v
) -
SEPTEMBER
~ 1944
- 25¢

In Canoda 30c¢



www.americanradiohistory.com

\ W A Miniature Thyratron <
with a Man-Size Rating

RCA-2021—For Control Jobs
Where Lightness and Small Size Count

TURDY construction — stable opera-
tion — high control ratio — yet this
new RCA thyratron, the 2D21—is a true
miniature. It weighs but % ounce; stands
just 214 inches high. And it will handle
100 milliamperes average; 500 milliam-
peres peak. The 2D21 is a gas-type
tetrode electrically similar to the well-
known RCA-2050.
In addition to its small size, RCA-
2D21 has many application advantages
—ifor example:

Low Internal Drop: Only 8 volts!

Any-position Mounting: The 2D21 is
xenon-filled; no mercury to limit mount-
ing position, or to restrict motion while
in operation.

Wide Temperature Range: —55 to
+90°C, with little change in operating
characteristics over the entire range.
Quick Heating: Anode voltage may be
applied not less than 10 seconds after
application of heater voltage.

Stable Operation: The inherent stability
of this type of gas-filled thyratron makes
greater control-circuit sensitivity pos-
sible. Low grid-anode capacitance makes
the 2D21 insensitive to line-voltage

T

B

RCA- 2D21

surges. Heater Volts {(A.C. or D.C.).,

Versatility of Control: You can control Heater Amperes.. ......

the operation of the 2D21 by means of Tube Drop {Approx.]...

both the shield grid and the control grid. Max. Overall Length

This makes for flexibility of control Max. Seated Height.

where needed, Bulb o catrsizes

Low Preconduction Curreni: Electrode E?nslientTempRange _____________?_____550 to 4+90° C.

structure provides low preconduction
current up to start of conduction.

High Sensitivity: Grid current is very

MAXIMUM RATINGS

Peak Forward Anode Volts..............ooveee..650
Peak Inverse Anode Volts g

Y

low; hence, a high resistance can be iald.ori g
used in the grid circuit, providing high (S;E:il&iﬁdv\%ﬁ;"""' _%gg
sensitivity. A high-vacuum phototube Peak Cathode Milliamperes ....... 500
can be coupled to a 2D21 without inter- Average Cathode Milliamperes . . ... . . .100
vening amplifier. Max. Control-grid Circuit Resistance...10 Megohms
Need further information? Write to

Commercial Engineering Section, Radio Typical A-C operation: RMS Anode Volts, 400; Shield-grid
Corporation of America, Harrison, N. J. Volts, 0: RMS Control-grid Bias_Volts, 5: Control-grid

Signal Volts (Peak), 5; Control-grid Cireuit Resfstance, 1
megohm; Anede Circuit Resistance, 2000 ohms.

* The Magic Brain of al! electronic equipment is a Tube . ..
and the fountain-head of modern Tube development is RCA

o RADIO CORPORATION
WAR BONDS OF AMERICA

62-6431-8 g

I

Y

\
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Do You Want Success
Like This ir

= "

I | WAS WORKING IN A
GARAGE WHEN | ENROLLED
WITH N.R.l. | AM NOW COUPON GOT ME

RADIO SERVICE MANAGER [ ¥ cTARTED IN RADIO. &

----- ! HERE AT AMERICAN '

FURNITURE CO. § 1% : ) %’*

FOR THEIR AlRLlNES bAM N Ty
’ PERSONNEL IN AIRCRAFT |
RADIO EQUIPMENT.

WALTER B. MURRAY

\ BEFORE COMPLETING YOUR
%! COURSE | OBTAINED
§. | MY RADIO BROADCAST
i  OPERATOR'S LICENSE

AND IMMEDIATELY JOINED
STATION WMPC WHERE |

AM NOW CHIEF OPERATOR.

HOLLIS F HAYES

' CLIPPING YOUR

JAMES £ RYAN

¥ | MADE $800 WHILE | REPARED song oo B | AM NOW SENIOR
NOW | AM MAKING 550 MY TENTH LESSON. | RADIO SUPPLY COM-

‘ PANY. | HAVE BEEN
 AND MORE A WEEK HAVE M N ~
4 AVE ADE A PROMOTED FOUR %

AND HAVE ALL AVERAGE OF $i10 [ TIMES WITHIN A
THE WORK. | A WEEK--JUST & =~ § YEAR. | AM LOOKING 7
CAN DoO. SPARE TIME. -4 TO THE FUTURE FOR

B8IGGER AND BETTER T'HIN6$
T R. CHAFFEE 7o)
5, SOHN JERRY o K. DUCKWORTH

& s iny

Ilerc’s the formula that bas worked for | Send You Six Kits of Radio Parts
hundreds. They mailed the Coupon like My “50-50 \Ietlmd”~li1;al{gf tr"é“;“l“%fl’gg tg?i:
the onc bhelow. Let me send you FREE, cuits, half(-learning
my 64-page illustrated book, ¢*Win Rich Zg‘l’;;‘_glu;"‘:f%tleeg‘
Rewards in Radio.’’ You'll see how my proven way to learn
practical methods ofter a tested way to
good pay and a chance to get a good job

Radio at home. Think
in a busy ficld with a bright peacctime
and A. M. Signal
Big Demand Now for Well Trained Find Out What N.R.I. Can Do for You
dio Repair business. Profits are large. After-the- feldsy Eltendwtihelderaily [aboutfiamy (Coumscm
new Radios are again available—when Frequency  trained, telling whar they are doing. earning.

Men at Home
§ Will Train
You Too

how much PRACTI-
CAL experience you’ll
get by building a Su-
future. It’s mot a ‘‘miracle cure,’”’ but

the same formula that worked for the R _ Generator — by con-
ducting 60 sets of experiments on these and
men above, and hundreds of others too. other Circuits you build with Radio parts 1

. . e MAIL COUION to met my 6G4-page book

Radio Technicians, °P¢"°’°" FREE. It's packed with facts — things you

never knew about opportunities in Broadcasting,

. ¢ “*50-50 Training Method’—8 Jixperimental Kits
war prospects are bright. Think of the new boom —EXTRA MONEY JOB SHEETN. See the
in Radio Sales and Servicing that’s coming when fascinating jobs Radio offers and how vou can

perheterodyne Circuit,
supply |
Keeping old Radios working is booming the Ra- Radio Servicing, Aviation Radio, other Radio
train at home. Read many letters from men I

Modulation and Electronics can be promoted-—when \(; oblization. . ;ust MAIL (OLPO\[ il;l a? en-
™, ovisd, <ty L ita . . — - velope or paste on & penny  posta -
Television starts its postwar expansion! SM IlTH President, Dept. 4JR National Radio

Broadcasting Stations, Aviation Radio, Police Institute, Washingon 9, D

Radio, Loudspeaker Systems, Radio Manufacturing Our 30th Year of Tr‘"""‘g Men
all offer good jobs now to Radio men—and most of for Success in Radio.
thiese fields have a big backlog of business that is
building up during the war, plus opportunities to
expand into new flelds opened by wartime develop-
ments. You may never again see a time when it is
50 easy to get a start in Radio!

J. E. SMITH, President, Dept. 4JR,

Many Beginners Soon Make 35, 310 National Radio Institute, Washington 9, D. C.

a Week EXTRA in Spare Time

»
|
| | &
| ]
= Mail me FREE, without obligation, your ‘64—page book : b
The day you enroll for my Course I start send- B "\\_’in P.ic'h Rewards in Radio.” (No salesman will call. Please B
ing you ENXTRA MONEY JOB SHEETS that help write plainly.) =
shipw hiow to make ENTRA money fixing Radios in E
sprre time while <l learning. ] Name. .... Co Wilee o e B e v la el S e e A < < len g e Age. ..o l.o =
2 ]
Il B
My Radio Course Includes B Address ..,........ P R - Sl - S - B :
. ]
TELEVISION * ELECTRONICS 1 g
N e G ra e e s D J I T AT State............ ..
FREQUENCY MODULATION HE s : 2
S - - - W
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S208°% jn prizes every month

$100.00 first prize, $50.00 second prize, $25.00
third prize, $15.00 fourth prize, $10.00 fifth prize,

plus $1.00 for every letter received.

Here we go again. Another great Hallicrafters letter contest
for servicé. men. Wherever you are, whenever you see this
announcement, drop us a line. Write and tell us your first
hand experience with 4// types of radio communications built

by Hallicrafters, including the famous SCR-299.

There is gold pere! Write today to get your shate. Tell us
your story in your own way. You can't lose and you can win

as high as $100.00.

September, 1944

There's gotd here ot the end gf?;he ;Q%
great letter cori!eif;gﬁy there's d great and exciting futere
ahead for shott wave snfhusiasis. fo peare time Hallicraft:
ers will continué 1o bufld “fhe radio man's radic” and that
means the best that can be made. There will be a set for
YOU. in OLr pos_kwhr fine, ;

Rules for the Contest

Hallicrafters will give $200.00 for the best letters received
during each of the six months of September, October, Novem-
ber, December, 1944, January, and February, 1945. (Dead-
line: Your letter must be received by midnight, the last day
of each month.)

For every serious letter received, Hallicrafters will send $1.00
so even if you do not win a big prize your time will not be
in vain. Your letter will become the property of Hallicrafters
and they will have the right to reproduce it in a Hallicrafters
advertisement. Write as many letters as you wish. V-mail
letters will do.

Open to servicemen around the world. Wherever you are,
whenever you see this ad, drop us a line. Monthly winners
will be notified immediately upon judging.

i .

. = .
PonE e
nbow in Hollicroftees

i

‘BUY A WAR BOND TODAY} .

THE HALLICRAFTERS COMPANY, MANUFACTURERS OF RADIO AND ELECTRONIC EQUIPMENT, CHICAGO 16, U.5. A
3
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: Bm,_ not "to -'g"étfawl‘iﬂle rabbit skin.”
VHe s gone to prove your rlght to grow
upinaworld all clean and brightand
freed of threat andterror. And in that '
‘wonderful, carefree world of y.d'ur

{ boyhood-rr'c‘i'dio — Fada radio — will
play an excmng role For all of the
genivs and mgenuny that Fada has

“expended in th‘e";._dev.elopmemﬁ of

- war-vital co'mrflur’!ications will have
an’ |mmed|c|te appllcdhon to the
;Perfechon‘ of :""duos,Y fable- models,-

OF TH E F UTU R E

'televmon sets: nd other. electromc,

.mGrvels of the'f 'peacqhme future 74”“;“4 Sc,,ce g

RERY

FADA RADIO AND ELECTRIC COMPANY, INC., LONG ISLAND CITY, N. Y.

RADIO NEWS
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Svstems
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FREQUENCY&CYCF@ES PER SEC

.
£ &

_ &th, Here is Number 2 in the series of practical, instructive
Md‘nograp}xs prepared by %he Jensen Technical Service Department. The title, “Impedance
Matchmg and Power stmbuthn in Loud Speaker Systems,” suggests the scope and
‘treatment of a subject in which everyone concerned with loud speakers and the
reproduction of sound, is vitally interested. | The reading material is supported by
twenty-eight drawings and tables. More than a score of questions are described,

illustrated and solved. One of the problems is that of a comprehensive sound system

for a military installation. {| Like Monograph Number 1 —"Loud Speaker

=
%

! Frequency- Response Measurements”— Number 2 is offered by JENSEN in the interest of

% improved sound’. reproduction. Get either copy, or BOTH, from your jobber or dealer, or fill out

the coupon and mail it with 25c for each book, to:

,««“‘ﬁﬂ

%

IEﬁPEDANCE MATCHINGS%nd POWER DISTRIBUTION in
LQUD SPEAKER SYSTEMSKThe second of a valugble and
important series of treat15e§ on the selection, xri%gllation
an%opercnon of loud speakers 5

%}
FRE& to men in the Armed S\"

vxces and to beranes§ and
Techrucal Schools.

RADIO MANUFACTURING COMPANY \

G : 66‘7 SOUTH LARAMIE AVENUE” Y
N TaravcnerEs?OFBE : : \J h“
\e.::::“uw“ i g 4 o0 38_ ILLINDIS, \“G (0“ ‘\
N ey : b Ao ant
e

September, 1944 ra
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AUDAX

RELAYED-FLUNX

m y

IC-W
Long before this war began . .
AUDAX PICKUPS were in . .

SELECTIVE
SERVICE

Since pickups first became im-
portant commercially, the dis-
tinguished products of AUDAX
have been SELECTED whereva
and whenever the requirements
were exacting.

Today AUDAX magnetically
powcred pickups are SELECTED
for War contracts that demand
the highest standards of per-
formanee, regardless of climatic
variations or severe handling.

Our stern peacetime standards.
maintained for so many years.
have proven comfortably ade-
quate to meet government speei-
fications.

The sharp, clean-cut facsimile
reproduction of MICRODYNE is
a marvel to all who have put it
to the only test that really mat-
ters . . . the EAR TEST.

AUDAK COMPANY

500-N Fifth Ave.. New York 18. N.Y

Creators of High Grade Electrical
and Acoustical Apparatus Since 1915

Send for your copy of our informative
“PICK-UPr FACTS™

*

BUY"
WAR BONDS

i
1
i
[l

-been wounded.

ON the morning of August 4, 1944

the crack “20th Century Limited”
streaks over shiny rails at 65 miles
per hour. The train is now fifteen
minutes late as it approaches South
Bend, Indiana. Dining cars are full
of passengers as the train glides swift-
ly along.

Suddenly there is a screeching of
brakes, followed by a dull thud a split
second later, and the streamliner lit-
erally slides to a stop. There is no
confusion—most of the riders are ap-
parently not aware that they had just
narrowly missed possible death as the
thundering monster hastened to make
up precious time on its way to Chi-
cago from New York. One passenger,
being curious, made his way to the
exit of the car in which he was riding
at the time. His morning shave had
been suddenly interrupted. The por-
ter had already opened the top half
of the entrance way and was peering
out. This passenger, also being in-
quisitive, peered out. He was in the
third car back of the locomotive. What
appeared to be a reasonable small ob-
ject painted yellow was seen jutting
from the nose of the engine. This ob-
ject later turned out to be a gasoline-
powered track truck—the kind used
by repair crews and weighing more
than a heavy automobile.

The huge “iron horse,” now building
up a terrific steam pressure, seemed
to snort like an angry bull who had
Jet Dblack smoke
belched from the funnel as the train
awaited the “all clear” in order not to
be late in its arrival at the Chicago
terminal. Long possessor of one of
the most enviable safety records in
railroad history, this deluxe train, af-
fectionately known to America as one
of her *“pride and joys,” remained at a
standstill while the wreckage was
pried loose from the cowcatcher of
the locomotive.

The passenger was told later that
there were approximately 250 persons
on board at the time and that a train
such as this cost hundreds of thou-
sands of dollars.

Further questioning revealed that
the foreman of the track crew had ap-

www americanradiohistorv com

.
ocas.....

parently taken it for granted that the
train had already passed.

Block signals were found to be in
perfect operating condition and it
seemed fantastic that in broad day-
light and on a clear track that such
an accident could occur. But it did
happen! .

The delayed train limped into Chi-
cago with an ominous clunk-clunk as
the flattened wheels beat out their
rhythmic sound on the rails. As they
neared the station, the passenger was
told that many of the cars would re-
quire wheel replacements before they
could again proceed on their daily
trips to and from New York. The loco-
motive would be laid up in a repair
shop at a time when railroad equip-
ment is vitally needed during wartime
and when there are no ready “spares.”

A heavy steel plate on the nose of
No. 5452 was bashed in. Oil and other
bits of the wreckage were clearly vis-
ible as the passenger took a final look
before leaving the terminal.

Could radio communications have
prevented such an accident? We think
it could! Several varieties of equip-
ment which would be highly suited for
installation on crew repair trucks
have been available for many months.
A simple receiver and loud speaker, if
installed on that truck, could have
warned the repair crew in ample time
and the object could have been re-
moved from the right-of-way.

In this issue of Raplo NEWS are two
feature articles on ‘““Transport Com-
munications.” They point out in no un-
certain terms that radio communica-
tions are a vital necessity for the pro-
tection of lives and property on rail-
ways—regardless of what other safety
measures have been taken.

We have made pleas on several oc-
casions that railroads be given a high
priority for the purchase of such radio
equipment. The cost of a simple in-
stallation, which could prevent such
accidents as these, is a minute frac-
tion of the cost of a train such as the
famous 20th Century.

To some the above may seem a bit
fantastic. I can assure you however,
that it was a “reality.” You see—I
was the inquisitive passenger. ... O.R.

RADIOC NEWS
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Put Your Dollars In Action *
. BUY MORE WAR BONDS

September,

elco Rudid Products Mean Uniform Quality

Delco Radio products—wherever in use—are of uniformly fine quality.

For two reasons . . . First, capable engiheering by Delco Radio’s labora-

" tories ... Second, advanced fechhiques in mass production. It is through

this combination of engineering vision and manvfacturing precision

1941

that Delco Radio meets the demands of war, the needs of peace.

DIVISION OF

CENERVRMEIORE

WwWww americanradiohistorv com
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@) BULLETINS TELL THE WHOLE RELAY STORY

When you can select the relay that exactly meets
your requirements from a regular line, you have
saved man power, time and money. WARD LEON-
ARD RELAYS include types and sizes for every

RELAY BULLETINS

application. They all have crisp action, are depend-
able and durable yet consume but little current. Send
for the data bulletins of interest to you.

Bulletin 105

“Little Giant Relay” single pole, single
and double throw. Controls 3; HP on
115-230V

Bulletin 106

Midget Relays for light duty available in
single and double pole, single and double
throw.

Bulletin 81

Intermediate Duty Relays in single and
nultipole arrangements, single and dou-
ble throw.

Bulletin 362

Motor Driven Time Delay Relays for
operation on alternating current.

Bulletin 104

Midget Relay for tight places—Vibration
resistant—Double Pole, Double Throw—
Available for 6 to 115 volts A.C. or D.C.

Bulletin 131 and 132
Heavy Duty Relays single and multi-

pole, single and double, contracts rated
up to 23 amp. on 125-250V

Bulletin 251

Sensitive Type Relays for direct and al-
ternating current operating on .014 watts.

Bulletin 351

Therimal Time Delay Relays with ther-
mostat built into relay assembly.

Bulletin 103

Aircraft Power Relay. Single  Pole,
Single Throw for 24 volts at 25 amps.
D.C. Withstands high values of accelera-
tion of gravity, shock, and vibration.

ARD LEONARD

RELAYS - RESISTORS - RHEOSTATS

Electric control SWLZ devices since 1892.

WARD LEONARD ELECTRIC COMPANY, 47 SOUTH STREET, MOUNT

10

WwWww americanradiohistorv com

\Ildgel Metal Base Relay meas-
ures 134 inches high for tight
places in aircraft radio and con-
t‘]t.otli circuits where space is lim-
ited.

VERNON, NEW YORK

RADIO NEWS
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omatic nitrogen

ot j,anode to the stem,

e ration 2 "elements of every FTR tube
' “"are now protected from oxudahon,

g ;'i" confammahon and moisture ina

INVEST IN THE FUTURE—BUY WAR BONDS

ur mQ ‘the ‘process of

oo,

- ‘?:u

S
S e

{ EVELOPED
N ‘PURIFIER
Ll lcally confrolled atmos-

e re_ of automatically mixed ni-
,.,’.bg_e_n_and hydrogen.

‘Here.is another reason why you

" get higher operating efficiency

and still longer life when you use
FTR tubes. Another evidence of
the ability, brains and technical
understanding which have earned
the reputation that ’’Federal al-
ways has made better tubes.”

Now is the time to know Federal.

ea’em/ Telephone and Radio (¢ orporation

Newark 1, N. J.
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The No. 37104
Terminal Strip

is a sturdy four-terminal sirip of
molded black General Electric Texto-
lite much used on present production
Army and Navy equipment. Barriers
between contacts. "Non turning'’

studs, threaded 8/32 each end.

JAMES MILLEN
MFG. CO., INC.

MAIN OFFICE AND FACTORY
MALDEN
MASSACHUSETTS

Pt
M

Presenting latest information on the Radio Indnstry.

RADPIO ENTERED THE IPRESI-
DENTIAL CAMPAIGN with a mighty
flourish, providing spectacular cover-
age at the recent Republican and Dem-
ocratic national conventions in Chi-
cago. Over seven-hundred stations in
this country and Canada carried a
minute-by-minute description of this
important event. In this group were
the two-hundred stations of WOR, Mu-
tual; one-hundred and ninety-three
stations of WJZ, Blue Network; one-
hundred and thirty-six stations of CBS;

| and about one-hundred and fifty sta-

| work.

tions of NBC.

Nearly ten-thousand engineers, tech-
nicians and commentators participated
in operating this gigantic radio net-
NBC reported that over two-
thousand men were used to control the
circuit lines only. Microphones were
everywhere. There was a microphone
for practically every state and terri-
torial dclegation. Interview micro-
phones were at strategic points in the
lobby and on the floor. To intercept
crowd noises and cheers, and pick up
organ and band concerts. parabolic mi-
crophones were used. Broadcast type
handy-talkies and pack control sets

were used to permit transmission of

“on the floor” interviews. Most of
these transmitters used frequencies of
30 to 40 megacycles. Some of the
transmitters operated on as high as
165 megacycles.

The proceedings were also televised,
using film-pickup procedure. Express
airplanes picked up the films as soon
as available, and flew them to New
York. WNBT, the NBC station in New
York, “piped” the film telecast to the
G.E. station in Schenectady, WRGB,
and the Philco station in Philadelphia,
WPTZ. Other television stations in
New York, WABD and WCBW, and in
Los Angeles, W6XYZ, also participated
in transmitting convention activities
by television.

In the months to come, radio will be

| called upon to transmit millions of po-

litical words . . . words that will pro-
duce the “yes” or “no” on the ballots
next November.

FABRICATIRG FACILITIES NOW

| APPEAR to be the principle bottle-

neck in the production of radio and
radar equipment, John Creutz, chief of
the Domestic and Foreign Branch of
the Radio and Radar Division, WPB,
disclosed at a recent special meeting of
the Electronics Distributors Industry
Advisory Committee. The trend of
war will indicate when this condition
may or may not improve, he cited.

In discussing L-293 restrictions, Mr.
Creutz provided some pleasant news.

www americanradiohistorv. com

He said that condenser manufacturers
have been permitted to use aluminum
cans. A similar step of casing L-293,
is planned for transformers, he pointed
out. These transformers will be made
for replacement purposes. Although at
the present time much production is
not being authorized, by the end of the
year the transformer situation should
be more favorable.

Discussing standardized lines of re-
placement parts, Mr. Creutz pointed
out that the proposed standard for vol-
ume controls probably will not be
adopted since standardization is no
longer as necessary as it was two years
ago.

The victory line of transformers was
discussed by several members of the
committee. They reported that deliv-
eries had been very poor, particularly
on power transformers. It was- their
opinion that the victory line might as
well be eliminated, since transformers
were fairly well standardized before
the victory line was instituted. In ad-
dition, they pointed out, further stand-
ardization had been effected during the
war, and the production of the victory
line meant only an additional burden
on plant facilities. Objection was also
raised to the lack of a small six-volt
transformer. The victory line trans-
former’s physical dimensions were too
large for chasses of table models, be-
cause these victory transformers were
made to comply with strict specifica-
tions which involved larger cores and
more wire. Mr. Creutz said these mat-
ters will be taken under advisement.

The tube situation also came in for a
bit of analysis. Good and bad news
was provided. On the negative side
appeared the fact that the industry,
during the last half of the year, must
produce at a rate 25 per cent greater
than ever before. Switching over to
the positive side of the ledger, Mr.
Creutz said that all military require-
ments for metal, glass and loctal tubes
should be met during the third quar-
ter. On the basis of a yearly require-
ment of eighteen million tubes, virtu-
ally all civilian requirements should
be produced during the third quarter.
It was pointed out, however, that even
the year’s requirements of eighteen
million tubes will not really satisfy the
demand, since 1941 shipments of carton
packed tubes were thirty-three million.
One of the committee members stated
that the known demand for the last
few years has been as much as sixty-
five million to seventy million. Yet,
he said, according to the information
supplied by the RCA License Bureau
for 1941, only thirty-six million tubes
were bought. It was his belief that
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SPRAYBERRY RADI

BIG EARNINGS AHEAD IN RADIO-ELECTRONICS & TELEVISION

Just Ourt! FREE!

The offer I make you here is the opportunity of
a lifetime. It’s your big chance to get ready for a
wonderful future in the swiftly expanding field
ot Radio-Electronics INCLUDING Radio, Tele-
vision, Frequency Modulation and Industrial Elec-
tronics. Be wise! NOW’S the time to start. No
previous experience is necessary. The Sprayberry
Course starts right at the beginning of Radio.
You can’t get lost. 1t gets the various subjects
across in such a clear, simple way that vou under-
stand and remember.

I'll Show You a New, Fast Way to Test Radio Sets
Without Mfg. Equipment

The very same Radio Parts I supply with your
course for gaining pre-experience in Radio Repair
work may be adapted through an exclusive Spray-
berry wiring procedure to serve for complete, fast,
accurate Radio Receiver trouble-shooting. Thus
under Sprayberry methods you do not have one
cent ol outlay for manufactured Test Equipment
which is not only expensive but scarce.

Prepares You for a Business of Your Own or Good
Radio Jobs . . . Civilian or Military

My training will give vou the broad, fundamentaul
principles so necessary as a background no matter
which branch of Radio you wish to specialize 'n.
I make it eaxy for you to learn Ruadio Set Repair and
Installation Work. I teach you how to install and
repair IElectronic Equipment. 1f you enter the Army,
Navy or Marines, my training will help you win

higher rating and better pay.

September, 1944
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simple, non-technieal English how to read

and

Provides the quick key to analyzing any
Radio cireuit.

ali

hook now while supply lasts and along 2 T I

with it I will send you another big M/[,’,o/ Plag N
FREE book describing my Radio- Ay .S‘)'M’Wfd’
Electronic training. pA i 4{30“

eanﬁkuﬁraovwﬁ“‘

-~ TECHNICAL

~ KNOWLEDGE

AY T0 TRAIN FOR

““How to Read Radio
Diagrams and Symbols‘’

. a valuable new book which explains in
understand any Radio Set Diagram.

Ingludes transiations of
Radio symbois. Send for this FREE

SPRAYBERRY ACADEMY OF RADIO =
. L. Sprayberry, Pres. ]
Box 300WJ, '
Pueblo, Colorado
Please rush my FREE copies 015 “HOW TO MAKE
MONEY IN RADIO, ELECTRONICS and TELE- I
VISION,” and “HOW TO READ RADIO DIAGRAMS 1
and SYMBOLS.” ]
Name . ....... e MmN .. e, Ve ool AgEr s Jnss 1
AQAYESS v i e e e g
CitY n carprrEans ps e« BEEE o =R Statesr.w. voe fwun i
Tear off this coupon, mail in envelope or paste on

penny postcard. §

---------------------_--! Yo

13

wwWw americanradiohistorv com


www.americanradiohistory.com

S P

NEED A SUPPLY

Book matches, imprinted with your
name, are one of the best and most
economical ways to advertise your
business.

Sylvania has prepared a new style of
book match for your ase.

Supplied to you for cost, with your
name handsomels 1mpr1nted

1,000 .. $3.25 5,000.. $14.90
2,500.. 7.50 7,500.. 22.40

Plus 40 cents per thousand Federal Tax.
Orders under 7,500 are shipped FOB
Shipping Point; over 7,500, FOB your
address.

Order from your local Sylvania dis-

tributor, or send your order to Frank
Fax, Sylvania, Emporium, Pa.

SYLVANIA

ELECTRIC PRODUCTS INC.

RADIO DIVISION

14
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. many of the tubes purchased in bulk
N have been used for replacements rather
than for orlolnal equipment.
; The new ‘program. calling for the

!

 production of “MR” tubes and the in-

terchanging of a specified number be-
tween manufacturers on a basis com-

'_‘-'parabl'e to 1941 distribution, appears

to be working out quite well, stated
Mr.-Creutz, considering that the pro-
|'gram started only at the beginning of
this year. Mr. Creutz said that each
lof the tube producers has presented a
definite distribution plan which has

‘|'been approved by WPB. Some of the

committee members pointed out that
consumers in metropolitan areas were
not receiving fair treatment on tube
purchases. Many dealers were holding

| than selling them separately for re-
placement purposes, these committee
members said.

~Mr. Creutz also revealed at this
meeting that repairmen who are being
discharged from the services will be

over again.
that enough equipment to run a serv-
ice shop is available on a short pro-
curement cycle on the AA5 rating,
which radio repairmen may extend or
(maintenance repair order).
AL Tegional ;offices have been advised
to assist veterans, who wish to return
or enter radio repair business.
curing the necessary equipment and
parts.

The surplus matemal project, now
under way, was discussed at this meet-
ing by Wesley Smith, who is chief of
the Components Recovery Section.
This section was established for the
primary purpose of redistributing the
components available from sources
other than the normal production of
the industry, so that the heavy produc-
tion schedules could be met. This sec-
tion also screens material to see
whether any items can be used to fill
military requirements before these
items are declared surplus. The sec-
tion operates in conjunction with the
WPB Redistribution Division. This
division was originally established to
facilitate sales in such cases where
WPB regulations made the sale
through the usual trade channels dif-
ficult. In explaining the operation of
his section, Mr. Smith said that it is
particularly important for the prospec-
tive purchaser to relate just what he
intends to use the material for, and ex-
plain that any of this material will be
made available to the Armed Services,
if so necessary. The form used to sup-
ply this information on is known as
WPB-1161.

Committees of the Radio Manufac-
turers Association are also studying
the surplus problem. The Defense Sup-
plies Corporation is handling surplus
tubes and parts which have been offi-
cially declared as ‘‘war surplus.” Sur-
plus receivers will be handled by the
Treasury Department. Immediate sur-
pluses resulting from contract termi-
nation, until officially declared as a
“war surplus,” are being handled by

Wwww americanradiohistorv com

tubes to use in repair work, rather.

able to buy representative stocks of-
equipment and supplies to start all
Mr. Creutz pointed out -

in se-.

N EWS

the Army and Navy, assisted by the

] WPB Rad1o and Radar D1v151on

Tlllﬂlh IS EVFRY l\'IIICATl()V
THAT THE BATTERY situation will
ease up during the next few months.
At a recent conference with dry cell
battery and zinc battery shell industry

executives, plans-for expansion of dry

cell battery production were discussed.
To permit increased manufacture, re-
strictions on the use of iron, steel, cop-
per and copper base alloys have been
removed by WPB.

Stanley B. Adams, director, Consum-

" ers Durable Goods Division, said that

WPB is fully aware that the present
production of farm radio batteries is
not sufficient to meet the minimum es-
sential needs of civilians. Accordingly,
he said, WPB is taking steps to expand
the production of farm radio batteries
where it will not affect military pro-
duction. In this respect new facilities
for the manufacture of battery elec-
trodes are being studied. Permission
for the construction of a plant capable
of producing sixty-million electrodes
each month has already been granted.
It is expected that the new plant,
which is being financed by the Defense
Plant Corporation, will be in operatlon
by October 1st, 1944.

THE EXPERIMENTAL MODEL
ORDER. which was to be effective on
July 1st, was not put into effect until
July 22nd. This revised order permits
the production of an experimental
model costing no more than $5,000.

