that because a shielded input cable to a test instru-
ment usually appears capacitive to the circuit under test, that such must always
be the case. The shielded input cable will cease to appear capacitive, and will
eventually start to appear inductive as the frequency of the test signal increases.
The point at which it begins to act like a coil instead of a capacitor depends
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Fig. 3-5. (A) Type of r-f flexible coaxial cable widely employed for test leads.
(B) The instantaneous magnetic and electrostatic fields that exist at one point along
a coaxial cable due to the current flowing through it at that instant. (C) Method
of connecting a coaxial cable to serve as the test leads between a test instrument
and a test prod or probe.
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upon the length of the cable with respect to the wavelength of the signal under
test.

The instrument almost always places a load at the output end of the cable
which is higher than the characteristic impedance of the cable (typically 50 to
75 ohms). Under this circumstance, the input terminals of the cable will at first
appear as a capacitor at lower frequencies, becoming inductive at higher frequen-
cies. At lengths which are an odd number of quarter wavelengths at the operat-
ing frequency, the cable becomes series-resonant; at lengths which are an even
number of quarter wavelengths, the cable becomes parallel-resonant. On the
other hand, in cases where the instrument places a load at the output end of the
cable which is lower than the characteristic impedance of the cable, the input
terminals of the cable will at first appear inductive at lower frequencies, becom-
ing capacitive at higher frequencies. At lengths which are an odd number of
quarter wavelengths at the operating frequency, the cable becomes parallel-
resonant; at lengths which are an even number of quarter wavelengths, the cable
becomes series-resonant.

As the frequency of the test signal is progressively raised through multiples
of the resonant frequency of the shielded cable, the input reactance changes
from capacitive to inductive and goes through various resonances. The first reso-
nance occurs when the cable length is one-quarter wavelength at the operating
frequency. For a 4-foot cable, this occurs at about 40 mc, and for a 3-foot cable
at about 55 mc.

3-7. Loading Effects Imposed on the Tested Circuit by Test Cable

Plus Instrument
Circuit loading caused by test instruments is a problem which the electronics

technician must always keep in mind. Several specialized aspects of this subject,
as encountered in the two types of probes discussed in Chapters 1 and 2, are
explained in Sec. 1-8 and Sec. 2-6. Other reference has frequently been made to
“test circuit loading” and its effects on the p-p value and the waveform of the
voltage under test. Additional important aspects of this subject must now be
considered.

Circuit loading may be classified as resistive loading or capacitive loading.
Resonance effects, produced by the application of the testing circuit, may also be
considered in conjunction with circuit loading.

(1) Resistive Loading Effect. Because the input circuit of a vom, a vtvm,
or a scope (d-c input) has a definite resistance value, its connection to a circuit
under test places a resistive load on that circuit. However, the actual degree of
the effect of this load upon the circuit operation may vary from negligible resis-
tive shunting to a detrimental reduction of the voltage under test. The latter
is more frequently the case if the circuit under test is a low-voltage high-
impedance circuit (such as a grid-bias or avc circuit, etc.). Resistive loading can
be minimized by the use of modern high-resistance type measuring instruments,
and in some applications, by the method explained in Sec. 1-8.

(2) Capacitive Loading Effect. Where high-frequency circuits are con-
cerned, the effects of the application of the over-all input capacitance of the
vtvm or scope across the circuit under test is usually of far greater importance
as regards possible disturbance of the circuit operation than is the resistive
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loading imposed. For a setup consisting of the measuring instrument, the test
cable, and test prods or a direct-type probe, the total or over-all input capaci-
tance is equal to the sum of the paralleled capacitances of these individual
devices. For example, if the capacitance of a direct-type probe together with its
associated coaxial cable is 60 guf, and the input capacitance (vertical input
circuit) of a scope with which it is to be used is 80 paf, the over-all input capaci-
tance being applied to the circuit under test is 90 puf.

Unfortunately, the capacitive loading which a test instrument (including
its cable) imposes on a circuit under test is not always considered from the
proper, correct or complete viewpoint. The value of the shunting capacitance,
C, itself does not determine completely the degree of the loading; consequently,
it is not sufficient to merely specily the over-all input capacitance which the
measuring circuit applies to the circuit under test. This capacitance value means
nothing unless it is considered with respect to the internal impedance of the
circuit under test, as shown in Fig. 3-6. Any tube, transformer, or coupling capa-
citor, can be properly represented as a source of voltage, E, in series with an
impedance, Z, which has a value equal to the internal impedance of the circuit
under test. It is the value of the reactance of C as compared with the value of Z
which determines whether or not the loading is appreciable. If Z is small, com-
pared with the reactance of C, C does not load the circuit appreciably; if Z is
large compared with it, C may appreciably alter the operation of the circuit and
the voitage and waveform appearing at the test points. In some cases, it may
kill the circuit action entirely.

The question to be asked, then, is this: Is the reactance of the over-all capa-
citance, C of the measuring circuit large, or is it small, with respect to the inter-
nal impedance of the circuit under test? And it must be remembered that the
reactance of C is not a constant quantity, but decreases as the circuit frequency
increases.

The consideration is often expressed in another manner: A given value of
shunting capacitance loads a high-impedance circuit more heavily than it loads a
low-impedance circuit. For example, the primary of a horizontal-deflection trans-
former is a fairly low-impedance circuit, but the primary of a ratio-detector
transformer is a high-impedance circuit. Thus, although we can satisfactorily use
a direct simple coaxial input cable when measuring the peak-to-peak a-c voltages
of a horizontal-output transformer, we shall be disappointed if we try to use the
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Fig. 3-7. (A) The shielded coaxial cable works into the high input resistance of
the vtvm or scope. For all practical purposes, the coaxial cable can be properly
regarded as an open stub. Therefore, the cable has a resonant frequency, at which
its input terminals “look like” a low resistance (usually 75 ohms). At frequencies
below resonance, the cable “looks like” a combination of capacitance and resis-
tance. (B) At low frequencies, the cable “looks like” a capacitor C. The value of
C is considerably greater than for a pair of open test leads of the same length,
and this is the price that is paid for immunity to stray fields. Naturally, this capaci-
tance can cause the same types of detuning effects in resonant circuits or in low-
capacitance circuits to which the cable may be connected, as has already been
noted for open-wire test leads (see Sec. 3-2 and Fig. 3-3). The application of this
overall capacitance to the test circuit is not harmful in some tests, but in others
it may alter the operation of the test circuit sufficiently so that the voltage wave
indicate is not the true one as regards either peak value or waveform.

cable alone when measuring the peak-to-peak a-c voltages of a ratio-detector
transformer because it will severely load the latter and cause the waveform and
p-p value of the voltage to change.

Because the shunting effect of the over-all input capacitance increases with
an increase in frequency, appreciable attenuation of the higher frequency com-
ponénts in the test voltage may result, thereby altering its waveform if it happens
to be a complex wave or pulse that has considerable high-frequency content.

(3) Resonance Effects. Another important effect which the over-all input
capacitance of the vtvm or scope may have on the circuit under test is illustrated
in Fig. 8-7. As mentioned previously, the input cables used with test instruments
become scries-resonant at some frequencies, and anti-resonant (parallel-resonant)
at others. This causes abnormal increase or decrease of output voltage to the
instrument to occur if an input voltage having an r-f component of these fre-
quencies is fed to the cable. In severe cases, the series-resonance action may in-
crease the output to several times the voltage of the input, while at others, the
anti-resonance action may reduce the output to practically zero. Such crratic
frequency response characteristics can be very troublesome when measurements
are being made, if the cable resonances occur at the frequencies of the input test
voltage to the cable. Consequently, as we shall learn presently, steps are usually
taken to filter out all r-f variations in the output voltage of rectifying and de-
modulator probes so that resonance effects in the cables used with them are
minimized.

The Ferranti cffect causes a probe used with an input cable to a test instru-
ment to appear to have increased sensitivity at some frequencies and decreased
sensitivity at other frequencies as a result of standing waves which occur on the
cable. Standing waves always occur on improperly terminated cables or lines
when the operating frequency corresponds to a wavelength for which the cable
may be regarded as “long.” A cable is electrically long when its input impedance
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differs appreciably from its characteristic impedance. This situation produces
some harmful effects when the cable happens to be an odd or even multiple of
one-quarter of the operating wavelength (quarter-wave stub). An eighth-wave
stub may also be troublesome, although it is less pronounced in its effects than
a quarter-wave section.

3-8. Why Loading Effects of the Measuring Circuit
Must Often be Minimized

It is obvious that the actual degree of the effect of the over-all input capaci-
tance of the vtvm or scope may vary from negligible shunting in some circuits
under test, to complete upset of the normal operation in others, the latter result-
ing in susceptibility to the very approach of a test prod to the circuit. To
summarize:

(1) Use of unshielded input test leads, under some testing conditions, may
result in appreciable pickup of spurious pulse voltages and hum voltages that
may alter the a-c readings obtained on a vtvm, or obscure and alter the wave-
form display on a scope, thus leading to incorrect and misleading indications.

