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WRITE FOR FREE SALES AIDS

COMBINATION VELOGITY-DYNAMIC

ACHIEVED WITH

ACOUSTIC COMPENSATOR

An exclusive Amperite feature: By mov-
ing up the Acoustic Compensator you
change the AMPERITE VELOCITY to a
DYNAMIC microphone without peaks. At
the same time you reduce the back pick-
up, making the microphone practically
UNI.DIRECTIONAL.

WITH ACOQUSTIC COMPENSATOR:
MODEL RBHk; RBMk (200 ohms) with
switch, cable connector.

Chrome, LIST $42.00

RSHk; RBSk (200 ohms). Switch, cable
connector, Acoustic Compensator.
Chrome or Gunmetal, LIST $32.00

1"!" ;'E‘..'i';'!... =1
AMPERITE...
.l l =

o

AMPERITE KONTAK MIKE

Puts Musical Instruments Across

e,

So beautiful is the tone produced with the Xontak
Mike, that it was used in the Philadelphic Symphony
to amplify a mandolin solo. Gives excellent results
with any amplifier, radio sets, and record players.
MODEL SKH (hi-imp) LIST $12.00
MODEL EKH. with hand volume control. .LIST 18.00
Plug extra List 1.50
FOOCT PEDAL, for making beautiful

CreSCeNdOS +.vriieiinnn it eiainaais ..LIST 12.00

AMPERITE (0. 561 BROADWAY, N.Y. U.S.A.
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BILL, YOURE ALWAYS
FOOLING WITH RADIO ——
OUR SET WON'T /7

WORK — WILL
You ¥IX 117

I'LL TRY, MARY,
TLL TAKE IT
HOME TONIGHT

I CANT FIND OUT
WHAT'S WRONG —
GUESS I'LL MAKE A
FOOL OF

MYSELF i

WITH MARY

PN

HELLO, BILL— GOT A
TOUGH ONE
\ TOFIX?

LET ME
HELP YOU

HELLO JOE - WHERE VE
YOU BEEN LATELY~—~
AND WHERE DID YOU

LEARN
ANYTHING /f/
ABOUT é‘ g
L‘ = ~

{VE BEEN STUDYING RADIO AT HOME, BiiL,
WITH THE NATIONAL RADIO INSTITUTE. YOU
OUGHT T0 TAKE THEIR COURSE, 1VE GOT
A GOOD RADIO JOB NOW. LETS MAKE A
CIRCUST DISTURBANCE TEST~ STARTING WITH

™, THE AUDIO OUTPUT STAGE
r AND TESTING EVERY STAGE

RIGHT BACK TO THE
ANTENNA. LISTEN FOR
THE CLICKS WHEN 1
“TAP THE GRID LEADS

5AY - WHERE
DD YOU LEARN
THAT TEST? I1TS
A GOOD ONE

—

b e &

HERES THE TROUBLE, BiLL, IN THE
FIRST . F AMPLIFICATION STAGE. 1
LEARNED THAT TEST EVEN BEFORE
1 STARTED TAKING THE COURSE,
BilL. ITS DESCRIBED IN A
FREE LESSON WHICH THE
MNATIONAL RADIO INSTITUTE
SENDS YOU WHEN

YOU MAIL A

COUPON TROM
./J ONE OF THEIR ADS
\ L.

I'VE SEEN THEIR ADS
BUT | NEVER THOUGHT 1|

HOME-~-I'LL %

I'M CONVINCED NOW THAT THIS
COURSE IS PRACTICAL AND
COULD LEARN RADIO AT | 0OMPLETE, I'LL ENROLL NOW

OR GET A JOB
WITH A RADIO
BROADCASTING OR

MAIL THEIR !H*_ ?/

COUPON RIGHT {7,

AND THEN | CAN MAKE
REAL MONEY FIXING

OR INSTALL AND SERVICE
LOUD SPEAKER SYSTEMS

TRANSMITTING PLACES.

STATION

AVIATION RADIQ, POLICE
RADO, TELEVISION,

ELECTRONIC CONTROLS -
RADIO 15 SURELY GOING
AND THE

NATIONAL RADIO
INSTITUTE HAS TRAINED
HUNDREDS OF MEN
FOR JGBS IN RADIO

b :\_“//// . -
<%, N~ s
o

G :
| will send you a Lesson on W
Radio Servicing Tips FREE

TO SHOW HOW PRACTICAL IT IS
TO TRAIN AT HOME FOR

 GOOD JOBS IN RADIO

b

_/

Even if you have only a slight interest
in Radio, get this sample Lesson, It
is n catalog of common Radio receiver
troubles, their causes and remedies.
Mail the coupon. Learn how practical
N. R. L's 50-50 method makes learning
Radio at home. Discover the many
opportunities the N. R. 1. Course opens
for well-paying full time jobs.

Why Many Radio Techniclans
Make 530, 540, $50 2 Week

Milllens of dotlars in_defense orders on top
of a record year for Radio are opening hew
onportunities for tralned men. Radio Teel
nicians sre well pald because they use theiy
minds as well a3 thelr hands. It takes bot
to repalr a home or auto Radio set: 10 vper
ate and maintaln a Broadeast or Commerclal

transmitting station: to install, operate and
repalr Pollee, Aviation, Experimenial Radio
and Television equipment. That's why so

many fellows who become Radio Techniclan
are able to jump thelr pay:; why others op-
erate thelr own full time Radio Rervice
bt e i ¥ i tin

DRAFT REGISTRANTS!

Hundreds of men who know Radio when
they enter milltary scrvice are Solne to
win specialist ratings in the Arnu. Navy
and Marine s, These ratings Y up
to 6 times o private’s or seaman’s basce
pay. in addition to carrying extra rank
and prestige! If you ARE NOT called.
you are Eetling Inte Radio wihen the
Government 18 pouring Milllons into the
Radic industry to buy Defense equ!r'
ment, on top of boom ¢lvillan Radio
business, \Whether you entlst or  walt
for _conscription—IT*'S SMART TO LEARN
RADIO—NOW!

RADIO-CRAFT for

MAY,

while holdi l{ other jobs because of the extra
money In tide work.

Beglnners Quickly Learn to Earn
45 to $10 a Week In Spare Time

Find out how N. R. I. trains_vou to make
extra moncy qulckly. Many N. R. I. students
report making extra money in spare timc
within & few months. Many pay for their
entire Course with exira money made in
spare time while learning,

You
Get This
Professional
Servicing
Instrument

This practically any test
you wlill Le eall upon to make in your
Radio work on both spare time and full time
jobs. It can be used on the test bench, or
carried along when out on ealls. It measures
A and D.C d nte t
resi L illat

aiiging any set. old or You Feot this
instrument A8 part of your R. I. Course.

Mail the Coupon
Get our SAMPLE }:L.Esso.\' and a copy of

instrument makes
ed

why tl N. R. Course 15 easy to study.
fancinatin® to learn. practical 1o use. You'll
get racts on Televislon and other fast-growing
branches of Radio. Aet NOW. Write ur
name and address on the coupon below. Faste

on a penny w: teard of mail 1t in an
envelope—RIGHT NOW.

. E. SMITH. President
Dept. IEX, Natlonal Radlo Institute
washington. D. C.

1941

- A

3

You CERTAINLY KNOW
RADIC. SO0UMDS As
600D AS THE DAY
t BOUGHT 1T,

N.R.1. WAY,

THIS §PARE TIME
WORK 15 GREAT
FUN AND
PRETTY SOON

TLL GE READY

TFOR A FULL
TiME JOB

J. E. SMITH, President.
Nationa! Radio [Institute
Established 25 years

OH BiLL- I'M SO
GLAD | ASKED YOUu
To Fix QUR RADIO.
1T GOT YOU STARTED
THINKING ABOUT
RADIO AS A CAREER,
AND Now YOURE
GOING AHERD

He has dirccted the .train
ing of more men for the
Railo Industry than any
one else

www americanradiohistorv com

THANKS! 1T CERTAINLY IS
EASY TO LEARN RADIO THE
L STARTED ONLY
A FEW MONTHS A0, AND |I'M
ALREADY MAKING GOOD MONEY.

OUR WORRIES ARE OYER.
| HAVE A GOOD JOB
NHOW, AND THERE'S A
BIG FUTURE AMEAD

FOoR UsS 1N

your Sample Lesson
of train-
Plainly.)

5

4

§ L E SMITH. President. Dept. 1EX

g National Radlo Institute. Washington, D, C.

g Dear Mr. Smith: Mail me FREE, without obligation,

5 and 61-page book '"Rich Rewards in Radio” which tells sbout Rudio’s spare
tinie and full-time Obporiunities and explains your 50-50 methou

: ing men at home 10 be Radio Technicians. (No salesman will call. Write

. Age..

[}

P Name oo

[}

3 Addressy wun ws g s g Wapgess o smm 44 bdn : y dila's un
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MORE ANENT HOMER BUCK'S
""ALIGNING SUPERHETS”

(Continued from last month)

Dear Editor

Continuing, “When alignment is attempt-
ed with an oscillator, there is no impedance
matching, the signal strength is not like
that of a broadcast station and the oscilla-
tor is certainly not like the radio’s own
antenna. . . .” Let’s take the first state-
ment. No impedance matching. The genera-
tor is connected, let’s say, at point X.

Obviously, there is no impedance .match
between the generator and the L/C circuit
between 6SK7 grid and ground. But—and
this is the whole story—the circuits being
aligned are separated from the generator
by the tube, a 6SK7, which stands between
generator and 6SQ7. Therefore, when align-
ment is properly done, there is impedance
matching.

250-DET_ L A.F
6547 f

%4

<

CIRCLITS
BEING

ALIGNED

Let’s take the 2nd part of the above-
mentioned statement by Buck, namely, “sig-
nal strength is not like that of a broadcast
station.” Buck, himself, tells you to align
with a weak signal image, which is, in char-
acter, like that of the signal generator,
since the generator is always properly set
for low output. The difference between the
signal generator and the station is one of
modulation (generator, generally 400 cycles;
station, of whatever audio happens to be
momentarily impressed on the originating
microphone in the studio). At any rate, this
statement is meaningless and not connected
with alignment at all. “The oscillator is
certainly not like the radio’s own an-
tenna . .. ."”

But, why go on? The more I try to keep
my temper, the more T burn up, and you,
Mr. Editor, surprise me that you publish
such tripe. For God's sake when are you
going to start slanting your magazine policy
towards the intelligent and technically-
trained section of the radio trade? Isn't it
plain that the men with the money and
ability to buy are going to be the men with
education, at least a high school education,
and that the others have no place in
radio? What we should have is an organiza-
tion comparable to that of the radio engi-
neering or other professions, and build up
public esteem for the Serviceman, driving
out all of the incompetents. As a require-
ment for admission to the Radio Service
Guild, a man would have to pass a stiff
examination in fundamentals and service
technique. He would then receive a certifi-
cate of merit and be entitled to use the
letters, R.S.G, after his name. How about
you and the editers of all the other nation-
ally-known magazines collaborating in a
concerted, serious effort to better the status
of the professional radio Serviceman having
the necessary education and experience? Be-
ginners, apprentices, could receive a junior
membership. Such a plan would ultimately
better the entire industry, since a better
grade of man would be attracted to Radio
and carve out a career for himself that

RADIO-CRAFT MAY,

for

would permit recognition of his ability and

at the same time ensure his chances of

making a good livelihood. Action!
WILLARD MoOODY,
New York, N. Y.

A. C. SHANEY'S SOUND
ARTICLES
Dear Editor:

1 have been a subscriber to your magazine
for several years and have constructed sev-
eral radio sets which were described from
time to time with good results in all cases.

However I am beginning to get disgusted
with your section on amplifiers. It seems
as though-—rather than helping one con-
struet a good amplifier you get one enthused
in an article from'a description of a good
amplifier and about the time when all the
good qualities of the amplifier are given and
one is looking forward to the parts list and
the const uction details, the article closes
with “Courtesy of Amplifier Co. of Amer-
ica.”

In other words your articles seem to be
only advertisements for this company with
no intentions of helping one build an am-
plifier for enough information is omitted
from the diagram to discourage one from
trying to build one without further con-
struction details.

I had been hoping that you would give
construction details on about a 30-watt high-
fidelity amplifier with volume expansion but
in two articles—Oect. 1939 “All-Push-Pull
Direct-Coupled Amplifier” and July 1940
issue—you have described such an amplifier
but in the end it is only advertisement for
a factory-built job with no intention of help-
ing your readers build it. This can be easily
shown by the fact that ! asked you for the
parts list of both amplifiers and T did not
receive even a reply.

Do you intend to publish anything in the
near future on how to build a good amplifier
or are they all going to continue as in the
past—only advertisements for a factory-built
job? I think that if you will investigate you
will find that a good many of your teaders
think as I do about your articles on am-
plifiers. As to your sections on radio, etec.,
I have no complaints to make for one can
generally sturt building one with confidence
for enough information is given, and I hope
that vou will soon have all the necessary
construction details on the amplifiers which
are described from time to time. I shall also
appreciate the construction details and parts
list for the above-mentioned amplifiers if
you have them or can get them for me or
the parts list and construction details for
a similar amplifier.

ErLsworTH DODRILL,
O'Neill, Nebr.

Mr. Shaney’s articles in Radio-Crajt may
be broadly classified in two groups, one be-
ing of an educational nature, wherein the
newest developments in commercial labora-
tories are made available to readers of
Radio-Craft.

Although it is not the intention of many
sound companies to always enable the con-
struction of these new items by its readers,
those who have sufficient technical knowl-
edge and training should have no difficulty
in constructing some of the advanced de-
velopments.

On the other hand, all articles which are
written with the idea of being constructed
by readers, are usually accompanied by a
complete parts list, or in many cases, suffi-
cient information is given in the circuit
diagram to enable an average technician to
select the correct parts,

The disadvantage in supplying a parts

1941
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*MAILBAG®

L—conclusive
Testing

‘@F%LQ‘ MODEL 1213

$22.00

Dealsr
Net Price

® Exclusive Handy Hinged Post-
card Reference Tube Chart

® Filament Voltages from 1.1 to
110

@® RED * DOT Lifetime Guaran-

teed Instrument
® Neon Shorts Test

Model 1213 contains all sockets to test all pres-
ent day tubes including Pilot Lamps and
Gaseous Rectifiers. Ballast Tube Continuity
Test . .
meter .

. Has separate line voltage control
. . Housed in snappy appearing metal
case with browA suede baked enamel finish.
Three-tone panel is brown, tan and red with
silver markings.

Dealer Net Price

MODEL 1620

This is a counter type,
lever switch operated
tube tester. Four "quick
change” non-obsolescent
features, including RED @
DOT Lifetime Guaranteed
Instrument. Speed Roll

Chart, New socket panel
and Switching Section can
| all be replaced should un-
| anticipated changes make
it necessary.

Dealer Net Price

$37.84

MODEL 1621—Similar to Model 1621, but con-
tained in smaller, more portable
case . . . Dealer Net Price $34-84

Write for Catalog—Section 165 Harmon Avenue

TRIPLETT ELECTRICAL INSTRUMENT CO.

Bluffton, Ohio
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RADIO TRAINING
Bk

PORT ARTHUR COLLEGE—not privately
owned, not operated for profit, a college
built and endowed by the late eapitalist-
philanthropist, John W. Gates—offers the
most thorough practical Radio training in
America. P. A. C. owns Radio Station
KPAC, which is equipped with the very
latest type 1000-Watt high fidelity RCA
transmitter, operating on 1220 ke, with di-
rectional antenna system. The college is
authorized to teach RCA texts.

giﬁrﬁi::'.—- s
L

ity

The Radio training covers thoroughly Air-
ways, Press. Announcing, Teletype, Type-
writing, Laboratory and practical experience
at KPAC transmitter, control room and
studios, Announcing is an optional part of
this training ; nevertheless a numher of stu-
dents annually make successful announcers.
Port Arthur College pioneered the teaching
of radio with its first classes in 1909, and
for thirty-one years has maintained an ac-
tive Employment Bureau that is successful
in placing graduates in airways, broadcast
and marine radio industries.

If intercsted in details about the Radio
Course, write for Bulletin R-41

PORT ARTHUR COLLEGE

PORT ARTHUR (World-Known Port)
TEXAS

RADIO

DIAGRAMS:

MOST-OFTEN-NEEDED
ALL MAXES 1926-1938

In this one low.priced manual
you have all the circuits you
feally need. 427 dlagrams of
most-often serviced radlos is the
help you want for easler, faster.
and beiter remlrn You will_find

5495
244 pages, large 8 =
in. size. Bpeclal prica

HOW TO SAVE TIME

Service hints, dlagrams. alizn-
ment data, test charts, and Darts
Usts inctuded will prove time-

dla:rama

savcrzG :m(t]h nmrll!y-dmnkcrs umr
you. Ge esp hapndy ‘‘on.the-
C‘RCU]'TS job**  handbooks. No need to

YOU work  blind-folded. The time

saved in two dasys will more
than pay for these manuals.

1939-1940 DIAGRAMS

This single manual will give you
over 80% of all 1939-40 cireults
ever needed. acanaint You with
recent radlo developments. and
teach you how to service qulckly
millions of sels sold last Year
Models of 43 manufae- §
8%x11 Tnches Limited
X nehes. mite
RADIO auantity at ‘
WO

DIAGRAMS FREE EXAMINATION

SUPREME PUBLICATIONS Raom B4S5
3727 W. 13th St., €Chicago, lllinois
Sh r the manunt-z checked. 1 must be satlsficd or you
will refund my money in full
D Most Often-Needed Diagrams. 1026-1088. @ £1.95
[#] Nost Popular 1940 Radlo Diagrams, @ $1.50
1 am enclasing €,......., send postpald
U Sene C.0.D. I wlll pay th¢ maidlman.

NAME oo eitiiiuurasnrraaaais iossannoansasnns
(Wrlte address betow and send thls comer)

NEED

MOST POPULAR

1940
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list furnished by a sound company, is that
actual company names are specified, and
this is really unfair both to the readers and
to the suppliers, because a 0.1-mf. condenser
need not necessarily be of any specific manu-
facture in order to work correctly in a cir-
cuit involving its use. It is therefore obvious
that if a condenser is indicated in the circuit
diagram, an itemized parts list is really
unnecessary,

It is to be further stressed that readers
should not attempt to construct items which
exceed their abilities and facilities.

The specific circuit diagram which Mr.
Dodrill refers to, namely the 30-Watt Direct-
Coupled Amplifier with Expander and Sup-
pressor, was completely indicated in the
November, 1939 issue of Radio-Creft, Page
268. Every value has been carefully indi-
cated, and any radio technician should be
able to construect this unit without a List
of Parts.

There are occasions, where sound com-
panies can not give any technical informa-
tion because of extensive laboratory werk
in obtaining this data, but this, as far as
we can recall, has come up very rarely. The
only specific instance that we know of has
been in the design of the Amplifier Com-
pany of America “Audio Spectrum” unit,
which we are sure no reader can condemn
them for not giving complete detailed data
on.—The Editors

FROM A SPUNKY ENGLISH
READER
Dear Editor:
As a newsstand reader of your journal
and a radio technician since early 1929, I
hope a few words from ne will be welcome.

Since the “streamlining” of your paper it
has been a pleasure to refer to any particu-
lar section; also, it has made the indexing
of subjects much quicker. Thanks for the
innovation.

Since our national preoccupation with a
continental affair (still in progress) radio
has been a little bit difficult to keep pace
with and the arrival of Ratflio-Craft even a
little late is a Godsend.

Some 4 years ago I started a reference
library of American textbooks. This has re-

‘ ceived the marked attention of one of the

recent continental visitors and is now blown
to bits.

I am now negotiating with the authorities
here to obtain an import license for a small
but necessary part of the destroyed texts.*

There are other and more weighty texts
but they are not so essential to me, and I
can defer to some later date the ordering
of them.

Some American components are still ob-
tainable here though the manufacturers are
not giving us all the help in publicising that
they could. Radio-Craft has been of great
value in this connection.

May I make a plea to Hammarlund, Su-
preme, Readrite, Raytheon, and all the oth-
ers?: “Send us the dope on your products,
we want to know about them and use them.”

Now for a few personal notes.

Thanks, Mr. Shaney, yours is one of the
best sections in an excellent assembly. Keep
it up. Give us the dope on all the newer
variations of direet-coupled amplifiers.

Thanks, Mr. Sprayberry. The circuit
analyses are great and keep us in touch
with the latest phases in radio. No journal
here does it.

Thanks, Mr. Editor & Co., for the new
Radio-Craft. 1t will always find a welcome
and honoured place on the bench and in the
bookshelf.

