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Introduction

This fourth volume in the series covers test equipment,
a specialized but highly important part of the field of elec-
tronics. In addition to explaining how each type of measur-
ing equipment works, the text also discusses the proper way
to use the instruments. Examples of practical applications
are given. In this way your interest in the subject is main-
tained, and the learning process is made easier. Your study
is centered around the principles and design of commonly
used test instruments. Thus the knowledge you gain from
this volume can be put to practical use in troubleshooting
electrical and electronic equipment.

WHAT YOU WILL LEARN

The most important types of electronic test equipment are
discussed in considerable detail in this volume. You will
learn the operating principles of the voltmeter, ammeter,
and ohmmeter, and you will see how the functions of these
three instruments are combined in the multimeter. The
operation of the basic meter movement is explained, and a
discussion of meter-scale reading is included. The vacuum-
tube voltmeter is discussed extensively.

You will learn that the oscilloscope is able to display
waveforms for study and that for this reason it is a widely
used test instrument. The way in which the oscilloscope
functions is described in detail. The cathode-ray tube, saw-
tooth generator circuits, amplifiers, and other important



parts of the oscilloscope are all discussed. The text explains
the uses of the oscilloscope in making measurements and in
troubleshooting.

Tube and transistor testers are also covered. You will
learn how they work, and you will be shown their capabili-
ties and their limitations.

One chapter is devoted to bridge instruments. The dis-
cussion shows how they can be used to measure resistance,
capacitance, and inductance.

You will learn how signal generators provide a control-
lable signal source for use in troubleshooting and maintain-
ing electronic equipment. Both audio-frequency and radio-
frequency signal generators are discussed, and the text
shows how each type can be effectively used. The proper
way to align a radio receiver is given. The signal-substitu-
tion and signal-tracing methods of troubleshooting are ex-
plained.

One of the most important uses of electronic test equip-
ment is in troubleshooting other electronic equipment. The
final chapter of this volume is devoted to the subject of
logical troubleshooting. You will learn how you can use
test equipment along with your knowledge of electronics
principles to conduct a systematic search for a defect in a
piece of electronic equipment,

'WHAT YOU SHOULD KNOW BEFORE YOU START

Before you study this book, it is essential that you have
a good background in the principles of electricity and elec-
tronics, including the fundamentals of tube and transistor
circuits. This background can be obtained by studying the
first three volumes of this series. With the proper back-
ground, however, you should have no trouble understanding
this text. All new terms are carefully defined. Enough math
is used to give precise interpretation to important principles,
but if you know how to add, subtract, multiply, and divide,
the mathematical expressions will give you no trouble.

WHY THE TEXT FORMAT WAS CHOSEN

During the past few years, new concepts of learning have
been developed under the common heading of programmed



instruction. Although there are arguments for and against
each of the several formats or styles of programmed text-
books, the value of programmed instruction itself has been
proved to be sound. Most educators now seem to agree that
the style of programming should be developed to fit the
needs of teaching the particular subject. To help you pro-
gress successfully through this volume, a brief explanation
of the programmed format follows.

Each chapter is divided into small bits of information
presented in a sequence that has proved best for learning
purposes. Some of the information bits are very short—a
single sentence in some cases. Others may include several
paragraphs. The length of each presentation is determined
by the nature of the concept being explained and the knowl-
edge the reader has gained up to that point.

The text is designed around two-page segments. Facing
pages include information on one or more concepts, complete
with illustrations designed to clarify the word descriptions
used. Self-testing questions are included in most of these
two-page segments. Many of these questions are in the form
of statements requiring that you fill in one or more missing
words ; other questions are either multiple-choice or simple
essay types. Answers are given on the succeeding page, so
you will have the opportunity to check the accuracy of your
response and verify what you have or have not learned be-
fore proceeding. When you find that your answer to a ques-
tion does not agree with that given, you should restudy the
information to determine why your answer was incorrect.
As you can see, this method of question-answer program-
ming insures that you will advance through the text as
quickly as you are able to absorb what has been presented.

The beginning of each chapter features a preview of its
contents, and a review of the important points is contained
at the end of the chapter. The preview gives you an idea
of the purpose of the chapter—what you can expect to learn.
This helps to give practical meaning to the information as
it is presented. The review at the completion of the chapter
summarizes its content so that you can locate and restudy
those areas which have escaped your full comprehension.
And, just as important, the review is a definite aid to reten-
tion and recall of what you have learned.



HOW YOU SHOULD STUDY THIS TEXT

Naturally, good study habits are important. You should
set aside a specific time each day to study in an area where
you can concentrate without being disturbed. Select a time
when you are at your mental peak, a period when you feel
most alert.

Here are a few pointers you will find helpful in getting
the most out of this volume.

1. Read each sentence carefully and deliberately. There
are no unnecessary words or phrases; each sentence pre-
sents or supports a thought which is important to your
understanding of electricity and electronics.

2. When you are referred to or come to an illustration,
stop at the end of the sentence you are reading and
study the illustration. Make sure you have a mental
picture of its general content. Then continue reading,
returning to the illustration each time a detailed
examination is required. The drawings were especially
planned to reinforce your understanding of the subject.

3. At the bottom of most right-hand pages you will find
one or more questions to be answered. Some of these
contain “fill-in”” blanks. Since more than one word might
logically fill a given blank, the number of dashes indi-
cates the number of letters in the desired word. In
answering the questions, it is important that you
actually do so in writing, either in the book or on a
separate sheet of paper. The physical act of writing
the answers provides greater retention than merely
thinking the answer. Writing will not become a chore
since most of the required answers are short.

4. Answer all questions in a section before turning the
page to check the accuracy of your responses. Refer to
any of the material you have read if you need help. If
you don’t know the answer even after a quick review
of the related text, finish answering any remaining
questions. If the answers to any questions you skipped
still haven’t come to you, turn the page and check the
answer section.




5. When you have answered a question incorrectly, return
to the appropriate paragraph or page and restudy the
material. Knowing the correct answer to a question is
less important than understanding why it is correct.
Each section of new material is based on previously
presented information. If there is a weak link in this
chain, the later material will be more difficult to
understand.

6. In some instances, the text describes certain principles
in terms of the results of simple experiments. The in-
formation is presented so that you will gain knowledge
whether you perform the experiments or not. However,
you will gain a greater understanding of the subject if
you do perform the suggested experiments.

7. Carefully study the review, “What You Have Learned,”
at the end of each chapter. This review will help you
gauge your knowledge of the information in the chapter
and actually reinforce your knowledge. When you run
across statements you don’t completely understand,
reread the sections relating to these statements, and
recheck the questions and answers before going to the
next chapter.

This volume has been carefully planned to make the learn-
ing process as easy as possible. Naturally, a certain amount
of effort on your part is required if you are to obtain the
maximum benefit from the book. However, if you follow the
pointers just given, your efforts will be well rewarded, and
you will find that your study of electricity and electronics
will be a pleasant and interesting experience.
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Multimeters

In this chapter you will

What You learn the functions and
. operations of the multi-
Wlll Learn meter, the instrument most

frequently used by all elec-
tronic technicians. After finishing this chapter, you will
be able to measure voltage, current, resistance, and
(with some multimeters) other electrical characteristics.
You will learn how to use this instrument for its in-
tended purpose, the transfer of information from the
circuit to the technician.

TEST EQUIPMENT MOST OFTEN USED

There are several basic classes of test equipment. The
multimeter is an example of one class; oscilloscopes repre-
sent another. There are many types, or models, in each
class. Some types have greater precision than others. Some
instruments are easier to set up or use than others. Equip-
ment may also vary in the type or amount of information
that the instrument can provide.

Types of instruments within a test-equipment class may
vary, but the way they function and the procedures for using
them correctly are basically the same. For this reason there
is no need to learn the step-by-step procedures for using each
of the hundreds of different models. A technician can gain
ability in electronics by first learning a set of underlying
fundamentals and then developing skill through practice in
applying them.




BASIC CONCEPTS

A multimeter combines the features of a voltmeter, an
ammeter, and an ohmmeter in a single instrument having
but one meter movement.
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A multimeter is several meters in one.

A multimeter can be used to measure voltage, current, and
resistance within the limits of several ranges of values. From
the technician’s point of view, all multimeters consist of
three basic sections—meter, circuitry, and front panel.

The meter coil moves a pointer across a calibrated scale
to a mark that indicates the measurement being taken. The
circuitry is a network of components that determines the
functions (ohmmeter, ammeter, voltmeter) and ranges. The
front panel contains the controls and jacks that permit
operation of the instrument.

Most meters have moving-coil movements. As the name
implies, the movement has a coil of wire that is free to
rotate between the north- and south-seeking poles of a per-
manent magnet. Current flowing through the coil sets up a
magnetic field. This field reacts with the field existing be-
tween the poles of the magnet and causes the coil to rotate.

18



A pointer attached to the coil moves to a position on the
meter scale; the position of the pointer depends on the
amount of current passing through the coil.

" YOKE SUPPORTS POLES AND SCALE DESIGNED TO READ IN STEPS
FORMS PART GF HORSESHOE DIRECTLY PROPORTIONAL TO CURRENT

FLOWING THROUGH METER COIL
ZERO COIL CURRENT MAXIMUM COIL CURRENT
bINS L VNON-MAGNETIC MATER | AL
TO LIMIT \« HALF *. ATTACHED TO BOTH POLE
MOVEMENT SCALE FULL PJECES HAS BEARING

. SCALE FOR ROTATING COIL AND

OF METER
/HOLDS ONE END OF SPRING.

CALIBRATED SPRING

{S ADJUSTED TO CONTROL
SMOOTH MOVEMENT OF COIL
AND POINTER. IT RETURNS COIL
\ AND POINTER TO ZERO. SPRINGS
(ONE ON EACH END OF COIL)

FORM PATH OF CURRENT TO COIL.

Basic construction of a meter.

PERMANENT f
MAGNET —————

STATIONARY METAL
CORE ESTABLISHES

UNIFORM MAGNETIC
FYELD BETWEEN POLES.

A multimeter.

Q1. What are the ammeter ranges in the above meter?
Q2. What is the maximum voltage measurement?

Q3. How many ohmmeter ranges does it have?

Q4. What is the maximum resistance reading?

19



Your Answers Should Be:

Al. 0-10 ma, 0-250 ma, and 0-500 ma
A2, 500 volts

A3. Three

Ad4. Infinity

Meter Torque

When a small current passes through the coil, a weak
magnetic field is produced. This causes a small turning force
(torque) to exist between the coil field and the permanent
field. Thus the coil and pointer rotate a small amount. A
larger current through the coil produces a stronger magnetic
field around the coil, a greater torque, and more rotation of
the coil and pointer.

Meter Coil

The meter coil is formed of fine wire wrapped on a rectan-
gular aluminum frame. The coil frame is mounted so that
it can rotate freely in the gap between the core and the
poles. In some meters a screw on the front panel (just above
the pointer axis) permits accurate adjustment of the pointer
position. The pointer should read zero (ammeter and volt-
meter scales) when no current is flowing through the coil.

Meter Sensitivity

Meter sensitivity is expressed in two ways—current sen-
sitivity and ohms-per-volt sensitivity. Current sensitivity is
determined by the amount of current required by the meter
movement to cause full-scale deflection of the pointer. Ohms-
per-volt sensitivity expresses the amount of resistance (in
ohms) that must be in series with the meter when full-scale
deflection occurs with 1 volt applied.

Current Sensitivity—Current sensitivity depends on the
number of turns in the meter coil. It also depends on
the strength of the permanent-magnet field.

Current sensitivity is expressed as the number of milli-
amps (ma) or microamps (pa) required for full-scale deflec-
tion. Typical meter movements have current sensitivities of
1 ma and 50 pa.

20




- - 50-pa
I-ma _— FULL-SCALE DEFLECTION

SENSITIVITY — @smsmvm{
g 1 ma & L ‘ 50ua ‘ l
ANN—— —L ‘

= o AN/

Current sensitivity.

Ohms-per-Volt Sensitivity—Ohms-per-volt sensitivity is
determined by the total resistance that must be in series in
the meter circuit to obtain full-scale deflection when 1 volt
is applied. The resistance value can be determined by Ohm’s
law:

E (1 volt)
R (oh It) — -
BT I (current sensitivity)
For a 50-pa (0.00005 amp) meter, the resistance is 20,000
ohms, resulting in a sensitivity of 20,000 ohms per volt.
1ma 50ua

1VOLT =

1 VOLY

_Lvour | 1VOLT .
oL AP © Lo00aIvoLT R 20, 0009/VOLT

" 0,00005 AMP

Ohms-per-volt sensitivity.

R =

Q5. What causes the meter pointer to move?

Q6. If the permanent magnetic field between the pole
pieces decreases in strength, the meter will give
readings that are (more than, less than, the same
as) those given before.

Q7. Which meter will have a greater number of turns
in its coil, a 40-,a or a 2-ma movement?

Q8. If the coil rotates, how does current get from the
meter circuitry to the coil?

Q9. What is the ohms-per-volt sensitivity of a meter
with a current sensitivity of 2 ma?

Q10. If the resistance in a DC voltmeter circuit is 10,000
ohms for full-scale deflection at 1 volt, what value

of resistance must be substituted to measure 10
volts full scale?

21



Your Answers Should Be:

A5. Torque, resulting from the reaction between the
magnetic fields of the coil and the pole pieces,
causes the meter pointer to move.

A6. A decrease of the magnetic field strength of the
pole pieces will cause the meter to give readings
less than those given before.

A7. The 40-ya meter movement will have a greater
number of turns in its coil.

AS8. Calibrated springs, one at each end of the coil,
form the current path to the coil.

A9. A meter movement of 2 ma has a sensitivity of
500 ohms per volt.

A10. 100,000 ohms

Meter Circuitry

A meter is a current-reading device. To provide accurate
readings, the electrical values of its circuit components must
be fairly precise. The circuit design must provide for all of
the types of measurements to be made by the meter.

If a meter measured only one characteristic (voltage, cur-
rent, or resistance) and if it had only a single range (10V,
1 ma, or 1,000 ohms, for example), the design would be rela-
tively simple. Without considering ranges, there are four
basic types of circuits found in multimeters.

D-C MILLIAMMETER D-C VOLTMETER

> —
& Wv_E] SHUNT _—-—[5 %CE

[ RESISTANCE I
OHMMETER A-C VOLTMETER

— e &

SERIES BATTERY SERIES [ERECT FIE
RESISTANCE {5 R RES1STANCE e
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Meter-Circuit Components—The figure on the opposite
page shows that multimeter circuitry requires series and/or
shunt resistances, a battery for measuring ohms, and a diode
for limiting current direction when measuring AC voltage.
To obtain different ranges for volts, amps, or ohms, resist-
ances of selected values must be used in the circuit. The
circuits are connected to front-panel controls that readily
provide a means of selecting the desired function and range.

Rotary Wafer Switches—These switches are often used to
provide range selection. As seen in the schematic diagram
below, a metallic wafer can be rotated to one of several posi-
tions. The blade of the wafer engages taps, or contacts, that
are connected to appropriate parts of the circuit.

ANA
Ry
AAA———4 N>
& R,
o ) lov
\
—— oo
@) °
° 40V
2 \t AAA-
100V R3
® + AN -@
Ry

Circuit with a wafer switch.

A multimeter may have only a single rotary switch with
enough wafers to select both the function (ohmmeter, mil-
liammeter, DC voltmeter, or AC voltmeter) and the appro-
priate range for each function. In a multimeter having two
rotary switches, one switch usually selects the meter func-
tion, and the other selects the range.

Q11. In the schematic above, to which resistance is the
positive test lead connected?

Q12. What multimeter function does the circuit provide?

23



Your Answers Should Be:
All. The test lead is connected to R..

A12. The switch and circuitry indicate that the circuit
can be used to measure DC volts.

Ganged Rotary Switches—The schematic below shows an-
other method of representing rotary switches. It indicates
how a pair of switches (S; and S.) might be used to make
all the necessary connections in a multimeter. The dashed
line shows that the S, switch sections are ganged. That is,
the wafers are mechanically connected to the same shaft
and stacked in decks along the shaft.

Ganged rotary switches.

METER FRONT PANEL

The front panel of a multimeter has a scale for reading
values, and provision for setting, or adjusting, the position
of the pointer. Means for selecting the type of measure-
ment to be taken and the desired ranges are also provided.
Jacks for inserting test leads are mounted on the panel.

One means of selecting measurement and range scales was
shown above—rotary wafer switches. In some multimeters
a combination of a rotary switch and pin jacks is used. The
switch selects the desired range. The red test lead is in-
serted in a pin jack marked with the quantity to be meas-
ured, and the black test lead is placed in the pin jack marked
COMMON or —.

24



Another method often used employs a number of pin jacks
on the front panel. Test leads are inserted in the desired
positions—one in the jack marked COMMON and the other
in the jack marked with the desired measurement. A sche-
matic diagram of a circuit for DC voltage and current meas-
urement using this arrangement is shown below.

PIN JACKS PIN JACKS
® -®
4 ma é Re a

Ry
R;
[Co—" —NW——®
40 ma é 1-ma @ METER 10V
R2
Rg
100 ma § R 40V
Ryg
—— — wA——®
400 ma ) 100V
Rq
R0
© — W——®
1000 ma 400V
Rs
R
® ®
COMMON 1000V

Multimeter with pin jacks.

Whatever the arrangement might be, always check the
settings before taking a measurement. If the switch is posi-
tioned in the wrong function or in too low a range, the meter

could be damaged.

Q13. If the test leads were in the COMMON and 400 ma
jacks in the above schematic, what resistances
would be shunting the meter?

Q1l4. With the test leads in the COMMON and 1,000V
jacks, current will flow through the meter and
which resistances?

Q15. With the voltage values shown, which resistance
would have the larger value, Rg or Ry?

25



Your Answers Should Be:

Al3. R, and R; would be shunted across the meter. R,
R., and R; would be in series with the meter.

Al4. Current will flow through R,, R., Ry, R, R;, and
R;..

Al5. Rg would be larger than Rq.

CURRENT AND VOLTAGE SCALES

Scales on a multimeter are usually calibrated to measure
the quantities marked on the selection switches or jacks. A
single scale can be used for more than one function and
range. If a separate scale were used for each type of meas-
urement and each range,'the meter face would be cluttered
and difficult to read. The types of measurements you have
learned about thus far can be made using a meter face with
either two or three scales.

Gl Is

o0 %

AC-DC VOLTS
DC MILLIAMPERES

Meter face with two scales.

The figure above shows a two-scale meter—one scale for
ohms and the other for AC-DC voltage and DC current. The
lower scale is calibrated so that each mark has two values.
The value to use depends on the selected range. A meter
with three scales would probably have separate scales for
OHMS, DC VOLTS and MILLIAMPS, and AC VOLTS. Each
of the separate scales for the different functions may have
more than one set of numbers for the divisions on the scales.
Thus, it is possible to read values on more than one range
for each function.
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Multimeter scales for reading voltage or current are
usually linear. This means that the divisions on the scale
are spaced equal distances apart. On a scale that measures
from 0 to 100, for example, the halfway mark would be 50.
Midway between 0 and 50 is 25. If major divisions are
marked off in smaller units, the spaces between subdivisions
are also equal.

Reading Linear Scales

A linear scale is not difficult to read if care is taken. To
keep the scale uncluttered, only the major divisions are
numbered. If the pointer rests between numbers or marks,
the correct quantity can easily be estimated by determining
the units in which the subdivisions are calibrated.

Major divisions are 0, 25, 50, 75, and 100 on the scale
below. The magnified portion shows subdivisions of five
units each. There are additional marks halfway between
these subdivisions.

Q16. The solid pointer in the diagram above is between
65 and 70 and slightly beyond the midmark. The
meter reads 68. What is the reading indicated by
the dotted pointer?

5 M

Q17. The solid pointer reads 78 in the above diagram.
What does the dotted pointer read?
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Your Answers Should Be:
Al6. 58
Al7. 73

Linear-Scale Markings

There is no standard system for marking linear scales.
The left end of the scale is usually zero. On rare occasions,
however, zero may be on the right end. This only means the
pointer will move from right to left. The other end may be
10, 15, 25, 40, 50, 60, 100, or some other number. To use
the scale, determine the quantity contained between num-
bered markings and the values of the indicated subdivisions.
You should have no trouble if you make this determination
with care. Estimating readings between markings will be
no more difficult than your readings on the previous page.

MULTIMETER ACCURACY

The electrical values of components are never precise. You
have learned that resistors vary as much as =20% of the
stated ohmic value. Better resistors have tolerances of 10
and 5% . The tolerance rating of the resistors used in the
multimeter affects the accuracy of the meter readings.

100, 0002

0 100
TEST-LEAD JACKS -- 100v
ﬁ@ o

In the diagram above, a 100,000-ohm resistor was selected
to give a full-scale meter reading of 100 volts. If the resistor
had a tolerance of 20 %, the full-scale reading could be off
about 20 volts in either direction. A 10% resistor could
cause readings between the extremes of about 90 volts and
110 volts. A 5% resistor could result in an error of 5 volts
above or below 100 volts. None of these readings would be
close enough for most purposes.

|||||||!* L

|
|
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Most multimeters employ =1 % resistors. In the example
given, a 100-volt reading would not be off more than 1 volt,
a 1 error. This is close enough for most measurements.

The meter movement itself may give some error. For
example, its readings might be off 1 volt throughout the
100-volt scale. One volt off at 100 volts is a 1% error, but
a 1-volt difference at 10 volts is a 10% error. For this rea-
son, voltage and current readings should be taken on the
upper half of the scale if possible.

LINEAR-SCALE RANGES

It is sometimes necessary to take measurements as high
as 100 volts or even 1,000 volts; at other times a reading of
only a few volts will be called for. A 1,000-volt scale would
provide any of these readings, but the accuracy of a 6-volt
measurement would be very poor. Also, small differences on
a 1,000-volt scale would be difficult to read. To overcome
these limitations, multimeters have several ranges.

Multiple-Range Scale Reading

The scale below is marked in divisions from 0 through 10.
When the range selector is set for 10V, the exact measure-
ment is read directly from the actual scale markings. If the

10V 1,000V
RANGE SELECTOR

selector is set on 100V, the scale readings are multiplied by
10 to obtain the measured value. If 10 volts were the meas-
ured value, the pointer would show a full-scale reading if the
meter were on the 10V range. On the 100V range the pointer
would come to rest over the 1 mark-—10 times 1 equals 10
volts.

Q18. What voltage is being measured with the pointer
and range settings shown in the diagram?

Q19. A multimeter has ranges of 10V, 50V, 100V, and
500V. Which range should be used to read 45V?
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Your Answers Should Be:
A18. 850V.
A19. The 50V range.

Dual-Marked Scales

Another example is a single scale having two values for
each of its markings. This type is used in multimeters whose
ranges are not multiples of ten times a single full-scale quan-
tity. Study the scale and range settings in the diagram
below. The principles used in the preceding example still

500V
RANGE SELECTOR

apply. With the range shown, the meter reads 32.5 volts.

Multimeasurement Scales

A linear scale can be used to measure more than one elec-
trical characteristic. The preceding examples used voltage
readings. These could have been either AC or DC volts as
far as the scale or range settings were concerned. The same
scale can also be used to read milliamperes. Appropriate
switches on a multimeter might look like the following.

FUNCTION

Multimeter switches.
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Measurement Precautions

When making a measurement, make a habit of taking the
reading first on the highest-value range. Such a precaution
prevents damage to the meter. For example, a 500-volt
measurement taken at a 10-volt range setting will cause
excessive current to pass through the meter coil. This will
result in either burning out the coil or bending the pointer
against the retarding pin. Therefore, unless you are abso-
lutely certain of what range to use, set the multimeter for
the highest-value range to take the first reading.

OHMMETER SCALES

The scale and range selection for the resistance-reading
portion of the multimeter are a little different from those
already discussed. The scale reads from 0 to infinity ()
instead of from 0 to some number. Unlike the volt and mil-
liampere scales, the resistance scale is not linear. Range
selection is indicated by multipliers (R X 1, R X 10, R X
100, ete.) instead of a quantity indicating full-scale deflec-
tion. These differences will become apparent as you examine
the basic ohmmeter circuit shown below.

i

. o

P

T

=|if
0
Basic ohmmeter circuit.

Q20. On which range should a meter be set when mak-
ing the first measurement of a circuit quantity?

QZ21. Your meter has range settings of 10V, 50V, 100V;
and 500V. You wish to measure the voltage across
a load and suspect a voltage of 90V. To which
range should you set your meter to read this
voltage?

31




Your Answers Should Be:

A20. When taking the first reading, set the meter on
the highest range for the meter function being
used.

A21. The meter should first be set on the 500V range.
This setting will insure against meter damage.

Ohmmeter Circuits

An ohmmeter circuit must supply its own source of cur-
rent. Usually a self-contained battery is used for this pur-
pose. The voltage of the battery is determined by the
sensitivity of the meter, the arrangement of the series and
shunt resistors in the circuit, and the size of the external
resistance to be measured. Depending on the design of the
ohmmeter, the battery might be from 1.5 to 45 volts.

R, in the circuit on the preceding page is a current-limit-
ing resistance in series with the meter. Its value is deter-
mined by the amount of current required to cause full-scale
deflection. R, and Rg form a shunt across the meter. There-
fore, only a fraction of the total current in the circuit flows
through the meter. The current through the meter is deter-
mined by the ratio of the meter resistance to the shunt
resistance. R,, controlled by the zero-ohms-adjust knob on
the panel, establishes the value of total shunt resistance
that will cause the meter to register accurate readings.

Determining Ohmmeter-Scale Markings

In the diagram below, resistance values in the parallel net-
work—R,; (meter resistance), Ry (shunt resistance), and

@ Ra ' /}ngRX
R

s !
1.5V
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R, (zero ohms adjust)-——are such that full-scale pointer
deflection will occur when 1 ma enters the network. If the
battery voltage is 1.5V and the circuit resistance is 1,500
ohms, 1 ma (I = E/R) will flow when the test leads are
shorted (touched together). The meter will show full-scale
deflection of the pointer, or zero ohms. When the test leads
are parted, no current flows, and the pointer returns to its
normal position. The ohmic reading becomes infinity (o).
This is the reason for zero being at the right-hand end on
most ohmmeter scales.

Using Ohm’s law, plot the value of current and resulting
scale positions when resistances (Ryx) of 500, 1,500, and
4,500 ohms are measured. If Ry is 5000 and the resistance
of the ohmmeter circuit is 1,500Q, the total resistance is
2,0006.

_ 15V
~2,0000

As far as the meter is concerned, it will receive the same
ratio (or fraction) of any current flowing into the parallel
network. Since 1 ma is required for full-scale deflection, 0.75
ma will move the pointer to three-fourths of full scale. Cal-
culating current for the other values of resistance, you
should be able to plot a chart that looks like this.

== 0.00075 amp, or 0.75 ma

cale
Ry R, % Iy De?iection
0| 1,500 | 1,500 | 1ma | Fun |
500 1,500 2,000 0.75 ma 34
1,500 1,500 3,000 0.50 ma %)
4,500 1,500 6,000 0.25 ma Va
Inf. 1,500 Inf. 0.00 ma Zero

Q22. What factors determine the voltage of an ohm-
meter battery?

Q23. What factors determine the fraction of the total
current that flows through the meter coil in an
ohmmeter circuit?

Q24. The zero reading is usually on the — — _ _ _ end of
an ohmmeter scale.
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Your Answers Should Be:

A22. The sensitivity of the meter, arrangement of the
shunt and series resistors, and size of the external
resistance to be measured.

A23. The ratio of meter resistance to shunt resistance.

A24. The zero reading is usually on the right end of an
ohmmeter scale.

Ohmmeter-Scale Design

Starting at the right, compare deflection and ohmic read-
ings at the quarter points on the ohmmeter scale shown
below. The first quarter covers 500 ohms; the second quar-
ter, 1,000 ohms (1,500-500) ; the third, 3,000; and the fourth,
infinity. Such a scale cannot be calibrated in linear divisions.

HALF

Basic ohmmeter scale.
Reading Accuracy

Because of the nonlinearity of ohmmeter scales, readings
should be taken with the pointer in the most readable area
of the scale. A rule used by many technicians is to read
values in the area of the scale bounded by 1/10 and 10 times
the value of the midscale reading.

If only one range is available, such a rule is not practical.
For example, if a meter reads 10 ohms at midscale, all de-
sired resistance measurements will not fall between 1 and
100 ohms. Therefore, several ohms ranges are provided in
a multimeter.

Resistance Ranges

Typical ohmmeter ranges are R X 1, R X 100, and R X
10K. Some multimeters have multipliers as high as R X 10
million. Using the rule mentioned above, the R X 1 range
provides low resistance readings (0 to 100 or 200 ohms).
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The R X 100 range will give useful readings between 1000
and 10K, and the R X 10K range will be satisfactory for
readings from 10K to 1 megohm. Higher readings may be
estimated with fair accuracy. If an R X 1M range is avail-
able, resistances up to about 100 megohms can be measured.

USING THE OHMMETER

The basic procedures for measuring resistance are the
same for all multimeters. First, set the meter to read OHMS.
Plug the test leads into the proper jacks. Hold the tips of
the test probes together, thus placing a short (zero ohms)
across the internal circuit. Turn the zero ohms adjust
(sometimes labeled zero adjust) control until the meter
pointer rests at zero on the ohms scale.

Each time the meter is set for reading ohms and each
time it is switched to a new range, short the test probes and
zero the pointer with the ohms adjust control.

CAUTION

Never use an ohmmeter to take a resistance read-
ing across an energized circuit. The internal circuit
is designed to carry only the current developed by
its own battery. Its voltage is usually between 1.5 -
and 9 volts. Voltage from an external source will
usually be larger than this value and will damage
either the meter coil or the pointer.

~4—————READABLE RANGE———

Q25. Using the above diagram, which range setting
should be used to measure an estimated 1,500
ohms?
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Your Answer Should Be:
A25. The range selector should be set on R X 100.

MULTIMETER CIRCUITS

Understanding how function and range circuits work is
important in learning how to use a multimeter properly.
Studying these circuits will also help develop your skill in
analyzing electronic circuits. For these reasons, multimeter
circuits will be studied a portion at a time. As each is dis-
cussed, it will be added to the preceding portions until a
typical multimeter is developed. Each portion will be dia-
gramed first with a rotary range switch, and then as it
might appear employing pin jacks.

Milliammeters

The following schematic diagram shows a typical DC mil-
liammeter circuit with rotary-switch connections. Resistor
values are not shown. They will vary according to the

@

50- pa
METER
AAA- ‘MT AAA- —AAA——ANA———4
Rl RZ R 3 I R4 R5
10 MA 100 MA

' ©

0.5 MA W 1000 MA
o
+

DC milliammeter.

Notice that the arrangement is a parallel circuit in which
the resistance can be changed in both branches by rotating
a switch. Since the meter has a 50-ua movement (full-scale
deflection), the ratio of resistances must be such that 50 pa
will be the maximum current flowing in the meter branch at
each switch setting. Redrawing the circuit for each switch
position may help make this clear.
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2

g R2+R3+R4+Rg

SW
0.5MA

Circuit for 0.5 ma.

How much of the total current (0.5 ma) must flow through
the shunt? 500 pa (0.5 ma) minus 50 pa (maximum meter
current) equals 450 pa. This means that the ratio of shunt
current to meter current must be maintained at 9 to 1.
Therefore, the shunt resistance must be 1/9 of the resist-
ance in the meter branch. With some meters, resistor R, is
included as a part of the basic meter movement to increase
its resistance. This is sometimes necessary so that the
shunt resistance for the high-current ranges will not be
unreasonably small.

Q26. What is the ratio of shunt current to meter cur-
rent in this ecircuit?

®
>
S R
SRy+Rg+R;
§R1+ R2
W
O ® 4+
10MA

Circuit for 10 ma.



Your Answer Should Be:

I (shunt) 9,950 pa _ 199

A26. -
I (meter) 50 pa 1

Shunt Ohmmeters

In the illustration below, Ry represents meter resistance.
R, is the ohms adjust control and is used to set the pointer
to zero reading (full-scale deflection). In the R X 1 range,
R, Ra, Re, Rs, and Ry form one branch of a parallel net-
work ; Ry forms the other.

i{
Rg
R
_V%A J\/—cr
AAA- . Oe—o—H= & OHMS

Rg + R7+ Rg SW LoV

®~, COMMON

Circuit for R X 1 range.

The shunt permits external resistances of low values to
be read with reasonable accuracy. Without it, the measured
resistance would be in series with the resistance in the meter
branch, and the same current would flow through all resist-
ances. The total resistance would thus have to be large to
limit current flow to the maximum level of 50 pa. As a con-
sequence, slight changes of current due to small changes in
measured resistances would cause only tiny changes in
pointer movement. Markings would be very close together.

An external resistance equal to the internal circuit resist-
ance would bring the pointer to midscale. With a 50-pa
meter and a 1.5-volt battery, Ohm’s law shows that the
internal resistance must be 30,000 ohms for full-scale deflec-
tion, or zero reading. 30,000 ohms of external resistance
would halve the current flow and provide a midscale read-
ing. On the R X 1 range, measurements between 0 and
30,000 ohms would be distributed on one half of the scale
and readings would be difficult to estimate with accuracy.
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Placing a shunt in the circuit provides a low-resistance
current path around the meter branch. Most multimeters
using this design have a midscale reading of 10 to 30 ohms,
permitting greater accuracy in reading the scale markings.

A typical value for Ry is 11 or 12 ohms. In round figures,
the total resistance of the parallel network would then be
about 10 ohms. With the terminals shorted, the 1.5-volt
battery will cause a total current (I,) of 0.15 amp (150,000
pa) to flow. Since maximum current for the meter is 50 pa,
one part in 3,000 (50/150,000) of the total current will flow
through the meter branch. The remainder (2,999 parts)
flows through R, the shunt path. R, is used to adjust the
meter branch resistance to produce a 2,999/1 ratio.

When the range-selector switch is moved from R X 1 to
R X 10, the resistances in the parallel network are redis-
tributed. Compare the schematic below with the R X 1 cir-
cuit on the preceding page. The resistance is increased in
the shunt branch and decreased in the meter branch. R,.
is added as a current-limiting resistance.

@® COMMON
R m
3“8‘“9
*%RA
AAA- AA oo HF——@ OHMS
R6+ Rz R12 Sw

Circuit for R X 10 range.

R,; in the R X 10 circuit will allow less current to flow
than in the R X 1 circuit. You saw that maximum I, in the
R X 1 circuit would be near 150,000 pa if the parallel net-
work had a resistance of 10 ohms. Suppose the resistance
of the parallel network in the R X 10 circuit is approxi-
mately 100 ohms and R,;. is 10 ohms. The 1.5-volt battery
is then in a circuit having a total resistance (R,) of 110
ohms. The total current with test leads shorted would ap-
proach 15,000 na. Since I; must be 50 pa, 50/15,000 or 1,/300
of the total current flows through the meter.

Q27. In which circuit (R X 1 or R X 10) will the meter
pointer be farther from zero when a given resist-
ance is measured?
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Your Answer Should Be:
A27. The R X 1 circuit.

Redrawing the two circuits with meter scales added will
help you understand why the answer above is correct.

1001< 1oon<

Rs is in the meter branch for R X 1 and in the shunt branch
for R X 10. The ratio of meter-branch to shunt-branch
resistance for R X 10 is smaller than for R X 1. This means
that if I, were equal in both parallel networks, Iy for R X
10 would be larger than I for R X 1. Therefore, a larger
part of the total current would flow through the meter in the
R X 10 circuit than in the R X 1 circuit.

R X 1 Circuit:
Total circuit R — 50 ohms (see figure)
Total circuit I = 30,000 pa (I = E/R)
I,,/Is = 1/3,000 (meter-branch to shunt-branch ratio)
I, = 10 pa (1/3,000 of 30,000 ua)
R x 10 Circuit:
Total circuit R = 150 ohms
Total circuit I = 10,000 pa (I = E/R)
1,,/Is = 1/300 (meter-branch to shunt-branch ratio)
I,y — 33.3 pa (1/300 of 10,000 pa)
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There will be greater deflection (more I) in the R X 10
circuit than in the R x 1 circuit when the same value of
resistance is measured. The proportions established for the
series-parallel resistances in the R X 10 circuit are such
that scale readings can be multiplied by 10.

In the R X 100 and R X 1,000 circuits the series-parallel
resistive networks are changed in the same manner, and the
scale readings are multiplied by factors of 100 and 1,000,
respectively. In the R X 1,000 circuit below, you will note
that there is an additional battery to permit measurement
of large resistances.

