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CHAPTER 1 

 

Introduction 

 

With the expansion of radio broad-

casting in 1923, there developed a new 

 

profession, which demanded, almost 

 

overnight, thousands of men who 

 

possessed both the knowledge and the 

 

facilities to install and repair broadcast 

 

receivers. At the time, such men were 

 

almost all amateurs; since there did not 

 

exist a similar profession prior to that 

 

period. 

 

The broadcast receivers of those days 

 

were extremely simple; storage batter-
ies being used to supply filament cur-

rent, and dry batteries for plate current. 

 

Dynamic speakers were unheard of; the 

 

simple horn with a magnetic unit, or 

 

telephone headsets, reigned supreme. 

 

In general, the receivers themselves did 

 

not have over three or four tubes and, 

 

furthermore, at the time, it was consid-
ered good engineering practice to have 

 

all coils, sockets, condensers, wiring, 

 

etc. completely exposed to the eye by 

 

the mere manipulation of the cabinet 

 

cover. Naturally, the circuits of the re-
ceivers themselves were very simple 

 

and rigidly standardized. 

 

During this era, the problems of the 

 

Service Man were few. The electrical 

 

tests necessary to locate trouble were 

 

mastered in a very short time and so-
called thoroughly-trained Service Men 

 

were made overnight. The public 

 

played no small part in creating this 

 

condition. Any man who had the ex-

perience to know exactly which tube to 

 

replace, (in a three-tube set), to obtain 

 

music was considered a genius. In 

 

short, radio being one of those new-
fangled offspring of modern science, the 

 

public welcomed it as a duck welcomes 

 

water; creating such a tremendous de-
mand for radio receivers, with its con-

sequent demand for Service Men, that 

 

anyone who had been engaged in radio 

 

for six months was considered an ex-

pert. 

 

With the creation of a demand for 

 

radio receivers, the field became highly 

 

competitive. Advances in receiver de-
sign were made to meet this competi-

tion. The introduction of the super-

heterodyne into the broadcast field, the 

 

invention of the various bridge and neu-

trodyne methods of neutralization, were 

 

distinct examples of advancement. Up 

 

to this time service methods remained 

 

the same. The low-resistance voltmet-

er and the milliammeter persisted as the 

 

guiding tools in radio trouble-shooting; 

 

for it must be remembered that, with 

 

the component parts of the receiver 

 

exposed, it was a relatively simple mat-

ter to obtain voltage and current read-

ings at any point in the receiver, since 

 

visual inspection was possible. But, 

 

around 1927, one of the most insistent 

 

demands of the public was satisfied by 

 

the creation of the "all-electric" A. C. 

 

operated receiver. 

 

The appearance upon the market of 

 

A. C. receivers was, from the public's 

 

viewpoint, the most significant advance-
ment in radio since 1923. A demand 

 

for higher-grade Service Men was im-

mediately created; not only because the 

 

receivers themselves were more com-

plicated, but because the public by this 

 

time, had passed the first stage and in-

sisted upon more efficient service. 

 

This, in a measure, was the most bene-

ficial thing that could happen to the 

 

Service Man; for, it must be remem-

bered, a Service Man earns his liveli-
hood by repairing sets and it is evi-
dent that, the more receivers he can 

 

service in a day, and the more efficient 

 

the servicing, the greater will be his 

 

financial return. 

 

Modern receivers are in no manner 

 

constructed like those of 1923. The ex-

tremely high sensitivity; the precision-
aligning of condensers; the small toler-
ances allowed for tube voltages and 

 

currents; and, what is far more im-

portant, the advanced education of the 

 

public in the radio field necessitates 

 

a class of service that is not comparable 

 

with that of 1923. This standard, in 

 

turn, requires test equipment that will 

 

permit both rapid and accurate deter-
minations of trouble. 
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The circuit diagrams are relatively 

 

far more complex than those of previous 

 

years. Let us describe, in a general 

 

way, the connections of a six-tube set 

 

consisting of three stages of tuned 

 

R. F. using screen-grid tubes; a 227-

type power detector; and two '45-type 

 

tubes in a push-pull arrangement, feed-

ing into a dynamic speaker, the field 

 

coil of which is one of the chokes in the 

 

filter unit. The power unit then will 

 

consist of a power transformer working 

 

into two '81 type rectifier tubes, (for 

 

full-wave rectification), and then into, 

 

let us say, a two-section filter unit; 

 

which, in turn, will terminate across the 

 

ends of a bleeder resistor. Taps are 

 

then taken from this bleeder resistor 

 

to supply the necessary "C" biases, 

 

plate voltages and screen-grid voltages. 

 

The value of this bleeder resistance may 

 

be anywhere between 10,000 and 20,000 

 

ohms; the entire unit being completely 

 

isolated and shielded to prevent mutual 

 

coupling between itself and any other 

 

circuits. The coils, condensers and 

 

some of the tubes are also, usually, 

 

• shielded to prevent interstage coupling; 

 

and any attempt to make tests with 

 

these shields removed is bound to give 

 

erroneous results. The tubes' socket 

 

prongs, together with their associated 

 

wiring, are completely hidden from 

 

view. These are necessary precautions 

 

in modern, high-gain, precision-built re-
ceivers. To make any sort of voltage 

 

or current measurements at the tube 

 

socket with isolated voltmeters or am-
meters requires, not only the tedious 

 

removal of the entire receiver (and 

 

sometimes the power unit) from the 

 

cabinet but, very often, the breaking 

 

down of the chassis proper, just to 

 

measure the voltage on the plate of a 

 

tube! 

 

A theoretical analysis of receiver de-
sign, (which will not be attempted here) 

 

will convince anyone that the removal 

 

of ,,a single tube from its socket will 

 

alter the voltages of all the other tubes 

 

in the receiver. Hence we may say 

 

%b ore
,
 of the 2% requisites, of Yolt 

 

aIre or current measurement in any 

 

part of a radio receiver, is to do the 

 

measuring with all the tubes in their 

 

proper sockets. This, in view of the 

 

_k­;..1 ......o{....1;.... —9 •L. 

 

The value of an analyzer depends 

 

upon the fact that nearly every form 

 

of trouble in a radio set manifests it-
self in irregular voltages or currents. 

 

General methods of localizing trouble, 

 

the details of which will be discussed 

 

in Chapter 3, will now be given. 

 

When a Service Man arrives on the 

 

job after receiving a call, he should first 

 

satisfy himself that the trouble lies in 

 

the receiver itself. If the symptoms 

 

seem to indicate that tubes are bad, 

 

they should be tested first; merely be-
cause that is the easiest operation to 

 

perform and, usually, indicates the 

 

greatest source of trouble. If defective 

 

tubes are found, they should be immed-
iately replaced by good ones before any 

 

other tests are made. 

 

Plate, screen-grid and control-grid 

 

voltages should then be measured, and 

 

the value checked by reference to manu-
facturers' data or tube charts. (The 

 

Service Man should make it a point to 

 

always have such information with him 

 

for reference purposes.) If it is found, 

 

for instance, that only one tube has no 

 

plate voltage, then reference should be 

 

made to the circuit diagram, to deter-
mine what can possibly cause the lack 

 

of voltage on the particular tube in 

 

question. Do not jump at conclusions; 

 

but conduct a systematic test from the 

 

tube's plate through every single piece 

 

of apparatus in that plate circuit, right 

 

down to the power unit. In this man-

ner the defective piece of apparatus is 

 

bound to be checked. 

 

On the other hand, if, to take another 

 

instance, three tubes that should have 

 

the same voltage have none, then the 

 

trouble lies either in the power unit, or 

 

else in a piece of equipment that is 

 

common to those three tubes; and the 

 

attention of the repair man should be 

 

directed accordingly. 

 

If it is found that the plate and screen 

 

voltages are very nearly normal, but 

 

the plate currents very high, then the 

 

polarity of the "C" voltages should be 

 

closely checked, to determine whether 

 

it has been reversed; as a positive grid 

 

will manifest itself in high plate cur= 
rent. 

 

A check of the tube voltages and cur-
rents may show that they are perfectly 

 

... _._...1 - 1 1 11 i n 
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stage, and then test each and every 

 

piece of equipment in that stage sep-
arately for shorts or opens. 

 

It should be noted that, obviously, if 

 

the set once functioned properly, yet the 

 

wiring, voltages, currents, and indivi-
dual pieces of apparatus test O.K. then 

 

there is nothing wrong with the set. 

 

The above general analysis which, as 

 

previously stated, will be discussed in 

 

detail in Chapter 3, illustrates the abso-

lute necessity of a device which will 

 

facilitate the measurement of tube volt-

ages and currents and permit the test-

ing of individual pieces of equipment. 

 

These fundamental essentials are to be 

 

found in modern analyzers. With mod-
ern competition in the field, rapid accur-
ate service is not only desirable but 

 

absolutely essential, if a Service Man 

 

is to get a livelihood out of his business. 

 

THE RADIO SET ANALYZER IS THE 

 

ONLY PIECE OF EQUIPMENT AT 

 

THE PRESENT TIME THAT AF-
FORDS THE NECESSARY EASE 

 

AND RAPIDITY. 

 

From the above it may seem that all 

 

that one has to do is to plug in his 

 

analyzer, manipulate a few buttons, and 

 

the trials and tribulations of the re-
ceiver will be laid bare. This is not so. 

 

The only thing that can be expected of 

 

any analyzer is that it shall be a means 

 

for conveniently measuring the various 

 

voltages and currents at any tube sock-
et with the tube connected to the socket. 

 

The interpretation of the readings is 

 

left to the Service Man himself. How-

ever, by proper reference to tube charts 

 

and circuit diagrams, coupled with a 

 

little knowledge and common sense, the 

 

average Service Man can locate trouble 

 

in a relatively short time. 

 

Some of the more costly analyzers 

 

have, as an integral part of the device, 

 

an output meter, and a modulated R. F. 

 

oscillator which is very useful in lining 

 

up tuning condensers, taking sensitivity 

 

curves, adjusting oscillators in super-
heterodyne receivers, etc. If the Ser-
vice Man can afford such complete 

 

equipment, the investment is a good 

 

one. Its justification, however, is de-

pendent upon the class of clientele 

 

served. For the average Service Man, 

 

the above mentioned additions are not 

 

absolutely essential; since most tests 

 

and adjustments can be made with the 

 

standard instruments. 

 

One of the most desirable advantages 

 

of an analyzer, aside from its primary 

 

function, is its ability to test tubes. 

 

The correct method of tube testing has 

 

long been a question of dispute. In this 

 

connection, the Service Man is usually 

 

not in a position to expend large sums 

 

of money on elaborate bridges which 

 

accurately measure such characteristics 

 

as mutual conductance (incidentally 

 

now, by the recent ruling of the I. R. E. 

 

"mutual conductance" has been changed 

 

to "transconductance", S.), A.C. plate 

 

resistance, amplification constant, etc. 

 

The Service Man is, usually, only inter-

ested, so far as tube checking is con-

cerned, to know whether the emission 

 

is normal. For a transconductance test, 

 

the same instruments are usually em-

ployed but a calculation is necessary. 

 

(This will be explained in a succeeding 

 

chapter.) As an added feature, most 

 

analyzers have arrangements which per-
mit the use of each instrument, inde-

pendently of the analyzer. This is a 

 

very useful device; especially if tests 

 

are to be made on the bench aside from 

 

regular receiver work. 

 

A small 1.5 volt "C" battery is housed 

 

in some analyzers, in order to permit 

 

the use of one of the voltmeters as an 

 

ohmmeter; the scale of the meter is 

 

then directly calibrated in ohms. This 

 

feature is a distinct advantage, where 

 

resistor replacement is necessary. Some 

 

manufacturers have even gone so far 

 

as to include calibration charts for in-
ductance and capacity measurements on 

 

the A.C. ammeter scale, when such a 

 

meter is included in the analyzer. 

 

It is in the nature of things, that 

 

different manufacturers should include 

 

various incidental refinements which 

 

they believe valuable (some of which 

 

have already been mentioned and will 

 

be discussed in detail later) with the 

 

result that the Service Man is usually 

 

at a loss to determine just what kind 

 

of an analyzer to secure for his purpose. 

 

Unfortunately, another man's advice 

 

usually does not apply to a particular 

 

case, and the Service Man is usually left-
to choose for himself. His choice will, 

 

probably, be determined first by the 

 

amount of money he has available to 

 

spend, and then by his requirements. 

 

In order to aid him in this decision, 

 

Chapter 2 will treat in detail the theory 

 

and construction of analyzers in gen-
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eral; Chapter 3 will describe methods 

 

of trouble shooting with analyzers; and 

 

the remainder of the book will be devot-
ed to a comprehensive description of 

 

commercial analyzers. 

 

By following this procedure, it is 

 

hoped that the choice of an analyzer 

 

will be based on concrete knowledge, 

 

rather than upon the vicissitudes of 

 

philosophical speculation. 

 

gull details about the 

 

OFFICIAL 

 

R A D I O 

 

SERVICE 

 

MANUAL 

 

will be found 

 

on the back cover 

 

of this book 

 



CHAPTER 2 

 

The Analyzer 

 

In order that an analyzer shall be 

 

capable of everyday use, it should sat-

isfy several fundamental requirements, 

 

namely: compactness, accuracy and 

 

stability. At the same time there 

 

should be, if possible, a sufficient 

 

amount of spare space available for 

 

small tools. It should be simple to 

 

operate; and should not have such an 

 

abundance of scales on a single instru-

ment that reading any one of them be-

comes difficult. At the same time, 

 

The principal type of switches used in 

 

radio work. Knife switches are indicated; 

 

but there are many different mechanical 

 

methods of making connections. 

 

however, economy demands that one in-
strument be used for as many purposes 

 

as possible. Just what the happy med-
ium is, depends of course, upon the 

 

dexterity of the user. Last but not 

 

least, the device should be "foolproof"; 

 

this means that it should not be possible 

 

to ruin any instrument by manipulating 

 

the wrong switch. 

 

The Switches 

 

The switches used on analyzers must 

 

be very carefully constructed. Each 

 

contact must be positive and have the 

 

same resistance at all times; further-
more, its resistance must be extremely 

 

low, or else some of the scales on the 

 

meters will not read correctly. 

 

So very many kinds of switches are 

 

used that it is an impossibility to des-
cribe them all. An attempt will be 

 

made to discuss some of the more com-

monly-used types, so that the reader 

 

may become familiar with the methods 

 

used in switching. 

 

Fig. 1 shows diagrams of some of the 

 

more commonly-used knife switches. 

 

The abbreviations used are standard 

 

and are listed below for convenience. 

 

S.P. S.T.—Single-Pole, 

 

S.P.D.T.—Single-Pole, 

 

D.P. S.T.—Double-Pole, 

 

D.P.D.T.—Double-Pole, 

 

T.P. S.T.—Triple-Pole, 

 

T.P.D.T.—Triple-Pole, 

 

Single-Throw. 

 

Double-Throw. 

 

Single-Throw. 

 

Double-Throw. 

 

Single-Throw. 

 

Double-Throw. 

 

These knife switches are rarely used 

 

in analyzer construction; not because 

 

they are inefficient, but because of the 

 

great deal of space required to house 

 

and manipulate them. The basic prin-

ciple of switching is the same, regard-
less of the mechanical arrangement of 

 

the switch. 

 

A type commonly used in analyzers 

 

is shown in Fig. 2A; this switch, known 

 

as a push-button type, is composed of 

 

four blades a, b, c and d. Blades a and 

 

c are tied together by a bakelite strip 

 

k. When the button S is pushed in, the 

 

plug P pushes down blades a and c; so 

 

that blade a makes contact with blade 

 

b, and blade c with blade d. When the 

 

finger is released from S, the spring 

 

T removes P from the blades, and both 

 

circuits are open. It is seen that this 

 

switch is similar in action to the 

 

D.P.S.T. knife switch of Fig. 1. This 

 

type of switch (sometimes called a Jack 

 

Switch) is very small, rapid of opera-
tion and quite fool-proof. 

 

This jack or push-button switch may, 

 

by simple mechanical changes, be made 

 

Two different types of double-Pole jack 

 

switches, operated by push-buttons. 
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to perform a variety of purposes. For 

 

instance, Fig. 2B shows a push-button 

 

switch which opens one circuit at the 

 

same instant that it closes another. It 

 

may sometimes be desirable to open 

 

one circuit a little before the second 

 

circuit closes; this can easily be accom-

plished by making the contact on blade 

 

d of Fig. 2B slightly shorter than that 

 

on blade a. By having a sufficient num-
ber of blades, it is possible to switch 

 

a multiplicity of circuits simultaneous-
ly. 

 

A type of switch that is used in a 

 

great many analyzers, and has some in-
herent advantages, is the rotary switch; 

 

this is shown diagrammatically in Fig. 

 

3. In this class there are two types, the 

 

single- and double-arm, shown respec-
tively at A and B. 

 

As seen by an inspection of Fig. 3A, 

 

the arm of the switch may be connected 

 

directly to any one of nine circuits; this 

 

single arm switch is used only when one 

 

side of the line being switched is com-
mon to all nine circuits. This is the 

 

only disadvantage placed upon this 

 

method of switching. It is stable in 

 

the sense that, when the arm is placed 

 

on a given tap, and a definite circuit 

 

thus established, positive contact is as-
sured, and is not subject to variations 

 

that may be imposed upon it by jarring, 

 

age, etc. 

 

When it is desirable to switch both 

 

sides of the line, the arrangement 

 

shown in Fig. 3B is used; this is similar 

 

to that of A, except that it employs a 

 

double set of taps to make contact 

 

with two switch arms which are insu-
lated from each other. With this ar-
rangement extreme flexibility is se-
cured. 

 

It has been truly said that switching 

 

is one of the most interesting problems 

 

that the layman can find in electrical 

 

-A- FIG.3 -B-

Left, the ordinary tap switch with arm 

 

leading to one common return circuit; 

 

.right, a more "flexible" switch. 

 

All the current in a series circuit must 

 

flow through the meter. 

 

work. It taxes the ingenuity of the 

 

mind, without requiring detailed techni-
cal knowledge. No better examples of 

 

switching technique can be given than 

 

those employed in the modern set ana-

lyzer. At this time we will not enter 

 

into a detailed account of the possible 

 

switching arrangements which are ob-
tained with the types of switches de-
scribed heretofore; as that will be treat-
ed at the end of this chapter, when we 

 

show how a simple analyzer is to be 

 

designed. 

 

Suffice to say that it is possible to 

 

design a switch for almost any imag-
inable circuit arrangement. Some of 

 

these will be presented from time to 

 

time as the occasion arises. 

 

The Milliammeter 

 

The milliammeter and the voltmeter 

 

constitute in reality, the major part of 

 

the analyzer and, as a consequence, will 

 

be discussed in more or less detail. It 

 

is beyond the scope of this book to enter 

 

into a detailed theoretical discussion of 

 

meter operation; but it is felt that a 

 

sufficient amount of space should be 

 

devoted to the subject, so that the Ser-
vice Man may have an idea of just why 

 

certain things are done. 

 

Fundamentally, every kind of electric-
al instrument (whether it be a volt-

meter, ammeter, wattmeter, etc.) works 

 

simply because an electric current is 

 

flowing through it. As an example, as-
sume the battery of Fig. 4 to be light-
ing the tube connected to the battery. 

 

If it is now desired to measure the 

 

current passing through the filament of 

 

the tube, an instrument called an am-
meter is inserted, in either leg of the 

 

line, as shown at A. Now it does not 

 

matter in which leg of the line the 

 

meter is inserted; since it will read 

 

the same in either case, because the 
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current coming out of the battery into 

 

the filament must be exactly the same 

 

as the current coming out of the fila-

ment at the other end, into the bat-

tery. Stated in another manner, the 

 

filament and the meter are connected 

 

in series across the battery terminals. 

 

Furthermore, it is a universal law that 

 

the value of the current in a series cir-

cuit is the same throughout each and 

 

every part of the circuit. Since that is 

 

the case, it does not matter in which 

 

leg the meter is inserted; the same 

 

amount of current flows through the 

 

CURRENT 

 

ENTERING 

 

__ 

 

FIG.5 

 

CURRENT 

 

LEAVING 

 

IRvery coil of wire in which a current 's 

 

flowing is surrounded by a magnet c 

 

field. 

 

instrument. It should be particularly 

 

noted that, with the instrument con-

nected as shown in Fig. 4, the current 

 

that flows through the filament must 

 

of necessity flow through the meter. 

 

The next question is, "What makes 

 

a meter read?" The answer is to be 

 

found in the elementary laws of mag-
netism. Whenever a wire is carrying 

 

current, it generates a magnetic field; 

 

the intensity of this field depends upon 

 

the length of the wire and the strength 

 

of the current. The direction of this 

 

magnetic field is as shown in Fig. b. 

 

FIG. e 

 

Ctne magnetic field exerts a pressure on 

 

another: this is the principle of the elec-
tric motor. 