*A tube data-book,
Handbook and Public Address
Editor

and the Amplifier
Guide.—

RADIO-CRAFT
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To the great gang of readers in the
States may I say—"Howdy, fellows, if you
can spare a minute from Radio-Craft the
address for mail is still that given at the
end of this letter (send your letters care of
Radio-Craft, we will forward—FEditor) so
let’s be hearin’” (Continental visitors to
England please DON'T note.)

My respects to you, Mr. Editor.

THOMAS CLARKE,
Sheffield, England

V.-T. VOLTMETER PROBLEM
Dear Editor:

As a regular reader of your magazine, I
am submitting to vou free of charge (thanks
—Ed.) the solution of a problem that is baf-
fling many Servicemen who have built or
are building V.-T. Vm.s employing a so-
called bucking etrcuit in the plate circuit of
the final stage, to balance-out plate current
that might flow through these meters at no
signal input at the grid.

Quite often, low-range microammeters are
used and the erroneous 1mpression seems
to have gotten about (even in Terman's
“Radio Engineering” textbook [1st Edition,
8th impression, 1932]) among many that at
this balance condition, 2 currents, equal in
magnitude, but opposing, give a zero meter
reading, but that the coil of the meter is
carrying the arithmetical sum of these cur-
rents which may reach a very high value
and as a consequence the meter may be
burned-out although registering zero cur-
rént!

However, a simple example will show that
the potential across the meter coil is zero,
as well as the reading of the current, and
the current through the coil, when balance
is attained. A simple bucking circuit is
shown, together with an accompanying sim-

plification diagram.
a
.
+
—

d

/'R

MICROAMME

BALANCING
BATTERY

MicROAMMETER [
N

Rp t
(TveE) -30V. -
\> VOLTAGE ACROSS
ab: +10-10:0 —
f+90v "=~ EQUIVALENT

SIMPLIFIED
- DIAGRAM ~

The arrows show current flow, and that at
correct choice of R the voltage across a-b is
zero and that the main battery supply volt-
age appears at c-d. Any increase in current
due to signal application on the grid (recti-
fied or otherwise) will then show as an up-
ward reading on a current meter connected
across a-b.

I believe this exposition will bring out to
your readers the following:

(1) Correction of certain erroneous ideas
widespread about this connection, found
even in textbooks and periodicals.

(2) The theory of the bucking circuit, and
why it increases the sensitivity and usable
range of the meter.

(3) That current flowing from positive to
negative in a battery is considered a posi-
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tive voltage, one from negative to positive

is a negative voltage, etc., through resistors.
FrANK P. DEFINa,
Hazelton, Pa.

MR. RUSSELL RETORTS
Dear Editor:

I hope this will clear up some of the con-
fusion in the “Regarding Hearing-Aids” in
the Mailbag, which must be something to
any interested bystanders, who have read
both Mr. Cisin's letter and mine.

About 16 letters have been received by
me from hard-of-hearing people, requesting
more information and all have the same
complaint; not sufficient power in the de-
vices they have tried. I didn't reply, that
they were stone deaf and could not hear if
they put their ear in a 10-watt speaker. But
tried to explain that so many designers did
not have a proper understanding of the re-
quirements of the hard-of-hearing and that
the more noise we made about it the better.

In fairness to Mr. Cisin, let me say that
the amplifier he described in “R.-C.” was
not primarily designed for a hearing-aid,
but was in a class by itself for that work
and quote from the article: “The subject of
the test was a person who depended upon
lip reading, due to the inability of ordinary
hearing-aids to give relief. Without the in
strument, one could get behind this near-
deaf person and shout as loudly as possible
without being heard. With this amplifier,
however, the hard-of-hearing person was
able to hear and understand every word
spoken behind his back . . . . in a normal
tone of voice.” Would not that lead a per-
son who could hear shouting behind his
back, to believe that the instrument was
worth constructing?

Yes, 1 knew the 1S4 tube is rated at
0.085-watt, but there was the author’s state-
ment: “It was in a class by itself.” The copy
1 made of the instrument had all of the
pick-up or sensitivity that was claimed for
it. A person with normal hearing could hear
a watch tick a foot away and more. I have
no quarrel with Mr. Cisin and no doubt he
v:ill be out soon with a real power amplifier
that will help us all.

Me—? I am just faintly antusing and very

ignorant, qualified only to write gems of |

stupidity. Ilowever I do know that if you
depend entirely upon voltage amplification
to make people hear, who cannot get re-
sults with ordinary ’-aids, it will take so
much that they will look like the fellow in
the electrical show displaying the Tesla
coil, How about a little of both, enough to
give fair pick-up and a power output that

will really tickle the old mastoid bone on |

full volume? Then there will be enough
output for these days of head colds, and for
the future if the deafness is progressive.

One of that power brings up the question
of size. I stated in my first letter that lots
of people could get a small device, hide it,
and nobody would ever know they were
deaf. “Easy to conceal” is a standard state-
ment with the manufacturers. This to my
moronic mind is silly. Even ‘stone” deaf-
ness is not as dishonorable as Mr. Cisin
would have us believe and it is not always
accompanied by stupidity as in my ecase. If
you are hard-of-heuaring the sooner those
vou contact know it the better. They will
suon detect vour infirmity anyway. The
smaller the instrument the better, of course;
my point was not to sacrifice efficiency and
power for size.

As to the medical profession, I still say,
that if you want to get wired for sound let
the radio men do it. It won’t cost you a
cent if they can’t make you hear.

As to crystals—a ecarbon mike
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BOY OH BOY-
IS THIS GIVING IT AWAY!

NOW
ONLY

$7695

LESS SPEAKER

-Was $115.50

*MAILBAG®

HALLICRAFTERS “TWENTY-THREE”

RICES cuttotheboneon Nationally Known

Radio Supplies during this Spring Clear-
ance of Demonstrators, guaranteed 1940
models and brarnd new surplus stock of
Nationally known short wave receivers, ham
gearandradio serviceinstruments. Your chance
to get highest quality radio needs at practically
your own price.

Imagine this famous Hallicrafter 23 that
formerly sold for $115.50 less speaker —now
ohly $76.95! Current model — guaranteed!
Saving of one-third! Complete with tubes and
crystal—Speaker $12.00 extra. Compensated
frequency stability, eliminating drift. Accurate
reset band spread system. No bandset dial to
fuss with. Stations always come in at same
place on dial. Shipping weight, 56 lbs.
57TCO8816—Cash Price. . ............. $76.95

All these bargains available on Easy Terms—irite for details.

Write for our folder showing merchandise and equip-
ment included in this sale. Ask for Folder No. RC6578M.
Also get our new Ham and Service Supply Catalog No.
RC717M and our complete PA Catalog No. RC732M.

SEARS, ROEBUCK AND CO., CHICAGO, ILL.

We have a Very Limited Number
of National 1940 Model NCT-83X
and NC-B1X Receivers priced fow
for immediate clearance.

Many items of popular and cur-
rent model Test Instruments also
included in this Bargain Festival.
Takg advantage of this once-in-a-
lifetime opportunity —ACT NOwI

much better for me with the amplifier 1 had
reference to. where it is mounted on one end
of the box close to the hot metal tubes, and
due to its high level the volume control need
not be turned up much. Somehow, these
amplifiers just worked better that way. Oh,
I knew there would be a squawk there, For
most other waork crystal mikes have “it.

About earphones—I have had several

dope in the future. Come on, Mr. Cisin,
don't sulk—give us a real power job soon.

EArRL RUSSELL,
Celfazx, I,

V.-T. VOLTMETER TROUBLE
Dear Editor:
I have built the Vacuum-Tube Voltmeter

crystals. They just won’t stand up. And if
you leave them in the window where bright
sunlight filters through, heating them up,
it is goodbye $12 (if of the ear-insert type).

In closing, let me say that in designing
an amplifier for hearing-aid work the object
is to hear, and then establish whatever volt-
age amplification is required to give the
necessary pick-up; and NEVER the other
way around, as so many think.

Radio-Craft has done us fellows a real
service and 1 hope to see more hearing-aid

1941
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described by R. C. Turner in the June, 1940,
issuc of Radio-Craft.

The instrument is very accurate on D.C.
measurements. llowever, on A.C., the meter
does not measure peak voltages correctly.
For instance, when an accurate A.C. volt-
meter indicates 112 volts r.m.s., the vacuum-
tube voltmeter shows a peak voltage of 1.8
which should read about 3.6 or 157.92 volts
on the 0-500 V. scale. On the 0-100 V. scale,
the reading is 8.1, whereas the needle should
go bevond the “100” on the scale indefinitely.
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LEARN

RADIO

SERVICING COURSE -8 WEEKS
OPERATING i =5 MONTHS

FLLF

Mai) coupon today for {ree book
showing how you can learn Radio
rating, Servicing. Sound and
Television in a few short weeks in
oyne Shops and also how you can J§
pay tuition in easy monthiy
payments after gdruduation.

LEARN BY DOING
On real Radio receiving and g8
tranamitting equipment ut P
Coyne. Simpie. easy method of L
practical shop tr..ing. You don't

previous experience. Prepare
for Radio Operators’ Government
Ueense Exam. and for good jobs in
Broadcast, Police Radio, Aircraft
Radjo. Ships, Commercial Radio
stations, or in service shops and
radio factories. *‘Learn by
doing”, the quick, modern way,
at Coyne Shops in Chicago.

EARN WHILE LEARNING
Job Help After Graduation

We assist you in getting part-time work to help pay
living expenses and give you real cmnployment service
after you graduate.
ot B G B T
H. C. LEWIS, Pres., COYNE RADIO SCHOOL,
§ 5000, Paulina sil, Dept. 51-8H, Chicago, .
1 . Ploane @end me Your froo boak and detalls of oany Pay.After.
1 Graduation Plan.

§ NAME.
: ADDRESS - =
Lcm'_ o _ STATR

POWER AND LIGHT

ONAN A.C. ELECTRIC PLANTS wnlyp;w-

vent {07 Radlos, Trenamitiers snd Receivors. P, A«

Systems. Alovie pectors.  Bound Truck Appa-

retus, “Toolw, Lights. AllAI:PHlnmlUuduSulld-
i ools, HoaPital

COUPON
TODAY

us L3 s, elc.
Volt A.C.—12. 32 and 110 Vol Alro Duaf
Voltnge AC-T3C Ty pea. Manusl. Fuil. Automntic &
Sell-Star ing. $995nd up. Bhipped. Ready to Run.
D. W. ONAN & SONS

723 Roysisten Avenue. Minneapoils. Minn.

RADIO TECHNOLOGY

RCA Insiltules offer an intensive course of
high standard embracing all phases of Radlo
and Television. Practleal tralnipg with modern
equipment ut New York and ChlcaZo schools.
Also speclalized courses in Aviatlon Communi-
catlons, Radlo Servicing and Commercial Oper-
ating. Catalog Dept. RC-4

RCA INSTITUTES, Inc.
A Radio Corporation of America Service
75 varick §t.. New York, 1154 Merchandise Mart, Chicago

RADIO-TELEVISION
Otdest, largest Radio-Televislon schoal In West trains you
for good pay job. Complets instruction including Radio
Construction and _Service, Broadcast Operating, Sound,
Talking Pictures, Television, Public Address, etc. Flexlbie
plan to meet specific needs of thoss with or without jobs.

Transportation allowed to L.A. Earm room and board while
warning. Request Free Catalog.

NATIONAL SCHOOLS,

Dept. 5-RC
Los Angcles

Are You The Man For The Job?
Every radioman has the opportunity today to
advance himself to a better radio job. With wide-
spread expansion programs there comes & n

for men with modern technical training. CREI
home study training is the preven way te more
money—*5.000 other radiomen ean’t be wrong™'!
WRITE FOR FREE BOOKLET. CAPITOL
RADIO ENGINEERING INSTITUTE. Dent.
RC-5, 3224 16th St.. N.W., Washington, D, C.

LES Correspondence Courses n

il RADIO wd ELECTRICAL ENGINEERING

ELECTRICAL ENGINEERING Sst mogd =rep
trical flcld, Prepare yoursclf. at Low Cost. for secure
future. Modern, simplified. yYou can understand qulcklg.
RADIO ENGINEERING [\, J105, “3i0ac, Wiecnc whorn.

cither eourse, Deferred payment plan.
LINCOLN ENGINEERING SCHOOL, Bar 931-629, LINCOLN NEBR.

Tralng you to be s'uper-ler\‘h:’ man, vacuum tube
UL
Get copics of school catalo student
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What would you suggest 1 do to make the
meter read peak volts correctly?

I like Radio-Craft very much and it is a
fine magazine for the radio Serviceman. I
am hoping that the March, 1941, issue will
give some valuable information on the
vacuum-tube voltmeter. (*)

StanToN N. DRUMMOND,
North Western, N. Y.

*Mr. Drumimond, when he wrote, had in
mind a notice, which had appeared in the
preceding issue, on “Vacuum-Tube Volt-
meters—Theory and Practice.”

This letter was forwarded to the author
whose reply follows:
Dear Mr. Drummond:

You state that you have had difficulty in
measuring the peak wvalue of a 112-volt
r.m.s. potential with the vacuum-tube volt-
meter I described in the June, 1940 issue
of Radio-Craft. It is presumed that you
mean by this that you have attempted to
measure the voltage of the same A.C. line
that supplies the instrument.

The vacuum-tube voltmeter shown in my
article eannot be used for such a purpose
because of the two 0.1-mf. liné bypass con-
densers, C6 and C7. These condensers place
the negative return (chassis) effectively at
the center of the line voltage, giving rise to
the error you have noticed. If 112 volts from
a separute source, such as a transformer
secondary, be applied to the A.C. meter ter-
minals, you will find the correct peak value
—approximately 157 volts—indicated.

Please do not hesitate to call upon me for
any further information.

RUFUs P. TURNER, WI1AY

YEP. .. .HEARING-AIDS AGAIN!

Dear Editor:

I've been afraid of making the enclosed
(below—Ed.) too long for you, but hope
you may find some of it interesting enough
to get at least part of it in. I belong to a
discussion group of hard-of-hearing people
who have been trying to talk out some of
these hearing-aid problems by mail, and I
subseribed to Radio-Craft purely beceuse of
the hearing-aid articlee you occasionally
publish. (Italics ours—Ed.) 1 hope you will
continue to publish them in as much space
as you feel you can afford to give over to
such a topie.

The hearing-aid pcople have done won-
ders, really, considering the difficulties and
what they have done it with, yet some of
the faets known in the laboratovies, but
little known outside, prove that even now
they are not always following the best meth-
ods, but the ones most profitable at the
moment. Selling hearing-aids by present
sales methods is a very expensive proposi-
tion, and this has to be taken into considera-
tion.

M.B. K.

Dear Editor:

This hearing-aid argument is getting in-
teresting! After about 20 years’ study of
what little I as a layman could learn about
hearing-aids and the physical aspects of
deafness, I’d call both Mr. Cisin and Mr.
Russell right, but in different ways.

Mr. Cisin’s argument sounds like the dope
of some of the hearing-aid men—men who
know a lot about technicalities and theory
but have been blundering around in the dark
trying to find out about practical hearing.
There’s. still a wide gulf sometimes between
theory and practice.

Mr. Cisin’s reference to the deaf leading
the deaf sounds like a cousin to a story,
coming straight from one of the salesmen,
of the sales manager of a large hearing-aid

RADIOC-CRAFT
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firm telling his convened salesmen that:
“You cannot talk to the hard-of-hearing as
you would to a normal person, because the
hard-of-hearing are not normal mentally.
They are just like children; you have to
give them a line that will impress them, but
don’t EVER answer any of their questions.
They really don’t want te know the truth,
but just ask questions te annoy you.”
Phooey from me to all such. Among the
hard-of-hearing I know of are not only
radio men but also electrieal engineers,
several of the biggest men in electrical and
radio history, ear doectors, educators, and
the heads of several of the most progressive
hearing-aid firms. The qualified deafened
man would be my choice to lead me any
day in preference to a hearing man.

The plain fact is that the hard-of-hearing
person needs greater—sometimes much
greater—volume than the normal person,
and whether you call it voltage amplifica-
tion or power amplification is immaterial to
the average person who doesn’t know either
from Adam. I know of at least one hearing-
aid firm that failed because of not realizing
how much greater volume most hard-of-
hearing persons need. Some technicians give
too much attention to non-essentials and
too little to what is very much essential.
Once a hearing-aid firm’s newly-employed
engineer took a look at the firm’s old ’-aid
and said, “The sound goes in front there,
but where does it come out?” And so he de-
signed a new microphone case for an old
microphone they had been using for half-a-
dozen years, and put openings all around
the sides of it. The sound, Mr. Engineer,
comes out exactly where it comes out of
your ear.

For Mr. Cisin’s information, the erystal
microphone has too low an output to en-
able a very seriously deafened person to
get enough volume (yes, we are talking of
volume, Mr. Cisin) from as conveniently-
sized amplifiers as the carbon microphone
does. And erystal earphones cannot tolerate,
and from some amplifiers cannot even de-
liver, the high volume that magnetic ear-
phones can. I've proved this to my sorrow
by having 3 pairs and 2 single crystal
phones break down under the load I have
had to put on them.

But for persons whose hearing is not too
seriously impaired Mr. Cisin is right that
erystal mikes and ecarpieces are sometimes,
but not always, more satisfactory than
earbon mikes and magnetiec earpieces. But
his amplifier’s enabling a person to hear
the ticking of a watch at over one foot is
no satisfactory test, and no test he could re-
port would be worth a hill of beans unless
at the same time he reported the number of
decibels of hearing the subject had lost.

My numerous and widely-spread deaf-
ened acquaintances, and I, know quite a
number of doctors who don’t know the
first point about a hearing-aid and many
of them don’t know .as much about the
physics of hearing as some of us who
have studied the problem from a profound
interest born of our aflliction. And those
who do think they know something and
are testing hearing and prescribing ’-aids
are failing in many cases and don't realize
that the reason is simply because the
present method of testing is not scien-
tifically applicable to prescribing even a
hearing-aid of perfectly-controlled charac-
teristics (and none of them yet have per-
fectly-controlled characteristics).

Tests are made of the audibility threshold
of hearing, or what is lost, when what is
needed is a complete measurement of the
hearing sensation area that remains, and its
peculiarities. (*) Several of our foremost
physicists who have worked on the problem
agree on this. Yet the hearing-aid people
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have refused for years to put into practice
some of the other suggestions of such
physicists.

The profoundly deafened who still have
some usable hearing have received little
practical attention from the hearing-aid peo-
ple. I'd like to plead for them, but I know
there is no profit in such cases, and they are
difficult. 1 happen to know of 4 such people
who said they could not get service from
any ’-aid offered them, and happening to
have the ability to do so they set out and
built their own ’-aids. One of them is an
electrical engineer with experience in a
well-known physics laboratory, and another
is now selling his ’-aids to the public and
has been quoted in this magazine. Yes, let
the deaf lead the deaf, and they might also
lead Mr. Cisin to a clearer understanding
of such cases.

MarTIN B. KEFFER,
Roanoke, Va.

*See “How Do We Iear?”, Part 1, Radio-

Craft, May 1936, and Part 11, June.—Editor

SERVICEMAN TYRO
Dear Editor:

After looking over past issues of your
magazine, I am convinced that your publica-
tion is improving from month to month. I
have found the Classified Radio Directory
very helpful. All the radio service articles
are very helpful.

If possible, please try to publish a few
more articles on how to obtain more radio
business. You surely must have some sug-
gestions along this line. How about some
sales letters, or say a complete advertising
campaign, I already have your booklet,
“Breaking into the Radio Service Business.”
All in all, you have a very fine magazine.

PauL T. BAUMAN,
St. Cloud, Minn.
Thank you, Mr. Bauman, for wour kind
comments. We will be glad to consider for
publication in Radio-Craft any article, along
this line, which meet our usual requirements
of reader interest, etc.—Editor

RE: "ALIGNING SUPERHETS.”
Dear Editor:

After reading Homer C. Buck’s article in
the January, 1941 issue of Radio-Craft, en-
titled “Aligning Superheterodyne Receiv-
ers,” I was wondering if he will ever get
to realize how wrong his method of super-
heterodyne alignment is. To make sure that
he will realize just that, 1 went to the
trouble of writing this letter.

I don’t care how many sets he, himself,
ruins with his method of alignment because
that is his problem. But the fact that he
mislcads other radiomen and influences
them to use the wrong method of align-
ment clamors for protest.

