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OFFiciaL RADIO SERVICE MANUAL

INTRODUCTION

HE 1932-1933 edition of the OFFICIAL RADIO SERVICE MANUAL has been carefully

prepared after a thorough study of the needs of the thousands of radio Service Men

who have subscribed to the previous editions. These Service Men have gratefully ex-

pressed their appreciation of the first two manuals and their supplements and have
asked us to continue the good work and publish as much more service information as pos-
sible—not only diagrams and electrical values of parts, but also service instructions, chassis
layouts, -and complete information as obtained from the manufacturers of radio sets. This
latest edition has been prepared with this in view, avoiding duplication as much as possible.
The commercial diagrams reproduced in this book are new; that is, they have not appeared
in'the previous editions. The complete diagram index, in the back of this book, however, in-
cludes all the diagrams published in all of the official service manuals so that the Service Man
will be able to locate every diagram easily.

The outstanding difference between Vol. 3 and the previous two volumes is that it
contains more “meat,” or practical information necessary to the correct running of a service
shop. This material was submitted by thousands of Service Men to RaDio CRAFT; it is
compiled in orderly fashion and indexed for ready reference. It occupies about half the
book, the remainder being taken up by the commercial diagrams and service information.

The large amount of practical service information contained in this book makes it a
veritable encyclopedia of radio—more complete than a college course on the subject. One
cannot study it diligently withcut becoming thoroughly informed in all branches of radio and
radio servicing, whether he is just beginning or is well advanced in the business of servicing.
It is mainly the practical and business side of servicing that is given, with only as much
theory as is necessary to explain the practice.

Knowledge is the shortest route to successful servicing. If you cannot carry all the
information in your head, the next best thing is to know where to find tmportant data. The
editors have tried to make the Official Radio Service Manual, Volumes 1, 2,and 3, the library
of all service information, and sincerely hope that they have been successful.

The editors wish to voice their thanks to the many radio set manufacturers who were
so kind as to send service data regarding their sets to us, and who cooperated in every way
possible to make this great volume a success. This spirit of cooperation, unknown two years
ago, has been highly appreciated by the editors, and has made their work a great deal
easier.

—THE Eprrogs.
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Cuarter 1

General Service Information

This Chapter is Especially Prepared for the Beginner, but it Contains In-
formation of Interest to All Service Men.

How To Become a Service Man

E are in receipt daily of dozens of letters from
former set builders and experimenters who de-
sire to become service men, and who wish to
know how to go about it to enter the ranks.

“Poets are born, not made”; but it requires a
good deal of experience and hard work to be-
come a good service man. Yet any intelligent young man, who
has a good radio foundation, and knows something about radio
and the use of its instruments, should have no trouble in he-
coming a first-class service man.

The first requisite is that he must have a fundamental knowl-
edge of radio and circuits, with actual experience in the
handling of meters and various other radio instruments. The
theoretical knowledge of radio is most important; without it,
no real results can be achieved because, nine times out of ten,
a service man so handicapped will not be able to delve into
the intricacies of the radio circuit.

The service man must be familiar with tubes, their charac-
teristics, their amplification-factors, and practically everything
that is to be known about tubes. Of course, there are on the
'market today a number of testing sets by means of which it
becomes a simple matter to test the characteristics of the tubes
—merely by plugging them into the socket of the testing set.
This makes the work very much easier; but many service men
do not understand the fundamental tube characteristics, with
which they must be familiar for a better insight into radio
receiver operation.

We can think of nothing better as a practical course for an
embryo service man than to get hold of some discarded old
radio sets, take them apart and put them together again. This
practice will be most valuable; because in the dissection. and
building of radio sets a multitude of practical points are dis-
covered, which not ten volumes of radio manuals can possibly
give.

Nine tih._ out of ten, a radio set that is to be serviced has
failed;, not for any radio reason at all, but because of some
mechanical defect. Perhaps the most usual cause of failure
of a radio set is a burnt-out transformer; that, of course, re-
quites only a replacement of the transformer which, as a rule,
proves to be a simple job.

Frequently, other failures have to do with a loose connection
within the set, which may or may not be located readily. Here
is where a .testing set, equipped with the right meters, will
save a tremendous amount of time; and, if the service man
knows something about the hook-up (as he should), then the
open circuit can be traced rapidly as a rule.

The sources of peculiar noises are not located so readily,
unless the service man has had some experience and knows
how to differentiate the different sounds which come out of
the loud speaker. There may be heard high whistles due to
faults in the radio-frequency circuit. There may be grinding
noises due to loose contacts. And there may be “microphonic”
noises, due to microphonic tubes, making poor contacts and
thus becoming doubly microphonic.

All of these points can be found out only by actual practice.
Reading books and instructions may help, but it is not a
sufficient education in itself, because every trouble has not the
same cause. Very frequently there develop freak troubles
which it takes a certain amount of native ingenuity to explain.
Practically every service man will tell you that, in a number
of set experiences, it took him a long time to classify the
trouble; and even a good experienced service man, who has
been at it for a long time, is likely once in a while to stumble
across such a “‘sticker” that may take anywhere from half an
hour to several hours to locate.

The service man most successful in the enid is the one who
is best informed of the various circuits and characteristics of
different sets; the service man who owns a versatile testing

uipment that he understands thoroughly; the service man
who is a good mechanic and a good electrician as well.

And, finally, one of the most important ateributes of a suc-
cessful service man—that is, one who makes more money than
his fellows—is that he does careful and clean work, and is not
content simply with a rush job. We have seen too many service
men who, instead of soldering an important connection, were
content to wrap a wire around a piece of metal and let it go
at that, or who did not take the trouble to sandpaper the tube
prongs which they knew were in need of cleaning. Such serv-
ice men are a menace to the industry and will never get any-
where; because in the end they fool only themselves.

Sloppy, careless work has mever benefitted anyone because,
sooner or later, 2 set thus serviced will get out of order again
and the blame will fall on the man who “fixed” it last.

And finally, a good service man does not take advantage of
the ignorance of his customer. Too many service men, soO
called, are in the habit of trying to sell their customers all
sorts of “tidbits” to “improve” a so-called “sick” set, in their
desire to make a few dollars. The public is becoming wise
to such tactics, and is beginning to shun men of chis sort.
Sooner or later such men forfeic the good will of their cus-
tomers, and in the end, the real loss will be their own.
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What Service Men Should Know

a few simple words. Take, for ex-

ample, the present discussion about
mathematies for the Service Man. Many
individuals have advocated studies of varied
sorts for the practicing Service Man, and
among the suggestions has been advanced
mathematics. Just how much mathematics
does the Service Man require? Does he
need to study that subject at all?

In order to reply to the above questions,
it is first necessary to analyze the function
of the Service Man. Primarily, his work
consists of an effort to restore a defective
receiver to its original state of high elec-
trical efficiency; this is repair work pure
and simple. However, many other fields of
activity have been suggested for the Service
Man; the most prominent of which is sound
installation—the installation of public-ad-
dress systems and of remote control. Hence

GOOD deal of agitation can be
A caused by the misunderstanding of

we must, of necessity, segregate such work .

into two categories: (1) maintenance serv-
ice; and (2) design work. We apply the
word design to the installation of sound sys-
tems and kindred work; because each in-
stallation is in a class by itself, presents its
own complications and requires individual
solution.

As to repair work, we must realize that
the term “repair” is not adequate to de-
seribe the efforts necessary to maintain suc-
cessful operation; it is not a true expression
of the duties involved but, for the want of
a better term, we shall henceforth designate
all repair as maintenance. Repair main-
tenance is carried out along certain lines.
While the extent of the equipment employed
is not definite, the subject and the object
are concrete items; the first is a defective
receiver, and the second is its restoration to
its original electrical condition. With any
one receiver at hand, no matter how many
the number of faults, the work necessary
comprises diagnosis of the trouble, location
of the defective part or system, and finally
replacement.

With respect to the diagnosis of trouble,
we have three states: the first is a unit
.irreparably damaged; the second is an in-
correct device; and the third is an incor-
rect operating condition or adjustment.
Assuming correct diagnosis, rectification of
the first state means the replacement of the
defective device with another (invariably
available from some source or other, since
that receiver is a commercial product and
replacement parts can be secured). Remedy
of the second state, once again, entails re-
placement with the correct device originally
designed for that part of the receiver sys-
tem. The use of the incorrect device is
due to an error on the part of some par-
ticular individual, and can be corrected in
a simple manner. The third state is some-
what more complicated; in that it is neces-
sary first to know the proper operating
condition and, in the second place, to make
the needed corrections, be they mere ad-
justments or more tedious replacement.

If we first concern ourselves with the
replacement problem, the possibility of ex-

tensive calculations, of one sort or another,
on the part of the Service Man is entirely
lacking. 1t is true that it is frequently
necessary to determine the correct value of
resistance necessary to produce a certain
voltage drop in the plate circuit, the filament
circuit,or the grid circuit; but we feel safe
in stating that such work is -neither la-
borious nor does it involve higher mathe-
matics. If the unit desired is a fixed
capacity which is damaged, computation is
obviated by reference to general text matter,
wherein may be found the average values
of capacity employed in different parts of
a radio receiver. As a matter of fact, the
experienced Service Man need not spend-
much time ascertaining the capacity value
suitable as a by-pass unit in the plate cir-
cuit of a detector tube, across a voltage-
divider section, in the plate circuit of an
R.F. amplifier tube, etc. All radio receivers,
commercial and otherwise, bear a distinct
resemblance to each other. While the exact
design of the receiver may differ from the
usual, there is a great deal of similarity in
by-pass circuits, as to the values of the
radio-frequency chokes and of the by-pass
capacity. Hence, extensive calculation on
this score is unnecessary.

If we proceed to inductanees and variable
capacities suitable for tuning, few Service
Men take upon themselves to replace a
tuned radio-frequency transformer, which
has been found defective, with one of their
own manufacture. The design of the modern
radio receiver is quite critical, particularly
when tuned radio-frequency transformers
and their associated tuning capacities must
be replaced. The most logical solution is
replacement with another coil or set of
coils, or another tuning capacity or a gang
of condensers, secured from the manufac-
turer. Once again, the need for extensive
computation is absent.

Proceeding further in the receiver, the re-
placement of defective audio-frequency
transformers, choke coils, coupling resistors
and output transformers does not require
calculation on the part of the Service Man.
All of the design considerations have been
taken care of by the manufacturing organ-
ization and its engineering personnel. Thus,
the need for a mathematical education is
not apparent while carrying on certain forms
of Service Work.

Now, as to correction or adjustment of
operating conditions, such work must con-
form with certain definite specifications,
either those secured from the manufacturer
who made the receiver or those of the manu-
facturer who made the tubes. In either
case, the adjustments are made according
to the indications upon testing devices, such
as voltmeters and current meters. Contact
of such type when adjusting a radio re-
ceiver seldom necessitates the introduction
of additional resistances in order to secure
the correct operating potential. It means,
no doubt, the adjustment of a variable-tap
resistor or the changing of the tap contacts,
but seldom the removal of ane resistor and
the insertion of an entirely different com-
ponent which would necessitate computa-

tion of the currents and voltages in a sys-
tem. The only possible work where com-
putation may be necessary is the readjust-
ment of an output circuit to accommodate
a new lot of loud speakers or to provide for
the addition of speakers. Under the cir-
cumstances it is difficult to find the occasion
where higher mathematics is involved in ra-
dio repair work, and we are heartily in
accord, with the man who states that it is
unnecessary to be familiar with trigo-
nometry, quadratic equations or integral cal-
culus, to be able to repair a radio receiver.

It is, however, impossible to dismiss all
calculation simply because higher mathe-
matics is not required. We can dismiss
mathematics; but arithmetic as we under-
stand it (meaning simple addition, subtrac-
tion, multiplication, ratio, squaring, and
square root) is found in every-day life.
Perhaps the need for such simple forms of
computation does not appear necessary-upon
the surface; but the full interpretation of
Ohm’s law involves each form of arithmetic
mentioned above. Who can deny that the
practicing Service Man must be familiar
with the various forms of Ohm’s law? Many
men are familiar with the three general
equations for resistance, voltage and cur-
rent in D.C. circuits, but fall short when
these equations must be applied.

Mathematics in radio is not essential to
the comprehension of the subject. It is
possible to state all laws in words; but
solution of any problem entails computation
and this necessitates a knowledge of simple
arithmetic. While we advise a study of
theory, we take this occasion to state that
a thorough study of the principles under-
lying radio communication is not necessary
in order to repair a receiver in the proper
manner. We do, however, say that certain
principles must be known: the 'practicing
Service Man must be familiar with the law
of series and parallel resistances; he must
be familiar with the law pertaining tp volt-
age drop in series and parallel D.C. cir-
cuits. It is of course possible to memorize
these laws; but their application is impos-
sible unless the individual is familiar with
each of the above mentioned forms of
arithmetic.

Squaring and square root are found in
the simplest of radio problems—the de-
termination of the permissible current
through a resistance rated at a certain
value in ohms and a certain value in watts
dissipation. Ratio or percentage is neces-
sary when solving for the voltage drop
across parts of a voltage div’ Recip-
rocals are necessary when sorving for the
joint resistance of a number of unequal re-
sistances in parallel. Perhaps you feel that
paralleled resistances are seldom experi-
enced in practice; that is true in a way,
but consider the shunts across current
meters.  Addition, subtraction, multiplica-
tion and division, squaring and square root
are found in such a simple procedure as
the determination of a replacement resistor,
when the available voltage, the required
voltage and the current flow are known but
the required resistance is unknown. The
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same forms of computation are required
when solving for a voltmeter-multiplier re-
sistanee, and who can say that the purchase
of a multiplier, rather than the improvisa-
tion of one, is justified because of lack of
knowledge? Many radio problems have prac-
tical solutions that require no calculation,
but there are many other probléms—simple
problems to say the least—that require a
knowledge of arithmetic.

Such knowledge should be instinctive. It
is a matter of counting apples, the cost of
a job, the discount allowed, the cost of the
time spent upon a job. There is no need
to consider power factor, the sine of an
angle, the impedance of a transformer’s
primary, the cosine of an angle or the phase
relation in a certain ecircuit; but there is
a distinct need to know arithmetic in its
various simple forms. Many complex radio

problems ean be and have been resolved into
simple rules, at least sufficiently simple to
provide a practical solution; but the actual
solution is impossible if the simple forms
of arithmetic are not understood. We have
been in contact with many men who could
not multiply fractions, who couid not select
the resistors for a voltage divider, because
they could not solve ratio or percentage
problems. Make a study of simiple arith-
metic and if you can add, multiply, sub-
tract, divide, solve for ratios, percentages,
squares and square roots, you have all of
the mathematical knowledge you require to
carry on successfully in radio service and
maintenance work.

The technical education a man requires
depends upon the work he contemplates
doing; the more technical the work, the more
technical must be the education. The radio

receiver placed in a home is not selected
according to the size of the home; it is a
finished product, complete in itself. A
sound installation, on the other hand, must
be selected to fulfill a certain requirement.
Output circuits must be designed to accom-
modate a predetermined number of loud
speakers. The wiring from the amplifier
to the speakers is more complex than that
found in the average home. Versatility of
operation presents a special problem in pub-
lic-address systems. The solution of these
problenis requires more extensive radio
knowledge or, should we say, audio knowl-
edge. Such knowledge includes more com-
plex computations, the design of “pads” and
other attenuating circuits. Such work is
entirely bevond the scope of the maintenance
man; hence he need not know logarithms.
Simple arithmetic is sufficient for him.

The Junior Service Man

ANY practical radio tests may be
made by Service Men without us-
ing expensive test equipmént. Of
course, compctent Service Men
carry first-class equipmient for elaborate
tests; but oftentimes the trouble has been
located before using the test equipment.
Then, too, the average cxperimenter docs
not desire to invest a comparatively large
sum of money in test equipment, just for his
own use.
1t is not intended that the reader shall
gather from this article that accurate, high-
class test equipment is not desirable; but
many tests can be made, with a great
measure of accuracy, without it. Of course,
it is impossible to read the value of a tube
without some sort of a tube tester. But a

Fig. 1
The ““B" power wnit, is connection with a speaker,
forms a continuity tester. If the wmit is in the
receiver chassis, the leads from it may still be
used—if the tester knows the circuit he is work-
ing swith.

bad tube can be eliminated from a radio
set by the process of elimination; through
using a tube known to be good in each
socket of the set.

For instance, we have a home-built battery
or eliminator set of the tuned-radio-fre-
quency or regenerative type, which is not
operating. The speaker is dead. On touch-
ing your finger to one side of the grid leak
of the detector tube, there will be a’ continu-
ous roar in the speaker—if the audio channel
is O. K. This simple test shows that the
detector tube and the two audio tubes are
all right. It also indicates that the two
audio transformers are not burned out. It
gives a test of the speaker, for if the speaker
windings were open there would be no
sound. So it is seen that this one simple test
will give a rough idea of the condition of
about half the apparatus in the set. Then
it also gives a chance to change tubes. If
the roar is loud and clear in the speaker
then the audio tubes are in good condition.
Place a doubtful tube in the audio side and
try it again—if there is no sound, or it is
very much weaker, the tube should be dis-
carded.

Testing the First Stages

If we have disposed of the detector and
audio stages, and still there is no reception
(taking for granted, of course, that there
is broadcasting on the air) attention can
be given to the radio-frequency side of the
circuit. If local stations are known to be
in operaticn, remove the aerial lead-in from
the set’s “antenna” post, and carry the end
of the wire into the set to the stator (which
is the part of the tuning condenser that does
not turn) of the first variable condenser,
whether single or ganged. Set the dials for
a local station and listen for signals. If the
set is still dead, move the lead-in wire to
the second and to the third. In a large
majority of the cases the broadcasting will
come through on the stator of at least one
of the condensers.

If on placing the lead-in wire on the first
condenser, signals are received, yet none
are received when the lead-in is placed on

Fig. 2

The celcctric lamp and house current form a

tester which should be known to every Service

Man; when the lamp lights, there is a short or

a low resistance across the leads. Again—first

know what you are doing, when yoiu apply the

test.

the antenna post, an open circuit is indi-
cated between the antenna post and the first
coil (the antenna coupler) which is of similar
design in most sets to the other two radio-
frequency coils) or in the primary winding
of this coil. The experimenter has learned,
at least, that the set from that point clear to
the speaker is in operating condition. The
trouble is thereby isolated to a very small
section of the set.

Suppose, then, the experimenter has no
meters, and even no headphones, to make a
continuity test of this part of the set; a
loud speaker may be used. Place one of the
speaker tips, after disconnecting both from
the radio set, on a battery (or eliminator)
lead, and then take a wire from the other
side of the circuit. When the other tip of
the speaker and this wire are touched to-
gether, there will be a sharp click in the
speaker. If an eliminator is used, it is

-
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advisable to keep the set turned on and
the power output hooked to the set: as
using this unit without a load imposes a
heavy strain on the condenser bank and
might cause a burn-out.

It is readily apparent that any conductive
material placed between the two test leads
will cause a click in the speaker; indicating
the continuity of the object being tested.
Place one tip on the antenna post and the
other on the ground; a click will indicate
that the primary winding of the antenna coil
is intact. Placing the tips on the rotor and
stator plates of the variable condensers
should give a loud click. If this surprises
the reader who knows that the plates are
surely separated by air, a glance at the dia-
gram of your set will show that these con-
densers are placed across the secondaries
of the radio-frequency transformers and of
the antenna coil; so that in reality you have
Jjust made a test of the secondaries of these
coils. With a diagram of the circuit of the
set, it should not be hard to figure out just
when you should get clicks with this con-
tinuity tester and when you should not.

A “B” power unit can be tested properly
only with a high-resistance voltmeter (about
& thousand ohms per volt.) But the experi-
menter can get an indication whether there
is any current flowing, by momentarily plac-
ing the speaker tip on “B—" and applying
the other tip alternately to detector, inter-
mediate and power amplifier taps. If cur-

Breaking

MA.\'Y voung men, who have taken a
correspondence or other technical
course in radio, would like to cash in on
the knowledge thus gained, and, at the same
time, acquire the necessary experience for
advancement in the field. It is for those
men that this is written; and my advice to
them is, “Go into the service business.”

Now you are no doubt asking: “Just what
opportunities does the radio service busi-
ness afford:” Well, I'll tell vou:

(1) You may start with very little capi-
tal; about one hundred dollars should make
a nice start.

(2) You may do the work right in your
own home, making the overhead small.

(3) The pay is good, about $75 to $100
per week after you have worked up a fairly
large clientele.

(4) The expericnce you get is first-hand,
every job presenting a problem, and it is
your busines$ to solve the riddle.

(5) You are practically master of. your
own time, giving you opportunity for study
or research to improve your technical knowl-
edge.

(6) Finally, it will give you a thorough
business training that will be most useful
to you as time goes on.

There are many ways of getting started
in the radio service business. You prob-
ably have ideas of your own along this line;
but the methods I am about to relate have
given very satisfactory results in a town
with a population of 20,000.

First of all: when entering any business,
you've got to let people know you are doing

B+ POWER
A
SHORTED =B+ AMP.
T =2 (ONDENSER
| , BREAK _X —> B+DET.
{ | HERE-"

i B

EXTERNAL —
CONDENSER ~&H

Fig. 3
4 shorted unst in a condenser bank need not make
a total loss of the whole unit. Put the replace-
ment on the outside.

rent is flowing the fact will be shown by a
click. If the power unit is of the type using
a2 Raytheon ionized-gas rectifier (“BH”)
tube, and there is any question that the tube
is operating, merely piace your hand upon
it after it has been turned on for ten min-
utes; if it is warm, you may be sure that the
tube is operating, even though no dlick is
heard from the speaker.

Another simple test of the efficiency of an
antenna, when the set in question is known
to be in good condition and the tubes are
all right, but the volume is weak: place the
finger on the antenna post of the set. If
there is an increase in volume, this indi-
cates that the antenna is too short or is
defective. Make changes in it until there
is no change in volume when the finger is
placed on the antenna post.

Here is a test for a “B” power unit which
can be made with material found in every

workshop. Hook up a 25-watt electric light
bulb in series with two leads; so that, when
it is plugged into the house line, the lamp
will light only when the two leads are
touched together. Place these two leads on
the connector of the eliminator (the part
that plugs intc the house socket) and, if
the bulb lights with anything near normal
brilliancy, it indicates that a section of the
condenser bank has burned out. The cord
should be. examined first, however; for a
short anywhere across the line will cause
the lamp to light. If it lights and the.
trouble is in the condenser bank, the ad-
vanced experimenter will be able to locate
the defective section in the following manner.
Take the soldering iron and unsolder each
condenser lead until the lamp goes out; the
lead just disconnected goes to the burnt-out
section. When this is found, merely place
a new condenser of two microfarads capacity,
in series in this lead. Repairing in this
manner saves the necessity of taking out the
whole bank. If the circuit of the filter is
available, place in this lead the capacity that
the circuit calls for; otherwise, use from
two to four microfarads.

Thus it will be seen, many tests can be
made with the degree of accuracy necessary
for the home workshop without expensive
equipment. By using a little thought the
different parts of a radio set and its power
supply may be checked quickly. accurately
and completely.

Into Service Business

the work, and tnat they can depend upon
vou to do it. Of course you can “broad-
cast” this news around among vour friends
and relatives, and get some work; but this
is not usually sufficient to work up a large
clientele. You must advertise.

At this stage of your business career, your
advertising must be as effective as it is
possible for you to make it. Usually, ex-
periment at this stage means waste of money.
I have found a two weeks’ advertising camn-
paign, as follows, to he best.

Take one street each day for a week; walk
the full length of the street, up one side
and back the otlrer, copying the numbers
from the houses having aevials. Xach eve-
ning you can look up the names of the per-
sons living in those houses from the city
or telephone directory. At the end of the
week vou will have a large mailing list,
100% of whom are radio users.

The next week you may send a typewrit-
ten post-card, similar to that reproduced
below, to your mailing list. None of these
cards will fall into the hands of anyone not
having a radio set. Everyone receiving one
will, sometime at least, be interested in its

IS YOUR RADIO WEAK, SICK?

Don't throw it away. I'll put it back on
“its feet” with more pep than it ever had.
That’s my guarantee. I am trained and
experienced on_ all types and models of
Radio sets. Call me NOW!

(Name and Address)

R e e TSR TR

message.  Therefore these cards should pro-
duce very good results.

After yon have obtained some results from
the above method, a newspaper advertise-
ment should be run. One in the classified
section of your ncwspaper, giving a state-
ment of the work you do and including a
suggestion that the set owner call you the
next time his radio goes bad, should give
good results with low cost.

Apply your own ideas to your advertis-
ing, with the idea of making it original
It is all right to copy or take ideas from
other ads, once in a while; but you will
probably find that an original piece ot
“copy,” with some “punch” behind it, will
give much better results.

Now, a few words about conducting your
business. Charge a reasonable rate, but
don’t work for nothing; don’t charge less
than $1.00 per hour, and not more than
$2.50 per hour. The rate must depend upon
your overhead expenses, livina expenses in
your particular town, and _ < rate of other
radio men in the same town. Do not try
to get work by price-cutting, unless you are
in business for the fun of it. People are
willing to pay good money, as a rule, for
good service,

If you can give them better and more
efficient service than the other fellow, vour
time is worth more than his. Just remem-
ber this: that, if vou give the people the
kind of service they want, and give it to
them consistently, vou can’t keep the money
away.
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What Is Service?

€ IGHT or wrong, the customer is

right.” These seven words sum up

the status of service as exempli-

fied by some of the large selling
organizations in the country—as a natter
of fact, by the majority of large organiza-
tions; and we are not limiting our reference
to radio stores or to other purveyors of
radio sets and accessories.

At first glance, one anticipates a tre-
wmendous loss over a period of a year. Yet
we find, upon analysis, that the stores eper-
ating upon the above-mentioned premise
are highly successful; which seems to indi-
cate that the public is not as black as it
is painted. Now, this dissertation is in-
tended, not as a discussion of sales policy,
but as a means of arriving at a conclusion
of fact; which tends to create discussion,
whether or not the customer is right or
wrong? We are willing to admit at the
outset, that in many instances, complaints
are premeditated methods of unjustly re-
turning goods unintelligently damaged by
the customer. Also that in some cases—
a very small percentage of total sales, how-
ever—goods are deliberately damaged and
returned for credit on the basis that they
were damaged when received.

Let us attempt to analyze the radio situ-
ation, as applied to complete receivers; be-
cause this item constitutes the bulk of sales
to individuals who consider radio as a me-
dium of entertainment and are neither radio
minded nor technically inclined. It will be
best to cite a few examples encountered in
daily sales, rather than to assume hypotheti-
cal cases.

A resident in the mid-section of Manhat-
tan Island (New York City), living in a
D.C. district, purchased a D.C. electric re-
ceiver. It was installed by the dealer and
operated perfectly. The customer was very
well satisfied and so expressed himself to
the installation man, at the same time sign-
ing a receipt to that effect. Subsequent
data bring to light the facts that, within
four days after installation, four tubes con-
stituting the output stage burned out, neces-
sitating new tubes. The customer, awed at
the outset, purchased four new tubes of
jdentical manufacture. This time the re-
ceiver operated normally for five days, and
then new tubes were again necessary. Once
more he duplicated the burnt-out tubes,
without complaint to the dealer who sold
the set. And again tubes were necessary in
five days, making twelve new tubes in ex-
actly two weeks! The last batch was the
“straw that broke the camel’s back,” and
the complaint was registered. Examination
showed: first, ._ t the line-voltage was ex-
cessive, and had been excessive since the
day of the installation. Secondly, that the
tubes used in- the output stage were not
correct for the installation, being of the
0.25-ampere type instead of, 0.5-ampere. The
receiver owner, knowing nothing about
tubes, duplicated the wrong tubes in each
case.

Now, here is an example of where the
installation man was at fault, producing a
condition which makes it very difficult for
the receiver owner. Tube replacements are

extremely annoying and not very favorably
received by radio dealers. Such complaints
are numerous, and encountered with A.C.
sets as well. The failure of tubes consti-
tutes about sixty per cent. of all the troubles
encountered in radio receivers; and about
eighty per cent. of this trouble would be
eliminated if the operating voltages were
checked at the time of installation and ad-
Jjustments made to secure the correct values.

Good radio service starts when the set
is installed, nos when it becomes defective.

Every effort must be made to preclude
the defective state; to lengthen that period
between the original high-caliber perform-
ance, and defective performance. We must
admit that service will be necessary at some
date, but must also incorporate every meas-
ure to lengthen the period of satisfactory
service.

Checking the operating voltages when a
set is delivered is one of the important steps
when a radio receiver is installed, regard-
less of type; yet the practice is not fol-
lowed. Why, no one can definitely state,

unless it is the time-limit method of pro-
cedure. An installation of this type places

the receiver owner at a definite disadvan-
tage. It is true that there are exceptions
to the above rule; but we are not concerned
with the instances which de not produce
harmful results. We are concerned with
the other classification. The structure of
the vacuum tube is such that elaborate
laboratory equipment is necessary to deter-
mine whether a burnt-out filament has been
overloaded; such equipment is not available
in the average radio store. Furthermore,
tube replacement is not general. Why bur-
den a novice with troubles which he should
not bear?

Now, we come to another problem; one
which, while not discussed to any great
length, introduces a matter of interest. If
the line-voltage is excessive, increasing the
hazard of tube burnout, some means must
be provided to reduce the filament voltage
to the correct value. This work does not
introduce any visible difficulties, yet we find
that numerous installations are incorrectly
calculated, with very poor results. We re-
fer to the resistance unit, connected between
the power-supply plug and the receiver.
In order to perform well this unit must dis-
sipate a certain amount of power and this
means that certain technical facts maust be
known: first, the required voltage drop;
secondly, the current flow during that
period; and thirdly, the wattage rating of
the voltage-control unit. Now, we are go-
ing to make a surprising statement; that
many men who install such units are not
aware of these requirements and make hap-
hazard installations. In one case, the line
voltage was reduced to 102 volts from a
120-volt line. In another case, the resist-
ance unit overheated and damaged the floor,
almost starting a conflagration. In both
cases, the customer was inconvenienced, and
his complaint was entirely justified.

The selection of such a resistor is not a
very technical problem, but it necessitates
a knowledge of Ohm’s Law and, in some
cases, the principles underlying the opera-

tion of a power transformer. We realize
that the average Service Man does not carry
a meter which will indicate A.C. current
flow in the primary of the power trans-
former. Why not approximate the current
flow in the primary, by calculating the power
load applied to the secondary of the trans-
former as represented by the various wind-
ings, and allow about eighty per cent effi-
ciency in transformation?

Service begins at the time of installation,
not after the set is performing poorly.

It is too late to discover excessive line-
voltage after a number of tubes “have gone
West.” Preclude' the possibility of pre-
mature filament failure by checking and
controelling line-voltage at the time of in-
stallation. That is the start of service.

UNCONVENTIONAL VOLTAGE
DISTRIBUTION

SOME time ago we gave the advice: “Take
Nothing For Granted.” The need for
continually bearing that rule in mind is
shown by an examination of the “B” elim-
inator voltage-distribution systems in use
in many modern receivers. Not until the
development of some defeet in the eliminator
proper, does one realize how different mod-
ern systems are from those used years ago.
Not that all modern receivers differ from
the older type in this respect, because quite
a few receivers being made today employ
simple voltage dividers; but rather that
wmany receivers employ somewhat complex
arrangements, differing at least enough to
cause much grief and aggravation until dis~
covered.

A voltage drop is a voltage drop, .no
matter where it is obtained. If the polarity
is correct, the application and utility are
limited solely by the existing requirements.
For instance, in several modern receivers,
the speaker’s field coil is connected in the
negative leéad, and the total current through
the winding produces a drop. Now this
drop can be used as the gnd bias; but,
to complicate matters, a separate divider
is shunted across the field winding to pro-
vide a bias equal to a fraction of the total
drop across the choke. Ience one must re-
member that such arrangements are pos-
sible, and learn to recognize the system
when it is in use.

Another peculiarity noted in certain in-
stallations is the use of a voltage-reducing
resistance right in the midst of the filter.
Such is the case with the output tube’s
voltage-supply lead; but we refer to volt-
age-output leads which are associated, not
with the output tube, but with the detector
tube instead. When seeking this lead one
would naturally search for some tap upon
the divider. Such is its location in the
majority of installations; but do not over-
look the fact that the voltage may be se-
cured from any part of the filter, if the
correct voltage-reducing resistance is avail-
able. Not only is this resistance located
external to the regular voltage divider and
connected at the normal position of the
output tube’s plate voltage (at the mid-
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point connection between the two filter
chokes) but a separate choke-and-condenser
filter section is also an adjunct of the plate-
voltage lead. Thus we have three filter sec-
tions, only two of which are in line; while
the third is a separate circuit carrying only
the detector plate current.

If you believe that the conventional de-
sign of a voltage divider is universal these
days, you are wrong. A resistor may be
connected across the output of the elim-
inator filter system, but it need not neces-
sarily be the voltage divider. Separate re
sistors, joining at the maximum positive
lead, reduce the voltages for the respective
plate circuits; and, when they are operated
in conjunction with separate by-pass con-
densers, they constitute individual resistance-
capacity filters in each plate system.

We are accustomed, when visualizing an
A.C. power pack, to imagine just one re-
sistor connected across the maximum plus
and maximum minus leads, and functioning
as the combination voltage divider and
bleeder resistance. Such systems still exist,
but other systems cause the confusion. Tt
is not a rare occurrence these days to ana-
lyze a receiver and discover, when the cir-
cuit is traced upon paper, that the voltage-
dividing resistance comprises two or more
separate systems connected across the elim-
inator output and, in addition, a third di-
vider of the potentiometer type connected
across a portion of one of the two dividers.
Such a system may be explained as a single
resistance used as a bleeder across the elim-
inator, with a divider connected across one
portion of this resistance and serving to
supply a variable screen-grid bias. The
second divider across the eliminator is a
combination of voltage-reducing and bleeder
resistances, connected to the grid-bias re-
sistors for some of the tubes; so that the
actual bias is due, not solely to the tube’s
plate current, but also to supplementary
current furnished by or through the addi-
tional bleeder resistance.

1t is not surprising, these days, to check
a receiver and find three or four bleeder
resistances in the voltage-distributing system.

The grid-bias resistance, employed to
furnish the bias in either a cathode or a
filament type of A.C. tube, need -not be a
separate resistor located in the cathode cir-
cuit or in the filamment center-tap and “B—"
circuit. It can be a part of the bleeder
resistance; as in the days of old when elim-
inators were in use, but A.C. tubes were
just coming. The fact that the junction of
the bleeder resistance (part of the voltage
divider) and the filament center-tap or ‘the
tube’s cathode appears to be at some posi-
tive potential does not mean that a positive
bias is being applied to the tube. Such has
been the impression of many’ Service Men
who have examined such circuits. If you
check the system you will find that the most
negative part of the “B” supply is grounded;
while the junction between the voltage di-

vider or blceder resistor and the filament "

center-tap or cathode (generally classed as
being some value of “B--”) is actually
“C+4” and, according to old forms of lay-
out, would be also “B—” The confusion
arises because the. voltage observations upon
the receiver check normal, vet the schematic
diagram appears erroneous.

As a point of information, we listened in

upon a conversation relative to a sypposed
error upon a schematic diagram. While it
is true that no one is infallible, do not come
to a hasty conclusion that the drawing is
wrong, simply because the circuif arrange-
ment does not correspond with your ideas.
Perhaps you are right; but check it once
again and be certain.

Every effort is being made these days
to isolate plate circuits. This means that
plate voltages are controlled by individual
voltage-reducing resistors, and failure of
one resistor does not necessarily interrupt
other plate circuits. Do not for one moment
take for granted that lack of plate voltage
upon one tube means a similar condition in
all of the other associated stages. If you
do, you are in for a sad disappointment.

The fact that a single cathode resistor is
used to furnish the grid bias for mere than
one stage in a system does not necessarily
mean that the voltage drop is due solely to
the combined current of those three tubes.
If the resistance is checked and the drop
does not equal the result calculated by
Ohm’s law, check for a bleeder resistance,
connected between the common junction of
the cathodes and their resistor and some

‘part of the plate or screen-grid circuits.

Whereas it was customary, in days past,
to operate all radio-frequency amplifying
tubes at like values of plate voltage, such
design is not general today. Two tubes in
a four-tube system may be operated at one
plate voltage, and the other two tubes at
a higher voltage.

After all is said and done, such arrange-
ments do not introduce new electrical laws;
all are governed by laws developed years
ago. The marked difference between the
old and the new is nothing more than the
use of a greater number of resistors and
closer linking of circuits.

Such tnconventional forms of voltage dis-
tribution mean much when testing receivers.
An open plate cireuit in a conventional sys-
tem would interfere with the grid bias. In
many systems used today, wherein a bleeder
resistance, connected between the “low” end»
of the plate winding and the junction be-
tween the grid-bias resistor and the cathode,
supplies current to the grid-bias resistor, a
bias will be evident without a plate-ctrrent
indication upon that meter.

Times are changing and systems are
altered. Take nothing for granted, and
visualize new methods of connection.

TUBE TESTING

ITH due consideration of the eco-

nomical aspect of tube testing and

the effort to make all tests with

the minimum expenditure of time
and money, it is still necessary to give
thought to the fact that all forms of testing
devices are not equally applicable.

Take as an example a small tester de-
signed to show plate current and emission
current. The usual range of emission cur-
rent and output current of rectifying tubes
extends as high as 200 mils. In many cases
one meter without shunts or multiple ranges
is employed. Such a meter will be found
satisfactory for high values of current; but
it is extremely difficult to satisfactorily in-
terpret small values of current, such as 5
mils, or the difference between 5 and 10

mil;. The significance of this condition can
best be illustrated by an incident in the
‘writer’s recent experience.

A number of tubes tested on an accu-
rate tube tester, known to be in perfect
condition, were placed into the hands of a
group of men. They were told to test the
tubes and to report upon their suitability
for use in radio receivers.

One man employed a combination set and
tube tester with a 0-to-50 D.C. milliam-
meter arranged with a 250-mil shunt. He
rated the tubes as fair, checking plate cur-
rent and grid swing on the 50-mnil scale.
An investigation showed that the meter was
off approximately 3.5 mils at the zero
point. In other words, the zero adjustment
was not accurate. Such a swmall discrep-
ancy was considered negligible, yet it
amounted to almost 339, on a 10-mil read-
ing. Of course the 8-mil difference was
negligible when testing the current output
of a rectifier such as the 280 or the 281;
but it did influence small current read-
ings. . . . When reminded of the discrep-
ancy, he merely shook his shoulders.

Another man condemned the tubes and
said that the emission current was low. In-
vestigation showed correct readings but in-
correctly comprehended. The meter was a
0-1 D.C. milliampere instrument equipped
with 10, 20, 50 and 200 mil shunts. The
scale was the 1-mil range and it was neces-
sary to calculate the values according to the
shunt in the circuit. The man thought that
the 10-mil shunt was in use, whereas the
20-mil shunt was being used. The fact that
all the tubes showed lack of emission did
not arouse the slightest suspicion and he was
so certain that the correct scale was being
used, that an examination was not deemed
necessary.

The third man reported satisfactorily, but
his test figures did not conform with the
initial accurate measurements. His figures
were slightly lower in every case. An in-
vestigation showed that the filament voltage
was not the exact value stipulated in the
manufacturer’s bulletins. He used 4.75 volts
instead of 5 volts and approximately 1.39
volts instead of 1.5 volts.

The fourth man likewise reported satis-
factory performance. His figures on the
other hand were high. A check-up of the
system showed that the voltage output from
the filament supply transformer was in ex-
cess of the rated value. He employed a
filament winding designed for six tubes of
certain type and was applying only one
tube at a time. In addition the line was
in excess of the rated 115. A test upon the
transformer showed that the rated output
was available with 110-volt input. The line
voltage at the time was 121.4 volts.

The fifth mian found the tubes erratic.
No two tubes seemed to provie similar read-
ings. An examination of his“set-np showed
everything to be normal. When the writer
made the regular routine test, the figures
were satisfactory; but when the man made
the tests the figures were again erratic. He
did not read the meters with any regard to
precision.

The ninth reported one tube normal and
all the rest deficient. A detailed test showed
that his readings were correct. The tubes
were again checked upon an elaborate lay-
out and found normal, yet plate current
tests showed low readings. The meter was
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checked and found defective, The fact that
one of the tubes was classed as satisfactory
provided an interesting point for investiga-
tion. This tube was rechecked upon the
defective tester and showed up identical with
the rest. To all appearances the meter was
perfect. A verbal cross examination of the
operator brought to light the fact that after
cuompleting the test upon the first tube,
which showed normal condition, the current
meter was accidentally subjected to a heavy
overload, but fortunately did not burn out.
All readings thereafter showed low read-
ings. The meter was damaged and all of
the tubes tested with the defective meter.
showed poor condition.

We admit that such procedure does not
seem normal; yet the above facts are, with-
out a doubt, the exact conditions present in
thousands of set and tube testers—not be-
cause the meters were poorly designed or
manufactured, but because they are care-
lessly handled. Tube manufacturers are
very reluctant to provide definite standards
for testing; to provide stipulated figures
and tolerance values, because the testing is
not carried out along the proper lines. A
tube test in order to be satisfactory need
not be elaborate, but it must be accurate;
the meters must be in good condition and
the operator must be meticulous in his
work.

We do not mean to imply that tubes are
not defective. Hundreds of thousands of
tubes are found defective each year and the
tests are accurate; but, at the same time,
other tens of thousands are unjustly classed
as unfit for use. If you are going to test
tubes, see that the tests, the meters are ac-
curate. The average meter is a delicate in-
strument. It should not be subjected to
heavy overloads, or as a matter of fact to
overloads of any kind. Physical shock will
damage the mounting and meters should
be handled with care.

1f yvou are going to test tubes, see that the
operating voltages are correct: 20¢; dif-
ference in the filument voltage of the 326
will cause 509, difference in emission. Fila-
ment and plate voltages must be according
to the manufacturers’ ratings. If you are
going to work with meters, read accurately.
Po not read the deflection from one or the
other side;-look right down upon the meter,
so that a line drawn from the meter deflec-
tion: towards the face <is perpendicular to
the plane of the scale. Only by complying
with the ahove conditions will you feel se-
cure when you accept or condemn a tube.

CHECKING INACCESSIBLE UNITS

RADIO receiver is nothing more than

# coordinated arrangement of electrical
units, The ~tric receiver of today ap-
proaches, most closely, what may be classed
as a wholly-interlocked system, wherein
every part is tied in with the next. This
condition makes possible the testing of in-
accessible units; perhaps we should not use
the word “testing,” instead sav “checking.”
Time and again, it is found difficult to reach
one or more units which are located in the
innermost recesses of the receiver. DBut, by
suitable analysis of the receiver wiring
diagram, it is possible to locate a cirecuit
whereof the unit to be checked is a part.
Just how effectively he can check such units,

depends upon the Service Man and his
knowledge of wiring diagrams.

If we examine a wiring diagram, par-
ticularly that of an electric receiver of
modern date, we cannot help but note that
the ground terminal is common to all parts
of the circuit (at least, the “B—”" terminal
is common to all circuits). In this con-
nection we except just one part of the re-
ceiver, the voice coil of the dynamic speaker.
In very rare cases, it is also necessary to
except the aerial circuit; but, in the major-
ity of instances, the ground end of the
aerial circuit terminates at “B—."

Starting at the “B—" terminal, we can
trace continuity to every part of the system
other than the two mentioned. The number
of electrical elements present in the system
between “B—" and the extreme end of the
circuit is a matter of design. Thus, in the
detector circuit of the conventional receiver,
we may find the sections of the voltage
divider, perhaps a filter resistor, the plate
coupling unit and, mayhap, the radio-fre-
quency choke in the plate circuit between
the detector plate and the plate end of the
coupling unit.

Of these units, one or more may be lo-
cated in the power pack, and thus sep-
arated from the receiver proper. However,
with the receiver wiring diagram as a guide,
and the electrical values of the parts marked
upon the diagramm, we can check not only
continnity to the “B—" terminal, but also
the electrical values of the different sec-
tions in the divider. This is possible in
the following manner:

If the plate coupling unit located in the
detector plate circuit is a vesistor, its elec-
trical value is marked upon the diagram.
If the plate coupling unit is a transformer,
its resistance may be approximated or de-
termined by a D.C. voltage test across the
terminals of the unit. The plate current
flowing in the detector plate circuit may
be determined without much trouble. Ap-
plving Ohnrs law for resistance, and sub-
stituting the voltage measured across the
primary and the current in the plate cir-
cuit, will determine the resistance of the
winding.  Assuming a fairly low value of
resistance for the detector R.F. choke
(about 25 to 30 ohms if it is of the low-
pass filter-system variety, and about 200
ohms if it is used as an ordinary choke)
we find that the resistance measurement be-
tween “B—” and the plate of the tube
indicates the electrical values of the total
divider. If the total resistance of the
divider as recorded does not check with the
measurement, individual measurement of
the various sections is pessible by checking
between “B-—" (which usually is ground)
and the various radio-frequency plate
circuits.

It is, of course, impossible to quote every
test which may be carried out in this
fashion. FEach receiver presents its own
problems. Take for example, the measure-
ment of the circuit through the grid-bias
volume-control unit. One end of this re-
sistance is ground and “B—"; the other
the cathode of one or more tubes. To
check the resistance of this control unit,
the measuring instrument need not be placed
directly across the control unit, which is
usually located upon the panel and there-

Dbetween the filament and

fore difficult of access. Check between the

ground and the cathode.

With “B—" terminal as the common ter-
minal, we can check every part of a “B”
eliminator system. If the “B—" terminal
is the most negative upon the eliminator,
contact between “B—” and the plate ter-
minal of the rectifier tube (with the tube
out of the socket) provides a resistance
check upon the power transformer’s plate
winding. If the system employs two half-
wave rectifier tubes, switching from one
plate to the other permits checking each
half of the winding. In cases of this na-
ture, it is not necessary to measure the
resistance. Both halves of the plate wind-
ing should show the same value of resistance
when measured upon a continuity tester.

With “B—" as the common terminal, it
is possible to check each ground connection
to the chassis by checking between the grid
of each tube and “B—” In work of this
type, it is necessary to refer to the diagram
to locate any possible variation from the
conventional tuned grid system, in order
to properly locate the circuit prongs for
the resistance measurement.

Investigation of a large number of wiring
diagrams shows that the method of re-
sistance measurement is preferable to ordi-
nary continuity testing. This is particularly
true when high-resistance units are located
in many circuits; the ordinary continuity
test, when applied to a high resistance, does
not serve well to determine the approxi-
mate resistance in the circuit. In many
instances, the difference between 50,000 and
100,000 ohms is appreciable, and manifests
an effect upon the operation of the receiver.
When it is checked for resistance, the vari-
ation is immediately evident; when it is
checked only for continuity, the presence of
a fairly high resistance is indicated, but
it means very little,

The proper application of short-cireniting
links across various parts of a system
enables determination of the condition of
the unit which has been short-circuited.
Naturally such short-circuiting links should
not be applied across voltage-reducing
resistances, where this would tend to greatly
increase the voltage applied to the tube.
The sole exception to this statenent is the
grid-bias resistance in the radio-frequency
end of the receiver, or the bias resistance
in the detector circuit. A momentary in-
crease in plate current, in order to find
out whether or not the grid-bias resistance
is open, will not injure the tube. DBased
upon the conventional tube ecircuit, such
short-circuiting links may consist of a re-
sistance of about 500 to 1,000 ohms, con-
lnec’ced between the cathodé and ground or

ground. The
cathode or the filament mav be reached
without pulling the chassis, and the same
is true of the ground; thus, it is possible
to check the grid-bias resistance without
pulling the chassis.

The same method of measurement is ap-
plicable to aundio-frequency grid circuits.
Suppose that it is necessary to check the
continuity of the secondary of the audio-
frequency transformer:; a resistance unit,
of about 5000 to 10.000 ohms is connected

between the grid and the ground. Assum-
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ing that the grid circuif contains no unmits
other than the secondary of the transformer,
this test will show whether or not the lack
of grid bias upon the tube is due to an
open secondary.

Examine a modern diagram; check the
various circuits, and you will find that vou
can make a very large number of tests by
connecting a resistance-measuring equip-
ment between the “B—” terminal and the
socket contacts, and thus obviate the need
for pulling the chassis.

RESISTANCES AND COLOR CODES

WE have recently completed a listing of
the colors used to designate the re-
sistances used in radio receivers. Unfortu-
nately, there is such a plurality of colors
employed by different organizations, to des-
ignate similar resistance units, that a list-
ing is not possible at this time. We make
mention of this fact in order to clarify the
idea that the resistance color codes em-
ployved by some manufucturers are the same
for a number of manufacturers. Such is
not the case. Any one listing is applicable
to that manufacturer only.

A somewhat similar situation exists in the
color coding of connection cables. In this
respect, however, greater similarity is to be
found, at least among a number of radio
receiver manufacturers; although this num-
ber do not by far constitute the major por-
tion of the organizations who make radio
receivers. Furthermore, the color-code desig-
nations described as general have been found
to be more applicable to old rather than
the recent models. However, we wish it
understood that the statements to follow
are general, and not specific for all radio
manufacturers.

Investigation of a large number of radio
receivers and wiring diagrams, representing
the products manufactured between 1927 and
the end of 1929, show that the “B+" cables
were of four colors, namely “Brown,” “Red,”
“Maroon and Red” and “Maroon.” In sowe
receivers, which made use of four different
values of plate potential, the highest was
“Brown” and the lowest was “Maroon”;
with the other colors for the intermediate
and low voltages respectively. Now, very
few receivers make use of four different
values of plate voltage and “Brown” as the
highest “B+" lead was not common. The
most frequent  combination starts  with
“RRed” as the maximum “B-+" and employs
the remaining colors for the intermediate
and the lowest voltages respectively, follow-
ing the color sequence named. Brown is
not used. In some instances “Pink” re-
placed “Red”; in fact “Pink” as the maxi-
‘um  high-voltage “B4-” lead is used in the
majority of the Zenith receivers. The com-
bination of “Red,” “Maroon and Red” and
““Maroon” is popular in a very great num-
ber of RCA and Victor receivers; being
used for the highest, intermediate, and low
plate voltages respectively.

The filament circuits in the receivers which
use red and the colors akin to red in the
plate circuit, make use of “Green,” “Blue,”
“Yellow,” “Black with Yellow tracer” and
“Black with Brown tracer” colors. In turn,
the receivers which make use of “Pink,”
“Yellow” and “Blue” for the plate ecir-

cuits, indicating from highest to lowest
“B-,” employ “Brown,” “Red” and “Green”
in the filament circuit. With very few ex-
ceptions, Zenith is the major organization
to employ “Yellow” in the plate circuit. As
a general rule this color is associated with
the filament circuit and, in battery receiv-
ers, was at times used as the “A-" cable.

It might be of interest to quote color
code standards adopted in 1927 and the ra-
dio receiver manufacturers who were men-
ber companies at the time. The majority
of the old wiring diagrams show color
codes, but quite a large number, of the old
receivers’ schematics are without such data.
(The data are secured from the NEMA
Radio Standards Handbook.)

For conductors that are individual to one
circuit only: “A+4,” Yellow; “A— Black
with Yellow tracer; “B4” Max, Red;
“B-+4> Int, Maroon and Red; “B-+" Det,,
Maroon; “B—" DBlack with Red tracer;
“C+,” Green; “C—(low), Black and Green;
“C—" (max.), Black with Green tracer;
I.oud Speuaker (high side), Brown; Loud
Speaker (low side), Black with Brown
tracer.

The manufacturers who were members, as
recorded in the NEMA Handbook, are:
Acme Apparatus Co.; Amrad Corp.; At-
water Kent Mfg. Co.; Colonial Radio Corp.;
Crosley Radio Corp.; Dayfan Electric Co.;
Freed-Eisemann Radio Corp.; Charles
Freshman; A. H. Grebe & Co., Inc.; Howard
Radio Co.; Kellogg Switchboard and Sup-
ply Co.; Wm. J. Murdock Co.; Philadelphia
Storage Battery Co.; Radio Corporation of
America; Steinite Radio Co.; Sterling Mfg.
Co.; Stromberg-Carlson Tel. Mfg. Co.

Although the Victor organization is not
listed, a large number of their receivers are
wired according to the aforementioned stand-
ard code. As a contrast, the color code in
a large number of the Atwater Kent bat-
tery models is somewhat different from the
standard listed, and is as follows: “A--,”
Red; “A— DB—” Black; “B+4,” max,
Brown; “B+4” low, Yellow; “B+4" Intermne-
diate, White; “C—,” Green with Yellow
tracer,

The use of the Red for “A+” and the
Black for “A—" is conunon in a large num-
ber of battery receivers made by many man-
ufacturers; it is also true of a large num-
ber of the Federal series-filament A.C. re-
ceivers. In fact, these reccivers correspond
to the listing shown for the Atwater Kent
battery receivers, with the sole exception of
the use of a Blue wire for the “C—" and
of Green for the power tube’s filament cir-
cuit, which is A.C. operated.

It is also significant to note that a com-
bination of color codes was used in some
of the carly Freshman receivers. The maxi-
mum “B+4” cable was Blue with White
tracer, and the low “B+4” cable was Brown.
In some of the D.C. electric receivers, the
maximum “B+ lead wuas according to the
NEMA standard, with the exception of the
detector plate lead which was Black with
Red tracer.

Old Amrad receivers used a combination
of Red, Blue and Brown for the high, in-
termediate and low plate voltages. Yellow,
Green and Slate were the colors used in the
filament cireuits.

Stewart Warner made use-of Black, Black
and Yellow, Black and Red, and Brown for
the filament circuits in a large number of
A. C. receivers and Gray, Red and Maroon
for the three values of plate voltage; with
Gray as the highest and Maroon as the low-
est. At times Green was “B—" and in
other cases Green was used in the filament
circuit.

Fada, as a general rule (although not so
in every case), follows the standard as set
forth in the NEMA Handbook.

It might be well to mention that Red as
used in the Zenith receivers is invariably
associated with the filament circuit, being
“A+" in battery receivers and one of the
filament circuits in the electric receivers.

As a sumnmary,.we would suggest that the
color code for any one type of receiver man-
ufactured by an organization be recorded
and checked against several types of receiv-
ers made by that organization. Since no
one code is common to all, it is necessary
to compile color codes according to the
manufacturers and according to yvears or the
types of receivers.

TONE CONTROL

HERE has been a great deal of agita-

tion about tone control. The principle is
being discussed pro and con. Some re-
ceiver manufacturers favor its application,
and others are against it.

What is tone control? What does it do?
Questions of this type are heard daily.

Tone control, in the fullest sense of the
word, denotes a means whereby the tone of
a sound may be changed. Since the tone
is a matter of pitch and, therefore, involves
frequency consideration, “control of a tone”
would seem to signify some means of vary-
ing the frequenc). Obviously, such a pro-
cedure is impossible; but it is possible to
vary the comparative amplitudes of the
frequencies present in a sound, and thus to
change the timbre of the tone. By increas-
ing the amplitude of some frequencies, or
the intensity of the sound, it is possible to
create in the mind of the listener the same
impression as if he had heard frequencies
which were absent in the sounds issuing from
the speaker.

While it is true that certain physiological
reactions can be produced by means of a
system which is of such design that the
amplitudes of the frequencies can be varied,
this does not signify that such a result is
possible with the present-day systems of
“tone control” which are employed in radio
receivers. ‘There are many reasons which
indicate the need for a tone-control system:
among them are the peculiarities of the
human ear; the fact that the _eproduction of
the broadcast music must usually take place
in a room which is much smaller than studios
where the original music is being produced;
the fact that the intensity of the reproduced
music is much less than that of the ovig-
inal; the fact that the reproducing nie-
chanism is far from being perfect; and sev-
eral other similar considerations. However,
the reader should not imagine that the
average capacity-type tone control system
produces such a control of the frequencies
which are being passed through the andio
amplifier. TIn short, the capacity-type. and



14 OFFiciAL RADIO SeErRVICE MANUAL

similar simple forms of tone control, in-
troduce distortion. Of that, there is no
doubt; but the question arises, whether such
distortion is or is not desired hy the lis-
tener? Judging from all signs, distortion
of the nature caused by the simple forms of
tone control is desired by the radio public.
‘That such a condition has heen existent for
a long period of time has been shown by the
oft-suggested methods of producing “mellow
tones.”

“Mellow tones,” as interpreted by the
radio public, and as produced by several
popular methods, means the loss of the

higher audio frequencies. Anyone interested
in the characteristics of speech and music
will readily appreciate the significance of the
high frequencies in speech and music; they
mean brilliance and color in music, intellig-
ibility and articulation in speech. But, if I
do not care for the presence of the high
audio frequencies in music, and I am satis-
fied with the speech-sounds which do not
contain the frequencies above 2,000 cycles,
who is there to tell me that what I hear 1s
not what I should hear? Perhaps it is poor
music in the ears of a music lover; but 1
like it just the same.

On the other hand, the introduction of
the simple form of tone control defeats the
efforts of that group of organizations who
are true music lovers and are attempting
to foster interest in musical appreciation.
There is no doubt ahout the distortion in-
troduced by the simple form of tone control,
there is no doubt that it impairs the beauty
of a symphonic orchestra—but one is
tempted to ponder over the possibilities of
satisfactorily reproducing a 125-piece sym-
phonic orchestra in a living room (say,
14 x 17 feet), when the receiver is not
equipped with tone control. Furthermore,
one is tempted to ponder over the sensa-
tions of the average man or woman who is
not a lover of symphonic music, and who
would, when obliged to listen to perfect
reproduction, express an unfavorable com-
ment. Many such individuils find pleasure
in symphonic music when they can change
the timbre of the complete sound. Whether
or not such a viewpoint is correct, is beyond
the point. The fact remains and it is glar-
ing that the simplest of tone-control sys-
tems affords a meuns of satisfving the de-
sires of the listener.

Perhaps we should qualify the last state-
ment. The true music lovers who can
appreciate good music, and whose auditory
organs are such that they can appreciate
the absence of certain frequencies, find ne
advantage in the tone control. Unfortu-
nately, however, this group is a minerity,
and the majority must rule. Condemnation
of the tone ¢ _trol is not in order. What
is necessary is the design of a tone-control
system which can be applied when desired,
and disconnected when not desired. Of
course such a system must increase the cost
of a radio receiver. The design of the radio
receiver without the tone control should be
based along the ideal, theoretical ~lines,
tending to produce music and speech of the
highest calibre.

No one on earth can control the musical
or. gastronomic tastes of any other individual
or, for that matter, any of the human de-
sires. Radio manufacturers have known for

a long time that the receiver-buying public
has not been satisfied with the musieal re-
production. It would be wonderful if all
of ns were music lovers; it would then be
unnecessary for some of the rich men in
this country to endow and finance musical
organizations, The ticket sellers at concert
halls greet many of their customers by the
first names, because the same people come
again and again. They are music lovers,
but their numbers are few. We might just
as well 'look the truth in the face; the major
portion of the population desire “hot jazz”
and not symphonic concerts.

The beauty of a symphonic rendition can
be appreciated only when the listener is in
the concert hall, or if the reproduction is of
the original intensity. Musical composers
attempt to create a picture in the mind of the
listener. How can one visualize the march
of countless men, the rumble of thunder or
of cannon, and countless other images, when
the intensity of the reproduction is so low
as to cause the loss of many notes; and the
crash of bass drums or the thunder of bass
chords upen a piano sound like the flapping
of wings? ’

It is indeed unfortunate that the majority
of the listening publie desire depth of low
notes, and not the brilliancy of the high
notes. It is also unfortunate that the zone
of frequencies representative of noise in-
cludes the upper audio register. FEfforts to

remove noise have resulted in the elimina-
tion of some of the high frequencies. The
sideband limitation has also resulted in the
minimization of the upper audio frequen-
cies. The musical instruments within the
knowledge of the average individual are
those wliich produce fundamental tones be-
low the upper limits of the normal audio
range. The popular type of music, listened
to by most people for many years, has been
that in which the low tones predominate.
The telephone has caused people to com-
prehend speech despite the absence of the
very high audio frequencies, and to appreci-
ate the presence of the low tones.

‘Whether or not the present form of tone
control can be classed as an improvement,
is a suhject open to discussion. The tone-
control system, wherein the amplitude of
the upper or lower audio register can be
increased or decreased at will, constitutes
an improvement. The present-day form of
tone cantrol by capacity or capacity-resis-
tance units, was used back in 1925 and 1926,
and is therefore not new. It introduces dis-
tortion, but it offers the advantage of per-
mitting a change in reproduction to satisfy
the desires of that tremendous number of
people who prefer low tones and dislike
high tones. Certain types of cheese may
seem too odoriferous to many people and
offend their fine sensibilities while hundreds
of thousands find such cheese pleasing to
their palates.

(And the moral is, we presume, that the
successful cheese merchant makes his profit
by furnishing his customers with the flavors
and odors which they prefer, without regard
to the brands which he puts on his own
table. Or, as the old Roman said, De gusti-
bus mon est disputandum; that is, tastes
are’ not to be disputed about, but satisfied.
—Editor.)

TAKING THINGS
FOR GRANTED

NE of the interesting—if not the
most interesting—high lights of ra-
dio service work is that nothing can
be taken for granted. Each diag-

nosis for trouble, be it simple or complex,
is individual in itself.

Take, as an example, the voltage divider
employed in a “B” eliminator. It is cormnon
practice to employ the “bridge” type of
unit; that is, the resistance network across
the output of the filter system, with taps at
certain points to provide certain fixed volt-
ages. Yet it is unsafe to assume that all
radio receivers employ such voltage-divider
systems; because cquite a few employ the
parallel arrangenient, where a separate re-
sistance is connected between the maximum
“B+4+” and the tube or tubes to be operated
at a certain value of plate potential.

It is 'quite common to supply grid bias
for the output tube by means of a fixed
resistor connected hetween the center tap
of the filament circuit and the grid return
lead, which is also “B—". Yet it is unsafe
to assume that all arc connected in this
manner; because some popular receivers
cmploy a separate resistor in the “B” elim-
inator system as the source of bias for the
output tube.

One would naturally assume that, if a
voltage-divider resistor is used in connection
with a “B” eliminator, and this resistor is
tapped at certain points for the voltage re-
quired in the receiver, the tap intended for
the detector connects directly to the unit
located in the plate circuit of the detector
tube. Yet measuremnents of the supposed
‘“‘detector” voltage at the divider, and at the
tube plate, show a difference greater than
that which should be due to the drop across
the transformer primary in the plate cir-
cuit. The difference is due to a drop across
a special resistor located in the detector
plate circuit of many receivers. This re-
sistor is used to drop the voltage to the
value requifed for the detector tube, and
is external to the voltage-divider.

The fact that two output terminals arc
provided inside the receiver housing does
not signify that an output coupling unit is
enclosed within the receiver. Quite a few
A.C. rcceivers designed -for operation with
*71- or *7T1A-type tubes are equipped with
two output binding posts, but not with out-
put coupling units. The (magnetic) speaker
tips are plugged into these terminals and,
as such, ave directly in the plate circuit of
the output tube.

Defects do not occur at the most ac-
sessible points in an installation. Several
instances have been found where short cir-
cuits were located within the conncctor plug
employed to couple a dynamic speaker to
the recciver proper. Such plugs have four
or five contacts whereby several circuits are
closed. An apparent defect in a speaker
system need not be located within the
speaker proper. Check the plugs!

The ends of shielded cables frequently cut
through the wire insulation and, when jarred
by vibration of a receiver during operation,
will cause intermittent shorts.

Though it is a fact that a very large
number of power packs employ the *80-type
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rectifier tube with similar capacity values
in the filter system, the D.C. resistance of
the chokes employed in the filter is not
always the same. Investigation among a
large number of manufacturers shows that
such resistance values vary from about 200
to about 1,000 ohms.

The fact that one chassis put out by a
manufacturer utilizes chokes rated at, say,
330 ohms D.C. resistance does not mean
that the same type of choke is incorporated
in the “B” supply unit employed in con-
junction with another rcceiver chassis; de-
spite the fact that the rectifier tube is the
same in both instances.

Filter chokes employed in A.C.. “B” elim-
inators are not the same as those employed
in the eliminators of D.C. receivers. Be-
causc the frequency to be filtered is much
higher, it is possible to employ smaller
values of inductance; and, since the current
flow through such chokes is much higher
than in A.C. receivers, the D.C. resistance
of the winding is much less. The D.C. re-
sistance of such chokes varies from a frac-
tion to about 30 obms.

All ’26-type A.C. tubes do not securc their
grid bias by means of a resistor located in
the filament center tap-“B—" grid return
circuit. Quite a few receivers still employ
the old “B” eliminator standby.

All radio receivers have not reached the
standard of design where it is possible to
secure a high degree of tone yuality with
low value of power output. In many good
receivers excellent quality is available with
high gain level; but the reproduction falls
off when the volume is reduced. The fault
is in the spcaker and not in the set.

The fact that a unit is new does not mean
that it is perfect. Quantity production is
such that a few defective units slip by now
and then. We make particular reference to
phonograph pick-up units; it is possible that
they may be defective when purchased.

The conventional filter system employed
in a “B” climinator is of the “pi” type, with
two chokes in series with the line and three
condensers across the line. In some of the
new receivers, however, the design of the
filter system has been changed; the struc-
ture is still the same but the number of
clements in the system have been changed.
In some, one of the chokes is shunted by a
capacity; thus forming a parallel resonant
circuit in series with the line. Filter systems
are undergoing changes in design. Quite a
few do not employ the input capacity.

The fact that an audio coupling unit is
contained within a metal case equipped with
four output terminals (indicated as “P,”
“B,” “G” and “F—") does not signify that
the unit is a transformer. Quite a few re-
ceivers arrange inipedance-coupled units in
such fashion. Furthermore, the fact that an

audio coupling unit bears more than fowr

terminals does not mean that it is a push-
pull transformer. Several receivers are
equipped with single units housing twa
separate transformer windings connceted
into different audio stages.

The fact that a transformer consists of
two separate windings, inductively coupled
to cach other, does not mean that the two
circuits arc isolated from each other. Bear
in mind that the grid return lead terminates

at the “*B—" terminal, and that the other
side of the “B—" terminal (namely the
“B+") terminates at the primary winding
of the same transformer. Thus continuity
testing cannot be done unless the leads to
the transformer are disconnected.

The man who takes for granted that a
tube is not shorted will eventually pay the
cost of several new mcters. Short circuits
are common among tubes which have been
handled, inserted and withdrawn from
sockets. Test all tubes for short circuits
before inserting into a regular tube tester.

The fact that perfect continuity is avail-
able through a winding, as deterinined by
means of a voltage test, does not mean that
the winding is perfect; it may be shorted.

The fact that a receiver operates, al-
though poorly, does not mean that its cir-
cuit continuity is satisfactory. Open plate
circuits in the radio-frequency amplifiers
will not always stop operation of the re-
ceiver. Open plate-circuit resistors will
impair performance, but will not interrupt
operation.

TELEVISION AND THE SERVICE MAN

HE purpose of this material is not to

herald the advent of television. While
it is true that television is not yet a prac
tical reality, it has made certain definite
strides toward its exit from the laboratory
We find much comment (adverse, of coursej,
about the modern forms of television recep-
tion and, in particular, the use of the scan-
ning disc. Whether or not it will be neces-
sary to imprevise new methods of television

transmission and reception, is not a matter

of importance now. The fact of significance
is that certain stations are broadcasting
moving pictures, of elementary character, at
the time of this writing, and more and more
popular interest is being displayed in such
operation. In this connection, the writer of
these lines has been daily and nightly ob-
serving the transmission of one local station
and, mMtermittently, the transmissions of
three other stations, two of whicli are more
than 200 miles distant.

The exploitation of the experimental na-
ture of television has been due, not to the
character of the transmitted image, but to
the fact that sufficient coverage has not been
available with any one transmitter. Al
indications point to improvements in this
direction; so much so that we take this
opportunity to say the future will show a
tremendous increase in the interest dis-
played in television reception. Without a
doubt, reception will at first be limited
practically to centres in the proximity of
the transmitters; this means large cities,
but reports show that satisfactory signal
intensity is available at many points a good
distance from the transmitter.

It is not a far-fetched statement to say
that changes may be made upon the audio
amplifiers, now employed in radio receivers,
to accommodate these systems to television
as well as conventional speech and music
reception. We have heard much technical
comment pertaining to the tremendous width
of the band required for the attainment of a
satisfactory image. The radio world at large
—at least the men who are experimentally
inclined—will not wait until a perfect image

is available. Strange as it may seem, many
broadcast listeners are now discussing the
possibility of television and are reluctant in
the purchase of new radio equipment on that
account. Recognizing the condition—that the
equipment required for television involves
apparatus independent of the receiver—it
is very likely that manufacturers of radio
receivers will develop their receivers for
television reception and thus make neces-
essary the later acquisition of nothing more
than supplementary revolving mechanisms.

This comment relating to television recep-
tion includes the possibilify of a change in
receiver design to accommodate the short as
well as the broadcast waves. Just what the
future holds in store, no one knows, but we
fe¢l certain that any one who in the past
has listened to the police alarms, transmit-
ted upon short waves by the police depart-
ments of the various cities in this country,
cannot help but realize that at some time or
other there will be a much closer alliance
between such transinissions and reception by
private individuals, as well as the cruisers of
these respective police departments.

What with the continued rebroadcasting
of foreign programs by local stations in the
United States, much time will not elapse
before the appetite of our Mr. Public is
whetted to the point where he will not be
satisfied with rebroadcasting. He will want
to hear the signal direct from the origin:
this means short-wave reception.

All of the above comment pertains to the
reception of variable-frequency-modulated
signals. This necessity distinguishes the re-
ceiver from the conventional short-wave sys-
tem developed primarily for continuous-
wave reception. It means that the broad-
cast receiver of today will of necessity cover
the short-wave band. Whether this coverage
will be secured by means of plug-in coils, or

variable inductances, is not yet known; but
one fact is glaring. The extension of the
carrier-frequency spectrum of the future
broadcast receiver will without a doubt in-
clude the television band; because such ex-
tension offers very definite sales features.

Some of the complications normally pres-
ent in tuned-radio-frequency short-wave re-
ceivers are being ironed out during the
development of similar systems for use in
airplanes. These receivers are intended for
the reception of modulated signals and, as
such, resemble the modern broadcast-receiv-
ing system. The findings will be of immense
aid when the time arrives—and it is not far
distant—to produce a multi-wave broadcast
receiver.

Returning once more to television recep-
tion, such receivers will give an impetus to
that field. They will reduce the cost of the
equipment necessary on the part of the
listener. Whether or not this idea is in
accord with the ideas of some of the repre-
sentative men in the industry cannot be de-
termined; but, according to reports, it is
receiving more than casual attention. As a
point of interest, there is current a rumor,
though we do not know just how accurate
it may be, that television reception and
transmission fostered by one organization
is scheduled to start. on a large scale.

Considered from the Service Man’s angle,
television presents an interesting field for
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study and experiment. There is no gainsay-
ing the fact that, when television receivers
are produced and television transmission be-
comcs more general, service work will take
on a new slunt; new beciuse of the intro-
duction of items entirely foreign to the
present-day receiver. In this connection we
have but one warning to voice: do not un-
der any condition .imagine television to he
so far off it may be dropped from the
mind. He who thinks along such lines is
very apt to be sadly disillusioned, when he
finds himself out of the swin.