 

If this wire now be placed between 

 

the pole faces of a magnet, as shown 

 

in Fig. 6, the magnetic field will be as 

 

shown; and, furthermore, the wire will 

 

tend to move and, if free, will move 

 

downward. When the wire is wound in 

 

the form of a coil, the magnetic field 

 

CURRENT ENTERS 

 

100 

 

a 

 

Q Q 

 

N     5: 

 

`o b b b 6 b 6-

FIG 7 

 

CURRENT LEAVES 

 

The polarity of the magnetic field of a 

 

coil: current is taken as flowing from 

 

will be as shown in Fig. 7. If the coil 

 

is placed between the pole faces of a 

 

bar magnet, as shown in Fig. 8, then 

 

end N, (see Figures 7 and 8), will tend 

 

to move in one direction and end S in 

 

the other. If the coil is pivoted, it 

 

will rotate; and a needle rigidly at-

tached to the coil will move with it. 

 

The two leads from such a moving 

 

coil, in a meter, are connected in series 

 

with the circuit whose current is to be 

 

measured, in Fig. 8. The greater the 

 

current consumed by the filament, the 

 

more current will flow through the 

 

meter, and the greater will be the read-

ing of the ammeter. There is a limit 

 

to the amount of current that can be 

 

sent through the instrument; for, if 

 

it is rated at 3 amperes, no more than 

 

3 amperes should flow through it— 
otherwise there is great danger of 

 

burning out the meter. 

 

It would seem therefore, that a dif-
ferent meter would be required to meas-
ure currents greater than the 3 am-

peres; this is not necessarily so, how-

ever, since shunts may be employed to 

 

increase the range of an instrument to 

 

almost any degree desired. By using 

 

these shunts a single instrument may 

 

be given two, three or even four dif-
ferent ranges. Any instrument having 

 

An ammeter (any current meter) "reads" 

 

because the moving coil is twisted in the 

 

field of the fixed magnet. 
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more than one scale is called a multi-
scale instrument. 

 

What is a shunt, and how may one 

 

be constructed? These questions will 

 

now be answered. 

 

The moving coil is of extremely light 

 

construction, in order that it may rotate 

 

easily; therefore it must be wound with 

 

very fine wire. Practically, this means 

 

that the amount of current that can 

 

safely flow through this coil is very 

 

small—only a few thousandths of an 

 

ampere. If the safe current-carrying 

 

capacity of the wire is, for example, 

 

ten one-thousandths of one ampere, (10 

 

milliamperes or 10 mills.), how can the 

 

meter be safely placed in a circuit in 

 

which 2 amperes are flowing? 

 

The answer is that not all of the cur-
rent flowing in the circuit passes 

 

through the moving coil. As an ex-
ample, let us assume that we have a 

 

meter with a moving coil so designed 

 

that, when ten one-thousandths of an 

 

ampere flow through it, the meter reads 

 

full-scale. This means that under no 

 

conditions can more than 10/1000 of 

 

an ampere safely flow through the coil. 

 

As the instrument is now, it is a 10-
milliampere meter. 

 

If now a resistance which is equal 

 

to the resistance of the moving coil is 

 

placed in parallel with the moving coil 

 

of the meter, then one half the current 

 

in the circuit will flow through the 

 

moving coil, and the other half through 

 

the resistance. 

 

For example, the resistance of our 

 

moving coil is, say, one ohm, and it 

 

requires 10/1000 of an ampere through 

 

it to give full-scale deflection. We now 

 

place a one-ohm resistor in parallel with 

 

it, giving the circuit of Fig. 9. If the 

 

current flowing in a circuit in which the 

 

meter is now connected is 10 mills., 

 

FIG. 9 

 

MOVING COIL 

 

/ RESISTANCE 5-OHM: 

 

/ CURRENT FOR FULL• 

 

SCALE DEFLECTION 

 

10 MILLS 

 

-EXTERNAL 

 

RESISTANCE 1.OHM 

 

A shunt across a milliammeter allows it 

 

to register only a certain portion of th,-
current in the whole circuit. 

 

then b mills. will go through the meter, 

 

and b mills. through the resistance. The 

 

current through the meter being now 

 

one-half of what it was before the re-
sistance was connected, the meter will, 

 

of course, only read half as much. If 

 

the current in the circuit be increased 

 

to 20 mills., 10 mills. will go through 

 

the moving coil of the meter, and the 

 

other 10 mills. through the resistance. 

 

The meter will now read full-scale. 

 

It should now be noted that, without 

 

the external resistance, the actual cur-
rent through the circuit goes through 

 

the moving coil; and the meter reads 

 

FIG 10 

 

An ammeter (milliammeter) may be used 

 

to give several scales of readings by using 

 

several shunts. 

 

the actual current in the circuit. With 

 

the resistance connected across the 

 

moving coil, only one half of the cur-
rent in the circuit will flow through 

 

the moving coil, and the meter will 

 

read only one-half the actual current 

 

in the entire circuit. To obtain the 

 

correct current, then, it is necessary to 

 

multiply the meter reading by the 

 

factor 2. 

 

If, instead of the one-ohm resistor 

 

(which resistor is known as a shunt) 

 

a 2-ohm resistor was connected in, then 

 

only one third of the total line current 

 

would pass through the moving coil, 

 

and the remaining two thirds would 

 

pass through the shunt. The meter 

 

would then read only % of the actual 

 

current in the entire circuit; so that it 

 

would be necessary to multiply the 

 

meter reading by the factor 3, in order 

 

to obtain the actual current flowing. 

 

The addition of these shunts, then, 

 

permits the extension of the amount of 

 

current that can be measured by an in-
strument. The same meter whose mov-
ing coil can safely carry but 10 mills., 

 



A voltmeter is only a current meter with 

 

a resistance to limit the current pausing 

 

through It. 

 

can, with the use of the proper shunt, 

 

he arranged to measure several am-

peres. For convenience a switch may 

 

be provided, to throw in any one of a 

 

number of different shunts; so that dif-

ferent ranges on the instrument are 

 

available. This is shown in Fig. 10. 

 

By setting the switch on the proper 

 

tap. any one of three ranges can be 

 

selected. 

 

If the internal resistance of the meter 

 

is known, then the resistance of the 

 

shunt necessary to extend the range of 

 

the instrument may be calculated from 

 

the following formula, 

 

r 

 

R_  

 

n-1 

 

in which: 

 

R is the resistance of the shunt; 

 

n is the number indicating how many 

 

times the meter range is to be ex-

tended or multiplied; 

 

r is the internal resistance of the 

 

meter. 

 

As an example of the use of this 

 

formula, assume a milliammeter which 

 

has an internal resistance of .005-ohm 

 

(1/200 of an ohm) and has a maximum 

 

scale reading of 10 mills. It is desired 

 

to extend the range from 10 up to 50 

 

mills. The factor, n, by which we wish 

 

to multiply the meter scale reading, is 

 

tive (50/10=5). Then, for this case 

 

r = .005-ohm 

 

n = 5. 

 

Placing in equation (1) the numbers 

 

instead of the letters, we get: 

 

.005 .005 

 

R_ _.00125-ohm 

 

5-1 4 (1/800 of an ohm). 

 

How one can purchase a resistor of 

 

extremely low value, and have it ac-
curate to about 57,), is indeed a prob-
lem. 
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A method which is used practically 

 

is as follows: Assume we have a 10-

mill. meter whose range we wish to 

 

extend to 50 mills. A current of about 

 

9.5 mills. is sent through the meter and 

 

the exact reading noted; let us say it 

 

is 9.7 mills. Then, after the proper 

 

shunt is put on the meter, it should read 

 

9.7/5, or 1.94 mills. We next proceed 

 

to short-circuit the meter with a good 

 

grade of low-resistance wire until the 

 

meter DOES read 1.94 mills., with the 

 

same current through the circuit as 

 

before. The value of the resistance 

 

will then be the required amount. 

 

Using the same procedure with the 

 

new shunt, the process can be repeated 

 

successively; and the meter can be thus 

 

calibrated so as to read up to almost 

 

any required amount. 

 

The Voltmeter 

 

As stated previously, in order that an 

 

electrical measuring instrument may 

 

function, a current must flow through 

 

it. The voltmeter is no exception to 

 

the rule. Contrary to a somewhat gen-
eral opinion, a voltmeter also, in a 

 

sense, measures current—as we shall 

 

soon see. 

 

In any electrical circuit, a current 

 

flows for the sole reason that a poten-
tial difference (a voltage) causes it to 

 

flow. If the resistance of the circuit 

 

is constant, then the amount of current 

 

flowing is directly proportional to the 

 

voltage that causes this current to flow: 

 

If the voltage is doubled, the current 

 

doubles; if the voltage is tripled, the 

 

current triples, etc—provided always 

 

that the resistance of the circuit is con-
stant. (The above statement, of course, 

 

applies only to a D.C. circuit.) This 

 

FIG U 

 

If a voltmeter is placed across a resist-

ance, it "shunts" or diverts part of the 

 

current. reducing the reading. 
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means, then, that if an instrument is 

 

connected ACROSS (in shunt with the 

 

circuit) the voltage to be measured, 

 

and if furthermore, the resistance of 

 

the instrument is constant (as it al-
ways is), then the current through the 

 

instrument will be directly proportion-
al to the voltage across which the in-
strument is connected. In the formula 

 

of Ohm's Law, I (current Intensity) 

 

equals E (Electromotive force or volt-
age) divided by R (resistance). We 

 

may write this also E_=RI, which 

 

comes to the same thing. 

 

It is seen, then, that a voltmeter, 

 

connected across a certain voltage, has 

 

a current flowing through it; for the 

 

same reason that any resistance con-
nected across a voltage has a current 

 

flowing through it. It is this current 

 

flowing through the meter that actuates 

 

it; the manner of its operation being 

 

identical with that of the ammeter dis-
cussed above (Fig. 8). Let it be stated 

 

at this time that exactly the same move-
ment ("works") is used in the volt-
meter as in the ammeter; the only dif-
ference being in the mode of connec-
tion. Let us examine the mode of con-
nection more closely. 

 

Assume we have the same moving 

 

coil that was used in the ammeter 

 

(that is, of 1 ohm resistance, and giving 

 

a full-scale deflection with 10 mills. 

 

through it). In order then, that the 

 

meter shall read full scale, it must be 

 

connected across a voltage of 

 

10 10 

 

(E=RI) 1X _ _.01-volt. 

 

1000 1000 

 

The measurement of such extremely 

 

small voltages is of no importance to 

 

the Service Man; and therefore some 

 

means must be found to enable the me-

Two methods of connecting thy• limit-
ing resistors of a multi-scale voltmeter; 

 

that of B is more expensive, but better. 

 

ter to be used on higher voltages and, 

 

at the same time, keep the current 

 

through the moving coil below its rated 

 

limit. This is accomplished by placing 

 

a resistance R in series with the coil, 

 

as shown in Fig. 11. Suppose the full-
scale reading of the voltmeter is to be 

 

10 volts. The current that must flow 

 

through the moving coil and, hence 

 

through the resistance R, must be 10 

 

VOLTAMMETER --1 

 

A 

 

VOLTMETER 

 

MULTIPLIERS 

 

FIG.4b 

 

AMMETER 

 

SHUNTS 

 

VOLTMETER AMMETER 

 

The resistors of a voltmeter are of high 

 

value, and in series with it: the resistors 

 

of an ammeter are of low value, and in 

 

shunt with it. 

 

mills. By Ohm's Law the total resist-
ance of the circuit should be 

 

E 10 

 

R_—_—=1000 ohms. 

 

I 10 

 

1000 

 

The resistance of the moving coil is 1 

 

ohm; therefore the value of the ex-
ternal resistance R which must be 

 

placed in series is 999 ohms. This ex-
ternal resistance R is called the mul-
tiplier. 

 

One important thing should be borne 

 

in mind, and that is the fact that, re-
gardless of the voltage applied, (in the 

 

above case from 0 to 10 volts), the re-
sistance of the meter is the same. It 

 

does not and cannot alter with changes 

 

in values of voltages applied. For our 

 

case, then, we see that to read a max-
imum of 10 volts we require a total 

 

resistance of 1000 ohms; or 100 ohms 

 

for every volt. Our meter has a resist-
ance of 100 ohms per volt. This is a 

 

common method of expressing the re-
sistance of voltmeters, and must not 

 

be misinterpreted. It simply means 

 

that, to obtain the resistance of the 

 

meter (regardless of the voltage that 
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WILL be applied), we multiply the 

 

ohms per volt by the maximum voltage 

 

reading of the meter. 

 

This method of expression is useful 

 

in determining how much additional 

 

resistance must be inserted to increase 

 

the range of a voltmeter. For instance, 

 

with the same voltmeter described 

 

above, we wish to increase our range 

 

from 0-10 volts to 0-100 volts. Our 

 

increase in range is 90 volts. For every 

 

volt we need 100 ohms and, therefore, 

 

for a 90-volt increase we need 

 

90 x 100 = 9000 ohms additional. 

 

This makes a total resistance of the 

 

meter 10,000 ohms for a maximum scale 

 

of 100 volts; which is obviously 100 

 

ohms per volt. 

 

The consumption of 10 milliamperes 

 

for full-scale deflection is sufficient to 

 

cause appreciable discrepancies when 

 

measuring voltages in "B" eliminators. 

 

Why this is so can be seen from an 

 

analysis of Fig. 12. 

 

Assume that RI and R. are two sec-

tions of a "bleeder" resistance in a 

 

power unit, and that there is 200 volts 

 

across the outside terminals. A little 

 

consideration will show that the voltage 

 

across either RL or R., is 100 volts 

 

when the voltmeter V is not connected. 

 

The current flowing through the resis-

tors is 

 

E 200 

 

I_ _ _.01 ampere = 10 mills. 

 

R 20000 

 

If the voltmeter V is now connected 

 

across R�, and the voltmeter has a re-

sistance of 10,000 ohms, then the re-

sistance of V in shunt with R. gives a 

 

combined resistance of only 5600 ohms 

 

between b and c. The resistance across 

 

the 200-volt supply is only 15,000 ohms, 

 

from a to c; and the current flowing 

 

in the circuit now is 

 

E 200 

 

I_ _ _.0133-amp.=13.3 mills. 

 

R 15,000 

 

The voltage across R,,, which will be 

 

the voltage indicated by the meter, 

 

will be 

 

5000 X .0133 = 66.5 volts 

 

which corresponds to an error of 33 

 

volts in 100, or 'a 33% error; which is 

 

certainly not permissible in service 

 

work. 

 

To obviate this difficulty, voltmeters 

 

suitable for service work have a resist-

ance of 1000 ohms per volt; so that.a 

 

0-100 volt meter will have an internal 

 

resistance of 100,000 ohms. The shunt-

ing effect of the meter, for all practical 

 

purposes, will then be negligible. 

 

Voltmeters may have several multi-

pliers, each one suitable for a different 

 

range; and in this manner we may 

 

utilize one meter for measuring either 

 

small or large voltages. There are two 

 

methods of connecting multipliers for 

 

multi-scale voltmeters; these are shown 

 

in Figs. 13A and 13B. 

 

The circuit of Fig. 13A uses one re-

sistor, which is tapped at various points 

 

to secure the proper multiplier value for 

 

each scale, as indicated; it has the .;ad-
vantages of low cost and simplicity. 

 

It has the serious disadvantage that an 

 

open circuit in the 10-volt multiplier 

 

opens all the other ranges. The second 

 

method, shown in Figure 13B, has a 

 

separate multiplier for each scale; the 

 

advantages of such construction being 

 

obvious. 

 

Earlier in the discussion it was stated 

 

that the meter construction is the same 

 

for both a voltmeter and an ammeter; 

 

the difference being that, in the am-
meter, resistors are placed in shunt 

 

with the meter; while, in the voltmeter, 

 

resistors are placed in series with .the 

 

meter. By using a proper switching 

 

arrangement, a single instrument may 

 

be used either as a voltmeter or as an 

 

ammeter; either use having a multi-
plicity of ranges. This is shown in 

 

Fig. 14. 

 

An A. C. meter is so arranged that the 

 

polarities of the fixed and moving coils 

 

change at the same thne and are always 

 

opposite. 

 

The A. C. Voltmeter 

 

An analysis of the D.C. meter will 

 

show that, if the direction of the cur-
rent through the meter be reversed, 
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then the pointer of the meter will move 

 

to the left instead of to the right. This 

 

means that, if A.C. is sent through the 

 

meter, then during one half of the cycle 

 

the meter will tend to move in one 

 

direction and during the other half of 

 

the cycle it will tend to move in the 

 

opposite direction. The result is that, 

 

at 60 cycles (commercial power fre-
quencies), the needle does not move at 

 

all. To be able to read A.C., it is neces-
sary to have a device that will move in 

 

the same direction regardless of the 

 

direction of the current through the 

 

meter. This is what the A.C. meter 

 

does. 

 

There are numerous types of A.C. 

 

meters, but only one of them will be de-
scribed; since the A.C. voltmeter used 

 

in analyzers are of this type. This is 

 

designated as the Soft-Iron, or Iron-
Vane, type of meter. A sketch showing 

 

its internal construction is given as 

 

Fig. 15. 

 

A small strip of soft iron M, bent 

 

into a cylindrical form, is mounted 

 

axially on a spindle S which is free to 

 

turn. Another similar strip F, which 

 

is more or less wedge-shaped, and 

 

which is larger than M, is fixed inside 

 

a cylindrical coil; this coil C is wound 

 

with fine wire and connected in series 

 

with a high resistance, (the multiplier). 

 

When current flows through the coil, 

 

both iron vanes become magnetized. 

 

The upper edges of F and M both have 

 

the same magnetic polarity—for in-
stance, both "north" poles; and the 

 

lower edges have the same magnetic 

 

polarity—both "south" poles. The two 

 

upper edges repel each other, and so 

 

do the two lower edges; with the result 

 

that the free vane M moves. The point-
er therefore moves with it. When the 

 

cycle reverses, the magnetic polarity 

 

reverses (the upper edges become 

 

south poles and the lower edges north 

 

The usual way of showing a tube circuit, 

 

at the left, is altered to show merely the 

 

connections to the socket in the receiver. 

 

poles), but the repulsive force is still 

 

there; consequently the meter moves in 

 

one direction only. The multiplier cal-
culations for the A.C. meter are exact-
ly the same as for the D.C. meters de-
scribed above. 

 

Design of a Simple Analyzer 

 

In developing a simple analyzer, the 

 

reader should bear in mind that the 

 

finished product is not suitable for home 

 

construction; since no mechanical or 

 

electrical constants will be given. By 

 

describing such a theoretical analyzer, 

 

the author hopes to accomplish but one 

 

purpose: to present the fundamental 

 

principles behind all analyzers. By do-
ing this, thus illustrating the methods 

 

of design, the more complicated com-
mercial types will be more fully ap-
preciated than if this mode of ap-
proach were not used. 

 

PLUG cho 

 

C" 

 

A+ s+ F16 19 

 

3 

 

SWITCH 

 

The connections to the socket of the 

 

analyzer enable us to measure the tube 

 

voltages, Just as if the tube were in the 

 

set (left) instead of the analyzer socket 

 

(right.) 

 

Suppose a stage of A.F. amplifica-
tion, such as that shown in Fig. 16, is 

 

to be examined. For a very complete 

 

test it would be necessary to know the 

 

following constants: 

 

(1) Filament voltage; 

 

(2) Plate voltage; 

 

(3) Grid voltage; 

 

(4) Plate current; 

 

(5) Grid current. 

 

Let it also be assumed that we wish 

 

to measure each of these with a few 

 

instruments as possible. To measure 

 

the constants listed above, a milliam-
meter would have to be inserted at R 

 

to measure plate current; at Y for grid 

 

current, between points 1 and 2 for 

 

plate voltage; between 2 and 3 for grid 

 

voltage; and between 2 and 4 for fila-
ment voltage. Let it be further as-
sumed that we cannot break any leads 

 

in the set to insert these instruments. 
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,,I PLUG END 

 

I. 

 

CONNECTIONS MADE 

 

BY TUBE BASE _ 

 

FIG. 18 

 

The socket in the set is now connected to the socket in the analyzer, by means of a 

 

cable and adapter plug. The same voltages present in the circuit of the receiver (at 

 

the left) are impressed on the analyzer socket terminals (right). 

 

If the tube of Fig. 16 be removed, 

 

then the connections to the socket re-
main as in Fig. 17. Suppose now, we 

 

take the base of an old tube and solder 

 

leads from the prongs of the tube base 

 

to a socket outside the set. The set 

 

will function exactly the same, whether 

 

a tube is inserted in the original tube 

 

socket, or in the one outside the set 

 

with the tube base plugged into the 

 

original socket, to complete the con-
nections. This is depicted in Fig. 18. 

 

It is now possible to break any leads 

 

or insert meters between any two 

 

points in the external socket and, at the 

 

same time, keep a tube connected in the 

 

circuit. This, it will be recalled, is a 

 

necessary precaution in all tube service 

 

work. 