His method of superheterodyne alignment
is correct only in case the oscillator is cor-
rectly aligned. Since this is rarely the case,
his method is rarely correct. His method is
based on the' assumption that between 1,500
ke. and b88 ke. on the dial there is & change
in the oscillator frequeney of 912 kec., or
twice the LLF. (456 kc.), which is true only
in case the I.F. is 456 ke. But since the LF.
is the thing he is looking for, what makes
him think he will ever hit 456 ke. using
his method, when he hasn’t the slightest idea
about the oscillator frequency adjustment?

Let us take a practical example. Suppose
the receiver has been mistuned so that its
LF. is 440 kc. instead of 456, but that he
doesn’t know about it. Also suppose that
the oscillator frequency has been mistuned
so that WBJK now comes in at 1,600 ke.
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(on the dial), and its image at 588 kc.;
which is possible since the oscillator may be
completely mistuned by virtue of its 2-point
adjustment. Now he goes about aligning
the receiver with his favorite method. He
puts the dial pointer at 588 kc. and adjusts
the LLF. trimmers for maximum output of
the image frequency of WJBK. This proce-
dure results in a perfect alignment of the
intermediate frequency to 440 kc. From now
on no matter what else he does to the re-
ceiver, he will get WJIBK exactly at 1,500
ke., its image at 588 ke. (on the dial) and
evervthing else will be slightly off, and
sometimes more than just slightly. The dif-
ference in the oscillator frequency between
588 ke. and 1,500 kc. on the dial is now going
to be 880 kc. instead of 912. 1 hope I need
not tell him what will happen to the sensi-
tivity and selectivity of the set, and its in-
clination to image frequeney whistles on the
lower end of the dial, since the R.F. circuit
lost its selectivity.

The trouble with Mr. Buck is that he
tried to solve a problem having two varia-
bles when one of them should be known.
He should know that whenever there 1s a
problem with two variables, one dependent
upon the other, we can get a single-valued
answer for one variable, only if we accept
a definite value for the other variable. In
the case of superheterodyne alignment we
must accept a definite frequency for the
L.F. supplied by a reliable signal generator.

The aligning procedure gets more painful
and the accuracy more doubtful if he tries
to align the set by tuning to a direct signal
instead of its image.

I think he would be better off using a
reliable signal generator for all his align-
ments, and checking up on its frequency
from time to time by beating its signal with
some signal on the standard broadcast band
to make sure its frequency hasn’t changed.

Please forgive my frankness.

JOEL JULIE,
New York, N. Y.

PUTS MOODY ON THE CARPET
Dear Editor:

In regard to Mr. Willard Moody in Radio-
Craft for Feb. 41, page 452, he may be
serious, he may not; one thing is sure, he
is not consistent—he does not approve of
“letters from readers,” I wonder how he
would have had a chance to advise the Edi-
tor, and let the world see and know that he
did give such advice, if the Editor had not
given space for *letters from readers.”

For one of the many readers, the writer
wishes to thank the Editor for that privi-
lege. The letter of Mr. Earl Russell “Re-
garding Hearing-Aids” was certainly appre-
ciated as I am in the same boat with Mr.
Russell, and got a lot of information that
would have been missed if there had not
been any “letters from the readers.”

After all, it is their magazine—a maga-
zine for all the readers, “not just one”; and
what a privilege to know what others think
and do who have had experience. Experience,
what a costly school! And to profit from
the experience of the readers of this maga-
zine, what a favor!

That goes for the Editorials of Mr. Hugo
Gernsback, a Radio pioneer; no doubt, it
must go over the head of a novice, a tyro,
but I take it for granted all kinds of Radio
men read “R.-C.”-—engineers, those interest-
ed in Electrotechnies, inventors, etc.—must
derive a lot of hints and suggestions for
further development in the science of Radio.

There are other points for disagreement
with Mr. Moody, but this will take too much
space, and no doubt, others will register
their opposition to some of the advices.

Henry Louls TRUDEAU,
Danielson, Conn.
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| New Direct-Coupled FM - AM

AMPLIFIER MANUAL

’ By A. C. SHANEY

Chiet Engineer, Aniplifier Co. of America

For the Layman, Serviceman
Recordist and Engineer

Tegardloss of whether you are interested in the fimest
iype of phonograph reproduction, high fidelity recording,
ound-on-fiim  applications, FM or AM programs. you
i1l find invaluable fnformation fg this practieal handbook.
Written by the leading exponent of direct-coupled am-
| plifiers who has spent more than 10 years Impruving and
perfecting the famous Lofiin-White cireuit.

Explains the theory and practical application of:
Variable Speed Non-Overfoading Push-Pull Expansion
Non-Frequency Diseriminating Serateh Suppressien
Push-Pull Balanced Direct-Coupfed Amplification
Push-Pull High-FreQuency Equalization
Push:.Pull Low-Frequeney Equalization
Push-Pull Volume Compression
Automatle Volume Limltation
Automatic Volume Control
Callbrated v.U. Indicator
Audio Spectrum Control
Remote Control
It sou are interested in ihe latest audio developments.
you can’t afford 10 be without thls complete compllation
of authentic articles on_ Dirget-Coupled Amplifiers, 33
pages 817 x 117, Over 100 diagrams and filustrations.

Priced to Cover Cast of
Printing amie Mailing ZOC
Send Stamps or Coin

AMPLIFIER CO. of AMERICA

17 WEST 20TH STREET. NEW YORK. N. Y.

EVERYTHING
IN RADIO

find the Dati
known fdvoﬁog::JL{
the |owest possible

FREE CATALOQ
¥ today,

i3

1012:14 McGEE STREET, KANSAS CITY, MISSOURI

RADIO OPERATORS
WANTED =

The National Tefense Prosram 13 ereating In-
numerable openlngs for Commeretal Radie Oper-
alors—Now is the tlme te capitatlze on your radlo
training and experience by obtaining & Commerciai
Tiadio Operator's License and taking advantage of
the many opportunitics presented. My recent pub-
Jleation "RADIO OPERATORS' LICENSE GUIDE’
has been especially prepared as a Gulde for those
radio men having the necessary training and ex-
pericnee but who are unaware of the exaet require-
ments for a Commercial Radio Operator’s License—
Containineg over 1,250 tuestlons and answers to the
new t¥ne cexamibations. it will €nable you to suc-
ecssfully pass the examinations.

Only $3.00 Postpald--Send check or Money Order.

WAYNE MILLER

205 West wacker Orive
Chicago, Illlnols

e —_—
S S——— jr—
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. . . . Eternal Vigilance
must be owr watchword
against radio subversion

T is a well-known fact that history tends to repeat itself in more
ways than one. Rm‘ht now we find ourselves aguain in a similar
position to that in 1915 when we were not at war with Germany
—yet German agents were active to the detriment of the

country then, as they are now.

Prior to World War I, the then German Imperial Government
had planted on these shores a number of radio stations which
ostensibly were for commercia! purposes only, but were later
proven to be violating the laws of this country by committing
unneutral acts against the United States.

The United States, at that time, took over the German wireless
stations at Tuckerton and Sayville, Long Island, to prevent un-
neutral messages from being sent to Germany.

In an Editorial, entitled, “Sayville,” in my former magazine, The
Electrical Experimenter for August 1915, 1 took pains to show
how masked and disguised messages could be sent out, violat-
ing our then neutrality. My reasoning was violently objected to by
the head of the Sayville wireless station, the well-known Dr. K. G.
Frank. For the record, I reprint elsewhere in this issue (*), the
exchange of letters that took place at that time. The arguments set
forth by Dr. K. G. Frank are exactly those used by present-day
German officials; and the tone and attitude was the same in 1915,
as it is in 1941. Dr. Frank was later proven to be the active United
States head of the German Information Bureau (Secret Service)—
now the Gestapo.

Through the vigilance of some self-appointed Anierican inves-
tigators—old-time wireless operators—who made phonograph rec-
ords of the Sayville transmissions at that time, the United States
Government became convinced that the two stations were used for
illegal purposes and promptly took them over.

In those days there was no broadeasting. All traffic had to go
out via dots and dashes. The spoken word was not then broadcast.
It should be noted that present subversive activities of the Axis
Powers are much more thorough, less crude and infinitely more
subtle. It is of ?aramount importance today that information
regarding much of our defense activity should not reach the Axis
Powers; the more delay that can be interposed to important news
reaching the Axis, the better it will be for our welfare. Information
if it i8 to he of wuse at all, must he transmitted with reasonable
speed. As far as the United States and its geographical position is
concerned, thiz can be accomplished nowadays only by means of
cable, radio or telegraph. Technically, this country at this writing
is not at war with tge Axis, yet our defense activities are of
terrific importance to the Axis partners. Eternal vigilance to keep
information from going out, either by radio, cable or telegraph,
must be the watchword from now on. Since the advent of radio
broadeasting, conditions have changed and the “radioboteur”—the
Fifth Columnist-—who is active, will use the utmost ingenuity to
get important information through. It should not take an Edgar
Allan Poe to devise effective schemes as to how our radio broadeast
stations can be misused to transmit such information. which on
the surface looks innocent enough. It should always be borne in
mind that the United States, at the present time. is wide open and
it is comparatively easy to get vital information out of the country.
To the North of us the chances are slim, because Canada being at
war, probably stops most subversive mtelllgence Qur eastern and
western coasts are not quite so safe, because radio transmitters
placed at isolated points on our coasts can easily transmit short
wave radio messages to Europe, or Asia, with outfits that can be
placed in automobiles or trucks and moved about whenever neeces-
sary. That, of course, is the obvious thing, hence, the smart “radio-
boteur” will not use it, except when no other avenue is open. It
is dangerous and will become more dangerous to foreign agents
as time goes on. This will be made clearer below.

The hot spot in the United States, at the present time, is our
southern border. Information can get across this border easily. It
ean even be telephoned or telegraphed to Mexico, thence cabled, or
radioed, across the oceans if necessary. It is here where our Govern-
ment will have to be more than careful and more than watchful,
and it will be a task of the first magnitude to prevent messages
from leaking out in this direction. While on the surface it looks
hopeless, it is not quite as difficult as it might appear, because there

{#) See Page 687,
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RADIOBOTAGE

By the Editor — HUGO GERNSBACK

are several methods, which need not be discussed here, to effec-
tively stop messages of this type.

There are other means whereby Fifth Cotumnists. and foreign
agents, can disguise information in more subtle ways which are
not immediately apparemt. There are a number of foreign-lan-
guage stations in this country, which to the writer’s mind, should,
at the present time, not he atlowed to broadcast in such languages.
I know I will be assailed vigorously on this point by those who
operate such stations, but I insist that while they might have a
purpose in peace times, they have no purpose at the present dan-
gerous period through which we are passing.

You do not have to be a master of ingenuity to invent a number
of simple and easily arranged codes which ean be sent out over
these—and for that matter any other broadeast station—by foreign
agents who pose as entertainers. Popular songs, even ordinary
music, can be arranged in such a way as to convey certain mean-
ings. You have often witnessed the so-called “mind reading” per-
formances where simple words or questions are asked by one
performer, while the “mind reader” immediately tells you what
object his partner has touched. Inflection of the voice, certain
word combinations, etc., all can be made into effective codes. The
same thing is true of musxc whether it js a piano or violin solo.
It can be done so et}”ectlvely that even the owners of the station
would not be aware of what is going on. What good you say, are
such iasked codes? Of tremendous importance, for the simple
reason that a number of listeners can take down and decipher the
code and then pass it on by radio, or by other means, over the
border and across the oceans. You might say, “Why go to the
trouble of doing all this?” “Why not use the cable or similar
methods ?”" The point is that it is more difficult to do it by cable,
because certain word combinations arouse suspmmn whereas radio
broadcasts by voice, singing or instrumental music appear harm-
less and the perpetrators run less chance of apprehension,

We note, therefore, with great satisfaction that our Govern-
ment, through the Federal Communications Commission, has set
aside recently. $1,600,000 to aid in national defense. Plans have
been made for the establishinent of listening posts to record,
translate and analyze foreign shortwave broadcasts in this coun-
try. While records have becn made before of foreign shortwave
broadcasts for various Government agencies—Departments of
State, Agriculture and Justice—the Government never had under-
taken any study of them on a large scale. Now, for this purpose,
the field service is adding about 40 trained men to its staffs at the
stations from which the work will be carried on. These men, with
the cooperation of the existing staffs, will now eonduct a 24-hour
watch to find and record programs which might be of interest. The
recmds will be sent to Washington, where the headquarters and
main staff of the new division will be located. Here a force of
more than 300 technicians, translators. clerks, propaganda analysts
and other experts will translate them into English and study
them to determine their iinportance.

Up to the present time, various studies have been made chiefly
by private propaganda-analysts and patriotic organizations; and
broadcasters as well as private investigation groups will be asked
to cooperate. The Commission plans to supervise radio broadcasts
more carefully in order to tighten control. Thus., for instance,
additional men are working on momto,r. or listening stations which
have been tracking down an increasing number of illegal stations.
The Federal Communications Commission has already a number of
mobile 1adw listening posts and their number will be greatly
increased in the near future.

But, what is ireeded desperately right new is aetnal record-
ings of every United States station of every broadecast emitted.
This in itself is an enormwous undertaking, as ¢an readily be
imagined, but in view of what I have said above, it will be found
necessary, without a doubt. While the danger of “radiobotage” is
not so great from network programs—due to the fact that these
usually are rehearsed and would, consequently, be stale by the
time they are actually broadcast—it is the smaller broadecast sta-
tions which are dangerous at this moment. They are chiefly dan-
gerous because subversive activity may go on, and no doubt has
gone on already, without the knowledge of the owners of the
stations. The quicker we close this, now wide-open door, the more
effective our Defense efforts will become.
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*THE RADIO MONTH IN REVIEW

The ““radio news” paper for busy radio men. An
wlustrated digest of the important happenings
of the month in every branch of the radio field.

AERO SIGNAL BLOCK
An "automatic block signal” system for airplanes
in flight has been perfected by radio engineers of
Transcontinental & Western Air, Inc. Miniature
planes {arrow) proceed along a track at a raie
proportionate fo keep pace with a plane aloft. When
the miniature plane arrives at check points the Dis-
gafch Office vadio man contacts the flight plane
y radio and then ''clears” it into the next block.
The miniature plane rings an alarm, if it arrives at
& check point before its airplane aloft.

Television made its debut as a new and powerful defense weapon last month
when |5 tachnicians of Allen B. DuMont Laboratories, in cooperation with U. S.
Army personnel, demonstrated its military uses, The photo at left shows how
the portable equipment was set up to view scenes of troop movements from
ambush and transmit them over an ultra-shortwave channel to receivers at

650

RADIO DETECTIVE!

Here's what the interior
looks like of an F.C.C.
“traveling radio detec-
tor'' for tracking-down
unlicensed radio send-
ing sfations. Hallicraft-
ers receivers are used.
This  innocent-appearing
car provides for record-
ing the unlawful broad-
casts, as well as deter-
mining their source by
means of its direction-
finding equipment.

ABROAD

EMY officers and civilian ob-

A servers recently returned

from Britain report that de-

velopment is progressing satisfactorily on

airplane detectors which utilize photoelectric

cells or “electric eyes.” Designed to coordi-

nate the aim of searchlight beams and anti-

aireraft gun batteries, they represent a new

hazard to night air-raiders, according to
AP reports last month.

Secret agents pf the Philippine constabu-
lary and Manila police last month arrested
one Japanese and held several others for
questioning, in a sudden raid, for possessing
an unlicensed radio transmitter and receiver.

A “target squadron” of 12 radio-controlled
airplanes soon will be in use, in Honolulu,
towing targets for U.S. anti-aireraft gun
batteries, UP reported last month.

Radio-diathermy instruments come with-
in the province of bans recently put into

effect jn Great Britain against unlicensed
radio transmitters. The war induced these
governmental restrictions.

Berlin's shortwave propagandist Lord
Haw-Haw, last month rebroadcast to Ameri-
ca a recording of a portion of a transcrip-
tion, broadcast a short time before over the
N.B.C. net. The airing had featured Senator
Nye during an N.B.Ci-Chicagoe University
Round Table Discussion program, the trade
newspaper ''Radio Daily” reported.

According to “PM,” it was this news-
paper’s “rather impish” suggestion that
Americans take Hitler at his word, when
he recently broadcast a request that Ameri-
cans send 25-word radiograms offering sug-
gestions for improving the shortwave pro-
grams to the United States. Until the news-
paper called attention to the potentialities of
the offer, 10 days after it was first made
only 1 radiogram for Berlin had been re-
ceived, it was reported; but before the
10th day was out, 4 telephone operators
had been added to RCA’s staff to handle
the resulting “witskrieg” (as another news-
paper put it). Total number of “sugges-
tions” was over 50,000, which cost Hitler
about $100,000, it was estimated.

FlMl

OW that Frequency Modula-

N tion has received the bless-

ings of the Federal Comamuni-

cations Commission, in the form of its OK

to “go commercial,” we look for meteoric

progress in this field. Station No. 1 on the

Honor Roll of commercial F.M. stations is

W47NV, owned and operated by WSM of

the National Life & Accident Insurance Co.
Nashville, Tenn.

A number of commercial F.M. stations,
by special permission, will continue to utilize
their experimental transmitters for a time
pending the arrival of higher-powered equip-
ment that have been delayed by manufac-
turers’ Defense orders.

Westinghouse Radio Stations, Ine., re-
ceived construction permits for 4 F.M. trans-
mitters, last month (no more than 6 are per-
ntitted under common ownership or control)
.+ . . movie makers have moved into the
FM. field with the application by Metro-

SCOUTING BY TELEViSION!

Headquarters and a dozen other points! The television camera was connected
by coaxial cable to a 25 watt transmitter in an army truck. The picture at right
shows the mobile 25-watt relay television transmitter out in a field, several
operating directly from the television camera and flashing a signal to the
main transmitter miles away. The operator is monitoring the video signals.
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*THE RADIO MONTH IN REVIEW ¢

PULLEYS

NICKEL
TUBE
VIBRATES
AT SUPERSONIC
FREQUENCIES /'

SKt BROADCAST!

A Ski-record breaker Torger D. Tokle is here shown in
prior to “"m‘i a new record last month, through a snow-storm, at Lake
the same time broadcasting over WGY and the N.B.C. net.

Placid, N. Y.—at

SUPERSONICS

The machine at right demonstrates chemical reactions under supersonic fre-
quencies at up to 300,000 vibrations per second, reported “‘Science Observer” »
M.).1 ch and €. 5, Ritter use a vibrating nickel
tube, A, which is actuated by driving and polarizing coils D and E, respectively.

magazine. M.L.T.'s Dr. W. C. Schumb

Goldwyn-Mayer for a econstruction permit.
+ .. The cost of FP.M. transmitters at pres-
ent lies between approximately $5000 and
$100,000. . .. Zenith Radio Corp. has signed
a 9-year lease with Chicago’'s 600-ft. Field
Building, which is to house this set-moker's
new 50 kw. station Ws1C. . . . The “New
York Daily News"” last month entered radio
via its application for a permit to construct
an F.M. station. . . . estimates pluce the
totgl of F .M. recciverg now in use in the
Metropolitan (New York) area at about
8,000.

A unique feature of F.M. is the fact that
all commercial stations in a given area are
required, by regulations. to provide a signal
of equal strength.

Here’s how the Big Cities stack up in F.M.
activity, by number of construction permits
requested (R} and granted (G):

City R G City R G
Philadelphia, Los Angeles,
Pa. 6 4 Cal. 5 1
Schenectady, New York City 18 7
N. Y. 2 2 Chicago 6 5
Providence, R. 1.2 0 Detroit 28 B2
Hartford, Conn. 2 2 Boston 3 1
Pittsburgh, Pa. 3 2 St. Louis 3 0

a preliminary jump H
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MICROPHONE made of

A frozen rubber is the subject

of Patent No. 2.231.159,

granted here to Erwin Gerlash of Berlin,

Germany. Electrodes on either side of the

thin insulating plate pick up the electrical

voltages it generates, much like the soft-

rubber, taut-diaphragm static-electricity mi-

crophone described in Radio-Craft, several

yvears ago, in which a membrane of stretched

rubber was shown to afford articulate speech
when arranged as a microphone.

“Uncle Don” wanted a vacation, so Uncle
Don obtained his respite from the usual
WOR stint for children by the simple ex-
pedient of leaving a week’s-work of tran-
scribed programs to carry-on in his absence.

At Rnutgers University, New Brunswick,
N. J., sound recordings ure made of speech,
a8 part of the technique in a new course
designed to improve stwdents’ voices for
dictating, telephoming, ete. An intercommu-
nicator between 2 rooms enables class moni-
toring, from loudspeakers, of study conver-
sations between gtudents.