(2) It is not always satisfactory to use simply a shielded input cable, because
the capacitance of the shielded cable plus the input capacitance of the vtvm or
scope may result in an overall input capacitance sufficiently large to cause exces-
sive loading of the circuit under test, with consequent alteration of the waveform
or the p-p value of the voltage under test. This is especially true in high-fre-
quency, high-impedance circuits.

In some types of a-f measurements, the likelihood of spurious-voltage pickup
is so slight that it may be preferable to use an unshielded lead instead of the
shielded cable usually supplied with the vtvm—especially when the circuits under
test may be adversely affected by the higher capacitance of the shielded cable.
The input impedance is greatly increased by using the unshiclded lead. For
example, the input impedance of the a-c voltage circuit of a particular service-
type vtvm, when using the shielded cable supplied, is equivalent to a 2.7-meg
resistor shunted by a capacitance of 194 gpf. If an unshielded lead is used in-
stead, the input impedance is equivalent to a 2.7-meg resistor shunted by a
capacitance of only 40 uuf. (The shielded lead in this case has a capacitance of
154 ppf.)

(3) Since the maximum working-frequency range of a direct-cable and in-
strument combination varies inversely with the impedance of the test-voltage
source, it is impractical to specify one maximum frequency limit for a particular
instrument- and cable-combination. In general, all low-frequency voltages (in-
cluding those having complex waveforms) developed across either low-impedance
or high-impedance circuits can be displayed or measured with sufficient accuracy
if this type of cable is used. Accurate measurement or waveform display of high-
frequency voltages (or of complex waves or pulses having considerable high-
frequency content) is limited to the lower impedance circuits if only a direct-
type cable is used, because the capacitive loading acts to reduce these voltages.

As a general rule of thumb, the over-all input impedance of the test instru-
ment should be at least 10 times that of the circuit under test if the effects of
resistive and capacitive circuit loading are to be avoided.



36 HOW TO USE TEST PROBES

Capacitive loading of the video, sync, and sweep circuits of tv receivers re-
duces the signal voltage and also distorts the waveform.

(4) Where high-frequency tuned circuits are concerned, the detuning effect
caused by application of the over-all input capacitance of the vtvm or scope, or
by resonance within the instrument input cable, are the most important factors.
The effect of such actions in horizontal, vertical and r-f oscillators is generally
to reduce the operating frequency, output voltage, and normal response of the
circuits. It is possible to use an isolating resistor to kill the resonant-stub action
of the instrument cable.

(5) The stray-field rejection benefits of a shielded input cable used with a
d-c vtvm or a scope may be retained, and at the same time the circuit-loading
effects caused by the appreciable over-all input capacitance which results may be
cffectively reduced whenever it is necessary to do so, by means of a suitable cir-
cuit-isolation probe. Two types of isolation probes are described in Chapters 4
and 5. Another method, which employs a cathode-follower attachment, is also
described later (Sec. 5-11).

3-9. Monitoring-Scope Test for Determining Degree of
Circvit-Loading Caused by Test instrument

The question often arises during peak-to-peak voltage measurement with a
vtvm or a scope, or during waveform analyses with a scope, whether application
of the instrument to the circuit under test is causing appreciable circuit loading
to take place. To quickly and definitely answer this question, the “monitoring-
scope” test can be used. One scope, or vivm, is used to make the desired measure-
ment or check in the circuit. A separate scope is used simultaneously to monitor
the operation of that circuit to determine whether substantial circuit loading is
taking place.

The first instrument is used with a suitable probe, to test the peak-to-peak
voltage, or the operating waveforms, of the circuit at the proper check points.
The monitoring scope is left connected at the output of the circuit under test,
during the probing procedures. Any decrease in the pattern height or shape of
the indication on the monitoring scope when the first instrument is applied at
some point in the circuit, indicates that corresponding circuit loading is tak-
ing place. To cite a practical example, consider a situation in which the sync
circuits of a tv receiver are being checked for trouble. The monitoring scope is
left connected at the output of the sync circuit (input of the phase detector),
while the checking scope is used to check waveforms and peak-to-peak voltages
progressively through the sync circuit. Each time the checking scope is applied,
the pattern on the monitoring scope is observed to make certain that the output
voltage has the same value and shape as before the probe was applied. In case
substantial loading is revealed, a suitable low-capacitance probe (see Chapter 5)
must be used with the checking scope.



Chapter 4

RESISTIVE CIRCUIT-ISOLATION PROBE (THE “D-C PROBE")

4-1. Functions and Action of Isolation Resistor in VIVM D-C Probe

The simplest and perhaps most widely used d-c circuit-isolation arrangement
is that provided by the 1-megohm resistor which is included in the d-c probe of
practically all service-type vtvm’s, as illustrated in Fig. 4-1, for use on the d-c
voltage ranges. This.isolating resistor has two important functions: (1) it greatly
reduces the effective over-all input capacitance presented to the circuit under test
by the d-c probe; (2) it comprises part of a resistance-capacitance input filter
circuit which filters out any strong high-frequency a-c components that may be
present in the d-c voltage that is to be measured, thus preventing them from
reaching the metering circuit, so that d-c voltages can be measured in the pres-
ence of high-frequency a-c.

(1) Action as a Circuit-Isolation Resistor. The input voltage-divider resis-
tance network, shielded input cable, and test prod of a vtvm have a combined
over-all capacitance which may total approximately 60 to 120 puf or more. If so
isolation resistor were used, this capacitance would be applied directly across the
circuit whose d-c voltage was being checked, as shown in Fig. 4-2A. Such a large
value of shunting capacitance will cause severe capacitive loading and distur-
bance of the normal circuit operation of many of the rf circuits whose d-c vol-
tages need to be checked with the vtvm, resulting in erroneous and misleading
d-c voltage readings. An example is provided by an attempt to measure the
signal-developed d-c bias voltage at the control-grid of a high-frequency oscil-
lator. It is not practical to dispense with the shielded cable in an effort to reduce
the capacitance, since excessive spurious voltages would often be induced in an
unshielded cable by the strong stray fields existing around the equipment under
test. The problem is solved by inserting a suitable isolating resistor R (sce Fig.
4-2B), having a value of approximately 1 megohm, in series with the input cir-
cuit, between the shielded cable and the test poiat in the receiver. The most sat-
isfactory arrangement is to mount it within the d-c probe head, as shown in
Fig. 4-1.

As indicated in Fig. 4-2B, the effect of introducing the large-valuc isolation
resistance at this particular point in the circuit is to place it in series with the
reactance of the over-all input capacitance . When a resistor is connected in
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Fig. 4-1. Exploded view of typical vtvm d-c probe containing a 1-megonm series-
connected isolating resistor. The particular probe illustrated here is designed to be
slipped on to a standard direct-probe and cable whenever d-c voltages are to be
measured. Courtesy: RCA

series with a capacitor, the series combination has an impedance larger than the
reactance of the capacitor alone, for any given frequency. Therefore, the addi-
tion of this isolation resistor greatly increases the impedance of the input circuit
as seen from the probe tip. This is equivalent to saying that the input capaci-
tance has been reduced in effect, to a value Cr, whose reactance is equivalent to
this impedance at the particular frequency being considered. Reduction of the
effective input capacitance at the probe tip to a value of only 1 or 2 uuf is com-
mon, as shown in Fig. 4-2C. Of course, the probe assembly has a certain amount
of stray capacitance from its input to its output circuit, and from its input to
ground, which is included in this effective input capacitance. Obviously, these
two stray capacitances should be kept as small as possible by proper physical de-
sign of the probe.

Another viewpoint regarding the effect of the isolating resistor is that its
resistance value is sufficiently high (usually about 1 megohm) to provide protec-
tion against the shunting effect of the low impedance presented by the cable at
high frequencies. The isolating resistor stands between the high-frequency vol-
tages in the circuit under test, and the low impedance presented by the input end
of the cable, which may drop to as low as 75 ohms at high tv [requencics.