 

The next problem is to devise a means 

 

of using, say, one meter to do all the 

 

measuring. This is a problem in switch-

ing. Suppose, for the sake of sim-

plicity, we devise a switching arrange-
ment to measure the grid, filament and 

 

plate voltages and then tackle the 

 

measurement of plate currents. ONE 

 

THING MORE BEFORE WE START, 

 

AND THAT IS: ALL GRID AND 

 

PLATE VOLTAGES ARE MEAS-
URED WITH RESPECT TO THE 

 

NEGATIVE END OF THE FILA-
MENT. THIS IS STANDARD PRAC-
TICE. 

 

A study of Fig. 16 shows that, by 

 

means of a single-pole double-throw 

 

switch, a single meter can be used to 

 

measure filament and plate voltages. 

 

By. using a three-point rotary switch 

 

the meter can be switched to the plate, 

 

the positive leg of the filament, and the 

 

grid; this is shown in Fig. 19. When 

 

the arm is on point 1 the meter is con-
nected between grid and filament, and 

 

so reads grid voltage; when on point 2, 

 

the meter is connected between the fila-
ment terminals, and so reads filament 

 

voltage; and when on point 3, the meter 

 

is connected between plate and fila-

ment, and so reads plate voltage. This 

 

switching arrangement does not take 

 

care of changing multipliers; or of the 

 

fact that, when the arm of the rotary 

 

switch is on point 1, for grid voltage, 

 

the positive terminal of the voltmeter 

 

is connected to the grid while the "C' 

 

bias makes the grid negative with re-

spect to the filament. The result of 

 

the latter fact is that when grid volt-
age is being measured the meter reads 

 

reversed. The above effect necessitates 

 

the use of a switching arrangement 

 

which facilitates the insertion of any 

 

multiplier desired and at the same time 

 

reverses the meter connections when 

 

grid voltage is being measured. 

 

The first requirement can be satis-
fied by inserting the multipliers in the 

 

voltmeter leads; so that, when plate 

 

voltage is being measured, any one of 

 

a number of ranges may be secured. 

 

This refinement is shown in Fig. 20. 

 

To 

 

PLUO 

 

SW 

 

FILAMENT WOW 

 

MUL1IPL;ERS 

 

J 

 

l 

 

PLATE VOLTAGE 

 

MULTIPLIERS 

 

FIG. 20 

 

Since the tube voltages vary widely, it is 

 

necessary to have several multipliers to 

 

take the readings conveniently on a 

 

single voltmetet. 
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This mode of connection has the dis-
tinct advantage that, when measuring 

 

plate voltage, it is impossible to burn 

 

out the meter by accidently pressing a 

 

low-voltage filament multiplier. 

 

The problem now is to satisfy our 

 

second requirement; that is, to reverse 

 

the meter connections when measuring 

 

grid voltage. This may be accomplish-
ed by changing our single-arm rotary 

 

switch to a double-arm rotary switch, 

 

so connected that when grid voltage is 

 

measured the meter connections are re-
versed. This is shown in Fig. 21, in 

 

which the filament and plate circuit con-
nections to the meter have been omitted, 

 

for the sake of simplicity. 

 

With the arrangement as shown, and 

 

the arms in position 1, for grid voltage, 

 

the negative side of the voltmeter con-
nects to the grid and the positive side 

 

to the filament—which is as it should 

 

be. On the other hand, in either posi-
tion 2 or 3 the negative side of the 

 

meter connects to the filament, and the 

 

positive side to either the filament or 

 

the plate. Fig. 21 also shows grid-
voltage multipliers. 

 

Our entire circuit arrangement, as 

 

we have reached it, so far, is shown in 

 

the full lines of Fig. 22. 

 

To complete our simple analyzer, we 

 

now must make provisions to measure 

 

plate and grid currents. Plate current 

 

is measured by breaking the lead at 

 

point % (Fig. 22) and inserting a milli-
ammeter at that point; the two leads 

 

are then brought down through a con-
nection of shunts to a fourth set of 

 

To 

 

PLUG 

 

GRID 

 

MULTIPLIERS 

 

ARMS INSULATED .-----� 

 

FROM EACH OTHER 

 

LOWER 

 

ARM 

 

FIG. 21 

 

TO FIL CCT. 

 

O•
s
TO PLATE 

 

CIRCUIT 

 

UPPER 

 

ARM 

 

The connections shown permit us to read 

 

grid, filament or plate voltages at once, 

 

the grid voltage on any one of three 

 

6cales. 

 

I PLATE 

 

:CIRCUIT 

 

ISHUNTS 

 

: 

 

•lnhwvr• 

 

-4nHVw-� 

 

i  

 

Arrangement of a single meter to read 

 

any of the voltages or currents (except 

 

filament current) of a tube. 

 

terminals on our rotary switch, as 

 

shown by the dotted lines at the right. 

 

The same operation is performed in the 

 

grid circuit by breaking it at point Y 

 

and bringing the two leads down 

 

through a connection of shunts to a 

 

fifth set of contact points. This is de-
picted by the dotted lines at the left of 

 

Fig. 22. 

 

In the grid and plate circuit shunts 

 

shown, a short-circuit arm is present. 

 

This is placed there in order to close 

 

the open circuit when any one of the 

 

other taps on the rotary switch is be-
ing used. 

 

The arrangement shown uses one 

 

meter for all measurements; this meter 

 

having twelve different scales. The use 

 

of two or more meters would simplify 

 

the connections, if anything; so that the 

 

arrangement worked out here repre-
sents a more complicated hook-up than 

 

that ordinarily found in practice. 

 

In all of the multiplier and shunt 

 

connections shown in the diagrams, 

 

push-button switches are almost invari-
ably used in practice instead of the 

 

tap switches diagramatically shown in 

 

the various schematics. The manner in 

 

which these push buttons are connected 

 

will now be shown. 

 

Suppose the meter is to be used to 

 

measure the plate voltage on a tube, 

 

one of three different scales being avail-
able. The rotary switch is placed on 
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FIG. 23 I  

 

How push-buttons are used i-- change. 

 

from one scale of a voltmeter to an-
other. 

 

the tap marked "Plate Voltage," and 

 

the push button corresponding to the 

 

multiplier desired is pressed. The 

 

method of connecting the push buttons 

 

is shown in Fig. 23. For the selection 

 

of the proper shunts a somewhat simi-
lar connection is used. This is shown 

 

in Fig. 24. When push button No. 1 is 

 

pushed down, contacts c and d open; 

 

disconnecting the short-circuit from the 

 

line and connecting in shunt No. 1. If 

 

button No. 2 is pushed, contacts cl 

 

and dl open, disconnecting the short-
circuit and connecting in shunt No. 2. 

 

As previously stated, the short-circuit 

 

is necessary in the plate and grid con-
nections; because, when the meter is 

 

used for voltage measurements, the 

 

points in the circuit at which the plate 

 

and grid currents are measured must 

 

be closed. 

 

The complete diagram of connections 

 

using the push buttons is given in Fig. 

 

25. 

 

No provision has been made in these 

 

diagrams to show the use of the meter 

 

externally with any of the shunts or 

 

multipliers; since the insertion of any 

 

more switches would only tend to com-
plicate the drawings. Commercial an-
alyzers which have these additions are 

 

discussed in the latter part of the book, 

 

and the inclusion of them at this point 

 

would only cause a repetition. 

 

The use of twelve different scales on 

 

a single instrument is not the best prac-
tice. It has been used in this design, 

 

more to indicate the manner in which 

 

the switching is done, than to illustrate 

 

general practice. However, there are 

 

Push-buttons are used here to change 

 

from one current scale to another. 

 

several single-meter sets now available; 

 

so that our discussion is not entirely 

 

void of practicality. 

 

The use of alternating current for 

 

heating the filaments of tubes is now 

 

almost universal practice; so that pre-
sent-day analyzers have a low-range 

 

A.C. voltmeter for measuring filament 

 

TO SET. 

 

• o f 

 

FIG Z5 

 

D 

 

0 

 

t  

 

t  

 

�J 

 

t 

 

A complete analyzer, using push-buttons 

 

to obtain the various connections shown 

 

mt re simply in Fig. 22. This may be 

 

compared with the various switching ar-
rangements of commercial analyzers 

 

shown in the latter part of this book. 
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voltage. This could have been incor-
porated in our little analyzer very 

 

easily by unsoldering wire a and b from 

 

the rotary switch and bringing them 

 

directly to the terminals of the A.C. 

 

voltmeter. 

 

IN THE HEATER TYPE OF 

 

TUBES, ALL VOLTAGES ARE 

 

MEASURED FROM THE CATHODE. 

 

For our analyzer to be suitable for such 

 

tubes, it is necessary to use a five-prong 

 

("UY") socket instead of a four-prong 

 

("UX") socket; and change the filament 

 

connections slightly. The general prin-
ciples of design are, however, identical. 

 

When this is done, and a 4-prong tube 

 

is to be tested, an adapter is used which 

 

connects the cathode directly to the 

 

"F" prong; and our circuit is essen-
tially as shown in Fig. 25. 

 

It is impossible to design a theor-
etical analyzer such as we have done 

 

here, and at the same time be perfectly 

 

impartial. Different manufacturers 

 

have various opinions as to what an 

 

analyzer should have, and how it should 

 

be constructed. It is the aim of this 

 

book to give an impartial discussion of 

 

analyzers in general, and so our at-
tention must be confined to the funda-
mentals of all analyzers. 

 

We will next discuss how to use the 

 

analyzer in locating trouble in modern 

 

radio receivers. 
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CHAPTER 3 

 

Trouble Shooting with the Analyzer 

 

Before any attempt is made to use 

 

the analyzer, the Service Man should 

 

be sure that the trouble lies in the re-
ceiver itself. Trouble in radio sets may 

 

be classified under two general head-

ings: 

 

(1) Outside the receiver. 

 

(2) Inside the receiver. 

 

There are various methods of deter-
mining whether the trouble lies outside 

 

or inside the receiver. One of these— 
which should always be followed—is to 

 

question the owner of the set very close-

ly, and attempt to determine from the 

 

symptoms exhibited by the receiver just 

 

before it became faulty, the probable 

 

source of trouble. Typical questions 

 

that should be asked are: 

 

"Does the set function at all?" 

 

"If not, did it stop working sudden-
ly?

" 

 

"If the set did not stop suddenly, how 

 

long did it work poorly?" 

 

These question will, in turn, lead to 

 

others; and it is surprising how much 

 

information may sometimes be gleaned 

 

by proper quizzing of an intelligent cus-
tomer. At times, a customer may not 

 

be quite sure of what happened, but he 

 

does not care to show his ignorance; in 

 

which case the Service Man is misled. 

 

However, in the majority of cases, the 

 

owner wishes to aid, rather than con-
fuse, the Service Man; so that a good 

 

close quiz should be made first. 

 

The owner of a receiver may say that 

 

the set works all right but, every five 

 

or ten minutes, a loud buzzing sound is 

 

heard. The Service Man should listen 

 

to the set for the stated period of time 

 

and, after a few simple tests, determine 

 

if the source of noise is inside the re-
ceiver or not. While the noise is on, the 

 

antenna and ground connections should 

 

be removed. If the noise then disap-
pears almost entirely, it is evidently 

 

coming from the outside. If not, then 

 

the noise is in the receiver itself, or the 

 

test has not been sufficiently thorough. 

 

Trouble from the outside almost al-

ways exhibits itself in the form of 

 

noise; so that, as soon as the symptoms 

 

indicate noise of some sort, the above-
mentioned simple tests should be made. 

 

Methods of dealing with inductive in-
terference will not be discussed here, as 

 

they are beyond the scope of this book. 

 

Trouble in the receiver itself may be 

 

again subdivided into two headings, 

 

namely: 

 

(1) Mechanical troubles. 

 

(2) Electrical troubles. 

 

Mechanical troubles (such as broken 

 

or worn-out wires, sockets, shafts, dials, 

 

drive cables, etc.) are due either to care-
lessness or tinkering on the part of the 

 

owner, or to natural wear and tear on 

 

the device itself. Troubles of this nat-
ure are the most easily found, although 

 

not always the most easily repaired. 

 

How good or complete a job is made, 

 

usually depends upon the mechanical 

 

ability of the Service Man. Manufac-
turer's service notes almost invariably 

 

give the procedure to be followed in re-
placing any part of a receiver. Be-
cause of the extreme mechanical varia-
tions in present day receivers, it is al-
most impossible to describe here the 

 

general methods of repairing mechani-
cal troubles; this will be left to the 

 

individual Service Man himself. 

 

To give a list of all the electrical 

 

troubles possible in a receiver would be 

 

both impractical and confusing. For-
tunately, however, the methods of at-
tack and the testing of the individual 

 

units are the same, regardless of the 

 

make of receiver; so that a detailed 

 

analysis of the methods of testing is 

 

most helpful. 

 

Upon satisfying himself, that the 

 

trouble lies in the receiver, the next 

 

procedure of the Service Man is to test 

 

all the tubes in the set. One method 
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is to substitute a new tube for each one 

 

in the set, one at a time, until the bad 

 

tube or tubes are located, or until the 

 

Service Man is sure that all the tubes 

 

are good. 

 

This method has one advantage and 

 

several disadvantages. The advantage 

 

lies only in the speed with which the 

 

tube checking can be performed. The 

 

disadvantages are: 

 

(1) If two or more tubes in the set 

 

are bad, they will be difficult to locate 

 

unless all the tubes are replaced at the 

 

same time. 

 

(2) If the set is bad, as well as the 

 

tubes, then—after all the replacement 

 

possible the Service Man will not know 

 

which tubes are poor. This is because 

 

the fault in the receiver may not allow 

 

the set to function, regardless of wheth-
er the tubes are good or bad. 

 

(3) The Service Man is never quite 

 

sure that the tube he is using for re-

placement is itself good. 

 

(4) The Service Man never knows 

 

exactly what is wrong with the tube 

 

that he pronounces bad. 

 

The second, and by far the most 

 

scientific method, is to test the tube— 

right on the job—by means of a tube 

 

tester. This method enjoys the distinct 

 

The use of both grids to add to the at-
traction of the plate draws all the elec-
trons emitted by the filament, and gives 

 

the maximum reading. 

 

advantage that accurate determinations 

 

can be made, regardless of tube or re-
ceiver trouble. Furthermore, tubes 

 

which are in the stage of going bad can 

 

be picked out and replaced; thus per-
forming a higher grade of service work 

 

than would otherwise be possible. 

 

The next question is, "What tests 

 

should be given a tube in order to deter-
mine if it is good or bad?" 

 

For accurate checking of tubes, two 

 

tests should be performed: an emission 

 

test and a transconductance (or mutual 

 

conductance) test. 

 

An emission test is made by applying 

 

proper voltages to both the filament and 

 

plate of a tube; connecting the grid or 

 

grids of the tube directly to the plate; 

 

and then measuring the plate current by 

 

means of a milliammeter. The results 

 

should then be compared with the manu-
facturer's emission current rating. If 

 

the emission is below the rated value, 

 

the tube should be replaced; if it is 

 

much too high. then a transconductance 

 

test should be made. 

 

A diagram showing how to measure 

 

emission is given in Fig. 26. This test 

 

set is easily constructed by a Service 

 

Man for himself but it is not sufficient 

 

to determine whether a tube is good or 

 

bad; since the emission of a tube may 

 

be normal, and yet the grid or plate 

 

may be so displaced that proper opera-
tion is impossible. To complete the 

 

checking, the transconductance should 

 

be measured. 

 

A tube functions in a radio set be-
cause the signal voltage on the grid 

 

causes the plate current to increase and 

 

decrease alternately. The greater this 

 

increase or decrease for a given signal 

 

voltage, the louder the signal. The 

 

amount of increase or decrease of plate 

 

current, per volt of increase or decrease 

 

of grid voltage, is called the Transcon-
ductance of the tube, and is measured 

 

in MHOS (or micromhos, as explained 

 

below). 

 

Transconductance is therefore a meas-
ure of the "goodness" of a tube. Stated 

 

in another way, 

 

Change in plate current 

 

 _transconductance 

 

Change in grid voltage 

 

To measure transconductance then, all 

 

that need be done is to apply the normal 

 

grid, filament and plate voltages to a 

 

tube, and then change the grid voltage 

 

by a certain known amount. The plate 

 

current will change, in response to this 

 

change in grid voltage. This change in 

 

plate current, divided by the change in 
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A simple arrangement for giving the (ap-

hr(,ximate) transconductance, or mutual 

 

,-onductance, of a tube. 

 

grid voltage, gives the transconduc-
tance. 

 

For example, suppose a tube be con-
nected as shown in Fig. 27, with the 

 

switch S on tap 1; and that, at this posi-
tion, the tube has 4 volts (negative) 

 

on the grid, and a plate current of 10 

 

milliamperes flows. The switch is then 

 

thrown on tap 2; which places 10 volts 

 

(negative) on -the grid. The plate cur-
rent consequently drops to, say, 3 mil-

liamperes. We know, now, that a 6-
volt change in grid voltage causes a 7-

milliampere change in plate current. 

 

The transconductance is then 

 

.007 

 

6 

 

_.001166 mhos. 

 

The use of such small numbers as 

 

.001166 is rather unwieldly; so that, in 

 

practice, the micromho is used as the 

 

unit. One micromho is one millionth of 

 

a mho. To obtain micromhos from 

 

mhos, then, multiply the fraction by 

 

1,000,000. Performing this operation 

 

in the case above, we get .001166 (mho) 

 

X1,000,000=1,166 micromhos. 

 

Ordinarily, provision is not made in 

 

set analyzers to perform both the em-
ission and transconductance tests. These 

 

two jobs are left to separate tube test-
ers, which are readily available on the 

 

market. 

 

The ordinary set analyzer has, how-
ever, provision for making transconduc-
tance tests; this is done by keeping a 

 

small dry cell in the analyzer. Then, 

 

by pressing a push-button, this battery 

 

is connected in the grid circuit; which 

 

changes the plate current. The trans-
conductance is then readily computed by 

 

the method used above. A typical tube 

 

tester will be described later on. For 

 

convenience in comparing the measured 

 

emission and transconductance with 
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rated values, a table is given showing 

 

the average emission and transconduc-
tance of several standard types of tubes, 

 

with the stated voltages. 

 

For an emission test, the Service Man 

 

usually finds it sufficient to keep normal 

 

filament, grid and plate voltages on the 

 

tube. Then, if the plate current is nor-

mal, he assumes that the emission is 

 

normal. This assumption is justified in 

 

practical work. 

 

By using a tube tester or an analyzer, 

 

tubes can be accurately tested; the re-
sults being dependable and not subject 

 

to the uncertainties of guesswork. 

 

After the Service Man has tested all 

 

tubes, and replaced the defective ones 

 

with good ones, he is ready to proceed 

 

with his tests. The next job is to loc-
alize the trouble to as small a portion 

 

of the set as possible. The radio set 

 

itself may be considered as being di-
vided into three separate units, namely: 

 

(1) Radio-frequency end (R.F.); 

 

(2) Audio-frequency end (A.F.); 

 

(3) Power unit. 

 

The trouble must be localized in one 

 

of the three sections listed above; and 

 

the suspected unit then tested until the 

 

trouble is located. There are two ways 

 

of starting the localization: (1) by past 

 

experience; (2) by actual test of the 

 

circuit. 

 

TAP!,' OF TIME TESTS 

 

Type 

 

Ef 
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p
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50 
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'C1A 

 

5.0 
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90 
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50 
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(osmot 
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5.0 

 

50 

 

60 
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136 

 

llc 

 

e.0 
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es 

 

1600 
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.26 

 

1.5 

 

60 

 

35 

 

1100 

 

135 
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50 

 

35 

 

1000 

 

90 
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5.0 

 

e0 
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.... 
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lei 

 

7.5 
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150 

 

7.5 
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460 

 

8
f
 Filament Voltage. Emissim 1t 

 

millimperes. E Plate Voltage 

 

used (Em.) for Emission test; (TC) 

 

for' lransomduetanoe Test. 

 

A table of average tube readings. 
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After a little experience, troubles in 

 

the audio end of the set can be sep-
arated from those in the radio-frequency 

 

end by a few simple tests. For in-

stance, if the detector or any of the 

 

audio tubes is tapped with the fingers 

 

a musical sound, not unlike that of a 

 

clear bell, will be heard from the loud 

 

speaker. If this occurs, then—as a first 

 

approximation—the audio part of the 

 

set can be assumed to be normal; if 

 

not, then this part of the set should be 

 

suspected and tested thoroughly. 

 

Let us assume for the moment that 

 

the audio-frequency end is normal. If 

 

the set uses a grid condenser-and-leak 

 

detector, then placing the finger on the 

 

grid condenser will usually result in a 

 

loud whistle. If this does not happen, 

 

then the detector should be suspected 

 

and also tested. 