® COMMON

RM§2|<

RA S Rg

R 1.5V

6V Sw
A1 11| l—o+—o——i=——® OHMS

93.3K

Circuit for R X 1000 range.

Q28. What is the value of R, in the circuit above?

Q29. What is the purpose of the additional 6-volt bat-
tery in the meter circuit above?

Q30. What is the value of I, in the circuit above when
the test leads are shorted?

Q31. What is the ratio of meter-branch current to shunt-
branch current?

Q32. How much of the total current will pass through
the meter?
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Your Answers Should Be:
A28. R, is equal to 99.97K.

A29.

A30.

A3l.
A32.

2K 4+ 8K) X 20K
R, — (2K + 8K) X 20K | g3 3¢ _ 99.97K
"7 @K + 8K) + 20K + 9.97

The additional 6-volt battery permits large resist-
ances to be measured accurately.
I, is equal to approximately 75 na.

R, 9997K
Iy/Ie — 2/1
Iy = 50 pa (%5 of 75 pa)

DC Voltmeter Circuits

The figure below shows a typical DC voltmeter circuit

added to the circuit of the DC milliammeter and ohmmeter.
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As you can see, the DC voltmeter circuit is a network of
four resistors in series with the meter-shunt resistor com-
bination. Simplified schematics for the 5- and 50-volt posi-
tions are shown in the diagrams below.

Rm Rm
A AAN
In Im
Ig Is
WA AN
Rg Rs
R13 I, §R13 I,
Rig
G, q, @ O
5V \\ 50V
= 1 - A1)
5-volt range. 50-volt range.

In the 5-volt position, current flows through R,; and the
meter-shunt network. The 50-pa meter has a coil resistance
of 2,000 ohms. Since Rg is very close to the same value, it
can be assumed that the total resistance of the parallel net-
work is 1,000 ohms. What must R;; be for a full-scale read-
ing of 5 volts? If Ry and Rg are equal, Iy, and I, are also
equal. Therefore, for Iy to be 50 pa, Iy must be 100 wa. Ry
equals 5V/100 pa, or 50,000 ohms. Subtracting 1,000 ohms,
R,z is 49,000 ohms. To find the value of Ry,, apply the same
reasoning.

Q33. If 3.7 volts is measured using the 5-volt circuit,
how much current will flow through the meter?

Q34. If R;; decreases in value, will the 50-volt range
read high or low?

Q35. What is the value of R;; (250-volt circuit) ?
Q36. What is the value of Ry (1,000-volt circuit) ?
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Your Answers Should Be:
A33. 37 pa. I, = Y% I (74 pa)
A34. The meter will read high.
A35. 2 megohms

A36. 7.5 megohms

AC Voltmeters

The diagram below shows an AC-voltmeter circuit. The
four multiplier resistances are connected as in the DC volt-
meter, but there are other differences.

NEGATIV!
HALF CYCLE

RECTIFIER | Ry7 +
POSITIVE HALF CYCLE 5v

AC voltmeter circuit.

When the polarity of the measured voltage is positive at
the plus terminal, current will flow as indicated. It will pass
through the rectifier. When the voltage swings in the nega-
tive direction, current flow will reverse. The rectifier offers
a high resistance to current in this direction. Therefore only
a very small amount of current can flow through the meter
during this part of the cycle. Consequently, the meter re-
ceives a pulsating DC, and the pointer is deflected. If an
alternating current passed through the meter in both direc-
tions, the pointer would remain at zero.

The rectifier resistance is low in comparison to R; when
the current flows counterclockwise, but it is high with re-
spect to R, when the current flows in the opposite direc-
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tion. R, becomes a path for current during the negative half
cycle, thereby preventing a possibly destructive negative
voltage from building up across the rectifier.

OHMS

ki f AN
VOLTS ;
MA
RleRaRaRs
0.5MA  10MA 100MA 1000 MA
1
AV A
RA R0 Rg R; Rg | R |
- R
II._—(L) R11 12 _(g
Rx1000 Rx100 Rx10 Rx1
% Ri3 ST R1s Rie
4 ® ® ® ® R
+5v 50V
+5 +250v +1000V _
Rig R1g Rao
AN 0 AA% ANN—
Ruz 5ovl 250v
o |
o
5V l 1000V
+ -@®

Complete multimeter circuit.

USING A MULTIMETER

You have learned a great deal about why a multimeter
operates as it does. This knowledge should aid you in using
one wisely. However, it might be helpful to list the more
important do’s and don’ts.

General Precautions

Before using any multimeter, carefully study and apply
the information contained in its instruction book. If the
book does not contain a schematic diagram of the circuitry,
request one from the dealer or manufacturer. Study the
diagram and learn how the circuits are connected.

Keep the front panel clean. Dirt or moisture around the
Jacks may act as a shunt for current. Although it may look
rugged, handle the instrument with care.
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Always take readings with as much precision as possible.
Develop the accuracy habit early. Then, when you need to
take precise measurements, you will be able to.

Handle the front-panel controls carefully. Do not try to
rotate switches beyond their stops.

Keep your hands away from the metal tips of the test
probes. Failure to do so may cause you to receive an elec-
trical shock when measuring current or voltage. The resist-
ance of your body across the probes will make ohmmeter
readings inaccurate.

Voltmeter and Milliammeter Functions

Have great respect for an energized circuit. Stand on dry,
insulating material, and if you must measure voltage of
great amounts, (a) turn the equipment off, (b) discharge
any capacitors near the test point, (¢) clip the meter leads
on the test points, (d) turn the equipment on, (e) take the
meter reading, and (f) turn the equipment off before remov-
ing the meter test leads.

Never place the milliammeter circuit across a voltage
source. Even a small amount of voltage may force an exces-
sive amount of current through the meter coil. To measure
current, always connect the milliammeter in series with the
circuit. Always turn the equipment off before removing the
meter from the circuit.

Always connect the voltmeter in parallel with the circuit,
voltage source, or circuit component.

Observe polarity. Place the negative test probe (usually
black) on the negative side of the element and the positive
probe (usually red) on the positive side.

Ohmmeter Function

Do not measure resistance in an energized circuit. Turn
off the appropriate switches, remove the power plug, discon-
nect the battery terminals, or take any other measure that
will remove voltage from the circuit. A very small voltage
added to that of the ohmmeter battery may damage the
meter coil.

Discharge any capacitors in and around the circuit before
making a resistance reading. Remember, capacitors store
voltage. The ohmmeter may serve as a discharge path for
a capacitor when the meter leads make connection in the
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circuit. The metal shaft of a screwdriver may be used to
discharge low-voltage capacitors. Rub the blade against all
leads or terminals of the capacitor while the shaft rests on
the chassis. Hold the screwdriver by its handle. For high-
voltage capacitors (300V or above) use a grounding tool.

1/8" BRASS ROD BROOM HANDLE
12 LONG INSERT ROD IN HANDLE 18" LONG
\ AT LEAS\T 212

R ——

HEAVY BRAID 18" LONG- B

SOLDERED TO ROD

HEAVY
BRAID FASTENED BY BATTERY CLIP
SCREW,WASHER & SOLDER

Grounding tool.

Fasten the clip of the grounding tool to the bare metal of
the chassis. Touch the terminals or leads of the capacitor
with the tip of the rod.

Do not measure the resistance of circuit elements that are
still hot. Readings taken on parts above room temperature
may be inaccurate.

When taking resistance readings in a circuit, determine
if the element being measured is shunted by another com-
ponent. If it is, the reading may be affected. If such a con-
dition exists, you have two choices; either remove one of
the component leads from its terminal before measuring, or
use the point-to-point resistance values contained in the in-
struction book or technical manual for the equipment under
test. The resistance values may be shown in chart form.
One type of chart is shown below and lists the resistance
values between tube pins and chassis ground.

Resistance measurements.*

Tubel Pin 1| Pin 2| Pin 3 |Pin 4 (Pin 5| Pin 6| Pin 7 |Pin 8| Pin 9

v, [Inf [615K| 0 |0.1 | 0 [6.2K [165K |Inf | 0
'V, [10.3K| 68 |l meg|100 | Inf |16K [1.5K

Vv, 22K [100 | 920 o 100[100 | o© 1

*Resistance values are given in ohms.
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Another type of chart may be for a single circuit, giving
b'ch voltage and resistance readings from tube pin to chas-
-8is ground.

Table of voltages and resistances.

Element Pin No. Voltage Resistance
' Plate | 1 | 320vAC | 280 J
Filament | 8 | 3.15VAC | 0
Filament | 4 315VAC | o |
[ Plate | 6 | 320VAC | 280
Cathode | 7 1350V 125K |

When using these charts, be sure the front-panel controls
of the equipment are set as indicated by the manual con-
taining the chart. Also, be sure to use a meter with the
same sensitivity as the type used by the manufacturer in
developing the chart.

If your measurements are the same or reasonably close,
those components included in the reading may be good. You
cannot be absolutely sure, however. For example, a normally
high-value resistor may be open. If this resistor is in par-
allel with low-resistive components, such as a coil, the ohm-
meter reading may agree with the chart value. A leaky
capacitor across a resistor may also produce a normal read-
ing. However, if you suspect this condition or get an abnor-
mal reading, disconnect one of the leads of the suspected
component and make another measurement.

The condition of capacitors can be approximated with an
ohmmeter. When testing capacitors other than electrolytics,
use the highest resistance range of the meter. This range
will supply more voltage than the others. If the capacitor is
good, the meter pointer will deflect slightly and then return
to infinity as the capacitor charges from the ohmmeter bat-
tery. If there is no deflection, the capacitor may be open
or have too small a value for the size of the ohmmeter bat-
tery. Full-scale deflection with no return indicates a shorted
capacitor. Leakage is indicated by a steady deflection to
some part of the scale.
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1.

2.

WHAT YOU HAVE LEARNED

A multimeter is an instrument used to measure ohms,
AC and DC volts, and DC milliamperes.

A combination of switches and jacks on the front panel
of a multimeter permits the instrument to measure
these electrical characteristics with a single meter.

. Meters vary in sensitivity. Sensitivity can be stated in

two ways—in current and in ohms per volt. Current
sensitivity, rated in milliamps or microamps, indicates
the amount of current flow through the meter coil nec-
essary to cause full-scale deflection of the meter pointer.
Current sensitivity of most multimeters ranges from 2
ma to 50 pxa. The smaller current rating means greater
sensitivity. Ohms-per-volt sensitivity is determined by
the amount of meter-circuit resistance that will result
in full-scale deflection when 1 volt is applied to the meter
leads. A 2-ma current sensitivity would be rated at 500
ohms per volt (R = E/I). A 50-ua meter movement
would have a sensitivity of 20,000 ohms per volt. The
latter meter is preferred, since it adds less loading effect
to a circuit being measured.

. Most multimeters have a variety of ranges for each of

the four meter functions—ohms, DC volts, AC volts, and
DC milliamperes. Ranges are obtained by selecting in-
ternal circuit arrangements through the use of switches
or jacks.

. These circuit arrangements are parallel or series-par-

allel resistive networks. Each range circuit sets up a
distribution of resistances in the meter and shunt
branches of the network. The resistance ratios are such
that no more than the maximum meter current will flow
through the meter branch of the network. The excess
current is diverted through the shunt branch.

. Full-scale deflection of the pointer occurs when maxi-

mum rated current flows through the meter coil.

. When the instrument is set up as an ohmmeter, full-

scale deflection occurs when the test leads are shorted.
This indicates zero ohms.
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8.

10.

Voltmeter and ammeter scales on the meter face are
usually linear. Units of scale markings are equal dis-
tances apart. The same scale can be used for measuring
both volts and milliamps. On some multimeters a sep-
arate scale for each is available.

. The ohmmeter scale is nonlinear—markings are not

equal distances apart. The scale reads from zero
(usually at the right end) to infinity.

For best accuracy, all multimeter readings should be
made in the range position where the pointer will be in
the upper-half region of the scale. There is some error
present in even the best movement. This difference at
full scale will be less of a measurement error than near
zero. Also, the markings of the ohmmeter scale are less
crowded toward the zero end (full-scale deflection).
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Vacuum-Tube
Voltmeters
In this chapter you will
What You learn the functions and
. operations of a vacuum-
Will Learn tube voltmeter (VTVM).

You will learn, by compari-
son, the advantages of the VI'VM versus those of the
multimeter. After completing this chapter, you will
know which type of meter to use for any circuit.

CAPABILITIES

A VTVM, because of its design, has a few advantages not
found in multimeters. The primary advantage is that it can
be used for measuring voltages without excessively loading
a circuit. For example, a 1,000-ohm/volt multimeter set on
the 50-volt range will place 50,000 ochms across the circuit
being measured. Since this provides another path for circuit
current to follow, the multimeter is loading the circuit.

) 50V s SOV
/ = =i
| ( 0.5MA
/ §75K JPKe 125V
30v LV S 0. 5MA
) DR VWA A
‘K_ son(: " ’i 025mp X |
N — Lo
NV T
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51
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According to Ohm’s law, you should be able to measure
20 volts across the 50K resistor in the circuit above. A
1,000-ohm /volt meter on the 50-volt range will place 50,000
ohms across the resistor, thus loading the circuit. The volt-
meter will, therefore, read 12.5V (0.25 ma x 50K). This is
a large error.

A 20,000-ohm,volt multimeter, because of its higher input
resistance, causes less circuit loading. A typical VI'VM has
a 10,000,000-ohm input resistance, regardless of range. Study
the chart below, and compare the loading effects of the
two meters.

[ Input Resistance
Range VIVM Multi® Loading Effect
5V |10 meg | 0.1 meg | VIVM 100 times less
10V |10 meg | 0.2 meg | VIVM 50 times less
50V |10 meg | 1 meg | VIVM 10 times less
100V |10 meg | 2 meg | VI'VM 5 times less
500V (10 meg | 10 meg | Multimeter equal to VIVM
1,000V |10 meg | 20 meg | Multimeter 2 times less

*Multimeter with 20,000-ohm/volt sensitivity

As you can see, a VI'VM has less loading effect on circuits
at the lower voltages than does a good multimeter. Some
circuits are so sensitive to loading effects that a reading can
be obtained only with a VTVM.

Another advantage of the VI'VM is its wider frequency
coverage. The AC voltage-reading error increases at the
rate of 0.5 to 1°¢ per 1,000 cycles in a multimeter. At 5,000
cps, for example, a multimeter would read 2.5 to 5% low.
At 50,000 cps, readings would be 25 to 50 % low. A VTVM,
however, will provide AC measurements of reasonable accu-
racy up to tens of megacycles.

VTVM'S

There are many different designs for constructing a
VTVM. Most of them use some type of vacuum-tube bridge
circuit to regulate the amount of current that flows through
the meter coil. This method not only provides an accurate
means of measurement, but it also permits the use of a less
sensitive meter. A typical VITVM might use a 200-xa meter
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movement, whereas a 20,000-ohm, volt multimeter requires
a more expensive 50-pa movement.

A-C OHMS

@—r—— AC RECTIFIER

AC
VOLTAGE
DIVIDER

DC DC
BRIDGE
® VOLTAGE CIRCUIT
DIVIDER
A
COMMON POWER
OHMS DIVIDER SUPPLY

Block diagram of a typical VTVM,

The above block diagram of a VIVM shows three input
jacks for test leads. By following the arrows, you can see
that when measuring AC, the input current flows through a
rectifier, a voltage divider, a bridge circuit, and the meter
before it returns through the COMMON pin jack. Current,
representing DC and ohm readings, flows through the respec-
tive divider networks in the circuit to the bridge circuit and
the meter. From there it returns to the COMMON jack.

Ql. Why does a VI'VM provide more accurate readings
than a multimeter when measuring low voltages?

53



Your Answer Should Be:

Al. A VTVM has a greater impedance across its input
jacks at lower voltage ranges than a multimeter.
Therefore it draws less current from the circuit.

VACUUM-TUBE VOLTMETER CIRCUITS

In the diagram below, the inputs are shown in a block
rather than as individual jacks. This VTVM would have
four jacks on the panel, each labeled with the funection titles

BR1DGE
CIRCUIT

FUNCTION RANGE

POWER
SWITCH SWITCH SUPPLY

shown. The function switch (S;) connects the jacks to the
proper voltage-dividing networks. The range switch (S,)
selects the proper network, usually resistive, to supply the
bridge circuit with the correct voltage. The bridge circuit
provides the amount of current that should flow through the
meter for the correct pointer deflection. The power supply
provides filament and B4 voltage to the vacuum tubes.

Bridge Circuit

The bridge circuit will be described first since it represents
the most significant difference between a VIVM and a multi-
meter. The schematic below shows a typical circuit.

B+

Ro
ZERO ADJUST

A bridge circuit.
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As the schematic shows, V,, and V,,. are separate halves
of a twin triode. (The A and B designations represent sep-
arate groups of elements in the same tube envelope.) The
arrangement of the circuit is such that the plate current of
V,. can be made equal to the plate current in V,,. The bal-
ance in plate currents is brought about by the adjustment of
Ry. The control for R, is on the VITVM panel and is labeled
ZERO ADJUST. Before taking a measurement, this control
is adjusted until the pointer is resting on zero of the desired
scale.

A pointer reading of zero means no current is flowing
through the meter. This condition exists when the two cath-
ode voltages are the same with respect to ground. Since
cathode resistors R, and R, are equal in value, the voltages
are equal as long as the two plate currents remain the same.

A 200-pa meter is sufficiently sensitive to operate in such
a circuit. R, is a range calibrating resistor. When the range
switch is moved to a new position, a different R, is switched
into the meter circuit.

If the switch (S,) at the grid (pin 7) of V,, is thrown
from ground to the battery and resistance circuit, a negative
voltage will be applied to the grid. Plate current will decrease
by an amount determined by the change in grid voltage. A
decrease in plate current will lower the voltage across re-
sistor R.. Since the voltage across R; has not changed, a
difference of potential exists across the meter. This poten-
tial difference results in a current flow through the meter.

METER CURRENT (I,;) —

(o )—
D, 1
DECREASED NORMAL R
Ry - CURRENT CURRENT

.|"—0

Q2. In which direction will meter current flow in the
circuit above?
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Your Answer Should Be:
A2. The meter current will flow from left to right.

Assume that normal plate current flow through V,y pro-
duces a cathode voltage of 15 volts. Also, assume that the
decrease in plate current through V,, drops its cathode volt-
age to 12 volts. Current flows through the meter from the
less positive to the more positive side.

If the voltage applied to the grid of V,, represents a full-
scale reading at the range setting in use, what should be the
value of R,? A 200-ua meter has a full-scale deflection when
a current of 200 pa flows through its coil. If the voltage
across the meter is 8 volts, R,y plus the meter resistance
must be 15,000 ohms.

(BB+

With no voltage applied to the grid of either tube, the
current is the same on both sides of the bridge. Cathode
voltages Ex; and Ex. are equal. If a negative voltage appears
on the left grid, current through the left leg of the bridge
decreases. The voltage drop across resistor R, decreases, but
the voltage across the tube increases enough that voltage
E, increases. However, the decrease in current through R.
lowers the value of Ei,, and the sum of Ex, and E, remains
the same. The bridge is unbalanced because Ey; is less than
Ex.. Current flows through the meter from left to right.
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If the negative voltage is removed from the grid on the
left side, the bridge will return to its normal balanced con-
dition. Voltages on both sides will be equal, and no current
will flow through the meter.

CURRENT

% INCREASED

NORMAL
CURRENT

.|"—4

Positive voltage applied to one grid.

Suppose a positive voltage is applied to the grid of Vip.
Plate current in V,;; will increase, raising the voltage across
Ry. Eg. will new be a larger positive voltage than Ex,. Cur-
rent will therefore flow from left to right through the meter.

Importance of Chassis Potential

You have seen that a negative voltage applied to one grid
or a positive voltage to the other results in the same direc-
tion of current flow through the meter. This fact is used
to great advantage in a VITVM.

The common, or negative, test-lead jack is grounded to
the chassis of a VIVM. In equipment employing electronic
circuits, the chassis is usually at zero (ground) potential for
safety purposes. If you have to measure a negative voltage
in such equipment, the test leads must not be interchanged
in order to cause the meter pointer to move up scale. Plac-
ing the common, or negative, lead on the negative side of the
voltage would connect this voltage directly to the VIVM
chassis and case. This could be very dangerous.

Q3. What voltage across the meter leg would produce
full-scale deflection of a 200-,a meter? Assume the
total leg resistance is 20K.

Q4. What conditions must exist for zero deflection on
the meter in the bridge circuit on the opposite page?
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Your Answers Should Be:
A3. E=1 X R = 0.0002a X 20,0009 = 4 volts

A4. E; must equal Ex.. Therefore, R, must equal R,
and the plate currents must be equal.

Measuring Negative and Positive Voltages

The VI'VM eliminates the danger just described by hav-
ing DC— and DC-+ settings on the function switch. The
type of bridge circuit about which you have just learned

DC= ,pc+

1 OHMS
/| BRIDGE /! )

CIRCUIT
5 T DC +

FUNCTION SWITCH

DC reversing switch.

allows the input voltage to be switched to the grid of the
proper tube in the circuit. The same direction of current
flow through the meter can thus be maintained regardless
of the polarity of the input voltage.

DC Voltage Divider

In a VTVM, the input circuits for the various functions
are voltage dividers. A typical DC voltage divider is shown
in the diagram below. One end of the string of resistors is
attached to the DC pin jack, and the other end is connected

Q
Onc - v S1
Rig PIN7 BRIDGE
CIRCUIT
R11 10v Via
R
COMMON 2 gk 100V

1000V

DC voltage-divider circuit.

to the COMMON jack. A schematic representation of a four-
position switch is shown at the right of the voltage divider.
Each position represents a tap in the resistor string. Each
tap corresponds to a range setting.
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The sum of the resistances in the voltage divider is 10
megohms. This large resistance will be in parallel with the
measured circuit at any range setting. Loading of the cir-
cuit under test is therefore very small.

— AN
10K

A VTVM produces a small loading effect.

DC Voltmeter Probes

Two different probes for taking measurements are avail-
able with a VI'VM. The standard probe has a resistor in
series with the metal point and the test lead.

@

DC test probe.

Q5. In the diagram below, how much voltage appears on
the grid of the tube in the bridge circuit?

BRIDGE CIRCUIT

Q6. Refer to the lower illustration on the opposite page.
How much voltage is applied to pin 7 of V,, when 1
volt is measured with S, positioned as shown?

Q7. How much voltage is applied to pin 7 of V., when
10 volts is measured with S, on the 10-volt tap of
the voltage-divider circuit?
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Your Answers Should Be:
A5, There is 1.5 volts applied to the grid.

E 3V
- E_3V_ g3
R, 100 St

I X (R:+ R3) = 0.3a X 50 = 1.5V

A6. 1 volt.

A7. 1 volt. A voltage of 10 volts is applied across a
total resistance (Ry) of 10M. At the 10-volt tap,
the resistance to ground is 1M, or 1/10 R.. There-
fore, 1 volt is present at the 10-volt tap.

High-Voltage Probe

A high-voltage probe has an internal series resistor of 25
megohms or more. This probe is used to extend the range
of the VTVM above 1,000 volts DC.

High-voltage DC probe.

Voltage-Divider Principle

Answers A6 and A7 above illustrate an important point.
With the test probes measuring 1 volt, there is 1 volt at the
1-volt tap. When measuring 10 volts there is 1 volt at
the 10-volt tap. And, at 100 and 1,000 volts, there is 1 volt
at the 100-volt and 1,000-volt taps, respectively. The voltage
applied to the bridge circuit must be the same in all ranges
to cause the same pointer deflection. Pointer positions are
multiplied by the factor indicated by the range setting.
AC Voltage Divider

A simplified schematic for an AC voltage divider appears
on the next page. It has the same voltage-divider network
used in the DC voltmeter circuit.

The main difference between this circuit and the DC cir-
cuit is a twin diode for rectifying AC into pulsating DC.
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The diode permits measurement of voltages having frequen-
cies from 50 cps to at least 50 ke.

Diodes V34 and V;p, and capacitors C; and Cq form a net-
work that converts the AC input voltage into a DC voltage
across the voltage divider. Capacitor C, also serves to pre-

BRIDGE
CIRCUIT

R12 100v
o—— — — 90K
COMMON Ri3 1000V

AC voltage-divider circuit.

vent the DC that may be present in the input voltage from
reaching the bridge circuit. In this arrangement the VITVM
actually measures the peak value of the AC voltage. The
rms value of a sine wave is 0.707 times the peak value. The
scales of most VI'VM’s are marked to read the rms value.
RF Probe

A special probe for measuring frequencies up to 100 mega-
cycles can be used in the DC jack.

— g

RF PROBE

An RF probe,

Q8. In addition to being part of the network that con-
verts AC to DC, what is the purpose of capacitor Cy
in the AC voltage-divider circuit above?

Q9. What is the purpose of the two diodes in the AC
voltmeter circuit?
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Your Answers Should Be:

A8. C; is also used as a blocking capacitor to prevent a
DC component of any measurement from entering
the AC measuring circuit.

A9. The two diodes rectify the incoming AC into pul-
sating DC.

Ohmmeter Voltage Divider

Some ohmmeter circuits employ a battery as a voltage
source. In others a metallic rectifier with a resistor-capaci-
tor filter is used. Whatever the source of voltage, the
current normally flows through a voltage-divider network
similar to the one below.

®

OHMS

® BRIDGE CIRCUIT

COMMON R20

V=
i

RX1 MEG
An ohmmeter voltage divider.

With S, in the R X 1 position, the voltage applied to the
bridge circuit depends on the ratio of the unknown resist-
ance to Rs,. In the R X 100 position, the voltage depends
on the ratio of the unknown resistance to Ry + Rsy. The
unknown resistances measured on the R X 100 range are
100 times as large as those measured on the R X 1 range.
You can see that Rsy + R.; must be 100 times as large as
R.p. Similar reasoning applies to the R X 10K and R X 1
MEG ranges.

The ohmmeter scale of a VI'VM using this circuit meas-
ures 0 to o from left to right—the reverse direction to that
of a typical multimeter scale. When the probes are shorted,
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full-scale deflection will occur. When they are open, the
pointer will remain stationary and register <. As in the
multimeter, the ohmmeter scale is nonlinear.

USING THE VITVM

The same precautions given for the use of multimeters
also apply to vacuum-tube voltmeters. Generally, a VTVM
is used in the same manner as a multimeter in taking volt-
age and resistance readings. The illustration below shows
how the front panel of a typical VTVM might appear.

evtibeaegy,,
o o,

\

A 4

« " pcvoLts M‘/

& po——ty 7
XTUACVOLTS A

iy,
el X

PEAK-TO-PEAK 7

ZERO OHMS
ADJUST
ADJUST 10V

VIVM
A typical VTVM.

Q10. If Ry in the circuit on the opposite page is 100
ohms, what is the value of Ro;?
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Your Answer Should Be:
A10. The sum of R., and R.; must be 100 times 100,

or 10,0000. Therefore, R.; is 10,000 — 100, or
9,9000.
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SPECIAL VTVM PRECAUTIONS

. Beware of high voltages.
. When making high-voltage checks, grip the probes well

up on the insulated parts of the handles. This reduces
the danger of shock and the possibility of adding hand
capacitance to the circuit.

. Always ground the AC test probe after a voltage check.

The capacitor in the input circuit may have been
charged by a DC voltage.

. An RF probe can be used to measure voltages having

frequencies from about 1 ke and 100 me. Connect the
probe and its ground connection as close together in the
circuit as possible.

WHAT YOU HAVE LEARNED

. A vacuum-tube voltmeter is similar to a multimeter in

function, range selection, and use.

. A VIVM has a higher input impedance (around 10

megohms) than a multimeter. As a result, it has less
loading effect on circuits.

. The range circuits of a VIVM are usually voltage-

divider networks. The range switch connects the selected
multiplier tap to a vacuum-tube circuit. This circuit
regulates the amount of current that will flow through
the meter coil.

. Most VT'VM’s use some type of bridge circuit. When no

measurement is being taken, voltages across the bridge
are balanced, and no current flows though the meter.
When a measurement is being made, current in one of
the tubes increases. This unbalances the voltages across
the bridge, causing meter current to flow in proportion
to the measurement taken.

. Safety precautions must be followed when measuring

high voltages with a VITVM.
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The Oscilloscope

An oscilloscope is a test

What You instrument capable of
. showing the waveforms of
Will Learn sinusoidal and nonsinusoi-

dal signals. You will learn
how the oscilloscope performs its various functions to
aid the user in gaining valuable knowledge about an elec-
tronic circuit. In this chapter you will discover how the
oscilloscope can be used to measure the voltage and
phase of an applied signal. This chapter will also give
you additional information concerning the operation of
the cathode-ray tube.

LIMITATIONS OF METERS

You have become acquainted with multimeters and vac-
uum-tube voltmeters. If asked to describe them in a brief
statement, you might say they are instruments capable of
measuring the magnitude (size) of certain electrical char-
acteristics. This would be a good description if you added
that the characteristics are basically limited to voltage, cur-
rent, and resistance.

How much information would a multimeter or VITVM tell
you about a voltage that varies as shown below ?
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Your answer might be merely voltage. This would be a
good answer, since you did not specify the amount of volt-
age. A multimeter or a VI'VM is designed and has its scales
calibrated to measure sinusoidal (sine-wave) AC voltages.
It cannot accurately measure a nonsinusoidal voltage. Most
meter pointers will not be able to follow the rise and fall of
such a voltage, and only a slight indication will be obtained.
However, some VI'VM’s will read peak-to-peak voltages.

IMPORTANCE OF WAVEFORMS

Since a voltage or current can be described in terms of
amplitude and time, you can identify and analyze any signal
in these terms. A graph or picture of how the amplitude
of a signal varies with time is called a waveform.

RISESTO 7
7 VOLTS IN /1 N ]
0.5sec 6 V4
5 A1 11N l
[
|
4 T
; N |
RISESTO 2
2VOLTS IN
0.1 SEC
%901 0.5 1,0 SECOND

— TIME

To maintain, troubleshoot, and repair electronic equip-
ment, a technician needs to look at the waveform of a signal
passing from one circuit to another. For this, an instrument
is needed that will provide a reliable representation of the
signal. If the representation matches the desired size and
shape of a signal that should occur at the test point, the
technician can assume the circuit from which it came is
operating as it should. If the representation does not match
the signal, the type and amount of difference will help in
identifying the cause of the trouble.

Waveform Characteristics

Each electronic circuit is designed to accomplish a specific
purpose. The purpose determines the input and output re-
quirements of the circuit. The input signal of one circuit
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is normally the output signal of the preceding circuit, or
stage. The output signal is the signal required as the input
to the next stage. Circuit components are selected and con-
nected in such a way as to convert the input signal to the
required output for each stage.

S

AMPLIFIER

ouTPUT

An amplifier, for example, usually receives a small signal
from a preceding stage and converts it to a larger signal. In
other words, the stage amplifies the signal.

It is often helpful to be able to determine if the change
from input to output signal has been made properly. For
example, it is desirable to know if the shape of a signal
waveform is changed when the signal passes through an
amplifier circuit.

AMPLIFIER

INPUT ouTPUT
Distorted output.

In the figure above, the leading half of the cycle in the out-
put has been distorted. You would, therefore, suspect that
the amplifier had gone into saturation and was clipping off
that portion of the wave. You could also reasonably conclude
that the most probable cause of the trouble was a change in
tube bias.

Q1. What determines the input and output requirements
of a circuit?

Q2. What signal characteristics are shown by a wave-
form?
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Your Answers Should Be:

Al. The input and output requirements of a circuit are
determined by the purpose of the circuit.

A2. The amplitude and time of a signal are shown by a
waveform.

Waveform Characteristies

Each pulse below has an amplitude of 3.5 volts and a width
of 1 millisecond. The pulse repeats itself every 10 millisec-

-1 F r—
3.5V A pulse waveform.
F— 10 MILLISEC—
1MILLISEC.

onds. Since one pulse occurs every 0.01 second, the pulse
frequency is 100 pulses per second.

Frequency — —
time
A sine wave is a curved waveform. There are other waves
whose increases and decreases appear to be straight lines.
The pulse waveform in the above figure is an example. An-
other example is a sawtooth waveform.

}. F— __.( t] = 10 uSEC
ty= 2uSEC
ty = 22 uSEC

A sawtooth waveform.
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Another observation that can be made about waveforms is
their phase relationship. What is the relationship of their
amplitudes at a given instant of time? Observe the two
waveforms in the following illustration.

+10v — T

-10v

+10v —T E—

o |
o°

900 1800 2100 3600 900 1800 2100

Phase relationship.

The top waveform (sine wave) rises from zero to 10 volts
positive in 90° (one-quarter cycle). During the same time
period the bottom sine wave decreases from 10 volts to zero.
In other words, the two are 90° out of phase.

These and other characteristics of waveforms can be
determined by plotting amplitude against time. Even if he
had the means of measuring small changes in time, man’s
vision is too slow to follow the rapid rise and fall of the
amplitude. He could not make an accurate plot. The oscil-
loscope does this for him electronically. It presents a pic-
torial representation of an amplitude-versus-time plot of the
waveform.

Q3. What is one type of waveform that appears to be
made up of straight-line segments?

Q4. Why does the electronics troubleshooter need an
oscilloscope?
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Your Answers Should Be:

A3. A sawtooth waveform is one that appears to be
made up of straight-line segments.

A4. The electronics troubleshooter needs an oscillo-
scope to see an accurate representation of various
circuit signals.

WHAT IS AN OSCILLOSCOPE?

An oscilloscope is an indicator. It indicates the shape of
a signal appearing at a test point. Some oscilloscopes are
better at showing a reliable reproduction of waveforms than
others. The difference is merely one of design. All oscillo-
scopes function in accordance with the same set of funda-
mentals. If you learn how one oscilloscope works and how
it can be used, you can easily learn how to operate others.

All oscilloscopes contain a cathode-ray tube (CRT) and a
group of control circuits. The CRT displays the waveform.
The control circuits present the signal to the CRT. A set of
test leads brings the waveform to the control circuits.

CONTROL
CIRCUITS

# TEST LEAD

The oscilloscope.

A typical oscilloscope will be described in terms of how the
cathode-ray tube and the control circuits function. The test
leads are only slightly different from those with which you
are already familiar. Since the control circuits are designed
to operate the CRT, the cathode-ray tube will be studied
first.
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CATHODE-RAY TUBES

The cathode-ray tube is a vital part of a television set.
The CRT operates by moving a controllable beam of elec-
trons across the inside face of the tube. The number of elec-
trons in the beam is determined by the blacks, grays, and
whites of the scene the TV camera is viewing. White is pro-
duced by a large number of electrons striking a chemical
coating on the inside of the tube. The electrons cause the
coating to give off light. Black is achieved by stopping the
electron flow, and shades of gray are obtained by varying
the amount of electrons between the amounts required for
black and white.

The picture is “painted” on the screen by the narrow elec-
tron beam moving back and forth across the tube many
times a second. This movement is due to a varying magnetic
field produced by a set of coils around the neck of the CRT.

The principle of putting a picture of a waveform on the
screen of an oscilloscope is similar. The movement of an
electron beam is controlled electrostatically so that the beam
traces out the pattern of the waveform being measured. As
in the TV tube, electrons illuminate a coating on the inside
of the tube.

Electrostatics

To understand how a CRT operates requires a review of
what you learned about electrostatic fields. As you recall,
an electrostatic field is a region in which electric forces are
acting.

An electrostatic field can be developed between two charged
plates. If one plate is negative with respect to the other,
the direction of the electric force can be determined.

Q5. A waveform can be described in terms of its vertical
and horizontal dimensions. What are these dimen-
sions?

Q6. A cathode-ray tube can display a picture on its face,
or screen. What causes the picture to appear?

Q7. An oscilloscope is made up of a cathode-ray tube
and a group of control circuits. What is the func-
tion of the control circuits?

Q8. What is an electrostatic field?
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Your Answers Should Be:

A5. The vertical and horizontal dimensions of a wave-
form are amplitude and time.

A6. The picture on a CRT is developed by a moving
electron beam that strikes and illuminates a chem-
ical coating on the inside face of the tube.

A7. The function of the oscilloscope control circuits is
to present a signal to the CRT.

AS8. An electrostatic field is a region in which electric
forces are acting.

Forces in an Electrostatic Field

In the figure below, lines of electric force take a direction
from negative to positive. This means a negatively charged
body entering the field would be moved downward (from
negative to positive). A positively charged body, however,

NEGATIVE

e e T —

POSITIVE

would be moved upward (positive to negative). Like charges
repel, and unlike charges attract. Do you recall how an elec-
trostatic field is formed ?

An electrostatic field is formed with a voltage source and
a pair of metallic plates to hold the charges.