WHEK-WCLE's program director last
month received something new in the way
of a fan “letter.” A fellow with an idea,
thought enough of his suggestion to make
a sound-on-disc recording of it, and to send

“AIRING' THE CANARY
& In a recent broadcast over the N.B.C, Blue net.
work, Dr. Orestes H. Caldwell {left) utilized the
special birdcage arrangement shown here to trans-
mit the heartbeat of a canary bird. The heart pulsa-
tions of the canary were picked up through its feet,
by a perch especially built by Brush Laboratories to
include a Rochelle-salt erystal pickup, and broad-
cast world.wide over N.B.C.s 50 kw. international

shortwave station WNBI.

©

WIRELESS 'PA"™

A cable-free microphone* last month made its »
official debut as an im:or"anO adjunct to public

address work, when the Federal Communications
Commission granted a construction permit to Guy S.
Cornish for his Station WBXWI, shown at right,
on 310 megacycles, It is proving an ideal solution
to the problem of announcing winners at sporting
events, etc., where use of a mike with attached

cable would be impossible or unsafe.

*Also sce ' ‘Wlreless® Public Address.”” Radlo-Craft,
Jun. ‘10
RADIO-CRAFT for MAY, 1941 :
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the dise to director R. W. Richinond. The
reverse side of the dise was blank for
“reply.”

A KDKA shortwave broudcast to England,
of a program which featured 25 British
refugee children, was recorded; it was then
sent to Boston, and there again broadcast to
England by shortwaves.

The actual sounds of aerial blitzkrieg, re-
corded in England during the worst air
raids lagt Fall, were dubbed into an Ameri-
can radio drame, last month, in the “Hospi-
tal on the Thames" broadcast over the
WOR-Mutual net. The sounds included the
chattering of machine guns in an aerial dog
fight over Dover, the din of *“pom poms”
during anti-aireraft fire, the frightexing
sound of ‘‘sercecher’” bombs, the sound of
air raid sivens, the welcome “all elear” sig-
nal.

The demands of Uncle Sam’s Defense pro-
gram ure beginning to pinch the toes of
manufacturers of sound-on-dise blanks. No
material to equal aluminum as a backing has
as yet been found, manufactiirers say. The
present recording demand for aluminum
totals about 500 tons annually.
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CUTTER TO BE
INSTALLED

MONITOR
SPEAKER

_ PLAYBACK

Front view of the P.A.- Radio - Recording Console as it looked in the process of construction (also note photo on cover).
Only the playback tuentable has been installed at this stage of the construction; and, the cover that encloses this equipment

on top of the consoie has not yet been put in position.

#ow to Luild ¢ Modern 30//5-Watt
P.A.-RADIO - RECORDING CONSOLE

Described here is a sound system incorporating the latest advances in circuits and
equipment for high-fidelity Public Address, 1adio reception, and sound recording and
playback. Complete construction details, including a specification list of components,
will be given in this multi-part article so that anyone with « reasonable amount of
technical ability may build it. This semi-portable P.A. - Radio - Recording Console
incorporates exceptional versatility in a comparatively small amount of space.

R. J. BERGEMANN, JR.

FEATURES

® One 30-wate high-fidelity Program ampli-
fier, 30-10,000 c.p.s., 1.5 db.

® Oune 15avart high-fidelity Auxiliary ampli-
fier, 30-10,000 c.p.s., *=1.5 db.

Independent electronic tone controls for
each amplifier.

Dial-speed recording and playback.
Extra turntable for use in “dubbing.”
Built-in monitor speaker.

Pravisions for crystal headphones.

Built-in T.RF. tuner with AV.C., diode
detection and visual tuning “eye.”

Talkback key for studio work.

® Persatile switching system (permitting
combinations of different portions of the

o

amplifiers for unusual effects, added
power, or measurement work}.

® Db, meter also reads volts, ohms.

® Provisions for talkback system {with

operaiion from remote points).

ANY Servicemen and sound tech-
M nicians are beginning to notice the

fruitful field of semi-professional re-

cording. While it is often possible to
add a basic recording mechanism to an ex-
isting amplifier, the results are never so
gratifying as when the constructor starts
from secratech. The instrument described
here will satisfy the requirements of yir-
tually all recording engagements regardless
of locatjon, and can be duplicated by a
careful experimenter at a ecost that is very
low in comparison to the merit and versa-
tility of the unit.

EQUIPMENT

The P.A. - Recording - Console, shown here
and on the cover of this issue of Radio-
Craft, comprises one 30-watt Program am-
plifier; one 1b-watt Auxiliary amplifier,
whose function will be described later; a
dual-speed recording mechanism, and an ad-
justable-speed playback turntable, with
lightweight pickups on both tables; a utility
broadcast-band tuner with diode detection,
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PART 1

A.V.C, and a tuning “eye”; a volume in-
dicator meter with calibrations for read-
ing in db.; a self-contained 8-inch moni-
tor speaker; crystal earphones, for moni-
toring when the recorder is used in the
same room that serves the function of the
studio, and the loudspeaker cannot be used
without feedback; completely variable tone
controls for both Program and Auxiliary
amplifiers; and, & new “poly-directionai”
dynamic microphone, adjustable to meet all
recording difficulties, yet compact enough
to be carried in the compartment which is
in the rear of the speaker.

Plans will also be included for construct-
ing portable bafles for 12-in. speakers to be
used in P.A. work. These baflles are especial-
ly designed for the P.M. dynamic loudspeak-
ers which have been selected for this Sound
System. Two of these speakers in the baf-
fles mentioned above, will handle the full
output of the Program amplifier for almost
all P.A. jobs.

WHY 2 AMPLIFIERS?

There are many arguments in favor of
including 2 amplifiers in the unit.

(1) Recordings can be made from one
amplificr while the other is used to am-
plify the sound for an auditorium or hall.
Since each amplifier has its individual tone
controls, the response of the amplifier sup-
plying the hall may be adjusted to reduce
feedback, without changing the tone of the
recording at the same time.

(2) The use of 2 amplifiers pernits a sim-
ple talkback system for use when recording
from remote locations or studios.

(3) Sound effects from a record source
may be fed to the studio over the Auxiliary
amplifier so that the performers being re-
corded may hear their cues.

(4) In the event of failure of one am-
MAY, 1941
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Top and (right) underside views of the chassis assembly of the P.A.-Radio - Recording Console. Drawings that make it easy to properly spot these com-

plifier, the other can be substituted by
simple front-panel switching.

(5) With 2 amplifiers, it is possible to plot
a frequency response curve on a loudspeaker
or microphone. To run a curve on a mike,
connect it to the Program amplifier and
place it in front of the monitor speaker, the
response curve of which is known. Feed the
monitor speaker with the Auxiliary ampli-
fier to which is connected the high-fidelity
pickup. Play any commercial 30-10,000 c.p.s.
frequency record, and record the meter

ponents will appear in subsequent Parts of this article,

Degeneration in the cathode ¢ircuit is used
to reduce the gain of the stage to unity
(1). Due to the very large amount of feed-
back necessary to reduce the 6F8G with a
gain of 14 to a stage gain of 1, the gain of
the stage becomes almost independent of the
tube gain, and largely dependent on the
ratio of the plate and cathode resistors. A
change in gain of 509 in the tube, would
cause only a 5% change in the gain of the
stage! Thus, the inverter tube maintains its
original balance. The degeneration would

readings from the Program
amplifier. By subtracting the
speaker’s curve, the curve

[COVER FEATURE |

also iron-out any distor-
tion that might be present
in the inverter stage.

of the mike's response will be obtained.

BLOCK DIAGRAM

A block diagram of the entire unit is
given 1n Fig. 1. A switching scheme allows
the various channels to be connected to
either amplifier. By connecting the ampli-
fiers before the master gain controls, it is
possible to use both tome control channecls
on the same amplifier. Thus, a mike may be
tone-altered for wunusual sound effects
while another is used straight at the same
time. A total of B channels is provided, 4
of which may be mixed. The lever switch
above each channel gain control switches
‘that control into either the Program or
Auxiliary amplifier.

The talkback switch connections are
shown in Fig. 2. In the upper position, the
monitor speaker is connected to the Pro-
gram amplifier. In the bottom position, the
monitor speaker is connected to the Aux-
iliary amplifier. In the middle position, the
‘monitor speaker is disconnected, and the
studio speaker is connected to the Auxiliary
amplifier. As shown in Fig. 2, the local mike
remains connected to the Auxiliary ampli-
fier, so to talk back to the studio; it is only
necessary to throw the switch from upper
to middle position, thus disconnecting the
monitor speaker, and connecting the studio
speaker to the Auxiliary amplifier.

The tone eontrol circuit is conventional,
using «egeneration in the cathode cireuit.
Special hum-backing chokes and special
tapered potentiometers are used. The bass
boost is 15 db, at 50 ¢.p.s., the bass attenua-
tion, 25 db. at B0 ¢.p.s. The *highs” control,
boosts 10,000 cp.s. 18 db,, or cuts 10,000
¢.p.s. 456 db. Frequency response curves are
given in Fig. 3. The tone control circuit
may be seen in Fig. 4.

The phase inverter circuit (Fig. 5} is
quite different from that generally used.

RADIO-CRAFT for MAY,

Since there is degeneration in the phase
inverter stage, the inverse feedback is placed
only on the power stage. The feedback is
accomplished through the 109 special feed-
back winding on the Thordarson output
transformers.

MONITORING

Crystal phones are used for monitoring
when a speaker would cause feedback. The
response of the phones is comparable to
that of the more expensive phones used in
broadcast stations, and it is therefore pos-
sible to get excellent recordings even when
a loudspeaker cannot be used for monitor-
ing.

The meter used for monitor level reading
is an inexpensive 0-1. ma. “foundation” me-
ter connected as shown in Fig. ¢ D.C. Both
Volts and Ohms scales are included. If the
builder incorporates these, he will need no
other instruments to check and test the fin-
ished recorder. To accurately calibrate the
meter for reading relative as well as actual
db. is not very difficult.

Using the 10-volt A.C. scale and arbitrari-
1y calling 1 volt “0 db.” every reading will
be a multiple of the reference level. Now
watts equal E*/R, and for a constant re-
sistance, watts varies directly as E*. There-
fore, the reading of the meter, squared,
will be the change from the reference level
in terms of power. The log to the base 10
of the power increase, tinies 10, will be the
inerease in db.

For ‘example: suppose that the meter
reads full-scale. That will be 10 V., or 10
times the reference chosen. The power in-
crease is therefore 100, Ten times log, of
100 is 20, and the gain is therefore 20 db.
This is an arbitrary scale used for making
frequency runs. Using the 100-volt range,
across the 500-ohm line, add 15.2 db. to all
readings if you want the db. above 0.006-
watt reference level. Thus, full-seale deflec-
tion on the 100-volt range would be 20 db.
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(the db. scale reading) plus 15.2 db., or 35.2
db. above 0.006-watt reference level. In-
cidentally, full-scale detléction on the 100-
volt scale across 500 ohms, indicates 20
watts, and so this scale will probably be
used most in P.A. work.
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At the present time, both amplifiers are
completed, and curves are shown in Fig. 3.
Recordings have been made with excellent

response characteristics, We are waiting
for a new dual-speed mechanism to arrive
before completing the cabinet. In a forth-

coming issue of Radio-Craft, complete con-
struction details and instructions on re-
cording will be given.

GENERAL COMMENTS

The advantage of the electronic tone con-
trol lies in the fact that either end of the
audio spectrum may be accentuated instead
of merely being attenuated, as the majority
of tone control circuits do. With the use of
this control it is possible to emphasize bass
and/or brass in recording and reproducing.

“Dubbing,” or the adding of material to
an existing record, is accomplished by plac-
ing the existing record on the play-back
turntable and copying to the recording turn-
table while blending the microphone with
the pickup. Since both turntables are dual
speed (one is adjustable), it is possible to
test at the slow speed, thus saving on record
cost, It is also possible to ¢copy and dub
from one speed to the other.

The T.R.F. receiver incorporated in the
unit was expressly designed for “off the air"”
recordings. Although used primarily for
local stations, the R.F. gain is sufficient to
receive most of the smaller stations. Auto-
matic volume control was included to pre-
vent fading during recording. The tuning
eye insures accurate tuning.

CASE HISTORIES OF P.A. SALES

No. 13—Hi-Fi Sound For Old Sets

OPERATE a snall radio service shop, and

recently have started public address work.

On August Tth, one of my customers
dropped in to say “Hello” and the subject of
high-fidelity sets came up. [He seemed inter-
ested in the possibilities of improving his old
set, and building an amplifier for his record
player, which I told him I could do. I guoted
him a price of $50 for the complete job
which he OK-ed.

I next purchased a 10-watt amplifier kit
from a local manufacturer, Phelps-Dodge.
The amplifier employed the following tubes:
6J17, 6C5, 6A5s in push-pull, and an 83 recti-
fier. The amplifier had a resistance-capacity
coupled 1st stage which fed into a trans-
former-coupled push-pull output stage. The
anplifier had a gain of 85 db. and a fre-
quency range of 40 to 15,000 eycles within
2 db. It also had a volume control in the
input circuit of the 6J7 (which is self-biased
with Mallory cells), and a tone control in
the plate circuit of this same tube.

I was busy thumbing catalogs to find a
suitable speaker when my customer phoned
to tell me that he had decided on the new
Jensen speaker, Hi Fidelity model PM-15,
which the day before we had discussed using.
I used a special matching transformer, for
the output .of the amplifier. The speaker,
a 15-in. permanent-magnet type, I mounted
on a 5x6 ft. baffle made of 3i-in. Celotex.

As the original amplifier called for a
dynamic-type speaker I had to substitute a
filter choke in place of the field. The pur-
pose of the installation was to provide a
means of obtaining finer quality from an
old AK-80 radio set; and also, to afford a
means of operating a record player and of
using a crystal microphone.

In order to save time in making connec-
tions for these 3 services I wired the input
circuit to 3 closed, single-circuit jacks and a
3-point single-deck rotary switch. The arm
was wired to the input of the amplifier, and
one side of the jacks to each of the taps on
the switch. The other side of the input and
the jacks went to ground.

To remodel the receiver I disconnected
the lead from the plate of the detector tube
and connected a single shielded wire which
plugged into the proper jack.
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This amplifier was chesen because it was
reasonably priced and had sufficient gain.
1 could then allow more money for a good
speaker. As it turned out, he went over the
original price, when he requested the Jensen
speaker.

Now came the moment I waited for the
first test. The radio set played fine through
the amplifier, but when I switched-in the
record player there was a decided hum. I
suspected the player, so I remounted the
niotar on a suitable piece of Masonite which
gave a nice appearance to the player and,
with the placing of a 0.1-mf. tubular con-
denser of 400 w.v. from ground to one
side of the line feeding the player 110 V.
A.C. line this eliminated the trouble. Micro-
phone gave no problems and worked fine.

The complete installation cost as follows:

Phelps-Dodge type HF-11
foundation amplifier kit........... $17.60

Tubes, condensers, resistors, jacks,

plugs, Yaxley rotary switch, etc... 23.00
Bafleboard ........................ 10.00
Jensen type PM-15 speaker ........ 42.00
Thordarson type 58F72 output trans-

former ............... ... .cca..n 4.00
Inca D-25 filter choke .............. 3.00
Universal crystal mike type 15-MM,

stand, cable, plugs .............. 32.00

TROTRL bt parontieds i rmiindi o it o s shohd S $131.60

plus 35 for labor.

$131.60 list price
78.96 net

$562.64 profit

Well that’s the business, not bad for 3
days’ work. Sure wish I'd entered public
address work sooner.

FREDERIC URLAN DILLION,
Hollywood, Calif.

Mr. Dillion’s prize was 5th in the jth Sec-
tion of the £4,000 P.A. contest “R.-C.” spon-
sored at the beginning of last year.
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WHEN RADIO WAS A BABY

Being the Recollections of the Old Days
of Broadcasting

Broadcasting was a rough and tumble
business around the small radio stations a
decade or so ago, with the spirit of the fun-
loving Rover boys riding high, recalls WOR
announcer George Hogan. George remem-
bers the days back in the late 20’s when he
worked at a small Midwest station, before
broadecasting became a big business. . . .

. .. When trying to break up an announcer
while he was on the air was the favorite
indoor sport, i.e., shooting a water pistol
into an announcer’s mouth while he was
talking, turning on the electric fan and
scatterifig his script . . . pouring water on
his head . . . undressing an announcer be-
fore the mike.

... When programs used to run eighteen
or twenty-five or thirty-three minutes.
... When small town sponsors were so
thrilled at the idea of being radio sponsors
that they came up to the studios every night
to watch their broadcasts and took the
whole cast out to dinner afterwards.

. . . When every little one-lung station was
a training ground for talent and developed
everything from hillbillies to classical or-
ganists,

. .. When listeners called the station to
ask what color eyes a singer had, or
phoned-in to request a number.

. . . When listeners called up to say they
enjoyed the show, and to tell whosis that
he “sang especially well today.”

. .. When every movie and stage actor, big-
or small-time, who passed through town was
brought up to the mike to say ‘“Hello, I'm
so thrilled to be here with you.”

B e

SUPER-CYCLOTRON

The University of California last month
annownced it had received a gramt of
$1,150,000 from the Rockefeller Foundation
which, with en additional needed $250,000,
will make it possible to build a 100,000,000~
volt “supcr-cyclotron’ for the investigation
of atomic physics. The completed machine’s
ton beam will melt a building brick like a
blow-toreh melts a pound of butter.
MAY,
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“THE

SHAFTS IN

THE WORLD TO INSTALL!”

> TAP-IN
1oz, SHAFTS

S STAY
?“? PUT..

| and here s why!

IRC Tap-in Shafts won't slip
or vibrate loose. The shaft
socket is carefully gaged to
a standard Brown & Sharp
taper and the shaft taper is
accurately machined to such
a smooth, close fit that thesur-
faces are practically bonded
together when engaged by a
! few taps of a hammer. This
taper-socket principle is
standard practice in machine
tool work— from screw ma-
chines to giant lathes—where
culling tools for high speed
or rugged work inust be held
securely in place.

This isn't our verdict . . . it's the verdict of thousands of
servicemen who have found the Tap-in Shafts of IRC Type D
Controls the answer to countless problems. They save your time
—they save you money. Tap-in shafts make it possible to handle
the big majority of all replacements with only a small stock of
controls. They frequently enable you to use a standard Type D
Control instead of a more costly, hard-to-get “'special.’” Flats
are easily located in any desired position. Shafts can be inserted
afterthe control has been installed. It's unnecessary to remove
other parts when making an IRC replacement in a crowded
chassis. Once inserted, and tapped solidly in with a hammer,
the shaft is there to stay. You don't have to fiddle with lock
washers to hold it in place.

Don't fail to examine Type D Controls the next time you visit
your distributor . . . and be sure to ask him about the IRC
Master Radiotrician’s Control Cabinet with its stock of only
18 Type D Controls, 6 switches and
5 special Tap-in Shafts that handle
from 609 to 759, of all replacements!

NEW DOUBLE-FLATTED TYPE “A"” SHAFT i rovien  snat position

> =

inkeob requiz- inknob requir

EL'M'NATES INSERTS and FILING 77372 fer  ing 152 et

Here's the answer to simplified fitling
for all knobs. No more . bothersome
metal inserts necessary . ... shaft filing
eliminated for all 4" or *4" standard

ey B ‘o Lt How shaft is Only edges of

flats . . . easier-to-cut to length, 100. positioned for shaft are filed
set-screw knob. foroddtypes.

IRC TYPE D UNIVERSAL

VOLUME CONTROLS

INTERNATIONAL RESISTANCE CO., 401 N. BROAD ST, PHILA., PA.
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~ SIMPLE AMPLIFIER STAGE WITH METERS
FOR DETECTING D'STORTION ~

MEASURING DISTORTION
IN AUDIO-FREQUENCY AMPLIFIERS

In the following article (reproduced from “The Aerovox Research Worker” by cour-
tesy of the publishers) the elements of qualitative analyses of A.F.-amplifier fre-
quency distortion, as commonly applied by sound technicians, are mentioned. The
more precise methods of making quantitative analyses are then described at length.

tion in a elass A audio-frequency ampli-

fier stage may be made, as shown in

Fig. 1, by applying a signal voltage of
proper level to the input and inspecting the
circuit for one or all of the following abnor-
mal conditions:

THE simplest qualitative test for distor-

(a) Presence of D.C. grid curvent.
{b) Fluctuation of the D.C. plate cur-

rent.
(¢) Fluctuation of the D.C. cathode
voltage, if the circuit employs

cathode vesistor bias.