The subject of television is not of inter-
est solely because it is a new form of enter-
tainment. In one respect, it is an absolute
necessity, as a stimulant to the entire indus-
try.  Short-wave reception, no matter how
it may be exploited, will at all times be beset
by one form of sales resistance due to the
association of short waves with code trans-
mission, and the fact that the reception of
speech and music is not yet as steady as
that available upon the normal broadcast
band. Unless the minds of the industry can
conceive something radically new to stimu-
late the business, televisicn remains the only
possible item which will introduce new life.
Considered from the angle of new business.
new development and new life for the radio
industry, television cannot be kept, from the
public—no matter how elementawy the form
of transmission and how far from perfect
the image may appear.

Now is the time for all Service Men to
beconie interested in television; to carry on
all sorts of experiments; to determine the
operating characteristics of various forns of
amplifiers, recommended as suitable for
television reception; to improvise various
methods of maintaining constant motor-
speed when synchronous motors are not
available; to study the operation of gas-
filled Lunps, the operation and troubles in
short-wave receivers; to experiment with
tuned-radio-frequency short-wave systems.
Time lost will be money lost.

WHY RADIO SERVICING GROWS
DAILY MORE COMPLEX

NE need not be a close observer to
note that the panorama of set de-
sign has undergone a great change
during the past three or four

years—as a matter of fact, even during the
last two years. There was a time when any
man conversant with the technical side of
radio could design a radio receiver, There
vas no need for an extensive grounding in
engineering; because most of the work was
of the cut-and-try nature and the require-
ments were very few. Service, at that time,
necessitated only ordinary bell-ringing-
circuit experience.

Not so in this day of thorough design.
Just as the requirements for set designers
or engineers have increased, so have the
complexities presented to Service Men kept
pace with the improved design. There is
no longer room for the cut-and-try engi-
neer, and there is no room for the “Cut-
and-Try” Service Man.

Each new model of a radio receiver intro-
duces some innovation or some change in
design which makes the receiver more com-
plex, so far as technical detail is concerned.
Suppose we analyse some of the modern re-

ceivers, and compare them with the systems
of yesteryear.

The introduction of the band-pass filter
became a necessity as the number of sta-
tions upon the air increased, and as the
demand for better quality of reproduction
was voiced with sufficient loudness. Essen-
tially, the band-pass filter is somewhat like
the ordinary tuned radio-frequency trans-
former; both allow the passage of a cer-
tain band of frequencics. However, the de-
sign and operation of the radio frequency
hand-pass filter is much more complex than
that of the ordinary tuned radio-frequency
transformer; the number of circnits involved
is greater, and the number of units involved
is also greater. To be in a position to
cffect some corrective remedy, in the event
of trouble, the Service Man must be familiar
with the design and operation of such cir-
cuits.

To add to the complexity of the circuit
there is the present use of systems whereby
the original fault of the conventional radio-
frequency band-pass filter is corrected. The
first receivers to employ band-pass filters
were afflicted with trouble of a peculiar
type: the filter system performed well over
a certain frequency band {perfectly, to he
exact, upon only the carrier frequency.)
For frequencies below and ahove this fig-
ure, the width of the band passed was either
greater or smaller than the required 10
kilocyeles, depending upon the form of
coupling used between the parts of the filter.

The modern reeeiver is no longer troubled
by, such difficulties. Engineers have now
combined the properties of inductive and
capacitative coupling, in such manner as
to secure a constant width of band over
the cntire broadeast range. Whereas a man
could once become familiar with either the
capacity- or the inductively-coupled type of
radio-frequency band-pass filter, and hope
to pass on that score, he must now be fa-
miliar with, not only both of these coupling
arrangements, but also the combined effects.
TFurthermore, engineers have developed more
complex forms of capacity coupling whereby
uniform width of band-pass is secured with-
out combining two forms of coupling. "The
comprehension of such arrangements is not
difficult, if one sets himself to the task;
but, if practical experience is to be the sole
teacher, much water will pass beneath the
bridge before even the functions of the vari-
ous elements are understood.

To add to the complications, which make
study even more necessary, some of the
parts employed in such svstems. are neces-
sary in order to accomplish an end which
is seldom discussed in the ordinary radio
text book. Theory will consider the require-
ments and the characteristics of coupled
circuits, but does not include the additions
necessary in order to provide the correct
degree of regeneration upon the high or low
frequencies. To arrive at the final answer,
one must combine the coupled circuit with
the additional elements used, and ascertain
the action of the whole by considering the
action of the individual parts.  Thus, for
example, one must know the action of a
resistance in a radio-frequency tuning sys-
tem, and also know the action of the coupled
circuit, in order to arrive at the combina-
tions used today. This knowledge must be
gained by study.

It is not a far-fetched statement that the

Service Man of the future will have to be
an engineer (at least a practical engineer)
if he is to understand the operations of
the design engineer. Take, as an example,
the use of the electric motor in connection
with the modern radio receiver. There was
a time, not long past, when there was no
thought of any relationship between the ra-
dio receiver and a_motor. But reimote tun-
ing control is gradually becoming a reality
and, to understand and service such sys-
tems, the Service Man will have to be thor-
oughly familiar with the principles of frac-
tional-horsepower motors. As far as the
size is coricerned, it is of no consequence ;
the knowledge required will be that related
to the principles of motors.

As a matter of fact, the use of such a
motor is not limited solely to remote tuning-
control system. One manufacturer has in-
troduced the clock form of automatic tun-
ing; in other words, one can set the clock
to change the tuning of the receiver in ac-
cordance with the hour, thereby automatic-
ally tuning to whatever program is desired
at that tine. Furthermore. home recording,
of the voice or of the received program is
another innovation which involves the use
of a motor. Who will service such motors?
Will it be out of the Service Man’s field,
and become that of the electrician? Is com-
petition of this nature in the offing? The
logical one to service each and every part
of the radio installation is the radio Service
Man.

What about the home talkies? The sys-
tem is built around the audio amplifier in
the receiver. In the event of trouble, the
radio Service Man will be called upon to
repdir such systems. As a matter of fact,
it is not fanciful to state that the futare
radio receiver will be a combination of a
receiving system, a television system and
a home “talking movie” If this is to be
within the scope of the Service Man, and
the systems made successful, the Service
Man must become familiar with optics,
lenses, photoelectric cells, neon tubes, micro-
phones, record-cutting devices, etc.

But why speak about a vear hence® Con-
sider the present. The home-recording sys-
tem is a feature of some of the new sets.
Hence the microphone and the motor and
the record-cutting system are already here,
and they all will require service.

The variable-frequency tone control was
another innmovation heralded at the show.
Such tone-control systems are more: complex
than in days gone by, and consist of more
than a number of condensers which may be
switched in and out of the circuit. The
fact that the new systems introduced are
relatively simple is no disproof of the fact
that later systems will be more complex.
Signs of such systems are now appearing
in the press and show that, while the opera-
tion is simple, the operating principles are
complex. The service problems related to
such tone-control systems make necessary
a thorough knowledge of the principles and
applications of resonant circuits in audio-
frequency systems, the relations between the
parts of the systems, and the functions of
the individual units. In time to come, every
Service Man will be obliged to understand
the complete principles of the audio-fre-
quency transformner, the auto-transformer,
and the tuned double-impedance system.
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Servicing The Broadcast Receiver

HE tasks in servicing sets fall

under the headings of installa-

tion, maintenance and repair.

Frequently, simple inspection is
sufficient to locate the troubles, which in
many cases, originate from the misuse of
the set for lack of ability to operate it—
in fact, for lack of ordinary common
sense.

Leaving aside the installation of sets,
which is not the main purpose of our
text, let us examine the problems that
the service man may be confronted with.
and then suggest some general methods
that will guide him to a solution in the
majority of the cases. Then we will
exemplify some special treatments in
exceptional and involved cases.

A radio set comprises:

I. Several sources of electrical
energy.
II. An R.F. Amplifying System.

III. One or more frequency con-
verters.
IV. An AF., Amplifying System.

V. An electrically operated sound
reproducer.

I. The sources of electrical energy are:
1. From the radio waves collected by
an antenna or loon.

2. From the “A)” “B” and “C” volt-
ages furnished by batteries or
house current tap.

The troubles from the first source may
be ascribed to—— ]
(a) Insufficient aerial, and
(b) Defective aerial and. ground sys-
tem.

Under (a«) there may be-—open or
short circuits, and loose connections in
the pickup system. A continuity test
will reveal the defects under heading
(b). However, for the present, no reme-
dies will be suggested until we list the
most common troubles.

2. The sources of power for the opera-
tion of the tubes are manifold, and the
troubles may come from—

(a) Insufficient voltages

(b) Excessive voltages

(¢) From the presence of other than
continueous currents in the sup-
ply leads.

Thesé currents are, in most cases, har-
monics of the frequency of ti.e power
supply line; at times, the fundamental
may be present and, frequently, currents
originating from other electrical devices
connected to the same lines. Of the
latter, the transients are the most objec-
tionable and difficult to eliminate, es-
pecially in sets for D.C. These interfer-
ences may come, nay, they actually do
come at all times wig the radio pickup
system, particularly by antennas that
happen to run near radiating electrical
apparatus such as sparking motors, X-

1. Pick-up System
sec

2. “A.” “B" and uCn
source

1. Poor amplification

2. Poor tuning (a) Broad

(b) Sharp

Most General Troubles In Table
I. IN THE SOURCES OF ENERGY

(a) Insufficient Input to (a) Aerial too short

(b) Opens and shorts
(¢) Loose connecticns

(a) Insufficient Voltages (a) Bad tubes

| (b) Excessive Voltages (a) Poor design

(c) Extraneous currents

II. IN THE R.F. SYSTEM

(a) Bad tubes
(b) Improper voltages (a) Opens and shorts

Form

(b) Aerial shielded
(c) Loop in wrong direction
(d) Setin bad location

(b) Opens and shorts

(b) Wrong connections

(c) Opens and shorts

(a) A.C. hum due to defec-
tive filtering

(b) A.C. by induction or con~
duction or capacitance

(¢) Transients

(a) Condensers not tuning
all alike

(b) Opens or shorts

(¢) Too long an aerial

(a) Regeneration due to de-
fective design or opera-
tion or wrong tubes

(b) Neutralization incom-
plete

(c) Excessive “B” voltage

ray machines and high tension sparking
devices for ignition capable of producing
shock excitation. In this case there is
little hope for remedy as the interfering
E.M.F.’s contain practically a continuous
spectrum of frequencies, consequently
including the signal frequency.

II. In the R.F. system, as in the rest of
the vacuum tube networks in the
radio set, troubles may be due to—

1. Poor amplification.
2. Poor tuning.

In the former case, most troubles come
from (a) defective or wornout tubes,
(b) by their operation at improper “A)”
“B” or “C” potential. However, the R.F.
system has troubles of its own, mostly
due to (¢) regeneration and oscillation,
and (d) excessively sharp or broad tun-
ing, or no tuning at all.

It has been found that certain radio
frequency transformers were made with
coil forms which absorbed moisture to a

-.very appreciable extent; cotton covered

wire has this faculty to a high degree
unless special precautions are taken.
When moisture thus affects the opera-
tion of a radio set, it is observable as a
considerable loss in volume and occa-
sionally broad tuning. The remedy is
to change the coils or to treat them with
a protective covering.

The superheterodynes involve consid-
erations which are taken up in the fol-
lowing paragraph. The places for trou-
ble are more numerous ir: this type of re-
ceiver.

III. The frequency converters have for
their function to re-create either directly
or by means of an auxiliary R.F. system,
the original modulating wave at the
broadcast station. They are calied de-
tectors and in most instances tubes with
or without a condenser-and-leak accom-
plish the desired result. In the super-
hets, there is a conversion of frequency
at the first detector, which does not re-
create at once the modulating wave, and
here the troubles multiply themselves “ad
infinitum' in home-made sets, as well as
in some commercial sets. The difficulties
experienced in these frequency trans-
formartions are caused by the presence of
harmonics in the local oscillator, giving
rise to a maultitude of radio-frequency
currents interfering with each other and
thereby distorting the signal very badly.
In some of the latest models of high gain
R.F. sets, the detection occurs where the
modulating frequency is recreated (sec-
ond detector in superhets) and the ten-
dency is to eliminate the condenser and
feak and use the curvature of the plate
current characteristic. This system will
reduce the detector troubles to a mini-
mum. In the detector that brings back
the original modulating wave, the
troubles may come from—

1. Operation of tube at improper
voltages.
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2. Open, short circuited, or defective
condenser-and-leak.

IV. The A.F. system is responsible for
most, but not all the troubles from dis-
tortion in a radio set. It rarely fails to
work entirely and when it does it is due,
as a rule, to defective tubes or to lack of
proper “A,” “B” or “C” voltages. Open
and short circuits in this system usually
weaken the signal to an almost inaudi-
ble strength, but poor tone quality may
come as a result of several factors, of
which the most common and important
are:

1. Bad tubes.

2. Poor transformers.

3 Bad plate resistors and leaks.

4. Short circuited turns in the
transformers.

5. Saturation of iron cores.

6. Coupling between stages, particu-

larly between power stage and
detector grid or plate returns.

T. Impedances not properly matched
in the system.

8. Power stage of insufficient undis-
torted power -capacity for the
volume of sound required.

9. Periodic fluctuations in the “B”
and “C” voltages commonly
known as ‘“motor-boating.”

10. Loose connections.

Of all these items, Nos. 1, 6 and 8 are
the most common in the modern radio
receiver, because all the latest sets have
been designed with hich-grade trans-
formers where care has been taken to
match the impedances of the tubes with
the transformer windings, and the cores
are so designed that when the tubes
have the proper “C” voltage the steady
component of the plate current will not
saturate the iron cores. As to resistance-
coupled sets, there are so few in existence
that little trouble is to be expected from
items 3 and 7; however, the greatest
malady of such sets is in the periodic
fluctuations of “B” voltage which pro-
duce a sound in the loud speaker similar
to the chug-chug of a motor engine;
hence the popular term attached to this
sort of trouble. It comes from the opera-
tion of resistance-coup ed sets from filt-
ers that are not suitably designed for
them, and the action is so well-known
that it will not be discussed at length.
(Battery operated sets rarely, if ever,
‘“motor-boat”.) The most effective rem-
edy is effected by the use of smaller
coupling condensers or grid-leaks, or
both. If a high-capacity condenser is
available, it usually stops motor-boating
when connected across the “B” voltage
supply leads.

V. The reproducer is the ultimate ter-
minus of the audio frequency and it is
here a considerable portion of the distor-
tion results in many sets. Reversed leads
are a frequent source of trouble. These
may be the terminals which connect di-
rectly to the output of the set, or they
may be leads, inside the unit, which join
the voice coils to each other or to the
cord. To properly check and correct this
fault will require a delicate magnetic
system capable of indicating and differ-

entiating between degrees of magnetism.
However, a knowledge of the unit and an
appreciation of audio volumes will occa-
sionally suffice. A compass is an aid to
locating reversed magnetic polarity.
Filings in the gap often cause distortion.

A source of distortion which may
escape casual investigation is that due
to sub-audible, or nearly sub-audible
frequencies either generated or induced
into the output audio system. When
dynamic type reproducers are used the
most general cause is imperfect filtra-
tion. A capacity of 2,000 mf. in shunt
to the field winding usually suffices to
reduce this low frequency oscillation to

a negligible amplitude,

“Permanent magnets” are not perma-
nent, and distorted reproduction from
magnetic type reproducers may indicate
a need for remagnetizing.

Having listed the most common dif-
ficulties experienced in connection with
the whole receiving plant, let. us now
suggest methods to discover the faults
without wasting unnecessary time and
worry. For the purpose of refreshing
our recollections, we give in tabular form
a list of the troubles and their sources,
so that by inspection of the table the
remedies will become obvious in many
cases.

1. Single detection

(b) Distortion

2. Double detection (a) and (b)
above

oscillator

| 1. Feeble or no response (a) Bad tubes

2. Distorted output (a)

1. Feeble or no response

2. Distorted reproduction (a)

matched

III. IN THE DETECTOR
(a) Lack of sensitivity

same as
(c) Harmonics from the

(d) Unsteady oscillator (a) Poor design
frequency

IV. IN TRE AF. SYSTEM
(b) Open and shorts

(¢c) Wrong connections
Poor design

(b) Poor construction, as- (a) Coupling through elim-
sembly or operation

V. IN THE LOUD SPEAKER
(a) Opens and Shorts (a) In the leads

(b) Poor adjustments (a) In the air gap

Same as above
(b) Impedances not

(¢) D.C. through “motor” (a) Shorted

(d) Loose parts

(e) Insufficient air column (a)

(f) Regeneration (a) Electric Feed-back

(a) Improper voltages

(b) Open or short circuits

(¢) Low resistance leak

(d) Short circuited grid con-
condenser

(a) Improper voltages

(b) Open leak

(¢) Improper capacity of
condenser

(d) Open circuits

(b) Excessive feed back

(a) Poor transformers

(b) Saturated cores

(¢) Regeneration, Positive
and Negative

(d) Power stage of insuffi-
cient output wattage

inator

(b) Impedances not properly
matched

(¢) Motor-boating

(b) In the “motor”
(¢) In the power supply in
dynamics

(b) In the diaphragm or cone

coupling con-
denser

(b) Absence of coupling cir-
cuit to power tube

(a) Loose Wiring

(b) Sympathetic vibrations

on surrounding objects

Short horn

(b) Short baffle board

(b) Acoustic resonance
(e) Acoustic-electric oack.
couplings to tubes in set
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Servicing Freshman Receivers

Elementary Service Procedure On These Early
Receivers

EFORE going into detail about the re-
ceiver model which this article deals
with, we will describe the various
units used in testing for trouble. It is

quite likely the reader has the equivalent of

0-73 DC. VOLTMETER

FIG. 1

Circuit of the first test unit.

O
>O-——usfuly|

FiG.2

Arrangement of che second test unit,

at least one of these units; many will have
all of them. However, the construction of
these simple testing devices are described here
because they will be repeatedly referred to in
succeeding service reports, and those who pass
by this elementary information will find it
impossible to pick up the thread later on,
where we use a single letter (A, B, etc.), to
designate a test-unit connection.

Test Units

The first and most-used item is a device
for testing high-and low-resistance continuity.
We need an 0-6 voltmeter, a2 2214-volt bat-
tery and a single-pole, double-throw switch,
connected as in Fig. 1. For low-resistance
testing, switch to 415 V. tap; for high,
t0 2214 V. tap. Mark the test leads “A” and
“B"”; this is important as will be seen later.

Next, we have one which is not used much,
but is worth the trouble required to make it.
This unit is for testing noisy resistances; it
will also test continuity, but we will only
use it for the former purpose. Connect a
battery and a pair of phones in series as in
Fig. 2 (Make sure the battery itself is not
noisy).

Now we get to the set itself. It is a Fresh-
man “G"” which consists of three stages of
tuned radio-frequency, a tuned detector, and
two stages of straight audio-frequency amplifi-
cation.

This receiver is designed to operate from a
110-volt, 60-cycle line. A small toggle switch
on the front panel of the power supply has
two positions; marked “110 V.” and "120
V." This switch should, normally, be in the
"120 V.” position. '

Lack of selectivity can be attributed to one
of three things:

(1) Antenna is too long (figure the lead-in
as part of the antenna);
(2) Radio-frequency tubes are defective:

(3 Set was improperly neutralized originally.

The first thing that should be done to a
set, for service, is to test the tubes. The
majority of trouble in sets today is with the
older A.C. tubes. Like all new things, the
earlier A.C. tubes underwent a series of changes
before the present accuracy of production was
attained. These older tubes are an almost
certain source of many set troubles; while
the newer tubes of reliable make work very
well, as a rule.

The tubes testing O.K. leave only the two
remaining causes for loss of selectivity.

Antennas vary greatly in their electrical con-
stants, and it is well to examine this jtem
next. If the aerial is too long, take the in-
sulator from the end and insert it in about
the center of ‘the span, if convenient; this
will cut off from 25 to 50 feet, depending
upon the length of the wires. In nine cases
out of ten, this will help a great deal.

Re-neutralizing

All that remains now is to re-neutralize
the set. On the A.C. sets we cannot discon-
nect a filament-post connection, as of old:
so, because “necessity is the mother of in-
vention,” we take recourse to the “kink” illus-
trated in Fig. 3, which will solve this prob-
lem for us. It is a tube with 14-inch cut-off
the filament prong. When inserted all the way
into the socket, it acts as an ordinary tube, all
prongs making contact; but pull it out 14-
inch and you have the same effect as though
you disconnected a filament wire on that
socket.

To neutralize, put tube (X) in first R.F.
socket. This is the first on the left-hand
side of the row nearest the panel. Then, tune
to a station—preferably, one in the center of
the broadcast band. Now you will find- a
stabilizer exactly in line and to the right of
the first R.F. tube. With the (X) %-inch
out of the socket, adjust stabilizer until signal
is at a minimum. Do the same with the
second and thitd R.F. stages, and then try
your selectivity. Also, see that the balancing
condenser in parallel with the first tuning con-
denser is not shorted.
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Wiring of the dynsmic reproducer components.

Hum Controls

The next thing we encounter very often is
the hum; most of this is due to the dynamic
reproducer. The one I have in mind is used
in only about twenty-five thousand Freshman
65 and 66 receivers in and around New York
as most of the metropolitan service men will
recall,

There is a remedy  for this hum. Get
2 1,500- or 2,000-mf. condenser for just this
purpose, and shunt it across the terminals of
the field coil of the reproducer. As it is some-
times difficult to locate the field, this con-
denser may be connected across the rectifier
output. The condenser is shown as C in
Fig. 4.

Then there is the hum control at the upper
right-hand corner of the set. Place the dial in
a position at which there are no signals, and
adjust the control to minimum sound. If hum
is still objectionable, change the *27 and the
71s. This will almost certainly take out the
hum completely, if it is not due to a fault
in the pack.

If the set is noisy, use the device shown in
Fig. 2. Put "A” lead on antenna post and
“B" lead on ground post. Now try the vol-
ume control. If a scrarchy noise is heard in
the headphones, clean the resistor and arm
with alcohol. To test grid leak, leave “B”
lead on ground and put "A” lead on grid
terminal of detector socket. If noisy, replace
the leak.

The other troubles one may encounter in
this receiver usually, resolve themselves into
2 burnt-out transformer, a shorted variable
tuning condenser, or a shorted trimmer con-
denser.
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Here are where our troubles start. For

additional hum trouble and repairs, we have
to open the power-supply case. Take a 5-inch
bare wire and, short leads 1 and 2. If hum
increases, the bottom choke is O.K.; if not,
it is bad. Do the same to leads 2 and 3.
(These tests are made with set in operation;
so take all precautions to avoid touching any
chassis or lead points, other than the test
contacts.)  Next, check all condenser-bank

leads and re-solder any broken connections.
Resistors and Condensers

To test resistors, use the circuit of Fig. 1.
With switch in lower position, put “A” lead
on No. 10 binding post and "B” lead on No.
6. This and the following connection should
show continuity. If there is no indication
of continuity between posts 10 and 6, replace
the 2,100-ohm resistor. Then, put “B” lead
on No. 7 post; the resistor value is 3,000
ohms. Test next with "A” lead on No. 8
post (resistor value, 4,300 ohms, berween
posts 7 and 8). Now change "B” lead from

Z INCH
CUT OFF FILAMENT
PRONG
FIG.3

No. 7 post to No. 9; here the resistance
is 1,250 ohms. Again change “A” lead from
No. 8 to No. 3 lead on the choke assembly;

A device (x) used when balancing neutrodyncs.
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Wiring of Model *'G’’ power pack.
B, 2-mf. (2,000); C, 6-mf. (2,000)

numerals in patentheses

The values of the condensers are as follows: A, 2-mf. (2,000);
1+ D, 4-mf. (1,000) ; E, 2-mf. (1,000); F, 1-mf. (1,000). The
indicate the break-down potentials.
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the resistance is 300 ohms. So much for the
resistance tests.

If you do not get any voltage from the
detector tap, condenser E is probably shorted.
If you do not get voltage from any but the
power tap, condenser D is probably shorted.
No voltage from any “B” tap, providing every-
thing else is OK., may be due to faulty
condensers A, B or C, Disconnect from rest
of circuit, switch on tester to position 1, end
test. If they are bad, install new condenser
or pack.

Voltage Conditions

To test high-tension secondary, put A" and
“B” of continuity tester on grid and plate
contacts of socket in pack; the meter should
read.

The filament transformer is next; posts 1
and 2 should show 1.60 volts, A.C.; 3 and
4, 2.25; 5 and 6, 5.00 to 10.00 (This is
without a load and using an A.C. 0-7%% volt-
meter, Of course, it will not accurately indi-

cate 10 volts, but an approximation may be arrived
at by observing the manner in which the needle
swings across the scale. This overload is within
the safery limits of the meter design; but only ex-
perience will enable the service man to handle his

meters_ with proper discretionY. ¥ Plate voltage, with-
out load. fram posts 10 10 7 should be 45 to 60;
10 to 8, 130 to 195: 10 t0 9, 155 to 200. using a
high-resistance voltmeter with a 0-250 scale. These
voltages should be obiained with a 120-volt A.C.
line supply, and the '"120-V'' tap on che transform-
er in use,

The grid bias on the *71 should be about 37 volrs,
at 170 volis "'B.”

In Fig. 6 we have a list of readings taken from a
Jewell "Type 199 Analyzer.”
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The Freshman Model N

IIE sccond recciver to be described

is the Freshman “N.” This model

has an untuncd antenna stage; being

untuncd, this tube amplifies every-
thing and it is claimed, by some technicians,
that its usc results in greater broadness of
tuning and increased interference from
static. However this ray be, the connection
serves excellently to prevent the variations,
always found in antenna installations, from
reacting on the tuning circuit; which would
unbalance the cirenit resonance at certain
points in the tuning range. The untuned
stage is followed by two of tuned radio-
frequency, using ’26 tubes stabilized through
the use of the “Fquaphase” method of
neutralization (the stabilizing resistor is 730
ohms, tapped at 350 ohms. It is to this tap
the “B4+” conncction for that particular
tube is madc. There are threc of these
stabilizers) ; a tuned detector, using the
grid-lcak-and-condenser method of detec-
tion; and, finally, two audio stages, cmploy-
ing a ’26 for the first and a ’50 for the last.

Now we will get down to the real analysis
of the set. If there is a loss of selectivity
it can be attributed to too long an acrial.
The remedy is to shorten this. Defective
tubes, also, may cause broad tuning, and
the remedy is to replace with ethers having
proper characteristics.

A condenser which shorts in one or more
positions may cause the broad-tuning effect,
in a gang comtrol; and the remedy is to
bend the plates which touch, until they clear,

or else replace the variable condenscr. For
test of a shorted volume control, use the
continuity tester shown in Fig. 2; if the
short is visible, repair it. So much for the
selectivity problem.

The “Alcohol Rub”

If the set is noisy, use apparatus described
in Fig. 2. Put lead “A” on antenna post
and lead “B” on ground post. Rotate
volume control. If there is noise in phoncs,
clean arm and resistance strip with alcohol
or whiskey: preferably, the former. (This
may “sound” like a joke, but it isn’t. Ask
a customer if he has any alcohol you can
use, and he will probably offer liquor—which
he has had for “medicinal” purposes, of
course.) Next, put lead “A” on grid post
of ’27 socket. If noisy, replace the 3-meg.
leak (although, before replacing try con-
denser alonc—without leak.) The detector
grid condenser has a value of .00025-mf.

To test transformer primary in first audio,
put lead “B” on terminal marked 1 in Fig.
3, and lead “A” on plate post of *27 socket.
For primary of second A.F. transformer,
change “B” lead to No. 2 in Fig. 3, and put
lead “A” on plate post of first audio socket.
For sccondary of first audio, place “B” lead
on ground post and lead “A” on grid post
of first audio socket. For second A.F.
secondary, leave “B” on ground und put “A”»
on grid post of sccond A.F. socket. If there
is any woise in phones during these tests,
take the defective unit out and heat it care
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fully on a stove; this shonld drive out mois-
ture. If the transformer is still noisy,
replace with a new one.

To test for open transformers, volume
control, grid leaks, or shorted grid con-
denser, use same procedure; but test with
the continuity tester shown in Fig. 1.

Occasionally we get a “snap”; that is, a
service call which is very simple, such as for
a dial light which fails to do its duty. 1f
the lamp does not light, it may be due to
three things: (a) a bulb which has run its
limit (b) a burnt-out 22-ohm series resistor
(remedy, repair or replace); or (c) exces-
sive voltage due to a shorted series resistor
(remedy, vemove short or replace with an-
other resistor). As an emergency repair, a
95-ohin rheostat may be substituted

Power Pack Tests

Now to the power pack. If your 27 does
not light, put lead “A” of continuity tester
on No. 3 terminal in Fig. 3, and “B” lead
on No. 4. The meter should show a readiny.
If none of the radio-frequency tubes light.
put “A* lead on No. 13 and “B” lead on
No. 14; meter should register. If first audio
is unlit, put A on terminal 5 and B on ter-
minal 6; recading should be obtained. If *50
does not light, put A on 7 and B on & So
much for the filaments.

Grid and Plate Potentials

If no grid-bias reading is obtained on the
R.F. tubes, “A” lead of Tig. 1 tester goes
on No. 15; “B” on ground cnd of R.F. trans-
former which docs not show a bias voltage.
Lack of continuity indicates a poor connec-
tion on coil or else, the 500-olmn grid-bias
resistor is “shot” No bias on first audio
calls for lead “A” on No. 19 and “B” on
grounded condenser can, If no continuity,
replace 1,800-ohm resistor (this is the black
spaghetti-covered lead on condenser can).
No bias on 50 tube is checked by “A” on
No. 18 and “B” on grounded ternrinal of
resistor shown as 24 in Fig. 3. If defective,
it is to be replaced with a good 1,500-olim
unit.

The “I3” potentials are next checked. If
test shows no voltage on the detector, when
tested with the ligh-resistance voltmeter
conneeted between 0 and 1, it should be
tollowed by connecting the continuity tester
between 24C and 24D; “A” on the former
and “I3” eon the latter. If open, replace with
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3,300-ohn resistor; if detector reading is too
high, this portion is shorted. In case of no
R.E. or first .17 voltage, test beiween 24B
with A and 24C with B; if open, it is the
6,600-0hm resistor which has gone. If detec-
tor portion or first AF. scetion is shorted,
get an 18,100-ohm (net) resistor, tapped at
1,500, 6,000, 9,300, and 15,900 ohms.

The condenser bank consists of one 1-mf.
(4,000) section, No. 16; one +-mf. (2,500)
No. 17; one I-mf. (1,000) No. 18; one l-mf.
(1,000) No. 19; one 0.25-uf. (500) No. 20;
one 0.25-mf, (500) No. 21; two 2-mf.
(1,000) Nos. 22 and 23. (Figures in paren-
theses are the working voltage ratings.)
Test with “A” lead on any of above num-
hers and “B” on the grounded terminal of
condenser can, after removing all “4-” leads
from the condensers.

Test from plate of *81 to ground to cheek
high-tension transformer, using “.\” and
“RB" leads to test choke; *A” tead on “F—"
post of ’ 81 choke, and “B” lead on No. 9
of Fig. 9

Color Code

The color code used in this receiver is as
follows: (Note that while an AC circuit
has, of course, ne polarity, sockets are
often marked with distinguishing letters.)

First R.F. “F—" post, blue and white;
first R.F. “F4” (A.C. voltage, 1.44), blue;
detector (2.25 volts) green; first AF., (1.41
volts) black and red; second AF. (5 volts)
vellow. The plate circuit includes the nega-
tive or “0” of I7ig. 9, which is black; No. 1
(55 volts) is brown; No. 2 (110 volts) is
red; No. 9 (350 volts) is red and green.

Pusd-PUSH RECEIVERS

Two interesting receiver designs, one for operation on battery power,
and the other on 110 V., D.C., are described

LTHOUGH it may al first be thought
that the push-push amplifier has

Yolue in the field of high-power amplifica-
tion, a little study of the subject will show
that this is not quite true. The writer shows
in two of the accompanying figures just
low the system is valuable in the lowest
powered equipment in the radio field: the
direct-current operated recciver; and the
dry-cell powered receiver which may be
employed in rural districts where power
systems have not as vet penctrutt-(l, or on
boats, where it is the most economical form
of operation.

Let us consider first the power output
nsually available in the receivers of these
classifications so that a standard of com-
parison may be established. The D.C. re-
ceiver usually cmploys cither two ’45's or
four *71A’s in its output ecircuit. Either
method of operation is wasteful of power
becanse of the high filament current re-
quired, but particularly so in the case of
receivers ue  z the '#5. The power output
available yout 700 milliwatts from two

’45 tubes operated in push-pull with a plate
voltage of only 100. Four ’71A tubes in
a parallel push-pull struetuve can deliver
about equal power witheut distortion. In
the case of the battery-operated recciver,

we have, in the two-volt classification, the
31 tube which will deliver at 135 volts about
150 milliwatts per tube; or about 400 milli-
watts in push-pull. Two ’31 tubes draw a
total of 13.6 ma. from the “B” batteries.

--------------- Rrz 7 oer 85 MiLLy Y AFL PUSH-PUSH
‘36 ‘37, 1 *37) 2737’
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Fig. 2

Schematic circuit of a receiver designed for operation on 110 V., D.C.

“General purpose” ’37's,

V5-b6, develop 1.200 milliwatts output.
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The Push-Push Amplifier and the 110-Volt
D.C. Receiver

Let us consider the advantages to be
gained from the push-push amplifier in either
of these receivers. First we will take the
D.C. receiver such as is necessary in cer-
tain metropolitan areas.

The most satisfactory tubes at present
available for use in the D.C. set are the
new automotive types with 6.3 V., .3-A, fila-
ments. We have the single ’38 pentode
available with a power output of 200 milli-
watts; or about 500 milliwatts in push-pull.
Now let us see what the little *37 “general
purpose” tube will do for us in the PUSH-
PUSH connection. In Fig. 1, there are
shown the curves of the '37 operated as a
push-push amplifier with a plate voltage
of 100 and a negative grid bias of 7 volts.
The load impedance at which the curves
arc taken is 1500 ohms, giving  a pos-
sible power output of 1200 milliwatts is
available—more than twice that available
with the power output pentodes of the 6.3-
volt line!

A grid swing of 40 volts is necessary,—
readily available with a similar tube in the
first A.F. stage working into a low ratie
interstage transformer such as is necessary
in push-push operation because of the grid
current drawn.

A transformer for the output coupling
will be difficult to find because of the small
load required. We may, however, employ
a transformer designed for use with the
’45 tube instead, with a small sacrifice in
the output power obtainalile. The power
will still be far in excess of that obtained
with the two pentodes in the push-pull
connection. In Iig. 2, there is shown the
circuit schematic for a D.C. receiver em-

a plate current of 6.8 ma., or about 00
nilliwatts with a plate current of 13.6 ma.
in push-pull. These tubes have the disad-
vantage of requiring a fikunent current of
130-amp. whereas the associated tubes of
the 2-volt line tuke but .06-utup. ‘There is
also a pentode output tube incorporated
in this line but having a filament current
rating of 260-amp.—iyore than four times
the drain on the batteries imposed by the
general purpose tube of the line—the ’30,
and with a possible power output in push-
pull of 1200 milliwatts or so. The filament
consumption of the tube renders it unsuited
for use with the air-cell battery—the drain
for two tubes in push-pull being more than
a half ampere for the filkunent current and
34 ma. for the “B” supply. We can there-
fore see that whereas we can obtain quite
a kick from the two ’33 pentodes in push-
pull, the plate current and filament drain
make them impractical for use.

In Fig. 3, we have the e¢nrves for the '30
tubes in the push-push arrangement—where
it can be clearly seen that the power output
available from these tiny general purpose
tubes is 1000 milliwatts when operated in
this connection. Furthermore, it should be
noted that the average plate current drawn
will be of the order of 14 ma. for the two
tubes, but hecause of the fact that the sig-
nal is not always at its peak power the
currenf drain during operation will not ex-
ceed an average of 7 or 8 milliamperes for
the two tubes. ‘This is not only easy on
the “B" batteries but we have achieved our
power output with the small tube of the
line which permits our drawing but .36-amp.
for the six-tube receiver, shown in Fig. +.
‘This is well within the limits of the air-
cell battery. The plate voltage demands
total 157.5 volts and a negative biasing po-
tential of 15 volts.
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Diagram of connections for incorporating “push-push’™ power amplification in a battery-operated

radio receiver.

ploying these tubes. The receiver is self
explanatory in so far as the other circuits
are involved.

The Battery-Operated Receiver Assumes
The Push-Push Role

With the battery-operated receiver, we
would normally employ the 31 with a power
output of 150 milliwatts at 135 volts and

The “general purpose” '30's, V'5-V6, develop 1,000 millizvatts output.

Here again it is not necessary for us to
employ a special transformer in order to
improve the possibilities; for a transformer
devised for operation with the 45 tube will
“stand the gaff.” In view of the much
higher efficiency obtainable where truly effi-
cient matching is available, it is to be hoped
that manufacturers will shortly supply in-
put and output transformers truly suited

to the requirements of the push-push ampli-
fier.

In closing, one comment seewms in order
as many have asked why greater power out-
put could not be obtained with the ’45—
47714, etc, if used in the push-push
connection. The difficulty lies in the fact
that these tubes do not operate in a satis-
factory manner in the positive grid range
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Fig. 1, above. Characteristics of the *37.

Fig. 3, below. Tyc '30 tube’s characteristics.,

into which push-push operation swings the
tubes.

The writer has some faith in the possi-
bilities of the pentode when thus operated
but as yet has not been able to evolve the
special circuit arrangements necessary to
undistorted operation of the pentode tubes
in the push-push arrangement. He feels not
overly optimistic in saying that within a
short time the data on such operation will
be forthcoming.

The present difficulty with the low-imped-
ance power tubes—such as the 71A and the
+5—lies in the fact that the grid current
drawn is so great that unless the input
transformer feeding the push-push stage is
of exceedingly low ratio, the grid resistance
will be reflected into the plate circuit of the
preceding  stage—plaving  “hob” with the
quality.

Two 50-watt tubes with 1000 volts on the
plates can be called upon to deliver about
200 watts of undistorted audio power out-
put; or a pair of ’10's  operated from
mereury vapor '80°s at a plate voltage ot
500 to give the same output power usually
necessitating a pair of 30-watt tubes with
a plate voltage of 1500,

The power output from the system is
given directly from the formula:
P = Ip2 Rp
where Ip max. is the maximum plate cur-
rent obtained during the positive peak of
each half-cyele « Rp is the load resistance,
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Troubles in Mass Production

Knowing Factory

ES, there are troubles ih radio—

plenty of them. But so far as Mrs.

Jones, who just received her latest

umpty-dyne set for Christmas is con-
cerned, radio troubles may just as well not
exist. She has never heard of them and,
even though she had done so, it would be
difficult for her to conceive how there could
be any troubles encountered in building
radio receivers.

Why, all they have to do at the factory
where they build them is to take a number
of parts and fasten them together with
screws (or eyelets, if she has ever heard of
them except as components of women’s
wear).

Those of our readers who have had any-
thing to do with the building of receivers
certainly know better than this; and so
especially do those who make it their busi-
ness to service radio sets. DBut, even at
that, it may seem strange that, in building
radio receivers in large quantities, there is
so much opportunity for the occurrence of
troubles, which are not cven suspected by
those who build their own, or by those who
make radio kits for the customer to asseni-
ble himself, or even by those who service
a great many receivers.

‘The Service Man. says: “I can thank my
lucky stars that they do have a lot of
trouble—because it is from this that I make
my living—but, confidentially speaking, I
don’t understand it at all.”

The Set Builder's Viewpoint

Let’s look into the matter a little fur-
ther. Why doesn’t the Service Man, as a
rule, or the parts-and-kit manufacturer, or
the home set builder realize these difficulties?
The answer cannot be given in a few words;
but, among the principal reasons, we may
cite the following:

In the first and perhaps the most im-
portant place, all these people happen to
fall, in a general way, into the category of
“custom-set builders.” Take, for example,
the man who builds his own set. After
assembling and wiring it, he tries it out on

100900
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Fig. 1

This is an engincer's diagram on a scale show-

ing that the measured sensitivity of a com-

mercial receiver is twenty-five times as high
in fair weather.

Troubles Sometimes Aids

the air, and finds it does not work as it
should. Naturally, he first takes the blame
on himself; he feels that he has made a
mistake somewhere in the assembly or in
the wiring of the set. Then he spends a
lot of time looking for the trouble. Even-
tually, he finds and corrects it, and the set
works wonderfully.

This is all very satisfactory when there
is any actual break-down in the circuit,
such as & burnt-out transformer winding.
But what about the case where the set works
very well for a while and then, all of a
sudden, the operator finds that the sensi-
tivity is far below what it was last week?
“Why,” he says, “last week I could hear
WXYZ all over the house, and today I
can’t get it at all”

Then, next week, he finds that things
have returned to normalcy, and that he can
not only hear that station again, but hear
it now louder than ever.

No Allowances Made

Now, let us see what this condition may
lead to in the case of a factory-built set.
If Mrs. Brown went into a dealer’s store
to buy a certain set during the week when
its sensitivity was low, she naturally would
change her mind and say- that this set was
not as good as Mr. Black’s, and that it was
only by accident that the manufacturer of
the latter set turned out a good one. So a
sale is lost to the manufacturer.

Now, what could cause difliculties like
this? This tale I am telling is character-
istic of a great number of difficulties which
arise, and the causes of these troubles are
many—very many. And the ways in which
they manifest themselves are as varied as
the causes which produce them.

Manufacturing Coils

For the first example, let us take the
case described above. Economic reasons
are foreing more and more manufacturers
to use paper forms on which to wind their
radio-frequency transformmer coils. Paper
forms are much less expensive than forms
made of bakelite or other similar material.
But, in using them, proper precautions must
be taken in the matter of impregnating
them against moisture. ‘When this is done,
it is found that paper forms are quite
satisfactory for all practical purposes.

What precautions are necessary? It is
not sufficient to merely coat the winding
with a varnish or lacquer. This would ac-
tually imprison within the paper any mois-
ture which might be there before the im-
pregnation. The forms, affer punching or
drilling, should be well baked, in order Lo
drive out all noisture, and then dipped,
(not merely painted over) in lacquer or
varnish. The varnish should then be dried,
slowly, in an oven.

The form is then wound, after which it
may again be dipped, or coated by hand.
If silk-covered wire is used, instead of
enamelled wire, for the secondary winding,
there should be an additional heating pro-
cess before applying the coating to the wire.

The Service Man
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Fig. 2
The many grounds on a set chassis arc not
always low-resistant; special wire snterconnec-
tions cost higher in labor.

Now, many of you will say that this is
not news. But it is surprising how much
trouble has arisen from attempts to elimi-
nate some of these steps in the process,
in order to save labor or inaterial costs, or

‘both. And this problem seems. to he more

important in connection with screen-grid sets
than in our previous models; since, in the
former, the amplification (or semsitivity) is
inversely proportional to the resistance of
the tuned circuit.

In dry weather, untreated coils may have
an R.F. resistance of, perhaps, 10 ohms;
whereas, in humid weather, enough moisture
may be absorbed to cause the resistance to
rise to double or triple the original value.
It is an easy matter, therefore, for the sen-
sitivity of a three-stage receiver to drop
down to one-tenth of what it ought to have,
or even less than that. This has been
proven, time and again, by baking an entire
receiver in a drving oven and making meas-
urements before and afterwards. The ef-
fect becomes very serious during protracted
periods of rainfall, when the humidity of
the air measures nearly 10065.

It is not necessary to go into detail; but
we may merely mention the well-known need
for properly impregnating A.F. transformer
windings and those of chokes and power
transformers. In the power transformers
and chokes, good impregnation is necessary
in order to safeguard against breakdown
under the high voltages encountered in these
coils; while, in A.F. transformers, the main
reason is to prevent electrolytic action.
This, when moisture is present, eats away
the wire, and soon results in an ‘“‘open”
coil.

Mass Production Problems

Another important cause of variations
in receivers is a matter of design. For
example, with a completely-shielded screen-
grid tube circuit, the grounding system is
of extreme importance. It is common prac-
tise to build receivers upon a painted chas-
sis, the paint being scraped off where ground
connections are to be made.

The difficulty with this practise is that
it involves human frailtics. When receivers
are being made at the rate of a thousand
or two thousand a day, it is evident that
the man who is doing the “spot-facing” may
miss_one or more of the places to be spot-
faced, in quite a few chasses. As a conse-
quence, the ground conncction at those
points may or may not be good. If it is
good at the factory, and passes the inspec-
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tion tests, it may change during shipment,
because of the jarring; and, when the dealer
or customer gets the receiver, there inay be
no ground connection at all. The set then
may either oscillate or be “dead” A good
ground system is most imnportant, in screen-
grid "sets, in order to prevent oscillation.
On account of this, there is a growing ten-
dency to use cadmium-plated chasses in-
stead of painted, sprayed, parkerized or
other surfaces which are non-conducting.
Another cause of difficulties, also a mat-
ter of design, arises in connection with the
theory of “cause and cffect” For example,
there are many places in radio receivers,
where small changes may produce large
effects. We generally spcak of such con-
ditions as “critical” In neutralized cir-
cuits, for instance, in which things such as
inadequate shiclding or grounding, or im-
proper placement of parts occur, the effect
may be such as to make the adjustment of
the neutralizing condeusers entirely too
“eritical.”  As a result, it is difficult to keep
then in adjustment, when other changes
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Comparing this with Fig. 2, we see that the

choke in the detector plate lead will keep out

a great deal of the fecd-back through the
power unit,

which we cannot avoid are occurring; as for
example, changes of tube constants with the
strength of signal, regulation of the power
supply, etc.

Again, in screen-grid sets, it is possible
to obtain a stable condition by permitting
the feed-back currents of the various stages
to “buck” each other. This involves an in-
complete grounding system; and it has been
found that the receiver can be made stable
with only a sinall amount (and correspond-
ing reduced cost) of R.F. by-passing. The
reduction of the cost is quite a temptation
to use this nethod of attaining stability,
but the method is more or less dargerous;
since, if any of the few remaining ground
connections becpme imperfect, the balance
between the feed-backs will be destroyed
and oscillation will result.

As another example, balancing schemes
are often used in power-supply circuits, in
order to keep the hum down. Some of
these schemes work out very successfully;
but others are not quite so successful, be-
cause of their critical nature.

S ——

And so we might go on and on, describing
one trouble after another, for there are
plenty. But you must not get the idea, from
this article, that no commercial radio sets
are any good. What we are trying to bring
out is that, in large-scale production, there
arise troubles of which the average radio
Service Man is not. aware, and which, quite
often, do not really interest him. It is quite
possible and praectical to avoid all these
difficulties bat, unfortunately, things such
as these are learned only through experi-
ence.

It is not possible, when building sets at
the rate of a thousand or more a day, to
hunt for these difficulties in every set; for
this would involve an enormous labor cost
and drive the price of the set sky-high.
‘The remedy is to so design the set, and to
adopt such practises in manufacturing, that
such difficulties do not arise. It is not well
to economize too rigidly. An ounce of pre-
vention is worth a pound of cure, in radio
manufacturing as well as in medicine.

The Effective Use of By-Pass

Condensers and Resistors

ESiSTANCE units of various values

and types, together with by-pass

condensers of differing capacity

values and voltage ratings, are essen-
tial components of electric radio sets and
are required to some lesser extent in bat-
tery-operated sets.

If we have a limited amount of by-pass
capacity and a number of resistance units,
and want to arrange a system of voltage
distribution and by-passing suitable for
operating a particular radio set, we may try
one arrangement and find that the radio set
does not work satisfactorily; even though
all tubes are supplied with suitable operating
voltages. Yet, by simply Te-arranging the
same condensers and resistors it may be
possible to get satisfactory operation.

Reducing Undesirable Coupling

Disregarding A.C. hum (which may be re-
duced or eliminated by better A.C. tubes
and more effective filter circuits) the main
difficulty in obtaining best tone quality with
A.C. operation is to limit or prevent inter-
stage-coupling effects.

In battery-operated sets, if there is any
serious interstage coupling effect, a separate
“B” battery is often recommended to oper-
ate one or two of the tubes, especially the
detector tube.

It is possible to design “B” eliminator
devices so that they have practically the
siame characteristics as good “I3” batteries;
but relatively great amounts of condenser
capacity, and perhaps some devices such as
voltage-regulator tubes, may be required for
satisfactory results. The idea here is to
make the A.C. impedance across the “B”
terminals so low that it does not seriously
affect the operation of radio sets of or-
dinary types. Condensers of very large
capacity are expensive; unless they are of

the electrolytic type, which is used in some
commercial sets but not so widely as paper
condensers. Voltage-regulator tubes do not
seem to be popular; possibly because of
their cost and the load they put on the “B”
power rectifier.

The Dbest results from any rudio set, how-
ever, will be obtained when undesired or
unintentional coupling effects between the
several tubes employed are kept very small
by effectively segregating the A.C. and D.C.
plate and grid voltages of one tube from
another.

As theoretical and mathematical consid-
eration of circuit effects is bothersome to
follow, it is important only to keep in mind
the approximate coupling effect between any
two circuits and the amplification between
themn; and to know the approximate effec-
tiveness of such resistors, condensers and
chokes as can be used to separate such
circuits.

Resistors and Condensers

Where a resistor is used to regulate the
“B” or “C” voltage applied to a tube, we
are generally advised to connect a by-pass
condenser across this resistor. Following
this adviee will not hurt anything and may
help; but we might just as well save its
cost and the bother of connecting it unless
we are sure that the condenser accomplishes
its purpose.

A condenser has capacitative reactance
(measured in ohms) and a resistor has re-
sistance (measured in ohms) and the two
together form an impedance (which is alse
measured in ohms) which is not their sum.
The actual value of an impedance of this
type may be found by multiplying the re-
actanee by the resistance, and dividing the
product by the square root of the sum of
the squares of the reactance and the
resistance.
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The connection showen above greatly reduces
feed-back from the power stage to the detector,
through the “B” supply.

If the resistance and the reactance have
equal ‘values, the impedance will be .707
times the value of cither. This does not
represent a material reduction, which is to
say, an effective use of the by-pass con-
denser.  If the by-pass condenser is to do
any appreciable good, its reactance should
be materially lower than the resistance which
it by-passes. No exact ratio is important;
though it would appear that a by-pass con-
denser is hardly worth while if its reac-
tance is more than one-fifth the resistance
which it by-passes. (The reactance of a
condenser may be considered to be in round
numbers 1600/fC; where f is the frequency,
in hundreds of eycles, and C is the capacity
of the condenser in microfarads.)

CAPACITATIVE REACTANCES
(In Ohms)
Andio Freguencics
o

Capacity 25 100 1,000
Mf. Cycles Cycles Cycles
0.1 s .. 64,000 16,000 1,600
0.5 . 12,800 3,200 320
1.0 . 6.400 1,600 160
1.5 . 4,267 1.067 107
2.0 . 3,200 800 80
2.5 . 2.560 640 64
4.0 . 1.600 400 40
5.0 1,280 320 32
8.0 300 200 20

10.0 640 160 16
20.0 320 80 8
50.0 . 128 32 3
Radio Fregquencies
Capacity 50 520 1,500
Nf ke. ke.
.0001 3,200 1.067
.0005 640 213
001 320 107
.002 160 53
006 53 18
.01 32 11
05 6 2
1 3 1

In an audio amplifier using good AF
transformers, one may expect to get good
amplification of freqnencies near 100 eycles,
but not much below that figure; and by-
pass condensers to be used in such an am-
plifier should be considered on the basis of
100 cycles. If considered satisfactory at
this frequency, the hy-pass condensers will
be more cffective at all higher frequencies.
In other words, the cffectiveness of by-pass

;'ondcnsers should be considered on the basis
of the lowest frequency effectively passed by
the amplifier. With a high-quality audio
amplifier, the basis of figuring may be 50
or even as low as 25 cycles; and condensers
of two to four times the capacity satisfac-
tory in a 100-cycle amplifier may be
necessary.
Practical Applications

An output arrangement, similar to that
commonly employed for “B” eliminators or
power packs, is shown diagrammatically in
Fig. 1. An output voltage-divider resistor,
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Thg.cmmcctious shown above arc even more
efficicnt than thosc of Fig. 4 to isolate the
different- amplifying circuits.

having four séctions of approximately 3,000
ohms each, and a 4-mf. condenser are con-
nected in parallel across the full-voltage
output; which then may be approximately
180 volts. The voltage across any portion
of this resistor “network” will be a certain
fraction of the total voltage, represented
by the resistance of this portion divided by
the total resistance. In the instance given,
this will be 45 volts for each of the four
equal sections. The usual condenser block,
designed for use with power packs, provides
a main output condenser of from 4 to 8-mf.
capacity, and additional 1-mf. condensers to
be connected across the output taps from
“B—" to each “B-+” post.

Now the question is, how efficient is each
of these by-pass condensers, in reality, and
can any of them be used more effectively?
At 100 cycles, the 1-mf. condensers have a
reactance of 400 ohms. Condenser Cl1
efféctively by-passes a 12,000-ohm resistance
with a reactance of only 400 ohms, a ratio
of 30 to 1 (well within our suggested ratio
limit), which means that the by-passing is
effiective and worth while. Condenser C2
hy-passes a 9,000-ohm_ resistance with a
reactance of 1,600 ohms, which is fairly
cffective by-passing. Condenser C3 does not
so well, and condenser C# rather poorly;
hecause the last by-passes a resistance of
3,000 ohms by a reactance that is no lower
than 1,600 ohms.

Where a condenser does not by-pass a
resistor effectively, it can be omitted with-
out serious detriment. DBy-passing resistors
of 2,000 or 3,000 ohms or less by condensers
of 1-mf. capacity, or thereabouts, although
common practice, does not do nch good at
low audio frequencies. Such by-passing is
effective at radio frequencies; since a con-
denser having a reactance of 1,600 ohms at
100 cyeles will have a reactance of only
0.16-ohm at 1,000 kilocyveles, which is about
the middle of the broadcast range. Even
theugh middle- and high-range audio fre-
quencies may be satisfactorily by-passed by
such a condenser, the low frequencies cannot
be neglected if good results are to be
obtained. We must find a way to obtain
effective by-passing at the lowest frequency
at which the particular circuit is expected
to work.

Separation of Circuits

The need for separating current supply
circuits for tubes used in an amplifier may
be shown by reference to Fig. 2. For sim-
plicity, the possible coupling or feed-back
¢ffect between detector. and output circuits
only will be considered. Detector and out-
put plate circuits are operated from a single
plate-current supply device; and the audio
amplifier gives a voltage-amplification of,
let us sayv, 200 between the detector output

B35
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B+135

Fig. 6 (A-B)

The 27 type tube in an audio stage, as at A,
frequently operates better without the by-pass
around the grid-bias resistor, desirable in the

R.F. stage shown at B.
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Fig. 6 (C:D)

The 26 type tube or cven a 45—with suitable
circuit changes—may be wused in an audio
stage, as at C. The by-passing and balancing
needed in an R.F. stage (D) is discouraging.

and the final audio output. (A two-trans-
former audio amplifier having transformers
of 3 to 1 ratio, with a ’26 and a *71A tube,
will give about this amplification.) With
such an amplifier, if 0.1-volt is applied to
the input, 20 volts will be impressed across
the output, at any frequency within the
range amplified. Now, if there is a feed-
back from the output of the amplifier into

‘the input, through the detector plate ecir-

cuit, and this feed-back is one two-hun-

dredth or more of the output voltage, it

will be greater than the original signal input
voltage. In other words, a feed-back volt-
age greater than the intentional input
voltage will get into the amplifier and will
completely upset normal performance.
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How much feed-back can be tolerated
with satisfactory performance of the am-
plifier? If the feed-back voltage is in
“phase” or step with the normal input volt-
age, regenerative amplification will resuit.
In most of the amplifiers commonly used,
the phase of a feed-back voltage will be
different for different frequencies or be-
tween different tubes and, at some frequency
or frequencies, the phase will be such as to
cause regencerative awmplification.  Serious
feed-back will usually cause some tone fre-
quencies to be either greatly over-amplified
or under-amplificd, with consequent inferior
and unsatisfactory tone.quality. Reversing
the connections of one audio transformer’s
winding (a trick that is often suggested to
stop motorboating) may stop one strong
regencerative feed-back; but another may
appear.  Generally speaking, good tone
quality will not be obtained if feed-back
effects are considerable; even though their
phase can be changed to a large extent.

If regenerative feed-back exists in an am-
plifier giving a normal amplification of 200,
and it is desired to limit the feed-back so
that the amplification is not over 25 per
cent. above normal it will be seen that not
over one-thousandth of the output woltage
shonld be permitted to get back into the
input to the amplifier.

The reduction is a matter of degree, and
the performance of many radio sets indi-
cates that their designers or constructors
have not gone far enough. Since the degree
of feed-back reduction necessary depends
upon amplification, greater reduction is
neeessary  between the detector .and last
audio tubes than between the detector and
first audio tubes in the usual type of
amplifier. (See note at end of article.)

Analyzing the Power Supply

It is not always easy to determine exactly
Jjust how much of the output voltage gets
back into the input; but, if we have a fair
idea where to expect difficulties, and know
approximately what can be done to correct
them, we cectainly are better off than when
we work entirely without thinking.

In estimating how much feed-back exists
in a circuit such as that shown in Fig. 2,
it is seen that the output voltage of the
amplifier is impressed across the points “A”
and “B;” and a certain percentage of this
output voltage will be present across points
“C” and “B,” where the voltage-divider re-
sistor is used. The A.C. voltage across
“B” and “C” may be figured, but we do
not need to do this. We are interested only
in knowing approximately what portion of
the voltage “B-C” is impressed across “B”
and “D,” the detector supply terminals;
and, if this voltage “B-D” is not sufficiently
reduced (which will be shown by amplifier
trouble or poor tone quality) we want to
know how we can effectively reduce this
voltage.

Where a voltage is impressed across a
condenser and resistor in series, if the con-
denser’s reactance is small compared to the
value of the resistor, that portion of the
voltage which is effective across the con-
denser is found, approximately, by dividing
the reactance by the resistance. If the por-
tion of the voltage-divider resistance across
“B” and “D” is neglected, since the con-
denser C4 has a capacity of 1 mf. (with a

reactance of 1,600 ohms at 100 cycles)
1600 /9000 of the 100-cycle voltage impressed
across “B” and “C” will be effective across
“B” and “D.” This is not a satisfactory
reduction, in view of the nced for reducing
feed-back between output and input to one-
thousandth. Most of this reduction would
have to be accomplished elsewhere in the
circuits. Changing the circuit to include a
choke coil, as shown in Fig. 3, will result
in a great reduction of the A.C. voltage
effective across the detector supply ter-
minals, if the choke has at that frequency
a rather high inductance—30 henries or
more.
Economy in Resistors

Since chokes of such high inductance are
bulky and comparatively expensive, it is
preferable to get desired effects by means
of - small-sized high-resistance units. Re-
slistance units, when they must pass appre-

ciable current, cause a voltage drop, which
requires that a higher direct-current voltage
be applied in order to get the desired plate
potential across a tube. A detector tube may
be operated with a plate current of about
1 milliampere; and a resistor in series with
its plate will drop 1 volt for each 1,000 ohms
of resistance. As shown in Fig. 4, a 50,000-
ohm resistor will drop about 50 volts when
used in series with a detector; and one such
should be connected to the 90-volt tap if
the applied detector voltage is to be about
40. An A.C. voltage of 100-cycle frequency,
effcctive across “B” and “C,” will be cut
in half at “B-D”; and will be further re-
duced in a ratio of 16/500, which is that of
the condenser reactance across “B” and
“D” to the 50,000-ohm resistor.

A comparison of the arrangements shown
in Figs. 2 and 4 will show that a 100-cycle
A.C. voltage across “B” and “C” will be
reduced at “B-D”; to about one-sixth, -in
the case of Fig. 2, and to about one-siztieth
in the case of Fig. 4. Obviously, the latter
is ten times as effective in eliminating feed-
back effects. Tn some cases, a two-section
filter, as shown in Fig. 5, may be used. It
is still more effective; the voltage reduction
being to about one-thousandth.

Similar resistance-and-capacity filter cir-
cuits can be used to advantage in the grid
and plate circuits of other tubes, as shown
in Fig. 6. In the case of amplifier plate
circuits, the plate current will usually be
around 2 to 5 milliamperes; and resistors
(which must be of “heavy-duty” type) of
25,000 to 10,000 ohins will give voltage drops
of about 50. The grid circuits of amplifier
tubes should not carry or “draw” an appre-
ciable current; and resistors of about 50,000
ohms can be used without need for com-
pensating for any voltage difference.

In Fig. 6A, which shows the use of a
’27-type tube in a transformer-coupled audio
amplifier, the primary of the output trans-
former is by-passed directly to the cathode,

shunting a 15,000-ohm resistor in series with
“B+.” It is not, as a rule, necessary to by-
pass the 3,000-ohm grid-bias resistor, except
when A.C. hum is present; then a 1-mf,
condenser may aid.

In Fig 6B, however, the same tube is
shown as an R.F. amplifier, in a circuit
where the by-pass capacity becomes effec-
tive. A half-microfarad condenser is shown;
but larger or smaller capacities make little
difference.

While the ’26-type tube is now but little
used, it can be made to give good results
in an audio circuit as shown in Fig. 6C. A
similar circuit may be used for a single *45
power tube, with the understanding that be-
cause of the high plate current and con-
sequent voltage drop, little or no resistance
should be introduced into the “B+" lead.

A comparison of Fig. 6D will readily
show why the ’26-type has been quickly dis-
carded as a radio-frequency amplifier, in
favor of the *27 and the very popular screen-
grid 24. The heater-type tubes are easily
arranged in circuits which make effective use
of by-pass condensers, and prevent inter-
stage coupling troubles; while the attempt
to obtain similar results with the '26-type
is discouraging.

The use of a by-pass across the grid-bias
resistor (as at B in Fig 6) may have some
benefit, as stated above, in reducing hum
without hurting the frequency-response
appreciably. Yet the writer can show that,
in a carefully designed amplifier which he
possesses, the introduction “of a by-pass
across the resistor will actually spoil the
excellence of its performance. The benefit
of omitting the by-pass sometimes, is, that
the resistor reduces greatly the effect of a
resonance point in its circuit, without mak-
ing ‘much difference elsewhcre.

General Rules

A by-pass condenser is used most effec-
tively where its reactance is small, compared
with the valie of a resistor connected in
series with or across it.

The effectiveness of the resistance-and-
capacity filters, separating any two applied-
voltage points in an amplifier, should be
considered with respect to the amplification
between these points.

By-pass condensers should have sufficient
capacity to be effective at the lowest fre-
quencies they are expected to by-pass.

For best tone quality and the elimination
of serious regenerative effects, filtering be-
tLween any two points should be about five
tinies as effective as that necessary merely to
obtain stable operation of an amplifier.

This last point is seldom observed; since
amplifiers which are stable and use good
parts are often supposed to be nceessarily
all right.  But regeneration in elcctric sets
often is the cause of rumbling and barrel-
like tone quality; since the rcgeneration is
particularly likely to cause over-amplifica-
tion of bass notes. Effective elimination of
regenceration in an awplifier, if good parts
are used, is an essential step in getting the
delicate shading and realty natural tone that
is most highly appreeciated. If the reader
has built an amplifier that is stable but not
altogether satistactory in tone, the addition
of a little more filter, or some improvement
in the effectiveness of filters already used,
will often accomplish desired results.

Several other points are worth lseeping in
mind: That which the writer considers most
important is that by-pass condensers should
be capable of standing the highest D.C.
voltages that may be applied. Remember
that, in some cases, with A.C. tubes which
warm up slowly, the voltage at first applied
to the condensers when the tubes are cold
will be considerably higher than when the
tubes reach operating heat and are drawing
normal  plate  (and  perhaps screen-grid)
current. .\ principal voltage-divider re-
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sistance, as shown in Fig. 2, may be elim-
inated if it is certain that all condeusers
(as well as other units) are safe at the
high voltages that may be applied when the
“B” eliminator is working without much
load—as while tubes are warming up.
Separating R.F. Stages

It is a good plan to have very good filter
separation of R.F. tube circuits from the
detector and audio amplifier circuits; be-
cause radio-frequency tubes rectify (or de-
tect) to some extent under strong signals,
and such detected currents may be coupled
into the detector or audio amplifier circuits.
Likewise, strong audio signals, if they get
back into the R.F. tube circuits, may cause
some modulation of radio-frequency signals;
and will thereby affect the detéctor. Such
conditions result in poor selectivity and
performance.

The present tendency, in the design of
electric radio sets, is to use less audio am-
plification. It has been shown that de-
tectors can be operated to put out sufficient
power to operate a power tube without any
intermediate stage of audio amplification.
Under such conditions, more amplification
is required in the R.F. stages to make up
for the lower voltage-gain in the audio
amplifier,

For equal over-all amplification and per-
formance of a receiver, we haye the: choice
of more amplification—with increased dif-
ficulty of stopping coupling and feed-back
effects—either at radio frequencies, or at
audio frequencies. An audio amplifier of
moderate step-up does not present great
difficulties, and may be preferable to the
proposition of cutting the audio amplifier to

a single step, while increasing the R.F.
amplification and the power-handling
capacity of the detector.

In either case, it is important to make
effective use of by-pass condensers and re-
sistors, and get adequate filter separation
between the circuits of the several tubes.

Note: Where amplification is regenerative, the
actual amplification may be called A4, the normal
amplification ¢ and the feed-back r, Then. for
unit input:

a—r
A=-——
1=
To limit 4 to 125% of a, since
100—r
125 = ———
1—r
Then, 125—125r = 100—r, or 124r=25, and
r = 0.2,

Therefore, the portion of output voltage that may
be fed hack is 0.2 divided by a.

Radio Service and the Electric

Code

OST electricians in the building trade, or in jobbing and
maintenance work, hold the radio Service Man in low
esteem. The reason for this viewpoint becomes apparent
immediately comparison is made between the length and

character of the training required by each, before the term,
“mechanic” is applied to him. Also the higher wages paid in the
electrical industry hayve had an important effect in bringing this
condition about.

Actually, the average Service Man knows more about electricity
than does the journeyman electrician. In twelve years experience
as master electricians, we doubt whether half of the electricians
employed, can solve for resistances in parallel. Those who could,
usually totaled up all the currents in all the resistors and divided
this into the voltage. Possibly one mechanic in ten could explain
why, in an Edison three-wire system, failure of a neutral fuse
would gradually burn out all the bulbs on one side of the line
and cause all the bulbs on the other side to grow dimmer and
finally go out altogether.

Yet, we must rate the electrician as the better mechanic. In the
final analysis, the radio set owner pays the Service Man, not for
the contents of his head, but for the actual physical work done
upon that radio by his hands, assuming that the Service Man
knows his theory. Since most of this work is done with tools, the
quality of the net result will depend upon how well trained in
the use of tools, the Service Man’s hands have heen.

It is highly regrettable that radio has no training period com-
parable with the mechanic and helper stage in the electrical in-
dustry. While the radio man has to “dope out” tlie fundamentals
for himself, the electrician helper starts work with an experienced
mechanic who will usually pass on to the helper, all the work he
can. To get this work done properly, he must explain the how
and usually the why. Further, the helper, in the beginning, seldom
has his own tools and works with the mechanic’s, and the latter
is pretty apt to insist upon these tools being properly handled.

The “Electric Code”

Lastly, the electrician does not depend upon his conscience to
guide him. . His work must conform to the regulations of the
National Electrical Code and iwmnicipal Electrical Codes.

Electrical work is subject to much stricter regulation than any
other branch of the building trades simply because wherever it
is used, electricity always carries with it the menace of fire. Since
the financial losses of most fires are covered by insurance com-
panies, hodies of persons qualified by training and experience to
study the canses of past fires and form rules for the prevention
of future fires, have heen organized hy these insurance companies
and are known as Fire Underwriters. The Electrical Code is the
result of the thousands of investigations and radio Service Men
will do well to heed its regulations.

At this point, a few words of warning to employers of Service
Men, are in order.

They are responsible for the actions of their agents. Action
for damage to property while installing radio sets will be brought
against them, not against the Service Man. If the cause of a
fire can be traced to their installation, for which they cannot
produce a written certificate of approval, action may be taken
against them. Further, if there has been injury to persons or
loss of life in the fire, this action will be on criminal charges. The
laws covering electrical installations or repairs to electrical in-
stallations or appliances are, for legal wording, usually simple.

We quote fromn the New York City Municipal Code, Chapter
Nine, Code of Ordinances:

“Article 1, Section 6. No person shall install, alter or repair,
or cause to be installed, altered or repaired electric wiring ov
appliances for light, heat, or power in any building except a per-
son holding a license, a special license, or a permit as defined in
Section 1 of this chapter, or a person employed by and working
under the supervision of the holder of a license, a special license,
or a permit.

“Section *12. No person shall supply, cause to be supplied or
used, electric current for light, heat or power to dny wiring and
appliances in any building until a certificate temporary or final,
authorizing the use of said wiring or appliances, shall have been
issued by the commissioner.

“Article 5, Section 501. (h) Wires shall not be fastened with
staples. (i) Twin wires shall not be used, except in conduits. . . .

“Article 6, Section 611. (c). All splices and joints in con-
ductors shall be made both mechanically and electrically secure
without solder. The splices or joints shall then be soldered unless
an approved form of splicing device is used, and shall be covered
with insnlation equal to that on the wire. (j). Where exposed
to mechanical injury, wires shall be suitably protected.”

Thus we see that radio installations in New York City must
only be done by licensed electricians or their employees. In the
exact meaning of the law, no radio set may be used without first
being approved by the Commissioner of the Dep’t of Water Supply,
Gas and Flectricity. Service Men, therefore, have no “divine
right” to install or repair radio receivers in any manner they
wish and, unless their “bosses” are licensed electricians, are con-
tinually violating local ordinances in the performance of their work.

How long this condition will last, depends entirely upon the
character of the work that Service Men turn out and it is the
writers’ bhelief that the present grade of work is not good enough
to maintain this state of affairs, and we bhelieve that the time is
drawing near when radio Service Men will be compelled to take
out licenses to prove their ability, the same as electricians,
plumbers, chauffeurs, motion picture operators, or members of any
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other trade where lives and properties of
other persons may be endangered by care-
lessness or ignorance.

Inspection a Selling Point

Several large department stores and a
number of other radio sales organizations
have long ago taken steps to avoid any
trouble for their customers from fire au-
thorities. With each radio sale, an installa-
tion charge is made and certificates from
both Underwriters and City Electric Bu-
reau are turned over to the customer. In
such cases, radio set owners can look at
any inspector without fear, trembling and
worry about possible violations.

Now, of course, will come the loud and
dolorous cries of the men guilty of the
fiexible cords tacked to walls and spliced
under canopies, “the others are connecting
up radio sets the same way and we must
meet competition. Customers won’t pay for
a decent installation.”

That is not the truth. Armored cable
does not cost much more than flexible cable.
The trouble is these men do not know how
to do the work without ruining entire ceil-
ings or walls. They haven’t the tools to
fish BX, most of thein do not even know
how to cut BX, thev do not know how to
mix plaster and patch up the few holes that
may be necessary to open in walls. They
do not know whether plugging in a radio
will overload a circuit or not, yet they will
speak sagely of their high standing in the
radio industry.