" Models costing in excess of $5,000 re-
" quire the specific approval of WPB and

the 'War Manpower Commission. An
AA3 rating has been granted for ma-
terial required in these experimental
models. Before proceeding with the

-work on experimental models, a for-

mal pledge, citing that activity of this

" nature will not interfere with war pro-

duction or essential civilian produc-
tion, must be filed with WPB.

Inquiry among several manufactur-
ers revealed that while experimental
plans were in mind, actual develop-
ment work was not being contemplated
as yet. A few of the manufacturers
stated that they did not believe it
would be possible to engage in such
work in view of their enormous war
activities. These manufacturers were
in agreement with the automobile
manufacturers, who felt that they
could not devote any effort at the pres-
ent time to such experimental work.
Of course, the models required by the
radio industry are of a much smaller
nature than those required by the au-
tomotive industry, and thus it appears
as if some of the manufacturers may
be in a position to proceed with such
experimental work in the not-too-dis-
tant future.

UNPRECEDENTED COMPETI-
TION appears to be in view for the
broadcast industry, according to Har-
old Fair, program director, WHO. In
an analysis of program management
prepared for the NAB, Mr. Fair points
out that the struggle for the ear of the
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will be a BUY-line
—NOT A SIDE LINE

If you, as a radio retailer, are interested in the profit
ospects of Television, as well as the scientific, read the
enlightening paragrophs below.

TEMPLE TELEVISION will reflect not only the skill and forward thinking of Temple engi-
neers, but alsc practical, down-to-earth planning —of both merchandise and merchandising —
that has you, the dealer, and your customers in mind.

TEMPLE TELEVISION will be engineered by top-flight electronic engineers who will com-
bine Television and radio into a complete line of instruments that the radio dealer can sell with
confidence and profit — instruments not merely designed for studio or exhibition purposes, but
produced to deliver full value and performance to his customers.

TEMPLE TELEVISION will be built of highest quality materials by quality-minded crafts-
men keenly alive o insure complete and lasting customer-satisfaction, as well as to mini-
mize dealer service problems.

TEMPLE TELEVISION will enjoy the advantage of being housed in Temple-designed,
Temple-built cabinets— furniture that is bench-made, not “bunch” made — providing not only
extra outer beauty and extra variety, but extra VALUE, as well.

YES, IN TELEVISION, TOQ, iT WILL PAY YOU 70 “TEAM UP WITH TEMPLE”

wHERE FM witL ALso
MEAN FINEsT MaADE

FM . ... TELEVISION . . ..
RADIO-PHONO’ COMBINATIONS

TEMPLETONE RADIC COMPANY, Mystic, Conn.

September, 1944 15
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S POT

SUPREME

BY COMPARISON
> Current Supreme Models

Model 504-4
Tube and Set Tester

Model 542

Pocket Multimeter

IN TEST EQUIPMENT?

Military secrecy precludes our
answering that now. But radical
new developments in testing
techniques have been and are
being perfected. Because of
these important advances, when
Victory comes your NEW
Supreme Test Equxpmenf will be,
more than ever, "Supreme By
Comparison."

' su PREME INSTRUMENTS CORF.

. Greermipood, Hhe, U, 5 A4,
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listening audience will become keener
than ever before in the history of the
industry, particularly because of the
advent of television and FM.

He said, “The day is coming when
the successful station operator will be

‘| pulling out all the stops to stay in the

orchestra. A logical analysis of this
situation indicates clearly that more
and more emphasis on good program-
ming is the answer.

“Programs are the show windows
through which the radio industry dis-
plays its wares. They are beyond ques-
tion the most potent factor in promo-
tion and public relations. And most
important, they are the one medium
through which a radio station can
grasp, maintain and expand a large
and consistent audience. And that
audience is the insurance against
dwindling prestige and mounting com-
petition.”

Analyzing the obligation of the pro-
gram manager in this NAB report,
Irvin G. Abeloff, program service man-
ager, WRVA, points out that the pro-
gram manager must be a jack-of-all-
trades and “master of most!”

Mr. Abeloff says, “The program
manager must be a musician, copy-
writer, copyright authority, announcer,
traffic authority, production man, pub-
lic relations expert, salesman, and
shrewd diplomat.”

A PRODUCTION SCHEDULE FOR
CIVILIAN RECEIVERS in England
has been officially approved by the
British government. A statement from
the Radio Manufacturers Association
in England reveals that 175,000 a.c.
and 75,000 battery receivers will be
made during the next twelve months.
The a.c. models will cost around fifty
dollars, and the battery models will
cost around forty-five dollars. No d.c.
models are scheduled.

In the a.c. model, four tubes will be
used. The receiver will be designed
for 195-250 volts, 50 cycles only. A
pentode output and delayed a.v.c is
planned for this receiver. In the bat-
tery model, 2-volt tubes probably will
be used. The output here will use a
double diode-triode which also will af-
ford a.v.c. action. B-battery voltage
will be around 100 to 120.

According to the Board of Trade in
London, the prewar practice of dis-
tribution will be followed in distribut-
ing the new receivers. The receivers
will be known as “wartime civilian re-
ceivers,” and will be identified as such
with a special label. The tuning ranges
will be from 200 to 560 meters for local
pickups. Speakers will be of the 6%
permanent magnet type, and cabinets
will be wood. Materials and parts re-
quired for the production of the re-
ceivers were released in April. No
definite information as to actual re-
ceiver production has as yet been re-
ceived. It appears, though, that the
bulk of receivers will be available dur-
ing the latter part of the twelve-month
period. '

Incidentally, the American receivers
sent over to England many months
ago, recently have been placed into

www americanradiohistorv. com
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four price groups, ranging from $47.00
to $68.00. Approximately 140 different

~ models are included in this price classi-

fication. Many popular name receiv-
ers appear. Types include simple
broadcast band for a.c. and d.c., two-
band a.c.-d.c., and push-button tuning.
Receivers are in wooden and molded
cabinets, and with five and six tubes.
As stated in these columns earlier,

~most of the receivers had to be con-
_verted. for use on the higher voltage

lines of England.

The receivers are being distributed
through carefully controlled channels,
and in small groups. Distribution be-
gan a few months ago. No figures are
available yet as to the quantities dis-
tributed.

FROM MEXICO COMES A RE-
PORT that a purchase of one-million
low-priced American-made receivers is
planned for the lower-income bracket
civilians. The receivers would cost
around five dollars, and would be sold
on installments. Inquiry among Amer-
ican manufacturers indicated that such
a unit was practical only if a number
of powerful stations with wide cov-
erage were available.

At the present time there aren’t too
many of these high powered stations in
Mexico. It was felt, however, that it is
entirely possible that such stations
may be built.

At the present time, receiver produc-
tion in Mexico is negligible. There are
four or five factories operating now,

which produce around two thousand
sets a year.

SALE OF DPRY BATTERIES RE-
JECTED BY THE ARMY is now cov-
ered by an OPA ruling which provides
for maximum price labelling and bat-
tery property specifications. Accord-
ing to this new ruling, the maximum
price for sales of these salvaged bat-
teries is being fixed by each OPA dis-
trict office at 80 per cent of the pre-
vailing maximum price for the most
closely comparable new civilian bat-
tery. A manufacturer’s published price
list in effect during March, 1942, is be-
ing used as a guide in determining the
prices.

The ruling also describes what con-
stitutes a military salvaged battery.
Such a battery, according to this rul-
ing, is one which was originally manu-
factured and sold for eventual use by
the Military Forces, but subsequently
was sold or offered for sale by any per-
son other than an agency of the U. S.
government. If the battery is reassem-
bled, it must meet the following speci-
fications, according to this OPA rul-
ing: (1)—Single No. 6 dry cells and
flashlight unit cells must be enclosed
in close fitting jackets. (2)—The volt-
age must be at least equal to a speci-
fied minimum voltage. For instance,
B and C batteries tested on a cali-
brated ohm voltmeter (thousand ohms
per volt), must have 1.47 volts per cell
or per groups of cells in parallel. A
flashlight and other 4 batteries of C
size cells must have the same voltage
per cell when tested on a 100-ohm per
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EREAL SPEED UP:
TOOLS. This is thep =

WRENCH that works .
like a SCREW DRIVER :

Standard sizes for Hex-
agon nuts or headed
Bl screws . . . special
SPINTITES for square

or knurled nuts. Han.
dles are cither fixed |
B or chuck type
il SPEED-UP design by
makers of WALDEN
WORCESTER
BWRENCHES

£

465 SHREWSBURY STREET

WORCESTER, MASSACHUSETTS
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'tamers s ] !

- cessful tests over long runs.
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volt meter. (3)—Individual cells and

_batteries must be: free from loose ter-
"minals,”

-corrosion, loose or craclked
seals, and leaking or distorted zinc con-

lined an advertisement of a Pittsburgh
department store recently . . . believe
it or not. Receivers offered: included

consoles, table models, and phono com-
. binations, '
'$79.00 to $239.00. No receiver identity
- appeared, nor did any details on ithe

with .prices ranging from

technical features appear. -Whére ithe

receivers came from, no one would say. -
In any event, Pittsburgh was opce S

agaln buylng receivers.

ONE OF THE MOST ll\lPOll'T;\NT}
FCC HEARINGS of the year will be-
gin on September 13, when the investi-

gation of railroad radio communica-

tion systems gets under way. A com-

mittee of three, composed of Commis-

sioners Walker, Case and Jett, will

preside. Commissioner Walker will be
chairman. These hearings, which will

be of a preliminary nature, will serve .

to provide information which should be
of assistance and guidance to the many

who are interested in carrying out rail-

road-radio programs. Among those or-
ganizations who are expected to be
represented are the Association of
American Railroads. Aeronautical Ra-
dio, Inc., CAA, RTPB, and War b e-
partment.

Sharp debates undoubtedly will pre-

vail, for there appear to be several - *
schools of thought on the systems that -

should be used. The carrier-current
group, for instance, has already begun
its.campaign to prove that this method

is best. They are quite specific in their-
criticism of radio; pointing ‘out that

“every available principle of communi-

‘cation has been studied, and all have

been rejected in favor of induction' (a
carrier-current transmitted through

the rails, the ground and adjacent con-

ductors, is received by induction . . .
the frequency of a carrier is between
5 and 250,000 cycles, with voice cur-
rent imposed upon the carrier by
means of AM or FM).” Radio enthu-

siasts say that space-radio systems are

the best, as evidenced by recent suc-
The lat-
ter interest is further emphasized by
the number of applications that the
FCC has already received for construc-
tion permits. Since May 1st, thirty ép-
plications have already been received.
Many grants have been made already,
and installations have been success-
fully completed in many instances.
We'll watch train radio closely.

FINAL APPROVAL OF FM as lhe
sound channel in television appears to
be certain at this writing. Recommen-
dations are that frequency modulation
with a maximum frequency swing of
25 kilocycles be used for the sound
channel. This decision was reached
after a series of discussions among
Committee Three members of Panel
Six of the RTPB. In presenting the

www americanradiohistorv com
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case for frequency modulation, one
member- pointed out five points that
were: in faver of FM. These were:

_establxshed practlcablllty, better sig-
-nal-to-noise ratio, lower sound-trans-
b s o ° } . mitter .power, ‘correlation with v.hf
CYHS,: VVE "HAYE RAPIOS,” head-

broadcasting * (since television is on
v.h.f. it certainly would be wise to use
FM which is also on v.h.f.), and adapt-

. ability to oscillator stabilization. In

the latter instance, the problem of os-
cillator stability in the higher frequen-
cies was explained by comparing sta-
bility requirements. It was pointed out
that the difference in stability require-
ments is of the order of four-to-one in

favor of AM. Such stability, however,

requires automatic frequency control.
This feature can be included in an FM
receiver more economically in view of

the presence of the discriminator cir-
. cuit. With the addition of this a.f.c.

system, it is therefore possible to

‘maintain accurate oscillator tuning

in M receivers.

Nine- points in favor of AM were
offered by another member of the
committee. These were: stability, su-
periority in presence of multipath, low
expense, adequate signal- to-noise ra-
tio, favorable i.f. band. transmitter

. -economy, spectrum economy, ease of

receiver servicing, and ease of tuning.
Notwithstanding these. apparent vir-
tues, the committee members found
that FM offered equitable properties
that justified its use in the sound
channel.

The discussion of the sound channel

also. prompted some 1nterest1n0 state-
. ments ‘on high fidelity. These state-

ments stress the fact that- it wasn’t
prudent to publicize and create a de-
mand for 15,000-cycle type receivers

.or systems when a suitable 10,000-

cycle receiver is not as yet available.

These experts went on to say that
the range of 60 to 8,000 cycles or pos-
sibly 50 to 10,000 cycles should be con-

“sidered for all types of broadcasting,

including frequency modulation, so

- that owners of FM or AM receivers

may profit by the use of such wideband
design. Such a balanced system of re-
production, they pointed out, was more
practical than the extension beyond
10,000 cycles. It was also brought out
that reproduction of the lower fre-
quencies should be investigated and
improved, since in -this direction we
have a system of balance that most
people want. _

The question of whether AM or FM
was suitable for the video channel re-
ceived extensive consideration by the
committee members. The decisions
favored AM. ' In pointing out the prob-
lems of FM video transmission, mem-
bers said that the multipath troubles
were quite serious. This appeared to
be the consensus of most of the mem-
bers who had experience with FM for
video. .

In commenting on television receiver
design, during a meeting, a member of
Committee Four said that a receiver
with a sensitivity of 200-microvolts

(Continued on puge 120)
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16 IN A SERIES EXPLAINING THE USES OF ELECTRONIC

e o o YOU CAN MAKE UP 7O

1500 SPOT

ELDS /A MINUTE

WiITH G=E ELECTRONIC TUBES

&

In g photograph above, a droppable
fuel tank for aircraft is being seam-
welded with the aid of G-E electronic
tubes, at a production rate far in ex-
cess of what was considered possible
only a short while ago.

The heart of the welding control
equipment is the G-E electronic tube
— the steel-clad ignitron, which pro-
vides the high current demanded; and
the thyratron, a precision timer, which
controls the passage of current as seam

G. E. HAS MADE MORE BASIC ELECTRONIC-TUBE
DEVELOPMENTS THAN ANY OTHER MANUFACTURER

Sepiember, 1914

{-SPEED PRECISION WELDING

g
w5

RATRON

welds are spotted at any desired dis-
tance, overlapped, or brought into a
solid line. Seam welds can be made at
speeds up to 1500 or more welds a
minute.

Thyratron control is especially valu-
able for spot or seam welders because
it automatically opens and closes the
circuit at precisely the same point each
time on the a-c supply voltage wave.
This minimizes transient c’urrenfs, the
cause of non-uniform ‘welds.

www americanradiohistorv com

TUBES IN INDUSTRY

Advantages of the electronic-tube
method over mechanical methods are:
Improved quality of welds; reduced
voltage regulation; low maintenance
cost; smooth heat adjustment over a
wide range.

There is a complete line of G-E
electronic tubes for innumerable in-
dustrial jobs; and near you is a G-E
electronic-tube distributor who is pre-
pared to fulfil your requirements.

“*THOW ELECTRONIC TUBES WORK'*

This booklet will be mailed to you on request—
without charge. Address Electronics Denart-
ment, General Electric, Schenectady, New Yoik.

® Tune in “The World Today"” and hear the
news direct from the men who see it happen,
every evening except Sundaw at 6:45 EW.T.
over CBS. On Sundaoy listen to the G-E “All
Girl Orchestra” at 10 P. 3. EJW.T. over NBC.

GENERAL ) ELECTRIC

162-C9-8830
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American Instrument production is catching up with

the needs of our armed forces—closing the gap be-
tween too little and enough. Caring for those needs
has expanded Triplett production lines unbelievably
far beyond previous capacities. And the experiences
of war, added to more than forty years of instrument
manufacturing, have bettered the products coming off
those lines.

Now—instruments—better than ever before—are ready % Greater Production
for general use. Better place your orders, at once, with Capacity

Triplett—headquarters for a complete line of instru- Ss Bortov lastein et

ments made to one fine standard of engineering. oy Quality

D’Arsonval Moving Coil D.C. Instruments Electrodynamometer A.C.-D.C. F ]

Double Iron Repulsion A.C. Instruments R.F.and Rectifier Types; Sizes 2" through 7 . * Complete Line of
Instruments

* One Source of Supply

% Prompt Deliveries

% SEND YOUR ORDERS
TO TRIPLETY NOW

BLUFFTON OHIO » » »

Z20 : RADIO NEWS
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FOR MOBILE RADIO TRANSMITTERS AND SOUND EQUIPMENT.

Model 600-

@ Resistant to high humidity, wide temperature ranges, mechanical shock and

vibration

® Frequency curve scientifically designed for highest articulation through inter-

ference and background noise

@ The new Electro-Voice Model 600-D.is available in high or low impedance output

@ Lightweight, can be held for long periods without fatigue

@ Shock-proof, high impact molded phenolic case

© Press-to-talk switch (switch-lock optional) for relay operation, with choice of

switching circuits

To the growing list of Electro-Voice developments, we now
add the Model 600-D which may be adapted to a number
of essential civilian applications. Built to rigid wartime speci-
fications, it reflects the painstaking care of the Electro-Voice
design laboratory. Electro-Voice Microphones serve you better
» . . for longer periods of time.

I¥ your present limited quantity needs can be filled by
any of our Standard Model Microphones, with or with.
out minor modifications, please contact your nearest
radio parts distributor.

PAPER PACKS A WAR PUNCH . . .
..... SAVE EVERY SCRAP

HAND-HELD
MOVING COIL

COMMUNICATION
MICROPHONE

(REPLACING MODEL 600-C)

ELECTRO-VOICE MANUFACTURING CO., INC. - 1239 SOUTH BEND AVENUE . SOUTH BEND, INDIANA

Export Division: 13 East 40th Street, Mew York 14, M. Y. — W 5 A Cables:

ARLAE

September, 1911 .
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~. %The high quality of their

- product, which “cvompriges
ielepho'nes',_sﬁiiéhboafds
and electricaljsti‘pplie's,',.has
placed them in the posi-
tion. of the largest manufac-
'tﬁrer of their goods in‘this_.(-

section of the country.”” -

eeofrom

_ A CENTURY OF MERIDEN

pubhshed i 1 906'

If “skill to do comes of doing,” this thirty-eight year
old commentary explains the record of Connecticut
Telephone and Electric in manufacturing telephones,
switchboards, and electrical supplies for the military

needs of this war.

We look forward to the next thirty-eight years,
confident that this is the dawn of the most important
era yet, in the development of communications, and

every other branch of electrical science.

If our seasoned, but progressive, experience can
be of help to you in ccnnection with your communi-
cations requirements or the development and manu-
facture of electrical or electronic devices, we shall be

glad indeed to talk with you.

CONNECTICUT TELEPHONE
& ELECTRIC DIVISION

GREAT AMERICAN fNDUSTRIES, INC.

MERIDEN, CONNECTLCUT _

TELEPHONIC SYSTEMS @ SIGNALLING EQUIPMENT e ELECTROP:“C'
DEVICES ® ELECTRICAL EQUIPMENT ® HOSPITAL AND SCHOOL COMe
MUNICATIONS AND SIGNALLING SYSTEMS e IGNITION SYSTEMS

RADIO NEWS
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HIGH-FREQUENCY Ty py,

The 6ALS fills the need for a high perveance twin diode with the
low voltage drop required for many special r.f. circuit applications.
! WPB and the Services consider diode connection of the 6J6 twin
‘ : & triode (and -other triodes) to be a wasteful misuse. With minor
g .TYPE 6’A"-§ I : ] changes of socket wiring, the 6ALS5 easily replaces the diode-
' (Devetopmental ; 1 AYLLR &8 connected 6J6. .
Hytron 027) : 4 i Specifically manufactured and rated as a diode, the 6ALS is
i tested as a diode. Close production control keeps within a narrow
range the cutoff characteristic in the contact potential region. De-
signed throughout for efficiency on high and very-high radio
frequencies, the 6ALS5 has a separately connected shield which
BASl\NG : rrfay ?)e grounded to isolate the two dicdes and their associated
pin 1 — Cathode 1 ¢ circuits. A midget miniature bulb permits extra space savings.

pin 2— Plate 2 Possible uses include: Detector and AVC, clipper, limiter,
Pin 3—“0‘!‘9’Ir | : FM frequency discriminator, special high-frequency diode,
Ri 45:2:::‘:“ PR power rectifier.
vin 6 — Shield

Pin 7 '.'ﬂd‘e :

s

YTRON TYPE 6RLS

fwin Diode

Vory-High-Freauency |
e { CHARACTERISTICS

ONAL A : i -'_ g -. ‘ > ; : ﬁ' v

ONs“wc“ R - = - ter potenhia
(4 FEATURES : - : & 5
mount i's
hort.

orted by S

',t:’::vy stem leuds' c:’s
well as bY top mica.

 Hieater CurTent

Rugged
1

. 5 ] = Bl . ; Hads < o e
{Note plate cesting £e2 3 : o Yo alt* .

: cald
Electrostatic :hl:!. |
connects 10 pin :

2" Capacitances @ i
© . pHYSICAL

B
the eleme
getter sprove
b er-
inlature stem P
M'I:s negligible lead
* cl\d mine
de
e in trode
copasitances: .
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Radio transmitter used at a Polish woman commando camp in Britain. Many of these women were skilled technicians before the war.

Fighting with the Allies
for Poland’s liberation,
the women of the P.5.K.
are receiving training in
all methods of warfare,
including most types of

communications

September, 19414

By KENNETH R. PORTER

RADIO NEWS War Correspondent

LEAK and dismal, the Scottish
B cliffs overlooking the North Sea

provide a perfect setting for
one of the most stirring sights to be
seen on all of the British Isles.

Far above the roar of waves dashing
against rock comes the sound of gun-
fire. And through the perpetual mist
that eerily silhouettes all it touches,
figures throw themselves flat, aim
rifles, and then leap forward to an-
other firing position.

The figures are woraen, Polish
women in whom wild, unreasoning
hate is being molded into a sound, ef-
fective striking force. They are un-
dergoing commando type training. To
them it is mild compared with what
they have been through in actual war-
fare.

The way they run, the purposeful

www americanradiohistorv com

manner with which they aim and fire,
the harsh battle cries that issue almost
unconsciously from their throats, bode
no good for any hapless Nazis who
might be caught before a charge of
these petticoat commandos.

These women would like to fight
shoulder to shoulder with their coun-
trymen in Great Britain and Russia
who are poised to help their allies
crack Hitler’'s “Fortress of Europe.”
They would like to kill Germans—Ilots
of Germans. They may—in extreme
emergencies—but primarily they are
technicians whose chief work is close
to the front lines, but not on the front
lines.

Hundreds of them, beside their bat-
tle training, are attending highly-spe-
cialized schools where the curriculum
includes advanced instruction in tele-
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Airplane spotter team reporting the location of enemy planes to headquarters.
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phone, telegraph, teletypewriter, tele-
vision, and other types of radio com-
munication. ]

Many of the petticoat warriors were
skilled electrical or radio technicians
before the outbreak of war. Some hold
degrees in radio engineering and al-
lied sciences. All know the desolation
and hardship of flight before the Nazi
Invaders and the bitterness of life in a
strange land where their hate was fed
daily with new stories of what the Ger-
mans were doing to their homeland,
and their less fortunate brothers and
husbands.

Now, as members of the reorganized
P.S.K. (Pomocnicza Sluzba Kobiet),
the Polish equivalent to the British
Auxiliary Territorial Service and the
American Women’s Army Corps, they
are prepared to add further to the his-
tory of the P.S.K.

The organization is not new. It ex-
isted in Poland before the war. It has
been through fire and pillage, occupa-
tion and exile. Its full part in Po-
land’s struggle against tyranny will
not be known until the war is ended.

How the P.S.K. came into being
again is a story in itself. It starts with
the Nazi invasion.

When Hitler struck, the old P.S.K.
was, as it is now, primarily a commu-
nications outfit. Many of the veteran
officers and instructors of the present
signal section recall vividly the trying
days of September, 1939, when through
their untiring efforts communications
were kept open without a break for 22
days—the last phase of the fight for
Poland. Their gallant stand made it
possible for thousand of troops to es-
cape over the Hungarian frontier
without the loss of materials and with
a minimum loss of men.

Some of the women were attached
to the Tank Division, commanded by
General Stanislaw Maczek, which cov-
ered this orderly retreat in the face of
overpowering Nazi forces. Their job
was at the mobile field radio stations
and message centers.

But while they helped their men es-
cape, few of the women were so for-
tunate. Instead they were captured,
and many became part of the millions
of Poles taken from their homes and
sent to Nazi prison camps and slave
factories.

A  considerable group fled east,
where Russians, then biding their time
so that they would be prepared for the
inevitable Nazi blow at Russia, took
the girls prisoner. They were sent to
isolated rural areas. Those with pro-
fessional or scientific knowledge, espe-
cially in communications, dared not re-
veal their background.

Unaccustomed to any sort of manual
labor, these experts were put to work
on farms and kilns. They were luckier
than those captured by the Nazis, for
those unfortunates were cutting tim-
ber and working in mines where, if
they died, were left in natural graves
far below the earth’s surface.

Although those in Russia were un-
der strict surveillance, too, they soon
built up an underground communica-
tions system with their German-held
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sisters. This system flourishes today,
working relentlessly for the Allies.

The Russian-Polish agreement
signed by Stalin and the late Wladys-
law Sikorski in Moscow in July, 1941,
freed thousands of girls to fight again
for their country. They began a great
trek southward to Buzuluk, a hundred
miles east of the Volga.

They went by foot, sometimes with
luck by boat or in slow-moving trains.
At Buzuluk, an oasis for Poles, these
stragglers were greeted by their own
people. The P.S.K.s reorganized and
began work again with Polish troops.
Reverses of the war, however, forced
them to evacuate and finally, by a cir-
cuitous route through Iran, Iraq, Per-
sia and Palestine, the first small group
of P.S.K'’s eventually reached the
rugged and friendly shores of Scot-
land.

They had circled half the globe by
this time; but during their travels
they trained, learning to drive, to code
and decode signals, to operate the
newer type radio transmitters and re-
ceivers, to handle arms, to perfect
themsclves in nursing and, of course,
to master the English language.

Now, under the direction of Lt. Col.
Maria Lesniak, Commandant of the
Polish A.T.S. (P.S.K.), these women
receive specialist training in all of
warfare’s grim departments. Because
of their natural aggressiveness and at-
tention to duty they have quickly be-
come superior to their brother signal-
men in communications work.

“They have learned to withstand the
physical hardships of their work as
readily as men and they must be able
to use all of the weapons of war for

(Continued on page 100)

September, 1941
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Firing at moving targets from a muddy rifle
range, these women underge commando type
training, Their wild hate is being molded
into a sound and effective siriking force.

*

Prewar Polish-made model, type “N2-WZ37",

made in 1937. (Left) Transmiiter from mobile

field radio set. (Botlom) Mobile unit complete

with radio equipment. Like «ll Polish mobile

units, this has special facilities for communica-
tions with aircraft,
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By A. HOWARD and M. EDDY

The application of the oscilloscope to the problems of radio

servicing will save the serviceman considerable time and labor.

¥ NIE oscilloscope is no longer con-
fined to the research laboratory,
- - but recently has become standard
cquipment for the entire radio indus-
try. Its extreme versatility renders it
capable of almost every type of meas-
urement. Nowadays, because of the
relatively low cost of the instrument,
every serviceman can afford and
should own one. The advantages de-
rived from the use of the oscilloscope
result in saving of time and permit a
great many measurements with accu-
racy hitherto considered impossible.

The purpose of this article is to re-
late to the serviceman some of the
many possible applications the instru-
ment affords. Therefore, remarks will
be along the practical channels. How-
ever, for the benefit of those who may
have forgotten their theory, a brief
outline of the operation of the oscillo-
scope will be given.

Internal Struacture and Operation

The cathode-ray tube, which is the
heart of the oscilloscope, consists of a
cathode which emits electrons that

strike a fluorescent screen, causing it
to light up momentarily. A grid con-
trols the amount of electrons emitted.
Two high-voltage anodes focus the
beam so that it forms only a small
spot of light on the viewing screen.
The potential of these anodes are usu-
ally in the ratio of 5:1. The afore-
mentioned components comprise the
“electron-gun.”

A pair of deflecting plates mounted
horizontally cause the beam to move
vertically when a voltage is placed
upon them. The amount of movement

70 ===, _Htr:,g;:i;lr_f‘ 7';‘;:'1},«1;;:1:%?'!{:1‘}"[ 11— ‘“}:i:r;: ‘V‘W.”‘ﬂh;l—%j_‘:_yﬁﬁH:l'lrf[j 'HU{JH‘] s

SESEE i R ERS i SEEEEESa
s e R e
o EEEE t T A i
o BEmaEEEEl SH dnaanRi i)
8 sl ————+—+i 'fiﬂ—” fﬁﬁ‘[

- T il tH HH
£ - ‘l']; i ﬁjﬂ ‘.ml
o wessh i1} KRR
] - HENEEE 1] BaEnkl
A SR
g L | i | i HTT = I 1 Al
3 sof — *I.m“* T lJrlrf‘.\}if:“ 116111 T S N T ‘ SERERRRARE + T
S [T P BEREN ARG . iR T |
S L e o P
z 1 - ik T 04 I R B BN RN AR S AR TN
° . i R R ! EREER i i ERINY

40 = REsiasEN P | S 1] it T 111 L
; 4
10 2 3 4 5 673910° 2 3 4 5 678910 2 3 4 5 678910
’ FREQUENCY IN CYCLES PER SECONDS
Fig. 2. Typical response curve of an amplifier deéigned for a relatively good low-frequency response.
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is proportional to the voltage. This
phenomcenon is analogous to the action
of the vacuum tube, in that elcetrons
emanating from the cathode are at-
tracted to the plate. Similarly, a pair
of vertical plates excite the beam hori-
zontlally. Horizontal and vertical am-
plifiers are included to amplify weak
voltages. The amplifiers are more or
less of the orthodox class-A design with
which the serviceman is already so
familiar. They should possess as little
distortion as possible and have flat fre-
quency characteristics. By varying
the gain of the vertical amplifier, it
causes the amplitude of the wave be-
ing viewed to change accordingly.
Likewise, when varying the gain of the
horizontal amplifier, the width (time
base) of the wave varies too. (Fig. 6).

In order to spread the voltage being
viewed across the screen, a device
known as a sweep circuit is used. It
contains a saw-tooth oscillator. The
waveform emanating therefrom, rises
at a linear rate until it reaches a cer-
tain point. At this point, it immedi-
ately drops to zero. The waveform
resembles the saw-tooth on a ripsaw.
This saw-tooth waveform repeats con-
tinuously, being fed into the horizontal
deflecting plates of the cathode-ray
tube (when desired). Refer to Fig. 4.

To make the desired image stand
still on the screen, thus facilitating
viewing, a synchronizer is used. Some
of the voltage applied to the vertical
axis is fed to the input of the saw-
tooth oscillator. This results in a
“locking-in” effect, making the image
appear motionless. For convenience to
the serviceman, external synchroniza-
tion also can be utilized. Jacks are
mounted on the instrument for this
purpose.

Generally, a single power supply sys-
tem supplies the necessary voltages to
all the components of the oscilloscope.
Caution should be exercised when us-
ing the instrument. The chassis should
never be taken out from the cabinet
when the current is on as the high
voltages may prove to be fatal.