 

If everything seems normal so far, 

 

then the radio-frequency part of the set 

 

should be given a finger test. If the 

 

forefinger is slightly moistened, and the 

 

grid connection of each tube tapped, a 

 

dull thud should be heard before and 

 

after each tap. If tapping the grid, 

 

of a certain tube, does not produce any 

 

sound then that tube should be suspect-
ed. This latter test can be used, with 

 

the same results, also in the audio end 

 

of the set. 

 

The above mentioned finger-grid tests 

 

are based on the assumption that the 

 

grid prongs are easily accessible. This 

 

is not always so; with the result that a 

 

set analyzer must be resorted to in or-
der to localize and locate the trouble. 

 

Remove the first R.F. tube from the 

 

socket, and plug it into the analyzer. 

 

Put the plug of the analyzer in the 

 

R 4 

 

GRID / 

 

LEAK 

 

Y, MEG 

 

GRID BIAS,/ 

 

RE 515TOR 

 

FIG 28 

 

B+ 

 

The voltmeter is in series with the grid 

 

leak, or the choke; and it gives a low 

 

reading, for reasons explained in the 

 

text. 

 

In a radio-frequency circuit, with low-

resistance coils, the voltmeter reading is 

 

practically correct. 

 

same socket of the set from which the 

 

tube was removed. By manipulating 

 

the proper switches and buttons, meas-

ure the filament voltage, plate voltage, 

 

plate current and grid bias. Compare 

 

these values with what the manufac-
turer says they should be. (If you do 

 

not know what the manufacturer's 

 

specifications are, then compare the re-

sults of the tube measurements with a 

 

tube chart.) In any case, they should 

 

check very closely. This process should 

 

I 

 

e repeated for every tube in the radio 

 

set. If a grid leak and grid condenser 

 

are used, very little, or no grid-voltage 

 

reading will be obtained in the detector 

 

stage. 

 

The interpretation of the analyzer's 

 

readings depends upon the design of the 

 

receiver; that is, on the type of grid 

 

bias, and the type of coupling used be-
tween stages. This is an extremely 

 

important consideration, and particular 

 

atteption should be paid to what follows. 

 

It also emphasizes the fact that a know. 

 

ledge of the circuit diagram of the re-
ceiver under test is absolutely essen-
tial to intelligent servicing. Figs. 28, 

 

29, 30 and 31 depict the four usual 

 

methods of amplification; each of which 

 

will now be discussed. 

 

Fig. 28 shows, in elementary form, a 

 

stage of amplification; the input or grid 

 

circuit of which is resistive, and the 

 

output or plate circuit of which is in-
ductive. This is representative of a 

 

typical audio-frequency stage. Now, 

 

when grid voltage is being measured, 

 

the voltmeter in the analyzer is con-
nected between points 1 and 2 (see dia-

gram). It should then theoretically 

 

read the voltage across the grid-bias re-
sistance or leak; but (as previously 
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pointed out) a voltmeter draws cur-
rent and the current necessary to flow 

 

through the meter must flow also 

 

through the grid leak Rt. This current 

 

causes a drop in voltage, principally 

 

across the leak; so that the meter reads 

 

only a small fraction of the actual bias 

 

present. The Service Man is usually 

 

then led to believe that the bias is low, 

 

when it actually is not. A tube oper-
ating normally, as an amplifier, has a 

 

negative bias on the grid, so that grid 

 

current is usually very small. Now, 

 

when there is no current through the 

 

leak, there is no voltage drop across it; 

 

consequently the full biasing voltage is 

 

applied to the grid. But, when a volt-

Caution must always be observed with 

 

resistance-coupled circuits, in order to 

 

know what the voltmeter readings really 

 

mean. 

 

meter is connected between grid and 

 

filament, the circuit is complete; and a 

 

current does flow, causing the discrep-
ency mentioned above. Let us consider 

 

a typical example of how great this er-
ror can be. 

 

A '26 type tube, having a plate volt-
age of 135 volts, uses a 1500-ohm resis-
tor R2 to obtain its normal bias of 9 

 

volts. It is being measured by a 0-10-
scale voltmeter V with a resistance of 

 

1000 ohms per volt. What does the 

 

meter actually read when connected be-
tween grid and filament (Fig. 28) ? The 

 

9-volt bias sends a current through the 

 

500,000-ohm grid leak R2 and the 10,-
000-ohm voltmeter V, in series. The 

 

current flowing through this circuit is 

 

E 9 

 

 _.000017-amps. 

 

R 510,000 

 

The drop across the grid leak is 

 

E=RI=500,000X.000017= 8.8 volts. 

 

leaving only 0.2-volts, which the meter 

 

reads. 

 

If you know that the input circuit of 

 

a tube is resistive, then either make al-

lowances for the drop in voltage, or else 

 

short-circuit the grid leak, and measure 

 

the actual bias in the circuit. The auth-
or has seen many men jump to conclu-
sions, due to neglect of this considera-
tion, and start to hunt for trouble in 

 

the grid circuit; when, in reality, there 

 

was no trouble there at all. 

 

Exactly the same conditions prevail 

 

in the plate circuit. When plate volt-
age is being measured, the voltmeter 

 

in the analyzer is connected between 

 

points 1 and 3 (Fig. 28). The resist-
ance of the choke, or primary of an 

 

audio transformer, is usually small, 

 

compared to the resistance of the volt-
meter; so that very close to normal 

 

voltage is indicated. 

 

In the circuit of Fig. 29, the input to 

 

the tube is inductive; so that a grid-
voltage reading would be more nearly 

 

correct than that of Fig. 28; this is due 

 

to the relatively low resistance of the 

 

coils ordinarily used. 

 

Fig. 30 is the circuit of a resistance-
coupled amplifier. In this case the ac-
tual plate and grid voltages will be 

 

higher than those indicated by the 

 

meters; because the resistance of the 

 

voltmeter is comparable with that of 

 

the coupling units. Therefore, it will 

 

be necessary to make allowances for the 

 

decreased voltage, due to this compara-
tively low meter resistance. 

 

In the circuit of Fig. 31, the plate 

 

voltage will read low and the grid volt-
age nearly correct; so that the proper 

 

allowances should be made to compen-
sate for the irregularity. 

 

Each and every receiver is a problem 

 

in itself; and the best that the Service 

 

Man can do, without taking the set 

 

apart, is to familiarize himself with the 

 

circuit of the set he is servicing, and 

 

use the analyzer intelligently. 

 

6+ 

 

A fourth type of tube circuit; the same 

 

caution applies to Its interpretation as to 

 

Fig. 29—but with grid and plate reversed. 
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f000001 PRIM 

 

1f0V. AC 

 

FIG 32 

 

The pow,.r unit of an electric set. with 

 

grid and plate connections simplified to 

 

show merely their direct-current voltage 

 

relations and biases. Their relationship 

 

Suppose that, during the course of 

 

our tube measurements, it is found that 

 

the plate voltage is nearly normal, while 

 

the plate current is either too low or 

 

too high (either plate current condition 

 

may result), and there is no grid bias. 

 

Assume the circuit is similar to that 

 

shown in Fig. 28. The fact that plate 

 

voltage exists indicates that the grid-
bias resistor R2 (which is in the plate 

 

return circuit to "B—") is not open. It 

 

may be shorted; the condenser C1 may 

 

be shorted; or the tube's input circuit 

 

may be open. 

 

Short-circuited condensers are not un-
common; so that the first place to look 

 

for the trouble is in the condenser. 

 

This should be removed from the cir-
cuit and tested. ( Methods of testing 

 

condensers and coils are given near the 

 

close of this chapter.) If the condenser 

 

is shorted, then its removal should re-
store normal bias to the tube. If this 

 

does not restore the bias then Cl is not 

 

shorted. The input device to the tube's 

 

grid whether it be a resistance (as R1) 

 

a choke, or the secondary of a trans-
former, should then be tested for an 

 

open. Finally the grid-bias resistor 

 

should be tested for a short. 

 

In many circuits a single grid-bias 

 

resistor is used for several tubes. If 

 

this (corresponding to R2) is shorted 

 

then none of the tubes getting their 

 

bias from the same resistor will have 

 

grid voltage. 

 

In testing a piece of apparatus, it 

 

should be completely isolated from the 

 

circuit electrically before any tests are 

 

made. 

 

must be considered when analyzing the 

 

voltages to determine where any fault 

 

lies. When the set is detached from the 

 

power unit, the measured "B" voltage 

 

should increase. 

 

Suppose our analyzer shows no plate 

 

voltage on a tube. Our next procedure 

 

is to test for voltage between points 1 

 

and 4 (see Fig. 28). If voltage is pre-
sent between these points, then—ob-
viously—the plate coupling device 

 

(choke or primary of A.F. transformer) 

 

is open and should be replaced. If no 

 

voltage exists between 1 and 4, then 

 

the condenser C2 should be removed; 

 

if its removal restores voltage to the 

 

tube, then C2 should be replaced with a 

 

good condenser. If the removal of C2 

 

does not restore plate voltage, then the 

 

grid-bias resistor R2 should be tested 

 

for an open; since the plate current of 

 

the tube passes through this resistor. 

 

If this resistor also proves to be good, 

 

then the trouble lies somewhere in the 

 

power unit. 

 

A conventional power-unit connection 

 

is indicated in Fig. 32. The connec-
tions from the "bleeder" resistor Rs, R41 

 

R:, to the grids, plates, and filaments 

 

of several tubes are shown; but the 

 

coils, transformers, etc., have been 

 

omitted for the sake of clarity. 

 

Tubes VI and V., are R.F. tubes; V3 

 

is the detector; V4 is the first audio 

 

tube; and V-, is the power tube. R[ is 

 

the biasing resistor for the power tube, 

 

and R_ the biasing resistor for the re-
mainder of the tubes. Notice that a 

 

grid-bias detector is used and, there-
fore, its bias must be greater than that 

 

of the R.F., or first audio tubes. 

 

With zero voltage on the plate of a 

 

tube (assume the one we are measur-
ing is V._) then it is obvious that Vt 
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should also have zero plate voltage. In 

 

other words, if several tubes obtain 

 

their plate voltages from the same point 

 

on the bleeder resistance, and one of 

 

these tubes has no plate voltage, then 

 

the others cannot have any (that is, if 

 

the coils, resistors and condensers in 

 

the set are good). We have now local-
ized our trouble down to the power unit. 

 

We next disconnect the set from the 

 

power unit and measure the voltage be-
tween points 6 and 7. Regardless of 

 

whether the resistance R3 is open, or 

 

good, we will obtain a voltage between 

 

points 6 and 7 that is not normal, but 

 

too high; this is because the load on the 

 

power unit has been removed. The 

 

same result will be observed if the 

 

voltages between points 6-8 and 6-9 

 

are measured; a high voltage reading 

 

will be obtained, whether any one of 

 

the resistors, R31 R; or R. is good or 

 

shorted. The only safe and sure method 

 

is to isolate each resistance unit, (with 

 

the set disconnected), and test them one 

 

at a time for continuity. 

 

If C31 Ca or G, is shorted, very little 

 

or no voltage will be obtained any-
where. If this condition is found, 

 

then the filter condenser should be test-
ed first; since a shorted filter condenser 

 

is about the only piece of apparatus 

 

that can be bad and affect the voltage 

 

on all the tubes. Another indication of 

 

a shorted filter condenser is the white 

 

heat of the plates of the rectifier tubes. 

 

With C3 shorted, the rectifier tubes be-
come white-hot, with no voltage on the 

 

bleeder resistance. With C. shorted, 

 

both the rectifier tubes and Lt become 

 

very hot, and there is no voltage on 

 

the bleeder. With C., shorted, the rec-
tifier tubes, V. and V;, become very hot, 

 

with no voltage on the bleeder. 

 

With the filter unit testing normal, 

 

and the voltages on the bleeder still low 

 

or zero, the voltages on the plates of 

 

the rectifier tubes should be measured. 

 

By proceeding in this manner, defective 

 

apparatus is bound to be found. 

 

The problem of trouble shooting final-

ly resolves itself down to the testing of 

 

individual units. For this purpose the 

 

analyzer is indispensible. Fortunately 

 

there are only three properties used in 

 

radio sets, namely, inductance, capacity 

 

and resistance: and they are supplied, 

 

respectively, by coils, condensers and 

 

resistors. We will take these up in 

 

their order. 

 

Testing the Coils 

 

There are two types of coils used in 

 

radio sets; air-cored and iron-cored. 

 

Either type may be open, partially 

 

shorted or entirely shorted. Now most 

 

analyzers have, as an integral part of 

 

the device, a continuity tester or ohm-
meter. This is nothing more or less in 

 

its essentials than a voltmeter V con-
nected in series with a small battery, 

 

as shown in Fig. 33. With terminals 1 

 

and 2 shorted, the voltmeter reads the 

 

battery voltage; which is the same as 

 

the full-scale deflection of the meter. 

 

If a resistance R is inserted between 

 

terminals 1 and 2, the voltmeter reads 

 

less than the battery voltage, because 

 

of the drop in voltage caused by current 

 

passing through R. The more resist-
ance between points 1 and 2, the less 

 

the voltmeter reads. This makes it 

 

possible to mark or calibrate the scale 

 

of the voltmeter directly in ohms; so 

 

that, when a resistor is connected to 

 

points 1 and 2, the meter reads a cer-
tain figure which is the value of the 

 

resistance in ohms so connected. 
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S nee the voltage drops are directly pro-
portional to the resistances, the higher 

 

the value of R, the less the voltage read 

 

across 1'. 

 

The coil to be tested is connected to 

 

points 1 and 2 of the ohmmeter. If the 

 

meter reads nothing at all (0), then 

 

the coil is defective. If the meter does 

 

read, it is difficult to tell whether the 

 

coil is partially shorted or is good, un-
less the resistance of the coil is known. 

 

For instance, an R.F. transformer is 

 

wound with only a few turns of wire, 

 

and consequently its resistance is low. 

 

An ohmmeter test then, can only indi-
cate whether the coil is open or closed. 

 

On the other hand, a large iron-cored 

 

coil is usually wound with many turns 

 

of wire and may have a resistance of 
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several hundred or even several thous-
and ohms. In this case, the Service 

 

Ian cannot tell the difference between 

 

a partially-shorted coil and a good one, 

 

unless he knows the approximate resist-
ance of the coil when good. This may 

 

usually be found in the service notes of 

 

the radio set; or, if there is a similar 

 

coil in the same or another set, the re-
sistance of one may be compared with 

 

the resistance of another. Coils should 

 

be tested, not only for shorts and opens, 

 

but also for a "ground" (short-circuit) 

 

to cores. 

 

In many cases, the cores of chokes, 

 

transformers, etc. are grounded to the 

 

frame of the set (which is usually at 

 

ground potential); the coils themselves 

 

are above ground potential, so that a 

 

coil grounded to its core constitutes a 

 

short-circuit. 

 

Fortunately, however, when a coil in 

 

a radio set is defective, it usually either 

 

is open or has a dead short; so that 

 

the continuity tester or ohmmeter is all 

 

that is necessary to locate defective 

 

ones. 

 

Testing the Condensers 

 

When a condenser is good it should 

 

do two things: (1) it should not allow 

 

D.C. (direct current) to pass through 

 

it; and (2) it should therefore accumu-
late and hold a charge, when its rated 

 

D.C. voltage is applied. When a con-
denser is leaky it allows D.C. to pass; 

 

so that, to test for a leak in a conden-
ser, all that is necessary is to connect 

 

the terminals of the condenser to the 

 

ohmmeter. The needle of the ohm-
meter should move a little (with the 

 

flow of current into the condenser to 

 

charge it, if its capacity is large); and 

 

then return to its normal position and 

 

stay there. If it does not return to its 

 

normal position, but stays somewhere 

 

on the scale, the condenser is leaky and 

 

should be discarded. 

 

It is perfectly possible for a con-
denser to test O.K. on the small volt-
age used in the ohmmeter, but break 

 

down completely when normal voltage 

 

is applied. To completely test a con-
denser, the rated D.C. voltage should 

 

be applied for a few moments, and then 

 

removed. The condenser should be al-
lowed to stand charged for several min-

utes, and then discharged. If a spark 

 

occurs during discharge, the condenser 

 

is good; if there is a weak spark or 

 

none at all, the condenser is defective. 

 

The above statement applies only to 

 

condensers of large capacity; about I
Y4 

 

to % mf. and over. For the smaller 

 

sizes, the continuity test described 

 

above is sufficient; it being merely suf-
ficient to determine whether or not the 

 

condenser is shorted. 

 

It is perfectly possible for a conden-
ser to be open, even though it is a rare 

 

occurrence; an open condenser is one 

 

which passes neither D.C. nor A.C. 

 

This is due usually to broken or unsol-
dered leads from the condenser plates 

 

to its terminals. To locate an open in 

 

a condenser of small capacity, without 

 

taking it apart, is practically impos-
sible. In the larger sizes, an open may 

 

be easily found by connecting the con-
denser to the ohmmeter of the analy-
zer. If the needle of the meter does 

 

not move and return to its original 

 

position, then the condenser is probably 

 

open. 

 

It is very useful to be able to meas-
ure condenser capacity. Some analy-
zers, which use a high-resistance A.C. 

 

meter (which is nothing more than a 

 

sensitive D.C. meter with a copper-ox-
ide rectifier in series) are calibrated in 

 

microfarads; to enable the user to meas-
ure capacities from about 0.25 to 15 

 

microfarads, with an A.C. line-voltage 

 

of 115 volts at 60 cycles. 

 

Testing Resistors 

 

Testing resistors really involves only 

 

the measurement of the value of the 

 

resistance. If the result of the meas-
urement is within 10%, of the rated 

 

value of the resistance, then it may be 

 

assumed to be good. If it is far from 

 

the 10̂in tolerance, then it should be 

 

discarded. For all practical purposes, 

 

resistors may be measured with the 

 

ohmmeter included in the analyzer. 

 

Additional Features of the Analyzer 

 

Up to this point, it can be seen that 

 

the analyzer can be used to test almost 

 

every piece of apparatus in the set. 

 

There are other uses of the analyzer, 

 

some of which are obtained only with 

 



RADIO SET ANALYZERS 27 

 

the more elaborate instruments, while 

 

others are common to all types. 

 

Since the advent of single-control 

 

sets, tuning condensers must be lined 

 

up very accurately in order to secure 

 

maximum sensitivity from the receiver. 

 

For various reasons, tuning condensers 

 

may go out of line; so that the Service 

 

Man is called upon to adjust them. One 

 

method of lining condensers is to tune 

 

in a broadcast station; loosen the tun-

ing condensers from their shafts; and 

 

then tune each one separately, or ad-

just the trimmers until the station 

 

sounds loudest. The ear is sometimes 

 

very deceiving; so that precise align-

ment, or "lining up" is not always 

 

possible, especially if the broadcast 

 

station is strong. However an analy-
zer simplifies the problem greatly. All 

 

that need be done is to plug the analy-
zer into the detector socket and manip-
ulate the proper switches and buttons 

 

to read the plate current. Then adjust 

 

the trimmers or tuning condensers un-

til the plate current reads maximum, 

 

if a grid-bias detector is used; or min-

imum, if a grid leak-and-condenser de-

tector is used. The job is finished and 

 

the results are not dependent upon the 

 

unreliable ear. 

 

In the superheterodyne receiver, the 

 

intermediate-frequency (I.F.) trans-

formers also go out of line sometimes; 

 

so that again we have a lining-up prob-
lem. Exactly the same procedure is 

 

used. This time the analyzer plug is 

 

placed in the second detector's socket; 

 

a broadcast station is tuned in; and the 

 

I.F. transformers are adjusted so that 

 

a maximum or minimum plate current 

 

reading is obtained in our analyzer. 

 

Whether we adjust for maximum or 

 

minimum depends, as mentioned above, 

 

upon the type of detector used. 

 

Note: the intermediate-frequency am-

plifiers can be lined up in this manner 

 

only when the oscillator condenser is 

 

correctly set; that is when the differ-
ence between the signal frequency, from 

 

the broadcast station, and the oscillator 

 

frequency, generated in the set, is ex-

actly equal to the intermediate fre-

quency used. 

 

The oscillator tuning condenser may 

 

also be adjusted in a somewhat similar 

 

manner; provided the intermediate-fre-

quency transformers are lined up. The 

 

analyzer is plugged into the second de-

tector's socket, and the plate current is 

 

read. The oscillator trimmer conden-

sers are then adjusted until a maxi-

mum or minimum reading is obtained 

 

(depending upon the type of detector 

 

used). 

 

Another question may arise. Sup-

pose the Service Man does not know 

 

whether the oscillator or the intermedi-

ate-frequency transformers are lined up 

 

or not; and he wants to line them up. 