Its practical effect is to provide negligible capacitive circuit-loading and
resonance effects for most vtvm d-c voltage measurements made in radio-fre-
quency circuits, so that little or no detuning, or other disturbance, of such cir-
cuits under test is caused by conncction of the d-c probe of the vtvm to a
load-sensitive point in the circuit. Addition of this 1-meg resistor in series with
the usual 10- or 25-meg input network resistance of most vtvm’s, see Fig. 4-2B,
results in a total d-c input resistance of 11 or 26 megohms, respectively, which is
great enough to prevent serious resistive loading of most tested d-c circuits, in-
cluding d-c grid bias circuits.
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(2) Action as a High-Frequency Filter. It is quickly seen that the combina-
tion of the series isolating resistor with the over-all shunt input capacitance, C,
(Fig. 4-2B), also forms a low-pass resistance-capacitance filter, which causes the
components to act as a voltage divider for a-c potentials. When the frequency is
fairly low, the capacitive reactance is fairly high, so that the isolating resistor
does not drop very much applied a-c voltage. When the frequency is higher,
the capacitive reactance becomes fairly low, so that the isolating resistor drops
practically all of any applied a-c voltage, causing it to become impossible to
maintain an appreciable proportion of this voltage across the cable input. This
provides sufficient high-frequency attenuation to keep any strong high-frequency
components (such as rf) that may be present in the d-c voltage under test from
entering the metering circuit. Here they might drive the metering-tube bias
beyond cutoff and cause rectification, which would result in a change in the
meter reading.

4-2, Effect of Isolation Resistor on D-C Voltage Calibration
of the VTVM
It will be observed in Fig. 4-2B that the isolating resistor is in series with
the resistors that form the voltage-dividing network across the vtvm input. The
resistance of the latter is 10 megohms in many commercial vtvm'’s. Consequently,
a portion (about 10 percent in this case) of the applied d-c voltage that is to be
measured will appear as a voltage drop across the isolating resistor, and the re-

| TO VIVM (IMEG |
-4 oG TesT i RESISTOR) SHIELDED DG |
1318 TEst case | oE JestcasLe

PROBE ~AAA & =

|||—J'
-

oF

x

£

APPROX. 10 MEG

(A) = (8) =

[
PROBE SHIELDED D°C

TEST CABLE
M- ————op
VMR > 1o

L cvecal _ INPOT

. A

oNp, ) (LOWEFFE NETWORK
L

¢!
= 'J:;'

(C)

Fig. 4-2. The isolation resistor used with the d-c voltage function of a vtvm usu-
ally consists of a carbon resistor having a value of approximately 1 megohm con-
nected in series with the “hot” lead of the input cable at the probe. Its effect is to
greatly decrease the eflective input capacitance and capacitive loading imposed upon
the circuit under test. This resistor also forms part of a R-C filter which keeps pos-
sible strong a-c components present in the d-c voltage under test from entering
the meter.
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Fig. 4-3. Resistive-isolation probe circuit action which illustrates why the high
frequencies are disciiminated against when an attempt is made to employ a resistive
isolation probe to minimize the loading effect of the cable capacitance upon the
circuit under test during high-frequency a-c voltage measurements made with a
vtvm,

mainder (about 90 percent) will be applied to the vtvm. This reduces the meter
deflection produced for a given input test voltage.

This matter is of no concern to the user of a vtvm if the isolating probe was
supplied by the manufacturer as standard equipment with the meter, for in that
case the d-c calibration of the meter already takes into consideration the total
resistance of the input voltage divider of the meter plus the isolating resistor.
However, if the user wishes to add an isolating resistor to the d-c test prod of a
vtvm which does not already employ one, or if he decides to increase the value
of the isolation resistor already in a probe in order to obtain improved isolation
through the use of a higher resistance, he must remember that the addition of
the resistor will cause the d-c voltage scale indication to read low. The amount of
correction that must be applied can be calculated on a percentage basis by
proper consideration of the voltage division in the series-resistor circuit (see
Fig. 4-2B).

4-3. Why Use of a Circuit-Isolation Resistor is not practicable for
High-Frequency A-C Voltage Measurements

It is quite essential that the user of a vtvm or a scope remember that the
isolation resistor. is used only when d-c (or low-frequency a-c) voltage measure-
ments are to be made. The beginner sometimes is inclined to overlook this im-
portant limitation, and attempts to use an isolating resistor with a vtvm (or a
scope) in the measurement of high-frequency a-c voltages, in order to reduce
capacitive-loading effects. Such attempts can only result in erroneous readings.
First of all, the fact that the a-c scales of the vtvmm have been calibrated on the
basis that no series isolating resistor is in the circuit when a-c measurements are
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being made, should be a sufficient reason not to introduce an isolating resistor
into this circuit. Also, let us redraw the combination of isolating resistor, R,
and over-all input-circuit capacitance, C, as in Fig. 4-3A, so that its low-pass filter
characteristics may be emphasized.

For input voltage of zero frequency (dc), and low frequencies, the reactance
of capacitor C is so high that the proper proportion of the applied voltage ap-
pears across this capacitance and is applied to the vtvim. Consequently, since d-c
voltage, and low-frequency a-c voltage, is passed with little alteration by this
filter (except for the drop across R which is taken care of in the meter calibra-
tion), fairly accurate measurements of voltages of these frequencies may be made.

As the frequency of voltage to be measured is increased, the reactance of C
diminishes, and it can reach quite low values at radio frequencies. Under these
conditions, the combination operates as a voltage divider, and the voltage step-
down ratio increases with the frequency. Consequently, the a-c voltage actually
made available to the vtvm input terminals becomes increasingly less than that
applied to the probe for measurement, and the ratio of the two varies with the
frequency. As a result of this action, at high frequencies the a-c voltage level in
the cable (and applied to the vtvm) may diminish to an insignificant value. It
is obvious that accurate measurement of high-frequency a-c voltage is impossible
under these conditions.

The fact that a resistive isolating probe discriminates against the higher
frequencies is demonstrated experimentally by Fig. 4-4, which shows that the
higher frequency components of a square wave are attenuated in passing through
such a probe. When it is desired to minimize the capacitive-loading effect of the
cable capacitance upon the circuit under test during a-c voltage measurements
made with a vtvm, it is accordingly necessary to utilize other means than an iso-
lating resistor.

In some cases, a resistive isolation probe is capacitance compensated to avoid
this frequency distortion when measuring a-c voltages at frequencies within the
range of vtvm a-c voltage response.

4-4. Substitution, and D-C/A-C Switching,
Arrangements for VIVM D-C Probes
The modern trend in high-speed signal tracing and voltage-checking with

the vtvm is toward the use of a single test cable for as many meter functions as
possible in order to eliminate much of the complication and loss of time expe-

Fig. 4-4. The frequency dis-
crimination resulting from the
use of a resistive isolation
probe in high-frequency a-c
voltage measurements is shown
here. A low-frequency square
wave a-c voltage was applied
to a resistive isolating probe
and shielded test cable con-
nected to the scope input. The
severe rounding of the corners
of the reproduced wave indi-
cates discrimination against the
high-frequency components of
the square wave by the probe
and cable.
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Fig. 4-5. (A) Separable-probe arrangement used for vtvm resistive isolation (d-c)
probe. Provides d-c and a-c voltage test facilities with one test cable. (B) Circuit
arrangement of separable probe and test cable. (A) Courtesy: RCA

rienced with a meter having numerous leads which invariably become tangled.
This poses a problem in conaection with use of the resistive-isolation probe for
all d-c voltage measurements made with the vtvin. The resistor must not be in
the voltage-measuring circuit when a-c voltage measurements are being made.
However, most service-type vtvm’s provide only a single *“Volts” terminal for
both d-c and a-c voltage mecasurements. The d-c or the a-c voltage measuring
function must be selected by the selector switch on the instrument.

This problem is solved in two ways, in practice. One arrangement is illus-
trated in Fig. 4-5A. When a-c voltage mecasurements are to be made, a direct
cable and probe, shown at the lower right, is used. When d-c voltage measure-
ments are to be made, a separable probe head containing the 1-megohm isolat-
ing resistor (shown to the left of the direct cable and probe) is slipped on to the
direct probe, thereby connecting it in series with the “hot” lead of the cable,
as shown in Fig. 4.5B.

Another electrically equivalent arrangement is illustrated in Fig. 4-6. The
560,000-ohm resistor for this vtvm is contained within the probe, and it may be
switched into the circuit when d-c voltages are to be measured and out of the
circuit when low-frequency a-c voltages are to be measured (see Fig. 4-6B). The
simple slide switch is conveniently located on the probe housing for rapid
manipulation. A modification of this method is also in use where the switch is
arranged to short-circuit the isolating resistor. This switch may take the form of
a small sleeve on the probe which may be screwed in tight to short-circuit the
resistor or unscrewed to remove the short.

4-5. Use of Resistive-lsolation (D-C) Probe with a VOM

A resistive isolating probe cannot usually be used successfully with a vom
because the relatively large current drain of the instrument causes excessive
voltage drop across the isolating resistor. Furthermore, an isolating resistor which
is chosen to provide direct readings on one range, will read incorrectly on the
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next higher range, because the input resistance of a vom is not constant as is
that of a vtvm. The input resistance on any one range is equal to the fullscale
value of the range times the ohms-per-volt rating of the instrument. For exam-
ple, a 100,000 ohms-per-volt vom has an input resistance of 1 megohm on the
10-volt range, and an input resistance of 10 megohms on the 100-volt range.