Applications to Servicing
Measuring Voltages and Currents
Since the deflection of the spot is

proportional to the voltage impressed
on the deflector plates, the screen may
be calibrated and used as an instru-
ment for measuring directly low-fre-
quency and high-frequency voltages.
The instrument used in this manner
acts as a high-resistance voltmeter, It
is very important to determine the
gain of the amplifier of the oscillo-
scope and the sensitivity of the cath-
ode-ray tube. Once these factors have
been established, the sereen should be
calibrated. Obviously, the accuracy of
the reading will vary directly with the
accuracy of the calibrations.

To measure a.c. voltages, simply ap-
ply the voltage to the vertical deflector
plates. If desired, it can be amplified,
as will be explained later. The sweep
circuit should not be used. The length
of the line formed on the screen, indi-
cates the “peak-to-peak” value of the
voltage observed. To find its effective

September, 1944
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General layout of equipment used in conjunction with oscilloscope servicing.

value, multiply the “peak-to-peak”
value by 0.353. There will be a devi-
ation of reading when measuring high-
frequency voltages due to losses in the
connecting wires.

When measuring d.c. voltages, obvi-
ously the amplifier contained in the os-
cilloscope cannot be utilized. Also, the
sweep circuit is not used.

Apply the d.c. voltage to be meas-
ured to the vertical deflector plates.
In this instance, the voltage is equal to
the distance the spot moves across the
screen from the “no-voltage-position”
to “voltage-position.” As mentioned
before, the accuracy of the reading de-
pends on how accurately you -cali-
brated the tube.

When measuring very low voltages,
the vertical amplifier can be put into

use. For example, a low a.c. voltage
is applied to the vertical input of the
oscilloscope, the amplifier contained
therein being used. If the r.m.s. value,
as read on the screen, is 50 and the
gain of the amplifier, at that particu-
lar instance (the gain of the amplifier
can be varied), is 100—then the r.m.s.
value of the voltage being fed into the
vertical input of the oscilloscope is
cqual to 50/100, or 0.5 volt.

To measure current, a resistor of
known value is placed across the
scope in series with the circuit whose
current is unknown. Actually, this
forms a series-parallel eircuit. The
voltage is then determined as was out-
lined above, and the current may be
readily calculated by Ohm’s law; I =
E/R.

Output woveform of en cudio empl-
fier, showing exireme phase distortion.

Sine wove fed intc the phase-dis-
torted omplifier shown directly above.

Cutput waveform of an FM discriminaior, in-
dicating proper adjustment and performance.

Radic-receiver i.f. response curve. The
two pecks indicate slight misalignment,
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Sharp response curve. un-
suitable for high fidelity
(six-kc. band width).

ceiver.

Good response curve
of superheterodyne.
having flat-top if.'s.

Patiern for a good home re

gives good selectivity.

Circuit requires slight ad-
justment of the trimmers
to bring it to symmetry.

FM DISCEIMINATOR

) 9

Overload distortion with
cut-off flat peaks.
control turned too far up in the
or improper grid bias.

TYPICAL RESONANCE CURVES AND THEIR INTERPRETATIONS

LHOOC

High Edelity
Steepsided cuive

widih  of

Nonlinearity of the dis- Crossover point not at Rippling curve indicates A good curve, correctly cen-
criminator caused by center, showing that de- that regeneration occurs tered and adjusted, show-
detuning the primary. tuning of secondary exists. in the if circuit ing high quality design.

DISTORTION IN AUPIO-FREQUENCY AMPLIFIERS

Gain

amplifier

receiver
sponse curve with a band
16 kilocycles.

Wide - band high - fidelity

amplification obtained by
staggering the three il.’s.

TRACES

Phase distortion due to
improper RC combination
audio - frequency
circuit.

e Improperly aligned tuned
circuit, giving adjacent
channel interference.

Rippling irace indicates
that oscillation is pres-
ent in the circuit

Testing Over-all Audio Fidelity of a
Receiver

The criterion of any audio amplifier
is how faithfully the amplifier repro-
duces in its output the waveform that
was impressed in its input. To deter-
mine this fidelity and, hence, how good
the amplifier is, the oscilloscope can
be utilized to good advantage, as illus-
trated in the following discussion.

To test for the over-all audio fidel-
ity, a modulated test oscillator is re-

30

quired. First, apply some of the a.i.
modulated voltage to the vertical axis
of the scope. Then the saw-tooth os-
cillator is made to synchronize with it
(by adjusting the synchronizing con-
trol on the instrument) and the re-
sultant wave 1is carefully observed.
After this is done, feed the modulated
oscillations to the antenna posts, and
connect the scope to the voice coil of
the speaker. There should be practi-

cally no difference between this and
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the previous waveform observed. If
there exists a marked difference be-
tween the two, then distortion is prev-
alent.

Another test for quality is the fre-
quency distortion test. Frequency dis-
tortion is the condition whereby cer-
tain frequencies passing through the
amplifier are either accentuated or at-
tenuated. To test for this, apply a
continuously variable frequency of
constant amplitude (this is impor-
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tant), from about 100 cycles to 15,000
cycles, in steps of 1,000 cycles. Con-
nect the oscilloscope to the output and
adjust the sweep circuit. Observe
carefully! If frequency distortion ex-
ists, the amplitude at certain frequen-
cies will either increase or decrease
from the mean voltage.

If desired, a graph can be made, thus
enabling the serviceman to make a
more accurate determination of fre-
quency distortion. Take a piece of
semi-log paper and plot the points as
shown in Fig. 2. If the resulting curve
shows a fairly flat-topped character-
istic, the amplifier lacks frequency dis-
tortion.

Phase distortion is the condition
whereby the phase relationship be-
tween two or more frequencies pass-
ing through an amplifier is changed.
The oscilloscope lends itself admirably
for establishing this unwanted condi-
tion.

Apply a saw-tooth waveform (known
to be fairly linear) to the amplifier.
As in the previous procedures, connect
the scope to the output of the ampli-
fier. If the resultant waveform does
not conform to a linear saw-tooth
shape, phase distortion is present.

It should be borne in mind by the
serviceman that the above procedures
just relate some of the many possible
tests that can be made in order to de-
termine the fidelity of an amplifier sys-
tem. As the serviceman will appre-
ciate, after using the oscilloscope for
a while, many faults can be deter-
mined that were undetectable by the
human ear.

Localizing a.f. Distortion in a Receiver

If, in the above tests any distortion
is found to exist, this can be localized
to the source of trouble.

To localize the source of trouble
when distortion is found to occur in
the over-all test, connect the modu-
lated oscillator to the input terminals
of the receiver. Then, the scope ter-
minals are successfully connected to
the detector stage, amplifier and out-
put stages. The stage causing the
trouble may then be determined and
rectified. )

Likewise, it is possible to localize
the other types of distortion in any a.f.
amplifier or p.a. system by the method
outlined above. However, instead of a
modulated test oscillator, a source of
a.f. voltage is used.

Visual Alignment of Tuned Circuits

With the aid of an oscilloscope and
auxiliary equipment, the serviceman
can actually observe the resonance
curve of a tuned circuit. He can see
the changes produced while adjusting
.the circuit constants. This is very de-
sirable when certain types of circuits
are to be studied. These include, tri-
ple-peaked, wide-band, steepsided, and
flat-topped curves. The visual method
insures accurate alignment and speeds
up the process considerably.

To observe resonance curves, a fre-
quency wobbler is necessary. One type
of wobbler consists of a synchronous
motor rotating a condenser connected
in parallel with a test oscillator. (Fig.

September, 1944
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3 \RESULTANT WAVE -FORM

VOLTAGE IMPRESSED ON
o VERTICAL AXIS

AS VIEWED ON SCREEN

SAW-TOOTH VOLTAGE IMPRESSED ON.

HORIZONTAL AXiS

-— e e e

Fig. 4. How the sweep circuit of an oscilloscope spreads the image across the screen.

5 makes this clear.) It moves the os-
cillator’s frequency back and forth
across the resonant frequency of the
tuned circuit and the output varies ac-
cording to the response curve.

Instead of using a mechanical fre-
quency wobbler, a frequency-modu-
lated signal generator with little or no
traces of amplitude modulation can be
utilized. This kind is the electronic
type. It functions just as an FM sta-
tion—sending out a frequency-modu-
lated signal. A control is provided to
determine the frequency of the modu-
lated signal, which may be 10, 20 or 30
ke., depending upon the tuned circuit
to be examined.

Now, to put the visual method in
practice, apply a signal from a test os-
cillator (either frequency-wobbulated
or frequency-modulated type) to the

grid of the tube preceding the stage to
be aligned. The scope (vertical axis
thereof) is connected to the output of
the detector. A saw-tooth voltage is
impressed upon the horizontal axis,
and the wobbler-frequency voltage (or
the FM voltage) is fed to the syn-
chronization jack of the instrument.
This is done in order to synchronize
the saw-tooth voltage with the wob-
bler frequency. Also, these frequen-
cies, i.e., the saw-tooth voltage and
wobbler-frequency voltage should be
the same. This makes the image stand
still. The frequency could be from 10
to 30 ke.

In a superhet, the oscilloscope is
hooked-up to the second detector. In
all cases, it is essential that the cen-
tral frequency of the test oscillator be

(Continued on page 128)

Fig. 5. Test setup arrangement for observing visual resonance curves.
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TRANSPORT COMMUNICATIONS
roR RAILWAYN

By JOHN A. CURTIS

Vice Pres., Halstead TraHic Comm. Corp.

The application of radiotelephony (o railway transportation iacil-

ities opens imporiant new markets and communications services.

T HAS been said that World War

IT is primarily a war of move-

ment. The complete mechaniza-
tion of our Armed Forces, the impor-
tance of air superiority, and the world-
wide scope of military and naval op-
erations support this belief. Behind
this war of movement, and the life
blood of it, are the radio services op-
erated by our military and naval
branches. Whether employed as a
means for detection and location -of
unseen mobile units or for the trans-
mission and reception of vital military
intelligence, radio, with its many in-
dispensable uses, is the prerequisite of
modern warfare.

To meet this war’s urgent demands
for radio equipment, the United States
Government has invested over sixty-
nine million dollars in new radio fa-
cilities. Private radio interests have
made further substantial investments
in new plants. Additional millions
have been spent to train men and
women to design, fabricate and assem-
ble radio equipment; to operate this
equipment in the field; and to service
it at many points throughout the
world.

The facts are that, whereas in 1940
the total investment in American ra-
dio manufacturing plants approxi-
mated $50.000,000, employed about 75,-

Completely radio-equipped railroad serv-
Police escort is

ice and repair truck.

EDITOR’S NoTB: Owing to the fact
that the problems of radio communi-
cations applied to ratlway and high-
way transportation are entirely seg-
regated and distinct from one an-
other, in regards to the installation
of the equipment and final operation,
it was necessary to present the story
of transport communications in two
companion articles, the article cov-
ering transport communications for
railways starting on this page, and

=

S e —

its companion article on highway
.communications on page 37. I
. 1

000 people, and did an annual gross
business of approximately $300,000,000,
today the American investment in ra-
dio manufacturing facilities is approx-
imately $350,000,000, employs over
400,000 men and women, and has
reached an annual production rate of
some $3,500,000,000.

When peace comes, what is to hap-
pen to this massive investment in ra-
dio production facilities and especially
trained personnel? Waill these facil-
ities and reservoirs of
skilled manpower con-
tinue to be a national
asset? Or will they be
allowed to dissipate,
with a resulting effect
of unnecessary waste
and unemployment ?

o

used when extreme emergencies arise,

Perhaps the most important single
factor to be considered in determining
whether or not the nation’s greatly
expanded war-established radio pro-
duction facilities will become a source
of new, peacetime wealth and em-
ployment or a war-necessitated waste,
lies in the answer to one question:
Into -¥hat new, economically-impor-
tant fields can radio techniques be
quickly extended after the war?

In analyzing undeveloped radio mar-
kets of important magnitude, two
broad fields, in which extensive appli-
cations of radio techniques may be
made, stand out with particular clar-
ity. These are the fields of railway
and highway radio.

As an indication of the tremendous
scope of the railroad industry, we need
examine only a few significant figures.
American Class I railroads, for in-
stance, operate almost 400,000 miles of
trackage, employ approximately 1,-
500,000 men and women, own almost
2,000,000 freight cars, 46,000 passenger
cars, over 42,000 locomotives, and 23,-
000 cabooses. In 1940, a normal year,
the railroads transported almost 2,-
000,000,000 tons of freight and almost
450,000,000 passengers.

In brief, it can be stated that the
bulk of America’s food, clothing, and
materials for shelter, as well as other

www americanradiohistorv com

RADIO. NEWS


www.americanradiohistory.com

commodities, are carried by our rail
systems. Without the railroads, Amer-
ica’s present type of economy would
cease to function and the nation’s high
standard of living would probably to-
boggan to an all-time low.

Despite the magnitude and impor-
tance of the railway industry, radio-
telephony, the most flexible and efii-
cient of all communicating media, has
yet to be applied on a coordinated ba-
sis to bring about increased efliciency
and safety. Fortunately, however, at
this writing railway operators, radio
engineers and manufacturers, and the
government agencies concerned, are
conducting comprehensive and cooper-
ative studies of the potentials of rail-
road radio.

Just how might radio techniques, as
they are now known, be applied on a
comprehensive scale to railway opera-
tions ?

There appear to be at least two ma-
jor operational applications for radio
in the railway fields. One of these is
in yard and terminal areas; the other
is along mainline trackage. As an ex-
ample of the extent to which radio
can be useful in yard areas, it should
be pointed out that, under the commu-
nicating systems at present employed
in the majority of yards, the yard-
master delivers his instructions to lo-
comotive engineers and conductors via
written orders, telephone, or, in some
yards, loudspeakers. In the first two
instances, the conductor or engineer
must go to a fixed control point, such
as a yard office or telephone station, to
get his orders. In the latter case, al-
though he may be able to receive his
orders in any part of the yard, to talk
back, he must, likewise, go to a fixed
point where a wire communicating fa-
cility is available.

With radio, on the other hand, the
yardmaster is able at all times to es-
tablish instantaneous two-way commu-
nications with his engineers, conduec-
tors, and supervisory yard personnel,
whether they are in engines, on freight
cars or other mobile units, or walking
on foot. What is more, the position of
all equipment and personnel, and the
progress and the completion of their
assignments can be ascertained instan-
taneously by the yardmaster. Instead
of returning to the yardmaster’s office,
or other fixed control point to clarify
orders, to deliver reports, or to receive
new instructions, personnel at any
point in a yard area can send, as well
as receive, required information.

Before the war, sufficient opportu-
nity had not been provided to demon-
strate to railroad operators and gov-
ernment agencies the full extent to
which radio could provide coordinated
managerial control of large yard areas.
During the war, however, case his-
tories have been secured on the rail-
way systems of government-operated
ordnance plants to prove the unques-
tionable value of radio in bringing in-
creased efliciency and safety to yard
and terminal operations.

At the suggestion of the Halstead
engineering group, the operators of the
Kingsbury Ordnance Plant gave con-
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Block diagram of central-station radiotelephone equipment, showing voice
and checking signal circuits employed in the Halstead system. Visucl in-
dicators provide a check on emission of signals from the centralstation transg-
miiter, and reception of carrier signale from mobile units. A carrier-
cperaied relay cutomatically suspends iransmission of the periodic checking
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Block diagram of locomotive radiotelephone equipment, including uniis
employed in one form of the Halstead qudio-visual checking system.
sideration, in the early part of 1941, operations in large yard arcas. It has

to the use of radiotelephone equipment
on their extensive rail system. Subse-
quently, after tests in May, 1941, ra-
diotelephony was employed on their
railway system, as well as on those of
many of the other larger shell-loading
plants. These installations have pro-
vided excellent opportunities to deter-
mine the extent to which radio can in-
crease the efficiency and safety of rail

been stated, for instance, by the oper-
ator of the Kingsbury Ordnance Plunt
railway system, that radio has in-
creased the efficiency of his rail opera-
tions by 25%. In fact, according to
Mr. L. E. Hewitt, Superintendent of
Railways, the continuous movement of
freight cars over a wide area, required
in the operation of a large, modern
shell-loading plant, could not be ac-

Typical layout of one form of railroad radiotelephone equipment (30-40 mc.)

for Diesel-electric locomotives, incorpo.

rating the audio-visual checking system.

AT TERY
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Yardmaster at Kingsbury Radio Central, whose desk is located alongside that of the

radio dispaicher.

complished on any efficient basis with-
out the use of radio.

In addition to increased efficiency,
radio has proved itself a safety factor
in these operations. In the case of
emergencies, aid can be immediately
dispatched to any part of the yard. In
the event that locomotives or cars are
switched to the wrong tracks, the er-
ror can be instantaneously corrected.
The fact is that radio has proved itself
so safe and efficient in providing com-
prehensive control of dispatching of
locomotives in the larger ordnance
plant areas that most operators de-
pend solely upon it for the direction of
movement of cars bearing high explo-
sives.

It is to be expected, therefore, that
the same benefits, on a greatly aug-
mented scale, can be obtained by our
national railway systems in applying
railway radiotelephony to their yard
and terminal operations. In some
cases, normal space radiating systems,
blanketing an entire area with radio-
wave energy, as in conventional police

The locations of all cars are shown by the extensive card file.

radio communications services,
probably be utilized; in other in-
stances, radio-frequency signals, in-
ductively impressed on wayside . con-
ductors, may be more practicable. (In
addition to these two methods, there is
a third, generally designated as a car-
rier telephone system, which utilizes
the rails as its primary conductors.
However, since this is not considered
as a radio system, it is not included in
the subject matter of this article.—
Ed.) In the latter case, the signals
are confined within a short distance of
the track area and do not spread out
into space as do normal radio signals.

In the opinion of some engineers,
normal space radio systems have an
advantage in that coverage of an en-
tire area can be secured regardless of
the presence of wayside conductors.
On the other hand, the induction radio
systems have, in the opinion of many

will

engineers, an advantage in that sig--

nals are confined substantially to rail-
road property and can be operated in
such a manner that they do not re-

Shock-mounted iréquency-modﬁlation transmitter and receiver installed in locomotive cab.
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quire Federal licensing under the ex-
isting rules and regulations of the
Federal Communications Commission.
It is anticipated, therefore, that both
types of systems will find extensive ap-
plication to America's railway sys-
tems, with space radiating equipment
possibly being favored in the larger
yard and terminal areas; and induc-
tion radio systems in the smaller yard
areas, such as those associated with
industrial plants, in terminals where
wayside wires already exist, or where
numerous obstructions to space propa-
gation, such as steel frame buildings
and tunnels, might require relatively
costly installations of repeater equip-
ment to obtain complete coverage by
space-radiating systems of the high-
frequency type.

Both types of systems incorporate
transmitting and receiving units of ap-
proximately the same size and weight,
and have approximately the same
power output ratings, usually ranging
from 10 to 50 watts. The cost of either
type of equipment appears to be, at
this writing, approximately the same
—another reason why it may be antici-
pated that both types of systems will
find extensive application to America’s
railway systems.

As in yard and terminal applica-
tions, it is believed that both space-
radiating and induction-radio tech-
niques will be applied to main-line op-
erations. Many factors, including
those of terrain, the existence of al-
ready erected wayside wire conductors
and the operating setup of the individ-
ual railroad involved, will determine
to a considerable extent whether space
or induction radio techniques are best
for a particular railroad’s communica-
tions problems.

It should be noted, however, that
one school of engineering thought be-
lieves that only space-radiating tech-
nigues can be of practical value; that
another favors the utilization of in-
duction-radio techniques. The former
points out that the telephone and tele-
graph lines which follow most -all of
American railway rights-of-way are
sometimes a considerable distance
from the railway tracks, are occasion-
ally lead-sheathed, and sometimes are
installed under the ground; that these
wires are occasionally destroyed by
storms, floods or wrecks, when radio
communications are most urgently
needed. The proponents of induction
radio challenge this viewpoint by stat-
ing that, even when wires are several
hundred feet away from the track, sat-
isfactory communications can be es-
tablished; that if, at certain locations,
existing conductors are so located as
to prevent adequate communications,
supplementary wires can be installed
at these locations at low cost to bridge
the comparatively short distances
usually involved in such instances.
The proponents of induction radio
further point out that, in the event of
damage to the normal wire lines, in-
volving hroken wire lines in all cir-
cuits, the signals will bridge a consid-
erable distance before the system is

(Continued on page 114)
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(Right) Radio-control equipment mounted in loco-
motive cab. Simplicity of operation is comparable
to our present-day telephone. (Below) Diesel-pow-
ered locomotives standing by for orders. U.h.f.
antennda, shown mounted on top of cab. radiates a
vertically polarized signal to cover a large area.

The “nerve center” of the railroad commu-
nications system, showing operator routing
traffic by means of radio communications.
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TRANSPORT COMMUNICATIONS
roR HIGHWAY)

The application of a radio communicalions system to America’s highway net-

work will produce a safer and more efficient means

"UST as the application of radio
Q techniques in the field of rail-

way transportation can bring
about greater efficiency, speed and
safety, so a comprehensive highway
radio communications system can
make America’'s highway system a
safer and more efficient means of mass
transportation. As an indication of
the magnitude of the highway trans-
portation field, the following salient
statistics are given: In the year of
1941, there were in the United States
over 1,500,000 miles of surfaced roads;
America owned in excess of 29,500,000
passenger cars; 4.800,000 trucks; and
over 146,000 buses.

Not only does America’s highway
transportation system represent a
huge public investment, and a vital
and necessary part of American econ-
omy, but the loss of life, maimed
bodies and property damage, caused by
highway accidents, especially during
normal times, represent one of this
nation’s greatest peacetime problems.
The extent to which this waste of life
and property exists is shown by the
following figures, based on the year
1941: Approximately 40,000 people
were killed on American highways; al-
most 1,400,000 were injured, many of
them permanently maimed; the prop-
erty damage caused by highway acci-
dents had reached such alarming pro-
portions that, just before the war, the
President is reported to have referred
to it as America’s Number One peace-
time problem. According to statistics
compiled by one of the leading insur-
ance companies, the number of deaths
in the last fifteen years that were a
direct result of automobile accidents
is nearly double the loss of lives of our
citizens as a result of all wars in which
the United States has been engaged,
not including the present world war.
Any means, therefore, which promises
to contribute to greater safety and
more efficient use of America’s high-
ways Is of utmost national importance.

In the past, drivers have depended
primarily upon visual means, such as
provided by roadside signs, markers,
red and green lights, and hand signal-
ing, for traffic instructions. Such
means place an additional burden on
the already over-taxed eye of the
driver, and have a further disadvan-
tage in that they often take the at-
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tention of the driver off the road at a -

crucial moment, especially at intersec-
tions. Visual communicating means
have an additional disadvantage in
that their efficiency is impaired by
darkness, storms, fog, or when normal
view is obstructed by other obstacles.

Through the specialized application
of radio techniques, already developed
and tested in public installations, it
has been proven that radio techniques
will bring entirely new concepts of
highway traffic control, as well as
highway communications. Since radio
employs the comparatively-unused
sensory organ of the ear, rather than
the over-taxed eye, not only does the
application of radio make for safer
and more efficient highway driving, but
it accomplishes its results, regardless
of conditions of visibility.

In using radio as an operational and
safety aid on highways, directional,
limited-range radio techniques can be
employed in roadway signaling zones
to direct traffic from primary routes to
secondary traffic arteries when peak
traffic loads or temporary obstructions
cause congestion on main highways.
Automatic roadside radio equipment,
remotely controlled from a central
point, can advise motorists of danger
zones, such as blind intersections,
curves, ice formations, and approach
of railroad trains. Similar equipment
can provide detailed instructions with
regard to routing and destination, now
ineffectively given by roadside signs.
Radio can automatically warn drivers
of approaching cars at dangerous in-
tersections, speed limits, and may
readily be coordinated with existing

of mass (ransportatlio.

traffic control systems to provide au-
dible and visual traffic control signals
within vehicles. Further, a coordi-
nated highway radio system can pro-
vide paging and radiotelephone com-
municating services. limited substan-
tially to highway areas, for private
cars, bus and trucking companies, doc-
tors and others who normally utilize
motor vehicles in their business and
professional activities. Thus, radio
can help make more efficient use of
America’s already-existing highway
system, and bring greater safety and
efficiency to the projected superhigh-
ways of the future.

Realizing the potential services
which highway radio might bring the
American public, engineers of the Hal-
stead group began, in 1937, an exten-
sive, long-range development program
in the highway radio field. As a re-
sult of this program, the first practical
public installation of a highway radio
syslem, operating as a public service,
was made on the George Washington
Bridge in 1940, during the second year
of the World’s Fair. Since it was diffi-
cult for out-of-town motorists to know
which of the several exits to use at the
New York end of the Bridge, a traflic
hazard existed at this point when
drivers slowed down or stopped on the
Bridge to read signs. The George
Washington Bridge installation was
such that motorists, using standard
car radio broadcast receivers, could
receive detailed routing information as
they crossed the Bridge for a distance
of approximately 3000 feet.

As a result of the operating success

(Continued on page 126)

Nlustration of vehicle reroating by means of radio traffic control methods.
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By H. V. NORLE

Chiet Trans. Eng., Crosley Corp.

N THE all out effort to defeat the
Axis it was necessary for many
manufacturers to build radio
equipment to exacting Signal Corps
specifications, which was a far cry
from the standard broadcast receivers
they had been used to making. Fac-
tory layouts had to be changed and
personnel retrained to make and han-
dle precision radios. The award of a
production contract for the SCR-284-A
Field Radio equipment to the Crosley
Corporation meant that it had to train
its people to make and test receivers

Fig. 1.

and transmitters, dynamotors, hand
generators, and all antenna equipment
and accessory parts. The SCR-284-A
is a complete portable and mobile ra-
dio station.

The electrical specifications for the
SCR-284 are as follows:

1. Use: As a portable or vehicular set

2. Transportation: By vehicle or car-
ried by foot soldiers

3. Range: (Transferred into elec-
trical characteristics.)

Receiver

Sensitivity 3 wv. for c.w. and 5 uv. for

Block diagram of the conventional receiver circuit.

www americanradiohistorv. com

A description of the SCE-2841
together with a piclture story
ef techuigues used in manu-

facturing and testing chis set.

voice with a 10/1 signal-to-noise ratio.
Transmitter
Power output 20 watts for c.w. and 5
watts for voice.

Frequency Range: To be continuous-
ly variable from 3800 kc. to 5800 kc.
Receiver dial to be calibrated directly
in frequency and the transmitter to be
calibrated accurately every 10 ke.

4. Power Supply: For vehicular use,
from a 6- or 12-volt vehicular storage
battery with either the positive or neg-
ative side grounded.

For field use, from a hand-cperated
generator for transmitter with the
generator output not to exceed 50
watts. The receiver to obtain its power
from a dry battery pack.

Quick-heating filament type tubes to
be used throughout.

5. Miscellaneous: The number of
controls to be as few as possible. A 200
ke. calibration crystal to be used for
calibrating the transmitter. The set
must be capable of “netting” without
radiation of power. A list of applicable
specifications included for guidance of
designs.

(Continued on page 108)
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Making receiver

and transmitter harness on
cable board, according to blueprint specifications.

Keying relay and capacitors being placed on an-
fenna-tuning coil, making a complete sub-assembly.

Mounting trimmer condenser on transmitter
chassis.  Junction blocks

Aligning transmitter for proper performance
in specially-equipped and shielded booth.

September,

1944

A laced cable harness is placed

are~ on rack. in the transmitter chassis.

Final inspection of
a BC-654-A by a U. 8.
Signal Corps inspector.

Final assembly of the
PE-103-A dynamotor
power unit which sup-
plies power for the
transmitter for
vehicular operation,

www americanradiohistorv

Receiver being aligned in
another shielded booth.

Cable harness and components being sol-
dered to terminals on bottom of transmitter.

Receiver and transmitter being joined
together on the ""marriage line.”

com
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irect-Reading CAPA JITY

Fig. 1.
graph was taken before the dial calibration was completed.

Front and side views of the capacily meter.

Photo-

¥V NRHE substitution method is widely
accepted as an accurate means of
- = measuring small capacitances
and capacitance increments. This
method affords close measurement of
capacitance over a continuously vari-
able range from 0.1 to 0.0011 #fd.; and
its scope of application includes such
extremes as stray-circuit and electron-
tube interelectrode capacitances and
bypass and coupling capacitances.
. Maximum measurable capacitance is
limited in the substitution process by
the capacitance range of the variable
capacitor employed in the substitution

instrument. Larger values than about
0.0001 «fd. are adequately handled,
however, by direct-measurement
bridges.

Theory

The substitution method may be
adapted to both a.f. and r.f. measure-
ments. The former are the most com-
mon. I'ig. 2 illustrates the basic cir-
cuits employed for a.f. testing, and it
will be seen that these are simple four-
arm alternating-current bridges.

In Fig. 2A, R, and R: are equal ratio
arms which establish a 1 to 1 ratio for
the bridge; STD is the standard capac-
itor having good capacitance and
power factor stability at the bridge
test frequency; and C is a variable air
capacitor, the maximum capacitance
of which coincides with the value of
STD.

R, and R. are made reasonably high
in resistance to minimize loading of
the bridge voltage source. These com-
ponents seldom are less than 5000
ohms each. STD is of the silvered
mica variety, and the variable unit (C)

40

is chosen to have the heaviest plates,
widest spacing, and most rugged con-
struction obtainable. The dial attached
to capacitor C is graduated in micro-
microfarads so that the capacitance of
this component may be known at all

Fig. 2. Basic circuiis used for measur-
ing capacitance ot cudio frequencies,
employing the substitution method.

DETECTOR :
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RUFUS P. TURNER

Consulting Engineer, RADIO NEWS

Consirunctional details of an
easily built substitutlion-type
eapacity meter for ihe meas-

urcment oi small capacitances.

settings. For accuracy and ease of
calibration and reading, C must be of
straight-line capacitance design. The
bridge test voltage is supplied by an
oscillator capable of delivering up to
50-volts r.m.s. at the desired frequency,
or (when 60-cycle operation is satis-
factory) by the secondary of a trans-
former actuated by the power line and
delivering up to 50-volts r.m.s. Test
frequencies normally employed in ca-
pacitance measurements by the substi-
tution process are 400 and 1000 cycles
per second. The null detector may be,
as indicated in Fig. 2, simply a pair of
high-resistance headphones; or, for
sharp wvisual indication, a magic-eye
tube, cathode-ray oscilloscope, or v.t.
voltmeter. Terminals X-X, in parallel
with the variable capacitor, are pro-
vided for connection of the unknown
capacitor into the circuit.

In operation, the bridge is initially
balanced with no external capacitor
connected to terminals X-X. If the
standard capacitance (STD) and the
maximum capacitance of C are the
same, balance is obtained at the high-
est setting of the variable capacitor
dial, and this initial null setting is the
bridge zero. The capacitance of un-
known value is then introduced into
the circuit by connection of the test
capacitor to the X-X terminals and the
variable capacitor readjusted to re-
store null. Presence of the unknown
capacitance in the circuit increases the
capacitance of the lower right-hand
arm of the bridge by the value of the
unknown. The setting of C according-
ly must be reduced in order to restore
balance. The difference in micromicro-
farads between the settings of C with

RADIO NEWS
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Fig. 3. Functional block diagram of
the capacity-measuring instrument.

and without the unknown capacitor in
the circuit equals the unknown capaci-
tance. This circuit in this manner in-
dicates an unknown capacitance value
in terms of a capacitance change in
the variable unit, C. The initial bal-
ance takes into account automatically
all stray circuit capacitances within
the bridge and thereby eliminates er-
rors which ordinarily would arise from
that source.