Each of these indications generally oe-
curs in a positive direction, and each will
disappear upon removal of the signal. It
must be borne in mind, however, that this
method is purely rudimentary in nature and
serves only to detect the presence of distor-
tion. One or two of the indications may be
absent, depending upon the main cause of
the trouble.

QUALITATIVE TESTS FOR DISTORTION

The 3 simple indications are well known
and frequently used by Servicemen and
P.A. testers who have no equipment suit-
able for making quantitative distortion
measurements, but must, in the course of
routine testing, localize distortion without
reference to the actual per cent harmonic
energy present.

The cathode circuit effects noted above
are due to fluctuations in the voltage drop
across the cathode resistor, occasioned by
variations in the D.C. component of plate
current. The current indicated by the plate-
circuit milliammeter is the average value of
the fluctuating “signal” plate current, is
identical with the D.C. component, and is
the current that produces the cathode re-
sistor drop.

These facts may be better comprehended
when it is remembered that the fluctuating
signal plate current (Fig. 2) is an alter-
nating current, corresponding to the signal,
superimposed upon a direct current. It will

656

be evident from the fundamental relations
of this combination that the average value
of plate current, as indicated by the plate-
¢ircuit milliammeter, will be constant in the
contpany of the alternating component un-
deyr distertionless operating conditions.

Figure 2 is a graphieal representation of
signal plate current. lere, I .. is the
maximum value reached by the fluctuating
plate current; I_ the zero-signal value;
1., the minimum value. From these values,
it may be shown that the per cent 2nd-
harmonic content (often the most trouble<
sonie distortion factot) is equal to:

Y2 (Im:n(. P lmln.) _Iu.
—— X 100

Imnx . Imln.

Quantitative methods of checking distortion
are harmonic analyses, and are concerned
with measurement of the actual amount of
energy present in each separate harmonie
of the signa! frequency (or in the total har-
monie content) and establishment of per-
centages with respect to the fundamental
frequency. The most representative meth-
ods employed in wave analysis and the
apparatus necessary thereto will be de-
scribed presently.

OSCILLOSCOPIC METHOD

The cathode-ray oscilloscope is notably
useful in the observation of wave shapes.
When the horizontal plates of the ray tube
are energized by a sawtooth-wave sweep-
oscillator-amplifier circuit to furnish the
linear time base, and a signal voltage which
it is desired to observe is applied to the
vertical plates through a substantially flat-
response amplifier, the cathode-ray trace
will be an exact reproduction of the wave-
form of the applied signal voltage.

An audio-frequency amplifier may be
checked for distortion with the osmlloscope
in the manner illustrated in Fig. 3. At A is
an audio oscillator possessing an output
voltage waveform of known purity, B is
the amplifier under test, and C is an oscillo-

RADIO-CRAFT
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TO AMPLIFIER OUTPUT

~ WIEN BRIDGE —

scope having horizontal and vertical am-
plifiters with substantially flat frequency re-
sponses. The units are connected in the
order shown.

It is the purpose of the oscillator to supply
a signal of as pure waveform as practicable
to the amplifier, and that of the oscilloscope
to reproduce the wave-shape of the signal
after it has passed through the amplifier.
In order that as little distortion as possible
be introduced by the instruments them-
selves, the oscillator used for such a test
must be of exceptionally high quality and
the amplifiers in the oscilloscope must
possess an excellent frequency characteris-
tic. Likewise, the oscilloscope sweep circuit
must be uncompromisingly linear in its
characteristic.

If the amplifier had no distortion at all,
the signal it delivered to the oscilloscope
would be an exact reproduction of the
input signal waveform. This is never en-
countered in practice, however, the most
efficient amplifier arrangement being beset
with the distortion characteristics of its
tubes and other components.

For observations, a perfect sine wave (or,
better still, a tracing of a single eycle from
the test oscillator) might be inscribed on the
transparent viewing screen of the oscillo-
scope, and signals from the amplifier
matched to this pattern to discover varia-
tions from the original shape due to am-
plifier distortion. In making such a test, it
would of course be necessary to adjust both
oscilloscope amplifier gain controls in such
manner that the maximum amplitude and
width of the signal trace coincided with
those dimensions of the inseribed pattern.

With the low percentages encountered
with most well-designed amplifying equip-
ment, it will be difficult to estimate the per-
centage of harmonic content from the re-
produced wave-shape, in the oscilloscopic
method, unless the operator makes use of
the transparent screens furnished by some
oscilloscope manufacturers for the purpose.
These screens carry printed patterns of
single cycles corresponding to the shapes
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obtained {variations from frue sinusoidal)
with various low percentages of distortion.
Severe cases would result in images similar
to Fig. 4 which 1s an exaggerated repre-
sentation of pronounced 3rd-harmonie con-
tent.

FREQUENCY BRIDGES

Certain bridge circuits, notably the Wien
bridge (see Fig. 5) can be used for the
identification of frequencies in the audio-
frequency spectrum. If an alternating volt-
age is delivered to the bridge circuit, the
latter mnay be adjusted for a null at that
particular signal frequency, The null point
would not hold for the same voltage of an-
other frequency. Thus, the adjustable ele-
ment of the bridge might be calibrated to
read directly In cycles/second.

The Wien bridge in its most useful form
for this purpose would have its constants
30 chosen that the ratio arm, R, is twice
the ohms value of R, the condensers C
and C, are equal in capacity, and the 2
simultaneously-adjustable resistance legs, R,
and R, are at all positions equal. Under
these conditions, the frequency of the im-
pressed voltage at null would be equal to:

1

2aRC
Where:
Frequency is in cycles/second,
R is the resistance of R, or R, in ohms
C is the capacity of C, or C, in farads.

Since the bridge may be balanced for only
one frequency at a time, it would appear
that any residual voltage indicated by the
vacuum-tube voltmeter, M, at null would be
due to some other frequency or frequencies
(such as harmonics of the fundamental).
And this harmonic voltage would be due to
the total of harmonic voltages present. As
such, the bridge might be connected, as
shown in Fig. 6, to the output circuit of an
audio-frequency amplifier which is passing

a signal from a high-quality audio oscillator,

While the device might be used as shown |
as such a harmonic totalizer, the percentage |
total harmonic content with respect to the
readings of the meter before and after null |
would not be reliable, nor would its error be
uniform for all frequencies. These facts
are due to the peculiar nature of the bridge
to attenuate various harmoniecs unequally.

Another popular type of bridge harmonic
totalizer (due to *U.T.C.) is shown in Fig. 6.
Here, 3 legs of the bridge. R.. R, and R,
contain pure resistance, while the 4th leg |
contains the shlelded parallel resonant cir- |
cuit, L-C, which is resonant at the test fre-
quency. The transfornier, T, like the one
shown in the bridge previously desecribed,
must have an excellent frequency char-
acteristic. |

At resonant frequency of L-C, the induc- |
tive reactance of the tuned circuit equals the
capacitative reactance, the former is can-
celed by the latter, and the bridge balances
as if all 4 legs were pure resistance. Any
voltage applied by the circuit to the vac-
uunt-tube voltmeter is then due to har-
monies of the test frequency {and it is
assumed that these harmonics have been
delivered to the bridge by the amplifier un-
der measurement).

in operation, the double-pole. double-
throw switch, S, is thrown to position 2 and
the bridge balanced with the assistance of
the vacuum-tube voltmeter, M, as a null
indicator. The reading at null (due to har-
monies) is recorded. The switeh is then
thrown to pesition 1 and R, is adjusted un-
til the meter gives the same reading (as
before at null). The following ecalculation
may be performed to determine the per

*United Transformer Corp.
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15 WATT AMPLIFIER.’10" GIVES
3100 HOURS Co#inuous SERVICE

—AND STILL GOING STRONG!

® EXTRA HEAVY CHASSIS

® COMPLETELY SHIELDED

® ALL OVERSIZED COMPONENTS

® SIX TUBE CLASS A PUSH-PULL
e FIFTEEN WATT OUTPUT

® THREE INPUT POSITIONS
2 Microphone. [ Phono Input

® 2-4-8-500 OHM OUTPUTS

® HIGH GAIN, WIDE FREQUENCY RESPONSE

e CONTINUOUS, VARIABLE TONE CONTROL
® FOUR STAGES OF AMPLIFICATION

e TUBE LINEUP 1-68J7, 2-SC7. 2-6N6, 1-83V

& OPERATION OXN 110-120 Volts, 50-60 CYCLE
e LIST PRICE $2(50-—-YOUR COST ONLY

§10.75 (less tubes)

letter and many
others like it prove that yotut need
not pay high prices te get High
Quality.

A COMPLETE ALL-PURPOSE §
SOUND SYSTEM FOR ONLY 325—0'

The amplifier described above may be purchased alone

or as part of the Complete TokFone Sound System.

Here's what you get: LIST PRICE
15 watt Amplifier as Qescribed . $24.50

BUY THE BEST FOR LESS!
Don’t let our low price fool you!
\\I’_l;‘en you bui a TOR(F[‘}KQL {"I‘T.
plifier you're .
piifier you'te buying Q FOR AMPLIFIER

2 12” Speakers @ $7.50 each . 15.00
2 Wooden Speaker Baffles @ $10.00 each 20.00
i Crystal Microphone with Desk Stand 12.50
I Kit of 6 Matched Tubes 9.30

TOTAL $81.3)

For amplifier sureen cover add $2.25

MAIL COUPON TODAY!

CHECK THESE FEATURES

Less Tubes F.0.B., N.Y
(Kit of Matched Tubes

FPE L LR PP R L LY LY L L L L LY TP

add $4.50)

Regal Amplifier Mfg. Co.
16 West 17th St.
Nzw York City

&end me . 15 watt ampllflers at §10.7
{less tubes)

Send me 15 watt sound -systems @
$32.50 Uess tubes)

Send me kits of .matehed lubes @
$4.50

Send me scre¢n covers @ §2.2%

Send me tomplete illustrated catalog and prige list.
Name

Addres

Rrate
EEEEEESEEDGEEDEDSEESSSSESSE S

-

cent of total harmonics from this operation:

R
% H 100

R

or:

A dial indicator attached to the potenti-
ometer R, may be calibrated dirvectly in these
percentages.

FILTER-METER

A very efficient method of measuring
total harmonic content in the signal de-
livered by an audio-frequency amplifier
makes use of the arrangement employed in
the distortion and noise meters found in
broadcast stations. (See Fig. 7.)

In this arrangement, the signal from a
high-quality sine-wave audio test oscilla-
tor is fed into the amplifier under test. The
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amplifier output is connected to a high-pass
filter which removes the test frequency but
leaves all of its harmonics.

The actial voltage due to the harmonics
is then measured by means of an attenuator
and vacuum-tube output voltmeter. This
measurement is one of total harmonic dis-
tortion, but it is entirely possible to ar-
range additional flat-response amplification
with various high-pass filters to remove
the various harmonies singly along with
the fundamental.

WAVE ANALYZER

The wave enelyzer, a highly-developed
and refined form of heterodyne vacuum-
tube voltmeter, provides the most ad-
vanced, accurate, and complete means of
measuring amplifier distortion by determin-
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PROOF

of your money’s worth

when you get RCP
TEST EQUIPMENT

RCP

MULTITESTER
AC-DC
Model 446

5g%

Five range DC voltmeter 0/5/50/250/500./2500

Four range DC milliammeter 0/1/10/100/1000

DC Ammeter ¢/10

Four range AC voltmeter 0/10/100-500/1000

Three range chmmeter 0/500/100,000/1 Meg.

Four decibel ranges—8 to 15/12 to 35/26 te
49/32 to 55

Qutput meter—eame as AC voltmeter

Actually, it’s the equivalent of 25 different in-
“struments in a single case! Professional appear-
ance, quality and performance put Model 446 in
a class with testers selling for twice its cost.

You'll find BIG VALUE—LOW FPRICE a feature
of all RCP Test Equipment.

RCP'S COMPLETE LINE is

described in Catalog No. 124.

Send a posteard for Your free
conry todayv.

RADIO GITY

PRODUCTS CO., INC.
88 PARK PLACE - NEW YORK, N.Y.

BASIC

RECORDER

AND PLAYBACK

Made by nationally known manufacturer. Has

Astatic L-26-W erystal playback pickup. Shure
9614D cutting head. 4.2 ohms impedance at 400
¢ycles. Cuts up to 10, Plays 12” records. Mounted
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ing the various harmonie voltage magni-
tudes. The instrument is tunable to the
fundamental and any of a series of its
harmonics separately, so that waveforms of
considerable complexity may be investigated,
At the same time, measuremerts of hum
and noise amplitude are made available. In
effect it is a highly selective electronic volt-
meter,

The representative wave analyzer (Gen-
eral Radio) receives the signal to be in-
spected through an input channel embrac-
ing an input muyltiplier, amplifier, and pad
(see the functional block diagram of Fig.
8). The frequencies accepted by the input
channel lie in the range 20 to 16,000 cycles
second—the entire common audio-frequency
spectrum, A local heterodyne oscillator
stage supplies heterodyning voltage of such
frequency variation that throughout the
signal input range, an intermediate fre-

quency of 50 kc. may be produced. The dial
controlling this oscillator is graduated in
the frequencies admitted by the input
channel.

The fixed-frequency 50 ke. 1.F. channel
is extremely sharp, containing 3 quartz
crystals and is preceded by a balanced
modulator, the output of which contains the
upper and lower sidebands obtained from
the heterodyning process. The carrier is
suppressed. The superselective I.F. channel
is followed by a 50 ke. amplifier and the
indicating instrument.

In operation, the wave analyzer is tuned
to the fundamental test frequency and
then to the successive harmonies to an ex-
tent determined by the amount of frequency
tuning range between the fundamental and
the 16-kec. limit of the dial. The harmonic
amplitudes are indicated directly by the
meter.

=—

BROADCASTING

Now that station WLW has been booted
out of first place among high-power stations
of the world, by being denied the right to
put 500 kw. on the air, Mexican station
XEW probably will move in with an an-
tenna power rating of 250 kw., according to
Broadcasting magazine reports. This Mex-
ico City station will lay down a very strong
signal over a wide territory on 900 ke.
(after shifting from 890 k¢.). The question
of super-power apparently will not take
“no” for an answer, what with F.C.Com-
missioner Fly admitting that power in-
creases have been considered from the
standpoint of affording better national
coverage as aid in the defense program. In
this connection it is interesting to note that
N.B.C. figures that the beam operation of
50,000-watt international broadecast stations
WNBI and WRCA, both in Bound Brook,
N. J., makes them equivalent to 500-kw.
non-directional broadeasters.

Mr. Winchell, could you spare one of
your orchids for Dave Elman’s priceless
“Contact” program? He really does bring
together business people, friends and fami-
lies that have made great efforts and even
spent fortunes in unsuccessful attempts at
coalition,
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A suburbanite solved the problem of how
to get the numerous birds in his local
woods to sing, mornings. Turning on, full
blast, a portable radio set tuned to WOR's
Sunday morning airing of the “Singing
Canaries” did the trick.

Radio broadcasting sometimes takes time
out to play the part of a Good Samaritan.
Last month, for example, KDKA learned
the latest word on a situation which had
developed from a broadeast of several
months previously. It all started when Mrs.
Jean Bichier, a French refugee living in
Rock Ridge Baths, Virginia, wrote to Mr.
Ralph W. Harbison, president of the Na-
tional Council of Y.M.C.A. whose program
had included a detailed description of life
among prisoners of war in Germany. Mrs.
Bichier asked Mr. Harbison whether he
could find out anything as to the where-
abouts of her husband, her inquiries in
other directions having been fruitless.
Well. what with the combined help of the
Y.M.C.A.,, and the International Red Cross,
Mrs. Bichier’s husband has been located in
a German military camp, and letters are
now being exchanged.
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is as important to sound amplifier prac-

tice as it is to receiver testing. Only a

true dynamic test will indicate fune-
tional disorders in an audio system. When
an anplifier is checked under actual oper-
ating conditions, the quantitative data ob-
tained give a true picture of performance
and bares defects in design and components
that no other type of inspection could
reveal as quickly and definitely.

A full dynamic amplifier test, such as will
be described in this article, is in every re-
spect identical with the system of engineer-
ing measurements performed by the audio
design engincers and production checkers
who create amplifying equipment. A com-
plete inspection of any power amplifier,
whether operating normally or below par,
will embrace each of the painstaking meas-
urements ordinarily made only in the fac-
tory laboratories. The P.A. Serviceman who
learns and applies the methods of dynamic
audio testing will be able to offer bona fide
engineering service and will profit accord-
ingly. Various amplifier ills that baffle his
colleagues will no longer present a mystery
to him.

The man who masters dynamic testing
will be able to offer a routine inspection
service to owners of every type of ampli-
fying equipment, a profitable service which
is invaluable in that it detects the breaking
down of tubes and circuit components some-
time ahead of actual failure. At the same
time, he will be equipped to inspect new
audio equipment for prospective customers,
appraising the worth of competitive units.
His advice will be invaluable because it
will. be based upon engineering measure-
ments.

THE principle of “Dynamic Servicing”

NATURE OF THE TESTS

Dynamic¢ audio testing is easily under-
stood. It is based upon the simple prineciple
of supplying an audio-frequency voltage of
known level and frequency to an amplifier,
or any portion of an amplifier and following
the progress of that voltage through the en-
tire system to the output speaker circuit.

660
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HOW TO MAKE DYNAMIC TESTS ON
AUDIO AMPLIFIERS

This article answers all the elementary questions of how

to make gain (amplification) measurements, derive fre-

quency-response curves, and check for distortion and its

location, and quickly detect resonant points (due to loud-

speakers, loose components, or housings) in audio-frequency
amplifiers.

TED LADD

A voltage indicator with exceptionally good
frequency response is employed in tracing
the signal through the various circuits and
circuit branches, and the system closely re-
sembles the familiar signal-tracing channel
enalyeis which is the foundation of dynamic
receiver servicing.

Each channel of the amplifier system is
carefully checked to determine if the signal
is undergoing the proper amplification and
if it is being transferred efficiently from
one stage to another. Whether the signal
is present in circuit branches where it
should be, or detoured into branches where
it has no business, is thus definitely estab-
lished. A common gtatic test, such as the
measurement of operating voltages and cur-
rents, cannot permit any such definite con-
clusions, although the static test may be
used as a follow-up process to detect defec-
tive components after the dynamic test has
isolated and identified the circuit disorder.

Aside from diagnosing trouble, the dy-
namic test, of course, has value in the
chécking of performance of amplifiers. And
while remaining unchanged in nature, it
becomes in this latter application the rec-
ognized procedure for checking the tech-
nical performance of an audio system,

REQUIRED INSTRUMENTS
In order to perform the tests, the sound
Serviceman will need the following items:
(1) A good audio oscillator. This may
be either a beat-frequency oscillator or
one of the lately-introduced resistance -
capacity units, as the operator desires.
This instrument must be capable of cover-
ing the entire A.F. spectrum; i.e., from
20 cycles/second to 20,000 cycles/second,
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preferably in a range that is continu-
ously variable. The output voltage char-
acteristic of the oscillator must b
stantially flat. Most commercial iactru-
ments will deliver an output voltog
(determined by the setting of the outpu
attenuator) which does not vary mor
than 1 db, or so between 100 c.p.s. and
10 ke. Above 10 ke. and below 100 e.p.s.
there is usually a drop amounting to
approximately 2 db.

(2) A good vacuum-tube voltmeter with
high and low ranges. This type of instru
ment is recommmended instead of the
more familiar copper-oxide rectifier type
of A.C. voltmeter because measurcments
will be made throughout the A.F. range,
and the exploring voltmeter must, ther
fore, have excellent frequency response.
Any frequency error possessed by the
usual V.-T. voltmeter is negligible in the
audio spectrum. If the instrument heas
not been provided with an isolated input
circuit, a mica fixed condenser of 0.01-
mf. capacity should be connected in series
with the “high” input lead to isolate the
instrument from D.C. voltage components
in the various high-voltage amplifier cir-
cuits.

(3) A variable load resistor which may
be adjusted in ohmic value to the rated
load impedance of the output tubes or
output inipedance of the secondary wind-
ing of the output transformer. This re-
sistor will be connected to the output
circuit in place of the speaker for most
measurements, unless otherwise indicated
by the instructions.

(4) A cathode-ray oscilloscope with in-
ternal sweep oscillator and axis ampli-
MAY, 1941
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fiers, or in its stead a distortion per cent
neter.