 

Which should be lined up first, the os-

cillator or the transformers? The an-

swer is that neither one can be lined 

 

first by using the method described 

 

above; for the following reasons: 

 

A superheterodyne's intermediate-fre-

quency amplifier is a low frequency am-

plifier; since it amplifies the difference 

 

in frequency between the broadcast sta-

tion being received and a local oscillator 

 

placed in the set. This difference-fre-

quency is always the same, regardless 

 

of the frequency of the broadcast sta-

tion being received. It is maintained 

 

at a constant value, since the R.F. tun-

ing condenser and the oscillator tuning 

 

condenser are mounted on the same 

 

shaft (in modern superheterodynes); so 

 

that turning the dial changes both fre-

quencies by the same amount and the 

 

resulting difference is always constant. 

 

If, therefore the intermediate-fre-

quency transformers (I. F. T.), are cor-

rectly tuned to a predetermined fre-

quency, but the oscillator condenser is 

 

placed out of line, the result would be 

 

poor quality and very weak signals. 

 

The same results would be obtained if 

 

the oscillator were lined up, but the 

 

I. F. T. are out of line. Suppose, for 

 

example, there are three I. F. T. in a 

 

set whose working frequency should be 

 

180 kilocycles (k.c.). Furthermore, for 

 

some reason two of them are out of 

 

line: one is tuned to 170 k.c.; the sec-

ond to 180 k.c.; and the third to 190 

 

k.c. 

 

If the Service Man makes a bad guess 

 

and attempts to adjust the oscillator 

 

condenser for maximum response, the 

 

same output will be obtained at three 

 

different settings of the oscillator con-

denser; corresponding to the three in-

termediate frequencies. Therefore the 

 

oscillator cannot be lined up unless the 

 

I.F.T. are all matched. If on the other 
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hand, an attempt is made to line up the 

 

"intermediates", and the oscillator is 

 

off, then we may line them up to a 

 

maximum; but they may all be tuned to 

 

some other frequency such as 170 or 190 

 

k.c. If the transformers are designed 

 

to operate at 180 k.c., then the opera-
tion of the receiver will not be normal. 

 

THE PROCEDURE, THEN, IS 

 

FIRST TO LINE UP THE INTER-
MEDIATES TO THEIR RATED FRE-

QUENCY, AND THEN LINE UP THE 

 

OSCILLATOR. This is done by means 

 

of an external oscillator. Portable os-
cillators, tuned to standard intermedi-
ate frequencies are available. The out-
put of the oscillator is coupled to the 

 

input of the I.F. amplifier by means of 

 

a small loop of wire (provided with the 

 

oscillator). The oscillator tube is re-
moved from the set and the analyzer is 

 

inserted in the second detector socket. 

 

When the I.F.T. are lined up, we are 

 

now sure that they will all be tuned to 

 

a maximum at their rated frequency. 

 

We may then proceed to line up the os-
cillator as described above. 

 

Use of Modulated R.F. Oscillator 

 

In lining up receivers the use of a 

 

broadcast station as a signal is not the 

 

most desirable practice since the output 

 

of the station changes continually; es-
pecially while an orchestral selection is 

 

being given. It is best to use a small 

 

modulated oscillator, instead of the 

 

broadcast station; for the reason men-
tioned above, and also because the out-
put of an oscillator can be varied at 

 

will to suit any given condition. Some 

 

makes of analyzers come equipped with 

 

such an oscillator (built into the analy-
zer itself) and needless to say this is 

 

very handy especially during "S O S" 

 

periods. 

 

The Output Meter 

 

A D.C. meter cannot read A.C. and 

 

the low-frequency A.C. meters cannot 

 

be used above about 150 cycles. This 

 

makes it difficult to read voltages whose 

 

frequency lies in the audio range; that 

 

is between 60 and 5000 cycles (per sec-
ond). Recently a very novel idea has 

 

been incorporated in many analyzers to 

 

meet this condition. A small dry recti-
fier is connected in series with a sensi-
tive D.C. meter. The A.C. to be meas-
ured is thus rectified; and the meter 

 

reads the resultant D.C. This arrange-
ment gives a high-resistance A.C. me-
ter, heretofore impossible, and an un-
crowded linear scale on the instrument. 

 

It may be used across the loud speaker's 

 

terminals for making sensitivity and 

 

frequency-response tests, hum measure-
ments, etc. 

 

Care and Maintenance of Analyzers. 

 

The. most important, and the most 

 

costly part, of any analyzer is its 

 

meters. Some of the meters used in 

 

analyzers are built with the precision 

 

of a fine watch, and they should be 

 

handled as such. Anything that would 

 

tend to severely jar the meter should 

 

be avoided. 

 

When measuring voltages or currents, 

 

the values of which are unknown, al-
ways use the highest scale on the in-
strument first; and then reduce to one 

 

that gives a reading at about two-thirds 

 

of full-scale deflection. 

 

Accidents are bound to happen and, 

 

if so, do not attempt to repair the dam-
aged part yourself. The analyzer is the 

 

basis of all your work and the utmost 

 

faith should be placed in its reliability. 

 

If the instrument does not function 

 

properly, go to the manufacturer—who 

 

is in the same position to repair an an-
alyzer as the Service titan is to repair 

 

a radio set. 

 

Conclusion 

 

As stated earlier in this book, an 

 

analyzer is, primarily, used for conven-
iently measuring voltages and currents. 

 

Additional features, such as external 

 

use of voltmeters and ammeters, cap-
acity and inductance calibrations, out-
put meters, ohmmeters, etc., make the 

 

use of an analyzer all the more desir-
able. 

 

When locating trouble in a set, first 

 

satisfy yourself that the trouble is in 

 

the receiver and not in the loud speaker 

 

or outside the receiver itself, before any 

 

detailed analysis is started. The next 

 

step is to test all tubes (using a tube 

 

tester or the analyzer itself) and re-
place all defective tubes with good ones. 
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After all bad tubes have been replaced, 

 

measure the voltages and currents in 

 

each stage before localizing the trouble. 

 

If only a single stage has abnormal 

 

readings, confine your attention to that 

 

stage; if several tubes have abnormal 

 

readings, then look for trouble in ap-
paratus that is common to those stages. 

 

Test each piece of apparatus in its log-

ical sequence and the faulty one will be 

 

found. 

 

Unless you are thoroughly familiar 

 

with the receiver, do not fail to use tube 

 

charts and circuit diagrams, together 

 

with a good analyzer. 

 

Remember, the analyzer is a means 

 

to an end, rather than an end in itself. 

 

Join the ORSMA 

 

Ever since the appearance of the 

 

commercial radio broadcast receiver 

 

as a household necessity, the Radio 

 

Service Man has been an essential 

 

factor in the radio trade; and, as the 

 

complexity of electrical and mechanical 

 

design in receivers increases, an ever-

higher standard of qualifications in the 

 

Service Man becomes necessary. 

 

The necessity, also, of a strong asso-
ciation of the technically-qualified radio 

 

Service Men of the country is forcing 

 

itself upon all who are familiar with 

 

radio trade problems; and their re-
peated urging that such an association 

 

must be formed has led us to under-
take the work of its organization. 

 

This is the fundamental purpose of 

 

the OFFICIAL RADIO SERVICE 

 

MEN'S ASSOCIATION, which is not a 

 

money-making institution, or organized 

 

for private profit; to unite, as a group 

 

with strong common interests, all well 

 

qualified Radio Service Men; to make 

 

it readily possible for them to keep 

 

up with the demands of their profes-
sion; and, above all, to give them a 

 

recognized standing in that profession, 

 

and acknowledged as such by radio 

 

manufacturers, distributors and dealers. 

 

To give Service Men such a standing, 

 

it is obviously necessary that they must 

 

prove themselves entitled to it; any 

 

Service Man who can pass the examin-
ation necessary to demonstrate his 

 

qualifications will be elected as a mem-

ber and a card will be issued to him 

 

under the seal of this Association, which 

 

will attest his ability and prove his 

 

identity. 

 

The terms of the examination have 

 

been drawn up in co-operation with a 

 

group of the best-known radio manu-

facturers, as well as the foremost radio 

 

educational institutions. 

 

The following firms are cooperating with 

 

us in formulating the examination papers. 

 

THE CROSLEY RADIO CORPORATION. 

 

CINCINNATI. OHIO. 

 

Air. D. J. Butler, Service Mgr. 

 

GR,IG.9BY•GRUNOW COMPANY (Majestiei, 

 

CHICAGO, ILLINOIS. 

 

Mr. L. G. Wilkinson, Service Mgr. 

 

STROMBERG - CARLSON TELEPHONE 

 

MFG. CO.. ROCHESTER. N. Y. 

 

Mr. E. S. Browning. Service Afgr. 

 

COLIN B . KENNEDY CORP.. SOUTH 

 

BEND. IN D. 

 

Mr. B. F. McNamee. Prod. Afgr. 

 

RCA,CICTOR COMPANY. INC., CAMDEN. 

 

N. J. 

 

Mr. H. C. Grubb Yiee-President 

 

STEWART'WARNEit CORPORATION. 

 

CHICAGO. ILLINOIS. 

 

Mr. T. N. Gallen, Service Aigr. 

 

The schools who have consented to art as an 

 

examination board are: 

 

International Correspondence Schools. Scran-
ton, Penna. 

 

Mr, D. E. Carpenter. Dean. 

 

1:C.\ Institutes. Inc.. New York. N. Y. 

 

Fast Bav Radio Institute. Oakland, Calif. 

 

Mr. T. T. Tonnehilt. Direct+,r. 

 

OFFICIAL RADIO SERVICE 

 

98AB Park Place 

 

Radio Training Association of Antericu. Chi-
cago. III. 

 

Mr. A. G. Alohaupt, President. 

 

School of Engineering of Milwaukee. 

 

Milwaukee. Wis. 

 

Mr. W. werwath. President. 

 

Radio Division, Coyne Electrical School. 

 

Chicago. Ill. 

 

Mr. H. C. Lewis. President. 

 

We shall not attempt to grade the members 

 

into different classes. A candidate will be ad-
judged as either passing or not passing. If 

 

the school examining the papers passes the 

 

prospective member as satisfactory. we shall 

 

issue to him an identification card with hi., 

 

photograph. 

 

If the candidate does not pass this exam-
ination the first time, he may apply for an-
other examination three or six months later. 

 

There is absolutely no cost attached to any 

 

service rendered by the Association to its mem-
bers, no dues, no contributions. 

 

If you wish to become a member. just .writ 

 

your 
-
name and address on a post card and 

 

mail it to us. We will send you all the papers 

 

neecssart to heennu+ a member. 

 

MEN'S ASSOCIATION, Inc. 

 

New York, N. Y. 

 



CHAPTER 4 

 

Commercial Set Analyzers 

 

The development of the commercial 

 

set analyzer, as previously stated, has 

 

extended through a period of years. 

 

Naturally, with the very simple re-
ceivers of a few years ago, all that was 

 

necessary to analyze a set completely 

 

was an arrangement for measuring 

 

merely the plate voltage and the plate 

 

current; since some of the receivers did 

 

not even use a "C" bias. 

 

With the advent of the high-vacuum 

 

tube, the use of "C" bias on amplifiers 

 

became necessary. With regard to the 

 

analyzers, this meant a change in their 

 

design, which would facilitate the 

 

measurement of the grid voltage. Some 

 

designers of analyzers even went so 

 

far as to provide a means of measur-
ing, not only the grid voltage, but also 

 

the grid current. This step represent-
ed a distinct advancement in the design 

 

of analyzers. 

 

The superheterodynes by this time 

 

had grown increasingly popular; with 

 

the result that external modulated os-
cillators were found necessary, in order 

 

to conduct an intelligent investigation 

 

of the characteristics of this type of 

 

receiver. Three frequencies are neces-
sary: the oscillator frequency; the sig-
nal frequency; and the intermediate 

 

frequency. However, occasions arise 

 

when the Service Man is not able to 

 

utilize a broadcast station, or the re-
ceiver's own oscillator output to intelli-
gently "line up" a receiver of this type. 

 

This meant that superheterodynes could 

 

not be adjusted for maximum efficiency 

 

in the home of the customer, but had 

 

to be brought to the service stations; 

 

where the necessary facilities were to 

 

be • had. Also, an output meter was 

 

necessary. Only the more elaborate 

 

service stations then boasted of vac-
uum-tube voltmeters which are now 

 

such common apparatus in any up to 

 

date service station. The cost of this 

 

equipment was necessarily large; a con-
dition due mainly to the limited demand 

 

among the servicing profession. 

 

The earliest analyzers, many of which 

 

are still in use (with various attach-
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ments prompted by the ingenuity of 

 

the Service Men who own them, and of 

 

the manufacturers of adapter plugs) 

 

were designed for battery tubes only. 

 

The appearance of the heater-cathode 

 

tube, with its 5-prong or UY base, at 

 

once worked a revolution in analyzer 

 

design: additional problems of this na-
ture have again been lately brought up 

 

by the popularity of the pentode, with 

 

its additional element. In addition to 

 

this, the alternating-current set at once 

 

necessitated the incorporation of A.C. 

 

meters for filament- and transformer-
voltage measurements. How ingenious-
ly the multiplied demands on the mod-
ern set analyzer are being met, by the 

 

use of special switches, adapters, rec-
tifiers, etc., will be most instructively 

 

evident by a study of the following 

 

pages; which reproduce the manufac-
turers' diagrams of the arrangements 

 

followed in their latest test equipment. 

 

With the increasing complexity of 

 

receivers, and the close competition in 

 

the service field today, one of the first 

 

requisites in a commercial analyzer is 

 

the reliability of its operation. Since 

 

intermediate frequencies are now stan-
dardized at about 175 kilocycles, the 

 

more expensive analyzers now have in-
corporated in them thoroughly-shielded 

 

oscillators, to permit rapid and accur-
ate testing of the I.F. stages. This 

 

feature can be appreciated only when 

 

you attempt to line up I.F. trans-
formers by using a broadcast signal 

 

and the oscillator in the receiver; the 

 

results, even then, are never known to 

 

be accurate, since it is perfectly pos-
sible for the oscillator condenser to be 

 

mis-aligned, so that the intermediate 

 

frequency is, for example, 160 kc. in-
stead of 175. When the I.F. trans-
formers are then adjusted for greatest 

 

response, they will be tuned to only 

 

160 kc., and their efficiency will not be 

 

maximum. 

 

If, on the other hand, we apply a 

 

frequency known to be 175 kc. to the 

 

I.F. amplifier, and then adjust the 

 

latter for maximum response, we are 
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sure that the final result will be inde-

pendent of any mis-alignments in either 

 

the oscillator or R.F. stages. 

 

The majority of analyzers also have 

 

become equipped with output meters, 

 

which may be used for so many pur-

poses (such as adjustment and align-
ment of receivers; hum measurements; 

 

determination of signal-to-noise ratios; 

 

determination of phonograph-scratch 

 

frequencies, etc.) that it should be now 

 

considered an indispensable part of the 

 

equipment of the modern Service Man. 

 

An increasing number of new tubes 

 

have also made their appearance on the 

 

market. Socket connections have been 

 

changed and new types of sockets have 

 

been added; all of which require, for 

 

best results, that engineering skill be 

 

brought into play in order to design a 
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single piece of equipment which may 

 

be used by the Service Man and will 

 

enable him to make a rigid test on any 

 

type of receiver, using any type of 

 

tube. 

 

It is now possible for the Service 

 

Man to bring into the home of a cus-
tomer a complete laboratory, all in one 

 

case, which gives him the same facil-
ities in the field that he obtains in his 

 

own shop. 

 

Since space does not permit a list 

 

of all the analyzers, both past and pres-
ent, that are available on the open 

 

market, we reproduce in the following 

 

pages a description of the latest instru-
ments of the leading manufacturers; 

 

from which the Service Man is sure to 

 

obtain a complete picture of the an-

alyzer field as it is today. 

 

R. M. A. Color Code 

 

:::::.,.�  

 

BODY 

 

COLOR 

 

Budd• Color indicates first 

 

End Color indicates second 

 

Band Color indicates third 

 

BAND 

 

COLOR 

 

significant figure. 

 

significant figure. 

 

significant figure. 

 

Body Color End Color 

 

1 — Brown 

 

3 — Red 

 

:3 — Orange 

 

Yellow 

 

5 — Green 

 

Blue 

 

7 — Violet 

 

H — Gray 

 

9 — White 

 

0 — Black 

 

4 — 

 

6 — 

 

0.— Black 

 

1 — Brown 

 

2 — Red 

 

3 — Orange 

 

4 — Yellow 

 

5 — Green 

 

6 — Blue 

 

7 — Violet 

 

8 — Gray 

 

9 — White 

 

END 

 

COLOR 

 

Band Color 

 

.0— Black 

 

0. — Brown 

 

00. — Red 

 

000. — Orange 

 

0,000. — Yellow 

 

00,000. — Green 

 

000,000. — Blue 

 

For example, a resistor has a blue body, a yellow end color and a 

 

red band color. What is the resistance in ohms? Answer, 6400 ohms. 

 



Beede "Preston" 1931 Model 

 

The Preston set analyzer has been 

 

designed to perform routine tests on 

 

radio sets of both the D.C. and A.C. 

 

types. Three instruments are used: 

 

an A.C. voltmeter; a D.C. voltmeter; 
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nected that readings are normally ob-
tained on the 100-ma. scale. By press-
ing the "P.C. 20" button, the 20-ma. 

 

scale is used. This arrangement is used 

 

in order to prevent burning out of the 

 

meter, due to the pos-
sible use of the wrong 

 

scale of the instrument. 
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and a D.C. milliammeter. No rotary 

 

switches are used, all meters being 

 

inserted in the circuit by means of 

 

need be depressed to obtain the de-
sired reading. 

 

The plate-current meter is so con-
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av 

 

The plate voltage 

 

may also be measured 

 

by depressing t h e 

 

proper button. The 

 

"P.V. 600" should be 

 

pressed first. If the 

 

reading is under 100 

 

volts, then the "P.V. 

 

100" button should be 

 

pressed. This precau-
tion also is to prevent 

 

burning out of the volt-
meter, due to the use 

 

of too much voltage for 

 

the scale being used. 

 

There are three grid-
voltage buttons: "G.V. 

 

100" for power tubes; 

 

"G.V. 10" for general-
purpose tubes (such as 

 

'01A, '26, etc) ; and 

 

"G.V.II." for heater-

type tubes. The selec-
tion of the proper but-
ton to be used depends 

 

upon the grid bias of 

 

-the tube that is to be 

 

measured. Detector 

 

tubes using a grid leak 

 

and condenser will give 

 

no grid-voltage reading. 
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it can be made to read correctly by 

 

pressing the "Reverse" button. 

 

To facilitate measuring line-voltages, 

 

the two-prong plug is inserted in the 

 

110 volt A.C. receptacle. The button 

 

marked "L-150" is pressed, and the 

 

reading will be obtained on the 150 

 

scale of the A.C. meter. 

 

To test tubes, a small 4.5-volt battery 

 

is housed in the Analyzer. By depress-
ing the button marked "Filament 

 

Emission" the positive terminal of this 

 

battery is connected to the grid. This 

 

should cause the plate current to in-
crease; the amount of increase indi-
cates the condition of the tube. 

 

To make a grid test on '24 type tubes, 

 

there are provided two leads; a long 

 

and a short one. The prod of the long 

 

lead is inserted in pin jack No. 2, and 

 

the cap at the other end of this lead is 

 

inserted into the cap of the lead, in the 

 

radio set, which normally goes to the 

 

top of the tube. The cap at the end of 

 

the short lead goes to the top of the 

 

tube in the analyzer; while the other 

 

end of this lead goes to pin jack No. 1. 

 

The removal of this last lead from pin 

 

jack No. 1 should cause the plate cur-
rent to decrease to nearly zero; the 

 

change in plate current is indicative of 

 

the condition of the tube. 

 

Continuity and resistance measure-
ments are also possible with this little 

 

Analyzer. The test prods supplied are 

 

inserted into the pin jacks marked 

 

"C". A jumper is placed in the five-
prong socket, connecting one of the 

 

heater terminals to the grid. The test 

 

prods are then placed across the part 

 

of the circuit to be tested. By referring 

 

the meter readings to a chart, the val-
ues of resistance may be determined. 

 

The resistance tests are made with the 

 

4.5-volt battery in the analyzer; how-
ever, by connecting another 4.5 volts 

 

in series (giving a total of 9 volts), 

 

much higher resistance values may be 

 

measured. 

 

To test and measure capacities, the 

 

test prods are inserted into the pin 

 

jacks marked "CAP", and the two-
prong plug is inserted in the 110-volt 

 

A.C. line. By connecting the prods to 

 

the condenser to be measured, a reading 

 

will be obtained on the 150-volt scale of 

 

the A.C. instrument. A capacity chart 

 

is supplied with the instrument; so that, 

 

by referring the readings on the A.C. 

 

instrument to this chart, the capacity 

 

of the condenser under test is deter-
mined. 

 

When measuring either condensers 

 

or resistors, the 5-prong plug should 

 

not be connected to the radio set. 

 

A glance at the diagram will show 

 

the extreme simplicity of this Analyzer. 

