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FOREWORD

This book covers the subjects of Modern Television-Radio
Instruments and Testing Methods. It is a PRACTICAL
book. In explaining the use of modern television and radio
instruments nothing was assumed or “taken for granted.”
To make everything crystal clear hundreds of dollars was
spent in buying the very latest types of testing instruments.
These instruments were then taken apart piece by piece and
photographs of each stage of disassembly were made for
use in this book.

This practice was followed so the reader could see exactly
how these instruments were constructed. This PRACTICAL
method also showed the part each circuit played in the over-
all operation of the instrument.

Our first chapter devoted to Indicating Meters illustrates
clearly how much easier this new step by step photo in-
struction method can be followed (see pages 1-34). Every
chapter in the book follows this same type of PRACTICAL
instruction.

This book was not written to teach a man how to design
testing instruments. The information of course will help any-
one who plans to be a designing engineer but the book was
written to GIVE AS MUCH INFORMATION AS POS-
SIBLE ON HOW TO USE, ADJUST AND REPAIR IN-
STRUMENTS.

We had the man “on the job”’—the field television and
radio serviceman in mind in writing this book. Hewever, the
PRACTICAL equipment “break down” photo instruction
method makes the material easy enough for the beginner in
television or radio to understand.

It is easy to understand that a good practical book on
television and radio instruments would also include modern

testing methods. These subjects “dove-tail” because when
we explain how to use television and radio instruments we
also outline modern time saving ways to do television and
radio testing.

Television and radio testing instruments are costly. One
of the ways this book is valuable is in its use as a reference
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book. To get the most out of any expenditure for testing
equipment a serviceman should know every possible use that
can be made of the equipment. You can refer to this book
with complete confidence because all of the ideas and testing
methods have been shop tested. They have been proven
PRACTICAL.

Therefore, this book can serve either as a straight ref-

erence book to “double check” the uses and limitations of
study book for the man just entering the television-radio

service field.

We sincerely feel this book covers the most up-to-date
material on the subjects included and is the type of
PRACTICAL book for which you should have constant and
profitable use.

ST

B. W. COOKE, President
Educational Book Publishing Division
Coyne Electrical. Radio and Television School
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Chapter 1
INDICATING METERS

Nearly always it is true that the most valuable technician in
any kind of electrical work is the ‘“trouble shooter” ; the one who
determines what is wrong when performance is abnormal, and
who points out the part or parts which are at fault. The first

LA....._uM.M,._.. ety @ o e TS o —— eabiapfesa Ban Boadi e

Fig. 1.—The interior of a Triplett signal generator as it appears
with part of the shielding removed.




2 INDICATING METERS

requirement for trouble shooting is knowledge of how the trouble-
some apparatus should operate, and why it should operate that
way. One who thoroughly understands radio can locate the causes
for many troubles with only three of the tools provided by nature;
with the senses of sight, hearing, and touch, He may even use
his sense of smell to locate burnt insulation, and some electricians
identify low-voltage live circuits by the so-called galvanic taste.

But the technician who works with greatest speed and effi-
ciency uses suitable testing and measuring instruments. Such
instruments permit doing in a matter of minutes what might
take hours without them, and permit the easy solution of many
problems which otherwise never could be solved. Testing and
measuring instruments may be simple, or highly complex. The
complex instruments usually handle difficult jobs faster than the
simpler types, but only provided that you know how to connect
and operate the complex types, and know how to correctly in-
terpret their indications. The results you get from any testing
equipment are directly proportional to your understanding of
the equipment.

It is as important to understand the operating principles of
your testing equipment as to understand the principles of the
radio apparatus on which you are working. Familiarity with
and experience in operating any given piece of testing equipment
allows doing work which would be quite beyond the ability of a
novice working with the same identical equipment. For that
matter, a thorough understanding of the simple fundamental
methods of measurement in television and radio circuits will let
you adapt and combine such methods in handling problems for
which no special equipment is available. But no matter what piece
of equipment you use, you must know how to use it correctly.
Otherwise you may not only fail to get the desired results, but
may destroy both the testing equipment and the television and
radio apparatus on which you are working.

Television and Radio Measurements. — Before talking about
television and radio testing equipment it will be well to make a
list of things to be measured and indicated, as in the accompany-
ing table of Television and Radio Measurements.
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TELEVISION AND RADIO MEASUREMENTS
1. Current or electron flow; a-¢, d-c¢, or combined.

2. Potentials.
a. Potential difference; a-c, d-¢, or combined.
b. Electric charges, in coulombs.
¢. Electric polarity.
d. Magnetic polarity.

3. Circuit conditions.
a. Continuity, opens, high resistance.
b. Short circuits and grounds.

4. Electrical properties.

Resistance.

Inductance, self- and mutual.
Capacitance.

Reactance, inductive and capacitive.
Impedance.

High-frequency losses.

Q-factors.

Frequency.

Ro e Tp

6. Waveform.
a. Modulation.
b. Coupling transformers, during alignment.
c¢. Input and output.
d. Synchronizing pulses.

7. Power input and output.

Tube condition.
a. Emission ability.
b. Transconductance or mutual conductance.
¢. Shorts, opens, noise, gas, ete.

9. Receiver and amplifier performance.
a. Sensitivity.
b. Gain or amplification.
c. Selectivity.
d. Distortion, noise, and hum.
e. Signal strength and quality.

The problems involved in making most of the radio measure-
ments are quite different from those encountered in most other
electrical fields. While some parts of radio amplifiers and re-
ceivers operate at power-line frequencies, we have in most of
the parts frequencies in the audio and radio ranges which may
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go as high as hundreds of megacycles, and then we have peculiar
effects due to inductance and capacitance,

Other problems arise because of the very small powers which
exist in many radio circuits, which means that only negligible
power may be taken to operate our measuring devices, or means
that our instruments may add only negligible loads to such cir-
cuits. In some circuits there are oscillations which will be stopped
by much additional loading. In some of the inductive devices
even small direct currents might cause serious harm were such
currents introduced from measuring equipment.

@»Q@)
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Fig. 2.—A moving coil permanent magnet meter with case and dial plate removed.

Having looked at a list of measurements to be made, we next
may list the principal classes of instruments employed in making
the measurements, as in the accompanying table of Television
and Radio Testing Instruments.
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TELEVISION AND RADIO TESTING INSTRUMENTS

1. Indicating pointer types, magnetic operation.

a. Moving coil permanent magnet type. Measures only
direct currents and potentials.

1. Rectifier type. A rectifier combined with a moving
coil permanent magnet instrument for measurement
of alternating currents and potentials.

2. Thermocouple type. A thermocouple combined with
a moving coil permanent magnet instrument for
measurement of alternating currents and potentials.

3. Ohmmeter. A potential source and a resistance com-
bined with a permanent magnet moving coil instru-
ment for direct indication of resistance connected
to the ohmmeter.

b. Moving iron or iron vane type. For measurement of
alternating currents and potentials,

¢. Dynamometer or electrodynamometer type. For meas-
urement of alternating currents and potentials.

d. Hot wire type. For measurements of alternating cur-
rents and potentials, by means of heating and expansion
of a conductor carrying the actuating current. This type
is obsolete.

2. Resonance types. A tuned or tunable circuit which may be
made resonant at an applied frequency, and a resonance

indicator. Used for radio-frequency measurements. 8

3. Bridge types. A circuit by means of which an unknown
value, such as a resistance, reactance, or impedance, may
be compared with a known standard value of similar kind.

4. Electronic types. Employing diodes, triodes, and other tubes
as rectifiers, detectors, oscillators, or amplifiers, usually
with an indicating device (meter, electron ray tube, etc.)
actuated by plate current or plate circuit potential.

a. Frequency meters, heterodyne type.
b. Electronic voltmeters or vacuum tube voltmeters.
c. Detector-amplifier combinations for signal tracing.

5. Cathode-ray types. Oscilloscopes or oscillographs whose in-
dications are in the form of a luminous visible trace on the
screen of a cathode-ray tube.

6. Tube testers. Instruments for measurement of tube char-
acteristics such as amplification factor, plate resistance,
and transconductance or mutual conductance; usually with
one or more suitably graduated indicating meters. Also for
checks of cathode emission ability, shorted or loose ele-
ments, and other defects with meters, neon lamps, or elec-
tron-ray tubes as indicators.
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7. Signal sources. For furnishing modulated or unmodulated
radio-frequency signals, also audio-frequency signals, used
for testing amplifiers and receivers.

a. Service oscillators. Electron tube oscillators, usually of a
feedback type, with or without added amplification, and
with fairly accurate calibration of signal frequency and
output.

b. Signal generators. Oscillators and amplifiers of precision
construction, with accurate calibration of frequency
and output.

The frequency handling characteristics of the various types
of meters indicate where the instruments may be used. Iron vane
meters, class 1-b in our table, may be designed for frequencies
as high as 500 cycles, but usually are used only at power-line
frequencies. Dynamometer instruments, our class 1-¢, ordinarily
are used only at power-line frequencies, but in special construc-
tions may be used at frequencies as high as two or three kilo-

% ﬁg.%
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fig. 3.—A single instrument with which Fig. 4.—The magnet and movement of a
may be measured voltage, current, moving coil permanent magnet
and resistance, ) meter. (Simpson)

cycles. Rectifier meters, our class 1-a-1, usually are used at fre-
quencies no higher than 20 to 30 kilocycles, but may be designed
for operation up to about 15 megacycles. Thermocouple meters,
our class 1-a-2 are radio-frequency types, usually good up te
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about 10 megacycles, but with special constructions and appro-
priate corrections useful to several hundred megacycles. Bridges,
our class 3, ordinarily are used at frequencies no higher than
those in the audio range. Resonance methods, our class 2, and
also the electronic types, class 4, may be designed for operation
at frequencies up to several hundred megacycles.

Moving Coil Permanent Magnet Instrument.—The indicating
instrument most often found in all kinds of radio testing equip-
ment is the moving coil permanent magnet type. Such an in-
strument may be called a d’Arsonval type, after the man who
first employed the general principle. This type is used most often
because, although it operates only on direct current, it is possible
to use a contact rectifier, a thermocouple, or an electronic tube
in connection with the meter and thus obtain an instrument
actuated from alternating potential or current.

The principal operating parts of two d’Arsonval meters are
shown by Figs. 2 and 4, where the cases and dial scales have
been removed to expose the magnet and the “movement.” The
steel magnet, which is of the permanent type, is generally a
circular or modified horseshoe shape with its north and south
poles forming opposite sides of a cylindrical opening at the
bottom. In this opening is supported the moving coil, sometimes
ealled the armature, which consists of many turns of small-

Magnet Poles

Moving] Electron
Flow

@

Fig. 5.—~Why the coil rotates between the magnet poles.
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diameter insulated wire wound on a rectangular frame called
the bobbin, To the moving coil is attached the pointer which you
can see extending upward and to the left in Figs. 2 and 4. When
the moving coil rotates through part of a turn, the pointer is
moved across a scale, such as the one shown on Fig. 8.

Why the moving coil rotates when electron flow passes through
its turns is shown by Fig. 5. Here the coil is represented by a
single turn, with a magnetic north pole at the left and a magnetic
south pole at the right. Magnetic lines of force pass from north
pole to south pole through the space occupied by the moving coil.
When electron flow through the coil is in the direction indicated,
from negative to positive terminal of the meter, the sides of the
coil tend to move through the magnetic field in the directions
shown by broken-line arrows. The force that moves the coil is
exactly the same force that moves the armature or rotor of an
electric motor in the magnetic field which exists between field
or stator coils of the motor.

To make it easier for the magnetic lines to pass through the

—

Fig. 6.—A cylindrical core of iron nearly fills the fleld space.
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field space, and thus to increase the field strength, most of the
space is filled with a cylindrical iron core which you can see
between the magnet poles in Fig, 6.

The electromagnetic force which tends to rotate the moving
coil when there is electron flow in the turns is opposed by two
small spirally-formed ‘“hair springs,” one on either end of the
coil. These two springs show plainly in Fig. 7, where the magnet
has been removed, but where the central cylindrical core remains
in position inside the moving coil. The inner ends of the hair
springs are attached to the moving coil. The outer ends of the

Fig. 7.—A moving coil with its supports and hair springs at front and rear.

springs are attached to stationary parts of the movement. The
springs are wound in opposite directions, so that rotation of the
moving coil increases the tension on one spring while decreasing
it on the other. The difference between the tensions is such that
the moving coil and pointer may be deflected all the way to the
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full-scale position with but little force exerted by the electro-
magnetic effect.

Electron flow is carried into and out of the moving coil through
the two hair springs. One end of the coil winding is connected to
the front spring, and the other end is connected to the rear
spring. The stationary parts to which the outer ends of the
springs attach have conductive connections through to the posi-
tive and negative terminals which are on the outside of the meter
case. The connection from one terminal to the front spring may
be seen in Fig. 2. There is a similar connection from the other
terminal to the rear spring.

In most meters there are cemented onto the front and back
of the moving coil two cone-shaped pivots made of steel or of
some suitable alloy. The pointed tips of these pivots rest in de-
pressions formed in “jewels” carried in stationary parts of the
movement. In some instruments the jewels are polished sap-
phires; in others they are made of boro-silicate glass. The con-
struction is like that employed for the jeweled bearings of fine
watches. The jewels may be carried in the inner ends of adjust-
able screws whose outer slotted ends may be seen outside of the
ends of the moving coils in Figs. 2 and 7. The jewel screws are
adjusted to leave end play of between one and two thousandths
of an inch for the pivots.

With no electron flow or current in the moving eoil, the tip
of the pointer should rest at the zero mark on the scale, as in
Fig. 8. The pointer may be brought to this position by means of
a zero adjuster or zero corrector mechanism usually operated by
turning a slotted head which appears on the outside of the front
of the case or the glass covering the scale. On the inside of this
slotted head is a projecting tip which engages in a slot or fork
of the zero adjuster arm attached to the front of the movement.
A forked adjuster arm may be seen in Fig. 2, and a slotted type
in Fig. 7. The arm is part of a washer that fits around the jewel
screw and is prevented from rotating too freely by some sort of
friction device which usually includes a cupped or spider-armed
washer held by a nut that locks the jewel screw in place after
the jewel clearance has been adjusted. On the washer of which
the adjuster arm is a part there is an extension to which is
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soldered the outer end of the hair spring. When the external
slotted head is turned, its inner tip moves the adjuster arm one
way or the ather and changes the position or tension of the front
hair spring to bring the pointer to zero on the scale.

The rear hair spring usually is soldered to an extension on
a friction-held washer which may be rotated one way or the other

e

Fig. 8.—Connections between a movement and terminal screws in the meter case.

to change the tension of the rear spring and bring the pointer
to its correct zero position with the front zero adjuster arm in a
vertical position. Such a rear adjustment may be seen in Fig. 8,
where a movement and magnet have been separated from the
meter base, but where the terminal connections still are in place.
When the rear adjustment is once correctly set, any slight shifts
in pointer position which occur during normal service may be
corrected with the regular exposed slotted head.