I,\ ELECTROSTATIC
FIELD

+lt——————
gl




If a 6-volt battery is connected to the plates in the manner
shown on the opposite page, the battery will draw electrons
from the bottom plate and deposit them on the top plate
until the difference in potential between the plates equals
the battery voltage. The potential of the plate having an
excess of electrons will be negative. The other plate, being
deficient in electrons, will be positive.

As indicated in the diagram, an electric force exists in an
electrostatic field. This force can act on other charges enter-
ing the field.

]
-0
) i E -1
Aé ----- A - =2 ELECTRIC
3 ; ! ] FORCE S
| P . 5 THE SAME
| BY P “¢  THROUGH-
! : ! 28 ourmee
| N TT FIELD
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In the figure above, three electrons are located in an elec-
trostatic field. All three are attracted by the positive plate
and repelled by the negative plate. The distance between the
plates is marked off in 10 equal units; electron A is 2 units
away from the negative plate, electron B is 5 units away,
and electron C is 8 units removed.

A uniform electric field is established between the two
plates. This means that an electron in one part of the field
has the same force acting on it as an electron in another
part of the field. Thus electrons A, B, and C all have the
same amount of force acting on them, even though each is
in a different position relative to the plates. Since the same
amount of force is exerted on each electron, the relative time
of travel of each electron depends on its distance from the
positive plate.

Q9. A positive ion rests in an electrostatic field. Toward

which plate will it move?
Q10. What causes an electrostatic field to exist between
two metallic plates?
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Your Answers Should Be:
A9. The positive ion will move toward the negative
plate.

A10. An electrostatic field is formed when one plate has
an excess of and the other a deficiency of electrons.

Distribution of Electric Force

Electrostatic force is conventionally represented by dashed
lines with an arrowhead showing the direction in which the
force is acting. Is an individual force represented by each

= I REPELLING FO |

i
i
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- —————————
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line? If this were true, an electron traveling between the
plates with sufficient velocity to pass through the field would
cover the distance in a stair-step pattern, as in A above. It
is known that the path of an electron through a force field
is curved, as in figure B. Force does not exist in distinct
beams ; it is continuous and uniform across the field. How-
ever, it is easier to talk about the field in terms of imaginary
lines.

Distribution of Force Lines

Thus far you have visualized lines of electric force as
being straight and parallel to each other. This is not always
true. The following diagram shows that part of the lines
of force can take a curved direction. Remember, the lines
shown are only representative of a continuous field.
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Lines directly between the plates are parallel to each other.
Because they are equal lines of force, they tend to repel each
other in a horizontal direction. The repelling effect is equal
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in all directions around a line of force. The lines of force at
the edges of the field are bent outward because there are no
lines outside the field to repel them inward.

An electron in motion through an electric field will tend
to follow the direction of the lines of force. The amount
that the electron path will bend in the direction of the lines
of force depends on the velocity of the electron and the
potential of the electric field. A fast electron may speed
through the field with little curvature to its path. The path
of a slow electron would curve more. Electrons of equal
velocity would curve more when they are passing through
a strong rather than a weak field.

FAST ELECTRON |_ STRONG FIELD | _
O——\\ o —\
+ 100 voLTS + 1000 voOLTS
SLOW ELECTRON ; WEAK FIELD |—
+ 100 voLts + 1100 vOLTS
Same field strength. Same electron speed.

Q11. Does an electrostatic field consist of distinct and
separate lines of force, or is it continuous?

Q12. Does a moving electron tend to take a path parallel
to the direction of force or perpendicular to it?

Q13. Why are the lines of force at the edge of an elec-
trostatic field curved?
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Your Answers Should Be:
All. An electrostatic field is continuous.

A1l2. A moving electron will tend to take a path parallel
to the direction of electric force.

A13. The lines of force at the edge of an electrostatic
field are curved because there are no lines of force
outside the field to repel them inward.

Electrostatic Forces Between Circular and Tubular Plates

In the diagram below is shown an electrostatic field be-
tween two plates having center holes. Observe the curvature
of the force lines under the holes.
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Since its path is parallel to the force lines, electron B will
pass straight through the axis (center line) of the holes.
Electron A starts in the same direction as electron B. When
electron A enters the field, it turns in the direction of the
force lines. Just before it leaves the field, it is turned even
further and in the direction of the curvature of the force
lines.

Suppose a small and a large cylinder, both charged with a
positive potential, are placed so the electrons must pass
through them. Also suppose the larger cylinder has a more
positive charge. The distribution of the lines of force would
look like the illustration on the opposite page.
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An electron in the space at the left of the small cylinder
will be attracted toward the cylinder by the positive charge.
If the electron is traveling along the axis of the cylinder, it
will pass through without crossing a line of force. As it

SMALL CYLINDER WITH
SMALL POSITIVE CHARGE

approaches the larger, more positively charged cylinder, the
velocity of the electron will increase.

An electron entering the small cylinder at an angle will
cut the lines of force and be turned in their direction as
shown by the top and bottom electron paths in the figure.
As it approaches the larger cylinder, the electron will be
accelerated by the higher positive potential. Because of the
higher electron velocity, the force lines in the larger cylinder
will have a smaller turning effect on the electron. If the
difference of potential between the cylinders is adjusted
properly, the electrons will unite at a given distance after
passing through the second eylinder. This action of the elec-
trons as they pass through the influence of the two cylinders
provides a convenient method of focusing the electron beam.

Q14. As an electron approaches the larger cylinder, the
velocity of the electron will — — — _ _ _ _ _.

Q15. Why is the above statement true?

Q16. What path will the electron take if it is on the axis
of both cylinders as it enters the first?

Q17. What path will the electron take if the small cyl-
inder is charged positively and the large cylinder
is charged negatively?



Your Answers Should Be:

Al4. As an electron approaches the larger cylinder, the
velocity of the electron will increase.

A15. The above statement is true because the larger
cylinder is more positively charged. It will attract
the electron with a greater force, thereby increas-
ing the velocity of the electron.

A16. The electron will move in a straight path through
both cylinders.

Al7. The electron will be attracted by the small cyl-
inder, but repelled by the large cylinder.

ELECTRON GUN

Cathode-ray tubes used in oscilloscopes consist of an elec-
tron gun, a deflection system, and a fluorescent screen. All
elements are enclosed in an evacuated container, usually
glass. The electron gun generates electrons and focuses them
into a narrow beam. The deflection system moves the beam
across the sereen in the manner desired. The screen is coated
with a material that glows when struck by the electrons.

DEFLECTION
SYSTEM

ELECTRON

;}— _____________ Cathode-ray tube.

\
ELECTRON GUN

SCREEN

An electron gun has a cathode to generate electrons, a grid
to control electron flow, and a positive element to accelerate
electron movement. The control grid is cylindrical in shape
and has a small opening in a baffle at one end. The positive
element consists of two cylinders, called anodes. They also
contain baffles (or plates) having small holes in their cen-
ters. The main purpose of the first anode is to focus the
electrons into a narrow beam on the screen. The second
anode speeds up the electrons as they pass.
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ORIG IN OF ELECTRONS

FOCUS ING AREA—
] l I BAFFLE

]
LI | L1

CONTROL GRID FIRST ANODE SECOND ANODE
(FOCUS ING) (ACCELERATING)

CATHODE — ‘l
|

Electron gun.

Cathode and Grid

The cathode is indirectly heated and emits a cloud of elec-
trons. The control grid is a hollow metal tube placed over
the cathode. A small opening is located in the center of a
baffle at the end opposite the cathode. The grid is main-
tained at a negative potential with respect to the cathode.

A high positive potential on the anodes pulls electrons
through the hole in the grid. Since the grid is near the
cathode, it can control the number of electrons that are
emitted. As in an ordinary vacuum tube, the negative volt-
age of the grid can be changed to vary electron flow or stop
it completely. The brightness of the image on the fluores-
cent screen is determined by the number of electrons strik-
ing the screen. Intensity (brightness) can, therefore, be
controlled by the voltage on the control grid.

Focus Control
Focusing is accomplished by controlling the electrostatic
fields that exist between the grid and first anode and between

the first and second anodes. Study the diagram below. See
if you can determine the paths of electrons through the gun.

GRID 15T ANODE 2ND ANODE

NEGATIVE POSITIVE MORE POSITIVE

Electrostatic fields.

Q18. Which element controls the number of electrons
striking the screen?

Q19. Which element controls the focus of the beam?



Your Answers Should Be:

A18. The control gird controls the number of electrons
striking the screen.

A19. The first anode controls the focus of the beam.

Electrostatic Lenses

The diagram below shows electrons moving through the
gun. The electrostatic field areas are often referred to as
lenses. The first electrostatic lens causes the electrons to

FIRST LENS SECOND LENS

- ®
M N

—— -

1ST ANODE 2ND | ANODE

Formation of electron beam.

cross at a focal point within the field. The second lens bends
the spreading streams and returns them to a new focal point.

The diagram also shows the voltage relationships on the
electron-gun elements. The cathode is at a fixed positive
voltage with respect to ground. The grid is at a variable
negative voltage with respect to the cathode. A fixed posi-
tive voltage of several thousand volts is connected to the
second (accelerating) anode. The potential of the first
(focusing) anode is less positive than the potential of the
second anode. It can be varied to place the focal point of the
electron beam on the screen of the tube. Control-grid poten-
tial is established at the proper level to allow the correct
number of electrons through the gun for the desired screen
intensity.
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ELECTRON-BEAM DEFLECTION SYSTEM

The electron beam is developed, focused, and accelerated
by the electron gun. It appears on the screen of the CRT
as a small, bright dot. If the beam is left in one position,
the electrons will soon burn away the illuminating coating
in that one area. To be of any use, the beam must move.

STATIONARY
SPOT

TUBE
PINS

As you have learned, an electrostatic field can bend the path
of a moving electron.

Assume the beam of electrons passes through an electro-
static field between two plates. Since electrons are nega-
tively charged, they will be deflected in the direction of the
electric force (from negative to positive). The electrons will
follow a curved path through the field. When the electrons
leave the field, they will take a straight path to the screen
at the angle at which they left the field. Although the beam
is still wide (the focal point is at the screen), all the elec-
trons will be traveling toward the same spot. This is assum-
ing, of course. that the proper voltages are existing on the
anodes which produce the electrostatic field. Changing the
voltages changes the focal point of the beam.

Q20. Why are the electrostatic fields between electron-
gun elements called lenses?

Q21. What is the function of the second anode?
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Your Answers Should Be:

A20. They are called lenses because the fields bend elec-
tron streams in the same manner that optical
lenses bend light rays.

A21. The second anode accelerates the electrons emerg-
ing from the first anode.

Factors Influencing Deflection

The angle of deflection (the angle the outgoing electron
beam makes with the axis between the plates) depends on
several factors. These factors include the length of the
deflection field, spacing between the deflection plates, differ-
ence of potential between the plates, and accelerating voltage
on the second anode.
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Length of Field—A long field has more time to exert its
deflecting forces on an electron beam than a shorter field.
Therefore, it bends the beam to a greater deflection angle.
This fact assumes that all other factors are equal.

LARGE DEFLECTION ANGLE

+100V // sV
ot CEmTTETIIA A = e e
N

-
~ N
0 —_— .~ ’ 0— e 4
AX1S AXIS
SMALL
o S DEFLECT|ON
ov ov ANGLE
Long deflection plates. Short deflection plates.
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Spacing Between Plates—The closer together the plates,
the more effect the electric force has on the electron beam.

<
1 100V Pid + 100V
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Close spacing. Wide spacing.

Difference of Potential—Intensity of the electric force can
also be varied by the difference of potential on the plates.

b
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//\ -~
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High potential. Low potential.

Beam Acceleration—The faster the electrons are moving,
the smaller their deflection angle will be.
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Low acceleration. High acceleration.

Q22. Is the deflection angle in a CRT more easily
changed by plate spacing or plate potential?

Q23. Deflection angle is more with (long, short) plates.

Q24. Is the deflection angle greater with close or wide
spacing of plates?

Q25. Is the deflection angle greater with high or low
potential on the plates?

Q26. Is the deflection angle greater when the beam is
moving fast or slow?

Q27. Which of the above methods would be used in a
CRT to change the deflection angle?
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Your Answers Should Be:

A22. Plate potential is more convenient to control.
A23. Deflection angle is more with long plates.

A24. Tt is greater with close spacing.

A25. Tt is greater with high potential.

A26. It is greater with a slow beam.

A27. Varying the potential on the deflecting plates

would be the method used to change deflection
angle in a CRT.

Vertical and Horizontal Plates

If two sets of deflection plates are placed at right angles
to each other inside a CRT, the electron beam can be con-
trolled in any direction.

| ELECTR%_
SECOND ANODE | (11— —= — 5~ 5

/ VERTICAL- HOR1ZONTAL-
TUBE DEFLECTION DEFLECTION

ENVELOPE PLATES PLATES

Deflection-plate arrangement.

By varying the potential of the vertical-deflection plates,
the spot on the face of the tube can be made to move up
and down. The distance will be proportional to the change
in potential between the plates. Changing the potential dif-
ference between the horizontal-deflection plates will cause
the beam to move a given distance from one side to the
other. There are directions other than up-down and left-
right. The beam must be deflected in all directions.
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Study the two diagrams below. You should be able to see
that the beam can be moved to any position on the screen
simply by moving it both vertically and horizontally.

= ﬁfa:?m*—— VERTICAL PLATE

:
UP § B
A ;
: : HORIZONTAL PLATE
i 2
W i
DOWN =
LEFT‘ .RlGHT
- I A VERTICAL PLATE
iR
UP
n |~ HORIZONTAL PLATE
B
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A

DOWN

In the top diagram above, position A of the beam is in
the center. It can be moved to position B by going up two
units and then right two units., Movement of the beam is
the result of the simultaneous action of both sets of deflec-
tion plates. The electrostatic field between the vertical plates
moves the electrons up an amount proportional to two units
at the screen. As the beam passes between the horizontal
plates, it is moved to the right an amount proportional to
two units at the screen.

Q28. In the bottom figure, how many units and in which
direction will each set of deflection plates move the
beam from A’ to B’?

Q29. Draw a line on a rough graph to represent the pic-
ture seen on the screen as the spot moves from A’
to B’ in the bottom figure in the above illustration.
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Your Answers Should Be:

A28. The vertical plates will move the beam down three
units. The horizontal plates will move the spot one
unit to the left.

A29. The picture on the screen will look like:

A ) A

/ or

If the amount of deflection (in A29 above) to the left and
down occurred so that each set of plates acted at the same
time, the picture would be like the one on the left above.
For example, if the vertical plates moved the beam down-
ward at the rate of 1 unit per second and the horizontal
plates moved it to the left at the rate of % unit per second,
both movements would have been completed in 3 seconds at
point B’. The result would be a straight line.

In the example on the right, the potential on the vertical
and horizontal plates changes at the same rate. In the same
time period, say 1 second, both plates move the beam 1 unit.
The horizontal plates have completed their task at the end
of 1 second, but the vertical plates have moved the beam
only % of the required distance. If this were true, the pic-
ture on the right would appear on the screen.

Amplitude Versus Time

Do you recall the statement made earlier that waveforms
could be -described in terms of amplitude and time? You
have just seen how the movement of the CRT beam depends
on both potential (amplitude) and time.
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From zero time to 1 second the waveform in the diagram
below is at zero volts. In the CRT the vertical plates remain
at the same potential difference while the potential differ-
ence between the horizontal plates increases 1 unit in the
direction necessary to move the beam toward the right.
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When time is equal to 1 second the waveform rises to +2
volts. The potential difference between the vertical plates
increases enough to move the electron beam 2 units in the
positive direction. From 1 to 4 seconds, the waveform
remains at 42 volts and then decreases to —2 volts. As the
horizontal-plate potential difference increases by 3 units, the
vertical potential remains the same (42 units) and then
drops sharply 4 units. For the next 3 seconds the waveform
remains at —2 volts. In the CRT, the potential difference
between the vertical plates remains unchanged as the hori-
zontal potential increases uniformly by 3 units.

The vertical-plate potential difference follows the voltage
of the waveform. The horizontal-plate potential follows the
passage of time. Together they determine the trace (image
produced on the screen by the moving beam).

Q30. Waveforms can be described in terms of

_________ and — ——_.

Q31. The horizontal-deflection plates are used to repro-
duce the —( ——— _— __ __ __ ___.

Q32. The vertical-deflection plates are used to repro-
duce the — — — ——_ _ ___ ___ ________.
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Your Answers Should Be:

A30. Waveforms can be described in terms of amplitude
and time.

A31. The horizontal-deflection plates are used to repro-
duce the time component.

A32. The vertical-deflection plates are used to repro-
duce the amplitude component.

Voltage Control of Horizontal Plates

Assume that the resistance of the potentiometer in the
figure below is spread evenly along its length. When the arm
of the potentiometer is at the middle position, there is the
same potential on each plate. Since there is zero potential

ELECTRON GUN

SCREEN— ¥

Horizontal plates—top view.

difference between the plates, an electrostatic field is not
produced. The beam will be at zero on the screen. If the
arm is moved downward at a uniform rate, the right plate
will become more positive than the left. The electron beam
will move from 0 through 1, 2, 3, and 4 in equal time inter-
vals. If the potentiometer arm is moved at the same rate
in the opposite direction, the right plate will decrease in
positive potential. The beam returns to the zero position
when the potential difference between the plates again be-
come zero. Moving the arm toward the other end of the
resistance will cause the left plate to become more positive
than the right. The direction of the electric force reverses,
and the beam moves from 0 through 4’. If the movement of
the potentiometer arm is at a linear (uniform) rate, the
beam will move at a steady rate.
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The ends of the deflection plates are bent outward to per-
mit wide-angle deflection of the beam. The vertical plates
are bent in the same manner.

Moving a potentiometer arm is satisfactory for purposes
of illustration, but in real oscilloscopes this is not a practical
way to vary the horizontal-deflection voltage. Nearly all
oscilloscopes with electrostatic deflection use a sawtooth
waveform applied to the horizontal plates to produce hori-
zontal deflection of the beam.

RETRACE

RIGHT PLATE
@ A )

SAWTOOTH
GENERATOR 7~ V 1\ 1

|
. i} AMPLITUDE
FLEFT PLATE ! — b
RETRACE
TRACE TIME

TIME {FLYBACK)

At the reference line, the potential on both plates is equal.
Below the line the waveform makes the left plate more
positive, and above the line the right plate is made more
positive than the other. The waveform amplitude causes a
uniform movement of the beam across the screen. The re-
trace line (trailing edge of the waveform) brings the beam
quickly back to the starting point.

Q33. How do most oscilloscopes obtain a linear rate of
deflection for use as a time base?

Q34. Why are the ends of the deflection plates bent
outward?

Q35. In the illustration on the opposite page, what is
the potential difference between the deflection
plates when the potentiometer is centered?

Q36. What is the positive-going section of the sawtooth
waveform called?

Q37. What is the negative-going section of the sawtooth
waveform called?
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Your Answers Should Be:
A33. Most oscilloscopes use a sawtooth waveform ap-
plied to the horizontal plates of the CRT.

A34. They are bent outward to permit wide-angle de-
flection of the beam.

A35. The potential difference is zero.
A36. It is called the trace portion.
A37. It is called the retrace portion.

CRT Graticule

It is possible to cover the face of the CRT with a sheet
of plastic on which are scribed horizontal and vertical lines.
This marked plastic sheet is called a graticule.
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A |

Cathode-ray tube screen.

The graticule can be used to determine the voltage of
waveforms because the deflection sensitivity of a CRT is
uniform throughout the vertical plane of the screen. Deflec-
tion sensitivity is a constant which is dependent on the
construction of the tube. It states the number of inches,
centimeters, or millimeters the beam will be deflected for
each volt of potential difference applied to the deflection
plates. Deflection sensitivity is directly proportional to the
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physical length of the deflection plates and their distance
from the screen. It is inversely proportional to the dis-
tance between the plates and to the second-anode voltage.

Deflection sensitivity for a given CRT might be 0.2 milli-
meter (mm) per volt. This means the spot on the screen
will be deflected 0.2 mm (about 0.008 inch) when a differ-
ence of one volt exists between the plates. Sometimes the
reciprocal of deflection sensitivity (called deflection factor)
is given. The deflection factor for the example given would
be 1/0.008, or 125 volts per inch. Sensitivity is usually meas-
ured in inches per volt and deflection factor in volts per inch.

In the above example, 125 volts applied between one set of
plates would deflect the beam one inch on the screen. This
means that the deflection caused by small signals could not
be observed. For this reason, the deflection plates are con-
nected to amplifiers that magnify the signals.

Assume that a peak-to-peak value of a known voltage
applied to the oscilloscope indicates that each inch marking
on the graticule is equal to 60 volts. Each of the ten sub-
divisions will therefore have a value of 6 volts. Most oscil-
loscopes have controls to attenuate (decrease) or increase
the strength of a signal before the signal is placed on the
deflection plates. Attenuator and gain-control settings must
not be disturbed after the calibration has been made. For
maximum accuracy, recalibrate the graticule each time a
voltage is to be measured.

Q38. If the graticule in the figure on the opposite page
has been calibrated to 50 volts per inch, what are
the values of the positive and negative peaks of
the waveform?

Q39. What is deflection sensitivity?
Q40. In what units is deflection sensitivity measured?

Q41. What is the reciprocal of deflection sensitivity
called?

Q42. Deflection sensitivity is inversely proportional to
what? It is directly preportional to what?

Q43. How is a signal magnified for screen presentation?

Q44. What must be done for maximum accuracy each
time a voltage is to be measured with a graticule?
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Your Answers Should Be:

A38. The values are 55 volts for the positive peak and
30 volts for the negative peak.

A39. Deflection sensitivity states the distance that the
spot on the screen will be deflected for each volt
of potential difference applied to the deflection
plates.

A40. Deflection sensitivity is measured in inches per
volt.

A41. Deflection factor is the reciprocal of deflection
sensitivity.

A42. Deflection sensitivity is inversely proportional to
the distance between the plates and the acceler-
ating voltage on the second anode. It is directly
proportional to the length of the deflection plates
and the distance from the plates to the screen.

A43. Amplifiers magnify the signal.

Ad44. The graticule must be recalibrated.

CRT Designation

Cathode-ray tubes are designated by a tube number, such
as 2AP1, 2BP4, 5AP1A, etc. The first number identifies the
diameter of the tube face. Typical diameters are 2 inches,
5 inches, and 7 inches. Tubes can have diameters up to 24
inches or more. The first letter designates the order in
which a tube of a given diameter was registered. The let-
ter-digit combination indicates the type of phosphor (glow-
ing material) used on the screen. Phosphor P1, which is used
in most oscilloscopes, produces a green light at medium per-
sistence. P4 provides a white light and has a short persist-
ence. Persistence refers to the length of time the phosphor
glows after the electron beam is removed. If a letter ap-
pears at the end, it signifies the number of the modification
after the original design.

CRT Safety

Handle the cathode-ray tube with a great deal of care.
Because of its size and air-evacuated condition, a tremendous
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amount of pressure is exerted inward over all its surface.
A bump or even a seratch may weaken the glass, causing
it to implode (opposite of explode but with the same results).
Pieces of glass and parts will fly in all directions. When
replacing a CRT, store the old tube in the box which the new
one came in for safely disposing of it later.

CONTROL CIRCUITS

Although the cathode-ray tube is a highly versatile device,
it cannot operate without control cireuits. Naturally, the
type of control circuits required depends on the purpose of
the equipment in which the CRT is used.

There are many different types of oscilloscopes. They vary
in purpose and cost ; from relatively simple test instruments
to highly accurate laboratory models. However, all have two
things in common; they must have some type of CRT, and
they must have a group of control circuits to feed a wave-
form to the CRT. Although there are other types of cir-
cuits, most test oscilloscopes can be divided into the basic
sections shown below.
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CIRCUIT OSCILLATOR AMPLIFIER

Q45. What does a 3AP1B CRT number designate?
Q46. What must all oscilloscopes have in common?

93



Your Answers Should Be:

A45. 3AP1B designates a CRT that is 3 inches in diam-
eter and the first of its diameter registered. Its
trace is green with medium persistence, and the
CRT is the second modification of the original.

A46. All oscilloscopes have in eommon a CRT and a
group of control circuits.

Front-Panel Controls

There are several front-panel controls used to adjust the
oscilloscope circuits for proper operation. The type and
number of controls vary with the purpose of the scope (an
accepted name for oscilloscope). The following pages will
discuss these controls in conjunction with the circuits iden-
tified on page 93. Typical controls are shown below.
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Oscilloscope panel.

94



All of the circuits in the block diagram are represented on
the front panel. (The power-supply switch is on the inten-
sity control.) The four controls surrounding the screen reg-
ulate voltages being fed to the CRT. The four areas in the
lower half of the panel carry titles similar to those in
the block diagram.

Power Supply

Power-supply requirements for oscilloscopes vary con-
siderably. Certain cathode-ray tubes require accelerating
(second anode) voltages as high as 15 to 30KV (15,000 to
30,000V). The type used with the general-purpose scope, on
the other hand, uses 1 to 3KV. Most power supplies employ
a transformer, half- or full-wave rectifiers, filters, a load
resistance, and, in some cases, voltage regulation.

LOW-VOLTAGE
RECTiFI£R
AND FILTER

HIGH-VOLTAGE
A
15VAC RECTIFIER
= AND FILTER
E: TUBE
€_> FILAMENTS

—

CONTROL-CIRCUIT
TUBES AND
DEFLECTION PLATES

ELECTRON-GUN
ELEMENTS

Typical power supply

Most test scopes have both high-voltage and low-voltage
power-supply sections fed by a single transformer. The
high-voltage, low-current section takes care of the electron-
gun requirements, Voltage needs for the remainder of the
circuits are supplied by the low-voltage section. This section
may provide potentials as high as 300 or 400V, A third or
fourth winding on the transformer provides voltage and
current for the vacuum-tube heaters.

Q47. To which element of the cathode-ray tube is the
INTENSITY control connected?

Q48. To which element of the CRT is the FOCUS control
connected?
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A47. The INTENSITY control is connected to the con-
trol grid of the CRT.

A48. The FOCUS control is connected to the first anode.

CRT Controls

In the circuit below, the second anode (accelerator) is at
ground potential. To obtain the high accelerating potential

6'3/\">°°°°°<>°‘ | T stanooe | 1 ano anooe !
HEATER 41 1 ] 1 |
CATHODE o0y o »
GRID

-
- 4
<% 4

/
dy
7/
OFF INTENSITY

required, the other electron-gun elements are operated at
negative potentials. The control grid normally operates near
2,000V negative, 90 to 100V more negative than the cath-
ode. The first anode (focusing) can be maintained between
—1,200 and —1,600V. These voltages are typical but vary
among instruments.

HIGH-VOLTAGE
POWER SUPPLY

FOCUS
Electron gun.

Deflection-Plate Controls

The following method of adjusting the deflection-plate
voltage is only one of several possible ways.

VERTICAL~
DEFLECTION
AMPLIFIER

DOWN UP _

VERT POS

Vertical positioning.
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In addition to centering the beam vertically on the screen,
there are times when it is desirable to move the entire wave-
form up or down. VERT POS (vertical positioning) is a
front-panel control that permits this. A circuit used to vary
the potentials on the plates for positioning purposes is shown
on the opposite page. Voltage from the last stage of the
amplifier, varying in the same way as the original wave-
form, is impressed across R;y. C;; returns the AC signal to
ground and blocks DC.

/\

\/ —a—
AMPLIFIED
WAVEFORM § R O +400 V
10
:r——_l
Ri2
“—%Rn
R13 -
PP~
-O -400V

Positioning circuit.

When R,; (VERT POS control) is centered, there is no
difference of potential between the two plates. When the
arm is moved down, the lower plate becomes more positive
than the upper plate, and the electron beam moves down-
ward. When the arm is moved up, the upper plate becomes
more positive. If there is a waveform being applied across
Ry, the difference of potential from this positioning net-
work is added to or subtracted from it. This arrangement
makes it possible to shift the entire waveform up or down
on the CRT screen.

Q49. If one deflection plate is at 4124V and the other
is 418V, in which direction will the electron beam
bend?

Q50. Why are the deflection plates of a CRT bent out-
ward at the end?
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A49. The electron beam will bend toward the 4-124V
plate.

A50. The ends of the plates are bent to allow larger
angles of electron-beam deflection than would be
permitted by straight plates.

Horizontal Positioning

One type of horizontal-positioning circuit used in a deflec-
tion system is shown below.
+150v

Q

SWEEP
OSCILLATOR

HORIZONTAL-
DEFLECTION
AMPLIFIER

HOR1ZONTAL
PLATES

HOR POS.

O
=275V

Horizontal positioning.

The positioning tube operates as a cathode follower. Its
input signal is a sawtooth sweep voltage from the sweep-
oscillator circuit. The sizes of the resistors are such that
the center position of R,; (HOR POS control) is at zero
(ground) potential. The horizontal-deflection amplifier is
made up of two tubes operating in push-pull. Each tube
controls the potential on one of the plates. With the arm of
R,: at ground potential and no sawtooth signal present, the-
plate currents in the amplifier tubes are identical. No dif-
ference in voltage exists between the deflection plates. When
the arm is moved up (more positive) or down (more nega-
tive), the plate currents are no longer equal. The potential
on one amplifier plate is then more positive or less positive
than the other. In this manner the beam can be moved left
or right. Vertical positioning can be done similarly.
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Vertical Amplifier

Since the vertical amplifier receives the waveform to be
observed, its input impedance should be very high to pre-
vent loading of the external circuit from which the wave-
form is obtained and the resultant distortion of the signal.
The amplifiers of most scopes have input impedances of sev-
eral megohms. Some other requirements for good vertical
amplifiers are listed below.

Frequency Response—Frequency response is a measure of
the ability of an amplifier to pass the frequency components
of a waveform. A pure sine wave, as you know, has only
one frequency component—the fundamental.

A ]
\_/

THE FUNDAMENTAL FREQUENCY FUNDAMENTAL FREQUENCY PLUS
0DD HARMONICS

Sine wave. Square wave.

A square wave, however, consists of the fundamental sine
wave plus many odd-numbered harmonies. A harmonic is a
sine wave having a frequency that is a whole-number mul-
tiple of the fundamental frequency. A perfect square wave
has an infinite number of odd-numbered harmonics. Its tops
and bottoms are perfectly flat, and the rise and decay of
its sides occur in zero time. Since there must be some time
to allow voltages to rise and fall, there is no practical circuit
that can produce a perfect square wave. However, a con-
ventional square wave contains several hundred odd-num-
bered harmonics.

A good general-purpose scope should have a frequency
response extending up to 2 megacycles. For practical main-
tenance work, a scope should be able to pass the tenth odd
harmonic of a square wave. Since this is 21 times the funda-
mental frequency, a 2-megacycle scope should be able to
display square waves having a fundamental frequency as
high as 100 ke.

Q51. What makes a square wave different from a sine
wave?
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A51. A sine wave is made up of a single fundamental
frequency; a square wave consists of the funda-
mental plus many odd harmonics of the fun-
damental.

Each of the pulse waveforms shown below consists of a
different combination of fundamental and harmonic frequen-
cies. In order to display such waveforms accurately, a scope
must have good high-frequency response. This is so that
the higher harmonics will be amplified the same amount as
the fundamental and the lower harmonics.

A

!
[
2 uSEC 1 uSEC 1/2 uSEC (RISE TIME)

Pulse duration.

Another way to examine the response of a scope is in
terms of rise time. The rise time is the time between the
10% and 90% amplitude points on the leading edge of a
pulse. The minimum rise time that a scope can reproduce
is determined mainly by the charge time of certain capaci-
tances in the scope.

Gain—The gain of a vertical amplifier determines how well
a small signal can be expanded for observation on the screen.
If the CRT, for example, has a deflection factor of 0.8V per
inch and no means of amplification, a waveform having 0.2V
amplitude would be very difficult to examine. However, if
an amplifier were used, all large signals would be amplified
so much they would extend off the screen. Therefore, instead
of having several channels of amplification (each with its
set of linear, good frequency-response amplifiers), a method
must be used to attenuate (reduce) waveform amplitudes
before they arrive at a single channel of amplification.
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The diagram below shows one method often used for at-
tenuation. The VERT ATTEN (vertical attenuator) switch
has three positions, 1, 10, and 100, which are factors of
attenuation. The attenuation equals unity in position one:
there is no attenuation of signal. This corresponds with the

B+

VERTICAL-
DEFLECTION .
AMPLIFIER

= VERT ATTEN VERT GAIN

top tap of the switch in the schematic. The full voltage of
the input is fed to the grid of the cathode follower. Attenua-
tion equals 1/10 in position 10. R,, R., and R; are selected
so that 1/10 of the input voltage will arrive at the grid.
Position 100 provides an attenuated signal of 1/100.

Since attenuation values between these broad settings may
be desired, a finer attenuation control is provided. This is
the VERT GAIN (vertical gain) control. As you can see, it
selects a voltage from R,, part of the cathode resistance, and
applies this voltage to the vertical amplifier. Through the
use of the VERT ATTEN and VERT GAIN controls, the
vertical size of the waveform can be regulated on the screen.

The vertical-deflection amplifier stage in a good scope is
usually a push-pull amplifier having a constant gain and a
frequency response up to 2 me. The output of the amplifier
is fed to the vertical-deflection plates.

Q52. Constant gain refers to the ability of an amplifier

to equally amplify all signals within its capability.
Why is this necessary in an oscilloscope?

Q53. Is the frequency response of a scope a good meas-

ure of its capabilities?

Q54. In the schematic above would the switch be con-

nected to the tap at the bottom of R, or the top
of R, if the VERT ATTEN were set at 100?
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A52. Constant gain is required so all waveforms, re-
gardless of their amplitude (within the voltage
range of the amplifier), are amplified the same
amount. Variations in gain would make the pres-
entations inaccurate.

A53. Yes, frequency response is a good measure of the
capability of a scope. A scope with good frequency
response will reproduce waveforms over a wider
frequency range more faithfully (with less distor-
tion) than a scope with a poorer frequency re-
sponse. A scope with good frequency response
responds more quickly to the rapid changes of
narrow pulses and steep wave slopes.

A54. The switch would be connected to the bottom tap,
thus providing the grid with a less signal volt-
age than at the other two taps.

Other Vertical-Amplifier Requirements

Inputs to the Scope—The illustration of the front panel of
the oscilloscope shows GND and AC connections for the
vertical-deflection amplifier. Test leads with probes attached
are inserted into these connections for test purposes. On
some oscilloscopes there is a third jack that is marked DC.
This provides the possibility of observing a DC voltage or
a waveform that varies its amplitude at a very slow rate.
The DC connection feeds the signal directly to a DC ampli-
fier and then to the deflection plates. The normal vertical
amplifiers cause distortion of very low-frequency signals.

Y-Axis Amplifier—On some scopes the vertical-deflection
amplifier is called a Y-axis amplifier. The Y axis corresponds
to the Y coordinate (up-and-down reference line) on a graph.
Since a scope presents a graph of amplitude (plotted on the
Y axis) and time (plotted on the X axis), these terms are
sometimes used instead of vertical and horizontal.

If the vertical amplifier and its associated circuits are
properly designed according to the requirements you have
just studied, the amplitude of a waveform will be faithfully
reproduced on the screen.
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An amplifier is required to increase signal voltages so that
the full size of the screen can be used. It is easier and more
accurate to study an enlarged reproduction of a waveform.
Large waveforms can be attenuated to 1/10 or 1/100 of the
amplified size, and any waveform can be made larger or
smaller by varying the amplifier gain.

8 — —
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— O — +—
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A B
8 8
6 — 6
4 4 /
2 2 /
C D

Q55. Assume your oscilloscope had only a CRT, vertical-
deflection amplifier, and the right type of power
supply. Draw a picture of each of the above wave-
forms, showing how they might appear on the
screen.

Q56. What are the two characteristics of a waveform
an oscilloscope is able to reproduce?

Q57. - __ is plotted on the X axis,and — _ _ _ _ ___ _
is plotted on the Y axis.

Q58. Why is a DC jack included on some oscilloscopes?

Q59. What other vertical-amplifier inputs are used in an
oscilloscope?
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A55. Your drawing should look something like this:
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6 ——
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A56. The two waveform characteristics an oscilloscope
can reproduce are amplitude and time.

A57. Time is plotted on the X axis, and amplitude is
plotted on the Y axis.

A58. The DC jack is used to observe a DC voltage or a
waveform that varies in amplitude at a low rate.

A59. AC and GND (ground) connections are the other
two inputs.

Horizontal Time Base

As you can see in Answer 55, a scope with only a vertical-
deflection amplifier in its control circuits will present only
a vertical line; the horizontal dimension is missing.

