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SO
MANY of you have said so many nice things about

the March issue that there was some wonder in the

editorial offices about the possibilities of compliments and
what is more to the point, real use and appreciation on this

number. But on examining the contents, which can be found
not far to the left, we are just as proud to launch this issue

as we were the preceding one. Mr. Morgan's story on the

condenser loud speaker packs all the available information

into three interesting pages, beginning on page 369. Mr.
Dunham's article on page 375 gives dealers and servicemen

an interesting outline of set testing routine which is prac-
tical down to the last period. The figures on set and tube
sales for the last two years, compiled by the Editor should

prove interesting and useful reading for everyone in the

industry. And then, Mr. Kruse makes his bow as conductor

of the new experimenter's section, Prof. Terman has a cork-

ing article on "power" detection, Mr. Jarvis puts a new

angle on the selectivity question which is by no means a

theoretical one, Roger Wise writes of characteristics of fila-

ment rectifiers, and there are our regular departments, all of

them unusually interesting.

WE OWE a general apology for an error which crept into

Mr. Kruse's article in the March issue which described

the work of the Radio Frequency Laboratories. The caption
under Fig. 1 should have read: "A model set using screen -

grid tetrodes." The caption under Fig. 2 should have made
clear that the device shown was used for checking the design
of single stages which are placed in the central compartment.

THE May issue will contain the third of Prof. Terman's
articles in his series on "Detection" and will deal with the

principles of C-bias detection. In addition there is an interest-

ing article on self-shielded coils, a discussion of audio-trans-

former measurements by J. Kelley Johnson, and many special

articles of interest to radio dealers and servicemen. The latest

addition to our new news section, "The Radio Marketplace,"
the Radio Dealer's Notebook, is continued with more practi-

cal data. Incidentally, the welcome given this feature by
radio dealers has been most encouraging. Dealers who have
not seen this feature are referred to page 407 of this issue and
to page 332 of our March number. The service side of radio

sales the relation is written in that way intentionally

will not be neglected in our May number: an address given

by the Editor at the Federated Radio Trades Association con-

vention in Buffalo will be printed for the first time. That

article, "The Inseparability of Sales and Service" emphasi/rs
a division of the dealer's business that has had all too little

attention.

WILLIS KINGSLEY WING.
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.RADIO KKOADCAST ADVERTISER.

your money's worth
... In musicalperformance

tReceiversAreThordarson

neutrodyne-pi us

TONE
Fidelity ... the master

salesman of radio ... is the

constant companion of the Thor-

darson equipped receiver. A snap
of the switch ... a turn of the dial

. . . and his message begins. He
collects no commissions . . . has

no expense account, yet works

unceasingly, delivering his mes-

sage of quality reproduction to

everyone within earshot. Without

his effortless activity the set man-

ufacturer's days are numbered,
for the public will accept no sub-

stitute for Tone Fidelity.

It is significant that the man-
ufacturers of the world's finest

radio receivers almost universally

have selected Thordarson power
supply and audio transformers to

carry this message of tonal pur-

ity into millions of homes.

Whether you are engaged in

building, selling or buying radio

receivers, remember this: Thor-

darson power supply and audio

equipment spells quality repro-
duction.

THORDARSON ELECTRIC
MANUFACTURING CO.
TRANSFORMER SPECIALISTS SINCE 1895 ^W H/lTVl

Huron, Kmgsbury Hill
and Larrabee Sts., Chicago IVrlRADIOTRANSFORMERS
SUPREME IN MUSICAL PERFORMANCE

E-QUIPPED
WITH
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Louis B. F. Raycroft
Vice President, National Electrical Manufacturers Association

THE SERVICEMAN'S RESPONSIBILITY TO THE INDUSTRY
It is Ihe serviceman's responsibility to keep (lie radio receiver sold.

The satisfaction which the products of our industry give the user may be

jeopardized by unskillful installation and failure to instruct the new
owner in the maintenance and manipulation of his new receiver. We
recognize the importance of service and no progressive manufacturer is

without an active and extensive service organization. Indeed, through the

Radio Division of the National Electrical Manufacturers Association, the

industry has collaborated in the preparation of a course for dealer

technicians, with the objective of improving the standards of consumer
contact with the radio dealer after thi' sale is made.

As radio retreats from Ihe position of a seventh-day wonder and be-

comes a stabilized fixture in the home, the importance of the dealer tech-

nician in the radio structure rises proportionately. We have already
observed many instances of dealer success founded upon a reputation

for good servicing. RADIO BHOADCAST'S contributions to belter servic-

ing by Us articles for the instruction of the dealer technician are help-

ing to raise service standards and increasing consumer satisfaction
and confidence in the products of our industry. L. B. F. RAY-
CHOFT, Vice-President in charge of Ihe Radio Division, National
Electrical Manufacturers Association.



Data of Interest to Dealer-Servicemen

NEW USES FOR POWER AMPLIFIERS

By FRED H. CANFIELD

RADIO
dealer-servicemen and every-

one else in the business world, for that
matter are approached constantly by

promoters and high-powered salesmen who
offer always very confidentially some "won-
derful" get-rich-quick scheme which must be
acted upon immediately in order to derive the
full benefits. These men have their hooks
baited for the novice of the business world and
to this class their arguments sound very con-

vincing. On the other hand, the hard-boiled
business man, recognizing instantly these men
and their schemes, dismisses them from his

office as soon as they are detected. Without
listening to their story he knows the fallacy,
for from experience he has found that earning
money legitimately requires hard steady plug-
ging. Also, he suspects (rightfully perhaps)
that the salesmen themselves hope to get rich

quick by selling him their ideas.

The writer of this article has nothing to sell

(except a manuscript now and then), and it

does not bring an extra cent to his pocket if

radio dealer-servicemen follow the suggestions
presented in the following paragraphs. There-
fore, inasmuch as there isno ulterior motive, it is

advised that serious consideration be given the

following plan which points to a way in which
radio dealers and service organizations may
increase their revenue. No guarantee is given
that one's income may be doubled almost

immediately, but the ambitious man. who is

not afraid to work hard for his money, may
find that it is a solution to his problem.
Enough valuable space has now been

taken by the introduction so the "meat"
of the article will be attacked without delay.
The first question which it is necessary for

the dealer-serviceman to ask himself is,

"From what sources do I derive the greater

part of my income?" Secondly, he should
debate over the question, "What other sources
of revenue are available if I should decide to

increase the scope of my business?"
In most cases the answer to the first ques-

tion is that the business includes the repair of
radio receivers, custom set-building, and the
sale of tubes, small replacement parts, and
accessories. To these three items the dealer

may also add the sale of complete receivers.

In answering the second question many dealer-

servicemen have explained that they have
found it difficult to make a business consisting

exclusively of radio support a large firm
; the

result has been that they were forced to enter
other closely allied fields such as electrical

contracting, sale of electrical appliances, sale

of musical instruments, phonographs, etc.

The writer advises another alternative for

increasing revenue.

The Solution

THE installation of public- and group-
address systems is a branch of the radio

business which has hardly been scratched

commercially, although there is a big demand
for specialists in this field. The work provides
numerous opportunities for large profit to

the serviceman who is willing to go out into the

field and dig up prospects. It also has the

added advantage of keeping the activities of

the firm strictly within the radio field, which
is highly desirable for several reasons.

In considering this question a factor wnich
should not be neglected is the good-will

publicity which may be derived in public-
address work. It must be remembered that

One use of radio apparatus thai has

grown in striking fashion in the last

year is the wide application of power-
ful audio amplifiers to all sorts of non-
radio uses. In the installation and
operation of these amplifiers, the local

radio-trained man, whether he be

dealer, independent serviceman, or

whatnot, is best equipped to do the work.

This article by Mr. Canfield, a mem-
ber of the RADIO BROADCAST editorial

staff, attempts to show the breadth of
the field and how the real demand for

public-address equipment can be turned
to the profit of the individual.

THE EDITOR.

every public- or group-address installation is

heard by thousands of persons. Therefore, if

good reproduction is provided by the appara-
tus, it cannot help but reflect credit on the
firm which engineered its construction. For
this reason it is logical to assume that the
firm making the most successful large installa-

tions will lead also in the servicing field,

providing newspaper advertising emphasizes
the fact that such work receives the same
careful consideration.

Another factor in favor of public-address
work is employment of the same staff of
men in all branches of the business. With a
little study a good serviceman may learn

quickly how to build and install the large am-
plifiers which are required in this work, and
this feature tends to increase the efficiency of
the business. On the other hand, if the firm
enters the electrical or musical field in order
to increase its income, extra trained men are

required.

Public- and group-address work should not
be considered only as an extension to a regular
radio business, as, in most cities, this line of
work alone could be made to provide sufficient

income for a good size firm. Although it is

obviously impossible to build up as large a
clientele as in the servicing field, the income
derived from each customer per year is much
greater, due to much higher cost of the ap-
paratus and the need for more frequent in-

spections. These factors will be considered in

greater detail later.

It should also be pointed out that specialists
in public- and group-address work may de-

velop other sources of revenue aside from

installing and servicing. For example, many
firms renting public-address systems for

special occasions nave found this a very profit-
able undertaking. Other radio dealers, after

making an amplifier installation, provide an

operator for the apparatus during the hours
it is in use, and, where an operator is not

needed, the amplifier is inspected at regular
intervals rather than waiting for a service
call. It is also possible, in many cases, for the
serviceman to design and build the amplifier
rather than install a manufactured outfit,

thus providing additional work for the shop.

Selling P. A. Amplifiers

PROBABLY
this question has already

reached the reader's mind. "How can I

sell public- or group-address amplifiers?"
It requires hard work in the field until the
business is established; hanging a shingle out-
side your door stating that you are a "special-
ist in public- and group-address amplification

"

will not help in most cases. However, even in a
small town there are hundreds of potential

purchasers who are just waiting for you to

sell" them the idea. In the following para-
graphs a few of the various types of installa-

tions which have been made by dealer-

Amplion Corp. of America

I public-address amplifier is used to produce the limn of a dynamo in any desired
volume in presenting the play Dynamo at the Martin Beck theatre, .\ew York City.
The rear view (left) shows the electrodynamic horn loud speaker inside the

dynamo. The picture on the right shows a scene during the third act of the play
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servicemen in all parts of the country will be
considered.
Dance halls, cabarets, restaurants, and

road houses are places where public-address
systems have been used with great success.

In such places the amplifier is used mostly in

connection with an electric turn-table for the

reproduction of phonograph records, but it

frequently is employed for announcing and
for radio music. In the restaurant business a

public-address amplifier is a real asset as well

as an economy. By connecting the amplifier
with a phonograph pick-up unit it is possible
for the proprietor to provide his guests with
dance music at hours of the day when it would
not be profitable to employ an orchestra for

the purpose. In some cases the amplifier is

used to supplant the orchestra entirely, and
in other cases it is used in conjunction with
the orchestra, thus permitting continuous
music throughout the busy evening hours.

Group-address amplifiers are also used in

some large restaurants to provide music for

the smaller or private dining rooms; in these
cases the music may be picked-up with a

microphone near the orchestra in the main
dining room or a phonograph pick-up unit

may be employed. Also, in restaurants the am-
plifiers are used as a coin-operated affair.

Small motion-picture theatres everywhere
are beginning to use public-address amplifiers
to provide music during the picture. By using
an amplifier to reproduce phonograph records

they are able to dispense with their pianist,

organist, or small orchestra at a great saving
of expense, and at the same time to provide
much better music. Nowadays, even in the
smallest theatres, one is able to listen to the
best orchestras of the country.

Surprising as it may seem many factories

have found it very profitable to provide their

employees with music, not only during lunch
hour, but throughout the entire day. In this

connection Mr. Cotton of the Samson Electric

Company writes, "We have tried in our fac-

tory, the proposition of using amplified music
on the assembly help, mostly girls, and have
found that when running music the production
is increased. The music has a tendency to cut
out talking among the girls and keeps their

minds off the clock. As a result all hands seem
to move faster." This same scheme is used in

other factories and the same results are re-

ported in each case.

There is at present a fast growing tendency
to use amplifiers for the instruction of pupils
in public schools. Many special programs
designed especially for schools are now being
broadcast regularly and for this reason most
school amplifiers are provided with a radio
tuner. However, amplifiers in schools are
also arranged for use with a phonograph
pick-up unit as phonograph records have been
found helpful in the instruction of music,
languages, etc. In many cases a school instal-

lation consists of a combination public- and
group-address system. A group of loud speak-
ers are installed on the platform of the audi-
torium for the instruction of the school as a

group, and in addition a small loud speaker is

located in each class room.
A number of cases are on record where

churches and funeral parlors have made use
of public-address systems. In funeral parlors
they may be used for reproducing phonograph
records of a nature suitable to the occasion
when the people holding the service have been
unable to afford a quartet or musician.
Churches as well as funeral parlors have also
used amplifiers to permit an overflow crowd
in another room of the building to hear the
services. In particular, several Christian
Science churches have found public-address
amplifiers very helpful during special lectures.

Selling Group-Address Amplifiers

THERE
are just as many persons inter-

ested in group-address amplifiers as in

public-address installations, but the different
uses for the former are slightly more limited.

Apartment house landlords are probably the

largest group interested in these systems.
In the modern radio-equipped apartment
house a radio outlet is provided in each apart-
ment and this is supplied continuously with
radio music from a group-address amplifier
located in the superintendent's apartment.
Also, in some apartment houses a duplex
system is used to furnish a choice of two pro-
grams at the same time. In order to receive the

programs it is only necessary for the tenant to

plug the cord from his loud speaker in the jack
of the outlet plate.

Many hotels and clubs are beginning to

provide the same radio service that the apart-

Samson Electric Company
A large amplifier is used for instruct-

ing pupils at the Frank A. Day Jr.

High School, Newtonville, Mass.

ment house landlord is giving. However, in
hotels a much larger amplifier is used, as it is

usually employed for public-address work in
the main dining room as well. Hospitals,
veterans' homes, and charitable institutions
of various kinds are also making use of group-
address systems but in these cases headphone
outlets are often provided in the various rooms
instead of loud-speaker outlets.

Amplifiers For Special Events

IN
ADDITION to the places where perma-

nent amplifier installations may be used
there are numerous cases where amplifiers are

required for special events; in fact, a wide-
awake radio dealer should be able to rent his

public-address system several times each week.
This business, which is just as

profitable as

installing and servicing public-address ampli-
fiers, also provides excellent publicity. It

should be unnecessary to mention all of the

places where such apparatus may be leased,
as the necessity for a public-address system
will occur to the dealer when he hears of the
event. However, it may be stated that am-
plifiers are used constantly during banquets,
for intensifying the speaker's voice in remote
corners and alcoves of the dining room as well
as in other small rooms where guests may be
assembled. Private dances, which are held in

homes or in rented ball rooms, may also use

public-address amplifiers to provide orchestra
dance music in the same manner that they
are used by restaurants. At regular annual
events such as automobile shows, motor boat
shows, music carnivals, etc., public-address
amplifiers may often be leased for an entire
week. During the football and baseball sea-
sons newspapers often find a need for public-
address amplifiers to permit them to announce
scores and news to the crowds assembled in
front of their buildings. In addition there are

numerous advertising stunts where large

amplifiers may be used to advantage.
The suggestions given in the above para-

graph are of greatest value during the winter
months. However, contrary to most branches
of the radio business, there is just as much
need for amplifiers during the summer as

during the colder months. At county and
state fairs a radio dealer may find it possible
to rent several amplifiers for one or two weeks
at a time. Other times when amplifiers are

really needed are during pageants, church
festivals, water carnivals, horse races, auto-
mobile races, beauty contests, baby parades,
etc. In fact, the demand for amplifiers could
be made great enough, by proper sales pro-
motion, to make the summer weeks very
profitable for the radio dealer as other business
is slow and he would be able to concentrate
his entire attention on this work.
The charge which may be made for the

rental of a public-address system varies with
the use to which it is placed. For strictly
commercial purposes where the apparatus is

required for several days or a week the dealer

may ask as much as fifty per cent, of the cost
of the equipment. For semi-commercial
events where the amplifier is needed only
for one evening, twenty per cent, of the cost
of the amplifier is a fair charge. On special
occasions, such as election eve, on the night
of a presidential broadcast, etc., amplifiers
may be rented at a very handsome profit
to motion-picture theatres, men's clubs, ban-
quet halls, and other places of amusement
where people assemble. For church affairs a

very low charge, if any, must be made. How-
ever, in such cases the dealer or serviceman
can afford to provide the equipment free in
return for publicity received.

Technical Considerations

THE space available for this article is not
sufficient to permit an adequate discussion

of the technical side of the public- and group-
address problem. However, a few of the im-

portant questions will be considered briefly.
Readers who are interested in a more detailed

description of the type of apparatus required
are referred to constructional and technical
articles which have appeared in previous
issues of RADIO BROADCAST ("A Dual Push-
Pull Public-Address Amplifier," January,
1929, RADIO BROADCAST, page 195, "An
Efficient Push-Pull A. F. System," by Kendall

Clough, February, 1929, RADIO BROADCAST,
page 241). In addition, several manufacturers
(Silver-Marshall, Inc., American Transformer
Company, Samson Electric Company, General
Radio Company, The National Company,
etc.) have prepared excellent literature de-

scribing the type of apparatus required and
the method of making installations. In

particular, Silver Marshall's house organ,
The Radio Builder, and their book, Manual
for Authorized Service Stations, contain much
practical and technical data on the subject.
The question regarding which there seems

to be the greatest lack of information concerns
the size amplifier required for various types
of installations. In general it may be said
that each magnetic-type loud speaker re-

quires approximately 500 milliwatts (0.5

watts) for normal volume in the average size

home living room. In halls or auditoriums
where high volume levels are required one or a

group of several dynamic loud speakers
provide most satisfactory results. Dynamic-
type loud speakers of standard design should
not be called upon to handle more than three
and one-half watts of power. Where a distri-

bution system with headphone outlets is being
planned about 14 milliwatts (0.014 watts) per
pair of phones must be allowed.
The usual public-address amplifier employs

three or four stages with two 250-type tubes
in the output circuit. Such an amplifier has an

output of approximately 15 watts. Larger out-

puts may be obtained by connecting two or
more push-pull output stages in parallel.
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Advantages and Disadvantages of

THE CONDENSER-TYPE LOUD SPEAKER

By JOSEPH MORGAN
International Resistance Company

IN
1881, Professor Dolbear an-

nounced the first condenser re-

ceiver for telephone systems. This

was the fore-runner of the condenser

loud speaker which is being introduced

into radio to-day. While the principle
is interesting and may very well yield

important results, there is nothing

essentially new in the idea. It is to be

noted that the magnetic and condenser

types of loud speakers are about equally
old in principle and, therefore, we must
examine the condenser loud speaker
with great care before we pronounce a

verdict. It must be evident, therefore,

that the condenser loud speaker is no
more nearly ideal in its basic principle
than the magnetic.

In this article the principle of the

condenser-type loud speaker will be set

forth together with its advantages and

disadvantages. Also, a brief account of

some typical loud speakers which are

now being manufactured will be given

together with a description of the

method of application of such loud

speakers.
When two conductors of electricity

are separated in space by a non-con-

ductor of electricity, we have what is

called an electrical condenser. If these

two conductors are charged with elec-

tricity of like sign, they tend to
repel

each other and if they are charged with

electricity of unlike sign, they tend to

attract each other. Suppose that these

two conductors are large, flat, metallic

plates of equal area, separated by a thin

film of air. (See Fig. IA.) If a difference

of potential or voltage is applied to

these plates, a force will be exerted tend-

ing to draw these plates together, and the force

wfll be proportional to the area, A, ofone side of

one plate; it will be proportional to the square
of the voltage between the two plates; and it

will be inversely proportional to the square of

the distance, D, between the two plates.
From the above paragraph it is seen that

the greater the voltage the greater the force,

the larger the size of the plates the greater
the force, and the smaller the distance be-

tween the plates the greater the force. If we
make one of these plates quite heavy and sta-

tionary and the second plate very light and
movable (see Fig. IB), the application of a

varying voltage to these plates will tend to

draw the light movable plate to the heavy
stationary plate with a force which will in-

crease as the square of the voltage. If an al-

ternating voltage, for example, the usual 60-

uycle, 110-volt house current, is applied
between the two plates, the movable plate
will tend to move in and out at double the

frequency of the applied voltage which, in

this case, would amount to 120 times per
second. This result would be obtained since

the plates tend to pull together both on the

positive and on the negative halves of the

alternating-voltage cycle (see Fig. 2, diagrams
A and B). Thus instead of obtaining a 60-

cycle tone by virtue of the motion imparted
to the surrounding air by the movable plate,
we would obtain a 120-cycle tone. This is a

perfect instance of complete distortion, since

the original tone is absent and is replaced by
one of entirely different frequency.

Suppose that this alternating house current

Colin Kyle (left), inventor of the Kyle con-
denser ioud speaker, is demonstrating his

invention to three authorities on radio and
acoustics. In his hand he is holding a sec-

tion of the loud speaker, and standing on
the floor is a completed model

As has been predicted in these pages,
the condenser-type loud speaker is apt
to attract a great deal of attention in

the industry during the coming season.

What is it? How does it work? How
does it compare with other types?
These and other questions, Mr. Mor-

gan, of the International Resistance

Company, whose previous articles on
loud speakers in this magazine have

been so well received, attempts to an-

swer. The device is not a panacea; it

will not "revolutionize" the industry,
Here is a straight-forward analysis of
the whole question.

THE EDITOR.

be replaced by the voice current from the out-

put of a broadcast receiver. It must be ob-

vious that the light movable plate, which we
shall henceforth call the diaphragm, would

produce a hopelessly distorted sound since it

would move in accordance with the square of

the voice voltage and at double the voice fre-

quencies.

Alinimizing Difficulties

LET
us see how these essential difficulties

are minimized. Suppose that we place a

high direct voltage, for example 500 volts,

across the plates of our crude condenser loud

speaker. There will be a strong con-
stant attraction between these plates,
due to this constant direct voltage. If

now we superimpose a much smaller 60-

cycle sine-wave voltage upon these
same plates, this alternating voltagewill

tend to increase and decrease slightly
the direct potential which we have

already established between the plates.
In other words, the force will alternately
become a little greater and a little less

than the initial force due to the direct

voltage (see Fig. 2, diagrams c and D).

It can be shown mathematically, that

the motion of the diaphragm under
these conditions will be approximately
in accordance with, and proportional
to the alternating voltage applied be-

tween the plates. The smaller the ratio

of the alternating voltage to the con-

stant applied direct voltage, the more

accurately the diaphragm will follow

the alternating voltage variations. It is

exceedingly important to note that

there will always be a component of
the motion which is twice the frequency
of the original voltage and also that the

motion will never be exactly directly

proportional to the applied alternating

voltage. In other words, in this type
of loud speaker, as well as in the mag-
netic and electrodynamic types, there

is always some inherent distortion. A
mathematical analysis of the condenser
loud speaker shows that the greatest

response is obtained when the plates
are as close as possible together and
both the constant direct voltage and
the alternating applied voltage are as

great as possible.
We nave just shown that the alternating

voltage must be a small fraction of the direct

voltage in order to minimize distortion. This,

therefore, is our first limitation. Second, the

direct voltage, which we shall henceforth

call the polarizing voltage, must not be in-

creased beyond 500 or 600 volts because of

the danger of break-down between the fixed

plate and the diaphragm. Further, it is not

safe nor practicable to generate much higher

voltages than 600 for such a purpose. Third,
the distances between the plates cannot be
made indefinitely small for several reasons:

(a) because the
polarizing voltage would tend

to puncture the insulation between the two

plates (in this case, air) if the distance were

too small; (b) there must be sufficient dis-

tance so that the diaphragm may move back
and forth in order to impart a mechanical

wave motion to the air in front of it; (c) if

this distance were too small, the diaphragm
might actually strike the stationary plate

causing a short circuit if too great a voice

voltage were applied or if resonance obtained

either in the electrical circuit or in the

mechanical construction of the loud speaker.
Hence, it is seen that compromises must be
effected throughout the design of this type of

loud speaker just as in the case of the magnetic
and electrodynamic loud speakers considered

in previous articles.

As a result of these compromises, the sen-

sitivity and efficiency of the condenser loud

speaker is, in general, low. Due to the small

permissible distance between the diaphragm
and the back plate the large amplitudes of

motion necessary for the adequate radiation
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Fig. 1 (A) An electrical condenser; (B)
A simple condenser-type loud speaker

of low tones is not practicable. Consequently.
it is difficult to obtain adequate response at

the lower audio frequencies.

Points of Superiority

AFTER
this more or less discouraging

introduction, let us now discuss the

points of superiority inherent in the conden-

ser-type loud speaker. Chief amongst these is

the great simplicity of construction. The loud

speaker has but one movable part and con-

tains no coils nor elaborate magnetic field

construction. In addition to its simplicity, it

can be made to be exceedingly compact. One
model of this type is scarcely more than one

quarter of an inch thick. A second important
advantage is to be found in the fact that the

diaphragm is attracted as a whole over the

greater part of its surface, instead of being
actuated at a point, as in practically all

magnetic and electrodynamic constructions.

This reduces effects due to complicated modes
of vibration of the diaphragm with resultant

multiple resonances, and makes possible a

smooth frequency-response curve, reasonably
devoid of marked peaks and depressions. The
third important advantage is the practicabil-
ity of using exceedingly thin, light, non-

magnetic diaphragms of great flexibility and
low inertia, thereby making possible the radi-

ation of the high audio frequencies which are

so necessary to faithful and intelligible repro-
duction of speech and music. Another advan-

tage is gained by the use of a large flat

diaphragm as contrasted with the small mag-
netic diaphragms and the conical paper dia-

phragms used in other loud speakers, since a

large, flat surface is better adapted to the

radiation of sound.

A A |
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Fig. 6 Circuit arrangements employed for con-
necting a condenser loud speaker with various

types of a.f. amplifiers

Baffleboard Required

JUST
as with loud speakers of the electro-

dynamic type, it is necessary
to use a baffleboard or baffle

cabinet in order to radiate the
lower audio-frequency tones. The
same rules apply to the calcula-

tion of battles for this purpose as

in the case of electrodynamic
loud speakers.
The radio set and associated

audio-frequency amplifier must
have the same properties as those

required for good reproduction
with magnetic and electrody-
namic loud speakers with the ex-

ception of the arrangement of
the circuit for the output of the
last audio-frequency stage, and
the provision of a suitable polar-

izing voltage. Whereas the im-

pedance of the electrodynamic-
type loud speaker is usually very
low, averaging approximately 25
ohms at 1000 cycles, and the

impedance of the average mag-
netic-type loud speaker is about
5000 ohms at 1000 cycles, the impedance
of the condenser-type loud speaker is very
high, that is of the order of magnitude of

50,000 ohms at 1000 cycles. It is, therefore,
evident that circuit arrangements must be
somewhat different in the case of the conden-
ser loud speaker in order to obtain the proper
impedance relationship. If a transformer is

used to couple the loud speaker with the

output tube of the audio-frequency ampli-
fier, it must have a step-up ratio instead of
a step-down ratio such as is usually employed
for other types of loud speakers. Such an ar-

rangement is shown in Fig. 4. The last tube

may be impedance coupled as shown in Fig.
6x. However, if a low plate impedance power
tube is used in the last stage, this is a very
inefficient method of connection. A method for

connecting this loud speaker with the push-
pull amplifier is shown in Fig. 6e. Where the
last tube in the set is a power tube, such as
the 210 or 250, the B voltage may also be used
as the polarizing potential for the condenser
loud speaker, as shown in Fig. 6A. Sometimes
it is desired to use a separate source of polar-
izing voltage in which case a step-up trans-

former, a 20lA-type tube, and a 1-mfd.
filter condenser are connected as shown in

Fig. 6c to provide the polarizing voltage.
since the impedance of the condenser-

type loud speaker is

inversely proportional
to the frequency, the

division of voltage be-

tween the resistance of
the last stage tube and
the condenser-type
loud speaker will

change with the fre-

quency; the voltage
across the loud speaker
being greatest at low

frequencies and small-

est at high frequencies.
This quality can be

compensated by proper
design of the coupling
transformer or by the
introduction of resis-

tance in series with the

condenser-type loud
speaker as shown in

Fig. 60. The resistor

used must be of the
best quality in order
that no extraneous
noise shall be intro-

duced into the loud-

speaker circuit. This
latter method im-

proves the frequency-
response characteristic
at the expense of the

sensitivity of the loud speaker, hence, a

compromise must be effected between the
two. In Fig. 7 are shown curves of the voltage

VOLTAGE DIVISION BETWEEN CONDENSER
AND RESISTANCE FOR DIFFERENT FREQUENCIES

K,

1000 2000 3000

FREQUENCY IN CYCLES PER SECOND

Fig. 7 Curves showing voltage ratio of
condenser and tube resistance at various

frequencies

ratio for different values of resistance. RPC
in these curves is the product of the resis-

tance in ohms and the capacity in micro-
farads. Kyle recom-
mends the value of
RPC = 65 for a single
section; RPC = 100
for a four section;
RPC = 180 for a

twenty-four section
loud speaker of the

Kyle type. It is, of

course, possible to de-

sign the audio-fre-

quency amplifier in

such a manner as to

have a rising fre-

quency-response
characteristic which
will compensate the

falling frequency-
response character-
istic of the condenser-

type loud speaker. In

this way, a maximum
response may be
obtained with a

very flat frequency-
response character-
istic. It is not possible

^Metallic



A Well-Balanced Federal Radio Commission

THE
nomination of Arthur Batcheller,

Radio Supervisor for the Second Zone,
to succeed O. H. CaJdwell as Federal

Radio Commissioner for the First Zone, and of

Cyril M. Jansky, Jr., to the Fourth Zone

Commissionership, both of whom probably
will receive recess appointments from Presi-

dent Hoover before this issue is off the

press, is one of the most encouraging in-

dications of better federal regulation of
radio which has occurred during the last

few months. Both of these men possess

high technical qualifications and long and
intimate experience

with allocation problems.
Their addition to the Commission will make
it a well-balanced body, both from the tech-

nical and legal standpoints. We look forward
to greater progress from now on and regret
that these men inherit a situation so complex
that it prevents them from exerting their full-

est effectiveness.

The testimony before the House Committee
on Merchant Marine and Fisheries on the radio

bill extending the life of the Federal Radio
Commission as an administrative bodybrought
forward little that is new to those well in-

formed on radio 'broadcasting. With respect
to the continuance of the Commission, only
Commissioner Caldwell, who has already
left the body, effective February 23, raised

a voice in protest against the commis-
sion form of regulation. The remaining
members of the Commission are convinced
that so many of their problems are unsolved
that the present tenure of the Commission
should be continued. Broadcasting interests,

in general, were indifferent as to whether the

machinery of regulation functioned through
the Commission or through the Department
of Commerce.
As this issue goes to press, Congress passed

a bill continuing the Commission until Decem-
ber 31, 1929. There is every hope that Presi-

dent Hoover will seek competent men, who
have some understanding of broadcasting
problems, to fill any future vacancies.

HIGH-CALIBRE MEN NEEDED

While broadcasting is paramount in public
attention, the allocation of high frequencies

presents even more difficult technicalities

which make it all the more necessary to ap-
point Commissioners with considerable special-
ized knowledge, as is the custom with other
commissions like the Interstate Commerce
Commission. Congress has shown a dis-

position to meddle with the details of radio

regulation and the past record of the Com-
mission, of failure to tackle its problems
actively and aggressively, makes it difficult to

secure men familiar with the situation and

competent to deal with it. The recent nomi-
nations, however, indicate that men of high
calibre can still be attracted to the onerous
duties of Federal Radio Commissioner.
The loss of Commissioner Caldwell, whose

firm adherence to principle often led him into

difficulties, is one which will be felt most
seriously by those who regard broadcast
allocation in its broad national aspects rather
than from the viewpoint of individual stations

or political districts. Caldwell has a better

understanding of broadcast allocation as a
national and engineering problem than any
other member of the Commission, past or

present, and he has done more to educate the

Adolph F. Linden, president of the
American Broadcasting Company
which operates the ABC Western

Network

public and the
politicians

in the actual diffi-

culties with which the Commission is faced
than any other Commissioner. May his shoes
be filled by an equally nationally minded com-
missioner with an equally good engineering
background and fully possessed of the diplo-
matic ability to make that knowledge effec-

tive. We hope that Mr. Batcheller will waive
his natural reluctance to accepting this

appointment.
Sam Pickard, Commissioner for the Fourth

Zone, submitted his resignation to the Com-
mission in order to become Vice-President of
the Columbia system. He has risen rapidly
from chief of the radio service of the Depart-
ment of Agriculture to Secretary of the

Commission, to Commissioner, and finally
to his present position. The congested con-
ditions of the Fourth Zone made his position
as Commissioner especially difficult and fre-

quently necessitated reversals of policy, in-

variably bringing him new difficulties. He
faithfully represented the interests of his

zone and succeeded in making himself liked

by the broadcasters in spite of the problems
which his duties entailed.

Congress Considers the Commission's
Record

THE
allocation of forty high-frequency

channels to the Universal Wireless Com-
munication Company was quite severe-

ly criticised before one of the committees in

these same hearings. Judging from the testi-

mony, little evidence was obtained by the
Commission as to the competence of the com-

pany in making good use of the vast allocation

made to it. If the Universal people ever do get
under way with actual commercial communi-
cations, they have at least had the benefit of
nationwide publicity which should attract

business to their channels.

The broad question of whether radio compe-
tition with established wire systems of com-
munication is desirable or not is a delicate
one to discuss. It has been established quite
definitely as a general principle that communi-
cation systems are most efficient as monopolies
but, as such, should conduct their operations
strictly in the public interest without dis-

crimination and at a carefully regulated rate
of profit. The Radio Corporation of America
is desirous of establishing a nationwide radio-

telegraph network for the distribution and
collection of its foreign trans-oceanic message
business. The Universal Wireless Communi-
cation Company is seeking to compete directly
with the telegraph companies.

RADIO VS. WIRE AND CABLE
Radio is equipped to handle such a small

proportion of the total wire message business
that all the fussing about competition with
wire communication is still considered a
matter of insufficiently significant importance
to the wire companies to be worth opposing
actively. Radio is, however, a severe com-

petitor
to the transoceanic cable systems and

has been effective in substantially cutting
cable rates. It is for this reason that the over-
land wire services, with their extensive cable

affiliations, have not particularly welcomed
the Radio Corporation and have rebuffed its

overland message business, making it almost

imperative for the R. C. A. to establish a

competitive radio distribution service.