The permanent magnets for meters may be either the lam-
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inated type shown by Fig. 9 or the solid type shown by Fig. 10.
A laminated magnet consists of a number of layers, each about
16 inch thick, riveted together. Sometimes, but not always, there
are pieces of soft iron between the poles of the magnet lamina-
tion and the cylindrical space in which the moving coil rotates.
Such construction may be seen in Fig. 4. The soft iron pole pieces
or pole shoes help to equalize any uneven flux distribution from
the laminations themselves, and thus to provide a more uniform
magnetic field for the moving coil. The laminations may be made
from chrome, tungsten, or cobalt alloys of steel.

14 ¥ s
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Fig. 9.—A laminated magnet. Fig. 10.—A solid magnet of Alnico.

Solid magnets, of which one shape is shown in Fig. 10, often
are of Alnico magnet steel in service instruments. Alnico is an
alloy containing aluminum, nickel, and iron. It has very great
magnetic strength for a given size, and is so hard that after
casting it can be machined only by grinding. Consequently, the
Alnico magnets always are used in conjunction with soft iron
pole pieces in which are formed the cylindrical openings for the
moving coil, and to the outside of which are fitted the poles of
the permanent magnet.
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The moving coil permanent magnet meters are available for
measurements in a wide range of current values. The most sensi-
tive instruments in fairly common use have full scale deflection
of their pointers with a current of only 10 microamperes. Full-
scale sensitivities of 20 and 50 microamperes are in general use,
but the types most commonly employed in general service work
have full-scale deflection with a current of one milliampere, or
1,000 microamperes.

Shapes of pointer tips are shown by Fig. 11. The spade tip
pointer is the most common, and is used whenever readings may
be made from some distance. The knife edge pointer, with a long
and very thin tip at the end of a cylindrical body, is used where
the tip must extend across several concentric scales, also where
closely accurate readings are to be made. The lance type is com-
mon for industrial meters, but seldom is found in radio service
instruments.

The zero point on a scale is at the left when current will flow
in only one direction through the meter. But when readings are
required with current either in one direction or the other the
zero point may be at the center of the scale or at any distance

Spade Knife Lance

Fig. 11.—Shapes of pointers used in indicating meters.

from either end. An instrument designed for “zero left” cannot
be changed to “zero center” or other offset zero position by
adjustments of the zero adjusters and hair springs. One reason
is that the moving coil then would be moved from its normal
position for no current.
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When it is desired to make readings through only a limited
range of values somewhat greater than zero the meter may be
of the depressed zero or suppressed zero type. Hair spring posi-
tions and tensions are such that the pointer will not move away
from its extreme left-hand position until the coil current is con-
siderably greater than zero. As an example, a meter for indicat-
ing voltages only between 100 and 200 would be so constructed
that the pointer would remain at the left until the applied poten-
tial difference was 100 or more volts, and would move all the
way to the right with 200 volts.

One of the great advantages of the d’Arsonval instrument is
a uniform scale, with which the pointer moves the same distance
for a given change in coil current no matter whether the change
is in the lower or higher indicated values. However, for some
special applications it is desirable to “open up” some portion of
the scale so that highly precise readings may be taken over a
limited range. This is accomplished by using “shaded pole pieces,”
meaning that the tips of the magnet or pole pieces are cut back
to weaken the field in which the moving coil travels for part
of its rotation, while leaving a strong field for the remainder
of the travel. A much greater change of coil current is needed to
move the coil and pointer through the weak parts of the field
than through the stronger parts.

Meter Shunts.—A meter or a meter movement which gives
full-scale deflection of the pointer with some certain value of
current may be adapted to measure any greater current values
by connecting across the terminals of the meter or movement
a shunt resistor as shown at the left in Fig. 12. Then current in
the connected line divides between the movement and the shunt,
which are in parallel with each other. The meter scale is cali-
brated and graduated to read the total current of the connected
line, although only part of this total is passing through the
movement.

To select a shunt of correct resistance it is necessary to know
the resistance of the meter or the movement, also the current
for full-scale deflection without the shunt, which is the original
full-scale reading of the meter, and the value of full-scale read-
ing with the shunt in place, this being the desired new reading.
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These values are used in the following formula.

Shunt meter or movement resistance
resistance —  desired full-scale current 1
original full-scale current

The formula says to divide the desired full-scale current by
the original full-scale current, and subtract 1 from the result
of the division. Then this number is divided into the meter or
movement resistance to find the required shunt resistance. The
two current values, original and desired, must be in the same
units; amperes, milliamperes, or microamperes. If the resistance
of meter or movement is in ohms, the shunt resistance will be
in ohms,

For example, assume that we have a meter whose original
full-scale deflection is obtained with a current of 5 milliamperes,
and wish to have a new full-scale deflection of 1 ampere, which
is the same as 1,000 milliamperes. Assume that the resistance
of the meter or movement, usually called the internal resistance,
is 12 ohms, These known values are used thus,

Shunt 12 _ 12 _ 12
resistance 1000/6 —1 200 —1 199

The computed resistance of the shunt must include the re-
gistance of leads or connections between the line terminals of

= 0.0608 ohm.

Terminals of Meter
V/4
or Movement

Shunt
Resistor

Line Terminals

Fig. 12.—Connections of shunt resistors for current meters.
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the shunt resistor and the meter or movement terminals, between
which exists the meter or movement resistance used in the
formula.

If the resistance of the meter or movement is known only
approximately, error may be lessened by using two resistors
as shown at the right in Fig. 12. An extra resistor R9 is con-
nected in series with either side of the meter or movement. The
resistance of R9 is to be nine times the approximate resistance
of the meter or movement. Then, in our formula for shunt
resistance, we use above the line a value equal to ten times the
approximate resistance of meter or movement. Using the same
assumed values as before, for the movement of 12 ohms (ap-
proximate) resistance, the formula would appear thus,

Shunt _ 10 X 12 _ 120 120
resistance ~ 1000/5—1 ~ 200 —1 ~ 199
The resistor used at R9 would have resistance equal to nine

times the approximate movement resistance of 12 ohms, so
would be made 108 ohms.

= 0.603 ohm.

Meter Multipliers.—The same moving coil permanent magnet
movements that are used for measuring current values are used
also for measuring voltages or potential differences by connect-
ing in series with the movement a resistor which limits the
current. The movement with resistor in series forms a volt-
meter. The total resistance of resistor and movement must be
such that maximum applied potential difference causes flow of
just enough current to cause full-scale deflection of the pointer.
The series resistor usually is called a multiplier. The multiplier
is connected to a current meter as at the left in Fig. 13.

To select the correct multiplier resistance it is necessary to
know the current for full-scale deflection, the desired full-scale
volts, and, if the voltage range is to be a low one, also the internal
resistance of the meter or movement. When the meter current
is in milliamperes the formula for multiplier resistance is,

Multiplier 1000 X desired full-scale volts
resistance full-scale milliamperes

The multiplier resistance determined with this formula really
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is the combined series resistance of multiplier and meter move-
ment. Consequently, the value of movement resistance should be
subtracted from the computed multiplier resistance when the
movement resistance is one per cent or more of the computed
resistance. Otherwise, the movement resistance will be such a
small portion of the total as to have little effect on readings.

Voltm
Current HIOUIT

Meter

q

o Added
Multiplier Multiplier

Fig. 13.—Connections of series multiplier resistors for voltmeters.

Supposing that we wish to use for a voltmeter with 200 volts
at full-scale a movement having full-scale deflection with 200
microamperes (0.2 milliampere) and resistance of 400 ohms.
These values would be used in the formula thus,

Multiplier 1000 x 200 - 200 000
resistance 0.2 02

The 400-ohm resistance of the movement is only 15 of one per
cent of the computed multiplier resistance, and so is negligible.
If you compute the multiplier resistance for a 1-milliampere
meter to be used as a voltmeter for full-scale reading of 1.5 volts
the multiplier will come to 1500 ohms. If the movement resistance
is 50 ohms it is 8.3 per cent of the computed multiplier resistance,
and should be subtracted from the computed value of 1500 ohms;
leaving 1450 ohms as the correct multiplier resistance to be used.

An instrument already designed and built as a voltmeter will

= 1,000,000 ohms
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have a series resistor inside of its case, as at R in the right-hand
diagram of Fig. 13. The resistance of the voltmeter then is the
sum of the resistances of the series resistor and movement. The
range of the voltmeter, or its full-scale reading, may be increased
by adding an external multiplier resistance in series with one
terminal and the remainder in series with the other terminal.

The required resistance for an added multiplier is computed
thus,

desired full-scale volts
original full-scale volts

Multiplier __ original
resistance resistance

X ( 1)
For an example, supposing that we have a meter reading to

10 volts, whose resistance is 10,000 ohms, and wish to extend

the range to 150 volts. These values would be used in the formula

as follows,

150

Multiplier _ LA T _
resistance 1000 x ( 10 1) = 10000 X (16 —1)

= 10000 X 14 — 140000 ohms

Meter Resistor Requirements.—Both shunts and multipliers
must be of such wattage ratings as to safely dissipate the heat
resulting from the I2R effect. Current through a shunt resistor,
at full-scale, will be equal to the difference between full-scale
reading with the shunt in use and the full-scale reading without
the shunt. In an earlier example we computed a shunt resistance
of 0.0603 ohm for a 5-milliampere meter converted to read 1,000
milliamperes. Then the current in the shunt will be 1,000 minus 5,
or 995 milliamperes, which is 0.995 ampere. Then we use the
formula showing watts equal to I2R, or to amperes squared and
multiplied by ohms, In the present case we would have,

Watts = 0.995% X 0.0603 == 0.99 X 0.0608 — 0.0600 watt.

To operate at low temperature the watts rating should be
double or more the computed dissipation, so here we might use
a quarter-watt resistor.

A multiplier resistor for a voltmeter will carry the full-scale
current of the meter movement in the resistance of the multi-
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plier. The full-scale current of a current meter converted to a
voltmeter will be known from the original scale. Knowing the
full-scale volts and the resistance of a voltmeter, we need only
divide the number of volts by the number of ohms to find the
current in amperes. In an earlier example we assumed a 10-volt
meter with 10,000 ohms resistance. Dividing 10 by 10,000 shows
that the full-scale current is 1/1000 ampere or one milliampere.
For this meter we computed a multiplier resistance of 140,000
ohms. Using the known current and multiplier resistance in the
power formula gives,

Watts — 0.0012 X 140000 = 0.000001 X 140000 = 0.14 watt.

The percentage tolerance of meter resistors should be one-half
or less of the percentage “accuracy” of the meter or movement.
For instance, with a meter having a rated accuracy of two per
cent the shunt or multiplier resistors should have a tolerance no
greater than one per cent plus or minus.

Resistors should have minimum practicable variation of re-
sistance with changes of temperatures (small temperature co-
efficient of resistivity), and, when used for alternating-current
measurements with rectifier or thermocouple meters, should have
minimum practicable inductance and distributed capacitance.
Carbon resistors have almost negligible inductance and capaci-

Fig. 14.—Coils such as used for shunts and multipliers.
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tance at power and audio frequencies, also at standard broadcast
and short-wave ranges of a few megacycles, but they have large
temperature coefficients when of usual design and their wattage
ratings should be three or four times the computed dissipation
to maintain fair accuracy. Wire-wound precision resistors are
available in types having small inductance and capacitance, and
they have much lower temperature coefficients than ordinary
carbon types. Fig. 14 is a picture of a shunt resistor and a multi-
plier resistor of wire-wound types such as mounted inside the
cases of small meters.

Meter Resistance Measurement.—When the internal resistance
of a meter or movement is not marked on the seale and is not
otherwise known it may be measured according to the method
described as follows and illustrated by Fig. 15.

“The meter is connected in series with a battery and a fixed
resistor of such values that the reading is somewhat less than
full scale. Then an adjustable resistor is connected across the
meter as shown by broken lines. The adjustable resistor is set
so that the meter reading is decreased to exactly half of its first
value. Then the resistance of the adjustable resistor, as set, is
equal to the internal resistance of the meter. This is true because,
with half of the total current flowing through the meter, an
equal half must be flowing in the adjustable resistor, and with
equal currents in parallel resistances subjected to the same
potential difference the resistances of the parts must be equal.
The resistance of the adjusted resistor may be measured with

—— AN NNAAAN—
Fixed I | .
Resistor | r------—+ (Adjustable
1 .
LA A Y AN | Resistor
A" v - v v v v -

Fig. 15.—A method for measurement of meter resistance.
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a resistance bridge, an accurate ochmmeter, or other resistance
measuring apparatus.”

Rectifier Meters.—The moving coil permanent magnet type of
instrument is used for measurement of alternating potentials
and currents by applying the a-c potential to a rectifier circuit
whose d-c output is connected to the instrument movement.
Fig. 16 is a picture of such a meter from which the permanent
magnet has been removed so that the small rectifier unit may be
seen mounted on the meter base which is the back of the move-
ment.

e o ~ 4

Fig. 16.—A rectifier mounted in the back of the instrument case, above the movement.

The rectifiers generally employed for instrument work are of
the copper-oxide dry disc type, in which each rectifying element
consists of a disc of copper, on one side of which is a coating of
copper oxide. The resistance to electron flow from the copper
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to the oxide layer is very low, but resistance is high to flow in
the opposite direction. When alternating potential is applied,
there are large pulses of electron flow during half cyecles in which
the copper is negative and the oxide positive, and only very weak
pulses in the opposite direction in the opposite half cycles.

With usual construction there are four rectifying dises con-
nected in what is called a bridge circuit, as shown by Fig. 17.
The discs are represented by arrowheads pointing in the direc-
tion of low-resistance electron flow. In the center of the bridge
circuit is represented the d-c¢ instrument movement with its
negative and positive terminals marked. During half-cycles of
one polarity the electron flow is as shown by arrows on the left-
hand diagram, and during opposite half-cycles the electron flow
is as shown on the right-hand diagram. Note that electron flow

ad

Fig. 17.—Directions of electron flow in a rectifier meter during one cycle.

through the instrument movement is in the same direction dur-
ing both half-cycles. Thus we have a full-wave rectifier circuit
in which two out of the four rectifying units pass electron flow
to the movement during each half-cycle.

The manner in which the four discs are assembled in one style
of instrument rectifier is shown at the left in Fig. 18. The elec-
trical arrangement is shown at the right. Between the rectifying
discs are thin washers of metal for making contact with the
surfaces of the dises. The leads for making connections are
attached to the thin contact washers. Direction of free electron
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flow through each disc is indicated by a small arrow. With the
arrangement represented here the contact washer for the posi-
tive lead presses against the frame that encloses and supports
the assembly. Consequently, the frame is alive and must be in-
sulated from other metallic parts. Some instrument rectifiers
are mounted within cases made of insulating material so that no
exposed parts except the leads are alive. The actual overall length
of the frame of the unit pictured at the left in Fig. 18 is about
one-half inch.

Fig. 18.—A full-wave instrument rectifier, and the arrangement of the discs.