It is a peculiar fact that men of this
type get higher prices for repair jobs than
good men who really know what is wrong
with a set. Subconsciously knowing that
they may have to spend much time at the
bench before actually finding what is wrong
with a set, or that they may have to turn
it over to some other man to fix, they
have a standard diagnosis, “Burned out
condenser block,” and they show the set
owner a list price of $16.93 or $14.87; some
radio organizations prize high price getters
like this.

A City Inspector Speaks

Mr. Whittaker of the New York City
Bureau of Gas and Electricity and Mr.
Cawley of the New York Board of Fire
Underwriters take m the district bounded by
Fifth Avenue and the East River in the
Fifty- and Sixty-Numbered streets in New
York City. Since 711 Fifth Avenue, Park
Avenue, apd the East Side are included in
this district, these men are able to speak
from experience on radio for extreme wealth
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Power taps under canopies, A, or to drops, B,
are not “code wiring.”

Fig. A
A typical sky-line of New York. Lead-ins A. B. C, and D run directly in front of the windows,
not only marring the appearance of the buildings but actually causing a firc hazard where they
run in front of fire escapes.

and extreme poverty; and also on a real job
as exemplified in 711 Fifth Avenue, the home
of stations WEAF and WJZ.

Mr. Whittaker says, “To e, it seems that
radio men do not realize the serious con-
sequences that may result from a bad in-
stallation. Just as surely as the man who
drives an auto without any brakes, or the
man who pumps gasoline with a glowing
cigarette in his mouth, the man who tacks
silk cord along a base, up a wall, and under
the canopy of a fixture, is courting trouble.

“Ignorance of the law cannot be recog-
nized as an excuse for its violation. As
this principle is not peculiar to the electri-
cal code, but is recognized by all governing
bodies, a radio Service Man cannot take
refuge hehind the excuse that he didn’t know
this or that was a violation.

“The most common condition that I find,
seems to be that installation does not receive
the attention it should at the time of sale
of radios. If the buyer wishes to have the
radio placed in a certain position in a par-
ticular room and there is no base or wall
receptacle there, why is that the fault of
the firm selling the radio? Yet that seems
to be their viewpoint and they will send a
man up to connect the radio in as cheap a
manner as possible.

“If the buyer wishes the set in any par-
ticular location, I don't see why he or she
shouldn’t go to the expense involved in hav-
ing the job done in an approved manner. If
there are no receptacles, the radio or other
appliance bought by the tenant has caused
the condition of its being needed to arise.
A little courage on the part of the salesman
who would take the trouble of explaining
this to a custorer, would certainly make way
for better installations.

“Receptacles wired from fixtures with
flexible cord, motor generators placed in
closed, unventilated closets, and usually with
a lot of clothing and other combustible ma-
terial thrown over them, splices made by
merely hooking or twisting two wires to-
gether, without solder or without rubber
tape, gas pipe used as a ground,—these are

violations and must be ‘written up’ wherever
found.

“It is false economy on the part of any
radio dealer to permit his truck driver to do
his radio installations. Some of the most
slovenly jobs I have ever seen, have had
more time and matevial cost, than it would
take to pay an electrician to do the job
right.” ‘

Here we might add that Mr. Whittaker
has the power to enforce his stipulations
with the aid of the police and judicial de-
partments of the City of New York. Read-
ers will observe, however, that Mr. Whitta-
ker is not denunciating or clamoring for the
blood of the Service Man. He merely calls
attention to things as he finds them and
asks for a little clear thinking on the sub-
Jeet. Yet there is no doubt in the writers’
minds that a few more fires caused by “hay-
wire” radio installations and perhaps the
life of a child or other person resulting, will
cause some member of the legislative body
of this city to introduce a law doing away
with unlicensed electrical work,

Human nature being inclined to swing to
extremes, it is possible that this bill will
also do away with “junk-shop” radio sets,
auction radio steres, the use of second-hand
material of any kind, and other conditions
that Cortlandt Street has called into being
generally.

The Underwriters’ Viewpoint

Mr. Corlies agrees with Mr. Whittaker
and adds:

“The most casual inspection of the appli-
cations filled out by students enrolling for
radio courses in the various schools show
that few of these are from the electrical in-
dustry. Many are ‘from classes of lifc
where no tools of any kind have ever been
used. How can we expect them to become
expert mechanics after three months in night
school?

“Radio courses are all right. The thing
to bear in mind is that any course of school-
ing can, at best, only be a start in any
career. Even a college graduate, after four
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Fig. B

The pi‘pc which caused a ‘“‘shower of plaster.”

years, must start at the bottom of his calling
and learn to apply, in a practical manner,
the knowledge he has gained in school. So
should a radie man, finishing his course and
embarking upon a field which is a branch of
the electrical industry, learn the rules which
the cxperiences of others before him have
found necessary to follow.

“An electrician helper soon learns to re-
spect amperes and the cemperature of the
electric are. Shocks from voltage on the
110-volt lines, which seem to be the great
danger he is facing in the popular imagina-
tion, really mean very little to him. In a
very short time, he is placing his fingers
across the line to test for presence of volt-
age, rather than dig the test lamp out of
the bag. But amperes overloading wires
burn his fingers, melt his screw driver to
slag in a short circuit, singe the hair off of
his hand when he closes a large switch with
his hand; and send him home with a bandage
over his eves for two weeks when he sees
the flash of a 100-ampere fuse blowing out,
as he grounds a live service leg.

“Thus the presence of a potential Mrs.
O'l.eary’s cow in every pair of wires con-
nected to the street service is early recog-
nized by him, and he will agree with the
Underwriters in asking that all live wires
he protected from mechanical or other in-
jury.

“I wish to add a few words to Mr. Whit-
taker’s statements about tacked cord about
baseboards and up walls. Children at play,
a dog nibbling, a cat sharpening her claws,
a sharp-edged object falling across the wires,
any other of dozens of causes may produce
a flash that will ignite the insulation and
start a fire. If this occurs while there is
a person around with the wit to immediately
extinguish " the fire, little damage will per-
haps be done, but if not, a four-alarm fire
may develop. Most of this type of work is
done in the older types of buildings and
many of them are of tinder-box construction,
just waiting for the spark to start a roaring
furnace.

“Another practice is the use of 30-ampere
fuses on branch circuits. Since these are
wired with No. 14 wire which has an allow-
able carrying capacity of 15 amperes, a 30-
ampere fuse does not constitute a proper
overload protection; 15-ampere fuses blow

because more than 15 amperes flow through
themn and placing a heavier fuse in the cut-
out merely overloads the wires and transfers
the possible point of burn-out to some other
part of the circuit. Repairs at that point
will always cost many times the price of
a fuse.

“As a final word, I think that radio men
are compelled to work too fast for good
work. More time should be allotted to each
job, and radio set buyers, figuring the enter-
tainment they will reccive from the set and
the cost to them if they were to buy this
entertainment at box office prices, should
not bhegrudge the money for a decent job.
If they were to demand and get certificates
of approval on their radio installation as
both the law and their insurance policy di-
reet, the same as they get when they do any
other wiring, both they and the radio Serv-
ice Man will he the gainer. We do not
quarrel with any man’s night to make a liv-
ing, but when this method of making a liv-
ing involves possible danger to life and prop-
erty of himself and others, civilized life de-
mands that this man be subject to whatever
rules are found necessary to minimize this
danger”

Fire Departments also have much to say
ahont radio Service Men, as have also apart-
ment house superintendents, chief engineers
in apartment hotels, master electricians like
the writers who have also heen in the radio
business since its infancy, and a number of
others whose lives or businesses are touched
by the Service Man.

URTHER study of the National

Electrical Code in its relation to the

radio Service Man reveals that the

insurance authorities attach little im-
portance to aerials. In Chapter 37 of the
Code, under the title of *“Radio Equip-
ment,” separation from power lines is re-
quested, joints in the aerial span are re-
quired to be soldered unless an approved
solderless splicing device is used, and work
is to be done in a neat and workmanlike
manner.

The third rule is rather general and
leaves much to the aerial installer’s con-
ception of what constitutes a “neat and
workmanlike manner.” Free aerial-installa-
tion with radio-receiver purchases, complete
installations for $2.00, and aerials installed
by radio-set owners who have neither the
mechanical ability nor the necessary tools
to make a gopd installation have brought
present condi.ons to the state where good
work is the exception rather than the rule.

Legislation instigated by fire authorities,
after firemen, or persons escaping from fires
over roofs, have become entangled in or
injured by trailing aerials and lead-in wires,
or by property owners who have suffered
property damage from these “hurry-up”
installations, is pending before a number of
law-making bodics and prohibits entirely or
provides cértain minimum requirements for
aerials strung across roofs.

Fig. A shows a typical roof-line in New
York City. Note the lead-in wires hanging
in front of the windows at A,B,C, and D.
At E, an effort was made to keep clear
of the window. A clean lead job would be
simply to fasten the wire to the wall out-
side the edge of the fire escape, with rawl
ptugs and knobs.

At first glance, there scems little con-
nection between the manner of installing
an aerial on a roof, and the plaster ceilings
of the rooms in the apartments below. Or
between a “hurry-up” job on any aerial,
and a set bonght on the instalment plan
being returned to the dealer. Here is a
case, however, in which the facts can be
personally vouched for by the writers.

A Shower of Plaster

Four vears ago, one of the writers was
called in to locate a short circuit in an
apartment house which was owned by a
real estate firm for whom he did mainte-
nance and contract electrical work. While
upon a stepladder opening a fixture splice,
he saw a crack suddenly develop in the
ceiling plaster and spread across the roon,
the sections of plaster on either side of
the crack sagging down toward the floor.

Not wishing to be struck on the head
with a lump of plaster, he wounted the
stepladder as high as possible and remained
there, holding up with both hands the sec-
tion of ceiling over himself, while pieces
of plaster dropped from the ceiling to the
floor. The crash of the falling plaster
hrought aid and the remaining plaster was
removed in small sections.

The room in question was a bedroom.
Had this plaster shower occurred at night
with some person asleep, serious injuries
might have resulted-—possibly fatal.

A hurried examination of all the ceilings
in the rooms below, showed most of these
to be loose and it was found necessary to
take these down and replaster. Oil paint,
instead of kalsomine, having been used upon
these ceilings, the water leaks causing this
condition had not become noticeable.

On the roof immediately above, twelve
aerials were found fastened to a vent pipe
coming up through the roof. This had
originally been braced with galvanized guy-
wires, but these guy wires had been pains-
takingly cut by someone installing an aerial,
to prevent contact with his lead-in wire.

The pull of these twelve wires against the
pipe had caused the latter to shift, where
it came through the roof, and a leak re-
sulted, permitting the rain to enter and
weaken the ceilings.

When it was found that similar condi-
tions existed upon most of the roofs of
their buildings, the owners ordered all out-
side aerials removed from all their build-

Fig. C. 4 Multicoupler installation.
Fig. D. 4 ncat cornice-wiring job.
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ings and no further installations of aerials
permitted. This order affected over eleven
thousand apartments and the writers have
personal knowledge that many of these ten-
ants, denied the use of outside aerials, be-
came dissatisfied with indoor aerial recep-
tion and refused to pay the balance of the
instalments due upon their sets.

For a period of three years, no aerials
were permitted upon roofs by these own-
ers. ‘Tenants were denied access to roofs,
except as fire exits and during daylight
hours for the purpose of using the clothes-
line racks.

By doing away with the experimenting
hy tenants with aerials upon roofs, ali per-
sons seen upon the roofs after daytime hours
were subject to arrest and police interro-
gation, resulting in greatly reducing the
number of burglaries and petty-theft cases
reported by tenants in these buildings. This
had been an important detail in connection
with their houses and, with plenty of ten-
ants available for all their apartments, the
owners made no exceptions to their aerial
ban; tenants feeling that this ruling was
oppressive, were compelled to move.

Enter the Depression

Conditions in the real-estate business have
changed in the last two years, however, and
the scarcity of apartments with plenty of
takers gave way to a surplus of apartments
with tenants demanding and receiving all
sorts of improvements in apartments as a
niatter of course. Radio entertainment had
also reached the level where it played a
very important part in the life of the aver-
age person, and tenants were loath to ac-
cept the noisy background present with
radio programs received upon an indoor
aerial.  Superintendents found it increas-
ingly difficult to rent apartments, and the
writers, called in as consulting engineers,
suggested aerials be installed at the expense
of the owners.

The Antenaplex system was used on some
of the buildings while the Multicoupler sys-
tem was used on others. Both gave very
good reception and, the material used in
both systems being approved by the National
Electrical Code, certificates were obtained
without any delay as soon as the jobs were
finished. It is well to remember that the
National Electrical Code covers all elec-
trical merchandise, as well as the manner
in which merchandise is to be used; in-
surance rates on buildings will be raised
for violations reading “use of unapproved
material,” the same as when violations are
reported for unapproved workmanship.

Fig. B shows an aerial installation sim-
ilar to the one causing the plaster shower.
Note that the vent pipe, being situated at
the end of the roof, cannot very well be
secured at the top with guy wires in all
four directions and must depend upon its
own rigidity to maintain an erect position.
With the pipe and board attached to it
acting as the lever, and the pull of the
aerials acting as the applied force, the edge
of the roof becomes a fulcrum of a lever of
the first class, as the high-school physics
teacher explained to us years ago.

Types of Aerial Systems

Apartment-house aerials consist of two
types: one uses a vacuum-tube R.F. ampli-
fier to amplify, without discrimination, all
radio waves (within certain limits) imping-
ing upon the aerial and capable of supply-
ing enough signal energy for low-noise-level
operation of 250 radios; the second type is
a less-expensive arrangement supplying up
to 30 apartments with each aerial and with-
out using any vacuum tubes. The Antena-
plex system is one of the foremost in in-
stallations of the first type while the Multi-
coupler is a leader in systems without tube
amplifiers.

In the Antenaplex system, it was found
best to install the untuned R.F. amplifier
in the penthouses containing the heads of
the stairways. The lead-in from the aerial
is brought to this amplifier and associated
apparatus, and from these, risers are
dropped for each tier of apartments. In

Fig. E

The poor work at A may account for the poor
reception that is being received.

several houses, it was possible to use chim-
neys, no longer in use as such, for ducts
in which to drop the risers, thus avoiding
the necessity of strapping. In other cases,
the lead-covered cable used for the riser,
known as “Cahloy,” was fished down par-
titions, strapped down dumb-waiter shafts,
and sometimes, the speaking tubes in the
older buildings proved ideal riser conduits.

In the last-named case, it was usually
necessary to open the floor in the apartment
on the first floor above street level, owing
to there being offsets in the speaking-tube
lines due to the fact that the room arrange-

mient on the ground floor differed from that
of the upper floors, due to the existence of
the main hallway.

With the Multicoupler systein, nearly all
installations were installed outside the
building and the risers fastened to the
brickwork. A mast shaped like an inverted

“L” was used to support the aerial with
the Multicoupler system, and the lead-in
dropped vertically downward from the
aerial span; this was made possible by turn-
ing the mast so the short section of the
“L” pointed away from the building.

A typical Multicoupler lead-in is shown
in Fig. C. No “human fly” type of me-
chanic is necessary as all fastening may be
done from the windows. It also shows the
latest type of Multicoupler unit, one of
which is required for each apartment sup-
plied from the aerial.

Fig. D shows how the lead-in is kept away
from the edge of the roof coping. The
aerial mast being shaped like a davit that
holds life boats in place upon a steamship,
the riser is thus so fastened that it cannot
rub against the coping. Compare this with
the lead-in at A, Fig. E, stretched over the
edge of the coping and destined to cause
plenty of crashes and “static” in the re-
ceiver it supplies with energy.

In all these aerial systems, much grief
and quantities of bent nails may he avoided
by fastening to masonry with the proper
plugs. These are usually cylinders of wood,
metal, and’ jute, designed to be placed in
holes previously drilled for them in the
masonry with a star drill and a hammer.
It the plug fits the hole, that is, if the hole
has not been made with too great a diam-
eter, driving a screw into the plug will cause
the plug to exert pressure against the cir-
cumference of the hole and resist pulling
out. For aerials, the jute plug known as
the rawl plug, does very nicely.

Costing slightly over one cent each and
requiring a hole small enough to be drilled
in the plaster between the bricks in from
10 to 30 seconds, a No. 10 rawl plug with
a l-in. No. 10 wood-screw will sustain a
steady pull of one hundred pounds.

In hammering or using other tools while
leaning out of windows, it is good practice
to tie the hammer and drill to the wrists.

Like all good things, both the Antena-
plex and the Multicoupler systems have been
copied. Bootleg systems, with no provision
to prevent coupling between receivers, and
consisting of a roof aerial, lead-in, and plates
for aerial and ground in the apartments,
are to be found in many buildings—somne
new, where “radio engineers” have con-
vinced architects and builders of the merit
of their systems. When a plurality of re-
ceivers are connected to these, however, re-
ception is terrible and outside individual
aerials are demnanded by tenants. The fur-
ther harm done by these systems is that,
any particular system being a failure, land-
lords become convinced that all apartment-
house systems are a failure and permit the
forest of masts and tangled spans and lead-
ins to again deface roofs.

Radio Service Men will be better off by
using and installing approved antenna in-
stallations than by asking landlords to pay
for their experiments in installing their own
conceptions of apartment house systems.
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N a recently issued report of the New
York Board of Fire Underwriters, the
following excerpt may be of interest
to radio Service Men, home owners, or
other unauthorized persons doing elec-
trical wiring. “The records of proven
electrical fires compiled by the Electrical
Bureau of the New York Board of Fire
Underwriters show that the losses for un-
inspected and unapproved electrical de-
vices, materials and wiring constitute 81
percent of the total electrical losses.”—
J. C. Forsyth, Chief of the New York
Underwriters Inspection Bureau.

Chicago reports 650 electrical fires dur-
ing 1931. Of these, W. A. Jackson, City
Commissioner of Gas and Electricity re-
ports that 400 occurred in residences and
80 percent of these were due to faulty
wiring installed by home owners and
other persons untrained in the methods
of installing electric wires.

Other figures compiled by insurance
officials, electrical contractor associations,
and power company inspectors through-
out the country, with a few insignificant
exceptions, show similar trends. In all
summaries, the majority of electrical fires
are shown to have occurred in homes
where comparatively small amounts of
power is consumed. The exceptions are
several communities where electrical au-
thorities do more than shake an admoni-
tory finger at householders where viola-
tions are discovered or where a fire has
caused enough loss of life to awaken a
temporary public conscience.

“When a comparison is made between
the current used in the average single-
family residence or apartment, and the
large amounts of power used in factories,
and the inverse ratio of electrical fires
that seem to occur with these large
amounts of power, the inevitable conclu-
sion is that such fires are caused, not so
much by the presence of heavy currents,
as by the manner of confining these cur-
rents to their conductors and the preven-
tion of arcs near combustible material.

This is well known in the electrical in-
dustry, and the National Electrical Code
devotes as much attention to the insula-
tion and protection of current-carrying
conductors as to the conductors them-
selves, The false economy of using 250-
watt sockets to operate 600-watt irons
has been proven time and again. The
Association of Electragists, International,
in 1931, inaugurated a campaign to bring
the attention of landlords and small-home
owners to the lack of sufficient conveni-
ence outlets in homes. Figures from
member electrical contractors have been
provided, proving that the cost of replac-
ing burned-out sockets, accidents happen-
ing while the light was off due to fuses
blowing from overloaded materials giving
way, and mechanic’s time lost travelling
to and fro on these small blowout jobs,
average in three years, more than the
cost of installing convenience outlets.

Profits for the Service Man

The intelligent radio man should use
these facts as a means of adding to his
income. That nearly all this unapproved
wiring takes the form of extemsions from

[ OUTLETS

Radio installations may come and go but the

good ones remain forever. This is well illus-
trated by the sketches above, The upper one
shows how “the well-dressed installation will
look,” and the one below, how it will “not look."

electric light fixtures is self evident for
all power companies require that certifi-
cates from local insurance authorities and
municipal electrical bureaus be registered
with them before permitting current to
be turned on:

When a Service Man is called in to in-
stall or repair a receiver and finds one of
these scrap telephone or bell wire ex-
tensions, he can become a salesman of
safety and explain the menace contained
in this type of electrical installation. To
a woman, what argument is more potent
than that offered by the fact that 286
children, aged six and under, have per-
ished in fires of proven electrical origin
within a radius of twenty-five miles of
Manhattan during 1931? And 81 percent
of these fires were due to uninspected
and unapproved devices, materials, and
wiring.

Every radio Service Man has found
that, after solving a baffling case of
trouble (especially after others have
failed or the owner has become involved
in a hopeless mess after attempting to
repair a receiver himself) radio set own-
ers are apt to place confidence in every
statement the Service Man makes. A
time like this is an opportunity for the
radio Service Man to bring out his array
of facts regarding unapproved wiring and
to sell the set owner the idea of electrical
safety.

Even householders who do not care to
go to the bother of having outlets in-
stalled at that particular time, may be
so persuaded by the radio man’s conversa-
tion that he will have such receptacles
installed when the house or apartment is
being painted. If contact is maintained

with such a householder, as for example
by means of free tube tests, this- jcb
should go to the Service Man or the elec-
trical contractor he is associated with.
In communities where licenses are re-
quired, or where Service Men have not
been trained in methods of installing
receptacles, radio men will save them-
selves plenty of grief if they contact
electrical contractors and turn all pos-
sible jobs over to them, on a commission
basis.

There is little reason why Service Men
cannot utilize their continual contact with
set owners to permit them to sell these
latter electrical appliances, or any other
merchandise they can obtain through
regular wholesale channels. In a number
of cases where radio service organiza-
tions are also electrical contractors, Serv-
ice Men carry catalogues of standard elec-
trical appliances with them in their cars
and are able to quote prices and to give
specifications of any particular type the
set owner expresses an interest in.

The points in favor of replacing unapproved
extensions with standard wiring, may be mar-
shalled as follows :(—

(1.) Sarery. Where a houscholder know-
ingly permits an clectrical nienace to exist
after his attention had been called to its dan-
gers, responsibility for couscquences must be
his own. Loss of life or injury in fires, burns
from short-cirenit Hashes, shock and possible
heart failure from contact with live conductors,
electrocution if such contact is made while
the body is moist and is also making contact
with a grounded object, are the possibilities
arising from such systems.  There is often
found an attitude amonyg househelders who
seem to feel that, while such results occur in
other houses, they cannot occur to them. This
vesembles the state of mind of a man who
has been used to dodging across streets laden
with heavy traffic, secure in the fecling that
a special providence is looking after him.
After being bumped by a taxi or learning to
drive himself, he finds that he had merely
been lucky and had been depending upon the
mechanical cxcellence of the automobile and
the skill and attention of the driver for his
safety.

(2.) LITTLE AcTUAL DIFFERENCE IN CosT.
Convenience outlets may be installed for slizht-
Ir higher cost than the exposed lampeord. that
is generally supplied. In new buildings. out-
lets are installed at an average cost of $1.50
each, while the walls and floors of a building
have not yet been finished. The actual whole-
sale valuc of the materinl used to install an
attachment receptacle is about $1.00, the items
required being:

15 ft. 14/2 BX cable. @ .04 per ft........ .60
1 Gem Box, @ .12 ea. ...... veevunsn- D

1 Duplex Reccptacle. @ . . i
1 Brass Plate, @ 07 ea, ......,cvovoarnan 07
Total .o.vneosomes $£1.00

Contractors buying material in, large quan-
tities. can obtain prices as much as 23 per
cent lower, If so, there remains $.70 for the
labor. While this scems low enongh, a journey-
man clectrician and helper, using labor. saving
devices and materials. can install as high as
35 to 40 outlets per day. which explains how
an electrical contractor can still make a profit
after paying $1:3.20 and $8.00 per day respec-
tively to the clectrician and helper. The prices
to be quoted by Service Men must depend upon
the type of household and the construction of
the building. This will be taken up in a later
section.

(3.) UxSIGHTLINESS, No matter how care-
fully lampecord is tacked across a ceiling. and
down a wall, it will always show and be a
colleetor of dust. Kalsomined ceilings cannot
be washed without rekalsomining and, while
wires along walls may be cleancd, it is not
a safe proccedurc to wash them with wet cloths,
Since there is no substitute for soap and
water to clean grime, the careful houscwife
leaves the wires decidedly alone. Approved
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installations are nearly always concealed in the
plaster. " Even whoen exposed, the conductors
are enclosed in a fireproof or metal sheath and
there is little danger of penetration to them
without tools being used. Rats and mice do not
seem to have developed a taste for cold rolled
iron or zinc treated steel.

(4.) OVERLOADING FixTure CONDUCTORS.
Most fixtures ave wired with No. 18 Rubber
Covered wire. known as fixture wire, This size
wire Iax an allowable current-earrying capacity
of 3 amperes, Most radios are placed in dininyg
or living rooms and the fixtures in sueh reoms
usually have 3 to 5 sockets. Iixtures so wired
with No. 18 wire, while baving current carry-
ing capacity cnourh for lamps, are not de-
signed to further xupply the 125 to 175 watts
required for an clectric radio. The danger in
overloading conductors is not immediately ap-
parent. The rubber covering of the wire gradu-
ally loses its clasticity due to the heat from
Iarger currents than it was designed to pass
and it becomes Dbrittle and drops off from the
wire. then the bare eonductors ground against
the fixture and the houscholder assures the
trouble shooter that, for no reason at all, the
fixtures suddenly spat fiame and the lights
went out, Inspectors testing wiring materials

always dig into the insulation with a finger
nail to determine the life im rubber covered
wire.

(5.) Lower INSUrRaNCE Rares.  All insur-
ance organizations are merely pools wherein
the supposedly unlucky few who have suffered
reverses, are compensated for their losses by
the fortunate many. Thus one fire loss is
paid for out of the premiums paid by many
who have not had fire’ losses. If many fires
occur. more money must be paid in by those
who have not had any fires, meaning higher
insurance rates.  If each houscholder did his
bit to prevent fires, all tfire insurance rates
on this type of insurance wounld go down. .\n-
other thing to bear in mind iIs that insurance
companies do not have inexhaustible pots of
zold to ladle out to their policy holders, as
scems to be the popular conception, Al dam-
ages colected by a householder from the in-
surance company for loss caused by a fire or
otlierwisxe must come from the pockets of his
friends and ncighbors since the rates for the
same risks for the same types of residences
differ in various localities, due entirely to the
poor risk and the frequency with which fires
oceur.  Insurance rates are the force moxft
electrical authovities use to compel removal

Servicing—As Others See It

A viewpoint of radio retailing methods which is
entirely too typical

“TS this a system?” inquires a writer in

The Composing Room, organ of a
group of trade compositors (whom the gen-
eral public would group under the generic
name of “printers”), and he adds the fol-
lowing outside view of the radio business
(retail) :

“Recently we went through the experience
of shopping for a radio. We didn’t get
one, thank God, but we did get a lot of
information. We had thought that a radio
was a device for collecting sounds out of
the air and reproducing them in the home.
In this we were mistaken. A radio, we
now know, it an empty wooden box with a
knob on it. The several hundred assorted
gimmicks necessary to make the instrument
do anything, are all extras.

“This business policy, if anyone could call
it that, of radio distributors, strikes us as
a pretty coy system. It could be applied
to other lines of business and it occurs to
us that the result would be no end amusing.

“If we had a radio salesman at the head
of a typographic house, we would be some-
what startled, no doubt, by the way he
would conduct the business. “Type at Five
Cents a Thousand Ems,” is about the way
the advertising would run, and after several
thousand printing buyvers had been killed
in the rush, the survivors would wake up
with bills in their hands which would make
them wish they, too, had died.

“To be sure, the job would be billed at
five cents a thousand ems, but there would
be a few little incidentals, not mentioned,
of course, until after the contract had been
signed. There would be an extra charge for
composition; a charge for leads and slugs
and for the spaces between words; a charge
for metal; a charge for the compositor’s
time; a charge for the soap with which he
washed his hands after the Job was set; a

charge for laundering his towel and apron;
a charge for wear and tear on his shoe
leather and an assessment for his old-age
pension; a charge for ink, paper and time
required for pulling proofs; a charge for
depreciation on the proof press; a charge
for string and paper used in tyving the job
up; a time charge for tying and weighing
and an additional per cent. for upkeep for
the scales; a charge for elevator service; a
charge for delivery, including gasoline and
oil and the truck driver’s time; a charge for
return of delivery truck; a charge for
sweeping the office and, no doubt, a few
other small charges, just for good measure.
“By the time the buyer got it in condition
so that he could make any use of it, his
thousand ems would cost him, according to
the radio system, $94.67, provided he re-
turned the metal at his own expense.”

The rather interesting point, that is most
obvious here, is that the expenses listed
are part of the cost of producing the com-
posed type; after all these have been in-
curred, the type is useless until it has been
put on a press and ink and paper applied
to it. In other words, the finished “com-
position” is like the radio bLefore the latter
is supplied with tubes and hooked up.

But this highly technical, if important,
point is aside from the fact that the innuni-
erable expenses of doing business must go
into the cost of selling every radio; and that
every radio dealer must take them into con-
sideration. So also, all the costs of keeping
a radio in operation must be paid by sonie-
one. The more difficult that service is made
by the manufacturer, the more the public
must pay for it. The more difficulties that
are thrown in the way of the Service Man,
the higher the cost of owning a radio.
Rightly, or wrongfully, the public has the
idea that the upkeep is too high.

of violations when peaceful requests have
failed. By reelassifying a risk, as anvthing
insured is known, into a grade where more
losses  oceur, rates are doubled and tripled.
F'or example, a building insured for £100.000,
and paying a rate of 1% per cent or $1,500.,
will have it’s rate doubled—3 percent or
even 4% percent rates are sometimes charged.
Thus the coxt of insurance is raised from
$1.500. to $3.000. a year at 3 percent or
$£4.500. at 41% percent. The difference between
these sums would pay for a lot of electrical
wiring, I

Doubtless, radio Serviea Men who will give
the subject some study, can find many other
reasons to advance against the natural objec-
tion of the houscholder to any change, abso-
lutely not vital to the playing of his radio.
Iligures on reinspection are available and elec-
trical contractors throughout the country are
sceking legislation to provide enough inspectors
s0 that every electrical installation may Dbe
inspected and reported upon every twe years,
The most common defense of unapproved wir-
ing: “Byerybody's doing it does not seem
to impress insurance authorities or magistrates
as an adequate cxplanation of why the law
is being violated.

It is an expensive frame of mind for the
radio industry. A little more education of
the public on radio servicing is in order;
and it is most -economically to be obtained
by a somewhat move cordial entente be-
tween radio manufacturers and Service Men
than that which exists today.

EXTENDING THE SPEAKER
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AT the height of a birthday party, the
radio set suddenly went “dead”; a filter
condenser had shorted. As the radio serv-
ice stores were clused for the evening, it
looked as if the party would spend the rest
of the night in silence.

But, in a half hour, radio reception was
restored in the following novel manner:

After a length of wire had been connected
(through a 1-mf. condenser) to the plate
of the last audio tube, in the next-door
neighbor’s radio, the wire was run to the
home where the party was in progress. The
magnetic speaker was then connected on
one side to the wire, and on the other to
the ground or chassis of the radio. As both
receivers were grounded, the circuit was
completed; and excellent reception was ob-
tained for the rest of the evening. The
wire used was only No. 24 C.C magnet
wire, and heavier wire would have improved
the reception. This method of extending
the output of a radio to another home has
many uses, and many ideas can be developed
from it. (The idea has occurred to other
correspondents; but many readers may profit
by it.—Editor.)
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CHAPTER 11

Making Money in Radio Servicing

No . Business is Successful Unless Run in a Systematic Manner. The
Business Methods Employed by Successful Service Men are Here Outlined.

Extra Money For Service Men

HERE are some Service Men—and their number is
I increasing rapidly—who seem to feel that there is very
little money left in the radio servicing game.
Nothing could be more erroneous; and it may be safely
said that the Service Men who voice these sentiments are not
only still in the minority, but certainly, they do not use
up-to-date and aggressive service methods mixed with a goodly
amount of gray matter.

Radio dollars do not tend to grow on trees. You have to
go and look for them, exactly as for any other kind of dollars.
When times are difficult, like the present, and people do not
spend as freely as of yore, a certain amount of ingenuity is
needed in order to get extra sales. For that reason, the
up-to-date Service Man these days does not content himself
with just servicing sets, which is his trade. Of course, if
there are enough sets to be serviced, it is certain that the
Service Man will find no cause for complaint. If, on the other
hand, he has a limited clientele, whose sets do not happen
to require servicing, there is still a good deal of money to
be made from extra efforts which have nothing to do with
servicing itself, strictly speaking.

When things are dull, the radio Service Man can easily
become a radio salesman and supply his customers with all
sorts of radio merchandise; and, if you once have an entree
to the customer, it is usually an -asy matter to “sell” your
prospect.

Most of the sets made prior to 1931 contained no Pentodes.
1t should not be difficult to convince a set owner of the
better quality, greater volume, etc., that can be had through
the use of the new Pentodes. It is no trick at all, with most
sets, to change them over from the old-type tubes to Pentodes
at a decent profit to the Service Man. Most set owners, these
days, cannot afford to get new sets; but they welcome having
their sets brought up to date, if it can be done.

There is a new tuning indicator, the “Tune-A-Lite,” also
known under the trade name of “Flashograph” This new
tuning device is an elongated neon tube, which is already built
into several 1932 sets. The main idea is that the neon bulb
flashes to the highest point when the set is in- resonance with
a certain station. This is a brand new device that is sure
to interest the average set owner. During thé next few months,
it will be possible to buy a complete Tune-A-Lite section that
can be attached to the outside of the radio set, and it will also
be possible, with a little cabinet work, to fit one into a
present-day set. A demonstration of such a light is sure to
make a sale.

I have spoken before of short-wave adapters. Now-a-days,
people wish to tune in foreign countries direct, and get the
thrill of hearing the European and other world broadcasts that

fill the air. A large amount of such adupters are already to
be had, listing from low prices up to the more expensive
models. If the Service Man carries one of these adapters
with him, and shows the owner how comparatively simple it is
to tune in a foreign program, the sale can easily be made.

Electric (A.C.) clocks are becoming the rage all over the
country. They are not only cheap, but they keep time most
accurately. The consumption of current is almost nil.  An
ideal position for such a clock is on top of a radio set; and
many Service Men are making slight structural changes in
existing cabinets, to fit electric clocks into the standard
receivers. A sample of the clock, carried around and demon-
strated, will frequently result in a sale.

Then, of course, tone controls, of which many. can be had,
and at reasonable prices, are still good sellers. They take but
a few minutes to install; and a simple demonstration to your
prospect nearly always results in a sale. There seems to be
a certain reluctance, in most people, when it comes to listening
to lectures and talks over the radio. In most sets not equipped
with tone controls, the talk is usually sharp and “brilliant.”
This the tone control can “mellow down,” and thus make the
talk far more agreeable to the individual taste. One Service
Man reports that four out of five demonstrations result in
sales.

The itch for distance seems to be on the increase, even on
the long-wave broadcast set. For a time, most people wished
only to get local programs; now it seems they are hunting for
distant stations again, if the many letters that we receive are
a true indication of this. As a rule, successful “DX” (long-
distance) reception pre-supposes a good aerial. A large pro-
portion of present aerials were installed in a hurry, and are
not good in the electrical sense. Set owners who use indoor
aerials, and light-socket connector aerials, should be sold on
the 1dea that their set will give them far greater volume if a
good hundred-foot outdoor aerial—providing there is sufficient
room—is installed.

Then, there is, of course, a tremendous market for line-
noise filters. Radio set owners who live in apartment houses,
if they have a sensitive set, know that they will get a click
every time a light is switched on in the house. Then there
are disturbances from refrigerators, vacuum cleaners and a
host of other appliances. There are now on the market a
number of efficient noise filters, and an up-to-date Service
Man should always carry a few with him. Once the prospeet
anderstands what it is all about, he will not hesitate to spend a
few dollars if he knows that his reception will be relieved of
a great deal of man-made static.

I have only-sketched a few of the more obvious ways in
which the Service Man can pick up dollars right and left, if
Te only goes after them. There are, of course, many other
methods which he will find if he uses his head.
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The Business End of Radio Servicing

A Service Man who has gone into business for himself tells how he
gets business, handles it, and—note this—collects for it

HE purpose of this article is not to
tell how to fix radio sets, but to dis-
cuss the Service Man’s relations to
his customers, and how he can make
the most of themn. Experience has shown
that service work is ten per cent. technical
radio and ninety per cent. salesmanship.
The writer has met Service Men of all
kinds and types; some are successful, some
are not. A peculiarity he has noted is that
the successful ones usually know the least
about technical radio; while those who are
more technically inclined do not seem to get
fair prices for their work. The reason may
be that the over-technical radio man is so
engrossed with radio itself that he forgets
he is in the servicing business primarily to
make money.

Consider Your Investment

In passing, attention may be called to the
fact that radio is a costly profession to
learn. Perhaps it has not involved any actual
expenditure for tuition itself; but remember
that, as a business man, you should reckon
in your investment, not only such items as
textbooks, radio magazines and testing
equipment which you have purchased, but the
hours of time you have spent experimenting
and finding out at your own expense the
fundamental laws of electricity and radio
itself. Remember too, the number of sets
you have built at your own expense and torn
apart and rebuilt countless times.

The story is the same, no matter what
radio Service Man you ask; all seem to have
learned the business in the same way. Take
the number of hours you have spent in ex-
perimenting and multiply it by the average
pay-rate of any so-called job. You will be
amazed to find out just how much it did
cost you to learn the radio business. Re-
member, too, that your'days of experimenting
are not through; you ¢an never stop, if you
wish to kesp up with this rapidly-changing
industry.

If you had invested several thousand dol-

lars in any other business, you would be
perfectly justified in expecting a reasonable
return on your investment; so with radio.
Make it give you a reasonable return for the
time and money spent in learning the busi-
ness.

Many radio men, engaged in private serv-
ice work, either for themselves or for dealers
on a contract basis, take their business tvo
lightly; they seem to look upon it as “just
a job.” Tt is more than that; it is a profes-
sion, and can be made to pay professional
compensation. Aside from the obvious need
of being constantly posted as to new devel-
opments in the radio industry, and keeping
up with the newer type of commercial radio
ceivers, the radio Service Man must follow
the plans being used by sales organizations.

Go After Business

Promotion work can be successfully ap-
plied to radio service work and will give
handsome returns. Your prospects are the
people who bought battery sets years ago,
and who are constantly patching them up
to keep them going, those who bought ‘the
earlier electric sets, and those who have had
their newer -machines long enough to have
passed the guarantee period. A large per-
centage of set owners have purchased their
radio receivers from a dealer but will,
through some misunderstanding (usually over
credits, etc.), make a practice of having
them repaired by some outside man. You
may as well be the man to do this work for
them.

Right now, in your own town, some one
is wondering whom to call for radio service.
Make it your business to reach these people.
True, not every one you come in contact
with needs service right now; but you know
that tubes, condensers, resistors and trans-
formers, etc., have a definite life. Set owners
will need service sometime. Make thew: ac-
quainted with your business; not after they
have had service done elsewhere, but before,
in time for you to get the job. Get to these

192 Merrick Road

Address

Kind of Set .o, . summms et

Present Trouble .......c.cocveiiiin
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This set now operates to my entire satisfaction
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EMERY HOME APPLIANCE, Inc. [

Rockville Centre, L. 1.

“RADIO SERVICE” SPECIALISTS
Phone R. V. C. 701 ‘
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A card useful to the Service Man, among other purposes, to lead up to collecting for the job.

people first, tell them your story, leave your
name with them—then when they do need
service they will think of you. Your busi-
ness will be in direct proportion to the num-
ber of contacts.you have previously made.

A good plan to follow is a combination of
telephone canvassing and direct-nail ad-
vertising. You can call at least twenty-five
people a day and offer them a free radio
inspection. Your method of approach may
be somewhat like this:

“Hello, Mr. Brown, this is Mr. Jones, the
radio man. I have just started in the radio
service business and, in order to become ac-
quainted with the people in town I am offer-
ing a free radio inspection. I will he glad
to come to your home and inspect your radio,
test the tubes, and check the antenna ana
ground installation. How long have you had
your radio, Mr. Brown? .

“You say your machine is a vear and a
half old? By the way, Mr. Brown, have you
had the tubes tested lately? You know that
sometimes you can get better reception if
you rearrange the tubes in your set. I will
be glad to stop up and test the tubes for
you and try to get vou the best reception
possible. I am doing this just as a sample
of my work; so that when you do need serv-
ice you will know where to call.”

If he agrees to allow you to inspect. his
set, make an appointment and KEEP it.

If not, continue, and say:

“Well, Mr. Brown, I am glad to hear-that
your radio is working satisfactorily and, so
that you will know where to call, I am going
to mail you my telephone number and ad-
dress.” Experience has shown that twenty-
five telephone calls will net, on an average,
eight inspections; and, of these eight cus-
tomers there should be no difficulty in selling
four of them at least some tubes or -other
accessories.

Keep After It

Don't be afraid to do a little extra work.
It won’t be necessary after your business
has come to the point where you have enough
daily calls to keep you busy. But, until then,
keep right at your promotional work. You
can’t make money sitting around the shop
looking at the four walls, but you can build
for the future if you keep constantly plug-
ging at your promotional work.

The next day after your phone conversa-
tion, mail your prospect a card or letter
telling him your story all over, giving your
telephone number. Follow this up with a
second letter, impressing him with the de-
sirability of having his radio checked hefore
it really gives trouble. Sell him the idea of
having his set put in good shape before
trouble really develops and denies him his
radio for a few days. Stress the idea that
“An ounce of prevention is worth a pound
of cure.”

While these letters will not give immedi-
ate results, they are doing their bit to sell
your customer the idea of calling vou the
next time he needs service. After the second
letter, two weeks later, mail your customer
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Mzrs. Mary SmrTH,

Baldwin Place,

Oceanside, L. I,
Dear Mrys. Smith:

A Stradivarius violin worth twenty thou-
sand dollars is musically valueless without
a little ten-cent chunk of rosin to rub an
the strings. A Rolls-Royce costing sixteen
thousand dollars won’t budge an inch with-
out six little spark plugs costing seventy-
five cents a piece,

So you see, when you stop to think about
it, the little things are tremendously im-
portant. Which brings us to our subject:
Is your Radio working satisfactorily—or is
it just working? Why be satisfied with
anything short of perfect Radio reception
when it is so easy to get the best out of
your Radio?

Just call Rockville Centre 701. One of
our highly skilled Radio experts will call
at your home and inspect vour Radio, test
the tubes, check the installation, all FREE
OF CHARGE. Why not take advantage
of this offer? You owe it to yourself and
your family to see that your Radio is giv-
ing the satisfaction it is designed to give. |
Why let some minor accessory cheat you out
of this real Radio enjoyment? Don’t delay.
Take advantage of this offer. We await
your call,

Yours for Radio enjoyment,
GRAHAM BROS.

Another brief, pithy service sales letter.

a post card, giving him a reminder that you
are still waiting to serve him. Continue this
card system at least once a month. Call the
people on the phone regularly until they get
to know you. Remember, too, that before
you entered the, business they were having
their radio taken care of b}' someone else,
it is your job to sell them the idea of call-
ing you.

Do not make it a practice to use price as
he bait, use reliability and promptness as
your main selling points. Ask your old
customers for the names of their friends
‘and follow these names up in the same man-
ner except that you can mention the friends’
name and in that way make the conversation
more personal.

Your follow-up letters and cards can be
cheaply mimeographed and, if you send out
twenty-five pieces of mail a day, you will be
able to keep at it. This system is much
better than mailing a broadside of, say, a
thousand pieces of mail once, and then for-
getting about it. Make this follow-up sys-
tem a religion. '

After vou have serviced a set for one of
vour customers send them a thank-you letter,
emphasizing the fact that you are interested
in their well-being from a Radio standpoint.
Make them feel that you are interested in
them, not only in their money. Make your
contacts serve you by showing the people
that you are conscientious.

How to Sell New Tubes

A very good method that has been used
with considerable success in following up
these free inspection calls—and regular serv-
ice calls for that matter—is to have your
service kit, tools, etc., in a suitcase large
enough to hold the test kit, tools and at least
a set of tubes for the particular type of
receiver you are servicing at the time. When
vou are in the customer’s home, ask them
how long they have had the machine, what
previous trouble they have had, etc.; this
will give you a general idea of just what
may be wrong.

The first thing to do is to examine the ma-
chine in its present condition. Proceed to
take the customer’s tubes out of the set, and
place them to one side; then insert the full
new set of tubes, explaining to your cus-
tomer that you always check the set with
vour own tubes; as this saves time and trouble
in case a tube should burn out during the
testing. After you have tested the machine
and rectified any difficulties that may have
heen present, take your tube tester and test
the customer’s tubes, carefully noting any
that may be weak,

Now, with your own tubes in the set, tune
in one of the weaker stations; and then re-
move your tubes, one by one, replacing them
with fhe customer’s tubes. If he has any
weak tubes, he will immediately see that
there is a difference in results with good
tubes in the set; and the task of selling him
new tubes will be much lighter. Remember
that the manufacturer designed the set to
work with perfect tubes and it is your duty
to see that the set has just that; your cus-
tomer will thank yvou after he sees the dif-
ference in results. As ninety per cent. of
the radio public have been sold on the idea
that tubes are the most important part of a
radio, you can capitalize the idea and make
it pay vou handsome dividends.

The practice of having the tubes with you
will save you many a sale; because some-
times, while vou are running back to the
store, the customer gets a chance to change
his mind, and may decide to run the set just
as it is. Get the job done as quickly as pos-
sible and cash in on the interest the cus-
tomer has in his set at the moment. Latar
on, something else will captivate his atten-
tion; remember the old adage of chain and
department stores—*“They never come back.”
Verv few of the customers, who say they

will call you when they can afford the tubes,
will call you back. But, if you are tactful
and persistent, you can sell them the tubes
while you are right on the job.

Dear My. Jones:

Is your radio working satisfactorily—or
is it just working—?

Perhaps you have been using your radio
for the past six months or so without having
it checked. It may be that just a tube or
some minor accessory is standing hetween
you and complete radio enjoyment.

No matter what radio receiving set you
own—no matter if it is be electrically or
battery operated—no matter if it be old or
new, your receiver does require attention.
Perhaps we can be of service to you; and
we will appreciate your consideration.

“Those Serve Best who serve with suf-
ficient knowledge and sincerity of purpose.”
We are radio service specialists with suf-
ficient knowledge and sincerity of purpose
to insure you of complete radio satisfaction.
We deal in radio facts instead of radio
promises and hopes. We are capable radio
engineers and our radio knowledge is at
vour disposal.

Let us look out for your radio interests.
Call Rockville Center 701. Our inspection
and advice cost you mnothing. Why not
call now and have your radio set inspected
before trouble develops?

At your service,
GRAHAM BROS.

An introductory letter

Dear Radio Owner:

We are reminded of a story told about the

late P. T. Barnum, the famous circus mag-
nate and practical joker., It seems that,
while he was giving one of his shows in
the rural sections of the country, Mr.
Barnum decided to add a “FREE” attrac-
tion to his already famous circus. This
attraction was a highly .decorated doorway
marked, “FREE EXIT.” When our coun-
try friend entered the doorway and passed
through, he found himself outside the
grounds and was faced with the necessity
of paying another admission to re-enter the
grounds to see the show.
. FREE RADIO SERVICE is usually worth
just what is asked for it—nothing. Many
of the residents of this and other suburban
localities purchase their Radios from large
chain stores located in nearby cities. These
large Radio outlets advertise FREE
SERVICE.

QOut of fairness to the large stores, we
must remember that the largest portion of
their customers are located in the big cities
near to the' stores. To these customers the
big stores do give prompt, efficient service;
but what bhappens to the service calls from
the suburban. towns?

Put yourself in the place of one of these
big stores. Close at hand you have 90 per
cent. of your service work; the other 10
per cent. is spread throughout a circle a
| hundred miles in diameter. To do one serv-
| ice call in the suburbs takes as much time
| as to do ten calls nearby. What is the
{ natural consequence of this condition? The.

suburbanite has to wait until the service de-
i partment has cnough calls out his way to

warrant sending a man to his locality.

~ To YOU, a suburbanite, this means wait-
| ing days—sometimes wecks, for service, and
| the most expensive Radio is useless unless
I it is giving entertainment—that’s what you
i
1

bought it for. It is not necessary to wait
for service.
Yours for complete Radio enjoyment,
GRAHAM BROS.

4 sales letter urging the value of prompt service
when it is wanted.

Mistakes to Avoid

Of course, it goes without saying that you
will only ruin your business if you attempt
to force tubes and accessories on people who
do not actually need them. But, if a man
has weak tubes in his machine and is cheat-
ing himself out of real radio enjoyment, it is
your duty to him to show him and convine2
him that his radio can be greatly improved
This idea does not involve tubes alone, but
covers any other item that the customer may
need to make his reception perfect. Some
owners do not know just what their receivers
can do; they will go along with only half-
way results. Show these people just what
the possibilities are, and you will make a
success of the business. Their friends will
notice the difference, and this will bring you
much greater returns in new business.

In servicing receivers that have some
major defect, such as a burnt-out trans-
former, it is good general practice never
to spend more than thirty minutes’ time on
the machine in the customer’s home. They
have an idea that you must find the trouble
immediately. The average customer dis-
likes very much to have his radio torn apart
in front of him. Take the set to the shop
where vou can work in peace, and do a much
better job. )

A hard and fast rule, never to be broken,
is: never, under qny circumstances, take the
customer’s tubes with vou when you take a
machine to the shop for repairs. This will
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save you many an unpleasant scene when you
have found that there are defective tubes in
addition to the trouble you have just re-
paired. If the customer’s tubes have not
left his home, there can be no question as to
whether or not they are his tubes. After
you return a set from the shop you can pro-
ceed as outlined above, and often make an
additional tube sale.

Collect Promptly
After the job has been completed, a good
practice to lead up to the question of the
price and payment for the job, is to have

service report cards printed and ask the
customer to sign the report. On this report
you can fill in the amount of labor, tubes
and accessories. (A sample card is repro-
duced herewith.) You can then turn to your
customer and say: “Mr. Brown, that will be
so much.”

When doing work for people you do not
know, avoid, if possible, opening charge ac-
counts; for radio service is one of the hard-
est things to collect for. There is always the
possibility of the set’s going bad a few days
after it has been repaired, for no reason of
your own fault. It is just one of those things
that will happen to a radio set. Your cus-
tomer, however, will invariably expect youn
to repair it again and will usually only pay
the previous charge. In this way you have
to do two jobs for the price of one.

You can keep vour charge accounts at a
minimum if you carry blank checks on all
the local banks; this will avoid those excuses
that they would like to pay vou but have no
check blanks. Also carry enough change for
at least ten dollars; this wili avert the pos-
sibility of your customer saying: “Can vou
change ten dollars?” If you can’t, vou have
hardly any alternative but to say, “You can
Just mail me your check, Mr. Brown.” Those
checks are usually a long time in arriving at
their destination.

A good way to get around the cases where
they haven’t enough money in the house at
the time is to say: “Oh! That’s all right,
Mr. Brown; but I have a call on the next
street townorrow. TII drop in then and you
can give it to me.” That will usually solve
this problem.

Remember that if customers owe you
money, they hesitate to call you; especially

Dear Patron:

We wish to thank you for having given
us an opportunity to be of service to you.
We realize that a successful business can
only be buiit on good will. Our interest
in your Radio does not cease with the mere
collection of the service charges. It is our
earnest desire to have each machine serviced
by us, act as an advertisement of our busi-
ness. Now that your Radio has been placed
in good working order, it will be to your
advantage to keep it in this condition. You
can easily and inexpensively do this by tak-
ing advantage of our monthly inspection.

This inspection service consists of a thor-
ongh checking of your Radio and all the
accessories once a month, This procedure
greatly reduces the repair bills that are in-
evitable when a Radio is neglected. The
total yearly cost of this inspection service is
less than it would cost to replace one part
in your Radio. It has been our experience
that most people do not give any attention
to their Radio until it has actually stopped
working. Many times during the course of
our regular inspection we can detect trouble
and prevent it from doing serious damage
to your machine. If it were only for the
sake of having your Radio always in opera-
tion when needed, it would be worth the
price asked for this inspection.

May we offer you this service at the
amazingly low price of $1.50 per call? This
will include checking the tubes and re-
activating any that may be weak, checking
the aerial installation, speaker, power unit,
or other accessories, testing the speaker for
tone, and making any minor adjustments
that may be necessary. If you wish to take
advantage of this offer, return the enclosed
card and we will enter your name on our
inspection list.

May we again thank you for your patron-
age and solicit your continued good will,
and that of your friends?

Yours for Radio Satisfaction,

GRAHAM BROS.

A “bread-and-butter” letter sent after making
a first call.

if they are of the type who habitually open
temporary charge accounts and conveniently
forget about them. In this way vou usually
lose the repeat business that should be yours.
Sooner than pay vour old bill, they will call
another man to have the set fixed, and pay
him, leaving vou to wait. Remember, it
takes just as long to call to see a customer
to collect a bill as it does to make a service

——————

call, and it is not nearly as pleasant nor as
profitable. Two or three calls on a collec-
tion and you have lost all you made oh it
and, usually, the customer besides.

Don’t get the impression that charge ac-
counts are never to be desired. A good
charge-account customer is better than a
cash customer; for he will continually pat-
ronize you and, usually, make larger pur-
chases. But limit vour charge customers to
those you actually know.

This, of course, applies to the larger towns.
In small communities the Service Man, if he
is a native, knows his people, and can use
his own discretion. But remember that you
can’t eat, or pay vour bills, with accounts
that are on the books. Learn from your
friend the garage man who usually displays
a large sign: “ALL REPAIRS CASH.”

Honesty Will Pay

Do not make a habit of “trick” repairs,
such as shorting resistors, disconnecting
burnt-out condensers, “shooting” trans-
formers, or any other form of temporary
repairs. If you must do this in an emer-
gency, by all means tell the éustomer about
it, so that you can return later and complete
the job in a proper manner. Remember that
vou can lose much if you adopt these meth-
ods of working. Your customer is paying
you for henest-to-goodness work ; see that he
gets it. It is very easy for a customer to
call another radio man to check up on you;
and you can lose much prestige by these
trick repair methods.

Many repair men give a three months
guarantee with a radio set after they have
made some major repairs; such as replace-
ments of transformers, condenser banks, ete.
You will find it profitable to offer this guar-
antee to all your customers. You will seldom
be called upon to fulfil the guarantee but,
if you are called upon, be sure to live up
to your word. Remember that one displeased
customer can pass the word on to hundreds
of people. “Bad news travels fast.”

In recapitulation: give good work; charge
fair prices; be constantly on your toes for
new business; don’t hesitate to sell your cus-
tomer what he needs. Be prompt and court-
eous and, by all means, keep your word. You
can’t fail, there is business, go and get it.

From Service Man to Radio Engineer

EFORE entering the radio field, a

young man should ask himself these

questions: Have I a keen ear, a

quick eye, and some skill at manipu-
lation? Do 1 quickly grasp scientific facts
about machinery and electrical devices? Am
I willing to study nights? Am I prepared
to spend several years working my way up
from the bottom in a radio factory, a broad-
cast station, or a transoceanic or a ma-
rine station? And will I be at home in an
engineering profession?"

If he can answer all of these questions
sincerely and positively in the affirmative,
he may consider radio as a profession.

There are two ways to get into the radio
field One of them is to study electrical
engineering, and finally concentrating on

radio engineering. He can then enter a
radio company in an assistant engineering
capacity and work his way up.

The other method largely involves self-
tuition.

It is a harder way and a longer way, and
requires real grit and unusual aptitude.
The prospective radio engineer must study
at home the best available hooks on ele-
mentary and advanced physics, algebra,
some trigonometry, some good books on di-
rect- and alternating-current machinery, and
a succession of radio engineering text books,
starting with the more elementary and end-
ing up with the most advanced books which
he can find. At the same time, or shortly
thereafter, he will do well first to assemble
a number of radio sets himself at his home,
and then to get a job in the assembly of

radio sets, or in the testing or servicing of
sets with a reliable and up-to-date radio
concern. By sticking to this job, and keep-
ing his eves and ears open, there is no
reason why he should not within a few
Years secure a fairly responsible position as
an engineer in the radio field.

He should also keep in touch with other
f:ngineers and attend meetings of engineer-
Ing societies, at the same time reading the
beft Journals which he can secure, It is
only in this way that he can kee -
date in the mdig’ art. P up-ter

Radio engineering is a splendid profession
for a moderate number of ambitious young
Americans, but it has no place for the man
who is waiting for life to hand him its re-
wards on a gold platter. He will have to
learn his job and stick to it
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Why Service Men Should Sell

Many Service Men are Not Aware of the Vast Opportunities In Store For Them. The
Following Article Shows How A Large Dealer Business May Be Built Up From A Small

T has been the writer’s experience that
the Service Man in small towns does not
make nearly as much money out of
radio as he could.

About a year ago I decided to go into
the radio service game; as I had been called
upon by a lot of people to fix up their sets
(and most usually without pay) and had dis-
covered that, of the three dealers who sold
radios in this town, not one of them had
even read a radio magazine of any kind
‘They could not tell the difference between
a radio-frequency transformer and an audio
transformer.

I made out a list of all the radio set own-
ers that I knew, and mailed to each one of
them a letter stating that I was now servie-
ing radios, and requesting their-business. A
short time after this, I discovered that
many of the owners of the sets I serviced
did not like to buy supplies from the local
dealers; suspecting that they used a lot
of accessories and then sold them for new.
So I put in a full line of tubes and accessor-
ies, and then went back to my mailing list,
which had grown until every man that had
a radio in town was listed. I made up a
sules letter, telling about my now selling
tubes and accessories, and mailed one out
to each owner.

The sales were very good and quite a good
profit was realized on these alone. Last
June the writer heard one of the radio deal-
ers make the remark that he “sold the sets
and let Rockhill fix them”; so he himself
made the money. This set me to thinking
that, if he could sell sets and not give serv-
ice of any kind, that T ought to be able to
sell a good deal more with service. A manu-

Radio Sets—Power Amplifiers—Accessories
F. C. ROCKHILL
Authorized R. C. A. Radiola Dealer
St. Regis Falls, N. Y.

Radio Sales and Service

QOctober 21, 1929
Dear Sir:

You can buy a Radio set most anywhere
now; but you cannot match the values that
we offer right here at home. There is also
the question of service. If bought from
us, we are right here to give you prompt
service; no waiting for an outside Service
Man who has more ground to cover than
he can—so you are left waiting -or you must
find some one else.

Qur sets are made by the largest Radio
Company in the world (Radio Corporation)
and there is a model to suit every one.
Prices range from $88.50 to $750.00 and
the quality is the best regardless of price.

They are sold on the easy payment plan
and terms can be arranged to suit you.
Won’t you call and look these sets over, or
mail the enclosed card and we will call on
you?

Sincerely yours,
F. C. RoCKHILL.

The introductory form letter.

Service Shop.
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Fig. 1
The layout (nmot to scale) of Mr. Rockhill's
little display room: 1, 2, 3, beuches; 4, S, 6,
7, 8, chairs; 9, 10, 11, floor lamps.

facturer at this time was offering a few all-
electric sets at a very low price, and four of
these sets were bought and offered for sale.
‘I'his was in July and, at first, there was not
a prospect in view; but by the end of the
week two of the sets were sold and two more
prospects lined up. By the end of the next
week, the last two sets were sold, and two
more expensive sets with them.

Encouraged by this, I took steps to ob-
tain the agency for one of the best-known
lines of receivers; and I will tell something
of the methods which I am using to sell
them. It must be remembered that this is
a small town (in northern New York State)
and that my procedure is adapted to a
small community. Be that as it may, one
must experiment.

Methods of Selling

The first thing I did was to consider the
dealers already engaged in the radio busi-
ness in this town; and then to decide upon
the type of advertising to use in competi-
tition with them. The company which fur-
nishes electricity to the town employs two
men selling for them, constantly. A garage
in another town also sold here.

To call the attention of prospective cus-
tomers to my sets, a form letter (repro-
.duced here) was sent out broadcast. Pros-
pects’ names came trickling in; and a close
study of each name was made, to determine
what receiver price class would interest
them most. Then a follow-up letter, de-
seribing the apparatus that seemed most
suitable to their requirements, was sent to
each.

A display room on the main street was
fitted up (as indicated.in the diagram, Fig.
1, which shows the arrangement). Only one
receiver of each model is kept on display;

the reserve stock being out of sight. Chairs
are arranged in a homey manner; no wir-
ing is visible in the room, which is about
12 x 14 feet. When a prospect comes, we
try to avoid the appearance of a place of
business; in other words, we allow the cus-
tomer to “sell” himself. This plan has proved
very successful, so far.

In addition, outside selling is carried on.
Names of other prospects are secured, usu-
ally from older customers; and we call upon
these in their own homes. An allowance,
determined by the sale made and the sell-
ing effort required on our own part, is made
to customers who assist us to a sale.

The local newspaper carries our adver-
tisement each week, and slides are run dur-
ing each show at the local theater. At the
present time, we are building an amplifier
for use in the theater, and we expect to
obtain a lot of good advertising through
this.

Follow-up cards are used on every sale;
and all service calls are noted on these.
The price received for the set is listed in
one column; the cost, with express charges,
and service charges during the period of
free service (90 days) are noted in the
other. At the end of the ninety days, a
balance is struck, and our net profit listed
on that page. The rest of the sheet is used
whenever accessories for that set are sold;
so that we have in compact form a record
of all the business given us by the owner
of that set.

As we carry on independent service work
also, our overhead is computed on the sales
made by both departments, and deducted;
giving the net profit.

Dear Sir:

I hear that you are interested in a new
radio receiver; so I am writing to you to
tell vou about the Radiolas 44 and 46.

The 44 and 46 use the new Screen-Grid
tubes that you hear so much about. Three
of these tubes are used in each machine,
two as radio frequency amplifiers and the
other as a power detector; which gives to
this Radio the ability to receive far distant
stations with great volume. The amplifi-
cation in the detector stage is so great that
only one stage of audio is needed; this part
of the receiver employs another new tube,
the 245 power tube which gives a volume
and depth of tone that has mnever been
equaled before.

The 44 is a compact table model in a
beautiful walnut veneer cabinet and the 46
is a console model with the famous Radiola
dynamic speaker built in. Both are single
dial with the volume-control knoh mounted
on the same shaft with the tuning knob;
making this Radio one that can be truly
operated with one hand.

Call and see these machines as they must
be viewed to be appreciated, or mail the
enclosed card and one will be brought to
your home for a free demonstration. May
I hear from you?

Truly yours,
F. C. RockHILL.

A sales letter for certain models.
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Dear Sir:

I have just received a new Radiola 33
that I would like to place into your home
on demonstration. Gratis.

This is an all-electric radio of the latest
type and sells complete for only $88.50.
This machine is sold with our usual guar-
antee and-is serviced for a period of ninety
days free of all charges.

They may be purchased on the easy-pay-
ment plan and a liberal allowance will be
made for your old radio set. Simply mail
the enclosed card or call and you will find
me at your service,

May I hear from you?

Very truly yours,
F. C. RockuiLL

A letter to a low-price prospect.

Making Service Pay

To make a service department pay in
connection with the sale of sets was a prob-
lem at first; but it has been solved. Some
of the methods used are described below.

All accessory sales are credited to the
Service Department; as we feel that this
is largely responsible for these sales. This,
of course, boosts the showing of this de-
partment a good deal.

A card-index system is used, in which we
list all set owners who are near enough for
us to service quickly. A separate list is
kept of set owners who live at a greater
distance.

On each owner’s card, as with sets sold
by us, there is recorded the make of re-
ceiver, work done and accessories sold.
When a call comes in, this card is consulted;
and with the information provided by the
customer, a rather accurate forecast of the
trouble to be expected can be made.

Once each month the file is gone over;
and a letter suggesting a visit from the
Service Man to check the performance of
the set is sent to each owner who has not
put in a call for ten weeks. A charge is
made for each call, the amount depending
on the timne required to come and go.

Replacements are charged at the regular
list prices, plus the price for labor. The
tubes in the set being serviced are tested;
and new ones put in to replace those which
do not show up as well as they should. This
one feature saves many “no charge” calls;
and the customer is generally well pleased,
since the set performs much better. After
servicing the set, the Service Man calls to
the owner’s attention any accessories which

Dear Sir:

I would like to call your attention to the
fact that the Radiola 60 for $138.00 is now
one of the best buys in the radio market
today; so I am taking the liberty of writ-
ing you regarding this set.

This set uses nine of the new A.C. tubes
in the famous superheterodyne circuit, which
makes it one of the most powerful, selec-
tive and sensitive of sets. It also makes
use of a power detector, and has only one
stage of audio amplification; which results
in a true and lifelike tone.

It may lLe purchased on the easy-payment
plan and a liberal allowance will be allowed
you on your old set. Simply mail the en-
closed card or call, and you will find that
I am glad to serve you,

May I hear from you?

Very truly yours,
F. C. RockuiLr.

Short and to the point.

would improve its performance; and this
results in quite a few additional sales. In
addition, it gives the customer the impres-
sion tha* you are taking a lot of interest in
him.

This fall we obtained from the R. C. A.
two-color postal cards (in sets of six) call-
ing the attention of the set owner to the
fact that new Radiotrons might make the
old set work as well as when it was new.
These were mailed at intervals of six days;
and the results were very satisfactory. The
cost of the mailings was small—just that of
the cards—and we trace to them the sale
of several A.C. dynamic speakers to owners
of old A.C. sets who had magnetic speakers,
as a result of gaining admittance for the
Service Man to the customer’s home.

Some Service Hints
Here are a few of the technical problems
that we have encountered:

Tube distortion happens often in sets hav-
ing a ’T1A power tube; and at first gives
the impression that the speaker is loose and
rattling. It is due, however, to low filament
emission; and a new tube corrects the
trouble at once. Watch for 27 tubes that
have a blue haze when operating; and for
shorted elements in the ’45s.

Sometime the “Radiola 33” does not seem
to be as sensitive as it should be. Test the
tubes, and put the best ’26 in the second
socket from the right (facing the receiver).
The compensating condenser should be ad-
Jjusted just below the oscillation point. This
unit is located at the back of the chassis,
and may be reached through a small hole
in the back of the cabinet—the last to the
left, facing the rear of the chassis.

In the Atwater Kents, watch for shorted
by-pass condensers and for an open voice
coil in the dynamic. The plate voltages will
generally read low if condensers are shorted.
At times, too, the voice coil in the speaker
will ground to the speaker frame; so, if
everything else seems O. K., test for shorts
between the speaker terminals and its frame.

A TIP TO THE RM.A.

UST what is your system of testing a radio?

Until a friend of mine asked that ques-
tion I don’t suppose I ever gave a thought
that I had a “system” of testing a radio. But,
if I must explain the magic secret—

In the first place I want to emphatically
state there isn't any “secret;” knowledge, ex-
petience, and imagination are the foundation;
something you have to work for to get.

Knowledge of what goes on inside the coils,
condensers, and tubes, according to radio the-
ory; the practical application as shown visually
by inspection and meters; experience that
teaches you just what to expect from a cer-
tain location and the complete radio installa-
tion you are working on—plus an imagina-
tion that changes you into a “bug” and you
mentally crawl through the wires until you
find the leak or obstacle that interferes with
the normal action of a radio. Perhaps this
is the “magic secret” referred to.

No two sets are alike; no two customers
are the same; conditions vary in different local-
ities; even a variation in service men due to
a difference in knowledge, experience, and
imagination makes it a mighty hard proposi-

tion to give any cut-and-dried system of test-
ing and checking radios.

One store sends its service man around with
a pocket full of tubes and a Beede socket
meter; another service man has a Jewell,
Weston, or Supreme Set Analyzer. Would
you expect the same system of testing with
all this varied equipment? No.

The Manufacturer’s Part

The real answer to the question must come
from the RM.A. Marnufacturers must, in the
near future, seriously consider the independent
service station. Few of the stores selling
radios pay enough attention to their service
department; thus forcing the customer to call
in an independent service man when they want
satisfactory service. It's up to the manufacturer
to see that these men are supplied with all the
information necessary to intelligently repair the
sets that have passed .the usual guarantce, if
the manufacturers want to keep in the good
graces of the public.

Human nature is about the same the world
over. When an independent service man
writes to a manufacturer for a circuit dia-
gram and continuity chart, and. for answer
is told it is not the company's policy to
furnish any except to their authorized deal-
ers, that company loses money ; because a lot
of high-priced advertising is going to be
nullified in the circle of possible buyers that
service man deals with.

It's taken me-quite a few years to make my
collection -~ of circuit diagrams, continuity
charts, and other information of past and pres-
ent sets, and in acquiring it I also have been
snubbed by certain manufacturers, who forgot
I would repair their sets regardless of whether
they sent me the information I asked for or
not.

Standard Service Diagrams

Let the RM.A. take this up. Have the
individual companies furnish a light cardboard
sheet for each receiver; one side a complete
circuit diagram, the other side giving a con-
tinuity chart and what other information is
necessary for testing the tuner and power
pack. Let one standard set analyzer be the
medium for making all tests and checks;
eventually all service men will revamp their
old ones or buy a new one. Have these
charts at one central distributing point and
advertise that any service man writing under
his own letterhead or that of the store he
works for, can have them either free or for
the cost of printing, Do this, and each manu-
facturer will save many more dollars than
it costs him; besides having a bunch of serv-
ice men (and ‘they are many) boosting instead
of knocking. Not only that, but the manu-
facturer will have a check on these men who
are such a “"menace” to their slipshod dealers’
service departments,

Most of the independents are giving better
service because they have dollars fnvested,
where the average dealer has pennies. Qut
of the limbo of experimentation and guess-
work, we (my son and I) are building up a
profitable business, and are commencing to
enjoy a reputation for good honest service;
which, I believe, is what every service sta.
tion should strive for. The money end will
take care of itself.
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If 1 Wanted to Make Money in Radio, I'd - -

And an authority suggests a few ideas that may be valuable to the

IRST, I'd get a fundamental knowl-

edge of radio and, not until I was

thoroughly satisfied in my own mind

that I was capable, would I go after
radio work. I would never be satisfied to
be one of those “I-think-I-know-it” radio
men—I'd want a real insight into the under-
Iving principles of radio and correct radio
practice. With knowledge of this kind, “the
sky is the lmit” Without it, I'd realize
that I wouldn't have a chance to attain real
success. Besides taking a recognized radio
course, I would subscribe to good magazines
which, T know, would help to keep my knowl-
edge up-to-date. The radio field changes so
rapidly that what is the last word today
may be entirely obsolete three months from
now.

Assuniing that I have developed my knowl-
edge and my ability, I would make definite
plans to get my share of the local business.
I would make a thorough survey of my
territory, taking into consideration such fac-
tors as general business conditions, number
of set owners and the average income of
my prospects. With this information, 1
would be able to gauge accurately my pros-
pects and the business 1 could get. Then
I would be ready to go after radio work
in earnest.

I’d distribute business cards among the
radio stores and those concerns handling
radios as a side line. The business cards
would carry a simple, “straight-from-the-
shoulder” story, and that is all. In inter-
viewing the managers of these concerns I
would do all I could to prove to them that
1 was capable of doing radio service and
installation work, and urge them to let me
handle their servicing on a piece work or
time basis.