For convenience, the maximum ca-
pacitance setting of the variable ca-
pacitor may be marked O on its dial,
since this position corresponds to zero
capacitance change. Beitween this
point and the minimum capacitance
setting of C (maximum capacitance
change), graduations may be made di-
rectly in micromicrofarads. In this
manner, a direct-reading substitution-
type capacitance bridge is obtained.
Since the only variable element is the
capacitor C, closeness and accuracy of
capacitance readings will depend upon
the length of the dial circumference
and the accuracy with which the vari-
able capacitor is calibrated.

In actual practice, the resistance
(power factor) components of the un-
known (X) and the standard (STD)
capacitors, as well as their capaci-
tances, must be balanced, otherwise
the null indication will not be sharp.
The resistive and reactive balances are
made separately with this type of
bridge. In order to obtain the abso-
lute zero null indication which is nec-
essary for most sensitive bridge action,
a variable resistor, R., (See Fig. 2B)
is provided for the resistive balance.
This resistor may be switched in series
with either the standard or unknown
capacitance arm by means of the
switch, S. When measurements are
being made upon capacitors having a
power factor equal to or lower than
that of the standard, S is thrown to
the X position, placing R, in series
with the standard capacitor. When
the power factor of the unknown is
higher than that of the standard (e.
g., the case of an air capacitor), S is
thrown to the STD position, placing R
in the arm containing the unknown
and tuning capacitors. Complete ad-
justment of the bridge consists alter-
nately of adjusting the variable ca-
pacitor, C, and the variable resistor,
R, until a full zero null indicates that
both resistive and reactive components
have been balanced.

A further circuit improvement is the
addition of the air-type trimmer ca-
pacitor (C.) in parallel with the stand-
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ard. (See Fig. 2B.) This trimmer
permits the capacitance effect of long
leads between the terminals X-X and
the unknown capacitor to be balanced
out during the initial zero adjustment
of the bridge.

Substitution-Type Capacity Meter

The capacity meter described in this
article utilizes a bridge circuit similar
to the ones just discussed. The bridge
is adjusted by means of a large dial
reading direct in micromicrofarads and
a small potentiometer for the power
factor balance.

A 1000-cycle oscillator is built into
the instrument, making it unnecessary
to provide an external source of signal
voltage, and the entire unit is powered
by the 110- to 115-volt line. Operation
is practical on both a.c. and d.c. From
the complete circuit diagram (Fig. 4),
it will be seen that although the in-
strument is powered by a line-type
rectifier, neither the chassis nor any of
the terminals is at line potential. This
safety arrangement is achieved by use
of the signal-coupling transformer, T,
which isolates the measuring circuit
entirely from the a.c.-d.c.-powered os-
cillator.

Since a pair of high-resistance head-

-
=
-

2THOHM LINE LR

Fig. 4. Complete circuit diagram of the capacity meter, incor-

phones will suffice as a null detector in
most cases, a phone jack, J, is included
in the bridge output circuit. However,
connections from any other type of
null detector may be plugged into this
jack in lieu of headphones.

The basis of the capacity meter is a
500-sufd. variable capacitor with
straight-line capacitance curve. This
part, which was culled from an ancient
broadcast receiver, has heavy plates,
good separation, and reasonably sturdy
mountings. The range of the instru-
ment might be increased to twice that
of the capacity meter shown in this ar-
ticle by using a 1000-zu#fd. variable.

The capacity meter is shown in the
photographs. Fig. 3 shows its func-
tional block diagram. The 1000-cycle
oscillator and the audio amplifier fol-
lowing it are energized by an a.c.-d.c.
half-wave power supply. The ampli-
fier is coupled through a midget audio
transformer to the bridge circuit, and
the latter is connected in turn to the
output jack. The only external con-
nections necessary are the line cord
and the terminals for the unknown
capacitor.

Electrical Features
The complete circuit schematic for

L msTmINENT CHESS

porating a simple four-arm bridge and a 1000-cycle oscillator.

Cy, Co—0.004 pfd. mica cond.—Aerovox 1467

Cs—0.008 pfd. mica cond.—Aerovox 1467

C,—0.1 pfd., 400-v. tub. cond.—Aerovex 484

C;—400 ppfd. silvered mica cond.—Aerovox 1464

Ce—150 pufd. midget trimmer cond.—National
Sel50

C:—3500 ppfd. variable cond. (See text)

Cs, Co—40 ufd., 200-v. elec. cond.— Aerovox PRS

Cry, C1i—0-1 pfd., 200-v. tubular cond.—Aero-
rox 284

Ry, R-—40,000-0hm, 1-w. res.—Aerovox 1098

R:—20,000-0hm, 1-w. res.—Aerovox 1098

R,—0.5-megohm pot.—I1.R.C. Type CS

Rs—500-0hm, 1-w. res.— Aerovox 1098

R¢—0.25-megohm. 1-w. res.—Aerovox 1098

R—5,000-0hm w.w. pot.—ILR.C. Type W-.5000

Rs—5,000-0hm, 1-w. res.—Aerovox 1098

Ry, Riy—5,000-0kin precision. 1-w. w.w. res—
LR.C. Type WW4

R11—10,000-0hm w.w. pot.—I.R.C.

R,»—2,500-0hm, 5-w. res.—I.R.C.

S1-——S.p.s.t. changeover switch—Utah Type 602

S.—S.p.s.t. toggle switch—Arrow

Ty, To—3:1 ratio interstage audio trans.—(See
text)

Tubes—6C8G, 2526G

wwWw americanradiohistorv com

41


www.americanradiohistory.com

Fig. 5.
mounting to rear of front panel.
6C8-G acts as both oscillator and amplifier.

The oscillator-amplifier unit before
The single

the capacity meter is given in Fig. 4.
The electrical features of each section
of this circuit will be discussed sep-
arately in the following paragraphs.
Power Supply. The power supply
section comprises a 25Z6-G line recti-
fier, 2500-ohm filter resistor (Ra)
which is used in place of a choke, and
two 40-ufd. electrolytic filter capaci-
tors, Cs and C,. Heaters of the 25Z6-G
and 6C8-G tubes are wired in series, as
shown, and powered through a 279-chm
line cord resistor. The line bypass ca-
pacitors (Cy, and Cu) are necessary to
prevent line hum modulation of the
bridge signal when the capacity meter
is used on a.c. The power supply sec-
tion will operate on either a.c. or d.c.
at common voltages in the 110- to 115-
volt region. .
Oscillator-Amplifier. The 1000-cycle
oscillator and amplifier sections are
combined in one stage. The circuit, is
built around the 6C8-G dual triode

tube, one triode serving as the low- .

distortion oscillator and the other as
the output amplifier. The oscillator-
amplifier section is built upon a single
subchassis, 2” x 2" x 4" in size, which
is held to the front panel of the instru-
ment by two 6-32 screws. The oscilla-

tor-amplifier unit is shown separately .

before mounting in the photograph of
Fig. 5, and may be seen directly below
the variable capacitor in Fig. 1.

The oscillator employs a special ver-
sion of the degenerative parallel-T
feedback circuit, as described some-
time ago by Caywood'. In this circuit,
the frequency is set by the parallel-T
degenerative network, C;-C.;-Ci-Ri-R.-
Rs, the constants given in Fig. 4 being
for 1000 cycles per second. Transfor-
mer T, is an inexpensive 3:1 audio
transformer connected so that the low-
impedance winding is in the grid cir-
cuit. Any available transformer hav-
ing the required turns ratio may be
used in this position, since quality is
not a factor. Rheostat R: is a regener-

1An Amateur Application of the Wien
Bridge. R. W. Caywood. QST. January 1941,
p. 22,
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. bridge circuit.

ation control, which generally needs
to be set only during initial calibration
and adjustment of the oscillator. It
accordingly is provided with a screw-
driver slot and is mounted anywhere
on the oscillator subchassis. R: is set
to the point at which strong oscilla-
tion starts readily when the instru-
ment is switched on and the tubes
attain normal operating temperature.
The waveform of output voltage from
this oscillator-amplifier is unusually
pure, and if the resistance-capacitance
network constants are carefully cho-
sen, will operate so close to 1000 cycles
that for all ordinary purposes no fre-
quency calibration will be required.

The oscillator feeds through gain
control R, into the grid circuit of the
amplifier section of the 6C8-G. The
finger knob controlling R, may be seen
in Fig. 5. This control is mounted
within the case inasmuch as it is used
only during initial adjustment. The
cathode resistor in the amplifier stage
has purposely been left unbypassed
in order to introduce enough degen-
eration to smooth out distortion which
normally might arise in this stage.
The bridge input transformer, T, is
another small-sized 3:1-ratio inter-
stage audio transformer with its high-
impedance winding connected to the
Although a shield be-
tween windings is of unquestionable
value in bridge circuits, this luxury
may be dispensed with without mate-
rially affecting the usefulness of the
capacity meter.

For convenience and neatness of lay-
out, filter capacitors Cs and C, are
mounted inside the subchassis box
which holds the oscillator-amplifier
section. Leads pass through the grom-
met-lined holes visible in Fig. 5.

Bridge Section. The bridge section
comprises the 5000-ohm ratio arms (R,
and Ru), the .0004-ufd. silvered mica
standard capacitor (Cs), the 150-mufd.
air trimmer (Cs), the resistance-bal-
ance potentiometer (R.), the resist-
ance position switch (S,:), and the 500-
uufd. variable air capacitor (C:). The
latter is a straight-line-capacitance
unit and may have higher maximum
capacitance if the builder desires. It
has thick plates and is built with wide

Fig. 6. Rear view of the capacity
meter. Note the compact arrangement.
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spacing and sturdy bracing. The ca-
pacitor shown in the photograpls is an
ancient National Type DX, a relic of
the “low-loss craze” of the early days
of broadcast reception, and has had its
old bakelite insulation replaced with
new bars of polystyrene.

It is recommended that R, and R
be precision noninductive wirewound
resistors having an accuracy of 1¢% or
better. However, the common 1l-watt
carbon variety may be employed, pro-
vided they are carefully chosen with
respect to ohmic value. If carbon re-
sistors are used, they need not be ex-
actly 5000 chms as long as each is of
the same value. They serve merely to
establish a 1:1 ratio.

For best results, potentiometer Ry
should be wirewound and should pos-
sess a linear taper. Carbon variables
do not give satisfaction in these bridge
circuits and should be used only in an
emergency. The shaft of the potenti-
ometer must be “cold,” that is, must
not be a part of the circuit. otherwise
the slider will be grounded to the in-
strument panel.

The studs supporting variable capac-
itors, C; and C;, are insulated from the
chassis and instrument case by means
of polystyrene or good-grade bakelite
washers. In the author's instrument,
C; and S, are mounted inside the ca-
pacity meter but to one side of its case,
while C: is mounted directly to the
front panel.

As much of the bridge circuit wiring
as possible must be done in heavy rigid
bus wire (at least No. 12 tinned cop-
per). It is entirely satisfactory to
wire the remainder of the instrument
with heavy flexible hookup wire, but it
is advisable to keep all leads short and
to run them close to the metal founda-
tion.

Mechanieal Features

The capacity meter is mounted en-
tirely upon a 7” x 7" metal panel, with
the exception of the trimmer C; and
switch S, which are mounted on one
side of the case housing the instru-
ment. The panel may be made of
aluminum, steel, tin-steel, or galva-
nized sheet stock at the builder’s con-
venience. While in the interest of
shielding from stray fields, it is desir-
able that the capacity meter be housed
in a metal box-container, it is entirely
permissible to employ a wood cabinet,
with or without an internal shield.

The dial controlling C: is a 4-inch-
diameter finger-grip type. A plain face
is cemented to its regular plate by
means of a good adhesive and may be
cut from a stiff Bristol board. After
the wufd. graduations are made upon
this white face with India ink, the en-
tire scale is covered with a protective
plate of heavy transparent celluloid.

The “unknown” terminals (X-X in
the schematic) are two small-sized
feed-threough stand-off ceramic insula-
tors mounted in the upper left-hand
corner of the front panel. These are
connected by means of heavy bus-bars
to the tuning capacitor.

The 257Z6-G rectifier-tube socket is

(Continued on page 87}
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SoundScriber recorder with lip-
high microphone and power cord.

NE of the most outstanding de-
velopments in the field of sound

- recording was the introduction
of a commercially-made device, known
as the SoundScriber. Unlike its pred-
ccessor, the conventional dictating ma-
chine, this new instrument utilizes a
thin, round, wafer-like disc in place of
the oldfashioned hard rubber cylinder.

Of more compact design, the Sound-
Scriber occupies but little space in
crowded offices and the new type of
recording permits a more conventional
filing system. Instantaneous record-
ings are made on these new vinylite
disecs and provide a permanent record
of correspondence, etc. The new plas-
tic vinylite belongs to the so-called
“thermoplastic” group. The material
is molded into rigid sheets and the fin-
ished product displays characteristics

Office type recording machine showing mag-
netic recording and reproducing heads.

September, 1944

¢ SOUNDSCRIB

| Nl B |

By STANLEY KEMPXNER

A new. compact dictating machine is one of the out-

standing developments in the field of sound recording.

having dimensional stability, which
will neither shrink nor warp, and in
addition possesses extreme rigidity,
strength and toughness. This material
should not be compared to the com-
monly-used paper-based discs used for
home recording. The latter are not
suited to this application, having been
tried with no degree of success.

It was necessary to design special
disc materials in order to take full ad-

Portable recorder in leather-covered cass
with built in microphone and power cord.

www americanradiohistorv com

vantage of the particular recording
technique used with the SoundScriber.
The plastic discs have a high soften-
ing point (140 to 150° F.), are resist-
ant to aging, and possess highly satis-
factory tensile strength, in addition to
their noninflammable characteristics.

The recording procedure is similar
to the so-called home recorders that
became so popular just before the
present war. Home recorders em-
ploy conventional cutting of a groove
in a disc laterally and by means of a
cutting stylus. This stylus cuts in a

ianner similar to that of a chisel
Not only does the stylus actually re-
move material from the disc, but it
also engraves the sound directly into
the groove that it is cutting.

The SoundScriber, on the other
hand, utilizes a wvertical embossing
technique, whereby sound is impressed
in the up and down direction and no
material is actually cut from the disc.
It is similar to the Western Electric
“hill and dale” technique used for
high-fidelity transcriptions but does no
cutting.

A special diamond-pointed stylus is

(Continued on page 103)

43


www.americanradiohistory.com

S
eI

Police officers using modern G.E. frequency-modulation equipment.

' TANY a police department,
N faced with a shortage of mo-
- - bile receivers, is surveying
the stock room and wondering if it is
possible to rejuvenate some of the ob-
solete units and put them back into
service. Then, again, many police de-
partments still using older model re-
ceivers are wondering if they can be
modernized more readily than new
units can be procured. Faced with a
similar problem, we gave the matter
a little thought, and after a few false
starts finally arrived at a system for
bringing these receivers up to date at
a small cost.

The receivers upon which we
worked were the American Bosch
model 139, 149, and 159 series. These
were used by most police departments
in the middle and late thirties. How-
ever, the circuits and modernizing pro-
cedure outlined here will hold true for
any police mobile receiver normally
used for reception of frequencies be-
tween 1500 and 3000 kilocycles.

This article is divided into four
parts. First, there are a few pointers
on how to overhaul the units and re-
store them to their original operating
efficiency. Second, we show how to
add a simple noise limiter, which, in-
cidentally, no mobile receiver should
be without. Third, a squelch circuit is
described. A squelch circuit is indis-
pensable in many locations. And
fourth, the noise limiter and squelch
circuit combined will give you a super-
deluxe job.

Overhauling and Cleaning

If your receivers have been in stor-
age for a year or so, or have been in
service for several years, here is the
procedure for putting them back into
brand-new condition:

1. Get all the dirt and corrosion out
of the receiver. This means take the
tubes out, take the chassis out of the
metal case, and clean everything with
an air hose, if available. Use a dry
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paint brush to get into those corners.
Touch up rusty spots with shellac or
lacquer. Coil dope makes a good sub-
stitute if the former is unavailable.

2. Put a coat or two of good black
paint on the metal case first, so that
it will be dry when you are ready to
reassemble the receiver.

3. If the units haven’t been used for
several years, put in all new electro-
lytic condensers. It is a good idea to
co this to all receivers after a few
years of service.

4. Put in a new audio coupling con-
denser and audio grid resistor. These
will cause troublesome noise if they
are several years old.

5. Change all worn and frayed

Fig. 1. An eHective squelch circuit that
can be added to existing receivers.

Ry, R—1 megohm, Y5 w. res.
R2—5000 ohm, Y5 w. res.
R;—250,000 ohm, Yo w. res.
R,—50,000 ohni, Y5 w. res.
Re—7500 ohm, Y5 w. res.

Ro—1 megohm pot. (squelch control)
Rs—500.000 chm, Y5 w. res.
Ry—500,000 ohm pot. (volume control)
Ci—5 ufd., 25 v. elec. cond.
C:—.25 ufd., 200 v, tub. cond.
Cy—.05 ufd., 400 v. tub. cond.
C,—.005 pfd., 600 v. tub. cond.

C;, Cc—100 uufd. mica cond.
RFC—16 millihenry choke
Sw—S8.p.s.t. toggle switch
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MOI ERNIZE
THOSE POLICE
RECEIVERY

By HERBERT L. LIPSON

The rejuvenation of obsolete police equip-

ment to meet present-day standards.

leads. Check all soldered connections
on shielded wires, reheating all doubt-
ful ones.

6. Check all tubes, replacing the
doubtful ones.

7. Repair or replace anything else
that needs it. Especially watch for
worn volume controls and switches.

8. When the paint is dry on the
case, reassemble the receiver and put
it on the test bench. Realign the whole
circuit. Watch especially for lack of
gain in the r.f. and i.f. stages. If you
are located along the coast, or in a
moist climate, very likely you will find
the over-all gain very low, with appar-
ently nothing wrong in the individual
stages. This is caused by the coils los-
ing their @ due to the gradual creep-
ing in of moisture over a period of
time. The best remedy for this is to
boil the i.f. and r.f. coils in paraffin for
fifteen or twenty minutes. This will
drive out the moisture and reseal the
pores of the coil forms. Now test the
receiver and notice the difference!

The power packs, too, should be gone
over. It is best to replace the vibra-
tor, buffer condensers, and the electro-
Iytic condensers. If the rectifier tube
is weak, it should also be replaced.

Adding a Neise Limiter

There is usually some confusion re-
garding the difference in functions of
the noise limiter and the squelch cir-
cuit. Before we proceed, it might be a
good idea to differentiate briefly be-
tween the two.

A noise limiter is primarily a circuit
for cutting out the noise peaks which
are of greater intensity than the car-
rier. The usual noise limiter is a diode
which momentarily short-circuits the
audio system when a strong noise peak
reaches the second detector.

The squelch circuit, on the other
hand, is a device to eliminate objec-
tionable background hash when no sig-
nal is being received. It usually con-
sists of a triode circuit which blocks

RADIO NEWS
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the audio circuit when there is no sig-
nal at the antenna. As soon as a sig-

nal of predetermined strength is re- .

ceived, the receiver is restored to full
sensitivity.

It can be seen, then, that the squelch
circuit is in operation only when the
carrier falls below a certain level
while the noise limiler is in operation
at all times, limiting the receiver out-
put to the average intensity of the sig-
nal being received.

Fig. 3 shows a simple but efficient
noise limiter that may be added to
most police mobile receivers. Fig. 3A
shows a typical second detector circuit
without a limiter, and Fig. 3B shows
the circuit with the limiter added.

The limiter is a modified Dickert cir-
cuit. The 6H6 tube is mounted under
the chassis near the second detector to
facilitate short leads. It is necessary
to change the a.v.c. circuit to combine
the diode load resistor and the a.v.c.
voltage divider. The switch is optional
and may be omitted. .

Briefly, the operation of the limiter
is as follows: When a steady carrier
is being received, the voltage divider
assumes a polarity, as shown in Fig.
3B. The cathode of the 6H6 is at posi-
tive potential in respect to the plate.
In this condition the tube offers infin-
ite impedance—practically an open cir-
cuit. Condenser C, is charged through
R, to give it a negative charge equal
to the a.v.c. voltage. This charge
varies slowly with the a.v.c. voltage,
depending upon the carrier level.
When a sudden noise peak occurs, the
a.v.c. voltage rises to a high negative
value, but the time constant of R.-C,
prevents it from following. Therefore,
the cathode becomes momentarily
more negative than the plate, and the
diode becomes a conductor and short-
circuits the audio circuit. As soon as
the noise peak has passed, the nega-
tive bias is returned to the plate of the
6H6, and the limiter becomes inopera-
tive, allowing the signal to come
through again.

The point at which the limiter be-
gins functioning is determined par-
tially by R.. To make the limiter func-
tion instantly at zero signal level, this
resistor should be removed. If the re-
sistance is increased the noise peaks
must be of greater intensity for the
limiter to operate. Optimum results
were obtained with the 40,000 ohm re-
sistor shown; more resistance reduced
the limiting action too much while less
resistance caused too much distortion
on voice peaks. A bit of experimenta-
tion will give the exact value nceded
in your individual case.

Adding a Squelch Cirenit

If your location is such that during.

times when the carrier is off you are
troubled with a snapping and popping
background noise, but the carrier it-
self is strong enough to overcome any
ignition interference, then the squelch
circuit is the answer.

Fig. 1 shows a very effective circuit
that can be added to existing receiv-
ers. In the case of the Bosch receiv-
ers the 75-tube socket is removed and

sSeptember, 1944

Fig. 2.

Ry, R; 11,,—1 megohm, Vo w. res.

R. -—5000 chm, V5 w. res.

Ri—250,000 ohm. Vo w. res.
R—R,;—50.000 ohm, V5 w. res.
R.—7500 ohm, V5 w. res.

Ry—500.000 ohm pot. (squelch control)
Re—500.000 ohm, 145 w. res.
Ry—500.000 ohm pot. (volume control)
Ri5—40.000 ohm, V5 w. res.

Combination squelch circuit and noise limiter.

Cy—5 pfd., 25 v, elec. cond.
C.—.25 p.fd 200 v. tub. cond.

C;. Cs—.05 ;/.fd 400 v. tub. cond.
C,—.005 pfd., 600 v, tub. cond.
C;—100 l/-l’-fd. ntica cond.

Co—50 ppfd. mica cond.

C:—.005 pufd., 400 v. tub. cond.
Sw—S8.p.s.t. toggle switch

the 6C8G socket substituted in its

place. The 6H6 is mounted under-
neath, near the base of the 6C8G. It
may be necessary to remove the can-
type electrolytic condenser and re-
place it with a smaller tubular con-
denser mounted elsewhere.

In this circuit the 6H6 is used as the
second detector while P, of the 6C8G
is the audio plate and P. the squelch
plate. With no signal being received,
grid G. is at ground potential. Since
there is no bias on the grid, plate P,
draws current through R, causing a
voltage drop across R.. This blocks
grid G, of the audio tube, and the re-
ceiver is dead.

When a signal is received, the a.v.c.
voltage developed across Rs; puts
enough negative bias on grid G.

Fig. 3. An effeclive noise limiter;
out the limiter,

R—50,000 ohm, Vo w. res.
R>—40,000 ohm, ¥, w. res.

Ry, Ry—1 megohm, V5 w. ves.
R,—150,000 ohm, Vo w, res.
R,—5000 ohm, V5 w. res.

R 2 megohm, Y, w. res.

R\z—500 000 ohm, Y5 w. res.
Ry—500,000 ohm pot. (volume control)

(through filter R:; and C:.) to cut off the
tube. Since there is now no current
flowing through R., grid G, and plate
P. are at the same potential as point
P. This puts the correct bias (devel-
oped across R.) on the grid G; and re-
stores normal operation to the tube.

The signal strength necessary to cut
off the squelch action is regulated by
Rs, which changes the amount of nega-
tive bias on grid G. in proportion to
the signal.

To set the control R, properly, first
take the receiver to the spot where the
most troublesome noise occurs. Then
adjust Rs until the noise just cuts in.
A fraction of a turn before this point
is reached should be the proper set-
ting. Now test the receiver by having

(Continued on page 80)

(A} typiccl second detector circuit with.
and (B) with the addition of the limiier to the circuit.

Ci—.05 pfd., 400 v. tub. cond.
C>»—.005 pfd., 400 v. tub. cond.
Ca—.005 pfd., 600 tub. cond.
C,—50 ppfd mica cond.

C;—5 pfd., 25 v. elec. cond.

Cy, C—100 ppfd. mica cond.
Sw—S.p.s.t. switch
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“THE SAGA OF THE

VAGUU!

By GERALD F. J. TYNE

Research Engineer, N. Y.

Part 13. Covering the developments by the General Electrie Co. of higher

power-output alternators for use in the fields of telegrapiy and telephony-

¥ ®HE development of the compara-
tively crude Audion into a satis-
- - factory high-vacuum telephone
repeater element was undertaken and
carried through by the engineers of the
Western Electric Company because of
an urgent need. The problems of wire
telephony in general do not involve the
use and control of large powers, and
the Audion, as submitted for their con-
sideration by de Forest, was limited to
low power applications. The General
Electric Company, on the other hand,
dealt essentially in comparatively
high-power devices. Why then did they
become interested in the low-power
Audion? Paradoxically enough it was
because they had need of a high-power
device—but one with the type of char-
acteristics exhibited by the Audion at
low power levels.

Although in the popular mind the
name of the General Electric Company
is associated with power equipment in
the early 1900’s, the engineers of this
Company had for some years been en-
gaged in an attempt to develop a radio-

frequency alternator for long-distance
communication. The work was begun
about 1904 at the request of Mr. Reg-
inald A. Fessenden of the National
Electric Signalling Company. At that
time Fessenden was working at Brant
Rock, Massachusetts, trying to develop
a method of obtaining a continuous
flow of high-frequency energy, and had
requested the General Electric Com-
pany to undertake the development of
an alternator to operate at 100,000 cy-
cles. He was familiar with the work
done previously at the General Elec-
tric laboratory by Thompson and
Steinmetz along this line. Fessenden
was using an arc transmitter, the only
satisfactory generator of continuous
waves of that day. He experienced
many difficulties in this work because
the arc was tricky to handle and not
entirely free from self-modulation.
When Fessenden appealed to the Gen-
eral Electric Company to undertake
this work, E. F, W. Alexanderson was
assigned the job of developing such an
alternator. The result of the next few

years’ work on his part was what be-
came known as the Alexanderson Al-
ternator. The real significance of this
development was realized in 1919,
when the General Electric Company,
after having spent millions of dollars
to make such a device practicable, re-
fused to sell to its only customer, the
British-controlled Marconi Company,
and in so doing helped return the con-
trol of transatlantic radiotelegraph
stations to the United States.!3¢ By
this act also, the General Electric
Company paved the way for the found-
ing of the Radio Corporation of Amer-
ica.

Therefore, it might be said that in
the early 1900’s the General Electric
Company was trying to build a ma-
chine—a mechanical device—to do the
job of the vacuum-tube transmitter of
the present day.

By 1913 Alexanderson had been able
to construct satisfactory alternators
of several kilowatts output at fre-
quencies up to 200,000 cycles.187. 188
They were satisfactory, that is, for use

Fig. 149.

Fig. 150.
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in continuous-wave telegraphy, but
could not be used for satisfactory
radiotelephonic communication since
no method of adeqguate modulation of
their output was available. Alexan-
derson had tried various methods of
modulation with varying degrees of
success. One method utilized a gen-
erator with its field excited by the
telephone current. Another involved
the use of the so-called “magnetic am-
plifier” or magnetic modulator.’s? A
third was the use of a threc-electrode
mercury arc tube, in which an attempt
was made to control the arc current
by the use of the third electrode. None
of these methods was completely sat-
isfactory, and Alexanderson continued
his search for a better modulator.

In 1912 the General Electric Com-
pany sold to John Hays Hammond, Jr.,
two high-frequency alternators for use
in his experimental work on radio-
controlled devices. In October of that
.year Alexanderson discussed with
Hammond, at the latter’s laboratory
in Gloucester, Mass., the problem of
obtaining the necessary modulation.
While there, Alexanderson was told of
some receiving apparatus, designed
and constructed by Benjamin F. Miess-
ner, one of Hammond’'s assistants, in
which Audions were used. Alexander-
son, who had never seen an Audion,
felt from the description of the Audion
and its characteristics that it might be
promising as a high-frequency relay.
He thought that it was in many ways
defective but considered that the de-
fects might be overcome. He there-
fore arranged to obtain a sample of
the Audion from Hammond, to see if
it might be made into a suitable de-
vice for the application he had in
mind.

At Schcnectady he showed the
Audion to Drs. W. D. Coolidge and
Irving Langmuir, with whom he often
discussed problems. The discussion
with Langmuir was fruitful. Lang-
muir said that he could develop a high-
vacuum device of the three-electrode
type which would function satisfactor-
ily as a high-frequency relay. Alexan-
derson felt that such a device as Lang-
muir described could be used not only
for modulation of the transmitted
wave from his alternator, but also
could be used in a new system of re-
ception on which he was working. Ac-
cordingly, Langmuir set about the de-
velopment.

Irving Langmuir had been in the
employ of the General Electric Com-
pany since 1909. He was graduated
from Columbia University in 1903, and
had done postgraduate work at the
University of Gottingen under Nernst,
receiving his Ph.D. in 1906. When he
entered the employ of the General
Electric Company he attacked some of
the problems still to be solved in con-
nection with the tungsten filament in-
candescent lamp. The Coolidge proc-
ess of making drawn tungsten wire
had recently been introduced into com-
mercial manufacture and had given
rise 1o a number of problems, as does
any new process.

One of the problems which Lang-

muir studied in connection with tung-
sten filament lamps was the blacken-
ing of the bulbs in service. This same
problem in connection with carbon fil-
ament lamps, it will be remembered,
led to the discovery by Edison of the
“Edison Effect.” It was the common
idea in the General Electric laboratory
that this blackening, in the case of the
tungsten filament lamp, was due to
secondary causes, among them electric
discharges. It had been observed that
the “blue glow,” characteristic of in-
sufficiently exhausted lamps, caused
very rapid blackening. Also the pres-
ence of water vapor in the lamp bulb
accelerated the blackening. From this
it would seem that better vacuums
were desirable.

Others had attempted to solve the
problem by increasing the vacuum.
Langmuir adopted a different ap-
proach. He attempted to determine
the cause of the blackening by increas-
ing the amount of the impurities in-
troduced into the bulb. Particularly
he studied the effect on the filament of
gases introduced. Some of these, such

www americanradiohistorv com

as hydrogen, would disappear if intro-
duced in limited amounts. Others, such
as nitrogen, would react with the
tungsten vapor given off by the hot
filament.

In this work Langmuir had toc dif-
ferentiate between the effects due to
evaporation of the filament—because
of its high operating temperature—
and the effects due to electric dis-
charges within the bulb. To accom-
plish this he used low-voltage fila-
ments to study the evaporation phe-
nomena, and high-voltage (50-250
volt) filaments to study the effect of
discharges. From all ihis he began to
get a picture of what would happen in
a perfect vacuum. He concluded that
the blackening of the bulb was due to
normal evaporation of the filament,
not to electric discharges. He found
the reason why the presence of water
vapor accelerated the blackening. He
found that even if the vacuum were
perfect the blackening still would oc-
cur.