Consider the input resistance of a 20,000 ohms-per-volt vom on the 3-volt
range with respect to the resistance of the isolating probe. While the instru-
ment has an input resistance of only 60,000 ohms for this range, the probe
has a resistance of approximately 1 megohm. Hence, much more of the voltage
to be measured is lost in the probe than is made available to the vom.

It might be supposed that the use of a 100,000 ohms-per-volt vom would
make the use of a resistive isolating probe more practical, but even in this case,
the input resistance of the meter on the 3-volt range is 300,000 ohms, as com-
pared with the 1-megohm resistance of the usual isolating probe. The value of
the isolating resistor can be reduced to about 300,000 ohms, thus obtaining an
appreciable degree of isolation, at the expense of half the sensitivity of the
meter (see Sec. 4-2).

4-6. Erroneous Use of Resistive-Isolation (D-C) Probe in
Low-Voltage D-C Circuits Containing High-Voltage Pulses

Another error in probe selection concerns the common mistake of attempt-
ing to measure the d-c voltage at the plate of the horizontal-output tube of a
tv receiver with a vtvm and its conventional d-c (isolating) probe containing a
I-meg resistor. This practice may lead to burn-out of the isolating probe, and
often to damage of the vtvm input circuit also (punctured bypass capacitors,
and overheated multiplier resistors). The reason for this damage is that in this
particular type of circuit, although the d-c voltage may be of the order of 300
or 400 volts, there is an accompanying pulse voltage of the order of 4,000 to

(a)

Fig. 4-6. Slide-switch arrangement used on vtvm resistive isolation (d-c) probe to
provide d-c and a-c voltage test facilities using one test cable. (B) Switching circuit.
(A) Courtesy: Hickok Elect. Instr. Co.
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Fig. 4-7. Equivalent circuit of a high-voltage d-c probe, with shielded input cable,
working into the input resistance network of a vtvm. The shielded cable and vtvm
may have an overall input capacitance of say 50 uuf, which has a reactance of 0.2
megohm at 15,750 cps. A 100-to-1 high-voltage probe makes it possible to measure
d-c plate-voltage values in the 15,750 cps horizontal-output circuits, without damage
to the vtvm from the accomapnying high-voltage pulses. The attenuation of the
pulses in this case is in the order of 1,000 to 0.2 or 5,000 to 1.

6,000 peak-to-peak volts. The proper probe to use is a high-voltage d-c probe
(which has a much higher resistance of the order of several hundred megohms) .
as is explained in Sec. 1-7. This higher resistance provides the necessary low-pass
filter action required to attenuate the high-voltage a-c pulses so that they do not
reach the meter.

4-7. Erroneous use of Resistive-lsolation (D-C) Probe in
High-Impedance Circuits
Another type of error in probe application occurs in the attempt of the
technician to measure the d-c bias voltage at the grid of a vertical blocking oscil-
lator with a vtvm and its conventional d-c (isolating) probe containing a 1-meg
resistor. If the impedance of the grid circuit is very high, as is often the case,
the voltage reading is falsely subnormal due to circuit loading caused by the
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Fig. 4-8. Use of an isolating resistor with scope to produce sharp markers in
visual alignment work.
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insufficient impedance of the probe input circuit. Here again, the proper pro-
cedure is to use a 100-to-1 high-voltage d-c probe with the vtvm, as illustrated
in Fig. 4-7. This will permit the bias to be read on the 3-volt scale (as a 300-volt
scale) with an input resistance of more than 1,000 megohms.
4-8. Use of Isolation Resistor with Scope to Sharpen Marker Pips
during Visual Alignment

An isolation resistor is very helpful in visual circuit-alignment work with a
scope because it operates in combination with the overall capacitance, C, of the
shielded cable and scope input circuit to filter out the high-frequency beat com-
ponents, thereby sharpening broad marker pips which would otherwise mask
important portions of the response traces. The marker is sharpened without pro-
ducing reactive distortion of the resonance curve, or displacement of the marker.
A value of 50,000 ohms connected in the “hot” input lead of the scope, as shown
in Fig. 4-8, is recommended for use with the average length of shielded cable.
The effect of using such a probe to sharpen the marker display is illustrated in
Fig. 4-9.

This isolation-resistor arrangement is not suitable for use in waveform check-
ing in sync and sweep circuits of tv receivers, because the waveforms in these
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Fig. 4-9. Example of isolating-resistor use with scope in visual alignment work.
Unless a suitable probe is used at the output of the picture detector when displaying
a visual-response curve and marker indication, the marker may be unsatisfactory,
or the curve may be distorted, or both. For example, if a 10-to-1 low-capacitance
probe is used (see Chap. 5), its wide frequency response results in display of the
higher beat frequencies, and a broad fuzzy marker indication is developed, as shown
in (A). When a direct probe is used, fewer of the higher beat frequencies are re-
produced, but a satisfactory sharp marker is still not developed, as shown at (B).
When a resistive isolating probe is used, the marker indication is quite sharp and
satisfactory, as shown in (C).
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circuits will usually appear badly distorted when it is used. The reason for this
is that troubleshooting in sync and sweep circuits requires wide frequency re-
sponse instead of the comparatively narrow frequency response that is sufficient
for visual alignment. The filtering action of the isolation resistor in combination
with overall capacitance, C, (Fig. 4-8) results in high-frequency discrimination
(see Sec. 4-3) with resulting narrowing of the frequency response. Consequently,
a compensated high-impedance probe is required in this type of work, instead
of a simple isolation resistor.

4-9. Use of Isolation Resistor with Scope in
Front-End Signal Tracing

To determine whether the antenna signal is proceeding through the rf
stage to the mixer grid, it is usually possible to sweep the antenna terminals and
check the “looker” point on the mixer grid lead with a scope. In some cases this
looker point provides ample isolation from the capacitance of the scope cable,
but in other cases an isolating resistor of about 50,000 ohms should be used at
the end of the scope cable. This will avoid loading of the mixer grid circuit and
detuning of the grid coil. In case of doubt, always include an isolating resistor
in the test setup.

If the r-f stage is operating properly, a response curve will be obtained when
a sweep-frequency signal is applied to the antenna terminals of the front end.
A response curve of larger amplitude usually results when the local oscillator is
disabled, because the local oscillator biases the mixer to a relatively insensitive
operating point.



Chapter 5

COMPENSATED R-C (LOW-CAPACITANCE), AND CATHODE FOLLOWER,
CIRCUIT-ISOLATION PROBES

5-1. Function of Low-Capacitance Circuit-lIsolation Probes

The internal vertical-input circuit of an oscilloscope contains a certain
amount of resistance shunted by capacitance. Typical normal values for five
different popular makes of tv servicing scopes are:

Scope A 2.0 meg shunted by approx. 22ppf
“ “ L1

B 15 * 20put
c 10 - “ “ “ 30upf
D 05 “ “ “ “ 26uuf
E 01 “ * “ “ 15puuf

Thus, typical input resistances are of the order of 0.1 to 2 megohms, and
typical shunt capacitances are of the order of 15 to 30 uuf. To this input capaci-
tance is added the approximately 30 to 50 uuf (or more) combined capacitance
of the direct probe and the shielded coaxial input cable that is customarily used
to minimize stray capacitance cffects and spurious-voltage induction by stray
fields (see Sec. 3-3 to Sec. 8-5). Consequently, whenever the test prod of a typical
service-type scope, used with its conventional direct probe and test cable, is
placed at some point in a circuit in order to measure the p-p voltage or check
the waveform present there (see Fig. 5-1), the circuit under test is automatically
being shunted by about 0.1 to 2 megohms of resistance R2, and 45 to 80 uuf
(or more) of capacitance, C2, depending upon the particular make and model
of scope employed.