Single radio links over long distances can
be maintained at lower cost than correspond-
ing wire links. Therefore, a small independent
communications company could readily com-
pete with a telegraph system between a few

particular points. But the small total volume
of traffic and the comparatively few cities

which could be taken care of under present
conditions would not warrant the scrapping
of telegraph systems in part or in whole, while

any channels which might be so used would

ultimately be required for greatly increased

foreign communications. The technicalities

and economics of the high-frequency allo-

cation problem and the relation of independ-
ent radio and wire systems is altogether too

complex for brief annual consideration by
Congress. The more competent the men who
serve on the Commission, the sooner such

problems will be left to it.

IN
HIS appearances before the House Com-

mittee on Marine and Fisheries, Henry A.

Bellows, former Federal Radio Commissioner,
now Manager of wcco and Chairman of the
National Association of Broadcasters' Legis-
lative Committee, testified that the Associ-

ation favored a gradual rather than a drastic

re-allocation of frequencies. In such reports
of the Association s deliberations as were
circulated officially, there was no evidence of

any formal declaration to this effect by the

membership of the Association, but Bellows,

undoubtedly, in his position as Chairman of

its Legislative Committee, must have spoken
with authority.

ABILL, seeking to appropriate $50,000 fo*

the erection of a standard-frequency
station somewhere in the center of the United

States, has been placed before the House.
Such a station would be extremelv valuable
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to laboratories calibrating crystal oscillators

for use in the broadcast band But who knows
how to maintain the standard station on its

standard frequency?

More Discussion on Frequency Control

ASERIES of questions were submitted
to various associations in the radio

field by Dr. J. H. Bellinger, Chief

Engineer of the Federal Radio Commission.
None of these was more interesting than those

concerning the regulation of frequency sta-

bility and regulation of synchronizing experi-
ments in the broadcast band. The Institute of
Radio Engineers Committee reported that
the maintenance of a station on its frequency
within fifty cycles is quite possible and com-

mercially feasible. The National Electrical

Manufacturers Association Committee, how-
ever, stated that the Commission should con-
tent itself in maintaining 500-cycle stability,
because that would affect as great economy
in channels as 50-cycle regulation.
These differing opinions seem to us quite

accountable in view of the sources of infor-

mation. The engineers' viewpoint is that of

the laboratory physicist who has demonstrated
under laboratory conditions and expert super-
vision that an oscillator may be maintained
within 50 cycles of its average frequency. On
the other hand, the manufacturing people
know that it is next to impossible to grind a

crystal to the precisely correct frequency or to

determine accurately just what its frequency
is. It must be remembered that the objective
of maintaining a station within 50 cycles of its

frequency is to enable stations to share the

same channels with reduced mileage sepa-
ration, not to prevent overlapping of carriers

on neighboring channels, that objective being
satisfied with the obviously feasible 500-cycle

regulation.
A 50-cycle deviation produces a maximum

heterodyne of 100 cycles which is not heard
as a carrier whistle in the loud speaker. But
a sub-audible beat, even as little as 15 cycles,
has the unfortunate result of producing a

ragged effect by modulating the audio-

frequency carrier component. While it is

possible to maintain two oscillators which

happen to be in step for some time, experience
has proved that sooner or later a fundamental

change takes place in one or the other crystal
and the two oscillators cannot be kept in

step thereafter. Were any ad-

vantage taken of approximate
synchronization by closer geo-

graphic spacing of stations on
the snme channel, then such de-

viations, suddenly occurring
without apparent reason, would
have the disastrous effect of ruin-

ing the service on that particular
channel. The fact that 50-cycle

stability might be possible under

experimental conditions is no im-

mediate indication that any relief

can be obtained or more channel

space uncovered.

PRECISION OF MODERN STATIONS

The suggestion made by the

manufacturers that the Com-
mission first strictly regulate

frequency deviations under the

present, 500-cycle limit is very
constructive. This rule has been
in effect for] over a year, yet the

most flagrant violations are tol-

erated by the Commission. Some
difficulty was experienced in ob-

tainingjsatisfactory crystals when
the order first went into effect,

but certainly there has been
time for the technical staffs of

stations to solve the problem of

maintaining their carriers within
500 cycles. A good example of
license revocation would be a

most desirable stimulant to engineering care-

fulness in this respect.
II. B. Richmond of the General Radio Com-

pany statis that the cost of a temperature-
controlled crystal for monitoring by the beat-

frequency method is about $1000, but that
control of a station by amplification of the

crystal-controlled oscillator is worth about ten
times that much. It is doubtful whether the

present plan of ten-kilocycle separation can
ne maintained in full operation without any
inter-channel heterodyning unless automatic
control of station carriers becomes the rule.

Reliance upon the beat-frequency method is

the principal cause of the widespread dis-

regard of the 500-cycle regulation.

Regulation of Allocations Attempted

E New Jersey State Legislature is con-

sidering the advancement of radio legis-
lation supplementary to Federal statutes

in the effort to "relieve conditions existing
since the new allocations," according to J. K.
Woods of the New Jersey Broadcasters Associ-
ation. Since radio communication is distinctly
an inter-state function, certainly no state

legislation is possible which would interfere

with or direct Federal regulation. The State
of New Jersey is afflicted with many very
small broadcasting stations in the metro-

politan area of New York, necessitating con-
siderable time sharing. The leading New
Jersey station, WOR, is not considered by the
Association as a New Jersey station, because
it obviously serves the entire metropolitan
area. The Commission has shown clearly that
New Jersey stations are receiving the con-
sideration which is their due under the Davis
Amendment and only by moving the State of

New Jersey into the Fifth Zone can the

present discontent be alleviated. The southern
and western part of the State could use the
smaller New Jersey stations to much greater
effect than the over-served metropolitan area
of New York.

In the World of Broadcasting

THE
American Newspaper Publishers

Association has made a survey of the
radio situation. Its report states that

radio lineage in twenty cities increased but
29.8 per cent, from January to October. This

ought to satisfy any reasonable publisher

By means of two 6-foot loop antennas, the U. S !\avy are

taking cross bearings on static between Anacostia, D. < -

and Lakehurst, N. J. In this way they are able toforecast
the direction.and intensity of storms

that the editorial space devoted to radio is

worth while, but many publishers nevertheless

express the opinion that radio programs ought
to be classified advertising, paid for by the
radio stations themselves. The newspaper
publishing business is immensely profitable
and we feel inclined to offer the ingenious pul>-
lishers some other suggestions which may
serve to increase their revenues. News of the
courts should be paid for as classified adver-

tising by the community; police news should
be paid for by municipalities at a classified

rate; each stock exchange listing should be

charged for at so much per line; death notices

should certainly be charged to the estates of

the deceased because they cannot protest;
news of disasters could well be paid for by the
War Department, and huge revenues could
be collected from such gentlemen as the hand-
some Grover Whalen and the stylish Jimmy
Walker. The publishers really have not
scratched the surface; if they had any imagi-
nation, they could so increase the revenue of

newspapers that people could be paid to read
them.

T^HE tendency to regard broadcasting as a
A public utility is further strengthened in

the brief of the Federal Radio Commission in

the WOK case which states that "broadcasting

stations, either partly or wholly, contain all

four of the elements usually found in public
utilities. By reason of the laws of nature,

they serve the entire public within their area
without discrimination; if they attempted dis-

crimination by employing a form of trans-

mission which could be received only with a

patented device and could not be received

with the ordinary receiving set, the Govern-
ment would soon put an end to the practice.
That they are under an obligation to give
service during all hours at which the public

usually expects to receive broadcasting has

already been recognized by the Commission."
This is a clear statement of the obligation of

a broadcasting station assigned to a channel
to utilize that channel, but there are neverthe-

less some important differences between radio

and recognized public utilities. There are

technical limitations which strictly define the
amount of traffic which can be handled in

broadcasting or high frequencies. A public

utility must prepare itself to meet all reason-

able public demands for the service which
its franchise covers. Public service com-

missions may order railways to

purchase more cars or to extend
service while, with radio com-
munication,- such extension can-
not invariably be made and the

time will come when it will be-

come next to impossible. Certain-

ly the obligation of public utility

regulation, requiring service to all

who apply and can afford the

service under reasonable condi-

tions, cannot possibly obtain in

radio communication.

T^HE effectiveness of the chain
-I broadcasting order, limiting
the radiation of chain programs
t > points more than 300 miles

apart, has again been postponed
by the Commission. So long as

the non-chain stations assigned
clear channels are of compara-
tively low power, chain programs
an- Ixiund to dominate the clear

channel region.

\ STATEMENT by the Na-
-t\- tional Broadcasting Com-
pany, analyzing the programs
oll'ered through their key stations,

WJ7 and WEAF, indicates the still

further reduction of the percent-

age of time devoted to jazz
music. The analvsis shows 15

per cent., or 36 hours a week,
devoted to that type of music,
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28 per cent, to classical, 10 per cent, to

novelty and ballad, 4 per cent, band music,
2 per cent, radio drama, 14 per cent, to what
is described as balanced features, involv-

ing orchestral music, artists, and featured

speakers, that is, the typical commercial

variety program, 8 per cent, religious, 6 per
cent, educational, 6 per cent, women's pro-
grams, 4 per cent, health material, and a

varying percentage, from 5 to 25 hours a week,
to national events. The leading broadcasting
systems in foreign countries employ a much
larger percentage of their time in spoken and
educational features. The tendency in the
United States is to appeal to the entertain-

ment demand of the radio public rather than
to present the less broad appeal to the educa-
tional feature.

THE final breakdown of the opposition of
vaudeville business to broadcasting was

accomplished when the Radio-Keith-Orpheum
hours were inaugurated as regular N. B. C.
features. An obvious broadening of radio's

appeal is accomplished as a result of recent

mergers of the theatrical and concert fields by
the consolidation of Radio-Keith-Orpheum
and Victor. This is the practical consum-
mation of a trend predicted in past editorials.

Circulating energy at radio fre-
quency, when handled in large
amounts, sometimes goes astray.
The picture shows the result of an
r. f. feedback flashing from the
tank circuit of a 50,000-watt broad-

cast transmitter (WJZ).

AGREAT deal of publicity attended the

experiments of KLCN of Blytheville,
Ark., which transmitted special programs
from one to four a. m. on 1290 kc., using only
seven and a half watts power. At the particu-
lar hours involved, freak reception over great
distances is possible. This, however, is so far

short of reliable program service that it is of
no great practical value. Short-wave amateur
communication to all parts of the world on

very small powers is in the same category.
Reliable broadcast reception and reliable

commercial radio communication must be
successful not only under extraordinary con-
ditions but must be of service value at all

hours and seasons. It is to be hoped that the
successful freak reception of a little Arkansas
station in various parts of the country is not

regarded as evidence that much lower powers
in broadcasting are desirable.

STATION
KFAB announces that it will

broadcast a news service from 9 to 9:30

a. m. and from 6 to 6:30 p. m., the news to be

gathered by its own reporters, stationed

throughout the State of Nebraska and at

neighboring points. Legislative news will be

reported directly from the floor of the legis-

lature. This is the first instance of a broadcast-

ing station relying upon its own news-

gathering force.

THE resumption of international broad-

casting on a much more advanced techni-

cal standard was offered as a surprise to the
radio audience through the N. B. C. networks
on February 1, when a program picked up
from 5sw, the B. B. C. short-wave transmitter
at Chelmsford, England, at Riverhead, Long
Island, was put on the air through that broad-

casting system. The noise level was high, but
otherwise the experiment was entirely success-

fiJ and promises an increase of international

program exchange.

Amateur and Commercial Radio

ARISTIDE BRIAND opened the first

l\ direct radio telephonic communi-
/% cation between Paris and Buenos
Aires early in February. This span of 6870
miles represents the longest commercial radio

telephone link, although this record will be
exceeded when the New York-Buenos Aires
link is put into final operation.

AN INTERESTING instance of the use of
transatlantic picture transmission oc-

curred when sketches of a damaged rudder
were sent from England to the United States.

The cargo liner Silver Maple damaged in

a storm and awaiting repairs in Bermuda, was
saved more than a week's time, estimated at

a value of $7000, because the transmission of

the sketches by radio enabled a shipbuilding
company in Pennsylvania to begin work on
the needed parts that much sooner.

A LTHOUGH the conference, held in

-tV Canada for the allocation of high fre-

quencies to stations in the North American
continent, did not reach a final conclusion, it

was agreed that Canadian amateurs shall be

permitted to exchange messages with ama-
teurs of the United States and the Philippine
Islands of a nature which would not normally
be transmitted by any existing means of
electrical communication and for which no
tolls are charged, for communication with
isolated points, having no regular means of

message exchange, and for special trans-

missions of any essential character in emer-

gencies and floods. This is strictly in accord-
ance with the International Radio Telegraph
Convention.

T^HE Mackay Radio and Telegraph Com-
A pany is soon to place in operation its trans-
oceanic radio service, utilizing the re-con-

ditioned station at Sayville, operated before
the war by the Telefunken interests. Several
transmitters have been installed, including
one with power up to 100 kilowatts. At the
time the announcement was made, the Mac-
kay people were still waiting for a license from
the Federal Radio Commission.

THE rescue of the crew of the Florida by
the America emphasizes again the value

of the radio compass. Due to drift and the

difficulty of determining bearings by navigat-
ing instruments under difficult conditions,
those ships relying on the Florida's statement
of position searched for it in vain. The Amer-
ica, radio-compass equipped, was successfully
guided to the spot. Some consideration is

being given to making compass equipment
compulsory.

(~i
EORGE R. PUTNAM, Commissioner of

VJ Lighthouses, suggests that ships hearing
SOS calls triangulate their compass readings
so that the exact position of the distressed

vessel may be determined more accurately
than is possible when bearings are taken from
a single point.

AlOO-watt
radio transmitter, suited for

installation on all types of aircraft, has
been announced by the Radio Corporation of
America. The standard equipment includes
a wind-driven generator, although the trans-
mitter may be powered from a dynamotor,
energized from the usual 12-volt battery sys-

The above illustration shows the

quality of pictures which are now
being sent over telephone wires by
the American Telephone and Tele-

graph Company. It is actually dif-
ficult to detect a difference between
the original and the reproduction

tern aboard the craft. It has a 150- to 200-mile

telephone range and a 500- to 800-mile range
with continuous-wave transmission. The total

weight is 89 pounds. Means are provided to
use the amplifier for an inter-phone equip-
ment. The Radiomarine Corporation has also

developed a special beacon receiver, covering
a range from 580 to 1100 meters.

RADIO
RETAILING'S annual survey of

radio sales predicts a $650,000,000 busi-

ness for industry during 1928.

E. H. F.

AT THE January meeting of the Board of

Directors of the Radio Manufacturers
Association, Joseph L. Ray, General Sales

Manager of the Radio Corporation of Amer-
ica, B. J. Grigsby, President of the Grigsby-
Grunow Company, and Allan G. Messick,
Chairman of the Board of the U. S. Radio
and Television Corporation, were elected

directors, succeeding three who had previously

resigned. It was announced that the Trade
Show at Chicago, starting on June 3, this

year will embrace the Blackstone and Con-

gress Hotels as well as the Stevens. This may
prevent non-RMA members from securing
exhibit space adjacent to the Stevens this

season as has been customary in past years.
An arrangement has been made for the spons-

orship under RMA auspices of broadcasting
features presented by certain members of the

association. A tentative schedule for fourteen

weeks of RMA programs has already been

arranged for. Progress was reported on numer-
ous other activities.
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Practical Talks to Service Workers

THE ROUTINE TESTING OF RECEIVERS

By JOHN S. DUNHAM
R V Radio Service, Inc.

THE
value of an efficient, logical routine

in testing radio receivers of all makes,
models, and social standing can hardly

be over-emphasized. The Oxford Dictionary de-

fines the word routine as: "Regular course
of procedure, unvarying performance of cer-

tain acts, performed by rule." No matter
what sort of work one does, any part of which
is purely mechanical repetition of the same
acts day after day, even though intelligence
is required to watch, tabulate, and draw con-

clusions from the results obtained, much time

may be saved and energy conserved by de-

veloping an unvarying system of perform-
ance of those acts. Fundamentally, there is

little difference between radio receivers, and
it is entirely practical to devise a routine

which may be used universally for the effi-

cient testing of virtually all of them.

Use of Diagnoser

IF
THE routine of testing used is to be

equally applicable to all sets, then testing

equipment must be used which may be ap-
plied to all sets with equal facility. The socket

contacts of the average modern receiver can-
not be reached when the tube is in the socket,
and that remains true in some sets even after

the chassis has been removed from the cabi-

net. As it is highly desirable to make some of

the essential tests under load conditions, it

becomes necessary to use a set-diagnoser

("analyzer" or "tester") to attain that end.

If for no other reason, that application alone
would be ample justification for the use of

such a device.

Fortunately, the set-diagnoser has many
other advantages which make its use by all

servicemen imperative if they are to approach
closely the maximum efficiency in doing ser-

vice work. The set-diagnoser has three distinct

and important advantages. It permits a num-
ber of essential tests which either are impos-
sible or would consume a totally unjustified
amount of time with lesser equipment. It

makes all the tests that can be made with

ordinary single meters, in much less time.

And it has an exceedingly beneficial effect on
the customer's impression of the efficiency and
ability of the serviceman.

Cost of Equipment

T^HERE are a good many servicemen and
-I- service organizations who are of the opinion
that the cost of the manufactured set-

diagnoser is prohibitive. We believe a small

amount of simple arithmetic can effectively

dispel that myth. Five minutes is a conserv-

ative estimate of the time saved on the aver-

age service call by the use of a good set-

diagnoser (we are assuming that the service-

man knows his business, makes all the tests

he ought to make, and is thoroughly familiar

with his equipment). It is also conservative
to assume that the average serviceman can
make an average of six service calls per day.
Multiplication of six calls by five minutes per
call gives a product of thirty minutes saying
per day. The serviceman ought to bring in at

least two dollars per hour for his organiza-
tion, or for himself if he is working alone. At
that rate, the saving of a half hour per day
would represent a saving of one dollar per day.
The cost to a service concern of a good set-

A question many dealers and service-

men frequently ask is,
"
What is the

best order of procedure in servicing
receivers?" Each service problem is at

once the same as every other and differ-

ent from others. Mr. Dunham, head

of one of the largest New York City
service organizations, here discusses

some of the outstanding phases of this

question, and, while he does not at-

tempt hard and fast rules, his thoughts
should interest and help those doing
this work.

THE EDITOR.

There is nothing mysterious about
any radio. Every trouble in radio can
befound without the aid of spiritual-
ism, psycho-anal-ism, or guess-ism

diagnoser is not over $75.00. Paid for at the
rate of one dollar per day, three 25-working
day-months would accomplish that object.
For the remainder of the life of the instru-

ment, the daily saving would be clear profit.
The foregoing computation considers only the

saving in time, while the money value of
the other advantages, added together, is

certainjy equal to that of the time saved. In
the opinion of the author, two months is a
fair estimate of the maximum length of time

required for a set-diagnoser properly used by
an intelligent, well-trained serviceman to

pay for itself.

Even some of the radio set manufacturers
have begun to realize the value of their use,
and when manufacturers generally come to

the conclusion that any particular thing
would be advantageous in performing service
on their sets in the field, then you may be
certain that progressive service organizations
came to the same conclusion about two years
previously. The American Bosch Magneto
Corporation says, in part, in their dealer ser-

vice manual: "With the introduction and
almost universal approval of the a.c.-type
radio receiver by the public, the use of some
standard and approved radio test set is ab-

solutely essential."

Logical Routine Tests

THE ability of a radio serviceman to thor-

oughly and quickly discover the troubles
in any receiver is largely a function of his

ability to think logically and to approach the

problem, serenely, as one which may always
be solved by a process of orderly elimination

and orderly reasoning out of cause from ef-

fect. Every action, whether mechanical, elec-
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trical, or chemical, which takes place in a re-

ceiver or its associated equipment, is governed
by known laws, and any variation from
normal action can be determined by known
methods. There is nothing mysterious about
any radio or any radio trouble, except to the
man who is not familiar with them. Every
trouble in every radio can be found without
the aid of spiritualism, psycho-anal-ism, or

guess-ism.

Present-day radio receivers are composed
primarily of tubes, and secondarily of cir-

cuits employed to couple and supply those
tubes. As the tubes are the heart of the ma-
chine, and the coupling and supply circuits

both arteries, veins, and nerves, so are the
tube sockets the nerve centers, at which most
of the needed information about what is

Going on in the rest of the system may be
obtained. Therefore, any logical system of

testing must start at the sockets. More in-

formation may be obtained there, far more
quickly, than at all other points. One end of
each plate, grid, and filament circuit termi-
nates at a socket, and the other end of each of
those circuits terminates at the same socket. At
the sockets one may get plate, grid, and fila-

ment voltages, and plate and filament currents.

Tube Tests

TUBES
are at once the most important

and fragile of the things that comprise a
radio receiver. They are the most prolific
source of trouble, and, as progress is made by
manufacturers in the elimination of other

troubles, the ratio of tube to other troubles
increases. The serviceman's first object in

testing a receiver should be to get as quickly
as possible to the business of testing the tubes.

They cannot be tested properly, however,
unless the voltages applied to them are ap-
proximately correct. One must, therefore,
test filament, plate, and grid voltages at each
socket before the tube may be tested, a state-

ment which requires a degree of modification

depending upon the type of set.

Obviously, one does not get grid voltage
reading at a detector employing a grid con-
denser and leak, for no grid voltage is applied
when that method of detection is used. Even
if it were, the drop caused by the very high
resistance of the leak would be sufficiently

great to overcome the small applied voltage.
Neither is it feasible to test tubes from other
sockets to which no grid voltage is applied.

In old battery-operated sets which remain
guiltless of a C battery of which, fortunately,
there are few left the only recourse in testing
the tubes is to abandon the set entirely, con-
nect the batteries, and one of the 4.5-volt C

Any logical system of testing must
start at the tube sockets
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batteries which every serviceman should

carry, to the prongs at the end of the diag-
noser cable by means of clip-ended test

leads which should also be carried by service-

men and make the usual Ip-Eg test with the

tube in the diagnoser socket. In sets not

quite so senile, which have grid bias on the

last audio tube or both audio tubes, all of

the tubes in the set may be tested from one
of those sockets. In more modern apparatus,
most of the tubes have grid voltage applied
to them, so that those tubes may be tested

properly in the diagnoser from their own
sockets. Detector tubes employing a grid leak

and condenser, oscillator tubes, and sometimes
the first detector in a super-heterodyne, must
be tested from some other socket. Whatever
the type of set, however, all of the tubes should
be tested, at the earliest possible moment in

the routine which is possible without duplica-
tion of effort.

It is well to keep always in mind that approx-
imately normal IP alone does not invariably
indicate a good tube. For example, there is

such wide difference between the Ip ranges of

different tubes of the same make and type,
that a tube whose Ip range is higher than

normal, but whose emission (and therefore mu-
tual conductance) has fallen off just enough,
can have a remaining Ip which, at nor-

mal voltage values, is approximately the

normal average for that type of tube. It is also

possible for a tube whose emission has fallen

to a much lower point, but to the grid of

which the normal bias is not applied, by reason

of an internal open grid circuit, to continue to

show normal average Ip .

Measuring Merit of Tubes

T I^HE measure of merit of one tube against
1 another of the same type is its mutual
conductance. Mutual conductance is the rate

of variation of IP with variation of Es over

the straight portion of the IP-Eg curve. A
determination of that rate is the only method

by which we may know accurately whether
a particular tube is doing all it ought to do.

All good set-diagnosers possess a means of

changing the grid bias, applied to the tube

placed in its socket, from the normal value
to zero. The amount of IP change caused by
that change of Eg is a rough but sufficient

indication of the condition of the tube. Ob-

viously, that change will vary with different

applied voltages, and with different types of

tubes. It becomes necessary, therefore, for

the serviceman to know definitely what the
amount of that change should be for different

tubes and different plate and grid voltages.
While the author does not know of any
printed source of such information (which
doesn't prove there is none), it is not a diffi-

cult fund of knowledge to acquire in the field,

and to anyone who is the fortunate possessor
of a technically inquisitive mind, the gathering
of that data is rather interesting.

It should be remembered that the grid-

voltage reading obtained by even a 1000-ohm-

per-volt instrument is less than the voltage

applied to the tube when no meter load is

in the grid circuit, by the amount of voltage
drop across the secondary of the preceding
transformer. This drop is equal to the current

drawn by the meter, multiplied by the d.c.

resistance of the transformer winding. The
drop across the secondary of an r.f. trans-

former, with its small d.c. resistance, is so

little that it can be neglected, but that is not

always true of the secondary of an a.f. trans-

former. For example, let us assume that the

grid-voltage reading obtained when testing
a tube from the first a.f. socket is 10 volts on
a 50-volt scale. Assuming a one milliampere
meter movement, its current drain would be

one-fifth of a milliampere, or 0.2 mA. Assuming
the d.c. resistance of the secondary to be

10,000 ohms, that value times 0.2 mA equals
2 volts, the drop across the secondary, so that

the actual grid voltage applied to the tube
with the meter load removed would be 12

instead of 10 volts.

Let us take another example, of an output
tube. Suppose it is desired to test a 171-type

The customer cannot understand
the failure of "bad" tubes

Using a set tester has an exceedingly
beneficial effect on the customer's

impression of the ability and effi-

ciency of the serviceman

from its own socket. Assume the grid-voltage

reading to be 40 volts on a 50-volt scale. The
current drawn by the meter is, therefore, four-

fifths of one milliampere, or 0.8 mA. Assume
the d.c. resistance of the secondary to be the

same as that in the previous case, 10,000
ohms. Then the product of the resistance by
the current gives an 8-volt drop across the

transformer, so that without the meter the

voltage at the grid of the tube would be 48
instead of 40 volts. The drop in each of the

two examples given is approximately 16 per
cent, of the no-load applied voltage. The per-

centage drop will increase with increased

d.c. resistance of the transformer, and with
decreased resistance of the meter. In the

case of the 171-type tube test, with a sec-

ondary whose resistance is 15,000 ohms, and
a meter requiring 2 mA. for full-scale de-

flection, assuming a no-load grid potential
of 48 volts, the drop with the meter load would
be 18 volts, or more than 37 per cent, of the

applied voltage.
The important point about this grid volt-

age discussion is that, if the serviceman does
not know those factors and does not take
them into account when testing the audio
tubes of a set from their respective sockets,
he may be led to very false conclusions about
the tubes and the grid voltages actually ap-

plied to them. And the difference between a

serviceman who has and applies enough tech-

nical knowledge to discover such things, and
the serviceman who is devoid both of technical

knowledge and desire to acquire it, is usually
a large proportion of the difference between a

really good serviceman and one who might
possibly be a very good plumber.
From a

practical
business standpoint, tubes

whose emission, or mutual conductance (IP

change with Eg change), has fallen appreci-

ably below normal should always be replaced
with good tubes. Putting a fairly good tube
in some other socket, where it may perform
practically as well as a new tube, very often

results in a no-charge return call within a few

days, to replace that tube. When the em-
mission of a tube starts to fall off appre-
ciably, it usually continues to do so at a fairly

rapid rate. That is especially true of thoriated

filaments. You may expound to the customer
the fragility of tubes, the rapidity with which

they can become inoperative, and the fact

that the manufacturer does not guarantee
them, until you are reduced to whispers,
but, while he is usually willing to pay for new
tubes, he is rarely willing to pay for a return

call made within a short time, and no amount
of eloquence will thoroughly convince him
that such a return call is not due to the negli-

gence or inexperience' of the serviceman. And
in that belief, the customer is usually right.

Microphonic Tubes

NEXT
to tubes whose emission has fallen

off, microphonic tubes give the most
trouble. The detector tube is normally the
worst offender, because the audio-frequency
variation of plate current set up by mechani-
cal vibration of the tube elements is amplified
through all of the audio system. While that
same tube may not appear to be microphonic
to the degree that it produces a howl, when
placed in the first a.f. socket, it is not wise to

do so, because the condition usually grows
worse and within a short time the amplitude
of vibration can become sufficiently great to

produce sound from the loud speaker when
amplified by only the second transformer
and last tube. If the microphonic condition in

a set is to be remedied by shifting tubes, it

should, therefore, never be done by simply
exchanging the detector and first a.f.tubes,
but always by selecting a quiet tube from one
of the r.f. sockets,
Sometimes proximity of the loud speaker

causes a degree of additional vibration. In
these instances moving the loud speaker
farther away also removes the microphonic
condition which existed. In cases where a

separate loud speaker is used, that remedy is

always worth trying. In some cases, when
neither moving the loud speaker nor shifting
and replacing tubes will effect a cure, the

placing of lead weights manufactured for

that purpose on top of the detector and first

a.f. tubes may be effective. If none of those
remedies cures the patient, the only remaining
one is to re-mount the socket on sponge rub-

ber, or other shock-absorbing material, and
make flexible leads. In normal cases, when
it is simply a case of tubes themselves, no
tube should be left in either of the two critical

sockets if the ring caused by tapping the
tube sharply with the forefinger is sustained
for more than two seconds.
There are few things more exasperating to

a serviceman than to put into a set one of
the tubes he has with him, and find it to be

open, shorted, or paralyzed. The remedy for

having poor tubes turn up on the job is to

have each man turn in for test, at least once
a week, every tube he has been carrying,
and to enforce rigidly the rule that no tube
shall ever be returned to stock, even if it has
been out only half an hour, without first

having been tested properly. If we may be

permitted to digress briefly, in closing Part
I of this article, it has always seemed to us
that the word paralyzed is the most fitting

word in the English language to express, for

practical purposes, the condition of a radio
tube whose emission has become very low.
Some years ago a radio engineer of our ac-

quaintance took violent exception to our use
of the word, and we were unable to convince
him that Webster's definition describes the
tube's condition perfectly, insofar as its

ability to work goes, which is, after all, the

thing in which we are chiefly interested.

The serviceman's first object in test-

ing a receiver should be to get at
the business of testing the tubes as

quickly as possible
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Tubes as

Fuses

Output Vs.

Voltage
A mplification

IT IS COMMON knowl-

edge that when the A and B
batteries on a radio receiver

are mixed up, the tubes are

ready for the wastebasket. It remains for the
General Electric Company to make use of this

sad phenomenon which frequently has ex-

pensive economic aspects. A tungsten filament

which will pass 10 amperes at 15,000 volts is

placed in a vacuum. When the current in the
circuit rises to 45 amperes the filament burns

out, and, therefore, the tube acts as a fuse.

If a fuse operating in such high power circuits

is opened in air, an arc forms and it is difficult

to extinguish it. Even when the arc is broken,

strong surges are created in the line which
are difficult to control. In the vacuum tube

fuse, however, there are enough electrons

escaping from the ends of the broken filament
to carry the current for a short period and
prevent a heavy surge, and yet the circuit is

positively opened.

SOME READERS have

difficulty in distinguishing
between power output and
voltage amplification. The

power output of a receiver depends entirely

upon the final tube in one's amplifier and the

load it works into. With a given load it

requires a certain a.c. voltage on its grid to

produce this power output. (See "Home-
Study Sheet No. 14"). Now if one has a

strong signal from a local station the voltage

amplification between antenna and grid of

the power tube needs to be only of low value
to produce this a.c. voltage on the grid of the

power tube. If one lives twice as far away he
must have four times the voltage amplifica-
tion to produce the same voltage on the
tube's grid, and if he lives several hundred
miles he must provide much more voltage

amplification. The power output has not

changed at all but the voltage amplification
of the entire reciever may become many thou-
sand times as great.

Suppose a receiver is so sensitive that with a

field strength of one microvolt per meter
across the antenna, it provides 50 milli-

watts of undistorted output from the power
tube. To deliver this much power the tube

may require an a.c. potential of 7 volts, r.m.s.

on its grid (A 171 working into twice its plate
resistance). If the antenna is four meters nigh,
the antenna-ground voltage is 4 micro-volts.

The overall amplification of the receiver under
these conditions is 7-3- 4.0 x 10~*, or approxi-
mately 2 x 10", or two million.

If, however, the listener lives within a
mile of a 50-kw. station, he may get a voltage
across his antenna-ground coil of 2 volts. He
needs only a voltage amplification of 7-5-2

or 3.5 to get the same power output.
Possibly power output and voltage ampli-

fication are related but they are not synony-
mous.

The following are among the Subjects
discussed in "Strays" this Month:

1 . Vacuum Tube Fuses

2. Output versus Amplification

3. Cause of Winter Static

ft. Experiments With Pentodes

5. "Phantom" Power Tubes

6. Novel Dynamic Baffle

7. Life of a. c. Radio Tubes

8. Amateur Intermediates

Cause of
Winter
Static

Fig. 1

MR. H. C. JACKSON, of
Brooks, Iowa, sends us an
interesting account of
"snow static." Static in

the winter is not uncommon; it must be
something of the same phenomenon which
causes static in a shipboard receiver when the
"old man" blows the whistle in a fog. How-
ever, Mr. Jackson's letter gives some data
on the subject. "We are in the midst of an
electrical snow storm which I think will in-

terest you. It is of the hard dry variety driven

by a strong wind, and is of the type which the
Middle West designates as a blizzard. The
storm began by a heavy snowfall without
wind but accompanied by heavy static of the

steady crashing variety. That was about 12
to 15 hours ago (Last evening). This morning
no static was noticeable on a Hammarlund-
Roberts

"
Hi-Q Six" receiver with the volume

well advanced, but about 9:00 a.m. I noticed
the regular putt-putting usually associated
with a faulty grid connection. As the first step
in locating the trouble I removed the antenna
wire, and, while holding the bare tip of the
wire in my fingers, I chanced to touch the
chassis of the set. The result was a consider-

able shock. Upon holding the antenna wire a
half to three quarters of an inch from the
chassis (which is grounded) a distinct corona

appears which may on occasions be drawn
out to one and one quarter inches, accompan-
ied by a faint hissing. Upon coming within
three eighths to one quarter of an inch of the

chassis, sparking occurs, which becomes a
continuous flame at one sixteenth of an inch.

As I have not connected the set to the antenna
to attempt operation for more than an hour, I

do not know whether there is static or not at

the present time. The strength of the corona
varies with the intensity of the wind and
when the sparking at one quarter of an inch

is permitted, it produces the putt-putt which
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first attracted my attention. My antenna is a
stranded enameled copper wire 100 feet long
plus a 45-foot rubber-covered 14-gauge lead-in
wire dropping direct from a height of 40 feet.

Theground wire isconnected to a lightning rod.
I am not using a lightning arrester during
winter."

Experiments
With the

Pentode

WE HAVE already men-
tioned the Pentode, a new
tube that has, as yet, not
been manufactured in this

country, but which has attracted considerable
attention in England and on the Continent.