Frora his studies he concluded that

(Continued on page 94)
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RADIO THEORY

SVIEW

= for FUCC Operator Exams

@6 T'S not so tough if you know

your stuff,” gloats many a

- proud possessor of a new “tick-

et” as he walks out of the Federal

Communications Commission exami-

nation room after successfully com-

pleting the tests for a commercial
_radio operator license.

It’s true. The 1300 questions out-
lined in the official Study Guide for
Commercial Operator Examinations
present difficulties only if a student at-
tempts to study each question individ-
ually. The most vital and difficult
point to determine is exactly what,
and how much, of each pertinent radio
subject must be covered to provide
sufficient knowledge to assure a good
chance of passing the examinations.

It is quite a chore for the student to
figure this out. It can be done, but the
FCC Study Guide offers no continuity.
Therefore, this analysis of what, and
how much, of each subject is required,
was prepared to indicate a definite line
of study and not to supply answers to
individual questions.

To begin with, you probably would
not be reading this article if you did
not already possess at least a nodding
acquaintance with radio terminology.
If you already know that EMF (elec-
tromotive force) is just another name
for voltage and that amperage is

418

merely another term for current, you
are well on the way.

It is quite necessary to have a sound
knowledge of the names of the various
electrical factors. As an example, the
student should know that “gilbert” is
the name for a unit of magnetomotive
force. He should also know that am-
pere turns can be changed to gilberts
by multiplying by 1.26.

The mathematical meanings of
micro and micromicro, kilo and meg,
should also be learned.

Remember that these are prelimi-
nary steps. Without this fundamental
knowledge of terminology the task of
studying radio becomes much more
difficult.

The meanings of other terms such

Fig. 1. Battery-charging arrangement.
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By

CARL E. WINTER

Summary of what a poten=
tinl commercial radio op-
wior should know or study,
before atiempting to pass

the FCC examination.

—
Licensed radio operator using short.
wave equipment to combat forest fires.

as permeability, residual magnetism,
inductance, and conductance are eas-
ily absorbed but some phrases, such as
power factor, decibels and ampere
turns may require a little more study
and concentration.

During this period of familiarization
with radio terminology the student
will doubtlessly assimilate a good deal
of basic knowledge = pertaining to
methods of generating electricity and
the nature of conductors and insula-
tors. This will simplify the study of
factors determining the resistance of
a conductor and, in turn, serves as
preparation for learning the principal
mathematical premise of radio—Ohm’s
Law.

Ohm’s Law is the basic formula for
all mathematical problems in radio.
The importance of a sound under-
standing of its principles and usage
cannot be overemphasized. The stu-
dent should learn it well and know
how to apply the law to both a.c. and
d.c. problems. It will then be a simple
step to learn the very necessary power
formulas as well.

A logical time to learn the principles
of series and parallel connections is
while Ohm’s Law is still fresh in one’s
mind. There is nothing too difficult
about the application of these connec-
tions and the formulas for them. For-
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Fig. 2,
(R) grid. (B} plate, and (C) cathode.

Conventional radio circuits:

mulas are among the few things in
radio that should be memorized.

The foregoing preliminary work, if
well learned, will enable the student
to delve more deeply into radio lore.
The following classifications and scope
of subjects may be of value in direct-
ing studies along the most economic
lines in preparation for the Commis-
sion’s Examinations. 5

Condensers

A knowledge is required of the con-
struction and electrical characteristics
of condensers insofar as the effect of
changes in condenser plates and di-
electrics is concerned. The formulas
for determining the amount of electri-
city a condenser will hold, and for de-
termining the energy stored in a con-
denser, should be learned, as well as
the formula for capacitive reactance.

Induction and Inductances

Understanding of the principles of
induction is essential. There is no limit
to the amount of knowledge the stu-
dent can use on this subject. Briefly,
however, if the faclors that determine
the figure of merit or Q of an induc-
tance are known and understood, this
will suffice for basic radio theory.

The electrical effects of the mechan-
ical construction of the inductance
should be learned. The factors which
determine the impedance of a coil and
the formula for inductive reactance
can be memorized.

It is necessary to know the formula
for determining the resonant fre-

September, 1914

quency of a circuit and the manner in

‘which the resonant frequency of an
-antenna can be
~ While. on the subject,

raised or lowered.
the factors
which decide the resonant frequency
of any given antenna should be
learned, as well as the formula for
transposing meters to kilocycles.

Fuses and Relays

Learn the differences between fuses
and relays and their various applica-
tions.

Microphones and Telephones

It is necessary to know what high
and low reactance head telephones are
and what means are used to connect
low impedance phones to vacuum-tube
amplifier outputs.

An understanding of the operation,
construction, and characteristics of
the most commonly used types of mi-
crophones, such as the carbon button
microphone, is also a requisite.

Meters

Meters play an important part in
the FCC examinations. It is not suffi-
cient to know the particular type of
meter used to measure a given condi-
tion. A thorough knowledge of the
construction and principles of opera-
tion of all types is required. Thermo-
couple, electrodynamometer, repulsion,
and hot-wire meters should be studied,
as well as the D'Arsonval type. Learn
the application of ampere hour meters
and pay particular attention to the
use of shunts and multipliers with the
various meters specified above.

Some practice in applying the Ohm’s
Law to meter readings is necessary.
Frequency meters, while not of the
type discussed, must also be under-
stood and some knowledge of their
construction, usage, and principle of
operation is necessary. While the stu-
dent may lack the radio knowledge
necessary to understand the proper
functioning of frequency meters at
this point, it should not be neglected,
as the subject will clarify itself as
progress is made in the study of radio
theory.

Batteries

The Commission desires that every
applicant possess an adequaile knowl-
edge of all points pertaining to bat-
teries. Many of us wonder why, but
there it is, so it would pay for you to
spend a little time in learning the con-
struction details and operating char-
acteristics of both lead-acid and Edi-
son type cells. The student should
know how to take care of batteries
and be familiar with the various trou-
bles which may result from improper
maintenance procedure.

Learn to draw a schematic which
will illustrate how to hook up two bat-
tery banks so that one bank will dis-
charge while the other charges, and
don’t forget to learn the difference be-
tween primary and secondary cells.

Motors and Generators

Motors and generators must also be
covered preparatory to taking the ex-
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aminations. Familiarize yourself with
the terminology and standard con-
struction of various. types of motor-
generator units. © As there are many
types of d.c. and a.c. units in use, it is
advisable to understand the operation
and maintenance procedures for all
kinds. Some mathematical problems
relating to the speed in revolutions of
alternators and also to output fre-
quencies appear in the examinations.
These are simple but a knowledge of
the formula applied is essential.

Vacuum Tubes

Vacuum tubes are perhaps the most
important part of all the radio knowl-
edge required to pass the Commis-’
sion’s examinations. Here again,
terminology is very important. Study
all the information you can get re-
garding pentodes, tetrodes and triodes.
Learn what a thyratron is and how it

(Continued on page 132)

Fig. 3. Various conventional forms of
coupling: (AR) a@ntenna. (B} speaker, (C)
link, (D) resistance, and (E) transformer.
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Clearing that INTERMITTENT

By

LY

Y. GABIN

Repairing those intermit-
tent radio receivers can
be simplified by foliow-

ing the proper tech-

niques described herein.

T 'NTERMITTENTS, it has been
truly said, are the serviceman’s
Nemesis. In spite of the advances
made in servicing techniques, espe-
cially the introduction of cathode-ray
tubes and ‘“‘signal chasers,” this type
of trouble still wastes more of his time
than all others put together. War-
time lack of signal-tracing instru-
ments has aggravated the serviceman’s
difficulties. So has the scarcity of
tubes, which often bars the old tech-
nique of inserting a whole new set
while checking over a receiver.

An “intermittent” is that type of de-
fect that causes a set, otherwise nor-
mal, to stop playing suddenly, or to
drop greatly in volume. Turning it
off and on again, jarring or tapping it,
or occasionally simply switching a
light on or off in the room, is often
sufficient to start it playing again.
Here is the main problem posed by the
intermittent: When the serviceman at-
tempts to localize the trouble, the set
springs back to normal as soon as he
places the test prods across a sus-
pected circuit. He cannot find the
trouble in a set which has nothing
wrong with it! :

The cause of intermittent cut-off or
volume drop is almost invariably a
poor contact which becomes an abso-
lute open because of a sudden surge or
change in the amount of current flow-
ing through it. There are slight varia-
tions; a tube-shield which makes in-
termittent contact with the chassis
may send the receiver into oscillation
and thus cut off reception, but the un-
derlying principle is the same even in
this case.. Such poor contacts may ap-
pear anywhere in the set, and in any
component. The trouble-making spot
may be in the antenna-coil or voice-
coil, or anywhere. between.

Circuits carrying only r.f. currents
are the playgrounds of the intermit-
tent. Poor contacts in the path of di-

a0

A Rider Chanalyst may be used by the serviceman to
simplify his problem of repairing intermitient receivers.

rect currents often show up through
creating high resistance, burn out, or
tend to weld themselves (though cer-
tain low-wattage resistors give rise to
beautiful intermittents). They also
are detected more readily by test in-
struments in such circuits. In the r.f.
leads, the very minuteness of the cur-
rents prevents any breakdown or self-
healing effects.

The r.f. bypass condenser is the most
common hideout of the intermittent,
though poorly soldered connections
and poor friction contacts run it a
close second. Such contacts often are
found in variable condensers and tube
prongs. Intermittent opens or poor
contacts in the r.f. transformer sec-
ondaries and variations in the high-
frequency resistance of filter condens-
ers, all have been found guilty of “kill-
ing the signal.” The rule is that no
part of the set can be free from sus-
picion, from power pack to cathode re-
sistor, and from antenna to loud
speaker.

Another intermittent—or semi-inter-
mittent—is worth noting. This shows
up after the set has been playing for
some time and does not respond to the
usual switching or shaking, but disap-
pears after the set has been turned off
for a while. It is obviously caused by
heat,, and is easier to find, as the set
will remain out of commission while
tests are made on it in the “live” con-
dition. It is mentioned only to point
out that many true intermittents are
also “thermals,” but such small ones
that they may cool immediately when
the set goes out of action, and be ready
for the slightest surge to put them
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back to work again. Indeed, the ac-
tion is sometimes automatic, and the
set goes on and off periodically. The
author remembers one old '27 tube
whose filament used to open after it
had been playing a few minutes. After
the first cut-off, it would open and
close at regular 30-second intervals,

ith wierd effects on the program.
The trouble, of course, made itself
known at once, and the tube was long
kept in the shop as a curiosity.

Servicemen have three standard
methods of attacking intermittents.
The oldest and crudest is to go through
the set, checking all suspicious parts
by removing or replacing, and playing
the receiver for long periods to make
sure a cure is effected. This is a time-
wasting and unsure procedure, but has
a few very good features. In certain
models, bypass condensers are notori-
ous as the cause of intermittent fad-
ing, and it has been common practice
in some such cases to replace ¢ll the
fixed condensers before even starting
to search for the trouble. Nowadays
it may not be practical to replace con-
densers in such a wholesale manner,
but it is often worth-while to discon-
nect bypasses till one is found which
produces the intermittent when re-
moved from the circuit. Replacement
with a new condenser and playing the
set for several hours may prove the
trouble to have been cured.

The second good point to pick up
from the old hit-or-miss method is that
of “sweating” all the soldered joints
in a receiver, especially those which
carry r.f. only. This, and cleaning all
socket contacts (note that occasionally

RADIO NEWS
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Compiled by KENNETH R. BOORD

o6 RECEIVER is no better than
its antenna-—that is radio’s
- time-honored truism.

From the advent of the “wireless”
height of the receiving wire has been
widely regarded as a general measure
of its worth for clear, consistent recep-
tion. This is true on all bands, I be-
lieve. Given a “good” wire, it becomes
possible to turn up the radio’s volume
control without scooping up too much
of the disturbing dregs in the ether
waves.

Saying it another way, the higher
the antenna wire, the more it is iso-
lated from manmade noise sources—
such as street cars, electric signs, re-
frigerators, and automobile ignition
systems. When this happens, a more
favorable signal-to-noise ratio has
been established. The strength of the
signal in the wire far overbalances the
manmade noise. This is the first re-
quirement of good reception.

By now you’re probably asking in
your mind, “Just what kind and how
much antenna should I have?” After
having experimented with various
types of antenna systems for more
than ten years, I'm afraid I can't give
you a cut-and-dried answer.

It has been my experience, however,
that satisfactory results throughout
the tuning range of the average all-
wave home receiver will be obtained
with a conventional inverted “L” Mar-
coni type of antenna, 75 to 100 feet
long, including leadin. As has been in-
dicated, for best results, erect the an-
tenna as high as possible and see that
it is removed from surrounding ob-

Table 1.

jects. Have it in the open, if at all
possible. Be sure the antenna is in-
sulated from the ground at all points.
If your set has two antenna termi-
nals—usually designated by the man-
ufacturer as A-1 and A-2—you may
wish to employ a doublet antenna sys-
tem. On such receivers, you may find
a ‘“‘jumper” between A-2 and G
(ground). If you use the conventional
inverted “L” Marconi type of antenna,
it will not be necessary to remove this
“jumper.” When this type of antenna
is used, it is connected to terminal A-1.
In the event a doublet antenna is to
be installed, the two wires of the dou-
blet leadin should be connected to ter-
minals A-1 and A-2. The “jumper”
between A-2 and G can remain con-
nected, or you can remove it—depend-
ing upon its effect on favorable recep-
tion. g
With most receivers, a ground can
be used, if desired, and should be con-
nected to the G terminal. Connecting
the receiver to a good ground—a cold-
water pipe or 6-foot rod driven in
moist soil-—may improve reception and
reduce noise. With many sets, how-
ever, and under normal conditions, no
noticeable difference will exist—so a
ground is suggested only if it aids re-
ception. A little experimentation on
your part will be your best criterion.
Should you wish to have a separate
antenna for some one short-wave fre-
quency or band, a half-wave antenna
cut to the proper length for the de-
sired frequency will prove effective,
I've found. The following formula will
give the length of the one-half wave-

A report from Don Brewer of Tulsa, Oklahoma, on the qual-

ity of foreign station reception using his four-band all-wave receiver.

CALL LOCATION MEGS. TIME HEARD (C.W.T.) RATING
GSC London 9.58 6:30- 9:00 p.m. Good
GVX London 11.93 6:30- 7:00 p.m. Excellent
GRIH London 9.825 6:30-11:45 p.m. Excellent
GSU London 7.26 7:15-11:45 p.m. Excellent
GRX London 9.69 6:30- 7:30 p.m. Excellent
VLG Melbourne 9.58 10:00-10:45 a.m. Poor
VLG4 Melbourne 11.84 12:15-12:45 a.m. Good
DJD Berlin, Germany 11.77 4:00- 8:00 p.m. Fair
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length antenna, depending on the de-
sired frequency:
Length in feet =
480

Frequency in megacycles
or, for example, a half-wave 40-meter
antenna would be:
480

7.5

The antenna should preferably be of
solid, soft drawn enameled copper wire
for ease in handling. The center of
the wire should be cut and an insula-
tor inserted at that point. The twisted
pair, or open wire transmission line,
should then be soldered to each 32-foot
length, after the enamel has been care-
fully scraped off, directly on either side
of this center insulator. The other
end of the transmission line should be
connected to A-1 and A-2 on your re-
ceiver.

It should be remembered that such
an antenna has directional properties
broadside to its length and should be
so oriented if maximum pickup from a
certain direction is to be expected.

All in all, it has been my experience,
as well as that of many others, that
a conventional “L” Marconi type an-
tenna of 75 to 100 feet in length—in-
cluding leadin—erected as high as
possible, and kept away from sur-
rounding objects, the use of as short
a leadin and ground line as possible,
together with carefully soldered con-
nections, will give exceptionally good
service on all wavelengths throughout
the tuning range of the average home
receiver.

= 64. feet long.

* * *

RADIO MOSCOW BROADCASTS

Through the courtesy of the Em-
bassy of the U. S. S. R. in Washington,
we are listing below the current sched-
ule of Soviet transmissions from Ra-
dio Moscow:

7:40 am. EWT—11.88,
9.56 mcs.

8:20 am. EWT—11.94 mecs.

12:00 noon EWT—15.74 mcs,

(Continued on page 134)

11.94, and
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HERE has been a rather full-scale

“speedup” and-a lot of renewed ac---

tivity at the War Shipping Adminis-
tration's radio training station at Gal-
lups Island up in Boston harbor. The
school is, we understand, filled to-its
capacity at present. The general trend
of thought seems to be that when the
present group of trainees graduates in
October, and shortly thereafter. the
present shortage of radio officers to
rjan the ships under the new three
mien to a ship regulations of the WSA
wiill be greatly relieved. In the mean-
time. however, the U. S. Maritime
Service is still asking for marine ra-
diomen for the merchant fleet. The
Maritime® Service also has had a few
positions open -for radio instructors,
such jobs being open to those in the
4F draft classification, those recently
discharged from the Armed Forces and
men in the thirty-eight to fifty age
bracket. Communicate with WSA,
Room 300 at 39 Broadway, New York
City.

ILL McEWAN and E. D. Baker,

who called in at the East Coast
recently, are both sticking well to
their respective tankers lately. We
hear that Walter Glazar has taken to
the briny deep. “WG” was formerly
with the MRT service depot in New
York. A. Richardson was around the
big city recently and left aboard a
cargo assignment. K. Johnson has
taken a Liberty berth.. D. R. Duncan
is out on a tanker for a change, after
experimenting with a few cargo ships.
K. Whooley picked up a rather nice
tanker assignment after a few weeks
ashore and K. Romsas went out on a
freighter as his latest assignment.
Harry Morgan of ACA is back, at this
writing, after an illness of several
weeks. B. Peterson has taken out a
tankship.

'HERE are hundreds of marine ra-

dio officers who have had many
years experience at sea and in many
cases have supplemented their sea
duty with experience in the various ra-
dio flelds ashore. Do you men with
long years of experience realize that
there is an organization of oldtime, ex-
perienced radiomen? The Veteran
Wireless Operators Association, Inc.,
with headquarters in New York, is
such an organization for men with
long and varied experience in marine
radic. Any professional wireless op-
erator who has served in such capacity
afloat or ashore ten years prior to date
of application is eligible to join the
Association as a Veteran Member.
Such services may be commercial, in-
dustrial or with any branch of the
Government service. One with less
than the above ten (10) years service
shall be eligible to join as an Associate
Member and can be advanced to Vet-
eran Membership after the date of
commencement of service. Annual
dues are only three dollars and in-
clude a magazine subscription. The
VWOA officers and directors include
many of the most well-known names
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By CARL COLEMAN

in radio—such as Dr. Lee De Forest,
Bill McGonigle, A. J. Costigan, George
Clark, Fred Muller, J. R. Poppele, C.
D. Guthrie, David Sarnoff, and a host
of others who are just as well known.
The association holds regular meetings
and has representatives in many cities.
An annual dinner is held in New York,
usually during the winter months,
which brings together the men in radio
you have always wanted to meet.
Here is your chance to get together
with all of the other men in your pro-
fession. For further details write to
the Treasurer, Mr. William C. Simon,
149 President St., Lynbrook, N. Y.

NAVY Secretary James Forrestal, in

a recent statement, warned that
the United States must keep the Navy
and naval air arm in fighting shape
after the present war if there is to be
any real security from wars in the fu-
ture. The Navy Department head

stated that the United States started
out on an era of self-destruction after
the last war by the scrapping or sink-
ing under treaty obligations of 30 bat-
tleships, 15 cruisers, 139 destroyers and
52 submarines, and pointed out that a
fair-sized U. S. Navy was destroyed by
scrapping or sinking. We hope in view
of the above that the powers that be
will keep Secretary Forrestal’s words
in mind, not only in the Navy but in
the U. S. Merchant Marine as well.
The merchant marine is to a great ex-
tent the rhainstay of the Navy, as sup-
plies for operating far from home
bases must be carried by this service.
We sincerely hope that the disgraceful
rotting-away of the U. S. Merchant
Marine will not be repeated at the con-
clusion of the present war, to the ex-
tent it was allowed to go in World
War I. While we are on the subject
of the Navy, congratulations to Ray-
mond A. Spruance, 57, the youngest
(Continued on page 62)
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SECONDARIES NOT USED
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Fig. 2. Many intermittents may be lo-
cated easily by operating the receiver at
a line voltage higher than specified. A
higher line voltage can be obtained by
connecting two transformers, as shown.

the quick cure is to replace all con-
densers and resistors which might
cause the trouble, sweat all joints and
brighten all contacts.

Even when using signal tracing,
much time may be wasted and equip-
ment tied up in some obstinate cases.
Sets have been known to play eight
hours per day for two or three days
without giving any evidence of fading,
and to continue for a day or two in

the owner's home before starting to

fade again. In some cases this is due
to different conditions in the home and
shop. For this reason it is always well
to check on the voltage at the home
location, and to ask if the fading oc-
curs more often at a given time of day
—often a valuable clue to voltage con-
ditions. If a set refuses to “intermit”
it is often a good idea to put a box
over it and lct it get a few degrees
warmer than the surrounding air, Per-
haps taking it out of the cabinet will
improve conditions.

The third method of attacking in-

termittents—Ilittle used in the past—
is to increase the line voltage to a
point where faulty components are

likely to break down under d.c. over--

loads or heavier r.f. surges. One of
the weaknesses of this system is that
it is quite useless against such defects
as a poor antenna-coil connection, and
little better for pure r.f. circuits in
other parts of the set. Where r.f. is
superimposed on d.c., it may work well.

The serious fault of this method is
that it makes a complete breakdown
out of an intermittent. In many cases
there have been disagreements be-
tween servicemen and owners over es-
timates, the owner preferring to take
his set back rather than have it re-
paired. Naturally, he insisted on get-
ting it in the same condition as it was
when he let it go to the shop. One bad
experience with this technically excel-
lent, but commercially embarrassing
servicing method was too much for the
serviceman.

Now that the market is more in his
favor, he can be a little bolder and ex-
plain the situation to his customer.
In most cases, if he stresses the sav-
ing of time and money the method in-
volves he will get a go-ahead signal.
Neither is there now any necessity for
the check-and-estimate method in the
case of intermittents. The serviceman
can make an estimate suflicient to
cover the case before running any
tests.

The apparatus used in the over-volt-
age test is simple. An old toy trans-
former, with taps up to 15 volts, is suf-
ficient; circuit is shown in Fig. 2.
Often a variable-primary transformer
may be found in an old receiver. The
117-volt line may then be connected
across the 100-volt tap and the set

across the 120-volt tap, giving a 20%
increase in voltage. Just to make the
test more gruesome, a sign flasher may
be inserted in series with the primary.
A fuse just big enough to carry the
current used by the set should in all
cases be used. There is no reason why
breakdown of a bypass condenser
should be followed by burn-out of a
filter choke or rectifier tube.

To repair an intermittent receiver
in the shortest possible time, a judi-
cious combination of all three meth-
ods is advisable. First, put in a set of
new tubes, if possible. Then turn the
chassis over and sweat any suspicious
joints—or all joints carrying r.f. only.
If the set is one in which fading is
often traced to certain bypass con-
densers, these also should be replaced.
Many servicemen replace the a.v.c.
condensers in practically all old sets
at this point, just as a matter of prin-
ciple. This is often worth doing, for
very often “fading” is a fade in reverse
—a leaky a.v.c. condenser takes the
bias off the controlled tubes, and the
volume is turned down accordingly. As
soon as the intermittent condenser
functions properly, the a.v.c. goes on
with a bang, and the volume drops,
often below the audibility level.

The receiver may then be played on
the bench, while the serviceman goes
about his regular work. If it still
fades, it may be given an hour’s run
at a voltage of 130 or higher. Then if
nothing happens, the signal tracer
should be called into play. The proper
combination of all available methods
will conquer the intermittent with no
serious loss of that now more-than-
ever valuable commodity, time.

Fig. 3. Wiring diagram of a simplified channel analyzer. which may be used if a professional type Chanalyst is not

available.

shown to accommodate the test lead.
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This unit may be constructed from one of those old receivers on hand by adding the closed circuit jacks
Special test prods are suggested in the diagram for use with this instrument.
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the trouble is inside the tube prong
itself), will put a surprising number
of intermittent receivers bacle-into op-

eration again.

Method No. 2 is signal-chasing. This
is the only really efficient system, es-

pecially if used in conjunction with
one of those multichannel analyzers
with a flock of self-locking electron-
ray indicators.
rare indeed today, and the serviceman
may be compelled to build his own
tracer. Almost any old superhetero-
dyne may be used for this purpose,
though one with an “eye-tube” may be
used as a two-channel indicator.

The old set is broken into as indi-

cated in Fig. 3, either with switches

or closed-circuit jacks, to accommo-
date the “hot” test lead. The “cold”
one is attached to the chassis. The set
should be one with a 455-ke. i.f. and
should be of the a.c. type. Sets con-
nected directly to the line are not
adapted to signal-tracing, as there is a
possibility of grounding them through
the test prods unless special precau-
tion is taken. The test prods should
be specially built, at least for the r.f.

circuit, as is shown in Fig. 3. The

small condenser may be made simply
by twisting two lengths of enamel-in-
sulated wire together for a short dis-
tance. The a.f. prod may be an or-
dinary test prod, though the one shown
will not load the circuit to which it is
applied, sometimes an important point

Fig. 1.

Such instruments are

to remember in tracing intermittents.

It may be necessary to connect a
I-megohm, ~or smaller, resistor be-
tween grid and ground of the i.f. stage,
if the tracer shows any tendency to
oscillate. Slight retrimming of this
stage is also often necessary to com-
pensate for the leads, and, of course,
to adapt the tracer to various i.f's
from 445 to 470. Values of parts are
given, in case the serviceman wishes
to modify slightly the set used as a
tracer, but he is warned that building
such a tracer from the ground up is a
waste of time. Use a junked set from
the shop!

It is hardly necessary to outline the
methods of signal tracing; plenty has
been written on that subject. Suffice
it to say that an input to lead 1 can
be used to check the performance of
any r.f. circuit (point A in Fig. 1);
lead 2, the convertor output and if.
input or output (points B, C, D, and
E); lead 3, the if. output (point F or
any strong r.f. signal, no tuning re-
quired); lead 4, weak audio signals
(point G); and lead 5, strong a.f. sig-
nals (points H, I, J, and K).

A simpler type of signal tracer is
one that has only the detector and au-
dio stages (sometimes with a resist-
ance-coupled r.f. stage as well). Such
tracers usually are not oversensitive,
but are rigged up very easily from any
type of old receiver, and require no
tuning. The prod is simply applied to

r.f. leads of any frequency, the signal

‘being rectified and amplified in the

tracer. A second prod is required for
audio signals.

Used to detect intermittents, the
signal tracer is hooked up across that
part of the receiver under test. If a

"tracer with an eye-tube is available,

lead 4 may be hooked in at point G of
Fig. 1. The eye will remain closed and
signals will come from speakers of
both the set under test and the signal
tracer. A failure of the signal appear-
ing in the output of the set under test,
accompanied by an opening of the eye,
indicates trouble before the detector.
Cessation of sound from the speaker
with the eye remaining closed shows
that the intermittent is in the a.f. cir-
cuits. Should this be the case, the hot
prod is attached to the grid of the out-
put tube (point I), and the set played
till it again fails. Should the speaker
of the tracer continue to play, the
trouble is obviously in the output cir-
cuits of the receiver, and points J and
K should be tried next. If both speak-
ers stop, the signal-tracer lead may be
moved back to the grid circuit of the
preceding tube, point G, and the proc-
ess repeated.

The same method is used in the i.f.
and r.f. circuits, should the trouble be
located before the detector. Using
leads 3, 2, or 1, the faulty stage is lo-
cated. Once the trouble is localized
within the narrowest possible limits,

Diagram of a Wells Gardner Model 7A66-2 radio receiver, used fto illustrate the various test-prod connections to

be made on any similar receiver in order to simplify the serviceman’s problem of locating the source of intermittent.
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AROUND THE CLOCK WITH THE WAR
NEWSCASTS IN ENGLISH

MORNING o EVENING.
EWT LOCATION EWT LOCATION © CALL

7:00 a,m,,,,..London.. ..., 00000000 00a00aaa

6:45 p.m,,, .., MOSCOW. ..\ttt ittt it e
Zi5am.,, ., . Perth. . .. ..., coierininnnen...
7300, ., Berlin, .. ... ... 7:00 pom...... Berlin.......................
7:40 am.., ... Moscow
7:30 pom... ... TOKYO. ...oiven e,
750 am.. .. TOKYO. . ..ovit i, 7:45 p Brazzaville
800 a.m..,... Melbourne................... 8:00 p Berlin
B20 .o, . L. MOSCOW. L L ittiit e ieies et
8:30 a.m...... Manila............ ..ol 8:15 p.m..,... Chungking..................
. 8:15 pom....., Leopoldville . . .
D00 a.m.. ... . TOKYO. .....ouiiininnannn... / 1L 8:30 p.m -.Leopoldyville. ..
i 9:00 p.m Berlin.......................
9:00 a.m....,. London.......ccveiviinanann.
9:00 p.m., . ... London...,......... ... ...,
9:00 a.m ...Hongkong
9:30 a.m.. ... Berlin
10:00 a.m. .. ... Saigon 930 p.m...... Bern....... i
10:00 am. .. .., Tokyo
10:00 a.m.. ... .Chungking.................. OV .11, 10:00 p.m...... Berlin.......................DXL25. .. .. ..
10:00 a.m. . ... . Hsinking. . ..........c.c...... 10:00 poe. ... .. Rio de Janeiro........ Doaaana 3L
10:15 pom. . .. .. Djarkarta.......
10:15 a.m. . . ... Melbourne . 10:30 p.m.. ... Melbourne.... ..
. 10:45 p.m...... London...............coue... G
1100 a.m., ... TOKYO. .., ....0vununnnnn. .
11:00 a.m.. ... .Chungking
11:00 a.m., ... .Ceylon... ..........
11:00 a.m, . ... Stockholm..
11:00 a.m. . .... Melbourne. . . 11:00 p.m. . .. .. Berlin.......................
11:00 a.m. . . ... London...............c...... 11:40 pm.. ... Berlin........oooiiiiinn
12:00 midnightBerlin.......................
12:00 midnight Durban (So. Africa).......... ZRD. 1111000
oo o ok k%
11:00 a.m., ... New Delhi. ... ... ....... 2. e AFTER MIDNIGHT
LOCATION CALL

* K ok K k&
.Durban (So. Africa},

.Johannesburg,. ... ..
...Capetown. . ...
.London..,.......o.iiiell

AFTERNOON

EWT LOGATION
12:00 noon.....London...................... . : TOkyo. ..
London......................
12:00 noon. . ... Chungking Berlin.......................
12:00 noon. . . .. MOSCOW ., L. v vt aet et e e e e e ) Melbourne...................
12:00 noon.. ... Tokyo ... ..o .. 5 N Hsinking
J G Jm. .. Ao o00
N . & .Suva (Fiji Islan .
12:50 pom., . ... Vichy., ... ..o i -
1:00 p.m.. .. Tokvo. ..l -London...... ...l
1:00 p.r.. . ...
WHsinking. ... oo M TCY
LTokyo. L

..Shonan (Singapore)

e iiLondon.. ... ... .l
2.
2:3
2:4!
48 G Landon 4:00 a.m. . Suva (Fiji Island), __.........
%43 o, ... Loendon. ., 4:00 a.m., ., Melbourne, .. .. .............VLG4
VLI4 . . . ..
4:00 a.m,, ,...Perth.. PLadsaEVIAV3L %
5:00 a.m. . ... .American Broadcaster VLC2 . ni

Somewhere in Australia_., .,
__London......................l.'.:S'v

¥ K Kk % ok ok

5:00 a.m.,

GER,

LSE. . &
*Frequencies shown are in megacycles. To convert to meters 6.30 a.m._ . _. .Shonan (Singapore)____. S TR iRt
divide 300,000,000 by the frequency in cycles-per-second. ® ok ok ok ok Ok

September, 19414
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MARINE

Interviewing a wounded Marine Platoon Sergeant over a pack
fransmitter, as he boards transpori plane for evacuation,

Bringing important events into homes
thousands of miles away by instan-

tanecous electrical transceriptions.