I'd go after those stores, in particular,
that sell radios on the side, and arrange
special prices for installing and servicing
their receivers over a period of about three

dealer and Service Man

months. I wouldn’t worry about how much
money I made in this deal; for I would
know that, when the time period was up, I
would have a customer worth every effort
I had made. I would be very careful, in
making comments when servicing a radio
dealer’s receiver, not to say anything de-
rogatory. I would keep in mind that it is
just as necessary for the customer to think
well of the dealer who sold him a receiver
as it is that he think.well of me.

Then, houses with antennas visible are
inhabited by people who own radios. If
there was any way that I could get their
names, I would do so and cither call on
them personally or write to them. If I
couldn’t get their names, I would drop hand-
bills or business cards into their mail boxes.

I would run an “ad” in my daily or weekly
newspaper and I would sce that it was
placed next to the radio progras, if pos-
sible. In this way I could bring to the
attention of radio owners that I was a
qualified radio-trician in a position to ren-
der satisfactory service. A sinall ad is just
as valuable as a large onc—one or two
inches, one column, with a bold border—
and a very simple story is all that is needed.
I would change my story from week to
week to show that I was alive and that I
was giving thought to my prospects, talk-
ing to them through my little space in the
paper.

I would particularly keep posted on gen-
eral happenings of importance and the big
broadeasts which usually go with them. One

or two weeks before a particular event, I
would word my ad to read something like
this: “Get vour radio working 1006, before
the big fight (the President’s speech, or the
Army and Navy game, etc.) by telephoning
me at No. (my telephone number) ete”
Many a wide-awake Service Man has
“cleaned up” putting sets in shape for a
feature broadcast.

1 would put a sign on my porch or fence,
advertising that 1 was a trained Radio-
Trician and, to show that I was an clee-
trical man, 1 would have it illuminated so
that it would be visible at night. A sign
like this wouldn't cost much and it would
be a real beacon for distressed radio own-
ers. 1 would put signs or display cards in
windows of husiness houses that would give
their consent; always bearing in mind that
it is necessary to maintain a dignified and
conventional front.

But 1 would always rcmember that good
business cards constitute the best and cheap-
est advertising possible. These can tell my
story simply but completely. Tt isn’t neces-
sary to come right out and ask my friends
and acquaintances to let me fix their sets—
a word ahout ability will put them “wise”

Uncle Sam’s postal system is always a
good business medinm. I'd get up a snappy
form-letter or circular, have it multigraphed
and mail it to set owners whose names and
addresses I had. I would give a great deal
of attention to the appearance and con-
tents of this ecircular letter—that is, make
it look as if it contained a personal niessage.

As an alternative

REDIG 8 NOTELT
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or “follow-up,” I
could send out
double post cards
with perforations
between, one side
carrving a short
advertising. mes-
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The cxternal appear-
anece of an attracticve
radio store in a De-
troit, Mich., ncigh-
borhood. Observe the
window score board.
This is the shop of
Fred E. DedMerse

s i o

sage and the de-
tachable portion
_a stamped, retnrn

AT

The sanctum of
the Community Ra-
dio Store shown
above; the work-
bench is cquipped
with the latest
testing  cquipment
with which a
trained radio

trician can give the
kind of service that
brings more busi-

ness.

card, self-
‘addressed to me.
On the back of that, I"d have some-
thing like this: “Please call and inspect

my receiver. I understand that you will
render this service without any obliga-

tion on my part” After that, I would leave
two lines for the name, address and phone
number of the set owner. In the advertis-
ing portion of my circular card, I would
list some of the many things that make for
better radio reception, such as having a
proper antenna, the addition of a tone con-
trol, etc. I would point out the necessity
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of having the tubes checked regularly. I
would stress the importance of a periodic
check-up of the entire receiver and wmention
the convenience of having extra speakers.

On every job, no matter how small or how
large, T would see to it that my customers
were thoroughly satisfred with my work. My
guarantee of satisfaction must. be more than
a meaningless lot of words. In one or two
cases, I might actoally lose money on a
job because of my guarantee; but that
should be charged up to advertising and
good-will cost. In building up any business,
customer confidence is essentiul; and this
applies to all customers, not just to a select
few. It should be apparent to my customer
that I have confidence in my own ability.
A real guarantee will make him willing to
pay as much, if not more, than he would
pay the other fellow who does not guaran-
tee his work.

I would not overlook the fact that my
customers have opinions. of their own and
U would never force my opinions on them.
I would merely suggest what I believed to
be right and, if the_ still insisted, 1 would
do as they desired i1 technically possible;
even in spite of my better judgment. In
other words, I would remember that the cus-
tomer is always right and I would ecarry
this motto in my mind in big black letters.

I'd be prompt and courteous. I would
handle every call,on the “dot” If I were
rushed, I would frankly tell the customer,
and make no engagements which there was
the slightest doubt of my being able to fill.
Nothing annoys a customer so much as to
be kept waiting for a promised service call.

If T had a big job that would take con-
siderable tine, I would lend the customer
one of my own receivers—it might be a
custom-built set or one of those special
mantel jobs that are being sold as second
receivers for every household. It is a well-
known fact that, when a set owner wants
his set put in shape, even though it has not
been working for months, he wants it “now.”
He doesn't want to wait. He wants radio
reception and that is why I was called. A
st left “on loan™ usually results in good
“word of mouth” advertising.

If I had specialized ability to handle diffi-

cult service jobs that required expert
knowledge and special equipment, I would
equip my laboratory bench with the most
up-to-date devices for testing radio receiv-
ers and public-address systems, and I would
use them. My diagnosis of receiver troubles
would be based on facts—not on guess work.
1 would watch radio magazines for special
testing circuits and devices and, if they
would fit my needs, adopt them for my
own -use.

If 1 were definitely interested in radio
servicing only and not in radio sales, 1
would stick to it 100¢,; but I wouldn’t
overlook the fact that the average dealer
doesn’t sell automotive receivers, doesn’t
make or sell custom-built receivers, has no
inclination to be bothered with short-wave
outfits and television equipment, and has
no interest in special installations such as
receiver chasses in book cases, in staircases
or walls. TI'd pick up as many of these
specialties as might be profitable in my lo-
cality and push them to the limit.

Inside leads for new receivers, developed
through my service work, could be followed
by an arrangement to sell complete radio
receivers on a commission basis for the deal-
ers for whom I do extra work. On my own
hook, I would sell accessories and build
receivers to order as requested, even though
they might not be those I specialized in.

I would secure a phonograph pickup and
buy or build a power amplifier with two
channels; so that I could furnish musie for
parties, plays and church events. Of course,
I'd give considerable thought to the sclec-
tion of records, including the latest dance
records, symphonic numbers and popular
music. A small ad in my local paper would
book me up, mdnths in advance, for business
of this kind which flourishes all the year
round.

Lastly, T would never forget that earning
money is like making a garden—the ground
must be prepared, the seed be planted, the
sprouts cared for and the plants protected
in order that a rich harvest may be reaped.
Promptness, courtesy and ability build up
a good reputation; and profitable business
naturally flows to the man who can be de-
pended upon for real service.

Sales Dollars from Your
' Telephone

HEN a customer wants radio service

he wants it in a hurry. Is your tele-
phone number well known? Is it easily re-
nmembered? How many people know your
telephone number offhand? How many
people have your telephone number at their
finger tips and associate it with vour busi-
ness in their minds? Do you make it easy
for customers to call up your office, or do
they have to fumble through a big fat tele-
phone Dook for your nunber?

One cannot overestimate the value of
one’s telcphone number. It should occupy
a prominent place in every piece of adver-
tising, on letterheads and billheads, circu-
lars, blotters or what not, statements of
account, receipts, wrappings and containers.
Displaying your telephone number promi-

nently adds thirty per cent. to the value
of your advertising.

Newspaper advertising, when used, should
always feature the telephone, which is just
as important as the firm name and address;
and a reproduction of a telephone or of a
person talking into a telephone is laways
an insured eye catcher.

“The telephone,, if rightly advertised, is
your greatest silent salesmian,” says oue
radio Service Man interviewed: “It pays to
emphasize your telephone number in all of
vour advertising, and particularly in the
classified telephone directory, which is fre-
quently a great first-aid to sales building.

“Advertising your ’phone number promi-
nently in the telephone directory with ample
display space is not only profitable adver-

tising, but it also brings in business; because
the classificd scction of the telephone di-
rectory is fast becoming a dictionary of
where to go, what to buy, cte.—thus making
a mere listing unprofitable and a prominent
display advertisement a sure business getter.

“When a person is unfamiliar with your

other advertising or forgets your trade
name, the chances are they will immediately
look in the classified section; which empha-
sizes the importance of having an attractive
set up, one that will quickly catch the eye.
A person <consulting a telephone directory
is generally motivated by the type of ad
which he sees there. The eye is naturally
attracted to the best and most prominent
display, and a new-comer will invariably
say to himself: “There, that looks like a
good reliable radio man—TI'll just give him
a ring”

Of course, every telephone ad should be
dignified, contain an attractive illustration,
and the ’phone number should be promi-
nently featured in large display type, with
a reproduction of a telephone or of a man
or a woman talking into a telephone. Every
telephone directory ad needs certain “action”
elements in its layout; because there must
be stored within the ad’s limited space
enough latent energy to cause the message
to spring out at the prospective customer
when he opens the page. This can be best
accomplished by:

Using, for prominent portions of the mes-
sage, distinctive type which ronveys the im-
pression of action, and designs containing
“action” elements; curved and slanting lines
usually convey more action than straight
horizontal lines;

Illustrate the telephone number by pic-
tures of a telephone, or animate objects in
action; preferably something associated with
vour business, which is being advertised.

In all cases, Le sure that the telephone
number is displayed .

Several radio dealers of Washington,
D. C, bave taken different means of em-
phasizing their telephone numbers; some of
the best of the displays are reproduced in
their advertisements.

As the prospective customer turns to the
classified telephone directory section of ra-
dio dealers, he immediately finds the most
attractive ads .and those which naturally
catch his eye; and he invariably picks those
phone numbers which are in largest letters,
while others, less imposing, are ignored.

When the radio dealer circularizes his
nuailing list, it is also & good plan to make
a special feature of his telephone number.
A telephone slogan may also be used to
drive home the advantages of using the
telephone: such as “As Near As Your
Telephone”; “Prompt and Efficient Service
Over the 'Phone”; “Save Worry—Just Ring
Main 100,” etc.

Some radio dealers prefer to select and
use a trade name which will get them at
the top of the telephone directory list, such
as: “Aecme,” “Ambassador,” ete. A lot
of people, cspecially newcomers, are looking
in the telephone book for the name of a
radio man; and it helps to get more busi-
ness when he heads the list.

The radio man who seeks to enlarge the
scope of his business contacts cannot help
but see the value of the telephone, not only
as a customer convenience, but as a valuable
first-aid to business building.
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How to Run a Service Business

At a Profit

An article full of business shrewdness and experience, for every

FTEN, Service Men come into my

shop, look at my test cquipment

and ask me if it is not foolish to

spend so much for equipment that
is not absolutely necessary, when I could
get along with one-fourth of it and still
have more than ninety percent of the radio
repairmen? My answer is, absolutely, “No!™
The impression it gives to the customer, and
the advertising it gives me as an expert
who takes pride in his service work, is
worth the price of the equipment if I
never used it.

My test hench is just inside the door;
so that, the instant a customer enters, it
is the first thing that catches his eve. As
I happen to bé located in a district where
there are a great number of. factory work-
ers, they tell each other about my equip-
ment; and consequently it gives me
advertising that I cannot get from news-
papers or hand bills.

The real Service Man who is capable of
giving his customers a real job, and can

Service Man to read

hold on through the business crisis we are
going through, will be able to make money
in the next few vears and from then on.

Overproduction has caused the dumping
of sets at low prices which have induced
people to buy sets, that they would other-
wise have done without for the next couple
of vears, on account of the price. So, instead
of moaning and cussing the “gyp,” we should
thank him: for it is going to mean millions
of dollars to the Service Man in the next
few years.

Another thing we should be thankful for
is the return of the superheterodyne. The
“hammer and cold chisel” men, and the
fellow that once built a radio and now
does repairing on the side in the evening,
will be put out of business; because they
haven’t the eguipment, don’t know supers,
and the .peaking and Dbalancing of this
civeuit is going to be “gravy” for the old-
timers who used to think the old Best, Vic-
toreen, Ultradyne and Lincoln were the
“berries”.

prospect on his mailing list.

FOR PROFESSIONAL MEN:

MARTYGRAM

From one professional man to another. You
have studied to make yourselt competent and
efficient and take pride in your work. So
you can appreciate what 11 years of repair-
ing, with the same ideals, have done for us.

MARTIGRAM
You give immediate service to your patients,
Our customers get the same prompt, courteous
treatment.

MARTIGRAM

It is not ethical for you to advertise as
I do; and your business is advertised from
the satisfied patients. Eighty per cent of our
business comes the same way.

MARTIGRAM

Tubitis is marring your radio pleasure, just
as a cylinder missing in your auto would
spoil your driving pleasures Have them re-
newed. I handle all standard tubes; let us
call and renew your tubes.

MARTIGRAM

Last month we tested one hundred and
forty-seven sets of tubes, Eighty-one had
one or more weak or bad tubes, and were
improved with new tubes, HOW ARE YOUR
TUBES?

DIRECT-MAIL ADVERTISING FOR A RADIO
SERVICE SHOP

VERY month, Mr. Martindale sends a MARTIGRAM to each customer and
For this purpose, the photograph which forms
the illustration at the head of page 43 has been reduced to post-card size. The
“copy” for the cards is changed regularly: some are specially written for professional
men, some for business men, and some for the general run of customers.
these advertising bullets are quoted below:

i counts.

A few of

FOR “LAY” SET OWNERS:

MARTIGRAM

We will wager that, some time or other,
you have listened to ome of the hundreds of
sets we built when radio was young. We
have serviced the sets of many of your friends.
GIVE US A CALL.

MARTIGRAM

You get the most pleasure out of your set
in the evening. That is why we will gladly
give you night service at the same price.

MARTIGRAM
Is your set working as good as it used to?
If it isn't, don’t you think that it would be
a good idea to call us and have it put into
new condition?

MARTIGRAM

_ We believe it is net how much your service
bill is in dollars and cents that counts. But
it is how much you get for the money that

MARTIGRAM

You have to depend on the Service Man's
word that a certain tube or part is bad in
your set. Don't you think that you will get
2 more honest deal if you are paying for
service, than you would if you got free serv-
jce and what the Service Man gets would be
what he sold you?

The radio Service Man is the worst-paid
craftsman today; for the stores and retail
radio shops look on the Service Man as a
necessary evil and it is not “How good
a man can I get®” but “How cheap can [
get him?”

The wages paid in this towr and a great
number of other towns are from twenty to
thirty dollars a week, and ‘the wman nust
furnish his own car and test equipment.
That is why there is so much dishonesty
with these men; for they have to steal to
make both ends meet.

The Service Man’s Pay

My men are paid a dollar for each call
and are guaranteed six calls per day; then
the remainder are divided among them
equally, and the next ten pay them seventy
cents apiece and, from then on, fifty cents
each. They furnish their own cavs; but
I furnish their test equipment, tools and
oscillators and output meters.

My service charges are $1.50 for the call
aind fifteen minutes’ labor; and from then
on it is $1.50 per hour, of which the Service
Man gets 50c per hour, All Service Men are
instructed not to make any major repairs
on the job—unless the customer will not let
the set leave the house—and never to replace
a part with another that does not look
exactly like the one that was defective; as
the customer cannot understand why, if
there was a green resistor in the set, you
did not put in another of the same kind.
He does not believe that the black one that
you have in your kit is of exactly the same
resistance, (if it is, why is it of a different
color?) and, the first bad tube or bad night,
the black resistor is blamed ’

Any calls back within ten days the Ser-
vice Man must make on his own time and
at no charge to either customer or shop;
these average about 2 per cent, or less.

Every man working for me must be mar-
ried and over 25 vears of age, have over
threc vears’ experience, dress neatly and
have a pood personality; and move than
three complaints in regard to careless or
nnduly rough handling, impertinence or not
keeping a  promise, writes his discharge
ticket.

When we get a service call we get all
information possible and place this on the
service ticket, together with the shop diag-
nosis, which is correct about 80 percent of
the time. Each ticket has the customer’s
name and telephone number; and he is
phoned, five days after the call was made,
to sce if he is satisfied and to verify the
price he paid.

An inflexible rule is cash to all, regard-
less of whether the customer is the president
of our largest factory or a street cleaner:
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Not only docs an elaborate testing board like this make work easier and surer, but it impresses
customers. The Service Man needs “showmanship” to sejl his services to better profit,

for one man’s dollar will buy just as much
as another’s.

When a Service Man is asked for credit,
he is told to explain that he must turn in

MARTINDALE RADIO SHOP

10 YEARS oF
SERVICE THAT SATISFIES
OAYTON'S OLDEST AND BEST EQUIPPED SHOP

Ma,

ADDRESS,

PHONE | —Dare_ 193__

Maxs Mooe;

Tvyre = ROMISED __:

INFORMATION

Tusgs.

PARTS

Lanon. Hnas. ————PIR Ha.. -
SERVICE.

TERMS§ CASH TJOTAL TN

By..

CusTomEr O, K.

FOR YOUR PROTECTION SIGN AFTER TOTAL AND SLIr 18
COMPLETELY FILLED IN

This blank in triplicate shows the customer
what he is getting and gives an office file and
mailing list for ‘“‘Martigrams,” ctc.

the money out of his own pocket if they
do not pay him. Of course, he does not;
but it is surprising how many who ask
for credit pay cash, and the small percent-
age of losses due to their believing that the
man doing the work will take the loss. And
when one who has had credit comes in and
pays, 1 always say before the customer:
“Credit this to Service Man number so-
and-so,” thus leaving the impression that
this had been charged to the repairmen.

I run catchy advertisements of three or
four lines in all the newspapers (by the
year); such as “Service That Satisfies;”

“Service by Men Who Know How;” “Day-
ton’s Oldest and Best-Equipped Shop;”
“We probably built your father’s set;”
“Sooner or later you will call us”; “After
the rest have tried, we’ll fix it;” “You don’t
get your hair cut at a blacksmith shop, why
take a chance with vour Radio?” ete. We
find these pay if they are run continuously.

I often have customers who do not want
to get a set fixed until they know what
it is going to cost. Since the Service Man
has no authority to make a price on a major
repair, he tells the custoiner that he will take
the set into the shop where it can be properly
tested and will call back telling the exact
price; and if that is not satisfactory he
will return the set and the charges will be
one dollar.

Less than half of one percent. have to
be returned without making the repair.

I have on my call book the names of
twelve Service Men, located in different
parts of town, whom I can get in touch
with and so give ten-minute emergency
service. Often tiines, late at night when
there is no Service Man on duty, and on
holidays, I have made arrangements with
a leading taxicab company, to deliver a
tube and collect for it and refund to me.
In sending two tubes we pay the taxi bill
and this often leads to the sale of an extra
tube.

I have a large gold-leaf sign on the
window—“TUBES TESTED FREE”; this
brings in a number of tubes. In one month
we tested 506 tubes of which 124 were defec-
tive or weak; and we replaced 101, or about
iwenty percent., at a profit of $100.50.

LEach service man has a copy of the
OrriciaL Ranio Service Maxval in his tool
bex; and practically all radio books and
magazines are on file and subject to easy
access by the men. Any of my Service Men
can have use of the reference library and
can call in and get a resistance or con-
denser value while on the job.

It does not pay to replace a single con-
denser section and, whenever possible we
replace the entire block.

s
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Ay, Charles G. Martindale, the author of this

article, has built up a large business under

severe handicaps. Here. he tells other Service
Men  hoze,

Equipment for the Job

Below I am giving a list of what every
Service Man carries in his car:

1 Jewell 4-Meter test kit; 1 Jewell oscil-
lator and output meter; 1 Hickok ohmn- and
capacity meter; neutralizing adaptors; 3
screw drivers L.M.S.; 3 spintites; small
drill press; 10 drills; rosin core solder and
“Solderall”; 1 roll push-back wire; 1 roll
tape; 1 clutch nut holder; 1 screw starter;
10 assorted resistors; 1 dentist’s mirror; 1
bottle denatured alcohol; 1 neon “testalite”;
6 volume controls; 1 pair headphones; 1
knife; 8 different kinds of pliers; 2 neu-
tralizing wrenches; 2 neutralizing screw
drivers; 25 tubes; 1 box assorted screws
and nuts; 1 No. 6/32 tap, 1 No. 8/32 tap,
and wrench for above; 1 soldering iron; 1
extension cord; 1 flash light; 1 bottle furni-
ture polish; 10 assorted condensers, .00025-
to 2 mf.; 1 magnifying glass; insulators and
ground clamp; batteries, “B” and “C”; 10
ft. belt cable.

For the above a Service Man must give
$300.00 bond, and he raust pay for the
repair of any equipment broken or burnt-
out.

My service men average better than
$50.00 a week and T can show a profit in
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spite of business conditions; simply because
1 use service as a business and not as a
necessary evil and have tried to build for
the future.

I find that a majority of men would
rather have their service at night; so the
service day starts at four o’clock and runs
until eleven, except for the aerial crew.

Meeting Cheap Competition

The average production radio, after it
has been used 60 days, can be improved 20
to 100 percent. Ly three hours’ labor of a
good Service Man with the proper equip-
ment. This is what I have to sell and my
Service Men are trained to sell it. A man
listening to a set operate, and knowing the
receiving conditions in that locality, can just
about tell how much benefit that kind of
adjustment will give; and has a good chance
of a five-or six-dollar job for which the
set owner is glad to pay and will tell his
friends about.

e have the 50c and $1.00 Service Men in
this town also; but I cannot see why they
shonld worry any good service organization.
Of course, they will get some business, but
it is a class of service that a high grade
shop does not want.

When a man complains about the $1.50
service call I ask him whether he thinks
that the man can get to his house and repair
his set in less than an hour; whether he
thinks a first-class mechanic will work for
50 cents; whether he thinks such a man will
give him an honest test of his tubes; and
whether he honestly thinks that the job is
not worth more?

My men never replace a tube unless it is
defective or down ten percent. Every tube
tested is marked and abelled with its con-
dition, with the advice written on as to the
date when they should purchase an entire
new sct.

1 handle no cheap tubes. Nothing but
standard brands and highly advertised and
made by companies whose adjustment policy
is fair.

I have seen over a hundred radio service
shops come and go in this city and have
tried to analyze the cause of their failures;
fn most cases, it was incompetence mixed
with the idea that vou can gyp the set
owner and he will never find it out. An-
other class start with the idea of getting
all they can in the biggest chunks that
they can get it in. Also, there are shops
that fail to watch their collections; this
alone has put ‘more good high-class repair-
men out of business than anything else.

‘Psychology in Servicing

There are two kinds of service: one for
the man, who likes to see the Service Man
tighten up the inside of a set and check
evervthing for tightness; and the other is
for the woman who delights in a Service
Man who, when he is through, takes a rag
and sowme furniture polish and wipes off the
fingermarks and a few scratches, (whether
they are imaginary or real).

And, above all things, if the Service Man
must make dirt, he must clean it up; and
lie must listen interestedly while the cus-
tomer tells him how he got California at
seven o'clock without an aerial and what a
wonderful set his old three-tube blooper
was.

1 find that the customer is better satisfied
with a man of some age even if he doesn't
know as much as a vounger man mjght,
for the majority of sixteen- or eighteen-
year-olds are too cocky and have no sense
of responsibility.

There are two things in the service bus-
iness that are absolutely necessary for the
successful service shop. The first is the
arrangement you have for taking care of
vour telephone calls; the person who answers
your telephone must know radios, must
have a pleasing and sympathetic voice and
be able to give information in a way that
the customer can understand. Then, too, you
must Dbe careful never to send the same
Service Man again on a job where the
customer wasn’t thoroughly satisfied.

The second is the appearance of the shop.
Keep it painted and use colors that harm-
onize. Keep the junk hid away, and have
one rack in plain view for sets and chasses
brought in for repairs, and another for
those that are done and ready for the
owner’s call, or to be delivered. Have these
tagged (with the charges plainly written on
the front of the tag and what was done to
the set, and the parts used, on the back)
and let the customer keep this tag.

All telephone orders are taken in tripli-
cate: one copy is kept in the office, so that
the Service Man may be reached by tele-
phone if I have another call in the same
locality; and the other two are given to
the Service Man who is to make the call.
The duplicate is given to the customer; and
the original is signed by the customer after
the full charges have been filled n and
what was done to the set put on the back.
This signed copy is filed at the shop (in
alphabetical order) and the file is used
for reference and as a mailing list.

Get the highest-priced gold-leaf signs on
your windows; for they are an index to the
kind of business going on inside. They are
your bid for the prospective business going
by vour place and are your highest-class
salesmen, whose scrvice costs you nothing.

Building Up a Clientele

1 have a number of calls every week from
prospective set buyers who ask me which set
is the best, or which set they should pur-
chase. I name over three or four of the
best sets and try to explain the difference
between them and let the customer decide
for themselves. By helping them decide, you
are the first one they think of when they

" need service.

Give information freely and courteously
and, at the same time, sell yourself and
vour service. It may be a year before you
get any results, but it will pay dividends.
And do not make vour store a “hangout”
for a bunch of “radio nuts” and “radio
liars.”

When you sell a short-wave or television
kit, tell the customer just what he can
expect. Then, if it works better than you
told him, he thinks he is smarter than you
are; and he tells his friends to get a kit
and he will help them build it. This means
husiness for you and that is what you
want.

A stock of used and new parts is not
“to be sneezed at”; and that will be better
as short waves and television become more
popular.

The best way to get vourself a real live
mailing list is to get a bunch of station logs
with your name and business on them. Get
a high-class log that every set owner will
like; then, when a customer comes into the
store, give him one and ask him to write
the names of a number of his friends on the
pad, as you want to mail one to each of
them. Also, have the Service Men work
the same idea. A list of this kind has very
little deadwood in it, and vou do not have
a lot of losses from sending advertisements
to people who have no-radios.

Radio service used to be referred to as
a “game”; but that day is.past and, fellows,
if we want to survive we have to dig and
specialize in our line. Forget competition
and make ourselves stand ont above the
others in the samne line. It takes time, but
it can be done: and don't be disconraged.
Good times are coming.

Now, I am not advertising Ranto-Crarr or
the Gernsback Publications—but they have
done more for the radio Service Man than
all other books and magazines published
(and I take them all) and the serious perusal
of them will do more to keep you up to
date than any other one thing.

From the illustration heading this article,
vou will see that T am an invalid and that
my means of transportation is a wheel chair
in my place of business. For the outside
1 bave «a special-built automobile which I
have driven 90,000 miles in six years; so
vou see that T get some pleasure ont of
life also. I absolutely do not trade on my
physical condition and my first job, on
meeting a strange customer, is to make him
forget my condition and do business on a
straight Dusiness basis, and to let him
know that I want no favors or edge on my
competitors.

1 went broke in the auto service business
cleven vears ago and started in the radio
business by building erystal sets. I have
followed the business right on, having con-
structed 667 custom-built sets and serviced
over 9,000 sets in that length of time. I am
married and have made some money by
using my head and one arm; so, fellows,
vou can make it if you try bard and use
the old bean as well as both arms and
legs. 1 do not want you to think me
epotistical, but T am telling vou what you
can do if vou concentrate and try hard.

1 may later write some articles on service
kinks and the methods I have found for
quick servicing of different sets. 1 am no
“fiving service man”—and T have not been
able to find one.

BETTER AS A SIDE LINE?

Since the advent of the “all electric” two
years ago, I have discontinued building and
devote my spare time to servicing entirely.

I have a car and testing equipment of my
own make, which I have found adequate for
nearly all occasions.

My motto has been to fix the set on the
spot if possible; which, of course, requires
quite a large supply of essential parts on
hand. But I find this method makes friends,
and I am sure of another call; and also a
recommendation to somecone else in need of
radio service.
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Going After

Service

How advertising and publicity rebuilt a
business rapidly for an enterprising

Service Man

UT of the game for a yvear. Your

business wrecked in the midst of

a  national economic upheaval:

everything to win, nothing left to
lose. Would you go under or fight? That
was the question I faced a year ago and
chose to fight. You can do some shrewd
thinking when you're hungry.

The first problem requiring thought was
to reach the greatest number of people with
the message, not only that a radio Service
Man was available, but that they needed
this particular Service Man right now. Un-
der the mistaken idea that lew prices would
get the results, five hundred government
post cards were printed and sent out offer-
ing service at one-third the regular rate of
$1.50 for a limited time. The idea prac-
tically failed. The “something-for-nothing”
people were the only ones that called; and
they wanted more for their fifty cents than
two ordinary calls would entail.

The next idea had more merit and cer-
tainly more profitable results. The radio
page of our leading local paper was such
an uninteresting sheet that most of the radio
advertisers requested other locations to make
their copy effective. “Let's write something
of interest for that page, something that
will consistently attract readers who, in
turn, will see the ads.” That idea appealed
to the editor. He offered to run free with
my name at the head, a daily column on
radio, if 1 would supply the copy.

A question and answer columin seemed the
logical medium and, as enough questions
would not come in to supply the daily as-
signment, it would be necessary to write

Telephone

3-241 4

J. P. Kennedy

418 West LaSalle Avenue
South Bend, Indiana

not only the answers but the questions. To
make them appear genuine, fictitious initials
could be signed. It took six hours of typing
to prepare the first two weeks’ copy. The
idea clicked instantly. Actual fan mail be-
Ban to come in with real questions. People
began to ask, “Who is this chap, Kennedy?”
Sensing that query, I ran ads, tieing in with
the column, with my picture and suitable
copy. 'The calls for service were increasing

daily.

A Direct-Mail Campaign
There are a large number of wealthy
people in this city (South Bend, Indiana).
Their trade and good will was the next ob-
Jective. Tortured with staid mimeographed
advertising, that went in the waste basket,

Joe P. Kennedy’s Radio Service

s ———

Dear Mrs. Riley:

The gentleman whose picture appears on
this card will call on you in a few days to
test and check your radio set.

This service is absolutely free. We want
to know what type of set you have and what
equipment it takes so that when you cali
for service we can serve you without delay.
Please admit Mr. Kennedy when he calls.

J. P. KenNNepy’s Rapro SEervice
418 West LaSalle Avenue,
South Bend, Indiana.

Ph. 3-2414

A fostal with a picture, like the business card
above—a two-color job wiich has suffered in
reproduction,

Ph. 3.2414.

Profit by Experience

OF 2,000 OTHERS, CALL

J.P. Kennedy's
Radio Service

413 W. Lasalle

e
OUR COMFPLETE KNOWLEDGE §
OF RADIO MEANS MINIMUM
COST OF REPAIR.

J. P. KENNEDY'S
RADIO SERVICE
Ph. 3-2414

g A J. P. KENNEDY'S iftd
nov®! A wbe Bna Radiec Service 2 4,
d oo £ z\,‘m\“\:‘g\‘o«ﬁ;ﬁw Ph. 2241 418 W. LaSalle fo 25 Mon, "Clnte, ciny
not- (i3 ! Al ¥ e - Clo ' g e,
net s oot o, - e : 2 Ocven Mgy, Cary 70 mad
$10.00 FREE What’s Wrong ad op thaex j
If We Can’t Repalr Your A . i3 4
Radio Set With Your Radio? on® long. W
L as 8" B

418 W. LaSalle

J. P. KENNEDY'S
RADIO SERVICE
Ph. 2-2414 418 W. LaSalle

i hayeui’ ¥

A combination of publicity and advertising with small spacc—"“bullets” —frequently
repeated. Larger newspaper advertisements are shown below at the left.

The *““ad” at the

left was less suc-

cessful than that

in  the center,

which introduces

“human  inter-
est.”’

YourWife

and Family Deserve
Lightning Protection

Lightning Arrcstors
Instalied
This Week Only

these people are the hardest to reach. Per-
sonal calls are impossible with countless
butlers, maids and private secretaries to
block reaching their superiors.

Personal letters seemed the only solution.
They must be sent in plain envelopes on
plain white paper, with no letter head that
would betray their commercial aspect. They
must have human interest, discreet flattery,
the personal touch, and a dynamic compact
message—high-pressure stuff, Everyone who
has lived in a given community, for a few
years, knows at least the big civic and in-
dustrial characters. If not, almost any old
citizen can supply not only the names but
countless stories and incidents about these
prominent people. There is your material.
A typical letter appears on the next page.

Use of Good Printing
The problem of boiling a compact force-
ful selling message into a one-inch, single-
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column newspaper ad cost several hours
study. The most effective of several dozen
tried are reproduced here.

An important part of a Service Man’s
equipment is a good business card. Tak-
ing advantage of the methods used by poli-
ticians to get their personality across to
the voters, I resorted to a business card
bearing my own picture and a minimun of
printed wmaterial. The wmore simple and
unique the card is, the more dignified and
effective it is with the most desirable class
of trade.

Study the business cards of successful
firms and men. Ask yourself what appealed
to you in a particular card; take that idea
and use it in your own card. Color, dis-
creetly used, distinguishes a card. I use
two straight blue ‘lines (despite the extra
cost of a second run by the printer) to
get away from the conventional black, yet
employ a cool color that will not distract
the eye of the reader from the printed mat-
ter. I consider this card on a par with

KFHNEDY‘S J.P. RADIC SERVICE

PERSONAL
HIGH QUALITY SERVICE

Reasonable
Rates

418 W LaSalle.c.evevseceer..a(3-2414

An advertisement in the classified telcphone di-
vectory attracts attention at the right momend.

any other form of advertising I could give
a prospective customner.

To supplement the business card, a per-
sonal letter of appreciation goes to every
‘new acquaintance I make. It apparently
does no harm to flatter new friends; they
remember you long after you have forgot-
ten them.

Studying the successful method of selling
employed by allied industries, I took the
_idea of the persistent Fuller Brush sales-
men and reworked-it to sell service. The
addresses of houses having an aerial could
be secured by nerely walking down the
street.  The city directory supplied the
names of the ocempants of these homes. I
selected ten a day and mailed a government
postcard bearing my picture and the mes-
sage reproduced on the preceding page.

This announcement has been gaining en-
trance to 709 of the homes it is sent to.
True, it costs time and energy to make
these free calls; but half of those called
on need new tnbes, lightning arrestors, tone
controls or actual repairs and—believe it
or not—they buy them and average you
$1.50 to $2.00 per call. The days when you
could sit around the shop, and wait for
the calls to come in, have passed. There
is plenty of business if you go after it.

I tried an interesting experiment in sell-
ing lightning arrestors. The weather reports
were watched carefully for an announce-
ment of an approaching thunder ‘storm; and
an ad was then run -with a scare headline
in italics. Not a single call resulted from
the ad!

The copy was changed, a little personal
family interest was injected; and not only
was a stock of slow-moving lightning arrest-
ors sold, but I obtained the opportunity to
sell tubes and other accessories on the same
call.

Telephone Solicitation

On rainy days, and particularly in the
evenings, it is profitable business to call old
customers, who have not been contacted for
six months or wnore, by phone. Offer to test
their set free the following day while you’re
in their neighborhood. (Of course you make
it a puint to be in their neighborhood.) It
is absolutely surprising how many type 45
and ’80 tubes are sold on these calls.

The phone book provides an invaluable
advertising service. Snappy copy that shows
class, vet does not frighten away the finan-
cially timid reader, can be run in the busi-
ness directory part of the phone book at low
rates (compared to other advertising me-
diums) and you know that it is within reach
of all your more desirable customers, day
and night throughout the year. Where two
phone books are issued per year, that which
covers the fall period should have the larg-
est and best copy vou can afford to run;
while just a simple card-like announcement
will do in ‘the book during the period of
least activity in service work and during
the time you are going out after the busi-

ness. I intend to have copy in the phone
book as long as I am in the service
business.

A copy of a small-type phone book ad is
given here.

The natural question other Service Men
will ask, when theyv finish reading this ar-
ticle, is: “How much is Kennedy making
with all these advertising stunts? How big
is the city he's in?”
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418 West LaSalle Avenue,
South Bend, Indiana
October 1, 1930.

Mr. John Riley,

605 E. Howard Street,

South Bend, Indiana.

Dear Mr. Riley:

Have you ever had a person that sold
you merchandise or service take a personal
interest in your satisfaction after they se-
cured your money?

A few years ago, I had the pleasure of
repairing your Bremer-Tully radio. The
gracious manner in which I was treated by
both yourself and your charming wife left
a pleasing memory. The air of culture and
refinement that pervaded your home inspired
me to exert my best efforts and utmost skill
in repairing your radio.

Not hearing from you since, I presume
your set has been working satisfactorily,
but really it should be carefully gone over
at least once a year. Tubes don’t Iast for-
ever. Improvements are available, such as
static modifiers, better known as tone con-
trols, new quick heating tubes and more
efficient lightning arrestors.

I am interested in your satisfaction. With-
out knowing of these improvements, you
might be talked into buying a new set, while
your present set can be brought up to date
at a fraction of the cost of a new machine.
I want your friendship and the good will
of your friends. This can only be obtained
by serving your interests to the best of my
ability. In other words, I want your radio
service business. May I have it?

(Signed) J. P. Kexxepy,
J. P. Kennedy’s Radio Service.
Phone 3-2414

One of Mr. Keunedy's diplomatic letters. A
little blarney, and then a business touch.

The business will average $10.00 a day
profit or return for labor while yvou work.
Being human, I take a day off occasionally
for a little golf; devote a few evenings a
month to social affairs (there are some
beautiful girls in South Bend and they are
partial to young wmen in business); over-
sleep some mornings; attend the weekly
meetings of the Kiwanis Club and take part
in any civic affairs that eall for volunteers.
(That’s real publicity plus the satisfaction
of doing a good turn.) South Bend is an
industrial ¢ity of slightly over 100,000 popu-
lation, with a fine friendly group of people
and with the well-known University of
Notre Dame at its northern boundary.

The leading radio concerns have distrib-
utors located here who supply all the stan-
dard merchandise needed, without delaying
vou with shipping and burdening you with

Mr. Kennedy has de-
signed his own serviee
cquipment: above, an
aualyzer which is kept
up-to-date; right, shop
cquipment. The 1000-
cycle oscillator has
plug~-in coils to cover
170 to 6,000 kc.: it in-
corporates a galrano-
meter, for a grid-dip
meter. There is also an
0-10.000 (“decade” ad-
ustment) ohmmeter; a
0.1 to 3.9 mf. capacity
meter; and a milliam-
meter which reads 0-
10-100-500 volts. Every
wnit has phone jacks,
for quick connections
with proper polarity.

= L
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express bills. )
carried, because of the ease of securing
additional supplies.

Other, less-aggressive Service Men are
going broke here; so, unless you can bring
in new and more effective ideas for selling
service, stay in your own home town.

One ten-by-ten room in my home con-
tains my desk, phone, service bench, and
shelves for spare parts and supplies. No
sets are brought in that can be repaired
in less than an hour in the owner’s home.
All my equipment is hand-made. Careful
workmanship and technical accuracy make
my instruments as important in the eyes
of my customers as their more expensive

Service Sal

EVER before have there been such

great opportunities to make money by
servicing radio as there are today. The
finest and best radio receiver, sold only a
month ago, may be now obsolete; since
there have just come upon the market sev-
eral new tubes which are a vast improve-
ment and, of course, these tubes will better
any radio.

The Service Man’s business is, to give
the community which he serves the best
there is in radio. By this I do not mean
selling gadgets, but incorporating improve-
ments into your customer’s radio.

Many Service Men, as well as the general
public, regard the radiotrician’s profession
as merely a job of fixing receivers. I re-
gard my work as giving my customer the
best in radio reception and, of course at a
profit. And I find the customer ready and
willing to pay for real service.

Only this year, a great many supers have
been sold that can be improved by the use
of the type ’35 variable “mu” tube. It will
be necessary, if the set in which these tubes
are to be installed has variable screen bias,
to fix. this at 75 volts (with a fixed re-
sistor), and use a variable resistor for the
cathode bias. The value of the latter de-
pends on the number of tubes it is to serve.
(Fig. 1.)

You will be surprised at the sales op-

¢

75V, =

: 180V,
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vA‘v el
e R2 _B_‘ R3
Fig. 1

To convert a standard screen-grid set for
variable-mu tubes, the civcuit is altered from
-1 to B. Values depend on the set.

A mninimum stock can be -

ready-made counterparts. Besides, after de-
signing and building an instrument, I know
how to use it.

A 1928 light coach-model car takes care
of the transportation problem.

I sell Crosley, Echophone and Majestic
sets where old sets are too far gone to war-
rant expensive repairs. All busincss is done
on a cash basis. I am not affiliated with
any other dealer nor do I care for their
work with its limitations on selling that it
world impose upon me.

During the winter months, I teach radio
service work two nights a week to a public
night-school class under the auspices of the
local board of education.

esmanship

portunities you will find if you take along
with you, on service trips, a short-wave
converter of the superheterodyne type. Most
people are now “off” the plug-in adapters;
the ideal short-wave converter installation
is permanently connected up, so that either

short or long waves can be selected by
throwing a D.P. D.T. switch.

One of the ideas I have been able to cash
in on is altering receivers so that the short-
wave police calls can be picked up. This
can be done on any receiver, merely by
taking off turns of each tuned secondary.
Sometimes it is possille to realign the trim-
mers and get frequencies high enough. I
would not advise changing single-dial
supers, unless you are thoroughly versed in
this type of receiver.

Then there are the new pentode power
tubes, which can be installed in any set,
whether A.C. or D.C. There are several

types for different filament voltages; con-
sult the table of characteristics.

A great many sets have the leak-con-
denser detector; here a power detector may
be installed, with consequent increase in
both selectivity and tone quality.

In a district supplied with 110 volts, D.C.,
You will find any amount of batteryv-oper-
ated sets that can be changed to work off
the house lines. Incidentally, there is on
the market a new series of tubes which are
ideal for this job, viz: the ’36, ’37, and ’38.
All these tubes operate on the same fila-
ment voltage (6.3) and filament current
(0.3-ampere). Bias can be obtained in the
same way as in A.C. tubes, by the voltage
drop across a resistor between cathode
and ground.

There are a great many automobile re-
ceivers that can be improved by the use of
these tubes.

Very recently there came on the market
a midget receiver using three ’24’s, one
’#5 and one ’80 type tube. I purchased a
lot of four of these receivers for $70 and
changed them to use two ’35’s, one 24, one
’+7 and one ’80; whicli increased the range
and volume most noticeably. The expense
for two resistors, one output transformer
and 4-mf. condenser came to ahout $6.00 per
set all told. However, I happened to have
these items on hand, salvaged from junk
sets; and I sold thesc receivers for $69.50
apiece.

Use your own ideas, coupled with those

"B+TRF.

Fig. 2
To receive police calls, below 200 meters, it
is necessary to reduce the minimum inductance
of the tuning coils. Some methods are shown.

of others. T'o amplify this statement, 1 cite
one instance where I used another fellow’s
idea but did the job differently; 1 refer
to using the new 2-volt tubes in the “Radiola
28.” 1 made two adapters, one containing
a 750-olm resistor and one with a 4-ohm
resistor; this saved opening up the cata-
comb. All changes were made externally;
thus saving a great deal of time and labor.

Don’t tell your customer, “It can’t be
done:” because it can be done and, if you
don't do it, some other enterprising Service
Man will do it and you will lose both the
business and the good will.

SELLING RADIO TO SCHOOLS

F ever there was a case of the “vicious

circle,” it is the problem of introducing
radio in schools. School boards decide
against radio installations for the reason
that there is insufficient educational material
available during school hours in the present
broadecast programs. Broadcasters, on the
other hand, refuse to provide more educa-
tional material during school hours on the
ground that there are not enough schools
equipped with radio to make the effort
worth while. A perfect vicious circle. Yet
the problem is not quite as hopeless, I be-
lieve, as it might seem. It so happens that
the centralized radio installation may be
employed quite independently of radio pro-
grams. By means of a microphone, it be-
comes possible for the principal to address
the students at their own desks, without
calling for an assembly. The physical-cul-
ture instructor can order “windows up,”
and proceed with brisk setting-up exercises,
without having the students leave their class-
room. The visitor to the school can say a
few words to the students at their desks.
Or, with a phonograph pick-up, it becomes
possible to provide any desired musical pro-
gram, language lesson, and so on. A radio
installation, fortunately, has other uses be-
sides the interception and distribution of
radio programs. That is the idea which
radio Service’ Men should sell to school au-
thorities at this time.
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RUNNING THE

SERVICE

t a Profit

If the Service Shop is not profitable, it is Mis-
managed. This Article Shows How One Shop Was

OFFiciAL RADIO SERVICE

SHOP

Made Profitable.

OME months ago, a progressive radio

manufacturer formulated a plan not

only to make his radio-service depart-

ment pay for itself, but actually to
make it show a profit—and it did.

This plan is not just a theory but has
already gone through the “laboratory” and
is now ready for field service. The “lab-
oratory” consisted of service departments—
from the one-man business to the highly-
trained “100 men” organization, as in the
automobile industry, the radio service de-
partment is of utmost importance.

The customer “sends for” the Service Man
and anxiously awaits his arrival. Because
of his superior knowledge of things per-
taining to radio, the Service Man's recom-
mendation goes a long way with the cus-
tomer—he is the “radio doctor.”

The modern “radio doctor” should not
consider his work done after the set is
repaired. He should guard against future
trouble. Such service builds confidence, rec-
ommendations, and increased calls.

This illustration shows the case with which an
antomatic line-voltage control may be added
to any receiver.

After looking the set over, the Service
Man usually finds a resistance, condenser,
or tube which needs replacement. High
voltage may have been the cause of the
trouble—or just may have helped to make
matters worse. At any rate, the set is re-
paired and a voltage regulator is connected
in series with the power line—just to see
how the set sounds on regnlated voltage.

The new tube naturally arouses curiosity.
The Amperite Plan even goes as far as to

provide a simple selling talk for the “Serv-
ice-salesman.” The talk runs like this:

“Oh yes, lots of radio troubles are due
to voltage fluctnations that we cannot see.
The voltage has a habit of jumping just
when you are not checking it. And those
jumps raise the devil with the tubes, power
packs, and reception. This automatic regu-
lator keeps the voltage along the straight
and narrow path. Acts like a shock ab-
sorber on a car—decreases wear and tear.
Well, if I have an extra one on hand, I
will be glad to install it—and save you «
service charge”

And thus, another automatic voltage regu-
lator is readily sold, leaving the customer
more contented, the dealer with a handsome
profit and the Service Man with a worth-
while commission to add to his salary.

The new merchandising plan has proved
to be exceptionally successful wherever it
has been given a fair trial. One dealer has
been averaging 28 automatic line-voltage
controls per month for each Service Man—
thus getting a net profit of $37.80 per month
per man. Perhaps the best way to show
the advantages of this plan is to present
actual facts and figures taken from the ex-
perience of a large New York radio con-
cern. Early in January, 1931, Davega, Inc.,
of New York City, one of the largest radlo
chain stores in the country, decided to try
out the plan. This concern specializes in
the retailing of radio sets and sporting
goods. It operates over twenty-eight retail
establishinents in the metrvopolitan territory.
All radio servicing is handled through a
central radio-service department—about 100
Service Men are employed.

The Plan

In order to start the plan, a talk was
given to the Service Men assembled at a
special meeting.  Three things were im-
pressed upon the men. First, the need for
automatic line-voltage control was illus-
trated and cmphasized. Second, the men
were shown the ease with which a sale could
be made; and third, they were offered a
cash incentive. DPrizes were posted for the
hest monthly sales. Service Men. averaged
from $50.00 to $75.00 per month extra—that
is, above their tegular salaries.

Sales Data

During the month of January, 125 auto-
matic voltage regulators were sold by the
Davega Service Men. In February, the
number of such sales was increased to 195.

ity sets.

MANUAL

Hoxw RCA lictor adds line-voltage controls to

The case of installation is well illus-
trated in the sketch below.

During this initial period, the Service Men
were gradually becoming aware of the pos-
sibilities of the plan. Then, in March, the
sales jumped to 1129, in April to 1578, and
in May to 1705 and since then, these service-
sales have been continuing at a most satis-
factory level. The chart in Fig. 1 gives a
comprehensive idea of the way in which
the Davega Secrvice Men benefited by the
new merchandising plan.  As a further aid
to the Service Man, a pamphlet was given
by Davega, to cach purchaser of a radio
set, calling attention to the troubles arising
from line-voltage fluctuations and to the fact
that such variations in voltage occur quite
often in the metropolitan arca. The cus-
tomer was adviscd that a Service Man would
be pleased to render a voltage analysis and
then to install a voltage regulator if neces-
sary. A return post-card was included in
the pamphlet.

This promotional work resulted in a fur-
ther increase in voltage-regulator sales. In
addition, the manufacturer of the line-volt-
age control conducted a direct-mail cam-
paign to give the Service Men timely point-
ers on selling regulators and also wmain-
tained a newspaper publicity and advertis-
ing schedule to create public demand for
automatic voltage-regulation.

The results obtained by the Davega Serv-
ice Men have been equalled by many other
progressive service organizations in various
parts of the country. Any radio concern
interested in obtaining additional informa-
tion regarding the above-described plan may
obtain this gratis by writing to the editors
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Fig. 1
A chart showing the sales of woltage controls
for the months of January, February, March,
April and May.
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Money Making Suggestions

Servicing in the Country

HE situation that presents itself, as far as radio is con-

cerned, in the country—that is to say in small towns and

hamlets and on the farms—is not new; and the obser-

vations which I make here are only to emphasize the
erying need in these small communities for radio sets adapted
to their needs.

‘While radio was young, and even until nearly five jyears
ago, there was no such thing as an A.C. receiver. Set builders,
as well as set manufacturers, competed with each other in
turning out increasingly eflicient battery-operated receivers;
since there were no others to be had. ‘These sets at that time
were, of course, suitable for the country; and the type still is
an ideal, for the simple reason that in the more isolated homes
of the country there is usually no electric light and whatever
radio sets there are must, of necessity, be operated by battery
pewer.

During the last few years, this market, which is a tremendous
one, has been almost entirely overlooked by most radio set
manufacturers; only very recently have some of the larger con-
cerns come to their senses and realized the big opportunity
they have missed in the past two years. They are now trying
to make up for lost time.

As far as the Service Man and radiotrician, as well as the
set builder, are concerned, there is still 2 good deal of money
to be made by installing either factory-made sets or sets built
to order. In many communities, for instance, there are numer-
ous 32-volt lighting systems; yet there are practically no
manufactured sets in the market that can be hooked up to
such a lighting circuit. The wide-awake Service Man and radio-
trician will take advantage of this fact, find out where such
lighting plants are located and then try selling special sets to
this trade. Since sets to operate on 32 volts.are rare, they
naturally will bring a pretty good price; which should make it
worthwhile for the industrious constructor who ‘wishes to earn
a few dollars. We know of one man who, in a single season,
has sold not less than sixty such sets at a price that would
usually be thought of as being exorbitant; but this custom
builder cashed in on a real demand by making up a set, and
taking it around to farms, hooking it up and demonstrating
it, and he found little trouble in getting an order each time.
This usually brought new business in the neighborhood, from
other isolated farm groups which had similar lighting equip-
ment; and the builder in question was kept busy installing such
sets.

Of course, it is not absolutely necessary to have the farm
radio set work on 32 volts; because an ordigary battery set
can be operated from. a storage battery which can be “foated
on the line.” This presents no difficulty to the radio man and
does away with the special set.

There are two avenues open to installing sets of this kind.
One, and of course the hetter way, is to sell an up-to-date set
to the farmer or small-town man; there are some excellent
receivers of this type on the market today. Or, if the radio
man is a builder bimself, he' can make up a screen-grid set
with three or four tubes which, with their tremendous amplifi-
cation, will perform surprismgly well in practically any lo-
cality. Incidentally, there is always the additional sale of the
antenna equipment, lond speaker, tubes, batteries, ete. And,
once you have the confidence of your customer, he will stick by
you and you will be engaged to service the set for a long time
to come. Then, later on, when a better set comes along, you
will be able to, sell it to the same customer. The business,
therefore, is cumulative as time goes on.

The Service Man or custom builder. who owns his car, and
can get around easily, will have little -trouble in drumming
up a_good deal of trade. in this manner.

Of course, ‘it is important - that one- or more demonstration
'sets be carried along; because to the small-town man or farmer
a demonstration is. everything. Selling from a catalogue or
description means nothing because, incredible as this may
sound, thousands of individuals in this country have as yet
never listened to 2 radio set. Such individuals are always hard
to convince, if only a description of a set with its picture can
be shown. An actual demonstration is a different.story, and
usually a sale can be made on the spot.

I have mentioned before, and I wish to repeat it, that there

is a- _pgrti‘cularly lucrative market for such sets in summer com-
munities; and, once you get to such a summer community, it

will be found that there are, not far away, many isolated dwell-
ings which can be canvassed.” Nine times out of ten, a dwelling
or farmhouse that has no visible aerial should prove an ex-
cellent prospect. While, of course, not_everyone will be sold,
still it will be found that the percentage of sales runs high.

A thing to rememher—and many of our correspondents who
have had such experiences point this out— is that eight out of
ten of such sets sold must be reasonably-priced. The small-
town man, as well as the average farmer, is not blessed with
too much money, and in many cases $50.00 is the limit that cun
be gotten- for an installation. Of course, for such an amount it
is impossible to furnish a really.first-class set. In such a case,
a second-hand battery set which has been overhauled and re-
paired will have to be sold to the cistomer; but even here a
very good profit can be made if the radio man knows his
business.

Another thing the radio man will come up against, is that
many individuals wish to buy a set on the installment plan; in
this case, it is usually best to sell a reconstructed set. Such
receivers can be hought quite reasonably and, in nine cases
out- of ten, the first down-payment will practically repay the
investment, while the installments will be so much profit. A
little monéy invested here will show good returns and, if a
few dozen installments are made, the industrious Service Man
will have quite a little money coming to him when he will need
it most. Incidentally, it might be said that few of these sales
ever go had; for the average small-town man and farmer is
honest and pays his just debts on the dot. If the radio man
has a banking connection, and if he can-obtain written orders
for the installations, it should not be impossible to obtain from
the bank a sufficient amount to keep on going until all the in-
stallments are paid. Most any small-town bank, if it knows
with whom it is dealing, is in a position to finance small loans
of this kind; and, if the radio man has a good reputation and
is known to the bank, he should be able to obtain accomnmoda-
tion.

Radio Service Replacements

BSERVERS of economics have often been struck by

the fact, and have frequently pointed out, that the

radio business in many ways has paralleled the auto-

mobile business. There is an excellent chance that
this truisiw will continue in the future almost indefinitely, and
that the parallel will even be closer than it is today.

It has been possible for a long time, in the automobile indus-
try, to buy replacement parts of almost any description, for
practically all cars. By this statement, it is not meant that
the parts supplied must originate from the company which
originally built the car. In the automobile industry, just as
in the radio industry, there are a good many so-called
“orphans”; that is to say, cars which continue on the road for
many years after the companies that originally made them
went out of business.

Then wc also have the condition that automobile manufac-
turers change their models almost every vear and, if you wish
to get a part several years afterwards for a discontinued nodel,
there is a good chance that the company no longer carries
such parts.

Soon after the advent of the automobile, there sprang into
being numerous firms which made it their business to supply
almost any part for any car; and quite a sizable replacement
industry has been built up, during the course of the past
twenty vears, in this particular field.

A similar development has now occurred in radio, where a
sizable industry, which might be called the Service Replace-
ment Industry, has come to life during the past two years; and
this business, by the way, is advancing rapidiy.

Paajticularly in the radio field, we have reached the point
where a tremendous number of “orphan” radio sets are scat-
tered all over the country. The original radio set manufac-
turers have gone out of business, and it would be today quite
impossible to service such sets efficiently if it were not for
the replacement industry.
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Thanks to the latter, it is now possible to buy almost any
important replacement parts (such as volume controls, voltage
dividers, condenser blocks, filters, transformers, etc.), all of
which have been designed to take the place of similar items,
exactly as they were put out originally by the set manufac-
turer. Not only have these parts the exact electrical charac-
teristics, but, in practically all cases, the exact physical size
and shape is followed by the replacement industry. And it
may be said, in passing, that most of the replacement parts
sold nowadays are superior to the original article. The reason
for this is obvious: when a set manufacturer contracts for ten
or fifty thousand condenser blocks or power transformers, the
saving of one or two cents on each becomes quite. an item.
And, for that reason, in the past quality has often been sacri-
ficed for quantity; with the inevitable result that certain parts,
such as condenser blocks and transformers, give out first in
such sets. The Service Man who replaces a part must be
assured that the components which he buys are first-class and
will not bring him to grief in a short time after he has installed
them. Therefore, a matter of five or ten cents is not of con-
sequence to him, and he is willing to pay a fair price if he
gets a quality article. This is just what the radio service
replacement industry supplies him today.

Of course, the big set manufacturers supply the Service Man
with replacenrent parts for their standard sets; they have been
doing so right along and probably will continue doing so
indefinitely. The trouble with some of the large set manu-
facturers today, however, is that, because of some curious
mental twist, they do not recognize the independent Service
Man, and consider him as an interloper into their business.

It is true that, perhaps two years ago, many radio Service
Men were little better than set butchers; but this condition
has long passed, and the Service Man of today performs a
most important economic function in the scheme of the radio
industry.

Nevertheless, some of the largest set manufacturers still
refuse to recognize independent Service Men, and offer as their
excuse that “we employ our own men who are better trained
to take care of servicing our sets” 'This assertion may be
taken with a” huge dose of salt. It is true that, in the more
important centers, the big set manufacturer takes care of his
sets directly; bnt, where his sets are in use in smaller com-
munities and at considerable distances from the large cities,
such a situation does not obtain. It is hardly possible that
there is a single set manufacturer in the country who can
service each and every one of his sets, no matter where it
it located.

So we have the curious result, that the Service Man cannot
buy replacements for certain well-known sets from the set
manufacturer; and he must fall back (fortunately for him—
and for the set manufacturer, too) on the replacement indus-
try. It is fortunate for the set manufacturer, because his
set gets servicing in spite of him; the customer is satisfied
while the Service Man makes a legitimate profit.

Modernizing Electric Sets

INCE the advent of the electric set in 1927, approximately
15,000,000 of such sets have been produced.

Of these, 10,000,000 may be said to be antiquated

because they operate with old-fashioned equipruent, and

are still utilizing the magnetic type of speaker instead of
the meodern dynamic type.

The old sets have no tone control, and as*a rule compared
to a modern receiver, they have little power, or as it is said
in the vernacular, they have “no pep.”

Yet, millions of such sets are in use every day for various
reasons. One reason, perhaps the main one, is the preser_lt
economic depression; the owners have a real investmeni.: in
their sets, (having bought them when high prices prevailed,
at an average of over $100.00 apiece) and are, therefore, Ipth
to throw out the set which, after all, still gives some service.

Another reason is that some of the sets of the vintage of
1928-20 were housed in very expensive caliinets; the latter

often representing more than 50¢; of the total cost. The cabi-
net that now houses an antiquated radio is a piece of furniture
that the owners are not willing to discard iinmediately, and

for that reason they put up with the admitted deficiencies of
the old radio.

Although these are excellent reasons, thev should not deter
the aggressive Service Man from selling efforts, because they
open up a hitherto-untapped gold mine.

It probably has not entered into the head of the present
owners, of these antiquated sets, that these may be modernized
and brought up to date for a very modest sum of money. The
changeover of such sets to dynamic speakers, pentodes, vari-
able-mu tubes, etc., is not a difficult one; and it enables the
Service Man to reap a real harvest, if he only knows how
to go about it.

If the Service Man who has serviced such sets in the past
knows what he is about, the situation reveals itself as one of
comparative simplicity. All he needs to do is to call the atten-
tion of the owner to it by personal visit, telephone or letter,
telling him that his set is now woefully antiquated, and that
it needs to be brought up to date. If you once get “under the
skin” of the owner, and make himn realize that he has an anti-
quated radio set (which may be compared to a Model “T”
Ford car) the owner will usually be persuaded to consider
the proposition of having the set modernized.

Of course, the owners of fine cabinets, nine times out of
ten, fail to realize that a changeover will not mar or aftect
the appearance of their prized cabinets, and this point should
be pressed with due emphasis.

Naturally, no two cases will ever he exactly the same, so
it is possible only to give general advice on the subject: but,
as a rule, it has been found in practice that a little salesinan-
ship properly applied works wonders with the average sct
owner.

Most important, however, from the standpoint of the Service
Man, is the fact that once the job has been done, it will be
found that the owner’s attitude towards the set has entirely
changed. The imnprovement has, so to speak, put new life into
him, speaking from a radio standpoint. He will use the set
more; he will be more likely to show it to his friends, because
he can again feel proud of the set, just as when it was new.
It can, indeed, be described by him as an “up-to-date set,”
because that is exactly what it is.

Just as an operation has made a new man out of many an
invalid, so a “set operation” makes a new receiver out of an
antiquated “wheezer,” and will be a source of nore business
for the Service Man. Once the set owner has been shown that
a Service Man has done him a real turn, he will call the same
Service Man in again when the need comes, either for servicing
or if he finally decides to buy a new set. And we know of
many cases where Service Men have closed a number of nice
set sales in this way.

Practically every set owner has use for more than one
speaker. Whether he lives in an apartment or in a house,
the case remains the same. As a rule, the radio set will be
found in the living room. What about the dining room?
What about the childrens’ room? What abouf the bedrooms®

If the owner can be convinced that, for a moderate sum of
money, speakers can be installed all over the house, with
switches and volume controls so that they may be turned off
and on at all outlets; many attractive sales can thus be made.
We know of a number of Service Men who have worked this
as a specialty, and found it exceedingly profitable; particu-
larl¥ in suburban or country houses, where the need of extra
speakers is acute.

Of course, in this instance too, an old set operates poorly,
because more power is required to supply a number of speakers.
The extra speaker, as a rule, need not be a dynamie; it may
be of the magnetic type, as the wiring is shupler and the
power demand less. With the coming of the summer, loud-
speaker installations on summer porches is a worth-while
undertaking for Service Men who complain of poor business.
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CASH 7z Automotive Radio

Here’s an analysis of a new field, right at your backdoor, where the grazing is very
good now, and will get better as summer comes.

UST a few short years ago, a meeting of

important radio manufacturers was called

in New York City to consider the possibilities of making a

profit from the sale of automobile radio receivers and acces-
sories. That was before Crosley and National and Atwater Kent
had given the subject any wore than the most casual consideration.
It was before Transitone was taken over by Philco and before the
R.C.\,, or any of the tube manufacturers, gave any consideration
to the manufacture of special tubes, batteries, cables and the like,
for automobile-receiver use. There was a live interest shown at
that meeting; but there were plenty of misgivings, as there always
are when anything off the beaten track of radio merchandising is
up for consideration. )

But the purpose of this article is not so much to review auto-
radio’s history as it is to indicate that there is a market for
receivers of this nature right at this minute. It is increasing by
leaps and bounds, and'it is bringing an entirely new field of effort
and profit into existence for the Service Man. Before you read
another paragraph, may I suggest that vou give the idea a bit
of thought from this point of view.

Regardless of the size of vour town, I'll wager that there are
at least three automobile dealers in it. In all likelihood, two of
them are kicking about business being poor, and they are the two
who are doing nothing about it other than waiting for something
to happen and for things to take a turn for the better. Have
any of them ever thought of the idea of giving a good anto radio
with every car? DNid yvou ever talk this over with them? DBusiness
is to be had—plenty of it—if you will use vour head for something
in addition to making a satisfactory resting place for vour hat.
You may Dbe interested to know what other fellows are doing along
this very line. It may give vou a hunch or two and enable you
to rake in a lot of the loose “shekels” which are just waiting around
for you. Furthermore, if yvon handle the job properly, it can be
ade of great advertising value to your regular service business.

Service Systematized
Unlike the ordinary type of radio business, auto-radio servicing
does not begin after the receiver has been in operation some time
and begins to require attention. Auto-radio service begins when
the dealer makes the sale. The installation of an auto-radio receiver
is no mean job. It is usually different for every make of car
as well as for every different model of every make. It is not

easy, except for the Service Man who specializes in it. For the.

man who does, there is a virgin field with much more than the
ordinary amount of profit waiting.

Just think this over: At the last radio show
in New York, the Chief Engineer of a very
large company told me that his company made and sold about
five thousand auto receivers this year—not counting short-wave re-
ceivers sold to various police departments—and the company is
now working on a production schedule of five thousand a week!
Even supposing it did not carry on that type of production for a
long while, it is an indication of the business already at hand. When
the meeting of manufacturers was held in New York there were
only five makers of auto-radio receivers. Now there are more than
sixty. At that time, there were no makers of special tubes for
auto-radio use. Now there is not a single tube maker of any
importance who does not include these tubes in his line. There
were, at that time, practically no batteries made especially for this
service, and the ordinary type of storage battery did not give a
very suitable account of itself when the drain of several tuhes was
added to the drain caused by the starter and so forth. Nor did the
“B” batteries, designed to sit quietly in some place or other until
they were exhausted, perform too well when they were Dbounced
over hundreds of miles of rough roads.

There arose a howl for service—and a new kind of service—which
required a very fair knowledge ot automobiles and their engines.
Automobile companies were not too slow to realize the importance
of auto radio—after some of them went so far as to suggest that
the radio would be a menace to driving, only to have it proven
to them that they were cutting off their noses to spite their faces.
Then the manufacturers of receivers and tubes began to wake up
to the fact that here was a market which they had been ignoring.
Then some of them went into it blindfolded. Sales managers saw
millions of dollars in it and sold the idea to their directors; and
printers’ ink and radio-advertising time were deveted to this new
venture with more than ordinary prodigality. Then the kittens
came home to the mama cat. There was weeping and gnashing of
teeth. This was not true of all the auto-radio manufacturers, but
there were very few exceptions.

Then jt became recognized that systematized service was an
absolute necessity, if auto radio was to give the customer satisfac-
tion. And there are still a few receiver manufacturers who hold
the opinion that it is good business to deliver a customer at least
a portion of the claims made for their products. Where were the
Service Men who could save the day for them? They were few
and very, very hard to find; in most instances they have not been
able to find half enough of them. In the final analysis, no auto-
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radio recciver will stay sold anless it is prop-
21‘13'4installed and properly watched by the
Service Man. The regular Service Man can
learn to handle the joh but. in most instances,
he has failed to do so.

How much do you knuw about the require-
ments for installing any type of auto radio
on a BRuick Eight. 1932, five-passenger scdan,
for instance? Do you know the differcnce in
the performance of the same receiver when
properly installm} in a Ford De Luxe I’haecton?
I'll bet that more than eighty-five percent
of the men who read this article couldn’t an-
swer those two questions satisfactorily. But
that only emphasizes the opportunity there is
for you.

‘Several of the leading manufacturers have
=one about the installation and service job in a
systematic manner and the results have been
very gratifving. For instance. T’hitco. the
maker of Transitone Radio, has made an
arrangement with sunitasle auto-battery and
ignition-service stations all over the world,
which assures them the proper type of in-
stallation and upkecp at a modest charge to
the purchaser, The same thing is true of
Crosley and ome or two others. In some in-
stances, these manufacturers have made ar-
rangements with organizations of national or
eoven international proportions, but in others
they find it advisable to utilize the services
of a loecal specialist. It is this phase of the
situation which should be so very profitable
to the man who is already recognized in his
neighborhood as a radio Serviee Man of more
than ordinary ability.

A Premium for Service

In New York City., and the same thing is true
in other places to a proportionate degree,
<overal of the large department stores offer
auto radios for sale at rezular intervals, Im-
stead of permitting the customer to have his
pet “‘expert” make the installation, the store
sots a flat figure for the installation charge,
or ineludes it in the price of the receiver, and
insists upon having it installed in one of the
<overal anthorized service stations with which
it has working arrangements. In this way,
the customer is well protected: and there is
an increasing amount of this business being
turned over to the service stations which have
had the foresight to make a thorough investi-
wation of the special- requirements which this
type of installation demands., There is still
plenty of room, at the ‘top. Even though there
may be a very satisfactory station in your
town (and investization among the manufac-
turers indicates that this is not likely to be
true). theve are always reasons for the estab-
lishing of competition.

A radio installation on a good car should
bring the scrvice organization at least ten
dollars, when it is done on a contract basis for
the radio or automobile dealer. It should
bring more, if it is a single job being handled
for an individual. Do you happen to know
of any other service job which is brought right
into wour shop, which brings you that much
money ? There are exceptions, of course, but
at Jeast ten “bucks” a throw is a pretty fair
average. And no consideration has been given
to the repeat business which is becoming less
and less in connection with ordinary receivers.

«R" patteries are still fairly high in price,
and there is almost as much profit in a set
of them as there is-in the sale of a complete
midgzet receiver and a set of tubes to go with
it. 'Then, tvo. you know that the batteries
are not going to last as lomg as the midget.
(live yvour auto-radio customer the proper kind
of attention. and you will he amazed at the
rapidity with which you will be developing
business which should be yours and which has
been slipping through your fingers, The manu-
facturers .want you, the sales organizations
want you, and the customer certainly wants
you. And all three are willing to be more than
erdinarily liberal.

A Few Examples

You may want some conerete examples of
just how all this can he made to fit into. your

business. All I can do is let you in on the
backstage operatigns of several service organi-
zations which are typical. From them you
will have to draw Yyour own conclusions.

In a western city, a young friend of mine
wasx in the employ of a large radio dealer.
e ran the service department and his salary
was fiftcen dollars a week. When radio was
on the increase, the dealer was doing a *'land-
office” business and was making a pile of
money. Then things began to- happen; several
cut-rate stores opened up on the same block.
The dealer would not cut his prices, nor would
he utilize some of the sales devices which are
now generally recognized as necessary to mect
competition. Ife said he would go hroke before
he would cut the prices of his high-class lines.
1Ie dig: I mean he went broke., My young
friend was out of a job. e tried sending
out post cards to the clientele of the store, let-
ting it be known that he would service re-
ceivers for the store's old enstomers.  For
some reason or other, the idea did mot “elick”
and the business he was getting was not
enough to meet his modest demands for a
livelihood.

Then he went to a company which specialized
in auto-ignition and Dbattery repairs. Ife told
the manager that he wanted a job where he
could learn about ignition systems. Ile got
the job, with very little pay. He let it be
known that he was able to take care of the
installation and servicing of auto-radio re-
ceivers, The result was a deal between the
proprietor and himself, where he was to get
a commission on all the jobs of that mature
which the ignition station would take eare
of. Some small ads were placed in the local
papers and it was not long before the man
who was taken on to learn the ignition Dbus-
iness was the manager of the radio department.
Within a short time, the representative of one
of the radio manufacturers visited the station
and arranged a contract which brought all the
installation and service work from three large
stores right into the ignition shop, and it be-
came Decessary to put on additional Service
Men and take morve space. Now this company
is doing a fine bit of work and has been
able to make special arrangements with a local
automobile upholsterer who takes care of the
antenna installation. By this method. the in-
side roof is takem off. the antenna wires put
in place and the covering replaced without the
antenna being visible; and the job is so well
done that there is no appearance of the cover-
fng having been removed.