Time as a Reference—Since waveforms change their am-
plitude in accordance with time, it becomes a useful means
of measurement for the horizontal direction on the screen.

Look at the figure at the top of the opposite page. If the
two waveforms span the same period of time, each could be
divided into corresponding increments (small intervals) of
time. If a sawtooth waveform were applied to the horizontal
plates and a sine wave applied to the vertical plates, the
former would move the electron beam sideways, and the
latter would move it up or down in corresponding increments
of time. Notice how the vertical and horizontal deflections
combine at each instant of time to produce the waveform.
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Characteristics of a Sawtooth Waveform—You have prob-
ably identified the necessary characteristics of a sawtooth
waveform. Voltage must rise uniformly to be constantly
proportional to time. It must be capable of starting its rise
at the same instant the waveform to be observed starts. The
time duration of the sawtooth waveform must be equal to
that of the other waveform if one complete cycle is to be
observed. The sawtooth must decay quickly to zero so that
both waveforms can complete their cycles at the same time.

VERT DEFL AMP

> _C\\_, = 4%_——\ N
INPUT hid \ ‘\

~

)

1
_l../_/.. _

SYNC CKT

s

SWEEP 0SC

STARTING TIMES SAWTOOTH SAWTOOTH
SYNCHRONIZED GENERATED AMPLIFIED

Vertical and horizontal deflection.

Q60. The — - ___ waveform moves the electron
beam from side to side, and the — — — _ _ _ ___ _ _
waveform moves the beam up and down.

Q61. What part of the control circuits of a scope pro-
duces all the characteristics of the sawtooth wave-
form?
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A60. The sawtooth waveform moves the electron beam
from side to side, and the sinusoidal waveform
moves the beam up and down.

A61. The horizontal-deflection circuits produce all the
characteristics of the sawtooth waveform.

Sweep-Oscillator Circuits

The sawtooth waveform is generated by the sweep oscil-
lator. Sweep refers to the steady rise of sawtooth voltage
that moves the waveform horizontally across the screen in
a desired period of time. An oscillator is a circuit capable
of repeating the waveform it generates at some specific
frequency.

In AC fundamentals you learned about the simple RC cir-
cuit shown below. The circuit contains a resistor and a

e Simple RC circuit.
I 5 EC
i o
capacitor in series with a battery. A switch capable of dis-

connecting the battery and placing a short circuit across
R, and C, is also connected in this circuit.

* 4 O
POSITION 1
R1
POSITION 2 Er
= [ I 1'
Ic ip
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At the instant the switch is placed in position 1, I (charge
current) rises to maximum, and E rises to the value of the
battery voltage. As C,; charges (E¢) at an exponential rate,
I. and E;, decrease at the same rate. At the end of a period
of time determined by the values of R, and C,, the capacitor
will reach its maximum charge. Current will stop flowing,
and E; will become 0. At time 2, when the switch is in posi-
tion 2, the capacitor begins to discharge. I, (discharge cur-
rent) is maximum negative (reverses direction), and E; is
also maximum in the negative direction. The discharge de-
creases exponentially until all values reach 0. E. resembles
the sawtooth, but its rise is not linear.

TIMEL TIME 2

Ec
Q62. Refer to the top figure on the facing page. At the
instant the switch is placed in position 1, is Eg
equal to, greater than, or less than E.?
Q63. Assume C; has been charged. At the instant the
switch is placed in position 2, is E; equal to, greater
than, or less than E.?
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A62. E; is greater than E. at the instant the switch is
closed. E, is at maximum voltage, and E. is at
Zero.

A63. E;; is less than E, at the instant the switch is
placed in position 2. When C, is fully charged,
there will be zero volts across the resistor, and
the voltage across C, will be at its maximum.

Developing a Sawtooth Waveform

There are several types of sawtooth generating circuits—
neon-tube, thyratron, multivibrator, etc. The thyratron saw-
tooth generator is representative of how all of these circuits
operate.

o
B

A thyratron circuit.

A thyratron is a triode containing an ionizing gas. B+
current flows through R, and charges C,. When the voltage
across C, reaches a certain potential, the gas ionizes.

When this happens, the thyratron conducts and rapidly
discharges the capacitor. The voltage across C, has a wave-
form that depends on the charge and discharge times.
Charge time can be lengthened by increasing the value of
R,, C,, or both. The bias on the grid also controls the time
at which the tube conducts. A larger negative grid-to-cath-
ode potential, making it more difficult for the tube to con-
duct, will require a larger ionizing potential on the plate. It
will take the RC circuit longer to reach this potential, and
the charge time of the sawtooth will be longer. When the
tube conducts, the capacitor discharges until a voltage across
the tube is reached that no longer supports ionization. C,
then recharges and the cycle repeats.
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As can be seen in the figure below, the capacitor will
charge until it accumulates a voltage equal to the ionizing
potential of the thyratron. The tube conducts current and
discharges the capacitor. Since the thyratron acts as a short

B+ POTENTIAL

N\
@@%/
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l ?}’é\ﬁ‘
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[I_ / IONIZING POTENTIAL
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pech |CAPACITOR
l | VOLTAGE

DEIONIZING POTENTIAL

—— S

DISCHARGE — L—FLYBACK TiMg  OVOLTS
Thyratron linearity.

across the capacitor, the capacitor discharges rapidly. When
the capacitor voltage falls to the deionizing potential of the
tube, the thyratron stops conducting and acts as an open
switch. Then the cycle repeats. The charge of the capacitor
corresponds to the rise of the sawtooth, and the discharge
corresponds to its decay.

The linearity of the sawtooth voltage across the capacitor
is determined by the ionizing and deionizing action of the
thyratron. The tube discharges the capacitor while its charge
voltage is in the lower, more linear part of the exponential
curve. The thyratron is also capable of discharging the
capacitor rapidly, keeping decay time of the waveform to a
minimum. If decay, or flyback time as it is most often called,
is too long, horizontal deflection will not return to the start-
ing point before the waveform on the vertical plates has
started its next cycle.

Q64. What are some types of sawtooth-generating cir-
cuits used in electronics?

Q65. What is a thyratron?

Q66. How can the charge time of the thyratron circuit
be controlled ?
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A64. Neon-tube, thyratron, and multivibrator circuits.
A65. A thyratron is a triode containing an ionizing gas.

A66. It can be controlled by varying the grid bias of
the tube or the values of R, and C,.

A Typical Sawtooth Generator

Since the frequencies, or time durations, of waveforms
are not all the same, a sawtooth waveform with only a single
rise time is not suitable. The most frequent method for
varying the length of the sawtooth waveform is to change
the values of the RC charging circuit.

}__________________ B+ ~ B+
N

‘' 1ONIZING
' POTENTIAL

Changing length of sawtooth.

By changing capacitors in the RC circuit, the RC time
constant can be increased in coarse increments, as shown by
the solid lines in the figure above. C, has a smaller capaci-
tance than C., which is smaller than C;. If R remains the
same, a larger capacitance will take longer to charge than
a smaller one. Consequently, the rise time of the sawtooth
waveform generated by the capacitor would increase. If R
were a variable resistor, fine variations of the basic sawtooth
waveform for each value of C could be controlled. This is
shown above in dashed lines. In each case, the firing poten-
tial (which determines the time at which the capacitor dis-
charges) would remain the same.
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The figure below shows one version of the thyratron saw-
tooth generator used in oscilloscopes. The cathode is main-

INT LINE EXT

2
g 2 b —
24
= LT
A4
= OUTPUT
Rq
T i

Thyratron sawtooth generator.

tained at a small positive voltage (about 3V) by the voltage
divider made up of R; and R,. The grid is thereby main-
tained at a desired negative bias, since it is grounded
through R, and R.. The bank of capacitors across the tube
represents the individual coarse settings for sawtooth rise
time. The selected capacitor is charged by the B+ source
through R; and R4. Rg can be adjusted for the precise rise
time desired. Because of its established ionizing and deioniz-
ing potentials, the thyratron acts like a stable, rapid switch
in charging and discharging the chosen capacitor. The saw-
tooth waveforms developed across the capacitor are fed to
the next stage, the horizontal amplifier.

Q67. What is meant by the deionizing potential of a
thyratron?

Q68. The cathode of the thyratron is kept at a — __
potential.

Q69. What factors make the thyratron useful in a saw-
tooth-generating circuit?
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A67. The plate voltage at which the thyratron stops
conducting is known as the deionizing potential.

A68. The cathode of the thyratron is kept at a low
potential.

A69. Ionization and deionization.

Controlling Frequency and Timing of the Sawtooth

Two controls for the sweep-oscillator (sawtooth-genera-
tor) circuit are on the front panel of the scope. COARSE
FREQUENCY selects one of seven capacitors (in this case)
in the circuit. Numbers on the switch specify the frequency

5l 100 |'500
AN ES
0 2 15K
100 50K Sweep-oscillator controls.

COARSE
VERNIER FREQUENCY

CONTROL FOR Rg CONTROL FOR Sp

(cps) of the sawtooth. VERNIER makes the fine setting of
R to obtain frequencies between coarse settings. To place a
60-cycle waveform on the screen, for example, COARSE
FREQUENCY is set on 100 and the VERNIER is adjusted
until a single cycle is presented.

Syne Circuits

You may have noted the three-position switch (S;) in the
thyratron circuit just discussed. This part is shown below.

SYNC-

S . it
SIGNAL yne circuit
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The purpose of the syne circuit is to cause the sawtooth
waveform to remain in synchronization with the waveform
to be placed on the screen. That is, both waveforms must
start at the same time. The origin of the waveform to which
the sawtooth is to be synchronized determines the setting of
the SYNC SEL (sync-selector) switch on the front panel.
EXT (external) is the setting used when the sync signal is
to be obtained from an external circuit or source. LINE
obtains the sync signal from the oscilloscope power line. INT
(internal) samples the waveform in the vertical-deflection
amplifier channel,

The principle is identical for all three settings. Assume
the switeh is on INT. The waveform (appearing on the
screen) is fed through C, and R. (RC coupling circuit). The
grid voltage will rise and fall with the amplitude of the sig-
nal, thereby decreasing and increasing the time interval
before the tube ionizes and conducts current.

l /N | BIAS

. N M\svmc SIGNAL

ON GRID
IONIZATION POTENTIAL

DEIONIZATION POTENTIAL

Synchronizing sequence.

A sync signal on the grid will cause a fall and rise in
ionization potential, as shown in the figure above. Without
the sync signal, the ionization potential is steady, and the
sawtooth waveform is as shown by the dashed line in the
figure above. When the sync voltage is added, the sawtooth
voltage reaches the ionization potential sooner in each cycle.
The rise time of the sawtooth is shortened, and its frequency
is increased. This is shown by the solid waveform.

The LOCK control varies the amplitude of the signal
appearing on the grid. The control is necessary since sync
signals vary widely in amplitude. A steady, uniform sync
can be obtained by adjusting for proper ionization variation
with the LOCK control.

Q70. Explain the three settings on the SYNC SEL
switch,
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A70. The three settings are INT (samples the internal
signal in the vertical-deflection circuit); EXT
(used when the sync signal is to be obtained from
an external source) ; LINE (used when the sync
signal is obtain from the scope power line).

Horizontal Channels

The synec circuit, sweep oscillator, and horizontal-deflection
amplifier make up the horizontal channel.

FROM VERT, DEFL.

j".ﬂv
SYNC CKT. SWEEP 0SC,
— -
-
—
& 7
= HOR1Z.DEFL.
0 0 PLATES
HOR|Z. ATTEN. HORIZ.GAIN

Horizontal channel.

The sync circuit sends a sample of the observed waveform
to the sweep oscillator for synchronization with the gener-
ated sawtooth wave. The s~wtooth is then amplified by the
horizontal-deflection amplifier and applied (in opposite po-
larity) to each of the horizontal plates.

Vertical and horizontal amplifiers are similar and perform
identical functions. Each has a gain control to develop the
desired size of the pattern. Each also has an attenuation
control to decrease the amplitude of large waveforms so that
they will be retained within the area of the screen. The
HOR ATTEN control is used when an external waveform is
to be applied to the horizontal-deflection plates through the
amplifier. AC and ground jacks are available on the front
panel for this purpose. When a waveform is to be applied
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directly to the horizontal-deflection plates, the sweep oscilla-
tor is disconnected from the horizontal amplifier and neither
is used for the scope display.

The Whole Oscilloscope

You have studied the circuits of a typical oscilloscope and
have learned they were not difficult to understand, if you
were able to recall the fundamentals you studied in preced-
ing volumes. You are now ready to combine all of these
circuits into a complete unit. This combination of circuits
make up the whole oscilloscope. You will learn how to adjust
the numerous controls on the front panel and how they in-
fluence the pattern on the screen. Recall now the purpose of
some of the oscilloscope controls shown below.

VERT. AMP. CRT

¢ VERT. GAIN Lo ‘ FOCUS
‘ VERT. ATTEN. ¢ INTENSITY

A

\
SYNC CKT. SWEEP OSC. HORIZ. AMP

‘ SYNC SEL. > #COARSE FREQ. - ¢ HORIZ.GAIN
¢ LOCK ’ VERNIER ‘ HORIZ ATTEN

Oscilloscope controls.

Q71. State the purpose and how it is accomplished for
each of the following controls:
Focus control
Intensity control
Coarse-frequency control
Vertical-attenuation control
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AT71. The focus control establishes the correct potential
differences between the grid and the first anode
and between the first and second anode for focus-
ing.

The intensity control varies the brightness of the
heam displayed on the screen by controlling the
negative bias on the grid.

The coarse-frequency control determines the basic
frequency of the sawtooth by selecting the proper
value of capacitance for the RC charging circuit.
The vertical-attenuation control decreases the am-
plitude of large waveforms that might be ampli-
fied off the screen. This is accomplished by select-
ing the correct ratio of the waveform voltage from
a voltage divider.

Similarity Among Oscilloscopes

The oscilloscope you use may differ in some respects from
the one you have just studied. Controls and circuits may be
identified by different titles, and many of the circuits may
be designed differently. However, all of the functions will
be fundamentally the same. Before using an oscilloscope, it
is wise to carefully study the manual that comes with it.
Descriptions may not be in detail, but the information you
have learned so far will help fill in the missing points. De-
velop a habit of taking all readings with the greatest
accuracy possible.

USING THE OSCILLOSCOPE

An oscilloscope can be used for several different types of
measurements. Earlier in the chapter you learned it was
most often used to study the shape of a waveform when
checking the performance of equipment. The pattern on the
scope is compared with the signal that should appear at a
test point, and a judgment is then made as to whether the
operation of the equipment is good or bad.
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You were introduced to the graticule, a plastic sheet scored
with calibrated horizontal and vertical lines, that can be
fitted on the screen of the CRT. By recording the height of
a known voltage on the graticule, you can estimate the value
of an unknown voltage placed on the screen.

Other applications for which an oscilloscope can be used
include determining phase relationships and measuring fre-
quencies, as shown below. These will be explained later in
this chapter.

OUT OF PHASE DIFFERENT FREQUENCY
y o b

F Jf\\f;\u
VI VAVAY

_J

Turning the Scope On

First, make sure the scope is plugged into an electrical
outlet. Many people have turned all knobs on the front panel
out of adjustment before they noticed that the power cord
was not plugged in. On most scopes the power switch is part
of the INTENSITY control. Turn the knob until a click is
heard or a panel light comes on. Let the scope warm up for
a few minutes so that voltages in all of the circuits become
stabilized.

Getting a Pattern on the Screen

When putting a pattern on the screen, adjust the INTEN-
SITY and FOCUS controls for a bright, sharp line. If other
control settings are such that a dot instead of a line appears,
turn down the intensity to prevent burning a hole in the
screen coating. Brightness and sharpness will vary at var-
ious frequency settings, because of the different speeds at
which the beam travels across the screen. For this reason,
it may be necessary to adjust the INTENSITY and FOCUS
controls occasionally while taking readings.

Q72. What should you do before you turn on the oscil-
loscope?
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Your Answer Should Be:

A72. You should carefully study the manual that comes
with the scope before turning the scope on.

Number of Cycles on the Screen

Because distortion may exist at the beginning and end of
a sweep, it is best to put two or three cycles of the waveform
on the screen instead of only one.

THREE CYCLES TWO CYCLES

CENTER CYCLE CENTER C\;CLE

The center cycle of three cycles gives you an undistorted
waveform in its correct phase. The center of a two-cycle
presentation will appear inverted, but will be undistorted.

The relationship between the frequencies of the waveform
on the vertical plates and the sawtooth on the horizontal
plates determines the number of cycles on the screen.

1CYCLE i 2 CYCLES 3 CYCLES '

WAVE
FORM |
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The sweep frequency should always be kept lower than or
equal to the waveform frequency ; it should never be higher.
If the sweep frequency were higher, only a portion of the
waveform would be presented on the scope.

As the preceding figure demonstrated, three cycles of the
waveform will be on the screen when the sweep frequency
is set to ¥4 the frequency of the input signal. If the input
frequency is 12,000 cps, the sweep frequency must be 4,000
cps for a three-cycle scope presentation. For two cycles, the
sweep frequency must be set at 6,000 cps. If a single cycle
is desired, the setting is the same as the input frequency,
i.e., 12,000 cps.

The sawtooth frequency is selected by settings on the
COARSE FREQ and VERNIER controls on the front panel.
If the exact frequency number is not found on the coarse-
frequency markings, set the coarse control to the closest
number and adjust the vernier control for a stationary pat-
tern on the screen.

The ratio of waveform to sawtooth frequencies should be
such that it is on the order of 1/1, 2/1, 3/1, 4/1, etc. When
the ratio leaves a quotient that is not a whole number (3/2
for example), the display will be a series of lines moving
across the screen. If the pattern appears to be incorrect,
adjust the proper control (COARSE or VERNIER).

A AT
- /;7/7 /7/7//,7
PRODUCES Y 4 ,////

UL

L

HORIZONTAL SWEEP

Q73. Why is there only one sawtooth cycle in each
example at the bottom of the opposite page?
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Your Answer Should Be:

A73. There can be only one sawtooth wave per sweep of
the scope, regardless of the number of waveform
cycles. The sawtooth will move the electron beam
horizontally across the scope during its rise time.
When the sawtooth decays, the beam immediately
returns to the starting point on the left.

Other Make-Ready Settings

So far you have learned how to set the INTENSITY and
FOCUS controls for proper brightness and sharpness of the
waveform on the screen. A steady pattern has been obtained
by setting the COARSE FREQ and VERNIER controls of
the sweep-oscillator stage for a steady, uniform pattern. .If
the pattern looks like either of the following, you are ready
to proceed with an analysis of the waveform.

However, you may obtain patterns that appear similar to
the following:

A B

Which control would you adjust for figure A? Which
would you adjust for figure B? The waveform in figure A
can be adjusted by turning the VERT POS control to bring
the waveform to the center of the screen. The waveform in
figure B can be adjusted by turning the HOR POS control
to bring the waveform to the center of the screen.
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The two positioning controls above and to either side of
the screen are used to center the waveform. Suppose the
display for two cycles appeared like either one of the pic-
tures below. Which controls would you adjust?

|l

It is evident that portions of the waveform are being
deflected off the screen in both cases. The figure on the left
has too much horizontal expansion, so you would reduce the
HOR GAIN thorizontal gain) setting. Reduction in VERT
GAIN (vertical gain) would bring the waveform on the
right back on the screen. For normal viewing purposes the
height and width of a waveform pattern should be about
equal and should cover about 60 to 70% of the screen. On
a 5-inch scope this would be a little over 3 inches. The pat-
tern should be about 2 inches for a 8-inch CRT. Adjust-
ments of the vertical-gain control not only change the ampli-
tude of the signal fed to the vertical-deflection plates, but
they also increase or decrease the amplitude of the signal
fed to the sync circuit. Quite frequently the change will
affect the ionizing potential of the thyratron sufficiently to
cause distortion in the presentation. To remedy this, adjust
the LOCK control in the synec circuit.

Occasionally a waveform frequency will be encountered
that is so high that the frequency of the sweep oscillator
cannot be made high enough to give a screen presentation
of 2 or 3 cycles. If the upper limit of the COARSE FREQ
control were 50 ke and the frequency of the waveform were
1 me, the vertical-to-horizontal ratio would be 1,000,000
50,000 or 20/1. Twenty cycles of the waveform would appear
on the screen at this setting. The VERNIER adjustment
might eliminate a few cycles, but the remaining cycles would
be too close together to permit observation.

A

Q74. To observe three cycles of a 45,000-cps signal, to
what setting(s) would you adjust which controls?
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Your Answer Should Be:

A74. Set the COARSE FREQ control to 15 ke and ad-
just the VERNIER control for a stable display.

When there are too many cycles for easy viewing, expand-
ing the presentation with the horizontal-gain control will
separate the cycles for better viewing.

15-20 cycles. Expanded.
Multicycle presentations.

Reading Waveforms

Earlier in this chapter you learned that signals (wave-
forms) are modified, or changed, as they pass from circuit
to circuit until the signal from the final stage contains the
desired characteristics. With an oscilloscope you can test
each of the signals in a piece of equipment to determine
whether the circuits are operating properly and/or which
one might be the cause of a trouble.

v&'?;_
VERTICAL- ? dae
DEFLECTION CRT
AMPLIFIER >
40V 0V
® - é:)A\fP 7ov ‘
©— )

_"'\2 v Pl

SYNC SWEEP 30 o s HD%?ﬁEnghﬂ)?‘lt a

CIRCUIT OSCILLATOR 33v\sr AMPLIFIER

- T = 30, 000y SEC.
N33y — «lo T = 30, 000u SEC.

S

Servicing block diagram.

The above illustration is representative of a servicing
block diagram. The letters in circles identify significant test
points. The waveforms beside them show the shape, voltage,
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and time duration (where applicable) that should be observed
at these points. Arrows on block-connecting lines show the
direction of signal flow. This diagram would be used when
matching the characteristics of the waveforms to those
shown on an oscilloscope. By using a graticule whose lines
have been given voltage values in accordance with the am-
plitude of a known voltage, the voltage at each of the test
points could be checked.

Lissajous Figures

The phase relationship between two waveforms and the
frequency of a signal can be measured on an oscilloscope.
Patterns placed on the screen to accomplish this are called
Lissajous figures. A Lissajous figure is the pattern obtained
when AC signals are applied simultaneously to both sets of
deflection plates. The following procedures are typical of
most oscilloscopes.

Phase Measurement—When you are measuring the phase
difference between two signals, one signal is applied to the
vertical and the other to the horizontal input. Turn the
sweep off so that there will be no sawtooth voltage to inter-
fere with the signal in the horizontal channel. For greatest
accuracy, the amplitudes of the two signals should be equal.
Adjust the gain controls to obtain a pattern that is as high
as it is wide. When measuring for phase difference, the two
signals must, of course, be the same frequency.

Q75. If test points H, G, and F in the diagram on the
opposite page provide faulty indications and test
point E does not, in which circuit is the trouble
located?

Q76. Patterns placed on the screen to show phase rela-
tionship are called — — — _ _ _ _ __ ____ _ _ _.

Q77. Why would you want to enlarge a waveform pres-
entation on an oscilloscope?

Q78. What is meant by the output stage in electronic
equipment?

Q79. How can the phase relationship between two wave-
forms be measured using the oscilloscope?

Q80. When measuring the phase difference of two sig-
nals, their frequencies must be — _ _ _ _ .
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Your Answers Should Be:

A75. The trouble is in the sweep-oscillator circuit. This
circuit has a good input, but it has a faulty output.

A76. Patterns placed on the screen to show phase rela-
tionship are called Lissajous figures.

A77. The presentation is expanded for better accuracy
when viewing a waveform.

A78. The output stage feeds the desired signal to the
load of the equipment.

A79. AC signals are simultaneously applied to each set
of deflection plates when comparing their phase.

A80. When measuring the phase difference of two sig-
nals, their frequencies must be equal.

Analyzing a Lissajous Figure

The figure below shows a Lissajous pattern for two sine
waves. Numbers are assigned to corresponding voltage
points on the two signals. Extensions of these points are
brought to the screen. The intersection of corresponding
numbered lines is the position of the electron beam at that
instant of time. In this case the two sine waves are in phase.

Lissajous figure—waveforms
in phase.

In the figure at the right, 180°,l 360
voltage/time relationships
are different ; corresponding ‘
voltage points are 45° apart. _Z
Therefore the waveforms
are 45° out of phase.
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Lissajous pattern—sample phase measurement.
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The Lissajous figures on the preceding page are examples
of a few out-of-phase relationships. An estimate of the phase
difference of two signals can be made by observing the direc-
tion and amount of angle and the width of the ellipse. This
will be close enough for most checks.

However, if you desire to make the measurement more
precisely and can locate values in a sine (trigonometry)
table, there is another method available. In this case, the
amplitudes of the two signals must be near the same size.

The graticule is placed on the CRT, and the Lissajous fig-
ure is centered. The overall height and width of the ellipse
should be equal in length. The distances h and W are shown
in the figure above. The ratio h/W is the sine of the angular
phase difference. For example, if h were equal to 7 units
and W equal to 8, then:

h _
e
This ratio is approximately the sine of 60°. Therefore, the
two signals are 60° or 300° (360° — 60°) out of phase.
Frequency Measurement—Frequency of an unknown sine
wave is determined in a manner similar to phase measure-
ment. A known frequency is applied to the horizontal plates
while an unknown waveform appears on the vertical plates.
The resulting Lissajous figure will reveal the difference in
frequency between the two. The reference frequency could
be taken from a calibrated signal generator or from the 60-
cycle AC supply.

7
—= 0.875
8
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The electron beam will follow the voltage amplitudes
placed on the deflection plates. If the waveforms are of the
same frequency, the Lissajous figure will resemble those
obtained in measuring phase relationships.

Both frequencies equal.

Frequency relationships can be determined by the number
of loops or points that touch the top (or bottom) and one
of the sides of the pattern. In the figures you have seen so
far, there is one point of tangency at the top and one at the
side. The frequency ratio is 1/1; the unknown has the same
frequency as the standard.

TOP TANGENCY TOP TANGENCY

! S1DE

////TANGENCY

SIDE
TANGENCY

Tangent points.

In figure A (above) one cycle of standard frequency ap-
pears on the horizontal plates at the same time that two
cycles of the unknown are on the vertical plates. There are
two points (loops) of top tangency and one point of side
tangency. Frequency ratios should be expressed in terms of
vertical (unknown) to horizontai (standard). The frequency
ratio of figure A is 2/1 and in B it is 1/2.

Q81. What circuits must be bypassed in the horizontal
channel to obtain a Lissajous figure on the screen?
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Your Answer Should Be:

A81. The sync and sweep-oscillator circuits must be by-
passed. If a sawtooth wave and an external signal
were fed to the horizontal-deflection amplifier at
the same time, a Lissajous figure could not be
developed. The sweep oscillator would also be
highly erratic.

Additional Samples of Lissajous Figures

Both figures provide a vertical/horizontal (unknown/
standard) ratio of 3/1. But they do not look alike. Figure
A is known as a closed pattern. If you will start at any
point in the figure and follow the line, you will return to

A B
Lissajous ratio 3/1.

the starting point. The figure is continuous; it has no begin-
ning or end. Figure B, however, is not continuous; it has a
beginning and an end. Its pattern is open.

The three points of tangency at the top and one point of
tangency at the side are easy to count in figure A. But the
three tangent points do not appear in figure B. The problem
is resolved by counting tangency points in halves instead of
units in an open pattern. Each line that terminates at the
top or side is a one-half point of tangency. Each loop is
considered to be two ends or two one-half points. Counting
at the top, there is one loop (two halves) plus one end (one
half) for a total of three halves. At the side there is a single
end for one half. The vertical/horizontal ratio is three halves
divided by one half, or 3/1.
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A continually shifting Lissajous pattern results when the
phase relationship between the two input signals is con-
stantly changing. The more complex the pattern (resulting
from a frequency ratio having large numbers, such as
17/13) the harder it is to interpret. It is better, then, to
simplify the ratio, if possible, by changing the known fre-
quency.

Other samples of frequency measurements in Lissajous
figures are shown below.

Lissajous figures.

Q82. If the standard frequency is 180 cps, what is the
frequency of the unknown in each of the above
Lissajous patterns?

129



Your Answers Should Be:
AB82. Values of unknown frequencies are:

(A) 900 cps; vertical/horizontal ratio is 5/1.
(B) 20 ¢ps; 1/9 ratio.

(C) 108 eps; 3/5 ratio.

(D) 150 eps; 5/6 ratio.
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WHAT YOU HAVE LEARNED

. You obtained additional practice in analyzing the way

in which circuits operate.

. You also gained experience in reading schematic and

block diagrams by tracing signals (waveforms) from
stage to stage through the diagrams. A servicing block
diagram was introduced. Waveform information con-
tained in such diagrams was found useful in checking
circuit operation.

. An oscilloscope is a test instrument capable of present-

ing waveforms. An oscilloscope reproduces the ampli-
tude and time characteristics of a waveform. You can
use this capability to check the condition of waveforms
at selected test points in many kinds of electronic equip-
ment. The information you obtain will tell you the oper-
ating status of a circuit or help you to isolate trouble
to a single circuit.

. A scope can be used for other tests in addition to check-

ing the shape of a waveform. Voltage measuring is one
test. Since an oscilloscope has a relatively uniform de-
flection sensitivity (inches per volt) or sensitivity fac-
tor (volts per inch) across its screen, this feature can
be used to estimate the peak-to-peak voltage of a wave-
form placed on the screen. A graticule (plastic sheet
containing horizontal and vertical lines) and a voltage
standard are required. The graticule is placed on the
face of the scope, and the standard voltage is applied
to the vertical plates.

. Phase measurement is another test. The standard sig-

nal is applied to the horizontal amplifier, and the un-



10.

known is applied to the vertical amplifier. The resulting
Lissajous pattern determines the phase relationship of
the two signals, when frequency and amplitude are equal.

. Lissajous patterns can also be used in measuring fre-

quency. A known frequency is applied to the horizontal
amplifier ; the unknown is applied to the vertical ampli-
fier. By counting the number of tangency points at the
top and at one side, a ratio of unknown to known fre-
quency can be obtained. After multiplying the ratio
times the known frequency, you have the frequency of
the unknown.

. An oscilloscope contains two basic sections—the CRT

and control circuitry. The CRT is designed to place a
controllable beam of electrons on the face of the tube.
The circuitry controls the movement of the beam.

. An electron gun contains a cathode (to emit electrons),

a control grid (to control the intensity of the trace on
the screen), a first anode (to develop the electric lenses
that focus the beam on the screen), and a second anode
(to accelerate the electrons toward the screen). Deflec-
tion plates in vertical and horizontal pairs are used to
position the beam on the screen. If a waveform is ap-
plied to the scope, the plates deflect the beam according
to the amplitude and time characteristics of the wave-
form. The screen is made of fluorescent materials that
give off light when struck by fast-moving electrons.
The picture seen on the screen is formed by the illumi-
nation of these materials.

. The control circuitry has two channels—vertical and

horizontal. A constant-gain amplifier places the wave-
form to be measured on the vertical-deflection plates of
the CRT. The beam follows the differences of potential
between the two plates and, therefore, the amplitude of
the waveform.

The horizontal channel contains a sync circuit, a sweep
oscillator, and an amplifier similar to that used in the
vertical channel. The sync circuit obtains a synchroniz-
ing signal from the vertical amplifier, power line of the
scope, or external source. The sync signal is applied to
the sweep oscillator to synchronize its frequency in
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phase with the waveform in the vertical channel. The
shape of the sawtooth is such that when it is amplified,
it will be the precise time base required to place one,
two, three, or more waveforms on the screen at one
time. The horizontal channel can be used for bringing
an external signal into the scope.

Controls are available to adjust the position of a wave-
form up and down or left and right on the screen.

Intensity and focus controls vary the brightness and
sharpness of the picture.

Syne-circuit controls are two in number. The sync-
selector switch is used for selecting the correct sync
signal. A lock control stabilizes the screen presentation.

To obtain the correct time base for a wide selection of
input frequencies, a coarse-frequency switch and a ver-
nier control are used. The coarse-frequency switch
selects the approximate frequency setting; the vernier
permits making fine adjustments to obtain a stable
waveform.

Controls for the vertical and horizontal amplifiers are
identical. In this section of the front panel, jacks (or
posts) are located to which test leads are connected.
These jacks enable external signals to be brought into
the amplifier sections.

You are advised to study the manual that accompanies
an oscilloscope before using it. Different scopes are
designed differently. The manual will provide the infor-
mation necessary to operate and use the scope properly.
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Vacuum-Tube and
semiconductor

Testers
On completion of this
What You chapter you will be able
. to use a tube tester, with-
Will Learn in its capabilities and limi-

tations, to check the quality
of a vacuum tube. You will learn how to test tubes for
emission, mutual conductance, shorts, noise, and gas.
You will be able to explain how these tests are conducted
in a tube tester, and thereby judge the validity of the
readings. You will also learn how typical semiconductor
tests can be made. If you study this chapter thoroughly,
you will be able to make simple tests on tubes and semi-
conductors to determine their operating quality without
the use of special instruments.

The ultimate question. IS IT

TUBE-TESTER APPLICATIONS

Claims have been made by many technicians that 50 to
80 % of all circuit troubles are caused by bad tubes. Since
there are frequently six or seven components in a vacuum-
tube circuit, you might think that the component to be
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tested first would be the tube. Even the lower percentage
figure suggests that the law of averages is on your side.

Although it is true that vacuum tubes fail more frequently
than most other electronic components, an experienced tech-
nician would not grab at this statistical fact as the sole rea-
son for putting a tube into a tube tester. As you will discover
in this chapter, there are many reasons why tubes fail, and
a tube tester will not always reveal all of them.

A tube which checks out as good on the tester may not
function correctly in a particular circuit. A tube may appear
bad during the tube test and still perform its function in the
circuit. Also, a tube may have gone bad as the result of
a faulty resistor, capacitor, coil, connector, or switch. For
example, if a cathode capacitor shorts, the resulting increase
in plate current could damage the tube. In this case, replac-
ing the bad tube with a’'good one will not correct the trouble.
Sooner or later excess current will damage the new tube.

These and other limitations of a tube tester, as well as
its capabilities, will be described. The point to remember
while studying and using a tube tester is the need for com-
mon sense and technical judgment in interpreting the read-
ings it may give. Reserve your conclusion that a tube must
be bad until it has been technically proved.

VACUUM-TUBE CHARACTERISTICS

As in previous chapters, some underlying fundamentals
will be reviewed before the test instrument itself is ex-
plained. For a tube tester, the fundamentals are the basic
characteristics of a vacuum tube.

Tube Types

A vacuum tube consists of several elements inserted in a
glass or metal container that has been evacuated (most of
the air removed). Electrons move more readily in a vacuum
than in air. An exception to the literal meaning of the term
vacuum tube is a gas tube in which air has been replaced by
an ionizing gas that supports electron flow.

All vacuum tubes contain elements that aid or control the
flow of current through the tube. A tube may have a heater,
cathode, plate, and one or more grids. The combinations
determine the type of tube and how it can be used in a cir-
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cuit. If the circuit is to act as a rectifier or detector, for
example, a diode would be used. An amplifier or oscillator
circuit would require a triode, tetrode, pentode, or other mul-
tielement tube. A circuit that detects and amplifies might
use a duodiode triode.

5 6 4 7
3 8
5
72 3774

778
DIODE DUODIODE TRIODE
145 5 1
3 6 \

2 6 2
TWIN TRIODE PENTODE DUOD |ODE TRIODE

The tubes shown above are just a few of many combina-
tions of tube elements. To conserve space, equipment manu-
facturers use multipurpose tubes as much as possible. The
duodiode, twin triode, and duodiode triode are just three of
many examples. A number next to an element indicates the
number of the pin to which it is connected. This is normal
practice in most schematic diagrams.

There are several different types of tube sockets required
to accommodate the number and spacing of pins in the tube
base. Samples of four different sockets are shown below.

WIDE SPACING
< m‘L’ELSARGE g~ EITHER SIDE
.~ =) OF SINGLE HOLE
- Z a
4-PIN 5-PIN
T mF S KEYWAY -.; WIDE
- @ IN SOCKET gi.,?——/-’ SPACINGS
N o %1 MATCHES
s KEY ON 7-PIN
8-P [N OCTAL TUBE POST MINIATURE

Q1. When numbering tube pins and socket holes for an
8-pin tube, is the same number always assigned for
each element?

Q2. Electrons move more readily in a — — ———— than
in———.