George Uzmann gave us the opportunity to

take a Phillips type 8^143 valve into the Lab-

oratory to see what would happen when we
put a.c. voltages on the grid. The circuit is

shown in Fig. 1 and the output power as

the load resistance was varied with constant

input voltage is shown in Fig. 2. The output
power at various input voltages with a con-
stant load of 25,000 ohms is given in Fig. 3.

These figures are very interesting. With a

plate potential of only 150 volts, a plate cur-

rent of only 10.0 milliamperes, and with an
a.c. input potential (r.m.s.) of only 12 volts,
we were able to get 725 milliwatts into a

25,000-ohm load. Compare this with a 171-

type tube which, to produce 700 milliwatts of

power into a 4000-ohm load, requires an input
r.m.s. potential of about 27 volts, a plate bat-

tery of 180 volts and a plate current of about
20 milliamperes.

This tube requires 0.15 ampere at 4.0 volts

for its filament. Whether or not this tube
would stand up in practice we cannot say.
There is one distinct disadvantage the high
plate resistance. When a 540-AW loud speaker
was placed in the output of this tube, the

quality was poor because of the comparatively
low impedance of the loud speaker at low

frequencies. With an output transformer of

proper characteristics, the transmission of

good quality from tube to loud speaker should
be possible.

There is this difference between our power
tubes and this Pentode which has three

grids, one attached permanently to the fila-

ment, one attached to the B plus, and the
third corresponding to our signal grid and it

is the fact that its much higher plate resistance

implies that much smaller plate current varia-

tions are necessary to supply a given amount
of power. For example, the 171-type tube with
a steady plate current of 20 milliamperes,

UBU
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must have a maximum a.c. plate current at

times of this order, i.e., 20 mA. This a.c. cur-
rent into the load of 4000 ohms gives us the

power output. The Pentode with a steady
plate current of 10 mA. will deliver the same
power into its 25,000-ohm load with an a.c.

current that is much smaller. In other words,
the filament need not be so heavy nor consume
so much power.
The Pentode is distinctly a battery tube.

Its filament and plate power to deliver a very
respectable power output is less than required
with present-day 112-type tubes.

The characteristics of the tube as given by
the manufacturer are presented in Table 1,

and a characteristic curve in Fig. 4.

Table I

Filament voltage 4.0
Filament current . .... 0.15
Plate voltage ... ... 50 to 150
Screen-grid voltage . . 50-150
Amplification factor . ... 100
Internal plate resistance . . 87000 ohms
Mutual conductance 1500 micromhos
C bias 16 volts
Normal plate current 10 mA.

Will we have Pentodes in this country?
We don't know. We shall take more charac-
teristics in the Laboratory and present them
in this department in the near future.

Power
Tubes

THE FOLLOWING letter

from Albert Allen Ket-
chum, of Coulterville, II-

- linois, describes a phe-
nomenon that has been observed by many
users of oxide-coated-filament power tubes.
It is a kind of fluorescence which takes place
when certain substances, usually organic
salts, are exposed to visible or ultra-violet radi-
ations or cathode rays. During this exposure
these substances give off a light which is of
different color than that color they reflect,
and is related to the color they absorb most
readily. The organic substances are in the
oxide coating and do not indicate, as some
believe, that the tube is defective or short
lived.

"I have a "Phantom" power tube, in the
form of a deForest 171A. At least, there occurs
in it a phenomenon the like of which I have
never seen before in my several years of ex-

perience with radio, and I thought perhaps
you could explain it to me, or perhaps it may
be new to you.

"I discovered this freak ghost to-night for
the first time. As I turned on my set and tuned
in a station I happened to be looking at the

power tube and noticed a shadow moving on
the plate. First I thought it was reflection

from my clothing but upon more careful ob-
servation I noted that the shadow moved in

cadence synchronous with the speaking and
music, up and down along the outside face of
the plate. Then I began to study it. When the
music or speech stopped it stopped, when bass
notes were played it made a deep jump and
when banjoes or lighter instruments were play-
ing it danced a merry little jig up and down
in short quick movements. It was not a reflec-

tion from a brightening or dimming of the
filament of the tube, for I studied it and it

seemed as near as the eve can tell to remain

0.40
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constant. Besides the plate is opaque and it

would be impossible for the filament rays
to pierce it. This shadow had the appearance
of a phosphorescent glow, and seemed to be
more greatly agitated with the human voice
than with music.
"Can you explain it? This is the first time

I have ever had the privilege of seeing at least
a part of radio at work!"

Novel

Dynamic
Baffle

WE HAVE often men-
tioned the unsightly baffle-

board which seems neces-

sary for dynamic loud

speaker operation. At least three square feet

of baffle is necessary if notes as low as 100

cycles are to be reproduced. One way to
solve the difficulty is disclosed in the follow-

ing letter from A. A. Abels, of Dumont, New
Jersey.

"Being the proud possessor of an NH-10
Newcomb-Hawley dynamic loud speaker, I

was particularly anxious to take advantage of
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the utmost of its excellent frequency charac-
teristic.

"I occupy a rented house, and could not,
therefore, secure the infinite baffle effect ob-
tained by placing the loud speaker in the wall,
as described in the excellent article in your
January issue. The wife's ideas of interior
decoration were an uncompromising barrier,
when I suggested a 4-foot square baffleboard.

"I studied the interior architecture of the
house for a week before I concurred a plan
which proved both effective and in accord
with the wife's decorative scheme."

I placed the loud speaker on the top of the

piano, which stands "kitty-corner" in the
corner of the room. I consider that the piano
forms the lower half of the baffleboard, so that
by placing the loud speaker in a baffleboard
about 4' x 2', the 4-foot dimension being

horizontal, I have in

effect a 4-foot baffle. I

used a piece of Upson
Board with a reenforc-

ing framework. With
rounded corners and
painted to match the

walls, or covered with

tapestry, or with
drapes, or relieved with
Dutch wall paper, such
as can be bought in

the form of panels; the
decorative possibilities
are great.
"In combination

with my Fada special

Fig. 5

265-A set, my audio results are as fine as I

have ever heard
"

Life of
a.c. Radio
Tubes

READERS STILL com-
plain that their a.c. tubes
seem to have shorter life

than tubes which operate
from batteries. This may be so, but have these
readers actually checked up the number of
hours they operate their receivers now that

battery troubles no longer worry them? An
estimate made recently by a prominent tube
manufacturer indicates an average of nearly
nine hours a day for receivers which operate
from a lamp socket. A combination of good
programs more hours of the day and freedom
from worry about charging the battery is

responsible for this estimated increase in
receiver service. All the old estimates on tube
life were made on the basis of three hours
operation a day and so an apparent short
life in tubes is only apparent after all.

The following release from the Arcturus
Radio Tube Company is pertinent in this

connection: "On the twenty-first of April,
1928, twenty-five tubes were placed on life

test in a special test rack installed in the ollkv
of the sales manager. With the exception of
such occasions when the tubes have been re-

moved from the test rack for laboratory
measurements, they have been burning con-

stantly for over ten months. This is equivalent
to almost seven years of average home recep-
tion service. No tubes have burned out to
date. The tubes under test are Arcturus 2.5-
volt a.c. detector tubes (type 127)."

______ BEGINNING January 1,

Amateur 1929, amateur stations

Intermediates started a somewhat differ-

.. __i ent system when calling
each other. The old "intermediates" were
abolished, and the following list approved by
the respective governments was the sub-
stitute on January 10. It was sent to us by
A. L. Budlong, of the A. R. R. L.

United States (territorial) w
United States (possessions) K
England c
Germany D
Mexico x
Salvador YS
Portugal cr
Denmark oz
Canada VE
New Zealand ZL
Australia MH-VK. (?)
Cuba CM
France F
South Africa zs
Great Britain G
Ecuador HC
Panama RX
Austria no

By the international convention the old sys-
tem of calling and signing is changed to con-
form with the universal practice of using the
intermediate "de".

A
Correction

AN UNFORTUNATE er-

ror occured in the diagram
of the constant impedance
resistor in the article on

"An inexpensive audio oscillator," page 187

January RADIO BROADCAST. The correct dia-

gram of the apparatus is shown in Fig. 5.

Manufacturer's facetiousness: TheClar-
ostat Manufacturing Company has announced
a variable center-tapped resistor to be used
across tube filaments. The name of this new
device is the "Hum-Dinger."

KEITH HENNEY
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A Glance At Set and Tube Sales, 1927 and 1928

THE REAL SIZE OF THE RADIO MARKET
COLD figures on the

sales of the two chief

products in the radio

industry r eceivers
and vacuum tubes
are of great importance
because they furnish a

guide to the history of

the months past and

they give an excellent

measuring stick for the future.

We present below figures on the receiver

and tube sales for 1927 and 1928 which should

prove of wide interest. They are of
especial

interest because they include accurate figures

of the tube and set sales of the Radio Cor-

poration and its licensees for these two years,

years in which the radio industry was pass-

ing through what may be regarded in the

future as its most critical period.
Previous estimates, while most useful as a

general guide to the progress of the industry,
have been incomplete because of the unwill-

ingness of key manufacturers to give out

their sales figures. These companies, notably
the Radio Corporation and its various li-

censees, are probably responsible for far and

away the largest sale of receivers, as in this

group alone are more than 30 of the biggest

company "names" in radio.

The figures which follow were gathered by
the Editor in an independent survey in order

to provide the most accurate possible basis

for examining the radio industry tube arid

set sales. They were presented during a re-

cent action in the Federal Court at Wilming-
ton, Delaware, in which certain tube manu-
facturers sought to secure a permanent in-

junction restraining the Radio Corporation
from enforcing Clause 9 of their license con-

tract with set manufacturers requiring the

purchase of RCA or Cunningham tubes for

each socket of each set sold.

k
GENERAL SUMMARY

Radio Sets

Sets in use, Jan. I, 1929 . . .

Sets in use, Jan. 1, 1928 . . .

Sets in use, Jan. I, 7927
Seta acquired, 1928 ....
Sets acquired, 1927

A'm/m Tubes

Tubes sold, 1928
Tnbrx sola, 1927
Tubes sold, 1928 for new sets .

Tubes sold, 1927 for nfiv sets
'192tt Tubes sold for replacements
'1927 Tubes sold for replacements

11,000,000
8,080,359
6,352,419
2,919,641
1,727,940

61,552,816
33,662,247
20,472,487
10,332,640
41,080,359
23,339,607

"rieti- anil old sets

TAHLE I

1928. Set Sales Requiring New Tubes.

Seta sold by RCA . .

Sets sold by RCA licensees

Total set" sold by both

All otlier set sales

Total sets sold

569,641
2,025.000

2,594.641

340,000

2,934,641

Note: "Other set sales" estimated ami included
non-licensed sets and kits, home-assem-
bled seUi and transmitting and receiving
amateurs. RCA licensee sales were 843.614
sets for first three months. Of estimated
total sets sold, RCA sold 19.3 per cent.,
RCA licensees, 69.05 per cent., and lioth a
total of 88.35 per cent, of all sets.

TABLE II

1928. Original Installation and Replacement
Tube Requirements,

Initial Installation
RCA and licensees (2,594,641 sets, av.

7 tubes ea.) 18,162,487
All others: complete sets, kits, etc.,

.I10JMHI sets at average varying:
7, 6, and 3 tubes ea.) 2,310,000

Total tubes required . . . 20,472,487
Replacements (required in sets sold
during this year)
RCA and licensees . 2,594,651 sets
All others . . . 325,000 seta

Total .... 2,919,641 sets

'Replacement tubes required . 8,758,923
Old Sets
**Sets in use as of Jan.

1, 1928 .... 11,000,000
Sets acquired during

1928 .... 2,919,641 .

**Sets as of Jan. 1, 1928 8,080,359
f Replacement tubes required . 32,321,436

Total Tubes Sold For All Purposes . 61,552,846

* At 3 tubes per set
**Estimate of Daniel

Starch
f At 4 tubes per set

TABLE III

1928. Tube Sales.

Tubes sold by RCA to set licensees .

*HCA tubes for RCA seta ....
Other RCA sales

Total RCA tube sales
Sales by other tube manufacturers

(est.)

Total tube sales

"569,641 sets, 7 tubes per set

Including Cunningham

7,122,123
3.987,487

11,109,610
19.552.510

30,662,120

30,890.726

61,552,846

Note: RCA tubes sold to licensees were 11.6 per
cent, of year's sales; RCA seta required 6.5

Krr
cent, of the above grand total; other

CA sales, 31.8 per cent, and all other
manufacturers sold 50.1 per cent, of total
tubes during the year. In above, "sales

by other tube manufacturers" is neces-
sarily estimated with Table VI as basis.
For derivation of total tube sales, see
Table II.

RCA (and Cunningham) sales first 6
months, 7,802,324; second 6 months
22,859,796.

TABLE IV

1927. Set Sales Requiring New Tubes.

Sets sold by RCA
Sets sold by RCA licensee* . . .

Total sets sold, RCA and licensees
All other set sales

Total sets sold

324,878
966.542

1,291.440
436.500

1,727,940

Ndte: "Other set sales," estimated and includes
non-licensed sets and kits, home-assem-
bled sets and transmitting and receiving
amateurs.
RCA and licensees sold 74.8 per cent, of
set* (18.8 per cent. RCA, 56.0 per cent.
RCA licensees); 25.2 per cent, of total
was sold by all others.
First RCA set license granted Mar. 10,
1927, and some 24 others at different times
following, so that total of 966,542 sets
does not represent entire sales by makers
during 1927 who at end of year were li-

censed; their sales included in estimate
"other set sales."

TABLE V

1927. Original Installation and Replacement
Tube Requirements.

Initial Installation

RCA and licensees
(1,291.440 sets av. 6 tubes ea.)

All others: complete sets, kits, etc.

(436,500 at average varying: 6
and 3 tulics ea.)

Total tubes required for initial
installations. .

7,748,640
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Replacements (required in sets sold
during this year)
RCA and licensees 1,291,440 sets
All other* (est.) . . 421,500 sets

Total .... 1,712,940 sets

(at 2.5 tubes each, replaced)
Replacements (required in old sets)
Sets as of Jan. 1, 1928 8,080,359
SetA acquired during

1927 1,727,940

t.282,350

Sets as of Jan. 1, 1927 6,352,419
(at 3 tubes per set to be replaced)

Total tubes sold ....
TABLE VI

1927. Tube Sales.

In hi'- sold by RCA to set licensees
RCA tubes for RCA sets . . .

19,057,257

. 33,662,247

5,719,710
1.949,268

"Other RCA tube sales . .

Total RCA sales
Sales by other manufacturers

Total tube sales

7,668,978
14,583,097

22.252,075
11,410,172

33,662,247

*324.878 sets, 6 tubes each
in. -In. I. - Cunningham

Note: RCA tubes sold to licensees were 16.9

per cent, of year's sales; RCA sets re-
quired 5.8 per cent, of the above grand
total; other RCA sales were 43.3 per cent,
of the total and all other manufacturers
sold 34.0 per cent, of the total. For deriva-
tion of total tube sales, see Table V. In
above, "sales by other manufacturers"
w necessarily estimated with Table V as
basis.
RCA (and Cunningham) sales first 6
months 7.116,747; second 6 months 15,-
135,328.

k
In the tables above, the RCA set sales and

set sales by RCA licensees are grouped and
all others are estimated and given separately
in order to make it perfectly clear what figures
were known and what were estimated. When
the entire radio industry releases its sales

figures each year, under proper control, it

will no longer be necessary to make esti-

mates. All in the industry agree on the neces-

sity of reliable figures, and the manufacturers
are not least among these, but as yet it is

impossible to secure all figures necessary for

the most accurate report of a year's business.

The estimates given in the tables were ar-

rived at by what is thought to be the best
means possible: the accurate figures of set

sales by RCA and RCA licensees and the tube
sales for licensees' sets and for RCA sets were
used as the basis. In addition, the total tube
sales by RCA (and Cunningham) was known.
It was necessary then, to estimate the sets

sold by all others which are responsible for

installation of new tubes. This estimate (in

skeleton form only) appears in Tables II

and IV. The derivation of the other figures is

apparent from a study of the Tables.

Meaning of the Estimate

IT
TAKES no gift ofprophesy to read in these

figures, concentrated under the heading
"General Summary," the record of astounding
development in the radio market and, behind

that, the remarkable, and growing public ac-

ceptance of radio broadcasting. The number
of sets in use by the first of January 1929 had
increased by 37.5 per cent, over the number
in use at the same time the previous year.
And the number of sets in use on the first of

(Continued on page



Discussing 60-Cycle Filters

THE EXPERIMENTER'S ARMCHAIR

By ROBERT S. KRUSE

TFIE
radio operator has his static room,

the adventurer his camp fire, and the

chauffeur the gas station. We Experi-
menters have been without a place in which to

tell of our adventures and this one is now
opened to us.

Gentlemen, if you are all settled com-

fortably, we can begin our first meeting. We
will not be formal about it, for these meetings
are open to any experimenter, whether he be

scientist, engineer, laboratorian, operator,
serviceman, or plain tinkerer.

In order that no one will be embarrassed by
having to make the first talk, I will read an

anonymous paper. It is on the subject of

filters, concerning which there is so much
bilious mathematics and so few easily applied
facts. While the writer of the paper speaks
from the transmission viewpoint his ideas

apply to any filter used on the output of a
rectifier fed from a 60-cycle supply. Notice
that he does not agree with our general use of

the "brute-force" type of filter.

FILTERING WITH SMALL CHOKES

Listening to some of the 60-cycle growls
we still hear on the air makes it evident
that in some transmitting filters the growl was

weighed against the price of 30-henry chokes

capable of carrying 200 mA: and the chokes
lost. Another, and very potent, argument,
against the use of big chokes, is the fact that

their d.c. resistance is high; nobody wants to

waste 200 to 300 volts in a filter when those
volts might better be keeping the oscillator

plates warm. Neither does anyone care for a

plate voltage that swoops wildly up and down
as the load changes.
How can we make a filter which will do the

work well enough to give us a "fairly d-c."

note, and at the same time, cost little and
waste very few of our precious volts? This

problem was taken up from a laboratory
standpoint; a rectifier unit was built, as in

Fig. 1, and the output of alternating voltages
at the various harmonic frequencies was
measured by means of a special vacuum-tube
voltmeter capable of indicating the value of

any one frequency in the presence of others,
this being accomplished by means of resonant
circuits tuned to the frequency being meas-
ured. Calibration was accomplished by means
of a single-frequency current of known value

flowing through a known resistance, the volt-

meter being calibrated at each frequency to
be measured. An accuracy of plus or minus
one per cent, is obtainable by this arrange-
ment.
The power unit used in the tests comprised

an ordinary step-up transformer with a split

secondary and two 281-type tubes as recti-

fiers (see Fig. 1). With this unit working into

a 7500-ohm resistance load, no filter being
used, output voltages were measured; the
result of the analysis is shown in column A of
Table 1. The presence of the 60-cycle and
other odd harmonic voltages is due either to
one transformer secondary having a slightly

higher voltage than the other, or to a higher
plate-filament resistance in one of the recti-

fiers.

The magnitude of the 120-cycle voltage
explains the growl to be heard in an unfiltered

supply; it also shows that our greatest prob-
lem in designing a filter will be to get rid of
this voltage.

For the next test the simplest type of filter

(a condenser across the output of the rectifier

as in Fig. IB) was used. This produced a drop
in the harmonic output voltages for the

following reason. The greater part of these

harmonics is due to the leakage reactance of

the transformer. The addition of the con-

denser, C3 , reduces (in effect) this leakage
reactance and thereby reduces the harmonic

.4* the title of this contribution of
Mr. Kruse's indicates, the main con-

tent deals with the experimental side

of radio. Mr. Kruse has been given the

widest latitude in the selection and
treatment of the material that appears
under this heading. In our judgment,
all those who are interested in experi-

menting with a practical aim will find
these pages each month of benefit to

them. Contributions are invited and
will be paid for if acceptable.

THE EDITOR.

output. At the same time the d.c. output
potential increased from 530 to 750 volts,
due to the increase in voltage on the tube
which is limited by the leakage reactance

voltage, and as said above the addition of

a condenser reduces the effective leakage
reactance. (The same effect as to d.c. voltage
rise may be obtained by connecting 0.1-mfd.

directly across the transformer secondary but
this has almost no filtering action and is not

recommended.) The value of the condenser

Ca was varied from 1 to 10 mfd. More than
3 mfd. gave very little increase in filter

action. (The subscript 3, as in Cs, indicates

a condenser of 3.0-mfd. capacity. Thus, in

diagram c of Fig. 1, Cj has 10.0 mfd. capac-
ity.) The results for this test (as shown in the

Rectifier Load Test Circuit

TESTING CIRCUIT

NO FILTER

(A)

(See Text) =
j

SHUNT CAPACITY ONLY

(B)

Fig. 1 Schematic diagrams of the

rectifier and four types of filters
considered in the tests.

table) make it quite evident that we cannot
afford to omit condenser Cs from our circuit,
even if that is all the filter we have.

RESULTS WITH 120-CYCLE TRAP

For the next test a trap, tuned to 120

cycles, was placed in the negative lead
and beyond that another condenser, Cio,
was connected across the circuit, giving the

arrangement shown in diagram c of Fig. 1.

The trap was made up of a choke having 12
ohms resistance and an inductance in the

neighborhood of 1.2 henries. It was tuned to
offer maximum impedance to the flow of

120-cycle current by connecting various con-
densers across it until the 120-cycle voltage at
the load was a minimum. Approximately 1.1

mfd. was required to do this. Low-voltage
condensers were used and since the trap was
in the negative side of the line it could be
"worked hot" as the greatest potential en-
countered is 50 volts or so at 120 cycles. The
d.c. drop through the choke is insignificant,
and with this connection the output is pretty
fair d.c. The total r.m.s. alternating voltage
at the load is less than 2, which is less than J
of 1 per cent, of the direct voltage.

This should be sufficiently smooth for

any c.w. transmitter, likewise for a number
of other piirposes and we did it with a single
choke having a resistance of only 12 ohms!
The final condenser, Cio, may be reduced to

as low as 2 mfd. and maintain a fairly smooth
output. Here, then, is a good c.w. transmis-
sion filter; one small choke, 4 or 5 mfd. of

high-voltage condenser (C3 and Cio) and
about 1 mfd. of low-voltage condenser. f
A still smoother output for phone work, or

other purposes, may be obtained by using the
circuit shown in diagram D of Fie. 1. The coils

LI, Lj, and L each have an inductance of

approximately one henry and a resistance of
10 to 15 ohms. The condenser, Cs, in the center
branch has a capacity of 5 mi'ds. The analysis
of the output of this filter is given in the table

under D. It can be seen that the total r.m.s.

alternating voltage at the load is now only
1.2. volts (less than I* of 1 per cent, of the d.c.)

and that is mostly at 60 cycles where it will

not be particularly troublesome to a phone
transmitter. The total series resistance of the
filter is less than 50 ohms, so that for ordinary
load currents the voltage drop will not be
more than 10-15 volts, or 2 per cent, of the d.c.

voltage. This should help the "yoop" problem
of the c.w. amateur who wants ii smooth
tone. Part of this difficulty is occasioned by
large voltage changes when the key is opened
and closed. Of course, no filter can prevent
the rectifier from charging the condensers to

a value near the peak voltage of the trans-

former when the load is off but that is avoided

easily enough by a resistance permanently
connected across the filter output. There is no
exact value for this resistance and it must be
determined by trial, using the highest value
that will still prevent the rise of voltage when
the load is off. Where a high-voltage d.c.

meter is connected across the circuit no other
drain is needed. Incidentally, such a shunt is

useful in another way. It prevents one from

taking hold of a filter condenser and dis-

covering that the brute is still loaded.

At any rate the 10-15-volts drop is quite an

improvement over the common 150-300-volt

drop. In one case which was tested a set had
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Fig. 2 Test circuit for trap tuning

v,
'
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Fig. 3 Method of calculating volt-
age reduction. (A) Actual circuit,

(B) Equivalent circuit.

an annoying "yoop" when keyed with a
"brute-force filter. The drop through the
choke was 175 volts. Filter circuits such as
shown here cured this almost completely with-
out any change in the r.f. circuits.

TUNING THE TRAP

The question will naturally be asked, "How
am I going to be able to tune the trap with-
out some sort of analyzer?" Fortunately this
is simple. If you have, can make, or will

borrow, a vacuum-tube voltmeter, con-
nect it to the output of the loaded filter
as shown in Fig. 2 and juggle the trap
condenser until the vacuum-tube voltmeter
shows a minimum. The 1000-ohm potentio-
meter is used as a sensitivity control and
enables you to keep the meter deflection
within reason. The isolating condenser C s

must be capable of withstanding the full

voltage of the output. Always do the testing
with the rectifier and filter operating at their
normal load as the inductance of the chokes
vary with the d.c. flowing through them.

If a vacuum-tube voltmeter is not available,
a pair of phones may be used and the filter

adjusted for minimum sound. Leave the phones
on the table; the condenser C s might puncture
and electrocution is reported to be unpleasant.
The rectifier shown is of the "centertap"

variety. If the
"
Bridge" connection is used for

any reason a larger 60-cycle voltage may ap-
pear and may call for a 60-cycle trap in addi-
tion to the 120-cycle trap. Such a trap will

require about 4 times the capacity (in the trap
circuit) as is necessary for 120 cycles.
No tests were made on a half-wave rectifier

but in this case also a 60-cycle trap is neces-
sary, although the 120-cycle trap may prob-
ably be omitted. Incidentally, in the full-
wave rectifier discussed some 60-cycle voltage
appears because of an unbalance. If for any
reason it is objectionable a 60-cycle trap is the
cure.

Some measurements of the harmonic cur-
rents flowing in various parts of the circuit
were made by inserting a resistor in the circuit
and measuring the alternating voltage drop
across it.

The 120-cycle current flowing in the branch
C3 of diagram c. Fig. 1, was 120 inilliampcres.
This is practically the total 120-cycle output
current of the rectifier, since the 120-cycle
current flowing through the trap to the load
was only iibout t.7 milliamperes. From this
latter current and the voltage across the trap
it is easy to calculate the impedance of the
trap to 120 cycles:

The impedance of Cio to 120 cycles is 132
ohms, hence we should expect a 120-cycle

voltage at the load of
..g'.^, =0.64 volts.

The voltage measured was 0.60, a fairly close
check. The method of calculating the last

voltage is explained in Fig. 3.

The combination of series and shunt im-
pedances may be considered as a potentio-
meter, which permits a fraction of the im-
pressed (or rectifier) voltage to appear across
the load. The ratio of these two will be the
ratio of the total impedance, Zs + Zi, to the
shunt impedance, ZL, which latter is made upof
the load and the last condenser, in parallel. By
varying these impedances we can make the
a.c. voltage reduction in our filter anything
we please. For instance, suppose that the final

condenser, Ci , is reduced to 1 mfd. Its im-
pedance will then be 1320 ohms, and the 120-
cycle voltage appearing at the load will be
(neglecting load impedance)

53 x 1320

11,300 + 1320
= 5 '5 volls

This simple way of looking at filter action
permits you to calculate quickly what reduc-
tion of voltage you may expect from a given
set of impedances. The impedance of a choke
coil is given approximately by

Z = 6.3 x (inductance in henries) (frequency)

The impedance of a condenser is given by

z= 160.000

(capacity in mfd.) (frequency)

The impedance of the trap was discussed
before.

Of course, the method of calculating drops
does not work out if any choke is in resonance
with one of the harmonic frequencies by
reason of its distributed capacity or if one of
the chokes and one of shunt condensers makes
a series resonant circuit.

COMMENT AND SUGGESTIONS

The difference between this filter and the
"brute-force" type is that it does a very
neat piece of work for the particular condi-
tions to which it is adapted, while in the
"brute-force" case we squirm out of the
necessity of adjustment at the expense of
tolerating rather bad voltage drop and rather
liirge expenditure for apparatus.
Probably everyone has found it out before

now that choke inductances and paper con-
denser capacities usually vary considerably
from the marked values so that a little cutting
and trying is useful. This means changing the
condensers around and adjusting the air gap
of the choke.

A l.J-HENRY CHOKE

In Fig. 4 are shown a pair of suggested
chokes which can be varied from about \
to about 1.2 henries by changing the air

gap. In both forms (A and B) the core legs are
1 inch square and butt joints are used
throughout. The air gap is adjusted by laying
different thicknesses of cardboard in it after
which the core is again clamped or taped to
reduce humming. About 1J pounds of No. 24
enameled wire will fill the winding space of A
while No. 23 enamel may be used for B. The
chokes will handle about J ampere without

Tablet

ANALYSIS OF FILTERING ACTION OF CIRCUITS
SHOWN IN FIG. 1

Frequency Voltages at Load

d.c.



Part II of a Series

GRID-LEAK POWER DETECTION

By FREDERICK EMMONS TERMAN
Stanford University

IN
DETECTING, or what is the same

thing, in rectifying large signals, it is

generally considered that C-bias detec-
tion is necessary if good quality of output is

to be maintained. The common grid leak-

condenser rectifier, so sensitive with weak
signals, is found to overload with only
moderate input voltages and; to be entirely

impossible.
The unsatisfactory results generally ob-

tained with grid leak-condenser power detec-
tion are not an inherent shortcoming of this

mode of rectification; they are merely a con-

sequence of using grid detection improperly.
Under suitable conditions the grid leak-con-
denser method of detection will give less dis-

tortion when the applied signal voltage is large
than when it is small. This perhaps surprising
result is obtained by analyzing the causes of
distortion in the grid rectifier and then adjust-
ing the circuits and battery voltages to elimin-
ate the trouble. The result is a power detec-
tor giving good quality, and having a high
degree of sensitivity on both strong and weak
signals.
There are two kinds of distortion introduced

by detectors. The first type is frequency dis-

crimination, that is, the reproduction of some
audio frequencies better than others. The sec-

ond type is non-linear or amplitude distortion

which is caused by the detector output not

being proportional to the size of the signal

voltage. Non-linear distortion causes the pro-
duction of audio frequencies in the detector

output which were not present in the original
sound. Both kinds of distortion

are, of course, undesirable.

Distortion Wilh Weak Signals

THE fundamental basis of grid-
leak detection of small signals

was considered in the first of this

series of articles on detection, and
the problem of selecting grid-leak
and grid-condenser values to avoid

frequency discrimination wastaken
up at length. In general, it was
found that in order to reproduce
all audio frequencies equally well

the grid-leak resistance should not
be too high and that the grid con-
denser should be as small as pos-
sible. At the same time if either

the grid condenser or leak resist-

ance is less than certain rather
critical values there will be an
excessive loss of sensitivity.

Proper attention to these circuit

details will eliminate almost com-
pletely frequency discrimination
when the grid leak is handling
small voltages. At the same time,
and no matter how well adjusted,
the grid leak-condenser detector,
like all other known detectors, in-

troduces amplitude distortion with
weak signals. This is true because
the output of all rectifiers is pro-
portional to the square of the signal

voltage when this voltage is small

(i. e., less than approximately
0.25 volt for grid-leak detection
and only a few volts with plate
detection).
Over this range of signals for

which the detector follows a

Power detection! Not so many
months ago we called the attention of
RADIO BROADCAST'S readers to the

tendency toward the use of a single

stage of audio amplification, and

thereby got ourselves into controversy
with manufacturers of audio equip-
ment. In this article, Professor Ter-

man tells how it is possible for a de-

tector to deliver enough output recti-

fied voltage to "load up" a power am-
plifier lube. Such a detector is used in

the Radiola 60 series, the Spartan re-

ceiver, the new Crosley Jewelbox, the

R. F. L. airplane receiver, and there

may be others whose names we don't

recall at the moment. Power detection

is coming into Us own, evidently.
The author is Assistant Professor

in charge of Communication at Stan-

ford University. He has another ar-

ticle or two on detection in preparation
for us.

THE EDITOR.

square law the amplitude distortion is such
as to introduce distortion audio fre-

quencies which are twice the frequency of

SMALL SIGNAL LARGE SIGNAL

the sound to be reproduced, and also dis-
tortion audio frequencies which have fre-

quencies that are all the possible com-
binations of sums and differences of the fre-

quencies actually present in the original sound.
Thus if the modulated signal voltage is simul-

taneously carrying audio frequencies of 1000
and 1500 cycles, the detector in addition to

reproducing the desired 1000- and 1500-cycle
currents will produce weaker double-frequency
distortion currents of 2000 and 3000 cycles
and will also produce a sum distortion-

frequency current of 2500 cycles and a differ-

ence distortion-frequency current of 500
cycles.

Fortunately, these various distortion fre-

quencies are usually weak in the detector out-

put compared with the output currents of the
undistorted frequency. The amount of dis-

tortion is proportional to the degree of modu-
lation of the radio-frequency signal voltage,
and for this reason it is not always desirable
for the transmitting station to modulate its

carrier more than 20-25 per cent. With such a
degree of modulation the distortion currents
will be about 5 per cent, as strong as the main
signal currents. When the degree of modula-
tion is 100 per cent, the distortion may run as
high as 25 per cent, but will never exceed this
value.

The cause of these distortion frequencies in

the detector output can be understood readily
from the following explanation. Assume that
the carrier wave of the transmitting station is

1,000,000 cycles, and that this wave is simul-

taneously modulated by the 1000-
and 1500-cycle frequencies men-
tioned above. Then the wave act-

ually transmitted from the broad-

casting station consists of waves
of the following frequencies:

Upper side band

Carrier

Lower side band

( 1,001,500 cycles
I 1 ,001,000 cycles
1,000,000 cycles

I 999,000 cycles
( 998,500 cycles

-2

(D) Signal Voltage

2-

1-

Average Value 0.20-

(B) Instantaneous Grid Current

Average
Grid Current

JL-J

2-

(EJInstantaneousGrid Current

Average Grid Voltage

-2-

-15-

(F) Instantaneous Grid Voltage

Fig. 1 Comparison of grid action with grid leak-
condenser detection of large and small signals.

The carrier wave is much stronger
than any of the side-band fre-

quencies. Now when several waves
of different frequencies are applied
simultaneously to a square-law de-
tector each frequency present
heterodynes with each other fre-

quency present to produce a com-
ponent of detector output that has
as its frequency the difference be-
tween the heterodyning frequen-
cies. The amplitude of this differ-

ence frequency is proportional to
the product of the amplitudes of
the two waves producing it.

Applying these principles to the

example at hand, the carrier het-

erodynes with the first frequency
in the upper side band and prod-
uces a difference frequency of 1500

cycles. It also heterodynes with the
second wave of the upper side band

giving a difference frequency of

1000 cycles. The carrier in hetero-

dyning with the two waves in the

lower side bands also results in

output currents of 1500 and 1000

cycles, which add in with the out-

put of the upper side band to give
the undistorted component of the

detector output.
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1 2 3

SIGNAL VOLTAGE (EFFECTIVE)

Fig. 2 Rectified plate current of a
typical grid leak-condenser detec-
tor as a function of signal voltage.