Addition of this shunting resistance and capacitance to some circuits under-
going test produces virtually no noticeable effect on their operation and on the
voltage and waveform present at the test point. However, in many other cases
this amount of added capacitance may be sufficient to detune resonant circuits,
or to capacitively load others enough to seriously distort the waveforms under
observation or alter the p-p voltage values, particularly if the circuit under ex-
amination has high impedance or contains components of relatively high fre-
quency (such as high video frequencies). For example, the input impedance pre-
sented to a video-frequency signal of say 1 mc by a service scope and direct
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Fig. 5-1. (A) Whenever the vertical input terminals of a typical service-type scope
are connected to a circuit through its direct-probe and cable in order to make a
waveform or p-p voltage check, that circuit is being shunted, as shown in the equiva-
lent circuit (B), by about 0.1 to 2 megohms of resistance and 45 to 80 uuf (or
more) of capacitance, depending upon the particular make and model of scope used.
This amount of shunting capacitance is often sufficient to detune resonant circuits
or to seriously distort the waveforms under observation, particularly if the circuit
under.examination has high impedance or contains components of high video fre-
quencies.
cable whose over-all input capacitance is 70 ppl is approximately 2,000 ohms at
this frequency. Typical of the latter group of circuits are the following in tv
receivers: (1) the sync circuits; (2) the horizontal-deflection coil circuits; (8) the
horizontal-oscillator circuits; (4) the composite video circuits; etc. In fact, this
difficulty is experienced generally whenever it is required to scope-trace audio,
video, sync, or sweep waveforms through high-impedance circuits at moderate
voltages.

To prevent the overall input resistance and capacitance of the scope from
causing enough circuit loading to produce these disturbing effects in such cir-
cuits, it is necessary to employ some means for sufficiently decreasing the normal
input capacitance (increasing the input impedance). This may be accomplished
in a simple and convenient manner by means of a compensated R-C type of
circuit-isolation probe commonly known as a “low capacitance” or “high-im-
pedance” probe because of its function.

5-2. Circvitry and Operation of Typical 10-to-1
Low-Capacitance Probes

The simplest type of conventional frequency-compensated R-C divider low-
capacitance probe for use with scopes is illustrated in Fig. 5-2A. A small semi-
variable tubular or ceramic trimmer-type capacitor, CI, shunted by high resis-
tance R1, is connected in series with the “hot” lead of the shielded test cable
to the scope, thereby placing the parallel combination in series with the overall
0.1 to 2-megohm input resistance R2, and the 45-to-80-puf input capacitance,
C2, of the scope.

The complete equivalent circuit is illustrated in Fig. 5-2B. It is seen that
a resistance-capacitance (R-C) divider circuit results. The d-c blocking capacitor
of the scope is shown, but since it has a large capacitance and therefore a very
low reactance, it may be neglected in all high-frequency a-c test signal com-
binations.

Since the resultant capacitance of two capacitors in series is less than that
of the smaller capacitor, the effective input capacitance at the probe may be
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made almost any desired fraction of the overall scope input capacitance C2 by
suitable choice of the value of the series capacitor C1 in the probe. The use of
the series resistor R1I also reduces the effective input capacitance of the scope as
explained previously in Chapter 4 (Sec. 4-1).

Furthermore, since the two capacitors and the two resistors in series form a
voltage divider for applied a-c voltages (see Sec. 2-2), and the a-c voltages which
appear across the individual capacitors are in inverse ratio to the capacitances,
and directly proportional to the resistances, it follows that the increase in the
overall scope input impedance and the reduction of the overall scope input
capacitance by a certain ratio is accompanied by a loss of a-c signal voltage (in
the same ratio) entering the scope. This loss is usually referred to as the
attenuation of the probe.

The series capacitor and resistor are usually chosen and adjusted to have a
value which makes the attenuation ratio a convenient figure—usually 10-to-1, or
100-to-1. The 10-to-1 probe is the most widely used in tv service work (see Sec.
5-5). Since the a-c voltage-stepdown ratio is then a decimal fraction, use of the
probes with a calibrated scope does not destroy the rms or the p-p voltage
calibrating factor (or deflection-sensitivity rating) of the scope. A zero, or two
zeros, as the case may be, is merely added to the initial calibrating factor of the
scope. Thus, if the vertical deflection sensitivity of a particular scope is 0.02 volt
rms (0.057 volt p-p) per inch when it is used with its direct probe and cable,
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Fig. 5-2. (A) A simple type of low-capacitance probe which causes a-c signal at-
tenuation only. The probe capacitance C1 and resistance R1, and the overall scope
(plus cable) input capacitance C2 and resistance R2, form the resistance-capacitance
divider circuits shown in (B). The scope d-c blocking capacitor is neglected in this
consideration, because its reactance is practically zero at radio frequencies.
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it becomes 0.2 volt rms (0.57 volt p-p) per inch when it is used with a 10-to-1
low-capacitance probe.

It is evident that it is desirable that the attenuation factor of the probe be
maintained practically constant for low frequencies as well as high frequencies.
Consequently, the probe must be frequency-compensated for the entire frequency
range over which it will be used in practice. No waveform distortion occurs in
the probe if its time constant (R]XC1) is made equal to that (R2XC2) of the
overall scope input circuit. (The method of adjusting the series capacitor of the
probe to make these time constants equal is explained in Sec. 5-8.) When the
two time constants are equalized, the probe divides input voltages of all fre-
quencies in the same proportion. An exception to this rule occurs where the
voltage input delivered to the scope is increased (or decreased) by resonance (or
anti-resonance) effects occurring in the shielded input cable, such as when the
frequency of the a-c voltage under test is sufficiently high so that ‘the length of
the probe cable is a substantial fraction of the operating wavelength. However,
this limitation does not impair the usefulness of the probe for most service appli-
cations, because most service-type scopes do not respond to frequencies within
the resonance-frequency range of the input cables supplied with most conven-
tional low-capacitance probes.

In a 10-to-1 low-capacitance probe of the type illustrated in Fig. 5-2, the
capacitance of C] is made approximately one-ninth that of C2, and resistance
1 is made 9 times that of R2 in order to provide the 10-to-1 factor. A *1
percent, 1-watt carbon resistor is ordinarily employed for R1.

The practical effect of employing this type of 10-to-1 low-capacitance probe
with a scope and input cable whose normal over-all input resistance and capaci-
tance are, say, 1 megohm shunted by 75 ppf ol capacitance, is to present an input
circuit of 10 megohms shunted by a capacitance of only about 7.5 puf to the
circuit under test.

Since the probe arrangement in Fig. 5-2A presents an open circuit with
respect to d-c voltage (because of the series blocking capacitor which is usually
present in the scope input circuit), it provides a-c signal attenuation only. Con-
sequently, it has advantages in such uses as checking the waveform at the grid
of a vertical blocking oscillator tube in a tv receiver. A high d-c bias, as well as
the a-c waveform that is to be checked, exist here and the grid circuit has a high
resistance. The operation of the vertical blocking oscillator depends upon the
maintenance of this d-c bias, and since the grid resistance is quite large, very
little input resistance can be tolerated in the scope input circuit. Therefore, it
is usually found necessary in such tests to use the type of low-capacitance probe
which presents practically an open circuit with respect to d-c voltage. Then, the
correct bias is maintained in the high-resistance grid circuit, while the low-
capacitance probe reduces the effective overall input capacitance of the scope to
a value low enough so that the a-c waveform is not distorted by capacitive load-
ing of the circuit under test. This type of low-capacitance probe is usually used
where there is no high d-c voltage component present at the circuit point under
test.

Another version of the low-capacitance probe which is preferred for some
test conditions because it provides both d-c and a-c voltage attenuation is shown
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Fig. 5-3. (A) The addition of shunt resistor R3 to the simple low-capacitance probe
circuit of Fig. 5-2 serves to attenuate any d-c voltage components which may be
present at the circuit point to which the probe is touched, and which would stress
the blocking capacitor in the scope input circuit. Thus, this low-capacitance probe
provides both d-c and a-c signal attenuation, and also stabilizes the input impedance
of the scope as the vertical attenuation of the scope is varied. The resistance-
capacitance divider circuit formed is shown in (B). (C) An exploded view of this
type of probe, showing the arrangement of the components and wiring. Required
adjustment of the value of series capacitor Cl is provided by the adjusting screw
which is usually reached by unscrewing the probe tip. (C) Courtesy: RCA

in Fig. 5-3A. It is similar to the type previously described, except that it con-
tains a shunt resistor, R3, added in the probe circuit, as shown. The resistance-
capacitance divider circuit which is now formed is shown in Fig. 5-3B. Observe
that since resistor R3 parallels R2 and the blocking capacitor, it provides a path
for d-c current flow around them. Resistors R1 and R3 form a resistive voltage
divider that attenuates any d-c component which may be present at the test
point. This attenuation reduces the d-c voltage that is applied to the blocking
capacitor usually present in the scope input circuit, thus protecting this capacitor
against excessive voltage stress that would otherwise result when testing circuits
that contain a-c waveforms with a relatively high d-c voltage component. The
shunt resistor also serves to stabilize the input impedance of the scope, as the
vertical attenuator of the scope is varied.