Most up-to-date service shops will have
the equipment just listed included in their
regular test gear. If each of these items is
not already owned, all should be purchased,
since no man advertising his skill as a
P.A. Serviceman is stating facts if he
claims to be able to give complete amplifier
inspections without them.

TESTS PERFORMED
In the dynamic inspection of any ampli-
fier, the following tests ave made:

(1) The audio signal is traced through
the entire circuit, observing its presence.
loss, or character as it passes through
successive audio-frequency stages.

(2) The gain of each stage is indi-
vidually checked and recorded in voltage
or decibel units.

(3) The gain of the entire amplifier is
measured and similarly recorded.

(4) The distortion percentage of the
entire amplifier or individual stages is
checked, or (if the operator’s equipment
does not permit taking the actual per-
centage figure) the presence of distor-
tion is detected qualitatively.

(5) The frequency response (fidelity)
of the entire amplifier, any of its chan-
nels, or speaker is determined.

(6) The condition of each transformer
is determined as a routine matter.

(7) Resonant points are localized in
speaker, chassis, cabinet, or attachments;
and—

(8) Actual power output is measured
with minimum signal voltage necessary
to maintain this output.

The manner in which the various tests
arc made will be considered and explained
separately in the paragraphs which follow.

SIGNAL TRACING

Figure 1 illustrates a conventional am-
plifier ecircuit which will be used in our
various explanations. This is an arrange-
ment commonly found in the field and it
embraces a high-gain pentode input suit-
able for high-quality, low-output micre-
phones, a triode voltage amplifier which is
of the shunt-fed plate variety, a push-pull
triode “driver” stage, and a push-pull power
output stage employing high-quality triodes,
such as the 2A3. Class A operation will be
assumed throughout. Degeneration is intro-
duced through the expedient of a special
winding on the output transformer which
connects back to the return lead of the
primary winding of the first interstage
transformer, T1. For purposes of simplieity,
the heater and power-supply circuit wiring
has been omitted.

The audio oscillator will be connected to
the input terminals of the amplifier, tuned
to a suitable frequency, its voltage adjusted
to a reasonable level by means of the
vacuum-tube voltmeter, and the various
numbered points throughout the amplifier
checked with the meter for presence and
strength of the signal.

Connect the output terminals (high-
impedance posts) of the audio oscillator to
amplifier terminals 1 and 2. Turn the at-
tenuator in the oscillator to zero. Discon-
nect the speaker terminals 25 and 26 and
connect the load resistor to these posts,
having preset the resistance to match the
impedance of the winding connecting to
terminals 20 and 21. The watts rating of
this load resistor must be at least twice
the power output expected from the output
stage.

Switch-on both oscillator and amplifier
and set the control attenuator so that the
vacuum-tube voltmeter temporarily connect-
ed between 1 and 2 is only slightly deflected
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on the 1-volt range when the oscillator is
set to 400 cycles. It may be necessary to
insert a calibrated potentiometer between
the oscillator output and terminals 1 and
2 in order to reduce the input voltage
to a2 low value to prevent blocking of
the amplifier stages. The V.-T.V.M. is
then connected across the entire poten-
tiometer and the oscillator output adjusted
to 1 volt. The voltage selected at this point
for application to 1 and 2 will he a millivolt
or less.

Allow the “low” V.-T.V.M. terminal to
remain connected to chassis ground, such
as at terminal 2, and explore the circuit
with the “high” lead, which should be shield-
ed along with the test probe for this oper-
ation.

Touch the exploring probe to 1-A. If
the input condenser is not open, a reading
will be obtained on the meter. If. however,
the input signal is very low (a millivoit or
less) there is apt to be no reading, and
the attenuator in the oscillator may be tem-
porarily advanced sufficiently to cause a
readable deflection. If there is still no read-
ing, the input condenser is open. The at-
tenuator in the oscillator should then be
returned to the original test position.

The probe is then moved to point 3 which
is the plate terminal of the first tube, V1;
and if this tube is operating, the signal will
be present at this point. Moreover, since
amplincation has taken place within the
tube. the voltage should be considerably
higher than at 1 or 1-A.

A check at 4 will indicate whether the
coupling condenser between the plate of
V1 and contrel-grid of V2 is operating.
“No signal” will indicate that this con-
denser is open. If the signal is present, its
voltage level should not be decidedly differ-
ent from that observed at 3.

Transfer the probe to 5 and advance the
gain control in the control-grid cireuit of
V2 to maximum. Here the signal voltage
should be the same as at 4. Now, slowly
reduce the setting of the gain control.
observing that the meter reading falls pro-
portionately according to the taper of the
control. If the meter should cease to read
at any point at which the control is set,
an open in this resistor is indicated. Should
there be no reading at all when the control
is at maximum and the probe is at the
control-grid of the tube, then the lead
from control arm to grid is disconnected,
the arm is not making contact with the
resistance unit, or the resistance terminal
at the “high” end has become disconnected.

When the meter probe is placed at point
6, a larger signal will be ohserved if the
triode V2 is amplifying. No signal, a signal
voltage of the same level as that observed
at 5, or a signal weaker than that observed
at b indicate faulty tube action. This may
be traced by a static test either to a faulty
tube or plate or cathode resistors or con-
densers, loss of plate or heater voltage,
or defective socket.
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With the test probe at 7, the condition
of the coupling condenser between the plate
of V2 and the primary winding of T1 will
be checked. llere the voltage should not
ditfer greatly from that observed at 6.

The voltage is noted carefully at 7. The
low probe is then removed from chassis
ground, and connected te 9, while the high
probe is touched to 8. Here, the voltage
indication should be somewhat larger than
that obtained at 7, the ditference indicating
the turns ratio of the transformer, T1.
Voltage readings taken between 8-and-12
and 9-and-12 should be identical if the
center-tap of the T1 secondary winding is
correctly placed and there are no shorted
turns in the secondary winding.

The meter probes are now transferred
to points 10 and 11 where a much increased
voltage should be observed if tube V3 is
anmplifving. The same check may then be
made on tube V4 by eonnecting the meter
between 11 and 13. Slightly dissimilar read-
ings obtained here may indicate unmatched
tubes or a displaucement of the T2 center-
tap.

With meter probes at 14 and 15, one-half
of the secondary winding of transformer
T2 is inspected. The ratio of voltages ob-
tained at 10-11 (or 11-13) and 14-15 in-
dicates the Y-primary to Y-secondary
turns ratio. The other half of the secondary
winding is checked with the meter probes
at 15 and 16.

There is not a great deal of voltage gain
in a power amplitier stage, however the
probes may be transferred successively to
17-18 und 18-19 to determine if the output
triodes, V5 and V6, are operating.

The meter probes are then transferred
to 20 and 21, these terminals being con-
nected to the load resistor. The voltage
reading here will be considerable and may
be used in a calculation of the amplifier
power output. The resistor has previously
been measured and this value together with
the V.-T.V.M. reading may be substituted
in the power formula to determine the out-
put watis:

P =B/ R

Where I’ is the audio watts output,
E the V.-T.V.M. reading in volts,
R the load resistance in ohms,

RESPONSE

An amplifier’s response is a measure of
its fidelity or ability to reproduce faithfully
the music and speech delivered to it by
the microphone. The response test is very
important, therefore, in establishing the
quality of an audio system or in detérmin-
ing the effect of defective or poorly designed
parts and circuits. There is neither mystery
nor magic to a good response test. Lack
of information, more often than lack of
apparatus, prevents the more frequent tak-
ing of such data by P.A. Servicemen.

Figure 2 illustrates the connections em-
ployed when the amplifier response is in-
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vestigated. While the oscillator might be
connected to the amplifier under test
through an ordinary potentiometer, which
will be satisfactory in most cases, the at-
tenuator shown will be much more desirable
for exact work.

The vacuum-tube voltmeter is connected
to show the voltage across the entire atten-
uator, which is to say E1. Z1 is numerically
equal to the amplifier’s input impedance.
The voltage delivered to the amplifier input

terminals may be determined from the
equation:
E.R,
2(R1+R2)

Since the vacuum-tube voltmeter must he
employed alternately to measure input
voltage and output power, a single-pole,
single-throw switech has been included to
transfer the meter from one circuit to the

other. The actual output voltage, from
which the power output is determined, is:
E2(R3 4+ R4)
R3

R3 plus R4 are equal in D.C. chms to
the impedance of the output transformer
winding across which they are connected
in series.

The oscillator is set at zero frequency
and the connections made as shown in
Fig. 2. The vacuum-tube voltmeter is then
switched to the input position and the
oscillator attenuator set to deliver voltage
at some convenient setting of the oscillator
frequency (e.g., 400 cycles) at the same
level used in signal tracing. The meter is
then switched to the output position and,
with the oscillator delivering 1,000 cycles,
the input voltage is adjusted until maximum
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undistorted power output is obtained from
the amplifier.

The meter is switched back to the input
circuit, the oscillator returned to zero fre-
quency, and the stage is set for the re-
sponse test. The amplifier gain control is
at maximum.

The oscillator frequency is increased
from approximately 20 cycles through the
range to 20,000 cycles in small steps (the
smaller the better). The input voltage to
the amplifier is kept constant by readjust-
ing the oscillator attenuator to restore the
original V.-T.V.M. reading when the meter
is on the input side.

At each new frequency, the meter is
switched to the output ecircuit, its reading
noted and recorded, whereupan it is switched
back again to the input circuit.

After the entire frequency range has
heen covered. the operator should have a
large list of frequency readings and the
corresponding output voltages. And if these
two sets of values are plotted in a graph,
the result will be a frequency-vs.-output
voltage curve, which is a responac curve.
Ideally, this curve should be flat and hori-
zontal. The inore closely it resembles a
straight line, the higher is the fidelity of the
amplifier. Pronounced dips or peaks at cer-
tain frequencies indicate accordingly high
or low response at those frequencies, condi-
tions which (isclose accentuation or attenua-
tion of certain notes by the amplifier. Poor
frequency response may be traced directly to
bad tubes, poor components. improper oper-
ating voltages, etc., by checking the fidelity
of separate stages and transformers.

The foregoing inspection is one of the
responsc of the entire amplifier. Individua!
stage response may be similarly checked
by econnecting the high-impedance output
of the oscillator to the unconnected grid-
input circuit of the stage under test, con-
necting the vacuum-tube voltmeter so that
it may be switched between the input and
output circuits, and proceeding as explained
in the immediately foregoing paragraphs.
If there is a plate-circuit transformer in
the stage, it must be included in the output
circuit by connecting the meter across its
secondary.

Individual transformers may be checked
separately by feeding the oscillator voltage
into the unconnected transformer primary
winding, and arranging the meter to be
switched from primary to secondary. The
secondary voltages for a constant input
(primary) voltage are then recorded for
a large number of frequency settings, as
already described.

Where poor response is traced to 1 or 2
stages, a static test may be applied to
determine the efficiency of their tubes and
operating voltages, condensers and re-
sistors.

GAIN

With all connections made as explained
under signal traeing, it will be remembered
that increased voltages were observed as
the meter probe was moved from point tu
point through the amplifier eircuit. It is
the ratio between these successive voltages
that expresses amplification or gain,

For example, when the signal is fed into
terminals 1 and 2 (Fig. 1), a certain volt-
age is read at 3, but a considerably higher
reading is obtained at 6, indicating that
amplification has been provided by the
tube V2 and its coupling components. The
ratio of these two voltages (or their
quotient) is an expression of the voltage
gain, or amplification of the V2 stage. For
example if the point 3 reading is 1 volt
and the point 6 reading 10 volts, the gain
of the V2 stage is 10. The gain expressed
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by the readings taken at 6 and 14-16, how- |
ever, is an expression of the gain of tubes
V3 and V4 and also transformers T1 and |
T2. Transformer gain is equivalent to the
turns ratio.

Starting at the output circuit of the
mput stage of an amplifier, the gain per |
stage may be taken throughout, ﬁnallyl
reading the gain of the entire amplifier as
the ratio of the actual volts (or millivelts) |
signal input and the volts output across
the load resistor.

DISTORTION

We have assumed that all tubes in the'
amplifier shown in Fig. 1 are biased to
operate as class A amplifiers. This would
indicate that all direct plate and cathode
currents are constant even during actual
signal operating conditions.

Distortion may be detected, although its
percentage may not be measured thereby,
by increasing the signal input delivered by
the oscillator and watching for a shift in |
plate current as indicated by increase in |
the voltage drop across cathode resistors. |
The vacuum-tube voltmeter, set to read
D.C,, is used in this operation and is con-
nected successively across the various
cathode resistors by connecting between
chassis ground and the points 22, 23, 24
and 27 (filament center-tap). As long as
the input voltage does not exceed the value
necessary to establish full output at the
speaker or load resistor, there should be
no increase in plate current or cathode
voltage. .

For more accurate measurements of dis-
tortion and obtaining of the actual per-
centage, it is customary to employ a
cathode-ray oscilloscope or Percentage Dis-
tortion meter. The latter device is connected
in the output circuit of the amplifier or
stage under test, a sine-wave voltage fed
into the input circuit, and percentage read-
ing obtained directly. (The construction of
an inexpensive meter for such measure-
ments may be described in a forthcoming
issue of Radio-Craft—Editor)

The oscilloscope is similarly connected in
the output circuits and a pattern of the
actual signal wave as it is delivered by the
amplifier (or amplifier stage) is observed
on its screen. The percentage distortion
may then be determined by studying the
variation of the pattern from the true sine
wave.

RESONANT POINTS
An otherwise faithful amplifier might
emphasize certain notes of the scale because

the speaker or certain chassis attachments
tend to vibrate at their natural frequencies
under the influence of sound. Such resonant
conditions may be detected quickly by re-
storing the speaker connections (256 and
26, Fig. 1), feeding the oscillator into the
amplifier input terminals (1-2), carrying
the oscillator slowly through the entire
audio range, and listening carefully for
pronounced intensifications at certain fre-
quencies. Speaker resonant points will gen-
erally be of 500 cycles or lower, headphone
diaphragms at approximately 1,000 cycles,
chassis parts and loose tube shields at
2,000 cycles or higher, and cabinets of
heavy wood or composition materials at
100 cycles and lower.

OILCAN FOR “INACCESSIBLE" PLACES

@® FOR those hard-to-get-at-places that
need oil a hypodermic syringe answers
the purpose. The needles can be had in any
length and if a fine one is used the oil may
be squeezed out in any quantity. Contrary
to general belief there is no restriction on
the sale of these instruments.
Watchmakers can use the instrument by
attaching the needle to a glass tube only,
without the syringe, and depending on
capillary attraction to deliver a spot of oil
wherever the end of the needle touches.

CHAS. W. GREEN

NEXT MONTH . ..

A commercial laboratory, speaking from the angle of Crystal Microphone desigZn and construc-
tion, comments on the article, “Modern Microphone Technique,’ which apbeared in the February.
March and April, 1941, issues of Radio-Craft. Don’t miss this articie!
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NEWY ur nancs conTROL

SWITW This new feature gives you
finger-tip control of response, proe
vides instant adjustment of high
frequency range for best results on
every program

i every record,
FM or AM

JAP-60, Professional extended-range high-
efficiency model for broadcast and transcrip-
tion use. Includes Range Control Switch and
2-channel network. 15” size. List price, $70.00
...JHP-52, For high quality extended-range
Phono, FM/AM receivera. Includes Range
Control Switch and 2-channel network. 157
size. List price, $46.50 . . . JHP-50. For gen-
eral ecxtended-range application. Bridginz
network. Accessory Range Control may be
added. 15" size. List price, $38.50 . .. JCP-40,
New 12” size gives coaxial performancé at
low cost! Excellent replacement unit. Br!c!g-
ing network. List price, $29.50 . . . Write
for Catalog 120,

|| VoLt - OHi- MILLIAMMETER

Pocket Volt - Ohm - Milliammeter with Selector

Switeh. Molded Case. . Precision 3-Unch
Meter with 2 Genulne Sapphire Jewel Bearings.
AC and DC Volts 0-15-150.750-1500; DC MA.
0-1.15-15-150; High and Low Ohm Scales. . . .
Dealer Net Price. Including all accessories, $9.80
MODEL 738 , , . DC Pocket Volt-Ohm-Milli-
ammeter, Dealer Net Price

WRITE FOR CATALOG
SECTION 516 COLLEGE DRIVE

1
| READRITE METER WORKS, Bluftten, Ohio
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Mr. Longley's mobile sound appafatus, preparatory to being set wp for a job.

ULTRA-MOBILE

p
? Siventonont
LU ]

In 10 minutes two men can set up these sound projectors, as the author

here describes.

P.A. SYSTEM

Mobile sound systems incorporate features peculiar to this type of operation, as
author Longley here discloses. Also described in this article on a gas-engine powered
sound system are the means which may be employed to obtain more mobility than

auther was selecting, building, test-

ing and operating the Ultra-Mobile

Publie Address System here described,
he had hoped to find a really comprehensive
nrticle, on an entire sound system, in which
the selection, design and construction with
some of the difficulties encountered and
their solution were clearly cxplained.

‘An efficient, ultra-mobile sound system is
made up of 6 principal units which will
be taken up in order and the reason of
selection with a few of the difficulties of
operation discussed.

MANY times during the 3 years the

THE AMPLIFIER

The amplifier is the very heéart of the
entire system; on its reliability, versatility
and output fidelity depend the success or
failure of the whole venture.

From my experience in the field certain
minimum requirements are necessary, such
as 2 independently-controlled high-imped-
ance microphone inputs, 1 phonograph in-
put, delayed automatic audio volume con-
trel, and a floating rubber set plate assem-
bly to protect the voltage amplifier tubes
from external vibration.

The ability to mix the microphone input
with that of the phonograph while not
absolutely necessary adds to the pleasing
operation of the system on some occagions
and is well worth the extra control.

The fidelity curve should be the finest
obtainable, i.e, = 1 db. from 30 to 20,000
cycles at 50 to 60 watts with distortion of
2% %, or less. This specification necessitated
4 specially-built amplifier but the extra ex-
pense is worthwhile especially when book-
ing repeat business.

In our search for an amplifier we were
very niuch surprised to note how few am-
plifier manufacturers made any provision
for eliminating external vibration which is
the chief cause of tube microphonism in

664

s wsual for equipment of this type.

EDWIN F. LONGLEY

high-gain circuits. This feature is absolutely
essential in a mobile outfit because of road
shock and minute vibration set up by the
A.C. power plant usually installed within

soundproof compartment built into the
truck body.

Amplifiers without vibration-protected
preamplifier tubes give forth all kinds of
strange sounds when using the microphone
while the truck is in motion.

In public address work delayed automatic
audio volume control is also obligatory as
so many speakers insist on crowding the
microphone and raising their voices to
shouting levels while others become excited
and step from side to side causing the sound
output to vary greatly. We have had oceca-
sions when A.AV.C. in combination with
manual control could not keep the output
level constant.

In some locations, the output level can
not readily be heard by the control operator,
so some visual volume indicator must be
used. We prefer a milliammeter in the plate
supply to the output tubes for by this means
a constant check may be kept on both
volume level and power tube condition.

A.C. GENERATING PLANT

The static A.C. load of both amplifier and
record turntable total about 275 watts so a
350-watt, sclf-starting, 60-cycle plant is
used.

This single piece of apparatus is the
hardest to make work properly, as we found
that when a fully-loaded A.C. generating
plant is operated in a confined space, such
as a soundproof compartment within a
truck body, proper engine cooling is a very
difficult problem.

In order to obtain reliable plant operation
a length of 6-in. stovepipe was riveted to
the engine flywheel shroud and extended
to a port in the truck back. This pipe sup-
plies cool air to the flywheel fan. Lastly, a

RADIO-CRAFT
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6-volt elcetrie fan was placed so as to force
a stream of air directly onte the engine
cylinder and thence out a 21-in. long x 16-in.
high opening.

Insulating the truck frame from vibra-
tion set up by the A.C. plant was accom-
plished by floating the plant on 4 double
sets of springs.

SOUND REPRODUCERS & PROJECTORS

In the selection of sound reproducers the
P.A. specialist has 2 general types to pick
from, i.e, (1) the dynamic cone speaker;
and, (2) the 6-foot exponential horn with a
driving unit composed of a metal diaphragm
with voice coil attached.

We found that although the exponential
driving unit gave fine, crisp reproduction
of voice frequencies it was woefully lacking
in the low frequencies so essential to fine
musical rendition; thus in order to fully
utilize our amplifier’s fine frequency curve,
4 Jensen type A-12PM reproducers were
selected, the pair facing forward equipped
with waterproof cones.