There is a great deal of conjecture about this
dort of thing and there is but one real way to
get at the facts and that is to get right into
the_job., There is no hranch of service work
which is so highly specialized and in which
there are so many loopholes. Tor instance, a
great ‘many auto manufacturers are now adver-
tising provisions for radio. You would imagine
—and a great many dealers have been fooled,
from the manner in which they tell their
story—that all you have to do is to get any
auto-radio receiver and that the car has been
made ready to drop the receiver in. It is not
as easy as that, not by a decuce of a shot.
Experience with quite a number of such cars
indicates that, in many ihstances, it isx neces-
sary to cut the top of the car open. take the
so-called aerial out altogether and put a new
one in. In other instances, the wire netting
which is used comes so close to the metal sides
of the bhody that the pickup is terrible. In
further instances. it has been found that somie
of this wire is actually short-circuited to some
part of the body frame.

Easy When You Know How

In this business, just like all others, the
fellow who knows what he is about can bhe
away in the lead: while the fcllow who under-
takes auto-radio installation and service with-
out knowing his “book” is likely to lose a lot
of time and money, to say nothing of the con-
fidence, of his patrons. DBut the bright spot
in the whole picture is the fact that this is
the time to get on the job and find out what
it iz all about. If you don’t think this is true,
just drop around to some oOf the service sta-
tions in your neizhborhood and ask a few
questions about the installation of these re-
ceivers. You will find that in nearly . every

case, there is little or no system and that the
installation is put in on a ‘‘cut and try” basis.
1lere's what .can happen when you know what
it's all about.

I was in a shop, on Long Isiand, where they
specialize on auto-raudio installations. ‘The one
in my own car needed a new set of batteries
and they were being supplied. A lady drove
in and said that she was having trouble with
her receiver. It did not scem to get the dis-
tance she thought it should. A few questions
brought out information to the cffect that loeal
stations came in beautifully, but just as soon
as she turned the volume contrel up high
enough to et the distant stations—she could
et many of them if she did not have the motor
running—the stations seemed to fade out and
there was a continuous roar in the loud-speaker
The Service Man lifted the hood and made a
few passes over the generator. A few minutes
later he had installed nothing move than a
single fixed condenser. The whole operation
took less than five minutes and the “special”
ignition condenser brought a dollar and a half,
If the same sort of condenser had been dropped
into an ordinary recciver, it would have brought
one third that amount. Furthermore. the lady
got a bargain.

It transpired during a chat that I had with
her afterward, that she had taken hev ear to
a number of places and had paid quite a little,
at each of them. for the assurance that “there
would be no more trouble now.” only to find
that nothing much had Dbeen accoraplished, A
radio dealer, some fow miles from the shop
in guestion. had told her of the service station
where I met her and she had driven pust more
than a hundred similar stations on her way
to the Long Island place. The rvaceiver she
had was a very gzood one. The rcechanical
installation was excellent and nearly every
other detail was satisfactory. but the receiver
was not doing its stuff, What was nceded
was a working knowledge of the solution of
ignition problems.

Buysiness Building

While I was at the station, three other cars
came in and there was a total of more than
fiftcen dollars’ worth of business in consider-
ably less than half an liour. It was all hap-
pening in a shop where .just one man Wwas
doing this particular work and he told me
that they were not always so busy, but he
counted that day as poor when he did not
take in seventy-five dollars. ‘He also told me
that he had a very good idea of lils operating
costs and, from his figures, it was easy to
see that he was making a profit of more than
thirty dollars after all his expenses had been
paid. And all his business was on a cash basis.
with one exception. The exception was one Of
the best auto dealers in the territory who_ had
taken on a line of auto-radio receivers ichich
ne was harving installed in all the cars which
were traded in for newr cars, as well as making
sales of receivers with the new ones, By in-
stalllng the receivers in the old cars. he iras
able to get a much better price for them and
was able to get a great deal of pubdlicity which
would not have been possible otherwise.

FIXING THE RCA VICTOR 52

THE R.C.A.-Victor receiver uses a pilot light
whieh requires 110 volts on the filament.
The writer wishing to replace this bulb, found
the only lamp available was of the large stan-
dard-base type which would not fit into the
light socket in the recciver. However, by
breaking out the old bulb and its cement, it
was possible to fasten the new base in the
vld one

Again, while attending a fight, for some un-
known reason the large 250-watt bulb lighting
the ring burned out, and the writer offered
to' tackle the job of fixing it.

At my suggestion, the management obtained
a replacement bulb for me and upon examining
it, ¥ found that it was only rated at 150
watts, and that its standard base would not
it the large mogul socket of the big 250 watt
bulb. However, it only required a few minutes
to break the glass and cement from the old
lamp, screw the- standard base inte the mogul
base and replace it in the socket.
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Salvage Values in Old Radio Sets

Receivers of standard makes, in perfect working order, are nowa-
days cheaper than their component parts. A few hints as to their
utilization are contained in this article.

ADIO parts and sets which are no
longer the “last word” can be ob-
tained quite cheaply, and are valu-
able for many different purposes;
among wliich is replacement in some types
of sets. These parts are obtained easily in
a variety of ways and often at a surpris-
ingly small cost. Old regenerative receiv-

Fig. 1
The method of counecting a battery charger,
showen here, gwves flexibility in operation to
meer varying demands.

ing sets, which can be purchased for a com-~
parative “song,” when slightly modified, are
useful as service oscillators. Old sets of
other types, after slight adjustments have
been made, can casily be sold to some types
of customers. D. C. sets, when made over
into A.C. models, sell easily, and at a good
profit.  Methods of obtaining old parts and
sets, and the uses to which they can be
adapted, will be described.

There are, and alwavs will be, radio
owners who cannot afford the best in radio
entertainment, and must use sets which are
not as good as their more expensive A.C.
counterparts. These set-owners ave con-
tent with the usual quality and, often, with
the use of batteries for plate supply; since
the initial cost is less.

On the other hand, there are set-owners
who must have the very best, and are con-
stantly buying new models and discarding
the old ones, although these ave still in
good shape. Moreover, it is usually the
Service Man who advises the owner that
hetter results can be obtained with a later
model, and is thus in a position to offer the
owner a price for the old set. Any set
owner realizes that an out-of-date set which
must be resold is not worth much, and
will be content with a small allowance. If
the Scrvice Man sclls new sets on the side,
it is his part to install such a new set.
Often it will be to his advantage to make
a rather liberal allowance on an old model,
in order to induce the prospective buyer
to buy a new receiver. Any small amount,
offered in excess of what the set would
normally be worth, is easily absorbed in
the profit made on the new sct.

Market for Old Sets

If a D.C. set is received in a deal, or
purchase, the Service Man can give it the
“once over” and. resell it to some listener
at a reasonable cost. By using adapters,
such a set can be equipped for '99 tubes so
that a large storage battery is unnecessary.
With all the batteries in the cabinet, the
old set is more salable. Some listeners do
not care particularly for extremely good
quality; for example, college students away
from home will often buy a cheap set sim-
ply to listen to boxing returns or football
games in their own private room, or at the
fraternity house. They do not expect an
exceptional set for a small price, and are
content to receive these sporting returns
for the few months which they spend away
from home.

Service Oscillator

Old D.C. models, if regenerative, can be
used for servicing. For example, one of the
small Crosley regenerative sets can be set
up in the laboratory to function as a hetero-
dyne wavemeter or for dny of the many
purposes which an oscillator serves. A
small “B” unit eliminator which someone
has discarded, because it no longer sup-
plies sufficient current for a late model set,
can be used to supply the plate voltage.

D -

110V,

AC.

Fig. 2
Here is o wery simple rectifier civeuit which
will be wuseful for wvarious shop purposes, as
well as for charging.

There are also many kinds of parts which
can be obtained for practically nothing.
UV sockets will serve many purposes; al-
though they do not look as well, they will
“take” the UX tubes, and can be used in
experimental hookups of various kinds.

These sockets usually have good bind-
ing posts; if such a socket is mounted
where power connections are required (for
example in a battery charger; see Fig. 1),
connections can be made in any desired
order around these posts.

A Handy Charger Set-Up

In Fig. 1 is shown a very good use for
some old sockets, and a tube base. The
rate at which the charger charges, depends
upon the transformer voltage; so various
taps can be used for the different charging
rates desired. By making connections to
the sockets and connecting the tube-base
as shown at the top it is possible to sup-
ply three or more charging rates by simply
plugging into the proper socket. The grid
and plate terminals on the tube-base are

shorted. When inserted info either of the
sockets this plug serves to close one of the
110-volt leads connecting with the primary;
thus turning the charger “on.” Obviously,
the price of a switch is also saved. One
of the filament terminals on each of the
sockets connects with the plate; the other
filament terminal connecting to the various
taps supplving the different transformer
voltages. This svstem has been used with
a “dry” type charging unit; but it will also
work with a Tungar -bulb, or other system.

Since battery chargers are very useful to
the Service Man and can easily be con-
structed, one will be briefly described be-
low. A simple rectifier constructed at a
small initial cost is useful for the experi-
menter as well as the Service Man.

A Tungar reetifier is easily assembled. 1t
consists of a two-electrode tube, or equiva-
lent “dry” unit, and a step-down trans-
former. The circuit is shown in Fig. 2.

Construction of a Transformer

The core, which measures 8 by 5 inches,
outside, has a cross-section 114, inches
square, consisting of .016-in. silicon lami-
nated steel. About 300 pieces are neces-
sarv. One can often secure an old core
of the proper size, and the iron need not
then be cut. If a right-angle box is con-
structed, with 8 in. inside nmeasurement, one
leg of the core may be built up by placing
one strip first to the right, then another
to the left. When compressed, the core
should measure 114 inches thick; it should
be squeezed in a vise and bound with tape.
The other leg is built up in a similar way.

The primary winding consists of 400 turns
of No. 18 D.C.C. wire, and should be wound
on a slightly-tapered form to facilitate re-
moval. Small, square pieces of wood should
be fastened at each end of the form and a
couple of wires laid lengthwise. Tape the
primary, longitudinally.

The secondary winding consists of 100
turns of No. 14+ wire, and this should be
wound on the same form. A tap is taken
off for the filament voltage at the tenth
turn. If the windings are soaked in hot
paraffin there will be less chance that the

o 3

1 8 R

1
2

]
]
4
t
o =2 wp

'
[
b—
1

'

o we

CORE DIMENSIONS AND ASSEMBLY,

Fig. 3
The design of a transformer for use with a
charger, as in Fig. 2, or any other purposc
which may suggest itself to the radio worker.
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wire will char in the event of excessive
current. Small pieces of doweling between
layers will allow plenty of air circulation, if
desired, in some experimental arrangement.
Fuses should be provided in the_ 100-volt
leads, for safety. If a 5-amp. charger is
desired, use No. 12 wire on the secondary
instead of No. 14, which is for a 2-amp.
outfit. The tube becomes quite hot, so that
a porcelain socket (an ordinary porcelain
lamp socket will do) is pecessary. The ele-
ments of the tube will redden, but this is
normal. The windings will run quite warm,
but ordinary currents should not damage
then. The anmneter must be properly con-
nected, so that it will read in the proper
dircction. If the socket arrangement de-
scribed is used, the transformer should have
two additional taps. These will be left to
the experimenter to work out for himself
for the particular charging rates desired.
The wire can be scraped slightly, at a given
position on the winding, connection made,
and the charging rate, when connected to
a battery, measured. This is repeated until
the desired rate is obtained.

To assemble, slide a core leg through each
winding and then fit in smaller lengths of
laminations at the ends to complete the

Modernizing

AN ADDED AF. STAGE FOR D.C. SETS

ECENTLY a certain dealer called the
writer to service an R.C.A. “Model
18" D.C. set combined with a me-
chanical phonograph.

Upon arrival 1 found the connections to
the external 2214-volt “C” battery discon-
nected and, instead of ’12A tubes through-
out and a ’71A in the last audio, two ’01A
tubes were found in the R.F. and a ’71A
in the first and second audio! The instru-
ment functioned as well as possible after
the proper tubes were inserted in the re-
spective sockets; but it still lacked real
4. e .”
pAfter the job had reached this stage, the
customer asked whether there was any way
possible to bring the set up-to-date by using
a dynamic speaker and an electric phono
pickup. Before answering this question I
took into consideration the fact that this
man had a critical ear for music and would
no doubt be hard to please.

The following day 1 purchased a Peerless
D.C. 7-inch dynamic speaker and a Gordon

core. The method of assembly is shown in
TFig. 3. If the coils are placed on opposite
legs, keep them close together for better
efficicncy. The end laminations are, there-
fore, shorter. The core is securely held to-
gether, and prevented from humming, by
pieces of strap iron securely bolted to the
core. These straps are slightly longer than
the laminations and are bolted over the
ends. The entire equipment can be mounted
on a small slate panel if desired. The tube
should be covered over, as it gives a very
disagreeable, and strong, light; and the
amnmeter (such as a Ford ammeter; accu-
racy is not so essential here), is placed
where it can be easily read. An ordinary
clip makes contact with the plate of the
tube.

An interesting stunt can be tried with a
burnt-out Tungar bulb. A spark coil is
connected with the open filament and a
spark allowed to pass inside the tube. If
the filament can be made to glow, the charg-
ing current will start, and the charger will
operate with a burnt-out tube! The sparl:-
coil should then be disconnected. This is
a very interesting experiment, its success
depending upon how badly the filament is
blown out.

the Old Sets

pickup with volume control combined, with
the necessary hardware; which incduded a
S.P.S.T. switch to be used as a transfer
switch.

After installing the speaker and pickup
in the cabinet, I encountered the most dif-
ficult feature of the job. When 1 had the
switch and the pickup into the circuit and
disconnected the output transformer from
the set to use the output transformer of the
dynamic speaker, I found the set did not
have enough “kick.” Also (which was
worse, in this case), the pickup was barely
audible.

It was finally decided to make up a sep-
arate audio amplifier comprising two type
’45 tubes in push-pull. The schematic cir-
cuit followed in building this amplifier is
given in Fig. L

Two type ’45 tubes, filaments in series,
consume 1.5 amps. at five volts. A seventy-
ohm resistor would supply this current; but
it was more convenient to use a 100-watt
and a 75-watt Mazda lamp in parallel. These
are cheaper and more conveniently replace-
able than the usual resistor used here.
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In order to use more effectively the limited plate voltage, this system replaces the 714 output

stage of a D.C. Radiola with push-pull '43s, esternally.

The layout 1s shown at the right,

'-.ii-—- -.:

Fig. 1A
The internal changes shown above must be
made on the Radiole “18° (733, “51”) to
add the external power stage shown above.

After the amplifier was constructed and
tested, it was found that the filaments of
the 45 were getting 2.35 volts each. This
value is preferable; for the reason that ex-
cessive voltage will burn out the filaments

" readily and it is better to be on the safe

side. The difference is hardly detectable
by ear.
Changing Over the Chassis

Although the amplifier is adaptable to
any type of D.C. radio set, there must be
variations in different installations. 1In
Radiolas 18, 33, and 51, it is necessary to
make the changes indicated at X in Fig. 1A.

First, unsolder the lead to the plate of
the first A.F. tube socket and the “B--”

wire going to the primary, from the second
audio transformer T1. Tape these ends and
put them out of the way. "Now, in.their
place solder a pair of wires (twisted) about
two feet in length (or more, depending on
the distance of the amplifier from the set)
and connect them to the two binding posts
leading to the primary of the input trans-
former T3 (as shown in dotted lines).

Next, cut the grid return of the same
unit (T1) and tape it; this also applies
to the “B-+4” lead to the primary of out-
put transformer T2. This completes alter-
ations on the chassis. The power box re-
mains intact. Do not touch the filament
wires of the ’T1A tube socket or take the
tube out (for the tubes of these sets are
wired .in series); do not short it, as that
would increase the voltage applied to the
remaining tubes.

To those who wish to take the *71A tube
completely out, however, it may be pointed
out that this can be done after soldering a
wire-wound resistor of about 20 ohms across
the “F” terminals of .that socket.

The layout followed in constructing this
particular amplifier is shown in Fig. 2.

List of Parts
One 150-turn honeycomb coil (for filtering);
One audio filter choke (made by winding
about 14, Ib. No. 18 D.C.C. wire on an
old transformer core);
Two 1-meg. leaks, Tobe;
One .0005-mf. fixed condenser, Dubilier;
Two Benjamin UX sockets;
Two porcelain screw-base lamp sockets;
One Amertran push-pull A.F. input trans-
former, T3;
One electric outlet;
Two fuse receptacles and 10 amp. fuses;
Five binding posts;
One 2-mf. Tobe by-pass condenser.
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IMPROVING THE RADIOLA “SUPER”

N “AR-812” Radiola Superheterodyne
may be sufficiently modernized to oper-
ate a dynamic speaker by adding a ’71A
power stage, a “B” power unit, and a 6-volt
storage battery. The changing of the first
tube to a ’I2A is optional, but the improve-
ment in volume and quality warrants it.
The internal circuit of the AR-812 within
the catacomb is as Data Sheet No. 16, with
the exception that V6 is a 20 output tube.
The external connections to the bakelite
connecting strip on the catacomb are some-
what different.

If we are to use a ’12A as VI, it is
better to change the sockets on the catacomb
so that UX base tubes may be used; they
are cheaper and easier to buy from local
dealers. The addition of new sockets and
the added height of tubes will force us to
discard the old cabinet and build or adapt
the chassis to a new one. If we stick to
UV-99’s, and only add a power stage, the
old cabinet may be retained.

First, disconnect the battery connections
and loop from the catacomb, and remove the
panel. Unsolder all connections to the jacks
and switch, and remove all these connections
from the set. Then take out and throw
away the jacks and switch; for you will
have no more occasion to use these obsolete
articles. Remove the battery cable from the
set; it may be ripped up later, to use the
wire within it.

‘When the jacks are removed, connect lugs
13 and 14 on the bakelite strip of the
catacomb.

The chassis may be lowered sufficiently to
take X-99: tubes by sawing off the aluminum
legs of the catacomb, and placing the oscil-
lator coil under the right condenser. It
cannot, however, be lowered enough in this
way to take a "12A tube.

To chenge to X-99s and the ’12A, take
off the catacomb cover. Procure six Pilot
No. 216 sockets, or others as small. Drill
the proper holes in the cover to fit machire
screws which will hold the sockets exactly
over the old socket holes. Insert the screws
and replace the cover. To the prongs of
the old internal sockets, solder short pieces
of wire, to be brought out later under and
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Above, the connections to be made to the coils.
Below, present tube connections at (A) and

new connections for UX tubes at B.
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up to the terminals of the new sockets. Don’t
forget to transpose the “F” and “G” leads
as in Fig. 5. Now place the new sockets in
position, bringing the leads out and solder-
ing to the new terminals.

Do not solder to “F—" terminal of VI,
which must receive an external 6-volt con-
nection for the ’12A. Final don’t: do not
serew down the sockets too tightly, or you'll
break them.

Bore holes through the loop frame for
the main “F— lead; Iug 9 will be unused
when rewiring is completed. Bore two
holes behind the output filter, for the
speaker cords. Shunt the primary of the
power audio transformer A.F.T. with a
.006-mf. condenser; a variable volume con-
trol may also be used across these terminals,
for better tone. This component should not
have a higher ratio than 21}, to 1.

Place a “B” power unit in the old right-
hand battery compartment; and a 40-volt
“C” battery in the left compartment, for
the '71A tube. If the power pack you have
will not fit, you can take it out of its case,
and rearrange the parts on a baseboard the
width and length of the compartment. A
45-volt “B” battery which has been used

FRONT

PANEL

v3 ‘38

7.

Vv vE -

4 42 43

T R e RS T
" L= I 5]

LEAVE
BLANK
,Rzézism

~1 PANEL)

RANEW),
20-OHMS

by

£_F

ATTACH
JUMPER

RI(LEFT

e J) ON PANEL)
2 7 -
™ I'Aﬂa;,b o

Fig. 3
The author disconnects the “F—* prong of V1 to use @ 124 instecad of a ’99 heré (this is
optional) in remodeling the “AR-812,” for operation with an added 714 amplifier from a “B”
power wunit.
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a while will do for the new “C” battery.
Of course the old 414-volt battery may be
discarded, and a tap taken from the big
“C” battery. '

The new filament and plate voltage wir-
ings are shown in Fig. 8. Rheostats R1
(10 ohms) and R4 (20 ohms) are to be
mounted on bakelite strips within the re-
ceiver and held to the side walls of the
cabinet by brass angles over the condensers.
Their adjustment is not critical and, once
fixed, they need not be touched until the
battery gets very low.

The addition of a battery trickle charger
will conmipletely electrify this set; it is ad-
visable to use one which incorporates a
relay. To adjust the voltage for the ’99
tubes, use the full resistance of the rheostat
R4 and set R2 half-way. Connect a volt=
meter across the filament leads of any 99
tube, and advance R4 until the reading is
just 3 volts. Only the best tubes should be
used; inferior ’99s may cause howling.

It is unwise to use an outside aerial
longer than 15 feet.

THE SET OWNER PAYS FOR THE
MANUFACTURER’S SECRECY

HYE crying need in our work (servie-

ing) for 1938 and any other time is
schematic diagrams of the various receivers
on the market.

Many manufacturers, it scems, are averse
to “giving-up” their trade secrets (in this
case, the secret being their circuit). This
viewpoint is at first glance not unreason-
able.  After working months—perhaps
vears—to get out something good, why
broadcast the result of all this labor and
expense? That would appear to be “poor
business.” On the other hand, however, isn’t
this attitude somewhat silly? Who desires
the details of anything, need only take the
necessary time and application to trace
out the “secret” and he can have it.

I have spent four to five hours’ time trac-
ing a “hook-up” and making a schematic
diagramn of a receiver that I was repairing.
At the end the manufacturer had nothing
on nme as far as his receiver went; but 1
had put in a lot of time finding out what I
must know to service the set intelligently;
and the owner, his (the manufacturer's) cus-
tomer, paid me for the time I consumed. If
I had had this information ready to hand,
the cost would have been nothing, compara-
tively speaking, to what it was; and it
would not have left the “dark-brown” feel-
ing in the mind of the customer against that
particular set that it did.

In testing out for certain phases of trou-
ble, it becomes necessary to sever certain
joints to “break” the continuity of the cir-
cuit; and, unless there is a schematic dia-
gram at hand, it is a haphazard procedure.
One is often not sure that the test circuit is
isvlated and, until this condition obtains, you
do not KNOW any more than you did be-
fore you started. If this is attempted with-
out a diagram, you will have half the
joints on a recciver unsoldered before you
know it; and in the end find vou have
“brolen” a number of joints that it would:
not have been necessary to break.
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Cuaprter 111 M

How To Make And Use Service

Equipment

By Building His Own Equipment The Ingenious Service Man Can Save
Money and Gain A Better Insight Into The Theory of Operation.

Combination Work Bench and Test Board

%‘xs‘{:ts'{ r ‘ - 44 |

LEGS 2°X47X30"

The first step—the foundation unit on which
the workbench is built. The bracing frame of
Fig. 2 fis snugly inside.

OR the workshop of the experimenter,
as well as that of the service man, a
good work bench, a test board and a
toolrack are real necessities. These
may be combined into one unit which places
all tools, testing apparatus, etc., within easy
reach and thus saves both time and labor.
As, in the near future, a great many A.C.-
operated sets will have to be taken into the
shop for replacements, this combination should
appeal to the service man who wants what
he wants when he wants it
The test-board should be equipped with ac-
curate meters; as those of the cheap kind do
not give accurate readings, because of the
excessive current .drawn. The workbench
should be equipped with aerial and ground

~

= \\\‘
RACK = BEQ%KPET
FOR
TOOLS ™=~ CAN BE
PLACED
HERE
AERIAL
AND
GROUND «VISE
BINDING “sigs —— ®
POSTS ><g ‘gj__-# =
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l

The completed workbench with its backboard for tools and instruments. Those }istegi in the article
were used by the writer: but the builder will, of course, select his own to suit his purposes and

pocketbook.

The dotued cross-brace is not essential, but strengthens the table.

connections, an A.C. duplex outlet, and a
vise; as shown in Fig. 3.

Material Needed

The parts and lumber required for the con-
struction of the combination here described
and illustrated are as follows:

WORK BENCH

Lumber: 2 boards 44”x10”x1”; 4 boards
6"x34", two 44" long, two 1814"; 10 pieces
2x4—four 30” lengths, two 3814", two 145",
two 105, (One more 38%5” and two 1014”7
lengths of 2x4, indicated in Fig. 3, are op-
tional) ;

1 small vise;

1 “Ant” and 1 “Gnd” binding posts; and 2
bakelite strips, 1%4x34”, for mounting
them;

1 duplex flush receptacle and plate for A.C.
outlet;

15 feet duplex lamp cord;

10 carriage bolts and nuts, 3” long;

16 flat- or round-head screws 2”;

16 flat-head screws, 215",

TEST BOARD

10 pieces ceiling lumber, 2” wide, 44” long;
and 4 cleats, 2"x2"x26”;

1 bracket lamp and pull-chain socket;

1 Hoyt voltmeter, 0-100-500 scale (resistance,
1000 ohms to 1 volt);

1 Hoyt rotary volt-ammeter, 0-10-100 ma.,
0-10-amp., 0-10-200-volt, D.C.;

1 Hoyt A.C. voltmeter, 0-3-9-150 scale;

1 Jewell capacity meter, 1145-15-mf.;

3 bakelite panels, one 6”x12", two 6”x6”;

8 carriage bolts and nuts, four 3", four 27;

12 phone-tip jacks;

12 round-head screws, 134"”; and

2°X4"x 35‘/2'-‘. e 2°x4°x14%"

The frame supporting the table-top.



~—’

OFFiciAL RADIO SERVICE MANUAL 57

A sufficient number of galvanized cleats,
shaped to hold tools (as in Fig. 3) with
screws to fasten them to test-board.

Construction of Table

The two longest thin boards (44x6x34")
are fastened to one end of each of the 30-
inch legs (2x4) on the 2-inch sides; leaving
a space of 34-inch outside each leg, to over-
lap the end-boards. The latter (18V5x6x34")
are now fastened, as shown in Fig. 1, to the
ends of the sections just completed. Keep
their ends tight against the lips of the front
and back strips, which extend just far enough
beyond each leg to overlap the end boards.
Use two 2-inch screws, on front, back and end
boards, for fastening to each leg.

Then fasten the two 10ls-inch lengths of
2x4 to the end boards, between the legs;
keeping their top sides flush with the tops
of the end boards, and using two 3-inch car-
riage bolts to each piece. They may also be
tacked to the legs, by driving nails in slant-

ingly from the top and bottom of the ends.

Lay out the two longest 2x4 pieces (385"
lengths) with their two-inch sides up; nail
the 1414” lengths across and inside them, as
shown in Fig. 2; and bolt this frame inside
the top of the foundation. The top of this
frame should be flush with the top edge of
the boards, and it should fit very snug. A
littde of the front 2x4 should be cut away
at the bottom, left, to give a place for the
A.C. receptacle.

The table may be stiffened as indicated in
Fig. 3, if desired, by the use of a “spreader”
consisting of two 10l4” lengths of 2x4 at the
bottom and a longitudinal brace of the same
stock, 3814” long.

The table is then completed by fastening
on, for its top, the two widest boards (44"x
10”) with the 214" flat-head screws, counter-
sunk in and mounting the binding posts. The
duplex A.C. outlet may, perhaps, be more
conveniently first attached to the frame,

— oA

A Set Analyzer For The Beginner

RIGINALLY designed for a beginner,
who was not to be trusted with the
delicate Weston test equipment used in our
shop, the little test outfit, shown pictorially
in Fig. A and by diagram in Fig. 1, proved
to be of such great value that we used it
on many jobs, where its special features
made it superior to even the most expensive
units available.
The niost valuable feature is the use of

a simple jack, which allows the user to plug

in on the detector (or other circuits) of
any receiver under test.

Note the following, taken from the re-
markable booklet Rapio SEr AxarLyzers by
L. Van der Mel:

“A check of the tube voltages and
currents may show that they are per-
fectly normal and yet the set refuses
.to function.” (Page 4, last para-
graph.)
~ While such cases are not common, the

Service Man does come across them occa-
sionally. The use of the phone jack readily
Jocates the possible source of trouble.

Features of the Tester

Take a case recently solved by means of
this -simple method. A type 950 Stewart-
Warner was “dead.” Tubes, and all voltage
and current readings, were O.K, as were
the aerial and ground—but the reproducer
was silent.

Plugging the test plug into the detector
socket of the receiver, and a pair of phones
into the jack of the test outfit, we heard
music!

The first AF. pave louder music—and
the volume on the last A.F. was deafening.

The trouble? The voice coil of the speaker
was shorted. Our continuity test of the
speaker showed a full reading. As the voice
coil has such a small resistance (about 15
ohms) we did not suspect it.

Another speaker was tried and worked
perfectly. Then we took apart the first
speaker and found the shorted voice coil.

Another feature is the “HI-LO” switch.
Instead of using several buttons for each
test, the HI-LO switch makes it possible
to get along with only one button.

For example, if HI-I.O switch is set on
“HI,” and plate-voltage button “P” is
pressed, we read plate voltage on our 600-
volt range. If the lower (300-volt) range
is wanted, we merely turn the HI-LO switch
to the “L.O” position. The same procedure
is followed with other tests.

The tube-tester circuit differs from those
most generally used.

Description of Tester

While this, circuit, originally” brought out
by E. T. Cunningham, Inc, may be as ac-
curate as the one used in our shop, it has
several features that did not appeal to us.
For instance, if a tube with a grid-to-plate
short was put into the tester, the wmeter
would be burnt out (found to our sorrow).

You will note in Fig. 1 that we need a
10-volt drop, which is furnished by means
of a resistor (about 290 ohms) or else hy

The Test Board

To assemble the back of the bench is very
simple, The ceiling material used is grooved on
one edge of each piece, and tongued on the other
-to fit the groove of the next. Start six inches
from the bottom of the cleats; and nail the
first piece of ceiling to each cleat, with finish-
ing nails through both grooved and tongued
sides. Each succeeding piece need be nailed
only through the tongued side; and the tongue
is trimmed evenly off the topmost piece. The
test-board foundation may now be placed flush
against the back of the work-table, to which
it is firmly bolted.

The meters are taken from their mountings
(if any) and remounted in the bakelite panels;
wires are run to the phone-tip jacks, which
are mounted in the panels and, of course,
designated on the outside of the panel above
each. The panels then are fastened to the
test-board, using 1-inch sleeves, or spools over
screws, between the board and each panel.
The final arrangement is indicated in Fig. 3.

means of an extra 10-volt winding, placed
on the transformer. (Reversed connections
will reduce the effective voltage.)

Qur transformer was taken from an old
Freshman “B” eliminator. We caleulated
the number of turns needed for the filament
windings. The 10-volt winding needed 83
turns (8.3 x 10 — 83). Other transformers
will doubtless use a different number of
“turns per volt.”

rig. A

CONTINUITY

TEST \93'2’7*
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—

S N =
%8B

TUBE 2 =
TESTER ANALYZER
2 4 SHUNT
RE +3 RAISING RANGE
3 OF SMR METER
TEST-PLUG} 3:1_1'35 =¥ RANGE
SOCKET U = P _
\ ABOUT 2250 P
Sw.2 OHMS ADTUST
TO MAKE ‘80
/o TUBE READ L] 4
kY [ RS 13MA ‘\ I ‘\
\s o/ SG. REG.
i 7 PRESS FOR PRESS FOR
Rr1 R2 SCREENGRID ALL OTHER
TUBES (24, (REGULAR)
K '47. TYPES
SOV. 200V. 300V. 60OV BSIANDST)
Fig. 1
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No dimensions are given for the carry-
ing case, since various readers will have
their own ideas on how much “junk™ they
want to “drag” around to the job. We
carry about 16 tubes, as well as the tester,
cables, pliers, screw drivers and other small
tools. A pair of headphones is kept in
the service car.

The Ohmmeter

The ohmmeter has two ranges: with the
switch set at “A” (analyvzer), we have the
high (200 ohms per volt) ohmmeter range;
when the switch is set to “T” (tube tester),
the shunt is across the meter, and our range
is one-third as high—66 2/3 ohms per volt.

A simple ohmmeter chart is located in the
cover of our carrying case.

Just for good measure, let us take an-
other example. Suppose our meter read
only 0.5-volt, with the resistor.

While plate current is an important test,
it was omitted because we wanted to sim-
plify the construction and operation of our

tester. With normal tubes, we can asswumne
that normal plate, grid, filament, and S.G.
voltages will result in normal plate current.

At any rate, where accurate readings are
important, we take the set to the shop where
we have the equipment neceded for best re-
sults,

As a rule, power-pack or other serious
trouble is indicated by either a too high, or—
in most cases—by a too low, even zero, read-
ing of plate, screen-grid, or prid voltages.

The self-contained ohmmeter helps to lo-
cate shorted condensers, as well as open
resistors, transformer windings, etc.

The 225-ohm resistor R5 controls the read-
ings obtained on the meter when testing
tubes. For best results, use a variable re-
sistor, and adjust so that type ’80 tube reads
not quite full scale before button is pressed.
Using a 15-ma. scale (as we did) the re-
sistor was adjusted to make a good type
'80 tube read about 13 ma.

Four sets of leads are required as fol-
lows: An A.C. 2-wire cable terminating in
plugs at either end; a set of test leads, com-

Inexpensive Service

HE average Service.Man is equipped

with a satisfactory set analyzer

which is adequate for the major

tests encountered in the general run
of service work. The writer owns a so-
called “portable laboratory” which is sup-
poscd to furnish a multitude of tests; still,
if you are a busy Service Man, your work
bench will soon become one huge messy
tangle of wires. One soon comes to the
conclusion that fifteen minutes is spent
hooking up apparatus necessary to run a
one-minute test.

To rectify this condition, a compact test
panel, well within the financial means of
every Service Man, and flexible enough to
cover the range of tests necessary in the
.shop, has been designed by the author. Fig.
A presents such a surprisingly low-cost
bench test panel, size 7 x 14 ins, which
will take care of practically all specialized
testing and which consists of the following:
ohmmeters, 0-10,000 and 0-50,000 ohms, low-
range ohmmneter; capacity measurement of
.001-, .02-, .5-, 1-, and 2-mf. condensers
by the substitution method; capacity weter;

continuous line-voltage check; high, low, and
medium continuity check; voltage scales of
4.5, 90, and 450 for D.C.; voltage scales of
10, 140, and 700 for A.C. All meter ranges
brought out to small phone-tip jacks, re-
quiring only two test leads to gain access
to any test on the panel.

This test panel should prove a valuable
asset to the Service Man as a time and
labor saver when used in conjunction with
the regular analyzer in the shop.

Low-Resistance Check

A very useful, and probably the least
expensive, section of the pancl is a low-
resistance checking unit, which consists of
one 2.2- and one 1.25-volt flashlight bulb.
The 1.25-volt bulb mav be rather difficult
to secure, due to the fact that at the pres-
cnt tine this bulb is not being used very
extensively,

The two bulbs are in parallel and are in
series with a 1.5-volt dry c¢cll and phone-
tip jacks, which are labeled LR, LR in
Fig. 1, and are situated at the extreme

.001: 002- _ 18v.+22v. R4 1.25V. L.5V.
3 MF. &
" { (0 S) i
A4 1% 2.2v
cicejcz|c3 $ - RS
st l J
00F.0D1- 2. 2, .02- AC. LiOV. HR MR Mk 4.5+ 9l+ 450 LR LR
é.. 2 .%2_- AC. _lépé b.Cc DC DC.

Fig. 1

Schematic circnit of the test panel.
diagram.

The markings of the posts on this diagram correspond to these of Fig. A.

Its very simplicity can casily be appreciated by studying this

The wiring

is simple, and a beginner should have no difficulty in following the description in the text. The
capacity of condensers C1, .001-mf.; of C2, .1-mf. cach; and C3, .02-mf.

prising two wires terminating in plugs; a
screen-grid test lead terminating in a screen-
grid clip at one end and a panel plug at
the other; and a standard 5-wjre analyzer
cable.

List of Material

One A.C. outlet socket;

T'hree 5-hole tube sockets;

Four i-hole tube sockets;

One meter (used 0-5 ma.; recommend 0-1
ma.);

One phone jack;

Seven pin jacks;

Two push buttons;

Four D.P.S.T. push button switches;

Two D.P.D.T. jack switches (Sw. No. 1 and
No. 2);

One power transformer made out of old
Freshman transformer;

One rheostat 200—250 ohms R1;

One 400-ohm resistor R§;

Two 10,000-ohm resistors R1 and R2;

One 40,000-ohm resistor R3;

One 60,000-ohmn resistor R4s

One 2250-ohm resistor RS5.

est Panel

right-hand side of the jack strip. There is
no switch on this unit and it is possible to
use either of the two bulbs by simply tight-
ening the one desired and slightly loosen-
ing the remaining one. The 2.2-volt bulb
is used in checking resistances between 2
and 9 ohms, which cover the majority of
low-resistance tests encountered in service
work. With the 2.2-volt bulb tightened and
two test leads inserted in the pin jacks
marked LR, LR and placed across the
primary or secondary of R.F. coils, R.F.
chokes, voice coils or any resistance between
2 and 9 ohs, the bulb will either light dimly
or fail to light; should the bulb light to
full brilliancy, there is cvidently a short
cireuit.

Shorted condenser plates can be located
by placing the leads across the condenser
and varying the capacity from minimum to
maximum, and at any position of the rotor
where the plates rub, the bulb will light
brightly. It is then not necessary to un-
solder the coil which is usually connected
across the condenser. DBy repeating this
procedure to each condenser of a gang, the
one which is shorted may be easily detected.

The 1.25-volt bulb is used to check re-
sistances between 0 and .5-ohm, such as
very low resistance coils, center-tap resist-
ors, ete. This test is ideal for locating high-
resistance joints and is used in the same
manner as the 2.2-volt bulb.

By noting the intensity of the light which
is produced by an unknown resistance when
placed under this test and compared with
the light which is produced by a known
resistance, one may be able to judge with
fair accuracy the value of the unknown
resistance, providing its value lies within
the range of this test. The fact that the
resistance of No. 40 copper wire may be
placed at one ohm per foot helps in making
this comparison.
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Pictorial layout of a wery inexpensive test bench.

board, marked as indicated above, is used.

Resistors which are too large to register
under this test mayv be easily checked with
the ohmmeter. After checking for short cir-
cuits, and the bulb fails to light, it is a
wise procedure to test with the ohmmeter
to be sure of continuity.

Condenser Section

Al the extreme left-hand end of the jack
pin strip, Figs. A and 1, is located the
condenser substitution section, consisting of
.001-, .02-, and two 1-mf. condensers. Switch
S1 is used to place the two l-mf. con-
densers in parallel for the 2-mf. The ca-
pacity across the .5-, .5-jack pins is .5-mf.
resulting from the two 1-mf. condensers
being placed in series.

The substitution method is one of the
quickest and surest means of locating open
condensers, as it does mnot require the re-
moval of the condenser under test in order
to make the test. It is used whenever a re-
ceiver hums, oscillates, or is dead, and all
the voltages appear to be normal. To each
condenser the procedure is as follows: con-
nect the receiver to the aerial and ground
in the usual manner and set all controls for
reception. Select a capacity on the panel
which will correspond to the capacity to
be tested and, by means of the test leads,
place the panel condenser across the re-
ceiver condenser. If normal reception re-
sults, the condenser in the chassis is open
and should be replaced.

Ohmmeter, D.C. Voltage Scales, High and
Medium Continuity Test

The ohmmeter is used to measure values
of resistances up to 50,000 ohms, also pro-

Fig. A

the power is “on.”

viding medium- and high-resistance contin-
uity tests. The D.C. voltage scales are in-
strumental in tracing voltages through the
circuit from power pack to their destination
in cases of shorts and opens.

This unit of the panel has for its nucleus
a 4.5-volt, 10,000-ohm direct-reading re-
sistance meter. The negative post of this
meter is the common terminal for the 10,000
and 50,000 ohmmeter, and the negitive post
for all D.C. scales. Multiplier resistors R4
and R5 (Fig. 1) are placed in series with
the positive terminal of the meter to in-
crease the original 4.5-volt scale to 90 and
450 volts, respectively. Resistor R3 is
placed in series with the 22.5-volt “C” bat-
tery lead to increase the ohmmeter range
from 10,000 to 50,000 ohms; readings being
taken on the 10,000-ohm scale and multiplied
by 5. The range may be further increased
to 100,000 ohms by placing another 22.5-
volt “C” battery and resistor of suitable
value in series with the original 22.5-volt
“C” battery and adding another jack pin
to the panel.

It is advisable, although not shown in
the schematic, to place a 40-ohm rheostat
in series with the +22.5-volt “C” Battery
lead to shift the ohmmeter to 0, thereby
compensating for any error due to the vari-
ation of the “C” battery voltage.

A.C. Voltage Scales, Capacity Meter

The A.C. unit of the panel consists of a
double-range voltmeter of 0-10-140 volts,
R2 and R1 being multiplier resistors which
increase the 10-volt scale to 140 and 700
volts, respectively. ‘T'he 10-volt scale is
used to check the filament voltages from
power transformers. ‘This scale may also

To eliminate the cost of engraving the panel, a strip of card-
The large lamp shown at the left, is for the purpose of showing when

be used as an output meter by connecting
it across the voice coil of a dynamic speaker.
The 700-volt scale is helpful in locating un-
balanced secondaries of power transformers.
When the switches §2 and S3 are closed,
the line voltage may be read directly on the
140-volt scales.

By inserting leads into jacks C, C, which
are located between the two meters, and
applyving to condensers having a capacity
of .1-mf. or larger (with the panel switch
S3 closed) a reading will be obtained on
the 140-volt scale. By jotting down the
readings for various known capacities and
using this table in collaboration with the
meter, a capacity meter, which is adequate
for service work when decaling with con-
densers of this range is obtained. The ohm-
meter should always be used first to test
for high-resistance leaks before subjecting
condensers to the capacity test.

When the switches 82 and 83 are
closed, and leads plugged into the 140-scale
jacks, 110 volts A.C, which may be used
occasionally in service work, is secured. In
the upper left-hand corner of the panel, a
110-volt porcelain receptacle is located for
use either as a pilot light, indicating that
A.C. is being supplied to the meter and no
other tests can be made until switches are
opened, or it may be used to plug in any
apparatus requiring 110 volts A.C.

Multiplier Resistors

The values of resistors R1l, R2, R3, R4,
and R5 depend solely upon the meters se-
lected and their resistances may be ob-
tained in a number of ways.

They may be secured from the manu-
facturer of the meters by stating the model
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and range of meter and the voltages which
you expect fromn them., R2 is usually in-
cluded with the purchase of the meter.
Multiplier resistors which increase the range
of a voltmeter may be calculated from the
following formula:
R(E1-E)
Rl=———
E
where,

R1 = Multiplier resistor,

R = Internal resistance of meter,

El — Highest reading of the meter de-
sired, and

E — Present reading of the nieter,

The value of the various resistors may
be determined by the following procedure.
Place a variable wire-wound resistor of
10,000 ohms or larger in the circuit where
resistor R4 would ordinarily be and adjust
its control so that its total resistance is in
the circuit; then across jack pins labeled
90 volts, place 90 volts of “B” batteries and
gradually decrease the resistance until the
indicating hand of the meter lies directly
over the last scale division on the right of
the scale, measure the resistance of the
variable resistance which is in the circuit
with the ohmmeter and replace with a fixed
resistance equal to this value permanently
in the circuit. After R4 is placed in the
cirenit, the resistor R5 may be found in
the same manner using the 90 volts of “B”
batteries across the 450-volt jack pins and
adjusting the resistance until the hand of
the meter lies directly over the .9 division
on the 4.5-volt scale. Measure the resistance
as before and substitute a fixed resistor of
the same value as the variable unit.

The resistance of R1 and R2 may be
found by the same procedure except that
the A.C. 110-volt line is used instead of
the “B” batteries. The variable resistance
substituted for R2 is adjusted first until
the line voltage reads directly on the 140-
volt scale of the meter. After finding the
value of R2, it is then possible to use the
same method in determining the value of
resistor R1; adjusting the resistance until
the pointer of the meter lies directly over
the 22nd division on the 110-volt scale, pro-
viding the line voltage is 110 volts. If the
line voltage is other than 110, the reading
should be equal to the line voltage divided
by 5, for the 700 range.

The multiplier resistor for the 0-50,000
ohmmeter scale is found by placing the
variable resistor in the circuit in place of
R3, short-circuiting the jack pins HR, HR
and then decreasing the resistance until the
pointer of the ohmmeter reads full scale.
Replace the variable resistor with a fixed
resistor of value equal to the variable
resistor.

Construction of the Panel

Fig. 2 shows a suggested panel layout for
constructing the test board, giving the lo-
cation of the various parts. To eliminate
the expense of engraving the panel and still
give the instrument a finished appearance,
the majority of the jack pins are mwounted
in the center of a 1 x 12 in. strip of white
cardboard, the remainder of the pin jacks
are placed directly above this strip, except
the capacity meter jacks which are located
between the two meters. The various jacks
are identified by means of lettering placed
on the cardhoard.

&
il

Fig. 2

The layout above shows the location of all the parts used in the test panel. The‘ two p::lot_lig{ztx
at the right are for measuring small resistors, while the large one at the left is for indicating

when the power Supply is connected.

“The rear of the panel may be arranged
according to the parts on hand. All re-
sistors and condensers except the 1-mf. con-
densers C2, C2 are self-supported by their
bus-wire connections. The battery cable
may be of such length as to permit the bat-
teries to be placed under the work bench
if so desired.

Fig. 3 shows the construction of test leads
which are very serviceable as well as eco-
nomical. From a section of windshield-
wiper rubber hose, cut. two lengths 5 ins.

and 1% ins. long and slip these over a 5-
tt. length of rubber-covered wire to which
is soldered two phone-cord tips. At the
back of the tips on the wire, place a coating
of rubber tire-cement. Before the cement
is dry, slip the rubber tubes over the phone
tips as shown in the drawing. In addition
to a pair of the above described leads, one
should have a pair of leads having the
small rubber tubes at one end and small
battery clips on the other, and a pair of
leads with clips on both ends.

Parts Required

One inexpensive A.C. double-range
meter, 0-10-140 volts;

One resistor to increase the 10-volt range
to 140 volts A.C., R2;

One resistor to increase the 140-volt range
to 700 volts A.C., R1;

One inexpensive +.5-volt, 10,000-ohin resist-

ance meter;
One resistor to increase the ohmmeter range

to 50,000 ohms, R3;
One resistor to increase the 4.5-volt range
to 90 volts D.C., R4;

One resistor to increase the 90-volt
to 450 volts D.C., R5;

Three Toggle switches, S1, 52, 53;

Two miniature flashlight porcelain recep-
tacles;

One 1.25-volt flashlight bulb;

One 2.2-volt ﬂaslilight bulb;

Nineteen phone tip jacks;

One .001-mf. condenser, C1;

Two 1-mf. condensers, C2;

One .002-mf. condenser, C3;

One strip white cardboard 1 x 12 ins.;

One rubber panel 7 x 14 ins.;

volt-

range

Al dimensions are given for the convenience of constructors.

WINDSHIELD WIPER

/RUBBER HOSE ‘\ ‘
{L oy vl

5FT. |
PHONE CORD TIPS

Fig. 3

Detadl of the test prod used in the panel,

One 110-volt porcelain receptacle;
One roll hook-up wire;

Five ft. lamp cord;

One 110-volt plug.

TAKING THE KICK OUT OF
CONDENSERS

FTER receiving several bad burns from

pack condensers which had retained
their charge for a considerable time, the
writer conceived the idea of using a “Jazz
Stick” for discharging them. This device,
obtainable from any musical supply house,
consists of a “fan” of fine wires (arranged
to collapse into the handle, for portability)
and, when brushed across the terminals of
a charged condenser bank, will discharge
every one of the condenser units. ‘This has
been found quicker and mwore convenient
than the usual method of using a screw-
driver to short the terminals. The imple-
ment is about a foot long when open, as
illustrated in Fig. 1.

Caution: Tape the bandle hefore using

the “jazz stick.”

/'R

w

Fig. 1
This “jazz stick” may save the user from iu-
venting a few new, fancy steps—-after a joit
from a condenser,
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Fig. A

Photograph of the
set analyzer,

SET TEST.

Constructing a

SIMPLE

LiJ

R

MERSON once said, “If eyes
were made for seeing, then
beauty is its own excuse for
being.” This bit of philosophy
can be applied to articles describing
set analyzers as well as flowers. The
test set illustrated in Fig. A was built
because of its extreme compactness,
simplicity and low cost, although it

is not lacking in symmetry.

Associated with the voltmeter circuit is a four-
point selector switch for 8, 200, or 400 volts, or
for continuity testing. Reference to the wiring
diagram (Fig. 2) will show how this is accom-
plished. It will be noted that with the testing
battery connected as shown, it is impossible to
short-circuit it, should the switch happen to rest
upon two adjacent points. The worst condition
possible is a short through the two external multi-
plier resistances—49,000 ohms—which is not very
serious. This condition occurs when the switch

The size of the instrument panel is 1
only 414 inches by 8 inches, while the ADS AND ADA
outside dimensions of the carrying
case are 8, inches long by 63/ inches

SPACE FDR ANALYZER :LT\E}G CABLE,

lever happens to rest upon the two right-hand
points.
The handle of a round “stippling” brush, to-

gether with the base of a burnt-out ’27 tube, serves

wide by 21, inches deep. A sewing Fig. 1
machine tool box was pressed into
service to house “the works.” These

Suggested panel layout for the tester. Miscel~
lancous material may be kept in the side

admirably as an analyzer plug. One end of the
cable connects to the socket prongs and the screen-
grid cap on the side of the handle. The other ends

boxes may be obtained for almost compartment. of the wires go to the respective tip jacks on
nothing at any sewing machine deal- the panel.

er’s. If a box of this type cannot be ol?tained con- T0 $:G.CAP To 5G. CAP A palr of flexible
veniently, any other case of suitable size may be +— ON ANALYZER ON CABLE leads should be made

substituted.

Description of Analyzer

Figure 1 shows the panel layout. As will be ob-
served, only two meters are used; a D.C. voltmeter
and a D.C. milliammeter. The A.C. voltmeter was
purposely omitted, for two reasons. A third meter
would add considerably to the bulk of the test kit,
and 'is not used often enongh to make it absolutely
essential. The most important readings are obtained
on the two D.C. instruments. If A.C. readings are
desired, the Service Man can carry a separate port-
able meter in his tool kit.

G
PTER ADAPTER

ADA
FOR ANALYZER

with phone tips on one
end and test prods on
the other. The posi-
tive lead may be
marked with some
red thread or other
device. For testing
screen-grid tubes, a
short lead is made
with a phone tip at
one end, a screen-grid

’80 SOCKET clip at the other. The

ADAPTER

FOR PLUG

tip of this lead is

A five-prong flush-mounted socket is placed as
shown. The use of a four-prong adapter obviates the
necessity for a four-prong socket on the panel, tend-
ing further toward conservation of panel space. Tip
jacks are used for the tube-socket terminals, screen-
grid clip, and external posts of the voltmeter and milliammeter.
This procedure brings all parts of the circuit right out on the panel,
where the tests can be made directly. Complicated switching
arrangements are thus done away with.

The meters used in this tester are of the two-inch flush-mounting
type. Weston Model 506 was the make selected. The voltmeter
in this case had two scales, 0-8 and 0-200. A 0-400 scale was added
by the inclusion of a multiplier in the circuit. The resistance of
the multiplier is equal to the resistance of the meter at the 200-
volt range, in this case 25,000 ohms. The milliammeter is a 15 ma.
instrument with an additional shunt connected through a toggle
switch for the 150 ma. range. The shunt is easily made by con-
necting the milliammeter in series with another milliammeter (of
about 150 ma. range), a variable resistance, and a battery. Various
lengths of resistance wire (from an old rheostat) are connected
across the terminals of the 15 ma. meter until its reading (multi-
plied by 10) corresponds to the reading of the higher-range meter.
When the proper length of wire has thus been determined experi-
mentally, a piece of spaghetti tubing is slipped over it and lugs
carefully soldered to the ends. We now have our shunt for the
“HI” range of the meter. The toggle switch takes this shunt out
of the circuit when the “LO” range is required.

Fig. 3 plugged into the tip

At the left, an adapter for the plug-end of the analyzer cable;
center, the adapter for the socket in the analyzer; and right, an

adapter for testing 80 rectifiers.

. ‘ $:G. .

SOCKET

N d

CONTROL-GRID
CAP FOR SCREEN-
GRID TUBES

TOGGLE SWITCH
CLOSED FOR 150 M.A{HT.)

Fig. 2

Complete schematic diagram of the tester. Voltage measurements are
made at the socket terminals of the analyzer by the voltmeter leads which
are inscrted in the left-hand terminals.
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jack marked “S.G.”, and the screen-grid clip,
of course, ~n the cap of the screen-grid tube.
The voltmeter leads can be used on the mil-
liammeter, if it is desired to use that instru-
ment externally.

The milliammeter, being connected in the
plate circuit of the tube, gives plate current
readings directly, The wvoltmeter, however,
must be applied to the various points in the
circuit by means of the test prods on the ends
of the voltmeter leads. As mentioned above,
this arrangement eliminates the necessity for
a complicated mess of switching devices. It
also makes possible tests between otherwise
inaccessible points of the circuit.

In order to realize the full usciulness of the
test set, several socket adapters will have to
be made, or purchased. The most important

are a 4-to-5 prong adapter for the panel socket
and a 5-to-4 prong adaptor for the end of
the amalyzer plug (Fig. 3). The current de-
livered by the sccond plate of an "NO rectifier
tube can he measured by using a special socket
adapter constructed as shown in Fig. 3. It
will bhe noted trat the grid and plate wires
are reversed; that is, the grid connects to
plate, and the plate to the grid. This arrange-
ment connects the milliammeter into the second
plate of the rectifier tube, enabling the user
to determine if the tube is delivering a bal-
anced output. A bad case of hum can often
be traced to an unbalanced rectifier tube.

Besides being useful for continuity tests, the
voltmeter can easily Dbe calibrated to read di-
reetly in ohms. Many external uses can also
be found for the milliammeter,

A Vacuum Tube Multimeter

An instrument for the Service Man or experimenter which meas-
ures current to 100 milliamperes, voltages to 500, amplification

gain, resistances and large inductances

GREAT deal has been written about

the vacuum-tube voltmeter, covering

its theory of operation, usefulness

and constructional data. Much of
what was written is by the radio engineer
and for the radio engineer; the language is
couched in technicalities, and difficult for
the average radio experimenter and radio set
builder to understand completely. Such
knowledge, although desirable, is not neces-
sary in order to construct and use such a
device. The fault with many of the instru-
ments described has been that they are in-
tended for special tests and are not suffi-
ciently versatile and self-contained for the
average experimenter’s use. It is also true
that they are of great accuracy—and very
costly as well.

Herewith is presented a vacuum-tube
voltmeter for the Service Man, the dyed-in-
wool radio experimenter, and the sef builder.
It is easy of construction and is inexpen-
sive, considering the multitude of work that
may be accomplished with it. Its-accuracy
(within limits of ceurse) depends upon the
accuracy of calibration. It is of such size
that it is easily portable, making it a useful
testing instrument for testing the voltages
of both- A.C. and battery-operated radio re-
ceivers, as well as “B” power units, within
the range of the instrument. In this respect
it is interesting to note that, because of the
very high resistance between the elements
of the tube, when the instrument is placed
in shunt with a device to be measured, prac-
tically no current is consumed.

The instrument will measure either A.C.
or D.C. voltages from 0 to 10, 0 to 100, or
0 to 500. The milliammeter shunts pro-
vided allow the measurement of platé cur-
rents between 0 and 100 milliamperes. For
this purpose three scales are provided; 0
to 1, 0 to 10, and 0 to 100. By the proper
arrangement, the amplification gain of both
R.F. and A.F. coupling devices may be dc-
termined and the amplification gain per
stage, or as a whole, of any R.F. or A.T.
amplifier may be measured. Unknown in-
pedlances or resistances may be measured,
or compared against a known resistance
standard. The latter measurements include
those of the output impedance of amplifiers,
and the input impedance of loud speakers,
at any desired frequency. Numerous other
measurements may be made which are not

listed here.
Material Needed
For the construction of ‘this instrument
the following parts were- utilized:

One Weston “Model 301”7 0-to-1 scale mil-
liammeter (MA) (Many experimenters
have on hand a R.F. 0-t0-110 scale thermo-
galvanometer whose thernio-element has
been hurnt out or broken; this would make
a suitable meter for use in this device.
This instrument, without thermo-couple,
has a full scale deflection of 0.75-milliam-
pere.) Whichever instrument is used may
be provided with a 0-to-10 volt scale, as
shown here, although this is not necessary;

Two Hart-Hegeman S.P.D.T. snap switches
(H) (K); ,

Three Hart-Hegeman S.P.S.T. snap switches
(G) () J);

Two Carter filament switches, Midget type
(F) (E);

One 400-ohm potentiometer of rugged con-
struction (P);

One Carter Midget 25-ohm rheostat (R3),
and a .06-ampere filament ballast, (R2);

One UX-99 tube, and socket (VT);

One Electrad 2000-ohm “I'ype B” Truvolt
resistor, (R5);

One Electrad 50,000-ohm Type B Truvolt

__ resistor (R4);

Eleven Yaxley cord tip jacks (AC1) (HT)
(HT1) (VT) (VT1) (M) (N) (L)
(MA1) (MA2) and (MA3);

Five Pilot plain bakelite binding posts (B1)
(B2) (B3) (B6) (B7);

Two Pilot bakelite binding posts with A.C.
designation (B4) (B5);

One Sangamo .002-mf. molded mica con-
denser (C1);

One bukelite or hard-rubber panel 13t by
5Y, by 8/16 inches to fit top of utility
chest or box;

One “Utilco” pressed steel tool chest 14 by
6 by 6%, inches, outside;

Four 221/,-volt portable “B” batteries;

Four standard 41 volts “C” batteries, one
for filament supply;

One cord tip (CT);

One piece bakelite 2 inches square; fourteen
4-32 brass machine screws; two pieces
heavy spring brass, or phosphor bronze,
strips ,-inch wide by 2 inches long, 11/-
inch shaft 23, inches long. At one end
of the rod, 3;-inch should be turned down
to 14-inch diameter and tapped for 6-32
thread. One piece copper or brass 11-
inch square. These parts are used for
special switch assembly. (A-B-C-D.) A
new Yaxley “Bi-Polar” switch, which has
since become awailable, may be used in-
stead.

Assembly

The panel is first cut to exact size, to fit
just inside the flange of the tool chest;
right angle brackets are soldered to the in-
side of the chest, 3/16-inch below the top
edge. These are to support the panel; six
should be used, two at each end and one in
the center on each side. This placement
will insure proper clearance from the in-
struments mounted on the panel. The panel
is then laid-out, using the general arrange-
ment shown in the illustrations.

As a great deal of space was not avail-
able, it was necessary to make the special
switch as small as possible; the assembly
is seen in Fig. B. The square 2-inch bake-
lite strip is now scribed for a 154-inch cir-
cle. 170 degrees of this circle is divided

Fig. A

The Multi-Meter mounted
in a steel tool chest, used
by Service Mci. for the
purpose, which contains
also the mecessary batter-
ics for its operation. A
circuit diagram and cali-
bration chart mounted in
the lid are comvenient for
reference.

Theé heart of the apparatus
«s of course the meter
MA. The instrument wsed
should be one of bmowun
accurdcy; its type and
scale reading may differ
‘from that shown, with
corresponding change in
the calibration. The let-
tering is explained in the
text,
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into divisions for the 14 switch points. The
center of the piece is drilled, to pass the
turned end of the 14-inch shaft; the switch-
point holes are also drilled and tapped for
4-36 screws.  After dipping the 4-32 serews
into shellac, thev are forced into the 4-36
tapped holes in the bakelite, this procedure
will firmly anchor them. Before proceed-
ing, the holes for the support pillars should
now be drilled in the rear corners of the
halelite switch plate. The triangular con-
tact plates should be cut to shape, and are
secured in position by the same screws that
fasten the bakelite to the support pillars.
On the side of the bakeclite piece which car-
ries heads of the contact screws, (counting
from the first screw on the right, with the
contact plates held at the bottom) the sec-
ond, fourth, sixth, ninth, eleventh and thir-
teenth screws are cut flush with the bake-
lite. These spacing screws are used to pre-
vent shorts between live points when the
switch blades are rotated. The heads of
the remaining screws serve as soldering con-
tacts. ‘The length of each screw on this
side should be about 3-inch, including the
thickness of the head.

The switeh blades should then be cut to
shape and drilled to take 1/-inch insulating
fibre or bakelite washers. Before assem-
bling the blades on the shaft, the contact
sides of the serew switchpoints should be
filed down to an even height of 1/16-inch.
The burrs should be removed from the edges
of the screws, to prevent scraping the
switch blades.

The brass shaft is then placed through
the switch plate, after placing a thin brass
washer over the threaded shank to prevent
wear of the bakelite. After the shaft is
through, a 6-32 nut (not more than 1/16-

cuntmns 1ty e

Fig. B

The panel of the Mults-
Meter as it appears from
the wunder side, showing
all the instruments and
wiring. The multi-point
switch ABCD must be
made by the constructor;
the others are standard,
and the workshop will un-
doubtedly afford most of
them.

s

inch thick) is run over the threaded part,
but not so tight as to prevent rotation of
the shaft. A large insulating washer, 14-
inch in diameter, is placed over the shank;
then a switch blade and its inner 14-inch
washer insulator; another 14-inch fiber
washer; the other switch blade and its 14-
inch washer; a final 14-inch fiber washer,
a brass washer and tightening nut. Before
tightening the switch-blade assembly, set
one switch blade on contact pin No. 1 and
the other on pin No. 8. Then tighten firmly.
Place on an additional nut to prevent loos-
ening of the assembly. A pin, which pre-
vents the blades rotating past their points,
is necessary. The switch assembly is then
fastened to the bakelite panel.

The “Short” switch (“X”) is next made.
This is made from the springs of an old
phone jack and is arranged to close contact
until pressed. A knob protrudes through
the panel. This is a detail easily worked
out by the constructor.

The instrument is now wired with bus-
bar; flexible hook-up wire is not used, be-

Table I
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g°é‘§(’) 52‘;&) en |on |off |either |zero |off Bl |off |off [on [off |ACY & ATY [opep
ik 22;52 D fon |on |off [either |test [off |B) |off opr | ou |ofr 1T a AT Jopen
Izpedance or B3 s ojoge
fesistance 0 [P |°om |om [mex. off & to |°° |OofF | off R,%’ (Bots C) {open | (Mote )
(TUnknown ) B) tesf
Bl ,B2
(RgzemA) HB on Jon |on |mex, off oL & g3 |op | off |off c}éf (Fote D) |open {¥ote R)
BY, 82
Gein B1,B2 ;
B jor jon |on |max, off on 3 |on | off [off | off | » B3;see |open (Note 1)
(Note B) & B "Remarks"
Note A. R.F. or A.F. gain per stage; or entire amplifier, Nate .F. \Iuluph meter reading by .701 for effecfive volts.

or ouiput of A.C. voltage generator.

Note B. Gain of A.F. stage-coupling device, with current
in primary.
Note C. Connect unknown to B2-B3; graduated resistance

box to B1-B2; A.C
‘A.C."”" posts.

supply of desired frequency to
Ct]);mect input to B1, negative return to B2, out-
3

t
Note E.

If measuring R.F.. close shunt ‘S of by-pass
condenser. 14,

Multiply meter reading ny 1.4

Note G. Throw “K* to B3 position take reading; throw
K" to B2 position. Vary “decade’ resistance until
Same meter reading is obiained. Read value of im-
pedance of resistance direct from resistance box. In-
ductance is caleulated by the voltage, current and
impedance formulas.

Note H. Make readings of Bl and B2; subtract difference.

Note |. Refer to N E M A Radig Standard for circuit
and external apparatus used in this test.

cause of the possibility of disturbing cali-
bration. The joints should be well soldered
and, after the assembly is wired, flexible
leads for the batteries (which are strapped
to the bottom of the case) are soldered to
their proper terminals.

Calibration

If the builder does not care to send this
instrument to one of several testing labora-
tories for calibration, he may calibrate the
instrument in the following manner.

Before the batteries are connected, the
shunts are made for the milliampere scales.
The 0 to 10 (R1) shunt is made first, by
using a 15-inch length of No. 34 or 36 cop-
per (insulated) wire. This is soldered be-
tween one side of the “Short” switch and
the “—’ side of the meter; the other side
of the “Short” switch havmg previously
been connected to the “+4” side of the meter
and MA2. After connecting in series with
the meter to be calibrated an external mil-
liammeter of suitable scale, a Clarostat or
similar resistance, and a dry cell or storage
battery, the length of the wire shunt is
varied until both meters give a 10-milligm-
pere deflection. The wire is then wound on
a small round stick, mnon-inductively.
(Double the wire back on itself and wind
as a single strand.) A drop of sealing wax
will anchor the stick, to protect the wire
joint. The multi-point switch is now placed
on position “A.”

When calibrating or measuring potentials
above 10 volts, it will be noted that the
vacuum tube VT is connected up “back-
wards,” to indicate the “grid current” on
MA. That is, MA is connected in the grid
circuit of VT and the voltages to be meas-
ured are applied to the plate of VI. A
little reflection will show that a positive po-
tential of, perhaps 50 volts, would apply a
difference-potential of about 35 volts, posi-
tive, to the grid of the 99 if the cifcuit re-
mained as connected for current up to 10
volts; thirty-five volts positive on the grid
of VT would ruin it.

The shunt for the 100-ma. scale shomid
be made similarly to R1. This is con-
nected across the “A” points of the multi-
point switch and designated as “R2.”

After the shunts are made, the batteries
are conneeted and the tube inserted in the
socket. The bi-polar switch ABCD is placed
on position “A,” and switch (E) closed. ‘The
rheostat is adjusted until the meter, shunted
by R2 only (switch X pressed “open”), in-
dicates the filament requirements of VT, or
60 ma. This must be done before making
any fulure measurements, in order to main-
tain o fized standard. Proceed by rotating
bi-polar switch to points B: next close
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Schematic circuit of the Multi-Meter.

by-pass condenser. depending upon the test.

switches (F), (G), (H on “C—9”), (J),
(K on Bl side); connect cord tip CT te
“B4-90” tip jack, and strap binding post
(B1) to (B2). Then put MA into circuit
on the 0:1-ma. scale by pressing (X), and
adjust potentiometer (P) until meter read-
ing drops to .05-ma. On the 10-volt scale
this setting is always taken as the zero point,
and the Multi-Meter will be functioning as
a true vacuum-tube voltmeter, indicating an
increase of. plate current from .05-ma. up-
ward; as positive potentials up to 10 volts,
on the grid, counteract the negative bias
necessary for a zero-point plate reading of
.05-ma. An A.C. transformer of 12- to 14-
volt secondary is shunted by a 400-ohm po-
tentiometer, the arm and one side of which
are commected to (VT) and (VT1. An
A.C. voltmeter of suitable scale is connected
across the same terminals. Beginning with
1/-volt on the A.C. instrument, vary the ex-
ternal potentiometer in 14-volt steps, taking
down the reading of MA. This procedure
is carried out over the entire 10-volt scale.

To calibrate the 0 to 100-volt scale, shift
multi-point - switch to position “C.” Place
the cord-tip lead in “B” battery jack (M).
Close switches (E) and (F). Open switches
(G), (H) and (J) and set (K) at (Bl).

Open the bypass-condenser shunt (S).
The tube should previously have been
set to draw just 60 milliamperes on the
filament, using the multi-point switch posi-
tion “A.” Close switch (1) to get the “full-
scale” deflection of the meter (“X” open);
{his establishcs the Zero for this scale, Now
open switch (I); as the calibrating voltage
applied to (VT) and (VT1) is increased,
the meter deflection will be downward
or toward the meter zerg point. In other
words, for the maximum measured voltage
the meter indication will be near zero. Us-
ing any source of direct-current supply and
a D.C. voltmeter of suitable scale,.connected
with its “1” to (HT1) and its negative side
to (HT), the voltage is varied as before,
but in steps of ten volts, The calibration
meter need not be of the 1000-ohm-per-volt
grade, but it should be remembered that the
accuracy of the multi-meter depends on the
accuracy of the callbratmg meter. The
“Short” switch is used in making the read-
ing, as described- before.

Jumper S is seldom used, "as indicated in Table I.
two blades of the bi-polar switch ABCD rotate together.

The
C1 is a D.C. blocking condenser or a

Filament current of VT must always be 60 ma.

For calibrating the meter to the 0 to
500-volt scale, the positions of the switches
are the same as used for the former scale;
with the exception that the multi-point
switch is placed on position “D” and the
cord tip in jack (N). The high scale may
be used also for measuring high-tension

The current readings ave simply multiplied,

but the voltage readings are reversed. A table

of this Eind should be made to calibrate the
Multi-Meter.

A.C. voltages in the same manner, but using
the jacks (AC1) and (HT1) with alternat-
ing current on the terminals. Calibrate in
20-volt steps. Assemble various calibrations
on a single scale, as in Fig. 2.

The accompanying table (1) gives the pro-
cedure of taking measurements.

A Complete Tester

\HE tester described, and shown

schematically in Fig. 2 was con-

structed, at a moderate cost, to re-

place one which had been found out
of date and inadequate for the proper serv-
icing of modern, complicated receivers. That
shown here is capable of making all the va-
rious voltage and current measurements at
the socket terminals, measuring the filament
emission of a full-wave-rectifier, testing con-
tinuity and condition of circuits, and testing
all tubes, including the screen-grid type in
use as either screen-grid or space-charge
amplifier.

ey Ry P T

for the Service Man

Two nieters were available—an A. C. volt-
meter and a 0-1-scale D.C. milliammeter. As
the latter has an internal resistance of 27
ohins, a parallel resistance of 8 ohms was
required to give a 10-ma. reading with the
latter. Carter fixed filament resistors were
used. Shorting about a quarter of the turns
of an 0.4-ohm resistor (with solder) pro-
duced an 0.3-ohm shunt, to give a 100-mil.
reading.

High resistors, guaranteed accurate within
19%, were obtained in .values of 10,000,
100,000, 200,000 and 500,000 ohms. Using
these in series with the milliammeter pro-
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The panel appearance of the very complete tester



OFFiciAL RaADIO SERVICE MANUAL 65

M.A & 6 K F- F+ ca. P c+ c-
~gth SNIS g o ? 'Y c.e.:.(u? ® ?
X 85 86 -3
SW.A | ?v< -+ i NY swS
R % - s w2 R6
RS ] ) 1” O;_ " “ y
/ W00 — 100 10
10 MILS | MILS MILS | MILS
—-‘ _J swl
R w2 X / $ ik "
M.AL
= . R | 4
7w ReV. o S CHOR ™ b
i . 84 L s e 0w
R i —CH) = -
X
P £ G B s ol
. 10,000 OHMS” /im—l =~ - i :
ay 100,000 OHMS—" R3! uggé_r— AC
=0 200,000 OHMS—— 8 WE o
5> 500,000 OHMS —_ Relvwv—Ci)— L
& PUSH BUTTONS. Vi
R10
T mpA—
OHM-
+l VETER @
Fig. 2

The versatility of the meter at the left is obtained by the switches and resistors shown .@bove,

duced a high-resistance D.C. voltmeter, with
ranges of 0-10, 0-100, 0-300 and 0-800 volts;
sufficiently accurate for all practical pur-
poses, with but 1-ma. current consumption
for a full-scale reading.