HEN the special events programs disappeared
Wfrom the commercial networks with the advent

of war, they were not a casualty of war since
they had gone to war with the Marines and become
known as Battle Broadcasting. They are bringing the
biggest event in history right into homes thousands of
miles from the scene of the conflict.

A small group of Marines assigned to the work had
to discard most of the expensive and delicate equipment
used by commercial networks because the intense heat,
heavy rainfalls and high humidity affected it with rust,
mold and corrosion. Direct short-wave broadcasts were
ruled out since the international broadcasting stations
were far behind the lines and would defeat the principal
purpose-—which was on-the-scene accounts of battle ac-~
tion as described by the participants. Instantaneous
electrical transcriptions were the answer, with the tran-,
scriptions being flown to the United States by air trans-
port.

The ingenuity of the directors has enabled listeners to
get the “feel of battlie” right in their own homes. Inter-
views with fliers just back from important missions and
the stories of wounded men help to impress the serious-
ness of the present conflict. A lighter touch is given by
programs presented by the natives of the islands on.
which our Marines are stationed, and by messages to the
folks at home from the boys. Due to the speed with
which the transcriptions are shipped, listeners can keep
right up-to-the-minute with current events, thanks to
Battle Broadcasting. 30

Natives of a South Pacific island serenade United States listeners via Batitle Broadcasting. A Marine Corps radio
correspondent was. master of ceremonies for this unusugl feature and U. S, licison office assisted with arrangements,

NRADEO NEWS
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Navy and Marine fighters, all from Georgia, send messages from the South Pacific via Battle Broadcasting. All
broadcasts are electrically transcribed instantly and the transcriptions flown to the United States by air transport,

A Marine Lieutenant is interviewed before he can Marine Corps correspondents record their impressions of a recent

leave his plane after a fighter sweep over an invasion, for the Battle Broadcasting unit on the island, after

important key Japanese base in the South Pacific. completing original assignments during the early days of the offensive.
September, 1914 37
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TRANSLNTS asp TIME C)NSTANTS

By ABRAHAM TATZ

An analysis of the efiect of induetive and capacitive cirenits having

rariouns time constants upon sinuscidal and non-sinusoidal waveforms.

‘N testing the frequency response
of amplifiers and transformers,
- - square waves have found great
application because of their high har-
monic content. The distortion of the
square wave in the output of the cir-
cuit tested yields a picure of the lack
of uniform response for the various
frequencies involved among the har-
monics. This process of distortion to
a new wave shape has now become
a tool in the hands of the research
engineer in the new fields of elec-
tronics and television. The new wave
shapes needed for this work include
narrow trigger pulses for synchroniza-
tion, and linear saw-tooth waves for
sweep circuits. This desirable distor-
tion of square waves can be accom-
plished by a simple coupling unit of
resistance and capacitance, or resist-
ance and inductance, in either case
utilizing the frequency discriminating
quality of the reactance to change the
shape of an applied voltage wave.
The original generation of a square,
or rectangular waveform usually re-
quires a vacuum-tube circuit for the
production of the original distortion
and hence the creation of the har-
monics. A circuit that. can be used to
generate a symmetrical square wave
or an assymmetrical rectangular wave
is shown in Fig. 1. The input is a sine
wave of sufficient amplitude (25 volts
peak) to overdrive the first triode,
vielding a square wave on the plate
when the cathode resistor R, is set at
minimum. The second triode is an am-
plifier, also overdriven, which re-
squares the output of the first tube.

Fig. 1.

Cy—1I-ufd., 400-v. tub. cond.
Co—_1-pfd., 400-v. tub. cond.
R,—1-megohm carbon pot.
Ry—.5-megohm, Vo-w. res.

R, can be adjusted for symmetry of the
output square wave. When R, is set
at maximum the surge of tube current
through it on the positive signal swing
accumulates a heavy charge on C, suf-
ficient to bias the tube for Class C op-
eration. The output pulse is then am-
plified by the second triode to yield a
rectangular wave at this bias setting.

Transients in RC c¢ircuits

To examine the effect of a resist-

ance-capacitance circuit upon a square
wave it is helpful to regard the square
wave as a sudden application of d.c.
voltage lasting for the duration lim-
ited by the positive alternation, and
then a sudden removal of the applied
voltage. In Fig. 2, upon throwing the
switch to position 1, the battery will
force current through the circuit until
the condenser is fully charged to 100
volts. The charging of the condenser
is not instantaneous, but takes place in
a measurable time, which is length-
ened by an increase in the size of
either R or C. The formula for the
charging curve of condenser voltage is
1
)
et/BC

where E, is the applied d.c., t is in sec-
onds, R in ohms, C in farads, and e is
a mathematical constant, 2.718. The
formula yields the following informa-
tion:

1) At initial time t = o, E. equals

Z€ero.
2) At time t = RC seconds, E. =
63% of E..

This time (RC seconds) is called the

E.=E. (1—

Circuit for generating either square or rectangular waves.

Ry—1I-megohm, 1/2“’-”- res.
R—50,000-0hm, Vi-w. res.
T—Audio trans., 1:3 stepup

WWwW americanradiohistorv com

time constant of the circuit, the prod-
uct of R and C, and is defined as the
time required for the condenser to ac-
quire 63% of the applied d.c. voltage.
3) At time t = 5 RC the condenser
voltage practically reaches the
applied voltage.
4) The charging curve is linear up
to the time t = .3 RC, or 30% of
the first time constant.
5) The initial slope is such that the
condenser would be fully charged
in one RC if the initial charging
rate had been maintained.
During this charging time the re-
sistor voltage, initially 100 volts be-
cause of the heavy charging current,
drops to zero in 5 RC time constants,
when current flow ceases because the
condenser is fully charged. E. drops
63% in the first time constant.

Upon throwing the switch to position
2 the condenser will discharge, taking
five time constants to do so. The dis-
charge curve follows the formula

E:l

et/RC
During the discharge the resistor volt-
age is in the opposite direction because
of reversed current flow. Here E, is
initially negative 100 volts and falls
back to zero in 5 RC’s, the end of the
discharge.

Ec:

Distortion by Time Constants

Now consider the square wave of
Fig. 3a. It shoots from zero to 100
volts and back, much as the plate volt-
age wave of a triode driven to cut-off
and saturation. Its frequency is 50
cycles per second, and the time be-
tween points A and B, the duration of
a half-cycle of positive d.c. voltage, is
0.01 second or 10,000 microseconds.
The circuit to which the square wave
is applied has a time constant of 1,000
microseconds (100,000 ohms times .01
«#fd.). The condenser becomes fully
charged in 5 RC’s, halfway between A
and B, and fully discharged halfway
between B and C. Note that the con-
denser wave follows the applied square
wave but lags behind it. The resistor
voltage, always the difference between
the applied voltage and the condenser
voltage, is a positive peaked wave be-
tween A and B (condenser charging)
and a negative peaked wave between
B and C (condenser discharging). = At
all times E. = E; + E., whether E, is
100 volts or zero. The resistor voltage
is pure a.c., equal areas each side of

NRADIO NEWS
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Fig. 2. Charge and discharge effect
of a condenser through a resistance.

the zero axis, whereas the condenser
wave is all above the zero axis.

The time constant of Fig. 3a is
termed “short,” allowing the condenser
a full charge or discharge within the
time of an alternation. The resistor
wave is the useful output, finding its
application as a trigger pulse. Note
that the peaks can be made more nar-
row by using a shorter time constant.
A time constant is short only in rela-
tion to the frequency of the applied
wave. When the resistor voltage is
obtained as output from an RC circuit
of short time constant the process is
called “differentiation,” and in this
case distorts a square wave into a
peaked wave.

The distortion in the output is due
to poor low frequency response. The
square wave has an infinite number of
odd harmonics, sine waves whose fre-
quencies are odd multiples of the fun-
damental fifty cycles per second. The
highest frequency harmonics cause the
wave shape to be further removed
from the appearance of the funda-
mental sine wave. The reactance of
the condenser in the differentiating
circuit of Fig. 3a is greatest for the
low frequency harmonics, causing the
output across the resistor to have an
exaggerated component of high fre-
quency harmonics. Thus, the peaked
wave is further removed from the
sinusoidal appearance than the square
wave.

The rectangular wave of Fig. 3b can
be differentiated by the same time con-
stant, resulting in the peaked wave
shown. Here the time constant must
be short enough to allow the condenser
to become fully charged within the
narrow portion of the applied wave.
For example, if the time between A
and B is less than 5,000 microseconds
the time constant must be shorter than
the one used in Fig. 3b to obtain a
peaked wave output.

When the square wave is applied to
a circuit whose time constant is rela-
tively long, never allowing the con-
denser to become fully charged or dis-
charged, distortion can result in a use-
ful voltage across the condenser. This

September, 194t

process is called “integration” and is
illustrated in Fig. 3c. Here the fifty
cycles per second square wave is ap-

plied to a time constant of 50,000 mi-
The time between A and:

croseconds.
B is merely two tenths of one time
constant, so the condenser voltage
rises and falls only slightly, and al-
ways within the linear portion of its
charging or discharging curve. The
condenser output is called a triangular
wave, whose operating axis is the same
as the axis of the input square wave,
namely fifty volts. Several cycles
after it starts, the triangle settles to
a fluctuation between 43 volts and 55
volts. - This amplitude could be in-
creased by making the time constant

smaller, but the wave might then be-

come nonlinear, especially since the
discharge path is usually through a
heavily conducting tube of low resist-
ance.

Examining the output triangle in
the light of harmonic content of the
input square wave, it is seen that the
condenser voltage is greatest for the
lowest harmonic frequencies. Hence
the output contains a smaller propor-
tion of high frequency harmonics, re-
sulting in a wave more nearly approx-
imating the sinusoidal appearance.

The rectangular wave may be simi-
larly integrated by the same time con-
stant circuit (Fig. 3d), resulting in a
sawtooth wave of condenser voltage.
This is the most useful process of in-
tegration, yielding a voltage wave
form used as a linear sweep for deflec-
tion of the beam in a cathode-ray tube.

Fig. 3.

www americanradiohistorv. com

Note that neither portion of the saw-
tooth is an instantaneous “fly-back,”
necessitating a blanking circuit to light
up the tube during only the sweep
time. The great advantage of this
sweep circuit is that its frequency is
rigidly controlled by the input wave
being integrated.

Further Applications of RC
Cireuits

When the triangular wave is ob-
tained in- Fig. 3¢, the resistor voltage
wave-is a somewhat distorted square
wave. The sides are steep, but the
positive portion falls off as the con-
denser charges up, and the negative
portion falls off to the extent that the
condenser discharges within the time
of one alternation. If the time con-
stant is made very long the triangle
will become of regligible amplitude,
and the resistor voltage will be sub:
stantially square. This long time con-
stant circuit has application as the
coupling circuit of Fig. 4a. Here the
time constant of one million micro-
seconds yields an output resistor wave
which is a replica of the input. This
coupling circuit is used to pass any
harmonic wave with a minimum of dis-
tortion. The reactance of the con-
denser is small for practically all har-
monics, avoiding distortion as the wave
shape is coupled to a succeeding stage
of amplification.

The triangular wave can be differen-
tiated by using the short time constant
circuit of 100 microseconds in Fig. 4b.
Here the voltage across the .001 xfd.

Wave shaping by means of RC distortion.

{AMPLIFIED)
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Fig. 4. Additional applications of time constant circuits to wave shapes.

condenser is another triangle, follow-
ing the applied voltage very closely
and always lagging it. Between times
A and B the resistor voltage (E. =
E. — E,.) is a constant positive value;
between times B and C the resistor
voltage is a constant negative value.
Hence the output E; is an a.c. square
wave. The constant rate of change of
applied voltage causes a steady cur-
rent to flow through the resistor dur-
ing charging, and a steady current flow
in the opposite direction during the
discharging time.

The same time constant may be used
to differentiate the sawtooth wave
(Fig. 4c). The resistor output is a rec-
tangular wave whose positive portion
is of greater amplitude because the
slope of the sawtooth portion which
produced it, A to B, is steeper than the
slope from B to C.

. The processes of differentiating and .

integrating will change the.shape of
any input wave containing harmonics.

For example, the triangular wave will . -

be integrated by the circuit of Fig.-4d.
The condensér output is smoothed out
as compared :to the input.-and because
of the further removal ‘of. hlgh fre-

quency harmonics, has very nearly the’
However, "
and. is-
~Upon being -.
differentiated this wave would.yield a.
triangle, whereas a pure sine wave,.
containing no harmonics against whlch

appearance of a sine wave:
it still .contains- harmonies,.
called a parabolic wave.

the reactance may discriminate, would

yield another sine wave of diminished B
The integration of a saw- - - |§8

amplitude.-
tooth wave, just as in Fig. 4d, would

result in g parabolic wave whlc}1 is as’

symmetrical. Mathematieally, it is
said that an infinite number of inte-

grations of a harmonic wave will yield"
Practically, further in- .

‘a sine wave.
tegrations approach a sine wave.: -

As a summary of these processes of .

distortion the ¢hart of Fig. 5 shows the

interrelation of dlf[eTentatlon and in-.

tegration. Note: that two successive

‘opposite operations.result in’ ¢ancella-.

(H 1)

tion of the distortion. For example,
the square wave differentiated yields a
peaked wave; the peaked wave inte-
grated yields a square wave of the
same frequency. Actually, the new
square waves usually will not be as
perfectly formed as the original unless
the peaks are very narrow, but it does
work. It must be pointed out that
each operation of wave shaping by dis-
tortion involves a loss of amplitude in
the output. Therefore, a string of suc-
cessive differentiations or integrations
will require intermediate amplifica-
tion, using a Class A amplifier.

Inductive Reactance for \Vave
Shaping

Just as the reactance of ‘the con-
denser in a resistance-capacitance cir-
cuit can produce desirable -distortion
effects upon a wave of high harmonic
content, so can the reactance of a coil
in a c1rcu1t of. 1nductance and res1st-

Fig. 5. ° Wave shupes shown ‘ac-
cording to their hcn-momc ‘constant.

QIFFERENTIATE * 1%
INTEGRATE
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arice yield analogous results for wave
shaping: The previous - discussion: -of
dlfferentlatmg and 1ntegrat1ng can’ be
apphed to this inductive ciretit by ‘de-
riving-the definition of a time constant
with .the sameé introductory example
of a sudden application of a battery
and a sudden removal of the d.e. volt-
age. In Fig. 6 the closing of switch
number 1 will allow current to flow in
the circuit. The back voltage induced
in the coil by the sudden current
change prevents the current from ris-
ing instantaneously. Instead it rises
to its full value, 2 ma. (assuming no
coil resistance) along the curve shown.
The curve is therefore a picture of
the resistor voltage in the circuit. The
formula for this rise of resistor voltage
is:
1
Er = Ex (1 h _’—)
Rt
el

where E. is the battery voltage ap-
plied, R is in ohms, L in henries, t in
seconds, and e is a mathematical con-
stant, 2.718.

Analysis of this formula yields the
following information:
1) At time t = o,

L

2) At time t = R’

Er=o0
E. = 63% of E.

3) At timet = 5 Ii, E. practically
R
equals E.

The term L/R is the time constant
of the circuit, defined as the time in
seconds for the current to reach 63%
of its total possible rise toward a
steady state. Here again five time
constants are required for a steady
state to be reached.

The coil voltage Ey, is always the dif-
ference between the applied voltage
and the resistor voltage. It is initially
100 volts, and becomes zero after five
time constants. Remember that a coil
voltage depends only upon changes in
current. Initially the current change
is greatest; therefore E. is greatest.
After five time constants the circuit
has become steady and E. becomes
Zero.

Closing switch 2 will cause the cur-
rent in the circuit to die out. Again
the decay is not instantaneous, but re-
quires five time constants for E: to
become zero. The sudden change toc a
decreasing current puts a voltage
across the coil of opposite polarity be-
cause the change is in the opposite di-
rection. E. becomes zero when the
current finally becomes a steady zerc
value. The formula for this decay is

E:. =
eL
The time constant for this circuit is
L in henries divided by R in ohms, with
the answer in seconds. Increasing the
size of the inductance in the circuit of
Fig. 6 will increase the time for the
current to become a steady 2 ma. Keep-
ing L constant, decreasing R to 25,000
ohms will cause more time to be taken
for the current to reach its higher final
(Continued on page 90)
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see "'or EveW'hl“g |I'I
RADIO tllld ELECTROH'CS

From every corner of the Nation . .. come
calls to ALLIED for rush delivery of vital
radio and electronic supplies.

For it’s well'’known that here are central-
ized voday’s largest and most complete stocks
under one roof . . . tubes, parts, kits, test
equipment, public address . . . over 10,000
items . . . for training, research, engineer-
ing, production and maintenance.

Here, too, are men of experience to give
' lechnical assistance or expedite procurenient
of “hard-to-get” items.

Wherever you are . .. whatever you need
.+ . call ALLIED first for fast, efficient, in-
telligent service.

Write, Wire, or Phone Haymarket 6800

ALLIED RADIO CORP.

833 W. Jjackson Blvd., Dept. 1-J-4, Chicago 7, U. 5. A.

FREE
Completa |
Up-to.dota
BUYING -

GUIDE .

NEW Rapid R-F Resonance
REPAIR AND and Coil Winding Calculator
REPLACEMENT New, dual-purpose Calculator
PARTS devised by Allied for fast and ac-
AVAILABLE curate determination of resonance
WITHOUT factors and coil winding data.
Simple, easy to use. Send for it

PRIORITY now. No.37-955.
Price net,only................. 25¢

6 VALUABLE RADIO BOOKS FOR 75¢

Specially prepared by technical experts for radiv training and for helpful
reference. Priced only to cover cost of preparation and mailing.

I RADIO BUILDERS' HAND.
, | BOOK. Simpiified theory and
projects. No. 37-750 . . 10¢

RADIO-FORMULAS & DATA
BOOK. Handy, pocket-size
manual. No. 37-752...10¢c

RADIO CIRCUIT HAND.
BOOK. Schematics and Pic.
torials. No. 37-753....10¢

SIMPLIFIED RADIO SERVIC-
ING. Short cuts in trouble-
shooting. No. 37-755 .. 10¢

DICTIONARY OF RADIO
TERMS. Easy-to-understand
definitions. Na. 37-751.10¢

RADIO DATA HANDBOOK
Formulas — Tables — Charts
No.37-754.......... 25¢

e

N
ALLIED RADIO CORP., Dept. -J-4
833 W. Jackson Blvd., Chicago 7, lilinots

v
1
!
1
1 Plaase send the following items (3 enclosed)
! O 37-750 O 37-752 037754
H 0 37-751 0] 37-753 0 37-755
: [ All 6 Radio Books [] Frze Catalog [] Calculator
]
1 Name
b s : B o Awme '-:444’-
ress N
- e
1 7% anfarisn = Sy
: City. State ; ﬂ#d-'&
o e an o e e it o e S o
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. and call attention to a few

QTC
(Continued from page 53)

full admiral in the U. S. Navy. Ad-
miral Spruance on several occasions
has caught the Japs flat-footed and
beaten them to the punch each time.
A few more like him and this war
won’t take so long to finish.

'HAVING a rather large number of

requests from men in the various
branches of the Armed Forces for in-
formation on how to get started in the
merchant marine after the war, we
would like to make a few observations
points
which ‘may have been overlooked by
many of the men interested in going
into marine radio. First, to become a
commercial radio operator aboard ship
it is necessary that you obtain either
a Radiotelegraph First or Second Class
license (the present Temporary Lim-
ited Licenses are issued only in war-
time) from the Federal Communica-
tions Commission. To obtain this li-
cense, the applicant must be a U. S.
citizen, pass a code test in plain Eng-
lish at 20 w.p.m. and 16 w.p.m. in code
groups. The remainder of the exam-
ination consists of questions about the
various types of equipment which you
will be called upon to operate, such as
receivers, transmitters, motors, gener-
ators, batteries, automatic alarms, etc.
You also will be expected to draw dia-
grams of the various circuits encoun-
tered in the equipment. The exam
usually takes a day or two for the av-
erage applicant. At the present time
regulations are no doubt somewhat
easler than they will be after the war.
as right now the merchant marine
needs radio officers. After the war
there is bound to be a certain amount
of slacking off, at least for a period, in
shipping and there probably will be
once again the problem of more men
than ships.

If you have any training in radio,
which you may have been fortunate
enough to get while in the Armed
Forces, why not try to get into that
branch of radio which you have been
studying or for which you might be
better fitted. There is no doubt a
large number of men sailing today
who do not intend to continue after
the war, which, of course, will help to
relieve the possible surplus; however,
it is generally believed that there will
be an oversupply of men. The license
is the necessary evil for those who
have never been in the commercial end
of radio, however, and is something
that you must have to get a job. In-
cidentally it will help you to-get posi-
tions other than in operating so it
would do no harm to try for one. Men
with over a year’s experience at sta-
tions open to public correspondence

.may try for the first class ticket; lack-
- ing the year’s experience you will be
‘permitted to take the-second class
. exam only-and the. second class license
-1 owill, of course, permlt you to’ operate
) aboard Shlp R R S

g
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@ Aircraft type bracket as well as aircraft type
jewels and pivots; ruggedly built; vnaffected by
vibration or humidity and temperature extremes

€ Specially built apparatus winds the armature on
a precision coil form; the number of turns and the
internal resistance of the armature are held to
close tolerances

® Low resistance bronze torque springs are adjusted

*  and tested before assembly; high torque to weight
ratio; damping factor as prescribed by American

- Standard Association war standards

® Pivots are microscopically inspected before ps-
sembly; balance weights, made of selected beryl-

~ lium copper wire, are permanently fixed in place

@ DeJur Meters are characterized by their rugged-

ness, close tolerances, and highest quality materials

_DONATE A PINT TO THE RED CROSS TODAY

DeJurAmsco (orporation

YOUR BLOOD IS URGENTLY NEEDED ON THE ROAD T0 BERLIN ..

QCELENCE w
&
<

MANUFACTURERS OF DeJUR METERS, RHEQSTATS, POTENTIOMETERS "AND OTHER PRECISION ELECTRONIC COMPONENTS v,
g s c
C o N N E C Tl c u T ?04(‘,'Q'wF\

NEW YORK PLANT: 99 Hudson Street, New York 13, N.Y, ® (ANAD'AN SALES OFFltE. 560 King Street West, Toronte

September., 19144 63
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| Honored in

WAR-
They'll be

Chosen in
PEACE

Solidly built, MURDOCK RADIO PHONES are Radio’s Keenest
Ears. Precision Methods with close tolerances eliminate any
chance of loose parts or weak connections — this is due to
Murdock’s molded construction.
Your MURDOCK HEADSET is always comfortable and
dependable, with adjustments that “stay put.”
Every part is scieatifically right, to give you that confidence which
oaly comes from precision manufacturing. Coming through
battle after battle with flying colors, MURDOCK RADIO
PHONES will march ahead when peace bells ring. It’s your duty
to learn more about this “Service-Wanted” Headset. Send for
our Catalogue now to see these “solidly built” Radio Phones!

SUB-CONTRACT WORK WELCOMED

Our busy plant has facilities for making more Radio

Phones and related parts — on a sub-contract basis.
Can we help you? Write us!

WM. J. MURDOCK CO.

130 Carter St., Chelsea 50, Mass.

www americanradiohistorv com

TECHNICAL RBOOK
& BULLETIN REVIEW

“MUSIC IN lNllUSTllY”, published
by the Industrial Recreation Associa-
tion Chicago, Illinois. 63 pages. Price
$1.00.

One of the most interesting of all in-
dustrial discussions has revolved
around the use of music in factories.
The proponents of its use are loud in
their praises of the system, while its
opponents are equally vocal.

In this book, presented by the In-
dustrial Recreation Association, the

| problem has been presented scientif-

ically with emphasis on programming

| and timing.

The timing of the program should be
made so that definite needs of the
worker can be taken into considera-
tion. As the workers assemble in the
morning, the march sets a brisk and
cheerful pace for the day. Later dur-
ing the prefatigue and fatigue peri-
ods (the mid-morning and mid-after-
noon slumps) gay and familiar music
which can be whistled or hummed is
the most popular. The total length of
the program, in periods ranging from
10 minutes to 30 minutes, should not
exceed 2-3 hours maximum. Too fre-
quent musical periods tend to annoy
rather than please the worker.

Much valuable data has been in-
cluded in this book, in addition to the
information given above. The organi-
zation and management of employee
musical groups, live talent program-
ming, and the use of special features
is given to guide the industrial rela-
tions department. The booklet should
be in the hands of every executive of
plants which now have, or plan to have

“Music While You Work.”

“RADIO SERVICING MADE
EASY*, edited by M. N. Beitman.
Published by Supreme Publications,
Chicago, Illinois. 44 pages. Price 25
cents.

This is a condensed manual which
contains much of the information in-
cluded in several lessons of the three-
volume, 53-lesson “Practical Radio and
Electronics” course published by the
same company.

The course covered in this book, is
practical in that every component part
of the radio receiver is described and
discussed in some detail. From this
book it is possible to get an over-all
picture of the functioning of the su-
perheterodyne, told in simple and easy-
to-understand language.

The subject matter covered on each
page is summarized in the border of
the page to enable the user to find the
topic he is seeking rapidly. It must
not be inferred from this review that
by reading and studying this book, the
user will become a finished radio re-
pairman or technician, but the book
serves its purpose as an all around in-
troduction to the superheterodyne.

30—
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Pride is something that comes from the heart.
It cannot be seen —except as a symbol. Such as these
service pins worn by our skilled craftsmen. .

C-D’s men and women are outstanding technicians in their special
field — capacitors. Many of our men have been working on C-D capacitors
almost as long as modern capacitors have been in existence . . . for C-D pioneered
in capacitors and has manufactured them exclusively for 34 years.

Some of our men designed and made capacitors for wireless equipment used
in World War 1. They proudly wear their symbols of long service. Others
wear their 5-year pins, their 10-year pins, their 20-year pins as a mark

of their skill, accumulated knowledge and experience in capacitors.

Our men and women are constantly striving for ' : ‘ T A A
improvements . . . and out of their inquiring minds cnn“ll-nunlllin
come new developments to meet the changing needs of ; , ; i ;
capacitor users. These are the people who build ; x :

dependability into C-D capacitors — that make them top CAPAcITn ns WO ; DS

lity always. Cornell-Dubilier Electric Corporation, : s
eI b ity R LARGEST MANUFACTURER. OF - CAPACITORS

MICA ®© DYKANOL * PAPER ®* WET AND DRY ELECTROLYTICS

1910-1944

September, 1344 63
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Gerard Swope. president of G.E.. inspects crystal manufacturing operations.

Wartime Production of
Radio Equipment

By PHIL GLANZER
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R. C. Sprague, of Sprague Electric Co., explains processing operations to USN officers.
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Radio manufacturers step

up tempo of military elee-

tronie equipment produe-

tion—keynote for ultimate
vietory.

HE volume of radio communica-

I tions equipment produced in the

United States and Canada in 1943
was greater than any previous year
in the history of the industry. As
many of the increased plant facilities
only reached completion during the
year, the industry -did not have the
benefit of a full year’s production out
of the expanded facilities. Consequent-
ly, providing there are no cancella-
tions, the production of war equipment
in 1944 should reach even higher fig-
ures.

Few government contracts were
placed with the industry in the early
part of the war. It was not until well
along in 1941 that the full productive
capacity was called upon for com-
munications equipment. As a result,
the industry has not yet experienced
any lessening in demand.

Another factor contributing to the
continuing demand for radio equip-
ment is that developments in the radio
art are probably taking place faster,
and are more startling, than in any
other type of product. There is a con-
stant demand, however, for new and
better equipment to replace what was,
only a few months before, the most
modern then available.

The contribution made by the Can-
adian radio communications industry,
as well as the United States, has not
been in the field of production only.
In the field of design and engineering,
the radio industry has made notable
contributions. Various types of equip-
ment which have been conceived, de-
signed and produced are in use
throughout all the theaters of war and
are being used by all of the United
Nations.

Depends on Communications

Successful smashing of the roof of
Hitler’'s vaunted “Festung Europa’'—
the destruction of Hamburg and the
Ruhr; the harrying of Berlin, Nurem-
berg, Kiel; the day and night pound-
ing of Germany’s war plants, oil stor-
age facilities, supply dumps and com-
munications—owes much to the radio
communications equipment recently
produced.

Successes of the invasion of Europe,
on the Mediterranean fronts, in Rus-
sia, and the far-off battles in the sky
over the South Pacific have depended
upon radio transmitting and receiving
equipment without which the co-ordi-
nated air operations would be impos-
sible.

The brilliant and successful weld-
ing of land, sea and air operations
that culminated in the successful land-
ings on the coast of Normandy, the
complete subjugation of Sicily and
the heartening progress up the Italian
“boot” and other friumphs, hinged
largely on radio.

"RADIO NEWS
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A FREE Buy-Exchange-Sell Service for Radio Men ¥ =

ASK FOR THEM
BY NAME

If you appreciate the Trading
Post Advertising Service — and
hundreds of servicemen have told
us that they do—we know we
can count on you to ask for
Sprague Atom midget dry elec-
trolytic capacitors by name, and
to insist on getting them when-
ever they are available. Atoms
are smaller, less costly, and are
fully as reliable as the big, old-
fashioned condensers thcy re-
place. Use them umversally on
all of your jobs. They’re more
dependable—they speed up your
work!

FOR SALE—Is

] fest National 81X com-
munication r Y, complete, R .
Werner, ART /¢, UR 3 Det.,

Liennett ¥ield, Brooklyn, N. Y.

FOR SALE—Llafayette rotary ccaverter,
complete with radio nltel Dcllvcls 110v.
A.C. at 235 watts from 32v. D.C.; also
National D.C.

Floyd

SW-3 recelver with tubes
and set of coils, Send for list of other
items. Wm. 1. Lorimer, 432 Sheridan

St., Williamsport, Pu.

WILL TRADE—Ten ln\ll7(}'1‘ ten ()\IMGT
three 80, Iom GLG, eight 3-9/44, cight 87,
two 6BBG, 5-1T4, and #-6J5. Want sood
sig.  generator, Robey’s  Radio  Service,
Waldorf, Md.

WANTED—Tube tester, or tube and set
tester combined, late model. What do you
have? Rushing lectical Shop, MHazle-
Lurst, Miss.