While this is going on the first component
of the upper side band heterodynes with each
of the other side-band components, resulting
in difference frequencies of 500, 2500, and 3000

cycles, while the second component of the

upper side band heterodynes with the lower
side-band components to produce difference

frequencies of 2000 and 2500 cycles. These
numerous output frequencies due to side-band

components heterodyning with each other
are distortion frequencies, but are relatively
weak as long as the carrier wave is strong.
This is because the undistorted components
are obtained by heterodyning of the side

bands with the strong carrier, while the dis-

tortion frequencies result from the heterody-
ning with each other of relatively weak side-

band components and so are not very strong
relative to the useful part of the output.

Small and Large Signals

THE mechanism of grid leak-condenser de-

tection when the signals are strong is en-

tirely different from the action taking place
with weak signals. In both cases the radio-

frequency signal voltage is rectified in the grid
circuit by virtue of the non-linear relation

between grid current and grid voltage, but
when the signals are weak the grid current
flows continuously while when the signals are

strong grid current flows only when the signal

voltage is at or near a positive crest.

The difference in the two cases is shown in

Fig. 1. With small applied radio-frequency
voltages the variation in grid current caused

by this small signal is not great enough to re-

duce the grid current to zero. It is to be re-

membered that in the grid-leak detector there
is always a small but v ery definite grid current

flowing, and that this current is necessary for

the functioning of the detector. The effect of
the radio signal voltage, such as shown at

(A) in Fig. 1 is to cause this current to vary
with the signal as shown at (u). The dotted
line in (B) indicates the average value of grid
current, which is seen to vary in amplitude in

accordance with the modulation of the signal.
This varying average value of grid current
must flow through the grid leak-condenser
combination, and in doing so produces across

the combination an audio-frequency voltage

drop that, being applied between the grid and
filament of the detector tube, is amplilicd l>y

the detector acting as an audio-frequency
amplifier. The effect of this audio-frequency
voltage drop is shown in (c) of Fig. 1, where
the doited line represents the average grid

voltage, which is seen to vary in value in

acc( irdance with the signal amplitude and with
the rectified grid current.

\\ hen a large radio-frequency voltage is

applied to the grid the situation is changed
because with this large voltage the grid poten-
tial goes negative sufficiently to stop the grid

current for the greater part of the cycle. This
is shown in Fig. 1 where (D) represents the
radio voltage and (E) shows the grid current,
which now flows only for a short time each

cycle. The grid voltage during detection of
the signal is shown at (F). The average value
of this voltage, indicated by the dotted line,

is seen to vary in accordance with the signal

modulation, and is an audio-frequency voltage
that is amplified by the detector tube acting
as an audio-frequency amplifier. The average
grid voltage becomes more negative as the

signal increases in amplitude because the

pulses of grid current at each positive crest

of the signal then become larger, charging the

grid condenser with more electrons and mak-
ing the average grid voltage more negative.
When the detector is adjusted properly some
of the charge leaks off the condenser through
the grid leak during the part of the cycle when
no grid current is flowing. The quantity of

charge leaking off the condenser in this way
between the impulses of grid current is just
equal to the charge supplied by the impulse,
and at the same time the amount the average
grid potential goes negative is proportional
to the size of the impulses of grid current
shown at Fig. 1 (E).

In a properly adjusted power grid detector
the average grid potential goes sufficiently

negative to keep the grid from ever getting

very positive, as shown in Fig. 1 (F). This is

because the impulses of grid current become
very large when the grid becomes a few volts

positive. Thus with large signals the average
grid potential stays sufficiently negative to

allow the grid to become only slightly positive
each cycle, and as the signal strength varies

the average grid potential varies so that this

stays true all the time. Of course, when the

signal is extra large the grid becomes slightly
more positive during the crest of the cycle in

order that the impulses of grid current may be

larger, as shown in (F), but in any case the
amount of positiveness is small compared with
size of the signal voltage because only a small

positiveness will cause the grid current im-

pulses to be very large.

Amplitude Distortion

ONE
of the first difficulties that has been

experienced in the past with power grid-
leak detectors was that the audio-frequency
output of the detector was far from being
proportional to the radio-frequency signal

voltage. For example, the solid lines of Fig. 2
show the rectified plate current of a certain

grid-leak detector as a function of signal volt-

age, for the case of an unmodulated signal

voltage. It is apparent that the output of the
detector is far from proportional to the signal

voltage for both high and low grid-leak resist-

ances. When the signal voltage exceeds about

If volts effective value, non-linear or ampli-
tude distortion becomes pronounced. As has

already been explained, the residt is then the
introduction in the detector output of audio

frequencies which were not present in the

original sound.
The cause of the non-linear relation between
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which can be put out by a grid leak-condenser

power detector is theoretically just one fourth
of the undistorted power which the same tube
can put out as an audio-frequency amplifier,
the plate voltages being the same in the two
cases. This can be seen from Fig. 1 (F), where
it is evident that the average grid voltage
(which is amplified in the plate circuit and
becomes the audio-frequency output of the

detector) swings through only half the range
of voltage that the radio-frequency signal

goes through. As power is proportional to the

square of the voltage, the audio-frequency
power output is one fourth the power capacity
of the detector tube acting as a distortionless

amplifier.
The maximum allowable carrier voltage of

the radio-frequency signal that can be applied
to the grid of the grid-leak power detector is

approximately one half the audio-frequency
voltage that may be applied to the same tube
when acting as an audio-frequency amplifier.
This is because during moments when the
carrier is fully modulated the radio signal

voltage reaches an amplitude twice that of
the carrier, and the detector must be capable
of handling input voltages of this size.

Of the standard tubes available for grid-
leak power detectors the moderate mu 112A,
226, and 227 types can be operated at plate
voltages from 90 to 135 volts without drawing
excessive plate current, and under these con-
ditions wul put out enough power to run a

171 A- or a 210-type power tube, or even two
17lA-type tubes in push-pull. The 17lA-type
tube is not suitable as a power detector be-

cause its low mu allows the plate current
to become too high.

By going to higher power tubes it is possible
to operate a dynamic-type loud speaker di-

rectly from the detector output, and to dis-

pense entirely with the audio-frequency ampli-
fier. In order to do this it is of course necessary
to go to very large tubes and high plate volt-

ages. By using a 210-type tube at a plate
potential of 250 to 300 volts it is possible to

supply from 110 to 250 milliwatts of undis-
torted audio-frequency power directly to the
loud speaker from the detector tube.

That real undistorted power can be ob-
tained from a grid leak-condenser power de-
tector under favorable conditions is shown by
Fig. 4 which gives the measured rectified plate
current in a 210-type tube as a function of

radio-frequency signal voltage. It is evident
that rectified output is almost exactly propor-
tional to the signal up to an applied potential
of about 10 or 12 volts effective. The curves

given in Figs. 1 (D), 1 (E), and 1 (F) are actual
curves drawn to scale showing the measured
performance of this 210-type tube under the
same conditions as in Fig. 4.

Eliminating Distortion

IT
HAS been shown that adjusting a power

grid leak-condenser in such a way as to
eliminate

plate-circuit
rectification will elim-

inate amplitude distortion, but the problem
of reproducing all audio frequencies with equal
sensitivity still remains. The general tendency
of a grid-leak detector is to be less sensitive
on the high notes than on the low, and this is

even more so when the signals are large than
when they are small.

When the modulation frequency is high the

average grid potential may not be able to

follow the rapidly varying amplitude of the

signal, as is the case in Fig. 5. Here the grid-
leak resistance and grid-condenser capacity
are too high, and as the signal amplitude de-
creases the charge on the grid condenser is not
able to leak off fast enough through the grid
leak to reduce the average grid potential as
fast as the signal is changing amplitude, with
the result shown in Fig. 5. A correct value of

grid-leak resistance and grid-condenser ca-

pacity will give the conditions of Fig. 1 (F),
in which the distortion is at a minimum.
The rate at which the average grid con-

denser charge can change is inversely propor-

tional to the product of leak resistance, R,
times grid condenser capacity, C. Analysis
shows that when the signal voltage is modu-
lated completely, as shown in Fig. 1 (,D),

and is at the point
"X "

indicated in Fig. 1 (D),
the average grid potential can just barely de-
crease as fast as the signal is decreasing when
the relation 2x f = 1/RC is satisfied, in which
f is the frequency of modulation, R denotes
the grid-leak resistance in megohms, and C
is the grid condenser capacity in microfarads.
Modulation frequencies for which 2irf is

greater than 1/RC will "not be reproduced as
well as the lower notes.

It is evident that to reduce frequency dis-

tortion to a minimum it is desirable to have

(a) Incorrect Adjustment

Average Grid

Potential

Fig. 5 The grid action of the power
detector irilli a grid leak too large.

small grid-leak resistances and small grid-
condenser capacities. At the same time, how-
ever, it is undesirable to go to extremes. A
grid condenser capacity of 0.0001 to 0.000125
mfd. is about right for a power detector. A
condenser much smaller than this will cause
serious loss of signal voltage, since the voltage
drop in the condenser of the radio-frequency
signal voltage will be large enough to make the
actual voltage reaching the grid of the tube

considerably less than the voltage supplied
by the tuned circuit. Grid condensers much
larger than the values suggested are undesir-
able because they make necessary an ex-

cessively low grid-leak resistance, which
lowers the sensitivity of the detector, and
makes the radio-frequency energy lost in the

grid circuit unduly large.
If the highest audio frequency to be pre-

served in the output
of the power detector is

5000 cycles, and if the grid-condenser capacity
is 0.000125 mfd., a simple computation shows
that the grid-leak resistance can not be higher
than 0.255 megohms. If the grid condenser
was the usual 0.000250-mfd. size, the grid
leak would have to be about | megohms, an

undesirably low value.

Summary

ACRID
leak-condenser power detector

will deliver approximately one quarter of
the undistorted power output that the same
tube with the same plate voltage (and suitable

grid bias) will deliver when acting as an audio-

frequency amplifier. This means that high
plate voltages must be used with the power
detector, and that the mu of the tube must be

sufliciently great to prevent excessive plate
current at this plate voltage when the grid

potential is zero. If the power detector is over-

loaded, rectification will take place in the plate
circuit and will cause amplitude distortion.

The power detector will reproduce all fre-

quencies equally well only if the grid condenser
and grid leak sizes are smaller than the usual
values best suited to small signals.
The potential of the grid-return lead of the

power detector is unimportant. It can be

brought back to either the positive or negative
leg of the filament with about equal results.

The decision as to whether the grid return
should go to the plus or minus filament, or to

a plus or minus grid-bias battery should be

made so as to give the greatest sensitivity with

very weak signals, and can be determined by
experiment, or by the principles given in the
first article of this series.

In conclusion, it is easy to see why the or-

dinary grid leak-condenser detector used for
weak signals is so unsatisfactory for large
signals. The plate voltages usually employed
are absurdly small for power work, the usual

grid condenser is too large, and the customary
grid-leak resistance is about ten times the
value best suited for handling large amounts
of energy.

THE REAL SIZE OF THE
RADIO MARKET

(Continued from page 379)

January 1928 increased 27.3 per cent, over the
number in use on January 1, 1927.

In the tube market an equivalent increase
is noticeable. Total tube sales jumped 82.5

per cent, in 1928 over 1927. The increasing
size of the replacement business fairly shouts
at one in the summary. Tubes sold for re-

placements in 1928 increased 74.8 per cent,
over the year previous while the number of
new sets sold, sets which are in part respon-
sible for the replacement sales, increased in

1928 69.7 per cent, over the year before.
No one can say what the sales in 1929 will

be, but there is no prohibition on forecasts.

Certainly not less than 3.000,000 receivers

will be sold in 1929. Almost that number was
sold in the year just closed. It is fair to as-

sume that with the increasing number of sets

becoming obsolescent, the year, 1929, will see a
tremendous sale of new sets to what one might
call old radio customers. Users who have tired

of the inconvenience of their antiquated bat-

tery set, its poor fidelity, which cannot com-
pare with the reproduction of the best of to-

day can be sold new sets. They need not be
sold on radio, but what a sales story radio
dealers have for them in the product thc>
now have in their shops!
The number of battery-operated sets which

can be replaced with the modern socket-

powered set is very large. In 1927, not more
than 500,000 "electric sets" were sold. Even
if every set sold during 1928 were an

"
electric

"

set, there would be hardly more than 3,500.000
sets of this type in use. That means on January
1, 1929 there were 7,500,000 sets not of the
modern self-contained type. If 2,000,000 sets

be subtracted from that total to allow for

those in use in districts where a central station

power is not available, there are five and a
half million sets which are obviously not
modern and which can be replaced with the
excellent products the market affords to-day.
Yet the battery set market is by no means

inconsiderable and it is evidence of the as-

tounding vitality of the radio market as
covered at length in an article on page 331 of
RADIO BROADCAST for March, 1929.
What this examination of the market means

for all in the industry is not difficult to see:

in the manufacturing field, tube and set com-
panies have announced plans for great ex-

pansion; mergers and combinations have all

been calculated toward greater production
to meet the 1929 demand which these wise

companies anticipate. In the retail field it

means that the set market will be greater
than ever in 1929, that the sale of tubes for

original installation and for replacement will

be much larger than last year. Some tube man-
ufacturers who ought to know do not hesitate

to say that 100,000,000 tubes will be sold in

1929. The radio dealer can make quickest

capital out of this analysis of the probabilities
for his sales and service staffs are in direct

contact with this public we are talking about.

Here is a rich and profitable field for all who
purvey to the public who see now in radio, if

not a necessity, an almost essential adjunct
to the home.
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SOUND
MOTION
PICTURES

BY CARL DREHER

Sound Attachments for Standard Picture Projectors

IN
THE March issue of this department the

general construction and operating prin-
ciples of standard motion-picture pro-

jectors were described. Nothing was said in

that article about the motive power for the
machine. This is normally an electric motor
drive through a system of gears on the left

side of the head, a flywheel being provided to

steady the speed. The projector may also be

operated by means of a hand-crank from the

right side, as shown in the accompanying cut

(Fig. 1) of a Simplex (International Projector
Corporation) machine, where the crank is seen
with the handle over the lower magazine.
This is feasible only with silent pictures,
and then the crank is used only in the rare

event of failure of the driving motor.
When sound pictures are projected the

speed must be kept constant at 90 feet per
minute (24 pictures per second) with a regula-
tion of about 0.2 per cent, in order to hold the

pitch. Unless an a.c. source with reliable fre-

quency control is available this requires

special speed stabilizing circuits of the type
described by H. M. Stoller, "Synchronization
and Speed Control of Synchronized Sound
Pictures," in the Transactions of the Society

of Motion Picture Engineers, Vol. XII, No. 35.

A synchronous motor operating on a constant

frequency a.c. supply is the simplest means of

securing the proper speed, and can generally
be used in large cities. In projecting silent

films a variable speed control is desirable,
which means the addition of another motor
if a synchronous motor is used for the sound-

picture drive.

The lower sprocket of the projector, in the
tibsence of a sound attachment such as is

described below, delivers the film to the lower

magazine, where it is wound up at a constant

rate, as the diameter of the roll increases, by a

device known as the "take-up." This is

usually an arrangement utilizing a split pulley
and tension spring to allow loss of speed as the

reel is filled up with the film, with a constant

speed drive.

The sound-head attachment shown in Fig. 2

below the picture head is that of the Movie-
tone type, which has been widely illustrated.

The optical principles have been described

in October and November, 1928, RADIO
BROADCAST. The principal problem in the

sound head is that of preventing the intermit-

tent movement above from influencing the
continuous motion of the film past the point
where the sound is taken off. This is accom-

plished in the mechanism shown, by means of
a sound-head sprocket which revolves at

constant speed (special mechanical filters to

smooth out pulsations usually being applied)
and drags the film through a gate similar to the

picture gate, containing a spring tension pad
which holds the film firmly as it slides through.
This sound gate presents intricate problems
to the designer. The tension pad must not
scratch the film or take off the emulsion; on
the other hand, it must not allow the film to

vibrate or buckle in the sound gate, even when
it has been subjected to the heat of a high

intensity arc in the picture gate a few inches

above. As soon as the film is allowed to move
out of the plane of focus in the sound gate,
the output quality deteriorates high fre-

quencies drop out, "fuzz" and extraneous
tremolos come in, etc. This is because the

sound track, instead of passing through a

sharply defined rectangle of intense light,
the dimension of which in the direction of film
motion is less than the wavelength, on the

film, of the highest frequency to be picked off,

runs instead through a relatively wide spot
with irregular edges. It must be remembered
that at the standard sound film speed of 18
inches

per second, a 6000-cycle note, for ex-

ample, is recorded in a space of 0.003 inch for

each oscillation, and it does not take much to

spread the light beam, which is designed to

cover 0.001 inch, so that it will overlap more
than one peak or line of the record. Much,
therefore, depends on the construction of the
sound gate. As shown in the figure, idler rollers

are provided above and below to further con-
trol the motion of the film.

Synchronism is maintained by setting up
the film with the proper loops, so that when a

given picture is at the picture aperture the

appropriate portion of the sound track will

be at the light aperture in the sound re-

producing section of the projector. An error
of one or two frames is allowable; beyond this

the defect in synchronism becomes noticeable
to observers. The proper separation of the

picture and sound elements is taken care of
in the printing of the film, the sound preceding
the picture (since the sound head is below and
a given point on the film reaches it after it

has passed the picture aperture) by such an
interval (19 picture frames, or about 14.5

inches) that scene and sound are projected
simultaneously.

The Technique of Wax Recording

HALSEY
A. FREDERICK'S paper on

"Recent Advances in Wax Record-

ing," printed in the Transactions of Hit

Society of Motion Picture Engineers, Vol. XII,
No. 35, 1928, contains material of much in-

terest, not only to the sound-motion picture

specialist, but to students of applied acoustics

in general. Mr. Frederick is an engineer of the
Bell Telephone Laboratories. His paper is

concerned with lateral cut records, in which
the groove is of constant depth and undulates
about a regular spiral on a flat disc.

After some preliminary discussion, the
author refers to a curve, here reproduced in

Fig. 3, which shows a typical frequency char-
acteristic for a commercial electromagnetic
recorder. The response is allowed to fall off

below 250 cycles as a commercial compromise
between quality of reproduction, the necessity
for getting a certain amount of music onto a
disc of reasonable size, and the amount of

energy in the form of sound oscillations which
it is desirable to get off the record when it is

played. The intensity of the sound, in playing
a lateral cut record, is a function of the

velocity imparted to the needle, and that is

the product of the amplitude of the oscillation

and the frequency. With the characteristic

shown in Fig. 3 constant velocity is secured
from about 250 to 5500 cycles, with constant

amplitude below 250 cycles. Were the ampli-
tude to be increased below 250 cycles to keep
the output constant, the cutter would break

Close-up view of the picture head of a Simplex motion-picture projector

april, 1929 . . . page 385



RADIO BROADCAST

through from one groove to the next in the

wax, or, if the pitch of the spiral were in-

creased to allow for a wider swing, the
amount of entertainment which could be put
on a given disc would be much less. The loss

in low frequencies introduced by adhering to

constant velocity cutting only as low as 250

cycles may be compensated in reproduction,
if desired, by means of corrective net-works,
or in the characteristic of the electric pick-up
employed.
Of course the amplitude of the cut as a

whole can be reduced, and the loss in output
made up by increased amplification in re-

production. In this way the constant velocity

relationship could be maintained down to a

considerably lower frequency, but when this

is attempted another limiting factor is en-

countered needle scratch or surface noise,

caused by the nature of the record material.

It is desirable to keep the oscillations corres-

ponding to the speech or music large in order

to keep the disturbance caused by the needle

scraping the record relatively low. Before the

general amplitude of cutting can be reduced,

therefore, improvements in record material

must be effected.

Frederick states that wax records can be
made with special recorders flat to within 1 DB
from 250 to 7500 cycles, and not deviating
more than plus or minus 4 DB between 30 and
8000 cycles. Such a characteristic, or even the

characteristic shown in Fig. 3, can be secured

only by flat amplifier design and by construct-

ing the cutting mechanism mechanically on

principles analogous to the electrical ones
now generally employed. One of these prin-

ciples, in telephone transmission practice, is

to terminate the system with an impedance
of such a value as to avoid reflection of energy.
In modern electrical recording this is accom-

plished, in the mechanical portion of the

system, by not using the rather variable load

imposed by the wax on the cutting stylus as a

termination, but instead supplying a re-

latively large mechanical load in the form
of a rubber rod, which dissipates the energy.
The work done at the stylus is then inci-

dental mechanically, although functionally
it constitutes the whole purpose of the
machine.
The actual cutting takes place on what is

essentially an accurate lathe with a vertical

shaft. The groove cut is generally between
five and six mils wide, and 2.5 mils deep. The
space between grooves is of the order of four

Fig. 1 General view of the

Simplex projector

Fig. 2 Schematic diagram of
mechanism in a standard mo-
tion-picture projector with, sound

adjunct

mils. The number of grooves per inch varies

between 80 and 100 in normal practice, with
90 as the average. This gives a pitch, or dis-

tance between turns of the smooth spiral, of
0.011 inch, (11 mils). Since the space between
grooves is 4 mils, the permissible amplitude
of oscillation is not over 2 mils. If this limita-

tion, for the reasons stated above, is set at
250 cycles, then for a constant velocity cut

(amplitude varying inversely with frequency)
the amplitude will be 0.0001 inch (0.1 mil)
at 5000 cycles. These are microscopic dimen-
sions, and the work is, indeed, best done
under a calibrated microscope, which moves
across the disc with the recorder stylus.

It is interesting to note that in wax record-

ing and reproduction the linear speed of the
record past the cutter or reproducing needle
varies between 70 and 140 feet per minute, a

figure of the same order as sound film speed
(90 feet per minute). For a minimum linear

speed and fixed groove spacing, there is an

optimum relation between the size of record,
rate of rotation, and playing time. This may
be mathematically expressed and drawn as a

family of curves, here reproduced as Fig. 4

By means of a special playback pick-up,"
which is lighter and more elastic than the
usual electrical reproducing pick-up, the

newly cut wax may be played immediately
through an amplifier and loud speaker sys-
tem, with quality sufficiently close to that of a
hard record to allow an accurate judgment of
the performance. This is a valuable feature
both in phonograph recording and sound-
motion picture applications.
The material of the finished record, or

"
pressing," has to be hard, in order to afford

a sufficient number of playings, and it must
contain enough abrasive material to grind a
new needle quickly (in 10 to 30 seconds) to
fit the groove. Most of this wear is in the start-

ing spiral, in which no sound is recorded.
Since pressure is force divided by area, the

pick-up, with a weight of about 4.5 ounces,
exerts an enormous pressure through the

microscopic area of a new needle, and even
after the needle is worn to a fit the pressure is

of the order of 50,000 pounds to the square
inch.

Contrary to a general impression, the
finished pressing is a faithful copy of the wax
record and loses practically nothing in es-

sential frequencies. Its defect is in the addition
of surface noise. By improvements in the

material, as well as in the electro-plating
process by which the wax is copied, Mr.
Frederick states that a reduction of 3 to 6
DB in surface noise has been secured during
the last two years. Further improvements
may be expected in this line, without change
in the present size of records and amplitudes
of recording.

By an interesting calculation, Mr. Frederick
shows that the diameter of the bearing portion
of existing commercial needles used in elec-

trical reproduction is not too great to follow
the groove undulations at 7000 or even 10,000

cycles, with standard methods of recording, so
that this factor is not a limitation in reproduc-
tion of high frequencies by this method.
Advances in electrical pick-up design have

been in the direction of reduced mechanical

impedance at the needle point, elimination of
resonances in the tranmission chain, and
reduced weight. These factors combine to
secure better reproduction of the higher notes
and less wear on the record.
The comment of an engineer who is not a

specialist in the wax recording field, based on
observation in theatres, would probably be
that Mr. Frederick's paper shows interesting
and important improvements, but that much
still remains to be done before an entirely

satisfactory technique is evolved.

Mils, and What They Are

THE
theatrical papers are certainly the

snappiest on earth, but in technical mat-
ters, however simple, they are about as

ignorant as one can be without trying. Last
summer there was considerable speculation
among the Broadway savants regarding stan-
dardization of sound track width on talking
films, and the trade papers found numerous
occasions to write about 80-mil sound tracks,
100-mil sound tracks, and so on. But they
hardly ever printed it "mil." Frequently it

became "mile." Again it was "mill." And
"millimeter." But a mil is neither a mile nor
a millimeter. A mil is a thousandth of an inch,
and nought else.
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One Method of Matching Coils and Condensers

PRODUCTION TESTING WITH OSCILLATORS

By RICHARD F. SHEA

VARIOUS
different types of apparatus

have been devised and tried by the
author in order to obtain accurate

matching of coils and condensers with a mini-
mum maintainence cost. These types have
included aural and visual tests of all sorts,

and the final system has been an adaptation
of the beat-frequency audio oscillator. In a

preceding article ("A Simple Unit for Meas-

uring Impedances," September, 1928, RADIO
HROADCAST) the importance of closely match-

ing the individual coils and condensers in a

radio receiver was stressed.

In the beat-frequency audio oscillator we
utilize two radio-frequency oscillators, one

having a fixed frequency and the other a

frequency varying from the fixed frequency

up to any desired difference. For instance, one
oscillator might be fixed at 500 kc. and the

other vary from 500 to 510 kc. This produces a

frequency difference between the two varying
from zero to 10,000 cycles, and if these two
oscillators are loosely coupled to a detector

this beat will appear in the output as a varia-

ble audio frequency. This system has been
used extensively to produce a compact audio
oscillator with a continuous range and fairly

constant output. The maximum frequency is

obviously dependent only upon the fre-

quencies of the two oscillators and the size of

the variable tuning condenser. If both oscil-

lators are tuned to very short waves and a

large variable condenser is used, the beat

can be made to go from low audio notes to

radio frequencies far above the broadcast

band. The lowest obtainable note depends
entirely upon the degree of coupling between
the two oscillators. If they are coupled closely

they will "pull in" at comparatively high

frequencies, and that will set the lowest ob-

tainable note. To lessen this tendency it is

customary to set one oscillator at a harmonic
of the other. For instance, one might be fixed

at 500 kc. and the other vary from 250 kc.

to 255 kc. (the second harmonics being 500
to 510 kc.), thus producing a 10,000-cycle
maximum beat.

To adapt this device to production testing
in a manufacturing plant we see that the audio
beat note will pass through zero when the two
oscillators are identical in frequency. To
match two condensers we merely need to

make up two oscillators whose frequencies

depend upon the capacities of the condensers

under test, and if they match we will get a

zero beat. This is the principle of this [system

applied to condenser matching.
The apparatus (Fig. 1) consists of two

oscillators, a detecting system, and an audio

amplifier. One unit of the condenser gang is

connected to one oscillator and the other oscil-

lator is connected alternately to each of the

other units of the gang by means of switches.

A small compensating condenser, C4 , is con-

nected across the tuned circuit of one oscil-

lator and a variable midget condenser, C3 ,

across the other. These are adjusted so that

when the vernier, C 3 , is set at mid-scale

and the two condensers under test are equal,
a zero beat will result. If the condenser Ca is

greater than C t ,
the dial on the vernier C,

will have to be moved to one side of mid-
scale to reestablish zero beat. The amount of

motion necessary is a measure of the un-

balnnce between C, and C,. The vernier, C3
,

should be about 35 mmfd. maximum capa-
city, and for such a condenser one division

on a hundred-division scale corresponds to

approximately three-tenths of one in in I'd .

Let us now take these parts and dispose
them to make a satisfactory production tester.

To fill this purpose the apparatus must be

sturdy, reliable, and quick of operation. The
whole should be mounted on a base of strong
steel and should have a jig so that the con-
denser gang will mount quickly and securely
on the base and always in the same position.
This latter consideration is important as the

position of the gang makes a great deal of

Mr. Shea describes in this article an
instrument suitable for use in the pro-
duction testing of coils and condensers

for use in manufactured receivers.

The author has been connected with

the radio division of American Bosch

Magneto Company.
Obviously the sensitivity and selec-

tivity of a modern single-control re-

ceiver depends to a large degree on the

accuracy with which the coils and tun-

ing condensers are matched.

THE EDITOR.

difference in the stray capacities which are
shunted across the gang. All the wiring should
be of heavy bus to insure remaining in place
and great care must be taken to make it

uniform for all the units of the gang. The draw-

ing of Fig. 2 suggests a successful layout.
The coils Li and La must be identical, and

to insure this fact they should be measured
for inductance in the shields. The capacities
of the tubes can be compensated by_

the ad-

justment of C,i, so that the matching of Li
and L2 and the uniformity of leads are the

only strict requirements.
To adjust this device place the condenser

gang on the jig and set it at zero, i.e., minimum
capacity. Set the vernier, C3 , at 50 (on a
100 scale) and adjust C4 until you get a zero
beat. To check this and also the uniformity

of the wiring, test about ten gangs and note
the readings on all three switch positions. If it

is found that the average in aD cases is 50
then the adjustment is correct. If, however, all

averages are off the same amount from 50
then C< should be changed to bring them to

50. If the average on any one switch position
is off it means the wiring is non-uniform, and
it can be fixed by pushing the bus wire nearer
to or farther from the base. When the tester

is correctly adjusted the average of a larger
number of gangs should be very close to 50
on C3 .

We are now ready to set limits. If our gang
has a capacity of 20 mmfd. at minimum, 200
mmfd. at mid scale, and 500 mmfd. at maxi-

mum, and we wish to hold units to within
1 per cent., then our allowance is 0.2 mmfd. at

0, 2 mmfd. at 50 and 5 mmfd. at 100. In

setting these limits it must be borne in mind
that the strays also add to the capacity, and
the total minimum will be 40 to 50 mmfd., so

that 0.2 mmfd. is holding them much closer

than 1 per cent. In such a case 0.5 mmfd.
would be the proper tolerance at zero, 2.25
mmfd. at 50, and 5.25 mmfd. at 100. If our
vernier has 0.3 mmfd. per division this be-
comes approximately two divisions at zero,
7 divisions at 50, and 17 divisions at 100.
Then in testing our gang we set it upon the

jig and turn on switch Si. This matches con-
denser one with condenser two. We set the

gang at zero and rotate C, to get zero beat.

Let us say it comes at 51. Snap on switch
8, and readjust C3 . This time we get 50.

Lastly turn on switch S-, and here we get 49.
This gives us 50, 51, 50. and 49 for the
four unite, and as no two readings differ by
more than 2 divisions the gang comes within
the limits

specified
above. A similar process at

50 and 100 gives us the deviations at those

positions.
So much for condenser matching. Now let

us turn to the application of such a system to

coil matching. Here we have a much simpler
problem and are able to obtain even greater

accuracy for reasons which will soon become
evident.
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Fig. 3 shows the set up of the coil tester. It

comprises two oscillators and a radio receiving
set. One of these oscillators is fixed, say at 300

meters, the wavelength to which the receiving
set is tuned. The other's wavelength depends
upon the inductance of the coil Lx under test

and is brought to 600 meters by the vernier

C 3 . C4 is a compensating condenser which can
be adjusted to bring the reading of C 3 to

exactly 50 when using a standard coil. It

will be noticed that the second harmonic is

used here for greater sensitivity and also that

the coupling between the oscillators is ex-

tremely loose, as we have the r.f. gain through
the receiving set to make up for it. Thus we
are able to get a very sharp reading on this

tester.

It will also be noticed that the two oscil-

lators differ in wiring in this tester. The fixed

oscillator uses a modified Hartley circuit, i.e.,

Osc.Socket

Coil in Shield

AF.

A.F.Transformers
'

Insulated Strip carrying contacts

for Stators of gang Condenser

Toggle Switches to'switch to different

units of gang

Fig. 2 Suggested layout for oscil-

lator of type shown in Fig. 1

utilizing a coupling coil for feed-

back, whereas the other oscillator

gets its feed-back through a re-

sistance which is common to both

plate and grid circuits. This elim-

inates the need of a tickler coil,

and the coil under test has only
two connections made to its ex-

tremities. Also a filter is pro-
vided in LF, CF which reduces

the coupling between the two
oscillators. The two oscillators

are shielded from each other by
partitions and the only coupling
is through the common batter-

ies, as in the case of the con-

denser test, except that it is

reduced still further in the case

of the coil tester by the use of the filter.

In using this tester set C4 so that an average
of a large number of coils will

come at 50 on C3 . Limits may
be obtained for C3 by measur-

ing the extremes of a large
number of coils. For instance,
if the average coil is 200 micro-
henries and a coil giving a

reading of 60 is 195 micro-

henries, and a coil reading 40
is 205 microhenries, then ten

degrees on the tester corre-

sponds to five microhenries
in 200 or 2J per cent. If 1 per
cent, tolerance is allowed this

means 4 degrees. It has been
found possible to hold coils to

tenths of one per cent, with
this tester, as it will easily
show a difference of a few
hundredths of one per cent,

between two coils. In actual

use the operation of this tester

Coil in Shield

Oscillator

VERNIER

Fig. 3 Circuit of beat-frequency oscillator for
testing coils

is very rapid if the coils are at all close,

as an audible beat will usually be heard the
minute the coil is placed in the jig, denoting
that the coil is easily within required limits,

so that in most cases it is unnecessary to

adjust C3 .

A word of caution is proper here regarding
the use of B-power units to operate these
testers. While the testers themselves will

operate satisfactorily on such devices they
will usually cause considerable external an-

noyance to near-by receivers due to radiation

through the power lines. If sets are being
tested in the same building they are apt to pick
up the beats when they are tuned to the same
wavelength as the tester.

The foregoing discussion will no doubt show
that the use of beat frequencies in inspection

apparatus is much to be preferred to previous
methods of aural and visual measurement, not

only for accuracy but for speed as well, and
consequently is well worth adoption in all

plants when precision is desired at low
cost.

BOOK REVIEWS

ADVERTISING BY RADIO, By Orrin E.

Dunlap, Jr. The Ronald Press Company,
1929. Price $4.00.