Q3. What are the names of the elements that may be
contained in a vacuum tube?
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Your Answers Should Be:

Al. No. There is no standard numbering system for
tube elements.

A2. Electrons move more readily in a vacuum than in
air.

A3. A heater, cathode, plate, and one or more grids may
be contained in a vacuum tube.

Tube Defects

Tube elements are mounted very close to one another.
Periodic heating and cooling of the tube can cause the metal
in the elements to weaken and bend. If there is sufficient
bending, neighboring elements could touch and cause a con-
dition of arcing or shorting. Such a tube must be replaced
to restore proper circuit operation.

CONTROL GRID

_—PLATE SHORT

NORMAL CONDITION GRID SHORTED TO CATHODE
Top view of tube elements.

Modern manufacturing techniques are capable of produec-
ing a tube that is ruggedly constructed. Under normal oper-
ations, a heating element may operate for 2,000 hours before
it weakens and opens. Its life is shorter under abnormal
conditions, such as operating the heater at too high a tem-
perature or operating the tube continuously at its maximum
ratings. When the heater or any other element opens, the
tube will no longer conduct current properly.

A decrease in the emitting capability of the cathode is
another tube defect that frequently occurs. The cathode,
when heated, will emit electrons into a cloud surrounding
the element. When the plate becomes positive with respect
to the cathode, the plate will attract a quantity of electrons
that depends on the difference in potential between the two
elements.
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Figure A (below) shows how an electron cloud surrounds
the heated cathode. Figure B represents normal current
flow between cathode and plate. In figure C the emitting

NORMAL
E g CATHODE  CURRENT ELECTRON
CLOUD
sz i
@) DECREASED (8 DECREASED
CURREN CURRENT
=

HEATER

NORMAL
EMISSION  (p)

(o]

WEAKENED EMISSION NONUNIFORM EMISSION

Electron emission.

capability of the cathode has decreased after many hours of
operation. A smaller quantity of electrons in the cloud causes
a reduction in plate current. In figure D the cathode has
weakened more in some areas than in others, resulting in a
reduced number of electrons available for plate current.

There are other tube defects that occur quite frequently.
Leakage between the cathode and heater occurs when elec-
trons travel from the cathode to the heater after the two
have become shorted or partially shorted. This leakage flow
reduces the quantity of electrons available for full plate cur-
rent. If leakage is intermittent, it could add noise to the
signal in the circuit.

Vibration or overheating may loosen the elements or their
supporting wires, causing microphenics. The tube picks up
vibrations and acts something like a microphone. This hap-
pens when the vibrations cause changes in the capacitance
that normally exists between tube elements.

Tubes can become gassy when gas that was trapped in the
metal of the tube elements is released. This gas interferes
with the normal operation of the tube.

Q4. List some of the common tube defects.



Your Answer Should Be:

A4, Some of the common tube defects are: shorting,
arcing, open element, decrease of cathode-emitting
capability, leakage current flow, loose elements, and
gas inside the envelope.

Defect Check

Many times a defective tube can be located without using
a tube tester. Some of these checks are described below.

Sight Check—If the tube is in the equipment with voltage
applied, there are visual checks you can make. Look down
toward the base of the tube. A small, red glow will, in most
cases, indicate that the heater is still operating.

SOC5  35w4  12BA6  12BE6  12AT6
. A A__A A A
& 3 4 3 4 3 4 3 & 3

Heaters in series.

3 3 3 3 3
6AU6 6CB6 6AU6 6ALS 6CB6
5 4 4 4 4 4

Heaters in parallel.

If one heater in a series string opens, none of the other
heaters will receive current. If you are using a sight check,
look for the red glow in neighboring tubes. If the glow is
missing, a heater may be open in any one of the tubes in the
string. Figure A shows the way in which a series string of
heaters is shown on a schematic diagram. From the sche-
matic you can also identify the pin numbers of the tube.
With an ohmmeter you can determine whether or not the
heater has opened. With the tube out of the socket, place
the probes of the meter on the heater pins. If the heater is
open, the pointer will not deflect (infinite resistance).

Also check the plates of the tubes. If any are glowing red,
the tube could be drawing excessive current. If this is so,
the trouble could be in the tube itself or in its circuit. Some
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tubes are designed to operate at a red-hot temperature;
these are usually found only in circuits that operate at peri-
odic intervals instead of continuously.

Another visual check can be made. A blue glow inside the
envelope indicates a gassy tube. Gas molecules in the tube
are being bombarded by plate-current electrons and some of
the energy is being released in the form of a blue light. Of
course, it is normal for tubes that contain an ionizing gas
to glow when they operate. A sight check for gas may not
always be conclusive. There may not be enough molecules
to cause a glow, but there may be a sufficient number to dis-
rupt the plate current.

Touch Checks—Most tubes are warm or hot when plate
current is flowing. Touch the tubes only momentarily, since
many tubes operate at extremely high temperatures. A hot
metal or glass tube usually indicates that the heater is
operating.

Tubes with loose elements can be detected when they are
being used in a radio receiver or other equipment having an
audible output. Sharply tap the tube and listen for noise
(called microphonics) in the speaker.

Substitution Test—Substituting a tube known to be good
for one suspected of being bad is another test that can be
made without a tube tester. Try to isolate the faulty circuit
or group of circuits, and then substitute one tube at a time,
listening or watching for a change in equipment operation.
If no improvement is noted, replace the old tube and go to
the next suspected stage.

R

e,

[ )
Tube-testing methods.

Q5. Which of the above methods (in addition to a tube
tester) can be used to determine whether the heater
of a glass vacuum tube is operating?
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Your Answer Should Be:
A5. All three—sight, touch, and substitution—can be
used.

TUBE TESTERS

Visual, touch, and substitution tests are useful methods
of identifying defective tubes. However, a test instrument
could make these checks more rapidly. Such an instrument
is called a tube tester or tube checker.

What Will a Tube Tester Check?

A tube tester can check almost all characteristics of a
tube that you may desire to know. Expensive laboratory
models are designed to duplicate the operating conditions of
the circuit in which the tube is to be used. In other words,
the tube tester is capable of imitating the circuitry so closely
that it is, in effect, a controlled substitution check.

Although expensive, this type of tube tester gives the kind
of positive check that only actual circuit conditions make
possible. A single tube type can be used in many different
kinds of circuits. Within each of these circuit types there
are many variations in circuitry and applied voltages. An
example of this is shown below.

+100v +150v

o—| o—|

INPUT
INPUT

OuTPUT OUTPUT

” | ‘L ° = -215v —i

Cathode-follower circuits.

The only true way to determine whether the same triode
will operate in either one of these cathode-follower circuits
is actual trial in the circuit and observation of its perform-
ance. Laboratory models of tube testers approach this capa-
bility, but the simpler types do not.
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Practical Tube Testers

There are two varieties of practical tube testers—emission
testers and mutual-conductance testers.

Emission Tester—As its name implies, the emission tester
measures the ability of the cathode to emit electrons.
Although a defect in cathode emission is one of the more
frequent causes of tube failure, it does not tell the full story
about a tube. In the first place, the tester can only give a
fair approximation of the life left in the cathode. Secondly,
an emission test will not reveal the ability of single and
multigrid tubes to amplify.

Purpose of an emission tester. CATHODE CONDITION

Mutual-Conductance Tester—The terms mutual conduct-
ance and transconductance both have the same meaning.
The term mutual conductance is usually used when discuss-
ing tube testers. ‘

The mutual-conductance tester measures the amplifying
ability of a tube having grids. Mutual conductance is an
electron-tube rating equal to the change in plate current
divided by the change in grid voltage that causes the plate
current change (if the amounts of change are small and the
plate voltage is constant).

Purpose of a mutual- { AMPLIFYING ABILITY
conductance tester. ; ]

Q6. What is the only positive test for a vacuum tube?
Q7. Will an emission tester give a fair test of a diode?
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Your Answers Should Be:

A6. The only positive check for a vacuum tube is to
determine whether or not it will operate properly
in its designated circuit.

A7. Yes. Since a diode does not amplify (has no grid
elements), an emission test provides a fair indica-
cation of its operating quality.

Measuring Mutual Conductance

The mutual-conductance tube tester measures the ampli-
fication factor of a tube by solving the formula for mutual
conductance, gy,.

g, = _AA—EI]L:_. (with E, constant)
where,
Al is a small change in plate current,
AE, is the change in grid voltage that causes I,
E, is the plate voltage.

Mutual conductance is the ratio of a small change in plate
current to the small change in grid voltage that produced
it. In effect, a mutual-conductance tester holds the plate
voltage constant while changing the grid voltage. It then
measures the change in plate current that takes place. The
resulting measured value in micromhos can be compared
against the average value for the tube type.

There are two types of mutual-conductance testers. One is
called the absolute, or direct-reading, type. Its circuitry is
designed to measure changes in plate current so closely
that it can give a direct reading on a meter calibrated in
micromhos. The other type, called a relative, or dynamic,
tester, approximates the change taking place and provides a
reading on a scale containing words or symbols.

The tube tester most frequently used by technicians is the
dynamic mutual-conductance type. It is not as expensive as
the direct-reading model, but it is many times more useful
than the emission tester.

Either type of g, tester also tests for shorts, noise, and
gas. The better emission testers also make these tests.
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Essential Parts

Whether it is an emission or mutual-conductance type, a
tube tester consists of a minimum of four main areas. These
four areas are tube sockets, switches, test directions, and a
meter. More complicated testers may contain additional
functions.

Tube Sockets—Tube sockets are required to hold the tube
in the tester. Since there are a variety of different tube
bases, there should be one socket for each of the popular
types. A mutual-conductance tester might have as few as
eight or as many as fourteen sockets, depending on how
many different tube bases it is designed to accept. An emis-
sion tester repeats the same tube sockets a number of times
to decrease the number of required switches.

4PIN SPIN BPIN 7PIN OCTAL LokTaL "IN 9PINS

miN,  minferol’]
@0000.0.‘%

. oot . SHORTS
At a2 A c . . 3K
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FIL FIL CATH GRID SCRN SUPR PLT 5

[ wmw ]
TUBE CHART
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A typical tube tester.
Q8. Will a dynamic tube tester test for emission?
Q9. What are the four basic areas in a tube tester?
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Your Answers Should Be:

AS8. Yes. Since it measures the transconductance of a
tube, the dynamic tube tester also indicates cath-
ode emission capability.

A9. Tube sockets, switches, test directions, and a meter
are the four basic areas.

Switches—An emission tester can have as few as one or
two switches. This tester is limited to making plate-current
readings and possibly checking for shorts or gas. A mutual-
conductance tester has several switches. Rotary wafer
switches can be used to connect standard voltages to the
appropriate terminals of the socket, depending on the pin-
number arrangement (filament, grid, plate, ete.) of the tube
being tested. Other switches include filament volts, bias,
line adjust (to zero meter), shorts (checking each pin with
respect to the others), micromhos (select proper range for
meter reading), and several push buttons (to select the
desired test).

Test Directions—Directions for setting the switches are
included in a manual that accompanies the tester or on a
paper roll built into the tester, as shown in the figure on the
preceding page. A section of a typical chart is shown below.

Tube chart.

, SELECTOR SWITCHES 8’ P
toee | m | FlFlclels|s|p]T % EIMUT NOTES
TYPE |vorrs | 1|t |AIRICIU|L|A L[S |COND
L LjL DIN|P | T|S|EIS|
1248 | 126 |56 2/1|5

T 1T T
2191 GK\PZ
|
‘ 50| 3K | P2 1130
~4 L 1-_ |- _

Meter—All tube testers have a meter. Some have a scale
that is divided into three areas marked, GOOD—WEAK—
REPLACE, or similar words. Such a scale can be found on
either an emission or mutual-conductance tester. Another
meter may have its scale calibrated in micromhos to meas-
ure transconductance directly. This type of meter would be
found only on a mutual-conductance tester. Some mutual-
conductance testers have both micromho and word scales.

1

' |

1245 | 12,6 | 8 l
1
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Test meter.

HOW TUBE TESTERS OPERATE

The amount of plate current that flows in a tube can be
used as an indication of the emitting capability of the cath-
ode. The circuit below provides this type of measurement.

Emission Test

In an emission test of grid-type tubes, the grid(s) and
plate are connected together by switching or prewired tube
sockets. The tube will then operate as a diode. R, is set at
the proper value for each tube so that the meter will read

GOOD, WEAK, or BAD. Since plate current will be pul-
sating DC, the meter will read its average value.

Q10.

Q11.
Q12.

Q13.

Q1l4.

For a 12A4 tube, which switch would you set to
6K? Refer to the opposite page.
What test would be made when P2 is pressed?

What is the purpose of the Mut Cond column on
the chart?

What would the meter read if the cathode were
open?

What would it read if the grid and cathode were
shorted?
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Your Answers Should Be:

A10. “6K"” refers to a setting for the MICROMHO
switch.

All. Pressing P2 would connect the meter to read the
mutual conductance of the tube.

Al12. Each number under the Mut Cond column iden-
tifies the average value in micromhos that a tube
of a given type should indicate. If the reading is
below this number, the tube should be rejected.

A13. BAD. If the cathode were open, no current would
flow.

Al4. Too GOOD. Unless the meter or transformer were
properly fused, the meter would be damaged by
the excessive current flow. For this reason, a tube
should always be checked for shorts before being
tested for emission or mutual conductance.

Limitations of an Emission Test

The emission of a tube that indicates GOOD may be a
false indication of how well the tube will operate. Sometimes
a cathode will be highly electron-productive just before it
goes bad. There may also be only one spot on the cathode
that is highly emissive. Such a tube may give a good emis-
sion test but may not be good enough to operate in a circuit.
Low emission does not necessarily indicate a bad tube. It
may still have many hours of life left. A tube having grids
may show good emission and yet not operate in a circuit.

Emission test
has limitations.

Testing for Transconductance

As stated previously, mutual conductance, has the same
meaning as transconductance. It is a figure of merit designed
into a tube. Transconductance indicates the ability of a tube
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to amplify by specifying the change in plate current for a
given change in grid voltage. A value of transconductance,
expressed in micromhos, is assigned to each tube type in
accordance with its design.

Transconductance will decrease in a tube as it is being
used. Reduction of transconductance will result from con-
tinued weakening of cathode emission and/or distortion of
grid structure through periodic heating and cooling. A min-
imum value of transconductance can be assigned to each
tube type. Any tube measuring below this value can then
be considered to have fallen below the desired amplifying
capability and should be discarded.
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Factors affecting transconductance.

Q15. What is transconductance?
Q16. Transconductance is expressed in terms of what

units?

Q17. What factors reduce the transconductance of a
tube?

Q18. Transconductance of a tube will —_ _ _ _ __ _ as

the tube is used.

Q19. Does a low emission reading always indicate a bad
tube?
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Your Answers Should Be:

A15. Transconductance is the ratio of plate-current
change to grid-voltage change.

A16. Transconductance is expressed in terms of micro-
mhos.

A17. The transconductance of a tube is reduced by
weakening of the cathode emission and distortion
of the grid structure.

A18. Transconductance of a tube will decrease as the
tube is used.

A19. No.

Cireuit Used To Measure Transconductance

V, is the tube being tested. V. is a full-wave rectifier in
the tube tester. Its plates are each connected to equal sec-
ondary windings of a transformer. R, and R, are equal re-

TUBE
BEING
ESTED

120 VAC
M 60 cps

V2 P2
FULL-WAVE
RECTIFIER

Transconductance tester.

sistances shunted across the meter in the tester. When a
fixed bias is placed on the grid of V,, it will conduct through
the rectifier. When voltage on the secondary is such that P,
of the rectifier is positive and P. is negative, current will
flow through R, from top to bottom. The pointer in the
meter will tend to swing in one direction. During the next
half eycle, P. will conduct. Current will flow through R.
from the bottom to the top. The meter will tend to swing in
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the other direction. At 60 cps the net movement of the
meter is zero.

An AC voltage can be applied to the grid of V, from a
separate secondary winding. Suppose that this voltage
makes the grid of V, less negative when P, is positive. Dur-
ing this half eycle, plate current will increase in V,. A larger
amount of current will flow through P, and R,, tending to
swing the meter pointer a greater distance across the scale
than before. During the other half cycle, plate current
decreases in V,. Less current flows through P, and R. than
before, causing the pointer ta tend to swing a smaller dis-
tance. Since the meter is passing more current in one direc-
tion than the other, the pointer will have a net deflection in
one direction. The meter scale can then be calibrated in
terms of the change of plate current that takes place with
respect to a change in grid voltage.

Limitations of a Mutual-Conductance Tester

There are some limitations in the mutual-conductance
tester. Manufacturers usually design their testers to show
a tube defective when its transconductance has decreased to
70¢ of rated value. This figure is an average value. It is
not valid under all conditions. Voltages applied to tube ele-
ments by the tester are only approximations of actual volt-
ages applied in a circuit. Therefore, this is not a positive
indication of how well the tube will operate in its designated
circuit.

Testing for Gas

As was mentioned before, a small amount of gas is some-
times present inside the tube envelope. When electrons from
the cathode strike the gas atoms, electrons from these atoms
are separated from their nuclei. The atoms become positive
lons. They are attracted to the negative grid and draw elec-
trons from the grid circuit. Tube conditions are now no
longer normal.

Q20. Can a transconductance test be made on a diode?

Q21. A tube is defective when its transconductance has
decreased to approximately _ of its rated value.

Q22. What must a tube tester be able to measure to
determine the transconductance of a tube?
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Your Answers Should Be:

A20. No. A diode has no control grid; therefore, the
meter would read zero.

A21. A tube is defective when its transconductance has
decreased to approximately 709, of its rated
value.

A22. It must measure a change in plate current when a
change in grid voltage is applied.

A Circuit To Indicate the Presence of Gas

The circuit below, which is found in most tube testers, will
determine the presence of gas. With the switch in position
1, the meter will indicate a value of plate current. When the

switeh is changed to position 2, there will be no change in

TUBE
BEING

BIAS
the meter reading if very little or no gas is present. How-
ever, if positive gas jons are present, current will flow
through R, and develop a positive polarity from the grid to
cathode. Bias will be reduced, plate current will increase,
and an increased reading of the meter will be noted.

Testing for Noise

Noise is caused by loose electrodes, nonuniform electron
emission, and heater-cathode current leakage.

Nonuniform emission may or may not be detected by an
emission or transconductance check. Tube substitution may
be the only reliable check. If the equipment has an audible
or visual output, tapping the suspected tube may verify the
suspicion of loose electrodes. Some tube testers provide a
pair of earphone jacks to make such an audible check.
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The tube below is connected (switch position 1) as a diode,
with the plate and cathode across the primary of the tester
transformer. Plate current flows through the meter and a
current-limiting resistance R,. In position 2 the cathode is
“floating.” If there is no current leakage between cathode

TUBE
BEING
TESTED

and heater, the meter pointer will drop to zero. If there is
leakage, the meter pointer will drop, but not to zero.

Testing for Shorts

When the cathode switch is in position 2, the cathode is
connected to one side of the secondary through a neon bulb.
All other switches are in position 1, connecting the tube
elements to the other side of the secondary. Current will

B
/ i

flow only if the cathode is shorted to any of the other ele-
ments. If current does flow, both halves of the neon bulb
will light. If the cathode is not shorted, only half of the
bulb will light during the half cycle when the cathode is
negative with respect to the other elements. All elements
can be checked one at a time in this manner. R, is a cur-
rent-limiting resistance to protect the lamp. R, bypasses
any small, stray, alternating currents around the lamp to
prevent it from fully lighting when there are no shorted
elements. Since tube elements may be loose, the tube should
be tapped sharply while making the check.

S,

Q23. What factors cause a tube to produce noise?
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Your Answer Should Be:

A23. The factors that cause a tube to produce noise
are: loose electrodes, nonuniform emission, and
current leakage between cathode and heater.

HOW TO USE A TUBE TESTER

A tube tester is not difficult to use. Follow the instructions
contained in its manual, and apply them with common sense
and a knowledge of how the instrument operates. Carefully
follow instructions that apply to setting up the tester. In
addition to the serious error of a false reading, improper
settings could damage a tube and/or tester.

After proper settings have been made, insert the tube in
the proper socket, turn the power on, and move the meter
pointer to the setting prescribed with the LINE ADJUST-
MENT control. Tubes should be allowed to warm up for at
least one minute before making a test. Just before testing,
make sure that the pointer is at its designated mark.

Make tests in this order:

1. Test for shorts.

2. Test for cathode-to-heater leakage.

3. Test for noise.

4. Test for mutual conductance or emission.

WHAT YOU HAVE LEARNED ABOUT TUBE TESTERS

1. There are two general types of tube testers. An emis-
sion tester checks the capability of a cathode to pro-
duce electrons for plate current. A mutual-conductance
tester approximates the g, (transconductance) of a
tube.

2. A GOOD reading on an emission tester can be invalid,
since a cathode is capable of emitting large quantities
of electrons just before it fails. A BAD reading can be
false, since a cathode may emit electrons at a decreased
but steady rate for a long period of time. Although an
emission test may be suitable for diodes, it does not
measure the true quality of grid-type tubes.
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3. In a mutual-conductance tester, tubes are checked under
voltage and circuit conditions that approximate but do
not duplicate the exact operating conditions of the ecir-
cuit in which the tube will be used.

4. A tube tester is made up of sockets (to test a variety
of tubes), switches (to establish appropriate testing
conditions for a particular tube), a meter (to provide a
measurement of tube condition), and a chart or table
(to provide switch-setting and testing instructions).

5. Meter scales on tube testers are of two general varie-
ties. The better mutual-conductance tester has a scale
calibrated in micromhos. Other mutual-conductance and
most emission testers have scales containing words sim-
ilar to GOOD—WEAK—BAD.

6. Most good tube testers also check for noise, gas, and
shorts.

7. The only positive check of the quality of a tube is
whether or not it will work properly in a specific circuit.
This test is called a tube substitution check and can be
made without a tube tester. Other checks that do not
require a tube tester include visual and touch tests.

Q24. Name three types of tests that can be made with-
out a tube tester.

Q25. Why is the mutual-conductance test a better indi-
cation of the condition of a triode than the emis-
sion test?

Q26. How could you determine, without using a tube
tester, whether the heaters of a metal tube were
working?

Q27. What tube test should you make first?

Q28. What does the mutual-conductance tester check?

Q29. What does the emission tester check?

Q30. A 12AU7 twin triode is connected in the amplifier
circuit of a radio. The plate voltage (300V) is kept
constant. The transconductance of the tube is equal
to 3,100 umhos. What is the change in plate cur-
rent when the voltage applied to the grid changes
from 0V to —8.5V? (Hint: g, — AlL/AE: when E,
is kept constant.)
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Your Answers Should Be:

A24. The tests include visual (by eye), touch (by fin-
ger), and substitution (with a known good tube).

A25. Since mutual conductance is a measure of the
change in plate current that will occur as the
result of a change in grid voltage, this test comes
fairly close to measuring a tube under normal
operating conditions. An emission test will only
measure the ability of the tube to pass plate
current.

A26. Metal tubes would feel warm, sometimes very hot,
if the heaters were working and the equipment
were operating. Another check might be the use
of an ohmmeter to measure for an open across the
heater pins (with the tube not in the socket).

A27. Test for shorts first.

A28. A mutual-conductance tester measures a change
in plate current when a change in grid voltage is
applied.

A29. An emission tester measures the ability of the
cathode to emit electrons.

A30. gm = i_IIED‘
B

Al, = g, X AE; = 3,100 umhos X 8.5V — 26.4 ma

SEMICONDUCTOR TESTING

Semiconductors are relatively reliable devices. Some tran-
sistors, for example, are capable of operating for more than
30,000 hours.

One example of this reliability is a digital computer that
was recently tested during its development. The computer
contained over 100,000 crystal diodes and transistors. The
test was run for two years, averaging 20 hours of operation
per day. Within that period there were only three semicon-
ductor failures.

While vacuum tubes are the source of most troubles in
equipment in which they are used, semiconductors, particu-
larly transistors, are relatively troublefree. However, a tech-
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nician still must determine when a semiconductor device is
operating properly.

Locating a Faulty Semiconductor

The approach to finding a bad semiconductor is the same
as that for locating any other defective component. You do
not test a component unless you have a good reason to sus-
pect that it is defective.

Since most semiconductors are soldered into position, the
advice above becomes eéven more meaningful. Soldering and
unsoldering a number of transistors to find g suspected bad
one can be a tedious, time-consuming chore. Excessive heat-
ing can ruin a semiconductor. Therefore, be sure there is
a good reason for removing a transistor before doing so.

Substitution Test—When you are reasonably sure you
have found the circuit containing the trouble and that the
trouble is, in fact, a semiconductor, you can verify and cor-
rect the trouble by a substitution test. As with vacuum
tubes, this is probably the simplest and most reliable of all
tests. When substitution of a good diode or transistor has
restored the circuit to proper operation, the semiconductor
that it replaced was the cause of the trouble.

Be very careful when removing and replacing semicon-
ductors. Although Strongly constructed, semiconductors are
sensitive to excessive voltage, current, and heat.

When soldering or unsoldering a semiconductor, use the
minimum heat required. Keep the semiconductor away from
the chassis. Use a low-voltage soldering iron (30 to 40 watts)
and a heat sink, as shown in the illustration below. A heat
sink is a device for dissipating heat.

HEAT SINK
(LONG-NOSED PLIERS)
N
\
\ Q!

\

A\ ODE
3} AW o -~

§ N4 LOW-WATTAGE
: IRON (30-40W)

HEAT-S INK BETWEEN D 10DE AND
IRON TO DISS IPATE HEAT

Pliers used as heat sink.

Q31. What factors can ruin a semiconductor?
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Your Answer Should Be:

A31. Excessive current, voltage, or heat can ruin a
semiconductor.

When asemiconductor is TRANSISTOR
known to be defective, check
the circuit for defects that
may have caused the damage.
If the defects are not elimi-
nated, they will also damage
the substituted unit. These
checks can be made with a
voltmeter and ohmmeter. Com-
pare readings with those in
the equipment manual.

Crystal-Diode Tests

A crystal diode is a semiconductor. Among the crystal-
diode family are general-purpose germanium and silicon rec-
tifiers (diodes) and silicon diodes constructed for high-power
or very high-frequency purposes. Although these diodes may
be effectively tested only under circuit operating conditions,
other tests can be made.

Resistance Measurement—A good diode will have a high
resistance to current in one direction and a low resistance
in the other. The ratio should be at least 10 to 1 for the
diode to function as a rectifier. This is called a reverse-to-
forward (sometimes back-to-front) resistance ratio, with
the greater value being in the reverse direction.

FORWARD RESISTANCE REVERSE RES|STANCE
50-80 OHMS GREATER THAN 500-800 OHMS

Diode resistance measurement.
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Diode Test Set—Test sets are available to check the ree-
tifying qualities of a diode. Some of them provide a com-
bination resistance and current test. When the set is used
as an ohmmeter, it will measure forward and reverse resist-
ance. When it is used as a milliammeter, it will measure for-
ward and reverse current. Others use one or the other to
obtain the forward-to-reverse ratio. Most sets are con-
structed as shown in the following diagram.

Diode tester.

DIODE
H | BEING TESTED

The diode is inserted in the device, and R, is used to
adjust the meter reading so that the pointer will remain on
scale when the switch is thrown. The switch reverses the
current direction through the diode. R. limits the current
to a safe value,

Transistor Testing

There are laboratory instruments that measure transistor
characteristies in out-of-circuit and in-operating-circuit con-
ditions. Test sets of lesser capabilities are available for use
by technicians concerned with repair, rather than design, of
transistor equipment. However, many worthwhile checks can
be made without the use of a transistor tester.

When trouble occurs in transistor equipment, isolate the
source of the trouble to a specific circuit before touching a
single transistor.

fi <_-‘ :
Q32. The reverse-to-forward resistance ratio of a diode
should be at least — to _ .
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A32. The reverse-to-forward resistance ratio of a diode
should be at least 10 to 1.

Transistor Testing Precautions

If the equipment manual contains waveforms at test points
on a schematic or block diagram, an oscilloscope should be
used to locate the circuit that is causing the trouble. If
there are no waveforms available, voltage and resistance
readings can be used to achieve the same results. As men-
tioned before, put off actual testing of a transistor until you
are sure that it needs testing. When the faulty stage is
isolated, use a multimeter to test the other parts of the
circuit to determine whether abnormal conditions exist.

The multimeter used should have a high impedance to
prevent loading the circuit. Low impedance across a circuit
will change resistance and current values and provide a false
voltage reading. The battery voltage of the ohmmeter used
should not be in excess of 3 volts. Larger voltages may send
an excessive amount of current through the transistor.

Parts and connecting leads are usually mounted very close
together in the construction of transistor circuits. The metal
tips of test probes are long enough to short-circuit leads
when taking measurements. If this happens, excessive cir-
cuit voltage or current could be shunted to another part. To
prevent this, insulate tha metal portion of the probes so that
only a short portion of the tip is exposed.

NORMAL PROBE INSULATION

gz
i ASTIC.TAPE OR OTHER INSULATING MATERIAL
L— 18" 10 4"

Insulate the test probe.

When using a test instrument such as an AC voltmeter
that could have a capacitor in series with the test lead,
ground the probe to make sure the capacitor is discharged.
If the capacitor were to discharge through a transistor, the
transistor would likely be damaged.
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Discharge capacitors in test
equipment before using.

CAPACITOR

During the circuit-checking tests it is best to remove the
transistor if it is the plug-in type. Removal is not absolutely
necessary if you exercise necessary care.

The technical manual for the equipment should supply suf-
ficient information to make circuit checks that include the
transistor. These tests involve the amount of bias or voltage
applied to and the current through the elements of a tran-
sistor. With the exception of some circuits (pulse and power-
amplifier stages, for example), transistors are usually biased
so that 1% to 3 milliamperes flow through the emitter, and
voltage from eollector to base is usually 3 to 15 volts.

Polarity, as well as the value of voltages, is particularly
important to the safe operation of transistors. Check the
amount of voltage first to be sure that it is not too high.
Then determine if the polarity is in the correct direction.
Voltage on PNP transistors must be negative on the col-
lector and positive on the emitter with respect to the base,
Polarities in NPN transistors are the reverse of those in
PNP types.

‘COLLECTOR EMITTER :COLLECTOR EMITTER l
E £ E
I BASE , , BASE l
+— 0 La e g
PNP NPN

Transistor voltage polarities.
Q33. Wiien troubleshooting equipment, what precau-

tion must be followed before attempting a tran-
sistor test or replacement?
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A33. Detection and elimination of any abnormal circuit
conditions will protect the new transistor. The
transistor should not be unsoldered until you have
determined the transistor may be defective.

Transistor Tests

If all checks indicate that the transistor may be defective
and the transistor must be removed for further testing or
replacement, turn off the power to the equipment. Removing
or inserting a transistor in an operating unit causes the cur-
rent in the circuit to surge (rise) for instant. The surge
may be enough to damage the transistor.

Ohmmeter Test—Forward- and reverse-resistance checks
of the transistor elements provide an indication of its con-
dition.

Resistance test.

To make the test, ohmmeter readings should be taken in
both directions (reverse the test leads) from emitter to base,
collector to base, and collector to emitter. The purpose of
the test is to determine whether shorts or decreased resist-
ances between elements have occurred. The large-to-small
ratios for emitter to base and collector to base should be
500 to 1 or more. Direction of the ratio depends on whether
the transistor is an NPN or PNP type. The resistance from
collector to emitter should be nearly the same when meas-
ured in either direction.

Most of the commercial testers are simple in design. of
the several tests that can be made in the laboratory, only a
few are found in test sets normally used by technicians. The
two most common tests are for leakage and gain.
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Leakage Test—To determine leakage between elements,
most testers place the transistor in series with a meter, bat-
tery, and current-limiting resistance. A good tester has a

. AAA~ AAA—
C

B 1- E L
F =

E o\l B\

Gl M)
Measuring leakage between Measuring leakage between
collector and emitter. collector and base.

microammeter. If current readings exceed those stated for
the transistor, it should be discarded.

Gain Test—If transistor leakage current is within suitable
limits, gain can be tested. Gain is a measurement of the
change that occurs in collector current as a result of a small
change in base current. The reason for this test is that the
current gain capability of a transistor can decrease with age.

A variety of circuits are used to measure gain. All result
in a ratio of I./I, (collector current to base current). This
ratio is matched against the minimum standard for the par-
ticular transistor. If the measured gain is too low, the re-
sistor should be discarded. This test is often referred to as
direct-current gain, since changes in DC current are involved.

Other Tests—More expensive sets measure the punch-
through (or break-through) voltage level between collector
and emitter to base. If current passes at a prescribed rise in
voltage between the elements, the transistor would be con-
sidered defective.

An AC-gain test on a transistor is quite similar to a trans-
conductance test for vacuum tubes. This test measures the
ratio of collector-current change fo emitter-current change
as an alpha amplification factor. The ratio of collector-cur-
rent change to base-current change is a beta amplification
factor. Both ratios are measured with AC applied to the
transistor and are then compared with desired values in a
chart.

Q34. What does a leakage test indicate?
Q35. What does a gain test indicate?
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Your Answers Should Be:

A34. A leakage test reveals an excessive flow of cur-
rent between the elements in a transistor.

A35. A gain test determines the ratio of the change in
collector current to a corresponding change in
base current.

WHAT YOU HAVE LEARNED ABOUT
SEMICONDUCTOR TESTERS

1. Semiconductors, particularly transistors, are reliable
and have a long life expectancy.

2. A crystal diode is a semiconductor that allows current
to pass more readily in one direction than the other.

3. Transistors are sensitive to excessive heat, voltage, and
current.

4. When testing transistor circuits, observe these rules:

(a) An chmmeter that applies a voltage in excess of 3
volts should not be used on a transistor.

(b) Test-probe tips should be insulated to prevent ap-
plication of undesired voltages to transistors.

(c¢) Capacitors in test leads or instruments should not
be allowed to discharge through the transistor.

(d) Make voltage and resistance readings in the circuit
to locate any abnormal situation.

(e) Do not remove or install a transistor when equip-
ment is energized.

(f) To prevent loading, use a high-impedance voltmeter
when taking voltage readings.

5. Bias voltages and collector current can be measured in
a transistor while it is still in a circuit. Measurement
of reverse and forward resistances between the separate
elements will indicate a defective transistor.

6. A diode tester is designed to accurately determine re-
verse-to-forward resistance ratios.

7. Transistor testers include circuits to measure collector
leakage, DC gain, AC gain, and punch-through voltage.
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S5

Bridge Instruments

When you have com-

What You pleted this chapter, you
. will be able to explain the
Wl,ll Learn fundamental principles on

which a bridge circuit is
based. You will be able to determine how values of re-
sistance, capacitance, and inductance can be accurately
measured by a bridge instrument. On completion of this
chapter, you will be able to use a bridge instrument after
only a brief period of study of the individual bridge
device you intend to use.

WHAT IS A BRIDGE?

A bridge is a simple parallel circuit designed with a means
of determining a potential difference between two parallel
legs, as shown in the illustration below.

E E
il 2
INDICATING
DEVICE
I IND. I/
Basic bridge circuit.
5] [
A
VOLTAGE
SOURCE

If voltage were applied across the bridge (parallel) circuit,
current through the indicating device would be zero only
when the voltages appearing at points A and A’ were equal.
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Another fundamental principle is that the voltage across
a parallel network is the same for either leg. In other words
(disregarding voltage dropped in the conductors),

E, + E; = E3 4+ E; — Source voltage

This means that a balance could be achieved between the
two legs (no current flowing between A and A’) if the ratio
of voltages on either side of A were equal to the ratio of
the voltages on the respective sides of A’, or

E, E,

E, E,

HOW DOES A BRIDGE CIRCUIT WORK?

A brief review of circuit fundamentals may clarify this
balance, or equality, between voltage ratios. In the parallel
circuit shown below, R; = R..

A B
L—J/, .\\_ Rlu 12
Ro= 120
Eg= 12v
£g
A

Parallel circuit—equal resistances.

Disregarding the voltage drop in the conductors, the volt-
age difference between points A and B (above) will be that
of the source (12V). The current through R, and R, will be
1 amp each, or a total circuit current of 2 amps. Since the
resistances and currents in both legs are equal, E, is equal
to E.. Now divide one resistance into four equal parts.
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If the resistance, which shows a voltage difference of 12V
from one end to the other, were divided into equal quarters,
each quarter would represent 3V. Now divide both resist-
ances of the parallel circuit into equal quarters.

Equal voltage points.

How much voltage would you measure between points D
and D’? The answer is zero volts. The potential difference
between A and D is 9V; this is equal to the difference be-
tween A’ and D’. Therefore, no potential difference exists.