One disadvantage of this circuit arrangement is that the input resistance of
this probe, which is lower than that of the one in Fig. 5-2, may cause too much
resistive loading of critical high-impedance circuits in which d-c is present, such
as the load-sensitive grid-bias circuit of the vertical blocking oscillator previously
mentioned. Consequently, it is not ordinarily used in such circuits unless a high-
quality blocking capacitor is connected in series with the probe tip to block the
flow of d-c. This blocking capacitor is already built into some commercial probes
of this type, care being taken to keep its stray capacitances very low. Its capaci-
tance must be large enough (approximately 0.05 to 0.5 gf, high-quality low-
leakage paper type capacitor used) so that it will not cause low-frequency
discrimination.

No waveform distortion occurs in the probe when the various resistances
and capacitances are such that the following relationship exists:
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R2 + R3
It will be noted that the expression enclosed within the parenthesis here is
the combined resistance of resistors R2 andR3 in parallel. Since CI is made
equal to 1/9 of C2 for a 10-to-1 probe, we have
R2 X R3
Rl =9 (—————— )
R2 + R3
If R1 is made equal to 0.9R2, then a value of R3 equal to 0.11R2 must be em-

ployed. With these values in use, the input characteristics are such that the
resistance presented to a circuit under test is the same as when no probe is used,
but the effective input capacitance is reduced.
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Fig. 5-4. (A) To measure the input resistance of a scope, first connect the vertical-
input terminals to any convenient low-frequency a-c voltage source, such as a 60-
cycle source. Note the amount of deflection which is obtained on the scope screen.
{B) Next connect a potentiometer, or a decade resistance box R, in series with
the source voltage, and adjust the value of the resistance to reduce the deflection to
one-half. The value of this resistance is then equal to the value of the input resis-
tance of the scope. (C) To measure the overall input capacitance of the scope,
first connect the vertical-input terminals through the direct-probe and cable to a
source of a-c voltage which has a frequency of approximately 0.25 mc. Note the
amount of deflection which is obtained on the scope screen. (D) Next, connect an
adjustable series capacitor, C, (or different fixed capacitors of known values) be-
tween the scope cable and the source of 0.25-mc a-c voltage, and adjust this capaci-
tance value to reduce the deflection to one-half. The value of this capacitance is
then equal to the value of the overall input capacitance of the scope and cable.
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(A} (B)

Fig. 5-5. (A) External appearance of a low-capacitance type scope probe provided
with its own shielded cable and terminals, (B) A separable type of low-capacitance
probe designed to be slipped on to the standard direct probe (with cable) employed
for several models of this manufacturer’s scopes. (4) Courtesy: Hickok Elect. Inst.
Co. (B) Courtesy: RCA

It is evident that the overall input resistance R2, and capacitance C2 of a
scope should be known if a low-capacitance probe is to be designed especially
for it. The value of the input resistance is especially important, because the
probe resistors employed usually are of the fixed type. Since the probe capacitor
is the adjustable type, some leeway is allowable in the size of the adjustable
capacitor that is needed.

In some cases, the input resistance and capacitance of the scope are un-
known. To measure them, proceed as shown in Fig. 5-4. The determination is
quite simple, provided a supply of resistors and capacitors of known and proper
values is at hand.

The low-capacitance probe must be well designed to reduce to 2 minimum
all stray capacitance between the probe tip and all components and circuit wir-
ing on the scope side of series capacitor C1, otherwise the required low value of
probe input capacitance will not be realized. An exploded view of this type of
probe is illustrated in Fig. 5-3C to show the typical construction.

Many of the manufacturers of service-type oscilloscopes provide a low-
capacitance probe with their instruments, or make them available separately.
Some are provided with their own shielded cable and terminals, as shown in
Fig. 5-5A. Another arrangement, illustrated in Fig. 5-5B, employs the separable
type of construction. The low-capacitance probe shown in the foreground here
is designed to be slipped onto the standard direct probe with the cable (at the
left) that has been designed specifically for use with the oscilloscope. The ground
cable with its alligator clip appears at the right.

5-3. Scope-Attenuator Factors Affecting Overall Frequency
Response When Low-Capacitance Probe is Used

There is more than meets the eye in the operation of a low-capacitance
probe in conjunction with the input circuit of a scope, even when the scope
employs the conventional frequency-compensated step attenuator in its input
circuit, especially where the high-frequency response of the combination is con-
cerned. Practical experience in the use of low-capacitance probes with scopes
soon teaches the technician that hidden factors are often at work in many ser-
vice scopes, which not only cause peak-to-peak voltages to be indicated incor-
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Fig. 5-6. (A) Typical circuit arrangement for one step of a simple frequency-com-
pensated step attenuator in a service-type scope. C2 and C3 are the frequency-
compensating trimmer capacitance (in the scope) plus the fixed and. stray capaci-
tances of the scope input circuit. The values of C2 and C3 used in each step of the
attenuator are different. (B) When a 10-to-1 low-capacitance probe is applied
ahead of the scope attenuator, the problem becomes somewhat complicated, and
several factors must be taken into consideration if correct operation is anticipated.
In practice, it is customary to make Rl — 9 (R2 4 R3), since this relationship
provides a basic probe attenuation factor of 10. However, the technician must re-
member that a commercial scope usually contains three, and sometimes four, in-
dividual attenuator steps, and these are to be accommodated by the probe. It may
well be that a different value of CI will be required for use with each step, as ex-
plained in the accompanying text.

rectly when high-frequency signals of 1, 2, or 3 mc or over are under measure-
ment with the probe, but which often cause the high-frequency response to be
unequal to the low-frequency response, thereby distorting the waveform display
on the scope screen.

Fortunately, this important matter may be very simply illustrated and clari-
fied by first considering the response of the combination at very low frequencies,
and then considering the response at high frequencies, and finally comparing
the two responses. The reader will recall that a standard service scope input
system often comprises a frequency-compensated 3-step attenuator. The typical
circuit arrangement that exists for each individual step of such an attenuator is
shown in Fig. 5-6A. Capacitor (2, an internal trimmer within the scope, is used
for frequency compensation, and C3 represents a fixed capacitor as well as cir-
cuit stray capacitance in the scope. These capacitances along with resistors R2
and R3 provide the required attenuation and avoid distortion in the reproduced
waveform. This is a simple situation, and requires only that the product R2XC2
equal the product R8XC3. When the two time constants are made equal, no
waveform distortion due to attenuator operation occurs in the reproduced pat-
tern.

A somewhat obscure difficulty is encountered by the technician using a low-
capacitance probe in combination with such a compensated attenuator, if the
attenuator in his scope was not originally designed for use with this type of
probe. This circuit, with the probe connected, is indicated in Fig. 5-6B, and a
simplified explanation is given in the following paragraphs, along with the re-
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Fig. 5-7. The actions which take place in the scope attenuator at low-frequencies
present no difficulty. At these frequencies, attenuation depends solely upon the
values of the resistors in the attenuator circuit, and for this portion of the discus-
sion, the capacitors may be properly neglected. They are omitted here. (A) At-
tenuator circuit when the gain selector switch is set for highest sensitivity (XI).
The full voltage applied between the Vert and Gnd terminals of the scope is
applied to the grid of the vertical-amplifier tube. (B) Attenuator circuit for X10)
position of Gain selector. It is clear that only 0.1 of the voltage applied between
the Vert and Gnd terminals of the scope is being imposed on the grid of the
vertical amplifier tube, so that 10-to-1 attenuation results. (C) Attenuator circuit
(for low-frequencies) for X100 position of Gain selector. Only 0.01 of the. vol-
tage applied between the Vert and Gnd terminals of the scope is being impressed
upon the grid of the vertical amplifier tube, so that 100-to-1 attenuation resuits.
(D) A typical 10-to-1 low-capacitance probe, with shunting capacitor neglected,
provides 10-to-1 attenuation of low frequencies when the probe resistance has
9 times the value of the attenuator resistance, as shown. The step attenuator of
the scope is here set for the most sensitive (X1) position. (E) This arrangement
is similar to that of (D) but the step attenuator has now been set for 10-to-1
attenuation. The probe provides an additional 10-to-1 attenuation, so that the
total attenuation is 100-to-1. Thus far, operation is evidently simple, and the at-
tenuation factor is strictly correct. Of course, only low frequencies are under
consideration here. (F) The step attenuator has now been set for 100-to-1 attenua-
tion. The probe provides an additional 10-to-1 attenuation, making the total at-
tenuation 1,000-to-1. As long as we restrict the Ohm’s Law analysis to low fre-
auencies only. the attenuation factor is still strictly correct.
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Fig. 5-8. Analysis of the action of the low-capacitance probe and scope-attenuator
circuit combination at high frequencies. In some scopes the stray capacitance C4,
and designs of the step attenuator, introduce difficulties which make it impos-
sible to equalize the time constant of the low-capacitance probe to that of the
overall input circuit of the scope for more than one setting of the attenuator
(see text). In such cases, the frequency response of the combination suffers when-
ever the scope attenuator must be set at some other position.

quirements for obtaining satisfactory operation of a scope attenuator with the
probe. It will be discovered that it is necessary, but not sufficient, that the time
constant of the probe be made equal to the time constant of the scope attenua-
tor. It is easily proven that certain relations are also required between the vari-
ous capacitors.