In sound projectors there are 3 types to
select from, namely: (1) wall baffles; .(2)
6-foot exponential trumpets with driving
units; and, (3) giant parabolic projectors
with dynamie speakers.

The point to take into consideration here
is that a given amount of sound. energy
will fill only a certain number of cubic feet
of air and that the length of projection
varies in inverse ratio to the width of the
angle of diffusion; in short, we have the
question: what type of projector will best
cover the average crowd?

Wall bafiles which have a wide angle of
diffusion, a little under 180°, have a limited
projection and are only suited to cover
small sidewalk gatherings.

Exponential trumpets on the other hand
project a highly concentrated beam of sound
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horn  assemblies.

easily heard over a mile away but their
angle of diffusion is so limited that a
bank of several is needed to evenly cover a
small erowd.

The exponential trumpet although the
most generally used is also the most ill-
suited to ordinary P.A. use as it is totally
unnecessary to throw sound over a distance
greater than that over which the eye can
readily distinguish the speakers (orators,
etc.).

The final selection was 4 giant parabolic
projectors equipped with well-damped backs
(necessary in order to use the microphone
on the truck platform). These horns have

an angle of diffusion less than wall bafiles
but greater than exponential trumpets with
a length of prejection in proportion (about
600 to 800 feet).

When these 4 projectors are set in pairs
on 2 tripods placed either side of a speak-
er’s platform, their area of coverage nicely
fits that of most assemblies, large or small.

For public speaking, 2 velocity micro-
phones wired in parallel and spaced 7%
ins. on centers give fine results, as this
arrangement allows the orator to turn
from side to side thus adding to the natural-
ness of the program.

A velocity model equipped with an “acous-
tic compensator” is ideal for distant pick-up
or for close-talking conditions.

At track and field events where an-
nouncements are made from the truck plat-
form a dynamic type is used as this type
is much less susceptible to wind conditions
than the velocity type.

ULTRA-MOBILITY

Four swivel horn mountings consisting,
of a flange and a length of 2-inch pipe fitted
with a quick-change winged lock, are bolted
to the truck platform. Each horn has a
2-inch pipe T attached which allows the
horn to be rotated in any direction desired,

and locked in position, or the lock may be |

released and the horn lifted off.

In order to properly handle rallies, dedi-
cations, band concerts, etc., the horns are
set up in pairs on two 13-ft. tripods. The
tripods fold up and are carried from loca-
tion to location strapped to the platform in
between the horn mounts interfering jn no
way with the operation of the sound system
for street advertising.

This feature of ultra-mobility (the tripods
can be set up, and the horns transferred
from truck top to tripeds, by 2 men in less
than 10 minutes) will enable the wide-
awake P.A. specialist to obtain many jobs
over competitors not so equipped.

R R —

INDEX TO “RADIO-CRAFT” ARTICLES ON SOUND

Modern Microphone Technique—Part I, The
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*SOUND-®

For Ideal

'HOME RECORDING

_ Insist On
Meissner Quality!

Engineered for superior periormance—utmost
fidelity in recording—Ilifelike quality in repro-
duction—designed for those who want noth-
ing but the best!

Outstanding appearance —motor-board and
arms in brown crystal finish—panel plates of
two-toned etched brass—modem, styled case
with bronze fittings—sturdy leather handle —
a professionally artistic ensemble!

Complete—ready for use—5-tube built-in
amplifier—may be used as Public Address
system! Includes crystal microphone —mike
and power cord pack into space beneath name-
plate. Uses powerful magnetic cutting head
and highest grade crystal pickup. Ample rec-
ord storage space in removable cover.

No. 9-1045 Phono-Recorder, List . $59.50

MOTOR TURNTABLE UNIT

Complete dual-armm mechanism for any installa.
tion; similar to unit used on above Recorder;
powerful, constant-speed motor for 116-volt, 60-
cycle operation. Heavy steel base; brown crys-
talline finish.

Low-impedance magnetic cutting head connects
to voice-coil secondary of output transformer;
high-impedance crystal pickup. Furnished with
complele instructions.

No. 9-1039 Turntable Unit, List , $31.50
Write Today for Free General Catalog
Address Dept, €-S

“PRECISION-BULILT PRODUCTS’
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ADDING AN "EYE"” TO A.F. AMPLIFIERS
— and other Practical Ideas

The following article travels along an almost unbeaten path in that it
describes a series of circuits designed to achieve additional useful func-
tions from existing radio equipment with minimum additional apparatus.

electron ‘‘eye” indicator can be added

to any audio amplitier without adding

a rectifier tube. This is because the
audio signal js pulsating D.C. and not A.C,
and all that is needed to make it work an
“eye’” is a little filtering,

Referring to Fig. 1, if a 1- or 2-meg.
control is used as a voltage divider, the eye
can be adjusted to where it will just close
on the amount of volume needed to do a
certain job (recording, for instance). Then
the volume control on the amplifier can be
advanced to give this required output. Con-
denser Cl is the blocking and coupling ¢on-
denser and C2 is a filter. The cathode re-
sistor and conderser can be omitted, and
the cathode may®be grounded, although
generally used in Tadio sets to eontrol the
sensitivity of the eye. The arrangement
makes a handy output meter.

The writer strongly recommends the use
of such an ‘“‘eye” attachment as it makes
possible much more precise adjustment of
the equipment than is possible when employ-
ing merely audible monitering. For example,
in audio eircuits designed for reproduction
of more than usual fidelity, the nced for
such visual monitoring becomes increasingly
apparent. We believe the circuit suggested
here will appeal to many experimenters and
sound specialists.

Of course in connection with this circuit
as with the other ecircuits shown in this
article, it is necessary to give due considera-
tion to the characteristics of the available
power supply equipment and its ability to
deliver the requisite additional power. In
view of the fact that the circuit suggested
here requires an almost inappreciably-small
additional total watts power, it is to be
recommended for use where the associated
apparatus is being operated to close toler-
ances and where an additional rectifier
under these conditions might result in un-
stabilizing the voltages throughout the
system.

USING "EXTRA"
TRIODE
HE extra diode, when not otherwise used,
may be connected to perform an entirely
different function than that of the other
in a duodiode-triode.

666

a LTHOUGH not generally known, an

DIODE IN DUODIODE-

HAROLD DAVIS

The usual practice is to tie these diodes
together when only one function is neces-
sary. In this case they may he separated
and the extra element used to rectify audio
fed back from the following stage or even
from the plate of the triode section. The
ratio of R1 to R2 as shown in Fig. 2 will
control the amount of signal applied to the
rectifier. Signals from an entirely different
circuit may be fed to this extra diode for
rectification, and will often eliminate the in-
stallation of a special tube for this purpose,

Like the preceding and folfowing circuits,
the diagram shown in Fig. 2 is a “current
saver” inasmuch as it affords additional
services without the expense of additional
tubes. By making the resistors variable they
may be adjusted until best results are ob-
tained, their values then may be noted by
an ohmmeter check and fixed units of the
indicated values substituted for the variable
units.

ADDING A METER INDICATOR

0O add a meter indicator to an audio am-

plifier requires adding a vacuum-tube or
some other type of rectitier. The arrange-
ment shown in Fig. 3 employs a duodiode
with any old 0-1. ma. meter in the cathode.

The size of R1 controls the amount of
signal applied to the diode and should be
kept as large as possible because the diode
has very low impedance and will load the
circuit. If too much loading is noticed, use
only one of the diedes and ground the other.
Resistanee may be added to the cathode in
series with the meter to control the meter
action #¥ needed. Condenser Cl is made as
large as possible without “bass-ing” the
amplifier. Resistor R2 may also be varied to
give proper deflection.

SIMPLE WATTMETER

IGNAL TRACERS incorporating watt-
meters have made that instrument popu-
lar. Wattmeters will show up shorted power
transformers, filter condensers, chokes and
rectifiers. In fact anything that causes ex-
cessive drain on the power supply. A very
efficient and simple wattmeter is construct-
ed as shown in Fig. 4.
A 10-ohm resistor, with a capacity of at
least 10 watts, is installed in series with the
110-V. line and outlet. Tip-jacks are con-
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nected across the resistor so that a copper-
oxide rectifier type of A.C. meter can be
plugged into them to read the voltage drop
across the resistor. The watts power con-
sumed by the load connected to the outlet
is the voltmeter reading divided by 10 and
multiplied by the line voltage.

Example: The meter reads 7 volts when
a certain set is plugged in. Seven divided by
10 is .7, or simply one place pointed off to
the left. Hence, .7 times 110 is 77 (watts).*

If an extra A.C. meter is available, it may
be wired-in permanently. If a low-resistance
A.C. meter is used an error will resuit due
to the parallel resistante offered by the
meter.

If no A.C. meter is available, a 6.3 volt
pilot light can be interpreted with a little
experience gained by plugging-in electrie
light bulbs of known watts rating and
noting the brightness of the pilot lamp.

A set pulling 100 watts will cause a 10-
volt drop across the resistor, which will tax
the pilot lamp filament resistance, and oec-
casionally one may be lost due to burn-outs.
If heavy power consumption is encountered,
it may be found advisable to install a 5-ohm
resistor alongside the 10-ohm unit and use
a double-throw switeh to select the desired
value. The watts reading, using the 5-ohm
resistor, can be found by dividing the meter
reading by 5 and multiplying the result
by the line voltage.

The lamp or meter must be watched care-
fully when the set is first plugged-in and is
warining up, as a shorted condition in the
set will eause an excessive voltage to be im-
pressed on the meter or lamp.

Note that in Fig. 4 a 10-ohm resistor
would be connected across the line in the
event of a shorted device being plugged into
the A.C. outlet. This suggests that both
sides of the lightline should be fused, to
guard against all eventualities. This is a
wise precaution to take in connection with
any test circuit that connects to a power
line.

(Experimenters are also recommended to
the simpler add-on ecircuits described in the
2-part article, “Servicing ‘Orphans’ and
Private-Brand Radio Sets,” in the March
and April, 1940, issues of Radio-Craft.)

*Subject to power factor correction,
for comparison measurements,

but close enough
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COMMUNICATIONS
RECEIVERS

MODEL S$X-24

An outstanding communications receiver value.
9 tubes. 4 hands with a frequency range of
from 540 ke to 43.5 mc. Band 1340 ke, to
1.730 ke.; Band 2—1.7 me. to 5.1 mc.: Band
3—5.0 me, to '15.7 me.; Band 4—15.2 me. to
43.5 me¢. Frequency stability throughout a wide
range of line-voltage humidity and temperature
variations, DC operation socket—hattery or
Vibrapack, $69.50

MODEL $X-25

{not illustrated) Embodies every worthwhile advancement that has been made in the
communications field. Tunes from 540 kec. to 42 me. in 4 bands. 12 tubes. 2 stapges
of preselection. Separate calibrated bandspread dial for the 10. 20, 40 and 80 meter
amateur bands, 10” heavy duty PM Dynamic Speaker. 110 volt 50-60 cycle AC operu-
tion. DC operation socket provided for battery or vibra-pack. Complete with speaker,
crystal and tubes . . 99.50

KRADIO €ELECTRI(

SERVICE CO.

\

MAIN BTORE: CORNER 7th AND ARCH STREETS, PHILADELPHIA, PA.

5133 Market Street 811 Federal Street 107 W. 6th Street

Philadelphia. Pa. Camden: New Jersey Wilmington, Del

1042 Hamliton Street 3145 N. Broad Strest 8 N. 2nd St
Allentown, Pa. North Philadelphia. Pa. Easton, Pa.
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MODEL S-1°R

The Sky Buddy—t bands, covers everything
on the air, from 44 me. to 545 kc., including
the 10, 20. 40, 80 and 160 mcter amateur
bands. Electrical bandspread. RBuilt-in 5~
Dynamic Speaker. 6 tubes. Beat frequency
oscillator. Built-in line filter. AVC, Send-
Receive and band switches. The Sky Buddy
gives superior performance with amazing
ease of operation. $29.50

MODEL S-20R

The Sky Champion represents the best value
ever offered in the communications field, 9
tubes. 4 bands. Tunes from 548 ke. to 44 mc.
Automatic noise limiter. AVC switch, Stand-
by switch. Inertia bandspread tuning. Sep-
arate electrical bandspread. Beat frequency
oscillator. Battery-vibrapack, DC operation
socket. Incorporates all the essential controls
for good amateur reception. $49.50

MODEL EC-1

All these important communications fea-
tures at this sensationally low price. 3 bands
covering from 545 ke. to 30.5 me.—(550 to
9.85 meters), Electrical bandspread on all
bands, Beat frequency oscillator. Self-con-
tained PM Dynamic Speaker. 6 tubes. AC/DC
operation—115/125 volts. Every necessary
feature to give the shortwave listener and
the amateur an up-to-the-minute communi-
cations receiver for only $19.95
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Modern Citcuit Features oé a _?emi-ptoéeﬂiona/ 10- Watt
RECORDING AND PLAYBACK AMPLIFIER

A technical discussion of an amplifier specifically designed to fit the needs
of the serious-minded recordist, particularly one who has stepped out of the
amateur class. Variation in output amplifier provides for choice of 2A3 or

n »

oy

Fig. I. The completed Semi.Professional Record-
ing - Playback Amplifier. ldentification of the equip-
ment on the 3 panels (reading from left to right):
Top Panel: "B" supply pilet. and switch; “A" supply
switch, and pilot. Middle Panel: off—Ip of triodes
Nos. | and 2; power level YU meter; off—plus 30
YU and 40 YU: {center knob) ampliffer gain con-
trol. Bottom Panel: consider these controls in vertical
rows, the first § of which are channel controls, bot-
tom to top, as follows: channel volume control,
L.F. control, H.F. control, dialogue filter switch.
Row &: master volume control, monitor volume con-
trol, expressor control, expander - compressor switch.
The meter is a vacuum-tube VU type; underneath
is the YU range selector switeh; the 3 buttens under-
seath read: Moniter, Recording and Playback.
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6L6G output tubes.

A. C. SHANEY

received from the field is, “What type

of amplifier do you recommend for

recording, playback and Public Ad-
dress applications?” Strange as it may
seem, no one amplifier can be a perfect re-
cording, playback and P.A. unit because
each one of the applications requires a series
of specific performance characteristies which
do not coincide with the other application.
To expect one amplifier to operate perfectly
for all 3 applications, is like expecting a
man to be a jack of all trades and a master
of all.

In order to attain results comparable to
commercial studios, it is obviously necessary
to use comparable equipment. There is no
short cut or skimpy route to accredited com-
mercial performance. To obtain real good
records there is no getting away from the
fact that a good amplifier is of prime im-
portance. Naturally, all of the other inter~
connecting components are equally impor-
tant. A good cutter, microphone, turntable,
pickup and tuner are also essential.

It is obvious that the cost of professional
equipment would be considerably beyond the
reach of the graduate amateur recordist. A
careful study, however, of a number of
professional recording amplifiers, which
have been built in our laboratories, clearly
indicates the feasibility of eliminating some
of the non-essentials from the mechanical
construction and thereby enabling the pro-
duction of a reasonably-priced amplifier

ONE OF THE most popular questions

RADIO-CRAFT

www americanradiohistorv. com

system capable of producing results equiva-
lent to the much more expensive studio
equipment.

It is to be understood, however, that this
amplifier is not intended to be constructed
from junk-box parts. The nicety of its over-
all performance depends upon straightfor-
ward amplifier engineering and clean-cut
mechanical design and workmanship.

THE AMPLIFIER IN GENERAL

Figure 1 shows a photograph of the am-
plifier mounted in a conventional rack. The
system is composed of 3 essential parts. The
top panel has the combined “B" supply, bias
supply and D.C. “A” supply. The center
panel houses the amplifier, VU meter, gain
control, plate current measuring switch and
VU range switch. The lower panel contains
3 microphone channels, 1 radio channel, and
1 playback channel. Each of these channels
has its independent, slope-type high-fre-
quency equalizer, low-frequency equalizer,
and dialogue filter.

Included in addition, is a master gain
control, an individual monitor amplifier with
independent gain control, and expander -
compressor control with its associated
switech. A vacuum-tube VU meter in con-
junetion with a range selector, provides
for accurate visual monitoring. For sim-
plicity of playback, pre-recording, and mon-
itoring, a Recording - Playback - Monitor
switeh is incorporated.

MAY.
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INDEPENDENT CHANNEL EQUALIZATION

To understand the elements and arrange-
ments of the preamplifier circuit, a block
diagram has been indicated in. Fig. 2. It
will be noted that each channel has its own
set of high- and low-frequency equalizers.
This arrangement enables ideal equalization
for any type of microphone, pickup and
radio program. It also provides for special
sound effects equalization and unlimited
flexibility, particularly when mixing voice
while dubbing.

Slope equalization is differentiated from
the more common, resonant-type equalizers,
in that it provides for a degree of accentua-
tion or attenuation proportional to fre-
quency at the high-frequeney end of the
audio spectrum, and inversely proportional
te frequency at the low-frequency end of
the spectrum. A typical slope equalizer re-
sponse characteristic is indicated in Fig. 3.
It will be noted that all settings of equaliza-
tion within its operating range provide for
a linear slope response.

A resonant equalizer, however (which is
indicated in Fig. 4), usually provides for
broad or sharply-tuned resonant response
curves., The latter arrangenient is subject
to what is known as shock excitation where-
in sustained oscillations occur, when a tone,
rich in the frequency of resonance, is im-
pressed upon the eircuit. This produces ex-
treme distortion easily observed when a
square wave is passed through the system.
Figure 5 indicates the change which occurs
in the square wave passed through a res-
onant network. The oscillation which is
imposed upon the top of the wave is the
resonant frequency.

The fundamental principle of all equal-
izers other than the resonant type, evolves
itself about introducing losses throughout
the entire spectrum and then regaining (for
boost) some of the initial losses. For attenu-
ation, an additional loss is inserted. This
general type of equalization is known as a
passive mefwork, and is fundamentally dia-
grammed in Fig. 6.

Resistors R!, R2, introduce a fixed loss.
Condenser C1 regains this loss at the high
frequencies while Ch.1 regains it at the low
frequencies. This is known as a fixed high-
and low-frequency boost. It is passive be-
cause it does not add to the overall gain of
the network.

An active network is similar to the pas-
sive type with the exception that an addi-
tional stage gain is added at the output of
the filter (Fig. 7), so that the unequalized
cutput Eo is equal or greater than the in-
put E1.

DIALOGUE FILTER

The dialogue filter is a simple method of
introducing an additional low-frequency loss
to cut low frequencies from speech. This
is highly desirable for maximum intelligi-
bility.

It should be remembered, that each chan-
nel is equipped with a set of identical but
entirely independent high-frequency and
low-frequency equalizers as well as a dia-
logue filter.

The desirable degree of maximum equali-
zation seems to be an arbitrary point among
many amateur recordists. It has been er-
roneously believed that as much as 20 db.
would be desirable for adequate compensa-
tion when recording towards the center of a
16-in. record at 833 1/3 r.p.m. While such a
high difference of equalization may be de-
sirable under certain conditions, it is gener-
ally dangerous.

The amount of power fed to a cutting-
head after equalization, may be calculated
from the following formula

db.B

a3
= A-2- orP=A V 2db.B

RADIO-CRAFT for MAY,
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EFFICIENGY is the
Madic Word
The Reason Why a Singla

UNIVERSITY REFLEX
HIGH EFFICIENCY
SPEAKER

does the work of three
ordinary low efficiency
speakers,

UNIVERSITY

Reflex Speakers have
highest possible  effi-

ciency, far greater than

any other type of loud

speaker,

Write for new catalogue sheets
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a complete line plus pre-
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WRITE FOR FREE
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where P Power output after equaliza-
tion at equalized frequency
A = Average output power be-
fore equalization
db.B = Decibel boost at equalized
frequency
As an example, if the average level fed to
a cutter is 2 watts and a 12 db. boost is set
at 10,000 cycles, then
12
2:2— =
3
Under this seemingly possible boost of
12 db. 32 watts will actually be fed into the
cutter. Under this condition, the average
recording amplifier usually overloads or the
cutter is damaged. A high boost at the
high-frequency end of the spectrum for the
inside of 33 1/3 rp.m. records is usually
requested only because the “highs” seem
to fall off excessively. A careful analysis of
the recording processes employed will dis-
close why these highs are lost excessively
and also why excessive high-frequency boost
may not alter the detrimental condition.

B = 2:24 = 2:16 = 32 watts

RECORD SPEED

The surface speed of & record may be
calculated from the following formula
r.p.m.
Ss —
60
Ss = surface speed per second
r.p.m. = revolutions per minute
R = radial distance from center of
turntable to cutter needle.