Rectifier current-measuring instruments are available with
full-scale readings as low as 100 microamperes, and in various
greater ranges up to values in amperes. Voltmeter full-scale
readings run from one volt up to 1,000 volts in instruments
generally available. Shunt resistors used with current measuring
meters ordinarily are connected across the a-c terminals rather
than across the movement terminals, thus allowing the rectifier
elements to carry only the relatively small currents which flow
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through the d-c movement. Multiplier resistors are connected
between one of the a-c terminals and the rectifier element, not
between the rectifier and the d-c movement. Otherwise the rec-
tifier elements would be subjected to the full measured a-c¢ volt-
ages, and would be destroyed. Since rectifier meters are designed
especially for use on alternating potentials and currents, it is
important that resistors for shunts and multipliers have negli-
gible inductance and distributed capacitance.

The resistance of instrument rectifiers undergoes considerable
variation with only moderate changes of temperature, the re-
sistance decreasing as the temperature rises, When a meter has
been calibrated for accurate readings at a normal room tempera-
ture, such as 68° F., there will be a five per cent change in
resistance with either rise or drop of 10 to 15 degrees in tem-
perature, and with still greater variations of temperature the
resistance changes at an increasing rate.

The frequency of measured alternating potentials and currents
affects the readings of rectifier meters, chiefly because the capaci-
tances of the conductive rectifying discs and their relatively high-
resistance oxide coatings tend to bypass more and more of the
current around the d-c movement with rise of frequency. Thus
the scale readings become lower and lower in relation to actual
applied potentials and currents as the frequency increases. The
frequency error usually is negligible for ordinary work up to
frequencies somewhere between 5,000 and 10,000 cycles, a range
which takes in most of the audio frequencies. Then there will be
a fairly steady drop in readings up to somewhere around 50
kilocycles, and at still higher frequencies the indications tend
to become erratic and to have no definite relation to applied
potentials and currents.

The current supplied by the rectifier to the d-c movement con-
sists of a series of one-way pulses, each similar in form to a half-
cycle of the applied alternating potential. The d-c movement
indicates the average value of these current pulses, which is
equal to 0.636 of the peak value. But it is usual practice to cali-
brate a rectifier meter so that its scale reads the effective or
r-m-s value of the applied alternating potential or current, and
this value is equal to 0.707 of the peak value. The ratio of scale
markings to actual potentials or currents then is 0.707/0.636,
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or about 1.11. If a smooth direct potential or current is applied
to the rectifier meter, the meter will indicate values about 1.11
times the actual circut values, or will read about 11 per cent
high on direct current.

The scale calibration or graduation for rectlﬁer meters ordi-
narily is made by using sine-wave potentials. If the measured
potential or current has a waveform much different from a sine
wave the readings will be inaccurate. If wave peaks are relatively
flat, approaching a direct potential condition, the meter will
read high. If the peaks are relatively sharp or narrow, the meter
will read low.

Still another peculiarity of instrument rectifiers is that their
resistance decreases as the current through them increases. With
a typical rectifier meter designed to have one milliampere of
alternating current for full-scale reading the rectifier resistance
at full-scale may be about 580 ohms. At half-scale (0.5 a-c
milliampere) the resistance may rise to 850 ohms, at quarter-
scale to about 1,360 ohms, and still higher at lower readings.
With meters designed for larger currents at full-scale the
changes of resistance are not so noticeable. In a 5-milliampere
meter the increase of resistance between full- and half-scale may
be about 20 to 25 per cent, and between full- and quarter-scale
about 60 per cent.

When such meters are used in circuits having low resistance,
the resistance of the meter will form a considerable portion of
the total resistance opposing flow of current. When the meter
resistance undergoes large changes with variation of current,
there are resulting large changes in the total resistance, and
current in the circuit will be varied by changes of meter resist-
ance. The meter still will read the actual current, but this actual
current will be much different from its value without the meter
in the circuit. The smaller the current which would exist without
the meter, the more this small cirrent is reduced by the increased
resistance of the meter.

When the rectifier meter is a voltmeter for measuring fairly
high voltages, there will be a series multiplier of high value in
the meter itself. This series resistance is so much greater than
the resistance of the rectifier that changes of rectifier resistance
with variation of meter readings have little ef~~t. As an ex-
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ample, consider the resistances of 580 ohms for full-scale current
and of 1,360 ohms for quarter-scale current as mentioned in an
earlier paragraph. If that 1-milliampere meter is to be used as
a voltmeter with full-scale reading of 250 volts the multiplier
resistance and meter resistance together must be 250,000 ohms.
The change between 580 and 1,360 ohms is 780 ohms. This change
amounts to only about 5 of 1 per cent of the total resistance, and
would not have any important effect on accuracy of readings.
Were the same rectifier and d-c movement used for a full-scale
reading of 5 volts the total series resistance would be 5,000 ohms,
including the multiplier, the rectifier, and the movement. Then
the 780-ohm change of rectifier resistance between full- and
quarter-scale would be more than 15 per cent of the total, and
would have a decided effect on accuracy of readings were the
change of resistance not allowed for in graduating the scale.
Because of the change of rectifier resistance with change of
current, the scales of rectifier meters will be somewhat crowded
at the low current end. The less the full-scale voltage or the full-

Alternating
5 6

Direct

o\

Fig. 19.—Typical alternating potential or current graduations for the scale
of a rectifier meter.

scale current to be measured, the greater will be the crowding
of the scale at the lower end. Fig. 19 shows relations between a
scale for alternating currents or potentials and direct currents
or potentials when a d-c movement is used without a rectifier
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for direct current and potential measurements, and is used with
a rectifier for measurement of alternating quantities.

It has been mentioned that a rectifier meter will read high on
direct current due to the fact that readings actually are propor-
tional to average current although calibration is for effective
value of sine wave current. It follows that the full-scale d-c
current for a movement to be used in a rectifier meter should be
less than the full-scale alternating current to be indicated, or
less than the current that would be required for indicating a
given direct potential. This comes about because the movement
responds to the average value of current, but scale markings are
based on effective value, which is 1.11 times the average value.
The d-c movement should provide full-scale deflection with 80
to 90 per cent of the current that would be used for d-¢ measure-
ments. As an example, the d-c movement for a rectifier meter to

D-C
Movement

4 Junction

T f Heater
A.-C

Fig. 20.—The principle of the thermocouple meter.

indicate up to one milliampere of alternating current should have
full-scale deflection with a direct current of 0.80 to 0.90 mil-
liampere,

Thermocouple Meters.—A type of indicating meter which will
operate at alternating frequencies up to several hundred mega-
cycles makes use of the heating effect of the alternating current
to produce a direct current which is measured or indicated by
a moving coil permanent magnet movement. The device which
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produces an emf and a direct current when heated is called a
thermocouple, and meters using this device are called thermo-
couple meters, or sometimes are called thermal meters.

The principle of the thermocouple is shown by Fig. 20. The
couple itself consists of two conductors of dissimilar metals
joined together at a junction, and with their outer ends con-
nected to the d-c movement of the meter. Close to the junction,
sometimes in direct contact with it, is a heater wire or strip
through which flows the alternating current to be measured.
Flow of current raises the temperature of the heater and of the
thermo-junction. When the temperature of a junction between
unlike metals is raised above the temperature at the opposite
end of the circuit including the metals, an emf appears at the
junction. If the thermocouple circuit is closed, as through the
moving coil of a meter, direct current flows in the circuit.

The emf produced at the junction depends on the temperature
and on the kinds of metals forming the couple. The power which
produces heat in any conductors is proportional to I2R, or to the
current squared and multiplied by the resistance. Temperature
rise is proportional to the heat produced. Therefore, the tempera-
ture rise at the thermo-junction, and the direct emf produced
there, is proportional to the square of the effective or r-m-s value
of alternating current in the heater. With any given kinds of
metals in the couple the emf may be specified as so many micro-
volts per degree of temperature rise. With full normal value of
alternating current in the heater wire, or the value which would
cause full-scale deflection of the meter, the direct potential out-
puts from thermocouples are from five to ten millivolts, depend-
ing on the make and type of couple.

Among the metals having relatively large thermoelectric pow-
ers, in microvolts per degree, are antimony, bismuth, nickel,
iron, and the copper-nickel alloy called constantan. Antimony
and platinum give a power of about 41 microvolts per degree
centigrade, with the antimony negative and the platinum posi-
tive. Copper and constantan give about 43 microvolts, with the
copper positive and the constantan negative. There are various
other usable combinations.

The resistanc~~ of thermocouples of various types and makes
run usually between three and 12 ohms. This is the resistance
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that is placed across the d-c movement when the thermocouple
is connected to the movement. To have maximum transfer of
power from couple to movement the resistance of the movement
should be equal to, or a little higher than, the resistance of the
couple, This is simply the familiar matter of matching resistances
or impedances for maximum power transfer.

Because heating is proportional to the square of the current,
small alternating currents in the heater wire produce but little
heat. To prevent rapid loss of heat and lowering of temperature
in the heater, thermocouples for use on currents up to about 500
milliamperes usually are enclosed in a highly evacuated glass
envelope, like a radio tube. The vacuum retards loss of heat by
radiation. For larger alternating currents it is common practice
to use air thermocouples, which are not enclosed. The evacuated
couple does not change its d-c output as quickly as does the air
type when alternating current decreases, because the vacuum
retains heat and the couple continues to generate emf. Vacuum
thermocouples usually are an inch or somewhat more in length,
and about a half-inch in diameter. The heater wire usually is
platinum or platinum alloy, only three or four thousandths of
an inch in diameter.

Because heat and temperature rise in the heater, and emf and
current for the d-c movement are proportional approximately
to the square of the alternating current in the heater, the dial
scale of the thermocouple meter is decidedly crowded at the
lower end. The positions of graduations for equal increases of
heater current as they would appear on a “current squared”
scale are shown by Fig. 21.

The chief advantage of the thermocouple is in the accuracy
of its indications at all alternating frequencies. This is because
the small diameter, short, straight elements in the couple have
very little inductance or distributed capacitance. If suitable
precautions are used in construction and connection of a thermo-
couple meter, these factors of inductance and capacitance may
be kept small in the whole measuring apparatus. Energy losses
at very high frequencies are due also to skin effect. This loss is
lessened by using non-magnetic metals in the couple, and, in
some constructions, by using a tubular conductor for the heater.

Skin effect tends to make the meter read high with increasing
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frequency, while capacitance tends to make the readings low.
With meters for alternating currents of only two or three mil-
liamperes the indications may become lower with increasing
frequency, but in most meters the error is in readings which
become too high. Thermocouple meters with full-scale ranges of
from two to five milliamperes are available with accuracies (full-

Fig. 21.—The dial scale for a meter whose indications are proportional
to current squared.

scale errors) of not over two per cent at frequencies as high as
50 to 70 megacycles. Higher current ranges, up to 100 or 200
milliamperes may be had with equal accuracy on frequencies of
100 megacycles and even somewhat higher. Thermocouple volt-
meters in which currents through the heater are as mentioned
have generally similar accuracies at high frequencies.

Thermocouple meters indicate true effective or r-m-s a-c values
regardless of the a-c waveform, this because these meters are
actuated by heating effects, and effective or r-m-s values are
primarily based on heating effect in conductors.

Thermocouple meters would have errors due to surrounding
temperatures only were such temperatures to affect the couple
or the junction more than the end of the couple circuit connected
through the d-c moving coil. It is only the difference between
temperatures at the two ends of the thermocouple circuit which
result in emf’s at the junction. If the two ends of the circuit are
at the same temperature without heating current flowing in
the heater element, then the temperature difference and gen-
erated emf will result only from the alternating current.

Iron Vane Meters. — For measurements at power-line fre-
quencies, and sometimes at frequencies as high as 500 cycles,
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the repulsion type of iron vane meter is in general use. The
principle of such a meter is shown by Fig. 22.

Inside of a hollow coil which carries the current that actuates
the meter are two iron vanes. One is supported in a fixed position
and remains stationary. The other has one side or edge fastened
to the shaft which carries the pointer. When current flows in
the coil the two vanes are magnetized. With current in one
direction the upper ends of both vanes will be made north poles,
and their lower ends will be made south poles. This magnetization
occurs because inside the coil there are produced magnetic lines
of force traveling lengthwise or in line with the pointer shaft.

Fig. 22.—The principle of the iron-vane Fig. 23.—The principle of the dynamometer

mov t of the repulsion type. instrument,
(Courtesy of Weston Electrical (Courtesy of Weston Electrical
Instrument Corp.) Instrument Corp.)

Since the ends of the vanes have the same magnetic polarities
they repel each other and the movable vane swings away from
the fixed vane to move the shaft and the pointer. Repulsion of
the vanes and travel of the pointer across its scale is opposed by
hair springs attached to the shaft. g :
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When the direction of coil current reverses, the magnetic
polarities at the ends of the iron vanes are reversed. But because
the polarities are reversed at both ends of the vanes, there are
still like poles at each end and there is repulsion just as before.
With alternating current the magnetic polarities of the vanes
are reversed on every half-cycle, but like poles always are to-
gether and the repulsion force depends on the strength of the
current, not on its direction. Repulsion type instruments will
indicate on direct current, although the readings may not be so
accurate as on alternating current.

The scale of the repulsion vane meter tends to be compressed
at the low readings, but for values of ten per cent and greater
percentages of full-scale the indications are clear.

There are various other types of moving iron meters in which
are employed the magnetic attraction or repulsion of the field
of a current-carrying coil on one or more pieces of iron held in
various positions and attached to the pointer shafts.

Dynamometer Meters.—Still another kind of meter designed
especially for measurement of alternating currents and poten-
tials is the dynamometer or electro-dynamometer type whose
principle is shown by Fig. 23. In this instrument there are
stationary and moving coils, with the moving coil carried by
a pivoted shaft so that it may rotate through part of a turn.
To the moving coil is attached the pointer that travels across
the dial scale when this coil rotates. Rotation of the moving coil
is restrained by hair springs.

The two coils are connected together so that alternating cur-
rent for actuating the meter flows through them in series. When
no current is flowing the coil axes are at an angle with each.
other. Current causes a magnetic field to appear around and
inside of each coil. This field acts on the current or electron flow
in the other coil to cause the conductors of the other current-
carrying coil to move through the magnetic field. The action is
similar to that shown by Fig. 5 for the moving coil permanent
magnet meter, except that here the magnetic field is produced
by current in a coil rather than by a permanent magnet. Since
it is only the conductors of the suspended coil that can move in
the field of the stationary coil, the suspended coil rotates. The
greater the current the stronger is the force between the mag-
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netic fields and the coil currents, and the farther the pointer is
moved over its scale against the tension of the hair springs.

The capacitance between the fixed and moving coils, as well
as the distributed capacitance and large inductance of the coils,
makes this type of instrument unsuited for use on frequencies
above a few hundred kilocycles in usual designs. Dynamometer
instruments may be used for direct currents and potentials as
well as for alternating currents and potentials of moderately
high frequency.

The scales of dynamometer current meters and potential
meters are quite compressed in the lower readings, having the
general distribution of graduations shown for a current squared
scale in Fig. 21.