To show that the measurement works equally well from
either end reference point, start from the other end of the
network. The voltage at B with respect to E is —9V; the
voltage at D’ with respect to E’ is —3V. Therefore the dif-
ference, 6 volts, will be measured from B to D’.

Ri-3Q
Ry = 62
Eg = 12v

Parallel circuit—unequal resistances.

Suppose that a parallel circuit had unequal resistances, as
shown above. The voltage across R, or R. would be identical,
that is, 12V. Again assume quarter-section divisions.

Q1. What is the current through R,? Through R,?

Q2. What is the value of resistance in each quarter sec-
tion of R,? Of R,?

Q3. What is the voltage difference between A and B
(R;)? Between A’ and B’ (R,)?
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Your Answers Should Be:
A1l. The current through R, is 4 amps; through R., 2
amps.
A2. The value of resistance in each quarter section of
R, is 0.75Q; of R., 1.50Q.
A3. The voltage difference between A and B (R,) is
3V; between A’ and B’ (R.), 3V.
I, X Ry =4amps X 0.75Q = 3V
I, X R.o=2amps X 1.50 = 3V

Voltage Relationships in Parallel Circuits

For every point on one parallel resistance leg, there is a
point on the other leg that is at the same potential. This is
true whether or not the total leg resistances are equal.

E E
1, 2

=L AN\ gy

4 Il I
R3 R4
VOLTAGE SOURCE

The voltage across a parallel network is the same for
either leg. You can state that E, — E; and E, = E, in the
figure above if A and A’ are at the same potential. These
voltage relationships can be stated in terms of equal ratios:

E, _E;
E. E,;

Since E is equal to IR, the above ratios can be stated in
another manner:

E, =1 X R E; =1, X Rs
E;=1 X Rz Ei=IL X Ry
therefore,
LR, _ L:Rg
IR, I,R,
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How could the IR equation be restated in terms of resist-
ance only? I in each ratio is the same, and it can be can-
celled. Therefore:

R _ Ry

R. R,
Since the voltage drop across each resistor equals the leg
current times the resistance, the resistances must have the
same ratio as the voltages. The ratio can also be reasoned
from the example below:

 —

AN MWV

R1=2Q Ry =40
R3=4Q Rq=8Q
ANV AN

1" m—

28y
-‘I'l'I'J'}*

Both resistance ratios are equal to %% :

The current in each leg is:

24V 24V
= — =4
R, + R: 60 Amps
I 24V 24V — 2 amps

“Rs + R, 120
Both voltage ratios are 1% also.

Q4. Resistances in two parallel legs of a circuit will have
a ——— - potential difference between two propor-
tional points on either leg resistance.

Q5. The voltage ratios in each leg of a parallel circuit
must be equal to what?
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Your Answers Should Be:

A4, Resistances in two parallel legs of a circuit will
have a zero potential difference between two pro-
portional points on either leg resistance.

A5. The voltage ratios in each leg of a parallel circuit
must be equal to the resistance ratios of the respec-
tive legs.

RESISTANCE BRIDGES

If the ratios of two resistors in each leg of a parallel net-
work are the same, the voltages at each of the corresponding
junction points between resistance pairs are the same.

2 AMPS 2y

iz Mll"' ZERO VOLTAGE DIFFERENCE

SHOWN ON THE METER

Suppose the 8-ohm resistor in the illustration above is
changed to 4 ohms. The resistance ratios are no longer
equal. The current in the lower leg is now 3 amps, and the
voltage at A’ becomes 12V compared to 16V at A. The meter
now reads 4V.

If you change this circuit to that shown below, you have a

means of measuring an unknown resistance.
Ry Ro

A

Ry = ADJUSTABLE
RES|STANCE
Ry = UNKNOW

RESISTANCE
R1 Ra

Ry R
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When the resistance ratios in the legs are not equal, there
will be a voltage difference between A and A’. Current will
flow through the meter. When R, is adjusted to register
zero current, R;/R. — R,/R.. If there were a means pro-
vided to show the value of R, at this setting, how could you
determine the value of R, ?

Assume R, is equal to 13 ohms:

R
1 a
()& R
4 1 13
S_2_I1°: R —
iTIiTRO® 130
If R, is 40, R, is 30, and R, is 80, what is the value of R, ?
R, _ R,
R, R,
4 8
== ; Ry = 6Q
3 R, ~

Both problems were solved by selecting a value for R, that
would make the right-hand ratio proportional to the left.
Since R, was twice R;, R, was multiplied by 2 to get R,.
solution becomes more difficult.

Multiply both sides of equation (1) by both denominators:
When ratios do not result in these convenient multiples, the

R°><"><&=%><&><—

Cancel like terms in numerators and denominators on
either side of the equality sign. This results in:

Rx X Rl = Ra X R2
Divide both sides by R, to obtain

R, R
mR__%_
Find R, when:
Q6. R; is 200, R, is 400, R, is 80.
Q7. R, is 80, R, is 20, R, is 42.
Q8. R,is 30, R, is 70, R, is 9.
Q9. R, is 40, R, is 56, R, is 10.
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Your Answers Should Be:
A6. 160 ohms. R, — 30 X 400
200
A7. 10.5 ohms. R, — 42 X 20
80
9 % 70
AS8. 21 ohms. R, — 2 X 70
ohms. R, o
A9. 14 ohms. R, — %

THE WHEATSTONE BRIDGE

You have, in effect, constructed a bridge for measuring an
unknown resistance that is quite similar to an actual bridge.
You have performed the mathematics required to find the
value of the unknown resistance in the same manner as if
you were actually using a bridge.

The most common type of bridge used for measurement
is the Wheatstone bridge. Commercial models of this type
of bridge can measure values of resistance from 1 ohm to 1
megohm with an accuracy of =1% . More expensive models
can accurately measure resistances between 0.1 ohm and
approximately 12 megohms.

Necessary components include a voltage source (usually
a battery for resistance measurements), an indicating device
(usually a sensitive galvanometer similar to those used in
multimeters), accurate standard resistances that establish
the ratio for measuring purposes (R, and R.), a variable
resistance for achieving a voltage balance between the two
parallel legs (usually an accurate potentiometer with a scale
on the front panel), and a means of connecting an unknown
resistance into the bridge. All parts are designed for pre-
cise values to insure the highest degree of accuracy. The
meter is usually shielded to prevent stray fields from adding
error or fluctuation to the reading.

Schematic Representation

In nearly all cases, the commercial bridge is shown sche-
matically in diamond shape. Both diamond and rectangular
shapes are shown on the opposite page.
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/} T ————
= SWiTCH

NORMALLY
OPEN

Ra L__.:

—
=

L
ADJUSTABLE il

STANDARD
Wheatstone bridge.

The meter is usually the type that has a center-scale zero.
This permits the meter to record current going in either
direction between the two parallel legs. A momentary-con-
tact switch in series with the meter is normally open to keep
the meter out of the circuit during the setting-up process.
The switch is closed momentarily to observe meter deflec-
tion. The amount of deflection and its direction provide an
estimate of how much R, should be changed. Adjusting R,
for a zero reading is often called adjusting for a null.

Bridge Operation

In the typical circuit below, R, can be set at one of four
positions to establish the R,/R. ratio. In position 1 the
ratio is 1/1; in position 10 it is 1/10, etc.

Resistance bridge.

R, may be a single wirewound potentiometer with values
calibrated on a front-panel scale, or it may be several decade
(10-position) switches in series. One switch adds resist-
ances in multiples of one, a second in multiples of 10, etc.

Q10. How accurate is a good Wheatstone bridge?
Q11. What is a decade switch?
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Your Answers Should Be:

A10. A good Wheatstone bridge has an accuracy of
about 19,

All. A decade switch has ten calibrated contact posi-
tions.

Operating the Wheatstone Bridge

In some bridges the power supplies are variable types to
provide low current for low resistances and high current for
high resistances. In many models the desired current is
obtained by means of a current-limiting resistance.

Since the meter could be damaged if there were a large
potential difference between the two legs, the shunt resist-
ance connected to the meter is often made variable.

——o\>——o

METER
SWITCH

Meter protection.
METER SHUNT

It is not often possible to make a reasonable guess as to
the value of the unknown resistance. In such a case, the
bridge ratio and R, cannot be set at values that are close to
the unknown, thereby keeping the potential difference across
the meter to a minimum. When securing R, to the measur-
ing posts, the meter shunt should be moved to its lowest
resistance. The meter switch is depressed, and meter deflec-
tion is noted. As R, and the bridge ratio are adjusted closer
to the value of R, (less difference of potential), the meter
shunt is increased in resistance to permit greater sensitivity
of measurement. During the final adjustment for a meter
null (zero), the shunt arm is no longer contacting resist-
ance, and all available current is flowing through the meter.

Another Resistance Bridge

There are variations of the basic Wheatstone bridge, such
as the one shown at the top of the next page.
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0
© 10,000

= s

In this bridge the R,/R. ratio is established by a poten-
tiometer. The movable contact of the potentiometer is con-
nected to a pointer on a direct-reading scale. The potenti-
ometer is adjusted for a null reading on the meter, and the
value of R, is read directly from the scale in the range that
depends on the setting of R,. The three resistances of R,
increase in multiples to make it possible for a single pointer
to serve all three scales. If R, were 15 ohms in position 1
and 1,500 ohms in position 2, it would be 150,000 ohms in
position 3. Other multiples could be used, as well as a dif-
ferent number of resistances. The sample shows a bridge
capacity from 0.5 ohm to 5 megohms in three ranges.

Q12. Why is the power supply of a resistance bridge
made variable?

Q13. How is this done?

Q14. What is meant by a meter null?

Q15. What method is normally employed to protect the
meter from large voltages?

Q16. What is the value of R, in figure A below when R,
is set at 5 ohms?

Q17. What is R, in figure B when R, is 500 ohms?

24v
—iliftfofof—




Your Answers Should Be:

A12. The power supply is made variable to provide the
correct amount of current for the various values
of resistances.

A13. This is done by means of a current-limiting re-
sistance.

Al4. A meter null is that reading when the pointer indi-
cates zero.

A1l5. The shunt resistance connected to the meter is
varied with respect to the amount of voltage

applied.
A16. R, equals 25 ohms.
R X R
R,=—= L
) R,
50 X 5
R, =
’ 10
R, = 25 ohms
Al7. R, equals 5,000 ohms.
R. — 10,000 X 500
* 1,000

R, = 5,000 ohms

MEASURING CAPACITANCE WITH A BRIDGE

Using the same ratio principles, a bridge can also be made
to measure the value of an unknown capacitance. The basic
circuit is shown below.

Ry

IND.

R2 Capacitance bridge,

AC VOLTAGE

A DC voltage source cannot be used because of the capaci-
tors. As shown, the source must be AC. Most commercial
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models employ a frequency of either 60 or 1,000 cps. If the
instrument is designed for a 60-cycle source, voltage may be
taken directly from the power line. For 1,000 cycles, some
models may have an oscillator built into the bridge, and
others may have provisions for connection to an external
oscillator.

The indicator may be a built-in AC meter that allows cur-
rent to pass through it in one direction only. Some units
have jacks into which earphones can be plugged to listen
for the null. Greater accuracy can be achieved by using a
VTVM. This is because the VIVM can give a relatively
large meter deflection even though the voltage difference
between the legs of the bridge is small.

The principle of voltage ratios that you learned about a
resistance bridge applies to the capacitance bridge as well.
To obtain a null reading on the indicator, the voltage ratios
in each leg of the parallel network must be proportional.

A
Iy Ry 11 X¢1
IND. \F/(())}ETI\/J\%LELSINDICATION,
AT A AND A
I, Ry X c2 MUST BE EQUAL.
N THEREFORE:
1Ry IR,
IiXcl Inxeo
AC VOLTAGE

Bridge ratios.

Q18. What type of voltage source must be used in the
capacitance-bridge circuit?

Q19. What type of indicator offers the greatest accuracy
in a capacitance bridge?

Q20. To obtain a null reading on the indicator, the volt-
age ratios in each leg of the bridge must be
____________ to each other.

Q21. If the voltage drop across one of the resistors is
expressed as IR, how would you indicate the volt-
age across one of the capacitors?
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Your Answers Should Be:

Al18. An AC voltage source must be used in a capaci-
tance bridge.

Al19. A VTVM is the most accurate indicator for a
capacitance bridge.

A20. To obtain a null reading on the indicator, the volt-
age ratios in each leg of the bridge must be pro-
portional to each other.

A21. IX.. As you recall, voltage across a capacitor de-
pends on its reactance, X,.

Determining Capacitance-Bridge Ratios

As before, the current symbols cancel out, leaving ratios
expressed in terms of resistance and reactance. If you wish
to use the bridge for its intended purpose, reactance must be
converted into capacitance. Capacitive reactance is:

1

Xe = 5.f0

Before substituting the right element of the equation for

X, in the ratios and making the solution more complex than
necessary, the ratios can be changed as follows:

R, R, b R, X1
=L = ecomes =
XCl XC2 R2 XCZ
Substituting for X¢ in the right-hand ratio, you obtain:
1 . 1

2.£C, ~ 2£C,
Inverting and multiplying:

1 20fC; _ Cy

2+1C, 1 G
The 2xf’s cancel out. The expression in terms of C is now:
Ry _ G
Rg Cl

The values of C are inversely proportional to the values of
R in their legs of the circuit. This makes sense because a
large capacitance has a small reactance.
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Practical Capacitance Bridge

The schematic for a typical capacitance bridge is shown
below. A clese study of this illustration will reveal that it is
essentially the same type of parallel circuit as those on the
preceding pages.

—————————_UNKNOWN
y1—"1 CAPACITOR
15 T
Ry | CALIBRATED Cx
POTENTIOMETER S
RS IND. €y o
PR
Sy o1
\_i,
STANDARD
CAPACITORS
AC VOLTAGE

Capacitance bridge.

By manipulating a switch, one of several capacitors can be
selected as a standard, depending on the size of unknown C,.
A calibrated potentiometer adjusts the bridge ratio (R,/R.)
for a null reading on the indicator. With this arrangement
the arm of the potentiometer can be connected to a pointer
that moves on a scale calibrated in capacitance values. This
will be true only if all of the standard capacitors increase in
value by the same multiple.

The above bridge is suitable for measuring capacitors with
little or no series resistance and no leakage between the
plates. Significant values of either series or parallel resist-
ance (leakage) will prevent balancing the bridge. This bridge
can check most paper, ceramic, and mica capacitors.

Q22. What must the relationship of the standard capaci-
tors be to permit adjustment of the potentiometer
to proportional bridge ratios?

Q23. If R,/R, is 1/10 and C; is 1,200 puf, what is the
value of C,? (Refer to the circuit on page 174.)

Q24. If R,;/R, is 1/100 and C, is 12 nf, what is the value
of C;?



Your Answers Should Be:

A22. The capacitors must increase in value by the same
multiple.

R C.,
A23. C. = 120 ppf. =L = =22
2 #el R, C,

A21. C, — 1,200 uf

Measuring Power Factor

Large capacitors have an internal resistance. This resist-
ance must not only be compensated for in the bridge to ob-
tain a null reading, but it also must be measured to deter-
mine the power factor of the capacitor.

R - 30Q o—MN—|b—o
RES(STANCE
A CAPACITOR HAS
77 RESISTANCE IN SERIES
Zr [ REX¢ WITH (TS PLATES

X - 400

REACTANCE

&
&

& 500
S RESISTANCE

IMPEDANCE

POWER FACTOR

Power factor.

As shown above, the power factor of a capacitor varies in
accordance with the size of its internal resistance. The dia-
gram on the left shows the relationship between the resist-
ance and impedance elements of a capacitor; it also shows
how impedance can be determined for the power-factor for-
mula. If the internal resistance is zero, the power factor is
zero. If the power factor is large (stated in percentage), it
may seriously affect the operation of the circuit or device.
Many bridges contain provisions for measuring power fac-
tor. One method is shown below.

Ry !____EX_.:
o o
1 IT
AC VOLTAGE




The R,/R. potentiometer is adjusted for a null indication
as was done before, or as close as the resistance of C, will
permit. The wvariable resistance in series with C, is then
adjusted for the final null reading. A front-panel extension
of the variable resistance, probably labeled POWER FAC-
TOR, will give the precentage of power factor.

Measuring for Capacitor Leakage

A leaky capacitor is one in which the dielectric, having
lost some of its insulating quality, permits electrons to travel

—a——

Leakage.

from one plate to the other. Leakage is considered to be a
resistance in parallel with the capacitor.

/
e DC VOLTAGE

Essentially this is the same basic circuit as before. A
switch on the front panel connects a variable resistance in
place of C, and changes the voltage source to a variable DC.
Voltage is set at the rated working voltage of the capacitor.
An electrolytic capacitor will be damaged if polarities are
not observed when connecting it to the measuring posts. R.
is adjusted to balance the bridge and obtain a null reading.
If the measured resistance is low, leakage is high.

Q25. In the illustration above, the voltage at A should
be (greater than, the same as, less than) the volt-
age at A’ to get a null reading on the indicator.

Q26. Why is a DC voltage used to measure capacitor
leakage in the above circuit?
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Your Answers Should Be:

A25. The voltage at A should be the same as the volt-
age at A’.

A26. If AC were used, shunting reactance would be

added to the upper leg of the circuit. The bridge
could not be balanced using R..

MEASURING INDUCTANCE WITH A BRIDGE

Inductance can be measured with the bridge shown here.
In previous bridges, a resistor was used for balancing a
resistor, and a capacitor was used for balancing a capacitor.

LAGGING

R — TR
1 ]
1

}_o Inductance bridge.

|_o LEADING

CURRENT

AC VOLTAGE

In this circuit, however, a capacitor is used to balance the
inductance of a coil. A standard inductance could be used
in place of the capacitance, but this would result in a few
undesirable conditions.

The illustration below shows how the electromagnetic
field around a coil can cut through a conductor and induce
error-producing currents. The capacitor electrostatic field,

- -8
N
INDUCTOR  FIELD CONDUCTOR CAPACITOR FIELD

however, is mostly contained within the capacitor. An addi-
tional advantage of the capacitor is that it does not pick up
stray fields as a coil does.

180



If inductors were used to balance the bridge, they would
be larger and more expensive than equivalent capacitors.
Size and cost of the instrument would be greater. Finally,
the same capacitors can be used for measuring both induct-
ance and capacitance in the same bridge.

Using a capacitor opposite an inductor in a bridge, how-
ever, has one disadvantage. The current through the coil
branch lags the current through the capacitor branch. The
phase difference makes it impossible to balance the bridge.
This condition can be compensated for by placing the un-
known coil and the standard capacitor in opposite legs of
the bridge across the indicator, as shown in the illustration
on the opposite page.

Typical Inductance Bridge

In the inductance bridge below and the one just discussed,
a null condition is established by the values of C, and R..
With a proper value of Ci, R (a variable resistance) is
adjusted for a zero reading. The position on a front-panel
scale of a pointer linked to R. indicates the value of L,.

Ry . Lx ‘”"E
H 1
Ry [ND]e--—oooosnd
Q and L. measurement. : 2
coiLg COILL
AC VOLTAGE |

Measuring the Q of an Inductor

An inductor has a Q level, or figure of merit, that is its
reactance-to-resistance ratio (2=fL/R). Resistance is that
of the wire used in the coil and is considered to be in series
with its reactance. Heavy wire and a small number of turns
produce a high Q; a smaller wire and more turns produce
a lower Q. Since Q, a measure of quality, is a factor used to
determine the sharpness of resonance of a circuit employing
both L and C, it is desirable that the Q of the coil be meas-
ured. R; in the circuit above is used for this purpose. Its
scale can be calibrated in Q.

Q27. What is used to balance the coil inductance in an
inductance bridge?
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Your Answer Should Be:

A27. A capacitor is used to balance the inductance of
the coil in an inductance bridge.

WHAT YOU HAVE LEARNED

[y

. A bridge is a test instrument capable of accurately
measuring resistance, capacitance, inductance, and
reactance. Although a bridge may not have a scale
calibrated in reactance, you can determine reactance if
you know C or L and the frequency.

2. The Wheatstone bridge utilizes the basic principle on
which all bridge circuits are built. The arrangement of
the bridge elements is such that the voltage ratios
between the elements in the parallel legs can be adjusted
to achieve a null (zero current) in an indicator placed
between the parallel legs.

3. Each bridge requires a source of voltage, a parallel net-
work containing sufficient variable elements to balance
the bridge, an indicator to determine when the bridge
is balanced (null indication), a scale to determine the
ratio of the elements involved or a direct readout of the
unknown value, and operating controls and jacks.

4. A resistance bridge contains a DC voltage source, a
sensitive DC meter, and a parallel network of resist-
ances. When a condition of balance exists, the unknown
resistance can be determined by a direct reading from
a calibrated scale or by calculation.

5. A capacitance bridge contains an AC voltage source, a
sensitive AC meter (or headphones), and a parallel net-
work of resistance and capacitance.

6. With appropriate modifications, a capacitance bridge
can measure the power factor and leakage of a capaci-
tor.

7. An inductance bridge contains the same voltage source
and indicating devices as the capacitance bridge, but its
parallel network is normally made up of resistance,
capacitance, and the unknown inductance.
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The Signal Generator

There are occasions

What You when a technician finds
. it necessary to apply a
Wlll Lea rn standard signal to an elec-

tronic circuit or device for
testing or troubleshooting purpcses. A signal generator
is an instrument that serves as a source for such a
signal. Within its designed range, it provides a signal
having controllable frequency, amplitude, and modula-
tion characteristics for testing or troubleshooting.

On completion of this chapter you will be able to apply
an understanding of basic electronic principles to the
operation of a signal generator. You will learn how to
effectively cperate a signal generator after a brief study
of its operating manual. You will also be able to use a
signal generator in making troubleshooting checks.

WHAT IS A SIGNAL GENERATOR?

A signal generator is basically a transmitter. Although a

N\

OUTPUT
CIRCUIT

MODULATOR

OSCILLATOR

P SNSRI
POWER
SUPPLY

SIGNAL

GENERATOR
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transmitter may emit signals at a higher power and include
more circuitry than a signal generator, the basic functions
of the two are identical. As shown, the basic functions
include a power supply, an oscillator, a modulator, and an
output circuit. Each function may require a group of many
circuits in a transmitter; in g signal generator, however,
each can be accomplished by only one or two circuits.

FUNCTIONAL UNITS IN A SIGNAL GENERATOR

Since the power supply of a signal generator is fairly
standard, it will not be described. However, an understand-
ing of how the other circuits work will be very helpful when
using a signal generator.

Generator Oscillator

An oscillator is a circuit capable of generating a series of
identical waveforms at some desired frequency (number of
oscillations per second).

AMPLITUDE

OSCILLATOR
1”””_\___9_

= l—— TIME

Signal generators are classified in accordance with the fre-
quency range of their oscillators. Audio-frequency (AF)
generators usually cover a range from about 20 to 20,000
¢ps. Radio frequency (RF) generators begin at 20,000 cps
and end at several thousand megacycles.

Modulation Oscillator

In a transmitter, the frequency generated by the oscillator
is called a carrier frequency. Waves produced by a current
of this frequency are capable of traveling many miles. The
carrier wave has a constant frequency and amplitude; its
purpose is to carry information, or intelligence, from a trans-
mitter to a receiver. The carrier is altered by having another
frequency, representing the intelligence, superimposed on it.
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For example, the standard broadcast band has carrier fre-
quencies between 535 and 1,605 kilocycles. Intelligence, in
the form of sound (voice, music, ete.), is superimposed on
the carrier and later taken from it in the receiving set.

The process of superimposing intelligence frequencies on
a carrier frequency is called modulation. To be useful, an
RF signal generator must be capable of modulating its car-
rier. It does so with an audio-frequency signal developed by
a modulation oscillator.
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GENERATOR
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L | TIME

MODULATION
OSCILLATOR

Amplitude Modulation—There are several types of modu-
lation. Amplitude modulation is the form used in standard
broadcast transmissions (535 to 1,605 ke) and is defined as
the process by which the carrier is varied in amplitude to
resemble the amplitude and frequency of the intelligence.

CARRIER FREQUENCY
T
mnw L FRRAEERY

INTELL] GENCE
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Ql. What is the name given to the transmitted fre-
quency that the generator oscillator duplicates?

Q2. Why is amplitude modulation the name given to the
type of waveform shown in the above illustration?

AMPLITUDE
MODULATION
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Your Answers Should Be:

Al. Carrier frequency. It carries the frequency of the
intelligence superimposed on it.

A2. The amplitude of the constant carrier frequency is
modulated (varied) to conform with the frequency
and amplitude of the intelligence signal.

Modulation Requirements

Although the RF oscillator must be capable of reproduc-
ing the desired carrier frequency, the modulation oscillator
need not cover the entire audio range. In some signal gen-
erators, only a single modulation frequency is developed.
Other signal generators may have two or three modulation
frequencies or a variable modulation frequency.

Per Cent of Modulation—The amount that the carrier
amplitude is varied is called per cent of modulation. It is
controlled by the amplitude of the modulating signal.

A B c
LESS THAN 100% 100% OVER 100%
MODULATION MODULATION MODULATION
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MODULATED CARRIER

MODULATING SIGNAL

Modulation percentage.

The amplitude of the modulating signal in part B above
is such that the envelope (outline of modulation on the car-
rier) is caused to become zero for an instant before rising
again. This is 100% modulation. Modulation is less than
100% in part A. The exact percentage is determined by the
relationship between the amplitudes of the carrier and mod-
ulating waves. Part C shows modulation greater than 100 .
This causes distortion in reception.

186



Since there is little need for modulating an audio fre-
quency, this feature is seldom found in AF signal gener-
ators. Better models of RF generators always incorporate
some form of modulating capability. In some RF generators
the amplitude of the modulation-oscillator signal can be
varied; in others it cannot. Some models permit an external
audio oscillator to be used for modulation.

Frequency Modulation—Another method of superimposing
an intelligence signal on the carrier is called frequency mod-
ulation (FM). In frequency modulation, the frequency of
the carrier is varied in accordance with the frequency and
amplitude of the modulating signal.

l<- NORMAL‘-L fﬂfNORMAL——
CARRIER - FREQUENCY MODULATED = carrim
Frequency modulation.

Notice in the diagram above that the frequency of the
FM carrier varies, but its amplitude remains the same. Study
the following diagrams.
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Q3. What is the difference between AM and FM?
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Your Answer Should Be:

A3. In AM (amplitude modulation) the amplitude of
the carrier is varied in accordance with the ampli-
tude of the modulating signal. In FM (frequency
modulation) the frequency of the carrier is varied
in accordance with the frequency and amplitude of
the modulating signal.

In the examples illustrated by the two diagrams at the
bottom of the preceding page, the frequency of the carrier
is decreased by the positive portion of the audio signal and
increased by the negative portion. The higher the amplitude
of the modulating signal, the greater the shift in carrier
frequency will be. However, the average carrier frequency
during a complete cycle of modulation is equal to the normal
frequency of the carrier because the shifts of carrier fre-
quency balance each other.

Some RF signal generators generate a frequency-modu-
lated signal. Other generators are designed with provisions
for both amplitude and frequency modulation.

Output Circuit

Since the amplitude of the signal developed by most oscil-
lators is relatively low, many signal generators include at
least one stage of amplification. The mixing of generator
and modulation oscillations usually takes place in this stage.

I
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GENERATOR
OSCILLATOR
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CIRCUIT

MODULATION
OSCILLATOR

A gain control is normally provided to vary the magnitude
of the output signal. To permit impedance matching of the
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signal generator with the circuit to which the test signal is
fed, a cathode follower or similar impedance-matching stage
is often employed. An attenuating network may be included
to provide signals at a precise level of amplitude.

AUDIO-FREQUENCY SIGNAL GENERATOR

As previously indicated, an AF signal generator covers the
audible frequency range. Most AF generators include a gen-
erator oscillator and an amplifier stage.

Requirements for Oscillation

A circuit must fulfill three requirements before it will
oscillate. It must have a means of amplification, a method of
feedback, and some manner of frequency control.

FEEDBACK

FREQUENCY
AMPLIFICATION

CONTROL

Amplification—An amplifier with plate current flowing will
normally amplify any spurious signals appearing at the grid.
A spurious signal is any unwanted signal generated either in
the equipment itself or externally.

.
]

Q4. What is the purpose of a gain control?
Q5. What are the circuit requirements for oscillation ?

—> B+

SPURIOUS

P
SIGNAL AMPLIFIED

SIGNAL

Amplification and negative feedback.
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Your Answers Should Be:

A4. The gain control varies the amplitude of the output
signal.

A5. An oscillating circuit must possess means of ampli-
fication, feedback, and frequency control.

The signal appearing at the plate will be of the same shape
as the grid signal, but it will be larger in amplitude and
reversed in phase by 180°. If a negative-going signal from
the plate were fed back to the grid in addition to a positive-
going input signal, the two signals would cancel. This process
is called negative feedback. The signal returned from the

POSITIVE
FEEDBACK

AMPLIFiCATION

plate must go through another 180° of phase reversal before
it will be in phase with the grid signal and in a position to
aid amplification. This aiding feedback is called positive
feedback.

Positive Feedback—Although there are several ways of
accomplishing a second phase reversal of 180°, the basic
principle is shown below.

- PLATE SIGNAL_Souyas
N
Amplification and

1 o\
¢
Ri positive feedback.
L\% Lo
) L

If the coils of the transformer between the plate and the
grid are wound so that they cause a 180° phase inversion
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between primary and secondary, the resultant signal will be
in phase with the signal on the grid. The amplitude of the
signal will depend on the amount of voltage across L, and
the resistive losses in the circuit. R, and C, produce the
grid-leak bias for the tube.

The remaining voltage is added to the grid-to-cathode posi-
tive potential, causing an increase in plate current. The sig-
nal returning to the grid on the next cycle will be increased
proportionately. Waveforms in each succeeding cycle will be
increased in amplitude in a similar manner. The signal
amplitude will increase to a level established by the satura-
tion point of the tube.

You have seen how positive feedback aids in the build-up
of a signal. However, something more must be added to the
circuit before it will generate a steady signal of known
frequency.

Frequency Control—Positive feedback will provide for a
steady state of amplification and produce a constant-ampli-
tude signal at the plate, but it cannot achieve a constant
frequency. The circuit shown on the opposite page will
amplify any spurious signal that appears at the grid. The
frequency of oscillation will be random. The third require-
ment of an oscillator, frequency control, now becomes
apparent.

First, how can frequency be regulated? How can one fre-
quency of a group be selected for amplification in preference
to the rest? The answer is the resonant circuit.

L =iy
Resonant circuit. I :cl:

| =
i

j Sp— | U g
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Q6. If a charge were placed on C; (shown in the above
figure), in which direction would the capacitor dis-
charge through the circuit, clockwise or counter-
clockwise?

Q7. Would current flow be maximum or minimum at the
instant discharge begins?

Q8. What effect would L; have on the discharge current?
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Your Answers Should Be:

A6. Discharge current would flow counterclockwise
through the circuit, from the negative plate,
through the coil, and back to the positive plate.

A7. At the instant discharge begins, current flow would
be maximum.

AS8. As the initial current surge flowed through L., it
would produce an expanding magnetic field that
would cause current in opposition to the surge.
As the discharge current decayed, the field would
collapse and cause a current in opposition to the
decay of current. In effect, L; becomes a current
generator to the degree that it sustains the flow
of current in one direction.

ﬁ +
CAPACITOR DISCHARGES +
IN COUNTERCLOCKWISE C1 =

B l DISCHARGE I '

DIRECTION

When the source is removed from C,, the capacitor will
begin to discharge. Current will flow through L; in the direc-
tion indicated and develop a magnetic field around the turns
of L,. When the charges on the plates of C, have equalized,
current would normally stop flowing. However, the magnetic
field around L, continues to collapse (initial collapse occurred
as discharge current decayed), sustaining the current flow.

COLLAPSING FIELD SUSTAINS l l L

CURRENT FLOW IN COUNTER-

c
CLOCKW!SE DIRECTION IT l coiL I '
- ] +

L, now becomes a voltage source, taking on the polarity
shown in the figure above. Collapsing magnetic lines cut the
coil turns, producing a current that builds an excess of elec-
trons on the upper plate of C,. C; is now charged in the
opposite direction.

L

—
P~
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After the initial surge of current as C, discharges in the
opposite direction, a magnetic field is developed to its maxi-

CAPACITOR DISCHARGES l !

THROUGH COIL IN

OPPOSITE DIRECTION | Tﬁ DISCHARGE 1 '

mum level across L,. As discharge current begins to de-
crease, the field starts to collapse, developing a coil current
in the same direction as the capacitor current.

When the capacitor has discharged, continuing collapse of
the magnetic field will maintain current flow and charge the
opposite plate of the capacitor. Charge and discharge of C,
will continue for several cycles.

The decreasing amplitude of current is often compared to
two mechanical analogies. If you plotted the voltage across
the capacitor in the previous example, you would obtain a
graph resembling the one below.
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Damping effect.

The LC cireuit, the flywheel, and the pendulum have one
quality in common-—damping effect. Damping is the reduc-
tion of energy in a mechanical or electrical system as a
result, in these cases, of absorption. The flywheel and the
pendulum lose energy through absorption which is caused
by the friction of the bearings and the surrounding air. The
LC circuit (containing an unseen R) gives up part of its
energy in the form of heat as the current passes through
the resistive parts of the circuit.

Q9. What characteristic of the circuit prevents the
cycling of current from continuing forever?
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Your Answer Should Be:

A9. The resistance of the coil wire and circuit con-
ductors dissipates some of the energy in the form
of heat each time current cycles through the cir-
cuit. Because of these losses, current flow will even-
tually decrease to zero. If there were no resistance
in the circuit, the cycling would continue forever.

There is another analogy that explains the cycling action
of the LC circuit. The momentum of the flywheel causes it
to coast through several cycles of revolution. The momen-
tum or potential energy built up by the pendulum as it com-
pletes each alternation of swing enables it to return through
the next alternation to the other end of its swing. The cor-
responding effect in the LC circuit, of course, is the potential
energy of the magnetic field developed by capacitor discharge
current in passing through the coil. The collapsing field
causes current flow to build up a charge on the capacitor in
the opposite direction.

Self-Excited Oscillator

If an LC circuit were added as a frequency-control device
to the other requirements of oscillation (feedback and ampli-
fication), the circuit should oscillate.

By adding a capacitor (C,) across L., an oscillating circuit
is developed that will be resonant at some specific frequency.

L

!
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—

Self-excited oscillator.
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L. and C. form the resonant circuit. A signal in the plate
circuit will be induced by L., called a tickler coil, into Lo..
The voltage across L, will be in phase with the signal already
on the grid. The grid voltage will be increased when it coin-
cides with the instant of maximum voltage, plus-to-minus,
top-to-bottom, across the resonant circuit. This will occur at
a regular frequency determined by the values of L, and C,;
their size determines the charge and discharge time of the
capacitor. As you recall, the resonant frequency of an LC
circuit can be computed by :

1
22/LC

If L., were 1 mh and C. were 10 microfarads (both fairly
large components), the resonant frequency of LC would be
1,592 cycles per second.

An LC circuit is often referred to as a tank circuit. The
complete circuit, because of its tickler-coil feature, is called
a self-excited oscillator.

The damping effect of the tank circuit is overcome by the
induced voltage applied by the tickler coil in phase with the
signal on the grid. The principle is much the same as apply-
ing a nudge to a pendulum sufficient to cause it to swing
through the same distance of arc in each oscillation.

O—GQ_ o—%— VOLTAGE

resonant frequency =

ANTIDAMP NG
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== TO  TmeeeT
TICKLER
CoIL

Prevention of signal damping.

Q10. If either L and C, or both, are increased in value,
what happens to the resonant frequeney?

Q11. What is the resonant frequency of a tank circuit
that has a capacitance of 25 mieromicrofarads and
an inductance of 9 mh?
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Your Answers Should Be:

A10. If L or C or both are increased in value, the reso-
nant frequency of the oscillator will be decreased.

All. The resonant frequency is 335.9 ke.

A constant frequency of tank-circuit oscillation is practi-
cal for only a few purposes. It can be used, for example, as
a code practice oscillator for learning International Morse
code or for testing circuits where a single frequency is ade-
quate. To make the self-excited oscillator more versatile,
either L or C must be capable of being changed. In most
applications, C is a variable capacitor.

Phase-Shift Oscillator

Another circuit that is often used as an oscillating stage
in an AF signal generator is a phase-shift oscillator.

FEEDBACK
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Phase-shift oscillator.