An ohmmeter circuit was also provided;
the “C” battery was isolated from the various
circuits except through the push-button B5
and the bipolar switch, It is also available
for use in the conventional grid-swing test,
as used in several commercial analyzers.

The bipolar switch, with its auxiliary
switches, permits reading all voltages and
currents at the socket under operating con-
ditions; it isolates the circuits so effectively
that the same resistors are employed for all
D.C. voltage measurements. These are read
on four convenient ranges, and return to the

S.P. D.T. switch Sw3, which determines the
return to the negative filament or the cath-
ode, as the tube under test requires.

In a D.C. receiver, where the filament
voltage is read with Sw2 in reverse, the
apparent grid voltage is the sum of filament
and grid voltages, since the grid return is
to the positive side of the filament.

Control-grid and screen-grid voltages are
read with the bipolar switch in position 4;
grid bias with Sw2 in the normal position.
As screen-grid voltage is positive, the re-
versing switch is used. Control-grid voltage,
usually negative, can be read with the bi-
polar in position 3 and Sw2 in normal. If
the meter tends to read backward, it appears
that the tube is used as a space-charge am-
plifier, and the control-grid has a positive
bias. Sw2 should then be reversed.

Cathode voltage is read with respect to
the heater; Sw3 should be placed on the
filament side for these readings. In an
A.C. receiver, in which the cathode is
grounded through the grid-bias resistor, and
the heater also grounded, the .cathode will
read positive; in others, the heater is con-
nected to seme positive potential, and Sw2
is placed in reverse to read the cathode
voltage. If the cathode is connected directly
to the heater, no reading can be obtained.

Plate voltages are read in position 5 of
the bipolar, with Sw3 on the filament side.

In positions 6 and 7, the milliammeter is
used to measure current. The unusual
method of mounting the shunts on Sw4 and
Sw5 permits its insertion in the grid and
plate circuits, still retaining the continuity
of these circuits from the previous voltage
readings; thus obtaining all measurements
under operating conditions.

Protection for the Meter

An element of safety is also introduced
in this manner; with ordinary care, there
need be no danger of overloading the in-
strument. However, if it is desired to use
the 0-1-ma. scale in these positions, the wires
shown dotted as X and X may be omitted.
Switches with neutral or off positions must
then be provided. If the wires are omitted,
the shunts would no longer be in position
for the 100-ma. reading of Sw4 and Sw5; a
new value of 0.27 ohms would then be
necessary.

The screen-grid current and that of the
second plate of a full-wave rectifier may be
measured on position 6 of the bipolar; on
position 7, the plate current of all other re-
ceiving tubes can be taken.

Grid-swing tests may be made on position
7; depressing push-button B5 connects the
415,-volt battery in the grid circuit of the
tube, and alters the bias to that amount.
The difference between the plate-current
readings before and after determines the
value of the tube. A screen-grid tube is
tested by depressing B6. The meter may be
inserted in the screen-grid and the plate
circuits, respectively, and a measurement
obtained in each. If the tube is used as a
space-charge amplifier, B5 should be pushed.

External Measurements

On the eighth position of the bipolar
switch, the voltmeter is available for external
measurements; the desired range is selected
by pressing the appropriate button. On the
ninth and last positien, the ohmmeter cir-
cuit becomes available.

Externai shunts have been provided also;
for a 5-ampere reading about 10%, inches
of No. 18 bell wire was used. Calibration

is desirable, if not essential; supply houses
are usually very accommodating in this way.
A rough way of increasing the range of the
milliammeter is to measure the filament cur-
rent of a ’99 tube; this should draw 63 mil-
liamperes at 3.3 volts.

The operation of this tester, it will be
iseen, is simple, requiring only the care ordi-
nnarily used with any costly measuring in-
strument. Depressing a higher-range push-
hutton first when takifg voltage readings,
and checking Sw4 and Sw5 hefore inserting
the milliammeter in the grid or plate cir-
cuits, are precautions which will avert the
danger of overloading or damaging the
meter.

The general construction is indicated by
the layout (Fig. 1) which is designed for
the parts specified; but it may be altered to
suit the constructor’s available equipment.
Those used by the writer were:

List of Parts

One bakelite (or hard-rubber) panel, 7 x
12 inches;

One Weston “Model 8017 milliammecer, 0-1
scale;

One Standard A.C. voltmeter, three-range;

One Weston hipolar switch, Swi;

One Carter “No. 33” D.P.D.T. jack switch,
Sw2:

Three Yaxley “No. 730 Junior” S.P.D.T.
switches;

One Marco 9-point sub-panel-mounting in-
ductance switch:

Four “Super-Akraohm” or “Super-Davohm”
resistors: 10,000 ohms, R1; 100,000 ohms,
R2; 200,000 ohms, R3; 500,000 ohms, R4.

Four Carter Type H fixed resistors; two 3-
olm, R5 and R6; two 0.4-ohm (see text)
R7 and IR8;

One Pilot “Resistograd,” R9;

Four pearl push-buttons, B1-2-3-4;

Two Yaxley No. 2006 D.P.D.T. push-but-
tons, B5-B6;

One Na-ald No. 423 UY socket;

One 4Y,-volt “C” battery;

Seventeen binding posts, four pairs grid-
leak clips, a six-wire cable, and the neces-
sary adapters.

e e,

AN EMERGENCY BATTERY

ECENTLY, the writer was called out

of town to service a battery-model
console radio set. Upon arriving, a day
ahead of the promised date, I found that
the storage battery had been taken away
to be recharged, and it would be returned
early the next day. The idea of coming
hack the next day over the rough country
road was unpleasant; and that of using the
car batterv seemed the solution.

Upon trying to loosen the clamps on the
battery, it was found that they were too
tight; the pliers would never loosen them,
and the required wrench had heen left home.
Having a roll of No. 14 rubber covered
lead-in wire, I drove the car as close as
possible to the window nearest the set; and
the wires were connected to the battery
terminals. In this manner six-volt direct
current was obtained, and the set was tested
and repaired in the usual manner.
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A Home Made Slide Wire Bridge

Apparatus which will add to the experimenter’s Laboratory the
means of making many desired measurements

NE phase of radio electrical meas-
urements, which is too little dis-
cussed, is the measurement of re-
sistances. Of course, “ohmmeters”
arc a familiar radio scrvice tool in many
kit bags—but not everyone can afford this
complete resistance-indicator; .nor even the
milliammeter nsed in its construction. And
besides, seldom are they sufficiently flexible
to accurately cover such extremes of ré-
sistance as may be found between the par-
tially-shorted voice-coil of a dynamic repro-
ducer, and a grid leak of wrong value.

From past experience, I know that there
are times when rheostats, grid leaks, and
resistors generally, get mixed; the tags that
are pasted on, or the painted markings,
come off and the only way of determining
their value is by guesswork. For these
reasons, an article showing the eonstruction
of a measuring device should Be of interest
to every experimenter; particularly, if it
may be constructed at little cost, and yet
have a practical degree of acecuracy.

The parts required arc as follows:

Nine binding posts;

One brass strip, 3 x 1% x 1/16-in.;

One paper strip 36 x 1 in. (B);

One length of No. 22 resistance wire, 4 ft.

long (C);

One S.P.S.T. switch, (D);

One baseboard 4 x 26 in,, (E);

One small compass, (F');

One compass block 31, x 21 in, (G);

To hold the compass (F) a hole is bored
in the block (G) in the middle of the nar-
row width and as near the end as practical;
leaving about 14-in. from the edge of the
hole to the edge of the block. The hole
should be bored just deep enough to leave
the face of the compass flush with the sur-
face of the block. Drill two holes on the
opposite end for the binding posts, (8, 9).
Place the compass in the hole and wrap
about ten turns of No. 22 D.C.C. wire di-
rectly over the center of the compass, in

the manner shown in Fig. 1. Bring the two
ends to the binding posts. Apply a coat of
shellac to the wire to hold it in place. The
result is a “galvanometer.”

The next step is the assembling of the
“Wheatstone bridge” proper. Drill three
holes in the brass strip; one 3-in. from each
cnd, and another directly in the center. The
size of each hole is 3/32-in.; or large enough
to pass a bolt for the binding posts (1, 2,
3). ‘Then, drill holes in the baseboard for
binding posts 4, 5, 6, 7. Mount the brass
strip, 14-in. from the end of the base. Meas-
ure off 40 inches of No. 22 resistance wire,
4 inches longer than the paper scale; two
inches at each end are allowed for connec-
tions. Fasten the two ends under the bind-
ing posts, as illustrated, with a small
wire nail and draw the wire tight, without
stretching, to form a long “V”, then, drive
the nail into the bdseboard in the approxi-
mate center. Cut the paper in half, or at

RX (UNKNOWN)
P4

—NAIL

FIG.2

The familiar Wheatstone bridge circuit, show-
ing schematically (not in structural arrange-
ment) the principle of the device described here.

1-1; and paste it beside the resistance
wire; tlie scale provided in Fig. 3 may be
copied on it, and will serve to eliminate most
of the figuring required with a 0-100 scale,
more commonly used.

When mecasuring small resistances, a low
value of known resistance is used, and the
same relation applies to a large resistance

BRASS (AN KNOWN RESISTOR
srn‘m\‘ zAT

HEAVY
COPPER

)
SLIDER.

e

@{@})f BATTE;Y
T@ Q [ Z

v
COPPER WIRE *

¢ UNKNOWN RESISTOR

e ==

HEAVY COPPER WIRE

The lay-out of the slide-wire bridge; it will be scen that practically no expense is incurred in its

construction with the home-made mcter used.

Fine copper wire might be used for C, cxcept for

sts mechanical weakness; but it is desirable to have a standard resistance value ot R to start from.

F1G.1-A

In order to make a non-inductive resistor, the
value of wwhich can be closely determined, use
fine wire in a double.winding

by ‘using a high, known resistance. Low
resistances may be made; but high resist-
ance units should be of the manufactured
type; and guaranteed accuracy.

When making a resistor, care should be
used to construct a non-inductive unit. For
example, a 100-ohm non-inductive resistor
would be made by winding 721 in. of No. 34
resistance wire on a tube about 4-in. in
diameter and 6 in. long. The wire is first
doubled into half its full length, the loop
caught over a pin, and the two strands
wound as one, as shown in Fig. 1A. About
1,-in. is .allowed on each end for connec-
tions. The resistance of No. 34 wire is
16.6 ohms per foot. Attention is called to
the .fact that this resistance wire seldom
is insulated; and care must be taken to
lteep the turns from each shorting.

For measuring small resistances (of about
10 ohms) cut a piece of No. 34 resistance
wire about- 73, in. long and connect it to
the proper binding posts; letting it hang in
place, as this length of the wire is suffi-
ciently stiff to be self-supporting.

All connections should be kept as tight
as possible; so that the least possible amount
of resistance will be added at these points.
“A straight line is the path of least re-
sistance.”

To nake the slider H cut a piece of No.
14 copper wire, preferably stranded, just
long enough to reach the length of the
mounting board. Get a small piece of No.
10 or No. 12 wire, about 2 in. long, and
solder it solidly to the stranded wire. Wrap
the connection with friction tape. When
soldering, use only resin as a flux to pre-
vent the slight corrosion that would occur
if other flux was used. Use.a hot iron,
(not red hot) and clean the joint with
alcohol.

Before measuring a resistance, arrange
the galvanometer so that the coil, as wound
ovér~the compass, points in the same direc-
tion that the needle normally would—that
is, toward the earth’s magnetic poles. (As
in Fig. 1). Then, when the current is sent
through the coil, the magnetic field estab-
lished will deflect the needle and the needle
will try to arrange itself at right angles
to the coil, as indicated by the dotted
needle. Connect the known resistance be-
tween 20 and the brass strip (posts 1 and
4), and the unknown resistance between
1720 and the brass strip (posts 3 and 5).

After the galvahometer has been prop-
erly arranged, close the S.P.S.T. switch D
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and touch the slider to the No. 22 resistance
wire, note which way the compass needle
is deflected; then, on the opposite side of
the scale, touch the wire again and, if the
needle is deflected in the opposite direction,
the ‘point of balance lies between, the two
noints touched. For example, first touch the
slider to 5, and note the direction the needle
is deflected. Then touch the slider at 0.5;
and note the direction in which the needle
is deflected. If in the opposite direction, the
point of balance lies between 5 and 0.5; if
in the same direction, the point of balance
will be found either bétween 20 and 5, or
between 0.5 and 1/20.

When the slider strikes a balance on the
scale Jower than 1, the unknown resistance
will be less than the known resistance; and
when the point of balance is above 1, the
unknown resistance will be higher than the
known resistance. 'The known resistance,
in either case, is multiplied by the reading
on the scale.

As the slide-wire used for two of the legs
of the bridge is very small, it is necessary
to be careful and avoid excessive wear. For
this reason the slider should be touched to
the wire at various points, to obtain read-
ings—not slid along its length.

Practically every electrical handbook dis-
cusses the slide-wire bridge. Therefore, the
constructor will find numerous examples
which may be studied, after e has built his
hridge for experimental verification of his
figures.

After you become familiar with the work-
ings of the bridge, it can be operated in
a very short: space of time,

One advantage in the use of a carefully-
made bridge is the convenient determination
of such elusive radio receiver faults as
leakage and shorted turns, sometimes found
in R.F. coils. In particular, it is sometimes
difficult to determine whether a voice-coil
having a normal resistance of only 15 oluns

has a short across only three or four turnsj

unless some such arrangement as the bridge
is available for checking against a voice-
coil of similar type which is known to be
pood. In this test, the resistance of the
rood coil is the “known” value to be checked
against the “unknown” of the other voice
coil.
To Save Figuring

The scale given in Fig. 3 has been care-
fully computed, to save the user of the
slide-wire bridge a great deal of the figur-
ing which would be necessary with the con-
ventional’ 0-100 scale. If it is used with
a known resistance R of a value of 1, 10,
100, 1000, etc., ohins; the values may be
read directly from it. Its accuracy is
greater than that which is likely to be
ohtained in the set-up of the apparatus.

It is 36 inches long, and intended for use
with a 40-inch length of resistance wire,
which is doubled back at its electrical cen-
ter—the point 1 on both sides of the scale.
The two sections I and II are continuous,
and represent, as in Fig. 1, the upper side
of the scale, where the value of the un-
known resistance Rx is higher than that
of the standard resistor R. The value of
the latter is therefore multiplied by the
number on the scale at which a balance is
obtained on the slider. ,

The sections IIT and IV are also con-
tinuous, but reading back from right to
left (if the constructor wishes to use a
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The :_‘alibraﬁon: on this scale indicdate directly
the ratios between the two sections of a 40-
inch resistance wire, when the two figure ls
arc at its center; reading np on I and II, and
down on Ill aud 1V. The markings may be
transferred to the evperimenter’s own chast.

continuous length of resistance wire, he
can mark off these divisions in reverse on
a straight 36-inch scale). Here the known
resistance is also multiplied by the scale
reading, but it is in this case a fraction
less than one, as the unknown resistance
is the smaller. From 99 to 10, the scale
readings are in percentages; below 1/10 they
are common fractions.

While the scale divisions might have been
carried further, there is hardly practical
value in doing so with apparatus as simply
designed as the above. The sensitivity of
the circuit will depend upon that of the
galvanometer used; and the accuracy of the
reading on the lowest attainable figure of
the resistance in the connections and leads
of the bridge.

Before the scale is permanently attached;
it will be well to test the balance of the
bridge with a number of resistors, not neces-
sarily of known value. By placing one at
R and anether of considerably higher or
lower value at Rx, ome reading is attained.
They are then interchanged, and a second
rcading is taken. If the two readings, mul-
tiplied together, equal 1, the bridge is well-
balanced; otherwise, some correction or com-
pensation will be needed.

From one resistor of accurately-known
value, it will be possible to calibrate a set
for ordinary purposes of the experimenter's
shop. The attempt should not be made, with
this bridge, to measure ratios too high;
for reasons pertaining to the external cir-
cuit, particularly with low resistances.
While the scale will measure a resistance
20 times, or 1/20th, that of the standard,
inaccuracies creep in more regularly when
working at either end.

Commercial resistors within 5% ot their
rating are not expensive; those accurate
to a greater degree are expensive in pro-
portion to their degree of precision. How-
ever, measurements cannot be more accu-
rate than the meter,

Incidentally, the experimenter might fintl
a suggestion in using a standard vacuum
tube in a socket whose filament prongs are
connected across R. A ’26 tube, for instance,
has a filament resistance of 1.43 ohms; an
013, of 20 and a ’99 of 524, nominally.
A variation is allowed in manufacture; hut
a number of tubes might be tried, and the
one nearest the average used as a test re-
sistor, for low values.

Below are some figures which may be of
use to the experimenter as an indication
of the resistance of certain standard wires:

TABLE 1
Resistance in Ohms of 40 Inches of Wire
Gauge Nichrome Con. Iron Copper
14 ... 048 0.24 .06 .008
16 ... 0.77 0.37 .09 .013
18 5o 1.25 0.60 0.15 .020
20z 1.95 0.97 . 0.22 032
22 Balne 3.12 1.53 0.37 .051
24 495 244 0.60 .081
26 ... 791 3.86 0.94 .130

(Con. stands for constantin; the resistance
of pure iron is about the same as that of
nickel.  These resistances, of course, may
be slightly different in a short stretch;
and current enough to change its tempera-
ture should not be applied to a resistance-
wire standard.)
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The R. T. A. Set
Analyzer

The Design of a Simple, Effective Testing Instrument
for Assembly by the Service Man Who Is to Use It

N connection with the work of servicing
radio receivers, the importance of ac-

curate, labor-saving test equipment
needs no discussion. The increasing
complexity of modern radio equipment

makes greater demands upon the Service
Man, which can be met only with suitable
professional equipment.

For this reason, it was found that a
necessary adjunct to the course of the Ra-
dio Training Association was the design of
a suitable set analyzer, meeting all the de-
mands of modern servicing; with the con-
struction, as well as the operation of which
cvery student should be familiar.

After much consideration of the prob-
lems of efficiency in operation, the R. T. A,
Set Analyzer illustrated here was designed
for the purpose; and, at the request of
Rapio-Crarr, the details of its layout and
construction are here explained for the gen-
eral benefit of the servicing profession.

The instrument is to be assembled, wired,
and tested by its future operator, giving
him therefore valuable practical experience
and insight into the principles by which
each measurement is obtained.

Construction of the Instrument

The completed analyzer is housed in a
neat black carrying case of professional
appearance, the cover of which is held down
by a pair of spring clips, and having a
comfortable leather handle. The apparatus
is mounted wpon an engraved black panel,
the front and rear of which are shown in
Figs. A and Bj; this carries the three me-
ters, selector switch, and necessary buttons,
etc. In Fig. 1 the connections are shown;
and the method of construction to be fol-

lowed by the student is explained in logical
order.

First, mount the 5-prong socket in the
upper left corner and the 4-prong socket
in the upper right corner. Now fasten the
thiree toggle switches. Next, place the two
push buttons in their places below the D.C.
voltmeter. The metal tip jacks are now
mounted in their places, and then the red
and black-topped tip jacks. The selector
switch is mounted in the lower center hole.
It must be secured very rigidly and placed
so that, when the knob is turned clockwise
as far as possible, the white arrow will point
to the first marking, which is “Plate Volts.”
Iastly, the three meters are mounted in
their proper places. Each unit must be
placed exactly as shown in the diagram,
Fig. 1.

It is extremely important that all con-
nections in the Analvzer be well soldered.

An interesting step-wiring plan has been
worked out for the gunidance of R. T. A.
students . M:ike each connection in se-
quence, as follows: Connect point 5 to 9;
9-21; 5-39, 39-44; 6-17; 17-24; 6-3T; 37-45;
1-3; 3-8; 8-10; 10-12; 1-42; 42-31; 31-33;
4-7; 7-41; 41-34; 34-40; 11-32; 32-36; 43-38;

38-48; 53-48; 47-19; 46-18;
29-27; 27-51; 51-13.

Now connect into circuit the two resistors
and the cable. The red wire on the large
resistor connects to 49 on the D.C. volt-
meter; and the black lead, to 28. Conncet
19-26,

Next, connect the small resistor into cir-
cuit; one end to 25 and the other, point
23, to 15. Connect 25 also to 2z, and 22
to 16.

The five-wire cable is passed through the
hole in the partition of the case and its
separate wires are connected as follows:
green wire to point 35; black to 37: vel-
low to 39; red to 2; blue to 1; and poir;t 2
to point 20.

50-52; 52-14;

Two six-inch lengths of wire are each
connected to points 54 and 47, the wires
passing through the hole in the partition
of the case. (The 414 volt battery shown
is not supplied with the analyzer.) Lead
54 is attached to its negative post, and 47
to the positive.

Pre-Service Testing
If a receiving set is not handy to test
the completed analyzer, this may be done
very easily through the use of a 2214-volt
“B” battery. It must be remembered that
the “30V” button of the D. C. voltmeter
should be pressed to obtain a reading.
Connect the negative terminal of the
battery to the grid prong of the plug; and
the positive to the cathode prong. The D. C.
voltmeter should indicate 2214 -volts, with
the rotor switch in the “Grid,” “Screen-
Grid,” or “S.G.C. V.” positions.
Next, connect the positive lead to the

Fig. B (right)
Rear view of the analyz-
er’s pancl (reveried from
Fig. A). The coil be-
tzoeen the tio meters and
the UX socket, at the
upper left here, is the
scale multiplicr for the
D.C. voltmeter (“large
resistor’”); that at the
loweer right is the multi-
plier for the A.C. wolt-
meter (“small resistor’’),

Fig. A (left)
Appearance of the R. T.
A. set analyzer’s panel,
scated in the carrying
case, with the accessories
— plug, adapter, and
screen-agrid clip (carried
with the 4%-volt battery
in the compartment at
the right). The meters
are: upper, Hoyt No.
563 D. C. wvoltmeter;
Icft, Readrite 0-10-140
AC. wvoltmeter: right,
Readrite 0-15-150 milli-

ammeceter.

plate, and the negative to the cathode. The
same reading should be obtained with the
rotor switch in position “Plate Volts.”

Across the filament prongs, the meter
switch set at “Fil. V.” should indicate the
same potential; also, when the pesitive ter-
minal is connected to the positive filament
prong, the negative to the cathode, and the
switch set at “cathode.”

The final pre-service test is made by con-
necting the negative lead to the plate connec-
tion of either socket, and the positive to the
cathode. With the switch in the “Plate
Volts” position the D. C. meter should read
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backwards; and the milliammeter should
show a slight reading at the “15” position
of its toggle switch.

Using the Analyzer

The primary function of a set analyzer is
to enable the Service Man to check the
electrical conditions, which exist at the suec-
cessive sockets of a receiver, against the
normal operating data, furnished by the
manufacturer, It is advisable to check the
tubes in their order, following the signal
through the receiver; that is, begin with first
R. I, second, etc.; detector, and then the
audio stages in their order. Instructions
will be given here, as to a student, for the
benefit of younger radio workers.

To start the analysis, the first R. F. tube
is removed and inserted into the socket in
the tester, and the plug at the end of the
cable is inserted in its place. A 5-prong
plug is attached but, if the socket is of the
4-prong type, then an adapter with a 5-
prong socket and 4-prong base is put to use.
The set is turned on and the volume con-
trol adjusted for maximum.

First, the applied filament voltage is meas-
ured by turning the selector switch to the
position marked filament volts (“Fil. V.”).
If the set is a D. C. battery-operated type,
the push-button labeled “30” is pressed and
the reading taken on the lower or 0-30 scale;
but, if it is an A. C. set, then the A. C. volt-
meter is cut in by throwing the switch to

the side marked “in” and the reading taken
on the lower or 0-10 scale. If no filament
voltage is present, it is evident that the fila-
ment circuit feeding the first R. F. tube is
open or shorted at some point.

Next, the plate circuit is checked up by
turning the selector switch to the position
marked “Plate Volts.” The voltmeter button
marked “300” is pressed, and the reading
taken on the upper or 0-300 scale. If no
plate voltage exists (as shown by a zero
indication) the trouble may be a defective
rectifier tube, or a break or short somewhere
in the “B” supply circuit. If the plate
voltage is low or high the line-voltage should
be checked; the rectifier also may be weak.

The plate current also can be checked at
the same time by reading the milliammeter.
The switch is always left in the “150” posi-
tion; but, if the reading is below 15, it is
thrown to the “15” position, so that a more
accurate rcading can be obtained. (Impor-
tant: As soon as the reading has been taken,
the switch must again be returned to the
“150” position.) If the plate current is low,
it may be due to a weak or defective tube;
the line-voltage may be low or the grid bias
too high. Too nwch plate current may he
due to excessive “B” voltage, to insufficient
grid bias, to a defective tube, or to a high
line-voltage.

Control-grid bias or “C” voltuge is deter-
mined by moving the selector switch to the
position marked “Grid,” and pressing the

voltmeter push-button labeled “300.” If the
reading is less than 30, the button marked
“80” is pressed so that a more accurate read-
ing may be obtained. If the “C” bias is too
high, it may be due, in general, to a ground-
ed grid connection, an open grid circuit, or
shorted bypass condenser. If the “C” bias
is too low, this may be due to an exhausted
“C"” battery, a defective grid-bias resistor,
wrong line-voltage, or a defective tube, in
most cases.

If the tube under test is of the 5-prong
type, then the cathode is the next circuit to
be checked, by turning the selector switch
to the position marked “cathode.” The volt-
meter button marked “30” is pressed, and
the reading taken on the lower scale. If the
reading is materially different from the
specified value, it is evident that the biasing
resistor is shorted, either partially or comn-
pletely. A break may also be somewhere in
the circuit.

Screen-Grid Tube Tests

In the case of screen-grid tubes, two other
tests must be made; while a few changes are
necessary. The tube is inserted into the 5-
prong socket, and the control-grid at the top
of the tube is connécted (by means of the
special cord that is provided) to the metal
tip jack marked “Grid.” The tip jack
marked “Grid Lead” is connected by means
of awire to the connection in the set which
was formerly made to the control-grid on
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The_schematic circuit and wiring conncctions (explained in the text) of the R. T. A. Set Analyzer; the arrangement of parts corresponds to that

of Fig. B, while the buttons, jacks and switches are shoien from the upper side of the panel (in

reverse order) in Fig. 4. The comnections of the

selector switch are indicated at the lower center. The cnd view of the plug (lower left) corresponds to the botiom view of the UY socket
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‘the tube.

The first of two tests is the bias on the
control-grid, which is obtained by turning
the selector switch to the position marked
“S$.G.C.V.,” and pressing the voltmeter but-
ton. (Always press the button labeled “300”
first, to make sure that the reading does not
exceed 30.) When this has been done, the
other button can be used and the bias read
on the lower scale. If the value indicated is
not correct, the trouble will be due, ordi-
narily, to a defective grid-bias resistor, a
defective tube, a grounded connection, or a
shorted condenser.

Second, the voltage applied to the screen-
grid is checked by turning the selector switch
to the position marked “Screen-Grid” and
pressing voltineter button “300.” If the indi-
cated value is not correct, a thorough check-
up should be made.

This completes the analysis of the first
R. F. tube socket; if everything is found as
it should be, the tube is returned to the
socket and the same tests repeated with the
succeeding tubes.

Of course, there are a number of faults
which cannot be uncovered in the above
analysis, such as an open center-tapped re-
sistor, defective detector tube, wrong speaker
connections, ‘defective output transformer,
poor speaker, shorted variable condenser,
poor grid leak, open by-pass condenser,
microphonic tubes, defective grid resistors,
or a poor ground connection. These, how-
ever, can generally be located by the use
of the continuity tester which will be de-
scribed later.

DO NOT under any circumstances make
the mistake of inserting the analyzer plug
into a rectifier tube socket, or the D. C. volt-
meter will be damaged. To determine
whether the rectifier tube is in good condi-
tion, the plate voltage on the last audio tube
should be-measured. If the plate voltage is
normal, the rectifier is evidently in good
condition. However, if the plate voltage is
low, the rectifier in use should be replaced
with a new tube known to be good. If, upon
placing a new tube in the rectifier socket,
the voltages rise to their normal value, it is
an indication that the first rectifier was
defective and should be replaced. If the
voltages do not rise, the trouble is undoubt-
edly due to some cause other than the recti-
fving tube.

The “Grid Test”

The real value of a tube as an amplifier
is not given by the amount of plate current
flowing, but by the amount of change in
plate current caused by a given change in
grid voltage. For this purpose, it is com-
mon practice to observe the plate current
under operating conditions, and then make
the grid more pusitive by reducing the nega-
tive “C® bias. This is known as the “grid
test.”  The plate cwrrent will increase, and
the amount of increase dcetermines the qual-
ity of the tube.

The “Grid Test” is applied by throwing
the upper switch, first to “Normal” and then
to “Grid Test”; and taking the difference
of the readings. Screen-grid tubes are
tested ‘with the control-grid cord in the

«“Grid” and “Grid- Test” jacks, respectively.
'The above discussion explains the use of

the analyzer when the chassis of the radio is
in the cabinet. By the use of the red and
black jacks on the lower edge of the analyzer
panel, the D. C. meter and the A. C. meter

Fig. 2
The external connections of the set analyvzer,
through the jacks, permit continuity, resistance
and capacity tests.

may be used externally. To test batteries,
a wire from the negative of the battery is
placed into the black jack marked “—” A
wire from the positive side of the battery
is placed into the red jack marked *“300.”
First press the “300” voltmeter button and,
if the voltage of the battery is less than 30,
the “30” push-button. To easure line-
voltage, wires from the A. C. power line are
connected into the “—” black jack and the
red jack “140.” 'I'he voltage is read on the
140-volt scale of the A. C. meter. To use
the 0-10-volt scale on the A. C. meter, wires
are placed into the black “4” and the red
“10.”
External Measurements

A continuity tester for the location of
open resistors, shorted condensers, poorly
soldered connections, etc., is-available simply
by plugging two wires into the two black
jacks on the right side of the analyzer (as
indicated in outline in Fig. 2).

By referring to Table I, the resistance
of the circuit in ohms can quickly be found.
For example, if the meter pointer indicates
2.6-milliamps, the circuit under test has a
resistance of 1500 olmns. Any resistor be-
tween the value of 25 ohms and-5000 ohms
can quickly be tested in this manner.

When it is desired to test hatteries or
power supplies, the separate connections to
the D. C. voltineter are made across ter-
minals D.

In testing condenser capacities, B and C
are connected to the unit under test, and 110
volts A. C. is hupressed on F; the capacity
is then found from Table II. If the con-
denser is found to have more than fonr
microfarads capacity, terminals F-are then
put under 5 volts A. C., and the values are
found from Table ITI. The necessary volt-
age can usually be obtained from a receiver.

If the condenser gives a full voltage read-
ing, it is evidently shorted, and should be
replaced. However, electrolytic condensers
cannot be tested with alternating current;
because they are designed for a D. C. volt-
age of constant polarity.

The components of the analyzer, in addi-
tion to its carrying case and engraved panel
with the three meters and their resistors,
are: a 5-wire cable, with plug; adapter plug;
UX and UY tube sockets; the bi-polar 6-
point selector switch, with knob; one 2-ter-
minal and two 3-teriinal toggle switches:
two push buttons; three metal, three red-
top and four black-top tip jacks; an 8-inch
sereen-grid test cord, seven soldering Iugs
and the other small hardware—wire, screws,
nuts and bolts.

TABLE 1

Reading Ohms Reading Ohms
Mills. Res,  Mills. Res.
14.0 25 5.3 600
13.8 30 1.8 700
13.5 35 4.3 800
13.3 10 4.0 900
13.0 45 3.6 1000
12.9 50 2.6 1500
12.0 75 2.2 2000
11.5 100 1.6 2500
9.4 200 15 3000
7.8 300 1.0 $000
6.8 400 9 5000
6.0 500 .5 100000

15 Mills. indicates no resistance in circuit.
0 Mills. indicates very high resistance or
open circuit.

TABLE II TABLE III
110-volt
Meter A.C.Test 5-volt
Reading Capacjty A.C. Test
1olts Mf. Tolts Mf.
5 E ]
9 6
1.8 .5 1.3 8
3.0 1.0 1.6 10
4.5 1.5 2.0 12
54 2.0 2.3 14
6.0 2.5 2.5 16
6.5 3.0 2.6 18
7.0 3.5 2.9 20
7.1 40 3.0 22
3.1 24

A MODULATED OSCILLATOR

£8 SE a modulated R.F. oscillator” is a

common instruction. How many ra-
dio men can make one without a circuit
diagram? Here is the one which I use for
a great many purposes, with power supplied
from “A” and “B” eliminators.

With a variable resistor properly adjusted
in the grid circuit of the tube, this oscil-
lator may be used to match condensers: the
same capacity gives the same note. In a
similar manner, resistors wmay be matched,
R.F. transformers, impedances, ete. This
may be used as a wavemeter, and calibrated
from the beat notes of stations of known
frequency. It can he used as either an
R.F. or an A.F. oscillator separately. It
produces a very sharp, powerful signal, and
is very useful.
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e can assure the contributor that wncounted
Scrvice Men can make an oscillator, from the
Iotters we receive. However, this is a good onc.,
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Fig. A

Front view iltustrating the location of lhe push-buttons, metars, etc.
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Rear view of the analyzer.

on the meter,

Fig. B
Note the use of cable wiring and the use of the sub- panel,

mounted

for holding the multipliers.

@ For the past year we have been
deluged with inquiries regarding con-
structional data of a modern set ana-
lyzer. To satisfy our readers, we have
designed and constructed the RADIO-
CRAFT Universal Analyzer described in
this article.

It is universal in its use—hence its
name—and is capable of testing any
receiver using the latest tubes available
and many which are not as yet available.
it may be built for about $28.00 com-
plete, and for the man who desires to
build his own, we heartily recommend it.

ODERN radio receiver and tube

developments placed new de-

mands upon the radio set ana-

lyzer, especially since tube
manufacturers have introduced the six
(and perhaps the seven!) prong base. A
glance at the July issue of Rapro-CRAFT
(tube chart) will convince any Service
Man that correspending connections of
the elements ot different tubes vary
widely. In most of the screen-grid tubes,
the cap connects to the control-grid, while
in the Wunderlich five-prong detector, the
cap conrects to the cathode.

This means (1) that a set analyzer de-
signed for screen-grid tubes will not test
the Wunderlich; (2) present-day analyz-
ers have no provision for testing the
pentode grid (now called suppressor)
circuit; and (3) if adapters are used, a
button marked control grid may have to
be pressed 'in order to read the plate
voltage on a particular tube. In other
words, to bring the present-day set ana-
lvzer up-to-date, the entire analyzer must
be rewired to handle not only existing
tubes but with a minimum of labor, all
future models. This is exactly what
RADIO-CRAFT UNIVERSAL ANALYZER
DOES.

Description of Our Analyzer

With the requirements for satisfactory
and rapid servicing in mind, the staff of
Ravio-Crart set about to design the tester
illustrated ir the accompanying sketches
and photographs. Keeping in mind the
fact that the average Service Man may
be low in funds, the cost of the com-
pleted unit ‘was carefully calculated, at
the same time using the highest quality
of parts, until a unit was developed cost-
mg about $48.00 which was jar less than
crpected by ihe Staff. ’
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A glance at the photographs will show
that push buftons were used throughout,
with the exception of the range-selector
switch.
complexity of the wiring and the cost to
a minimum.

Since any form of lettering for indi-
cating meter connections could net be
used because of widély varying socket
connections, a numerical designation was
decided upon. A glance at Figs. A, B
and C will show this. Refer to Fig. A
At the upper left-hand end of the panel
are two tip jacks marked “1.” These two
terminals are for external current meas-
urements, Directly under these tip jacks
is a row of six buttons labeled from 1 to
5 inclusive, the last one labeled “REV.”
The first five numbered buttons are for
current readings only, the “REV.” button
only reversing the connections to the
meter when desired.

Directly to the right of the “1” tip
jacks are three sockets, a six-, a four-
and a five-prong. To the right of these
and in line with the “I” tip jacks are two
more tip jacks labeled “g.” These tip
jacks facilitate the external measurement
of voltage only. Directly under them is
a row of buttons marked from 6 to 11
inclusive. These buttons are for voltage
measurements when the instrument s
used as an analyzer.

At the lower edge of the panel, at the
center, are two more tip jacks marked
«R.C” which are for resistance continuity
work., To the left and a little above the
“R-C” jacks is a toggle switch marked
«p O on one side and “D.C.” on the
other. This switch is thrown to the side
corresponding to the type of voltage or
current to be measured. Directly above
this switch is a knob with an arrow on
it. This knob is used to adjust the meter
to full scale when resistance measure-
ments must be made,

To the right of the meter are two

This arrangement reduced the.

toggle switches, one a “K to H” (cathode
to heater) connection and the other an
“F to I” switch. The latter should be
thrown to the “E” side when voltage
imeasurements are to be made and to the
«1” side when current is to be measured.

Directly under these toggle switches is
the range selector switch. The markings
are as follows: 1,000, 500, 250—100,
50—25, 10—5, 5—1. When on the first or
“1,000” tap, the range of the meter is
1,000 volts full scale (at 1,000 ohms pei‘
volt); when on the “500” tap, the range
of the meter when used as a voltmeter is
500 volts and when used as milliammeter
is 500 milliamperes; on the “250—100”
tap, the voltage range is 250 and the
current range is 100 ma.; on the “50—25"
tap, the voltage range is 50 and the cur-
rent range is 25 ma.;:-on the “10—5" tap,
the voltage range is 10 .and the current
range is 5 ma.; on the 5—1 tap, the
voltage range is 5 and ‘the current range
is 1 ma.

It should be pointed out that the above
voltage ranges are for either D.C. or AC,
depending upon which side the “A.C.—
D.C.” switch is throwr.

Figure 1 is the diagram of connections.
The six-prong cable is showr to the left
and the set of switches shown directly
to its right are the current buttons, drawn
vertically. The switches drawn hori-
zontally are the voltage buttons. The
socket connections represent the location
of the prongs when looking down on the
socket from above. Two sets of voltage
multipliers are used, one  for A.C. and
the other for D.C. as shown. In this
manner the accuracy of measurement is
maintained well below 5 percent for both
A.C. and D.C. ranges. The remainder of
the diagram is self-explanatory.

Figure 2 indicates the mechanical layout
of the panel. All dimensionsare given and
the reader should have no difficulty in con-
structing this instrument. Reference
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should be made to the photographs when
assembling the tester as they are clearly
marked for this purpose.

Using the Analyzer

A.C. MEASUREMENTS: Turn the switch
marked “A.C.—D.C.” to the A.C. position.
The toggle switch marked “I-—E” should
be in the E position. This removes the
current shunts from the meter circuﬁ
and reduces possible danger. For ex-
ample, if the operator should push ,one
of the current buttons (Nos. 1 to 5) no
indication will appear on'tlie meter scale.

Be sure that the voltage range selected
for the test is.greater than the voltage
present in the circuit. It is best to start
with the 1,000-volt scale and then change
to the scale which gives a reading in the
center of the dial.

Do not try to read D.C. voltages on the
meter when the A.C-D.C. switch is on
A.C.

The voltage scales on the meter are
indicated with heavy black lettering and
the A.C. scale is laid out above the center
arc with a compensated scale to correct
for the non-linear action of the rectifier.
As one becomes familiar with the scale,
its simplicity and accuracy will be appre
ciated.

D.C. MEASUREMENTS: Turn the switch
marked “A.C.—0—D.C.” to the D.C. posi-
tion. The toggle switch marked “I—E”
should be in the E position. This re-
moves the current shunts as described in
the section above.

It is impossible to read A.C. volltages
on the D.C. scale because the rectifier is
removed from the circuil.

Be sure that the voltage range of the
meter is greater than the voltage present
in the circuit. Start with the 1,000-volt
range and work down until the reading
falls near the center of the dial.

The D.C. voltage scales are located on
the lower portion of the dial of the meter
and there is no correction for them.
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Fig. C
The RADIO-CRAFT Universal Analyzer in action.

The accuracy of the readings on the
D.C. scales are limited by the accuracy
of the meter, the multipliers and the
ability of the operator to read it cor-
rectly. The selection of accurate resistors
and good electrical connections between
the parts are important considerations
and should be handled accordingly.

TESTING Rapio RECEIVERS: A 6-prong
plug with a three-foot cable is used to
complete the circuits between the receiver
and the analyzer. If the receiver is
equipped with 5- or 4-prong sockets, there
are two adapters which clip to the 6-
prong plug. One changes the 6-prong
plug tn a 4-prong and the other changes
the 6- to a 5-prong. The clip connecting
to the cap has a connecting point on the
barrel of the plug.

When current measurements are being
marle, it is advisable to keep the three-
way switch (The A.C.—O—D.C. switch is
also called the A.C.—D.C. switch in this
article) in the “O” position. By so doing,
all the push buttons on the right-hand
side are disconnected. Thus, if a current
button and.a voltage button are pressed
at the same time there will be but one
deflection—this deflection will be some
value of current.

All readings necessary for the proper
determination of circuit conditions can
be found by pressing the proper numbered
button on the analyzer after refering to
the chart which lists more than 40 types
of tubes, both old and new.

The fact that any voltage or current
scale can be used in connection with any
of the tube circuits permits of the greatest
elasticity of circuit tests. For example,
voltages up to 1,000 can be measured in
the normal control-grid circuit of the
tube under test. Also plate currents or
grid currents up to 500 ma. if so desired.
Any circuit of the tube can be measured
provided the voltage and current ranges
.of the multipliers and shunts are not
exceeded.

RESISTANCE MEASURENENTS: The two
black insulated tip jacks in the front and
center of the panel are, as menti'oned
previously, for resistance and continuity
measurements. The 4.5-volt “C” battery
is used in conjunction with a 1,000-ohm
rheostat and a 4,0000hm fixed resistor
for centinuity and measurement of re-
sistors of values up to 100,000 ohms. A
directreading scale is provided on the
meter for this purpose; this is the upper
scale ont the meter.

To place this portion of the analyzer in
operation, it is necessary to short-circuit
the test prods connected to the tip jacks
and adjust the reading of the meter to
full scale. The voltage-current selector
switch should be placed in the 1. ma.
position. If this is not done the readings
will be false.

WHEN USING THE METER FOR
RESISTANCE OR CONTINUITY MEAS-
UREMENTS DO NOT HAVE THE ANA-
LYZER PLUG CONNECTED TO A
RADIO SET.

While the design is such as to limit the
possibility of the meter or rectifier burn-
ing out, care should be exercised at all
times. The better the instrument the
moroe ocoaoreofoulo onoeo sohouoldo obo
more careful one should be.

Ovrpur METER: The AC. Voltmeter
may be used as an output meter where

.

N,

i
\
AN
\

2
p

| >
S
= W7 e =
- A - ~
: ©
g%'LML:E?uN : : ./‘ o
SCREW . e /!/bf/,/
o W il ; 0,7
s g —] 4 =l -~ 5 )
éf/ I s PR Z . [ERTHS
7oL O g —— @] gl
AN /L i L an v Y - '@'i"
3 P i " 34— -+ 6" 6 HOLES hsq'o. s %’
e 'y, f 6" ! ’ |
"‘ 2" T
i
. Fig. 2
Mechanical layout of the panel. The location of all the holes are clearly indicated. Of course,

the dimensions are only valid

if the parts specified are used.

73

such a device is required. The use of a
voltmeter as an output meter is very
sa'tisfactory for testing and aligning the
coil-and-condenser units in tuned radio
frequency and superheterodyne circuits.
A constant signal should be supplied to
the receiver and the proper voltage range
on the output meter selected. The normal
ranges on the A.C. voltmeter are avail-
able for this purpose.

Construction

The panel is of black bakelite, 7 x 12
x 3/16 inches, and is drilled and engraved
as shown in the mechanical drawing. All
parts are mounted on the panel except
the bakelite strip holding the resistors
for the multipliers and shunts.

The resistors are mounted on this strip
which, after the rest of the wiring has
been completed, is fastened into place by
bolting it to the large screw connections
serving as terminals for the meter. This
provides ample support for the resistor
strip and locates the resistors near the
selector switcl.

All the voltage feed-wires can be made
with No. 18 or larger copper wire. The
insulation of this wire should be of the
best. No leakage should or can be per-
mitted between the wires if satisfactory
operation is to be secured. The filament
leads in the connecting cable should be
No. 14 or larger to prevent large voltage
drops in the leads.

Care should be taken in wiring the
current circuits; use bus-bar for all con-
nections between the selector switch,
shunts and the meter. TUse the largest
and best insulated wire which you can
obtain.

Keep the three-foot cable connecting the
analyzer to the radio set in good condi-
tion. Use the best cablé you can secure.
It pays in the long run and reduces the
actual error which will be found in long
cables and leads that have high resist-
ance.

Carefully clean every soldered connec-
tion with alcohol. Do not let dirt or poor
connections interfere with success.

The box in which the Universal Ana-
lyzer is carried is large enough to provide
space for storing the small 4.5 volt “C”
battery used for the continuity and resist-
ance measurements, the set analyzer plug,
the cable and extra leads for additional
tests.

The same pair of leads used for the
continuity tests may be used for the
output-meter connecting wires, and it is
wise to have clips on the ends of these
leads as it is sometimes difficult to make
permanent connections to the average
voice-coil or voice-coil transformer.

Naturally, the success of such a unit
as this depends on the care used in the
assembly and the quality of ‘the materials
selected. Considering the accuracy of the
unit as a whole and the absolute flexi-
bility of measurement, the cost in time,
labor and materials certainly justifies
itself.

Suppose it is desired to analyze a re-
ceiver. The plug of the analyzer cable is
inserted into one of the tube sockets in the
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receiver, the tube from the receiver is inserted
in the proper socket of the analyzer, and the sct
is turned on. If, for instance, the tube is a '27,
reference is made to the chart and the buttons
that must be pressed to read plate, grid, and
filament voltages are found to be Nos. 8, 7, and
11. In other words, pressing button 8 reads
plate voltage on the type '27 tube, button 7
‘reads grid voltage, and button 11 reads fila-
ment voitage. Of course, when reading fila-
ment voltage, the A.C. side of the switch must
be used. To read plate current on the tube,
button No. 3 is depressed. The proper range
ix seleeted by means of the switeh provided for
the purpose and the “E—I" switch thrown to
the *“I” position.

At first glance it might appear undesirable
to refer to a chart whenever voltage or cur-
rent measurements arce to be used. A little
consideration will show that of the 47 tubes
shown in the chart 43 require that button
No. 8 be depressed to read plate voltage. About
the same proportion holds true for the plate-
current measurcment.

It is in the case of special tubes that the
extraordinary feature of the numbering system
ix appreciated. For instance. to read control-
grid voltage, three different buttons must be
pressed, depending upon the type of tube. If
a single button marked “Control Grid” were
used, the same button would not always meas-
ure control-grid volts. The confusion is obvious.

Hence, by mcans of the numbering system. the
tester can never become obsolete provided tube
manufacturers adhere to the general principles
they have been followinyg in the past, and we
are of the opinion that no radical changes
are contemplated in the near future

When using the chart, the following should
be rigidly observed:

(1) The left column refers to the type of
tube ;

(2) Al numbers in all other columns refer
to the button number on the analyzer that
must be depressed in order to obtain the read-
ing indicated at the top of the column;

(3) Grid No. 1 refers to the input or con-
trol-grid ;
(4) Grid No. 2 refers to the screen-grid;
(5) Grid No. 3 refers to the suppressor-grid,
List of Parts

One Alden, 6-prong plug with three-foot, seven.
wire cable, type 906 WLC; (1);

One Alden, adapter, type 964 DS, (2);

One .Alden, adapter, type 965 DS, (3);

One Alden, 6-prong panci-mounting socket, (4) 3

One Alden, H-prong pancl-mounting socket, (5) ;

One Alden, 4-prong pancl-mounting socket. (6);

One Alden. insulated screen-grid clip, (7);

One Best, 3-circuit, G-position switeh, (8) ;

Two International, No, 4 plugs, (9), (10) ;

Two International, tip jacks, red, (11), (12);

Two International tip jacks, green, (13), (14);

Two International, tip jacks, black, (135), (16);

One Yaxley, potentiometer, type 5C1IMD, (17):

Six Yaxley, push-button switches (non-lock-
ing), type 2006, (18), (19), (20), (21).
(22), (23);

Six Yaxley push-button switches non locking).

type 2004, (24), (25), (206), (27). (28), (29):

One Yaxley Junior., T.P.DUT. switeh, (30) ¢

Two I & I, NDP.DUT. switches, (31), (32)

One Taussig, rectifier, (33) 1

One Weston, type 301, 0-1 ma_ meter (50 milli-
volt full-seale detlection), (534);

Six Van, multipliers for the D.C. scale, 5.000,
10,000, 50.000, 250,000, 500,000 ohmx, and 1.
megohm resistors, (35), (36), (37), (38),
(19, (40);

Six Van, multipliers for A.C. scale, 3.000, 8,100,
88,000, 220,000, 450.000, and 900,000 ohms.
(41), (42), (43), (44), (45), (46);

Four Van. shunts for D.C. milliampere ranges,
12.5, 2,084, .0H05-, .0102-ohms, (47), (48),
(49), (50} ;

One Van, multiplier for resistance continuity
test, 4,000 ohms, (51)

One Van, meter dial, 'Type 4. (52);

One 4.3-volt “C" battery, (53);

Onc Blan, instrument case, 9 x 12 x 4 ins,
cover depth 1% ins. inside dimensions), (54) ;

One Bakelite panel, black, 7 x 12 x 3/16 ins.
(55).

RADIO-CRAFT ANALYSIS CHART
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D.C. FROM YOUR AUTO

RECENT news item stated that a
young man interested in radio had
marricd a young woman also inter-
ested in radio. They made a special
five-tube set, for use during their honey-
moon, to be operated by the storage “A”
battery in the automobilc they owned.

Anyone can operate their rcceiver this
way by following the idea illustrated in
Fig. 1. Any burnt-out “bayonet-basc” lamp
may be used. The glass part is broken out
and two leads are soldered to the contact
points. There are two types of basc; single-
contact and double-contact; use one which
properly fits the particular outlet you want
to take the six-volt supply from. Caution:
Examine one of the auto lanips and make
certain that the D.C. supply is not 12 volts.

A wooden handlc is fastened to the lamp
shell; this makes it easy to remove the cur-
rent tap and replace the Lump. It is usu-
ally most convenient to tap the current at
the instrument board.

The amount of current consumed by the
average five-tube set in an hour is about one
and one-half amperes; the automobile kunps
probably consume three to ten amperes. -So,
the comparison indicates, there is no objece-
tion on the score of unduc battery drain.
In fact, the starting motor will probably
draw as high as 300 amperes (instantancous
value) for the few seconds it is on during
starting.

1f a two-color cord is used for connecting,

it will be easy to distinguish *A” positive

from “A” negative, by using a red lead
for the former and a black wire for the
latter. y

Of course, it is nccessary to have the right
connection when the plug is made up; but,
as the sockets will probably all be connected
the same way, the “A” polarities to the set
will not be reversed if another socket should
be tapped at another time. Usually, the
shell of the single-tontact basc will be
negative and the contact positive; a simiple
test for the double-contact base is to connect
the plug “A” leads to the set. 1f it works,
the connections are correet; if it doesn’t,
the “A” connections are reversed.

6 VOLY
TAP OFF

SINGLE
CONTACT

DOUBLE

Fig. 1

A simple tap to the antomobile storage battcry
will operate o receiver efficiently.
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Modernizing

the “133A”

Set Analyzer

An Ingenious Enlargement of a Standard
Instrument, for Modern Requirements.

O doubt there are many Service Men

who have a Jewell “Model 133A” set
analyzer, and would like to modernize it
with a minimum of cxpense. I believe they
will be interested in the arrangement which
I made of mine, and with which it is pos-
sible to make practically all tests that are
necessary -in the field.

The original analyzer (shown within the
dot-and-dash lines) had a UX socket and
a four-wire cable. It was necessary to add
a UY socket; a five-wire cable and a five-
prong plug, made from an old tube base,
were needed also. The new apparatus was
wmounted to the former apparatus with two
angle brackets, one on each side, which are
also fastened to the carrying case and help
to support the panels. 'The arrangement
was dictated, of course, by the parts on
hand.  With that shown, the enlarged an-
alvzer is kept symmetrical.

The detail of the switching mechanism
shows the method of mounting used; Yaxley
jack  switches were removed from their
frames and mounted on a piece of hake-
lite, which is fastened to the main panel
by four screws. The holes for the push
buttons were then drilled and reamed. The
buttons are made of ¥-inch bakelite rod,
matching those on the original analyzer;
on each button there is engraved a line,
which is filled with white. The position
of the line is kept vertical by a pin through
the button, which plays in a groove in the
bakelite strip mounting the switches. By
pressing the button down, and giving it a
slight twist, the switch is locked in the
closed position. In the circuit diagramn, the
brackets indicate which contacts each but-
ton controls.

The phone-tip jack and the screen-grid
push-button switch are used in conjunction
with the adapters to test screen-grid tubes.
The adapters are made from old tube bases,
and sockets, wired as shown.

To test screen-grid tubes, one adapter
plug is placed in the socket of the set, and
the analyzer plug is inserted into the
adapter socket. The control-grid lead is
then snapped on the lead from the adapter,
the other plug of which is inserted into
the socket in the analvzer; and the tube
is placed in the adapter. The phone tip
is plugged into the tester panel, and the

III/II/IAMV//II_////.%'/A
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DETAIL-OF SWITCHING MECHANISM

lead from the adapter is snapped over the
control grid cap of the tube.

To take the readings, the screen-grid
push button and 100-volt push buttons are
pressed simultancously. The other read-
ings are taken in the same manner as with
three-element tubes. To change over to

the next socket, it is necessary only to re-
move the control-grid lead and move the
adapter and plug as one unit to the next
socket.

For use in conjunction with the cathode-
voltage switch, a reversing switch has been
incorporated; with this in normal position,
the cathode voltage will be negative. When
it is reversed, a positive reading is obtained.
A 50,000-olun resistor is used for cathode
voltage rcadings on the 50-volt scale.

The following parts were used:

One black bakelite panel, 8 x 7 9/16 x 14-
inch;
One piece black bakelite, grooved as shown,

4% x 4% x Yi-inch;

Seven pieces 34-inch bakelite rod, cut and
drilled for buttons;
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Fig. 1
The push-button switch locks when twisted

The orig{nalva‘naly:cr circuit is shown in the light, broken-line panel below; The
additions above; and the detail of the adapter plugs at the upper left,
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Fig. 2
Pancl a.rrnygrmcm.of the cnlarged analyzer,
the circuit of which is shown on page 237.

Ome Jewell “Pattern 74" A.C. meter; 0-3-
15-150 volts;

One Weston “Model 506” 0-5 scale ammeter;

Oneé Frost “No. AC 609” snap switch;

One Na-Ald “No. 423° CY socket;

One Yazley “No. 416" pup jack;

Five Eby binding posts;

Five Yazley “No. 740" Jr. jack switches for
“Amp.,” “3 V)7 “15 V.7 “150 V,” AC.
and “Cathode” volts;

One Yazley “No. 7457 Jr. jack switch, for
reversing meter;

One Yazley “No. 730" Jr. jack switch for
screen-grids;

One Durham 50,000-ohm “Precision” ‘wire-
wound resistor, and DeJur mounting.
There is plenty of room in the case for

the necessary adapters and test leads. The

hinges were taken apart; and part of one
half of each was sawed off and fitted in
such a manner that the cover can be re-
moved by merely slipping the hinges from
the pins. The case I employ was used be-
caus¢ it was on hand, and the constructor

has the option of other arrangements. I

believe that the oscillator and output meter

are more conveniently used when made up
as scparate units; so I did not incorporate
them in this apparatus.

None of the resistors used in the original
analyzer were changed. Their values, as
shown, are: R1, 5,000 ohms; R2, 5,000; R3,
200,000; R4, 200,000; R5; 100,000; RS,
45,0005 R7, 27.78; RS, 2.52; R9, 200 (ap-
proximately).

Building a Resistance Calculator

EW experimenters are fortunate enough

to have an ohmmeter or other instrument
for the measurcment of resistance. There
is no end to the occasions that call for the
use of some such device, even while carrying
on the simplest of experiments.

With the current and the voltage known,
the resistance can be caleulated by apply-
ing the formula for resistance in Oluu’s Law.
A voltmeter and a milliammeter, when used
in connection with a battery, will give these
values. The disadvantage of this method
is in having a voltage supply that is-con-
stant while the current that wmust flow
through the resistance heing measured, is
drawn from it. Then too, a considerable
variation in the voltage must be available
to accommodate the measurement of greatly
different resistance values with any degree
of accuracy. For a low resistance measure-
ment, it is not possible to use a high volt-
age; on the other hand, when dealing with
higher values the voltage should be increasedl.

Where the work can be done quickly,
bhatteries are satisfactory, but oftentimes
the voltage required for accuracy muaty he
as high as 100 volts. In these days of bat-
tery eliminators, it is somewhat of a prob-
1em to secure this battery voltage.

A Reliable Voltage Source

Various schemes were tried out. while
scarching for something that would supply
any reasonable voltage for as long a time
as was necessary to complete the work at
hand. It was decided that 100 volts would

be sufficient for all requirements. The A.C.
lighting circuit seemed to offer an unfailing
source of energy. Now to convert this
into the direct current required. After dis-
carding several ideas as altogether too com-
plicated, the schewe illustrated in Fig. 1
was adopted.

The ouly things needed are a tube for
rectifying and a variable resistance to regu-
late the voltage output supply. Several tubes
were tried and a *26 was sclected since the
rectified voltage was plenty high enough and
the current output sufficient. Then also,
most experimenters will have several of these
tubes not in use since they have been re-
placed by other types.

26

LINRE

Fig. 1, left
Theoretical circuit of the resistance calculator.
Fig. 2, right
Final cireuit diagram of the calculator.

25,000
20,000

T 1 1 T
USE 100 VOLTS
FOR DOTTED
PART

10,000
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6000 \
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10 VOLT CURVE

OHMS

2000° ™~

1000

[~

W

512 3.4

. 4.5 6. 7 8 3 10
MILLIAMPERES

Fig. 3
The 10-volt calibration curve. The dotted por-
tion is for an applicd woltage of 100.

‘The 110-volt line has one side tied to the
grid and plate terminals of the rube while
the other side of the line is not connected to
the rectifying tube directly. A variable re-
sistance of 25,000 ohms is in series with the
tube filament and the other side of the line.
The 2-inf. condenser shown across this re-
sistance levels out the rectified voltage just
as in any rectifying circuit. It can be of the
low-voltage bypass type since the voltage is
not great.

The filament of a ’26 operates on 1.5 volts
and conswmmes 1.05 amps. An idle filament
transformer having such a winding can be
used for this; or, if one is not handy and
the device is to be made more or less perma-
nent, a heater transformer can be quickly
made. For the core, remove the laminations
from a burned-out audio transformer. That
portion of the core inside the coil is in most
cases about 14-in. square.

If the dismantled transformer had a bob-
bin in which its coil was wound, remove the
wire and use the bobbin for the new coil.
Otherwise, a form can be easily made of
cardboard. The total current is low, there-
fore a primary wound with No. 32 B&S wire
will carry it. Using this wire with enamel
insulation, or better still, enamel and silk,
wind 1800 turns on the coil and insulate it
with tape. As the wire is quite thin, flexible
leads had lest be soldered to the start and
finish of this primary. The 1.5-velt winding
consists of 24 turns of No. 20 B&S enameled
wire, Cover the coil with tape to protect
the wire. The laminations should now be put
back in place in the new coil. To eliminate
any tendency to hum, dip the transformer
into a pot of melted wax; this when cool
will hold everything firmly.

The Variable Voltage Feature

In Fig. 2, the parts are shown connected
diagrammaticaily. It is the connection from
the movable arm on the 25,000-ohm resistor
that gives the voltage and current used for
our purpose. With the arm at the end near-
est the filument connection, the voltage ob-
tained will be 100 volts when the maximum
of 10 ma. is being used. The drain through
the resistance will be about 4 ma., making
the total less than 15 ma. at maximum.

The meter connections are shown in this
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figure also. The voltmeter should have a
0-100-volt scale and preferably marked in
10-volt divisions. - The 2500-ohm resistance
in series with the millianuneter is only used
when measuring low resistance, and can be
cut in or out of the circuit at will, with the
single pole switch shown.

The Resistance Curve

To eliminate the necessity of working out
each resistance problem, the curve given in
Fig. 3 is used. Along the lower edge appear
the current values in milliamperes. The re-
sistance in ohms is at the left, vertically.
This curve gives the resistance value directly
when the voltage used in measuring is 10.

To make a measurement, proceed as fol-
lows; referring again to Fig. 2, the unknown
resistance is connected to the terminals at 3
and 4. There is no need for haste in taking
the readings as the current used will have
no effect whatever upon the voltage. Assum-
ing that the resistance is not known, have the
switch at the left open thus cutting the
2500-ohin resistance into the circuit. Move
the arm P to the right as far as possible,
thus decrcasing the voltage to a minimun.
Plug into the 110-volt lighting circuit. Next
move the voltage adjustment to the left until

the voltmeter indicates 10 volts. if the read-
ing on the milliammeter is low, close the
switch and forget about the 2500 ohms. The
most accurate conclusions are arrived at
when using that part of the curve between
2 and 5 ma. Therefore, should the meter
show less than 2 ma., move the voltage up
until it comes within these limits.

Assume that it requires a potential of,
say, 40 volts to produce the desired current
flow, and again for purpose of explanation,
assume that this current is 3 ma. Following
the vertical 3-ma. line to the point where it
intersects the curve, and looking left along
the horizontal line also intersected at this
point, it is found that the resistance value
fies between 3000 and 4000 ohms. And as
each horizontal line represents 100 ohms, the
exact value is 3,330. This would be true if
the voltage used was 10; however, as 10
volts were used simply multiply the result
by 4, giving 13,320 ohms as the resistance.

In this manner, one curve is used for any
multiple of 10 volts by simply multiplying
the result by the multiple used. Usinz 50
volts, multiply by 5; or using 90 volts, multi-
ply by 9. Any value can be measured with
10 volts between 1000 and 10,000 ohms and
taken directly from the curve.

Construction of a Resistance Meter

ALMOST every radio and electrical ex-
perimenter has need of an efficient and
reliable resistance meter. With this he can
design his own resistors, choke coils, and
ihany other things. The instrument men-
tioned in this article was constructed from
a potentiometer, a galvanometer, two bind-
ing posts, one dial, and a small box. (Fig. 2.)

Assemble and wire in accordance with the
diagrams; Fig. 1 is the schematic circuit,
The potentiometer R should be one of about
1000 ohms. The galvanometer G may be
replaced by a high-range milliammeter and
the results will be the same. The battery B
is just a two-cell flashlight battery, which
can be purchased from the ten-cent store.

After everything is assembled comes the
calibration of the potentiometer R. This
can be done with a Wheatstone bridge. (If
the constructor does not have a Wheatstone
bridge, one may be had for the asking at
your local high school. In the event that
the constructor is not familiar with the
Wheatstgne bridge, the physics instructor
at the high school would be glad to explain
it) If you can use the bridge, proceed as
follows: attach to the potentiometer a dial,
(vernier preferred) and adjust the poten-
tiometer for a reading of 5 on the dial.
With this fractional part of the potentiom-
eter in the circuit, connect it to the Wheat-
stone bridge and find what the resistance of
that part is. Get a piece of “graph” squared
paper and graph the resistance in ohms,
for every five marks or degrees on the dial,
across the paper; and graph the reading or
degrees on the dial up and down. Where
the two intersect on the graph page, place
a dot. After the resistances have been cali-
brated from zero to the full value of the
dial for every five degrees, draw a line
through all of the dots. This will be your
calibrated curve for the resistance meter.

To operate the meter, place an unknown
resistance Rx across at the binding posts,

BINDING
POSTS
FOR

Fig. 2

and note the reading of the galvanometer
G when the unknown resistance is placed
in the circuit. Switch on to the calibrated
potentiometer R and adjust until the gal-
vanometer reads the same as before. The
value is then the same in both resistances.
Take the reading of the dial in degrees and
look that reading up on the graph, and the
value of the unknown resistance can be
read direct from there.

By ganging several variable resistors of
assorted ranges at R, and tapping them to
a selector switch, the resistance range may
thus be greatly increased.

Rx
JZ—N
= Sw
e /
AP AAPAMAR
R X
i ©-
Fig. 1

A good wire-wound potentiometer, a galvanom-

eter, some calibrated resistance standards, and

& few odds and ends, complete this handy
instrument,

From a photograph of the service kit, as &t

appears when the case 1s opened. There is

a place for every tool and accessory, as well
as the analyzer.

AN EASILY-MADE SERVICE KIT

ECENTLY, this writer acquired a Cros-

ley “4-29” portable set as a trade in;
since both audio transformers were “shot,”
it was of little value.

However, with very little work I made a
service kit which is ideal for my purpose,
and I believe that it pretty nearly hits the
nail on the head for the average Service
Man.

With the equipment which I carry and
which serves every ordinary need, the weight
is not excessive.

Below is a list of tools which the little
box holds: 1 ratchet screwdriver; 2 ordinary
screwdrivers; 2 small screwdrivers; 1 elec-
tric iron, flux and solder; 1 pair diagonal
pliers; 1 pair long-nose pliers; 1 pair flat-
nose pliers; 1 pair scissors; 1 small monkey-
wrench; 1 balancing wrench; 1 Readrite
set analyzer; 50 ft. hookup wire; and small
odds and ends.

The front, as will be noted opens down-
ward and splits. On the upper section,
pliers and screwdrivers are arranged in tape
slots. The upper platform is devoted to
odds and ends; while in the lower part 1
keep my set analyzer.

There is enough room in the top for a
vertical and removable partition. Various
tools could be secured to this partition; and
five assorted tubes might be carried be-
hind it.

The dimensions of the case are illustrated,
for those desirous of building one for their
use, in the absence of a discarded portable.

The case of an old portable recciver, which
accommodates itself handily to use as a service
kit. It is of a convenient size to carry.
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Favorite Testing Equipment of

Service Men

Thg “pef” testing equipment of Service Men is de-
scribed in detail by the Service Men themselves.

A ONE-METER SERVICE UNIT

ALTHOL’GH any number of articles on
resonance indicators have been pub-
lizhed in various radio magazines, the writer
has seen none that are as handy or that
cover such a range of usefulness as the one
to be described.

As seen from the diagram below, the
unit is a combination resonance indicator
and vacuum tube voltmeter. It may be used
to measure receiver output, or to balance
and neutralize R.F. stages. One meter is
thus used for two purposes, which is an
item of importance in the small shop.

The capacity C should be very small
(about 100 mmf.) and should be so adjusted
that as resonance is approached the pointer
of the meter drops gradually and returns to
normal just as gradually when the resonant
point is passed. If in passing the resonant
point, the pointer “breaks” and quickly rises
to normal, it is an indication that C is too
large.

V.T.
VM. P SW.

RL1

4 p0LE
povsiE 7
THROW SWITCH

l"'"lll

CTBATT 223V,

Diagram of the single wnit tester. When the

switch ds thrown to the left, it s & vacuum

tube wvoltmeter; when thrown to the right, i is
an oscillator and resonance indicator.

The coil-condenser tuning arrangement
may be any that covers the band required,
and may be salvaged from an old set if so
desired, It is advisable to use either a
vernier condenser or a vernier dial. A
larger tube V may be employed (thus allow-
ing the use of a less sensitive meter, or even
a cheap “B” battery voltineter with its resist-
ance removed). This, however, destroys the
portability of the instrument through the
use of heavier filament batteries.

With the switch SW thrown to the R.IL
side, we .are ready to align condcnsers.

For such sets as Croslevs that have the
tuning condensers entirely enclosed, we use
an old tube base with the lead from R
soldercd to the first grid prong for aligning
the first two stages, the lead I being al-
ways grounded to the chassis of the receiver.
The end of the condenser shaft on the stage
to be aligned is slotted with a hacksaw to
facilitate turning the condenser when the
sct screws aré loosened. (All aligning should

be done with the small panel balancers at
the neutral or center positions.) Each con-
denser should be set so that they are all
resonant for the sawwe position of the R.L
dial. For the detector stage it is necessary
to attach R to the coil end of the grid con-
denser. All of the above applies to receivers
that use the neutrodyne method of oscilla-
tion control.

For sets that use the grid resistor or
“Josser” method, such as the Atwater Kent,
it is necessary to connect R to the coil end
of the grid resistor, a battery clip being
used for this purpose.

It is important to keep the relative posi-
tion of the lead R constant with respect to
the various parts of the receiver. To ac-
complish this, we use in our shop a rubber
band attached to the ceiling in order to hold
the lead up over the set, allowing it to drop
straight down to the condenser under test.

With the switch on the V.T.V.M. side, the
unit may be used to measure set output, to
balance or neutralize receivers by the con-
ventional methods, or for any of the number
of things for which this device is suitable.

The entire arrangement, including bat-
‘teries, is built in a box 12x4x6 ins.

AN INEXPENSIVE CAPACITY METER

OW often has the Service Man wished

to know the capacity of a certain filter

or by-pass condenser, but, like the most of

us, found that the usual capacity measuring

instruments were too expensive to own? Of

course, the larger sizes can be measured ap-

proximately by the use of an A.C. ammeter,

Dbut this method will not measure the smaller
condensers easily.

The writer has solved this problem by us-
ing the circuit shown in Fig. 1.

The parts needed are a 0-1 milliammeter,
which is a verv useful instrument that most
Service Man have on hand, a Westinghouse
dry disc rectifier (such as used on the old

0-1 D.C. —»

MILLIAMMETER

TiP JACKS FOR
TESTING CAPACITY

1oV, 25W. 3
LAMP

T4
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RECTIFIER
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O T /
110V, €D~ AC.
AC g [z weuT
TiP JACKS FOR

TESTING FOR SHORTS

. Fig. 1

Circuit conncctions of the capacity meter. A
dry-disc rectificr in conjunction with a D.C.
meter is used for measuring values betwecn

.005- and 10 mf.
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Fig. 2
The walues of capacity are obtained directly
from the curves above. The abscissas correspond
to the meter rcadings, and the vertical lincs to
capacity. Curves 1, 2 and 3 correspond to the
different values of shunts used.

Rectox trickle charger and on some dynamic
speakers), a 25 watt, 110 volt lamp and
socket, two toggle switches, four *phone tip
jacks, and a pair of cords.

The diagram is self-explanatory. The
shunts are home made of 0.016-in. diameter
nichrome wire. Shunt No. 1 is approximately
3 ins. long; and should be adjusted to read
exactly 0.9-ma. with a good 1.0 mf. con-
denser in the circuit. Shunt No. 2 is 0.5-in.
long, and should be adjusted to read 1.0 ma.
with a 10 mf. condenser in the circuit. The
terminals on these shunts should be clamped
rather than soldered, because solder does
not “take” well to nichrome wire.

These readings may show a slight varia-
tion with different rectifiers, but after a few
checks on condensers of known capacity, the
service man will be able to determine capaci-
ties at least within the accuracy with which
the average commercial condensers are
made.

For checking smaller capacities than about
.005-mf., the writer would advise the bridge
balance method, but the above scheme gets
most of the tronblesome ones.