Wattmeters.—Dynamometer instruments are in general use
for measuring power in watts taken through either d-¢ or a-c
circuits. For such use the stationary and movable coils are not
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Fig. 24.—Connections of a wattmeter to the line and the load.

in series, but are connected to separate terminals so that the
stationary coil (then called the current coil) can be connected in
series between the line and the load, while the moving coil (then
called the voltage coil) can be connected across the load. These
connections are shown by Fig. 24.
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The current and the magnetic field of the current coil have
strengths proportional to the load current, The current and field
of the voltage coil are proportional to the potential difference
across the power-consuming load. Then the deflection of the
pointer is proportional to both amperes and volts, or to power.
The scale is graduated in watts.

REVIEW QUESTIONS

1. Which of the following meters are used for direct current and which for
alternating current? Permanent magnet moving coil; moving iron; rec-
tifier; dynamometer; thermocouple.

2. Is the resistance of a meter shunt usually greater or less than the
resistance of the meter itself ? Is a multiplier resistance greater or less
than the meter resistance ?

8. In which type of meter is it desirable to have high resistance, and in
which to have low resistance; voltmeter or current meter?

4. Which of the following meters is best suited to measurements at radio
frequencies; moving iron, thermocouple, rectifier, dynamometer?

6. Explain how a single permanent magnet moving coil instrument may be
used for measuring either currents or voltages.

6. If scale graduations of a meter are crowded at the low-value end is the
meter designed for measurement of direct or alternating quantities?

7. Is the permanent magnet moving coil movement employed in any meters
which measure alternating currents and potentials? If so, what are
those types?

8. Explain why dynamometer meters are not well suited for measurements
at very high frequencies.



Chapter 2
OPERATION AND CARE OF METERS

In order to use the type of meter best suited to whatever
measurements are being made, and to employ that meter to best
advantage without danger of damaging either the instrument or
the apparatus being worked upon, it is necessary to understand
certain of the limitations applying to measuring instruments.

The first thing to be considered is that of accuracy of indica-
tions. Accuracy is specified as the maximum error that may
occur, as measured in a percentage of the full-scale reading.
Laboratory instruments are made with accuracies as good as
140 of one per cent, but such types are too costly and too delicate
for use other than as standards. Meters with accuracies of 14 of
one per cent and of 1 per cent often are used in production
testing. But most of the meters used in radio service work, when
the instruments are of the moving coil permanent magnet type,
have full-scale accuracies of 2 per cent. This degree of accuracy
applies also to service types of thermocouple, repulsion vane,
and dynamometer meters. Because of the errors to which rectifier
meters are subject, their accuracies are not better than 5 per cent.

An accuracy specified as a per cent refers to that percentage
of the full-scale reading, and is “plus or minus,” meaning that
the indication may be the specified percentage lower or higher
than the true current or potential. If we consider a full-scale
reading of 100 (in any units) an accuracy of 2 per cent means
that the reading may be anywhere between 98 and 102 units.
This is a variation of 4 units. This same variation in number of
units applies anywhere on the scale. If the readings are being
taken at half-scale, or at 50 on the scale, the variation still may
be four units, and the reading may be anywhere between 48 and
52 when the actual value is 50. This is an accuracy of 4 per cent.
Readings at quarter-scale, or at 25, then may vary between 23
and 27, which is a possible variation of 8 per cent of 25. At one-
tenth scale, or at 10, the indications might be from 8 to 12,
which is an acecuracy of only 20 per cent.

36
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Because of the rapidly increasing allowable error with low-
ered readings, meters should be chosen of such ranges that most
of the important readings will -be taken in the upper part of
the scale. For instance, when potential differences of only 10 to
20 volts are being taken, we should not use a 150-volt meter if
it can be avoided. A reading of 12 volts on such a meter, of 2 per
cent accuracy, might mean a real potential anywhere between
12 and 18 volts.

Sensitivity and Power Consumption.—The sensitivity of cur-
rent meters refers to the value of current which causes full-scale
deflection. For instance, if there is full-scale deflection with a
current of 500 microamperes, we speak of the meter as having
a sensitivity of 500 microamperes.

The sensitivity of voltmeters such as used in radio ordinarily
is specified in ohms per volt. The number of ohms per volt is
found from dividing the total resistance of the meter, including

Current Meter
Load
Loadl ¢

Source Source Shunt

Fig. 1.—Connections for current-indicating meters.

multipliers, by the full-scale volts. For instance, if the resist-
ance of a 100-volt meter is 100,000 ohms the sensitivity is
100,000 =+ 100 = 1,000 ohms per volt. The total resistance of a
voltmeter, including multiplier, is equal to the full-scale volts
multiplied by the sensitivity in ohms per volt. The sensitivity of
a voltmeter, in ohms per volt, is equal also to the quotient of
dividing 1,000 by the number of milliamperes for full-scale de-
flection of the movement. The full-scale current, in milliamperes,
is equal to the quotient of dividing 1,000 by the sensitivity in
ohms per volt.

A current meter, or the shunt for such a meter, always is con-
nected in series with the circuit wherein current is to be meas-
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ured, as shown by Fig. 1. The resistance of the meter, or meter
and shunt, is added to the resistance of the remainder of the
circuit. Therefore, with the meter connected, the resistance of
the circuit always is more than without the meter, and the
current is changed by the added resistance. The result is that
the measured current always is less than the current which
normally flows in the circuit.

With high resistance circuits the added resistance of the
current meter will have little effect on current, and readings
will give information in error by only a small amount. But if
the meter resistance anywhere near approaches the resistance,
or is of the same general order as the circuit resistance, the
readings will be inaccurate.

It becomes plain that the less the resistance of any current
meter the more suitable it is for making measurements, so far
as affecting the measured circuit is concerned. For moving coil
instruments of moderate price and two per cent accuracy the
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Fig. 2.—Resistances and power consumptions of meters commonly used in
radio service work.

resistances of the movements run about as shown by the full-
line curve of Fig. 2 for various full-scale ranges in micro-
amperes. The broken-line curve shows the corresponding powers
in microwatts which must be furnished from the measured cir-
cuit in order to cause *ull-scale deflection of the meter.
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Although the resistances appear high for ranges below 200
microamperes, it will be found that such small currents almost
always exist only in circuits having high resistances. Therefore,
the added resistances of these low-range meters do not cause
serious errors in indicated currents. The power which must be
furnished from the measured circuit may cause more difficulty,
gince in many high-resistance radio circuits the available powers
are very small at best.

A voltmeter always is connected across a ‘load” element
between the two points where potential difference is to be meas-
ured, as shown by Fig. 3. Thus the resistance of the meter is in
parallel with the resistance of the part whose potential differ-
ence is being measured, and current will divide between the

Other Volt-
Resistances meter

=
Source | Load

Fig. 3.—Connections for a voltmeter.

measured load and the meter inversely as the two paralleled re-
sistances. Unless the resistance of the voltmeter is high in
comparison with the resistance of the measured load and other
resistances in the circuit the indicated voltages may have little
relation to voltages which exist without the meter connected.

As an example of what may happen, assume that in the circuit
of Fig. 8 the resistance of the load is 50,000 ohms, the total of
other resistances is also 50,000 ohms, making a total circuit
resistance of 100,000 ohms, and that the emf of the source is
250 volts. Then, before the voltmeter is connected, there will be
a current of 2.5 milliamperes everywhere in the circuit, and
drops of 125 volts across the load and across the other resistances.

Supposing that the voltmeter has a range of 250 volts and
sensitivity of 1,000 ohms per volt, indicating a meter resistance
of 250,000 ohms. Connecting this meter across the load causes
the following things to happen.
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The combined parallel resistance of meter and load becomes
41,667 ohms. Then the total circuit resistance becomes 41,667 +
50,000 = 91,667 ohms, instead of the former 100,000 ohms.

With the emf of 250 volts and circuit resistance of 91,667
ohms the total current becomes 2.73 milliamperes instead of the
former 2.5 milliamperes. With this greater current the drop in
the other resistances of 50,000 ohms becomes 136.5 volts instead
of the former 125 volts.

Of the total current, 2.73 milliamperes, the voltmeter is taking
0.455 milliampere. This leaves 2.275 milliamperes for the load,
instead of the former 2.5 milliamperes. With this load current
in the 50,000 ohms resistance of the load the drop across the
load becomes 113.8 volts instead of the former 125 volts, and
this is the potential difference which would be indicated by the
voltmeter. The meter is indicating 91 per cent of the drop that
exists without the meter connected. The higher the resistance
of a voltmeter the less will be the difference between its readings
and the potential differences without the meter connected to
the measured circuit.

In our example we have assumed that the source maintains
its original emf with the increased current resulting from con-
nection of the meter, and that our “‘other resistances” include
the internal resistance of the source. Actually, the terminal
potential of the source would change, becoming lower with the
increased current.

If we figure power rates for the example we learn that there
is dissipation of 0.625 watt in the circuit before the meter is
connected. The meter takes 0.052 watt at the voltage it indicates.
Because of the meter and the increased total current there is
dissipation of 0.682 watt with the meter connected. Thus the
source is required to increase its power output from 0.625 watt
to 0.682 watt, an increase of about 9 per cent. Were the source
not capable of furnishing the greater power, the errors caused
by connecting the meter would be greater than previously
computed.

In rectifier types of microammeters and milliammeters the
resistance of the rectifier is combined with the resistance of the
d-c movement. Consequently, rectifier current meters have much
higher resistances than d-c meters of similar range. In full-scale
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ranges around 100 microamperes the rectifier instrument resist-
ance will usually be three or four times the resistance of a d-c
type. The ratio of resistances increases at higher current ranges
until, at 1,000 microamperes or one milliampere, the resistance
of the rectifier instrument may be about 20 times that of the
d-c type.

Rectifier voltmeters usually have sensitivities of either 1,000
ohms or 2,000 ohms per volt, but are available also with greater
sensitivities.

Rectifier instruments are used for measurement of alternating
currents and potentials where only small currents and powers
may be taken from the measured circuits, and where the rather
large errors of the rectifier types are not too objectionable.

The resistance which a thermocouple current meter inserts in
series with the measured circuit is the resistance of the heater
element, since the thermocouple itself is connected to the d-c¢
movement but not to the measured circuit. To obtain a sufficient
IR heating effect with very small currents it is necessary that
the heater have relatively high resistance, and even so the lowest
current ranges ordinarily available in such meters are on the
order of two or three milliamperes. In such ranges the heater
resistances run between 600 and 1,000 ohms, which is ten to
twenty times the resistance of the d-¢ movement. Ranges up to
100 milliamperes take five to twenty milliwatts of power in their
heaters for full-scale deflection. All of this refers to vacuum
thermocouples,

Thermocouple voltmeters must be of rather low sensitivity,
in ohms per volt, to permit sufficient current to flow in the
heater elements. Usual sensitivities run between 125 and 500
ohms per volt.

Thermocouple meters are used for direct indications of high-
frequency alternating currents and potentials where good ac-
curacy is required, but where considerable power may be taken
from the measured circuit.

Repulsion vane alternating current meters are available in
full-scale ranges as low as 10 milliamperes. Resistances are high
in comparison with d-¢ moving coil permanent magnet types.
Power consumption runs about the same in all current ranges.
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usually being something between 2, and 34, of a watt. Repulsion
vane voltmeters have low sensitivities. In ranges from 114 to
300 volts the sensitivities vary from about 3 to 80 ohms per volt,
with the higher sensitivities in the higher voltage types.

Repulsion vane meters give accurate readings of actual cur-
rents in the meters and of actual voltages across the meter
terminals, but the high current resistance and low voltage sen-
sitivity limit the use of these meters to circuits where much
power may be taken without upsetting normal conditions to
much extent. These meters are useful for measurements in power
line circuits, and for a-c heater and filament circuits which carry
fairly large currents.

Dynamometer instruments, like the repulsion vane types, have
excellent accuracy but have high current resistance and low volt-
age sensitivity. Full-scale ranges of current meters run as low
as 10 or 15 milliamperes. Resistances run from 100 to more than
1,500 ohms in ranges from 100 down to 10 or 15 milliamperes.
Voltmeter sensitivities run between 2 and 30 or slightly more
ohms per volt. These instruments are used for the same general
purposes as the repulsion vane types.

Meter Connections.—Current measuring meters, or their ex-
ternal shunts, always are connected in series with the part of a
circuit in which current is to be measured. This requires opening
the circuit, as indicated in Fig. 1. A current meter must not be
connected across points in a closed circuit when there is any
possibility of much potential difference between the points, or
when there is appreciable resistance or impedance between the
points. Such a connection might force enough current through
the relatively low resistance of the meter to burn out the meter
windings or coils.

Voltmeters always are connected between points whose poten-
tial difference is to be measured, as in Fig. 3. If an external
multiplier is used, the multiplier resistor is to be connected
directly to and in series with either of the meter terminals.

A moving coil permanent magnet d-¢ instrument should not
be used on a circuit carrying pure alternating current or a large
a-c component. The peointer will vibrate but will remain near
zero, even though current through the meter may be enougb
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to burn it out. Such meters may be used in plate circuits and
other circuits where there is a relatively small a-c component
as compared with the direct potential or voltage. The meter then
will read the average value of current or voltage, which is the
direct-current value equivalent to that of the pulsating current
or voltage with the peaks smoothed out so far as the reading
is concerned.

Meters which are in cases made of insulating materials, not
in iron or steel cases, should be kept well separated from one
another so that magnetic and electric fields of one instrument
will not affect readings of others. Meters should also be kept
away from transformers, chokes, and other parts around which
there may be strong magnetic fields. If you are in doubt, place
the meter with its dial horizontal and turn it to different posi-
tions about 90 degrees apart. Changes in reading or indication
probably are due to external fields affecting the meter.

When using portable meters on a bench, do not drape the
connecting leads on or over the front of the bench, where they
may be caught to pull the meter onto the floor.

When using an external shunt resistor with a current meter
use only the leads which are furnished with the instrument for
connection between the ends of the shunt and the indicating unit.
Leads of different resistance will cause errors in indications.
Connections to the shunt resistor should be clean and tight, since
any appreciable contact resistance might be almost as great as
the resistance of the shunt itself. It is a good safety precaution
to connect both ends of the shunt into the measured ecircuit
before connecting the meter to the shunt, then later to disconnect
the meter from the shunt before disconnecting the shunt from
the circuit.

Current Meter

Fig. 4.—Protective devices for current meters.
-
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It is another excellent safety measure to connect meters into
circuits or to circuits only while those circuits are dead, when
they are carrying no current and have no potential differences.

Delicate current measuring instruments may be protected
from accidental damage as shown by Fig. 4. At the left a switch
is connected in series with the measured line, and the meter is
connected to the switch terminals. The switch is kept closed
until connections are checked, then is opened only while current
readings are taken, and again is closed and left so until the next
reading. A better arrangement is shown at the right. Here
there is connected in series with the switch a resistor R whose
resistance is about one-fourth or one-fifth of the meter resistance.
With the switch closed the meter will carry only one-fourth to
one-fifth of the line current. If the meter now reads only one-
fourth to one-fifth of its full-scale value it is safe to open the
switch because the pointer will stay on scale with the full line
current. If the reading is higher with the switch closed, the line
current is too great for the meter being used.