Notice that the frequency-control portion of the circuit
does not contain a tank circuit. Instead, the frequency con-
trol uses three capacitors and three resistors. The RC com-
binations will not oscillate. They will, however, shift the
phase of the feed-back signal an amount dependent on the
ratio of R to C. If the values of each RC combination are
selected to shift the signal 60°, the total shift of the re-
turned signal at the grid will be 180°. This meets the basic
requirement of frequency control, returning the signal in
phase with the grid signal. The signal on the plate has
already been shifted 180°.
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Current through a capacitor will lead an AC voltage ap-
plied across the capacitor. If it is a pure capacitance with
no resistance involved, the angle of lead will be 90°. Ob-
viously, two capacitors (with no resistance) in series with
the grid circuit behave as one capacitor and will not achieve
the required 180° phase shift. Resistance is required to
develop the desired voltage between the grid and cathode.

Although any number of RC combinations can be selected
to accomplish the desired phase shift, a set of three is the
best compromise. A 60° phase shift in one set can be ex-
plained by the following diagram.

The values of C and R are selected so that the current in
the circuit leads the applied voltage (E1) by an angle of 60°.
The voltage (Ey) across the resistor also leads the applied
voltage by 60°; Ey, is the output voltage of the RC combina-
tion. Three RC combinations produce a phase shift of 180°.

For a given value of C, there is only one frequency at
which the phase shift of the RC combination is exactly 60°.
The three capacitors in a typical phase-shift oscillator, as
shown below, can be simultaneously varied to achieve a wide
range of audio frequencies.

C 1 C 2 C 3
1L )
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Q12. What characteristics of R and C, as shown in the
above schematic, establish the value of frequency?
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Your Answer Should Be:

Al12. The size of R or C determines the frequency as
well as the amount of time required for the capaci-
tor to charge or discharge through the resistance.
The longer the charge time, the lower the fre-
quency will be.

Other Types of Oscillators

There are other types of oscillators used in an AF fre-
quency generator. Another popular type, operating on prin-
ciples similar to the RC applications in the phase-shift oscil-
lator, is the Wien-bridge oscillator. A few signal generators,
requiring only a single frequency output, use the accurate
oscillating frequency of a tuning fork.

Typical AF Signal Generator

The block diagram below represents a typical AF signal
generator. There are many other variations.
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Usually the output circuitry contains an amplifier with a
network or attachment that permits matching the imped-
ance of the external circuit to that of the generator. If the
impedance mismateh is severe, the generator may be loaded
down enough to change the oscillator frequency.

Some AF signal generators have an output meter to indi-
cate the amplitude of the generated signal. This feature is
necessary when a signal of a specified amplitude is required
for testing purposes—measuring the gain of a stage, for
example. Attenuating networks composed of series and par-
allel resistances are used to supply signals at specified ampli-
tudes. Some generators incorporate the features of both an
output meter and attenuating networks.
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USING AN AF SIGNAL GENERATOR

An audio-frequency signal generator (sometimes called an
audio oscillator) has several useful test purposes. Within
the range of its frequency coverage (generally 20 cps to 20
ke) it can be used as a signal source to check equipment or
circuits designed to pass an audio signal.

OO Ot

AUDIO
AMPLIFIER

AUDIO SIGNAL GENERATOR
Frequency Response and Fidelity

An audio amplifier used with a record player, hi-fi sys-
tem, or stereo system must have a good frequency response
through the audible frequency range. Most people have an
audible range between 15 and 15,000 cycles per second. Audio
equipment with a flat frequency response between these
limits is considered to be a faithful reproducer of sound. The
word fidelity is often used with reference to sound equip-
ment. Good fidelity and flat frequency response both refer
to the accuracy with which an input signal is reproduced at
the output of a circuit or piece of equipment.

Q13. What are the main circuits in an audio-frequency
signal generator?

Q14. Why must you be careful when matching the out-
put impedance of a signal generator with that of
the circuit being tested?

Q15. Why would an output meter be required in an AF
signal generator?

Q16. What is the normal frequency range of an AF
signal generator?

Q17. What is meant by fidelity and flat frequency
response?
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Your Answers Should Be:

A13. Oscillator, amplifier, attenuator, and output meter.

A14. If they were badly mismatched in impedance, the
signal generator would load down and could cause
the oscillator to change frequency.

A15. The output meter is required to determine when a
signal is of the required amplitude for a specific
purpose.

A16. 20 to 20,000 eps.

A17. They are both a measure of the accuracy with
which the input characteristics of a signal are
reproduced at the output of a circuit.

Plotting Frequency Response in the Audio Range

Evaluation of fidelity or plotting a frequency-response
curve is accomplished by the equipment setup shown on the
preceding page. If an oscilloscope is being used as the
output indicator, it should have a graticule and be cali-
brated to measure AC voltage accurately.

Allow 15 minutes for the signal generator and amplifier:
to warm up. After each new frequency setting, plot the
voltage reading on a graph as shown below. Generator set-
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Plotting frequency response.

tings for readings in the rising and falling portions of the
curve should be made in multiples of 500 cps. Intervals of
2,000 cps are satisfactory along the top part of the curve.
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A frequency response curve is a line drawn through the
dots plotted on the graph. It will reveal the fidelity of the
amplifier for which it has been made. Do not adjust the gain
of any equipment (generator, amplifier, or scope) during the
test. If you do, output readings will be in error.

Determining Response at High Frequencies

A square wave has numerous odd harmonics. Depending
on the steepness of the slope and flatness of the peak, the
square wave can contain harmonics with frequencies 10 to
100 times the frequency of the fundamental sine wave. Be-
cause of this quality, the square wave can be used to reveal
frequency response when it is applied to the input of a cir-
cuit and its output is observed on a scope. Typical response
indications are shown below.

@ ® @

NO DISTORTICN LOSS OF LOW - VERY POOR LOW -
FREQUENCY RESPONSE FREQUENCY RESPONSE
LOSS OF HIGH - VERY POOR HIGH - DISTORTION—CIRCUIT
FREQUENCY RESPONSE FREQUENCY RESPONSE TRYING TO OSCILLATE

Although commercial square-wave generators are avail-
able, there is a more economical way to develop a square
wave for testing purposes. The sine wave from an AF sig-
nal generator is fed into an amplifier operated in the class-
A portion of the characteristic curve. Amplifier gain is
increased until the tube is driven into saturation on the
positive cycles and cut-off on the negative. In effect, this
operation flattens out the positive and negative peaks of the
sine wave. The output is a reasonable and suitable copy of
a square wave.

Q18. Why should you not adjust the settings (other
than frequency) of equipment during a frequency-
response check?
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Your Answer Should Be:

A18. If gain or similar adjustments are made to equip-
ment during a frequency-response check, false
amplitude readings will be obtained.

RADIO-FREQUENCY SIGNAL GENERATOR

The RF signal generator is identical in principle to the
AF generator except that the RF signal generator can de-
velop frequencies up to several hundred megacycles.

Typical RF Signal Generator

The diagram below shows a simplified block diagram of a
typical RF signal generator.
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Notice that the RF and audio oscillators are connected to
a mixer stage when S, is in the MODULATED RF position.
The mixer circuit superimposes the audio on the RF carrier
and feeds the modulated wave to the output through the
amplifier, attenuator, and meter. When S, is in the UNMOD-
ULATED RF position, a pure carrier frequency appears at
the RF OUTPUT and an audio signal is fed to the AUDIO.

RF Oscillator—There are several types of oscillator cir-
circuits that can be used as RF generators. A widely used
circuit for this purpose is the Hartley oscillator.
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L,, L., and C, form the tank circuit. The plate signal is
fed through the DC blocking capacitor (C;) to the bottom
of L.. L. induces a voltage in L, that is 180° out of phase
with the plate signal (in phase with the grid signal). The

R) (000, 4.
RFC
It —_—
0 LA
% L1 C3
7o 1.
L2 T -1

Hartley oscillator.

frequency of the tank is adjusted by C,. The RFC (radio-
frequency choke) in the B+ line prevents AC on the plate
from entering the B4 source. R; and C; establish grid bias.

Audio Oscillator—The major purpose of the audio oscilla-
tor is to modulate the carrier at an audible rate.

Buffer and Mixing Stage—In the circuit shown below, the
two signals are applied across a resistance network which
feeds the resultant voltage to the grid of the next stage.

RF
OSCILLATOR

BUFFER AMPLIFIER JOUTPUT

AUDIO . ‘%Ra Ry
OSCILLATOR Cy

% MODULATION :/f

A method of mixing signals.

Q19. What is the major difference between an AF and
an RF signal generator?

Q20. What are the main circuits in the RF signal gen-
erator?

Q21. What is the purpose of the mixing stage?
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A19. An AF signal generator can usually produce fre-
quencies up to 20,000 cps, while some RF signal
generators can develop frequencies up to several
hundred megacycles.

A20. The RF oscillator, mixer, AF oscillator, amplifier,
and attenuator. An output meter is often included,
but it is not a necessity.

AZ21. The mixer stage joins the carrier and audio fre-
quencies to produce a modulated carrier.

The buffer places a stage of amplification between the RF
oscillator and the output, thereby isolating the oscillator
from the loading effects of an external circuit. The buffer
also separates the RF oscillator from the modulating volt-
ages of the audio oscillator. The carrier output from the
buffer is across R, (marked GAIN on the front panel), a
variable resistance. ‘The control may have other names, but
its purpose is to regulate the amplitude of the carrier. Volt-
age is taken off R, and distributed across R; and R. and
fed to the grid of the amplifier.

The output of the audio oscillator appears across R;, which
is adjusted to select the desired percentage of modulation.
This voltage is applied to the junction of R, and R,. Volt-
age, changing at an audio rate across R., is subtracted from
or added to the carrier amplitude at the grid of the amplifier.

Attenuator—Attenuators are resistive networks that per-
mit selection of resonably precise voltages as outputs. The
meter reading is usually multiplied by the indicated number
to obtain the output amplitude of the waveform.

ATTENUATOR \
—| AMPLIFIER NETWORK <

OUTPUT

X100
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USING AN RF SIGNAL GENERATOR

The most significant application of an RF signal generator
Is its use in tuning, aligning, and troubleshooting radio
receivers and other equipment.

Superheterodyne Receiver

A superhet (common name for superheterodyne) receiver
1s manufactured in two general varieties. One has a trans-
former power supply and the other does not. The latter is
often referred to as an AC-DC set. A block diagram for a
typical superhet is shown below.

YV ANTENNA
AuDIO

RF AMPLIFIER DETECTOR | AMPLIFIER

l SPEAKER
IF AMPLIFIER I _{Q

MIXER
OR
CONVERTER

OSCILLATOR

The purpose of the radio receiver is to amplify the weak
signal of a selected RF carrier and its audio modulation,
remove the audio component from the carrier, and then
amplify the audio so that it can be heard clearly on a
speaker.

Antenna—The antenna is usually a loop or flat coil of wire
attached to the back of the cabinet; it can be several turns
of wire wrapped around an insulated rod. The antenna picks
up carrier signals from transmitters within range of the
receiver and feeds a selected signal to the first stage.

Q22. What is the purpose of the gain control on the RF
signal generator?

Q23. What is the RF signal generator used for most
frequently?



Your Answers Should Be:

A22. The gain control regulates the amplitude of the
carrier signal.

A23. Tuning, aligning, and troubleshooting equipment
are the main uses for the RF signal generator.

RF Amplifier—In some sets, the antenna, in addition to
picking up the signal, serves as a coil to form a resonant
circuit with a capacitor. In other sets, a separate coil is used

RF RF
AMPLIFIER AMPLIFIER

L1

for this purpose. By varying the capacitor, L, and C, can be
made resonant to a specific carrier frequency among the
many appearing at the antenna. The selected frequency
develops its voltage across the tank. The voltage is fed to
the grid of the RF amplifier. The amplified signal (carrier
plus audio modulation) is applied across L., the primary of
a transformer connecting the amplifier to the next stage. In
some receivers that do not have an RF amplifier, the antenna
coil is fed to the mixer stage.

Oscillator—This stage is designed in accordance with the
basic principles of any oscillator—a stage of amplification, a
means of signal feedback, and a method of frequency con-
trol. In this case, frequency is controlled by a tuned resonant
circuit similar to the type used in the RF amplifier.

Mixer—Carrier and local-oscillator frequencies are hetero-
dyned together in the mixer. Heterodyning is the mixing
together of two signals to produce two additional frequen-
cies which are the sum and difference of the originals. The
purpose is to develop an intermediate frequency—the dif-
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ference between the RF-carrier and the local-oscillator fre-
quencies. If the intermediate frequency (IF) is the same
for all broadcast frequencies, the IF amplifier and its fre-
quency-selecting networks need only be capable of passing
and amplifying one frequency.

This is the task accomplished by the mixer. It beats (an-
other word for heterodyning) the oscillator and RF frequen-
cies together and passes a total of four frequencies to the
plate—carrier frequency, local-oscillator frequency, a sum
frequency (carrier plus oscillator), and a difference fre-
quency (oscillator minus carrier). In most sets, the value
of the difference frequenecy is 455 or 456 ke. It is obtained
by tuning the oscillator tank circuit to a value always 455
or 456 kc above any setting of the carrier-selecting circuits.

e

AMPLIFIED CARRIER B5KC

L Ly RE L3
AMPLIFIER
51
/
/
L T}// 1 TZ//
/ Br / BY
/ s LOCAL TRANSFORMER
/ / OSCILLATOR
/

o, ‘l 0SC. FREQ.
o— | 455 KC
= ABOVE CARRIER

As can be seen from the diagram above, C,, C,, and C;
are ganged together to a single tuning control. C, (RF
amplifier) and C, (mixer) are tuned to the desired carrier
frequency, rejecting all other carriers. C; (local oscillator)
is tuned to exactly 455 ke (the IF that will be used in the
rest of this chapter) above the carrier; this is true no mat-
ter which station is selected. Of the four frequencies that
appear at the plate of the mixer, only the difference fre-
quency (455 kec) will be selected by the IF transformer.

Q24. What is heterodyning?
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Your Answer Should Be:

A24. Heterodyning is the process of mixing two fre-
quencies together to produce two other frequen-
cies equal to the sum and difference of the first
two frequencies.

Converter—The distinction between a mixer and a con-
verter depends on whether or not the local oscillator employs
a separate tube. If it does not, as is the case in most AC-DC
superhets, the mixing tube acts both as a mixer for the radio
and as a means of amplification for the oscillator tank circuit.

L ?gcz I_ Lé
3 Cs 6S
<
I <
J Y -
AL I
A I
J | 7 | OSCILLATOR
/ ) B+
e X \
' !

IF Amplifier—The IF stage consists of two tunable trans-
formers separated by an amplifier. More sensitive receivers
may have two amplifiers and three transformers. Each of
the coils in the transformers has a metallic core that can be
adjusted to give the value of inductance necessary to make
the respective tank circuits resonant at 455 ke. By this
method, only the difference frequency from the mixer or

455 i W 455

HWWW KC h,,‘,w‘,,wWM Tl xe
{F AMPLIFIER

c7.]_ Lg Lg _J_Cs

B+
IF strip.

converter will be allowed to enter the IF strip. IF strip is
a common term that includes the IF-amplifier tubes and
transformers.
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Detector—The two small plates and the cathode of the
tube act as a diode that passes only the positive parts of the
IF signal. The time constant of R, and C, is long enough
that the voltage across R. follows the envelope of the car-
rier rather than the individual half cycles. Thus the audio
signal is removed from the IF carrier.

LA U o1 .
e L

'9C8_Lc LKLW

Detector. % L 9

— -

Rz{: — HR_;?._

Audio Amplifier—This stage further amplifies the audio
signal and feeds it to the primary of the speaker trans-
former. The speaker is energized, and the audio originating
at the broadcast studio is reproduced.

Automatic Volume Control (AVC)—AVC is a feedback
circuit that takes the average value of the rectified voltage
(audio component) from the detector and feeds this average
voltage back to the grids of the preceding tubes. This feed-
back voltage tends to change the bias on the tubes. The gain
is therefore changed to compensate for changes in received
signal voltage.

YV [ convirter D
[eriD GRID | AVC

D
RESISTOR PLATES

0SC. TANK I
VOLUME

I CONTROL

DETECTOR

AUDLO AMP.

AC-DC superhet.

Q25. Among the many carrier frequencies that appear
on the antenna, how does a superhet select a single
frequency?

Q26. What is the difference hetween a mixer and a con-
verter stage in a superhet receiver?
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Your Answers Should Be:

A25. C, and L, of the RF transformer (T,) and C, and
L, of the mixer transformer (T.,) are resonant cir-
cuits that can be tuned to a specific frequency,
selecting the one desired carrier.

A26. A mixer heterodynes, or beats, the carrier and
local-oscillator frequencies together to obtain two
other frequencies, called sum-and-difference fre-
quencies. The converter stage performs the func-
tions of the mixer and oscillator in one tube stage.

Superhet Alignment

Although you may have enough background knowledge to
undertake the task of receiver alignment, a word of caution
is necessary. Make certain that you understand how your
signal generator operates and how it is to be adjusted for
use. Also, be sure you know how the receiver you are going
to align works.

Why Should a Receiver Be Aligned?—The operating char-
acteristics of tubes and other parts change with age. Peri-
odic heating and cooling of parts is largely responsible for
these changes. The change may not be great enough to make
the set fail to operate, but it may be enough to throw the
set out of alignment. In fact, most home receivers require
at least a slight realignment. Improper alignment results in
a lower receiver output, poor separation of stations, and a
decrease in tone quality.

You should work from the schematic diagram of a receiver
to obtain the information needed for alignment. Unfortu-
nately, these diagrams are not always provided with
commercial equipment. However, printed service informa-
tion is available at most local electronic parts supply houses.
The service data usually contains a clearly drawn schematic
for the equipment specified, showing the values of all parts
and the voltages that should be read at significant test
points. A parts list, the location of alignment test points,
and photographs showing the location of all parts are usually
included.
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Items Required for Realignment—The bare minimum of
tools 1s shown in the illustration below.

a»

4
¢ 90099 >

SOURCE OF SIGNAL
(RF SIGNAL GENERATOR)

QUTPUT INDICATOR
(SCOPE)

INSULATED ALIGNMENT
SCREWDRIVER

There are six items shown above, and each is important.
A few other common hand tools are also needed to remove
the receiver from the cabinet. An insulated screwdriver is
used to prevent shorting or detuning of circuits while they
are being adjusted.

Q26. What are the functions of the following tools
when realigning a receiver?
(a) RF signal generator.
(b) Output indicator.
(¢) Operating manual for your signal generator.
(d) Service folder for the receiver.

(e) Common-sense application of technical knowl-
edge.
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Your Answers Should Be:
A27. (a) Provides a carrier frequency under controlled
conditions.
(b) Permits observation of the results of adjust-
ments made to produce best performance.
(¢) Provides the proper operating procedures.
(d) Provides a schematic diagram and other in-
formation necessary for alignment.
(e) Without a common-sense application of your
technical knowledge, many unnecessary mis-
takes will be made.

Calibrating the Generator

Although most generators are designed to give good accu-
racy, it is always best to calibrate the output of the gener-
ator with a broadcast station. After the signal generator

RF SIONAL <o Calibrating the signal generator.
GENERATOR / REC.

has been on for about 15 minutes and the receiver has been
tuned to a strong local station, hold the signal generator test
clip or probe near the antenna terminal of the receiver.
Adjust the signal generator dial approximately to the sta-
tion frequency. If a tone or a squeal cannot be heard, con-
nect the probe to the antenna terminal through a small-value
capacitor. A noise should be heard on either side of zero
beat (a point of silence). When the generator dial is at zero
beat, the generator frequency is the same as the station
frequency. Without retuning the generator, adjust the gen-
erator dial to read this frequency. (Consult the generator
instruction manual.)
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Alignment Steps

Receiver alignment consists of two steps. The IF circuits
are first tuned to 455 ke, or whatever IF the manufacturer
specifies. Then the RF, mixer, and oscillator circuits are
tuned, in that order, for maximum signal. Connect the gen-
erator as shown below.

Connections for tuning IF strip.

There is a choice of output indicators available. Which-
ever you choose, adjustments are made for maximum output
indication and not for a precise numerical reading.

SPEAKER
VOICE COIL OUTPUT
TERMINALS. @ METER
LEVEL OF SOUND QUTPUT VIVM OR OTHER AC i)
IS MEASURING VEH]CLE. MEASURING INSTRUMENT. ATTACH LEAD TO
NOT AS SENSITIVE AS ATTACH PROBES TO SPEAKER  SPEAKER VOICE-COIL
OTHERS. VOICE-COIL TERMINALS. TERMINALS,
FAIR BETTER BEST

Output indicators.

Set the signal generator frequency to the IF of the re-
ceiver, and modulate the carrier with an audio signal. Set
the receiver volume control to maximum gain. Ground the
AVC to the chassis for best output performance. Ground
the grid of the local-oscillator tube, if the set has one, to
prevent undesired signals from entering the IF strip.

Q28. What steps are required to align a receiver?
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Your Answer Should Be:

A28. First, the IF circuits must be tuned to the specified
IF (normally, 455 kc). Then, the RF, mixer, and
oscillator circuits are tuned for maximum signal.

Tuning is accomplished by adjusting each of the two
screws inside the top of the IF can. Be sure to use an
insulated screwdriver for this operation.

ADJUSTING
SCREWS
INSIDE CAN

IF can (transformer).

Carefully adjust the screws for maximum reading on the
output indicator. Start with the coil nearest the detector
and adjust each, in turn, working toward the mixer.

4TH {SRD 2ND 1ST

B+ = B+ =
IF tuning sequence.

During this and all following alignment steps, keep the
gain of the signal generator no higher than necessary to
give an indication on the output indicator used. If the gain
is too high, receiver stages will overload or saturate, and
output readings will be invalid. Readjust all coils until you
are sure they have been peaked to maximum.
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After the IF coils have been peaked for a maximum out-
put indication, the mixer and oscillator tuning circuits also
must be adjusted to give a maximum-signal indication.
Front end is a term applied to these tuning stages. There
are some sets that have an RF amplifier; the tuning circuit
of the RF amplifier must be adjusted in a similar manner.

To tune the front end, attach the generator high lead with
its capacitor to the antenna terminal. Unground the oscil-
lator grid if it was grounded. Tuning procedures involve
adjusting the small trimmer capacitors attached to the main
tuning capacitor and a padder capacitor in the oscillator tank
circuit.

— MIXER

CARRIER

TRIMMERl J 2
CARRIER TANK MAIN TUNING|

CAPACITOR!

> 0SC. ! y
OSCILLATOR : g =
TRIMMER | 1/ ! =
i Tl OSCILLATOR
. CARRIER  TRIMMER
% TRIMMER

T pADDER
OSCILLATOR TANK

Tuning capacitor.

To arrive at the best tuning, the trimmers and padder are
adjusted for a maximum reading on the output indicator. As
shown in the diagram above, the trimmers are in parallel
across the respective sections of the main tuning capacitor.
The padder is in series with the coil and main capacitor sec-
tion of the oscillator tank.

Q29. At what end of the receiver should the first IF
adjustment be made?

Q30. During the tuning of IF coils, at what frequency
and amplitude should the signal generator be set?

Q31. At what point in the receiver should the generator
leads be connected while adjusting the IF coils?
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Your Answers Should Be:

A29. The IF coil to be adjusted first is the one nearest
the detector stage.

A30. The signal generator should be set at the IF of the
receiver, modulated with an audio tone, and set at
the lowest amplitude that gives an output-indica-
tor reading.

A31. The high-side generator lead should be connected
to the mixer grid and the other lead should be con-
nected to the chassis of the receiver.

Not only must the carrier and oscillator tank circuits be
tuned for maximum performance, but their resonant fre-
quencies must differ by 455 ke.

First, set the signal generator to 1,500 ke, leaving the
audio modulation on. Rotate the main tuning capacitor of
the receiver to the position of maximum output at the high
end of the dial. Adjust both trimmers for highest output.

’ 1ST—PEAK TRIMMERS

d MIXER AT 1,500 KC

‘E\:. 2ND-—ROCK- IN PADDER
TRIMMERS AT E0KE
/ 3RD—CORRECT DIAL

ﬂ;‘- READING

;é LOCAL ATH—READJUST
-[ OSCILLATOR TRIMMERS

(a—

1
PADDER Front-end tuning.

Now, set the generator and receiver dials to 600 ke. Rock-
in the padder tuning by making the same adjustment at
several settings on either side of the 600-kc dial reading.
The setting at which the highest output reading is noted is
the true 600-kc position. Adjust the receiver dial pointer
to indicate 600 ke. Recheck the trimmers for maximum out-
put again, first at 1,500 kc and then at 600 ke. If no change
is evident, tuning is completed.
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TROUBLESHOOTING A RADIO RECEIVER

A signal generator is frequently used for troubleshooting
a receiver. The signal generator can supply the proper sig-
nal through all of the stages except two, the power supply
and local oscillator. The local oscillator generates its own
frequency, and little test value is gained by passing another
signal through it.

Two different methods are used to isolate the trouble in
a receiver by means of a signal generator. One is called sig-
nal substituticn, and the other signal tracing.

Signal Substitution

In signal substitution, the output of an RF signal gener-
ator is applied to each stage in sequence. The faulty stage
lies between the points at which the generator did and then
did not pass a signal through the receiver.

ANTENNA SIGNAL GENERATOR B N
\ TERMINAL Y

GRID
i\ MIXER I AUDIO AMP.
MODULATED
RF GRID
MODULATED
IF DETECTOR

The principle of signal substitution is simply to start at
the output end of the receiver and work toward the front
end, applying the appropriate signal at each stage. Use a
capacitor in series with the test lead to keep DC out of the
generator. The first check is made at the plate of the audio
amplifier with an audio signal (only) from the generator. If
a sound is heard in the speaker, the speaker and the circuitry
between the speaker and audio amplifier plate are not the
cause of the trouble. If there is no output from the speaker,
the trouble is in this area. The trouble could be in the
speaker, the output transformer, or in the several connec-
tions between the speaker and amplifier.

Q32. What two signal-generator methods are used to
isolate trouble in a radio-receiver circuit?



Your Answer Should Be:

A32. The two methods used to isolate a bad circuit are
signal substitution and signal tracing.

If the first check is good, apply the audio signal to the
control grid of each audio stage. Audio from the speaker
indicates that these stages are probably good.

Set the generator for a modulated IF, and conneet its out-
put to the plates of the detector, the plate and grid of the
IF amplifiers, and the plate of the mixer. Apply modulated
RF to the grid of the mixer and the antenna terminal. Some-
where in the sequence, no signal will reach the speaker. The
trouble is between that point and the last good check point.

Signal Tracing

Signal tracing is almost the inverse of signal substitution.
The signal generator is set up to provide a modulated RF
signal within the range of the receiver; the test lead is con-
nected to the antenna terminals. An indicating device—
oscilloscope or VI'VM, for example—is used to trace the sig-
nal from the front end to the output end of the receiver,
making checks at the input and output of each stage.

RF SIGNAL ] N
GENERATOR LY
SCOPE
e S|
P d
e =
crine” PLATE
MIXER I AUDIO AMP LT(
ANTENNA SPEAKER
TERMINAL PLATE GRID TERMINAL

e PLATES

IF AMP |/ V| Detecror

An oscilloscope is best for signal tracing. You can use a
VTVM, however, to check for the presence of a signal. You
must use an RF probe with the meter when testing at points
where either RF or IF signals are present.
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The checks are made first at the grid of the mixer, then
at its plate, and so on down the line from grid to plate to
grid until no output appears at a check point. The trouble
is located between this point and the previous point where
an output was indicated. Use a VITVM or a multimeter in
that area to find the faulty part.

The signal-tracing method can also be used for keeping a
record of receiver sensitivity. At a time when the receiver
is known to be in a satisfactory condition, connect the gen-
erator to the set, as indicated for signal tracing. Set the
generator and receiver gain to the minimum level that will
cause a readable signal to pass through the set. Record the
amplitude of the signal at each check point, using a VIVM
or oscilloscope. Also record the setting of the gain control
and attenuator on the generator. If you wish, you can divide
the output reading of each stage by its input reading to
determine gain, the factor for sensitivity. These readings
can be used at a later date for comparison purposes when a
decrease in sensitivity is suspected. A loss of gain in a
stage will indicate actual or impending trouble.

: AUDIO
OSCILLATOR DETECTOR AMPLIFIER

TO ALL
CIRCUITS

MIXER OR I l
CONVERTER IF AMPLIFIER

Q33. Which method of receiver troubleshooting using
a signal generator is better, signal substitution or
tracing?

Q34. If you were using a VTVM as the indicating device
in signal tracing, at what check point in the re-
ceiver diagramed above would you change from an
RF probe to the normal AC probe?
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Your Answers Should Be:
A33. Both methods are equally good. The choice is

A34. In the front-to-back signal-tracing method, the

merely a matter of personal preference.

RF probe should be used last at the plates of the
detector.
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WHAT YOU HAVE LEARNED

. An RF signal generator has much in common with a

radio transmitter. They both have a means of generat-
ing a frequency, modulating it, and applying the output
signal to a load. For this reason, a signal generator can
take the place of a transmitter when you are checking
the performance of a receiver.

. Signal generators can be classified in terms of the fre-

quencies generated by their main oscillators. An AF
(audio frequency) generator can develop a signal within
the 20- to 20,000-cps range. An RF (radio frequency)
generator can have a range starting at about 20 ke and
reaching as high as several thousand megacycles. No
single generator, however, can cover the entire range.
Most RF generators have a means of modulating their
carrier frequency.

. There are several types of modulation. The two most

used are amplitude modulation (AM) and frequency
modulation (FM).

. There are many types of oscillators. Each type requires

a means of amplification, a method of feedback, and
some manner of frequency control.

. The frequency at which an oscillator operates is con-

trolled by the inductance and capacitance in the tank
circuit. If either L or C is increased, the resonant fre-
quency will decrease. Decrease either L or C, and the
frequency will increase.

. Oscillators in a resonant tank are damped (die out)

because of the resistance (coil and conductors) in the
circuit. Feedback from the amplifier plate, if properly



10.

11.

12,

13.

applied, provides the periodic surge required to keep the
oscillations going.

. An AF signal generator can be used with an oscilloscope

to plot the frequency-response curve of an amplifier.

. When the output of an AF signal generator is fed into

an overdriven amplifier, the output will be a fairly good
square wave. Since a square wave is rich in harmoniecs
(multiples of the fundamental frequency), the fre-
quency response of an amplifier can be studied by
observing the type of distortion produced in the square
wave as it passes through the circuit.

. A typical RF generator contains an RF oscillator, an

audio oscillator, a stage for mixing the two, an ampli-
fier, a means of controlled attenuation, and an output
meter. Such a generator provides a pure RF signal, an
audio signal, or a modulated RF signal.

In a superhet receiver, modulated RF and the oscillator
frequency are applied to the mixer stage. They are
heterodyned to produce z sum and a difference fre-
quency. The difference frequency, still containing the
modulation envelope, is referred to as the IF and is
amplified in the next stage. The detector extracts the
audio signal from the IF carrier and feeds it to the
audio amplifier and then to the speaker and also pro-
vides AVC. Some superhets have an additional stage,
called an AF amplifier, ahead of the mixer. A converter
serves the combined functions of the mixer and oscil-
lator stages.

Alignment of a superhet receiver is a relatively simple
task if the technician understands how his signal gen-
erator and receiver operate. Specific information for the
generator is contained in the operating manual, and for
the receiver, in a service folder.

The steps for receiver alignment are:

(a) Tune the IF transformers.

(b) Tune the front end.

An RF signal generator can also be used for isolating
trouble in a receiver to one of its stages. There are two
methods, signal substitution and signal tracing.
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Troubleshooting

Electronic
Equipment
The primary task of
Whal; You any electronic technician
. is to troubleshoot equip-
Wlll Learn ment. Since most techni-

cians have difficulty in
acquiring a reliable method, this chapter will explain
one that is used by most good technicians. Some tech-
nicians call it systematic troubleshooting; others call it
common-sense troubleshooting. The title that seems to
embody both names, and the one that will be used in
this chapter, is logical troubleshooting. There are many
methods other than the one that will be described; how-
ever, by comparison these methods have been found to
be ineffective and time consuming.

THE NEED FOR TROUBLESHOOTING

As you have already determined, troubleshooting is the
process of locating the fault that causes a piece of equip-
ment to operate at less than desired or designed performance.

Any equipment operating at less than the best perform-
ance requires the services of a troubleshooter. A hi-fi set
that is garbling its highs or lows, even though it has good
rated frequency response, has an electronic fault that needs
repair. A home radio that begins to pick up two stations at
once contains a defect. A TV set that has poor contrast
between blacks and whites also needs repair.
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The remedy may be no more than the proper adjustment
of one or two controls, but the trouble will remain until the
appropriate adjustment is located and made.

The need for troubleshooting (locating the cause of faulty
performance) exists whenever the equipment fails to meet
the rated performance as set forth by the manufacturer.

Ve

D

PERFORMANCE NOW

{15 NOT EQUALTO @

RATED PERFORMANCE

TROUBLESHOOTING PREREQUISITES

Good troubleshooting.is not a talent with which a person
is born. It is a skill that can be acquired by anyone with a
suitable electronics background. You can become a good
troubleshooter if you have:

1. Sufficient electronic knowledge to learn how a piece of
equipment works.

2. Suitable skill in reading and interpreting data contained
in the technical manual or service folder.

3. Suitable skill in operating test equipment and interpret-
ing test readings.

4. The ability to troubleshoot in a logical manner.

Electronic Knowledge

If you have carefully studied the preceding volumes in this
series (or have an equivalent knowledge) and have been able
to apply these electronic principles, you can learn how elec-
tronic equipment works. You will encounter many circuits
and pieces of equipment that are not familiar as you gain
experience, but gaining an understanding of how they work
is merely a process of applying what you have already
learned.

What is this foundation that ean be applied to all elec-
tronic devices? The answer is the set of principles you
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learned about DC and AC electricity and have been applying
in this volume.

The illustration shows that all electronic equipment is
made up of or based on selected electronic circuits which, in
turn, operate in accordance with the fundamental principles
of voltage and current and the characteristics of inductance,

ALL ELECTRICAL EQUIPMENT

SELECTED ELECTRICAL CIRCUITS

/ ;
/ ¥4
Lapn=4

Ll
!
!
VOLTAGE : CURRENT
|

capacitance, and resistance. If you reduce any electronic
equipment to the bare essentials, you will find that the equip-
ment operates the way it does because of the circuit arrange-
ment of L, C, and R and their effeet on current and voltage.

If you have the foundation for understanding how elec-
tronic equipment operates, you need only experience and
more study if you wish to become skilled.

Reading and Interpreting Electronic Data

Most electronic devices have operating or servicing man-
uals, often called technical manuals or instruction books.
They contain text, diagrams, and other data required for
troubleshooting. Equipment used in the home, such as
radios, television receivers, and audio equipment, usually has
service folders that contain similar information. These serv-
ice folders can usually be procured from any local electronic
parts supply house.

Q1. What is troubleshooting?

Q2. What are the requirements for a good electronies
troubleshooter?
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Your Answers Should Be:

Al. Troubleshooting is the process of locating the
causes of malfunctions in an electronic circuit.

A2. The basic requirements for a good troubleshooter
are a basic knowledge of electronics, an ability to
read and interpret data, the ability to operate var-
ious test equipment, and a logical testing method.

Reading Technical Data

Will you be able to read these manuals and folders? Yes,
if you were able to understand the information presented
thus far in this volqme. The portions of schematic and
block diagrams, the type of circuit deseriptions, and the kind
of test data that you Have encountered are all representative
of the information you will find in the manuals and folders.

@ : ,_@

® e e e |

ELECTRONIC EQUIPMENT
‘ SERVICING DIAGRAMS }

SERVICE
FOLDERS

TEST DATA
CIRCUIT DESCRIPTIONS

Test Equipment

You have studied the basic types of test equipment. All
other types of test equipment are more or less complex
adaptations of those included in this volume. Like any elec-
tronic equipment, their operation is founded on a basic set
of principles. Therefore, you have the capability of learn-
ing how to operate and use them. Again, experience is the
instruction needed to gain greater skill.

[ SAME OPERATING FUNDAMENTALS
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LOGICAL TROUBLESHOOTING

Logical troubleshooting is a systematic, common-sense
method of isolating the fault in a malfunctioning piece of
equipment. It does not employ the time-wasting or ineffec-
tive procedures of trial-and-error methods. The logical
troubleshooter uses his knowledge of electronic principles,

SYSTEMATIC
ELECTRONIC
DEDUCTIONS

TECH—"

MANUALS

FAULTY

TEST
EQUIPMENT

his ability to extract data from a technical publication, and
his skill in using test equipment.