FOR SALE—One

I'hilco  sig.  gencrator

#070. Like new. Rushing Ylectrical
sShop, Hazleburst, Miss,

FOR SALE—’lubes tube tester, con-
densers, resistors, Vit coils, vitehes,
sockets—{(all new or slightly used).
Write for list. I'refer selling entive lot to
one purehaser, R. A, Dechene, Tloom
1511, 9¢ State St., Albany 7, N. Y.
SWAP OR SELL —lome made tecord
player, hi-impedance type, tone and vol-
ume contruls  incorporated, $11; 127
turntable, code practice oscillutor, 115v.
A.C., complete with I11TLT tube, 27
speaker and key $8. Want small short
wave receiver or tester. Bill's Radio
shop, W. Va. Ave, Clarkshurg,
West

WANTED — Recording motor with table
top—either with or ithout pickup or
cutter.  Qeorge Sikora, 627 Buchanan St,,

Bethlehem, I'a,

FOR SALE OR TRADE—iih-wartt
GO ¢y, Timkin  roller Deariug

110v,
Han

light Dlant with new 57 meters (volt and
amp.) in panel, voltage control, zood con-
Philco 088 all-wave
small,

~ignal
two medium

dition;
erator;

aen-

four Racon

IMPORTANT NOTICE!

We discourage offers to buy or sell
anytlnng beyond the O.P.A, ceiling
prices, and will not knowingly accepl
such ads for the Sprague Trading Post.

units (all Ov. fleld)
foot outdoor trumpets,
Solar 'CB’ or “CE’
i Unidvne #5.
E . units (S
or without projecton
bert’s  tadio  Electrice,
York, Nebr.

and four Racon 8-
Want Sprague or
acity analyzer
33 or eyunal; Uni-
Il or HAP) with
(Type LI, IHar-
610 Grant Ave.,

tuhes in

WILL SWAP—Tollowing
24-

usml
ooy 20-
1

condition:

;o 5-41; 1o-
; 5-6KFG; It
nm Weston #7506 5
#4476 A.C. meter: Jewell 54 D.C. me-
1 Radio and Televisxion Institute and
. radio courses; Modern Radio Seiv-
ieing and  supplement.  Want  V-0-M:
tube tester; meters, or any other radio
cauipment, Peter Kay, 4 Plymouth Ave.,
Turonto 3, Ont., Canada,

FOR SALE — Slightly used transmitting
and rec L’lH!’l" tuhes, % 10 ,3
low: 5

HER 7; il
5, and many orlm 5
D.¢. meters; Weston

4,
" 2051, 7193, ‘)0()
.»A HXIM]’ HYG615,
Lanam Iiadio Co.,
Berkeley 4, Calif.

WANTED — Standard
ohmmeter, used,
for student.

Cotton &r.,

WANTED — Rider \oltohm\xt junior or
senior in A-1 condition. . South-
ern Radio Service, 124 E. Jad\son St.,
Thomasville, Ga.

FOR SALE—Triplett 1166A combination
analyzer and sig. generator in lisht wood
case, like new. Cost $70. Will sell for
$60.  Also Jewell 199 analyzer, in exce
lent  condition, complete with adapte
and instructions, $30: Philco battery op-
crated sig. «enemtox 20; and Readrite
450 battery-operated sig. generator, $20.
Franklin J. Slav, 243 West 107th St.,
New York N. Y.

WANTED FOR CASH — Modern tuhe
tester In good condition; also Rider
manuals. Bernard T, Nelson, 409 Ferry
St., Malden 48, Mass.

FOR SALE—Hallicrafter SX-16 in good
condition, J. M. Schaufler, 313 S. 3rd
St., Lffingham, 1N,

SELL OR TRADE—Radio City tuhe tester
#3509 (unas<embled) with instruction
slw‘ut and diagram. L. O, Dupps, Jasper,
Ind.

TO SWAP—One comnlete N.R.I,
course in A-1 condition for 110v,
~id. gencrator in good condition. 127
1lov. A fan, or what have you? Give
details Ellison Radio  Nervice, Center-
tuwn, Ky,

URGENTLY NEEDED—:
~al modulation transformer, 20-watt Class
B ouniversal diiver tr rmer, 2.5 volt@
Ju AL tranfoumer—insulated for 740 or
1,000 volts.  Station WSNKI, Itoom 461
Iuginceting Tlall, Carnegie Institute of
Technology, Tittsburgh, Pa.

866,

Ave.,
tuhe and
but in good

tester
condition,
Norman Gurath, 17 W
Fend du Lae, Wik,

code
A,

~

O-watt univer-

FOR SALE—Radio repair parts, sunplies,
ete,, in_ limited quantities. J. €. Thimi-
jan, 715 N, Tth ®t., Lake City, Minn.

WANTED — Triplett
pliance tester, adding machine, and new
receiving  tubes,  Mtate conditicn, modet
and price. L. M. Mick, 424 Second Ave.,
Dixon, Iil.

vihrator tester, ap-

WANTED—A condenser checker in good

condition.  Byron Radio Service, 131—
40th 8t,, N.E.,, Cedar Rapids, la.

FOR SALE—Tour #3538 tubes, one #42
tube; all new. Want 6v. vibrator, all-
wave 3-band radios, and all wave os-
villator, in any condition. C. M. Rebe-
lein, Iliester, Minn,

WANTED-—Superior X-Ravcmeter,
rior tube tester #1"40 and chart for
dio City tube tester #307. 1. Safford,
3104 Flesher St., G:emmont Village, Day-
ton 10, Ohie.

FOR SALE — Instruments, tuhes, ete.
Also need some. What have you? John
Trowhridge, 7936 1'arnell St., Chicago 20,
1.

Supe-
Ra-

=

WANTED FOR RESEARCH — Teceiving,
transmitting or power tubes, for research

pirposes.  Conditien  immaterial  (price
zood),  Jesse Martinez, 332 S, 13th St.,

Philadelphia, Pa.
FOR SALE—Supreme tube checker #85;

Remington office nnemne! $53; Kodak
G16 (excellent condition), Wanted—
eleetric light time switch, crystal set with

speaker, new Motorols car vadio, camera,

Stauley T. Krzak, 102 Cameron St., Daw-
tucket, R. 1,

WANT TUBES — 35L6. 50LG, 128KT,
128Q7, or what have you? Sunnyside

Radio Shack, Bwilington, N. J,

WANTED — Two midget ccndensers, 15
mfd. and 100 mfd, Norman Weston, N.
1104 Crestline, Spokane, Wash,

WILL TRADE—One pair homing pizeons
tor one 1HGGT and 1A76T. You pay spe-
cial low express. Charles L, Cullev, Mel-

ville, Louisiana.
FOR SALE — Supreme audolyzer, com-
plete with prohes, ete. Like new. Chase

Radio Shops,

WANTED—Sailor leavinz states urgently
needs 128A7, 128K7, 128Q7, TOLTGT for
radic. E. L. Shuev A.ILT. 3/¢, Co. B,

' NATTC, Ward T<land, Corpus
Texas.

WANTED—Supmeme Fﬁl:’.‘\ or

Jeftersonville, Vt.

561,. Jack-

son 420, RCA 130, ok 188x signal
generator.  John  1okrifeak, 4122 Todd
Ave., East Chicago, Ind.

WANTED-—Thono & recorder with am-
plitier & speaker. Joseph LaDolce, 451
L. 102 St., New York 20, N. Y.

FOR SALE—DIliley crystal 465 freq. Type
C.1.1., also Dayrad tube tester, test to
Hilv. Tauber's tudio  Shop, 516 So,
Cicero Ave., Chicago 44, 111,
WANTED—Philco sig. tracer and auto
radio power pack I15v. A.C. input, 6.

D.C. output, Stancor preferred. C. Cas-
sel, 7119 Walnut St., McKeesport, Pa.

WANTED FOR CASH —3od. AAA-l,

8.14.51 Supreme diagnometer; #89-D Su-
preme: #5347 Supreme; #3349 Supreme;

do not need.
words or less.

this service.

—YOUR OWN AD RUN FREE!—

This is Sprague’s special wartime advertising service to help radio
men get needed parts and equipment, or dispose of radio materials they
Send your ad today.
Due to the large number received,
a month or two, but will be published as rapidly as possible,

Different Trading Post ads appear monthly in Radio Retailing-Today,
Radio Service-Dealer, Service, Radio News, and Radie-Craft.
reserves the right to reject ads which do not fit in with the spirit of

Supreme; #E. V.10 Precision;
R.C.P.: Sprague De Luxe Teloh-
Must be in good working condi-
ticn. Radio Service & Sales, 236 N. Wa-
ter St., Kent, Ohio.

WANTED — 25L6GT,
128K7, 15Z3. One of each.
Watts, Room 342, Y.M.C.A.,
Minn,

#504&
#8023
mike.
12SA7, 128Q7,

Stanley M.
8t. Paul 2,

WANTED — Rider's manuals 5 to 13,
voltohmyst, radio phono combination,
Cash, no trades. Wm. E. Oliver, 71 Lip-
pitt St., Providence 6, R. I,

WANTED—.01 ma. universal meter,
larger, or all-purpose multitestel
wiring diasram of Majestic *‘300
showing fil. connection. Have 6v. and 2v.
tubes, also some magnetic & dynamic
speakers to trade. J. R. Reed, 2178 W,
Srd St., Durango, Colo.

37 or
also
radio

WANTED—Good sighal generator, set an-
alyzer with large scale, and set of Nider's
manuals.  Sam  Berenblum, Greenwich,
Conn,

WILL EXCHANGE
other  deshiable  types: 42G;  GASG;
BARGT: GKTGT; and 12Q7G. Also neLd
test  eqpt. What  have you?
Thompson, 1526 W, Santa Barbara Blvd
Lox Angeles 37, Calif.

FOR SALE—T(CA

following tuhes for

police transmitter 30

to 56 meg, rvange; casily adaptable to
10 meter phone. Pr iced cheap for quick
sale. Paul I'. Lesser, St. Marys, Pa.

SALE OR SWAP-—Ten types new RCA
vol. controls, short shafts; Weston #57
output meter a.c. volts to 150: RCA fwe-
auency  modnlator  #TMV-1284; R(‘\
Diezo  electric  calibrator #TMV-133A
RCA output indicator TMV-1214; Jack-
son test goscillator #640; G.T.C. porta-
power pack 115A-90VB: radiophonhe-pre-
cepter dynamic tube checker for all tnhes
up to 25Z6. Want V-O-M. or RCA valtoh-
myst, ir. Kelly W. Alderman, Box 14,
Thorpe, W. Va,

FOR SALE—F)-ADX recciver covering in-
ternational short wave Dands: plug-in
coils; BFO; noise limiter; headphone or
speakier output; FM 40 to 50 MC; inverse
feedhack, Price %75 plus shipping, Peter
Rice, 856 Montrose Ave., Chicago 13, ILI.

WANT E D-—FO R CASH —Hallicraft.er *‘Sky
Buddy””  or ¥y Champion’” or Echo-

phone EC-1 xoce vers,  Condition Is un-
important. Cpl. J. P. Hummel, Hq, &
Hq. Co., (Prov) Vint Hill Farms Sta-
tion, Warrenton, Va.

WANTED-—Radio sig. generator, in A-1
condition.  Advise make, model numher
and price. laul H. Funk, St. Croix I’alls,
Wis,

FOR SALE — Bcedeo milliampere Q-75
D.C. Want kit of three wired or unwired
adapters to fest RCA miniatures 184,
1T4, 1R3, and 1S5 tubes. Must be RCA
miniature to_octal. Bou Radio Service,
%1:}1 North Perey 8t, Philadelphia 33,
a.

Write PLAINLY—bhold it to 40
ads may be delayed

Sprague

HAKRRY KALKER, Sales Manager.

Dept. RN-94, SPRAGUE PRODUCTS CO., North Adams, Mass.

SPRAGUE CONDENSERS

KOOLOHM RESISTORS

Obviously, Sprague cannot assume any responsibility, or guarantee goods, services, etc., which might be exchanged through the above advertisements

September, 1914
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% No need to crystal goaze into the
future of electronics. For, as we at
National Scientific Products Company
engage in secret wartime -electronic
developments, rﬁcny peacetime appli-
cations of these very same electronic

principles are revealed daily.

New, cost-saving electronic designs which are applicable to
post-war products ranging from radios, lighting units, thermal
devices, timing and measuring instruments, electrical-therapy
machines and door openers, to a host of other peacetime

items, are everyday occurrences in National laboratories.

If your post-war product incorporates a tube, singly or in
combination with an electrical control, or other electronic or
electrical unit, we are prepared to make specific recom~

mendations to bring it to maximum efficiency.

Write today. Your inquiry will receive prompt attention,

Electrical ana X fan Engineering

s

NATIONAL SCIENTIFIC PRODUCTS COMPANY

Designers and Manufacturers of Electrical and Mechanical Devices
5015-25 NORTH KEDZIE AVE., CHICAGO 25, ILLINOIS .
T e B S PO S S T e S B w34 AP,
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Much of the equipment for the tanks,

1 -armored vehicles, field communications
. and other' portable sets come from
- Canadian and Amerigean factories.

Demands made upon the industry

' have been many and varied. In meet-

ing them manufacturers have called
upon all their skill, technical knowl-
edge and plant facilities. With some
the contribution has been bigger than

‘with. others, but all have shared in

this vitally important work to the
limit of their resources. Well to the
fore have been RCA, RCA-Victor,
Northern Electric, Canadian Marconi
Company, Philco, Westinghouse, Gen-
eral Electric, Stewart-Warner, Spar-
ton, and other manufacturers, whose
names are household words through-
out the length and breadth of the
United States and Canada.

If any one job which the radio com-
munications industry has done in this
war could be picked out for special
mention, perhaps the quartz crystal
stands in a class by itself.

Prior to the war, all radio crystal
oscillator units used were manufac-
tured solely in the United States.
Even before Pearl Harbor, radio-
equipped planes, tanks and ships were
being turned out by the thousands
each month in the United States, and
Uncle Sam could not keep up with
domestic demands, much less export to
her Allies.

Stepping into the breach, from our
neighbor, Canada, was the Canadian
Marconi Company which opened the
Dominion’s first production center for
the processing of crystal quartz from
Brazil into oscillator units. Small as
it is, the quartz crystal might be said
to be the brain of radio communica-
tions, for it keeps the transmitter and
receiver correctly tuned in spite of all
outside influences, thus enabling con-
tact at all times without attention.

Design General Set

Before the war, the radio industry
was working with the United States
Army Air Forces on the design of a
radio communications system which
would serve for use in several types
of aircraft. The result was the GP
(General Purpose) set, consisting of
transmitter and receiver, direction
finder, intercommunicating system
and local and remote controls. These
sets must and do operate under exact-
ing conditions of vibration, humidity,
temperature and altitude or air pres-
sure.

Designed primarily for training
planes, this set was found to be equal-
ly useful in other types of aircraft and
for use at ground stations as well.

Another development was in the ear-
phone amplifier now used exclusively
in Harvard trainers, for intercom-
munication between pilot and crew or
instructor and student.

Build Special *“*Mikes™

An interesting item of production is
the tiny microphone in use by pilots.
This was originally developed as the
receiver of the audiphone, a device to
aid the hard of hearing, but its charac-

RADIO NEWS
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His electric miotor weighs only a pound
But more power is packed in that one
pound of motor than has ever been before:

With Lear gearing it can handle a quarter-ton
load.

And it has to be ready to do that in an instant.
Because this motor moves control flaps, and
heater shutters on warplanes. And air pres-
sures mount high at the speed these ships fly.

n the weight of a coat of paint

On aircraft, eve
has to be considered. So this motor had to be
light.

n airplane. S0 it bad

There’s little room in a

to be small.

meant starting from scratch.

Designing it
There was B0 precedent for this kind of en-
gineering.

It may

You may never need a motor like this.
might want 10 pay-

cost more than you

are looking ahea
facturin eacetime Pr
you to know ch a motor ha
veloped aloné with 250 other Lear pr
important, we want you to know

And equally tokn
e is available thekind of engineeriné
- e and produce it.

d toward mant
oduct, W€ want
s been de
oducts

September, 1944
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SLIDE RULE or SCREWDRIVER

. . . which will YOU be using 2 years from now!

Add CRE! technical training to your present
experience —then get that better radio job
you want—make more money—enjoy security

Thousands of new men have joined the ranks
of the radio industry for the duration. But
after the war, even more thousands will return
from the armed forces. War production will
settle down to supplying civilian needs. Where
will you fit into this picture?

If you are wise, you will look ahead and pre-

pare for the good-paying jobs in radio-elec-

tronies and industrial electronics. Every man
in radio today has the opportunity to see the
amazing developments that are taking place,
as well as the unlimited opportunities available
to men with modern technical training.

It is up to you to decide if you will be a “screw-
driver” mechanic or a real technician in a re-
sponsible engineering position.

CREI can help you prepare by providing you
with a proven program of home study train-
ing that will increase your technical ability and
equip you to advance to the better-paying radio
jobs that offer security and opportunity. The
facts about CREI and what it can do for you
are printed in a 32-page booklet. It is well
worth your reading. Send for it today.

CAPITOL RADIO ENGINEERING INSTITUTE

WRITE FOR
FREE 32-PAGE
BOOKLET

'Your Opportu-

nity in the New

World of
Electronics'"

If you have had
protfessional or
amatewr radio ex-
perience and waut
to make mole
money — let us
prove to you we
have something
you need to gual-
ity for a better
1adic job. To help
us intelligently an-

~—PLEASE 87T
DBRIEFLY YOUR
BACKGROUND
OF EXPERI-
LNCE, ¥DUCA-
TION AND PRES-
ENT POSITION.

JIOME STUDY COURSES IN PRACTICAL RADIO-ELECTROXNICS
ENGINEERING FOR PIROFESSIONAL SELF - IMPROVEMENT

Dept. RN-9, 3224—16th Street, N. W., Washington 10, D. C.

Contractors to U. S. Navy—U. 8. Coast Guard—Canadian Broadeasting Corp.
Producers of Well-tzained Technical Radiomen for Industry.

70

www americanradiohistorv com

teristics rendered it unusually adapt-
able in reverse as a supersensitive mi-
crophone, or transmitter.

Then, of course, there is another
type of microphone specially designed
for use in oxygen masks.

" The beacon transmitter equipment,
a highly-developed form of radio trans-
mission for guiding pilots, was in use
prior to the war, and has found a
wider use today under war conditions.

Special airport transmitters and re-
ceivers also were designed and in use
at airports across the United States
and Canada before the war, for recep-
tion of c.w. (continuous wave) or
m.c.w. (modulated continuous wave),
connecting airport to airport-and plane
to airport.

Then there is the radio compass
which is now entirely manufactured
and used in the Mosquito and Lancas-
ter bombers. Previously they were
imported. In radio, too, there is the
set which is used by the Allied Na-
tions in tanks and trucks of various
types.

As for wires and cables, some hun-
dreds of types and designs for special-
ized use by Army, Navy, and the aux-
iliary Air Forces, form a large part
of wire and cable production of West-
ern Electric in the United States and
Northern Electric in Canada, as well
as other producers similarly engaged
in this branch of work.

There are numerous other radio
developments born in the modern en-
gineering laboratories. But the most
spectacular of all, to date, is the 100
kw. low-frequency telegraph trans-
mitter designed for long-distance,
point-to-point transmission. This is an
RCA development; it is sensational in
operation. Its postwar possibilities are
unlimited. Its details are, for the
present at least, strictly secret.

Present radio equipment is designed,
developed and manufactured by the
radio communications industry for
world-wide employment by the United
States and other Allied Forces. Much
of the work done by the industry, how-
ever, is still on the secret list—some
of it only partially so. At this time,
it is permissible to say that many of
the developments arising out of the
war will find wide and highly impor-
tant application in the postwar era.

There has been widespread anticipa~
tion that immediately after the war
is over, fundamental new products will
be available to the public. This, defi-
nitely, does not pertain to radio. Manu-
facturers say it is likely that receivers
available to the public in the early
months following the lifting of restric-
tions on the production of radio for
domestic uses, will be similar to those
sets on the market at the time the in-
dustry stopped producing civilian
radios. There will be some improve-
ments, of course, but these will not be
of a fundamental or spectacular char-
acter. I* will take many months, pos-
sibly vears, they agree, before all the
advances by the radio art during the
war will be adapted and produced for
the general public.

—EE*-
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Service Information Please...

It’s true some radio parts are hard to get—
but there’s no shortage of helpful service
information. With these valuable Mallory
handbooks, you’re assured of a speedy
answer to ‘most every problem that pops up.

Servicemen everywhere are depending on
these comprehensive reference works to
speed up work and to save valuable an
hours. Here are some of the subjects covered:

M. Y. E. Technical Manual—408
pages packed with information on radio
practice and theory. Covers Loud Speakers
and Their Use . . . Superheterodyne First
Detectors and Oscillators . . . Half-Wave and
Voltage Doubler Power Supplies . . . Vibra-
tors and Vibrator Power Supplies . . . Auto-
matic Tuning. . . Frequency Modulation . . .
Television . . . Capacitors . . . Phono-radio
Service Data . . . Practical Radio Noise Sup-
pression . . . Vacuum Tube Voltmeters . . .

W
Finish the Job—Buy War Bonds

September, 1941

Useful Servicing Information . . . Receiv-
ing Tube Characteristics. Available from

your Mallory distributor. Price $2.00.

4th Edition Radio Service Encyclo-
pedia—Complete information on servic-
ing all types of controls, condensers and
vibrators. Circuit references, original part
numbers and recommended replacements.
A book that will pull you out of many a
tight servicing spot. Available from your
Mallory distributor. Price 95 cents.

P.R. MALLORY & C0., Inc., INDIANAPOLIS 6, INDIANA

P.R.MALLORY & CO.lInc.

www americanradiohistorv.com
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PRASTICAL RADIO CO JRY:

By ALFRED A. GHIRARDI

Part 26. Covering signal-frequency conversion in the AM superheterodyne re-
ceiver, choice of local oscillator irequency, and adjacent channel selectivity.

cussed in detail in last month’s

lesson, the better modern radio
receivers that combine a high degree
of sensitivity and selectivity with high
quality of reproduction now are al-
most universally designed to employ
the superheterodyne circuit. In such
a circuit, the incoming wanted signal
with its sound (audio), or picture (vi-
deo), modulation? is first selected from
all adjacent-channel signals by a tuned
preselector. It is then heterodyned
with the unmodulated carrier of a lo-
cal oscillator to produce a similarly
modulated signal of specially chosen
new carrier frequency known as the
intermediate frequency (or simply i.f.).
This if. signal is amplified by the
highly-efficient, selective, fixed-tuned
intermediate-frequency amplifier, after
which it is detected or demodulated
by the second detector. The resulting
audio {modulation) signal is amplified
by a conventional form of audio am-
plifier and fed, finally, to a conven-
tional loudspeaker.

The functional block diagram of a
superheterodyne amplifier (repeated
here as Fig. 1) was presented in last
month’s lesson, and the purpose of
each part was explained there. This
important material should be reviewed
by the reader at this point. The signal
current existing in each section of the
receiver is illustrated again here in
Fig. 1. Referring to this, we find that
the typical superheterodyne contains
the following six main sections:

1. Preselector
2. Frequency Converter2
(a) local oscillator
(b) modulator or mixer (also
sometimes called a “first-
detector”)
3. Lf. amplifier
4. Second Detector or Demodula
tor -

gECAUSE of the reasons dis-

5. Audio Amplifier
6. Loudspeaker

We will study each of these in detail
in the order in which they appear
above.

The Signal-Frequeney Conversion

The process of combining the modu-
lated incoming signal carrier with the
unmodulated local oscillator carrier to
produce a similarly modulated signal
of new carrier frequency is really a
process of modulation. Although this
process was originally called hetero-
dyne detection and later, first detec-
tion, it is now more generally called
frequency changing, or frequency con-
version. The complete portion of the
superhet receiver which produces the
conversion may, therefore, properly be
identified as the frequency converter
or, simply, the converter. The opera-
tion of the various systems for accom-
plishing the frequency conversion, and
the types of tubes employed, will be
discussed later, in detail. For the pur-
poses of our present discussion it is
sufficient to know that when the modu-
lated received signal (of carrier fre-
quency fs) and the unmodulated local-
oscillator signal (of carrier frequency
fo) are acted upon by the mixer or
converter tube, its plate current is
complex and contains several compo-
nents. These are:

1. A steady or d.c. component
2. A component of original signal
frequency fs

1 Reception of continuous wave (c¢.w.) signals re-
quires the addition of a ‘“‘beat’” oscillator to the
system described here. Superheterodyne receivers
for this type of service will be described later.

2 When separate tubes are used for the oscillator
and “modulator” or ‘“mixer” portions of the fre-
quency converter, respectively, the tube for the
latter purpose is conveniently called the modulater
or mixer tube. If conversion is accomplished in
a single suitably-designed vacuum tube which
combines the functions of both oscillator and
modulator or mixer, this tube is logically termed
a {requency converter, or simply, converter.

3. A component of fundamental
oscillator frequency fo

4. A component whose frequency
is equal to the difference be-
tween the two original fre-
quencies, i.e., fo — fs or fs — fo
(depending upon whether fs or
fo is the higher frequency)

5. A component whose frequency
is equal to the sum of the orig-
inal frequencies, i.e., fo + fs

6. Components whose frequencies
are equal to the difference be-
tween the original signal fre-
quency fs and harmonics (sec-
ond, third, etc.) of the local-
oscillator fundamental fre-
quency, i.e., fs — nfo

7. Components whose frequencies
are equal to the sum of the
original signal frequency fs and
harmonics (second, third, ete.)
of the local-oscillator funda-
mental frequency, i.e., fs + nfo

It is important to remember always
that each one of these components
carries the modulation of the original
signal frequency. The two predomi-
nating components are those of fre-
quency equal to the sum and the dif-
ference of the signal and fundamental
oscillator frequencies.

Since the components listed above
are all of different frequency, by in-
serting a resonant or tank circuit in
the plate circuit of the frequency con-
verter tube, as shown in Fig. 2, we can
easily tune to any one of these signal
components and thus separate it from
the others. Since each of these com-
ponents carries the modulations of the
original signal frequency we could,
theoretically, choose any one of them
to be amplified by a suitable fixed-fre-
quency amplifier and demodulated by
a second detector in order to reproduce
an amplified version of the original
signal audio or video modulation.
Since the lower is the carrier fre-

Fig. 1. Functional block diagram of a typical superheterodyne receiver, showing the various changes the
modulated signal undergoes as it progresses successively through the various stages of the receiver.
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%

THE MOST RraDIO-

. %\ author —start you
: ] on a fascinat-
e 455 ing, profitable
s . RADI!O

| * 'irj'ﬁ::_f'hi'é' shortest time

Let Alfred
A A. Ghirardi—
‘W Radio s best
% known technical

ELECTRONIC

career!

* at the lowest cost

You can pav a big price for basic Radio-
Electronic Training—but the amazing fact
remains that Ghirardi’s famous 972-page
RADIO I'IYSICS COURSE hook witl give
you Jjust the training you need, all you
nced—and easier, better, and faster—at «
total cost of only $5 complete!

LEARN EASIER—BETTER—FASTER

With other types of training selling for
as much as $150 that’s a big statement to
make—BUT HERE ARE THRE FACTS:
Ghirardi’s big RADIO PHYSICS COURSE
book has given more people their start in
Radio than any other book or course. It
is more universally employed in U. S.
Army Signal Corps and Navy Schools than
any other book of its kind.

It is morce widely used for home study
—and by civilian schools and colleges.
Most important of all, it is morve widely
cndorsed by thousands of radio men them-
selves as the finest, most complete, easiest-
to-understand Radio-Electronic course on
the market.

No previous knowledge of LRadio-Elec-
tronics is necessary.  Ghirardi's  Radio
Physics Course carries you rapidly along

~__ HERE'S HOW TO “TEST” A RADIO
o~ IN TWO MINUTES . . _ or less!

Then fix it in half the time you'd normally expect to taka

BOOK

locating, and fast

\
\

A

FOR BEGINNERS ... no previous training necessary

If you repair Radios for a living—or, even if you only tinker
with sets occasionally, this big, new, completely revised edition
of Ghirardi’s famous RADIO TROUBLESHOOTER’S HA
a book you cannot afford to miss! This big, 741-
manual-size book is a complete guide to trouble diagnosing,

! Radio Receiver now

from the very basic fundawmentals of Elec-
tricity to the latest, most modern Radio
Electronic developments. Nothin o s
omitted—nothing condensed. Every step
is made crystal clear and understandable
by thorough, simplified explanations, and
by more than 500 special illustrations,
Hach gection is followed by self-testing
review questions so that you can check
your progress every step of the was
There are no monthly lessons to wait tor.
You go ahead as fust as you want to. All
you need is a little spare reading time
plus a desire to get started RIGHT for a
worthwhile future in broadcasting. avia-
tion radio, servicing, electronic manufac-
turing television—or any other of Radio-
Electronics’ fast growing branches.

36 COURSES IN OME!

Actually, RADIO PHYSICS COURSHE
gives you the scope of 36 comiplete courses
in one big book. If it were broken into
sections and sold us a course, you'd regard
it as a bargain at $50 or more. It's vours,
however, for only $5 complete ($5.50 for-
eign)—and you don't even take the slight-
est chance on that! Our 3-Day Money-
Back Guarantee is your absolute protec-
tion. Send the coupon today !

ND- : how sure we are thal you
page, el Jikw @0 A

repairing for practically EVERY type of

; rac g H dudge Ghirardi's- RADID. PHYSICS
in usc. It eliminates extensive testing; 3

e - hvlp,\j you do two jobs in the time normally required for one; (COURSE for 'f-“:"'s""':.:'mp’“ .H :
Ze 3 ,} repair cheap sets at a profit; substitute available tubes and < Tugilh “any  other- S Radie . beak: er
:J_é—;» _2,;:‘ parts properly; train new helpers. ete. o it 1':. - 5 g
= Z#” TELLS WHAT TO DO—EXAGTLY HOW TO DO IT! e e b

New, fully revised, the RADIO TROUBLESHOOTER'S b full dayel, Then, if

B womc i e S e, crnon ol

TWICE AS FAST! changers—I.F. alignment peaks for over 20,000 superhets; big R“"'*“’.’““F"““'F" EASIER, FASTER,
“It nas helped me fix twice section on LF, trans. troubles, and hundreds of tahles, graphs, charts, o oand ot LESS COST, relyrn it 'and we
as many radios in a day as | and data sections, i A big new tube chart KSPECTALLY -

could fix before oewning this DESIGNED FOR WA
$5 5

book,”’ writes Vernon Taylor plete  for onis 3 (.
of Elgin, Texas. BACK GUARANTEL

THIS GHIRARDI WINNER WILL TEACH YOU

How would you like to have Radio’s most
widely acclaimed servicing expert at your side
to teach you everything you need to know to
help make you an accomplished radio service
man? Actually, ownership of Ghirardi’s MOD-
ERN RADIO SERVICING means just about that!
It is the only single, inexpensive book that
gives a thorough and easily understandable ex-
planation of test instruments; receiver trouble-
shooting procedure; circuit analysis ; parts test-
ing and repair; maintenance, ete. 1300 pages
with 706 illustrations, 720 self-testing review
questions; 766 different topics! Only $5 com-
plete ($5.50 foreign).