By reference to the diagram, two sets of
tip-jacks will be found. If a condenser is
to be tested for a short, it is connected be-
tween terminals 1 and 2. If the condenser is
shorted the lamp will light up, if not, the
lamp will not light. On the other hand,
when a condenser, known to be good, is to
be measured, then it should be eonnected
between terminals 3 and 4. The resulting
meter reading should then be referred to the
chart reproduced -in Fig. 2.
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ADAPTER FOR TESTING RECTIFIERS

}[N altering a tester for sets and tubes,
which I made some years ago for use
with battery-operated receivers, I found the
device described very handy and, as it is
easy to duplicate, I think other Service
Men will find it useful.

A sketch of the adapter used for testing “BH”
rectifiers. The switches are for the purpose of
conveniently changing the socket connections.

The ordinary tester has a milliammeter
in series with the plate lead. 'L'o measure
or test rectifier tubes of the filament type,
it is necessary to swing the plate lead al-
tetnately to the “P” and “G” on the socket
of the rectifier—that is, to one or the other
plate.
~ In a gaseous (“BH”) rectifier, the “plates”
are connected to the filament prongs, and
the test consists of disconnecting one anode
and, after observing the meter reading on
the other, rearranging the connections for
the other reading.

This adapter is made of a UX tube base
and a Pilot UX sub-base socket, two S.P.
S.T. and one S.P.D.T. switches. Such
switches can be bought for 10 cents; I had
them, and to muke the adapter as compact
as possible, I removed the blades and points
from their bases and used the shell of the
UX base to mount them as shown. Since
the rectifier plates carry fairly high voltages,
to avoid a possible shock I removed the
small fiber insulation from the switch blades
and borrowed three celluloid tips (disguised
as bakelite tips), from Friend Wife’s um-
brella while she was not looking. These I
placed on the switch blades as new handles.

The entire arrangement is very compact
and may easily be carried in any service
kit. While the use of gaseous rectifiers is
becoming less and less as time goes on, the
Service Man can never tell when he is go-
ing to “strike” one in the field.

CALIBRATING VOLTMETERS

HIGH-RANGE D.C. voltmeters, suitable
for testing power-supply units, are
expensive. The Service Man usually has
available, or can buy at small cost, a good
low-range meter, for the reason that such
are in more common use; his problem is to
calibrate the voltmeter for high voltages
with a reasonable degree of aceuracy.

Perhaps the simplest method is to con-
nect some high-resistance units in series
and, with the aid of the low-range meter,
measure the drop across a known fraction
of the total resistance. Thus, for example,
suppose that five small 110-volt, 10-watt
lamps are connected in series across a D.C.
supply of 500 volts (such as the supply
to a transmitter) furnished by a rectifier,
or a small generator. The voltage across
each lamp can be measured; and the sum
of these voltages will be the total available.

For this work a high degree of accuracy
is usually not necessary. The voltages
across the lamps, or resistors, are meas-
ured; the sum of the readings being the
total voltage of the source. A resistor (in
this case having approximately four times
the resistance of the voltmeter itself) is
then connected in series with the instru-
ment; and the meter is connected directly
across the high voltage. The scale is then
marked with the measured value previously

10-WATT LAMPS

oow! Loow! quovJ
L_(\.‘}}.J
W
500 V., DC.

The woltage drop across cach lamp showld be
100 wolts, if five 10-watt-lamps are connected
across a 500 wolt source.

determined. If the D.C. voltage is variable,
a low value should be used at first; and
various readings can thus be obtained. A
“B” unit which is known to be in zood
operating condition can be used for cali-
bration purposes; but the load taken by
small lamps will be too great. Resistors of
suitable value should be used in this case.

AN IMPROVEMENT IN OHMMETERS

THE average Service Man is familiar
with the need for an ohmmeter of some
sort as the niost convenient means of check-
ing up on the various resistors with which
the modern radio set and power-pack is
blessed.

For general use these instruments séem
to fall into three different classes; the.con-
tinuity test tvpe, Fig. 1, the slide-wire
bridge type, Fig. 2, and the two meter

type, in which the unknown resistance R is

determined by the application of Ohm’s
Law, R=E/I, Figs. 3 and 4.

The first is quite convenient as far as
portability is concerned; it gives direct read-
ings of resistance over its entire range, and

I

| —"

Figure 1, left. The wsual circwit diagram of a
continuity tester,

Figure 2, vight. The slide wire bridge method
of measuring resistance,

it is most useful as a continuity tester aside
from its value as an ohmmeter. It falls
down chiefly in that its useful range is quite
limited, since the scale is crowded for the
higher values of resistors.

The second type in which a rotary slide-
wire, standard resistances, galvanometer,
etc, provide a true bridge method of meas-
uring resistors, is not so common, although
at least one instrument maker has marketed
such a device for radio service. Unless an
expensive galvanometer is used, the sensi-
tivity of the instrument is poor, and the
accuracy suffers accordingly; and, as in all
slide-wire bridges, the per cent error in-
creases rapidly as the balance point moves
from the center of the slide wire.

The third type using a continuously -vari-
able E.M.F., a voltmeter for reading E,
and an ammeter (usually the 1.0 ma. range)
for reading the current through R, is direct
reading (if the current is made some deci-
mal factor of unity, then the volts read on
the voltmeter divided by the decimal mul-
tiple of unity gives the value of R in
ohms), the scale being necessarily evenly
divided, and, while the accuracy is better
for some values than others, with good me-
ters it is possible to obtain excellent results
in a short time.

There have been various articles on the
construction of ohmmeters; the first two
types are not particularly easy to calibrate
without the use of standard resistances, but
the third requires no extra equipment aside
from a voltmeter reading up to ten volts

Figure 3, left. The voltmeter - ammeter
method of measuring resistance.

Figure 4, right. The final cirenit of the
improved ohmumcter.

and even this is not absolutely essential.
The following is a suggestion for the con-
struction of an instrument of this type
adapted to read lower values thdan usual
Most constructors advocate the shunting
of the 0-1 milliammeter to 10 ma. in order
to read the lower values of R, but it is sim-
pler and better to use lower values of E;
for instance if E is in millivolts and I in
milliamperes then R will be given directly
in ohms, where R is the sum of the unknown
resistance and the resistance of the milli-
ammeter. Fortunately, millivoltmeters are
one of our most common types of instru-
ments though everyone may not recognize
it; for example, all Weston 301 milliam-
meters above 30 ma. are calibrated to
100 millivolts, and provided with a shunt
such that the drop is 100 mv. when the
full scale current is flowing. For our pur-
pose a 0-100 milliammeter with the shunt
removed gives us a 0-100 millivoltmeter,
scale and all; if this is provided with mul-
tipliers for 1 and 10 volt ranges it will be
Jjust what we need. Thus in Fig. 4 we
have an instrument reading from 0 to 100,000
ohms which can be made quite compact,
The list of parts for this tester is as fol-
lows: the battery may be four of the small
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penlight batteries to furnish 12 volts; a
0-2000 and a 0-200 ohm potentiometer to
vary the voltage; a Weston 301, 0-100 mil-
liammeter with the shunt removed and pro-
vided with 1 and 10 volt multipliers; a three
point switch for the voltmeter ranges, a
Weston 301, 0-1 milliammeter, a push but-
ton switch for the battery circuit (thus
avoiding undue drain on the battery); and
a panel and case as desired by the individual
builder. These should be wired with fairly
heavy wire, old fashioned No. 14 bus makes
a neat job.

The ranges covered are as given in the fol-
lowing chart:

Ma. Vm. Range in Ohms
Reading Range (Weston 301)
1.0 0-100 mv. 0-73
1.0 0-1000 mv. 50-973
1.0 0-10 volts 500-10,000
0.1 0-10 volts 10,000-100,000

To calibrate the multipliers for the 1 and
10 volt ranges it is easiest to use a 0-10
voltmeter as a standard; the approximate
values will be 40 and 400 ohms.

To determine the correction to be made
for the resistance of the milliammeter, short
the terminals at R and read resistance, sub-
tract this from the total to obtain the true
value when measuring an unknown resistor;
if a Weston 301, 0-1 milliammeter is used,
the value to be subtracted will be 27 ohms.
For the higher values of resistance it will
not be necessary to make any correction.

A 1000-OHMS-PER-VOLT MULTI-
RANGE A.C. VOLTMETER

NE of the important problems in the
O communication and radio field is the
measurement of small A.C. voltages from
Jow power sources at commercial and audio
frequencies. The new rectifier type A.C.
0-1 milliammeters, such as the Weston Model
301, or the General Electric' Type DO 14X,
are ideally adapted for this purpose.

It is now possible to construct a multi-
range, high-resistance A.C. voltmeter that
will provide accurate A.C. measurements.

The circuit diagram, Fig. 1, shows the
most convenient method of connecting suit-
able wire-wound resistors to provide a
0-10-50-100-250-500-1000  volt multi-range
A.C. voltmeter. It is extremely important
that these specified resistors be used, in
order to obtain an accuracy within the lim-
its required for radio servicing.

The correct value of the resistors to be
employed may be determined by the use
of Ohm's Law.

E (volts)

R (ohms) equals
1 (amperes)

In this simple formula, I equals amperes
necessary to obtain full scale deflection of
the meter, and (in this case) E equals the
full scale reading, 0-10 volts.

For example: Using a 0-1. scale miHiam-
meter, that you desire to use as a voltmeter
which will have a full scale reading of 10
volts A.C.

10 volts

R equals —
.001 ampere

equals 10,000 ohms.

In the case of the 0-1. D.C. milliammeter,
10,000 vhms would be used for the 10 volts
step, but in the case of the rectifier type

0-1. A.C. milliammeter (the rectifier unit
of which has an inhternal resistance of ap-
proximately 1,000 ohms) the proper resist-
ance is only 9,000 ohms.

For small scale readings above 10 volts
it is not necessary to make allowances for
the 1,000 ohms internal resistance of this
meter caused by the rectifier. However, if
a value lower than 10 volts is to be read,
very careful consideration must be given
to the actual internal resistance of this in-
strument, otherwise, an appreciable error
might creep in. Usually, 10 volts is low
enough for most A.C. measurements.

MUTUAL CONDUCTANCE METER

TUBE may appear perfectly good as

far as the normal conditions of test
are concerned and yet fail to come up to
the standard of its type. The three factors
which really determine the effectiveness of
a tube as an amplifier are: the amplifica-
tion factor (mu); the plate impedance
(Rp); and the mutual conductance (Gm).
The first two factors are difficult of meas-
urement with ordinary equipment; then,
too, either alone fails to give a factor of
merit which indicates the desirability of
the tube under test as compared with
others of its type. The conventional method
of measuring the mutual conductance (by
checking the change in plate current at-
tending a given change in grid voltage) is
cdumsy and inaccurate; and it is not a
definite indication of the tube under op-
erating conditions.

Not long ago the writer was gainfully
employed at a particular labor which de-
manded the use of tubes of known char-
acteristics. Not only were the operating
voltages of each tube checked by means of
an analyzer as a matter of daily routine;
put each week every tube was carefully
checked on a General Radio mutual-con-
ductance direct-reading meter.

After several weeks of regularly trot-
ting my tubes to the whereabouts of a
meter, 1 decided to ‘make the proverbial
mountain come to Mahomet.

For various reasons, a simplified meter
of the type shown in Kig. 2 cannot be
used for extremely accurate tests. The
errors present are, however, the same for
each type of tube to be tested and, in con-
sequence, they have little or no effect upon
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R 10,000 OHMS METERRTY &
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500 - R = SUPER
= SU AKRA-
R 500,000 OHMS OHM TYPE GMA
1000 ’ WIRE. WOUND
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Fig. 1

A “series”-type comnection of multipliers.

the comparative test desired.

As will be seen from the diagram (Fig.
2 at A), the filament supply has two posi-
tive leads for use with tubes of low or
high current: the low-current rheostat is
a 50-ohm unit, for use with tubes having
a current rating of up to 0.5-ampere; and
the other rheostat, for use with tubes draw-
ing up to 1.75 amperes, has a resistance
of 45 ohms. A changeover switch, re
quired where the meter is employed with
screen-grid tubes, is shown schematically in
the sketch.

It should be remembered that the mutual
conductance reading indicates, not what is
wrong with a tube, but the fact that some-
thing is wrong; whether it be gas, incorrect
spacing of elements, low emission or “what
have you.” Except to admit that a simple
bridge structure is the theoretical basis
of operation of the device, no discussion
of the “why” of its operation seems in
order.

The mutual conductance of the tube un-
der. test is read directly from the scale

of the variable resistor R1; this is a 250
olm rheostat and it may be calibrated with
fair accuracy—certainly within the limits
set by other factors—by the simple pro-
cess of dividing the arc which the indi-
cator traverses into twenty-five equal por-
tions. The constants of the bridge are
such that each division on the scale (each
ten ohms of resistance) will correspond
to a mutual conductance of 100, and the
scale should be thus calibrated from zero
to 2500 (as shown at B).

The voltmeter has a range of from zero
to 10 volts and may be any fairly accurate
D.C. meter.

The method of operation is as follows:

5-G. CAP.

125 OHMS (g =
L’ 1200 MM%,)

Rt

250 OHMS

(GM= 2500
MMHOS,)

e

Fig. 2

(A) A “null” methed of measuring “Gm.’ (B) Resistor R1 is adjusted for minimum response.
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with the buzzer in operation and the tube
in the socket, adjust the filament voltage
to the correct amount by means of the
rheostat. Now vary the calibrated rheo-
stat until the minimum sound’ is heard,
and read off the mutual conductance.

The tubes most likely to be tested are
listed below together with their operating
characteristics.

TABLE 1

Tube Volts Volts Volts Volts  Mmhos

Type Fil, Plate Grid S.G. Gm
’11 and

12 1.1 90 4.5 425
12-A S 135 9 4600
71-A S 180 40.5 1500
99 3.3 90 4.5 420
01-A 5§ 90 4.5 740
10 7.5 425 35 1600
22 3.3 135 1.5 45 350
24 2.5 180 1.5 75 1050
26 1.5 135 9. 1100
27 2.25 90 4.5 900
45 2.5 180 34.5 1800
50 7.5 450 84 1800
47 2.5 250 16.5 250 2500
30 2 90 4.5 700
31 2 135 22.5 760
32 2 135 3 67.5 505
35 2.5 180 1.5 75 1100
36 6.3 135 1.5 75 1100
37 6.3 135 9 900
38 6.3 135 13.5 135 900

The values of the parts shown are:
Bz—One high-frequency buzzer;
T—Transformer, abouj 1/1 ratio, such as

used from single *71A output tube -into

a magnetic speaker;

M—0-10 voltmeter;
R1-—250-ohim rheostat;

R2—100-ohm resistor, to carry relatively
high current;
R3—1000 ohms;

No great care is necessary in the con-
struction of the bridge; since, even with
screen-grid tubes, the effective gain through
the tube under test is not large enough
to cause any appreciable feedback effect.
The greatest amount of care will be re-
quired in the operation of the device: be
certain that the switch is not in the “Screen-
Grid” pesition when a three-electrode tube
is being tested, and that the low-current
rlieostat is not employed with a tube draw-
ing a high current.

No provision is made for checking the
tubes to be tested for internal* short cir-
cuits; so that a short-circuited tube intro-
duced into the bridge circuit will result
in the destruction of the 100-ohm rheostat,
through which the short-circuited plate
current will flow.

MODERNIZING OLD TESTERS

COUNTLESS tube testers are in use
which can easily be modernized to han-
dle the latest tubes. Although the improve-
ments herein noted were made on a Weston
“Model 533,” they may be applied to prac-
tically any tester. By the use of three
Yaxley No. 2003 S.P.D.T. push-button
switches and one 50,000-ohm resistor, all
of the latest tubes including the pentode
may be tested.

Fig. 1 shows the original circuit as found
in most testers, while Fig. 2 indicates the
changes made. When “X” is pressed, 115
volts is impressed upen the sereen of the
new pentode power tube; the grid test may

then be made as usual. Switch “Y” is
pressed to obtain the reading of the second
plate of the 80 rectifier tube. By pressing
“Z”, approximately 75 volts is thrown on
the screen of any four- or five-prong screen-
grid or R.F. pentode tube; the grid test
is made as usual. All switches are shown
in position as used with ordinary tubes.

In order to eliminate a loose plug-in wire
for the ¢ap of the screen grid, I used the
method shown in Fig: 3, which illustrates
the underside of the tester panel. When
a screen-grid tube is to be tested, the clip
is lifted from its position between the sock-
ets and placed on the cap of the tube;
after the test, the clip wire when released
will snap back into the case. The half-
hour spent in constructing the disappearing
grid wire will pay for itself many times, as
a convenience and time saver. Knurled
nuts from dry cells make excellent pulleys,
when reamed free of their threads. Silk-

»
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Fig. 1
Ordinary connection of UV and UN sockets
i tubc tester,
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Fig. 2
Three  push-button siwitches—X, Y and Z—

and a resistor fit @ tester to take pentodes
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Fig. 3
Borrawing a trick from the parlor magician’s
bag of tricks. The cap is out of the way except
when wanted

Fig. 4
The weriter uses this slider to obtain very fine

adjustments on g standard iwire-wound reésistor
for calibration Purposes

covered loop wire is very good for the
grid wire; wax this for long life.

It is a simple trick to unwind tlie sec-
ondary from the filament transformer, not-
ing the number of turns per volt. Half
way between the 1.5- and 25-volt taps,
bring out a tap for the 2-volt tubes. Half-
way between the 5- and 7.5-volt leads, bring
out a tap for the new 6.3-volt auto tubes.
Install a Yaxley 8-point complete-break
switch in place of the old selector; and
your tester will be up-to-date—that is, until
@ new batch of tubes are thrown on the
market,

FINE RESISTOR ADJUSTMENTS

HEN a fine adjustment of resistor

values was required for some experi-
mental work, I made up the vernier slider,
for a “Truvolt” wire-wound resistor, which
is illustrated herewith. As may be seen, it
consists of a slider made slightly wider at
its midpoint, with a distinct semi-globular
indentation impressed or stamped therein;
this indentation is made to ride the threaded
channels of the resistors, allowing almost a
micrometric adjustment to be made, Rough
adjustments are first made in the regular
up-and-down manner; then a turn to the
right or left does the trick.

Those who desire an easier method of
constructing the slider can simply cut two
small slots in a standard slider; filing away
the part which is not required, and giving
the remaining small portion a slight inward
bend with a pair of pliers. Be sure to file
off any sharp corners which remain, to
prevent cutting the resistance wire when
making the adjustment.

I used this method to calibrate an 0-1
milliamnieter for use as an ohmineter;
establishing a starting point and a halfway
point by fastening two threads, top and
bottom, running lengthwise on a 15,000-ohm
resistor. Lvery time the slider rode over
the thread, the contact was broken, and a
deflection of the needle occurred. 'This
made it possible to keep tab on the number
of turns, which on a 6-inch, 15,000-ohm
Electrad resistor was found to be a hun-
dred; indicating 150 ohms per turn, or 75
per half-turn. In this manner, a fairly
good job was made of the calibration

SIMPLE OUTPUT METER

SMALL output meter, that is made up
to use in conjunction with a service
oscillator, is shown in the sketch,

The . combination (of jacks A, B, C, D;
switches S1, S2; and transformer T) makes
a variable input to meter M and detector
CD which forms the output indicator; de-
pending on types of sets.

With connections to set on jacks A and
B and switches in No. 2 position, primary

of transformer is in series with speaker:
secondary in series with meter and detector.
With switches in No. 1 position, input with
primary in parallel is fed direct to meter
and crystal.

With input leads.in jacks C and D and
switches in No. 1 position, secondary is in
With switches in-No. 2 position, input is
series with input, primary feeding to meter.
in parallel with secondary and feeding to
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This set-up is flexible for mcasurements on
various scts; and also for continuity tests.

meter.

With input leads in A and C jacks, S1
on No. 1 position and $2 on No. 2 position,
meter is connected direct to input signal.

For use as voltmeter: Jack E plus, G
minus 5 volts; Jaqk E plus, H minus 25
volts; Jack E plus, I minus 100 volts.

Jacks E and J are for continujty testing
or, if scale is calibrated, for use as ohm-
meter.

A HOME-MADE TUBE TESTER

OTHER Service Men may be interested
in the tube tester which I have built
and had in use for some time; it may be used
for all types, includipg the new two-volt
tubes. The cost will be low, especially as
most of the parts may (as a rule) be found
around the shop.

It will be necessary to wind the trans-

former, because o_f the various voltages
which it must furnish; mine was made from

a4 burnt-eut choke coil, taken from a power
pack. The core has a cross-section -inch
through the winding spool, which was 11,
inches long and 2 inches square; the required
turns just fill this. The primary consists of
800 turns of No. 30 enamelled wire, each
Jayer insulated with waxed paper (such as
bread is wrapped in). The secondary com-
prises 54 turns of No. 18 double-cotton-cov-
ered wire, tapped at the 11th, 15th, 22nd and

36th turns. )
‘I'he shunt also must be made to fit the

milliammeter used; a resistance strip from
an old rheostat may be cut down, in this
manne Put a variable high resistance in
series with the meter and a 2215-volt “B”
batterv; adjust it until a full-scale reading
is obtained, and then shunt the resistance
strip across the meter and remove resistance
wire until a 5-mil. reading is obtained.

T - 3000 _o— TEST BUTTON
3 ~,
so.can P OHMS \I—;"“j_'ﬂsooouus
= SWI.
2 3 4 S
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CONDENSER MEASUREMENTS

S a rule, it is difficult to tell the capacity

of a condenser by looking at it; since
they come in such odd sizes and shapes. It
is impossible to measure them with 60-cycle
current; as condensers over 0.5-inf. will pass
enough current to make a meter register
full scale. Most Service Men do not possess
a capacity bridge for such measurements
but, if a telephone magneto is at hand,
condensers from 0.1-mf up can be measured
very accurately by using the circuit in the
accompanying diagram.

CONDENSER TR OB
z ! MAGNETO
v/

i
»
7 —1
= |
T4
||
Fig. 2

In default of a capacity bridge, such as de-
scribed on page 741, approximate capacity meas-
urements may be made thus.

However, the magneto must be turned
at a certain speed if the meter is to be cali-
brated in microfarads; otherwise capacities
will have to be measured by comparison
with other condensers of known values, using
a double-throw switch. First test the con-
denser of known value, by noting the read-
ing on the meter; then throw the switch to
the unknown condenser, turning the mag-
neto at the same speed all the time. This
method is accurate enough for ordinary
purposes. There is enough difference in
readings of the meter to make mistakes of
over a quarter af a microfarad unlikely.

—n e

HANDY SOCKET ADAPTORS

One of the handiest things in the Service
Man’s kit, to increase the useful range of
his analyzer equipment, is a set of socket
adapters. These may be made of subpanel
type sockets and bases of burnt-out tubes,
as shown in the sketch.

It may be necessary to file the socket to
make it fit snugly into the tube-base. Bus
bar should be used in making the connections

Fig. 3
A handy adapter (parts shown seporated).
This is for an ’'80 twbe. Note (A) transposi-
tion of “P” ewd “G” leads.

from the socket to the tube base. This not
only gives good conductivity, but makes the
adapter sufficiently rigid so that no other
supporting mediums, such as sealing wax
or set-screws, are necessary.

_ A complete set of socket adapters should
include a four-to-five prong, a five-tc-four
prong, a UV-to-UX and a UV-toUY. Even
the comparatively obsolete WDI11 may be
encountered often enough to justify making
an adapter for it.

In balancing up a neutrodyne set it has
been customary to use a perfectly good
tul)e,wwith one of its filament pror'lgs cut
off, as a dummy. By making a pair of
neutralizing adapters, one a five prong-to-
five prong, and the other a four prong-to-
four prong, and omitting one of the filament
or, heater wires in each case, the necessity
of a dummy tube is obviated. Furthermore,
with these adapters, the set can be balanced
with its own tubes; which is, after all,
the only true method.

AN AUDIO OSCILLATOR

The essential parts cumprise merely an
s01A tube and socket, mounted with an
A.F. transformer on a block of wood, with
the connections shown; a switch in the “A”
lead would be an added convenience. Three
dry cells are sufficient for most purposes;
the filament does not require much heating,
so two cells are sufficient for this purpose.
For the “B” voltage, a single flashlight cell
will give a good signal through phones;
though it usually requires 41, volts to oper-
ate a loud speaker.

Fig. 4
A very simple oscillator which will serve many
purposes; well fitted for code practice.

Such an oscillator gives a loud, pure note
in the output circuit; its pitch depends on
the transformer used. If desired, this pitch
may be lowered by adding a small condenser
across the terminals of the primary.

Small, cheap transformers give high-
pitched, musical tones; while the more mo-
dern transformers of better quality give
very low tones. A Samson “Symphonic”
transformer, for instance, has a frequency
so low that it sounds like a riveting ham-
mer. By substitution of transformers, there-
fore, we may use the apparatus itself as a
means of comparison; the transformer giv-
ing the lower note is probably the better for
use in an amplifier.

The key has several useful purposes; it
may be used to adapt the oscillator for
telegraph signalling, over quite long lines,
for phones. It may be adjusted to give a
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500-cycle note, and used with a loud speaker
to instruct a class; for teaching the tele-
graph code, it has no equal. The writer
has found a demand for headphone sets for
use by Boy Scouts in their code practice,
armd it is probable that many such sets can
be made up and sold at a profit.

A REPRODUCER FOR THE SHOP

DYNAMIC speaker, that can be used
A on practically all makes of radio re-
ceivers, is of great help in a repair shop.
The Silver-Marshall “Model 851” unit makes
it unnecessary to bring the set’s speaker
into the shop; for it will operate on almost
every Kind of radio. )

The speaker unit is mounted on a baffle
board and suspended under the bench by
springs which prevent vibration of the
bench. The instruction plate is removed
from the transformer and placed on the
bench panel, with the speaker connections
as shown in the drawing. The binding posts
are meunted on bakelite strips and placed
near the middle of the bench panel.

The four posts above the plate may be
used to connect any radio set: a single-tube
output is connected to 1 and 3; a push pull
output to 1 and 4. If the push-pull am-
plifier has no output transformer or choke,
No. 2 also is connected, to the highest “B4-»
voltage. The speaker had no direct con-
mection to the voice coil; so the two tip-

jacks at the left of the plate were put in
series with the voice coil and the trans-
former secondary. These are shorted when
not used for direct connection. The lower
two posts connect to the field coil; which
has a resistance of about 2000 ohms and is
designed for use with 90 to 120 volts direct
current. When sets designed for a speaker
with less resistance or with higher voltage
are tested, a resistance is placed across
the field posts to adapt it to the required
current. Current for the field is supplied
by the shop power pack when it is desired
to use the speaker on sets designed for only
a4 magnetic speaker.

We have used this speaker in our service
work for about one year and have found it
very good.

Fig. 5

The connections shown provide a ¢ynamic
speaker for bench tests of various chassis types.

TESTING AUDIO TRANSFORMERS
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A quick and ecasy method of testing the wind=
ings of audio transformers in a battery sct.

F CHEAP audio-frequency transformers

are used in a receiving set, there is
always a possibility of their burning out,
that is, in fact, most often the trouble
with receiving sets that suddenly go dead.
The first thing to be done to a set that
will net work is to test the audio trans-
formers; if one of them is burnt out, 1t
must be replaced. It is always best to use
as a substitute a transformer with about
the same ratio as the one that had to be
replaced. Transformers generally “go out”
when the receiving set is turned off, be-
cause of a voltage surge; and so, when the
set is again turned on, there is no sound
in the reproducer.

The simplest and quickest way to test
the audio transformers is by the aid of a
high-reading voltmeter, with a scale cover-
ing the highest “B” battery or plate
voltage, used in the set. The voltmeter
should be equipped with two long, flexible
leads ending in test terminals, which can
be made by soldering six-inch lengths of
bus-bar to the free ends of the lcads. Pieces
of spaghetti tubing can be slipped over
the wires for protection, leaving only the
ends bare,

To test the transformers, the receiving
set is turned on and all of the tubes in
the set are removed; although the batteries
are left connected. Now, the primary of
the first audio transformer can be tested
by touching the test terminals of the volt-
meter to the plate and one of the filament
prongs in the detector socket. This con-
nects the voltmeter and the detector plate
voltage in series with the transformer prim-
ary. If the winding is not burnt out, the
voltmeter will show a reading; although,
because of the resistance of the winding,
it will be somewhat less than the actual
detector. plate voltage.

Similarly, the secondary of this first
transformer and the primary of the second
transformer can be tested simultaneously
by placing the test terminals on the grid
and plate prongs of the socket of the
first audio amplifier tube. This connects
these two transformer windings, the volt-
weter, the amplifier plate supply, and the
“C” voltage in series. If either winding is
burnt out, there will he no reading of the
voltmeter. However, since the two windings
are in the circuit, the voltage drop through
them will be considerable and the eter
reading will be low.

The speaker, or the primary of the out-
put transformer, and the secondary of the
second transformer can be tested by touch-

ing the voltmeter terminals to the grid
and plate prongs of the second audio socket.

In all cases, the positive terminal of the
voltmeter must be connected to the plate
prongs of the sockets.

MODERNIZING VOLUME CONTROL

FEW notes may be of use to some
other Service Men, who have some of
the battery-type sets still on their list. The
type of set I am using as an illustration is
the Crosley “Model 601,” which in iy expe-
rience, has been the most frequent offender
in this respect; namely: varying or fluctuat-
ing volume, when operating on local stations.
The volume control of this set is a rheo-
stat, regulating the filaments of the three
R.F. tubes. When located within a few
miles of a broadcast station, it is necessary
to keep these filaments at such a low tem-
perature, that the tubes are operating at
the critical point where slight changes in
the filament voltage cause quite a large
change in the filament emission
The remedy, of course, is to operate these
filaments at a temperature above this criti-
cal point; but, unless the volume can be
controlled in some other manner, this results
in undesirable loudness. The following
method has proved very satisfactory.
Disconnect the filament rheostat, and con-
nect the filament wires directly to the fixed
resistor in series with this rheostat; this
gives the R.F. tubes slightly less than 5
volts. Remove the rheostat and mount in its
place, a 0-500,000-olin potentiometer (Cen-
tralab, or other non-inductive type). It will
probably be necessary to take the shaft out
of the rheostat, and substitute it for the
regular shaft of the potentiometer; since
this set requires a long shaft to extend
through the cabinet panel. Connect the aerisl
to the center arm, and the grid and ground
to the others; use shielded wire at least for
the grid connection (ordinary armored auto-
mobile wire works very well). The R.F.
choke used in this set may be removed if
desired; but, while this results in a slightly
increased sensitivity, it also has a tendency
to cause oscillation, when the volume is
advanced to its most sensitive point.

— e p——

KEEP YOUR WATCH AWAY FROM
THE DYNAMIC

HAVE experienced something, whnue

repairing sets with dyhamic reproduc-

ers, that should be published to warn

other Service Men. I temporarily
spoiled my good watch, through magnetiza-
‘tion of its steel parts in the flux thrown off
by the field windings of a Kolster speaker.
In a test, I found the magnet affected a
compass some distance away, directly in
front of the reproducer.

(Electrical workers have long known the
necessity of keeping a sensitive watch away
from the fields of motors and generators.
The electrodynamic reproducer introduces
into radio a piece of apparatus with strong
flux; and, while the user of the set does
not come close enough to it to experience
this trouble, the Service Man should be
careful to keep his watch away from the
field windings of the reproducer while test-
ing.—Editor.)
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A Dynatron Service Oscillator

And methods for its use to the best advantage in and out of the shop

A DYNATRON SERVICE OSCILLATOR

HE modnlated radio frequency oscil-

lator is a useful adjunct to any Service
Man’s kit, with which he can perform a
variety of vital tests on broadcast receiv-
ers. It is simplicity in itself for a techni-
cian to line up a ganged tuning condenser—
if he carries his own station with him.

Have you ever attempted to balance four
or five tuned circuits with nething but your
ear to help you? It is a nerve-straining
task. No Service Man who has been called
to repair a receiver and, after working
over it for a time without finding anything
amiss, is suddenly startled with this from
the loud speaker: “We regret that, owing
to an ‘SOS, this station has been silent for
the past two hours”—would ever want to be
without an oscillator again. There is noth-
ing more embarrassing than to have the
owner for whom you are servicing a set
present at a time like this.

But the Service Man who carries an oscil-
lator with him can easily supply his own
signal to-the set and thus really determine
whether it is inoperative.

Unfortunately, however, most oscillators
used at present comprise the elements of
a young broadcast transmitter. Two vacuum
tubes are required: an R.F. oscillator, and
an A.F. oscillator to modulate it and thus
make the signal audible. Such a device,

with its associated batteries or power equip-
ment, is a somewhat complicated piece of
apparatus—worthy of a laboratory, per-
haps, but rather unwieldy for a Service
Man to carry.

Another type of oscillator employs a buz-
zer to modulate the R.F. current. This dis-
advantage of this method is that, although
it eliminates the modulating vacuum tube,
the buzzer must be very carefully packed
in a bulky, cotton-filled box to prevent any
noise from reaching the ears of the oper-
ator directly from the buzzer.

Otherwise, since the volume control must
be set near minimum when a set is being
adjusted, the sound of the buzzer will over-
shadow that from the set and preclude the
possibility of making accurate adjustinents
on a device so critical as a tuning
condenser-.

In addition, both of the above modulating
systems suffer in that the modulating pitch
is fixed. The vacuum-tube modulator, if
of the common type, utilizes two inductances
in the oscillatory circuit. Two capacities
must be changed to vary the audio fre-
quency, vet keep the percentage of modula-
tion constant. The same is true of the
R.F. oscillator. The tuning condenser, since
it tunes only part of the oscillatory eir-
cuit, also varies the output of the oscil-
lator. Hence, to make sensitivity tests on
2 broadeast receiver over the entire band

This attractive test bench was constructed by Virden Mabry. of the Mabry Radio Shop, Beaumont,

Texas, from second-hand Jumber in his spare time.
Supreme laborvatory test panel and Diagnometer: left,

Its claborate cquipment includes: center, @
olimmeter and panel for reading current

input to a set; right, antenna and line receptacles and an R.F. oscillator with phonograph pickup

for its modulation.
center panel.

Below, portable testing equipment.
How many shops can show as attractive and complete an arrangement?

The battery supply comes into the lowest
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Above, the simple circuit of a dynatron oscil-

lator using a 24 tube: below, its power supply.

The whole is lght and easily carried with ¢

service kit,

of frequencies either a correction factor
(which will be inaccurate in all probability)
must be introduced for each frequency, or
a calibrated R.F. voltage divider must be
shunted across the output. All this is a
complicated procedure, unsuited to a Serv-
ice Man’s needs.

A “Kink” of the 24 Tube

Fig. 1 is the diagram of an extremely
simple Service Man’s oscillator which has
none of the disadvantages of the above
types. Inspection of the diagram will show
that it is not of the ordinary kind. It is
well known among engineers, but little
known elsewhere, that screen-grid tubes
possess a very strong “dynatron” character-
istic: that is, one where the plate-voltage-
plate current graph is negative over a part
of the curve; or, in other words, where the
curve points down instead of up as usual
Increasing the plate voltage decreases the
plate current over this range.

The tube which most strongly exhibits
this negative-resistance characteristic is the
type *24. It has been shown that, if a reso-
nant circuit is introduced into a tube oper-
ating over the negative portion of its curve,
it will oscillate at the resonant frequency.
This is the principle utilized here.

However, the tube, instead of oscillating
at one frequency, is made to oscillate at
both radio and audio frequencies, one being
superimposed on the other in the output.
Since only one coil is used for each fre-
quency, changing any of the constants is
very easily accomplished without affecting
the remainder of the circuit. The values
of parts listed will give an R.F. range from
500 ke. to 1500 ke, and an audible range
approximatel_v from 200 to 5,000 cycles per
second. This enables the entire broadcast
band to be conveniently covered.

The output at the various frequencies will
be much more uniform than that from most
“tickler® oscillators. The resistance and
losses of the oscillating circuits should be
as low as possible, however, or the tube
will not oscillate at the audio frequency.

Fig. 2 shows a very simple power supply
for. the oscillator. The transformer has
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only two secondary windings—2.5 volts for
the *24’s filament and 5 volts for the *01A
used as a rectifier. The filter is of the
simplest sort.

Method of Use

The operation of the oscillator is very
shmple.  Apply the proper voltages either
from the power supply or from batteries
(one cell of a storage battery may be used
for the ’24 filament) and connect the an-
tenna post of the instrument to that of the
receiver. Set the oscillator condensers at
convenient values—say 1000 ke. and 500 cy-
cles: tune the receiver to 1000 ke., and the
300-cycle note should be heard.

The oscillator must, of course, he tested
#nd calibrated heforehand on a set whose
characteristics are known; using broadcast
stations for the R.F. standard, and a mu-
sically-inclined ear for the audio standard.
For this purpose the A.F. calibration need
be only an approximation.

Condensers in a tuned radin-frequency
amplifier may be easily lined up. Tune the
oscillator to 550 ke., plug vour set analyzer
into the output tube's socket, place the tube
in the analyzer, and set it to read plate
current. Then adjust each trimming con-
denser, starting with the first stage, to get
the maximum deflection of the meter. _\fter
all the condensers have been adjusted satis-
factorily, check your adjustment at 1500 ke,
and 1000 ke. If the condensers do not hal-
ance at these frequencies, strike a mean
between the trinmmer settings; favoring the
lower frequencies, as most receivers are least
sensitive here..

Service Men should find this unit an in-
dispensible addition to their outfits.

Parts Required

1.1—Pair of headphones, which serve as the
A.F. inductance;

1.2—R.F. coil, about 200 microhenries, such
as the secondary of a R.F. transformer,
used in receivers to couple two tubes to-
gether;

L3—Small “B” eliminator choke, of any
convenient value;

1, C2, C3, C4, C5—~Tuning condensers for
the A.F. range, .0005-, 002+, .005-, 02, and
-05-mf.  Other values may he interpolated,
if desired, for finer adjustment of the
audio frequency;

(6—V\ariable condenser, 00035-mf. ;

€7, C8, C9—Filter and by-pass condensers,
1 to 2 mf. each;

1, R3—Two 3,000-0hm, 10-watt resistors;

1:2—One 4,000-ohm, 10-watt resistor;’

T—Transformer: one secondary  winding,
2.5 volts at 1.75 amperes: the other 5 volts
at 0.25 ampere;

V1—One *24-type tube;

V'2—One ’01A-type tube;

S—Switch,

P and J—Midget plug and Jjacks, or rotary
switch, as preferred.

INEXPENSIVE MODULATED
OSCILLATORS

HE oscillator shown in Fig. 3 at A is
the best to use if a 110-volt A. C. line is
available; it is easier to take on vour serv-
ice trips because it doesn’t require any bat-
teries. That shown at B is a good one to
use where A. C. power lines are not available.
In the first design (.\), the coil I.1 con-
sists of about 100 turns of No. 22 enameled
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Fig. 3
Upper left, an oscillator operating directly from the light line; B, a battery-operated type. The
former takes the 60-cycle hum; the note of the latter is given by the leak-condenser combination at

a sxitable pitch.

The output meter of C is convenient; but that of D is both lighter and less

expensive,

wire wound on a 13;-inch tube with a tap
at the 50th turn. The coil 1.2 consists of
100 turns of No. 28 enameled wire wound
on a 1Y-inch tube. These windings should
he placed at right angles to each other. The
condenser C has a capacity of .0004-mf. The
fixed condenser C1 has a capacity of
-001-mf.,, and should have an A.C. working-
voltage rating of at least 150. A 201 type
tube is used at S and a 110-volt 25-watt
lamp.

In circuit B, the coil L1 consists of 100
turns of No. 28 enameled wire, wound on a
11/-inch tube, with a tap at the 50th turn;
the variable capacity has a maximum of
.0005-mf.

Two output meters to use with the above
oscillators are shown at C and D. Both are
good; that of D is the cheapest to build.

IMPROVING OLD TESTING
EQUIPMENT

F you have an old type tube tester, it

can probably be easily adapted to test
the modern tubes. I have a Hoyt tester,
made several vears ago for testing bat-
tery tubes, and did a little experimenting
with it recently. .\ few slight additions
have made it possible to test nearly all
types of tubes with it.

The operation of this tester is such that
one meter gives three readings. First, the
rheostat is turned up until proper filament
voltage for the tube is shown on one scale;
then, when one hutton is pressed, the pointer
drops bhack to read plate milliamps on an-
other seale.  With this button still down,
a second is pressed, which ties grid and
plate together; and the pointer goes up to
zive space current reading. Current is sup-
plied by a 6-volt storage hattery and a 221/,
volt “B” battery.

Modernizing the Tube Tester

First, I procured a “Na-Ald” adapter
having four legs and five holes; this perniits
placing 5-prong tubes in the socket. I
found, while endeavoring te get a reading
on 27’s with this adapter, that the rheo-
stat would not carry the load and would
start to burn. Accordingly, T procured a
Carter 10-ohm rheostat having a capacity
of 2.2 amps; one side of this I connected
externally to the “A” binding post of the
tester, the other side to the external A=
terminal of the socket. The rheostat is
simply laid on the bench and attached by
the flexible wires.

The effect of this is to connect the new
rheostat in parallel with the old: when
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The added rheostat and adapter permit UY
tubes to be tested iwith an old-stxle wnit.
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either is turned off the other operates inde-
pendently. For testing heater-type tubes,
the original rheostat is turned completely
off and the new rheostat used. For other
tubes, the new rheostat is turned completely
to the left and it is in eftect out of the
circuit, leaving the other rheostat to oper-
ate as before tlie change. With the new
rheostat in circuit, tests are made in the
usual way and the two readings are secured
as with other tubes.

Now came the problem of testing screen-
grid tubes. I took a piece of wire and
attached a clip to each end. Then, with the
tube in the adapter (See Fig. 4) I connected
the grid terminal of the socket to the grid
cap at the top of the tube. This had the
effect of tying the screen-grid and control-
grid together and the meter gave readings
in the usual way. Then I found that, by
shifting the clip over to the plate terminal
of the socket, and connecting that with the
control-grid cap, I could by pressing the
two buttons get a third reading which would
be higher than the other two. The effect of
connecting the plate of the socket to the
grid cap of the tube and pressing No. 1
button was to give the plate-current read-
ing with grid and plate tied together, while
the screen-grid acted as a regular grid.
Then, when No. 2 button was pressed, the
two grids and plate were tied together, and
the total space current could be read. The
three readings will indicate any abnormality
in the screen-grid. i

Utilizing a Low-Priced Analyzer

A Beede set analyzer which I have, though
listing  at only $25, is a very practical in-
strument, giving all the ordinary socket and
tube tests through the use of one A.C. and
one D.C. meter with 2 rotary switch which
cuts in various resistances for the different
scales. There are no provisions in this in-
strument, however, for continuity testing
and making separate voltage tests.

This deficiency, I found was very easy to
supply; and the usefulness of the device
has been very much enhanced by a simple
plan, as follows.

First, prepare a short wire about 4 inches
long with one tip to be plugged into the
filament connection of the 4-hole adapter.
The filament prong of an old tube, soldered
to the epd of the wire, served very well for
this. Attach the other end of the wire to
one side of the 414-volt battery which is part
of the analyzer. This can remain per-
manently attached. Next, prepare a long
wire with a similar prong, and plug it in to
the other filament hole of the adapter. .A
third wire (a clip on either end is.handy
for this one) is now attached to the other
side of the battery; the rotary switch knob
is turned to “A-10;” and vou have the 4
volt battery in series with the 10-volt scale
of the meter and the two test leads. This
arrangement (See Fig. 5A) can now be
used for ordinary continuity testing. The
resistance of the meter is 100 ohms, and ex-
ternal resistances can thereby be roughly
estimated.

Now, to one of the long wires, solder
one of the thin legs of the old tube and
plug it into the plate hole of the adapter.
Plug the other long wire into the filament
hole at the right (facing front of tester).
Turn the knob to “B-500” and your meter
will give voltage tests on the 500-volt scale
(Fig. 5B).

Now, by shifting the wire from the plate
to the grid hole .while leaving the other in
the filament connection, and turning the
knob to “C-50,” you can make voltage tests
on the 50-volt scale; while, with the same
connections, by shifting the knob to “C-100”
you can make voltage tests on the 100-volt
scale (Fig. 5C).

By means of these connections you can
also check up the percentage of accuracy
of the méter. Test a known voltage, such
as a block of 185 volts of “B” battery, and
note the reading. The percentage of in-
accuracy will be fairly constant, and allow-
ance can therefore be made for the error
to get true readings. I found mine to read
about a third low on the high-voltage read-
ings—that is, 135 volts reads about 90 and
90 reads about 60.

Eliminating Warming-Up Wait

In a distributor’s service shop, where test-
ing is being continuously done with heater
tubes, a useful method is employed to keep
the tubes constantly heated and ready, with-
out any waiting after the tubes are placed
in the set.

A line of several sockets is mounted
against the wall beside the bench, and 2%,-
volt filament current is supplied to them
from a power transformer. As the tubes
are removed from the set under test, they
are placed in this rack of sockets, where
they remain lighted and ready to operate
instantly when inserted in the next set.

It can be seen that, in the course of a
day’s work, this idea saves a great amount
of time.

INCREASE THE METER’S RANGE

MANY good Weston or Jewell meters,
designed for the old RCA Dbattery-
model receivers, can now be bought very
cheap in some of the salvage storcs. The
fan who cannot afford to buy a new volt-
weter, or milliammneter, can make use of
an old instrument by a few changes and
convert it into a volt-ammeter of all ranges;
with great saving to his purse, since these
meters can be bought for around a dollar
to a dollar and a half.

As the diagram shows, the case is re-
moved from the meter and a small piece of
insulated stranded wire is soldered to the
resistance terminal which leads to the arma-
ture at the bottom of the meter. (Care
should be taken not to solder to the ter-
minal that leads to the terminals of the
meter). A small hole is drilled in the bake-
lite back, and the wire is drawn through.
The case is then replaced, and the meter

A voltmeter, with its case yemoved, undergoing
ine opcration

RESISTANCE
SNAP
SWITCHES
4705 0HM
50 MILLS, WA,
8OHMS ™ | por~
| 10 MILLS. § g
XWIRE < 5 50 250
SOLDER
-A-  HERE | -B- MiLs,  YOLTS
A diagram, showing the connections to the

meter illustrated above. With the action xsed,
R3 is 5625 ohms; R4, 61,875.

is ready to be mounted on a small box.

Yarious meters have different internal
resistances and draw more or less ohms per
volt, so the correct resistance values can-
not be given. Jewell and Weston meters,
mentioned, however, have a resistance of
125 ohms per volt. So, for each volt to be
added, a resistance of 125 ohms should be
used.

The meter has already a 5-volt scale, with
a 625-ohm resistance built in. To increase
the voltage of this meter to 50, a total re-
sistance is required of 50 x 125 — 6250.
The meter already has 625 ohms resistance;
subtract this from 6250, and the additional
resistance required is found to be 5625 ohms.

A fixed resistor of this size is quite hard

to obtain; and a good substitute is one of
variable type, with 6000 ohms maximum,
adjusted to the required length.

To obtain milliampere readings from the
meter, the wire which was soldered to the
armature is used with the terminal of the
meter which connects directly to the other
winding of the armature. Resistance wire
from old, heavy rheostats will answer nicely
as a shunt.

RENEWING THE SOLDERING IRON

S they grow older, many electrie solder-

ing “coppers” grow .weak. Often this
is due to oxidization of the surfaces where
the point joins the boss which protects the
heating element; for heat is much like elec-
tricity in preferring clean contacts. The
remedy is, of course, to remove the point
and brighten the surfaces. Some solder run
into the screw joint will help the transfer
of heat to the point. Also, if the metal parts
of the tool, except the point, be covered
with wrappings of asbestos paper, much
more of the heat generated will be driven
to the point of the tool, instead of being
radiated by the air, and hotter solder, with
stronger and more quickly-made joints, will
result.

KILLING MOTOR-MADE “STATIC”

Wireless beam stations, receiving wave-
lengths in the neighbourhood of 10 meters,
are subject to considerable interference from
passing motor-cars, which radiate short-
wave oscillations from the ignition systems.
In order to avoid this type of disturhance,
a screen of short conductors is sometimes
hung across the road forming a kind of arch-
way. The conductors are grounded at one
end and act as reflectors to absorb the dis-
turbing radiation away from the beam aerial.
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MEASURING RECEIVER OUTPUT

I' is usually recommended that Service

Men attach the leads from their output
meter directly across or in series with the
speaker voice coil. T have found that, in
most commercial receivers, these speaker
connections are soldered and in rather in-
accessible places, making a quick and effi-
cient connection impossible. In order: to
overcome this difficulty I have made a sim-
ple adapter plug, for bringing out the plate
Icad of an output tube, from an old four-
prong tube base and a subpanel socket. The
leads from this adapter are plugged into
the primary of an output transforiner which
is housed in a box with the galvanometer
and meter-shunting resistor (Fig. 1.) The
transformer should be of the type used to
actuate the voice coil of a dynamic speaker,
and capable of safely carrving the current
from a ’50 tube without overloading. This
arrangement permits of quickly and easily
attaching and detaching the meter, and
works well enough for all practical pur-
poses in the repair shop; such as aligning
condensers and testing tubes in various
sockets in the set for best performance,
when used in conjunction with single or
push-pull output circuits.

ABOUT 2FT LONG
AND TWISTED

Fig. 1
An output meter is casily. connected by wusing
this adapter with .the power tube and 3socket.

TESTER FOR HEATER.FILAMENT
TUBES

S every Service Man knows, it is very

hard to detect the heater-tvpe tube
that fades in and out during a prograin. As
a rule, these tubes always continue to per-
form normally when the Service Man is
near. Sometimes it takes an hour after
heating before the filament open-circuits.
Of course, the Service Man cannot stay
until the tube fades to detect it; and a great
deal of time is lost this way.

A tester for this purpose was made and
found to be quite efficient. A UY socket
with an old filament D.C. meter, from an
R.C.A. set, wired across its filament termi-
nals, is mounted on a small square box,
which carries also two binding posts and
a heavy-duty four-ohm rheostat. Connec-
tions are made as shown in Fig. 2.

The storage battery of the writer’s serv-
ice car is used for the filament supply, to
eliminate expense and too much carrying of
equipment into the customer’s home. The
suspected tubes are carried to the service
car to be tested. One lead of the tester
is fastened to the frame of the ear, and one
to the terminal of the ammeter.

For testing filaments of heater tubes, the
rheostat should be turned to 314 volts. If,
after 3 minutes, the filament does not die
out, the tube is O.K. as far as the filament
is concerned. Two sockets and two rheo-
stats may be used, if time is very valuable.

A Blj-volt filament transformer might be

Fig. 2
Owne of the problems reported by Scr:'f'cc Men
is that of the temperamental tube, :vhu:f: tests
O.K. This device puts it under a more rigorous
test.

used instead of the battery, to take its cur-
rent from a light socket, if it were desired
to take the tester into the house.

Simple Test for Ground

The writer was recently called to service
it popular make of radio receiver recently.
The complaint was humming, loss of sensi-
tivity and selectivity; testing tubes, circuit
and aerial indicated normal working order.
To test the ground, however, was quite a
task; for the wire was run through the floor
and around the room to a radiator in the
next roomn. The flooring would have to be
pulled up to exaniine the wires. So, taking
the live, or ungrounded, 100-volt A.C. wire,
by passing it through a 100-watt lamp and
connecting to the ground wire, it was found
that the ground was open. The radiator
was grounded; for the lamp immediately
flashed up when the wire was touched to
it. Another wire, run around the molding
and connected to the radiator, cured the
set of its ills.

This method is especially useful in the
country, where the ground is made by a
pipe driven into the ground. The efficiency
of the ground is poor if the bulb burns diny,
and good if the bulb burns brightly. The
aerial can be tested in this manner for
grounding.

TESTER ATTACHMENT FOR SCREEN.
GRID TUBES

ERVICE MEN and several dealers have

asked me how I changed over my tube
tester (a Sterling “510”) in order to use
it on screen-grid tubes.

In the tester mentioned (as also in the
“R-509) there is a resistor connected to
the grid prong of the UY, or 5-prong socket.
Unsolder this connection, leaving the “G”
of this socket connected to the “G” of the
UX socket on the tester. Then connect

=
UYSOCKET

UX SOCKET

PUSH BUTTON
ON TESTER

CONTROL-GRID CLIP

Fig. 3
This switching connection, applicd to an old-
style tester, makes it easy to take readings
on she screen-grid tubes.

this resistor (which leads on the other side
to a switch button) to a double-pole double-
throw switch; which is to be mounted on
the side of the tester, and to one center
terminal of which is attached a suitable lead
and screen-grid cap as shown in the dia-
gram herewith. When this switch is thrown
down, ordinary UX and UY three-element
tubes may be tested. When it is thrown
up, and the cap lead applied to the cap of
a ’22 or ’32 in the UX socket, or a 24 in
the UY socket, readings on these tubes may
be taken in the regular manner.

The filament-emission and plate-current
readings of the ’22 and '24 will be similar
to those for other tubes listed in the in-
structions supplied with the tester; filament
emission. 40 to 65; plate current, button up,
1 to 214; plate current, hutton down, 4 to
7. T have not vet had a.chance to test the
UX-32: but the same principles will apply.

MEASURING SMALL RESISTANCES

~UNKNOWN
§ RESISTANCE
Pl Uyt

The galvanometer must be protected by a line

ballast and a shunt of wvery small resistance;

so used, it will measure extremely low vesiste
ances.

DYNAMIC speakers, which gave poor
volume or none at all, were a recent
problem of mine. Those which wouldn’t
work were easily repaired, because a circuit
tester would locate the trouble. On the
other hand, the first weak one tested all
right; but by patiently unwinding the voice
coil (which was in two lavers) I found that
part of it was shorted out. It took me a
long time to find this out; so for the rest
of them, I decided to find some easicr way
of measuring the resistance. As this is
normally but three ohms, a dead short made
no difference in the reading of the circuit
tested.

I have, however, a Jewell thermocouple
galvanometer, which I hooked up as per
the diagram herewith. This meter has an
internal resistance of only 2.5 ohms; so a
very small resistance should he used for
the meter shunt. When the right value is
found, the meter will read full scale for a
dead short and half-scale for three ohms,
I use one good voice coil as a standard and
check the rest by it. The five parallel lamps
shown are 6-volt pilot lights, but could be
replaced by a fixed resistor of 10.5 ohms.
The source of power is a 6-volt storage bat-
tery. The shunt T used was a six-inch length
of No. 20 solid copper wire.

This instrument is very sensitive; a dif
ference of half an inch in the shunt wili
show a difference of two or three degrees
on the meter. If the meter is calibrated
with standard resistors, it will be found t¢
read accurately from 0 to 25 ohms. From
five ohms down to zero, there is a reading
of ten degrees per ohm.
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Front vicw of
the incrpensive
oscillator and
tuube tester
Adaptersareused
for testing spe-
ctal  tubes.
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EVERAL of the more expensive test
ountfits on the market contain, in addi-
tion to the set analyzer, an A.C. tube tester and an oscillator.
The usefulness of this additional eguipment is well recog-

nized; however, the extra cost is prohibitive to many. Further-
more, some Service Men prefer the simpler set analyzers because
of their compactness and light weight. This article describes a
unit which contains a tube tester and oscillator which may be
carried in the car and taken into the customer’s home when
necessiry.

Originally, this outfit, illustrated in Figs. A and B, was built
as a tube tester only; later, by a few simple additions, it was
made to serve also as an oscillator. Provisions for tube rejuvena-
tion were added because there are still many sets using '01A and
'99 type tubes.

For the rejuvenator, simply insert a toggle switch in the plate
circuit (SW.3 in Fig. 1). Opening this switch breaks the plate
circuit so that tubes may be flashed and cooked. To rejuvenate
99 tubes, they should be flashed for about 5 seconds at a voltage
of 12, and then cooked for a period of 10 minutes at about 4 volts.
For ’01A tubes, they should be flashed at 15 volts for a period
of about 5 seconds and then cooked at 7.5 volts for 10 minutes.

When constructing the transformer, the additional taps are pro-
vided to supply the higher voltages necessary for flashing the tubes.
The primary is weund with 770 turns of No. 28 enameled wire.
The secondary is wound with 110 turns tapped at the 11th, 15th,
18th, 24th, 30th, 37th, 55th, and 88th turns, corresponding to volt-
ages of 1.5, 2.0, 2.5, 3.3, 4.0, 5.0, 7.5, 12, and 15. The first 18 turns

Li

200
MMF

100
MMF

UL

i,

OHMS

1 1
% TICKLER 4 sw.4

R2
500 OHMS S,

3-POINT TAP
SWITCH

Sw.i
» PUSH BUTTON

Fig. 1

Schematic circuit of the tube tester—oscillator.
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Oscillator—
Tube Tester

are wound with two strands of No. 18 bell
wire because of the 1.75-ampere drain of
the 21,-volt tubes. For the 18th to the 55th turn, one strund of
No. 18 is used. The rest of the transformer may be wound with
finer wire, about No. 24 enameled. The transformer core is best
obtained from a burnt-out power transformer out of an A.C. re-
ceiver. It should have, preferably, a shell-type core with about
a l-in. cross-section.

The filament switch SW.5 shown in Fig. 2 was constructed from
junk-box parts. It consists of a brass rod and slider from an
ancient tuning coil, and a contact strip made of rivets set in
bakelite. The rivets should be countersunk so that the slider,
when being changed from one contact to another, will not short
u section of the transformer. A suitable switch may be purchased
if preferred. Yaxley or Best manufactures a nine-point rotary
switch with break between contacts.

The Oscillator

To add an oscillator to this tube tester, notice that it is only
necessary to connect a coil and condenser- in the grid circuit, a
tickler coil in the plate circuit, and a bypass condenser from
tickler to cathode.

For compactness the coil used was a spider-web from an old
Crosley receiver. Any coil which was designed to cover the broad-
¢ast band with a 350-munf. condenser may be substituted. The
variable condenser is a 23-plate, 100-nunf. Pilot. midget. A tap
switch shunts in a 100- or a 200-mmf. condenser to cover the
edivm and high wavelength portions of the broadeast band.

Switch SW.4 shorts the plate coil to stop oscillation when the
unit is used in its original form as a grid-change tube tester. This
switch has another use, however, for with it tubes may be tested
for plate current when osciliating.

Another kink worth mentioning is the method of testing tubes
for total emission. The adapters used for testing screen-grid tubes
have the grid and plate prongs connected together, so that three-
element tubes, when plugged into these adapters, will show total
emission readings on the meter.

This unit then, gives three methods of tube testing: grid change
{mutual conductance), oscillation current, and total emission cur-
rent. Although the first is usnally sufficient, the use of the other
methods is convenient at times.

Note that the grid change button SW.1 is connected to operate
in the opposite manner from the method used in most tube testers.
‘That is, depressing the button opens the short across the large
resistor so as to increase the grid bias, and thus lowers the plate
current. The fact that the meter reading drops instead of in-
creases when the button is pushed, makes no difference since the
change in plate current is the important consideration. With
the switch so connected, when the button is up, the tube has
applied to it the proper hias for use as an oscillator.

The proper meter for this instrument is a 10-ma. milliammeter
with a 100-ma. shunt. However, the meter illustrated is a 7-volt
Weston voltmeter which was secured from a cut-rate supply house.
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HE Service Man who recognizes the

need for a compact R.F. oscillator and
tube tester, which is well within his financial
means, should follow the description given
herewith. = Complete construction de-
tails, including that for the adapters neces-
sary to test special tubes, are included. It
should prove especially interesting to the
man who is constructing his first tester. It
may be built for less than ten dollars.

Many Service Men will have a voltineter on hand which may be
substituted. The meter used in this particular instance reads
about 14 ma. full scale. The multiplier resistance was difficult
to remove, so it was left in place. It gives some protection to the
meter in case of an accidental overload. Since the resistor in the
meter was about 500 ohms, a 100-ohm shunt was used to increase
the meter reading to approximately 85 ma. Exact adjustment
of the shunt size is unmecessary. No definite meter range is re-
quired. The tester is calibrated by testing a set of tubes that
are known to be up to standard.

No provision has been made in the unit for a 175-ke. oscillator,
since it is felt that in any case where such an oscillator is needed
for aligning a superheterodyne, the set should be taken to the
shop where a more precise oscillator should be available. How-
ever, should the constructor so desire, he may include a larger
coil at a slight increase in bulk and switching complications.

Figure 3 illustrates the adapters for testing screen-grid tubes
end pentodes. They are made from Pilot sockets and cut-down
tube bases.

Since most of the parts for this outfit were supplied from
the junk box, it was built at a total cost of less than $10.00. When
vsed in connection with a standard set analyzer, it has proved
thoronghly satisfactory for regular service work.

Using the Tester

An examination of the diagram will reveal the presence of two
sockets, one for four- and the other for five-prong tubes. To test
a four-prong tube, all that is necessary is to insert it in the left-
hand socket, close SW.4 and SW.3, first being sure that the filament
switch is set at the correct tap. To change the scale of the milliam-
meter, close SW.2, For a mutual-conductance test, all that need he
done is to close push button SW.1; this changes the bias on the
tube which, of course, results in a change of plate current.

For testing heater-type tubes, they are inserted in the right-hand
socket of the tester;
the test procedure is
exactly the same as
outlined above.

Figure 3 illustrates
three types of adapt-
ers which may be used
with this tester when
four-element and pen-
/ i tode tubes are to be
s i ol tested. At A, an
7 : adapter is shown for
/ testing the ’22 types;
at B, an adapter for
’24 type tubes; and at
C, a pentode adapter.
The four-prong
adapter is inserted in

SLOT IN PANEL PANEL SWITCK POINTS

1

i/

Fig. 2
At A, o side view of the slider arrangement
and at B, a section view,

Fig. B

At (1) the oscillator coil; (2) R4; (3) SW2; (4) SW4; (5) R1; (6)
-power transformer; (7) C4; (8) R3; (9) milliammeter; (10) power
socket; (11) S-prong socket; (12) tuning condensers; (13) SIi-l,

the four-prong socket and the five-prong adapter in the five-prong
socket in the tester.

A valuable feature of this tester is the oscillator. By opening
switch SW.4, the tube that is being tested starts to oscillate, and
the new plate current may be read on the milliammeter M. In sup-
erheterodyne receivers, it is imperative that the oscillator be cap-
able of producing oscillations over the entire broadcast band. To
do this, all that is necessary is to vary the position of the three-
point tap switch and note the plate-current reading while doing so.
If the current changes appreciably while changing from one tap to
another, then the tube is a poor oscillator ‘and should be replaced.

By keeping a tube in the tester itself, and varying the position of
the three-point tap switch, it is possible to use this tester as a modu-
lated R.F. oscillator for aligning tuning condensers. It will be
noticed that the plate voltage is obtained directly from the A.C.
line, and therefore the plate voltage is modulated at the same fre-
quency as the supply line—which in most cases is 60 cyveles.

If a spider-web coil is not available for the oscillator, then a
standard broadcast coil (about 60 turns on a 2-in. diameter tube)
may be used. The tickler may be wound with about 30 turns of the
same size wire adjacent to the secondary. It is not absolntely es-
sential that the turns be exact, for the wavelength may be closely
adjusted by the tuning condensers if so desired.

The experimenter should have no trouble in

constructing this
very versatile tester.

Fig. 3
At A, the adapter for testing four-prong screen-grid tubes: at B, the

adapter for testing five-prong screen-grid tubes; at C, the pentode
adapter; the assembled adapters look like that shown at D.
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An A.C. Beat-FrequencyOscillator

A device for the well-equipped Service shop, and for the labora-

HE A.C. beat-frequency oscillator is
an easily-built instrument of great
utility to Service Men and to all
those engaged in the testing, repair
or manufacture of audio-frequency appa-
ratus. It is also a useful device for experi-
menters, for broadcast stations and for own-
ers of amateur transmitting stations.
Its purpose is to make instantly available
a source of audio frequencies throughout the
entire audio range. This particular oscil-
lator can be used wherever alternating cur-
rent is available, as it can be built for either
60 cveles or 25 cycles. No Dbatteries what-
soever are necessary. When completed, it
constitutes a precision instrument, compar-
able with the finest commercial oscillators,
and having the important advantage that
it can be built for but a fraction of their
«cost.

Uses of the AF. Osciliator

In the testing and manufacture of loud
speakers, this oscillator performs an ex-
tremely useful function. It is ideal for de-
termining loud-speaker response and also
for the determination of paper-rattle fre-
quencies. It can be used in the comparison
and selection of loud speakers, and also to
determine the frequencies which cause the
voice coil of a dynamic speaker to hit the
pole pieces. These offending frequencies
can then be filtered out, thus improving
speaker performance.

The beat-frequency oscillator can be used
by the owner of an amateur telephone trans-
mitter to determine the frequency-character-
istic of his amplifier. When used to modu-
late an R.F. oscillator, the beat-frequency
oscillator can be utilized to perform “overall-
gain” and “fidelity” tests on any radio
receiver.

tory of the careful experimenter

It enables the talking-picture Service Man
to study the effects which different fre-
quencies have on the acoustics of the thea-
tre. It is useful, in servicing electric pho-
nographs, to feed the oscillator into the
amplifier, in place of the pickup; thus lo-
cating faults in the reproduction.

In fact, it may be considered as an abso-
lute necessity for the Service Man who
wishes to perform efficient work on audio-
frequency apparatus.

FRONT VIEW
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Fig. 2

This oscillaior may be built bchind any kind
of pancl; its output 1s taken from two binding
posts at the rcar.

Principle and Construction

In the A.C. beat-frequency oscillator, the
measuring frequency is obtained by beating
the outputs of two R.F. oscillators against
one another; the resultant frequency is rec-
tified by a detector and then amplified. The
range of this oscillator is from approxi-
mately 30 cycles to above 10,000 cycles.

1t comprises (Fig. 1) two oscillators
(4A) and (13), a detector (17), and an
A.F. amplifier (26); all these tubes are of

the ’27 type. An ’80-type full-wave rectifier
tube (38) is used. The frequency of one
oscillator (4A) is fixed at 100 kilocycles;
while the frequency of the other (13) can
be varied to 20 kilocycles away from the
fixed frequency. Both oscillators are coupled
to the grid circuit of the detector tube.
This system of coupling the oscillators to
the detector, supplying it with a low volt-
age from each oscillator, is such that the
tendency of the two oscillators to pull into
synchronism, as zero beat is approached, is
eliminated. The detector output is fed to
the amplifier by an impedance-coupled sys-
tem of the “autoformer” type; with the re-
sult that constant amplification is attained
over a wide range of frequencies.

The two oscillator coils (1) and (6) are
long-wave units, each having two fixed wind-
ings and a rotor. They are of the plug-in
type and of low-loss design, having a con-
fined magnetic field of extreme uniformity.
The midget condenser (12) is used to cor-
rect any slight inaccuracies in the fixed con-
densers (11) and (2), or in the coils in the
plate circuits of tubes (4+A) and (13). The
variable condenser (10) is used to tune in
the desired audio frequencies over the en-
tire range. Minimum harmonic generation,
with highly satisfactory wave-form, can be
obtained by keeping the coupling of the ro-
tors of coils (1) and (6) at a minimum. If
the coupling is too tight, the percentage of
harmonics «will be large.

Four automatic ballast resistors are used
to regulate the flow of filament current.
Volume is controlled by the variable resistor
(24). The “B” supply is furnished by a
power compact; a separate transforer serv-
ing for the filaments of the four ’27 tubes.
A standard voltage divider is used.

In appearance (Fig. 2) the A.C. beat-
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The complete circuit of the beat-frequency oscillator:
of the oscillator 13 against the fized frequency of the oscillator 4.4,

Fig. 1

as its name indicates, the pure andio note is produced by heterodyning the wvariable frequency
The fized-tune capacitics 2 and 11 should be closely matched.
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frequency oscillator resembles the conven-
tional radio receiver. It is assembled on
an aluminum chassis, with a great many
of the parts below the deck of the chassis
and with all wiring underneath and out of
sight. The five sockets are mounted from
below, with only their circular portions
showing above the deck.

Details of the Assembly

The chassis is bent from sheet aluminum
and cut out as indicated in the “chassis de-
tails” illustrated (Fig. 3). It is placed face
downward on the workbench, and the vari-
ous parts shown in the bottom view (Fig. 5)
are mounted in their correct positions. The
sockets are mounted first, then the filament
transformer (36) and the choke (21); next
the voltage divider (33), the four resistors,
the various fixed condensers, the four bal-
lasts and finally the three R.F. chokes. The
hinding posts are mounted on the rear chas-
sis wall, and the power switch (37), the
midget variable condenser (12) and the vol-
ume control (24) on the front chassis
support.

The values of the capacities shown at (2)
and (11) are .00035-mf. each; it is essen-
tial to use components of precision here.
The value desired may be attained by the
use, instead of each of the single condensers
shown, of a .00025-mf. midget in parallel
with a .0001-mf. Very small components
are obtainable in units of great precision
for this service; those specified are best
adapted.

After mounting the various parts below
the deck of the chassis, the latter is turned
vight-side up; and the drwn dial and the
variable condenser are mounted (Fig. 4).
The dial’s base fits into the slot cut into
the chassis, thus bringing the center of the
drum level with the shaft of the variable
condenser; a hole is drilled in the front
sapport of the chassis for the drive-shaft.
The two audio chokes (22) and (27) and
the power pack (34) are mounted next;
then the block condenser (35) and, finally,
the coil sockets (1) and (6).

‘The wiring is quite simple. The primaries
of the power compact (34) and the filament
transformer (36) are connected in parallel,
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“TOP VIEW

Fig. 4

The drum dial 9 fits into a cut-out in the deck of the chassis, as shown in Fig. 3 below. A
chart of frequencies, corresponding to dial ycadings, should be prepared by comparison with notes
of known pitch.
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"CHASSIS DETAILS

Fig. 3
The chassis mounts cvery part of the beat-
frequency oscillator; it is cut from a single
sheet of metal, as shoien, and bent to form
a pan.

24 5

.

BoTTOM VIEW

Fig. 5
The greater number of componcnts arc mounted undey the chassis® deck: the capacities 2 and 1]
may be obtained most preciscly, by paralleling two midget components for cach.

with the switch (37) on the power-source
side; so that, when the switch is open, both
pieces of apparatus will be disconnected
from the line. ‘The filament circuits are
next wired in, taking care to twist all pairs
of filament leads. Grid, plate and cathode
circuits are then wired in, and also all by-
pass condensers. Wiring the “B” supply
completes the entire job.

In wiring in the oscillator coils (1 and
6), their 60-turn rotors are connected in
series in the grid circuit of tube (17). The
396-turn winding of each coil is connected
in the plate circuit of its respective oscil-
lator tube, with the 99 2/3-turn slot wind-
ing in the grid circuit.

In adjusting the oscillator, the first step
is to determine whether the tubes are oscil-
lating; this is done by touching the grid
connections at the sockets and obtaining
the grid clicks. Then turn the variable
condenser (10) to minimum capacity and
adjust the midget condenser (12) so that
no signal is heard in the *phones or speaker.
At zero of condenser (10), tubes (4A) and
(13) should be tuned to the sane frequency;
namely, 100 kilocycles.

After the above adjustment has been
made, all desired frequencies will be ob-
tained as condenser (10) is tuned in. Using
three or four standard tuning forks of dif-
ferent piteh, it is possible to plot a curve
and accurately calibrate the beat-frequency
oscillator, so that, by referring to the dial
reading, the frequency given out by the
oscillator will immediately be known.