Voltmeters may be protected as shown by Fig. 5. At the left
there is a switch in series with one terminal of the meter. This
switch is kept open until connections are checked, then is closed

Voltmeter

Fig. 5.—Protective devices for voltmeters.

while taking a reading, and is opened until another reading is
to be taken. At the right the protective switch is shunted by
a resistor. This resistor should have resistance several times as
great as the resistance of the meter, and should be of high
enough wattage rating to safely dissipate the number of watts
found from dividing the square of the full-scale voltmeter resd-
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ing by the number of ohms of resistance in the resistor E. For
example, with a one-megohm resistor on a 250-volt meter, the
square of 250, which is 62,500 would be divided by 1,000,000 to
show that only about 0.063 watt need be dissipated. With the
switch open, the meter should read no higher than a fraction of
full-scale reading equal to the meter resistance divided by the
protective resistance E. In the foregoing example, were the meter
resistance 250,000 ohms, the reading should be no more than
250000,/1000000 or 14 scale. Then the pointer will stay on scale
when the switch is closed to take a regular reading.

Wattmeters have rated maximum currents and rated maxi-
mum voltages. Neither limit may be exceeded without danger of
burnout. For example, a certain wattmeter may have limits of
150 volts and 3 amperes. It must not be connected into a circuit
where the potential difference is higher than 150 volts, nor the
current more than 3 amperes, regardless of the power in watts.

Reading the Meters. — Unless the case of a portable testing
instrument is designed to hold the meter or meters in a vertical
or sloping position, all such instruments are designed and cali-
brated for use with the dial scale horizontal. If used in other
positions the errors may be increased. Meters should not be sub-
jected to vibration, as for example, when checking auto radios
with the automobile engine running. In such situations the meter
should be laid on a folded cloth or other vibration-absorbing pad.

Take readings from such positions that your line of sight
is perpendicular to the dial scale, as shown by the full line
arrow in Fig. 6. Then you will read the value of a scale gradua-
tion that is directly back of the pointer. If you read from a
mogition such that your line of sight follows arrow A your read-
ings will be too high on the scale, and if from the other side,
arrow B. your readings will be too low. Such displacement errors
are called errors of parallax. Many of the higher priced instru-
ments have anti-parallax mirrors on the scale plate. Then you
get your eye in such position that the image of the pointer is
directly back of and is hidden by the pointer itself, thus in-
suring a perpendicular line of sight.

Before a meter carries current or is subjected to voltage, ob-
serve whether the pointer tip rests exactly at the zero gradua
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tion on the scale. Tap the meter very lightly to note whether
the pointer is sluggish or sticking. If the pointer is not on zero,
use the zero adjuster screw-head to bring it there before taking
measurements.

Wiping the glass or plastic cover of the dial scale with a cloth
may impart a strong electric charge to the cover. This charge
may attract the pointer and cause it to move far from correct
readings. After a cover is wiped, breathe on it to deposit a film
of moisture that lets the charge dissipate. Otherwise do the
wiping with a cloth that is slightly moist.

When using voltmeters fitted with test prods, hold the prods
only by their insulation—never touch the metal tips. The re-

N Correct

Fig. 6.—The effects of parallax when reading a meter.

sistance of your body is only a few thousands of ohms, and if
you take hold of the metal prods or tips you are shunting the
voltmeter with the relatively low resistance of your body, and
readings will be greatly in error.

When testing potential differences in high-voltage circuits
guard against letting these potentials force currents through
your body. One way that is fairly safe, when you are not standing
on a conductive surface, is to use only one hand. Clip one meter
lead to one of the points to be checked, then, holding only the
insulation, touch the other prod or tip to the second point. Many
workers make it a habit to keep one hand in a pocket while
making high-voltage tests. A better way is to cut off the power,
as by opening a line switch, before making any test connections,
and then turn on the power only after connections are complete
and your hands out of the way.
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Many testing instruments have several ranges for currents
and potentials. One such multi-range meter for measuring volts
and milliamperes in several ranges is shown by Fig. 7. Unless
you know positively that potential difference or current is below
a certain value, and you seldom do know positively when working
on defective parts, always commence by checking on the highest
potential or current range of the meter. Then, if the reading is
within one of the lower ranges, change to that lower range.

OHMS
N8E 7 g
R N

Fig. 7.—A meter with many scales for indicating various kinds and ranges of valves.

When such instruments are fitted with switches for selecting
one of the several ranges, form the habit of placing the selector
switch at the highest range position when the instrument is
put away. Then you or someone else won’t be so likely to cause
an expeunsive burnout when the instrument is used next time.

Shielding of Meters.—It has been mentioned before that meters
having cases of insulating material should be kept away from
strong magnetic fields, including the fields of other meters. As
a general rule, a separation of six inches between small meters
is enough to prevent trouble.

When meter cases are of steel or iron, instead of insulating
material, the cases provide adequate magnetie shielding for all
ordinary situations. When cases are of insulating material an
extra cup or housing of iron or steel sometimes is placed outside
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of the insulating case. Such shields usually are no more than
Lig inch thick. Fig. 8 shows a section through a meter with a
drawn steel cup for its case. This particular instrument has the
interior of the case sealed air-tight for exclusion of dust and
moisture. Terminals are brought through the bottom of the case
with fused glass seals somewhat like those used for bringing
leads through the glass envelopes of tubes.

When shielding is to be against electric or electrostatic fields
the material of the shield should be of good conductivity. Both

T 7y,

Fig. 8.—The hermetically sealed steel case of one style of Marion meter.

magnetic and electric shielding may be provided by means of a
steel case (for magnetic shielding) heavily plated with high-
conductivity silver (for electric shielding).

Meter Troubles.—The following are most common causes for
errors or inaccuracy in meters and for damage to the instru-
ments.

Overloads due to excessive current or voltage may cause dam-
age to the working parts even if coils are not immediately
burned out.

Shocks due to dropping the instruments even an inch or so,
also excessive or continued vibration, will damage the pivots
and their jewels to cause inaccurate indications.

Dirt, moisture, and gases which cause internal corrosion, may
get inside the cases unless meters are stored in clean, dry places
between periods of use.

Strong magnetic fields which cause inaccuracies may also
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affect the strength of permanent magnets so that later readings
are in error.

Various kinds of abuse may cause bending of the pointer, or
may cause the scale to get out of position or to warp, or may
cause the pointer to be sluggish in action due to binding or
friction between pivots and jewels. The error due to a bent
pointer cannot be compensated for by the zero adjuster, because
such a correction brings the moving coil away from its normal
position.

The moving element may be out of balance, so that the position
of the pointer undergoes considerable change when the meter
is turned at various angles with the vertical position of the
dial scale.

Extremely high or low temperatures may affect the accuracy
of any meter. This applies especially to rectifier types, and often
to thermocouple types.

Meters used at frequencies for which they are not suited may
have large errors.

Waveforms differing greatly from a sine wave will affect the
readings of most a-c meters except the thermocouple types.

Finally, it should be emphasized that no kind of lubrication,
not even the finest watch oil, should be used on the pivot and
jewel bearings of meters. Any oil will collect dirt to cause slug-
gishness and wear.

Testing and Calibrating.—To calibrate a meter or other instru-
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Fig. 9.—A correction curve which may be made during calibration.
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ment means to check its readings against the readings of a
standard instrument of known accuracy in order to determine
the errors at various points on the scale of the meter being
calibrated. The word calibrate is sometimes used also in referring
to adjustments which are made to reduce the errors and im-
prove the accuracy.

If a record of errors and appropriate correction factors is to
be made available during future use of the calibrated instrument
the record usually is made on a correction curve or calibration
curve such as shown by Fig. 9. The graph shows, at its left, the
factors by which indications at various points on the meter dial
scale are to be multiplied in finding the true value of potential
or current applied to the meter. As examples; a dial reading of
50 should be multiplied by 1.02, and a reading of 110 multiplied
by 1.06. Since these readings are to be multiplied by factors
greater than 1.00, the indications of the meter must be low at
these points. A dial reading of 175 would require no correction.
A reading of 240 would be multiplied by 0.95, meaning that the
instrument here is reading too high because the correction factor
reduces the indication,

A current-measuring meter ; ammeter, milliammeter, or micro-
ammeter, is checked or calibrated as shown in Fig. 10. The meter
being calibrated, represented at the right, is connected in series

Adjuster _
< .
Current \ _
Source ~Lg e
Switceh Standard

Fig. 10.—Connections for calibranon ot a current-indicating meter

with another meter which is to be used as the standard for com-
parison, and with a source of current whose value may be varied
over the range of the meter being calibrated. The current is
adjusted to bring the pointer of the meter being calibrated to
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various points on the scale. At each point the difference between
this reading and the reading of the standard is noted and re-
corded. A switch is provided so that, before closing the circuit
for checking, the meter pointer may be adjusted to the zero
position if necessary. Before the final reading at each test point,
the meter being calibrated may be lightly tapped to make certain
that its pointer assumes its position for that value.

A voltmeter is checked or calibrated as shown in Fig. 11, being
connected in parallel with a suitable standard voltmeter, and
with both meters connected across a source of adjustable voltage
whose value may be varied to cover the range of the meter on
test. Before the switch is closed, the meter being checked is
examined for zero position of its pointer and a correction is
made with the zero adjuster screw-head if necessary. The voltage
is adjusted to bring the pointer of the meter on test to various
points on its scale, and at each point the indication is compared
with the reading of the standard. A record of the variations may
be made. The meter on test may be tapped lightly before taking
the final readings which are recorded.

Unless the standard, the meter on test, or both, have shielding
cases they should be turned to several positions in relation to
each other while both are indicating. If this turning causes the
readings to vary, the magnetic fields are too close and the meters
should be moved farther apart for all checks.

Meters which do not have shielding cases, and which are to

Standard

Adjuster

Fig. 11.—Connections for calibration of a voltmeter.
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be mounted in panels or boxes of steel or iron, should be cali-
brated while inserted in a sheet of steel or iron of generally
similar kind, of the same thickness, and with the same size of
opening or recess as will be found in the final mounting. Non-
magnetic panels usually have little effect on calibration. Most
meters which have iron or steel cases, which are in place during
calibration, may be used in any type of panel without affecting
the correctness of their indications.

Alternating-current types of meters are preferably calibrated
on alternating voltages and currents, and by making comparisons
with an a-c standard meter. The meters should be turned to
various relative positions to note the effects, if any, of their
fields on each other. The separation must be such that there is
no magnetic interaction.

If an a-c standard and adjustable a-c source are not available,
radio types of a-c meters may be checked on direct potentials
or current with d-c standard meters. Two readings are taken at
each test point, one reading with the potential or current in one
direction or polarity, and the second with polarity reversed. If
these two readings do not vary by more than a few per cent,
their average may be taken as the alternating value and so
recorded for calibration when the tested meter is a thermocouple
type or a dynamometer type. Such average readings on repulsion
vane meters may be less accurate than with alternating current.
With rectifier meters the average of the two d-c readings will
be about 1.11 times the corresponding a-c sine wave values. The
averages should be multiplied by 0.90 to obtain the equivalent
sine wave values, Thermocouple meters may be checked on
power-line frequencies, such as 60 cycles, and the calibration used
at frequencies up to several hundred kilocycles.

Meter Adjustments.—Until you have had much practical ex-
perience in adjusting or repairing the internal working parts
of meters, and unless you have the highly specialized tools re-
quired for such work, the safest rule is never to remove a meter
from its case and te have all internal adjustments and repairs
made by those competent to handle them correctly. If you are
ready to discard a certain meter, or if it is damaged beyond
hope of economical repair, it will be interesting to take the in-
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strument apart and to experiment with adjustments. Some of
the difficulties involved may be realized from the statement that
in many of the smaller types of radio meters of the moving coil
permanent magnet type, the weight of the moving coil, its bobbin,
the two hair springs, two pivots, pointer, and three balance
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Fig. 12.—A moving coil with its hair springs. Fig. 13.—A zero adjuster with the jewel

screw showing in the center.
weights comes to a total in the neighborhood of 1/100 ounce.
These parts are shown, enlarged, by Fig. 12. Touching a hair
spring so lightly that you cannot feel what happens will so dis-
tort the shape that an expert may not be able to straighten it
for further usefulness.

In the majority of service type instruments the magnet and
movement, also any rectifier, thermocouple, and resistance coils,
are attached to the back of the case. The body of the case, in
the front of which are the cover glass and zero adjuster, slips
over the outside of the edge of the back and is held in place
with small secrews (usually three) passing through the rear cylin-
drical edge of the body and into the material of the back or into
threaded inserts. With these screws removed, the case body and
back may be carefully separated. A meter never should be opened
on or near an ordinary work bench where dirt and dust, and
especially iron filings, may be present. These filings fly into the
spaces between moving coils and magnets, and can be dislodged
only with great difficulty. Screws and other small parts should
be placed in boxes or trays as removed.
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A bent pointer sometimes may be flattened by carefully press-
ing the spade or lance and its end of the pointer against the
surface of the scale plate with a small piece of rather stiff card-
board. Remaining kinks may be taken out by supporting one
end of the bent section with some small tool while pressing with
a similar tool at various places along the bend. This job is easier
if the pointer is held by tweezers such as regularly employed in
instrument repairing. The movement usually will be out of bal-
ance after the straightening, because it is difficult to restore a
pointer to its original shape and position.

If the pointer moves sluggishly, or if it tends to stick in some
positions, the cause may be jewel bearings which have become
too tight for one reason or another. A pointer that is free will
move slightly when you tap the case gently before the instrument
is opened, and the pointer will deflect to some extent when you
hold the instrument in your hands and rotate it around the axis
of the moving coil. With the instrument case removed it should
be possible to make the pointer move across its scale by blowing
lightly on the pointer.

In most meters, but not all, the jewels are in the inner ends
of screws whose outer slotted ends may be seen at the ends of
the moving coil. One such jewel screw is visible in the center
of the zero adjuster washer pictured in Fig. 13. Fig. 14 shows
a somewhat different construction, wherein the jewel screw is
held against turning by a hexagon lock nut. Adjustment is made
by loosening the lock nut a part of a turn while holding the jewel
screw stationary, then holding the lock nut stationary while

fig. 14.—A jewsl screw held ogainst turning by means of a lock nus.
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turning the jewel screw with the screwdriver, then holding the
jewel screw stationary while tightening the lock nut.

The easiest way to make readjustment of a jewel bearing is
to first loosen the jewel screw until the pointer is very free in
its movement. One outward turn of the jewel screw should do
this. More turning may let the pivots slip completely out of the
depressions in one or both bearings. Then blow lightly on the
pointer while slowly tightening the jewel screw until you can
note the least perceptible binding of the pointer. Then back the
jewel screw out by about one-third to one-half turn and lock it
in this position. This adjustment should give the necessary free-
dom and slight end play to insure free movement of the pointer.

The weight of the pointer, which extends in one direction from
the axis of the moving coil, is balanced in most instruments by
three additional weights carried on arms which extend outward
from the axis as shown at the left in Fig. 15. At the right is a
picture showing part of the pointer extending upward, the “tail

f i

Pointer

Cross
Weight

Tail Weight

Fig. 15.—Balance weights and arms. The pointer extends upward.

weight” on its arm extending downward, one of the “cross
weights” on its arm extending to the right, and the left-hand
cross arm on which there is no weight but on which one might
be used.