In this new volume on radio advertising

appear figures for the returns of many recent

commercial broadcast features. The author
has had access to the sales-promotion ma-
terial and tabulations of mail return of the

National Broadcasting Company and its

affiliated stations and also those of WOR.
These are quoted liberally throughout his

book and should make the volume of im-

mediate interest to all solicitors selling time
for broadcasting stations, because any shred
of material giving tangible proof or suggestion
of proof of the medium s effectiveness is

welcome to them.
To one familiar with all the problems of

commercial radio broadcasting the rather

broad scope covered by the title of the book
and the headings of the chapters is hardly
fulfilled. But Dunlap provides the complete
answer to the question, "Does commercial

broadcasting bring mail response?" His
observations on broadcast programs are those
of any expert listener and critic. He levels

a few richly deserved shots here and there at

announcers for faux pas familiar to radio

listeners. In common with the entire broad-
cast industry he sidesteps the most im-

portant point in appraising the value of the

good-will program, namely,
" Does broadcast-

ing actually influence sales and at what cost?"

Conclusive proof that thousands of people

send for a cross-word book or a bridge score

pad is only indirect and inconclusive evidence
as to actual sales return.

Considering that commercial broadcasting
is now entering its eighth year, the advertiser

certainly has the right to expect some tangible

proof that that warm feeling around the heart

which the radio listener is supposed to have
for those who sponsor programs has in one
instance or another actually increased sales

volume by a definite number of dollars and a
definite cost per dollar increase in sales.

With reference to the practical utilization

of broadcasting by an advertiser and such

specific and relevant problems as the method
of procedure for the selection of stations, pro-
grams, management of artists, methods of

preparing script, personnel and organization

required, and methods of tabulation of re-

turns, little if any information is given. It is

characteristic of the writer's style in this

particular volume to use the primer method
of asking a question and then attempting to

answer it.
" Of course if you were an advertiser

seeking good-will on the radio, what would

you send through the microphone to entertain

a million listeners and hold them spellbound
on a series of wavelengths until the program
concludes? Would you contract for the Gold-
man Band, Will Rogers, Irvin Cobb, or would

you link the name of your product with

George Gershwin, Galli Curci, Al Jolson, a

prize fight or Paul Whiteman's orchestra, or

would you select an opera, etc., etc.?"

One chapter is devoted to selecting the

broadcasting station for the commercial

program. Dunlap calls attention to the fact
that the station used must have a good wave-
length and that it should reach an area which
constitutes a market for the type of product
involved.
The selection of broadcasting stations has

become much more than a matter of merely
selecting one with the best wavelength, cover-

ing the area desired. Many complex questions
now enter such as chain affiliations, habitual

program character and its effect in establish-

ing a particular type of audience at different

hours, transmission quality, conditions on the

frequency to which the station is assigned,

suitability to the particular type of program
which the sponsor desires to present and
numerous other factors, now habitual con-
siderations when advertising agencies are
called upon to select broadcasting stations for

a particular client. It is obvious that Mr. Dun-
lap's role has been one of skillful and compe-
tent observer at the loud speaker rather than
actual contact with the problems of managing
directing and placing broadcast advertising
features. He deals very fairly with his true

subject, the returns obtained by radio adver-

tisers, and the book is certainly enlightening
to one interested in this subject. It falls short,

however, of a complete study of radio adver-

tising and a guide to the advertising manager
who would use the medium of radio broad-

casting. E. H. F.
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THE SERVICEMAN'S CORNER

TS
I
HE quite numerous problems that beset

the serviceman can be cleared up best

by a general discussion of them by sev-

eral workers who have encountered and solved
similar difficulties. A half dozen or so sugges-
tions on the elimination of categorical troubles

are always better than the isolated experience
of any one serviceman.

Six servicemen can give their brothers a
better idea on how to go about curing a power
pack that overheats than any one of them
who may have run across only one of the sev-

eral possible causes of hot transformers.

From month to month, as we scan our cor-

respondence, we are going to pick put the

more general attributes of poor reception, and

put them before the serviceman for open dis-

cussion.

The topic this month is noise. The service-

man every day runs into complaints of this

sort. Needless to say an objectionable noise

should not be present in any receiver, and it is

often the job of the local expert to eliminate it.

Many things may cause noise in a receiver,

from proximity to the lighting mains to an

ageing rectifying tube. The cures for noise

arc as many and as varied as its causes.

What cases of hum have you run into?

What is your general procedure in tracing
and rectifying trouble of this nature?

Short articles on this subject of hum reduc-

tion will be welcome in "The Serviceman's

Corner" and paid for at our usual rates.

Service Equipment and Procedure

IDEAS
on test equipment and the procedure

of locating radio troubles are about as diver-

sified as the possible ways of making
stuffing for chicken. The tools and
methods vary with the individual. It

!turns out that this business of fixing a

radio set is rather a personal affair,

land is cut and dried only in its funda-

mentals. This departmenthas received

[many contributions from servicemen,

describing their favorite equipment
and their systems of using it. While,
offhand . it might appear that the selec-

tion of the proper tools, and the

knowledge of how to use them would
be kindergarten stuff to the readers of

these pages, so much interest has been

displayed in the matter, as is evi-

Uenced by the many contributions on
(In- subject, that we feel justified in

Publishing the more representative
letters, and drawing from them such

(Conclusions as we can.

SUGGESTIONS FROM KANSAS

RAYMOND E. SNODDY, of Leaven-

worth, Kansas, boils it all down in a

few paragraphs:
"When I am making a service call

tliis is the equipment which I use: a
meter with a range of 0-50 volts and
.0-35 amperes, a long and a short screw

driver, two pairs of pliers, file, sol-

dering iron, headphones, hydro-
meter, test leads, tape, pipe cleaners,

spare wire, a large cloth, and a
tube- and set-tester. The tube- and

set-tester consists of a 0-8 d.c. filament

voltmeter, 0-300 high-resistance plate volt-

meter, a 015-100 milliammeter, and an a.c.

voltmeter with a range of 0-15-150 volts.

The tester is also supplied with a cable and
tube bases to make the various tests. This

equipment is all contained in a small carrying
case, very compactly and neatly arranged. I

designed and built this service kit myself.
"When servicing a radio receiver this is the

routine I always go through: First, upon en-

tering the house and while checking the bat-

tery connections. 1 ask the owner a series of

questions as to how the set has been acting,
how long it has been out of order, etc. This
will often save a lot of trouble as the owner
will generally give you some information that
will point directly to the trouble. I then check
the A- and B-battery connections, test the

batteries, and then place the plug from the
tube tester in the first radio-frequency socket
and test all the tubes in this socket. I then re-

move the plug and place it in each socket and
note the plate and filament voltages, and also

the plate current which tells at a glance if the

plate, filament, and grid circuits are all com-
plete. Next I repjace the loudspeaker with

headphones and inspect the antenna and
ground connections. Any further continuity
tests are very seldom necessary."

ANOTHER SERVICEMAN'S IDEA

BOB BROOKE, of Minneapolis, Minn., goes
into more details, and a bit of reminiscence.

"Here I am sort of down with the flu or

something and I figured it would be an oppor-
tune time to scribble a couple of lines to you

The Weston tube-checker is an excellent piece of
shop equipment for the dealer-serviceman. Any
4 or 5 prong tube may be tested with this set

about the "Serviceman's Corner." Among
other things I am a radio serviceman, and as
some satisfied customers think I'm not so bad
as a serviceman, I thought possibly I had a
chance of getting a line into the "Serviceman's
Corner." The other things I am are: amateur
radio operator w9osH-w6AWR, commercial
radio operator, WGDJ-NOG, salesman (house-to-
house once, when broke and in a small town
on the Pacific coast while waiting for my ship
to come in), broadcast operator, KNRC, radio

engineer in a B-power unit manufacturing
company. So now that I've explained myself
I'll start on some ideas I have on radio service.

"First, I will give a list of what I consider
about the minimum of tools for a serviceman
out on the job:

1. A good test kit for a.c. and d.c. sets.

2. A flashlight (I find Burgess snaplights to be the
handiest).

3. A kit of tools containing:
a. several sets of good pliers and cutters of

various sizes

b. several assorted screw drivers
c. a complete set of spintites
d. a rat-tail and several small files

e. a pair of phones
f. a few fine drills and a hand speed drill

g. a box of assorted screw nuts and junk
4. A bakelite balancing stick with a hex hole ^'r

across.

"The test kit has two uses, it gives the cus-
tomer a higher impression of the serviceman
from the start and it makes a positive and
quick check of the set and nearly all the cir-

cuits in the set as well as testing tubes, volt-

ages, etc. It is the best investment a service-

man can make for himself and often gives or
loses you a job. I found mine handy once when
I was stranded on the Pacific coast and didn't

know when I would get a ship. I took

my test kit and made house-to-house
canvass in a district that was bound
to be good. I offered free tests on the

customer's tubes and batteries and
told them truly just the condition of
their set. In case they needed anything
invariably they bought it from me. I

also had a Sterling tube rejuvenator
along and brought their tubes

up
for

two bits apiece. I also sold several sets

during the month I worked the dis-

trict, and although it was hard work
and very discouraging at times it was
better than going hungry. I played
the game fair and square, made a good
many friends, and worked up a good
little business that I passed on to a
friend whom I had met that was an-
other example of the helpfulness of a
test kit.

"The Burgess snaplight is the

handiest little light for a serviceman
that I have ever seen as it gets into

small places and you hold it in your
hand and work with the hand too.

I buy them by the half dozen as I lose

them or leave them all over town.

They cost 26 cents apiece wholesale

and last two weeks if you don't lose

it in a day or two.
"As for the tools, that is another

thing that a customer looks at when
the serviceman arrives. A neat kit and
a good clean set of tools makes a great

impression on the average set-owner."
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ANOTHER SUGGESTED ROUTINE

A few additional points are adduced by
NEWELL N. WHITE, of Wichita Falls, Texas,
who skims the milk of eleven years of servicing
as follows:

"I have been in the game since 1917, doing
service work on broadcast sets since 1921 with
the exception of the two years I was with
S. W. Bell Tel. Co. Therefore, I feel at liberty
to tell the way I go about checking a set in

the home of a customer.
"First I will give the routine I follow on

battery-operated sets.

"First the A battery is checked. If it is an
acid battery the test is made with a commer-
cial current-drain tester (I find the Hoyt Cell-

Check good enough). A hydrometer is never
used in the home. A cell checker is sufficiently
accurate and there is no danger of spilling
acid. Next the B batteries are tested (with no
set load) with a low-resistance pocket volt-

meter, which puts a heavy enough load on
batteries to cause a voltage drop if they are

weak. The C battery is checked next. All bat-

teries found defective are replaced before test

continues, as all other tests require voltage to

give meter readings.
"The next step is to remove tubes from set.

When this is done all circuits should be open
leading from batteries to set. A high-resistance
voltmeter is connected in series with each
lead from batteries. This will show up any
shorted batteries, leads or filter condensers.

"The next and final step in testing the set is

with a Jewell a.c.-d.c. box (would not trade it

for all the rest of the equipment a serviceman
could carry in a truck). This is done with all

batteries connected and all tubes in their

sockets, except socket under test. The Jewell

box tests the filament, grid, and plate circuits

of all sockets. In this test, open grid sup-
pressor, open grid coils, poor ground connec-

tions, open plate coils, open audio transform-

ers, etc., can be detected. If still no trouble is

found the loud speaker is tested by placing
it in series with an a.c. plug from a convenient
outlet and the a.c. voltmeter of the Jewell

test box.
"Next the antenna and ground are in-

spected. If none of these tests have located the
trouble apparently the repairs will have to be
made in the shop where I have an oscillator,

stationary test board, output meter, etc.
"
I might add that while the various sockets

are being tested the tubes are also tested.

"In a.c. sets the troubles are less numerous
as I find most calls are made on account of
bad 227-type tubes or a noisy volume control.

In testing these receivers the line voltage is

first checked to give me an idea of whether the
set voltages are high or low. After this is de-

termined each socket is tested with the Jewell
test box which shows the trouble very easily.
Since the power pack should be under "set
load" while it is being tested, I never like to

test from the pack terminal strip. The antenna
and ground are also inspected on electric sets.

"In this letter I also wish to comment on
the article by Thomas Glose, in January, 1929,
RADIO BROADCAST. Probably Mr. Glose was
using a high-resistance voltmeter to make his

continuity test. If so, the sensitive meter
would still show full voltage, because no cur-

rent to speak of was being passed through
corroded contact.

"Now don't get me wrong. I would not start

on a call or try to fix a set without my high-
resistance voltmeter, but, fellows, you better
watch the things. I will bet that a meter of low
resistance that had a fairly heavy current

consumption, as meters go, would have shown
up that poor connection."

SUMMARY

The amount of test equipment the service-

man should carry with him is determined to

quite an extent by just how much work he
thinks he ought to do in the home of the set-

owner. This too, is a matter of personal opin-

ion, but a consensus would limit this to rather

elementary tests and repairs. Actually it is a

compromise involving convenience and econ-

omy. Major repairs can be effected more

efficiently in the serviceman's shop than on
the library table of the set-owner.

In summation, it would seem that the fol-

lowing equipment is adequate for making all

the adjustments and minor repairs that should
be made outside of the workshop:

One a.c. and d.c. tube test set;
Two screw drivers, one large and one small;
One diagonal cutter;
One six-inch pliers;
One long-nose pliers;
One small file;

One sheet emery cloth;
One piece of cloth;
One coil of wire;
One knife;
One roll of tape;
One Burgess snaplight;
One pencil with an eraser.

The procedure should be altogether logical.

Spend two minutes in finding out the past his-

tory of the receiver then proceed to diagnose
the trouble. This will fall into one of four
main classes: no reception at all, weak recep-
tion, noise, and distortion.

If there is no signal response, endeavor to

localize the difficulty without immediate re-

course to the test set. If the tubes fight, hit

the detector tube lightly with a pencil. A ring
in the loud speaker shows the a.f. circuit to
be o.k., locating the difficulty in the r.f. cir-

cuit. (No ring is, of course, indeterminate, and
the usual systematic checking of power and
tubes should follow.) If the trouble is in the
r.f. end of the set, connect the antenna to the

plates of different tubes in an endeavor to
locate the faulty stage, and then go to work
on it. Cases of weak reception should be sim-

ilarly investigated. The possible causes of
noise are many and are treated to some extent
elsewhere in this department. If the trouble
is distortion, the a.f. circuit should imme-
diately be suspected, and tests made for emis-

sion, and incorrect A, B, and C potentials.
The point to be emphasized is that service

time can often be cut by using a bit of common
sense before resorting to a test set invaluable
as this may be. As John Dunham points out,
in his article in March RADIO BROADCAST, a

knowledge of radio engineering fundamentals
is a servicing tool second to none.

Bad Tubes and Service Troubles

W'.
S. HARTFORD, of the Kellogg Switch-
board and Supply Company, makes a

concise and interesting observation: "You
may be interested in knowing that 65 per cent,

of the reported cases of no reception were
traced to incorrect insertion of one or more
tubes. About 15 per cent, of the cases were
due to low B voltage. In consumer com-
plaints, many owners felt that advancing
the rheostat to the tubes will cause shortened
tube life. The actual effect is to impair the

selectivity and sensitivity of the receiver with
a gradual weakening of the tubes."
The Arbprphone Company broadcasts a

somewhat similar warning on sheet 8 of their

service manual: "We wish to call your atten-
tion to the fact that the greater percentage of

power pack trouble may be attributed to de-

fective tubes. After through tests and reports
from various sections we find the following
troubles are caused by defective tubes:
Lack of sensitivity, lack of volume, a.c.

hum, noisy reception, and fading. However,
the most serious of all the defects is that many
of these tubes, after being in use a short time,
will develop a short in the plate circuit,

thereby frequently burning out the power
transformer.'

Miscellaneous

How Much Current Does My Receiver Con-
sume ?: The serviceman is often asked just
how much current the particular a.c. set he is

servicing consumes a reasonable bit of cur-

iosity on the part of the owner. MALCOLM
CHASE of Taunton, Mass., suggests a simple
way of determining just what it costs to oper-
ate any a.c. set, as far as current consumption
is concerned.
"
In order to determine the approximate cost

of electricity consumed by an electric set

without any accessories the following method
may be used. A fifty-watt lamp which con-
sumes five-hundredths of a kilowatt hour

per hour should be turned on and, if a kilowatt
costs say eight cents, multiply eight by five-

hundredths. This will give you the cost per
hour to operate a fifty-watt lamp. Now con-
sult your electric watt-hour meter and count
the number of revolutions the aluminum disc

turns in one minute.
"Now turn on your radio set or battery

charger. Suppose the disc makes one and one-
half times as many revolutions as it did for

the fifty-watt lamp in one minute. Obviously
the radio set will cost one and one-half times
as much to operate as the fifty-watt lamp.
Make sure of course that the only load on the
line is the device you are interested in com-

puting the operating cost of."

Selling A.C. Tube Insurance: The Fordham
Electric Company, dealers and service in the

Bronx, New York, are selling the Ward Leon-
ard Vitrohm Line-voltage Reducer, shown on

page 391, to many clients in outlying a.c. dist-

ricts where the line voltage often rises above
safe limits. This is good business. The good
will of the customer is more than worth the

sale of replacement tubes.

The latest merchandizing scheme at this

store will interest the small-town serviceman
who is also generally the main source of radio

supplies. Hundreds of burned out tubes are

heaped in the window surmounted by a sign

reading: "For Sale Cheap." A. second sign
tells the story of the fine-voltage reducer as

a means of preventing blown-out tubes. Doz-
ens of customers have been brought in the
store by this window display and sold on the

spot. Many of them spent only two dollars

for one of the line units the first time, but
came back later to spend much more money
for a set and accessory equipment.

Elimination of Noise

THE following trouble is quite common,
although the first time it is encountered it

might cause a lot of extra work. It starts out
like a microphonic howl and grows to a roar

of rather low pitch. The usual routine tests

indicates everything o. k. except that when a

certain 226-type tube is inserted in the set-

tester the howl stops. However, when it is re-

turned to the set the noise starts again.

Upon examining the tube it will be noticed
that the filament and grid are nearly touching
each other.

When the tube is in the set the vibrations

from the loud speaker cause the filament and

grid to short, thus causing the howl. When
the tube is inserted in the tester, which was

away from the set the vibrations do not affect

the tube and everything seemed o.k. The
remedy is obvious. A good way to find the

offending tube is to hold each tube with one
hand and tap it lightly with the other. A
defective tube will cause a prolonged scratchy
noise in the loud speaker.

H. WEIMAR, Appleton, Wis.

DATA FROM KING MFG. CO.

The service bulletins of the King Manufac-
turing Company, of Buffalo, N. Y., contain
some interesting "dope" on the elimination of

noise.

"Some radio tubes are microphonic in ac-

tion and when used will cause a ringing sound
in the loud speaker. This will be especially
noticeable when the set is jarred or when the

lid is closed. Usually microphonic tubes cause
the greatest trouble in detector and first-audio

stage.
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"To overcome this difficulty first try chang-
ing tubes into different sockets to isolate the

microphonic ones. If this does not eliminate

your troubles ballast the tubes mechanically.
To do this either use the commercial devices

marketed under the name of "Howl Arrest-

ors," etc., or ballast with rubber tape.
"Wire-wound rheostats will at times, in

spite of all precautions, become noisy and pro-
duce a grating sound when turned. This is

due to the natural wearing of the resistance

wire and can be overcome easily. Simply take
a soft lead pencil and rub the lead over the

wire winding of the rheostat. This slight appli-
cation of graphite lubricates the rheostat and
in no way changes its electrical character-

istics."

INSULATION CAUSES NOISE

C. W. MANGOLD, of Richmond, Ind., sends

along the following that is typical of the many
exasperating cases of noise one encounters
when the receiver is jarred.

"Just recently I serviced a Bremer Tully
six-tube receiver. The only station that could
be brought in was WLW and the signals were

very weak. After checking the tubes, antenna,
loud speaker and power supply, and finding
them in good condition, I started to test the
set.

"By moving the first a.f. tube, and getting
it in a certain position the signals would come
in very loud, but just as soon as the tube
would go back to its normal position the sig-

nals would become weak again. I then re-

moved the set from the cabinet and looked
for a bad tube socket or connection to the
socket but they were all right. In placing the
tube back in the socket and moving it around,
I found that the tube prongs were moving
some wires that run to the r.f. coils which
were covered with a metal shield. The insula-

tion had worn off of one of the wires and was
shorted on the shield.

"By moving the tube it would move the
wire far enough to eliminate the short and of
course the signals would increase. After the

wire was wrapped with tape the set worked

satisfactorily.
'

DETERMINING LOCATION

The Freshman service bulletin contains the

following suggestions in reference to checking

up on noise:

"Disconnect antenna and ground leads.

If set becomes quiet, and signals, though now
very weak, are heard, the trouble is in the
antenna system or it is caused by electrical

disturbances. If due to antenna system, repair
same. The location of interfering electrical

disturbances may be found with the assistance

of the local power company .

"
If removing antenna and ground does not

eliminate the noise the trouble is in the re-

ceiver or power supply. A defective tube may
cause noise, and poor or dirty contact at tube

prongs or between volume-control arm and
winding may l>e the cause of noisy reception.
A poorly soldered or broken connection in

the receiver may be the cause of noise. Check
the by-pass condenser for leak or intermittent
short, circuit.

Very often noise is picked up by the an-
tenna system. Such noises are generally caused

by line leaks, battery chargers, and static.

But the fact that a noise disappears when the
antenna is disconnected, or when a station is

detuned, does not necessarily mean thai the noisr

is not in the set itself. Noises of all kinds, set

and external pick-up, are always accentuated
when a signal is being received. The detection
of a carrier wave sensitizes the receiver to all

sound disturbances.
If it is impossible to determine whether or

not the noise is arriving by way of the antenna

by ordinary means, an oscillator should be

coupled to the receiver, and its wave picked
up. The oscillator should be so closely coupled
that the pick-up is not affected through the

usual antenna system. Then the change in

sound intensity with the removal of the
antenna is a reliable indication of condi-
llollS.

The Senice Forum

ACOPY of John Bider's book, A Treatise

on Testing Units for Service Men, has
found its way to "The Serviceman's Corner."
This is a small book containing some fifty

pages of material much of which will be of

The Weston set-checker which has
been designed especially for

portable use

value to the radio workers to whom it is ad-

dressed. Mr. Bider has succeeded in collecting
from diversified sources considerable data of
interest to the serviceman. Items of probable
utility to our readers are short chapters on
tube reactivation, a general utility tube tester,

and the section on voltmeters and ammeters
with their multipliers and shunts. This book
can be obtained from the Badio Treatise

Company of New York City for $1.00.

/TTONEofthebestbookson the general servic-

^ing of commercial receivers that the service

editor has ever seen (and certainly one of the
best all around service manual published by a
manufacturer for distribution to his dealers)
is that circulated by the King Manufacturing
Company of Buffalo, New York. This is fur-

nished in loose-leaf form, with an attractive

and durable binder. It covers many general
items of interest in an altogether authentic
and useful way. Such points as tube rejuvena-
tion, a simple modulated oscillator, adding
power tubes, static, test equipment are con-
sidered with no special emphasis on King
receivers. Any servicemen having occasion
to service King receivers should make it a

point to secure a copy of these bulletins if they
are not already on nis radio book shelf.

/jTTHK dentist keeps a careful record of his^ patient's mouths by means of a chart of
the teeth noting, their peculiarities and the
work done upon them. The service bench
might take a tip from the dentist's chair. A
simple layout chart of each set serviced, with
a notation of voltages, tubes used and in

which sockets, along with an abbreviated

The Ward Leonard Vitrohm line-

voltage reducer is valuable when ser-

vicing receivers in districts where the
line voltage is high
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history of this particular installation and the
results expected from it under normal opera-
tion, would speed up the next service job on
that receiver.

/jTSEVEBAL servicemen have suggested^ that it would be a boon to the independ-
ent serviceman if he could buy a test set on
the installment plan. Such purchase plans
must generally be arranged with through the
dealer rather than the manufacturer, and in

such cases the serviceman loses the discount
that is legitimately his.

(TA CALIFOBNIAN serviceman, in the
^. employ of a dealer, writes us: "In one of
B. B. Alcorn's articles he stressed the necessity
of good testing equipment. I had a hard time

getting mine together and when I came to
the Jewell Analyzer thought I never would be
able to get the $97.50 together. After a little

thought I went to my employer and explained
to him the necessity of an analyzer, telling
him that I felt our service could be improved
greatly by its use. A few days later I received

my outfit, getting it at cost and am paying for

it. $10.00 per month. Maybe some of the ser-

vicemen who are reading your magazine have
been unable to obtain this equipment but have
a big-hearted boss."

/JTTHE Supreme "Badio Diagnometer" can^ be secured from the Supreme Instruments

Corporation of Greenwood, Miss., by a down
payment of $38.50 followed by ten monthly
payments of $10.00 each. This is a complete
tool kit and test set combination, mounted in

a neat carrying case. The entire equipment
weighs 25 pounds.

{jTSPEAKING of test sets call to mind a^ half dozen letters from servicemen re-

questing construction data on simple test

equipment requiring only two meters, with
the necessary switches and shunts. We should
be glad to publish pictures and diagrams of
such a job. Have you one?

/JTMANY a serviceman can make a profit-^ able connection with a local dealer. Not
a few radio dealers have gone into the radio
business via a slow evolution from furniture
or kitchen stoves. They know nothing what-
ever of the servicing side of their business and
are losing good will because of their ignorance.
They would be more than happy to cooperate
with a good serviceman.

/jTThe
F. O. Kinnecom Electric Company^ (Electrical Engineering and Construction)

of Providence, Bhode Island, established many
profitable dealer associations by sending out
the following form letter on their letterhead
to radio dealers:

"Gentlemen:
"For the past 33 years the writer has been

engaged in electrical engineering and construc-
tion.

"Our experience shows that fully sixty per
cent, of the trouble with radio to-day is caused

by crude and faulty installations. Two or
three years ago the public thought that noise
was associated with reception, but to-day,
with the number of high-grade sets on the
market and the keen competition in making
sales, it is our honest belief and experience
that the houses that are making proper in-

stallations so as to insure a good quality of

reception are the ones that will ultimately
dominate; the trade.

"We are qualified to make inspections of
radio installations, or to lay out or supervise
the actual work. We have a fine assortment of

high-grade testing instruments and we wel-
come an investigation as to our ability and
standing in the above line of work.
"Would it not be a good sales talking point

to state that all radio installations made by
your house are passed on by an established

engineering company, who issue an itemized

report to you? May we not be of service to

you?
"Yours truly,".



The First Steps For Dealer's Profit

PRACTICAL RADIO SERVICE RECORDS

LET'S
eavesdrop on the office end of a

telephone conversation which runs

something like this: "Jones Radio Ser-
vice. Yes, Mrs. Green, we shall be glad to have
a man call. What is the address, please? Which
model is your radio? Are you using batteries

or a power unit? About how long ago did you
last have new B batteries? Thank you. When
would you like to have a man call? Only in

the morning? Yes, I know we've been there
a number of times, Mrs. Green, but we have
such a large number of calls that it is quite
impossible to remember all the special details

of each of them. Yes, we'll have a man call

to-morrow morning. Thank you."
Now let's eavesdrop in another office.

"Smith Radio Service. Yes, Mrs. Green."
While Mrs. Green is speaking, the efficient

young lady at the desk reaches about ten
inches to her right, to the alphabetical file

containing perhaps a thousand active records,
and extracts therefrom within Jive seconds

a card bearing the complete record of the
last several calls made at Mrs. Green's home.
The record makes questions unnecessary,and
she immediately replies

to Mrs. Green's
statement of trouble by saying: "We shall be

glad to have a man call to-morrow morning
to take care of it, Mrs. Green. Thank you.
Good-bye."
While the example given in the first para-

graph is exaggerated the average service

concern would not ask all those questions
every bit of that advance information is of
real value in servicing a radio. Ifcomplete data
is not on record, then it must either be obtained
from the customer each time a call is re-

quested, or else the serviceman must approach
the job "blind" and hope he'll have every-
thing he might need. Of course, it would be

possible to have a serviceman so fully

By JOHN S. DUNHAM
Q R V Railio Service, Inc.

equipped that he would be prepared at all

times to meet extraordinary demands for

any amount of supplies, but it would be
neither practical nor economical. If proper
records are kept, each man takes with him,
each day, only the supplies he actually needs,

plus a small amount for emergency calls,

thus keeping the average inventory down to

a figure of perhaps one-fifth of that which
would otherwise be necessary.

A Card System

T^HE system of records we shall describe
A briefly has been used by one organization
for the past five years and has proven itself

to be very satisfactory. The 3 by 5 inch job
card illustrated on this page is written up
as soon as a call comes in, and is then im-

mediately put in a numerical file under the
date the work is to be done. If it is to be done
the same day, it is put either into the indi-

vidual job-card box of the man to whom it is

assigned, or, if it is to be telephoned to him,
in a special place on the desk until that is

accomplished, after which it goes into his box
to be written up when he comes in. At the
end of each day the job-cards filed under the
date of the next day are assigned to the vari-

ous men, a record is made of the assignments
in a day-book used only for that purpose,
and they are then placed in the men s boxes.
There is no waiting in the mornings for work
to be assigned.
The reports written by the men on the job-

cards, before leaving each job, are transferred

practically verbatim, the next morning, to
the 5 by 8 inch master-cards illustrated.

These large cards, which have been filed in

the "to be done" section pending completion
of the work, are now put into the "to be

billed" section, or if cash was paid, into the

"completed" section. The "to be billed"
section is removed bodily each afternoon, and
after billing, the cards are filed in the "billed

"

section, where they remain until paid or writ-
ten off. Statements are sent out monthly,
and that fact is recorded on the cards. When
payment has been made, the card is then

placed in the "completed" section.

When the first master-card has been filled

up, and card number two has been started
with the record of a call made, then card
number one is placed in an inactive "old"
file. Every six months, the cards in the active

"completed" section upon which no call have
been recorded during the past twelve months,
are removed, carefully tabulated in a classi-

fied record of customers gained and lost,
and are then placed in a "dead" file.

Arrangement of File

THE plane of the cards is parallel to the

length of the drawer, so that the person at
the desk is directly in front of the cards which
are in either the right- or left-hand drawers,
when they are open. Each of the active al-

phabetical sections employs guides of a color

differing from the colors of the other active
sections. Each section has a special guide pre-
ceding it, with a large tab on which is printed
the name of that section, and they are placed,
from front to back, starting at the front end
of the drawer, in the following order: "To
be done", "To be billed," "Billed," "Com-
pleted." The small job-card file, and the sup-
ply of blank cards of both sizes, are kept in

the upper left-hand drawer. The lower draw-
ers on both sides are used for less active, and
inactive files, arranged for accessibility in the
order of their degree of activity.

QRV
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Data on Filament- Type Tubes

CHARACTERISTICS OF POWER RECTIFIERS

THE
first socket-power device sold in

any quantity was the "B eliminator"
which at the time these devices were

first offered, some three years ago, commonly
utilized the general-purpose tube, type cx-

301A, as the rectifier. Some of these were

single-wave rectifiers, capable of supplying
10 to 15 mA., at 90 volts, while others were
full-wave rectifiers using two tubes and with
an output of 20 to 30 mA. The outputs men-
tioned were obtainable only with tubes in

which the filament was in the best of condi-

tion, and the slightest drop in filament emis-

sion became noticeable immediately in a re-

duction in output current and voltage.
These "B eliminators" gave good service

at the time they were introduced, the condi-
tions differing considerably from present-day
requirements in several important respects,
the most important one being the plate cur-

rent drain of the sets then in use. Five-tube
sets were just becoming popular, with six-,

seven-, and eight-tube sets quite rare. The
average receiver was of the three- or four-tube

type, requiring from 10 to 20
milliamperes,

at

a maximum potential of 90 volts. The rapid
increase in the number of tubes per receiver

soon raised the maximum demand to 30 mA.
in the case of the five-tube receiver in which
the C battery was omitted altogether. Two
years ago, power-amplifier tubes were intro-

duced, the 371-type tube adding nearly 15

mA., to the total receiver current drain when
operated 135 volts, and 20 mA. when oper-
ated at 180 volts. As a result of this increase

the maximum current requirements became
50 to 60 mA. Other developments were the

type of receiver in which the filaments of cx-
299 tubes were operated in series from socket

power, requiring 65 to 75 mA. and those using
cx-SOlA in series and requiring 250 to 300 mA.
The rectifier using the cx-SOlA, soon be-

came inadequate in the face of the rapidly
increasing current demand, and the cx-313,
a full-wave rectifier, and cx-316n, a half-wave

rectifier, were introduced, the cx-313 provid-
ing an output of 65 mA., the maximum allow-

able transformer voltage being 220 volts a.c.

per anode. The CX-316B also has a rating of
65 mA., but the design is such as to permit
the use of higher transformer potentials, 550
volts. With an efficient filter the cx-313 pro-
vided a maximum voltage of 180 volts, and
the CX-316B, 450 to 500 volts. These types
are now being superseded by the cx-380 (full-

wave) rated at 125 mA. and 350 volts a.c.

transformer voltage per anode and the cx-381

/o

60

50
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Fig. 2 the emission curve of one filament and
anode of this tube, shown by the dotted

line, (Fig. 2) should show no evidence of
saturation within the limits of the figure.

In the oscillograph record, Fig. 3, each figure
contains two separate records of the perform-
ance of the socket-power unit in question.
The records made by vibrators V2 and Vi,
labelled A in the figure, show in each case the

performance under a load current of 20 mA.
the normal maximum for this unit, while
curves B show the performance at 50 mA.
output. Referring to Fig. SA, the upper record,
Vibrator V3 , is that of the voltage de-

veloped across the secondary of the
transformer.

Oscillograph Records

HPHE voltage developed across the
A tube is V2 when the current indi-

cated by Vi is flowing. It can be noted
in the curves showing the current wave
form that the voltage rises rather rap-
idly as the current starts to flow, and ^
then less rapidly as it reaches higher
current values. This is partly due to

the fact that the resistance offered by
the tube to the flow of current decreases
as the current increases until the full

emission current flows, and partly to

the less rapid increase in instantane-
ous transformer voltage, near the peak
of the wave. The current does not begin to
flow at the instant the transformer voltage
increases, but lags about 40, this lag being
due to the voltage existing across the first

filter condenser. In this particular cas'e the

voltage across the load was 108 volts, and the

voltage across the first filter condenser was
somewhat higher. At the instant the current
started to flow the transformer voltage was
approximately 120 volts, indicating that this

value of voltage existed across this condenser.
Current then flows for the next 100 of this

alternation, and at the time it ceases to flow
the transformer voltage is 145 volts, as a result

of the charging of the condensers. During the

remaining part of the alternation the rectifier

is idle.

The voltage across the tube just reached the
value required for full emission current, 50

volts, and the current was slightly higher than
was expected from the d.c. readings, above
50 mA. On the second alternation the current

reached a slightly higher value, 55 mA., but
because of the higher emission given by tube,

Tis, the peak voltage drop was 43 volts.