 

The fact that the milliammeter is al-
ways in the circuit enables the plate 

 

current to be measured while other 

 

tests are being performed. 

 

An adapter is used to test four-prong 

 

tubes, since the cable plug applied to 

 

the radio set has five prongs. The 

 

adapter is snapped over this five-prong 

 

plug, thus permitting the measurement 

 

of both heater and filament types of 

 

tubes. 

 



Dayrad "Type 880" Set Analyzer 

 

The "Type 880" Radio 

 

Set Analyzer is complete and 

 

ready to use. A set of test 

 

prods is included; the neces-

sary adapters for all types 

 

of sockets are attached to 

 

the Analyzer's cable plug. 

 

The Analyzer consists of: 

 

two meters, one for A.C. 

 

and the other for D.C. 

 

measurements; three 

 

switches (one with 17 posi-
tions, called the Selector 

 

Switch; one with 3 posi-
tions for changing the A.C. 

 

Meter ranges, called the 

 

A.C. Meter Switch; and 

 

one with 3 positions 

 

for changing the output 

 

ranges, called the Output 

 

Meter Switch); 12 push-
button switches (8 locking 

 

type; 4 nonlocking type) 

 

all properly marked; twen-
ty-five tip jacks, all proper-
ly marked; a battery com-
pensating rheostat for use 

 

with the Ohmmeter, called 

 

the Compensator; a cable 

 

and connecting plug, called 

 

the Analyzer Plug; and its 

 

associated adapters, distin-
guished as the UX and UV 

 

Adapters; and a 41,<z-volt 

 

battery. 

 

By setting the Selector 

 

Switch at the extreme left, 

 

the following readings may 

 

be obtained, in sequence. 

 

(1) Plate M.A.—Three 

 

Ranges, 5-25-125 Milliam-

peres. 

 

(2) Plate Volts—Three Ranges, 

 

125-250-500 Volts. 

 

(3) Second Plate—'80 Rectifiers — 

125 Milliampere-Scale only. 

 

(4) Screen-Grid Current-5 Milli-

amperes. 

 

(5) Screen-Grid Volts — T w o 

 

Ranges, 125-250 Vofts. 

 

(6) Control-Grid Volts — Three 

 

Ranges, 125-50-5 Volts. 

 

(7) Cathode Volts — Two Ranges, 

 

125-25 Volts. 

 

(8) Filament Volts A.C. — Three 

 

Ranges, 4-8-20 Volts (also A.C. Meter 

 

Switch). 

 

(9) Filament. Volts D.C.-5 Volts. 

 

In making a circuit analysis it is 

 

necessary, in order to obtair a meter 

 

reading, to press one of the "Read 

 

Meter Buttons. Three of these are 

 

provided: the first, "Read A.C. Meter," 

 

is located to the left and below the A.C. 

 

Meter. The second and third are the 

 

"Read D.C. Meter" and "Reverse D.C. 
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Meter," which are located to the right 

 

and below the D.C. Meter. The "Re-
verse D.C. Meter" button is used only in 

 

cases where the cathode is at a positive 

 

instead of a negative potential with re-

spect to the filament. 

 

When testing amplifier circuits, the 

 

"Grid Test" button should be depressed 

 

after the first reading of plate current 

 

is obtained. This button shifts the 

 

grid voltage and, usually, gives an in-
dication of the value of the mutual con-
ductance of the tube. 

 

For measuring screen-grid tubes, the 

 

button marked "Screen-Grid Analysis" 

 

must be depressed and locked when 

 

analyzing their circuits. Its purpose 

 

is to rearrange connections in the An-

alyzer so that the control-grid circuits 

 

and the screen-grid circuits will fall in 

 

the proper positions for test. The con-

trol-grid connection in the set must be 

 

connected to the tip jack marked "Con-
trol Grid" by means of the short con-

necting lead which is supplied with the 

 

Analyzer. Always release this button 

 

when you have finished analyzing cir-
cuits using screen-grid tubes. 

 

Pentode output circuits, employing 

 

the type-'38 tube, have terminal ar-

rangements identical with those of 

 

heater-type screen-grid tubes ('24, '35, 

 

'51); and analysis is therefore per-
formed on these circuits exactly as if 

 

a screen-grid type were under test. 

 

For all other types of pentode tubes, 

 

it is necessary to press the "Pentode 

 

Analysis" button before taking read-
ings. 

 

Rectifier tubes of both the '80 and 

 

'81 types may also be tested in a man-
ner similar to that for other tubes. 

 

The total secondary A.C. voltage from 

 

the power transformer may be meas-
ured by pressing the button marked 

 

"A.C. 800 Volts—Plate to Grid". The 

 

voltage from one of the plates, of the 

 

'80, to the filament may be measured 

 

by pressing the button marked "A.C. 

 

Volts—Plate to Filament". 

 

As in all other analyzers, provision is 

 

made to use both meters with any scale 

 

desired for external purposes. 

 

A very useful arrangement is the use 

 

of the A.C. meter to read A.C. milliam-

peres. This is accomplished by remov-

ing the multipliers from the circuit of 

 

the A.C. meter (by means of a switch 

 

marked "A.C. MA Microfarads"); in 

 

this manner up to 200 A.C. milliamperes 

 

may be read. 

 

The D.C. meter scale is directly cali-
brated in ohms, so that it may be used 

 

as an ohmmeter. It has two ranges, 

 

0-10,000 and 0-100,000 ohms. A small 

 

4.5-volt "C" battery, housed in the an-

alyzer, provides the necessary voltage. 

 

Adjustments necessary, because of 

 

varying battery voltage, are accom-

plished by means of an adjustable re-
sistor. 

 

Capacity measurements may also be 

 

made directly, since the A.C. meter is 

 

calibrated in microfarads. There are 

 

two ranges possible, 0-1- and 0-10-mf. 

 

The readings, however, are only accur-
ate when the instrument is connected 

 

to a 115-volt 60-cycle line. 

 

A 4000-ohm constant impedance out-

put meter is available in this analyzer. 

 

A dry rectifier used in a bridge circuit 

 

( see diagram of connections) allows the 

 

D.C. meter to be used on A.C., with a 

 

sensitivity of 1000 ohms per volt. 

 

Three ranges of voltage are available, 

 

5-25 or 125 volts maximum. The 4000-
ohm impedance is maintained constant 

 

on all ranges, a very desirable feature. 

 

The appended diagram gives the de-
tailed connections of the analyzer, to-
gether with the values of all the resis-
tors used; this may be referred to for 

 

any details desired. 

 



Hickok "Model SG-4700" 

 

The Hickok "Model SG-4700" set 

 

tester is an example of an analyzer 

 

which uses a separate meter for each 

 

of the circuits entering a radio tube. 

 

This feature greatly simplifies the in-
ternal circuit; eliminates complicated 

 

switching arrangements; prevents the 

 

possibility of burning out the meters 

 

by operating them on an incorrect scale; 

 

and greatly speeds up the actual test-
ing operations, since all the values to 

 

be found are indicated simultaneously. 

 

Furthermore, all multipliers and shunts 

 

are self-contained; obviating the neces-
sity of auxiliary apparatus. 

 

The D.C. voltmeters have a resist-
ance of 1333 ohms per volt, using only 

 

0.75-milliampere for full-scale deflec-
tion. The plate voltmeter has two 

 

88 

 

scales; 0-300 and 0-600 volts; giving a 

 

meter resistance on the 300-volt scale 

 

of 400,000 ohms and on the 600-volt 

 

scale of 800,000 ohms. 

 

The D.C. filament voltmeter has one 

 

range of 0-30 volts, and an internal re-
sistance of 40,000 ohms. When test-
ing a screen-grid tube, this same meter 

 

also reads the control-grid voltage. 

 

The grid voltmeter is of the same 

 

type as the others, having two ranges 

 

with the zero mark in the center of the 

 

scale; these two are 30-0-30 and 150-0-
150, with internal resistances of 80,000 

 

and 400,000 ohms respectively. 

 

The A.C. voltmeter in this analyzer. 

 

designed for the special requirements 

 

of radio testing, is of the dynamic 

 

type, having a practically uniform 
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scale. The low-range scale of 8 volts 

 

contains 80 graduations, by which all 

 

values from 1 to 8 volts may be read 

 

in 1/10-volt values. The next range, of 

 

160 volts, gives accurate indications of 

 

line voltages. The high range, of 800 

 

volts, enables the user to measure the 

 

voltages of the power transformer sec-
ondaries which supply the plates of 

 

rectifier tubes. Both the 160- and the 

 

800-volt ranges are of high resistance; 

 

thus assuring accurate readings under 

 

all conditions. 

 

The A.C. voltmeter is also calibrated 

 

to read directly in microfarads; en-
abling the measurement of capacities 

 

from 0.25 to 15 mf. directly. The reg-
ular 110-volt A.C. line is used as the 

 

source of power; connections to the 

 

tester being made by a set of leads, 

 

which are supplied as standard equip-
ment. The value of all fixed conden-
sers in a receiver under test can be 

 

found by making connections with in-
sulated prods (which are also supplied 

 

as standard equipment) without re-
moving the condensers from the re-
ceiver. 

 

The plate milliammeter is equipped 

 

with scales of 20 and 200 milliamperes; 

 

which afford sufficient range to meas-
ure accurately the milliamperes con-
sumed by individual tubes, as well as 

 

the entire plate current consumed by 

 

any receiver. 

 

The plate milliammeter is alsc 

 

equipped with a direct-reading ohm-
meter scale; operating as an ohmmeter 

 

from a self-contained battery of 4.5 

 

volts. In conjunction with an adjust-
able rheostat, resistance values from 20 

 

to 20,000 ohms may be read directly 

 

from the milliammeter scale. 

 

The "SG-4700" Analyzer contains a 

 

4.5-volt "C" battery, which is intro-

duced into the grid circuit of the tube 

 

under test by pressing a button. This 

 

definite change in the grid bias results 

 

in a definite change in the plate cur-
rent, by which the mutual conductance 

 

is easily found (as explained in Chap-
ter 3). 

 

Pin jacks are provided, for each in-
dividual meter, to permit use of all 

 

meters as separate instruments. The 

 

insulated prods are equipped with a 

 

special plug, which is inserted in the pin 

 

jacks; making the operation of connect-
ing to the meter desired, a matter of a 

 

few seconds. The "No. 4A" binding-
post adapter (supplied as standard 

 

equipment) instantly changes the pin 

 

jacks to binding posts; thus giving the 

 

user his choice of either pin jacks or 

 

binding posts for connection to each 

 

meter. 

 

The set-to-analyzer cable is not con-
nected permanently to the tester. This 

 

connection is made by means of a 

 

special plug, which is inserted in the 

 

socket marked "Connector"; thus elim-
inating the cable from the tester when 

 

the meters are used individually. The 

 

5-to-4 (UY to UX) prong adapter for 

 

insertion in the receiver is provided 

 

with a locking device. 

 

The circuit diagram of the analyzer 

 

is appended; its obvious simplicity is 

 

due to the use of separate meters in 

 

each tube circuit. The circles with num-
bers in them represent the pin jacks, 

 

connections to which allow the use of 

 

external meters. 

 

A filament-cathode switch is pro-
vided, to connect the heater to the 

 

cathode when desired. A filament-re-
versing switch is provided, in order to 

 

reverse the filament connections, since 

 

this is necessary in some types of bat-
tery-operated receivers. 

 



Jewell "No. 444" 

 

The Jewell "Pattern 

 

No. 444" Radio Set An-

alyzer has been de-

signed for the analysis 

 

of the conditions in any 

 

radio set, whether op-
erated from batteries 

 

or from an alternating-
current line. It will 

 

take care of D.C. plate 

 

voltages up to 600 volts 

 

of all tubes used in 

 

commercial sets today, 

 

and of all standard 

 

types of D.C. or A.C. 

 

filament excitation. 

 

The analyzer is pro-
vided with two instru-
ments. That at the 

 

left is a combination 

 

A.C. voltmeter, am-
meter and milliam-
meter equipped with 

 

scales to read 0-4-8-
160-180 volts; 0-4-8 am-
peres; and 0-20-100 mil-
liamperes. (The above 

 

numbers refer to full-
scale readings; that is, 

 

there are eight scales 

 

on this instrument.) 

 

The right-hand instru-
ment is a combination 

 

D.C. voltmeter, milliam-
inetrr, ohmmeter and Output Meter. 

 

This instrument is equipped with three 

 

scales-0-6-12-30—on the lower arc, and 

 

an ohmmeter scale graduated to read 

 

directly the low range of 0-1000 ohms, 

 

on the upper are. Additional ohmmeter 

 

ranges are also available, from 0-10,000 

 

and from 0-100,000 ohms. 

 

The Output Indicator consists of a 

 

copper-oxide rectifier in conjunction 

 

with this D.C. meter. Three ranges of 

 

output volts are possible; 0-1, 0-10 and 

 

0-50 volts. This output meter is fairly 

 

accurate over the entire audio-fre-
que icy band; except that the 0-50 range 

 

will approach 45 volts at the higher 

 

frequencies, because of decreasing re-
actance of the blocking condenser 

 

placed in series with this range. (See 

 

diagram of connections.) 

 

Seven ranges of D.C. voltages are 

 

available, namely; Ei, 12, 30, 60, 120, 

 

300 and 600 volts. Current readings of 

 

12, 60 and 120 milliamperes may also 

 

be measured. Note that all of these 

 

ranges are even multiples of the scales 

 

marked on the instrument. 

 

To facilitate the use of the analyzer, 

 

the various terminals of the UX and 

 

UY sockets have been designated by 

 

the letters K, G, P, HI and H; referring 

 

respectively to cathode, grid, plate and 

 

the two heater leads. The selector 

 

switch is engraved, showing the proper 

 

combinations of these letters. For tak-
ing voltmeter readings, the letters 

 

shown indicate the two terminals be-
tween which the voltmeter is connected. 

 

In the case of a current reading, a sin-
gle letter is used; indicating the circuit 
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in which the instrument is connected as 

 

a ammeter or milliammeter. To carry 

 

out this scheme, the control-grid term-
inal at the top of the tube is labeled 

 

CG, and the pentode-grid terminal (on 

 

the side of the base of an R.F. pentode) 

 

by the letters PG. When using these 

 

designations, it must be born in mind 

 

that these letters are symbols referring 

 

only to certain socket terminals, and 

 

not to the elements within the tube it-
self. 

 

As in other analyzers, tube checking 

 

is performed by the use of a small "C" 

 

battery which is inserted in the grid 

 

circuit, by the manipulation of a 

 

switch, changing the plate current by 

 

a definite amount. The change in plate 

 

current is indicative of the condition of 

 

the tube. 

 

The panel of the analyzer is supplied 

 

with UY and UX adapters, to accom-
modate all types of tubes now used in 

 

commercial radio receivers. The plug 

 

is a UY plug and, in order to insert 

 

it in a UX socket, a UY-to-UX adapter 

 

is used. The total current drain from 

 

an '81 rectifier tube may be measured 

 

by inserting the analyzer plug in the 

 

rectifier socket and turning the dial to 

 

"P-120 MA." If an '80 is being tested, 

 

the total current is the sum of the 

 

readings taken when the selector switch 

 

is in positions "P-120 MA" and "G-120 

 

MA". 

 

Two ranges of capacity measure-
ments are available in this instrument. 

 

The low range covers, very well, values 

 

from .05 to 1.0 microfarad; and the 

 

high range from .25 to 10 mf. This 

 

calibration is valid only when the line-

voltage is approximately 110 volts at 

 

60 cycles. If the voltage is higher or 

 

lower than the stated value, then the 

 

capacity indicated will be higher or 

 

lower by a corresponding amount. If 

 

the frequency is 50 cycles, instead of 60 

 

cycles, then the reading will be only 

 

5/6 of the actual value. The read-

ings of the A.C. milliammeter are re-
ferred to a chart from which the cap-
acity is obtained. These charts and 

 

the necessary instructions are supplied 

 

with the instrument. 

 

This analyzer is equipped with two 

 

sets of test leads, each lead of which 

 

has pin tips on one end to fit the tip 

 

jacks on the analyzer panel. These pin 

 

tips are moulded into a special elbow 

 

handle, to facilitate the use of the tip 

 

jacks and to prevent unnecessary wear 

 

on the leads. One pair of test leads 

 

is supplied with long insulated test 

 

prods, for making measurements 

 

throughout the chassis of a radio set. 

 

The other pair is supplied with spade 

 

terminals, which can be used when 

 

more permanent connections are re-

quired. 

 

A glance at the appended diagram 

 

will reveal the almost universal use of 

 

rotary switches, of both the two- and 

 

three-arm types. A very novel feature 

 

in the analyzer is the use of a tapped 

 

current transformer, instead of shunts 

 

on the A.C. meter, to facilitate chang-
ing the current scales on this instru-
ment. 

 



Readrite "Model 600" 

 

The Readrite "Model 600" and "Model 

 

700" Radio Set Analyzers are identical 

 

electrically; the only difference between 

 

them being in the type of carrying 

 

case. The "No. 600" is housed in a 

 

large leatherette case, with sufficient 

 

room for tubes, tools and supplies. The 

 

test equipment and panel is located in 

 

a removable tray in the top of the 

 

case. 

 

This instrument uses three meters: a 

 

D.C. voltmeter; a D.C. milliammeter; 

 

and an A.C. voltmeter. A selector 

 

switch is provided for checking all parts 

 

of the tube circuits, by connecting one 

 

of the three meters in the proper cir-
cuit. 

 

Three ranges of D.C. voltages are 

 

available for plate or grid readings; 

 

0-60, 0-300 and 0-600 volts. 

 

Three ranges of A.C. voltages are 

 

available; 0-10, 0-140 and 0-700 volts. 

 

Two ranges of direct-current read-
ings are available; 0-20 and 0-100 milli-
amperes. 

 

Measurement of tube constants is 

 

44 

 

performed by setting the selector switch 

 

to the proper position; and then flipping 

 

one of the toggle switches to obtain a 

 

better reading, if so desired. 

 

A small 4.5-volt "C" battery is 

 

housed in the carrying case for grid-
test and resistance measurement work. 

 

For grid tests (which really means tube 

 

tests) the grid-test push-button is 

 

pressed; this places the small "C" bat-
tery in series with the grid, making the 

 

grid more positive and increasing the 

 

plate current. The increase in plate 

 

current is indicative of the condition 

 

of the tube. 

 

For testing screen-grid tubes, another 

 

button is pressed; this connects the 

 

control-grid directly to the cathode, 

 

changing the control-grid voltage 

 

which, in turn, changes the plate cur-
rent. As before, the change in plate 

 

current is indicative of the condition 

 

of the tube. 

 

Charts are furnished, showing how 

 

resistors up to 100,000 ohms may be 

 

measured. Capacities of the sizes or-
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dinarily found in radio receivers are 

 

also measurable with this instrument. 

 

Pin jacks, clearly marked, are mount-
ed on the panel for the use of the 

 

meters externally; a two-arm, 180-de-

gree rotary switch is used for the selec-
tion of the proper circuit. Both five-
and four-prong sockets are mounted on 

 

the panel, to obviate the necessity of 

 

having too many adapters. 

 

The high-range A.C. voltmeter per-
mits the measurement, not only of the 

 

line-voltage, but of power-transformer 

 

and rectifier-plate voltages. 

 

Unlike many other analyzers, this 

 

model does not house the "C" battery 

 

used for testing in the analyzer com-

partment. This probably makes for 

 

ease in replacement and also results in 

 

a saving of room. 

 

The D.C. voltmeter is of the low-re-
sistance type, having a resistivity of 

 

200 ohms per volt. While such a low-
resistance meter will not give accurate 

 

readings of voltages, nevertheless the 

 

results are sufficiently indicative of the 

 

correct values for all practical work. 

 

Care should be taken to remove the 

 

cable from the radio set when any of 

 

the meters are being used externally, 

 

when condensers or resistors are being 

 

measured, or when a continuity test is 

 

being made. 

 



Sterling "R-517" Mutual Conductance Meter 

 

The Sterling "R-517" Mutual Conduct-
ance Meter is designed solely for the 

 

purpose of testing tubes; this means 

 

two things, an emission test and a mut-
ual conductance test, as explained be-
fore. As we have said, if the mutual 

 

conductance is normal, when normal 

 

plate, filament and grid voltages are 

 

applied, then (for all practical pur-
poses) the tube is good. 

 

The direct measurement of mutual 

 

conductance is valuable, in testing tubes 

 

with which the Service Man is not 

 

familiar. This is especially so at the 

 

present time, when many new tubes are 

 

being placed upon the market. 

 

The "R-517' is designed to measure 

 

mutual conductance. It does this, not 

 

by applying a voltage in series with the 

 

grid and computing the mutual conduct-
ance, but by means of a bridge circuit 

 

built into the tester. 