The balance weights are small spirally coiled wires which fit
snugly over the balance arms. The spiral turns of the weights




OPERATION AND CARE OF METERS 55

give them the properties of an internally threaded cylinder which
may be “screwed” back and forth on the arm to move the weights
closer to or farther from the coil axis. The weights are easily
moved, after plenty of experience, by grasping them with the
tweezers while the tweezers are held almost in line with the
weight arms. When the tips of the tweezers are held so that
they catch on one end of the spiral, turning tends to slightly
loosen the turns of the weight so that it moves easily in one
direction. Catching the other end slightly loosens the turns for
moving in the opposite direction. This is an operation easier to
perform after a few trials than to describe.

The first step in balancing is to support the meter with its
back and scale plate horizontal while moving the zero adjuster
arm to bring the pointer directly over zero on the scale. In this
position the unbalanced masses have least effect on pointer posi-
tion, and the adjuster has maximum effect.

Next, hold the meter so that the back and scale plate are
vertical, and tilt the instrument to one side so that the zero point
on the scale and the normal zero position of the pointer are
about as shown at the left in Fig. 16. Adjust the tail balance
weight to bring the pointer exactly on zero of the scale. Continue
holding the meter so that the scale and back are vertical, and tilt
it to bring zero and the normal pointer position into the relations
shown at the center. Adjust the cross balance weights, or the
one cross weight when only one is used, to bring the pointer
directly over zero on the scale.

The pointer should now stand at zero when the meter is held
in its normal position as shown at the right in Fig. 16. However,
to secure correct balance, it usually will be necessary to repeat
the operations previously described, in the order described, to
make the slight re-adjustments needed for good balance.

D&

Fig. 16.—Positions in which a movement is balanced.
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If the slot or fork in the front zero adjuster is not vertical,
or is not on a line between the center of the scale and the axis
of the moving coil, place the meter in a horizontal position, move
the front zero adjuster into the vertical position mentioned, and
set the rear zero adjuster to bring the pointer to zero on the scale.

To reach shunt and multiplier resistors or coils which are
mounted within the meter case it is necessary to remove the scale
plate, and usually the magnet as well. In some designs the move-
ment, magnet, and scale plate may be separated from the back
as a unit, leaving the movement (through the hair spring con-
nections) connected to the resistors or coils through flexible leads
of some length. The scale plate usually is held in place by two
small screws or nuts, which may be taken off to allow sliding the
plate from between the pointer and magnet, with the greatest of
care to avoid bending the pointer.

If voltmeter multiplier coils have too much resistance, making
the meter read too low, turns or parts of turns may be taken off
the coil or coils to get a correct reading at full scale. Only a little
wire should be removed at one time. If the resistance is too low,
making the meter read high, it is necessary to put in a new coil
having more resistance, or to replace a fixed resistor of any type.
Internal shunt coils for current meters may be similarly adjusted
or replaced. Too much shunt resistance makes the meter read
high, while too little shunt resistance makes the meter read low.

Meter calibration often is corrected by varying the strength
of the permanent magnet through the operations of magnetizing
and demagnetizing. Magnetic strength is increased by magnetiz-
ing when the readings are too low and when the pointer should
move farther over its scale for a given current in the moving coil.
This work is done with magnetizers consisting of strong electro-
magnets actuated from direct current.

After the magnetic strength has been increased, the magnet
is replaced in the meter and a calibration test is made by the
methods shown in Figs. 4 and 5. If the magnetization has been
more than enough, as it always should be, the magnet then is
partially demagnetized until indications are correct. Demag-
netizing is done with an electromagnet actuated by alternating
current. The demagnetizer, attached to a handle and suppliec



OPERATION AND CARE OF METERS 57

with current through a flexible cord, is brought near the gap of
the permanent magnet on the meter. Indications of the pointer
will decrease. The demagnetizer must be handled carefully, both
as to position and time of application, to avoid bringing the
indications too low. This would call for re-magnetizing and start-
ing all over again.

The effective strength of the permanent magnet is adjusted in
some meters by use of a magnetic shunt which diverts more or
less of the magnetic field from the space in which the moving

Fig. 17.—Principle of the magnetic shunt, Fig. 18.—A magnetic shunt in place on o
meter (Beede instrument),

coil rotates. The principle is shown by Fig. 17. The shunt is a
piece of soft iron, usually tapered at one end. The farther the
shunt extends across the gap between magnet poles, the more of
the magnetic flux will pass through the shunt and the less through
the space where the moving coil rotates. This will lower the
pointer position and scale indication for any given potential or
current being measured. Moving the shunt out of the gap will
raise the indications.

Fig. 18 shows a movement and permanent magnet with a
magnetic shunt. The right-hand end of the shunt may be seen
extending from the movement frame. The shunt is held in its
adjusted position by a screw passing through a slot in the shunt
and into one of the pole pieces.
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REVIEW QUESTIONS

Is it necessary to open the measured circuit when using a voltmeter ?,
when using an ammeter or other current meter?

When the accuracy of a meter is specified as a certain percentage, does
this percentage apply everywhere on the scale? If not, where does the
percentage apply?

What is the total internal resistance of a voltmeter whose sensitivity is
5,000 ohms per volt and whose full scale reading is 100 volts. What is the
resistance of a 500-volt meter having sensitivity of 1,000 chms per volt?
When a voltmeter is connected across a load does voltage across the load
increase or decrease? Does current in the load increase or decrease?
Explain how you would determine whether a meter is being affected by
magnetic fields in the space around the meter?

When a resistor is used to protect a current meter is the resistor con-
nected in series or in parallel with the meter? How is a resistor connected
for protection of a voltmeter?

If the pointer of a meter becomes bent would you correct it by changing
the zero adjustment?

When calibrating a voltmeter is this meter connected in series or parallel
with the standard voltmeter. Which connection is used for calibrating a
current meter?



Chapter 3
MEASUREMENTS WITH DIRECT CURRENTS
AND LOW FREQUENCIES

Many measurements of the properties of television-radio cir-
cuits and devices may be made with relatively simple equipment
and with energy furnished by sources of direct or low-frequency
alternating potentials and currents. Properties thus measured
include resistances of conductors and insulation, approximate
values of inductance and capacitance, reactances or impedances,
and power consumption. These measurements will indicate the
performance to be expected in circuits operating with direct cur-
rents, with power line a-¢ frequencies, and, in many cases, with
audio frequencies. Methods of checking high-frequency perform-
ance are described in another chapter.

Resistance Measurements.—The following tests are of ohmic
resistance, which is the resistance to flow of direct or low-fre-

Voltmeter UnKnown Source
Resistance

Fig. 1.—Measuring an vnknown resistance with a voltmeter.

quency alternating currents where the only energy losses are
due to heating, and not to the presence of inductance, capacitance,
and such things as skin effect, which cause additional losses at
high frequencies.

Resistance may be measured with a d-c voltmeter of known
resistance and any source of direct potential, such as dry cells,
with the connections of Fig. 1. The source is of such potential
difference as may be measured by the meter without the pointer
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going off scale. The voltmeter, the unknown resistance, and the
source are connected in series. A switch may be arranged to short
circuit the unknown resistance. Two voltage readings are taken;
one (Fa) without the unknown resistance and with the meter
connected directly across the source, and the other (£b) with
the unknown resistance in series.

Designating the voltmeter resistance as Rm and the two volt-
age readings as Ea and E'b, either of the following formulas may
be used to determine the value of the unknown resistance.

Unknown _ Rm
resistance . qQd (Ea — Eb)

Unknown _ g, x (E2 )

=2 1

resistance Eb

As an example, supposing that we have a voltmeter whose
resistance is 50,000 ohms, and that the two voltage readings are
45 and 29. Using these values in the first formula we have,

Unknown _ 50000 ., o9y _ 1795 x 16 = 27,600 ohms
resistance 29

With the second formula we have,

Un_known = 50000 X 25_ __ 1) = 50000 X (1.552 —1)
resistance 29

= 50000 X 0.552 = 27,600 ohms

It is assumed that the potential difference furnished by the
source does not change appreciably between the two readings.
The range or full-scale of the voltmeter makes no difference in
taking the measurements, although better accuracy may be
expected if the reading without the unknown resistor in series
is well toward the high end of the scale.

The same principle may be employed with a current meter;
ammeter, milliammeter, or microammeter, as shown by Fig. 2.
To one of the meter terminals is connected a protective resistor
of such value that the pointer will stay on scale when the meter
ig directly in series with this protective resistor and the source,
without the unknown resistance in the circuit. For an ammeter
the ohms for the protective resistor are found by dividing the
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volts of the source by the full scale amperes of the meter. For
a milliammeter divide the full-scale milliamperes into 1,000
times the source volts, and for a microammeter divide the full-
scale mlcroamperes into 1,000,000 times the source volts. One

Ib Ia

Current

j—lfﬂl

Unknown Source

Protective e

Resistor:

Fig. 2.—Measuring a resistance with a current meter,

reading (Ia) is taken without the unknown resistance in circuit,
and a second (Ib) with the unknown resistance connected in
series.

Designating the meter resistance by Rm, the protective re-
sistance by Rp, and the two current readings by Ia and Ib,

either of the following formulas may be used to determine the
unknown resistance.

Unknown _ Rm + Rp

resistance i~ X (Ia—Ib)
Unknown _ Ia 3
resistance (Rm + Rp) X o — 1)

As an example, supposing that we have a 1-milliampere meter
whose internal resistance is 60 ohms, that we use one dry cell
(about 1.5 volts) and a protective resistor of 1,500 ohms. Assume
that the two current readings are 0.95 milliampere and 0.60
milliampere. By placing these values in the first formula we have,

Unknown 60 + 1500

resistance ~ ~ 0.60 < (0-95—0.60)

1560 B _
= -5g0 X 0-35 = 2600 x 0.35 ~ 910 ohms
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The second formula will be found to give the same answer,
910 ohms. Were we to neglect the resistance of the meter, and
work with only the protective resistance value in the formulas,
the answer would come to 8756 ohms. The error, 4 per cent, is the
same as the percentage which the meter resistance forms of the
protective resistance. If we use a higher protective resistance to
lessen the error when neglecting meter resistance, the readings
will be lower on the scale, where the accuracy of readings is
less on a percentage basis, and nothing will be gained. If you
don’t know the meter resistance, and thus must neglect it, add
about b per cent to the computed resistance to get an approxi-
mately correct value.

A well known method of measuring resistance calls for meas-
uring current through the unknown with a current meter,
measuring potential drop across the unknown with a voltmeter,

Unknown
Resistance

Unknown
Resistance

Source Source

Fig. 3.—Measuring resistance with a voltmeter and a current meter.

and dividing the potential drop by the current to determine the
unknown resistance. The two possible connections of the meters
are shown in Fig. 3.

At the left the voltmeter is connected only across the unknown
resistance, and correctly measures the potential drop. But the
current meter will indicate the sum of the currents in the un-
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known resistance and in the voltmeter, since these latter two
are in parallel with each other, and each is carrying current.
If you know the resistance of the voltmeter, divide its full-scale
volts by this resistance to find the full-scale current for this
meter. Then divide the indicated volts by the full-scale volts,
and with the fraction thus obtained multiply the full-scale volt-
meter current. The result will be the current value which should
be subtracted from the reading of the current meter to find the
current in the unknown resistance. Dividing the indicated volt-
age by this correct value of current will give the resistance of
the unknown.

At the right in Fig. 8 the voltmeter is connected across both
the unknown resistance and the current meter. Now the current
meter reads the correct value of current in the unknown, but
the voltmeter is indicating the drop across both the unknown
resistance and the current meter. If you know the resistance of
the current meter, multiply it by the indicated current to find

Insulation
Conductor

Insulation

Fig. 4.—Checking the resistance of insulation.

the drop across this meter. Then subtract the computed drop
from the voltage read on the voltmeter to find the drop across
the resistor alone.

If you make no corrections, greater accuracy will be secured
on small unknown resistances with the arrangement at the left,
and on large resistances with the arrangement at the right.
Always make sure that the current meter will not be burned out.
Divide the source potential, in volts, by the smallest possible




|

64 MY'ASUREMENTS WITH D. C. & LOW FREQ.

resistance tn the unknown. The result, amperes, must be leas
than the full-scale range of the current meter in amperes.

The test methods illustrated by Figs. 1 and 2 may be used for
checking the approximate resistance of insulation, or for making
rough comparisons of the effectiveness of insulations. The test
prods, represented by arrowheads in Figs. 1 and 2, are applied
on opposite sides of the insulation in ways such as illustrated by
Fig. 4. At the left a check is being made of resistance of insula-
tion between the conductor and outer metallic shield of a cable.
At the right a check is being made of resistance between two
metal terminals or other metal inserts in an insulating support.

For insuiation tests the voltage of the source should be about
equal to the normal working voltage of the tested apparatus, or
higher. The accuracy of this method is not so very great, because
the second reading (Eb or Ib) will be near the lower end of the
meter scale where the percentage errors may be large.

Polarity Tests.—A convenient way to determine which of two
points is positive and which negative with reference to the other
is to connect to the points a d-c voltmeter of range high enough
for the existing potential difference. With the positive terminal
of the meter connected to the positive point in the tested circuit,
and negative to negative, the voltmeter pointer will move up on
its scale, With reversed connections the pointer will go off scale
to the left of zero.

Polarity of two exposed wires or leads may be checked by
dipping them into a glass of water in which has been dissolved
about a half-teaspoonful of table salt, or a little vinegar. The
wire on which more bubbles appear is negative with reference
to the other wire. If equal quantities of bubbles appear on both
wires, the circuit is carrying alternating current. Do not touch
the wires together under the water, since this might cause a
short circuit.

Polarity may be checked with a small neon glow lamp provided
it is possible to determine which of the lamp terminals connects
to which of the two plates. On direct current only the plate
connected to the negative will glow. On alternating current both
plates will glow.

Neon lamps are available in sizes taking from 145 to 3 watts on
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115-volt circuits. This means a range of currents from 350
microamperes to 26 milliamperes to light the lamps to full
brilliancy. Small sizes of these lamps will show a noticeable glow
on five or ten microamperes. Glow is due to ionization of the
neon gas. lonization does not commence until the potential dif-
ference between plates is about 85 to 95 volts. Thus the glow
will not commence on direct potential until such voltage is
reached. The corresponding peaks of 2lternating potential occur
with effective a-c potentials of 60 to 67 volts for starting the
glow. The glow does not stop until the applied potential is well
below the starting potential.

Circuit Testers.—There are several simple types of apparatus
for checking short circuits, accidental grounds, open circuits,
and abnormally high resistance. Such testers may be grouped
in two general classes. In one class the tester consists only of
an indicator for potential or current. This indicator may be a
voltmeter, a neon lamp, a small incandescent lamp, or a head-
phone. The other class includes testers consisting of any of the
indicators just mentioned and a self-contained power supply,
which ordinarily is one or more dry cells. The indicator and
power supply are connected in series with test leads or prods.