This discussion can be simplified if the actions which take place for low
frequencies, and for high frequencies, are considered separately. The low-fre-
quency actions are illustrated in Fig. 5-7, and are explained in the caption. It
can be seen that the operation of the attenuator and probe is quite straightfor-
ward, without any lurking “bugs” to complicate matters.

Let us next consider the actions which take place for high frequencies. In
the high-frequency case, the attenuator resistance can be ignored since it is the
relative values of the capacitances in each “step” circuit of the attenuator that
determine the attenuation factor which apply for each position of the Gain
selector. This is true because the reactances of the various capacitors are consider-
ably lower at high frequencies than the resistances of the resistors which they
shunt. Accordingly, for high-frequency study, the typical circuit arrangement in
Fig. 5-6A which exists for each “attenuating” position of the Gain selector switch
may be redrawn as in Fig. 5-8A to avoid the complicating presence of the attenu-
ator resistances. For the X10 position, C3 is made 9 times as large as CI so that
0.1 of the applied high-frequency voltage is impressed upon the grid of the
vertical input tube. The attenuation factor is therefore 10-to-1. For the X100
position, C3 is made 99 times as large as C2.

A low-capacitance probe is shown connected to the scope input in Fig. 5-8B.
Since the high-frequency response of the probe is determined mainly by the
capacitance, C1, in the probe, the probe resistance is omitted here for simpli-
city. If the probe is designed so that the value of C] is made equal to 1/9 the
value of the over-all input capacitance of the scope (including the cable), the
probe itself will then introduce an attenuation factor of 10-to-1. If the scope
Gain selector were also set for 10-to-1 attenuation, the total attenuation factor
of the probe and scope would be 1010 = 100-to-1. This much is straightforward
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and uncomplicated. We would need to proceed no further with such considera-
tions, provided there were only one step in the attenuator. However, such attenu-
ators usually contain several steps, each employing capacitances of different
values. The reasons why trouble is often encountered when a low-capacitance
probe is used with scopes that employ simpler types of step attenuators will now
be considered.

The capacitances C2 and C3 in Fig. 5-8A and B are the total capacitances
existing in the respective branches of the circuit, and they include all of the
stray capacitances. The circuit of Fig. 5-8B is redrawn in part C of the same
figure to show for any one step, the stray capacitance C4 which together with C5
equals C8 in Fig. 5-8B. Of course, other stray capacitances also exist in the cir-
cuit, but C4 is the most important one for our study here. It can be seen that
for each “step” setting of the scope Gain control, the values of C2 or C5 which
must be used so that the attenuation factor will be the correct value designated
for that step, are dependent upon the value of stray capacitance C4 which exists
for the particular physical circuit arrangement employed for that step.

If the scope attenuator had only one step, there would be no problem, be-
cause we would simply adjust the probe capacitance CI to the value required
to produce the desired 10-to-1 probe attenuation factor when used in combina-
tion with the particular values of scope cable capacitance, C2 and C5 plus C4,
that happened to exist in the scope input circuit. However, in actual scope at-
tenuators we have several steps in the Coarse attenuator to contend with. Since
the circuitry for each step largely contains a separate and different physical
arrangement of components and wiring, a different value of stray capacitance
C4 exists for each step.

If the value of C5 in each step could be adjusted to correct for the value of
C4 in that step, in conformity with the value in other steps, there would be no
problem. But the technician will find that service scopes usually make no provi-
sion for correcting for the value of C4 in this way. In fact, in the simpler attenu-
ators C5 is omitted entirely and capacitance C3 consists wholly of the stray capa-
citance C4 only. This is not a matter of concern in the general use of the scope
when no probe is being used, because the high-frequency attenuation factor for
cach step may be adjusted to the correct value by attaining the required C2/C3
capacitance ratio through adjustment of C2 in that step (C2 is always made
adjustable for this purpose). Unfortunately, scopes that are designed so that ad-
justment of the attenuation produced by each step is achieved in this all-too-
convenient manner usually exhibit a somewhat different scope input capacitance
for each setting of the Gain selector. Because of this, when it is attempted to
use a low-capacitance probe with such a scope, it is usually found impossible to
equalize the time constant of the probe with that of the scope input circuit for
more than any one setting of the scope Gain selector, because the different input
capacitance of the scope at each Gain selector setting makes a different value of
probe capacitance necessary. Frequency discrimination therefore results for all
scope Gain selector settings at which the probe-scope equalization is poor. It is
only a matter of chance if it is found that one probe-capacitor setting is exactly
satisfactory on other than just one step setting of the attenuator. Of course, the
probe can be adjusted correctly for one particular setting of the Gain control
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and used thereafter only with that scope setting, but this is a disadvantage in
test work,

This difficulty can be overcome in the scope design by providing capacitor
C5, in each step of the attenuator, and making it adjustable so that different
values of C4 in each step can be compensated.

However, for practical work, it is not necessarily required that C5 be made
adjustable. There is a “brute-force” design method utilized, in which capacitance
C2 and C5 in each step are of the proper ratio, but they are chosen sufficiently
large enough so that normal variations in the value of C4 from step to step, due
to lead dress, ctc., can be disregarded. One advantage to this method is that
the compensator requires no attention when the vertical-amplifier tube is
changed. But there is also a disadvantage in that the value of the input im-
pedance of the scope is somewhat lower at the high frequencies than would
otherwise be the case. However, one of these two methods, or some other suit-
able one, must be used in the scope design to avoid this trouble when a low-
capacitance probe is used.

5-4. Voltage Attenuation in the Low-Capacitance Probe

The attenuation of the input signal which accompanies the corresponding
desirable increase in the input circuit impedance, is one of the features of the
low-capacitance probe that is undesirable in some applications, but is actually
required in others. It means that unless a special amplifier arrangement such as
that described in Sec. 5-6 is employed with the probe, the low-capacitance probe
can be used only in circuits which have sufficient signal strength so that even
after the voltage attenuation caused by the probe occurs, there is sufficient signal
voltage left to produce a trace of usable size on the scope screen if the gain
control of the scope is advanced to the maximum-gain position. Most conven-
tional service-type scopes have a vertical-deflection sensitivity of approximately
0.02 volt rms, or 0.057 volts p-p, per inch at full gain. When a 10-to-1 low-
capacitance probe is used with such a scope, 1 inch of deflection will be pro-
duced by a 0.2-volt rms, or a 0.57-volt p-p signal applied to the probe. If the
signal voltage is less than this, the trace will probably be too small for accurate
waveform study or p-p voltage check.

Thus, in tv service work, the 10-to-1 low-capacitance probe is generally used
in waveform and p-p voltage checking in the high-impedance sync, video-ampli-
fier output, sweep and horizontal-deflection coil circuits because these circuits
provide adequate signal voltage for the use of this probe with the scope. It is
often found that when the conventional 10-to-1 probe is used with a wide-band
type scope, only the strongest signals can be observed on the scope because
such scopes usually have comparatively low gain as a result of the special design
by which their extended frequency response is achieved.

The attenuation of the input signal by a low-capacitance probe is a desir-
able characteristic whenever the probe is to be used with a scope for checking
high-impedance circuits where the voltage exceeds the input voltage at which
the scope vertical amplifier begins to distort the signal (usually around 400 volts
ac rms), since it helps to reduce the voltage to a value below this limit. An
example of this is furnished by the deflection-coil circuit of a tv receiver, where
a p-p voltage of approximately 1,500 volts is usually present.
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It will be recognized that there is a basic electrical similarity between the
low-capacitance probe (which is a compensated probe) and the uncompensated
capacitance-divider type of high-voltage probe discussed in Chapter 2, because
the capacitance divider action present in each of them results in a voltage step-
down. However; the latter type of probe is designed specifically to produce
voltage stepdown, and its design is aimed at enabling it to safely withstand high
voltages so that it may be used in high-voltage circuits, such as the horizontal
output circuits of tv receivers. The accompanying impedance step-up that is
achieved is incidental, although it is advantageous in some tests (see Sec. 2-7).
The conventional low-capacitance probe is usually designed with a maximum
voltage rating of only 1,000 to 2,000 volts p-p, and it must be used only in
those medium-voltage a-c circuits whose voltage does not exceed this rating
(see also Sec. 5-7).
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Fig. 5-9. Examples of the circuit-loading effects caused by three different types
of probes used with a scope for checking the waveform and p-p value of the drive
voltage to the grid of the horizontal-output tube in the self-oscillatory sweep cir-
cuit of a tv receiver. The checks were made at test point X in the circuit shown
in (D). (A) The displayed waveform when a 100-to-1 low-capacitance probe is
used; 166 volts (p-p) is indicated by the calibrated scope scale. (B) Waveform
display obatined when a 10-to-1 low-capacitance probe is used instead (scope
attenuator setting reduced); peak-to-peak value of displayed waveform is now
only 140 volts, due to increased loading of the circuit under test. (C) Waveform
display obtained when a direct probe is used (with scope attenuator setting re-
duced again); waveform now measures only 60 volts peak-to-peak, due to severe
circuit loading. A voltage check made with a peak-to-peak vtvm indicates only
55 p-p volts because of the circuit loading imposed by its built-in rectifying net-
work. It can be seen that only the 100-to-1 low-capacitance probe provides suffi-
ciently light loading for an accurate waveform and p-p voltage check in this
critical high-impedance circuit.
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5-5. The 100-to-1 Low-Capacitance Probe and its Uses in Checking
Critical High-Impedance Circuits That Are Loaded
by a 10-to-1 Probe