 

An examination of the appended cir-
cuit diagram and illustration reveals 

 

four sockets: one to be used only for 

 

testing rectifier tubes; one for preheat-
ing heater-cathode tubes about to be 

 

tested; and the third and fourth for 

 

four- and five-prong tubes under test. 

 

Filament voltage is adjusted by 

 

means of a rotary switch (at the right 

 

of the instrument) which is connected 

 

to a tapped transformer; each tap cor-
responds to a different filament voltage 

 

(see diagram of connections). 

 

Plate voltage is adjusted by means 

 

of a toggle switch at the upper left of 

 

the instrument. For tubes requiring 

 

less than 250 volts on the plate, the 

 

switch is thrown to the left; for tubes 

 

requiring more than 250 volts, it is 

 

thrown to the right. As will be seen 

 

by the diagram, this switch merely 

 

changes the turns-ratio of the trans-
former used for supplying plate volt-
age. 

 

To measure mutual conductance, all 

 

that need be done is to set the toggle 

 

switch to the proper side for plate volt-
age, and set the filament and "C" bias 

 

switches correctly. The milliammeter 

 

will then read. 

 

Now, on pushing the button marked 

 

"Gm" (the one nearest the mutual-con-
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ductance dial) the milliammeter reading 

 

will change. Adjust the "G" knob until 

 

the milliammeter reading does not 

 

change whether the button is up or 

 

down. The dial then indicates the Mut-
ual Conductance directly. 

 

Two ranges are available; one up to 

 

1500 micromhos, and the second to 3000 

 

micromhos. The values then can be 

 

directly compared with the manufac-

turer's chart. 

 

When measuring the '47, '33 or PZ 

 

pentodes, it is necessary to use the 

 

special pentode adapter which is fur-
nished with the instrument. This adap-
ter is not necessary when measuring 

 

the '38 pentodes. 

 

Leakage between the cathode and the 

 

heater of heater-type tubes (such as 

 

the '24) may also be measured. The 

 

test for leakage is made by pressing the 

 

second button from the right. This 

 

should cause the milliammeter pointer 

 

to return to zero. If the pointer does 

 

not return all the way to zero, leakage 

 

exists. 

 

Rectifier tubes are to be tested on13 

 

in the socket at the upper left of the 

 

instrument. No reading will occur un-
til the buttons "No. 1" and "No. 2" are 

 

pressed; these control the two plates of 

 

the '80 tube separately. These buttons 

 

apply a fixed voltage to the plates of 

 

the tube and, at the same time, connect 

 

a shunt across the milliammeter. 

 

The "C" dial should be turned to the 

 

extreme left, to give zero bias, when 

 

testing rectifier tubes. 

 

The fuse in this instrument is a 

 

"Type 40" Mazda pilot lamp, rated at 

 

I 

 

6 volts, 0.15-amp. In testing ampli-
fier tubes this bulb will not glow; but 

 

when testing rectifier tubes (because of 

 

the heavy current drawn) a glow will 

 

be seen. If both buttons controlling the 

 

plates of the '80 tube are pressed at 

 

the same time, the bulb will light 

 

brightly; however, this current will be 

 

within the capacity of the bulb and 

 

will do no harm. 

 

In case of a short-circuit between ele-

ments, within the tube being tested, the 

 

bulb will blow very quickly; thus pro-
tecting the milliammeter and resistor 

 

with the tester. This type of tube can 

 

be obtained, for replacement, almost 

 

anywhere. 

 

The milliammeter in the "R-517" 

 

tester has a range of 0-10 mills. How-

ever, because the meter integrates the 

 

average current over a complete cycle, 

 

and sine-wave current flows only dur-

ing a half cycle, the actual peak cur-
rent is 3.14 times the meter reading. 

 

For example, when testing a '45 tube, 

 

the milliammeter may read 8 mils. 

 

Then, 8 x 3.14 = 25.1 mils; which is 

 

the actual peak current flowing. 

 

When measuring tubes, variations of 

 

251,� above or 20';, below the rated 

 

values of mutual conductance may be 

 

expected; because tube manufacturers 

 

generally do not hold their product to 

 

closer limits. 

 

This instrument is small, compact 

 

and of relatively light weight. The ap-
pended diagram of connections may be 

 

consulted for a more detailed analysis 

 

of the circuit used. 

 



Supreme AAA1 Diagnometer 

 

The "AAA1 Diagnometer" is an An-
alyzer incorporating in one instrument 

 

all the essentials required of a multi-
plicity of servicing instruments. The 

 

combination includes no less than five 

 

service instruments built as a single 

 

unit which can be used either as a port-
able radio laboratory or complete shop 

 

equipment; it may be carried in a case, 

 

or mounted on the wall, or back of a 

 

test bench, as a test panel. Special 

 

brackets, which, for wall mounting may 

 

be obtained with the "Diagnometer", 

 

accommodate the slip hinges and snap 

 

lock on the carrying case. In this 

 

manner the "AAAl" is instantly con-
vertible from a portable laboratory to 

 

a complete test panel. The five major 

 

testing functions of this instrument are 

 

listed as follows: 

 

50 

 

(1) Analyzer 

 

(2) Tube Tester 

 

(3) Shielded Oscillator 

 

(4) Ohmmeter—Megohmmeter 

 

(5) Capacity Tester. 

 

The Analyzer circuits of the "AAA1 

 

Diagnometer" comprise a universal 

 

A.C. and D.C. meter (of the copper-
oxide rectifier type) with a tandem 

 

scale-selector switch, and a D.C. milli-
ammeter which is always connected in 

 

the plate circuit. This arrangement 

 

provides plate-current readings of cir-
cuits and tubes under analysis without 

 

the manipulation of any current 

 

switches while testing the various po-
tentials of other circuits terminating 

 

at the tube sockets. 

 

The Analyzer's circuits are designed 

 

to meet all practical radio service re-
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quirements on all types of radios and 

 

tubes, including the new power pen-
tode, variable-mu, and two-volt radio 

 

tubes. Provisions are also made for 

 

testing the older types of battery oper-
ated radios, and the helium types of 

 

non-filament rectifier tubes. This in-
strument is adaptable also for an an-

alytical A.C. voltage (1000 ohms per 

 

volt) test up to 1000 volts, on each side 

 

of center-tapped plate supply trans-

formers, through the rectifier tube 

 

socket. Provision is also made for the 

 

reading of the A.C. line-voltage through 

 

the A.C. line-supply cord by means of 

 

a push-button; external connections be-

ing unnecessary for this purpose. The 

 

analyzer plug utilized with the "AAA1 

 

Diagnometer" has a UY base; since 

 

most sockets in the newer types of 

 

radios are of the UY or 5-prong type. 

 

A 4-prong adapter is furnished as a 

 

part of the equipment for analysis on 

 

rectifiers and on the older type UX 

 

sockets. 

 

For the radio-frequency pentode 

 

tubes a circuit is provided which term-
inates at the necessary terminal of the 

 

analyzer plug; so that this terminal 

 

may be connected to a suitable adapter 

 

for these tubes. Milliampere ranges 

 

of 0-2.5-10-25-100 and 250 mils. and 

 

2.5 amperes are available for external 

 

use, for either A.C. or D.C. current; 

 

utilizing the copper oxide rectifier type 

 

meter and its associated scale selector 

 

switch. An external D.C. voltage range 

 

of 2500 volts is provided, in addition 

 

to the external A.C. and D.C. ranges 

 

of 0-2.5-10-25-100-250 and 1000 volts. 

 

The high-resistance (2500-ohm-per-
volt) D.C. voltmeter ranges of 0-40 

 

and 0-200 volts are also available, 

 

through external connections, for test-
ing automotive and airplane installa-
tions. The two principal current- and 

 

potential-measuring scales of the meter 

 

are associated with the scale-selector 

 

switch; the first two points of which 

 

correspond to these two ranges of the 

 

meter. High ranges are obtained by 

 

rotating the scale selector through the 

 

high readings; the two major scales of 

 

the meter being multiplied by the val-
ues indicated by the scale selector. 

 

This meter is probably the most unique 

 

feature of the analyzer. 

 

The "Multi-Meter" is not in any an-
alytical or tube checker circuit until 

 

a push button is depressed for the de-

sired reading; thus affording a max-

imum of protection to the meter at all 

 

times. Tests have shown that this in-
strument will stand a 3000': voltage 

 

overload. 

 

The tube-checker Circuits of the 

 

"AAA1 Diagnometer" include five tube 

 

testing sockets; with the necessary 

 

switches for connecting to these the 

 

proper potentials for tube tests. A.C. 

 

power-supply potentials ranging from 

 

100 to 240 volts may be utilized for 

 

these tests; a suitable switch being in-
cluded for selecting the proper poten-
tial. A "filameter-heater" selector 

 

switch, with filament ratings from 1.5 

 

to 7.5 volts provides for all tubes. The 

 

grid potentials of the tube-checker cir-
cuits are provided by the voltage drop 

 

across a biasing resistor; this arrange-
ment permits what is commonly known 

 

as grid test or mutual conductance 

 

test. An oscillation test is also in-

cluded, for matching tubes for the 

 

radio-frequency stages of radios. An-
other test is provided, for all types of 

 

amplifier tubes, indicating the gas con-
tent of the tube under test. An ar-

rangement has been provided also for 

 

indicating the cathode-heater leakages 

 

of the cathode type of tube. 

 

Another valuable feature of the 

 

"AAA1 Diagnometer" is the complete-
ly shielded and attenuated Oscillator, 

 

which is designed for tuning over a 

 

range of approximately 90 to 1500 kilo-
cycles. The harmonic tuning princi-
ple is utilized in this instrument; and 

 

frequencies higher than 1500 kilocycles 

 

can be calibrated where desired. 

 

The tuning multiples are obtained by 

 

operating the generating vacuum tube 

 

with a comparatively high negative 

 

grid-biasing potential obtained by the 

 

voltage drop resulting from the flow of 

 

grid current through a resistor in the 

 

grid circuit, the grid current being pro-
duced by the oscillatory impulses or 

 

potentials existing in the grid circuit. 

 

This has the effect of operating the 

 

tube on the "lower bend" of the grid-
voltage plate-current characteristic 

 

curve of the tube; so that the resultant 

 

wave-form of the oscillator's output 

 

signal is composed of a fundamental 

 

frequency, which is determined by the 

 

setting of the tuning dial, and several 

 

multiples of the fundamental frequency. 
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The Oscillator is provided with a 

 

tapered output control, for controlling 

 

the strength of the radio-frequency sig-
nals applied through the "dummy an-
tenna" to the radio. The Oscillator's 

 

output is so controlled that no leakage 

 

may be detected on the higher broad-
cast harmonics when the oscillator is 

 

directly connected to a very sensitive 

 

radio receiver. For broadcast ad-
justments, tuning of any required de-
gree of sharpness is accomplished by 

 

choosing higher multiples of lower fun-
damental tuning frequencies, with 

 

proper settings of the output control. 

 

A vernier tuning dial is used on the 

 

Oscillator, which enables the user to 

 

obtain very fine adjustments in service 

 

work. A type '31 tube is used as the 

 

oscillator tube. For output measure-
ments the Multi-Meter, connected in 

 

series with a self-contained condenser, 

 

is used; providing a very wide range 

 

for output measurements. 

 

The resistance-measuring ranges of 

 

the "Diagnometer" are indicated as the 

 

top scale of its Multi-Meter. External 

 

connections are provided for two 

 

ranges, indicated as "low" and "high". 

 

The low range covers 0 to 5000 ohms; 

 

while the high range covers approxim-
ately 0 to 500,000 ohms. The self-con-
tained 3-cell flashlight battery is util-
ized with these two ranges, and a 

 

zero corrector is provided for maximum 

 

accuracy. Provisions are made for 

 

utilizing an external 45-volt battery 

 

with the Ohmmeter circuit, to obtain 

 

an indicating range from 0 to approx-
imately 5 megohms. Provisions are 

 

also made for obtaining a potential of 

 

250 volts (direct current) which may 

 

be utilized for continuity testing up to 

 

25 megohms. 

 

The "Diagnometer" has provisions 

 

for applying 250 volts D.C. to paper 

 

condensers under test; leakage (up to 

 

approximately 4 megohms) can be in-
dicated very satisfactorily by this test. 

 

In addition to this leakage test of con-
densers, provisions are made for in-
dicating the capacities of condensers, 

 

from approximately .002- up to 10-mf. 

 

Charts, included with the instructions, 

 

are carried in the top of the Diagno-
meter, for determining the capacities 

 

of condensers. 

 

.............1 ,  

 

mom
...., .............

on  
....,  .  

 

100 200 300 400 SW 600 700 800 900 1000 1100 1200 1300 1400 

 

KI LOCVCLES 

 

The curve at the very left i� the fund:unental frequency of the oscillator; its 15 

 

harmonics, in their order, cover the whole range of servicing. The difference be. 

 

tweet) two oscillator settings immediately indicates the position of one frequency 

 

mljustment, with relation to the other. 

 



Weston "Model 566" Set Analyzer 

 

The Weston "Model 666" Radio Set 

 

Analyzer is an example of an instru-

ment which relies almost entirely upon 

 

a single selector-switch for its opera-
tion. This, it has been conceded by 

 

many, is a decided advantage over the 

 

push-button types. A glance at the 

 

appended illustration reveals the sim-

plicity of operation obtained by this 

 

type of switching. 

 

Directly under the A.C. meter (seen 

 

at the extreme left) is a 3-point dial 

 

to change the multiplier scale for low 

 

voltage A.C. filament readings.. These 

 

three scales are convenient, especially 

 

in view of the low-voltage tubes now 

 

available. Directly to the right, and a 

 

little below this rotary switch, is a 

 

"Grid-Test" push-button; pressing this 

 

changes the bias by 4.5 volts. The re-

sultant plate-current change is an in-

dication of the condition of the tube. 

 

Directly to the right of this button is a 

 

"S.G. Tube-Grid Test" push-button; 

 

pressing the latter connects the control 

 

grid to the cathode; which also changes 

 

the plate current, indicating the condi-

tion of screen-grid tubes. 

 

Directly above this button is a toggle 

 

switch marked "VM Return: K-F"; 

 

this is provided for the purpose of 

 

changing the voltmeter return from 

 

cathode to filament. It is set in the 

 

"K" (cathode) position for all tubes 

 

except pentodes; in which case it is 

 

flipped to the "F" position. At the 

 

right of this toggle switch is a reversing 

 

switch for the D.C. meter, which is 

 

sometimes very handy. 

 

The scale of the D.C. meter is also 

 

calibrated in ohms for use as an ohm-

meter. This analyzer offers two ranges, 

 

one from 0-10,000 ohms, and another 

 

from 0-100,000 ohms. A study of the 
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diagram of connections shows that the 

 

4.5-volt grid-test battery is used in this 

 

circuit. Provision is also made to ad-
just the reading of the ohmmeter, to 

 

compensate for battery voltage changes. 

 

The D.C. meter may also be used as 

 

an output meter. By referring to the 

 

diagram of connections, it can be seen 

 

that a dry-rectifier bridge circuit is 

 

used to rectify the A.C. to be measured. 

 

Two scales are provided; one 0-5 volts, 

 

and the second 0-100 volts. 

 

Of course, either the A.0 or the D.C. 

 

meter may be used externally; each 

 

with its selection of voltage and cur-
rent ranges. 

 

As may be seen from both the dia-
gram and the picture, the D.C. meter 

 

may be used independently with the 

 

following scales: 

 

Voltage, four ranges-10-100-250-
1000 Volts; 

 

Current, three ranges-2.5-25-100 

 

Milliamperes. 

 

Provision is also made so that, by ad-
ditional shunts which may be pur-
chased, current measurements up to 10 

 

amperes may be obtained. 

 

The A.C. meter may also be used ex-
ternally. Here again a variety of 

 

ranges is offered, as follows: 

 

Voltage, five ranges-4-8-16-200-1000 

 

Volts; 

 

Current, four ranges-20 ma.-100 

 

ma.-4 Amps.-8 Amps. 

 

The A.C. milliampere scales should 

 

be particularly valuable for work on the 

 

measurement of distortion. 

 

For capacity measurements, a num-
ber of ranges are available. The D.C. 

 

meter is used in conjunction with the 

 

dry rectifier. 

 

For capacities from .001- to .05-mic-
rofarad, the large selector switch is 

 

turned to "Output Meter B.P." (see 

 

diagram). One lead of a line-voltage 

 

test cord is connected to the " + " bind-
ing post of the Output Meter';

—

termin-
als. A connection is made to the 100-
volt terminal of the Output Meter. The 

 

condenser to be measured is connected 

 

between the other end of the A.C. line 

 

and the 100-volt post. Readings are 

 

then taken on the 100 scale of the D.C. 

 

Volt-Milliammeter. A chart which is 

 

provided gives the capacity for any 

 

scale reading. 

 

For capacities from .05- to 0.5-mf., 

 

one lead from the A.C. line cord is con-
nected to the 200-volt binding post at 

 

the left of the A.C. meter, and another 

 

connection is made to the binding post 

 

directly under this. This condenser to 

 

be measured is then connected between 

 

this lead and the remaining lead of the 

 

A.C.:ine. In this scale the A.C. meter 

 

is calibrated for capacity. 

 

For capacities between 0.5 and 2 mf., 

 

the procedure is the same as above; 

 

except that the 16-8-4-volt scale is used 

 

instead of the 200-volt scale. 

 

All of the above calibrations apply 

 

when the line voltage is 115 volts at 60 

 

cycles. 

 

For filter condensers up to 6 micro-
farads, external resistors are used. A 

 

diagram of connections and a calibra-
tion curve is supplied for the purpose. 

 

Another handy feature is an induct-
ance calibration chart. The inductance 

 

to be measured is connected in series 

 

with the A.C. line, (115 volts 60 cycles), 

 

and the 200-volt range on the A.C. 

 

meter. The chart giving the inductance 

 

for various scale readings. 

 

This analyzer can be used for cath-
ode-heater voltage and leakage tests, 

 

space-charge currents; voltages and 

 

currents in rectifier circuits. All types 

 

of screen-grid and pentode tubes may 

 

also be analyzed. 
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Vacuum Tube Characteristics 

 

Since the results obtained from the 

 

use of an analyzer are to be interpreted 

 

in the light of the characteristics of 

 

the tubes used in the receiver under 

 

test, it is appropriate at this point to 

 

introduce for reference the standard 

 

(average) values found in the tubes 

 

generally employed. The table on the 

 

following page shows these at a 

 

glance. 

 

Most electric receivers employ the 

 

280-type rectifier tube, or its equiva-
lent. This, with an A.C. voltage on 

 

each plate of 350 R.M.S. (root-mean-
square) delivers a maximum direct-
current output of 125 milliamperes; for 

 

400 volts on each plate, 110 ma.; for 

 

550 volts, a maximum of 135 ma. It 

 

draws 2 amperes at 5 volts on the fil-
ament. 

 

With the 210 and 250 power tubes, 

 

the 281 rectifier is employed; and with 

 

700 volts on its single plate, it gives a 

 

D.C. output of 85 ma. maximum. Its 

 

filament requires 1.25 amperes at 7% 

 

volts. 

 

In addition to this, certain models of 

 

sets incorporate the UX-874 tube, in-
tended to regulate the voltage applied 

 

to certain tubes; this maintains a vol-
tage of 90 across its terminals, with a 

 

starting voltage of 125. 

 

While the tubes listed in the table 

 

provide for the great majority of re-
ceiver requirements, there are never-
theless well-known commercial receiv-
ers using tubes with special filament 

 

voltages. For the benefit of the Serv-
ice Man who may encounter them, 

 

therefore, the following data are given. 

 

In addition to these figures, the Ser-
vice Man should provide himself, so far 

 

as possible, with the more elaborate 

 

data books and literature issued by tube 

 

manufacturers, giving characteristic 

 

curves, and detailed information as to 

 

the response of tubes. At the present 

 

time, many tubes are used in receiver 

 

circuits under voltages which do not 

 

conform to the standard amplifier val-
ues given here. 

 

The 551 Variable-Mu Tube 

 

This tube, which is found In recent re-
ceivers, differs from the 235 variable-mu 

 

listed in the table, in several particulars. 

 

its characteristics are: 

 

Plate voltage, maximum, 250; plate cur-
rent, maximum, 6.5 ma.; plate resistance, 

 

400,000 ohms; control-grid bias, minimum, 

 

3 volts; screen-grid voltage, 90; ampli-
fication factor, theoretical, 440; mutual 

 

conductance, 1100. Like the 224 and the 

 

235, it draws 1.75 amperes with 2.5 

 

volts on the heater-filament. 

 

Arcturus 15-Volt Tubes 

 

Type 22 26- 30 32 40 48 

 

28 

 

Plate Voltage 

 

( max.) 135 90 180 135 180 90 

 

Plate Current 

 

Ona.) 2.0 7.5 _ 1.5 2 1 4.5 

 

Plate Resistance 

 

(thousands of 

 

ohms) 410 9 3.5 32 2 9.2 

 

Grid Bias 

 

(volts) 1.5 1.5 2, 3 40.5 4.5 

 

Amplification 

 

Factor (mu) 300 10.5 3.8 30 3 11 

 

Mutual Conduct-
ance (Gm) or 

 

Transconduct-
ance (micro-
mhos) 630 1165 1085 940 1500 1185 

 

The filament .consumption is 350 ma., 

 

except for the 40 type, which takes 400 

 

ma. 