The power supply for a voltmeter may be a battery giving
about half-scale deflection. Incandescent lamps of the pilot lamp
or flash lamp variety require one to six dry cells, or an equivalent
battery, depending on the rated lamp voltage. Headphone opera-
tion may be with one or more dry cells. A neon lamp would re-
quire a 90-volt B-battery, consequently is seldom used in a self-
contained tester.

An open-circuited point may be located with an indicator
alone as shown by Fig. 5. With the line switch turned on to ener-
gize the circuit the tester is connected between various points
as at the left. Between points where there is no open circuit, but
where the circuit is closed, as at A and C, the tester gives no
indication. When across an open point, as at B, there is an in-
dication. This assumes that there is but one open point in the
circuit.

With the method shown by the right-hand diagram one side
of the tester is connected near the beginning of the circuit and
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left so. The other side of the tester is connected successively to
points farther and farther from the first connection. No indica-
tion will be given with all connections up to the open point, while
indications will be given on all points beyond the open. If there
is more than one open point, indications will commence after
the last open is passed. With this last fault corrected, the testing
is begun over again to locate the next open, and so on.

Switch " ON"

Closed Open Closed

Fig. 5.—Testing for open-circuited points with a test indicator.

Points of abnormally high resistance are located with the same
methods used for locating opens. The indicator will show more
current where there is low resistance than where resistance is
too high.

Short circuits and accidental grounds (a form of short) may
be located with only an indicator as shown by Fig. 6. The circuit

81 C Load

Short’gr Ground

Fig. 6.—Locating shorts and accidental grounds with a test indicator.
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is opened near its beginning and the indicator connected in series.
The line switch is turned on to energize the circuit, but the in-
dicator will limit the current which may flow through the short.
As successive points in the circuit then are opened, leading away
from the indicator connection, the indications will become zero
at each disconnection until the one following the shorted or
grounded point. With this and following points disconnected,
the indicator will show current flow.

Open circuits may be located with a self-contained circuit
tester as at the left in Fig. 7. The line switch is turned off and
the tester is connected across two points as near as possible to
the beginning of thé circuit. The tester will give no indication
until the open circuit has been corrected, after which it will
indicate current flow. Abnormally high resistance is located in
similar fashion ; the tester giving a low indication until the fault
is corrected, then giving a full normal indication.

Short circuits and accidental grounds may be located with a
self-contained tester as at the right in Fig. 7. The line switch
is turned off and the tester connected across two points near the

/ﬁOFF _=OFF

@ Disconnect
| From Load

_,/ A ,/;_B ’//AC_/

Short or
Ground § @;ﬂ

Fig. 7.—Locating circuit troubles with o self-contained tester.

Open

Gl

beginning of the circuit, as shown. As successive points leading
away from the test connections are opened, the indication will
drop to zero at each disconnection until the short or ground has
been passed. Thereafter the indication will remain high for all
disconnections. As shown by the diagram, the load may be dis-
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connected at either of its terminals so that current through the
load will not cause false indications in case the load current is
comparable with that through the short or ground.

If a neon lamp is used as the indicator in a d-c circuit or with
self-contained d-c supply, and if there is a capacitor in the tested
circuit, the lamp will flash and then go out as the capacitor
charges provided the capacitor is not leaky and is not of the
electrolytic type. There will be enough continued current through
an electrolytic to keep the lamp glowing regardless of the polarity
of the capacitor, and if other types of capacitors are shorted
or leaky the lamp will continue to glow.

A headphone will give an audible click when connected to a
closed circuit, even though the circuit has very high resistance.
There will be a click also when the circuit contains a capacitor,
unless the capacitance is very small and takes almost no charge
with the applied potential. Experience with a headphone tester
allows identifying degrees of resistance and large or small capaci-
tances by the loudness or faintness of the clicks.

A self-contained ohmmeter, described in another chapter, is
one of the most satisfactory circuit testers. The ohmmeter is
used like a voltmeter type of self-contained tester, but indica-
tions are of resistances in ohms between the points to which the
test leads are attached.

Capacitance Measurement. — Approximate values of capaci-
tance may be determined by use of an a-c voltmeter and an a-c
milliammeter, or by the use of an a-c voltmeter alone. The
measurements really depend on impedance and reactance, but
may be translated into capacitance values quite easily.

One method of making capacitance measurements is shown
by Fig. 8. Alternating current is supplied from an a-c line through
a transformer. The transformer may be omitted if desired, but
then the apparatus being tested must be completely disconnected
from the power line to avoid possibility of burnouts. The con-
nections are such that, with the switch opened, the current meter
indicates electron flow to the capacitor being tested. It is assumed
that the resistance of the meter is negligible in comparison with
the reactance of the capacitor, so that the meter does not affect
the value of current. When the switch is closed, the voltmeter
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indicates the potential difference across the capacitor.
Impedance is equal to volts divided by amperes. The resistance

in a capacitor is small, so the capacitive reactance may be taken

as equal to the impedance. By taking a standard formula for

A-C Current
Meter
Trans- o

former N_V

Yy
4
Capacitor

o

A-C .
h

Fig. 8.—Measuring capacitance by means of an a-c current meter and voltmeter.

capacitive reactance, and making various substitutions and con-
versions, we arrive at a formula for microfarads of capacitance
in terms of milliampere and voltage readings, and the applied
frequency.

Mfds = 159.155 % milliamperes
cycles volts

For a frequency of 60 cycles the first factor on the right be-
comes 2.6526, or, close enough for the accuracy of the meters,
becomes 2.65. Then we have,

Mfds = 2.65 x milliamperes
) volts

For a frequency of 50 cycles the factor is 3.18, and for 25
cycles is 6.37. It may be noted that the frequencies of large
power and lighting systems are held within very close limits;
the accuracy being better than that of most service oscillators,
and better than that of meters ordinarily used.

As an example, supposing that the applied frequency is 60
cycles, and that the meter readings are 44 milliamperes and 115
volts. Using these values we have,
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Mfds = 2.65 X % — 2.65 x 0.383 = 1.053

Fig. 9 shows an arrangement which permits checking for
shorted and open-circuited capacitors, as well as for capacitance.
The three-way single-pole switch should be of a spring type
normally held closed in position A, where the current meter and
tested capacitor are short circuited by the switch, and where
applied voltage is indicated by the voltmeter. With the switch at
B the capacitor, milliammeter, and voltmeter are in series on
the supply. The high resistance of the voltmeter prevents exces-
sive current. If the voltmeter reads full line or transformer
voltage, the capacitor is shorted. If the voltmeter reads zero the
capacitor is open circuited. If neither fault is present, the switch
is moved to position C, which shorts out the voltmeter and leaves
the milliammeter and capacitor in series for a current reading.
Capacitance is determined from current and voltage readings,
and the known frequency, by using the formulas already given.

The tapped secondary of the transformer may be used to apply
various voltages. The same thing may be accomplished by a

B
C . A
— e
\\.
\ 3 ,
Capacitor
A-C
Volts
0o \

Fig. 9.—A capacitance tester which checks for opens and leaks in capacitors.

tapped primary, or by an adjustable resistor in series with the
primary. The larger the capacitance tested the less should be the
applied voltage, in order to keep the current within the range
of the milliammeter and to prevent heating the tested capacitor.
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Small capacitances require high voltages to get readable current
indications. The applied voltage must not be more than %, of
the maximum d-c working voltage of the capacitor, which means
a-¢ peaks or full d-c working voltage. When using various applied
voltages it is convenient to have a multi-range voltmeter whose
ranges may be selected for the voltage being used.

Capacitance may be measured by connecting the capacitor in
series with an a-c voltmeter and a source of alternating current.
Because of the reactance or impedance of the capacitor, the
meter reading will be lower than when the capacitor is not in
the circuit. It is possible to compute scale readings in micro-
farads when knowing the resistance of the meter, the readings
with and without the capacitor in series, and the applied fre-
quency. The formula is complicated, involving multiplication,
division and subtraction of squares, and extraction of a square
root. It is easier to make tests with known capacitances and
mark the scale from the readings obtained.

Fig. 10 shows a capacitance scale above the scale for a
rectifier type of a-c voltmeter having a full-scale range of 150
volts and a resistance of 1000 ochms per volt, or 150,000 ochms

150,000 OHMS

Fig. 10.—A capacitance scale on o rectifier type a-c voltmeter having o range
of 150 volts and sensitivity of 1,000 ohms per volt.

total. The scale applies when the line voltage is 117. Capacitance
readings become very crowded near this applied voltage. They
can not be carried to the zero end of the scale, because this end
of the scale on a rectifier meter becomes crowded. If an iron vane
or dynamometer voltmeter were used, with its current-squared
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scale, the lower end would be so crowded as to bring capacitance
values close together. The less the meter resistance the greater may
be the capacitances measured, and the higher the meter resist-
ance the smaller may be the measured values. With other factors
unchanged, indications for given capacitances are inversely pro-
portional to the meter resistance.

Electrolytic capacitors may be measured with the arrange-
ments of Figs. 8 and 9, but the applied alternating potential
must be kept low, around 3 volts, to prevent excessive reverse
current through the tested capacitor. Electrolytics of the usual
polarized types, designed for use in d-c¢ circuits such as used for
filters, normally operate with a large direct potential difference
(a polarizing voltage) and a relatively small alternating com-
ponent. When no polarizing voltage is applied during the test,
the alternating current or potential difference should be small.
The testing voltage should be applied to the capacitor only long
enough to take the readings. Electrolytics normally have small
leakage currents in the reverse direction. Small leakages indi-
cated during tests do not indicate a defective capacitor.

Inductance Measurement.—Inductances of iron-cored chokes,
loud speaker fields, and transformer windings may be measured
by employing the same principles used for capacitance measure-
ments. That is, the indications depend on impedance and react-
ance, but may be translated into units of inductance, such as
henrys.

Inductors have wire windings, in which there may be quite
a bit of resistance. Filter choke resistances usually are between
100 and 600 ohms, while speaker field resistances commonly are
between 500 and 2,500 ohms. These resistances, in combination
with the reactances, may so affect the impedance that meter
readings are not proportional to inductive reactance and in-
ductance. Impedance is equal to the square root of the sum of
the squares of the reactance and impedance.

It so happens that when we use a testing frequency of 60 cycles,
unless the resistance is more than 55 times the number of henrys
of inductance the impedance will not exceed the inductive re-
actance by more than one per cent. Then measurements resulting
from impedance may be translated into equivalent inductances
with only about one per cent error. As an example, supposing
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that we are going to measure a choke of about 20-henry in-
ductance. Multiplying 20 by 55 gives 1,100, so unless the choke
resistance exceeds 1,100 ohms we may make computations with
no corrections and have but slight error.

Chokes and other inductors often are used in circuits where
the unit carries direct as well as alternating current. The direct
current, if of usual values, partially saturates the iron core and
reduces the inductance below that which would exist with only
alternating current. The Weston Electrical Instrument Corpora-
tion gives the circuit of Fig. 11 for testing the inductance of
inductors while they carry direct current. Resistors R and R are
used for regulating the direct and alternating currents from
their respective sources. The d-c source may be a radio d-c power
supply, and the a-c source the secondary of a transformer. Capac-
itor C keeps direct current out of the a-c voltmeter, which is a
rectifier type. The capacitance at C should be large enough so

A-C
volts
C Inductor
Tested
Fig. 11.—An inductance testing circuit with which direct current is put through

the inductor during measurement.

that its capacitive reactance is not more than 14, of the voltmeter
resistance. Direct current is adjusted to the value with which
the inductor will operate in service. Current and voltage readings
are taken on the a-c meters and used for computing inductance
of the inductor.

The arrangement of Fig. 8 may be used for inductance meas-
urement when the inductor is to carry no direct current, connect-
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ing the inductor to be tested in place of the capacitor shown
in the diagram.

The formula for inductance in henrys, when the applied fre-
quency is 60 cycles, is,

volts
milliamperes

For 50 cycles the first factor on the right becomes 3.18, and
for 25 cycles is 6.37. The formulas for capacitance and inductance
differ only in that current is divided by voltage for capacitance,
and voltage is divided by current for inductance.

Power Measurement.—In a direct-current circuit the power in
watts may be found from multiplying the number of amperes

Henrys = 2.65 X

Source 0
Current
(o] Q Q

Load

Fig. 12.~Connections for computing power used in a load.

of current in the load by the number of volts potential drop
across the load. Connections for a current meter and a voltmeter
are shown by Fig. 12, both meters being of d-c types for d-c
circuits.

If operation is with alternating current, and if the circuit and
the load have neither inductance nor capacitance whose react-
ances are more than two or three per cent of the ohmic resistance
of circuit and load, effective a-¢ amperes may be multiplied by
effective a-¢ volts, both as measured by ordinary a-¢ meters, to
find the power consumption in watts.

If there are appreciable inductive or capacitive reactances,
the product of a-c amperes by a-c volts will be volt-amperes, not
watts. The power in volt-amperes is greater than the power in
watts. The number of volt-amperes would have to be multiplied
by the power factor of the circuit to determine the number of
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watts. The greater the net reactance as compared with the ohmic
resistance the smaller is the power factor fraction. The power
factor fraction is equal to the cosine of the angle of lag or lead
of alternating current with reference to alternating voltage.
Power factor may be found also from dividing the ohms of ohmic
resistance by the ohms of a-¢c impedance.

Impedance may be found from dividing the effective volts drop
by the effective amperes of current, as measured in Fig, 12. The
ohmic resistance may be measured by using direct current with
methods described earlier. Since power is dissipated only in the
ohmic resistance of a circuit, and in neither the inductance nor
capacitance, the approximate watts of power may be found from
multiplying the square of the effective a-¢c amperes by the ohms
of ohmic resistance.

Temperature Measurement. — Because the resistance of con-
ductors commonly used for winding coils increases with rise of
temperature it is possible to determine the average rise of tem-
perature inside of a coil by measuring the resistance of the coil
at two temperatures. As an example, assume that a coil winding
has not been carrying current for a time long enough that the
coil temperature is the same as the room temperature, which we
shall take as 70° F. Let the resistance of the coil at this tem-
perature be 200 ohms. After carrying current for some time the
temperature will rise throughout the coil, and the coil resistance
will increase, say to 220 ohms. The approximate internal rise of
temperature in the winding may be found from this formula.

Temperature _ hot resistance — cold resistance

rise, °F. 0.0022 % cold resistance
Placing the assumed values in the formula gives,
Temperature _ _220—200 _ 20 _ . 45°

rise, °F. 0.0022 x 200 0.44 :

Then the higher temperature will be equal to the original tem-
perature plus the rise, or 70° + 45.45° = 115.45°

This formula assumes that the coil is wound with annealed
copper wire. The factor 0.0022 is the temperature coefficient of
resistivity per Fahrenheit degree for suck wire. If some other
kind of conductor is used, its temperature coefficient may be
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substituted, being sure that the coefficient is per Fahrenheit
degree when temperatures are measured in Fahrenheit degrees.
For centigrade temperature measurements the coefficients per

centigrade degree would be used.