We have seen how a 10-to-1 low-capacitance probe reduces the effective
overall input capacitance of a scope by a factor of 10, so that if this input
capacitance is, say 75 upf, the use of a 10-to-1 probe with the scope will reduce
this to an effective input capacitance of only 7.5 ppf.

However, there are some pulse and tv waveform circuits (for example, the
horizontal sync-control circuits, and the ringing coil in the horizontal blocking-
oscillator circuit) which are of sufficiently high impedance, or are critically reso-
nant, so that they are adversely disturbed even by a shunting capacitance of
only 7.5 ppf. An actual example of this is illustrated in Fig. 5-9.

When the waveform or the p-p voltage in such circuits must be checked by
means of a scope, it is advantageous to use a low-capacitance probe of higher
ratio, such as 50-to-1, or 100-to-1, which cuts down the over-all input capaci-
tance of the scope to 1/50, or 1/100, of its normal initial value. Thus, if the
scope has 75 upf of overall input capacitance, the use of a 100-to-1 low-capaci-
tance probe will reduce this to only 0.75 uuf. In order to achieve the 100-to-1
capacitance ratio, the series capacitance in the probe must be made equal to
only 1/99 of the overall capacitance of the scope input system. This calls for
careful design of the probe. The stray capacitance between the probe tip and
other parts of the circuit must be kept at a minimum.

The 100-to-1 probe multiplies the effective impedance of the input circuit
by a factor of 100, and correspondingly attenuates the signal by a factor of
100-to-1. Although the voltage-attenuation factor of 100 is too extreme for
purposes of general circuit testing, it is usually found that considerable p-p vol-
age is available at high-impedance points in sync-control systems, so that ovet
2 volts p-p for a trace of adequate size is still available for application to the
scope after the 100-to-1 attenuation by the probe. The compensated construc-
tion assures the absence of frequency distortion within the probe at any Ire-
quency within the normal response range of the scope.

The construction details of a 100-to-1 low-capacitance probe are shown in
Fig. 5-10. The probe capacitor, C1, should be adjustable, and is adjusted upon
the basis of a square-wave test (see Sec. 5-8).

Because the attenuation of the 100-to-1 probe is considerable, the scope
must ordinarily be operated at high gain during most tests with it. If the scope
has a maximum sensitivity of 0.02 volt rms per inch, its effective sensitivity is
reduced to 2 volts rms per inch when the probe is used. Another solution is to
employ a specially-designed amplifier with the probe, as explained in Sec. 5-6.
5-6. Use of Amplifier with High-Ratio Low-Capacitance Probes

The appreciable voltage attenuation which results when a 50-to-1, or a 100-
to-1, low-capacitance probe is employed is a distinct disadvantage when using
such probes in those circuits where the voltage under test is not sufficiently
high to produce a scope trace of adequate size for accurate waveform study or
measurement. This is especially true when a wide-band type scope is used, for
such scopes have a comparatively low gain as a result of their extended fre-



COMPENSATED R-C CIRCUIT ISOLATION PROBES 61

ey

i Ri | coaxiaL cABLE VERT.
PROBE
TIP H—W"M/\I_‘—g_ﬁ ——————— ~—O0
| o P‘J
| >l SCOPE
| i~ | INPUT
L J
GND.
GND.<- Lo
CONSTRUGTIONAL IF INPUT RESISTANCE OF SCOPE = R THEN

R1 = 89R. C MAY BE CONSTRUCTED OF A
TWISTED PAIR OF SHORT INSULATED LEADS
AS ILLUSTRATED HERE.

DETAILS FOR Ci

Fig. 5-10. A low-capacitance probe may be designed to produce an impedance
step-up of 100 times, as shown in the diagram here. The small capacitor, Cl,
which has a value equal to approximately 1/99 of the value of the overall scope
input capacitance, is adjusted experimentally for best square-wave response of
the probe and scope at both 60 cps and at 10 or 15 kc. Because of the high
impedance step-up, the 100-to-1 probe is very susceptible to hand capacitance
and stray-field pick-up; thus the head of the probe must be of shielded construc-
tion. The components should be adequately spaced away from the shield walls of
the probe head to avoid excessive stray capacitance from this source, which
would result in lowered input impedance.

quency response. As a result, engineering interpretation of the observed signal,
with its unavoidable guesswork, is often required. However, some high-imped-
ance or resonant high-frequency circuits encountered in electronic devices are
so critical that an extremely low value of input capacitance made possible in a
well-designed high-ratio low-capacitance probe is absolutely essential when ex-
amining pulse and other type waveforms.

The obvious solution to this problem is to offset the high probe attenua-
tion by means of an especially designed wide-band amplifier so that the overall
insertion loss of the two may be reduced to zero. An amplifier for this purpose,
designed to be used with the specially constructed probe shown in the fore-
ground at the left, is illustrated in Fig. 5-11.

The circuit details are shown in Fig. 5-12 and are explained in the caption.
In general, whenever the amplitude of the test signal is unknown, it is advis-
able to first operate the probe amplifier at X0.01 gain setting and the oscillo-
scope at maximum gain when an amplifier of this type is used, permitting any
overloads to occur in the oscilloscope where they are more easily recognized. If
insufficient deflection is obtained, the step attenuator of the probe amplifier
may then be turned to X0.1 or X] to increase the signal input to the scope.

The extremely low input capacitance realized with the probe employed
with this amplifier results from a unique method of utilizing the stray capaci-
tances that are inherent in a low-capacitance probe. The construction, illus-
trated in Fig. 5-13, is of technical interest. Observe that it is the type of low-
capacitance probe shown in Fig. 5-2; it contains no d-c path to ground through
the probe itself. The use of a shield around the probe tip lead is necessary to
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Fig. 5-11. Special amplifier
for use with the high ratio
(40-to-1) low - capacitance
probe shown at the lower left,
so that the practical advan-
tages of the extremely low
input capacitance of the probe
(15 to 2 uuf) may be real-
ized without the customary
penalty of signal attenuation.
The adjustable overall inser-
tion loss of the probe and
amplifier combination may be
reduced to zero. See Fig. 5-12
for schematic circuit diagram.
Construction details of the
special probe are shown in
Fig. 5-13. Courtesy: Linear
Equipment Laboratories, Inc.

avoid excessive hum voltage pickup, since this will be amplified by the probe-
amplifier and the scope amplifier. The application of conventional shielding
here would result in a very undesirable increase in the stray capacitance across
the probe input circuit. To avoid this, such stray capacitance is greatly reduced
by the unique construction shown, in which the series capacitance, C], of the
probe is formed by the shielding around the input lead. The greatest portion
of the stray capacitance is shunted in parallel with the overall cable capacitance
which is large in any case as compared with CI1. The probe is small and com-
pact, permitting access to miniaturized circuitry. An insulating sleeve is sup-
plied as standard equipment, and where an absolute minimum of circuit load-
ing is desired, the hooked probe tip may be unscrewed and the exposed button
used for the input contact to the circuit under test. A special semi-air spaced
low-capacitance cable is used for all interconnections, together with standard
uhf connectors.

This type of probe and amplifier combination is particularly useful for the
examination of waveforms in critical high-impedance and resonant high-fre-
quency circuits in color tv equipment.

5-7. Maximum Test-Voltage Limitations of

Low-Capacitance Probes

The conventional 10-to-1 low-capacitance probe is usually designed with a
maximum voltage rating of less than 1,000 to 2,000 volts p-p, or dc. However, a
probe having such a limited voltage rating can be adapted for use in the testing
of low- and medium-voltage a-c circuits which have a high d-c voltage component
present, by adding a high-voltage blocking capacitor in series with the probe tip.
For example, if it is desired t