 

The 26 is a detector, the 28 an ampli-
fier. The 22 is a screen-grid tube, using 

 

45 volts on the screen-grid, with 135 on 

 

the plate. 

 

The Arcturus 15-colt tubes have but 

 

four terminals in the base; the cathode 

 

being connected to one side of the fila-
ment. 

 

The Sonora RA-1 a+_d SO-1 are equiv-
alent, respectively, to the Arcturus U 

 

and 40. 

 

Kellogg 2y2-Volt A.C. Tubes 

 

Type K-24 K-27 

 

Plate Voltage 180 90 

 

Plate Current 

 

(minimum) 2.0 

 

Plate Resistance 

 

(ohms) 400,000 

 

to 1,000,000 

 

Grid Bias (volts) 1.5 4.5 

 

Amplifleation 

 

Factor 8 to 10 

 

Mutual Conduct-
ance 800 to 1600 800 to 1200 

 

These tubes draw 1.75 amperes at 2.5 

 

volts across their filaments. The K -24 

 

takes 75 volts on its screen grid. 
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Characteristics ®f Standard Vacuum Tubes 
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THE BIGGEST THING 

 

IN RADIO SINCE '28 

 

Supreme Diagnometer 

 

AAA 1 

 

T HAT'S what leading service-men, technicians and dealers 

 

are saying of the new SUPREME DIAGNOMETER 

 

AAAI—"the Biggest Thing in Radio Service Since '28:' 

 

Not since that season, which Introduced the first DIAGNO-
METER, has the service world welcomed such a revolutionary 

 

and versatile testing instrument. The BIG 5 of rervire— 
SUPER-DIAGNOMEPER. OSCILLATOR, TUBE TESTER. 

 

OHM-MEGOHMMEl'ER, CAPACITOR TESTER,—combined and 

 

condensed into one smaller, handier case! 

 

No matter how much you have heard of the wonders of this 

 

"Supreme" product, you will be amazed at an actual demon-
stration. The instrument that the radio world wanted and 

 

waited for SUPREME to sponsor. You must see it--com-
pare it—. Ask your jobber to demonstrate, or write us for full 

 

data and name of local jobber. Soon pays for itself in savings 

 

of time and labor and increased profits. 

 

AS
'

upremJ Instruments Corporation, 

 

117 SUPREME BLDG., GREENWOOD, MISS. 

 

Distributors in all Principal Cities. 

 

Foreign Division: 130 West 42nd St.. New York City 

 

Cable Address: LOPREH, New York 

 

Super Diagnometer 

 

plus 

 

Shielded Oscillator 

 

plus 

 

Advanced Tube Tester 

 

plus 

 

Ohm-Megohmmeter 

 

plus 

 

Capacitor Tester 

 

Dralerx' Net Pric+ 

 

Y.O.B. Gr"narood, )fixes, 

 

$147.50 
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Radio Service Man Increases Salary 100 

 

AFTER 15 YEARS RADIO WORK LANDS JOB AS MANAGER 

 

SERVICE DEPARTMENT, PARKS & HULL, Baltimore Distributors 

 

"TRAINING NECESSARY FOR REAL SUCCESS" 

 

I -pent 11, years building and repairing Itadto-. but Celt 

 

that I could refresh my memory on some of the technical-

,ties and learn about the developments which I had over-

looked," states J. E. McLaurine, 1031 Cathedral Street, 

 

Baltimore, Std. "After studying what each school adver-

tising Radio training offered, I finally decided that the 

 

National Badlo institute had the most complete course. After 

 

starting. I discovered that there were many fundamentals of 

 

Radio that I did not even know and beginning with the 

 

first lesson, found the entire course very Interesting and 

 

instructive. When, upon completion, I was appointed Man-

ager of the Service Department of Parka K Hull. I was im-

mediately repaid for the cost and time spent in study. I 

 

give the S.R.I. full credit for ms' success In the Radio 

 

field—it immediately increased my earning: 100c'c and placed 

 

me In a r—ition of responsibility. The majority of Radio 

 

service men have much to learn. Radio is a growing field, 

 

but the man who will succeed in this profession must be 

 

technically trained and I know of no school where he can 

 

secure better training than the National Radio Institute." 

 

J. E. McLaurine at work in hi: lxbnrat—Y 

 

SPECIALIZED TRAINING NOW AVAILABLE 

 

New devciopmrn L; and ter, for JU,tlt. and Radio 

 

principles have opened up wonderful opportunities for 

 

"practical Radio men". Fellows who are interested 

 

in getting a bigger and better job—who want to fill 

 

in the gaps of their present knowledge—who want to 

 

be up to the minute on modern engineering practices 

 

and the new designs of manufacturer, are using the 

 

National Radlo Institute's method of nr;xnixed study 

 

EXPERIENCED ME 

 

"When I enrolled. I had already been working in 

 

Radio for a number of years. From the first lesson 

 

to the last. I found that there were hundreds of things 

 

about Radlo a person could never find out by expert-

menting."—It. I. MrDONALI). 7:12 5th Ave., Antgo, 

 

W is. 

 

•'I have been in the Radio game for nine year, and 

 

bullt the first Radlu set I ever .saw bark In 1920. I 

 

learned more from the N. R.1. Course then in all the 

 

years I worked in Radio before taking it."—ALVA B. 

 

MANSCR, H.F.U. No. 1. Ilardin. No. 

 

Write or use this Coupon 

 

for Full Information 

 

A free copy of "Itieh Reward. in Radio a el -page 

 

book giving outlines of N.R.I. Courses will be mailed 

 

without obligation to anyone interested In pushing ahead 

 

In Radlo. This book has an important message for 

 

every man now in Radio who wants to learn to earn 

 

more money. as well as for the fellow who wants to 

 

break in. Write or mail thl: coupon for . rnpv. 

 

fur iflr r,:.r I pliant, and eats-ig,, .•., i.n .tlr ml ,,',-
tint Advanced Courses enable student, to SPECIALIZE: 

 

In any one of these fire fields—Sound Pictures and 

 

Public Address Systems; Advanced Radio Servicing and 

 

Merrhamllslug; Broadcasting, Commerriel and Ship 

 

Radio Stations; Aircraft Radio; Television. Training 

 

like this increases the value of N.R.I. training to the 

 

man rsho already- has had Radio experience. 

 

N PRAISE COURSE 

 

"I had been tinkering with Radio for a couple of 

 

years before I started your Course, but I didn't know 

 

what it was all about. Thanks to the N.R.I., I soon 

 

began to see the whys and wherefores of certain things 

 

that I was unable to understand before."—LEO\ J. 

 

HALL, 2992 McKcam Ave., Niagara Falls, N. T. 

 

"Although I held the best Radio service position in 

 

thi= city at the time I started the N.R.I. Course. I 

 

grcat,y benetlled from this training and can highly 

 

recommend It to anyone interested in any branch of 

 

Radio.—CHARLF.S W. BELT. 40 S. 22nd Street, 

 

Newark, Ohio. 

 

I J. E. Smith, President. I 

 

I National Radio Institute. 

 

iDept. IMJ5. Washington, D. C. 

 

I Send me your free hta,k. I understand this doer I 

 

not obligate the and that no salesman will call. 

 

I Same   

 

Addre=+ 

 

CIU 

 

t  

 

State 

 

1 

 

I 

 

I 

 



DAYRAD SET ANALYZERS 

 

Complete a* Compact 

 

K* 

 

/accurate 

 

This Type 880 DayraD Set Analyzer is up-to-date because: it 

 

provides: 

 

1. Complete Set Analysis 

 

Screen grid, Pentode, Volts to 

 

Ground, Power Transformer, 

 

Secondary A.C. Voltages, in 

 

addition to all usual features. 

 

2. Direct Reading Ohmmeter 

 

Direct Reading Capacity 

 

Meter 

 

All Meter Ranges Available 

 

for external use. 

 

5. Constant Impedance Output 

 

Meter 

 

The meters are 3 inch flush flange 

 

type with clear, distinct scales 

 

( Weston, Jewell, etc.) 

 

0
1
• 

 

Net Price to 
$84 

 

Service Men  

 

.00 

 

•6• 

 

Send for Catalog 31-B which describes the DayraD Tube Testers, 

 

Set Analyzers, Oscillators, and Test Panels designed by engineers 

 

specializing in Service Problems. 

 

�TNci Rb—AMON110 

 

5th & NORWOOD 

 

P oR DUCT 

 

DEPT. P. 

 

RU R nYNnfYN 

 

DAYTON, OHIO 

 



Important and far-reach-

ing developments in 

 

Radio create sudden de-

mand fnr sprci+I-' 

 

ly equipped and 

 

specially trained 

 

Radio Service 

 

Men. 

 

MANY skilled Radio Service Men are needed now 

 

to service all-electric sets. By becoming a certi-
fied R. T. A. Service Man, you can make big money, 

 

full time or spare time, and fit yourself for the big-

pay opportunities that Radio offers. 

 

Nye will qul-kl
- Rlrr sou the train Ing )you need to tlualiry as a it di., 

 

Wrlrr man rertlfy you . furnish You will' a warelnus Itadiu 

 

Set Analyzer. This wonder instrument. together with our training. 

 

will rnabM Sou In compete sUrress is with expvrls who have been ill 

 

the radio buAnrrs for years. Wit
,

, Its help you ran quickI diagnose 

 

any ailing Itadlo set. The training ice glwe you will enable You to 

 

make necessary analysts an.: repairs. 

 

Serving as a "radio doctor" with tills Itadlo Set Analyzer is but one 

 

of the many easy' ways by which we help you make money out of Radio. 

 

N•Iring moms for Radin. Installing and servicing sets fur dealers. 

 

hull Ill, :owl installing automobile Radio sets, constructin g and Irtslal.mg 

 

short wave receivers . . . those are a few of the other ways In which our 

 

members are ra.hing In on Radio. 

 

As a member of the Itadiu Training Association, you receive persogal 

 

Instruct inn from rkflled Radio F:mglneers. Upon completion of the train-

ing. they will advise you persona ly nn any problems wllich arise In your 

 

work. The Association will help you make money In your spare time. 

 

Increase your pay, or .start you In husinrs.. The rasiesl, qulrkest. best-

I.y'fng way' for you In get into Itadlo i, by ioluiug the Ihulln Tialu 

 

big Asso•iatlon. 

 

Otis excellent
-

set analyzer 

 

and trouble 

 

s400ter included 

 

with our course 

 

_of trainin 

 

This amazing Radio Net Analyzer 

 

plus the Instruction, given you by 

 

thI .\ssorlatlon mil transform you 

 

It to an expert quickly. With it. You 

 

ran laud• troubles In all types of 

 

.eta, tea virrults. measure res Ntanre 

 

and rondel—, raparitlr:, ded•rt I. 

 

fret ire tubes. RnmclnR how to make 

 

repairs is oa:y: knowing what the 

 

trouble is requires expert knowledge 

 

and A Itadlo Set Analyzer. With this 

 

Radio Set Analyzer, you will be 

 

ab a to give expert service and make 

 

big nioney. I-o--ing Ihls set ana 

 

lyzer and knowing how d' use it will 

 

he but one of the bene0ts that will he 

 

spurs a. a menthe, of the It. T. A. 

 

- Write for No=Cost Mem6rship Plan -i-

No harr ,.,,k,,]nnl a plan %thereby a membership enrolhneut 

 

need not rust you a rent. Our thorough training and the raluahle 

 

Radio art analyzer ran be your+. Writs- at once and find out hoa 

 

easily both of their ran be earned. 

 

Now is the lln'r do prepare to be a Radio Senit•r Man.I:rcatrr 

 

oppurtunitir= are opening ill, right along. For the sake of extra 

 

money in your spare time. higger pay. a business of your own. 

 

a pus ition with a future, get in touch with the Itadlo Training 

 

A."oriatlun of Arnschn amt. 

 

Send for this Nn -'cost Menthership flat and ere Radio Iland-

h�.�It that will open ou e yr ry. as to what It it,ha+ in .A orr for 

 

tI, unbitlnus mars. Pon• ...,it. Ilo it now. 

 

Radio Training Association of America 

 

Il, nt RaA M 4,11 Ravenswood Ave. Chicago. 111. 

 

fill till' .rid \Lail TodaY 

 

RADIO TRAINING ASSOCIATION OF 

 

AMERICA 

 

Dept. RSA-10. 4513 Ravenswood Ave.. 

 

Chicago. 111. 

 

I:enl It 'urn: S,-ml nu• details of your 

 

No-t'ua NIvo,br lip Enrollment flan and 

 

information on how• to learn to oak,• 

 

real uuntry ill raft.) quirk. 

 

ana• 

 

Addr,• 

 

City 

 

Ntalr 

 



WHAT ARE YOU DOING 

 

ABOUT YOUR FUTURE 

 

IN RADIO ? 

 

...prepare now for 

 

these adventurous 

 

exciting branches 

 

Aircraft Radio ... Broadcast 

 

Station or Studio ... Talking 

 

Pictures ... Direction Finder 

 

or Radio Compass ... Disc and 

 

Film Recording ... Servicing 

 

of Home Entertainment Equip-
ment ... Television. 

 

WyADIO offers 7 interesting branches for 

 

.it to choose from, each filled with 

 

possibilities of adventure, advancement, 

 

excitement! 

 

It is easy to learn these thrilling branches 

 

of radio at the RCA Institutes, through ad-
vanced methods, and association with the 

 

largest, most complete research laboratory 

 

in the radio industry. No rubber stamp 

 

courses at RCA Institutes—the man who 

 

already has a radio background can enter 

 

a course fitted to his particular needs. The 

 

four resident schools—at New fork, 

 

Philadelphia, Boston and Chicago—offer 

 

elementary and advanced courses in practi-
cal radio. (:nurses constantly revised to 

 

include latest developments. 

 

Control room inside a great hrnadrast studio 

 

Look! Short ware oprration 

 

... front Ground to airplane! 

 

Win Radio Scholarship 

 

If you cannot attend the resident schools, 

 

R(:A Institutes Fxtension Courses enable 

 

you to study at home. Special laboratory 

 

equipment furnished. Outstanding gradu-
ates of extension courses become eligible 

 

for free scholarship at nearest resident 

 

school. All tuition costs moderate. So 

 

write today for catalog, full details. The 

 

coupon makes it easy. 

 

It/'A IN%TITI'TE'%. Ins•. 

 

RCA Institutes, Inc., Dept. RSA 31. 

 

75 Varick St.. New York, N. Y. 

 

Gentlemen: Please send me your General 

 

Catalog. 1 am checking below the phase of 

 

radio in which 1 am particularly int ted. 

 

- Aircraft Radio 

 

_. Broadcast Station or 

 

Studio 

 

.. Talking Pictures 

 

Direction Finder and 

 

Radio Compass 

 

Name  

 

address-

-0"anon„a 

 

❑ Disc and Film 

 

Recording 

 

-
1 Servicing Home 

 

Fntertainment 

 

Equipment 

 

Television 

 

I 

 

i 

 

I 
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XTRA MONEY 

 

or you in spare time 

 

ervicing Refrigerators . 

 

1[E Idea of electricians and radio service men servicing refriRern Aon units is self-evident and tha 

 

thought has occurred to perhaps untold thou+and. ever since rlw trir rrfr ;,radon ltarraJ. Yet nothing was 

 

don hcrause the verage man knmvs little sr nothing about refrigeration. Compared with sendcing a 

 

(Ito set or wiring a hocte for electricity. the ser-Icing of a refrigerator is ahsur,ft simple, once you get the 

 

ng of It. 

 

to official Refrigeration Servlee Manual has teen 

 

.led by L. K. Wright. .she is an expert and a l®d-

g rvitgerat inn Rutbnritp. Ilse Is a member of the 

 

r 

 

merit-in Smiets' of Aferhanlcal Engineer;. Amer can 

 

.iety or iterrigeration f rigineers, The National Asso-

atton of Practical Engineers, etc. 

 

n this Refrigeration Manual every page is proftiely 

 

Illu,tre le J; every refrigerator part Is carefully ex-

plalnwl; diagrams are furnished of every knnwn mach.ne; 

 

special are I, given to the servicing end. The tools need-

rl are iIP:,;ra :cJ and explained; there are lroible 

 

shooting charts, and other service data. 

 

Item- mber, there Is big money In the reft lgeration 

 

scrvfring budncsa. There are thousands of firms suing 

 

rt- Rera tors every day and they need to be cared for 

 

ort en. Eventually there will be more refrigerators .ban 

 

rail,,,. Why not Increase your earnings with a full er 

 

spare time business by servicing refrigerators? 

 

To Radio and Refriger-
ation Dealers and Ser-

vice Men this Book Is 

 

Invaluable. 

 

OVER 1,000 DIAGRAMS 

 

352 Pages 

 

Flexible Loose-Leaf Binder 

 

Complete Service Data 

 

$� . 
The 

 

The 

 

Copy 

 

Here are some of the Important chapters: 

 

otroduction to the Itefri geralion Servicing Bus-

History of Refrigeration 

 

Fundamentals N Itefrige.ation 

 

Deaeriptton of A 1 Known Typos of Refrigeration 

 

Service Tools and Shop Equipment 

 

Motors 

 

Trouble Shooting 

 

Unit Part:, V elves and Automatic Equipment 

 

Makes and Specification of Units. 

 

Manufacturers of Cabinets 

 

Refrigerants end Automatic EgUlprn(nt 

 

and litany other Important ?'hands. 

 

Already hundreds )f copies M the Official Refrigeration 

 

Service Manual 1we been Fold: and there .still re-

mains the greatest opportunity for thousands more to 

 

ioarn tow to wait  more money in a short time through 

 

otenings In this new Oeld. 

 

OFFICIAL 

 

REFRIGERATION 

 

SERVICE MANUAL 

 

GERNSBACK PUBLICATIONS, Inc. 

 

98AB Park Place 

 

New York, N. Ye 

 



Su.pp:ements are mailed every '0 

 

days to owners of the Manual 

 

Free Questions and Answers Service 

 

Schematic Diagrams of All Latest Midget Receivers 

 

OVER 1,000 PAGES 

 

Over 2,000 Charts 

 

Hook-ups and 

 

Illustrations 

 

Flexible Loose-Leaf 

 

Binder 

 

9 x 12 Inches 

 

Complete Directory of All 1931-

1932 Radio Receivers 

 

Full Radio Service Guide 

 

For Radio Service Men. Dealers. 

 

Jobbers, Manufa-turars 

 

and bet Builders 

 

$5600 
he

 

 

Copy 

 

E
XPERT servicing or installation of radio receivers requires 

 

that the dealer. service man or radiotrician be thoroughly 

 

experienced In handling seta of any manufacture. Need-
less to mention how Important are modern methods of servicing.

 

 

and how easy It Is to complete any service job when the OFFICIAL 

 

RADIO SERVICE MANUAL Is on hand. The 1932 MAN-
UAL contains a Full Radio Service Guide and a most Complete 

 

Directory of ■II 1931-1932 Radio Receivers as well as models of 

 

older design. Everyone employed In the Radio Industry should 

 

have a copy available for his own use. 

 

Here is a resume of the 1932 Manual: 

 

A step-by step ana'ysis In servlring a receiver which embodies 

 

in its duslgn every possible combination of modern radio practice; 

 

It is fully Illustrated and thoroughly explained. It Is the greatest 

 

contribution to it,. radio sersdce Oeld. 

 

Charts showing the operation of all types of vacuum tubes, 

 

whether new, old cr ohaolele An exclusive resume of the use■ 

 

of the Pentode and Variable Mu Tubes and their characteristics. 

 

Complete discussion of the superheterodyne and Its Inherent pecull-
arlttes. Also a special chapter on tools used on superheterodyne 

 

clrcults. 

 

Schematic diagrams and circuits Complete 

 

with color codings. 

 

Important chapters on commercial aircraft 

 

radio equipment; new data on commercial 

 

short wave receivers and converter 

 

Servicing and Installation of public ad-
dress systems and talking machine equip-
ment. 

 

Standardized color coding for resistors. 

 

Operation of old and new testing equip-
ment: tube voltmeters, outp,it meters, 

 

oscillators and aligning tools. 

 

A full section on Midget radios—their 

 

design, circuits and types. How to service 

 

them most economically. 

 

Hundreds of schematic diagrams of older 

 

radio receivers which heve never been 

 

published. 

 

Riank pages for recording notes, dia-
grams and sketches; these pages are 

 

transferable to any part of the book. 

 

GERNSBACK PUBLICATIONS, Inc. 

 

98AB Park Place, New York, N. Y. 

 