REVIEW QUESTIONS

1. When measuring an unknown resistance with a 100,000-ohm voltmeter
the voltage is 85 without the resistance and 17 with the resistance. Use

the formula in this chapter to determine the unknown resistance.

2. Explain how an unknown resistance is measured by using a current

meter.

8. When using the voltmeter-ammeter method of resistance measurement,
how are the meters connected for measuring low resistances? how con-

nected for high resistances?

4. When using a voltmeter to locate an open circuit will there be a meter
reading when bridging parts which are not open or parts in which there

is an open?

b. Is capacitance measured by using a source of direct current or one of

alternating current?

6. If electrolytic capacitors are tested without a polarizing voltage should

the applied alternating voltage be high or low?

7. Describe how resistance of a choke or inductor affects measurements of
the inductance; will apparent inductance be more or less than true

inductance ?

8. Is the inductance of a choke coil the same whether or not the coil is

carrying direct current?



Chapter 4
MEASUREMENTS AT HIGH FREQUENCIES

Measurements of the performance and properties of circuits
which are to operate at high frequencies have to be made at
these frequencies if indications are to represent conditions which
actually will exist. High-frequency performance is affected by
the following factors.

Reactances of small inductances become high, and of large
capacitances become low. Consequently, we deal with inductances
and capacitances much smaller than those used at low frequen-
cies. Because all conductors possess inductance, and because
there are capacitances between all separated conductors, we find
that coils have appreciable capacitance as well as inductance, and
that capacitors have appreciable inductance as well as capaci-
tance. The effects of inductance and capacitance exist throughout
entire circuits, rather than being concentrated in coils and
capacitors as in low-frequency circuits. The inductances and
capacitances of test connections, of instruments, of tools and
benches, and of your own body, often are greater than the
circuit inductances and capacitances with which you are pri-
marily concerned. While we are used to thinking of electron flow
(current) as being uniform throughout a single conductor, and
of potentials as having steady decreases, the standing waves
which may exist at high frequencies cause quite different dis-
tribution of both currents and potentials.

With high-frequency methods to be described we may measure
self-inductance and mutual inductance, capacitance of capacitors
and also distributed capacitances, high-frequency resistances re-
sulting from the several kinds of losses due to these frequencies,
and the frequencies of signals.

Resonance Method.—The high-frequency measurements which
have been mentioned may be made by resonance methods, em-
ploying a circuit which may be tuned to resonance while ener-
gized by high-frequency energy from an oscillator. The principle
is shown by Fig. 1. The coil in the resonant cireuit is L. The
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variable tuning capacitor is C. Energy is introduced through
the pickup coil which is coupled, adjustably, to a coil of the
oscillator. The tuning capacitor should be a “low-loss” type,
usually with ceramic insulation. It should be shielded, with the
shield connected to the rotor plates, and the shielded side should
be grounded. Small transmitter capacitors are suitable.

Pickup BTTEN

L
c
Oscillator
Fig. 1.—How the tuned highfrequency testing circuit is energized from an oscillator.

The capacitance of C and inductance of L and the pickup com-
bined will depend on the frequency band to be used. If the
standard broadcast band is used, the product of maximum capac-
itance of the capacitor and the total inductance of L and the
pickup, in micro-microfarads and microhenrys, should be 83,740.
To lessen the effects of distributed capacitances, which cannot
be controlled or adjusted, it is desirable to use a rather large
tuning capacitance, at least more than 800 mmfds. The tuning dial
should be of the vernier type, and should have no appreciable
backlash.

The oscillator may be of any service type available, or a
simple one may be constructed with the ecircuit shown by Fig. 2.
Any triode tube may be used. The capacitance of the tuning
capacitor Ct and the inductance of the grid coil are chosen to
suit the frequency band used. If the standard broadeast band is
to be used, these parts may be of the broadcast receiver types.
The feedback coil in the plate circuit should have one-third to
one-half as many turns as the grid coil, and, preferably, should
be adjustably coupled to the grid coil as a means for regulating
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the strength of oscillations. The pickup coil is the one shown in
Fig. 1.

When oscillations commence, and again when they stop, there
are changes of grid current and of plate current. These currents,
and their changes, may be shown by a grid meter of 200 to 500
microampere range and by a plate meter of such milliampere

P‘nckupg

Triode Feedbacn
Cb -sz: 7 cr g e
—————— =
Plate 2% 7R
Meter \ ! \\_,’Grid
B+ = B—  Meter

Fig. 2.—A simple oscillator with tickler feedback.

range as will cover two to three times the normal maximum
value of plate current for the tube used. Both meters are of
the moving coil permanent magnet type. The grid meter should
be bypassed with capacitor Ca of at least 0.1 mfd capacitance,
and the plate meter by capacitor Cb of 1.0 mfd or greater capac-
itance.

Both grid current and plate current will be relatively high
while oscillation continues, and both will drop at the instant in
which oscillation ceases. Couplings are adjusted so that tuning
the resonant circuit of Fig. 1 to the oscillating frequency of
the oscillator will absorb enough energy into the resonant circuit
to stop the oscillations, as indicated by decrease of meter read-
ing. By loosening the pickup coupling until oscillations cease
through the least possible movement of the resonant circuit
tuning dial it will be known that the oscillator and the resonant
circuit are tuned approximately to the same frequency. Either
a plate meter or a grid meter may be used, but both are not
needed. Indications of the grid meter are sharper than those of
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the plate meter, but there is more danger of burning out the
grid meter with incorrect adjustments, or with too rapid change
of coupling.

Resonance measurements are, in general, based on comparisons
of unknown inductances, capacitances, and resistances with
standards. The standard of capacitance sometimes is the tuning
capacitor of the resonant circuit, and of inductance is the tuning
coil in this circuit. Resistances may be inserted in the circuit
by opening the link shown at the right-hand side in the resonant
circuit of Fig. 1.

All connections and leads should be as short and straight as
possible, and their relative positions and separations must not
be altered during successive steps of a measurement. The tuning
coil should not be close to any metal parts, and should have the

Electronic ° [Electronic
Voitmeter Voltmeter
L
" mﬁu
1S /.1 & ]
Electronic) | 1 \uc
Volfmetg\r) = AN _L
Crystal
Detector M'Dié(r:o-
] ammeter
rr\Cb
L
C

Fig. 3.—Various types of resonance indicators connected to or coupled to
the tuned testing circuit.
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least possible insulation or dielectric material in its magnetic
field.

It is important that coupling of the resonant circuit to the
oscillator be kept loose enough that tuning and other changes
in the resonant circuit during measurements do not change the
oscillator frequency. Change of frequency is indicated by changes
of readings on the meters of Fig. 2. When there is such a change
during the tests, the coupling should be loosened to get the
original readings on the meters. This precaution insures also
that there is minimum change of emf induced in the coupled
resonant circuit.

Resonance Indicators.—When the testing circuit is tuned to
resonance at the operating frequency of the oscillator there is
maximum high-frequency current in the testing circuit. If this
current is measured, resonance is indicated by maximum indi-
cation. The most generally satisfactory resonance indicator is
an electronic voltmeter used in any of the ways shown at the
top of Fig. 3. The voltmeter may be connected across either the
coil L or the tuning capacitor C, as shown at the left. Or, as
shown at the right, a coil of a few turns may be connected to
the voltmeter and this small coil coupled more or less closely to
the tuning coil L. With any of these arrangements resonance is
indicated by maximum voltage as indicated by the meter.

An electronic voltmeter consists essentially of a tube operated
like a rectifier, or a detector with an indicating meter in its plate
circuit. If this voltmeter tube has a control grid, the grid is
biased sufficiently negative to prevent flow of grid current. The
voltage to be measured is applied to the grid circuit, which is so
arranged that the greater the applied voltage the greater will
be the change of plate current and of the meter indication. Thus,
while taking negligible power from the measured circuit into
the grid circuit, there is ample power in the plate circuit to give
readable indications with very small measured voltages, and at
very high frequencies as well as low ones. Electronic voltmeters
are described in detail in another chapter.

At the bottom of Fig. 3 is shown a method of using a crystal
detector and a d-¢c microammeter for a resonance indicator.
A fixed crystal such as is available at radio supply stores is




82 MEASUREMENTS AT HIGH FREQUENCIES

satisfactory. The bypass capacitor Cb should be of 0.001 mfd
capacitance. The meter range preferable should be 100 or 200
microamperes, but may be greater if only high ranges are
available. The microammeter shows maximum deflection when
the testing circuit is tuned to resonance.

A thermocouple meter may be used for a resonance indicator
in any of the ways shown by Fig. 4. At the left the meter is
connected to a small coil which is coupled to the tuning coil L.
At the center the meter is connected across a few of the turns

Fig. 4.—Connections of a thermocouple meter used as a resonance indicator.

of the tuning coil. At the right the meter is in series with the
resonant circuit, between L and C and on the shielded and
grounded side of C. The thermocouple is relatively insensitive
as compared with the electronic voltmeter or crystal.

Note that when there is any choice of positions for resonance
indicator connections, the indicator always is placed in or at the
grounded side of the tuned circuit.

Unless the tuned circuit has very little high-frequency resist-
ance, the current will remain rather large through quite a range
of frequency on both sides of the true resonant frequeney, and
the point of resonance will have to be determined by careful
reading of the indicator. This is the same as saying that the
resonance curve has a rather broad top unless the high-frequency
losses are small. To avoid the difficulty of reading true resonance,
it is possible with some kinds of measurements to work not at
the resonant frequency, but at a frequency far enough removed
from resonance that there is a steady increase or decrease of the
indication as tuning capacitance or inductance is varied.
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Instead of tuning exactly to resonance, as at the peak of the
current curve in Fig. 5, we might tune to a frequency at A or
at B. Having observed the reading of a resonance indicator, it
would be much easier to return later to exactly the same reading
were we working at A or B rather than at the peak, for at these
points removed from resonance there would be relatively great
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Fig. 5.—There is greater variation of current with frequency slightly off
resonance than at resonance.

change of indication for small changes of frequency. However,
when working at resonance there is the advantage, for some
measurements, that inductive and capacitive reactances cancel.
This is not true when working off resonance, and more care is
necessary to avoid large changes in emf induced in the tuned
circuit as the tuning is varied. Such changes are reduced by
maintaining constant reading of a grid or plate meter in the
oscillator.

Inductance Measurement.—One method of measuring induct-
ances is shown by Fig. 6. The method depends on the fact that,
for any given frequency, the product of inductance and capaci-
tance remains the same—if inductance is reduced, capacitance
must be increased, and vice versa,

A coil of known inductance is connected into the testing circuit,
and the circuit is tuned to resonance at the oscillator frequency.
The capacitance of the tuning capacitor is noted. Then the coil
of unknown inductance is substituted for the first coil, the circuit
is again tuned to resonance at the same frequency, which should
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not have changed in the oscillator, and the new tuning capaci-
tance is noted. Then we use the formula,

Unknown __ known capacitance with known inductance

inductance inductance capacitance with unknown inductance

As an example, assume a known inductance of 200 micro-
henrys, for which the tuning capacitance is 125 mmifds, and a
second capacitance setting of 80 mmfds with the unknown in-
ductance in the circuit. Using these values, we have,

Unknown 125

inductance — 200 X —gg—= 200 X 1.563 = 312.5 microhenrys

The unknown inductance will be in the same units as the
known inductance, in this case microhenrys. Note that it is not
necessary to know the resonant frequency, just so long as both
inductors can be tuned to the same frequency.

If the frequency of the oscillator now is changed, and the
measurements repeated, the computed unknown inductance will
be found to differ from the first value. This results from the fact
that the computed inductance is apparent inductance rather than
true inductance. The apparent inductance of a coil depends on
its true inductance and its distributed capacitance. The distribu-

L small L large
f
C small
C large itk
Link ﬂ)’J
=

Tuning

Coil
EOscillotor

Fig. 6.—Inductance measurement by substitution.
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ted capacitance is a relatively fixed quantity, not varied by ad-
justments of the tuning capacitor. The distributed capacitances
of both the known and unknown inductors affect the computed
result. If the known inductor has the greater distributed capaci-
tance, the computed unknown inductance will be too high, and
if the relative values of distributed capacitances are reversed,
then the computed unknown inductance will be too low in
relation to the true inductance.

With the pickup coil in series with the measured inductor the
two inductances add to form the total inductance in the circuit,
and the inductance of the pickup should be subtracted to find
the inductance of the measured unit. This complication may be
avoided by taking the energy through a link circuit as shown
at the bottom of Fig. 6. The link consists of two small coils, one
coupled to the oscillator and the other coupled to the tuning
coil or measured coil in the resonant circuit. With loose coupling
the pickup then has little effect on measured inductance. The
link coupling simplifies computations whenever inductances are
factors in the formulas.

Another method for measuring an unknown inductance is
shown by Fig. 7. The tuning capacitor C mast be calibrated in
microfarads or micro-microfarads, and the tuned resonant fre-

Link w Tuning Coil

L\www—'
\C}% —L Unknown

——
-

Fig. 7.—Inductance measurement with coils in parallel.

quency must be known in kilocycles or megacycles. Connections
to the coil of unknown inductance are arranged so that it may
be disconnected from the tuned circuit for the first test, then
connected in parallel with the regular tuning coil for the second
test.
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With the unknown coil out of the circuit tune to resonance at
a known (oscillator) frequency and note the exact value of
tuning capacitance. With the unknown coil in parallel with the
regular tuning coil again tune exactly to the same frequency
and note the value of tuning capacitance. The second capacitance
will be the greater because the coils in parallel have less effective
inductance than either one alone. Then use this formula

_Unknown 25 330 000 000
inductance, =

microhenrys (kilocycles)2 X (second C, mmfds — first C, mmfds)

As an example, assume a testing frequency of 1,000 kilocycles,
a first capacitance (with one coil) of 250 mmfds and a second
capacitance (with both coils) of 320 mmfds. These values in the
formula give,

Unknown L _ 25 330 000 000 _ 25330000 000
microhenrys =~ 10002 X (320 — 250) 1 000 000 x 70
_ 25330 000 000

70000 000 = 861.9 microhenrys

If frequency is measured in megacycles the factor above the
line is divided by one million and becomes 25,330.

To determine the inductive reactance at the resonant fre-
quency the portion of the formula below the line on the right-
hand side is the same as for inductance, but the number above
the line is made 159 155 000 000. The computed reactance will be
in ohms. With the same capacitance values and frequency as in
the preceding example, the inductive reactance will be approxi-
mately 2,271 ohms.

Capacitance Measurements. — Standard capacitors used for
capacitance measurements may be of the air dielectric type, like
the usual tuning capacitors, or of the mica or ceramic dielectric
type. Unless paper dielectric capacitors are constructed for low
inductance their inductances may upset measurements made
with them. Fixed mica capacitors, if of good quality and of
capacitances not more than about 1,000 mmfd or 0.001 mfd
may be used without much error up to frequencies of about
2,000 kilocycles. Units of small capacitance, to about 100 mmfd,
may be so used up to about 7,000 or 8,000 kilocycles. Fixed
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