Conditions indicated by record B on these

two vibrators were with maximum obtainable

load current, 50 mA., to obtain which the out-

put terminals were shorted except for the
resistance of the vibrator.

The voltage across the tubes reached a

value close to the full transformer voltage,

Fig. 6

the peak with tube Tn being 160 volts, and
with Tis just under 150 volts. Practically all

of the energy delivered by the transformer, 16
watts exclusive of the filament energy, was

dissipated in the rectifier tubes, accounting
for the fact that the output terminals had to

be shorted to reach this current value.

At the conclusion of this test a single cx-313
was substituted for the two cx-30lA's with
the following results. At 20 mA. the perform-
ance is practically identical with that ob-
tained from the cx-30lA tubes, but at 50

mA., the cx-313 has ample available emission
so that the saturation current is not reached,
the peak value rising to 115 mA. The voltage
drop across the tube is much smaller as a
result, the peak being 70 volts, as compared
with 160 and 150 volts, respectively, with the
cx-SOlA tubes. Since less voltage is consumed
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in the tube, more power is available in the

output circuit and it is no longer necessary to
short the output terminals to obtain this cur-
rent. The output voltage, in fact, reached 60
volts, the output current being practically the
same as before, 51 mA. As a result of this

increased load voltage the voltage across the
first filter condenser is increased, and the cur-
rent no longer starts flowing as soon as the
transformer voltage begins to rise, although
it does carry current earlier in the cycle than
was the case with the lower load current.
The results are tabiJated in Table I.

The curves shown in Figs. 4A to 4E,
record the performance of a half-wave
rectifier, the type used being cx-381.
The transformer potential, indicated by
vibrator V3 on each record, was main-
tained throughout at 750 volts a.c. The
load resistance was also kept constant
at 5000 ohms.

Half-Ware Rectifiers

IN
THE first oscillograph record, 4A,

all filter elements are omitted. The
peak current value was 140 mA., while
a d.c. meter in the load circuit, indicat-

ing the average current, gave a reading
of 47 mA. Thus, the tube's filament was
called upon to supply, momentarily,
three times the average load current.
This is an important fact, since the fila-

ment must be made large enough to supply I lie

emission current for the peak value. The ratio

between peak and average current will be
noted for each figure, in order to determine
the relative load imposed by each circuit upon
the tube's filament.

The second exposure, Fig. 4s, was taken
after adding a 4-mfd. condenser across the
load. The charging of this condenser permitted
a much larger current to flow through the

tube, because of the reduced load impedance
and the output current not only increased

greatly in value to 102 mA., but continued to
flow during the alternation when the rectifier

was idle. The back voltage developed across
this condenser reduced the time during which
the tube carried current, thus further increas-

ing the peak current demand upon the tube

which, as indicated by V 2 , rose to the value
of 535 mA. The ratio of peak to average cur-
rent was thus increased to fjff or 5.2:1.

In Fig. 4c, a 20-henry choke was placed in

series with the load. The effect of the self

inductance of the choke in causing the current
to lag behind the voltage is quite evident on
this film, and it also caused a marked decrease
in the peak current to 70 mA., as well as in

the average current (26 mA.). The current
flowed for a longer portion of the cycle, how-
ever, and the ratio of peak tube current to

average load current was reduced to the more
favorable value of 2.8:1. A transient voltage
was developed at the moment the current
ceased to flow through the tube, caused by
the self-inductance of the choke.

In the next figure of the series, 4D, the usual
filter system was added, the performance being
similar to that obtained with a condenser
alone, except for the improved filtering of the

output current. The peak tube current was
practically the same as in 4B, 540 mA., the

output current 102 mA., a ratio of 5.3 to 1.

In the fifth figure, 4E, the usual input con-
denser was omitted, resulting in greatly re-

duced demand on the tube and also in a

marked reduction in output. The results are
similar to those of Fig. 4c. except that the
choke was smaller, 10 henries, and, therefore,
had a smaller effect in reducing both peak and
load current. The peak tube current was 130

mA., and output 45 mA., a ratio of 2.9:1.

The transient voltage which appeared in

Fig. 4c was again present, and was sufficiently
severe to result in an appreciable ripple in the

output current.

This series shows quite clearly that omission
of the first filter condenser in a half-wave rec-
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tifier circuit causes an undue drop in output
voltage, because of the reactive drop in the

:hoke, to compensate which the transfor-

ner voltage would have to be greatly in-

Teased. The filter action was also impaired.
The favorable factor was that this connection
lid result in a much lower ratio of peak tube
urrent to average load current, reducing the

aximum required emission to a low
alue. (See Table II)

Determining Efficiency

IN
DETERMINING the overall

efficiency, the transformer, the

tube, and filter losses were included,
but the power supplied to the fila-

ment was omitted because it remained
constant and if included would have
affected the readings taken with low
load current, 4c and 4E, dispropor-

tionately. The reduced efficiency in

these two cases was caused by the
fact that the internal resistance of
the tube rises rather rapidly at small

plate current values. Had the trans-

former voltage been increased to
maintain the load current at a higher
value, much higher efficiency would
have been obtained. It should be
noted that in Figs. 4x to 4c, the power
delivered to the load could not be
determined from the average reading
of output current and voltage because
of the performance of the full-wave

rectifier's irregular wave form.

Fig. 5, shows the more favorable

results obtained with a full-wave

rectifier tube hi the same circuit combinations
covered in Fig. 4. The rectifier tube was a

cx-380, operating at 600 volts, or 300 volts

per anode.
In Fig. 5x, with a resistance load, the load

current flows during nearly the entire cycle
since current is flowing through one or the
other of the two tubes except at the time the
transformer voltage passes through zero.

The ratio of peak to average current is, there-

fore, reduced 50 per cent, as compared with
the half-wave rectifier, being 150 and 103

mA., respectively, a ratio of 1.4:1.

In Fig. SB, the 4-mfd. condenser is added,
the increase in load current being much less

marked than with the half-wave circuit, rising
19 mA., to 122 mA. The peak current through
the tubes rises to 310 mA., ratio 2.4:1.

The next, Fig. 5c, shows the effect of the
choke placed in series with the load. In this

case it is interesting to note that the choke
has quite a different effect from the condenser,
since it reduces the peak current carried by
the tube while it also keeps current flowing

through one anode or the other during the
entire cycle. The ratio of peak to load current

is very low, 105 mA., to 97 mA., or 1.1:1.

Fig. 5o, shows the performance of the full-

wave rectifier with the usual filter. The ratio

of peak to average current is again high, 290

mA., to 118 mA., or 2.5:1.

Fig. SE shows the performance with the
first filter condenser of Fig. 4 removed. The
peak current is now only 110 mA., or only 1.15

times larger than the average load current,
which is 96 mA. The output voltage was
only 45 volts, or 18 per cent, lower than that
obtained with the usual filter, Fig. So, the

readings Ijeing, Fig. 5o, 250 volts, Fig. SE,
205 volts.

The various readings including, power out-

put and efficiency, are tabulated in Table III

The ripple voltages present at the outputs
of the filter arrangements shown in Figs. 4
and 5 have not been measured, but a few tests

indicated that there was not a marked differ-

ence, especially if the condenser omitted at the

input was added across the output of the
filter. The only disadvantage noted in using
the arrangement shown in Fig. 5 was the
fact that the transformer voltage had to be
increased 22 per cent, to obtain a load voltage
equal to that obtained with the usual filter.

The very greatly reduced peak current de-
mand on the rectifier tubes makes the use of
this circuit arrangement highly desirable.

Furthermore, the efficiency improves rapidly
as the load current is increased, and with

equal current outputs it was found that the

energy dissipated in the tube was lower and
the efficiency slightly higher with the filter
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tube the vibrators recording the current

through the tube were opened, as the current

flowing through the voltage vibrator would
have otherwise added to the reversed current.

Similarly the voltage vibrator was open when
the current values were being recorded.

Since the heating through the tube would
be nearly as great with the improved type of

filter connection, it will probably not be pos-
sible to increase the current rating of this

tube to any extent when used under such

conditions, even though the maximum cur-

rent required is much decreased.
In Fig. 7, an experimental emission curve

taken on one anode of a cx-380 tube is shown.
It is not possible to read the full emission cur-

rent of the tube on a d.c. test without damag-
ing the tube as is the case with all tubes in

which a large filament is used. In taking this

film, voltages up to 250 volts were applied

directly to the anode for a very short time at

the proper intervals by means of a synchron-
ous contact mounted on the oscillograph
motor. In this way a current peak occurred
at the same instant each cycle and gave a de-

flection on the oscillograph vibrator at a fixed

point on the screen. In this way the amount
of energy dissipated in the tube was kept low,
and by calibrating the oscillograph vibrator
the current readings were deter-

mined. The curves taken showed
clearly the very satisfactory charac-
teristics of the oxide-coated filament

developed for this tube. Curve 1

shows the performance with a fila-

ment voltage of 6 volts, giving a

slightly higher anode current than that ob-
tained at 5 volts. The current was still increas-

ing rapidly as the applied voltage was increased
to the maximum used, 250 volts d.c. The fila-

ment voltage of 6 volts is not of course the
normal operating voltage, and Curve 2 shows
the emission obtained at the rated voltage of 5

volts, the current reaching the high value of 800
mA. with 250 volts applied. Curve 3 shows the

performance at the reduced voltage of 4 volts.

Even at this voltage the current was still

increasing rapidly at 250 volts and was 620
mA. Curve 4 was taken with the filament

voltage reduced to 3 volts, and this curve
shows more definite evidence of saturation.

The emission current still reached the sur-

prisingly high value of 270 mA..
The fact that the oxide-coated filament does

not give a definite saturation current is well

known, and nas been pointed out by many
experimenters.

Performance curves of the cx-381 tube as
a half- and full-wave rectifier are shown in

Figs. SA and SB. In taking these data a large
transformer having good regulation was used.
The voltage was measured at the input to the

filter, hence in using these data, proper allow-
ance must be made for transformer regulation
and for the IR drop in the chokes in estimat-

Table I

For type cx-381

Rectifier

Tube
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Fundamental Radio Theory

TTIERE is a simple formula that must be used
A
very generally if one is going to plan or experi-

ment in a quantitative way with radio circuits.
Its use need not involve any tedious mathematical
reductions, as the results of this formula have been
reduced to tabular form. The application of this
formula is so fundamental that every student of
the subject should have a clear understanding of
the simple manner in which it is derived. It Is, in

fact, the connecting link, so to speak, between two

very different electrical manifestations the alter-

nating current that lights our homes and the faint
radio waves that lind their way to the antenna.

It is assumed that the reader is already possessed
of an elementary knowledge of electricity and is

familiar with the fundamental units involved in

expressing such quantities, as voltage (E), current
(I), resistance (R), capacity (C), and inductance
(L). The last term is the only one that usually
presents any difficulty, but it will become clear us
the work proceeds.

E
Ohm's law, I

11
, (See Home Study Sheet No.

3) expresses the relation of current, voltage, and

Fig. 1 Tuning 60-cycle 110-volt

supply

resistance in a direct-currentcircuit. The correspond-
ing formula for an alternating-current circuit is:

in which f is the frequency of the alternations. Now
it requires scarcely an elementary knowledge of
algebra to see that if the two terms inclosed within
the brackets in the denominator can be made to

equal one another, their difference will be zero, and
the equation becomes.

I =

which is Ohm's law. When this condition exists the
circuit is said to be tuned. The essential point to be
observed is the fact that the denominator of the

equation will be a minimum, and therefore the
value of the current is maximum, only when

1
2xfL = -

yp
or when f ;

An experimental application of this important
formula may be had readily if there are at hand one
or two coils wound with fine wire on iron cores
the primary of an old high-ratio audio transformer,
for example and some condensers, such as are
used as part of filters or by-pass equipment. Con-
nect a ten- or fifteen-watt lamp to the 110-volt

alternating-current house supply in series with a
coil and a condenser, as indicated in Fig. 1. When
approximately the proper values for L and C for a
60-cycle current are secured, it will be found that
when the condenser is short-circuited the lamp will

burn less brightly, thus indicating that less current
is flowing. To arrive at appropriate values of L and
C for striking results, it may be necessary to use two
coils in series, or two condensers in parallel, all de-

pending on the equipment at hand. But the experi-
ment is quite worth while, particularly to one
whose experience has been largely with direct cur-
rent, as it demonstrates so clearly that a condenser,
which is a non-conductor in the case of direct cur-
rent, is not only a conductor for alternating current,
but may actually increase the flow of current.
To apply our formula to this experiment, let it

be supposed that a 1-mfd. filter condenser is used.
This is one-millionth of a farad, which is the primary
unit. A simple calculation will then show that for
the usual frequency of 60 cycles per second an in-
ductance of approximately 7 henriee will be re-

quired to tune the circuit to produce the maximum
current How.
No matter how different it may seem, radio is

simply a manifestation of an alternating current of

high frequency, the difference being purely one of

degree and not of kind.
The velocity at which a disturbance, say sound or

light, travels depends on the medium through which

it is transmitted. 'Thus, sound has one velocity in

water (about 4900 feet per second) and another in

air (about 1100 feet per second), but for either
medium the velocity of all sounds is equal. That is,

a note from the upper end of a piano will reach a
distant observer as soon as one from the lower end.
As both light and radio are dependent for their trans-
mission on the same medium called the ether, they,
in accordance with all other observed wave phe-
nomena, travel at the same velocity. This velocity,
is approximately 300,000,000 meters a second.
As the velocity of propagation is constant, and

as this velocity is equal to the length of one wave
multiplied by the number of waves per second, or
the frequency, f, it necessarily follows that f =

300,000,000
-r and if f = _ /r-^ , wavelength = 2x

wavelength 2Tt \/LC
/CL X 300,000,000 or if microhenries and micro-

material, it is quite possible that the repetition of
a very minute force would finally break it. In other
words, the internal forces generated within the
spring may many times exceed the applied force,
and this is exactly what occurs in a tuned electrical
circuit when the resistance is greatly reduced, the
voltage across the condenser being many times the

impressed voltage. Hence it is that often a conden-
ser tested to withstand a high voltage will break
down in a resonant circuit, although no high voltage
was outwardly applied.
The voltage across a coil in a resonant circuit is

2 1C f L times the current, but, as has already been

pointed out, the current in a tuned circuit is .
'- in

consequence of which the voltage across the coil

will be 5~~~" That- is. under given conditions, the

farads are used wavelength = 1884 -y^LC fre- voltage developed across the coil will be greater as

the ratio =j is increased. In other words, the desira-

ble thing in a radio coil is to secure the most induct-
ance per ohm of resistance.

Another point in the analogy may be mentioned.
The ability of a minute force to generate oscillations
in the weight and spring would obviously disappear
if the resistance were greatly increased by immersing
the system in water or molasses, for example. As
the resistance of an electrical circuit is increased,
not only will the amplitude of the oscillations dimin-
ish, but the variations due to moderate changes on
the frequency of the applied force will become less

and less. In other words, with increasing resistance
the system loses its selectivity, precisely as in elec-

trical circuits.

Our analogy also illustrates a point that puzzles
many beginners, and that is how the current in a
condenser can be said to be 90, that is one-quarter
cycle, out of phase with the voltage (see

* Home
Study Sheets No. 7 and 8 ") . 1 1 will be observed that
when the weight is at the point of maximum velocity,
that is at the midpoint of its path, the spring is idle,

that is, it is neither extended nor compressed. And
when the weight is completely at rest at either end
of its path, the spring is at that moment under its

greatest stress. Similarly, when the current is at
its greatest value, the condenser is at the instant of

changing from one polarity to the other and so has
no voltage, but when the current has just ceased

flowing in, the electrons in the dielectric are under
their greatest stress, so that when there is no current

flowing the voltage is a maximum.
Finally, it may be pointed out, the action of the

weight and spring exemplifies what is referred to in

radio as damping. Suppose the weight was quite
heavy and the spring rather short. If the weight were
given an initial impulse the oscillations would con-
tinue for some time, though gradually diminishing
in amplitude. Now suppose the weight were made

159.2.

quency in kc. =
/j-p;

These relations have been worked out for a great
many wavelengths, and a few are presented in the

following table. Its value to the experimenter will

be evident. With a given coil and condenser, it is

only necessary to multiply the inductance of one
by the capacity of the other, to find the wavelength
to which they will respond. If a condenser of a certain

capacity is at hand, a simple division will tell us
what the inductance must be to tune to a given
wavelength. As the experimenter begins to get his

laboratory together, he will soon find himself deter-

mining the inductances and capacities of his various
coils and condensers, and, with the table at hand,
he may always keep informed as to the wavelength
or frequency of the current he is handling.

Meters

fob
200
300
400
500
600
700
800
900
1000

3,000,000
1,500,000
1,000,000
750,000
600,000
500,000
429.000
375,000
333,000
300,000

L X C
0.002K2
0.01126

. 0253
0-150

0.0704
0.1013
0.1379
0.1801
0.228
0.282

The experimenter will find a complete table of
L C products in Principles Underlying Radio
Communication, the Signal Corps book, and he
should either get such a table or work out one for
himself. The following rule will be helpfid: For
smaller values, divide meters by lOandLxC by 100;
for larger values, multiply meters by 10 and LxC
by 100.

Mechanial Analogies

The following mechanical analogy may aid in

giving a little clearer view of the phenomena in-

volved. The weight, L, in Fig. 2 is mounted on the

upper end of an arm, the lower end of which is

pivoted at the floor. A spring, C, is connected to the

weight and to a rigid support, and is of such a length
that the weight stands directly over the pivot when
the spring is neither compressed nor extended.
If the weight is pulled to one side arid released it will

vibrate back and forth at a certain definite fre-

quency, depending on the size of the weight and the
nature of the spring. The same frequency can be
obtained by making the weight heavier and shorten-

ing the spring, or by reducing the weight and length-
ening the spring.

In the above example the frequency depends on
the product of two factors, and this is precisely the
case in radio oscillations. We can continue to tune
to a certain wavelength by increasing the inductance
and reducing the capacity, or vice versa.

The spring is a rather apt analogy for a condenser,
for the reason that when the latter is charged, the
electrons are supposed to be displaced from their
normal positions, to which they rebound when the
condenser is discharged. Similarly appropriate is

weight or mass in representing inductance, which
may be considered as electrical inertia. Just as mass
tends to retard the beginning of motion and to con-
tinue the motion when the applied force is with-
drawn, so inductance opposes a sudden increase of
current after the applied voltage ceases. The ana-
logy may be carried further by considering the
resistance of the air on the weight as corresponding
to electrical resistance. Let it be supposed that the

spring atid weight were set up in a room from which
the air has been exhausted, and that a tine thread
attached to the weight is intermittently pulled
exactly in tune with the natural period of oscillation.

After a little time the oscillations will become very
violent, and if the spring were of highly elastic

Fig. 2 Mechanical analogy ofan
oscillating current

very light and the spring lengthened considerably
BO that the frequency remained the same. Then the

air resistance would increase in importance and
the oscillations would die out very quickly. The
corresponding change in a radio circuit would be to

reduce the inductance and increase the capacity,
the resistance remaining constant, and when this

is done an oscillation once started is quickly
damped.
To recapitulate: We have learned that the cur-

rent in a radio circuit reaches its_greatest value
when the wavelength equals 1884 y L C.

That this fact is readily derivable from the funda-
mental equation for alternating-current circuits.

That when this condition exists. Ohm's law is

applicable to the circuit.

That the voltage across the coil or condenser in a
resonant circuit may very greatly exceed the ap-
plied voltage.
That the most efficient radio coil is that which has

the greatest inductance per ohm resistance.

That the sharpness of tuning increases as the
resistance is reduced.
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applications of the principles in "Home-
Study Sheet No. 19" are far-reaching and will

afford an interesting field for experiment, but before
this may be undertaken, certain standards must be
acquired, as one cannot measure without some sort
of a yardstick. This will, however, require many
hours at the workbench, but before rolling up our
sleeves, it would be well to dispose of the inductance
standards, for the reason that for the value of these
we are dependent on calculation.

Function of Inductance

The inductance of a coil has the same function
in regard to the motion of the electrons that
constitute an electric current, as weight has in re-

gard to the motion of a material body. When the
current is uniform, as in the case of direct current,
inductance has no effect, just as the mass of a body
is without effect in a mechanical motion of constant

velocity. On the other hand, any change in the

strength of an electric current, whether it be an
increase or decrease, is opposed by inductance, and,
as radio currents are continually changing with
extreme rapidity from a maximum strength in one
direction to a maximum in the other, inductance
becomes a very important item.
A circuit is said to have an inductance of one

henry when a current changing at the rate of one
ampere per second induces therein an e.m.f. of one
volt. In such a coil, there being no iron core, a
current variation of two amperes would induce an
e.m.f. of two volts. Inductance may therefore be
considered as the ratio of the e.m.f. induced to
current variation per second. The reason for this

e.m.f. lies in the fundamental fact that a conductor
has a voltage induced in it when it cuts the lines of
force of a magnetic field. When the current is started

Fig. 1 Demonstrating the
counter direction of the e.m.f. of

self-induction.

in a coil the magnetic lines radiate outward from the
center, thus cutting the turns of wire and inducing
therein an e.m.f., which is always in such a direc-

tion, that it tends to delay the applied current in

reaching its maximum value. Similarly, when the

applied current ceases, the magnetic lines collapse
towards the center, inducing an e.m.f. which now
tends to maintain the current flow in the coil. By
coiling a length of wire, the resulting magnetic
field will be concentrated into a smaller space and,
as a consequence, this counter e.m.f. increases. In-
ductance is a property which depends on the number
of turns, size, and shape of a coil.

Laboratory Demonstrations

The counter direction of the induced current
may be demonstrated by connecting up a coil,

galvanometer, or compass and dry-cell battery as
illustrated in Fig. 1. When the switch is closed the
current will flow as indicated by the arrows in the
diagram on the left. If the galvanometer needle is now
restored to the zero point and held there with a pin
or small weight, it will be deflected in the reverse
direction when the switch is opened. This indicates a
reversal of current through the galvanometer, and
demonstrates the important fact that the current in-
duced in the coil after breaking the circuit passed in
the same direction through the coil as did the battery
current. Obviously the reverse must have been the
case when the connection was first made, as the
magnetic lines proceeded outward instead of col-

lapsing toward the center.
That the direction of a current induced when a

circuit is closed is opposite to that induced when the
circuit is opened may be demonstrated easily by
connecting up an audio transformer to a galvano-
meter and dry-cell battery as illustrated in Fig. 2.

When the circuit is closed the galvanometer will
show a brief deflection, returning to zero when the
primary current has reached its full value. When the
circuit is opened, the deflection will be in the op-
posite direction, again returning to zero after the
magnetic field has completely disappeared.

Inductance formulas have been developed for
coils of a great many forms, but as our present

k



An Engineer's Explanation

REAL VERSUS APPARENT SELECTIVITY

By KENNETH W. JARVIS
Engineer, Crosley Radio Corporation

A RADIO set without selectivity is

like a
ship

without a rudder,
buffetted by every wind, and

heeding the strongest wave and current.

Some sets are selective some are not;
and broadcast transmitters and guileless
amateurs are reviled alike. There is

wailing and gnashing of teeth because
of the radio engineers' inability to bring
about the near impossible, and all be-

cause most of us do not quite under-
stand what "selectivity" really means.

Imagine the conglomerate -IIMSS of

the radiated energy of all the broadcast-

ing stations on earth, all of the com-
mercial transmitters, all of the amateurs,
and all of the natural and man-made
static, swirling, fading, crossing and re-

i Tossing the bare wire of your antenna,
each inducing a voltage therein. You
sit down below, more or less patiently

attempting to hear the beautiful strains

of the "Serenade" originating a thou-

sand miles away, all uninterrupted and

unimpeded by the myriad of unwanted

impulses in your antenna. The selec-

tivity is that property of your receiver

which makes for order out of this

chaos.
As we are interested in the usual

broadcast reception, we need to con-

sider only a comparatively small range
of the frequencies in the whole spec-

trum, that is the band between 550 kc.

and 1500 kc. Stations broadcasting in

this range are known by their
"
carrier,"

i.e., the fundamental frequency of their

radiation. Due to the frequencies
needed on either side of the carrier

for proper transmission, each carrier

is spaced 10 kc. apart. Thus there

is room for only 96 stations in the

allotted broadcast-frequency range. In the
new allocation plan, various stations either

divide time or are located geographically
so that they can use the same frequency
without interference. For our purpose we can,

therefore, consider that there are only 96

stations, one on each 10-kc. band of the broad-
cast range.

In explaining the mechanism of transmis-

sion, use is made of the "side-band theory"
which says that in addition to the carrier

frequencies, a broadcasting station radiates

additional frequencies corresponding to the
audio tones. If, as is approximately true, the

frequency distribution and percentage modu-
lation as based on these side bands is the same
for all stations, we can neglect the side waves
and consider only the relations of the various
carrier frequencies.

What is Selectivity?

OBVIOUSLY,
we are interested in select-

ing the energy of some one carrier fre-

quency out of all the number present at the
antenna. The strength of the signal (or car-

rier) at the antenna will influence the degree
of selectivity. This strength is measured in

microvolts (millionths of a volt). The bigger
the antenna, the more microvolts it will pick

up. The field strength of the signal is, there-

fore, rated in microvolts per meter, and the

field strength, multiplied by the effective

height of the antenna in meters, gives the

actual voltage induced in the antenna. Thus a

OOOOOOOOOOOOQOOOOO
FREQUENCY IN KILOCYCLES

Fig. 1 A powerful local broadcasting station

often presents a peculiar selectivity problem.
In the case illustrated above, it is impossible
to receive stations between 650 kc. and 750 kc.

without interference from the powerful local

signal of 100 microvolts per meter acting on a
four-meter antenna will produce an input
voltage to the set of 400 millionths of a volt.

Before making use of this relation of field

strength, a brief view of the nature of selectiv-

ity is necessary. Fundamentally, selectivity
means a greater response to one frequency
than to any other. This leads to the idea of
resonance. If a circuit or system is quite

responsive to some one frequency, it is said to

be resonant to that frequency. Forms of
mechanical resonance are familiar to every-

This article by Mr. Jarvis, a mem-
ber of the engineering staff of the Cros-

ley Radio Corporation, attempts to

interpret the real meaning of selectiv-

ity in the light of our present-day re-

ception problems. How much selectivity

is desirable, what compromises in set

design must be made to attain optimum
selectivity at reasonable cost, and how
the problem is solved in the design of

present-day sets all this Mr. Jarvis

covers. To dealers, attempting to

answer customer-questions this analy-
sis should be useful as well as to many
others of our readers desiring to follow
a general investigation of the subject.

THE EDITOR.

one. The piano and violin strings tuned
to the same note are in resonance. If the

piano note is sounded, the sound waves
will travel through the air and start the
violin string vibrating and emitting
sound. The pendulum of a clock oscil-

lates back and forth at a definite fre-

quency. The pendulum system is reson-

ant to that frequency.
Sometimes a road has small ripples

at regular intervals. If an automobile is

driven at the proper speed over these
little ripples, the car will begin to surge
up and down with greatly increasing
movement. If the car be driven faster,

the springs take up the movement of
the wheels and the chassis stays al-

most still. Driving slower allows the
car slowly to follow up and down the

ripples without any great movement.
But at some particular speed, the

weight of the car and the elasticity of
the springs are "resonant" at the fre-

quency of the ripples of the road sur-

face and a terrific movement results.

Obviously the bigger the ripples, the

greater will be the car movement. This
is equivalent to increasing the force

applied. The nearer the car runs at

the "resonant" speed, the greater will

be the movement. If there are "snub-
bers" on the car or there is a lot of

resistance to the motion, the amplitude
will not be so great.

Electrical circuits exhibit the same
sort of resonance to electrical forces as

the mechanical systems show. The con-
densers in the circuit correspond to
the elasticity of the springs while the

inductance corresponds to the mass of

the car. Therefore it follows that a
similar relation is obtained between the

force and resistance in electrical circuits as

in mechanical systems.

Electrical Equivalent

THIS
may be illustrated in curve A of

Fig. 2 where the height of the curve at

any particular point represents
the current

flowing in the circuit at the frequency applied,
the voltage remaining constant. It is obvious
that this circuit has the property of "selec-

tivity" and gives the greatest response at

some particular frequency. Usually a single
circuit does not have sufficient selectivity and
two or more such resonant circuits are needed.

The amplification might be adjusted to give
the same maximum current in the last

resonant circuit and then the system would
have a curve like B, of Fig. 1.

Having obtained some idea of why a re-

ceiver is selective, a little different viewpoint
is now necessary. A receiver should be

sufficiently selective just not to hear any in-

terfering station. Obviously this depends on
the strength and frequency of this would-be

interfering station. Therefore, the usual

selectivity curve is drawn as in Fig. 3. Here
the height represents the field strength in

microvolts per meter necessary to apply to the

receiver an output just loud enough to be
heard. The receiver is tuned to 1000 kc. and

obviously it takes less voltage to hear an out-

put at this frequency, only 2 microvolts. At
10 kilocycles off resonance, the input would
have to be 3.5 microvolts, while at 20 kilo-
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cycles off resonance, the input must be about
10 microvolts, or five times as much as at
resonance.

In Fig. 4 is shown the field strength pattern
at a particular antenna, where the heights of
the lines represent the amplitudes of the
"carriers" on each channel frequency. The
wavy shaded portion represents the "static

level," or the voltages introduced in the
antenna due to static and unwanted noise.

This graph also contains the curve of Fig. 3

(curve A). The stations heard will be the one
at 1000 kc., at which the set is tuned, and also

the station on the adjacent channel, 1010 kc.

The relative strengths of the signals will be
about in proportion to the height of the field-

strength lines above the selectivity curve. Thus
the station on 1000 kc. will be about 4 times
as loud as that at 1010 kc. The field strength
of the station at 980 kc. is even greater than
that at 1000 kc., but due to the selectivity of

the circuit it cannot even be heard. The
station at 990 kc. could never be heard with
this set even if it were tuned right on 990 kc.

A more sensitive set would be necessary, and
even then the reception might not be good,
due to the static and interfering signals.
Now assume that the receiver used had

poorer selectivity as shown in Fig. 5. (Here-
after only the superimposed diagrams are

given.) It is apparent that three stations are

heard at once quite strongly and a fourth, at
1020 kilocycles, can just barely be heard. A
simple way to visualize this is to imagine the

selectivity curve, such as in Fig. 3, is cut
down into a sheet of cardboard, and then laid

over top of the field strength picture. Sliding
this cardboard horizontally along the fre-

quency scale corresponds to tuning the re-

ceiver, and the stations you can see projecting
up above the slot in the cardboard are those
which you will hear. If you cut out such a
cardboard cover having the selectivity curve
shown in Fig. 1, and slide it back and forth
as suggested, you will see that it will be im-

possible to get any one station without in-

terference from some other station. This is

too often true with many radio receivers.

Effect of Tuning

AVIEW of the selectivity field strength
charts will show a well-known fact.

Detuning the receiver will reduce the out-

put, and therefore, this method is often
used to control the volume of a set. There are
several objections to this practice. The reso-

nance response to some interfering frequency
is increased greatly, thus decreasing the

selectivity and increasing the noise. In addi-
tion this detuning invariably changes the

quality of reception. The receiver should be
tuned directly on the station desired and the

output regulated with the volume control.

There are many other peculiar cases of

selectivity, some of which are illustrated here.

LOW FREQUENCY
RESONANCE H ,GH FREQUENCY

Fig. 2 Selectivity is improved by
connecting two or more resonant
circuits in series. Curve A shows the
selectivity of a single circuit, curve

{? of a series of circuits

Take as an example the case of a strong local

station. Such a station may have a field

strength of as much as 10,000 microvolts,

per meter, which is far beyond the range of
the cross-section sheets used here. For illus-

tration, take the curve of Fig. 1. Notice that
the horizontal scale of frequencies is smaller
than before. The selectivity is the same as in

Fig. 5. Assuming we are using the cardboard
covers again, they must be placed in the

positions shown in order to avoid hearing
the strong local station. This means that no
station between 650 and 750 kc. can be
heard without interference from the local.

It may be that before the local station
raised its power, the radio set could satisfac-

torily receive the station on 720 kc. Therefore,
when such reception can no longer be ob-

tained, the local transmitter is blamed. The
transmitter is "broad" and it "spreads all

over the dial" and many are the protests
against the design. However, the only crime of
which the station can be accused rightfully is

that of attempting to increase its service area
and providing the benefits of static-free

reception to a greater number. Investigation
of such complaints has shown almost always
that they have originated with the owners of
obsolete receivers, at least from the selectivity
standpoint. As bigger and better transmitters
are built, receiver design must necessarily
conform. It is unfortunate that advancement
in radio service must render obsolete the
inefficient type of receiver and act to the
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Fig. 3 The selectivity characteris-
tic of a receiver is usually drawn in
the manner indicated in the above

graph

detriment of its owners, but it's the same' old

story of serving the majority.
Having thus shown that the lack of selec-

tivity is inherent in the receiver, a closer study
of receiver selectivity is justified. And
it is at this point that the meaning of the sub-

ject of this paper will become apparent. To
an engineer, selectivity is represented by the

curve shape, and the ratio of the signal field

strength needed at any frequency to that needed
at resonance to produce an audible signal. This
is a very real thing, expressible in numbers,
and is a factor which can be calculated as a
ratio. To the user, the selectivity of a re-

ceiver is apparently the way in which stations

can be separated. The relation can best be
shown by the use of our cardboard covers and
a field-strength diagram. This is shown in

Fig. 6.

The selectivity curves of two sets, A and B,
are drawn. The real selectivity of the two sets

is exactly the same. For simplicity, the field

strengths of five adjacent stations are shown
having equal amplitude. By sliding the cover
marked A, it is obvious that any one station,
to the exclusion of all others, may be selected.

By sliding B along the frequency scale, it is

apparent that at least three stations will

FREQUENCY IN KILOCYCLES

Fig. 4 In this graph the selectivity
curve (Fig. 3) is superimposed over
the field-strength pattern at a par-
ticular antenna. Vertical lines in-
dicate amplitudes of carriers and
shaded area indicates the "static

level"

be heard at all times! The difference between
real selectivity and apparent selectivity is

quite clear!

Selectivity vs. Sensitivity

PROPERLY
understood, this fact is no

detriment. By backing off the volume
control on the more sensitive set until the two
sets have equal sensitivity, the apparent
selectivity wul be equal. In general it may be
said that the greater the sensitivity of a radio

receiver, the less will be the apparent selectivity.