List of Parts

One .0005-mf. Hammarlund “Mid-Line” va
riable condenser, type ML-23 (10);

Three Hammarlund R.F. choke coils, typ:
RFC-250 (5, 7, 18);

Two Silver-Marshall plug-in long-wave coils
type 111-E (1, 6) and

Two Silver-Matshall coil sockets, tvpe 515

One Silver-Marshall illuminated drum dial
type 810-L (9), with 2%,-volt dial ligh
(9A);

One Silver-Marshall midget condenser, typ:
312 B (12);
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Four Eby sockets, UY-type (38);

Two Eby insulated binding posts (31, 82);

Two Thordarson choke units, type R-196
(21, 27);

One Thordarson autoformer, type R-190
(22) 5 -
One Thordarson power-supply transformer,

type R-280 (34);

One Thordarson filament transformer, type
T-3660 (36;

One Electrad “Royalty” variable grid leak,
potentiometer type O (24);

One Electrad “Truvolt” resistor, type C 130
S (33);

Two Flechtheim midget fixed condensers,
.00025-mf., type M-C, and two .0001-mnf.,
type M-A, to give two .00035-mf. capaci-
ties (2, 11);

Two Flechtheim midget condensers, .0001-
mf.,, type M-A (19, 19A);

Four Amperites, No. 227, with mountings
(39, 40, 41, 42) ;

Four Durham “Powerohm” metallized re-
sistors, with mountings: three 2,000-ohm
(4, 14, 25) and one 50,000-ohm (16);

One Electrad power switch (37);

Four Flechtheim bypass condensers: two 0.5-
mf, type B-50 (3, 3); and two Il-mf.,
type B-100 (15, 20);

One Flechtheim midget coupling condenser,
.01-mf,, tvpe M-K (23);

One Flechtheim filter condenser, 4-mf., type
F401 (28);

One Flechtheim condenser block, type Fl4
(35—used as 2-2-4-mf.);

. One aluminum sheet 21 x 14 inches, cut as

illustrated (Fig. 3) and bent for chassis;
One roll Corwico “Braidite” solid-core hook-
up wire; and
One can Kester rosin-core radio solder.

Service Man’s A. F. Modulated
R. F. Oscillator

HE service man often has need of a

modulated radio-frequency oscillator or

“driver,” as these instruments are in-

dispensable in the adjustment of cer-
tain types of radio-frequency amplifiers. Their
principal uses are in compensating multi-
stage ganged control receivers, in neutraliz-
ing, and for a great many other measurements
that are made from time to time. If such an
instrument is calibrated, its worth is further
increased.

The instrument for the service man’s use
should be small in size, and completely con-
tained, to obtain portability. It may be built
to fit into any kind of a cabinet or case, which
should be of ample size to accommodate also
the battery supply. The '99-type tube, which
requires 3.3 volts at 60 milliamperes for fila-
ment supply, is capable of sufficient power out-
put for most purposes, and permits the use
of the ordinary 4%-volt “C” battery for the
filament; while two 22V-volt light “B” bat-
teries serve for the plate supply.

Circuit Used

The circuit used is the modified Hartley
type. The inductance L1 is tuned by the
variable condenser C1, connected in series
with a .00025-mf. fixed condenser (C2); the
latter is shunted by a shorting switch SW1.
When this is open the effective maximum
capacity across the tuned half of the inductance

» 2

Y

Fig. B. Pams placements under the subpanel.

L1 is approximately .00016-mf., if C1 is .0005-
mf. When C2 is shorted by the switch, the
maximum capacity will be that of C1 alone.
This arrangement extends the minimum capa-
city range downward (which is especially use-
ful on the shorter wavelengths) and also
lengthens the calibration scale, making for
greater accuracy in calibration.

How Modulated

There are a2 number of different types of
modulated R.F. oscillators. Among the most
common is that modulated by a separate audio
oscillator, which has the disadvantage of re-
quiring additional costly apparatus; while if
the tone modulation is made variable, addi-
tional controls are required.

Another is arranged to operate directly
from the 110-volt A.C. or D.C. light circuit.
The modulating source is the same circuit;
using the alternating frequency of the A.C.
circuit or the commutator-frequency of the
D.C. source. One fault with this method is
that the modulated frequency cannot be varied,
while another is the inherent broad tuning
(apparently), caused by the radiation of pow-
er from the light circuit. Also, a tone fre-
quency of 60 cycles is inconvenient for use in
adjustment or measurement work of any pre-
cision.

The driver presented here tunes just as
sharply as the more elaborate drivers used
with greater power supply, without the ad-
ditional apparatus necessary in such installa-
tions, and also possesses the portability of
the line-circuit supply and modulated type.
Its fault, of course, is in its battery operation,
requiring replacement of these from time to
time; but its superior qualities easily over-
come this. Another great advantage is that
the modulating tone may be varied over a
very large scale by varying the grid-leak re-
sistance R2.

It is well known that any regenerative re-
ceiver could be made to howl by increasing
the feed-back, and that the tone of the howl
could bec varied or changed by changing the
value of the grid leak. In such sets the range
of the tone is limited by the small capacity of
the grid condenser, which is never given a
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Fig. .A. Completed appearance of the Audio
Oscillator. The panel is metal (cut from a
larger, discarded one); and che dial is also.

value of more than .00025-mf.; so small a
capacity does not allow sufficient charge to
accumulate on the grid of the tube, when it
is desired to lower the pitch of the tone.
By increasing the value of the condenser to
.01-mf., in combination with the proper shunt-
resistance value, the tone range may be ex-
tended downward; the tone frequency depends
upon the value of resistance. The charge ac-
cumulating on the grid of the tube is pre-
vented from quickly leaking off to the ground
circuit by the grid resistance or ‘leak.” The
greater the resistance of the grid leak the
longer the time required for the charge to
leak off; the smaller the resistance, the shorter
the time, and the higher the frequency.

Parts Required

The parts for the construction of this oscil-
lator can be found in most any junk box. They
need not ke identical with those specified here,
but should be of the same values. To prevent
later difficulty or trouble in producing oscil-
lations, the parts from the junk box should
be given a thorough inspection and cleaning.
They are as follows:

1 General Radio .0005-mf. (23-plate) variable

condenser (C1).

1 set Aero short wave coils of plug-in type,
with plug-in base to which is perman-
ently attached. a variable primary (L1
and L2).

2 lengths 2-inch Insuline tubing, 214 inches
long, for broadcast-band coils.

6 General Radio coil plugs to fit jacks ot

plug-in base.

metal panel (size dependent on size of

cabinet or case used).

cabinet or case not smaller than 8 inches

high, 7 inches wide by 5; inches deep.

1 Carter filament switch used for short switch

(SW1). (The filament is turned off by
the filament rheostat.)

Carter Midget 30-ohm rheostat (R1).

Clarostat panel-type variable grid leak—14

to 10 megohms (R2).

1 Pilot sub-panel type four-prong socket.

1 Flechtheim midget .01-mf. fixed condenser

(C3).

Flechtheim midget

denser (C2).

Flechtheim midget .001-mf. fixed condenser

(C4).

brackets (ot brass strip for their construc-

tion).

—

y

-

—

.00025-mf. fixed con-

—

N
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Fig. C. Parts placement above the suhpanel,

1 sub-panel (size dependent upon length and
depth of cabinet).
1 National vernier dial.
1 Cunningham CX399 tube (V1).
1 Bright Star or Burgess 4% volt “C” bat-
tery.
2 Bright Star or Burgess portable type 2294
volt “B” batteries.
Coastruction
The panel and sub-panel are first prepared
to size; metal is used for the former to pre-
vent body capacity and, also, serve as the
common "A-}" return. Bakelite or hard rub-
ber must be used for the sub-panel; the place-
ment of the parts will depend on the size
of the panel. In mounting the variable con-
denser, clearance must be allowed for the
batteries in the back or beneath. The panel
is drilled and all parts mounted, taking care
that the variable grid leak R2 is insulated;
as otherwise a short will result and no oscil-
lations will occur. The sub-panel is then laid
out and the parts mounted (see Figs. B and
C). At this time the brackets should be
fastened to the sub-panel; if the brackets are
made from strip brass they should be bent
to shape and fitted. After the complete as-

An Excellent

N output meter which I greatly favor

over the vacuum-tube voltmeter is made
by the use of an output transformer, a 15-
ohm potentiometer, one double-pole double-
throw switch, and a Weston “Model 425”
thermogalvanometer. The device can be
built into a very small case; it reguires no
batteries, or power supply.

The output of the radio set is connected
to the high-impedance, or primary winding
of an output transformer. The low-
impedance secondary winding is connected
to the thermogalvanometer, through the 15-
ohm potentiometer, which regulates the
current.

Many radio receivers have built-in output
transformers, the loud speaker having none.
The D.P.D.T. switch is placed in the cir-
cuit, preceding the potentiometer; so that
the meter and resistance can be switched
to the output of this type of receiver.

A decided improvement can be made by
inserting another double-pole, double-throw
switch, preceding the output transformer,
so that one can switch from output meter
to loud speaker, whenever desired.

‘When the output meter is used on a chas-
sis not incorporating an output transformer
with a low-impedance secondary, (the trans-
former being contained in the reproducer),

sembly of the sub-panel, it is fastened to the
metal front panel by brass machine screws.
Binding posts for the pick-up coil may be
placed on the panel or at any convenient point
on the sides of the cabinet. If desired, the
leads need not be exterded for the terminals
on the short-wave coil mounting as already
provided, may be used as illustrated (Fig. C).
With the exception of the leads for the con-
nection to the batteries, the wiring should be
of bus-bar; for after calibrating any change in
position of the wiring would destroy the ac-
curacy.
Coil Construction

As the short-wave coils and mounting are
already on hand, no data will be given for
their construction. It. will be necessary for
the constructor to make two coils to cover
the range from 100 to 600 meters; the smaller
is wound with 46 turns of No. 22 D.C.C.
wire on a 2-inch tube, with a tap ar the 23rd
turn for the Alament return. The large coil
is wound with 100 turns of No. 28 D.CC.
with a tap at the 60th turn; this section of the
coil should be shunted by the variable con-
denser and is in the grid circuit. The coils
are now provided with the same mounting ar-
rangement to fit the plug-in base, as found
on the short-wave coils.

Calibration

If the constructor does not possess a wave-
meter, the calibration will be a little more
difficult. However, broadcast stations are nar-
rowly separated over the entire band, and
their frequencies are maintained at greater ac-
curacy than will be possible to insure with
this device (because of the changes in fila-
ment and plate supply). Before proceeding
with the calibration, a milliammeter - should
be inserted in the filament circuit and the fila-
ment current adjusted by means of the rheo-

=

Output Meter

the terminals 3 and % are dircetly connected
to the output of that receiver. If the re-
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Fig. 3
Instead of a vacuum tube and milliammeter a
thermogalvanometer, which reads very low A.C.
currents, is here used to measure the output of
a reeeiver,
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Schematic circuit of the combined R.F. and A.F.

oscillator described in this article.

stat for 60 milliamperes; at the same time the
voltage should be measured. These values
should be noted and the position of the rheo-
stat marked; the mark, however, will serve as
the check point only as long as the filament
current is maintained within 10% of the orig-
inal value,

Beginning at either end of the broadcast
band, stations are tuned in on any broadcast
receiver. The grid leak is adjusted to the
desired tone, and the rheostat set on the mark
as already described. The dial of the driver
is now rotated until it peaks and a clear loud
note is heard in the speaker or phones at-
tached to the set. If it is difficult to obtain
a sharp peak on the adjustment of the driver
dial, the driver should be moved farther
away. For each successive station checked, a
notation should be made. After all calibra-
tion points have been marked, the frequencies
of the broadcast stations should be entered
opposite them in a log for future reference.
The short-wave coils are calibrated in the
same manner; although it will be difficult to
secure complete band calibration unless one is
able to receive the Bureau of Standards’

standard-frequency transmissions, which are
exact.

) . r
F1G. 1 At A

ceiver under test contains its output trans-
former, then the output is connected to ter-
ninals 1 and 2. The reason is that the low-
impedance winding of the output coil will
not match the high impedance of the pri-
mary of the output transformer in the me-
ter box. When the receiver is connected,
a deflection will occur on the meter, pro-
portional to the amount of current flowing.
For comparing the output of one receiver
with another, the potentiometer should be
adjusted so that the meter will read a maxi-
mum current flow at one-half scale.

This thermogalvanometer is an A.C. meter
and can not be used on D.C.; costs more
than a V.T. voltmeter, but I like it better,
and believe it more satisfactory.

A TEST LAMP

TROUBLE shooting is made easier by
the use of a miniature lamp and socket
and a few feet of twisted wire, the ends of
which are made into loops and soldered.
These eyelets may be slipped over the fila-
ment prongs of the ’80, or other tube of
suitable voltage, and current to light the
lamp is thus obtained. This trouble lamp,
being so small, can be dropped down into
Places inaccessible to an ordinary flashlight.
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How To Make a Service Oscillator

The Service Man often asks for details on a factory job. Here it is!

LTHOUGH service oscillators
Q/4fhave been described in many

radio publications, most of these

have been integral parts of rather
extensive test sets; whereas many Service
Men already have set analyzers and what
not and desire information on a separate
oscillator.

This oscillator, pictured in Figs. A and
B, and covering a frequency range of 500
to 1500 ke. (200 to 600 meters), is compact
and complete in itself. As shown in the
diagram, Fig. 1, it may be operated from
either an A.C. light line, or batteries; and
any tube except the screen-grid type may
be used.

Condenser and Coil

The variable condenser is of .00035-mf.
capacity, with a straight-line-frequency
characteristic. It is desirable to use a con-
denser of this type, so that the number of
kilocycles per scale division is equal over
the entire scale, making more accurate and
easier tuning possible.

The inductance consists of 60 turns of
No. 2¢ B. & S. double-cotton-covered copper
wire wound on a bakelite form three inches
in diameter. A tap is brought out at the
mid-point and the coil is painted with either
shellac or collodion to hold the windings in
place.

The coupling coil, consisting of two or
three turns, is wound over the inductance.
A lead from one end is brought out to the
coupling binding post and the other end is
left free.

Choice of Milliammeter

To obtain an 0-50 milliampere reading

with the 0-10 milliammeter, an external

shunt is used. The 0-50 reading is necessary
because some tubes draw plate current in
this range. The shunt serves also to pro-
teet the meter against overloads.

The resistunce of the external shunt de-
pends upon the type of meter used. With a
Weston “Model 5067 milliammeter (0-10-
ma. scale) the resistance of the meter is
3.2 ohms. Thus to obtain a reading of five
times ten milliamperes, or 50 milliamperes,
it is necessary to use an external shunt of
0.8 ohms; since the current divides between
the shunt and the meter in inverse ratio to
their resistances. The push-button switch
is normally closed, placing the shunt in the
circuit. By pushing the button the shunt
is removed, giving the normal 0-10 milliam-

pere reading. Current, Sligply

The oscillator is built so that either the
110-volt A.C. house supply or “B” batteries,
which are mounted in the case, can be used
for the plate supply. The.“B” batteries are
two small 221-volt units connected in series.
A D.P.D.T. switch is connected as shown,
to change from one source of supply to the
other. This switch is so arranged that it is
impossible to place both alternating and
direct current on the plate at the same
time.

The filaments or heaters may be excited
from either alternating or direct current.
The changeover is made by a second D.P.-
D.T. switch connected as shown. This
switch also is .interlocked, as is the plate
supply switch, preventing the application of

‘hoth alternating and direct current to the

filaments at the same time.
When direct current from batteries is to

be used, they are connected to the binding
posts marked “External Filament Supply.”
The alternating current is supplied by a
Thordarson “Tyvpe 2445” filament trans-
former. This transformer has three wind-
ings of 1.5, 2.5, and 5.0 volts, with mid-
taps on the 2.5 -and 5.0 volt windings. To
supply all types of tubes it is necessary to
have the following voltages: 1.1, 1.5, 2.5,
3.3, 5.0, and 7.5. The 1.5, 2.5, and 5.0 volt
values are obtained directly from the low-
voltage windings. The supply for 1.1-volt
tubes is obtained by taking leads from one
side and the mid-tap of the 2.5-volt wind-
ings. The supply for the 3.8-volt tubes is
obtained by connecting the 1.5-volt winding
and the 5.0-volt winding so that their volt-
ages are subtractive; as shown in the dia-
gram of transformer connections, Fig. 3.
For 7.5-volt tubes, the supply is obtained by
connecting the 5.0-volt winding and the 2.5-
volt winding in series so that their voltages
are additive. All of these connections are
shown in Fig. 3, and obtained by means of
the tandem 6-point switch.

Parts Required
The following list gives the make and
type of equipment used in the test set as
constructed. Other materials can be sub-
stituted but care should be taken to observe
the necessary requirements.
One .00035-mf. National variable condenser,
and vernier dial;
One 10, x 9%,-in. hakelite panel;
One 0-10 “Model 506” D.C. Weston milliam-
nmeter;
One .02-mf. Tobe fixed condenser;
One 1-mf. Tobe fixed condenser;
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One “Type 2445” Thordarson filament trans-
former;

Two 6-point Yaxley tap switches in tandem;

One 100,000-ohm grid leak and mounting;

One 3-inch coil form and 40 ft. No. 24 B.
& S. d.cc. copper wire;

Two Eby standard sockets, one UX and
one UY;

One single-pole push-button switch;

Fig. 1 shows the circuit diagram of the
oscillator; Fig. 2 and Fig. A the panel ar-
rangement of the apparatus. Fig. B shows
the interior of the completed oscillator. It
will be noted that the set is extremely com-
pact, yet al' parts are readily accessible.

When it is impossible to obtain an out-
side signal, the oscillator will supply a signal

of any desired frequency in the broadcast
band (500-1500 kilocycles) for testing a set.
It may be used also as a wavemeter, in ad-
justing compensating condensers, in trying
out tubes, and in testin%' sets for selectivity.
As one becomes adept in its use it will be
found to have much application for trouble
shooting.

Three Eby binding posts; Fig. 1 (right)
Two Yaxley double- pole double-throw s bz S .
switches; The connections of the os- || L § i
. " e 6720 et cillator; the switch Sw2 || 33 8
Two Eveready No. 768 “B” batteries. selects battery or. alternat || 3 § oo T a8,
ing woltages for the tube ;; ;: [ +{ G e
9 filament, while Swl selects 3 Vi cLoseo
5 similarly  for the plate | 3% E{||||x|||r_—- ] OPEN & 10 MA,
1 ——— 4% —— voltage: = v CLOSEDY SOMA,
1%, ,o. ) swi” '
o—L - —_— 1P c
S S+ o AN
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| Tov upP Sw.2
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1:/2 The connections across the -
secondary twindings, to give Evnmvmmmmmmvmmm
F any desired A.C. filament }
ig. 2 voltage (as selected by the -4+ =~ PLUG
The panel layout of the service oscillator is twin  switch Sw3) are as K rnui’é&%‘“gf/;m.v 110 V. AC,
given above. Compare it with Fig. A. indicated.

A Simple

OR the Service Man who cannot afford

much for his testing equipment—and I
think there are quite a few of us—I think
this simple and very effective tube tester
will be of considerable interest. It com-
bines ideas fromm many sources with a few
original ones; and with proper use, will
Justify its trifling cost—a very few dollars.
The meters may be incorporated into the
tester or, if the Service Man has instruments
of the same type, he may use open-circuit
Jacks where the meéters are indicated, and
employ his own.

This circuit will test screen-grid tubes,
by using the flexible cap lead for grid con-
nection. The D.P.D.T. switch Sw does away
with any need for two extra sockets; thus
reducing cost and increasing the simplicity.
The tester may be mounted in any form
that pleases the builder and, since all of
us have our own ideas in this regard, I
hesitate to suggest any specific mounting.

The tube to be tested is inserted in the
proper socket, the resistance R4 being
turned completely into circuit with the fila-
ment; Sw is set in position 2, and Swl is
turned on. R4 is then turned until the
tube receives the proper voltage, as read on
the 0-15-volt meter V. The first reading
is then taken on the 0-25-scale milliam-
meter MA.

‘Then press the push-button K, and take

. the second reading; compare with the tabie

reproduced here. (With low-priced, low-
resistance meters, it would be well for the
huilder to prepare his own chart; using
tubes of known rating.—REditor.)

-

Tube Tester

For screen-grid tubes, switch Sw is set at
position 1; and the cap of the flexible lead
is connected to the cap of the tube being
tested.

The parts purchased by e for the tester
were as follows:

One 7,-volt, 2-amp., filament transformer,
T (f1.25) ;

Three Electrad “Type B” resistors: 1, 400
ohms; R2, 1000 ohms; R3, 2250 ohms
($1.50) ;

One Centralab 250-ohm power rheostat, R4,
type “PR250” (75¢);

Two sockets, UX and UY type (50¢),

One D.P.D.T. switch Sw (25¢);
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An incxpensive home-built tube checker thich
will serve many purposes of the Service Man.

One line switch Swil, on-off type, 110-volt
(25¢) ;

Ope push-button K (15¢);

One “Readrite” 0-15-volt A.C. voltimeter V'
($1.50) ;

One Readrite 0-25-ma. D.C. milliammeter A,
(85¢).

The prices quoted (total $7.00) are those
for which the parts were picked up around
New York City. 1 am sure that this idea
will come pleasantly to Service Men who
have been called upon to test tubes, but
Jlacked apparatus.

Tube Chart

Volts Milliamperes
Type Filament K Open K Closed
’11-12 1.1 1-1.5 2-2.5
’26 1.5 1.5 4
’45 2.5 3 11
24 2.5 1 2.5
27 2.5 1.5-2 3-5.5
’99 3.3 1.5 3
’20 3.3 2.5-3 - 5.5-6
22 3.3 2 46
01A 5.0 1.7 4.5-5
"12A 5.0 2 6.5-7
’12 5.0 2 4-6
’40 5.0 N 1.7
71
TIA § 5.0 3.5-4 12-13
’00A 5.0 15 3.5
’10 7.5 2 6
’50 7.5 3 10.5

I have not data on the new two-volt
tubes; but those who come in contact with
them, or other special types, can quickly
determine with the aid of a few good tubes
the proper readings.
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Construction of Oscillators

How old transmitting apparatus may be rearranged by the “ham,”
or the same principles utilized by the Service Man

MATEUR operators may come and
go, but the oscillators they build are
usnally good enough to go on, with
slight modifications, for servicing.

Low-power tube transmitters can easily be
revamped for servicing, thus saving time and
usually considerable expense. Not only do
most transmitters supply sufficient power
for the ordinary run of tests, but they can
be used for many purposes requiring more
power. It is wsually not difficult to locate
one at a reasonable price.

Take, for example, the circuit of Fig. 1.
It is not the last word in transmitting ar-
rungements as used today, but it is easily
modernized. It is provided with two clips,
or tap switches, and some tapped turns at
the end of the inductance for the counter-
poise.

Rearrangemeént of Circuit

By a few simple changes, Fig. 2 results.
Since most sets of this type were designed
for 150-200 meters, or higher, it is possible
in some cases to adapt them for operation
in the broadecast spectrum with little change.
Later sets require a different coil; others
only a few extra turns in the inductance.
'T'he antenna and counterpoise leads are dis-
connected, and one tap switch is connected
to the condenser Cl (for rough-frequency
adjustment), the other being connected to
the filament center-tap lead. This is a very
convenient feature for adjusting the grid
excitation and, to some extent, the output
and wave-form. A plate blocking condenser
(C3) must be added; this should be of
proper rating to withstand the plate voltage
used. Three additional binding posts are
placed on the panel for current or voltage
feed to the circuit under test, as indicated
in Fig. 2.

A small R.F. choke, consisting of three or
four hundred turns. of fine wire on a cotton
spool, connected in series with a 5000-ohm
grid leak and a 0-25-scale D.C. milliamueter
MAL, provides a sensitive resonance indica-
tor. This meter can be mounted in the hole
left by the antenna ammeter, which is re-
moved. A plate milliammeter MA2 of lower
reading is often necessary.

The outfit described was a telephone trans-

mitter, as may be seen from the diagrams.
The modulator can be left as it was, usually;
the set can then be used as a modulated
oscillator. Various known frequencies can
be employed for modulation, if desired; a
buzzer can be used for some purposes. In a
simple oscillator, a plate supply with a little
ripple in it is usually sufficient for other
purposes.

The above remarks apply to any of the
usual’ amateur transmitters. The procedure
described would also be followed by the
amateur in adapting a transmitter for mod-
ern practice, as far as the circuit is con-
cerned.

Simplified Circuits

The short-wave sets can often be re-
vamped, with somewhat less difficulty, for
servicing. Usually, it suffices to increase the
values of the grid and plate-blocking con-
densers GC and C3, and the size of the in-
ductance; although the choke may have to
be changed. The later sets employ a large
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This type of oscillator presents scveral advan.

tages for the wuser. It must be shielded, as

shown; the pick-up coil has cxternal terminals
for connection to a- sct.

value of capacity in the oscillating circuit,
so it may not be necessary to replace the
tuning condenser Cl. A set designed for
short-wave use works especially well at
lower frequencies, if proper constants are
employed.

Although much has been published on the
general subject of oscillators, there is room
for considerable improvement in ontfits re-

quiring a minimum of apparatus and having
facilitics for all kinds of tests. A useful
oscillator is shown in Fig. 3; this has all the
advantages of ordinary equipment, with
sonte additional advantages. 'T'he sensitive
gridmeter is at ground potential; a shielded

B+ B
F16.4
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This cirenit, though $t requires o special con-

denser unit, requires mo grid condenser and

avoids . body-capacity effects:  Its output is
picked up just as in Fig. 3.

case and a “B—” battery by-pass condenser
C2 are also provided. It is also hetter to
employ a small choke R.F.C. in series with
the grid leak. Current or voltage feed is
also provided. Circuit values are as usual
for the broadcast band.

Every circuit has its own particular ad-
vantages. Fig. 4 requires no R. F. chokes;
its gridmeter is at ground potential and no
body effects will be noticed, since the con-
densers also are grounded. However, it re-
quires a double-unit condenser C1IA—C1B;
which may be a disadvantage if one is not
available. If plug-in coils I, are to be used,
four coil-connections are necessary. Both
coils and both condensers are of the same
values. Whether Fig. 3 or Fig. 4 is the more
suitable depends upon the user and the parts
available.

Since the meters are usually the most ex-
pensive parts, their number must be limited.
Fig. 5 shows a convenient arrangement to
provide versatility. .\ number of posts are
provided on the panel, and shunts are used
for the various tubes employed; each shunt
R1, R2 has in series a push-pull switch Swl,
Sw2. When the meter is nsed externally for
a vacuum-tube voltmeter, or in measuring

R.F. CHOKE
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The circuit showen at the left introduces itsclf as a once-popular type of low-power transmitter, which

will accommodate itsclf admirably to the purposes

of the Service Man, who wants his own ‘‘broadcast station” for purposes of receiver testing and adjustment. As remodeled in Fig. 2, it will serve this

purpose cxcellently,

>
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The vacuum-tube 1'0Itm('_t¢‘r showu at the left may readily be mountcd in the same cobinet with the shop oscillator, and wusc the mcter of the latter
through the conncction 3-5 and 4-6. At the right, the method of usirg iwe osciliators to provide an A.F. tone adjustable to any frequency.

METER AND SHUNTS
USED EXTERNALLY

FI1G.S

FIG.6

With a large output, it is desirable to provide

button-controlled meter shunts, as shown at the

left, which give a higher scale reading. The

conncetions at the right adsjust filament voltage
for the tube in usc.

plate currents, it has two ranges. This meter
can be used externally, even though the
oscillator is operating, by connecting to

proper posts. By means of a variable re-

sistur R3, it is possible, not only to provide
an_cxtra shunt, but to set the grid current
at a definite value on the scale; which is
convenient in some tests. The shunts R1, R2
censist of short lengths of resistance wire,
adjusted to give 1/2, 1/3, ete. of full-scale,
detlection when this curren® value is passing
through the combination. A complete diagram
of connections decided upon should be glued
to the case of the set.

3v using in the oscillator two paralleled
sockets, power outputs up to 15 watts may
be obtained with the proper tubes and volt-
ages. Ordinary condenser spacing will allow
oscillator plate voltages of about 350 volts

A Duplex

HIS device was made by the writer
while set-testing in a factory, and proved
itself to be practical, making voltage read-
ings much less troublesome. Ordinarily two
prods were used; one for bias voltages, and
one for screen and plate voltages. By in-
corporating a switch in a suitable handle,
these voltages may be taken with one prod.
The switch assembly consists of three
phesphor-bronze springs mounted to a strip
of brass, 3%-inch wide and 2% inches long,
with a 6/32 machine-screw; they are insu-
lated from one another and the screw with
fiber washers. A hole is drilled in the brass
plate to take a push-button as shown in the
drawing. The button is turned on a lathe,
or built up from a bakelite rod and a thick
washer. The handle is hollowed out and the

in ordinary arrangements; for “hi-C” ama-
teur transmitters, 1000 volts is usually speci-
ficd. Tor such a wide selection of outputs,
the shunting arrangement of Fig. 5 is neces-
sary. Since the filament voltages and cur-
rents will vary with the different tubes used,
the rheostat connections of Fig. 6 are neces-
sary. Two rheostats R1, R2 are connected
in series; and a switch is provided to
short either one or the other. Both may be
calibrated for the filament voltages to be
used in this way; so that no fikunent volt-
meter is- necessary on the panel. One rheo-
stat is of the carbon-pile type and the other
of the power-tube variety.

Other Adaptations

The vacuum-tube voltmeter can be used
for many purposes by the Service Man.
Since it requires only limited space, it may
be mounted in the same cabinet with the
oscillator. A good size of meter to use for
any of the circuits described is the 0-1vi-
nmilliampere scale. By providing two addi-
tional posts 5, 6 on the panel the meter can
be used also for the tube voltineter, as shown
in Fig. 7.

The beat-frequency oscillator provides per-
haps the simplest arrangement to obtain a
good audio note over the entire audible
range. One oscillator is fixed as to fre-
quency; and the other is variable, as shown
in Fig. 8. Although the audible beat can be
picked up in an external circuit, if desired,
one can listen in the plate circuit of either
oscillator. The adjustable-oscillator tuning
eondenser C1 should be shunted by a small
trimming (midget) condenser to give small

G

Test Prod

switch fastened to it with two small wood-
screws.  The hollowing may be done by
roughing out with a large drill and finish-
ing with a pocket knife. The center con-
tact of the switch is connected by a short
length of insulated wire, to a Dbrass rod
which is driven into the handle. One wire
of a two-wire cable, about four feet in
length, is soldered to the upper contact;
the other end goes to the high-voltage post
of the meter. The lower contact is con-
nected by the other wire to the low-voltage
side of the meter. A knot is tied in the
cable, to prevent it from pulling out of the
handle. .

In practice, the upper and middle con-
tacts are always in contact giving high volt-
ages. By pressing the button, a low voltage

changes in the beat-note. In some arrange-
ments, a short extension handle on this con-
denser will Le necessary for best results.
The whole outfit should be mounted in a
shield case, and proper posts provided for
external connections. It can be used for
many purposes at either radio or audio
frequencies.

With his long experience with all kinds of
circuits at long and short waves, an amateur
makes an ideal Service Man. The fact that
he owns a license is sufficient proof that he
has unusual interest, often greater ability,
and certainly more knowledge of radio regu-
lations and practice. Some of the best per-
forming broadcast receivers are found in
aniateurs’ homes. Friends and neighbors
call frequently on the amateur for repairs

nd advice; so experience with late sets is
not lacking.

Long experience, with apparatus which is
much more difficult to adjust, has made the
average amateur careful of small details
which others overlook. Realizing that cer-
tain factors must be sacrificed in factory-
built sets in order to make them salable and,
also, that such design limitations do not
necessarily apply to a home-made set, the
amateur set builder can bhuild (on the side)
broadcast sets with greater over-all gain
and selectivity; by providing, for example,
better coils and more distance between parts.
Instead of a small set with coils covered
over with cans, there is a spacious affair
(but with plenty of room in the console),
‘a la breadboard,” to show the visiting radio
friends. Few amateurs realize their servic-
ng and set-building opportunities.

veading is obtained. The negative terminal
of the meter is connected to the chassis with
a small elip.

TO CHASSIS

Fig. 1

Hith this prod, readings can be taken on cither
scale of ¢ meter for quick testing work.
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How To Make and Calibrate
An LE.—R.F. Oscillator

Because the service oscillator is of such vital importance in radio work, we are describing

the construction of this much-needed device.

The

instrument has been built

and

calibrated without the use of external calibrated instruments other than an ordinary

broadcast receiver.

ARIQUS
have been described in the pages of

commercial oscillators

many books, but until now no

complete constructional details of
an oscillator that can be built and cali-
brated by the average Service-Man have
been described. The oscillator described
here was designed, built and calibrated
so that eract data could be given in an-
swer to the many requests from our
readers.

To expedite servicing, the instrument
was made as simple and compact as pos-
sible; a simple oscillating circuit was
used employing a type ’30 tube operated
by dry cells. No attempt was made to
design the instrument for line-voltage
operation: the tube draws so little cur-
rent that small-size batteries will run it
for a long time. Furthermore, calibration
is simplified and more accurate. Tip-
jack connectors, mounted on the panel,
(see accompanying photographs) provide
ready means for measuring filament and
plate voltages with an external voltmeter,
so that a check on the condition of the
batteries can be quickly made. Once cali-
brated with fresh batteries, it is impor-
tant for maintaining accuracy that the
voltages remain practically constant.

The fundamental oscillator circuit is
designed to cover nearly all the LF. fre-
quencies used in commercial superhetero-
dynes. The circuit is self-modulated at
an audio frequency by means of a grid
condenser and grid-leak of the proper
values. This produces rich harmonics of
higher frequencies that are used to cover
the broadcast range as well as some of
the higher intermediate frequencies.

The instrument is calibrated by com-
paring it with an accurately calibrated
radio receiver. Any good receiver can
be used, calibrated by tuning-in broad-
cast stations of known frequencies.

Construction of the Oscillator

The first procedure is to select the
parts necessary for the complete instru-
ment. While other makes of parts than
those used in this oscillator may be em-
ployed it is recommended that the parts

specified should be as closely adhered to
as possible.

List of Parts

1—Blan, new type shield 10 x 6 x 5 inches
deep;

1—National, .0005-mf. variable condenser,
type EC;

1—National, precision dial, type M;

1—Clarostat, 3,000-ohm volume control,
type P185;

1—Aerovox, .0005-mf. fixed condenser;

1—Durham, 1t4-megohm pig-tail grid
leak;

1—Benjamin, four-prong cushion socket;

1—Filament switch;

4—Tip-jack connectors;

2—Eby binding posts;

2—Small Burgess 11,-volt dry cells, 4 X
134 inches;

1—Small Burgess 221/-volt “B” battery,

1—Type ’30 vacuum tube;

1—15-ohm fixed resistor;

1—Bakelite tube 2 inches in dia., 4 inches
long;

14 1b. No. 30 D.C.C. magnet wire.

The aluminum shield box is of a new
type with rugged corner posts that makes
an excellent case for an instrument of
this kind. Any of the sides can be quickly
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Fig. 5
Calibration curve of the oscillator. Each line
is a harmonic of the one below it; in this
manner both the I.F. and R.F. ranges are
covered with one coil and one dial.

removed for replacing batteries or for
other purposes. In the instrument illus-
trated, a bakelite-cloth covering was
placed over the front panel for the sake
of appearance. We recommend, however,
that the panel be sprayed a dull black.

The tuning condenser is of the straight-
line-frequency type; it proved its value
when the oscillator was calibrated as the
calibration curves obtained were virtually
straight lines.

Construction of Coil

The coil used in this oscillator was pur-
posely wound by hand so that it could
be duplicated by anyone; otherwise the
builder might be handicapped by diffi-
culty in obtaining a commercial coil if
such a coil were specified.

The c¢oil was first calculated by using
well-known inductance formulas so that
the circuit would tune to approximately
100 ke. with the condenser set at maxi-
mum or .0005-mf. From these calcula-
tions the coil illustrated in Fig. 1 was
made. It has approximately 400 turns
of No. 30 D.C.C. wire (the exact number

ooosm{ — '30
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Fig. 3, above. Schematic circuit of this simple

and efficient unit.
Fig. 1, below. Winding details of the coil used
in the oscillator.
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Left, the front and right, the internal view of the all-range oscillator.

of turns is not important). The center
tap was made at the approximate center
of the winding after the coil was wound.

The wire was bank-wound in three lay-
ers. The manner of winding, which was
found to be the simplest and best suited
to this purpose, is illustrated in Fig. 1B.
The turns are numbered in this sketch
in the sequence in which they were
wound; the process is continued in the
same manner until the winding is com-
plete.

The pick-up coil connected to the out-
put posts consists of 15 turns of the same
size wire. Both coils should be impreg-
nated with boiling paraffine.

After the coil was finished and the
circuit calibrated the lowest frequency
which could be generated with the con-
denser set at maximum was 118.6 kc.
Shielding, no doubt, caused the effect of
a loss of inductance, which accounts for
the higher frequency of the circuit than
that on which the calculations were
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Fig. 2. Complete panel details.
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Fig. 4. Calibration curve of the broadcast

receiver

based. Since the lowest I.F. used in com-
mercial supers is about 130 ke., the range
covered by this instrument is ample and
the coil was left as originally wound.

Assembling the Apparatus

Figure 2 shows the drilling layout of
the panel. The panel is 10 x 6 inches and
the tuning condenser shaft passes directly
through the center; templates for con-
denser and dial drilling are furnished
with the instrument; the locations of the
other parts are clearly indicated; the
socket and the coil are mounted on the
rear of the panel. The tip-jacks should
be of tlie insulated type as they should
not be in contact with the panel. One
of the output posts is alsoe insulated from
the panel with bakelite washers; the other
one is.grounded.

The two dry cells are clamped to the
‘left end of the case with standard brass
angles and strips supplied by radio stores.
The “B"” battery is similarly clamped to
the right end plate.

Figure 3 shows the complete wiring
diagram. It will be noted that the nega-
tive terminal of the “B"” battery is
grounded to the case. The center termi-
nal of the volume-control and the rotor
plates of the condenser are also grounded.
The values of the parts are clearly indi-
cated on the diagram and agree with
those called for in the list of parts. A
study of the photographic illustrations
will show moré¢ clearly how the apparatus
is assembled.

Calibrating the Oscillator

By tuning-in various broadecast stations
on a standard receiver of good design, ac-
curate frequencies are available, espe-
cially from quartz crystal - controlled
broadcast stations; these are used for
calibrating the oscillator. The simplest
procedure is to first plot an accurate cali-
bration curve of the broadcast receiver.
Such a curve is illustrated in Fig. 4. Fre:
quency in kilocycles is plotted against
tuning dial settings.

The next step is to disconnect the aerial
from the broadcast receiver and connect

Its utter simpiicity is only too apparent.

the insulated output post of the oscillator
to the aerial post of the. receiver and con-
nect the other post to the ground of the
receiver. By switching on the oscillator,
a series of harmonics may be heard by
turning either the oscillator dial or the
broadcast receiver dial. We are now pre-
pa’red to make a very accurate set of cali-
bration curves of the oscillator, after
which the calibration can be further
checked by heterodyning with erystal-
controlled broadcast station waves.

The first step is to set the oscillator
dial at its maximum or 150. Then tune
in a harmonic of the oscillator at the
highest dial setting heard on the broad-
cast «receiver. Turn the volume-control
of the oscillator until the harmonic sig-
nal is very weak and an accurate dial
reading of the receiver is obtained. On
this particular set a harmonic was heard
at 87 on the receiver dial. This indi-
cated, from Fig. 4, a frequency of 593 kec.

Now slowly decrease the tuning dial
settings of the broadcast receiver (leav-
ing the oscillator setting as it was) until
another harmonic is heard. In this case
one was heard at 70 on the receiver dial
and from Fig. 4 indicated a frequency
of 711.5 ke. The former figure subtracted
from the latter, or 711.5 minus 593, equals
118.5. This is the fundamental frequency
of the escillator because each harmonic
differs from adjacent ones by an amount
equal to the fundamental.

‘We can check the accuracy by dividing
593 by 118.5, which gives 5 and a slight
amount over indicating that our readings
were not exact. Evidently we were work-
ing on the 5th and 6th harmonics. Di-
viding 593 by 5 gives 118.6 as the funda-
mental. Six times 118.6 would give a
frequency of 711.6 for the 6th harmonic
instead of 711.5, which was obtained from
the curve.

Knowing that the fundamental fre-
quency is 118.6 at the 150 degree setting
of the oscillator dial, we can mark off
on the calibration chart (Fig. 5) har-
monics up to the 12th, spaced 118.6 ke.
apart,
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The same procedure can be carrvied out at
the zevo setting of the oscillator dial. In this
case the frequencies worked out accurately at
the first trial. .\ harmoni¢ was tuned in at
72 on the tuner dial, indicating a frequency
of 700 ke, and at 43, indicating a frequency
of 1050. The difference, 330 ke., is the funda-
mental frequency of the oscillator at this set-
ting. The second. third and fourth harmonics
are marked on the graph of Fig. 5. This pro-
cedure was carricd out at every 10 degree
sctting of the oscillator dial. A series of
curves, as shown on the chart of Fig. 5 were
plotted. It was found that the curves were
actually straight lines. due to the straizht-
line-frequeney  characteristic of the oscitlator
condenser.

If one desires very accurate readings, an
output meter may be connected to the radio
receiver so that a visual indication, rather than
an audible one, may be had. A sunitable out-
put meter is described on page 101 of this
issue.

To make an accurate check of the calibra-
tion curves of the oscillator, one of the side
plates should be removed and a picee of wire
conneeted across the wrid condenxer so as to
short-circuit it.  Then the side plate should
be replaced. In this condition the oscillator
will generate a non-modulated wave which can
be used to heterodyne the wave of a crystal-
controlled broadeast station tuned in on the
receiver.  When making this test a short in-
door acrial. just sufficient to pick up the
broadcast station, should be conuected to the
werial post of the receiver. The oscillator is
left connected to the receiver. Dy tuning-in
a station. such as WOR at 710 ke.. the oscil-
lator xhould cauxe a heterodyne squeal at 73,
112%, and 1353% (dial scttings of the oscil-
lator) working on the third. fourth and fifth
harmonics respectively. Tune the oscillator
dial for zero-beat adjustment and the calibra-
tion will be exact. Several stations may be
tuncd-in in this manner and slizcht corrections
can then be made to the previous plotted
curves if mnecessary. after which the short-cir-
cuiting wire in the grid condenser may be
removed.

AN A.C.-OPERATED SERVICE
OSCILLATOR

O doubt, every radio experimenter and

Service Man has many times wished
for a small portable generator of signals
of various frequencies, either modulated or
unmodulated. I have constructed one which
is exceptionally compact, obtains its power
supply by simply plugging into the light
socket, and covers a wide range of fre-
quencies with three plug-in coils. It com-
prises a 27 tube used as an oscillator, in the
conventional tuned-grid circuit, and an "01A
tube with grid and plate tied together as
rectifier.

One 30-lhenry choke is used in the filter
circuit, which is -conventional; the voltage
divider is a 50,000-ohm potentiometer, with
the plate of the 27 connected to the slider,
so that a variable voltage is provided for
the plate of the oscillator. The filament
supply of the two tubes is from a trans-
former, and the plate voltage is taken direct
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from the 110-volt A.C. line; as this supplies
voltage high enough for the purpose after
it is rectified. Tip jacks are provided in
the grid-return circuit, so that a meter may
be plugged in to be used in lining up gang
condensers or testing the resonance of'cir-
cuits. A small variable condenser is pro-
vided, with one side connected to the grid
and the other to a tip jack; so that the os-
cillator is easily coupled to other circuits.

This oscillator is very handy for lining up
gang condensers and neutralizing sets; I
have used it as the oscillator in a superhet.
An ordinary set can be converted to a
super by connecting the grid of the first
tube to an external tuned circuit coupled
to the oscillator. Although a very slight

A.C. ripple remains in the voltage supply of-

the oscillator, when the signal of the oscil-
lator is tuned in on a sensitive receiver it
appears about the same as the A.C. hum in
ordinary receivers.

In order to modulate the signal sufficiently,
so that it may be heard distinctly, a switch
is connected across the 30-henry choke.
‘When closed, this modulates the signal with
the 60-cycle hum which is very distinet. The
schematic diagram shows all details.

However, when 1 looked for a filament
transformer I was unable to find one small
enough; so I constructed one. I used the
core Iron from & 30-henry choke, and also
the form on which the wire was wound; on
this I wound 1200 turns of No. 28 enameled
wire for the primary. Over this were 28
turns of No. 18 D.C.C. wire for the 2Y,-
volt secondary, and over this 55 turns of
No. 20 D.C.C. wire for the 5-volt secondary.
Although this transformer becomes warm
when in operation, I have operated several
hours without undue heating.

To illustrate the compactness of this os-
cillator, the panel is 7 .inches wide by 9
inches long, and the entire apparatus under-
neath the panel is housed in a wooden box
the size of the panel and 31, inches deep.
The broadcast coil covers from 530 to 1700
kilocycles. The other two coils I have not
had time to calibrate as yet but they reach
as far as the shortest wavelength stations
I have been able to get.

“CROSLEY V” OSCILLATOR

LTHOUGH thousands of 2-tube “Cros-

ley V’s” were sold, how many service
men have realized how easy it is to make one
into an excellent oscillator for circuit bal-
ancing, ete., by a slight change in the wiring?
The circuit for this purpose is shown in
Fig. 1.

B-A- A+

Fig. 1
The old regenerative sets, wow junked, supply
cxactly the parts required for an R.F. oscillator.
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A Hartley-type oscillator was decided
upon, using a type ’99 tube for V1. Con-
denser C1 is the regular “book-type” unit
in the receiver; C2 the regular .00025-mf.
condenser in shunt with grid leak GL; C3
a 0.5-mf. condenser; the rheostat 30 to 50
ohms. A 4l-volt “A" battery and a
45-volt “B” battery were used.

Audio- frequencv modulation may be ob-
tained by using a variable high resistor for
GL, and adjusting it to the proper value.

THOROUGH TEST METHODS

HE writer has run into all kinds of

troubles in radio receivers, and I

find that none of them are hard to

Jocate if the mechanic really knows
what he is doing. Stating it mildly, there
are very few parts in a set that are not
more or less duplicates of somne other part;
or, putting it more plainly, there are three
important parts or sections in a complete
receiver, i.e., R.F. circuit, detector, and A.F.
circnit. The proper use of a combination
R.F. and A.F. oscillator will tell the tale to
a good mechanic in a very, short time; and
without this instrument we are totally in
the dark.

-My test on any receiver goes something
like this. In the customer’s home I use one
of the medinm-priced set testers (Readrite
No.9) to test the tubes and all circuits
electrically. If there is an open- or short-
circuit it shows up at once and if it is in the
external wiring of a part I repair it then
and there. So my outfit for service consists
of the tester mentioned, a set of phones with
output transformer for testing the output—
if any—and tubes, etc, for replacement. If
the trouble is oscillations or low volume I
take the set to the shop and give it a
thorough test under all kinds of conditions.
In other words, I duplicate the parts; I
put a test R.F. amplifier on the detector;
next I cut out the detector and substitute
it and the same with the audio. Once the
location is found (i.e., what part of the
circuit is wrong) it is, as I explained, very
easy to remedy.

I find that most of the trouble in the
wiring is due to the failure of the assembler
to adhere to the first law of wiring; e.g., all
joints to be electrically and mechanically
secure without solder.

RADIO SET-~

With some receivers, an osciliator must be

couplcd directly to the circuit, as shown. It

is sometimes possible to obtain a sufficient

signal, for balancing and testing, by inductive
pick-up.
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A Compact Ohm

and

Output

Meter

HE ohm- and output meter described
in this article is primarily meant for
the Service Man who owns a good
set tester and yet wants the im-
proved features of the later types that he
may not be able to afford at present.

The ohm- and output meter illustrated
is a combination of instruments used to
indicate resistance and A.C.- output volt-
age on the same mieter. This is accom-
plished by means of a copper-oxide recti-
fier and a 3-pole, 6-throw switch. This
meter can be built at a nominal cost as
all parts are standard and are easily ob-
tained.

Some practical uses for this instrument
are as follows: As an ohmmeter, it has
three convenient ranges: 0-1,000, 0-10,000
and 0-100,000 ohnis, and is used to find
unknown values of resistors; for continu-
ity testing; checking balanced conditions
of tapped transformers; opens; shorts,
etc.

The output-meter has three ranges as
follows: 0-1, 0-10 and 0-100 volts A.C. It
is used in conjunction with oscillators for
aligning condensers and IL.F. coils, for lo-
cating hum, level indicators, erc.

The parts used for the ohmmeter are
a 100-ma. shunt for the 0-1,000-ohm range;
(this range should be used as little as pos-
sible as the drain is quite heavy); a 10-
ma. shunt for the 0-10,000-ohm range; and
a 4,000-ohm resistor for the 100,000-ohm
range.

By clever use of the 3-pole 6-throw
switch the 1,000-ohm variable resistor is
used to compensate for high or low bat-
tery variations on all ohmmeter ranges.

On the 0-1,000-ohm range, with the
switeh in position, a 50-ohm fixed-resistor
is automatically placed in parallel with
the 1,000-ohm variable resistor, serving a
two-fold purpose—it will bypass current
from the variable resistor as well as
change its range to less than 50 ohms.

This low range is required to get full-
scale deflection with a 41),-volt battery.
With the switch in position for 0-10,000
ohms, only the 1,000-ohm variable resistor
is in series with the meter. In this man-
ner 450 ohmis is obtained for full-scale
deflection with 4172 volts applied. With
the switch in position for 0-100,000 ohms,
the 4,000-ohm resistor is automaticallv
placed in series with the 1,000 ohm vari-
able resistor thus obtaining 4,500 ohms
for full-scale deflection with the 414-volt
battery.

All resistance readings are in multiples
of 10. The scale on the meter is caltl-

brated to 100,000 ohms. All that is neces-
sary when using the 10,000-ohm scale is to
leave one cipher off the indicated figures
on the 100,000-ohm scale, i.e., when the
reading of the scale shows 1,000 ochms,
leaving a cipher off the end figure, gives
us a value of 100 ohms. On the 1,000-
ohm scale, two ciphers are left off for ob-
taining correct values.

For the output-meter ranges great care
must be. exercised in connecting the recti-
fier. The polarity must be correct and
the D.C. side of the rectifier must go to
the meter, otherwise—*it is just too bad.”

The resistance of the rectifier at full-
scale deflection of 1 ma. is about 460
ohms; therefore, a 500-ohm resistor is
placed in series with the rectifier to get a
1-volt A.C. reading; on the 10-volt scale
a 10,000 ohm resistor is connected in
series and on the 100-volt range 100,000
ohms is used.

‘The Parts

Standard stock-type resistors of good
makes may be used. The 1,000 ohm vari-
able resistor will compensate for resist-
ance error and also for high and low bat-
tery voltage. The A.C. voltages are only
approximate. If greater accuracy is re-
quired, precision-type resistors are recom-
mended. By the use of a switch
with more poles, additional voltage ranges
can be added.

The ohm- and output meter can be built
in a small compact unit with self-con-
tained battery as shown in the photo-
graphs. There are only a few wires and
they can be neatly arranged. Heavy spa-
ghetti covered bus-bar is recommended in
connecting the shunts as fine wire has a
high resistance and will introduce errors
in the readings.

The entire unit can be mounted in a
box 4% x 6% inches; the depth of the
box is dependent on whether the builder
desires to have the battery in or out of
the box. If the battery is not wanted in
the box it must be connected in series
with one of the test leads and either of
the ohm tip-jacks.

List of Parts

The list of parts used are as follows:
One Weston 301, 0-1-ma, meter;
One Taurex rectifier. BN :
One Van 100-ma. shunt. R1:
One Van 10-ma. <hunt. R2:
ne Clarostat S0-ohm tixed-resistor. 14 :
One Electrad resistor. type RI, 1000 ohins, RS :
One Lynch 4.000-ohm resistor, 1° watt, R3;
Une Lynch 500-ohm rexistor, 1 watt. R6:

Fig. A

Front view,

Fig. B

interior view showing connections.

4] RX
BATT. 4Y2v.
ouTPUT
a@*“’ OHMS ’:«,é /‘@
Fig. 1

Schematic circuit.

One Lynch 100.000-ohm rexistor. 1 watt, R7;
One Lynch 100.000-ohm rexixtor. 1 watt, Y ;
Four International Air tip-jacks:

One bakelite panel 4% X6, X1 ins. ;

One Best switeh, Type 3NSGK ;

One 41%-volt battery : .

One pair Internpational Air test leads, No. 128,
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Fig. A

External view of the shiclded Goosencck V.T. voltmeter.

VERY art, every work, has its special tools, else the artisan

could not accomplish his various tasks. The tools of the

radio engineer are delicate and sensitive measuring instru-

ments. Of all the measuring instruments employed by the
progressive engineer and technician, none can surpass the vacuum-
tube voltmeter in its vast and diversified uses. While it is not
the purpose of the writer to expound to any great extent on the
subject, it is believed that many employed in the art of radio are
not familiar with the instrument and its uses, else they would not
be disrupting their nervous systems in the operation of instruments
which are a college professor’s delight but not conducive to pro-
duction in a busy laboratory.

The tern ‘“‘voltmeter” has naturally lead many to believe that
the instrument is useful only for measuring voltages. This is
erroneous, as the device may be used to make other measurement
indirectly and, in addition, has the characteristic of no power con-
sumption from the device or apparatus under test, as is the usual
case with the ordinary service voltmeter. A case in point; how
many have measured the voltage on the screening-grid, which has
its potential fed through a series resistor, with the ordinary 1000-
ohm-per-volt voltmeter, adjusted the voltage to normal, and still
have the stage persist in oscillation, vet by varying the voltage on
the screening-grid the oscillations would be overcome? Performing
the latter operation. the voltage was adjusted more nearly to the

Fig. B

Internal view showing the layout of the parts.
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Vacuum-Tube
Voltmeter

correct value than was accomplished with the voltmeter, as the
voltmeter required current for its operation and this current,
though minute, was sufficient to alter the correct reading. Had
the potential been measnred by a vacuum-tube voltmeter, the
potential could have been adjusted to the correct value, since the
grid of the vacuum-tube voltmeter requires no current for its
correct function. On the contrary, if current be made to flow
in the grid circuit, inaccuracies will result as the tube will no
longer possess a linear characteristic.

Measurements Possible

A few of the measurements which may be accomplished with
the vacuum-tube voltmeter are: field-strength measurement, per-
centage of modulation measurement, measurement of large and
small resistors, inductors and capacities, measurement of both radio
and andio frequencies, umpliﬁcation at radio and andio frequencies,
power output, hum measurement, distributed capacity of coils,
mutual inductance between coils (coefficient of coupling), and
audio frequency characteristics ef loud-speakers. Most of these
measurements are not made with the instrument alone or may not
be direct measurements, it is true, but the labor invelved by using
a vacuum-tube voltmeter set-up is far less and, as mentioned above,
more accurate than with most other systems of measurement.

With these things in mind, in addition to other problems which
experience with other types of vacuum-tube voltmeters had taught,
the writer wished to design and construct an instrument that would
not cost a fortune and would have a high accuracy. Tt is possible
to construct a single tube vacnum-tube voltmeter which will measure
small potentials, but the cost of the low-range microammeter used
with such an instrument is prohibitive to users other than large

GOOSENECK 8P1L BPRZ2 BP3 T
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laboratories. The instrument which is de-
scribed in the following paragraphs and il-
Instrated in Figs. A and B, has been made
as versatile as possible and has a voltage
range for alternating currents of approxi-
mately .0005 to 100 volts, or to greater
values as desired. It has a D.C. voltage
range of approximately .1 to 100 volts or
greater if desired. It is designed principally
for radio frequency measurements, and is
provided with a single direct-coupled R.F.
stage. The R.F. tube is placed at the end
of a long flexible neck (made from BX
cable), thus the name given the instrument—
“gooseneck.” This is done in order that
the connections between the point to be
measured and the control grid of the V.T.
voltineter can be made.as short and direct
as possible to minimize pickup of strays,
losses, and resultant inaccuracies.

Batteries

The new automobile tubes, the 36 and
37, lend themselves admirably to this in-
strument because of their heater-type con-
struction, non-critical filament requirement
and the use of a common filament supply.
The filament requirement of the 36 and ’37
is 6 volts at .3-ampere. The source of sup-
plv may be four No. 6 dry-cell batteries.
These are placed in a metallic shield-can
which is readily constructed from galvan-
ized sheet iron or tin. Some of the larger
battery-manufacturers make a 6-volt unit
in a metallic container which is satisfac-
tory.

The batteries for plate supply are con-
tained within the housing of the V.T. volt-
meter (see Fig. B) and are; two single
flashlight cells of 1.5 volts each, two 4.5-volt
“C?” batteries, and six type 4156 Burgess
(or similar size) 22.5-volt “B” batteries.
The oniy other item of real expense, with
the exception of the two tubes, is the micro-
ammeter. This may be either a Weston or
a Jewell, 0 to 200-microampere scale, of the
model 301 type. The balance of the ma-
terials, with the exception of the switches,
will probably be found in the *“junk box.”

Construction

The container of the V.T. voltmeter is
made in four parts: the panel, the socket
support, the battery carrier, and the cover.
The first of these to be prepared is the
panel.  ‘This is laid out in accordance with
the photographs and the sketeh. It is made
of sheet aluminum 14 in. thick, 414 ins. wide
and 12 ins. long. ‘While aluminum and the
size given are recommended, the constructor
may use any metal and may change its
shape; however, practice has shown that the
shape given is more convenient,

The hole for the meter and the hole for
the tube-well are next cut out. This may
be done with a fly cutter or may be accom-
plished by drilling a series of small holes
around the inner circumference after which
the inner portion is removed and the edges
filed smooth. Next, drill the holes for the
mounting of the potentiometer R2, the
bucking-circuit resistance R3, the switches
SW1, SW2, S\W3, SW4, and the three holes
for the binding posts. The hole for the
insertion of the gooseneck or BX is next
drilled. The size will depend upon the size
of the BX. The BX should be large enough
to place six leads through; one, the plate

lead, is shielded. After these holes are
drilled, a series of smaller holes is drilled
around the edge of the panel at equi-dis-
tances. These are then countersunk to take
a /32 flat-head machine screw. These holes
are provided to anchor the 1,- by l-in. angle,
aluminum or brass, which is made into a
rectangular frame and fastened underneath
the panel. The details of this construction
are shown in Fig. B.

The socket support is next prepared. This
may be any kind of material but aluminum
is recommended as it is easier to work. It
is 1/16-in, thick, 2 ins. wide, and 6%, ins.
long. It is suspended from the panel with
threaded rods Y;-in. in diameter and 11
ins. long. In addition to this support, the
socket panel is fastened to the microam-
meter, taking care that the terminals of the
meter are insulated from the metal.

The battery carrier is next made, and in
turn may be made of any metal of such
thickness as to be sufficiently rigid. It is
cut and bent as detailed in Fig. B.

Making the Gooseneck

The gooseneck, as it has come to be
called, is made of three parts, exclusive of
the six leads that pass through the BX.
The parts are: a length of 14-in. (or even
larger if desired) BX hollow tubing, an
empty “Mennens” talcum power (for men)
can, and a Pilot type 217 molded bakelite
socket or one of similar size or shape. The
top of the talcum powder can is pried off,
care being taken not to bend or disfigure
either the can or the top. The perforated
end of the top is drilled out to pass the BX
tightly. The BX is then soldered firmly to
the top. To remove the paint or enamel
from the can, hold it over a gas burner
until the enamel is burned nearly off, then
finish the job by rubbing with steel wool.

Next, i disc of brass, copper, or iron 114
in. in diameter is secured. Three holes are
drilled 1/-in. from the edge and equi-distant
from each other; these are provided to

fasten. the neck to the panel. This dise is
now soldered to the other end of the BX.

The six leads are now provided, one of
which should be shielded with woven wire
braid. These are passed through the BX.
The leads are then soldered to the rivets or
eyvelets of the Pilot socket and the extend-
ing prongs of the socket are removed. It
is recommended that colored leads be used
as this will prevent confusion and a great
deal of testing. The socket is next fastened
to the top of the gooseneck making sure
there is clearance between the socket and
the sides to allow the can to slip into place.
The bottom of the can is drilled with a 14-
in. drill to accommodate a rubber grommet.
Five leads are soldered to the socket; the
extra lead, which is the grid return, is
brought through the top of the talcum pow-
der can, just under the socket. The end
of the lead is then provided with a battery
clip. A control-grid clip of the cap type
is also provided with a battery clip.

The gooseneck is next fastened to the
panel, leaving the leads sufficiently long to
reach tc the various switches and parts. The
socket panel and meter as well as the other
parts are mounted, and the instrument is
wired as shown in Fig. 1. Care should be
exercised in wiring as the time expended
will amply repay the constructor. The “C”
batteries are held in position with brackets,
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Fig. 2
Three methods of calibrating the wvoltmeter are
shown at A, B, and C. Any one may be used,
depending upon the apparatus on hand.

and connections are made to them by solder-
ing direct, or by soldering screws to the
hatteries, after which the leads may be con-
nected with lugs and nuts,

The feed resistor RI, is soldered direct
to the BP2 binding post. The bypass con-
densers Cl, C2, and C8 are soldered direct
to the top of the battery carrier, which in
turn, after wiring is complete, is fastened
to the angle on the underneath of the panel.
The details of the cover are given in Figs.
A and B and will not be explained here
as it is simple of construction. It is made,
however, to fit over the angle sides of the

top.

Calibration Procedure

The insertion of the binding posts on the
panel and the switch SW1, which will be
noted is a three point single-thraw switch,
allows the operator to switch out the am-
plifier tube and to use the tube V2 alone
as an ordinary V.T. voltmeter. This ar-
rangement also allows the operator to ex-
tend the range of the instrument to any
scale desired, by the use of an external
voltage wmultiplier which is described in a
later paragraph.

The instrument is first calibrated across
the binding-post terminals. Either of two
methods of calibration may be used as shown
in schematie form in Figs. 2A and 2B. That
of Fig. 2A is recommended. In either case,
an A.C. voltmeter, having a maximum volt-
age scale of 3 volts, and a filament trans-
former with a winding of 2.5 volts are re-
quired. The resistor R, Fig. 24, is a known
resistance and is more convenient if in the
form of a decade resistance hox, although
this is not necessary. The V.T. voltmeter
is placed across the terminals 1 and 2 and
is then calibrated. The voltage drop across
the resistor R1 is the ratio of Rl x E,
divided by R1 plus R, in which E is the
reading of the voltmeter. The voltmeter is
thus calibrated over its entire range by
varying the ratio between R1 and R and by
simple calculation.

The method shown in Fig. 2B, while not
as accurate, is satisfactory. A potentiom-
cter R is placed across the filament winding
of the transtformer with the A.C. voltweter
connected. across one side of the transformer
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Fig. 3
A multiplier that facilitates increasing the range
of the voltmcter 100 times.

and to the arm of the potentiometer. The
V.T. voltmeter to be calibrated is then eon-
nected across the A.C. voltmeter at ter-
minals 1 and 2. By adjusting the position
¥f the potentiometer arm the voltage may
be varied and the V.T. voltineter calibrated
accordingly.  The resistance value of the
p‘otcntionwter may be 200, 400 or 1000 ohms,
the higher value giving the smoother ad-
Justment.  After the tube V2 has been cali-
brated, the instriunent may be calibrated on
radio  frequencies, using the arrangement
given in Fig. 2C.

A radio frequeney oscillator, a pickup coil
L in sevies with coil 1.1, the tuning con-
denser C, and the resistors R and R1 are
required. The oscillator should be cali-
brated over the band of frequencies to be
used in the calibration of the V.'T. voltmeter.
The resistance R should be 49 ohms and
‘he resistance R1, 1 ohin. This will give
+ ratio of 50 to 1. The resonant circuit
consisting of I, 1.1, C and the resistors R
and R1 is now placed in resonance with the
calibrated oscillator. With an ordinary V.T.
voltmeter, or using only the section compris-
ing V2 as has been described, the voltage
is measurved across terminals 1 and 3.

Suppose that the current flowing through
the resonant circuit is 4 nilliamperes, then
the voltage across terminals 1 and 8 will he
2-volts. The voltage across the l-ohm re-
sistor will then be .2-volt divided by the
ratio which is 50, giving a veltage across
terminals 2 and 3 (the l-ohm resistor) of
,004-volt.

Thus, the V.T. voltineter with the ampli-
fier tube V1 is calibrated over its entire
scale.  The instrument should be calibrated
at various rvadio frequencies in order that
the amplifyving characteristics of the am-
plifier tube will be known. It is important
that the voltage across terminals 2 and 3 be
kept constant at .004- or .005-volt during
this test, by checking the voltage across ter-
minals 1 and 2 at frequent intervals. While
the section comprising V2 of this instru-
ment may he used for this purpose, it will
be found more convenient to use a separate
NI voltineter, which may be only a tem-
porary aftair.

The Voltage Multiplier

This device is shown in schematic form
in Fig. 3. It consists of four resistors: one
900,000, one 80,000-, and two 10,000-ohm re-
sistors connected in series to give a total re-
sistance of one megohm. Taps are brought
to a multipoint switch as shown. With the
resistors arranged according to the illus-
tration, point 1 will have a ratio of 1:1, point
2 will have a ratio of 10:1, point 3 will have
a ratio of 50:1, and point 4+ will have a ratio
of 100:1.  Thus, if the input tevminals of

the device are connected to a source of
voltage between 50 and 100 volts, and the
output terminals connected io the V2 gec-
tion of the V. I. voltineter, the voltage in-
dicated when multiplied by 100 will rive
the correet value, Thus, if the voltage read
on the meter is 9-volt, 100 times this would
give 90 veits across the input terminals of
the multiplicr. Tt must be remembered that
the input voltage to the voltimeter tube must
not exceed 1.0 volt effective value. If the
control grid of the voltmeter tube becones
overloaded, grid current will flow, causing
a shift from the linear portion of the char-
acteristic with resultant inaceuracies in the
voltmeter reading.

Placing the Voltmeter in Operation
and Adjustments

Before the instrument may be calibrated,
it is necessary that the voltages of the tubes
be properly adjusted. The voltages of the
tube V2 are first adjusted. The terminals
BP1, BP2, and BP3, I'ig. 1, are first shorted.
The switch of the bucking battery cireuit
is opened. This is SW4. The plate voltage
of V2 and the bias voltage (the latter ad-
Jjusted by the potentiometer R) are adjusted
so that the current indicated on the micro-
ammeter is 10 microamperes. The switch
5W4 is now closed and the variable resistor
I3 is adjusted until the current read on
the microammeter is 2 microamperes. ‘The
use of the bucking batterv arvanganent al-
lows greater scnsifivit_\' of the V.I. volt-
meter with greater accuracy, as it cancels
out the steady plate-current flow of the tube.
After this portion of the instrument is ad-
Justed, the amplifier tube is next adjusted.
The only required adjustnient here is that
of the screen-grid voltage which is adjusted
to a value that will give maximum ampli-
fication from the tube. The potential will
naturally be small due to the drop in plate
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voltage through the resistance R1. In cali-

bration and measurement work, it is -

portant that the voltmeter be shielded from

possible strays as otherwise, inaccuracies

will result in the work.

List of Parts

One Weston model 301, 0 to 200 microam-
peres, or Jewell microammeter, M1;

Three GE or Hart and Tegerman power
switches, SW2, SW3, SWi;

One GE or H. and H. three point, single-
throw power-switch, SW1;

One Pilot tyvpe 217 molded bakelite socket,
Vi1,

One UY type wafer socket, V'2;

One Eleetrad Supertonatrol, 0 to 500,000
ohms, R3;

One Yaxley midget 400-ohm potentiometer,,
R2;

One Lynch or Accuraohm wire-wound pre-
cision resistor. 200,000 ohms, R1:

Three binding posts, BP1, BP2, BP3;

Two Sprague or Aerovox, I-mf. fixed con-
densers, C2, C3;

Three Sprague or Aecrovox, 1-mf. .1-mf. fixed
condensers, Cl:

One 12-in. length hollow BX tubing, goose-
neek

One cnlpﬁ_\' “Mennens™ taleum powder can,
io shield V1;

e aluminum panel 1-in. thick, 41 .-ins.
wide, 12 ins. long for pancl; ’

One sheet aluminnm 1/16-in. thick, 2 ins.
wide, 614 ins. long, for wafer socket sup-
port;

One battery carrier as deseribed;

One sheet tin container; for cover;

One type UY 236 tube, V1;

One type UY 237 tube, V2;

Six portable 2214-volt “B* hatteries, Bur-
gess type 4156, B2;

Two 414-volt “C" batteries, B4, B5;

Two 13,-volt flashlight cells, B1 and B3:

Four No. 6 dry-cell batteries in metallic
container for filament supply, B6.

Tester for Grounded Circuits

ERE is a suggestion for a simple tester

suitable for locating grounds and test-

ifg continuitv; provided that the current

flow in the cireuit—which is about 100 mnilli-

mperes—is not excessive for whatever de-

[vice is in the circuit. It is admirably suited
ifor rapid checking and is inexpensive.

It consists of a porcelain lamp socket; a
wooden base, 21/,x6 inches; about ten feet
of lamp cord and a receptacle plug; four
small staples, two 8-inch lengths of stiff
copper wire (No. 8 to 14); a ten-watt elec-
tric light bulb; and six feet of single-strand
cord.

Mount the socket on cne end of the
wooden base, fasten one end of the lamp
cord to one side of the socket, putting two
staples over it and into the base as shown.
Staple the other cord to the basc with one
staple. Cut the insnlation back on the cord
about three inches; and splice it to a three-
foot piece of the single cord, being careful
to solder it and tape the joint well. On the
loose end of the single cord, cut the insula-
tion back and solder it to one of the pieccs
of stiff wire, taping it well. Fasten the re-
maining piece of cord to the socket, and
similarly solder to it, and tape over, the

other piece of stiff wire. Staple this cora
to the base so that it will not pull loose.
To use the tester, insert the plug in a
light socket, screw the bulb into the soclket,
and place the prongs in contact with each
other. The bulb should light. Now, when
vou fest a circuit with the points, it is closed
if the lamp lights; it is open or very high-
resistance if the lamp does not. This outfit
iz also convenient as a light for the work-
bench, in which case a larger hulb is used.

While the cheap, convenient tester pictured is
known to many service men, there are o[lw_r:
who il find 1t ¢ wsefrl addition to ihe kit
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Vacuum-Tube

Voltmeter

In this three.part series of articles, the various uses of vacuum tube voltmeters will

be discussed with particular reference to radio servicing and measurement.

N response to the many requests received by the editor for infor-

mation concerning the use of vacuum tube voltmeters, such as

the goose neck V. T. voltmeter described in the preceding

article, we present herewith a series of articles setting forth the
methods of measurement and proceedure in which the instrument
may be employed.

Gain Measurement

Having provided a means of knowing the exact voltage .nput
into an R.F, stage or amplifier, the gain may be measured by plac-
ing the V.T. voltmeter terminals across the plate-toad of the single
stage or the output of the am-
plifier whose is to be

. rai
As in all measurements, the o g measured gain
| E @ .
accuracy of the measured result ol Bk ofls  rmmemenUROET g . '
. . 200 HENRIES v