At the outermost edge of & 16-in. record,
the surface speed is approximately 28 ins.
per second. When a 10,000-cycle note is
impressed, there is approximately 2.8 thou-
sandths of an inch between peaks. With a
2-in. radial distance, however, the surface
speed is approximately T ins. per second,
and a 10,000-cycle tone has nearly 7/10,000
of an inch between peaks.

It should be obvious that unusual pre-
cautions must be taken in cutting-needle
design in order to prevent successive wave-
fronts from cutting into each other. It
should be borne in mind that the higher
the frequency the steeper is the wave-front,
and the slower the surface speed, the steeper
is the wave-front.

To add to the complexities, at high fre-
quencies, the cutting needle usually pushes
the material from side to side instead of
eutting it. Naturally, after the resilient
material has been pushed, it will tend to flow
back inte its original position. This in turn
causes an additional high-frequency loss.
This latter loss, however, is independent of
radial distance and can therefore easily be
compensated-for by one fixed setting.

The discrepancies caused by variation of
radial distances can only be compensated-
for when unusual design features are in-
corporated. For example, a very-high-
powered recording amplifier should be used

2aR

where

|| (possibly up to 100 watts) together with
RADIO-CRAFT
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a very-high-powered cutting head (which
should handle up to 100 watts).

OTHER CIRCUIT FEATURES

The Input Channels—Figure 8 indicates
circuit diagram of one of the 3 microphone
input channels. It will be noted that elec-
tronic mixing is used for mixing 5 channels.

The Vacuum-Tube VU Meter—In order
to monitor the output of the voltage ampli-
fier without introducing any distortion, a
special type of vacuum-tube VU meter has
been developed (Fig. 9). This VU meter has
ballastic characteristics as standardized by
N.B.C, C.B.S, and Bell Labs. Its essential
difference, however, is that it has a rela-
tively high impedance input and does not
introduce any distortion upon the line to
which it is connected. It furthermore con-
sumes no power.

The Automatic and Complimentary Ezx-
pander - Compregsor—For some types of re-
cordings, it is desirable to have an auto-
matic compressor so as to prevent a con-
tinual “riding of the gain” contrel. As such
a compressor is used, it is obviously de-
sirable to be able to play the record back
with a complimentary degree of expansgion
so that the final program will be a close
duplicate of the original material. Such an
expander - compressor is illustrated in Fig.
10. A switch is provided to cut these fea-
tures out of the circuit for all normal re-
cording.

The Preamplifier “A” Supply—In order
to keep hum well below the threshold of
hiss, a special “A” supply (Fig. 11) is in-
corporated into the amplifier so that all the
preamplifier, voltage amplifier, equalizer and
electronic mixer tubes have pure D.C. ap-
plied to their respective heaters. This fea-
ture reduces hum by more than 12 db. and
is essential for obtaining humless records.

Hiss is kept at a minimum by carefu!
selection of plate loads and grid resistors
so that a maximum gain-to-noise ratio is
maintained in each stage. It should be noted
that the non-microphonic 1620 triple-grid
amplifier is used in the preamplifier stage
of the microphone channels.

The Amplifier—T riode Versus Beam Power
—Recording technicians can broadly be
classified into 2 general groups, one of which
believes in triode output tubes only and
the other favors the beam power type. In
order to satisfy everybody it was decided to
make available 2 types of recording ampli-
fiers so that either triode or a beam power
unit could be selected! The characteristics
of both amplifiers are as close as possible
so that one may be substituted in place
of the other without making any changes in
the rest of the equipment.

COMMON FEATURES OF TRIODE AND
BEAM POWER AMPLIFIERS
Both amplifiers are equipped with a VU
meter so as to read the actual level being
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delivered to the cutter (Figs. 9 and 14).
Suitable switches are provided to change the
range of the VU readings. An additional
pushbutton switeh is provided to read the
plate current of the output tubes, so that
balance could be easily maintained through
suitable adjustment within the amplifier.
Both amplifiers are equipped with a univer-
sal output transformer to match any mag-
netic or crystal cutter. An auxiliary thermal
relay is incorporated in the plate supply
circuit to avoid the application of plate
voltage before correct bias has been at-
tained.

The 2A3 Amplifier—Fixed-bias has been
used with these tubes so as to provide the
lowest output impedance. A 6F8G acts as a
push-pull driver which in turn receives its
signal voltage from a 6C8G equalized in-
verter. (See Fig, 12.)

The Beam-Power Amplifier—This particu-
lar unit incorporates a conventional 2-stage
direct-coupled push-pull cireuit utilizing two
63J7s as balanced drivers which in turn
is fed by an equalized 6F8G inverter. (See
pg. 362, December, 1940, Radio-Craft.)

The Monitor Amplifier—A separate mon-
itor amplifier (Fig. 16) is provided for mon-
itoring purposes. One¢ of the most common
errors made by recordists s to use o speaker
or headphones across one of the windings
of the transformer feeding the cutter. This
invariably introduces additional discrimina-
tion because the impedance of the head-
phones or speaker does not remain constant
throughout the frequency range. In addi-
tion to this, a true aural picture is not
presented to the operator because the cutter
impedance changes with frequency so that
low frequencies may seem to be lacking in
the monitor speaker. For apparent reasons,
it is best to use an entirely independent am-
plifier to drive any type of speaker desired.
This, too, is standard practice followed in
the design of commercial professional equip-
ment.

MECHANICAL FEATURES

The amplifier is completely housed in a
sturdy standard rack, and is designed for
desk type operation. Under these conditions,
all master controls are easily accessible
and may be operated without undue fatigue.
Separation of the power supply from the
amplifier and preamplifier further decreases
the possibilities of induced hum.

The recording system may be extended
by adding additional recording amplifiers
should it be desired to make 2 or more
records at once.

While this particular amplifier has been
specifically designed for recording applica-
tions (which involve the most stringent re-
quirements) it is naturally admirably adapt-
ed for exceptional playback. Its application
to P.A. work i3, of course, limited by its
power output (10 watts) but it is recom-
mended where unusual results are desired.

This article has been prepared from data
supplied through the courtesy of Amplifier
Company of America.

e

“A SHORT STORY ON SHORT-
WAVE RADIO RECEIVERS”

Under this title, and the subtitle “Things
You Never Knew 'Til Now,” Hallicrafters
presents in a 12-page booklet released last
month considerable information of interest
to the shortwave listener.

The majority of radio listeners who own
receivers capable of shortwave reception
will find after reading this interesting book-
let that they are able to get better results

RADIO-CRAFT MAY,
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Here is a definite and direct
procedure for servicing .
information which every Serv-
iceman has needed but which
has not been published uniil
now. Clearly written, easily
understood, with many dia-
grams and illustrations, it
proves this new system of
analysis the natural way to do
a good job.

Now you can make a radio
talk to you, just as a patient
talks to his doctor, "You're
looking in the wrong place,
Doc—it hurts right here."

YOURE LOOKING IN THE WRONG
PLACE, DOC. IT HURTS

_RIGHT HERE

*SOUND-

' P“"‘ 35¢

The Supreme Instruments Corporation has been manufacturing good
instruments for the Servicemen for the last fourteen years — they
are, and, we believe, they will always be your best investment. But
here is information YOU NEED — and need badlyl The quickest

way we can get this to you is in booklet form. . . . It is yours for
only 35¢c to cover cost of printing and mailing.
Send coupon today, or buy from your favorite parts jobber
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SUPREME INSTRUMENTS CORP., Dept. RC., Greenwood, Miss.
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Gentlemen:

NAME....
ADDRESS
CITY i

in overseas reception by putting into prac-
tice the tips that are given despite the fact
that the descriptive material is built around
a particular product of one manufacturer.

At the same time, this booklet cleverly
shows the necessity for certain controls
which Hallicrafters considers essential in
their newest shortwave receivers.

Meissner I.F. Transformer Replacement
Manual.—This 254-page, paper-cover hook
of course is intended primarily to help sell
the company's products. It is a pleasant co-
incidence therefore that it is also inform-
ative reading matter, as compared to merely
a catalog, in that it includes a virtual course,
in brief, on the design and installation of
LF. coils of all types; detail circuits eluci-
date the text.
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I enclose 35c. Please send me your new book described above.

Amazing New “WALSIO”
STRPLE DRIVER

for radio men. electeicions or enyone doing itepling. Mekes wire end
cable installati twice o1 ¥ h * aves half the time.
Wires can be 1tepled in cornert. behind pipes, into moldings—;
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aven into walls. brich. morter. ete. Magagine woiki sutomaetically snd
holds steipt of staples which come in severel colors. Ask your jobber
for demonstretion and catalogue d 1-Rof all WALSCO PRODUCTS

or write WALTER L. SCHOTT CO.

5264 W. Pico Boulevard, Los Angeles. California

Pl

For WIRED MUSIC GPERATORS

BreastPlate “Dispatcher” type. Leaves
hands free. Handsome dlalectric black
finish. Ar). fabric neck-band. Choice of
single or double headset. hiah or low
impedance. Available_total of 12 dif.
types and imp. In¢i. 717 ft. flex. cord.
Wt 8 oz. Most attractive. lightweight
. practical chest mike yet de-
vised for operators of wl

units. At your dealer or jobber.

UNIVERSAL MICROPHONE CO., LTD.
INGLEWOOD, CAL., U. S. A.
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Order your copy NOW —the only

P. A. HANDBOOK

AND AUTHENTIC
P.A. BOOK PUBLISHED
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A Resume of the Contents of the

AMPLIFIER HANDBOOK
AND PUBLIC ADDRESS GUIDE
FOREWORD

INTRODUCTION
Definitions—decibels, frequeney, in-
put, output, impedance, ete.

SECTION I—SOURCE

Carbon microphones (single-button
and double-button)
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used by C. Wheatstone to denote an in-

strument. which served to make very

weak sounds audible to the human ear,
and which was therefore what we now call
a “stethoscope.” Now, however, the name
mierophone is used exclusively for instru-
ments which convert air vibrations into elec-
trical A.C. voltages.

The early development of microphones
took place during the years 1876 and 1877.
At that time Alexander Graham Bell (1876)
was laying the foundations of modern te-
lephony. In his work he used a micerophone
which worked on the electromagnetic prin-
ciple. One year later (1877) both Thomas
Edison and Berliner were granted patents
for a much more sensitive microphone,
whose action depended upon the variable
resistance of powdered carbon. Since that
time the further development of the micro-
phone has gone hand in hand with the de-
velopment of reproduction and recording
of sound.

THE name microphone was originally

FROM SOUND TO VOLTAGE

The various kinds of microphones have
one feature in conimon, namely they all first
convert the motion of the air particles into
motion of a membrane, ribbon or plate.
This motion leads to the excitation of an
electrical A.C. voltage, so that the following
sequence is always involved:

motion of air —» motion of mem-
brane —» E.M.F.

In a sound field the total air pressure
can be divided into the normal pressure P
of the atmosphere, which is constant, and
a varying term pf due to the sound vibra-
tions, the so-called sound pressure.

The following requirement is made of a
good microphone. The amplitude of the
E.M.F. excited by the sound pressure must
be directly proportional to the amplitude of
the sound pressure for every frequency
w/2x in the frequency range to be repro-
duced and the proportionality factor must
be independent of the frequency. The am-
plitudes occurring are usually small enough
to satisfy the first condition. In this article
it will be explained how it is possible to
make the proportionality factor independent
of the frequency.

(1) In the first place we shall discuss the
conversion of the motion of the membrane
into an E.M.F,, which involves the classifi-
cation of microphones according to their
electrical behaviour.

(2) We shall then deal with the different
devices for the conversion of the air vibra-
tions into motion of the membrane. This
involves an acoustic classification of micro-
phones.

RADIO-CRAFT for MAY. 19

MICROPHONES
—Gnd How Tﬁey Worck

An explanation is given of the different ways in which sound

vibrations may be converted in a microphone into vibrations

of a membrane, rbbon or plate, which possesses one degree

of freedom, and how these vibrations can in turn excite an

alternating E.M.F. in an electrieal ctreuit. The considera-

tions provide a basis for the division of microphones into
different types.

J. de BOER

(3} Finally, the different useful combina-
tions of electrical and acoustic characteris-
tiecs and several different types of micro-
phones will be described.

ELECTRICAL CLASSIFICATION OF

MICROPHONES

E.MF. ig dependent upon the deviation of
the wmembrane.

Carbon Microphone.—In the classic car-
bon micrephones, Fig. 1, a deviation zf of
membrane M causes a change in the transi-
tion resistance between grains of carbon
which are enclosed in a container K. For
sufficiently small deviations of the mem-
brane the change in resistance AR is pro-
portional to the deviation:

AR = Cazf (1)
where the proportionality factor C does not
depend upon the frequency. The constant
E.M.F. E, applied to the microphone gir-
cuit gives a current i, — E,/ R, when the
total resistance of the circuit is R, The
small change in resistance AR of the micro-
phone is therefore equivalent to an alter-
nating E.M.F. in the microphone circuit:

E,

AR = C—=zf

R

The relation between the EM.F. Ef and
the deviation #f of the membrance is thus
independent of the frequency. The A.C. out-
put of the microphone is- made available
in external circuits by means of coupling
transformer T.

Crystal Microphone.—When a piezoelee-
tric erystal plate is stretched or compressed,
electrical charges occur upon the side sur-
faces. 1f such a erystal, C, Fig. 2, is intro-
duced between a rigid wall and a membrane,
M, which is set in motion by sound vibra-
tions, an E.M.F. Ef is excited in the crystal
which is proportional to the deviation xf of
the membrane.

This alternating E.M.F. in turn can be
made to eéxcite an alternating current in an
electric circuit. The generated A.C. voltage
may be taken from across resistor R.

Condenger Microphone—In the case of
the condenser microphone the moving mem-
brane forms one of the plates of a con-

Ef (2)

= 9
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denser, Fig. 3. The motion of the membrane,
M, causes changes in the capacity of the
condenser. When opposite charges have
been put on the plates of the condenser
over a resistance R by means of an eleetric
battery, the changes in capacity lead to
changes in voltage between the 2 plates,
which in this case also have the same rela-
tion for all frequencies with respect to the
deviations of the membrane.

For these 3 types of microphones the
E.M.F. generated is proportional to the
deviation of the membrane, no matter how
high the frequency. For satisfactory fune-
tioning of these microphones, therefore, it
is only required that this deviation is pro:
portional to the sound pressure for all fre-
quencies. We shall discuss in the following
the degree to which this requirement can
be satisfied.

E.M.F. depends upon the velocity of the
membrane.

Dynamic (so-called Electrodynamic) Mi-

crophone.—In the case of an electrodynamic
microphone, a membrane, ribbon or plate
which is set in motion by the air vibrations
is either itself electrically conducting or
bears a conductor upon it. This conductor
is placed in a constant magnetic field, Fig. 4,
and included in an electric circuit. Due to
the motion of the conductor (B, a vibrating
metal ribbon) in the magnetic field the
number of lines of force enclosed within
the electric circuit changes:
N = N, + Czf = N, + Cx, cos wt (3)
where C is a constant and w/2n the fre-
quency. According to the law of induction,
an E.M.F. is hereby excited in this circuit,
which is equal to the decrcase per unit of
time in the number of lines of force en-
closed:

Cx' = Cuwz, sint wt, (4)

where xf represents the derivative of the
deviation with respect to time, i.e, the
velocity of the membrane. In the diagram,
N is the North pole and S is the South pole
of a permanent magnet; the 2 leads from
ribbon B deliver-the generated A.C. voltage
to external equipment.
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Magnetic (or so-called Flectromagnetic)
Microphone.—A small piece of soft iren
which completes the magnetic circuit of a
permanent magnet is fastened to the vi-
brating. membrane of an electromagnetic
microphone, Fig. 5. Due to the motion of
the membrane, M, a varying magnetic field
occurs which generates an E.M.F. in a sta-
tionary. electric coil, Sp, surrounding the
magnet, P, and forming part of an elec-
trical circuit.

The situation in the case of such an
electromagnetic microphone is quite simi-
lar to that in the case of an electro-
dynamic microphone, and in both cases an
E.M.F. occurs which is proportional to the
velotity, the proportionality factor being in-
dependent of the frequency. In order to
obtain satisfactory reproduction for all fre-
quencies with microphones which function
on the elettrodynamic or electromagnetic
principle, the ratio between the velocity of
the moving system and the sound pressure
should therefore be independent of the fre-
quency.

ACOQUSTIC CLASSIFICATICN OF
MICROPHONES
Pressure Microphones.—If one side only
of the membrane M of the microphone is ex-
posed to the variable sound pressure pf,
Fig. 6, one speaks of a pressure microphone.

In this case the force Kf which the air
vibrations (shown here as a plane sound
wave) exert upon the surface S of the
membrane is equal to the product of this
area and the sound pressure:

Kf = Spf = Sp,eos wt . . . (b)

When the mass of the membrane is m, the
frictional resistance r and the stiffness s, the
equation of niotion of this membrane as-
sumes the following form:
maf 4 ra'f 4 sef = Kf = Spy » cos wt (6)
where x’ represents the acceleration.

In such a moving system with one degree
of freedom the greatest deviation for a
given amplitude of the external force oc-
curs when the frequency of the force is
equal to the resonance frequency:

w 1 8
—_—_=— Y- . . . . . (D
2r 2e I m

The way in which the amplitude of the vi-
brating system varies with the frequeney
differs very much accarding to whether the
frequency in question is sufficiently far
above or below the resonance frequency or
in its vicinity. In these 3 different fre-
quency regions each of the 3 terms in the
left-hand member of equation (6) in turn
plays the most important part, so that one
may use the following approximations of
equation (6) for the 3 regions:

w > w,i mE''f = Sp, cos wt; . . (8)
w = w: rZf =8p, cos wt; . . (9)
w < wy s —=Sp, cos wt; (10)

In the neighborhood of the resonance fre-
quency, therefore, the sound pressure de-
termines the velocity of the motion of the
membrane; for higher and lower frequencies
the sound pressure determines the accelera-
tion, viz., the “deviation.”

In the case of carbon, piezoelectric (crys-
tal), and condenser microphones, as we have
already mentioned, the E,M.F. depends upon
the deviation of the membrane. As to the
acoustic part of these microphones, care
must therefore be taken that the ratio
between the deviation and the sound pres-
sure is independent of the frequency, i.e.,
equation (10) must be valid. These types of
microphones must therefore be constructed
as pressure microphones, and care must be
taken that the resonance frequency for
these systems with a single degree of free-
dom is made so high thaf the frequency
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region to be reproduced falls below it. If
the resonance frequency should still lie in
the region of the highest tones to be repro-
duced, & disturbing resonance will occur
unless care is taken to make the damping
sufficiently severe,

In the frequency region above the
resonance frequency the ratio between the
acceleration (2”f — «'xzf) and the sound
pressure is constant, according to egua-
tion (8). For the 3 types of microphone
mentioned the amplitude of the E.M.F. gen-
erated in the microphone circuit varies for
high frequencies according to p,/o’. The
sensitivity thus decreases rapidly for high
frequencies, as may clearly be seen from
the resonance curve given in Fig. 7. In this
illustration the resonance curve of a mem-
branc with one degree of freedom is indi-
cated; and, the log. of the deviation 2 is
a function of the log. of the frequency.

A microphone working on the electro-
dynamic or clectromagnetic principle will,
according to equation (4), reproduce sound
satisfactorily if the relation between the
velocity of the membrane and the pressure
does not depend upon the frequency.

A pressure microphone may therefore
only be used in these 2 types in the fre-
quency region for which equation (9) is
valid, i.e., in the vicinity of the resonance
frequency. By making the mechanical damp-
ing large, provision may indeed be made
that the frequency region in which the re-
production may be considered satisfactory
becomes fairly wide, but the sensitivity then
usually becomes too low, so that such a
solution remains inadequate.

If for certain reasons it is nevertheless
desired to construct a pressure microphone
according to the electrodynamic principle,
it is advisable (in order to improve the
reproduction of tones above and below this
resonance frequency), to pass from the sys-
tem with a single degree of freedom, which
has only 1 resonance frequency to a system
with several degrees of freedom which give
rise to several successive resonance fre-
quencies, Fig. 8. Provision may indeed be
made in this way that the sensitivity of
the microphone remains practically constant
over a wider frequency range, but the
reproduction, especially of speech, is of
poorer quality due to the maxima which
indicate the position of the resonance fre-
quencies in the sensitivity curve of Fig. 8.
We shall therefore not consider such micro-
phones 