(Notice that this does not say that the set

having the least apparent selectivity will be
the most sensitive.) In demonstrating a very
sensitive receiver, a salesman will often turn
the volume control full on, showing how
many stations can be received. While not say-
ing "Yes, all at once," the prospective cus-
tomer may react against the set due to the ap-
parent lack of selectivity. It is so simple to
reduce the volume control and thus increase
the apparent selectivity that all this discus-
sion seems out of place. Yet so many operators
of good radio receivers will unhesitatingly
blame the poor selectivity of his receiver upon
conditions entirely irrevelant, when a proper
consideration of the true factors will clear up
a lot of trouble. Ask any radio dealer how
much trouble has been caused and how many
radio sets have "suddenly gone wrong" due
to a change in power, frequency, or location
of the customary vendor of entertainment.
Before leaving this point, it is well to drop a
word of warning to any prospective purchas-
ers. In the demonstrations of selectivity make
sure the fine apparent selectivity of a set is due to

the real selectivity of the circuits and not due to

simply a lack of sensitivity.
The selectivity of a receiver depends on the

size of the coils and condensers, the resistance,
circuit coupling, and many other circuit fac-

tors. As the set is tuned from one end of the

broadcast-frequency range by changing the
condensers or the inductance of the coils, the
real selectivity changes.

Fig. 7 shows three selectivity curves taken
on the same receiver. (The sensitivity in each
case was adjusted to interference output with
two microvolts per meter input.) The selec-

tivity at 550 kc. is quite good, while that at

1500 kc. is poor. This means that instead of

having a constant selectivity, and thus a

cardboard shield of constant shape, the gap
must open up gradually as the set is tuned to

a high frequency.
As the usual receiver varies greatly in
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Fig. 5 The selectivity curve of Fig.
2A superimposed over the field-
strengthpattern of Fig. 4. Note that
the signals of four stations are
heard at once due to the poor

selectivity of the circuit

sensitivity in different parts of the frequency
range, and as the real selectivity (as per Fig.

7) also varies greatly, the apparent selectivity
is quite a complicated result. This elementary
discussion should help considerably, however,
in understanding the action of the receiver.

Other Considerations

THE real and apparent selectivity so far

have been considered only on the elec-

trical basis on which they operate. To the
user of a particular set, there are mechanical
factors contributing to the apparent selec-

tivity almost as important as the electrical

characteristics. A large frequency-control
knob tends to make tuning easier and in-

creases the apparent selectivity. The vernier
drive and the large illuminated drum dials

are contributors to the same idea. To the

operator, who cannot "see" the field strength
pattern at his antenna, the selectivity is

estimated by the dial movement necessary to

eliminate any particular station. This basis

for judging selectivity is as inaccurate as it is

common. The "results" obtained depend upon
the frequency range covered by the entire dial

movement and the rate of frequency change
at any operating point. Assume two sets,

both having a dial movement of half way
around, one tuning from 540 kc. to 1520 kc.,

and the other tuning from 570 kc. to 1350 kc.

It is evident that the apparent selectivity
would be greater on the first set as a given
movement would shift the resonance fre-

quency faster.

The shape of the condenser blades greatly
influences the apparent selectivity. If the
blades are semi-circular, a given angular rota-

tion will cause a greater change in resonance

frequency at the high frequencies than at the
low frequencies. This results (as based on dial

movement) in the apparent selectivity being
greater at high frequencies, and thereby
(to the user's mind) compensates the decrease
in real selectivity as indicated in Fig. 7.

If the condenser blades are shaped so as to

give uniform change in frequency with uni-

form rotation (so called straight-line-

frequency type) the apparent selectivity will

be the same as the real selectivity.
One more factor is responsible for a huge

misunderstanding in judging the sensitivity
of a radio receiver. That is distribution of the

broadcasting stations themselves. The new
allocation has placed a great number of small
stations on the same, or closely adjacent
bands. A sensitive receiver will pick up a

great many of these stations, and owing to
their proximity, several stations may be
heard at once. Such stations are usually so
close together that they interfere or "beat"
with each other and produce a strong con-
tinuous audio note. This note is not due to the
modulation of either station, but is the
"beat" of the two carriers. Such interference

is quite common and is usually understood

by those who have a technical knowledge of
the reasons why, but to a novice or to one

who doesn't care to know why, such inter-

ference is charged against the receiver's

selectivity. Most radio users know that the

selectivity of a receiver enables them to
eliminate those signals they do not want,
and they automatically class those cases of
station interference against the receiver also.

Another type of station interference which
occurs in some receivers is that obtained due
to modulation in the receiver. Two signals

may be heard at once, but only when tuned to
either one of the stations. The signals of the
two stations "modulate" each other in the r.f.

end of the set and both modulation frequen-
cies are superimposed on each carrier fre-

quency. Obviously "selectivity" can do noth-

ing to help such cases. Fortunately such cases
are rare as they occur only when the volume
control is in the audio end of the set, or where
extremely strong signals are impressed on an
untuned input. This kind of "cross talk"
can best be eliminated by using a wave trap
tuned to one of the two stations interfering.
This may be an important point in selectivity
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Fig. 6 The real selectivity of the
two curves above is exactly the
same, but the apparent selectivity

of A is much greater

demonstrations and the real selectivity im-

paired because of this fact.

Conclusions

WHAT conclusions of value to the set
user may be drawn from the above dis-

cussion? First, and probably the most im-
portant, is the fact that the apparent selec-

tivity can be increased greatly by decreasing
the sensitivity of the receiver, and then tun-

ing accurately on to the frequency of the sta-
tion desired. Try it. You will be surprised at
the big improvement in selectivity when the
volume control is reduced just enough to
eliminate the undesired station.

Another valuable conclusion is in regard to

the size of the antenna. With higher-powered
transmitters rapidly coming on the air and
"interference" reports on the increase, it is

standard practice for the radio editors and
engineers to say "Use a smaller antenna."
It is obvious that this accomplishes the result.

In Fig. 6, the apparent selectivity of set B
will increase just as much by reducing the

input to 7 microvolts, as it will by changing
the sensitivity to correspond to the set A.

However, reducing the size of the antenna to

improve the selectivity decreases the distance-

getting ability of the set. As previously shown,
intelligent use of the volume control gives the
same control of the apparent selectivity with-
out permanently reducing the efficiency of the
set. Here's one more vote for longer and higher
antennas. On clear, cold nights you can use
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the extra sensitivity a little brain work will

provide.
How selective should a set be? An ideal set

should have sharp cut-off and a flat response
the width of one broadcast band. To date no
commercial set of this type has been built, and
the problems involved indicate that such a
receiver will not be available for some time to
come. Just remember, in demanding "knife-
edge selectivity," that, like lots of other
things in life, selectivity is a compromise.
Too broad a selectivity curve, and interference
results. Top sharp a selectivity curve and the

quality is impaired greatly by the loss of the
high notes. A good engineering compromise,
plus a little intelligent operation, will pro-
vide for many hours of interference-free
entertainment.

WARD LEONARD'S AUTOMATIC
VOLTAGE REGULATOR

T TNSATISFACTORY receiver perform-

IJ ance, and short tube life due to exces-
sive line voltage this has been one of

the most pressing problems associated with
the a.c. receiver and has probably been one
of the major causes of consumer dissatisfaction
with sets of this type. It appears, however,
that the problem has now been solved com-
pletely and in a very satisfactory manner by
the Ward Leonard Company. This company
has perfected a new device (that many manu-
facturers will

probably
include in their re-

ceivers this fall) which performs the double
function ofpower transformer and line-voltage
regulator. This device makes the operation of
the set independent of ordinary variations in

line voltage. It takes the place of the power
transformer ordinarily used in a receiver and it

functions, not only to supply all the voltages
required for the set's operation, but also to com-
pensate variations in line voltage. With this
new device in the set the line voltage can vary
from say 90 to 150 volts and the actual volt-

ages apph'ed to the tubes in the set will vary
a negligible amount.
We were present when the Ward Leonard

Company demonstrated this device which was
installed in a Crosley set. By means of an
auto transformer connected to the a.c. line,

the engineers varied the line potential from 90
to 150 volts. The voltage applied to the fila-

ments of the tubes varied less than a tenth of
a volt! The device works entirely on magnetic
principles it contains no moving parts, re-

sistors, thermal units, etc. The Ward Leonard
engineer responsible for the design is H. K.
Kouyoumjian. H. E. R.
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KILOCYCLES

Fig. 7 The selectivity of the usual
receiver varies with the frequency
to which the circuits are tuned as

illustrated in the above curves
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Loud Speaker Frequency Peak Correction

SOMETIMES,

in broadcast

monitoring or other opera-
tions involving judgment of

quality, loud speakers are encoun-
tered which would be suitable for

the purpose except for a marked
peak in response somewhere in the

audio-frequency range. This un-
desired sensitiveness may readily
be reduced to any desired degree
by the application of an audio-

frequency filter, which, in the form
described below, is simply the fa-

miliar radio-frequency "rejector"
designed to function at a lower

frequency, i.e. , an audio fre-

quency, the alternating-current

principles remaining the same.

Fig. 1 shows a radio-frequency
rejector circuit intended to elimi-

nate interference at a given fre-

quency, f, towhich the combination
of inductance and capacity, LrC r , is tuned.
This path then presents a minimum imped-
ance to incoming waves of frequency f, and
the receiver tuning elements, LiCa, may be
set for some other desired frequency without

interference, the currents of frequency f pass-

ing to earth by way of the rejector path and
hence causing no interference.

Fig. 2 shows a loud-speaker characteristic,
assumed to have been secured by such methods
as those described by Wolff and Ringel:
"Loud Speaker Testing Methods," Proc.

I.R.E., Vol. 15, No. 5, May 1927; or Bostwick:
"Acoustic Considerations Involved in Steady
State Loud-Speaker Measurements," Bell Sys-
tem Technical Journal, Vol. 8, No. 1, January,
1929, and in numerous other articles. At 1000

cycles, it will be noted, there is a peak about
10 DB above the general level of response at
other frequencies. By an audio-frequency
filter circuit such as that represented by
the elements Lc, Cj , and Rf in Fig. 3,'connected
in parallel with the audio coil of the loud

speaker, such a peak in response may be
smoothed out. The constants assumed are

given only for purposes of illustration, al-

though they are in the general range en-
countered in practice.

+30
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Clarence R. Clark, chief engineer for KJR, is pictured
above at the controls of KJR's new 5000-watt transmitter

The decrease in loud-speaker current re-

quired at 1000 cycles is first calculated from

Response DB = 20 log y-

1

JU

It is found that for a 10 DB decrease the ratio

between the two currents must be 3.16, or,

approximately, the initial current should be

Rejector

Circuit Receiver

Fig. /

reduced to one-third. This means that in the
filter branch of Fig. 3 the current at 1000

cycles must be twice the current through the
loud speaker voice coil. It is known that if the
loud speaker impedance at 1000 cycles is Zs ,

and the filter impedance Zr, the current from
the amplifier will divide in the ratio

by some other standard method
(see, for example, Ramsey: Ex-
perimental Radio), in which,
however, care must be taken
to feed the measurement circuit

from a 1000-cycle source and to

adjust the current through the
loud speaker so that it will have
substantially the same constants
as under normal operating condi-
tions. If we assume that the 1000-

cycle impedance is found to be 20
ohms, then the filter must have an

impedance of 10 ohms at the same
frequency. Part of this 10 ohms will

be in the coil Lr, the resistance of
which may be measured with d.c.

on a Wheatstone Bridge; the re-

mainder is made up in the separate
resistance Rf.

All that remains is to calculate

Lf and Cf to resonate at 1000 cycles.
The formula used is

(3)

where f is in cycles per second, L in milli-

henries, and C in microfarads. The conditions
will be satisfied approximately by a mica
condenser with a capacity of 2.5 microfarad,
and a 10-millihenry coil of the honeycomb
type, or by a 1.0-microfarad condenser and a

25-millihenry coil. The resistance of the coil

being measured, as outlined above, the proper
series resistance may be added to smooth out
the 10 BD peak in tne loud-speaker response.

Generally speaking, the sharpness of tuning
of such audio-frequency rejectors matches the

sharpness of peaks in the loud-speaker response
curve, so that there is not much chance of

doing damage to the frequency characteristic

of the loud speaker by introducing troughs on
either side of the peak which is eliminated.
Above the resonant frequency the filter has an
inductive reactance, which soon rises to sev-
eral hundred ohms as the frequency is increas-

ed, while below the resonant frequency the
same effect takes place with a capacitive re-

actance. Thus the filter serves to cut off the

peak at the frequency for which it is designed,
and has little effect on the response at other

points in the band.

1

Is = ?f
If Zs

(2)

500 1000

FREQUENCY

Fig. 2

5000 10.000

It follows that at 1000 cycles, for the purpose
in question, the filter circuit in Fig. 3 should
have only half the impedance of the loud

speaker.
The latter quantity is determined by

measurement on an inductance bridge, or
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No. 21 Radio Broadcast's Set Data Sheets April, 1929

THE DAY-FAN 8-AC POWER SET
This receiver is completely light-socket operator! mid uses five 226- being used for neutralizing purposes to prevent the amplifier fron
type_tuhes, one 227-type tube and two 171 \-iypc luln^s. It should be oscillating. A jack in the plate circuit of tne detector permits the us*

of a phonograph pick-up unit.noted that each r.f. transformer contains three coils, the third winding

171

THE FRESHMAN MODEL 2N-12 RECEIVER
This Krfsh[ii;ui receiver utilizes the Equaphase circuit in which an thus making it impossible for the tubes to oscillate. The output circuit

Equaphase stabilizer is used in each plate circuit of the r.f. amplifier of the set has been arranged to permit the use of either ordinary cone
tubes. These stabilizers tend to make the plate circuit non-reactive, loud speakers or moving-coil loud speakers.

.Volume
Control

Equaphase
Stabilizer' 0-335

Equaphase Radio 0-335 Equaphase 3 meg- 0.002 Orange Audio

Stabilizer Trans, tnmfd. Stabilizer ohm; mfd.-. A .'Trans.

JackiDynarrnc Orange Tip Jacks

Speaker) j( n \ Output (Magnetic,
Trans. Speaker);

4 mfd. 2500 V
1 mfd. 1000 V.

1 mfd. 1000 V.

.25 mfd 500V

.25 mfd 500V

The data which has been given in the description of the receiver in previous *'Set Data Sheets** has been lettered on the above diagrams

iipril, 1924 i
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No. 22 Radio Broadcast's Set Data Sheets

THE KING MODEL H RECEIVER

April, 1929

This receiver utilizes a conventional circuit consisting of two stages ground. It should be noted that the power transformer contains four
of r.f., detector, and two stages of a.f. amplification. The volume con- taps to permit the use of the set on any line voltages between 100 and
trol consists of a variable resistor connected between antenna and 130 volts a.c. The rectifier is a 280-type tube.

-I

_ _ - - Neut. Condensers ^ _
tr
"""

mm I* """^.

171-A

THE BOSCH MODEL 28 RECEIVER

Three stages of tuned radio-frequency amplification, a detector, and
two stages of audio-frequency amplification, the second stage being
push-pull, are incorporated in this receiver. Of technical interest is the
fact that the first tuned circuit incorporates a variometer in order to
make it possible to tune the antenna circuit to exact resonance with

iVie remainder of the tuned circuits.

110 V. 60-

The data tvhich has been given in the description of the receiver in previous "Set Data Sheets" has been lettered on the nbove diagram.
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Solving an Employer's Problem

AN EXAMINATION FOR RADIO SERVICEMEN

By J. F. B. MEACHAM

RADIO
dealers and others

who regularly engage new
men for their service staffs

must cull out the good men from
the poor and how to do it well is

a problem that has not been gener-

ally solved. Many men charged
with the task of hiring and firing

have learned to their sorrow that

not all who call themselves "radio

experts" are really qualified. The
first requisite for a good service-

man is that he have a good prac-
tical background of electrical and
radio knowledge. One excellent

way to find out if the applicant has

this knowledge is to set an inclu-

sive and formal examination which
he must pass.
The sample examination for

servicemen which appears below
is one which has been used with

excellent resultsbytheQRVRadio
Service, Inc., of New York. This
examination attempts to determine
the general knowledge of the appli-

i all thecant and does not go into

problems which arise in the servic-

ing of a.c. receivers. It has been
found that men who can pass an examination
of the scope of this one are usually quite cap-
able of intelligently solving most service prob-
lems which they meet in the field.

We present this sample examination with
the suggestion that it may be helpful as a

guide to other organizations who hire service-

men. We should like to hear from our readers

who are using formal examinations of this

type and would be glad to see copies of similar

examinations which they are using.

Section J Fundamentals

(TEN CREDITS)

(Give the formula in each case and show your arithmetic.)

1. (a) If you desire to furnish a current of 3.5 amperes
to a load through a resistance of 8 ohms, what must be
the voltage drop across the resistance? (b) How much
power is consumed in the resistance, in watts?

2. (a) If a voltage of 7 volts is impressed across a
resistance of 125 ohros. what current will flow, in am-
IMTCS? (b) In milliamperes?

3. (a) If a potential of 20 volu causes a current of 5

amperes to flow through a circuit, what is the resistance

nf the circuit, in ohms? (b) If a potential of 200 volts

causes a current of 0.5 milliampere to flow through a

grid-leak, what is the resistance of the leak, in meg-
ohms?

4. (a) What is the total resistance in ohms of three

rheostats whose separate resistances are 3, 5, and 9

ohms, when connected in series? (b) When connected in

larallel?

5. (a) What is the total capacity in microfarads of
;.hreecondensers whose separate capacities are 0.5, 2 and
8 mfd. when connected in series? (b) When connected
in parallel?

Section IllTubes
(FOIR CREDITS)

1. (a) What is the important difference between a

199-type tube and a 120-type tube? (b) Between a

201A and a 112? (c) Between a 112 and a 171? (d) Be-
tween a 171 and a 210?

Section IV Batteries

(TEN CREDITS)

1. (a) Isitbettertotest the voltage of a dry cell under
no load or under loud? (b) Why? (c) What should be the

no load voltage of a fresh dry cell? (d) Of a fresh 45-volt

B battery? (e) How long may the average 45-volt bat-

Employers of radio servicemen havefound that the most
satisfactory means of selecting highly trained men is by

submitting all applicants to a tvritten examination

tery be satisfactorily used? (f) Why can it not be satis-

factorily used longer thun that?
2. (Questions under 2 apply only to lead cells) (a) Is

a voltage reading a sufficient indication of the condition
of a storage battery? (b) Why? (c) Is a hydrometer
reading sufficient? (d) Why? (e) If you know only the

voltage and the ampere hour capacity of a storage bat-

tery, now would you compute the normal discharge and
initial charging rate? (f) Of what is the electrolyte of a
lead cell composed? (g) Why does the specific gravity of
the electrolyte change during charge and discharge?
(h) At what height should the surface of the electrolyte
in a lead cell be maintained? (i) What trickle charge
rate would be approximately correct for a set using five

20lA tubes and one 112 tube which is operated for an
average of four hours per day, the charger operating 20
hours?

Section VA.C. Power Units

(TEN CREDITS)
1. (a) Can the voltage delivered to a set by a B-power

unit be accurately measured by the ordinary battery-
testing voltmeter? (b) Why? (c) Name an exception to

your answer to (a), (d) What effect would be produced
on the terminal voltage of the average B-power unit by
the substitution of a 171-type tube for a 112-type tube
in a set to which the power unit is connected? (e) Why?

Section VI Servicing
(FIFTY CREDITS)

(In those of the following questions which refer to

broadcast receivers, when no particular set is mentioned
you may assume it to be an average five-tube factory-
built set.)

1. In what order would you conduct a routine test

of a broadcast receiver, assuming the entire pick-up
system to be ok.? Answer briefly. Letter your answers
as: (a), (b), etc.

2. If a set is noisy, and you do not
recognize its source by the character of
the sound, how can you determine readily
whether it is in the set itself or is being
pirluMJ up by the antenna-ground sys-
tem?

3. (a) Which is most liable to open,
the secondary winding or the primary
winding of an audio-frequency trans-

former? (b) Why?
4. (a) What would be the effect on the

output of an open in the grid circuit of the
second r.f. tube in a broadcast receiver? (b)
Of the first a.f.?

5. If one of the leads to a tuning con-
denser in a broadcast set is open, what is

the effect?

6. (a) How would you determine the
total plate current drain of a broadcast
receiver? (b) Approximately what would
the drain be of a set using four 201x's
and one 112 tube, with the correct plate
potentials and grid potentials applied? (c)

If a test shows half the current you would
expect under the conditions of (b) what is

the most probable trouble, assuming the
batteries oV?

7. (a) When a low-pitched steady hum
or howl is set up in a set, regardless of

tuning condenser settings, what is the
most probable trouble? (b) What is the
cause of that trouble? (c) Name two
remedies.

8. (a) If, in a broadcast receiver, one
of the audio tubes appears to be burn-

ing with a brilliancy much greater than
normal, what is the trouble? (b) Would
the same condition produce the same
brilliancy in an r.f. tube? (c) Why?

9. If the signal strength of a receiver was far below
normal, but you could not find any trouble in the set it-

self, or the tubes or batteries, or loud speaker, what
would be the sequence of your next tests, in detail? Let

your answers be lettered as: (a), (b), etc.

10. If, with the tuned circuits of a set all out of

resonance, an intermittent hissing and frying noise is

audible in the loud sneaker, what is the most probable
trouble?

11. (a) If you find the plate potentials furnished to a
set by a B-power unit to be very low, with the plate cur-
rent to the set also very low, and you notice that the

plate of the power-unit rectifier is running red hot, what
it the most probable trouble? (b) If you found the plate
voltages very low, but the plate current, measured in

the minus B lead between the power unit and set

terminals, abnormally high, what is the most probable
trouble?

12. With the filaments of a set at normal brilliancy,

approximately what potential should 90 volts of B bat-

tery produce at the plate of the first a.f. tube?
13. If a test shows normal potential from the B post

of an audio transformer to filament, but none from the

plate of the tube whose output goes to that trans-
former to filament, what is the trouble?

Section VII Diagrams
(TEN CREDITS)

1. Draw a circuit diagram of u five-tube set, tuned
and neutralized r.f., with detector regeneration, trans-

former-coupled audio, 171-type tube in last stage, with

storage A, a. c. trickle charger, B-power unit, and auto-
matic relay. Power-unit rectifier may be either ther-

mionic or gaseous type.
2. Draw a circuit diagram of a super-heterodyne

having two stages of "intermediate" r.f., omitting the
a.f. stages.

Section II Tubes

(six CREDITS)

1. Give data for the following tubes, for normal operation.

FIL. V. PLATE V. GRID V.

199
199
120
201 A
201 A

200 \

112
171
210

Olllll
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amplifier
Amplifier
<lH-<-ior omit
detector

amplifier
a.f ampl.
a.f. ampl.
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IN THE RADIO MARKETPLACE
News, Useful Data, and Information on the

Offerings of the Manufacturer

New Receivers Announced

T^HE Crosley Radio Corporation has an-
JL nounced two new receivers; the Gemchest
and the Showchest. The Showchest is a console

model with a built-in Dynacone loud speaker.
The receiver itself is an eight-tube a.c. set em-

ploying three stages of tuned r.f., detector, and
two stages of audio, the output stage of which
is push-pull using two 17lA-type tubes. The
Gemchest utilizes two stages of r.f., a regener-
ative detector, and two stages of a.f.

THE ATWATER-KENT COMPANY has
announced two new receivers. One is the table

model 46 set using seven a.c. tubes and one
rectifier. This set is priced at $83.

The second receiver is the console model 53,

priced at $117. The chassis is housed in a

metal console together with the new Atwater
Kent dynamic-type loud speaker. The price
of the new dynamic loud speaker when sold

separately is $34.

THE COLUMBIAPHONOGRAPHCOM-
PANY'S latest product is the model 950

phonograph-radio combination. This combina-
tion includes a Columbia electrical phono-
graph and a Kolster radio receiver. The price
is $450.

THE SPARKS-WITHINGTON COM-
PANY has announced a new Sparton console

receiver, type 930, priced at $189.50. This new
receiver utilizes the same band-selector circuit

used in previous Sparton Equasonne receivers.

In the console is also included a Magnavox
dynamic-type loud speaker. Tubes are in-

cluded as standard equipment without added
cost. According to Captain Sparks, president
of the company, production during the past
season was nearly three times as great as

during the preceding season.

AN A.C.-222-TYPE TUBE is used in the
new Series K receivers produced by the
Federal Radio Corporation. This set will be
available in both table and console models.
The lowest priced model will cost $127.50.
A 227-type tube is used in the first r.f. stage
and in the second r.f. stage a new 222-type
a.c. tube is used. In the detector and first-

audio stages 227-type tubes are used and in

the output there are two 17lA-type tubes.

Miscellaneous New Products

T^HE new v-227-type detector tube manu-
A factured by the Sonatron Tube Com-
pany reaches its proper operating tempera-
ture within five to seven seconds after the

power has been turned on. This time lag is

quite short in comparison with the 15- to 30-

second lapse for most other heater-type tubes.

This company also has a new type 171 AC.

tube selling at $3.50.

THE C. E. JACOBS MANUFACTURING
COMPANY, of 2802-10 N. Kedzie Avenue,
Chicago, has developed a new product, the

"Repleno" rectifier for use as a replacement
unit in electrolytic rectifiers. The list price
is $1.00 per jar. These rectifiers are said to be
suitable for use in the electrolytic B-power
units made by Philco, Willard, Exide, Vesta,
etc.

THE R. C. BURT SCIENTIFIC LABO-
RATORIES, of Pasadena, California, are the
manufacturers of two devices usefiJ in radio

engineering. One is the standard Burt Photo-
Cell, which, according to the makers, is a highly

sensitive photo-electric cell giving a current of
1 microampere per 100 foot candle and a linear

relation between 0.1 and 1000 foot candles.

The Burt cell is not affected by fatigue.
The second device is the Bedell-Reich Stabi-

lized Oscilloscope. The oscilloscope may be
used in the varied fields of investigation in

which the vibrating mirror or cathode-ray
oscillograph is used.

THE TRUTONE RADIO SALES COM-
PANY, 114-116 Worth Street, New York
City, has placed on the market the "Si-len-

ser," a device for use between the light socket
and the radio set to eliminate line noises.

A NEW DYNAMIC loud speaker switch is

being made by the Therm-A-trol Manufac-
turing Company. This device is designed for

use in conjunction with a.c. receivers which are

being operated in conjunction with a separate
a.c. dynamic loud speaker. By the use of this

special switch the power input to both the set

and the dynamic loud speaker can be con-
trolled by means of the single switch on the
receiver.

FERRANTI, INCORPORATED, makes
two output transformers designed to connect
between the moving coil of a dynamic loud

speaker and a power tube. The type op-2c is

designed for use with single tubes of all types
and the op-4c is for use in push-pull circuits.

An article telling how and when to use such
transformers will be found on page 194 of
RADIO BROADCAST for January, 1929.

PROBABLY THE SIMPLEST way to

make it posible to get more output from a
radio set without overloading the last tube is

to place two power tubes in parallel in the out-

put stage. A device to permit this to be ac-

complished readily is being manufactured by
Arthur H. Lynch, Inc., and is called the

Lynch Tubadapta. It consists of two tube
sockets mounted in a convenient holder that
can be plugged into the power-tube socket of

any receiver.

The new Atwater Kent receiver in
a console cabinet with built-in loud

speaker
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NEW LOUD SPEAKERS known by the
trade name of Conamic are being made by
the Operadio Manufacturing Company. Vari-
ous models are available ranging in price from
$28.00 to $32.50. Special loud speaker chassis
are available for use in manufactured re-

THE EXCELLO PRODUCTS CORPOR-
ATION, of 4820 West 16th Street, Cicero,
Illinois, are manufacturers of Excello cabinets
for use with all types of radio receivers. There
are available also special cabinets designed
especially for well-known receivers such as
the Atwater Kent, Crosley, Radiola, etc.

THENEW S-M dynamic loud speaker units
are being offered in two models; the type 850
for a.c., and the type 851 for d.c. field excita-
tion. Hum in the a.c. model has been elim-
inated by supplying the field with 120 volts
from a 280-type full-wave rectifier. Across the

output of the rectifier is connected a 2-mfd.
filter condenser which, in conjunction with
the field coil, completely filters the output
so that only pure d.c. flows through the field

winding. The loud speaker is equipped with a

229-type coupling transformer so that the
loud speaker may be used with all types of
tubes. The 850-type a.c. unit is priced at

$58.50 and the 851-type d.c. unit at $48.50.

Only the loud speaker unit itself can be ob-
tained, i.e., they are not sold in cabinets.

Radio Industry Briefs

WITH
the sale of station WABC to the

Columbia Broadcasting chain, the
New York offices of A. H. Grebe and Co.
have been moved from West 57th Street, New
York, where they were combined with the
offices and studio of WABC. The Grebe execu-
tive offices are now at the factory in Richmond
Hill, Long Island, New York.

HAL P. SHEARER, formerly general
manager of the Splitdorf Radio Corp., of

Newark, N. J., has been chosen vice-president
and general manager of the new Sleeper
Radio and Mfg. Corp., Long Island City,
N. Y. A. N. Clifton, formerly sales man-
ager of the Alden Manufacturing Company,
is sales manager of the reorganized Sleeper
Company.

GUY C. KOWFELDT, 529 South 7th

Street, Minneapolis, Minn., and E. F. Cough-
lin, 10 High Street, Boston, Mass., were re-

cently appointed district managers for the de-
Forest Radio Company. They will cooperate
with jobbers and dealers in their territories.

ALBERT L. SCOTT, formerly with the
Girard Phonograph Company, Edison dis-

tributor in Philadelphia, has been appointed
manager of the Atlanta, Ga., branch of the
Edison Distributing Corp.

MERWYN HEALD is the new chief

engineer of the Thordarson Mfg. Co., of

Chicago. Mr. Heald was formerly chief en-

gineer of the Robertson-Davis Co., of Chicago.
The new Thordarson executive was graduated
in E. E. from Northwestern where he was a
member of both Signa Xi and Phi Beta Kappa.
Thordarson has also announced an increase
in their factory space and additional research
and production is now contemplated.

THE GENERAL CONTRACT PUR-
CHASE CORP., New York, has issued the
third edition of their catalog of R. C. A.
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licensed receivers, prices, and number and type
of tubes employed. Among the licensed sets

listed, the following companies not themselves

holding an R.C.A. license are shown to supply
sets: Brunswick Phonograph Co., Bucking-
ham Radio Corp., Bush & Lane Piano Co., S.

Freshman, Graybar Electric Co., National
Carbon Co., Sonora Phonograph Co., and
Victor Talking Machine Co.

THE SPRING MEETING of the National
Electrical Manufacturers Association will be
held at the Homestead, Hot Springs, Va.,

May 20-25, 1929.

A CLEVELAND BRANCH of the Thoi-
darson Manufacturing Co., has been opened
at 520 Citizens Bldg., with C. M. Hendricks
in charge.

THE MANUFACTURING activities of
the Chas. Freshman Co. and the Freed-
Eisemann Radio Corp., will be combined in a
new factory to be located in Clifton, N. J.,

12 miles from New York, according to a recent

announcement of C. A. Earl, head of the two
concerns.

THE KELLOGG SWITCHBOARD AND
SUPPLY CO., of Chicago is now licensed

under the patents of the Radio Corporation
to make receivers. The license was granted
as of January 1, 1929. A complete list of RCA
set licensees will appear in a subsequent issue

of this magazine.

THE BREMER-TULLY MANFACTUR-
ING CO., has just received a receiver license

under the Hazletine and LaTour patents.

THE NEW RECEIVER manufacturing
plant of the Temple-Sleeper Corp., is located

at 5253 West 65th Street, Chicago. A. Mar-
chev is president of the new company.

THE FACTORY OF Colin B. Kennedy,
Inc., is being moved from Highland, 111.,

to South Bend, Ind. It is said that the Ken-

nedy company has merged with the Stude-
buker Co., of South Bend and plans to market
sets through mail order channels.

THE EBERT FURNITURE CO, Red
Lion, Pa., is now offering a line of high-

quality cabinets at popular prices. A. Irving
Witz and M. J. Polikoff have been appointed
national sales agents. Mr. Witz was formerly
eastern representative for Bremer-TuUy and
the Webster Co., of Chicago, and the Fidelity
Radio Corp., of Salt Lake City. He is now also

vice president and sales manager of the Argon
Tube Corporation, Newark N. J.

PRICE reductions on ten
types

of R.C.A.
tubes were announced on February 15th

by the Radio Corporation of America. Radio-
tron ux-226 is reduced to $2.00, UY-227 to

$3.00, ux-280 to $3.50, ux-281 to $7.25,

ux-112\ to $2.50, ux-250 to $11.00, ux-199
to $2.00,ux-17lAto $2.50, ux-200A to $3.50,
and ux-20lA to $1.40.

Technical Notes

VARIABLE
condensers of all types for

use in the manufacture of receivers are
made by the Precise Products, Inc. Single or

gang condensers can be obtained with maxi-
mum capacities of 0.0005, 0.00035, or 0.00025
mfd. Relative to the accuracy of these con-

densers, the following data was received from
A. deFord, sales manager.
"We hold the accuracy of our condenser to

within three mmfd. plus or minus over the
entire range. All of our production condensers
are calibrated in five different positions using
the resonance method. The tolerance we have

specified above is closer than some manufac-
turers demand.
"We are building group condensers with as

many as 5 to a gang, and the returns on these
condensers have been less than one half of
one per cent."

PRODUCTION TESTS ON Durham Met-
allized Resistors have been made more seven;

to make certain that the units have an ample
safety factor, \ccording to a recent release
from the International Resistance Company,
all Durham Metallized Resistors are "flash"
tested for five minutes at a load of twice the
normal rating of the unit.

The Radio Dealer's Note Book No. 2 Voltage-Control Devices

\ CCURATE summaries of useful information are constantly of value to those radio
iV folk who deal with the public. This sheet, one of many such on various sub-

jects to follow, sets down collected information on voltage-control devices. The
dealer or serviceman can remove this part of the page for his notebook or he can have
it photostated in any number of copies.
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Interior view of the new Hollister a. c.-operated super-heterodyne

Licensees of the Technidyne Corporation

THE Technidyne Corporation, 644 Broad-

way, New York, headed by Lester Jones,
has informed RADIO BROADCAST of the follow-

ing licensees under their patents:

RECEIVER CIRCUITS

Continental Radio Corporation, Fort Wayne, Ind.,
makers of Slagle Receivers. Sets made by this company
embody the so-called "feed-forward" Technidyne
circuit.

Sparks-Withington Company, Jackson, Michigan,
makers of the Sparton Receiver. Sets made by this

company employ the Jones "Equase" circuit.