Logical troubleshooting is a time-proven procedure used
by all experienced technicians. Most of them have applied
the procedure so often that they no longer pay attention to
its fine points. Through habit and years of experience, they
may have forgotten the specific details.

Probably no two technicians would explain the procedure
alike. However, all would agree that logical troubleshooting
consists of a series of sequential steps. Each step is based
on valid electronic deductions that systematically narrow
down the trouble to increasingly smaller areas in the equip-
ment and finally to the faulty part, wire, or connection.
Some technicians might list the procedure in two or three
steps; others would count a dozen or more. Regardless of
the number, the principle is the same.

NARROW THE TROUBLE DOWN TO
INCREAS INGLY SMALLER AREAS.

FAULTY
FAULTY PART
EQUIPMENT FAULTY —— D

FUNCTION
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Five steps are listed below as the most reliable method of
learning and applying this procedure. They can be applied
to any equipment, regardless of size. The steps in the proper
order are:

STEP 1. Search for all trouble symptoms.

STEP 2. Trace out all probable faulty functions.

STEP 3. Expose the single faulty function.

STEP 4. Pick out the faulty circuit.

STEP 5. Seek out and verify the cause of the trouble.

Note that the first letter in each step, read from top to

bottom, spells STEPS. This fact will help you to remember
logical troubleshooting.

SEEK OUT CAUSE AND VERIFY.

P1CK OUT FAULTY CIRCUIT,

EXPOSE FAULTY FUNCTION.

TRACE OUT PROBABILITIES.

SEARCH FOR SYMPTOMS.

STEP 1. SEARCH FOR ALL TROUBLE SYMPTOMS

A trouble symptom is an outward indication that a piece
of equipment is not working properly. In dead equipment
the indication is fairly obvious. A hum in a radio receiver,
a distorted picture on a TV set, or harsh, flat notes from a
hi-fi set are also obvious and make further use of the equip-
ment undesirable. Then there are the less obvious indica-
tions as the performance of the equipment slowly worsens
over a period of time. These are tolerated until the output
becomes obviously distorted or blanked out.
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Symptom Indicators

Audible and ‘or visual outputs of an item of equipment are
symptom indicators which, by the use of the front-panel
controls, can help you to pinpoint the source of trouble.

/
L INDICATORS=—_k:

CONTROLS

Many radio receivers have two output indicators, a speaker
and a light (usually illuminating the dial) ; the receiver also
has at least two controls. The change from desired per-
formance can be registered in many ways—hums, squeals,
squawks, low volume, two stations instead of one, or no
sound at all. The light is either on or off.

The controls can be used to obtain more information about
the symptom. How does the audio change, if at all, when the
volume control is rotated from one extreme to the other?
Does the hum or other noise become louder, or does it remain
the same? If there is no undesirable noise, will the control
smoothly increase the volume of the station program?

Nttty
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Q3. If the dial light is out, what are the possible causes
of the trouble symptom?

Q4. If you have determined that a radio is receiving
only two stations instead of many, would this fact
be a useful trouble symptom?
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Your Answers Should Be:

A3. If the dial light is out, the trouble could be no
power to the radio; a burned-out lamp; a faulty
switch; or faulty conductors, connections, or parts
within the set.

A4, Yes. If this information is not determined before
proceeding further into the troubleshooting proce-
dure, much time could be spent in checking unnec-
essary areas of the radio.

Obtain as much symptom information as you can during
Step 1. Learning as much as you can about the trouble
symptoms is the only effective way to begin a search for the
cause and its source.

A television receiver has an additional output and a
greater number of front-panel controls that can be used in
searching for trouble symptoms. It has a speaker, a dial

B C H V

light, and a visual output indicator to detect trouble symp-
toms, and several controls that can be adjusted to observe
additional symptoms or changes in output. Another advan-
tage in first looking for all symptoms is that proper adjust-
ment of a control will quite frequently eliminate the trouble.
Ragged, slanted lines on the TV screen might be corrected
by adjustment of the horizontal control. Distortion in height
of the picture (large heads and short legs, for example)
might be corrected by adjustment of the vertical-linearity
control. If these adjustments correct the fault and there are
no other symptoms, the troubleshooting job is completed.
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The more complex equipment used in commercial, indus-
trial, and service installations provides additional means for
tuning and setting-up operations.

TRANSMITTER
MODULATOR

RECEIVER

POWER SUPPLY

STEP 2. TRACE OUT ALL PROBABLE
FAULTY FUNCTIONS

As applied to electronic equipment, a function is the pur-
pose of the equipment, group of circuits, or circuit. In the
narrowing-down feature of logical troubleshooting, the idea
is to pick out a few of the several funectional circuit groups
in which the trouble most probably lies. When this is accom-
plished, the search is narrowed down to a smaller area.
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In smaller equipment such as the radio receiver illustrated
above, the number of circuit-group functions may be limited.
Further limitations are imposed by the receiver, which has
only two controls—tuning and volume. However, the an-
tenna, mixer, oscillator, and IF amplifiers of the set shown
can be grouped within a radio-frequency function. The com-
bination of detector, audio amplifier, and speaker is desig-

RF FUNCTION AUDIO FUNCTION
Functional circuit group. @/ X
TUNING * "bowER SuPPLY

EONTROL

®
VOLUME
CONTROL

nated as an audio function; the power supply, its filter
network, and power cord become the power-supply function.
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Isolating Faulty Radio Functions

The tuning control of the receiver is connected to the
inputs of the mixer and oscillator, and the volume control
is connected in the input circuit of the first audio amplifier
stage. Information obtained from adjustment of these con-
trols can therefore be associated with the respective func-
tional groups. The purpose of the second step is to trace
out and identify the functions whose symptoms indicate a
malfunction.

The following is an example of the second step. The origi-
nal symptom in the radio receiver is weak output. Adj usting
the volume control makes little or no difference. The tuning
control shows a small but significant difference between loud
and weak stations. The dial lamp is on. In which func-
tion(s) is the probable location of the trouble? The most
probable location is the audio function. The power-supply
function is a possibility, but the RF function can almost be
eliminated. If you were to list all three functions as prob-
ables, based on your technical knowledge of how the receiver
works, your answer could be just as correct as the one given.
As stated in the title for Step 2, trace out all the probable
faulty functions. Place them in the most logical order.

- AUDIO
RF FUNCTION > FUNCTION
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Try another problem. During Step 1, no stations are
heard, regardless of where the tuning control is set. The
dial lamp is on. Rotation of the volume control causes an
increased crackling, rushing noise in the speaker. In which
function (s) would you expect to find the trouble?

The most probable location of the trouble in this case is
the RF function. The noise heard in the speaker is the nor-
mal noise generated by the vacuum tubes in the radio. This
noise indicates that the tubes are getting voltage from the
power supply and that the audio stages are performing their
amplifying function.
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Television Functions

A television receiver can be broken down into a large num-
ber of sharply defined circuit-group functions. The thirty or
forty circuits in one type of television receiver can be vis-
ualized in functional circuit groups as shown below.

SPEAKER

i
-
N

S|

VERT. &HORIZ.
CIRCULTS

LOW-VOLTAGE
POWER
SUPPLY

HI-VOLTAGE
POWER SUPPLY

Functional groups in a TV receiver.

Suppose that during Step 1 you learned the following
symptoms. Audio appears to be good, but the picture covers
only half of the screen vertically. Width appears to be
proper. Adjustment of the vertical control makes no appar-
ent change in height, but does cause the picture to roll.

Since audio (sound) and image (picture) appear to be
good, the sound and video functions are eliminated. If these
are working properly, the RF function must be operating
properly. If the high voltage were low or absent there would
be no picture on the screen. The low voltage must be good
since the picture, its width, and the sound are good. Logical
reasoning indicates that the trouble must be in the vertical
and horizontal circuits.

As a result of reaching only the second step in logical
troubleshooting, you have limited the trouble to a half-dozen
circuits out of a possible thirty or forty. This is much better
than checking them all. In addition, the logical deductions
you have made have given you a good idea as to the type
of trouble you are looking for. Evidently the output voltage
of the vertical deflection signal is not large enough to swing
the electron beam over the full height of the screen.

Q5. Which function in the diagram above is the most
probable location of trouble if the picture is good
but there is no audio output?
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Your Answer Should Be:

A5. Sound (including the speaker) is the only probable
malfunction. A good picture indicates that the
other functions must be working properly. The RF
and low-voltage power-supply functions feed both
the sound and picture sections; since the picture is
proper, both of these functions must be working.

Review of Steps 1 and 2

During the first two steps of the logical troubleshooting
procedure, analysis is confined to information obtained from
outside the equipment.

=

STEP 1

After obtaining all the information you can about the
original trouble symptom (s) by manipulation of front-panel
controls and observation of output indicators during Step 1,
you proceed to the second step and trace out all probable
faulty functions. In Step 2 you use the symptom informa-
tion to make logical technical deductions and identify the
functional areas of the equipment that may contain the
trouble. Up to this point you have neither entered the equip-
ment nor used any external testing devices.

While making technical deductions during Step 2, you may
find it desirable to obtain additional symptom information.
Returning to the procedures of Step 1 will not violate any
rules. You may often find it necessary to return to a pre-
vious step or steps for re-evaluation purposes.

Until you become experienced in troubleshooting, write
out the data obtained or conclusions reached during each
step. You will find that this procedure reduces the necessity
of returning to a previous step for verification.
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STEP 3. EXPOSE THE SINGLE FAULTY FUNCTION

In Step 3 you can use test equipment to determine which
one of the probable faulty functions contains the trouble.

Radio Application

Refer to one of the radio receiver examples used in the
preceding step as the first example. No stations were heard
at any frequency. The lighted dial lamp indicated that
power was applied. An increase in receiver background
noise as the volume control was adjusted indicated that the
audio function was good. It was decided that the radio-fre-
quency function was suspected to be defective.

AUDIO
RF FUNCTION FUNCTION

The only purpose of Step 3 is to locate the single function
that is causing the equipment to operate improperly. In the
example above, either a scope or a VI'VM can be used.
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Testing for presence of a signal.

From the schematic diagram of the receiver, locate the pin
number of the upper diode plate of the detector. Connect the
oscilloscope to the proper socket terminal and rotate the tun-
ing control. If no audio-modulated signal is noted at several
station settings, the RF function is not operating properly.

Q6. What would you look for with a VITVM?
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Your Answer Should Be:

A6. You would look for an AC signal. If this signal is
present, the voltage would not be very large and
the meter reading would show a steady average of
the changing amplitude. For this reason, an oscil-
loscope would give better confirmation of a signal
if one were present.

If a good, but weaker-than-normal, signal is obtained,
deductions made during Step 2 are erroneous. However, the
effort made thus far in Step 3 is not wasted. You have added
more data to your store of symptom information. You can
now go back to Step-2 procedures and the functional block
diagram better equipped to select the probable faulty func-
tion(s).

Having recorded a weak output for the RF function, you
also conclude that the weak signal should have been passed
through the audio function if it were good. When a recheck
is made of speaker output with the volume control at maxi-
mum, background noise this time seems weak. Since both
functions are weak, you suspect the power supply of faulty
performance.

EAK [ weak
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- AUDIO
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The new Step-2 conclusion places the probable location of
the trouble in the power-supply function. A Step-3 check of
the schematic for the receiver indicates that there should be
a pulsating DC output of 90V. With a VI'VM or multimeter,

the DC reading shows less than half this value. The faulty
function has been confirmed.

A
Y
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TV Receiver Application

The results of the first and second steps for a TV receiver
could be the following:

STEP 1. Symptoms—Good audio; good picture image but
it covers only half the height of the screen; there
is no change noted while adjusting the vertical
control.

STEP 2. Deductions—The trouble is probably in the ver-
tical and horizontal functions.
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The schematic diagram included in the technical manual
or servicing folder for the receiver should be used in locating
the output test point of the probable faulty function. You
will find that a schematic diagram will be your most valuable
single item for troubleshooting.

The oscilloscope is the best piece of equipment to use for
obtaining readings at a suspected trouble point, since you
can observe the shape of a waveform as well as measure the
amplitude (voltage, in this case). To measure voltage, the
oscilloscope screen with its graticule must first be calibrated
from a known voltage source. Multimeter or VITVM AC volt-
age readings are difficult to use for confirming whether the
output is good or bad. TV receiver schematics usually show
waveform outputs with peak-to-peak (p-p) voltage values.
These are difficult to convert to meter readings.

Q7. How would you locate the correct test point to ver-
ify that the trouble is in a certain function?

Q8. What test equipment would you use to check the
waveform at the test point?
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Your Answers Should Be:

A7. Use the schematic or block diagram that comes
with the equipment to locate individual test points.

AS8. The oscilloscope is the best piece of equipment to
use when checking waveforms.

A low reading would substantiate the Step-2 deduction
that vertical and horizontal circuits probably contained the
fault. However, care should be taken in making this deci-
sion. The reading should be substantially lower than that
shown in the service data—about half as much in this case.
Since there is a variation in part values among pieces of
equipment, test values on a diagram are representative only
of those found in most equipment of the same model. How-
ever, the equipment readings should be within a few per
cent of those specified. If the output of the vertical section
reads low in this example, Step 3 would be successfully
concluded.

If the reading is very close to normal, your conclusion
must be that the vertical and horizontal functions are prob-
ably not at fault. If the oscilloscope test produced these
results, what should you do next? Revert to Step-2 proce-
dures ; trace out all probable faulty functions, and then apply
the new information you have learned.

HORIZ, DEFLECTION
\
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‘VERT. & HORIZ. CIRCUITS I =
“~_ASSUMED GOOD)

In re-evaluating your symptom information on the Step-2
level, you find:
1. Good sound and picture image, therefore power-supply
voltages must be correct.
2. Horizontal width of the picture on the screen seems
proper, so that portion of the circuit can be assumed
to be good.
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3. The verifying test showed that the vertical output was
operating as it should. Frequency, shape, and amplitude
of the sawtooth output appeared good.

Since deductions and tests show that all other functions
are good, the possibility is very strong that the fault is in
the vertical-deflection coil, since this is the only remaining
part that has any control over the height of the picture.

Now apply Step 3 to a more difficult TV malfunction. This
is what you might write down for the first two steps:

STEP 1.

STEP 2.

Symptoms—Sound is good, but weaker than nor-
mal. The screen is blank; there is no picture or
raster (horizontal lines on the screen when sta-
tion is not on the air). The adjustment of
contrast, brightness, vertical, horizontal, and fine-
tuning controls makes no change. Moving the
channel-selector switch to other stations has the
same results.

Deductions—Sound and RF functions are prob-
ably good. The low-voltage power supply might
be good, since the sound circuits are operating.
However, the power supply might be providing
just enough voltage for sound and RF, but the
output is too low for one or more of the other
functions. All the other functions—video, CRT,
high-voltage power supply, and horizontal and
vertical circuits—are probable causes of trouble.

In the functional block diagram of the TV receiver shown
below, the suspected functions are marked with PF (prob-
ably faulty), and the unsuspected, with PG (probably good).

(9
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Five functions are suspected as being probably faulty. In
which order should they be tested to arrive at a Step-3 con-
clusion (exposure of the single faulty function) ?

Three rules should be applied in answering this question.
First, make only those tests that are safe to make. Second,
make the tests in the order of least difficulty. One that re-
quires dismantling a section of the equipment is an example
of a difficult test. Third, test those functions first that will
eliminate one or more of the other functions considered
probably faulty. Those that are equal in terms of these rules
become a matter of personal choice in the testing sequence.
A good sequence of function tests is the following:

1. Vertical and horizontal circuit function—This is selected
first because if it were operating properly a raster would
be present on the screen, whether the video function is
sending sync signals to it or not. Under the conditions
of a completely blank screen, there is neither a vertical
nor a horizontal output, if this is the faulty function. If
the function checks to be good with an oscilloscope test
of the two outputs, the low-voltage supply is considered
good. Sufficient voltage is being applied to operate the
sync function.

2. Cathode-ray tube—The CRT should be checked before
the high-voltage power supply. By looking down into
the base of the tube you can determine whether the
heater is working. If it is, there will be a bright glow.
Also check for gas. This is determined by a bluish glow
within the neck of the CRT. A small blue cloud near
the base, although not desirable, will have little effect
on the beam and does not explain a blank screen.

3. Video function—Although the output of the video func-
tion could not be responsible for the missing raster, the
function is worth testing. Video output to the CRT is
checked for proper values of image and blanking pulse,
and the output of the sync function is measured for
sync pulses.

4. High-voltage power supply—If all the preceding func-
tions have been tested and rated as probably good, the
high-voltage power supply could be exposed as the single
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faulty function by default. A review of the symptoms
and test results makes this a logical deduction. If high
voltage is missing from the CRT, the electron beam will
not reach the screen. As a result, neither a raster nor
a picture will appear.

Review of Steps 1, 2, and 3

The STEPS procedure has been three-fifths completed. The
approach has quickly narrowed the trouble to a single func-
tion among several by making logical technical deductions
on the basis of accumulated data.
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The STEPS method.

STEP 4. PICK OUT THE FAULTY CIRCUIT

The narrowing-down process continues in the fourth step
by working toward the faulty circuit within a functional
group. The procedure is carried out by making technical
deductions from accumulated symptom and test data. These
deductions result from studying the servicing block diagram
and then closing in on the malfunctioning circuit.

The Servicing Block Diagram

This is a diagram that you have used many times in this
volume. It consists of individual blocks representing each
circuit within the functional group. The blocks are intercon-
nected to show the direction of signal flow, and input and
output test points are indicated. Some servicing block dia-
grams include waveform data at significant points within the
diagram.

Q9. Testing which TV receiver function would violate
the rule: “make only those tests that are safe”?
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Your Answer Should Be:

A9. The high-voltage power supply would be unsafe to
test. The output could be as high as 30,000V.

Quite often, the equipment you will be troubleshooting
may not have a servicing block diagram. The schematic dia-
gram can be used instead. However, until you become accus-
tomed to visualizing the schematic of individual circuits as
a simple functional block without the distracting influence
of its parts, you should draw your own block diagram.

A complete servicing block diagram for a radio receiver is

shown below.
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With waveforms shown between stages and input and out-
put tests points identified, a servicing block diagram can be
used for isolating a faulty circuit. In the above diagram, V,,
V. and V;, are included in the RF function, and V3 and V,
in the audio function. V; is the power-supply tube.

Closing-in Procedure

When picking out the faulty circuit in Step 4, it is neither
desirable nor necessary to check the inputs and outputs of
each circuit contained in the faulty function. Some functions
may have two or three, and others a dozen or more, stages.
Finding the faulty circuit with a minimum number of tests
is accomplished by using a closing-in, or bracketing, process.
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When working from a servicing block diagram that con-
tains the faulty function identified in Step 3, enclosing indi-
cators are placed at the inputs and outputs of the functional
group. These can be pencil marks as shown below, or they
can be small weights to eliminate damage from repeated
erasures. You can even depend on your memory for locating
and recalling the enclosing marks. A G (good) mark at the
input(s) indicates that this point has been tested and found
to be satisfactory. A B (bad) mark at the output(s) indi-
cates a test has revealed the output waveform is improper
or nonexistent.

Linear Circuits

The diagram shows circuits following each other in a line.
Such an arrangement is known as a linear signal path. Marks

G /B
V8 L V9 P Vlo Vll o V12 -
N rauy FUNCTIONQ

on the diagram show a good input and a bad output. The
concept of Step 4 is to isolate the one faulty circuit among
the five with the fewest tests.

To minimize the number of circuit tests required, the first
check with the oscilloscope is made at either the input or
output of V,,. V,, is the middle tube in the group; a good
or a bad indication eliminates the necessity of checking
about half of the circuits. It is usually acceptable to check
the output of V, or the input of V,,, since the waveforms at
these points are essentially the same as the input or output
of V,,, respectively.

This procedure of dividing a linear string of circuits for
testing purposes is known as the half-split method. If the
test is made at the output of V,, and reveals an improper or
nonexistent waveform, the bad indicator should be moved
to that point.
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/
/
/
—&- Vg > Vg . V1o /¢ V11 Vi p—

Q10. What is the concept of Step 4?7
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Your Answer Should Be:

A10. The concept of Step 4 is to isolate the one faulty
circuit among the many in the suspected function.

The faulty circuit is now located between the input of Vg
and the output of V,,. If the scope test is properly made,
V., and V,. are considered good. If the test reveals a proper
waveform, the good mark is moved as shown below. With
the good mark at the output of V,,, circuits Vg through V,,
are no longer suspects; the faulty circuit is thus V,, or V..

G G B
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By moving either the good or bad mark, depending on the
result of the test, the faulty circuit is restricted to a smaller
enclosure. By half-splitting again between the new G and B
marks, the enclosure is made even smaller. In the second
example, a test at the output of V,, identifies the faulty cir-
cuit. Depending on the results of the test, G or B is moved
to that point, and either V,; or V,. is pinpointed as the
faulty circuit.

Take a dead receiver as a practical example. The only
symptoms obtained in Step 1 are no sound output or elec-
trical power reaching the power supply. In Step 2 all func-
tions are listed as probables. Step 3 reveals the following
information.
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Good test indications are made at the input of V,, the
input of V., and the output of the filter network in the
power supply. A bad test is identified at the speaker input.

The audio function is therefore suspected of being faulty.
The first test of Step 4 should be made at the grid (pin 5)
of V, or the plate (pin 7) of V.

Convergent Circuits

There are circuit combinations ether than linear. One of
these is called convergent. As the name implies, a conver-
gent circuit is one in which the outputs of two or more cir-
cuits converge (join) to feed a single circuit.
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Convergent circuit.

The diagram above shows the test results of Step 3. Inputs
to both channels of the function are good, but the single
output is bad. The decision of where to make the first Step-4
test depends on the nature of the bad output.

First, assume that there is no output signal of any kind.
After checking the function of V.., it is learned that this
circuit does not operate unless the outputs of both channels
are received. This is called a gating circuit. To minimize the
number of tests, where should the first check be made ?

The first test should be made at the converging point. A
waveform reading at the input of V,, will reveal the nature
of the outputs from V., and V,,. If both waveforms were
there and of the proper shape, the G could be moved to the
converging point, thus limiting the remainder of the search
to V4() and V.“.

Q11. What is a convergent circuit?
Q12. What is meant by gating?
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Your Answers Should Be:

All. A convergent circuit is one in which the outputs
of two circuits join at a point to supply a signal to
one subsequent stage.

A12. Gating refers to certain circuits that have one
output but two or more inputs.

It is not probable that both output signals are missing or
improper. Therefore, the check at the converging point, if
not good, identifies which channel is bad. B is then moved to
that output, reducing the number of faulty circuits to one.
In cases where the convergent circuit passes either output
signal as long as it appears on the grid, the approach to
testing is a little different. Note these output waveforms:
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The first test should be made at the converging point (G
of V,,). A comparison of the two output waveforms—the
measured waveform and the correct waveform—indicates
that the 1-microsecond pulse is missing. A proper deduction
shows that the small pulse does not leave Vy,, therefore it
is correct to make a test at the output of V.

If the above deduction is verified, B is moved to the output
of V,,. A single circuit is enclosed, and Step 4 is satisfac-
torily completed. But, if the test is good, the lower G is
moved to the converging point, leaving V,, and V,, as prob-
ables. It is already known that the square wave from V.,
is passing through the complete functional group. One more
test between V,, and V,, isolates the faulty circuit.
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Divergent Circuit

A divergent circuit is the opposite of a convergent circuit:
the output of a single circuit feeds into inputs of two or
more other stages.
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Divergent circuit.

The illustration shows that the input to the divergent cir-
cuit (V;.) is good and that the output should be a 30-cps
sine wave at 10 volts peak-to-peak. If the B indicates no
output at either point, the first test should be made at
the output (pin 3) of V.. If there is no output at this point,
enclose V;, with a G and a B, and Step 4 is concluded.

Suppose that the divergent circuit conditions were the fol-
lowing. Actual measured waveforms are shown at the appro-
priate points as a result of Step-3 testing.
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AMPLITUDE TOO LOW

Q13. What are the operating conditions of V;; and V,?
Q14. Is V5. in good or bad operating condition?

Q15. Based on the conditions shown in the diagram,
where should the first Step-4 test be made?
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Your Answers Should Be:

A13. The output G of that channel indicates that Vg3
and V., are operating properly.

A1l4. Since the output of V;, is a good signal, V;. is
probably in good operating condition.

Al5. The first Step-4 test should be made at the output
of Vgo or the input of Vg;,.

If the test mentioned in A15 is favorable, the G is moved
up, and Vg, is enclosed with a G and a B. If the test requires
that a B be moved to the output of Vg, a second test at this
input encloses either Vgo or V., as the faulty circuit. If it is
found that V. is producing the improper waveform, then the
G analysis of the square-wave output from V;, is not very
accurate, or the faulty output of V;, is sufficient as an input
to that channel.

Switching Circuits

In many types of equipment, two or more circuits or chan-
nels may be switched individually to another channel.

A B
A v v,
5 3
G 0 - .
8 1

Switching circuit.

With switch S, in position A, Step-3 tests reveal good
inputs to V3 and V, but a bad output from V. The first test
to make in Step 4 is a reading at the output of V; with Sy
in position B. If the reading is what it should be, V; and Vg
are good and the B can be moved to the output of V3.

If the V, output is found to be bad, none of the enclosing
marks can be moved, but additional information has been
obtained about the probable location of the fault. It is im-
probable that both V; and V, would go bad simultaneously.
This conclusion is verified by making the next test at the
input of V;. If, as suspected, the check is good, then either
V, and V, is faulty, and the obvious enclosing test is made.
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The switching-circuit channels also appear in reverse
order, such as a single channel capable of being switched
into one of two or more channels.

/B

/

In the diagram above, when 8. is switched to position B,
the conditions indicate that V4, V., and V.., are good. This
leaves V,; and V,. in the circuit group as the only suspects.
The quickest way to determine which is bad is by testing
between them.

These are the typical circuit combinations that you will
encounter while troubleshooting. You have seen that by
combining technical knowledge with common sense, the num-
ber of enclosing tests to isolate a faulty circuit in a func-
tional group can be kept at a minimum.

Vi iz

Y]

Vio |

S, TB

Va1 Va2

Enclosing a TV Receiver Function

Assume that the vertical and horizontal function of a TV
receiver has proven to be faulty. Circuit conditions are
shown below. Horizontal- and vertical-sync pulses appear at
the grid of V3, where they are amplified. The sync separator
separates the vertical-sync pulses from the horizontal-sync

pulses.

v B
B[ vert | Vis[ vert, |/

G Vi3 Vig 0sC. QUTPUT

FROM . \.[SYNC SYNC

VIDEO AMP, SEP Viz Ng G
HORIZ. HORIZ.] /.

MULT, DRIVE

TV sweep function.

The vertical and horizontal channels generate waveforms
of the proper frequency, shape, and amplitude to cause the
electron beam in the CRT to sweep the required horizontal
lines on the screen. Oscillations continue whether syne pulses
are received or not. This is the reason for the raster appear-
ing on the screen when a station is not tuned in.
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The purpose of the sync pulses is to time the start of each
line with corresponding events in the TV camera. If this
were not done, the picture on the screen would be greatly
distorted and unrecognizable.

The symptom noted in Step 1 of the troubleshooting pro-
cedure was a thin horizontal line across the face of the
screen. Sound was good, and the condition repeated itself
on all channels.

Steps 2 and 3 earmarked the vertical and horizontal funec-
tion as being faulty. In the testing process, the input of
sync pulses to V,; appeared good. So did the output of the
horizontal channel. (N, is a network of capacitors and resis-
tors that sharpen the shape of the waveform.) There is no
measurable waveform at the output of V,;. Appropriate
enclosure marks are shown on the diagram.

V,s and V,, are apparently operating properly in accord-
ance with the tests shown. At least the horizontal portion
of V,, appears to be good. The first test should be made at
the input to V,5. This allows the G or B to be moved to that
point, depending on test results. From there, only one more
test must be made to isolate the single faulty circuit. If the
input to V,; or the corresponding output from V,, is good,
the next test should be made at the V,; output or V,4 input.

Step 4 Review

When picking out the faulty stage of a circuit group,
symptoms and data from the first three steps are used in
making deductions from a study of a servicing block dia-
gram. Enclosure marks employing pencil, weights, or mem-
ory are placed at function inputs and outputs to show
whether previous tests were good or bad. The enclosure
marks are moved in accordance with circuit input or output
tests made as the result of a technical and common-sense
analysis of the circuit types, which are linear, convergent,
divergent, or switching.

STEP 5. SEEK OUT AND VERIFY THE CAUSE
OF THE TROUBLE

The troubleshooting procedure thus far has narrowed the
trouble to a single circuit, consisting of a few electronic
parts. The seek-out portion of the final step suggests that
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the faulty part be found and verified as the cause of the
trouble symptoms.

Analyzing the Qutput Waveform

The trouble can be narrowed down by analyzing the out-
put waveform of the circuit, making voltage or resistance
checks, and/or substituting a good part for one that is
suspected of being bad.

OUTPUT AS OUTPUT AS IT
IT SHOULD BE WAS MEASURED

Comparing the output waveform actually measured against
that of the proper waveform often provides clues as to the
location and/or cause of the trouble. The above illustration,
for example, shows the good and bad outputs of an amplifier.
From your knowledge of how an amplifier circuit works, the
trouble seems to be in the grid or cathode sections. Thus,
examine that portion of the circuit.

MEASURED
FILTER
-D: g NETWORK[™
FUSE o
SHOULD BE

Shown above is a faulty full-wave rectifier circuit with
measured input and output waveforms. The proper output
waveform is also included. Half of the output cycle is miss-
ing. A study of the schematic diagram and the waveforms
reveal that you should concentrate your search in the lower
plate section of the diode.

Q16. What does Step 4 enable yvou to do?
Q17. What is the purpose of Step 5?



Your Answers Should Be:
A16. Step 4 enables you to determine in which circuit
of the equipment the malfunction is located.

A1l7. Using Step 5, you can find the component that is
causing the trouble in the suspected circuit.

This type of waveform analysis in most cases will help you
limit your search to a small area of a circuit. Of equal or
even greater importance, a knowledge of the nature of the
distortion in an improper waveform will assist you in verify-
ing that the located fault is the actual cause of the trouble.

Making Voltage and Resistance Checks—If an analysis of
the output waveform provides a probable location, or if there
is no waveform to be analyzed, the next procedure involves
making voltage and resistance checks. Some schematics pro-
vide both voltage and resistance readings in chart form. If
the measured values of a suspected part are not reasonably
close to those indicated in the diagram or chart, you have
narrowed down the trouble.

In nearly all examples the elements of a tube are marked
with their pin numbers, as shown above. Transistor leads
are identified by the elements shown in the schematic. A
notation on the diagram identifies the type of instrument
used in making the measurements. For example, DC voltage
measurements are taken with a 20,000-ohms-per-volt meter,
and AC voltages with a 1,000-ohms-per-volt meter.

The diagram may also include the following notations:

Pin numbers are counted in a clockwise direction when
viewed from the bottom of the tube socket.

Measured values are from pin socket to ground unless
otherwise indicated.
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Controls are set for normal operation.

Component values are given in ohms and micromicro-
farads, unless otherwise stated.

T0 TB 32‘%’ ELEMENT
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It is generally better to take voltage readings first and
resistance readings second, if they are required. If voltages
are to be read at all pin numbers, it is best to take them
in sequence of voltage values rather than pin numbers. For
example, start with a high scale on the voltmeter and meas-
ure the pin having the highest voltage. In this case it would
be the plate, pin 1. Use a scale that will permit a higher
reading than the 250V shown; this will prevent damage to
the meter in case the actual voltage is much higher. Next,
measure pins 6 and 7, since they are supposed to have volt-
age values relatively close together. Finally, pins 8 and 4
can be measured on an AC voltage range.

If you are able to determine suspected sections of the cir-
cuit from an analysis of the improper output waveform, take
voltage readings at these sections first. For example, if your
deduction indicated that the waveform was being distorted
by improper grid-to-cathode bias, these would be the pin
voltages to check first. If the pin-6 measurement is the
proper 72V but pin 7 is 80V, your deduction would be con-
firmed and the trouble fairly well isolated.

Q18. How would you determine which components are
included in the resistance reading from pin to
ground?

Q19. If you measured zero volts af pin 3 in the diagram,
what would be your coneclusion?
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Your Answers Should Be:

A18. All the parts included in the resistance being
measured from a pin to ground can be determined
by tracing them out on the schematic diagram,
making sure you will find all the parallel paths.

A19. If zero volts were measured on the heater pin, the
conclusion would be that voltage is not available
at this pin.

In another type of presentation for voltage and resistance
readings, voltages are placed near the tube elements, and
resistance measurements are shown in chart form.

1/2 6BLTGT

RES|STANCE MEASUREMENTS

[STAGE] TUBE [PINI] PIN2[ PIN3[PINA| PINS| PING|PINT PiN8g|
— =

vs [eBr7oT] 2 MEG] 3.5k | 920 RAMeGlzmedl o | 0 o.1|

As in the previous example, part numbers and their values
are shown on the schematic. If the trouble is isolated to one
section of the circuit, the individual parts can then be meas-
ured. If, for example, something other than 25V and 920
ohms were read from pin 3 to ground, either C; or R, would
be suspected of causing the trouble.

If R, is to be measured, one of the capacitor leads must
be separated from the resistor. Otherwise, if ohmmeter test
leads were placed across the resistor, they would still meas-
ure the parallel resistance of the two parts. In this case a
capacitor lead could be unsoldered from ground or the tube-
socket pin. If R, does not measure close to 5.68K, it may be
the cause of the trouble.
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Part Substitution

It is often necessary to substitute a known good part for
one suspected of being faulty. C, in the example on the
opposite page could be such a case. Replacing it with a new
capacitor of the same value will confirm whether it is good
or bad. The same reasoning applies to other parts, includ-
ing tubes and transistors. As you recall from a preceding
chapter on tube testers, one of the only valid methods of
checking a faulty tube is by substituting a good one.

Verifying the Cause

Although a faulty part can actually be located by the pre-
ceding methods, Step 5 is not completed. The nature of the
fault must be compared with and verified by the trouble
symptoms obtained in preceding steps. If an open resistor,
shorted capacitor, weak tube, etc., adequately explains the
improper waveforms and trouble symptoms, then you can
feel reasonably sure that you have found the cause of the
trouble and can make the necessary repair.

However, if the nature of the trouble does not substan-
tiate the distorted waveforms or other trouble symptoms,
you have not found the faulty component or, in some cases,
you have found only one of the faulty components. For
example, a slight change in the value of a plate resistor does
not explain the loss or flattening of a half cycle in an ampli-
fied sine wave.

The faulty component you have isolated may have been
the result of a fault in another part of the circuit or even
in an adjacent circuit. The narrowing-down procedure may
have uncovered a cathode resistor whose measured resist-
ance deviates greatly from its rated value. In addition, if
the resistor is badly charred it is evident that the resistor
has been passing an excessive amount of current. The cause
could have been a gradual decrease in resistance over a
period of time, allowing more and more current to pass until
the charred condition resulted. However, the increase in
current could also have been caused by a faulty component
in another part of the circuit. A decrease in the plate or
screen resistance would also cause excessive current to flow
and damage the cathode resistor.
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If, in such a case, the cathode resistor were replaced with-
out verifying the cause of the trouble, the same trouble
symptoms would repeat themselves after a period of time.
Always verify that the isolated fault explains the trouble
symptom(s) and that it is the actual cause of the mal-
function.

Repair

You may have noted that the word repair was not included
in the troubleshooting steps. Replacing a part, resetting an
adjustment, or restoring a connection is actually not a part
of troubleshooting. Troubleshooting includes all the proc-
esses required to isolate the faulty condition. Once the trou-
ble is found and verified, then the repair can be made.

WHAT YOU HAVE LEARNED

1. Troubleshooting is the process of locating a fault in a
piece of equipment.
2. To become a good troubleshooter, you must:
(a) Know enough about electronic principles to use
them in determining how equipment operates.
(b) Know enough about the use of test equipment to
make and interpret test readings properly.

(¢) Know enough about electronics to extract desired
information from a technical manual or service
folder.

(d) Know enough about the logical troubleshooting pro-
cedure, STEPS, to apply it well.

3. A good method of troubleshooting is a systematic,
orderly process called logical troubleshooting.

4. The logical troubleshooting procedure consists of five
parts. The initial letters of these parts spell the word
STEPS.

STEP 1. Search for all trouble symptoms.

STEP 2. Trace out all probably faulty functions.
STEP 3. Expose the single faulty function.

STEP 4. Pick out the faulty circuit.

STEP 5. Seek out and verify the cause of the trouble.
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