The A-C Dayton Company, Dayton, Ohio. A new
Technidyne licensee who plan to market a set with the

"Equase" circuit during 1929.

OTHER LICENSEES

Electrad, Inc., New York, manufacturers of the
"Royalty" variable resistor under Technidyne patents.
A new type of variable resistor developed by the Tech-
nidyne Corp. will be marketed by Electrad also.

Electro-Motive Engineering Corp., New York,
makers of Elmenco fixed resistors.
De Jur-Amsco Corporation, New York, makers of

fixed resistors under Jones patents.

The Hollister ACS Super-Heterodyne
Kit Receiver

IN
CIRCUIT and general layout the Lincoln

Radio Corporation's new kit, the Hollister

Ac8, is similar to the former Lincoln 8-80

except that the new kit is designed for com-
plete a.c. operation, the original 8-80 being
a d.c.-operated set. The Lincoln Corporation
advises us that they have obtained excellent

results from this, set, finding it possible from
their location in Chicago to tune-in a station

at practically every degree on the dial. A
description of the new Ac8 has been received
from the Lincoln Corporation and the es-

sential details of the circuit are given below.
The receiver is tuned by variable condensers

independently operated by two illuminated
drum dials. All wiring is done beneath sub-

base, which is composed of bakelite, eliminat-

ing possible shorts, and creating good insul-

lation for all component parts. Substantial

double-contact sockets are assembled in bake-
lite base ready for wiring.
The tubes employed are as follows: oscil-

lator, 227-type; first detector, a.c. screen-grid
tube, 222 a.c.-type; three intermediate stages,
a.c. screen-grid tubes, 222 a.c.-type; second

detector, 227-type; first audio, 227-type;
second audio, 210- or 250-type.
The type-101 tunable intermediate trans-

formers are used in the a.f. stages. Heavy
copper shells house the transformer windings

AntennaV
0.00015 mfd. 2-megohm

;Grid Leak

The neiv Conamic loud speaker
manufactured by the Operadio

Manufacturing Co.

and variable condenser. The Clough system is

used in the audio amplifier.
An output transformer Lincoln No. 107

may be mounted at right-hand side of base
when the set is used with a loud speaker that is

not equipped with an output transformer. The
output transformer is not included in the
standard kit, as the majority of dynamic loud

speakers already have an output transformer

incorporated in them.

3rd.lnter.Freq. 4th.lnter.Freq.

Trans.No.101 Trans.No.10h.
2nd.lnter.Freq. \ 3rd.lnter.Freq.

The power equipment for the Hollister Ac8
is in a very compact crystalline-finished case
and it supplies 45 volts, 135 volts, and 450
volts B; 7j volts a.c., and 2j volts a.c.

One 281-type tube is used as rectifier.

The operation of the set is simple. The two
dials track evenly throughout the broadcast
range. A single volume control, composed of
a 3000-ohm potentiometer controlling the 45
volts applied to the screen-grid tubes, is the

only other adjustment necessary for tuning.

List of Parts

One No. 102AC oscillator;
One No. 103AC antenna;
Four No. 101 i.f. transformers;
One No. 105 a.f. transformer;
One No. 106 a.f. transformer;
Two .00035-mfd. condenser. Precise;
One Sub-base and socket assembly, completely drilled;
Two Sub-base supports;
Two Illuminated drum dials and windows;
One Front Lithographed panel;
Two Binding posts;
Seven 1-rafd. condensers;
One TP-3-M 3000-ohm potentiometer. Carter;
Four 3000-Ohm resistors, Electrad;
One 2000-Ohm resistors, Electrad;
One 1500-Ohm resistor, Yaxley;
Two cu60 center-tapped resistors, Carter;
One S-M No. 275 choke;
One .00015-infd. condenser with clips, Aerovox;
One 2-Megohm grid leak. Aerovox;
One Sangamo .00007-mfd. condenser;
One .002-mfd. by-pass condenser, Aerovox;
One Carter 110-volt a.c. switch;
Two Tip Jacks;
One Terminal strip, Jones;
One Battery cable, Jones;
Two Knobs for potentiometer and switch;
One Set hardware and wire;
One Set of blueprints;
One Small panel for console (optional).

The kit of parts for the Hollister Ac8 list at

$110. The power unit for the set lists at $60.

The S-M Screen-Grid A.C. Kit Receiver

THE S-M model 720AC Screen-Grid Six
is the newest kit being manufactured by

the Silver-Marshall Company. H. R. Ran-
dall of this company has supplied us with the

following details regarding this new receiver.

The model 720 AC is a six-tube a.c.-oper-
ated screen-grid receiver, available either

as a kit for home assembly or as a custom-
built set. It employs three r.f. stages, each

using one of the new 224-type a.c. screen-

grid tubes, a 227-type detector tube, and two
stages of Clough-system a.f. amplification.
In the second a.f. stage is found the new 245-

type power tube delivering over 1.6 watts of
undistorted power output. Four tuned cir-

cuits, effectively shielded, and controlled by
two tuning dials (the antenna-stage con-
denser is separate from the three-gang con-

denser tuning the second, third, and detector

stages) enables all tubes to be operated at full

efficiency and eliminates the loss (or, at best,

small gain) attendant upon the usual untuned

"dummy" r.f. stage used to permit single-
control operation. As both dials track very
closely, the two dial feature is not a drawback
to simple operation, while it is a very great

Ist.Audio Freq. 2nd.A.F.Amp.

Amp.227 210 or 250
IstAudio Freq. \ 2nd.Audio Freq.
Trans.No.105 \ Trans.No.106,-,

.2r S---.3

,V Ist.Detector Istlnter.Freq
i 2nd.lnter.Frec
', Trans.No.101
i 2
1

Switch .

ri
110 Volts

A.C.Line
Schematic diagram of the Hollister
a.c.-operated super-heterodyne

1500 ohm
Res.

Z25VoUs 7.5 Volts B+400
A.C. A.C. Volts

Yellow Pink Red
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THE NEW
C R O S L E Y
GEMCHEST

Chinese Chippendale Cabinet design in three colors. Man-
darin Red, Manchu Black and Nanking Green. Contains
seven-tube Gembox shielded receiver (three tubes radio am-
plification, detector, two audio tubes and rectifier) and the

dynamic Crosley Dynacone power speaker (built on a dif-

ferent principle of armature actuation.) Without tubes $94.

THE CROSLKY RADIO CORP.
POWEI TKOHLEV JR., I'M-. CINCINNATI, 0.

Owners of U'Liy, the Nation's Station

West of Rockies Prices Slightly Higher

RADIO

Always keep
a spare tube
with your

Standard
Since 1915

E. T. CUNNINGHAM, Inc.

New York Chicago San Francisco

POWER

Music
to Radio

Engineers

HE radio listening public
is entitled to powerful

volume plus undistorted qual-

ity output. Radio engineers and
radio set manufacturers have worked

steadily toward this result, constantly

endeavoring to simplify radio construc-

tion. Simplicity without the loss of

effectiveness is the keynote of engineer-

ing progress.

Now Arcturus announces two new
tubes that definitely improve both vol-

ume and tone quality. They add new

power to any A-C set, yet keep the repro-
duction clear and undistorted.

These two tubes are the No. 122

Shield Grid Tube and the No. 145

Power Tube. Both operate from a 2.5

volt a. c. filament heater potential. A
specially prepared technical bulletin

on these new tubes will be sent on

request.

[Engineering Facts Have a Utility Significance to the Broadcast Listener]

BLUE loSit TUBES
ARCTURUS RADIO TUBE COMPANY - Newark, N. J.

FOR THE SERVICE LABORATORY
To the service man who

prides himself on thorough-
ness a portable source of

radio-frequency signals is

indispensable. The align-

ing of tandem controlled

condensers, the neutralizing
of receiver or the tuning of

the intermediate-frequency

amplifier in a superhetero-

dyne receiver all require a

dependable test signal.

The Type 320 Test Oscil-

lator supplies a modulated signal at 1,400 and 640

kilocycles in the broadcast band and at 180 kilocycles

for testing of an intermediate-frequency amplifier.
Licensed under U. S. Patent 1,113,149

Bulletin T Describes It

GENERAL RADIO COMPANY
30 State Street

Cambridge, Massachusetts
274 Brannan Street

San Francisco, California
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Fig.

Schematic diagram of the new S-M. six-

tube a. c.-operated screen-grid receiver

+45 Z.25V.A.C. +45 to 135 B-
Red- Green and Black- Black-

Maroon Black Red Green

+ 135
Maroon

180
Red

aid in obtaining maximum results in the way
of sensitivity and selectivity.

Actual measurements on a single r.f. stage
show a gain of about 14 at 550 kc. and about
28 at 1500 kc. Each r.f. stage employs one

224-type a.c. screen-grid tube, together with
an r.f. transformer consisting of a secondary of

98j turns of No. 29 enamelled wire wound
upon a threaded moulded-bakelite form 1J"
in diameter and lj" long, with a primary
consisting of 35 turns of No. 38 enamelled
wire upon a 1J" tube located at the filament
end of the secondary. From the antenna

coupling system a voltage gain of about 60
is obtained.

From the picture, the r.f. amplifier section

is seen to consist of a large antenna coil tuned

by a single .00035-mfd. condenser and pro-
vided with a tapped primary and with a 75-
mmfd. antenna series condenser for selectivity
control. This coupler feeds the grid circuit of
the first screen-grid r.f. amplifier which, in

turn, feeds into three almost identical shielded
r.f. circuits, each housed in a small copper can.

Each of these stages employs the small r.f.

transformer described above which is tuned

by a section (equipped with individual com-
pensator) of the three-gang die-cast condenser.
In the two left-hand shields are the second and
third screen-grid r.f. amplifiers, and in the right-
hand shield the 227-type detector. By-pass
condensers are contained in each stage shield

to localize r.f. current paths. Volume control
for the receiver is affected by means of a
3000-ohm potentiometer arranged to control
the screen-grid potential of the three 224-type
r.f. amplifier tubes.
The heaters of screen-grid and detector

tubes are operated in parallel and are fed
from a 2.5-volt winding of the transformer

contained in the power supply for the re-

ceiver, and which furnishes A, B, and C power
to the entire set.

The audio amplifier employs the well-
known Clough audio system in two stages
with a 227-type tube in the first stage, and a

245-type tube in the output stage. In its

frequency-versus-amplification curve, as given
on this page, it will be seen that it is extremely
satisfactory over the frequency range in-

volved in reproduction of music and speech.

Z100

60
u m
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REAL
One-Dial Control

The sections of Hammarlund "Battle-

ship" Multiple Condensers are match-
ed to within *^ of one per cent. Abso-
lute precision can be obtained by
attaching a Hammarlund Kqualizing
Condenser to each section. Recesses
in the frame provide for this.

That means REAL One-Dial Control,
with every circuit accurately tuned.

Made in 350 mmfd. and 500 mmfd.
sizes in two, three and four ganga.
Your dealer sells them. Write for De-
scriptive Folder.

HAMMARLUND MFG. CO.
424-438 W. 33rd St. New York

ammarlund
PRECISION

PRODUCTS

Reliable
Short-Wave

Reception

This tested screen grid tuner will give de-

pendable short-wave reception. Simple to

assemble. Easy to Tune.

Stations can be logged.

Does not radiate.

SHORT WAVE TUNER
Send for Bulletin JVo. 132-RB.

NATIONAL CO.. Inc., MALDEN. MASS.

IS A COUNTER
HT-J

r\ r< 15 A .;U J IN 1 t KK } TUBE CHECKER

Which Requires NO BATTERIES

Operates direct from the

A.C. LIGHT SOCKET
Or any other A. C. 60 cycle 90 to 130 volt

source of supply

Proper Voltage Regulation
is quickly obtained by means of the Voltage
Adjusting Dial and the Voltage Indicator.

Will test every type of tube

A. C. or D. C. having filament voltages of

1.5, 2.5, 3.3, 5 or 7.5 volts, including filament

type rectifying tubes.

Check Tubes at Time of Sale

It prevents comebacks and makes satisfied

customers.
Your jobber will supply you, or write direct to:

Weston Electrical Instrument Corp.
604 Frelinghuysen Ave., Newark, N. J.

WESTON
RADIO

INSTRUMENTS

and Polymet
makes them"

He was buying coils. He knew
that Polymet now made coils. He
had used Polymet Condensers and
Resistances before. Confidently,
then, he placed his order for coils

with Polymet.

This is the sort of good-will we
are proud of and intend to keep

the good-will of all, from the

largest radio manufacturer to the
smallest set builder.

Our latest catalogue tells how
to build many popular circuits.

Send for it.

POLYMET MANUFACTURING CORP.
597 Broadway New York City

POLYMET
PRODUCTS

I Whatever You

Want to Know
about RADIO principles,
methods, apparatus you
will find instantly in

THE
RADIO
MANUAL
A Complete Course in

Radio Operation
In a Single Volume

A Handbook for
Students
Amateurs
Operators
Inspectors

For the first time an
entire course of train-

ing in one book the
most complete and
up-tq-date work on
radio. Developed
simply and clearly
from the elementary
stage right through
all phases of princi-

ples, practise, and ap-
paratus so that a be-

ginner with no knowl-
edge of electricity

may get al! he needs either for

amateur operation or to qualify
for a government license as opera-
tor or inspector.

Prepared by Official

Examining Officer
The author, G. E. Sterling, is Radio Inspector
and Examining Officer, Radio Division, U. S. Dent,
of Commerce. The book has been edited in detail by
Robert S. Kruse for five years Technical Editor
of QST.. the Magazine of the Radio Relay League.
Many other experts assisted them.

1 /"'fisvnfstvn ^A.IAV. Elementary Electricity10 chapters Lover: and Magnetism ; M<>-
tors and Generators; Storage Batteries and Charging
Circuits; The Vacuum Tube; Circuits Employed in

Vacuum Tube Transmitters; Modulating Systems;
Wavemeters; Piezo-Electric Oscillators; Wave Traps;
Marine Vacuum Tube Transmitters; Radio Broadcast-

ing Equipment; ArcTransmitters; Spark Transmitters;
Commercial Radio Receivers; Radio Beacons and Di-
rection Finders; Radio Laws and Regulations; Hand-
ling and Abstracting Traffic.

\r*t.t f/Afm./*4A** never before available suchNew Information as a compiete description
of the Western Electric 5 Kilowatt Broadcasting Trans-

mitter; description
and circuit diagram of Western

Electric Superheterodyne Radio Receiving Outfit type
6oo4-C; Navy Standard a -Kilowatt Spark Transmitter;
etc., etc. Every detail up to the minute.

Free Examination
"The Radio Manual" has just been published.
Nearly 700 pages. Profusely illustrated. Bound in

Flexible Fabrikoid. The coupon brings the volume
for free examination. If you do not agree that it is

the best Radio book you have seen, return it and owe
nothing. If you keep it, send the price of $6.00 with-

in ten days.

Order on This Coupon

D. Van Nostrand Co., Inc.,
'Warren St., New York

Send me THE RADIO MANUAL for exam-
ination. Within ten dayi after receipt I will

either return the volume or send you $6.00, the

price in full.

(Radio Broadcast 4-2g)

Name. . .

st. &NO

City and State. .
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for
Television

Reception
This lamp is made in numerous
types and styles, which provide
suitable light sources and light-
sensitive relays for all systems.

List Price, *1'50

Raytheon\̂

Television

Sending
This is an extra-sensitive broad-
casting tube, supplied in either
hard vacuum or gas-filled types,
and in two sizes of each.

Information andprices on application

/Raytheon BH\'
'ft. LIFE RECTIFYING TUBE

for
"B"Power
Eliminators

Over a hundred different makes
of "H" Eliminators require this

tube, and take no other. There
are millions of them in daily,
satisfaction-giving use.

List Price, *4'50

Writeforfurther information on any
of this eqtiipment

RAYTHEON MFG. CO.
CAMBRIDGE, MASS.

The Radio Broadcast

LABORATORY INFORMATION
SHEETS

By HOWARD E. RHODES

THE aim of the Radio Broadcast Laboratory Information Sheets is to present, in a

convenient form, concise and accurate information in the field of radio and closely

allied sciences. It is not the purpose of the Sheets to include only new information, but

to present practical data, whether new or old, that may be of value to the experi-

menter, engineer, or serviceman. In order to make the Sheets easier to refer to, they
are arranged so that they may be cut from the magazine and preserved, either in a

blank book or on 4" x 6" filing cards. The cards should be arranged in numerical order.

Since they began, in June, 1926, the popularity of the Information Sheets has in-

creased so greatly that it has been decided to reprint the first one hundred and ninety
of them (June, 1926-May, 1928) in a single substantially bound volume. This volume,
"
Radio Broadcast's Data Sheets/* may now be bought on the newsstands, or from the

Circulation Department, Doubleday, Doran & Company, Inc., Garden City, New
York, for $1.00. Inside each volume is a credit coupon which is worth $1.00 toward
the subscription price of this magazine. In other words, a year's subscription to

RADIO BROADCAST, accompanied by this $1.00 credit coupon, gives you RADIO
BROADCAST for one year for $3.00, instead of the usual subscription price of $4.00.

THE EDITOR.

No. 273 RADIO BROADCAST Laboratory Information Sheet April, 1929

Neutralizing and Compensating R. F. Circuits

pROBABLY two of the most common tasks
*- which servicemen are called upon to perform
are the adjustment of the neutralizing and compen-
sating condensers in tuned r.f. receivers. These tasks
are exceedingly important although not especially
difficult.

If a set is not neutralized properly it will oscillate

on some wavelengths, especially down around 200
or 300 meters. Therefore, if a set does oscillate it is

necessary to reneutralize the various stages. This
should be done in an orderly fashion, starting with
the stage nearest the antenna and following with
the other stages in order. Also, all servicemen should
be eauipped to perform these adjustments quickly
on all receivers, and in this connection specially
prepared tubes of the types used in r.f. amplifiers,
the 201A, 226, and 227, are a great aid. These tubes
are prepared by cutting off as close to the base as

possible one of the filament prongs, in the case of a

201\-or226-typetube, and one of the heater prongs
in the case of the 227-type tube.
In adjusting a receiver tune-in a strong local station

broadcasting on some wavelength between 200 and

300 meters, carefully Inning the dials to exact res-

onance. Then, with the prepared tube placed in

the first r.f. socket in place of the good tube, care-

fully adjust the first neutralizing condenser to that
position which gives the minimum signal from the
loud speaker. Then remove the prepared tube, and
replace the good tube. Now put the prepared tube
in the secona r.f. stage uiid repeat the operation, etc.

The compensating condensers in a receiver are

placed across the main tuning condensers and
function to compensate the slight differences in

capacity between the various stages so that all the
tuned circuits will be in exact resonance. Compen-
sation should also be done with the set tuned to
some station around 250 meters. When compensat-
ing a set it is best to tune-in some weak station, since

slight changes in volume will then be noticeable
more readily. The exact procedure is as follows.

First tune-in a weak signal to maximum volume
and then adjust all the compensating condensers to

give the maximum signal strength. Retune the main
dial to the point of maximum volume and then

readjust the compensating condensers again.

No. 274 RADIO BROADCAST Laboratory Information Sheet

Bucking Coils in Dynamic Loud Speakers

April, 1929

"JV/f
ANY a.c. dynamic loud speakers use "bucking

^*- coils" to reduce the hum due to the use of
rectified but poorly filtered a.c. to supply the field

current. This bucking coil functions as follows.

Referring to the diagmm, the bucking coil is

connected in series with the moving coil and the

secondary of the coupling transformer. The moving
coil is, of course, fastened to the diaphragm. The
bucking coil is wound around the pole piece of the
electro magnet.
Now, since the rectifier supplies to the field a

Rulsating
current, it follows that the magnetic

ux produced by this current will also fluctuate.

Since the moving coil is in the field of this flux, then-

will be a reaction between it and the varying mag-
netic flux and tbe coil will tend to move and iLs

movements would have the same frequency as that
of the field current. If the diaphragm moves, sound
is produced and as a result we would get an audible
hum. The effect of the pulsating field current is,

however, nullified (more or less) by the bucking coil.

The coil is also in the magnetic field and it, therefore,
has induced in it a voltage corresponding in fre-

quency to that of the pulsating field current. This
voltage induced in the bucking coil sends a current
around the circuit consisting of the transformer,
the moving coil, and the bucking coil. The magni-
tude of this current is such that its effect on the

moving coil is equal and opposite to that produced

directly on the moving coil by the flux. Since the
two effects are equal and opposite they nullify each
other and the hum is prevented.

It is evident that the important thing is to get
into the moving-coil system a voltage that will

nullify the forces tending to make the coil move and
thereby produce hum.

To Rectifier
,

Field

Winding
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CELOTEX
baffle boards will not vibrate at any audible

frequency or produce any resonant effects.

Celotex will also prevent reflection of sound
waves.

12 x 12 inches $1.00

18 x 18 inches 2.00

24 x 24 inches 3.00

36 x 36 inches. . . 4.50

4x4 feet $7.50

6x3 feet 9.00

6x4 feet 12.00

8x4 feet 15.00

Holes cut according to specification

At your jobbers or write to

THE BAFFLE BOARD CO.
624 Madison Avenue
New York, N. Y.

Has Your Set "ADENOIDS"?
It can be easily corrected. All it needs
is an "adenoid" operation. Simply
take out the trouble-causing inferior

transformers and replace them with
one of the AmerTran audio systems.
It will make your old set as modern
as any set regardless of price.

See your dealer today

AMERICAN TRANSFORMER CO.

92 Emmet St. Newark, IS. J.

Transformer Manufacturers For More Than 29 Tears

A TubeNECESSITY
-Not an Extra.

There is no choice. You mutt s
use Amperite to automatically -^ ^
control variations in the "A"" ^VjW*^
current supply to your tubes. ^^ -^
A type for every tube A.C.
or D. C. 91.1O with mouuring
(in U. S. A.) at all dealers.

SB4

FREE-"Amverite BlueBook?
of modern circuits and
valuable construction data *

HELPFUL TECHNICAL
INFORMATION

A regular feature of RADIO BROADCAST

is the series of Laboratory Information

Sheets, which cover a wide range of in-

formation of immediate value to every
radio worker, presented in a form mak-

ing it easy to preserve them. To insure

your having every issue, send your check

for $4.00 for one year's subscription to

Subscription Department
Doubleday, Doran & Company, Inc.

Garden City, N. Y.

ROBERT S. KRUSE
Consultant and Technical Writer

103 Meadowbrook Road, West Hartford, Conn.

Telephone Hartford 4S32J

PLUG
in a Falck Claroceptor between wall

socket and radio set and eliminate

"static" from motors, street cars, telephones
and electrical appliances. This new improve-
ment by a pioneer radio parts manufacturer

grounds and thus blocks out line interference

noise and radio frequency disturbances. Also

Improves selectivity and distance. Requires
no changes in set. Measures just 3^2 x 5}^ x
2 l
/z inches. Thousands now all over America

use the Claroceptor for clearer A. C. recep-
tion. Get one right away at radio parts
dealers. Write for descriptive folder.

$ 7. SO complete with

cord and plug

CLAROCEPTOR
Built ty ADVANCE ELECTRIC CO.

1260 W. Second St. Los Angeles, Calif.

JOBBERS and DEALERS, GET OUR PROPOSITION

HOOK-UP WIRE

'THE BRAID SLIDES BACK"
At AH Dealers

25 Feet Stranded 35c

25 Feet Solid 30c

Red, Green, Yellow, Blue, Black

PprrC Send us the name and address of your dealer
riVE/I-i and we will send you a sample package of

Braidite FREE. Include loc for postage.

CORNISH WIRE CO.
38 Church Street New York City

FOR every radio need, in brushed brass or Bakelite.

Fit standard electrical switch or outlet box. Single

plates and in gang in many combinations.

No. 135 For Loud Speaker #1.00
No. 136 For Aerial and Ground 1.00

No, 137 For Battery Connections 2.50

No. 138 For A C Connections l.OO

(Bakelite, 25c additional per plate)

At Your Jobber's

YAXLEY MFG. CO.
Dept. B, 9 So. Clinton St., Chicago, 111.

Engineers
that are competent now
have a new big profitable
field before them
We invite you to write us for information that

will help you to capitalize on your experience and

knowledge by installing

AMPLION
Public Address

Systems
We have ready for quick installation group ad-

dress equipment for both indoors and out for

such places as Hotels, Theatres, Factories, Audi-

toriums, Clubs, Hospitals, Race Tracks, Rail-

road Depots, County Fairs, Summer Resorts, etc.

Let our engineers help you make more money in

this new field of amplification requiring special
radio equipment. Briefly speaking we have estab-

lished something new

A FREE
Service Station
for Radio Engineers

and that is just what it is a well organized
department of our business just to help you. We
make no charge for this service it is freely given
with Amplion's compliments and a background
of 42 years of success in the acoustic field.

We Have Ready
For Immediate Delivery
SPEAKERS

9" Cone Chassis (9^*9^*7) $15.50
14" Cone Chassis (24"4i8^il9^) .. 16.50
16" Cone Chassis (26J4ilOx22) 17.00

UNITS balanced armature (4x4x3) .... 8.00
A. C. 100 Giant Dynamic Air Column

Unit (weight 25 Ibs.) (10x8x8) 150.00
Exciter for A. C. 100 unit (field current

supply) (8x11x6) 30.00
STFP-DOWN TRANSFORMERS

type .06 (5i6!/Sx7J4) 20.00

type .07 (3i3i3^) 10.00
HORNS

42" Trumpet (22" bell) (24x24x44).. 25.00
72" Trumpet (74x32x32) 56.00
10 ft. Air Column (60x37x46) 200.00

12-4 ft. Column (34x48x33) 100.00
15 ft. Air Column (57x57x35) 250.00

MICROPHONE (9j4x9!4x7) 100.00

MICROPHONE TRANSFORMER
(3x3x3^) 18.00

AMPLIFIERS
2-stage (210 tubes in P.P. in last

stage) (17x14x9) 125.00

3-Stage (250 tubes in P.P. in last

stage) (22x17x9) 175.00
MICROPHONE INPUT AMPLIFIER
A. C. (14x15x9) 110.00

MICROPHONE INPUT 'AMPLIFIFR
A. C. (15x17x9) 120.00

Amplion Cabinets for Moving Pictures

Caliincts contain 2 turntable electric motors.

\inpliim electric pick-up and control board for

fading one piece of music into another, or mak-
ing instantaneous switches.

P.M.S. 2 std. (30x40x46) ?300.00
P.M. S. portable (12x32x22) 225.00

Phone Record Library
200 Record (14x14x30) $200.00
250 Record (14x14x30) 250.00

Especially designed for Non-Synchronous Mov-
ing Pictures.

We furnish the complete installation or any part

of the equipment as desired.

Write for profitable Amplion proposition
to competent Engineers

AMPLION CORP. OF AMERICA

133 W. 21st.
Street

New York

The Sign of Enduring Quality
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Back in

April

CeCo Announced
This Type AC-22
Screen Grid Tube
Five prong tube of the separate heater

type operating directly on alternating cur-

rent.

now recognized as the most

outstandingly successful ampli-
fying tube of the season.

CeCo pioneered and did its

pioneering without the fanfare

of trumpets. But it is pleasing
to know that an increasing
number of radio engineers and

experts look with confidence to

the CeCo laboratories for each
new development in the tube

industry. . . a reward not meas-
ured in dollars and profits.

Do not miss CeCo's entertaining
radio broadcast each Monday
evening at 8:30 Eastern time

(7:30 Central time) over the

Columbia broadcasting System.

CeCo Mfg. Co.,lnc., Providence, R. I.

\Radio
Tuber

27> RADIO BROADCAST Laboratory Information Sheet

Obtaining Grid Bias from B-Power Units

April, 1929

BOTH B and C potentials for a 17U tube may
be obtained readily from a simple B-power unit

without adding any resistors or condensers to the
circuit; it is simply necessary to change a few con-
nee;lions.

Sketch A on the sheet shows an ordinary B-power
unit and the connections which would be made to
it if it were to supply only plate potential to the
17IA power tube. Sketch B shows the connections
if it is to supply C potential as well.

In these diagrams it should be noted that the
connection of negative filament from the regular
B-minus terminal on the power unit has been
changed to the -f- 45-volt terminal. With this ar-

Bf Power o-

B+135 o

B+90 o

B+45 O

B- O-

To Plate

of

171-A

To Fil.

B+ Power

B + 135

Bi-90

B+45

B-

(A) (B)

rangeraent the -f 45-volt terminal then becomes
B minus, the plus 90 volt terminal becomes plus
45 and so on, each terminal supplying 45 volts less
than it is marked. The regular B-minus terminal is

now 45 volts lower in potential than the new B-
minus terminal, and, therefore, from the regular
B-minus terminal we are able to secure a negative
potential of 45 volts which we can apply to the grid
of the 17lA-type tube. In this way we have, by a
simple circuit change, made it possible to obtain C
bias for the power tube.

Forty-five volts is slightly higher than normal, but
not sufficiently so to affect seriously the output from
the tube. This slightly higher than normal bias will

help to lengthen the life of the
tube.
The arrangement described

above can be applied only to
those B-power units capable of
supplying under load a maxi-
mum of about 225 volts. This
much voltage is necessary be-
cause 180 volts are required on
the plate and 45 volts are used to

supply Cbias. With this arrange-
ment 45 volts are obtained from
the tap that normally supplied
90 volts and 90 volts are ob-
tained from the tap that ordi-

narily supplied 135 volts.

To Plate

of

171-A

To Fil.

C-45
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Simple Two-Way Telephone Set

April, 1929

TN THE country friends who live some miles apart
* often wish to establish a telephone communica-
tion channel without the expense of installing a

regular pole line. Lieutenant W. H. Wenstrom,
U. S. A., suggests the following simple method of

building such a communication system.
As can be seen from the diagram given in Labora-

tory Sheet No. 277 the set is simplicity itself. It is

essentially a radio receiving tube (a 199-type tube is

satisfactory) provided with input and output trans-
formers. The best ratios are somewhere around 1:6
for the input and 3:1 for the output. The micro-

phone may be an old, discarded telephone "mike."
Two sets are, of course, required for one com-

munication channel. Due to the economy of ap-
paratus, radiophone practice must be used in opera-
tion. A definite time for communication is arranged
in advance. At this time "A" calls and "B" listens.

When "A" finishes calling, both operators throw
their switches, and "H" then answers "A." The
procedure might be compared to two unusual

people carrying on a conversation where each one

politely
waits until the other has finished before he

himself begins.

Because two stages of audio-frequency amplifica-
tion are used in the talking circuit, one at the send-
ing end and one at the receiving end, the connecting
wire line may be very much poorer than a standard
telephone line. Continuous fence wire, or any
medium-resistance metal circuit fairly well insu-
lated from the ground may serve as one conductor,
with the ground as the other conductor.

Parts Required
1 Audio transformer, 6:l-ralio
1 Audio transformer, 3 : 1-ratio. (connected re-

versed)
1 Four-pole double-throw switch
1 Microphone, telephone-type
1 Pair of headphones
1 199-type tube and socket
A battery, fil. ballast and fil. switch
B battery, 45 volts

The four-pole double-throw switch changes the
set from "send" to "receive." It saves expense by
permitting the use of the same tube and trans-
formers for both operations.

No. 277 RADIO BROADCAST Laboratory Information Sheet April, 1929

Simple Two-Way Telephone Set

Phones
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PAM 16 or 17. List Price

without tubes, $125.00

The installation, the dealer

and the PRODUCT
Foreseeing the business possibilities of

educational broadcasts, Harold Batch-

elder, proprietor of the Garden City
Radio Company, Newtonville, Massa-

chusetts, installed in the Frank A. Day
Junior High School, Newtonville, a re-

ceiving set and "PAM" amplifier, which

proved to be the forerunner of many
other school installations he has made.

Other radio dealers have foreseen the

possibilities of "PAM" amplifiers not

only for this use, but for many other pur-

poses, and are working hard on this

profit-making non seasonal item.

What do you foresee?

The PAM-17 is identical with the PAM-16 except that it furnishes in addition field current for
a dynamic speaker designed to have its field energized by 90 to 165 volts direct current. For all

other types of speakers, including dynamics, having their field energized from storage battery
or AC 110-volt, 60-cycle, use the PAM-16. Both amplifiers are designed to operate from 105
to 120 volts, 50 or 60 cycles AC.

Write for handsome folder R B-6 describing the above and other PAM
Amplifiers which are also a "Sound Investment."

Main Office: CANTON, MASS.
Manufacturers Since 1882

Factories at Canton

and Watertown, Mass.



A Radiotron

/or every purpose

RADIOTRON UX-201-A
Dttrttor Amplifier

RADIOTRON UV-199
Amplifier

RADIOTRON UX-19S
Detector Amplifier

RADIOTRON WD -11

Dctrclar Amplifier

RADIOTRON WX-12
it-tfftar Amptifirr

RADIOTRON UX-200-A
Detector Only

RADIOTRON UX-120
r'ou-rr Amplifier fa-i

RADIOTRON UX-222
.Sir. tirid Hadia

Frequency Amplifier

RADIOTRON UX-112-A
Powtr Amplifitr

RADIOTRON UX-171-A
Power Amplifier Latt

Audio Stage Unit/

RADIOTRON UX-210
Poirer Amplifi'r Otcillalar

RADIOTRON UX-240
Detector Amplifier far

RetiKtance-toujitea
A mptificativn

RADIOTRON UX-2SO
fairer Amplifier

RADIOTRON UX-22S
A.C. filament

RADIOTRON UY-227
A.C. Heater

RADIOTRON UX-280
full-Wan Heclifier

RADIOTRON UX-281
IIfit-Watt Rectifier

RADIOTRON UX-874
Vvllaae Regulator Tube

RADIOTRON UV-876
halliut Tube

RADIOTRON UV-886
ut*

The iumdard by
which other vacuum

tubes are raced

l^ook for this mark
on every Radiotron
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lub do IKK put Ill'm in -nil '.Id ..nr. Put I nr KCA Rlduilrun in
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Thenationalmagazine
ailvrrtiM-inent rcpro-
iluced at the left Until-

of the 1
()21 Hatliutron

-t-rics. i-ai-h of which
carries the signature
of a leading radio
manufacturer.

Make the occasional tube customer

a regular by showing him that yon

carry the full line of IN A lladiotrons

ami are never out of stock. A radio

customer who has had to waste his

time shopping from dealer to dealer

for tubes is glad to find a store that

can always be depended upon to be

stocked with the complete line of

RCA lladiotrons.

Superior resources of researcH and manufacturing guarantee to

RCA Radiotrons the finest possible quality in vacuum tubes.

They are the standard of the industry and so accepted by both

the trade and the public.
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