See MONEY-SAVING COMBINATION in Coupon

PREPARE YQURSELF FOR A

September, 1944

50 1o
BASIS,

REPAIR ANY KIND OF RADIO EQUIPMENT

SRVICE NEEDS, Tt is yours com- il send your MONEY BACK!-
&0) on an absolute 5-DAY MONEY- . e v ] F

RADIO & TECHNICAL DIVISION OF MURRAY HILL BOOKS. INC.
Dept. RN-34, 232 Madison Ave., New York {6, N. Y.
Enclosed find $......... for books checked (send pé)stp;\id): or T send C.O.D. (in
am nof

U.5.A, only) for this amount plus postuge. I fully satisficd. I may return
the books wilhin § days and receive my money back.

RADIO PHYSICS COURSE MODERN RADIO SERVICING

$3.00 ¢ 50 foreign) 83 (85.50 foreign)

3rd Revised Ed. RADIO TROUBLE- Special  MONEY - SAVING COMBINA-

SHOOTER'S HANDBOOK TION: MODURN RADIO SERVICING with

2 85 (85.30 foreign) the  TROURLESHOOTER'S  ITANDBOOK
$9.50 tor ihe two ($10.30 foreign)

NAINe ¢eteencsoscssonannen PEERY PR I I P T

AdAress ciseescceaccnns D S T T veensenss cne

t-

Vi
R ES Y e WD S e
ﬂ-l-n-ﬂ-d

City and Dist. NO. ..., s i i .State . . viaaaan

BETTER JOB AT HIGHER PAY IN THE RADIO-ELECTRONIC FIELD
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(" wiars YOURTDEA oF vue
 IDEAL POST-WAR RADIO &
TELEVISION SERV/ICE
Bch”\;&_\.

Every M onth! |
$100is WAR BONDS
Given For BEST LETTERS!

% Each Month's st Prize,
4 550 Bond, 2nd and 3rd
Prizes each a $25 Bond.

Contest Mow in Progrese.

Ends December 31, 1944,

% THINK OF IT—

You can win a War Bond just
by putting down your ideas as
to what the ideal post-war Radia
Service Bench shauld be. How
many and what typs of testing
instruments for use an Radio,
FM, Television and o forth,
Hew it must be arranged to
render most efficient service—
confidence, Your Ideal Service
Bench.

% ANYONE CAN WIN—
Yau can win, We want opinions
from everyane interested in
Radio and Television Sarvice—
Old Timers—Beginsners. Experi-
once will help—naw-comars with
good ideas can win.

* ENTER EACH MONTH-
|f you den't win this manth,
write again naxt month—and
next—until the confest clgies,
Remember, it is your opinien
that wins, not literary ability.

It's Easy o Enter and ihas
Rules Are Simple! Get Thai
Letier 041 to Us Today!

ts, fo, fo=1s, ot s,
fs~nfo, fs+ nfo

MIXER OR
CONVERTER
TUBE

INPUT SIGNAL fg
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Fig. 2. The iL transformer in the plate lead of the mixer or converter tube is used
to reject all undesired frequencies developed by the frequency-conversion process.

quency to be amplified the easier it is
to construct selective high-gain fixed-
tuned amplifiers for amplifying it, the
signal of the difference? frequency, is
usually selected for this purpose in
standard broadcast band receivers, be-
cause by reason of the “arithmetic” of
the situation this is the lowest-fre-
guency signal of the group. It is cus-
tomary to insert a tuned circuit in the
output plate lead of the mixer or con-
verter tube, as shown in Fig. 2, this
circuit being tuned to the frequency
fo—7fs or fs— fo (depending upon
whether fo or fs is the higher fre-
quency). The signal voltage developed
across this tuned circuit is then fed
into the intermediate amplifier which
is sharply fixed-tuned to this fre-
guency. The resonant load presented
by this tuned circuit must be highly
selective, so it will tune to the desired
difference frequency or i.f. value (and
its modulation side-band frequencies)
while effectively rejecting all the other
unwanted frequencies present in the
plate circuit.

Why Lecal-Oscillater Frequeney
Is Usually Made Higher Than
Signal Frequeney
It is possible to operate the local
oscillator so that the frequency of its
output is always higher by a fixed
amount (numerically equal to the i.f.
of the receiver) than the signal fre-
quency. It is also possible to operate
it so that its frequency is lower than
that of the signal by this same amount.
For example, for a 540 k.c. incoming
signal and a 455 ke. i.f. we may have:

Oscillator (995) — Signal (540) =
Output (i.f.) (455 ke.)
or, we may have:
Signal (540) — Oscillator (85) =
Output (i.f.) (455 ke.)
In either case (see Fig. 3), the fre-
quency difference between the two,
which is the i.f., will be exactly the
same. It becomes necessary, there-
fore, to decide which of the two shall
be used, since the electrical design of
the oscillator tuning circuits depends
upon this.
Let us consider this problem for a

2 3\While this mode of i.f. operation (comnonly
referred to as fundamental operation, since the
i.f. is equal in absolute value to the difference
between the signal frequency, fs, and the funda-
mentai local-oscillator frequency, fo,) is gener-
ally the preferred one, in certain cases it is con-
venient to operate at one of the other possible in-
termediate frequencies listed under item 6, that
is, at an i.f. equal to the signal frequency minus
one of the oscillator harmenic frequencies. This
is referred to as harmonic operation. In these
cases, the tuned output circuit is tuned to a fre-
quency equal to the signal trequency minus the
frequency of the oscillator harmonic that is to be
employed. Havmonic operation may be used when
the local-oscillator signal frequency required for
the trequency conversion is so high that genera-
tion of such a signal of sufficient power at fun-
damental frequency is difficuit. This is often the
case in superheterodynes designed for ultra-high-
frequency reception. However, in general, har-
monic operation yields a lower signal-to-noise ra-
tio than does fundamental operation, and is thus
avoided, if possible, where signal-to-noise ratio
is of fundamental importance (as is the case in
many ultra-high-frequency applications). Then,
100, when grid-controlled tubes are used, the
maximum possible conversion transconductance at
Tundamental frequency is equal approximately to
28 per cent of the maximum signal-grid-to-plate
teansconductance. The maximum attainable sec-
ond harmonic conversion transconductance Is
roughly half as great, and for third-harmonic
conversion the transconductance is only about
one-third as great. Then too, harmonic operation
requires greater excitation. as a rule, than fun-
damental operatinn, and the optimiun operating
point is diffevently located.

Table 1. Local oscillator frequencies, in relation to the incoming signals,
necessary to obtain the proper intermediate-frequency signal of 455 ke.
Local Oscillator Frequency Required
Frequency of (a) (b) Freq. of
Incoming Signal Oscill. freq. Oscill. freq. i.f. Signal
(fs) Lower than Higher than Resulting
Signal freq. Signal freq. (fi)
(fi=1{s—fo) (fi=fo—fs)
o e ¥ 540 ke 85 ke 995 ke 455 ke
SENB ALL ENTHIES TO ¢ 600 ke 145 ke 1,050 ke 455 ke
8”‘”! IHGA M£ 3 800 kc 345 ke 1,255 ke 455 ke
L"F 2 1,000 kc 545 ke 1,455 ke 455 ke
A 550 (!A Tfs 1,200 kc 745 kc 1.655 ke 455 ke
& 1,400 kc 945 ke 1,855 ke 455 ke
10 MURRAY STREET—MNEW TORK 7, N.- T. 1,600 kc 1,145 kc 2,055 ke 455 ke
RADIOG NEWS
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1 vl
When Gl Joe takes off his helmet, he will still
remember many of the things he is learning in
the Army. As a radio operator, he uses Pano-
ramic reception for effective monitoring and for
catching tricks in enemy field communications.
He recognizes its value for peacetime as well as
for wartime. On the basis of military experience,
he will want to make use of Panoramic recep-
tion for many more pleasant hours at his own
rig. Because it SHOWS ALL SIGNALS ON A GIVEN
BAND OF THE RADIO FREQUENCY SPECTRUM
SIMULTANEOUSLY, Gl Joe knows that Pano-
ramic reception will tell him what stations are
on the air, whether they are phone or CW,
and what their signal strengths are whén

COMMENT

September, 1914
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A
they reach him. Most impor*l'z:?f;\ﬁ*»,5
he can be sure that he will miss
very few calls in response to
his CQ's. \
Currently, Panoramic reception
also is doing good work in labora-
tory development and industrial
applications. lts ability to measure,
interpret and compare variations in (
inductance, capacitance and resistance
has created possibilities that are being
utilized by far-sighted manufacturers. If
Panoramic technique can be adapted to
your present or future needs, ask our
engineers for more detailed information.

RADIO CORPORATION

242-250 WEST S5™ st./léy?oré/.y..fl/?

75


www.americanradiohistory.com

OSCILLATOR FREQUENCY(f,)
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DIFFERENCE FREQUENCY
995540 =455 KC.(I.F)

LOWER THAN SIGNAL FREQUENCY

/
7
v
54085 = 455 KC.(1.F)

/
7
DIFFERENCE FREQUENCY

Fig. 3. lllustrating theoretically why the oscillator frequency can be
made either lower or higher than the frequency of the incoming
signal by an amount equal to the desired intermediate frequency.

typical superhet receiver that is to
tune over the standard broadcast band
of 540 to 1600 kc., and which is de-
signed to employ an i.f. of 455 ke. (this
i.f. has been standardized by the RMA
for Standard Broadcast Band re-
ceivers). The tabulation in Table 1
shows what the local-oscillator fre-
quency would have to be in each case,
in order that the incoming signals
from different stations within the tun-
ing range would all be correctly con-
verted to a 455-ke. signal for the if.
amplifier. The oscillator frequencies
required are tabulated for the follow-
ing arrangements: (a) oscillator fre-
quency lower than the signal fre-
quency; (b) oscillator frequency higher
than the signal frequency. It is as-

Fig. 4.

sumed, of course, that in each case the
“difference” frequency is the one se-
lected for the i.f.

Examination of Table I (and also of
Fig. 3) reveals that for every signal
tuned in, there are two local-oscillator
frequencies that will produce the re-
quired “difference” frequency (i.f.) of
455 ke. The tabulation shows that if
the i.f. is fixed at 455 ke. and the lower
oscillator frequency is used during the
reception of each signal, the oscillator
will be required to operate over the
frequency range from 85 kc. to 1145
ke. if the receiver is to cover the 540
ke. to 1600 kc. standard broadcast
band. If the higher oscillator fre-
quency is used for each signal instead,
the oscillator will be required to oper-

ate over the frequency range from 995
ke. to 2055 ke. In the first case (85
to 1145 ke.) there is a 13.5 to 1 change
from the highest to the lowest fre-
quency; in the second case (995 to 2055
ke.) it is only a 2.1 to 1 change. From
a practical standpoint, it is difficult to
design a coil, and tuning condenser
combination (especially for short-wave
bands) to tune over a frequency range
where the ratio of the highest to the
lowest frequency is greater than about
3 to 1, unless band switching is re-
sorted to. This is one of the reasons
why the local ogcillator in a superhet-
erodyne is generally designed to pro-
duce an output of frequency higher
than that of the incoming signal by an
amount equal to the required i.f. The
frequency range that the oscillator
tuning circuit is required to cover is
thereby reduced to a desirable mini-
mum. In fact the oscillator tuning
range then required is less than that
required for the r.f. amplifier circuits.
In the receiver discussed in the fore-
going example, for example, the oscil-
lator will be required to vary in fre-
quency from 995 ke. to 2055 ke. (ratio
of 2.1 to 1) as the receiver is tuned
from 540 ke. to 1600 ke. (ratio of 3 to
1).

As we shall see presently, other im-
portant considerations, for example
that of image-frequency interference,
also enter into the question of whether
the higher or the lower possible oscil-
lator frequency should be used. As a
result, in some superhets, especially
those for use at the ultra-high carrier
frequencies employed in FM and tele-

- vision broadcasting, the oscillator fre-

quency is designed to be lower than
the incoming signal frequency—at
least on some of the bands.

Adjacent-Channel (Arithmetical)
Selectivity of the Superhet

In a superheterodyne receiver the
incoming signal is “converted” to the
frequency of the intermediate ampli-
fier. Most of the amplification, and
the adjacent-channel selectivity (for
amplitude-modulation receivers this is
the ability to discriminate against in-
terfering signals on an adjacent broad-
casting channel 10 or 15 kec. removed
from the desired signal frequency), are

Showing why a superheterodyne receiver (B) possesses greater adjacent-channel selectivity than does a trJ. receiver (A).

RECEIVER TUNED
TO 1000 KC.
(IN BOTH CASES)

T.R.F AMPLIFIER

OF T.R.F. RECEIVER

(TUNED TO I000 KC)
(A)

1000 KC———, 1010 KC.
SIGNAL SIGNAL
(WANTED) (INTERFERING)

(WANTED)

1010 KC.
SIGNAL FREQUENCY DIFFERENCE
(INTERFERING) =10 KG

=10 KC.
= |0/175 X 100
*57 %

TO DETECTOR

175 KC. LE
AMPLIFIER SEC.
(SHARPLY TUNED)  DET

(8)
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“NO! HOGARTH ISN'T GOING NATIVEfHE’S JUST

S-HOWING OFF HIS ECHOPHONE Ec_'l ”

ECHOPHONE MODEL EC-1

{lllustrated) a compact communications receiver
with every necessary feature for good reception.
Covers from 550 kc. to 30 mc. on 3 bands. Elec-
trical bandspread on all bands. Six tubes. Self-

contained speaker, 115-125 volts AC or DC.

ECHOPHONE RADIO CO., 540 N. MICHIGAN AVE., CHICAGO 11, ILLINOIS

September, 1944
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name? Oliver Heaviside.

set pace in their transformer designs for tomorrow’s

peacetime industry.

SEND FOR NEW COMPLETE CATALOG

HE called himself a “philan-

thropist”, and yet the door of his villa at Torquay in France was
nailed with notices for unpaid debts. He gave away discoveries
worth millions of dollars to the communications industries. He

founded the modern science of telephonic communication. His

Advance theories of communication have been forced into practice
by urgent war needs. Fundamental to all new developments, in this
and other fields of electricity, is the transformer. Stancor engineers

are fully conscious of their responsibility to keep pace with and to

STANCOR

Transformens

STANDARD TRANSFORMER CORPORATION
1500 NORTH HALSTED ST. + CHICAGO 22

*

Manufacturers of quality transformers,
reactors, power packs and allied products
for the electronic industries.

wwWw americanradiohistorv com

obtained in this sharply tuned fixed-
frequency amplifier. When the re-
ceiver uses an i.f. lower than the fre-
quency of the desired signal, this fre-
quency conversion gives it an impor-
tant arithmetical or adjacent-channel
selectivity advantage over the straight
t.r.f. receiver. It is highly desirable
for a radio receiver to discriminate
against interference from signals on
an adjacent channel.

The percentage of difference be-
tween the frequency of the desired fre-
quency and the signal on an adjacent
channel (10 ke. difference) varies with
the frequency, thus, at 540 ke. the ad-
jacent channels are off-resonance by
1.85%. At 1000 ke. the difference is
1%, while at 1600 kc. the difference is
only 0.63%. At the high and ultra-
high frequencies it is very much less,
as we shall see later. A clear under-
standing of the arithmetical selectivity
factor may be had by considering the
problem of separating the signals re-
ceived from two stations lying at about
the middle of the standard broadcast
band and assigned to adjacent carrier
frequency channels 10 ke. apart. Sup-
pose the carrier frequency of the
“wanted” signal (to which the receiver
is tuned) is 1000 kc., and that of the
unwanted “interfering” signal is 1010
ke.

If a t.r.f. receiver were used for the
reception, see (A) of Fig. 4, since ef-
fective elimination of the undesired
1010 ke. signal would have to take
place in the tuned circuits of the r.f.
amplifier (which operate at the re-
ceived carrier frequency) the fre-
quency discrimination required would
be 1010 — 1000 = 10 ke. The percent-
age frequency discrimination would
therefore have to be 10/1000 X 100 =
1%. Now such a high degree of fre-
quency discrimination presents prob-
lems that no t.r.f. receiver (even one
employing five or six tuned circuits)
can successfully solve.

In a superheterodyne receiver prac-
tically all of the adjacent-channel se-
lectivity is provided by the sharply
tuned circuits of the if. amplifier.
Therefore, if a receiver of this type
were used instead, the frequency dis-
crimination effected at the frequency
of the i.f. amplifier would be the one
to consider. Assuming the receiver to
be designed for an i.f. of 175 ke., both
signals would have their frequency
“converted,” as illustrated at (B) of
Fig. 4, the “desired” one to 1175 — 1000
=175 ke., and the “undesired” one to
1175 — 1010 =165 ke. (1175 ke. being
the frequency of the local oscillator
when the receiver tuning dial is set for
reception of the 1000 ke. station). It
is evident that the two frequencies
which appear in the if. amplifier are
only 175 — 165 =10 kc. apart. How-
ever, because of the lower total fre-
quency, the percentage discrimination
required of the if. amplifier in order
to eliminate the undesired 165-kc. sig-
nal is, in this case, 10/175 X 100 =
5.7%. In simple terms, this means
that the selectivity problem for this
particular i.f. amplifier is over 5.7

‘RADIO NEWS
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" JOHNSON |
Made

PLUGS and JACKS
INSULATORS
SOCKETS
CONDENSERS
INDUCTORS
BROADCAST
CABINETS

JOHNSON
MIN

TURE
SCCKETS

Pre-eminent in the ceramic socket field, it was to be expected that Johnson was
asked in 1941 to develop the first miniature ceramic socket (No, 267), or that it
was quickly approved and widely adopted a year or more ahead of the field, and
today is going into critical equipments by the hundreds of thousands.

The same Johnson skill in engineering both ceramics and metal has gone info the
No. 277, and the associated shields and shield base {usable with other sockets as
welll. These Johnson sockets not only meet standards (developed jointly by us, the
W. P. B. Socket Sub-committee, Signal Corps, Navy and private laboratories); in
each of them you may count on that EXTRA value that's typical of products bearing
the Viking mark. High grade steatite insulation with long creepage and arcing paths
and low infer-contact capacity; accurately formed and processed contacts of silver
plated beryllium copper or phosphor bronze, freely floating and with just the right
tension, feature this series of sockets.

‘ﬁm

If you have a socket problem, whether it's engineering, design,
substitution, or delivery, first try Johnson.

Ask for NEW catalog 968Z

i D D D T - o - — - S Y - S D e WD G P ED ED P v v e e Mv G e e e e v Y e G GE Ep G EP e G @R S G TR TED 66 SR W GR PR @R e e e e e e Mmoo e e e s e e e
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Far in advance of today’s production schedules and in antici-
pation of tomorrow’s needs, EICOR engineers are preparing

to meet the inevitable demand for rotary electrical

equipment designed for new applications. During recent

years their store of knowledge has been used to direct our
activities and those of others in the manufacture of

more and better motors and dynamotors for war service.

The breadth of experience gained in this effort fits

them, and our entire organization, for an

important future in this field.

An exceptional range of designs and frame sizes facilitates
the development of equipment to meet your exact
specifications—from tiny direct current motors to
dynamotors and generators for every conceivable
output or purpose. Our facilities are equally
adaptable to the engineering of a single
experimental unit or to production runs.

Years of patient research, the*“spadework”
that improves existing products or creates
new designs,are represented in every
EICOR part. If you use—or expect
to use—motors, dynamotors, or
generators, submit your re- _
quirements to us; our engineers. &
may have something smaller
or lighter or better to
recommend.

E@@@AE{M@@ 1501 W. ‘(ﬁngress'sut., Chicago, U.S.A:°

DYNAMOTORS *:D..C. MOTORS *« POWER PLANTS © 'COVNVERTERS
Export: Ad Auriema, 8? Blrpadv St., New York, U. S. A. Cable: Auvriema; New -f{or_ku
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times as simple as it would be for the
t.r.f. receiver.

Obviously, the lower the intermedi-
ate amplification frequency employed
in the receiver, the smaller will be the
denominator in the foregoing fraction
and, consequently, the larger will be
the numerical value of the percentage
frequency discrimination accom-
plished. Hence, the lower the i.f. used,
the greater is the arithmetical, or ad-
jacent-channel, selectivity advantage,
or the percentage frequency separa-
tion of wanted and unwanted adja-
cent-channel signals. However, the
important problems of image-fre-
quency interference and other spurious
responses (which will be considered
next) enter into the picture and set a
practical lower limit on the value of
i.f. that may be employed, since the
higher the i.f.,, the less is the trouble
from these sources, Because of this,
the industry now has considered it ad-
visable to standardize on i.f. values in
the neighborhood of 455 ke. in stand-
ard broadcast band receivers. Even
with this higher value of if., the ad-
jacent channel selectivity situation .is
about 2.2 better at the middle of the
broadcast band than it is for a t.r.f.
receiver.” For ultra-high-frequency re-
ception, even higher i.f. than this must
be employed, as we shall see presently.

(To be Continued) '

Police Reecivers
(Continued from page 45)

someone switch on the carrier to be re-
ceived. If the setting is correct, the
receiver will jump into operation im-
mediately each time. If the squelch
does not release every time, then the
control will have to be set back a little
to admit a slight amount of noise. This
is seldom necessary, however, unless
the receiver is used in an unusually
noisy location. After the unit is once
set, an occasional strong noise peak or
crash of static may break through for
a fraction of a second.

The circuit is very effective, and
once properly set will give little trou-
ble.

Since it will be necessary to mount
both the 6C8G and the 6H6 in the re-
ceiver to install the circuit shown in
Fig. 1, it might be well to consider the
combined squelch circuit and noise
limiter shown in Fig. 2. This is a com-
bination of Figs. 1 and 3.

In this circuit, one half of the 6H6
is used for the diode detector and the
other for the limiter. Otherwise the
circuits and methods of operation and
adjustment are the same as explained
previously.

The writer makes no claim for the
originality of the circuits shown. They
have been gleaned from various
sources, being standard circuits in use
for a number of years in modern com-
munications equipment. This article
merely shows how older receivers may
be modernized by the inclusion of
these noise limiter and squelch cir-

cuits.
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It was a great day for radio communica-
tion when National Union engineers
developed the technique of gold plating
certain tube parts. For by this ingenious
means they measurably extended the life of
power tubes.

The object, here, was not to make power
tubes structurally stronger—or even more
durable. Already these tubes were sound
enough mechanically to do a bang-up job. What
the N. U. process of gold plating did, was to
make the electrons behave. N. U. engineers
demonstrated that by gold-plating the grid wire,
they automatically eliminated a very disturbing
factor in power tube performance, known as

NATIONAL

grid emission. The source of this undesirable
primary emission was imprisoned within the
gold. No longer could it interfere with the
planned and controlled electron flow within the
tube. Result—power tubes of a higher per-
formance level and longer life.

Thanks to the greatly expanded electronic
research program at National Union Labora-
tories, many such improved tubes with wide
application in America’s homes and industries
will be available at the war’s end. Cownt on
National Union.

NATIONAL UNION RADIO CORPORATION, NEWARK, N. J,
Factories: Newark and Maplewood, N. J.; Lansdale and Robesonia, Pa.

UNION

RADIO AND EI.EC'I'RONIC TUBES

Transmitting, Catbode Ray, Recesving, Special Purpose Tubes » Condensers o Volame Controls « Pboto Electric Cells « Panel Lamps o Flashlighs Bulbs

19414

www americanradiohistorv com

81


www.americanradiohistory.com

New procucts {or military and civilian use.

TUBE TESTER

A new and exceptionally flexible tube
tester is now being made by the Radio
City Products Company of New York.
This tester, known as the Model 314,
provides simple operation and speed in
the testing of octal, loktal, Bantam.
Jr., miniature, midget and all acorn
tubes. The filament voltage switch is
designed to test all present filament

voltages from 1.1 to 117 volts, a range
which anticipates the voltages of the
future.

The tester has individual connections
for each element. A lever type switch
individually controls each tube prong.
checks roaming filaments, dual cathode
structures and multi-purpose tubes.
Separate plate tests may be run on
diodes and rectifiers. A neon short
test indicates the slightest leaking be-
tween any two elements while the tube
is hot.

The unit weighs 12 and one-fourth
pounds and is available in 50 to 60
cycle, 110 volt and 50-60 cycle, 220 volt
models.

Details are available from the Radio
City Products Company, 127 West 26th
Street, New York 1, New York.

TERMINAL STRIPS

A Barrier type terminal strip, with
facilities for connecting both above
and below the mounting surface is be-

ing manufactured by the Howard B.
Jones Company. .

This “Y" type terminal permits a
screw connection above the panel and
a solder connection below. The ter-
minal mounts securely in the block and

82

is also held in place by a screw so that
the connecting wire comes in direct
contact with the terminal.

This terminal is made for the No.
140, No. 141 and the No. 142 series Bar-
rier Strips.

The bakelite body is of BM 120 com-
pound according to Navy Specifica-
tions and the “Y” terminal is made of
tin-plated brass. The barriers separat-
ing the terminals are of sufficient
height to give the desired creepage dis-
tance and prevents shorts from frayed
wires.

Further information and prices may
be obtained by writing the Howard B.

Jones Company, 2460 W. George Street. .

Chicago 18. Illinois.

HICKOK TESTER

An improved electrical appliance
tester is now being offered by the
Hickok Electrical Instrument Com-
pany. This tester operates at an ex-
tremely low range of from 0-20 watts
as well as a high range up to 2000
watts.

This unit tests all electrical appli-
ances from bell transformers and

i

clocks to electric ironers and ranges
operating on 220-volt, three-wire sys-
tems. The tester measures actual
load wvalues of volts, amperes and
watts. By means of this tester, trou-
ble may be located in a.c. appliances
while the equipment is in operation.
The unit is protected from accidental
overload by means of a fuse.

Over-all dimensions are 9%” high,
6% ” wide and 3” deep and it weighs
81 1bs. The meter is 4” square.

Additional information on this Model

wwWw americanradiohistorv com

900 tester may be obtained from the
Hickok Electrical Instrument Com-
pany, 10524 Dupont Avenue, Cleveland,
8, Ohio.

SAFETY FLOORING

A new improved safety mat is being
manufactured by the William F.
Klemp Company, specialists in steel
floorings.

Of particular value where it is nec-
essary for the operator of equipment

to be protected against slipping, wet
feet, and falls, this matting may be
placed anywhere and transported eas-
ily, rolled up like a rug. This flooring
is made of steel, is non-absorbent and
is easily cleaned with hot water or

cleaning solution. The mat comes in
any length up to 25 feet and in any
width to 6 feet.

Plant executives who are interested
in this product are asked to write di-
rectly to William F. Klemp Company,
6641 S. Melvina Avenue, Chicago, 38,
Illinois.

UHF DISPLAY CABINET

Increased interest in u.h.f. has
prompted the Andrew Company of
Chicago, Illinois, to design a display
cabinet in which various coaxial trans-
mission lines of different diameters,
commonly used connectors, junction

boxes and terminals may be demon-
strated.

This cabinet has already been used
with success to illustrate classroom
lectures and public addresses. . The
unit is available in two models, the
All-Purpose model and the Military
model.

RADIO NEWS


www.americanradiohistory.com

gor example:
ELECTRONIC TIMING

Industry is making increasing use of
electronic timers in timing or con-
trolling intervals that are beyond the
accuracy and scope of mechanical
measurement. Such applications as
measurement of the speed of a cam-
era’s shutter, welding control, plastic
molding, photographicexposureand
measurement of turbine speeds are

typical.

Series 175 Relay

|

Jvd
THERE'S A JOB FOR ze&u;a BYGUARDIAN

The above diagram of an electronic timing circuit
shows a capacitor and an adjustable resistor con-
nected to the grid of a thyratron or *‘trigger” type of
tube. As the capacitor discharges, the grid potential
reaches a point where the tube becomes conductive
and energizes a relay.

The relay is generally a fast-acting type such as the
Guardian Series 175 operating at a speed which min-~
imizes interference with the timing interval. Coil op-
serafing voltages range from 6 to 110 voits D.C. (Also

GUARDIAN

1630-K W. WALNUT STREET

available for A.C. in Series 170). Contacts are raled of
12V2 amps. at 110 volts, 60 cycles, non-inductive in
combinations up to D.P., D.T. Bakelite base is molded
to reduce surface leakage. Has binding post terminals
in place of solder lugs. Write for Bulletin 175.

Consult Guardian whenever a tube is used—how-
ever—Relays by Guardian are NOT limited to tube ap-
plications but are used wherever automatic contrel is
desired for making, breaking, or changing the char-
acteristics of electrical circuits.

J ELECTRIC

CHICAGO 12, ILLINOIS

R COMPLETE LIKE OF RELAYS SERVING AMERICAN WRE INDBUSIRY
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THE LATEST

UP-TO-THE-MINUTE RADIO
AND ELECTRONIC CATALOG
IN THE COUNTRY TOAY!

Newest listings of empiifiers, com=

munications equipment, radio tubes,
testors, ete. » The lctest develepments in
intercommunications equipment. ¢ Greatly
expanded listing of needad tools, espe-
cielly for assembly and factory use. ® Ad-
vance listings of 1944 radlo and electronic
books; repair and replacement parts; bar-
gain section of valves. ¢ A brand new,
up-to-the-minute catalog that should be
in the hands of Industrial plants, labora-
tories, government and military servicos,
schools, radio servicemen and dealers (on
8265}, everybody sngaged in vital war and

civillan work.
5% dio Catalog No.94
£ will be rushed to
you upon request. Fill out
this coupon NOW!

e e e e S wm o we i e

HLAFAYETTE RADIO CORP.

The Lafayette Ra-

901 W. Jackson Blvd.. .265 Peachtree Street

CHICAGO 7, ILLINOIS. - ATLANTA 3, GEORGIA
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This display cabinet is available for
exhibition at conventions, meetings
and other gatherings where radio men
may be present. Further information
may be obtained by writing Andrew
Company, 363 East 75th Street, Chi-
cago, 19, Illinois.

KNIFE DISCONNECT

A solderless knife-disconnect termi-
nal to provide quick connection and
disconnection to contacts of small
switches is the newest product of the
Aireraft-Marine Products, Inc.

Switches which have tabs extending
from the contacts to which external
connections are soldered may be con-
verted readily to quick disconnection
switches by simply replacing the con-
tact members with members embody-
ing a knife-disconnect end instead of a
soldering tab. In this way, the change
may be made without affecting the
housing or any switch parts other than
the contact members.

Switches which have screws or bind-
ing posts may be similarly adapted for
certain applications.

New switches now being engineered

may be designed to incorporate the
knife-disconnect principle as an inte-
gral part of the design since it is of
similar construction to most of the
switch parts, being a simple stamping
of high-conductivity copper, hot-elec-
tro tinned for maximum corrosion re-
sistance.

Complete information and literature
is available upon request to the Air-
craft-Marine Products, Inc., 1591 North
Fourth Street, Harrisburg, Pennsyl-
vania.

MULTI-CELLULAR SPEAKER

A new speaker which combines both
high and low frequency units in a com-
pact two-way multi-cellular loud-
speaker has been announced by Altec
Lansing Corporation.

This speaker provides high-quality
sound for monitoring, radio, public ad-
dress and recording. In actual per-
formance, the new speaker delivers up
to 500% greater efficiency in these op-
erations. The speaker occupies less
than one and one-half cubic feet of
space.

www americanradiohistorv com

This unit provides up to 12009% in-
creased area of distribution. In the
horizontal plane, it delivers 12 times
the area distribution at high frequen-
cies compared to the usual single-unit
speakers of comparable size. Its hori-
zontal area of distribution is 60 de-
grees and in the vertical plane, the
area of distribution is a full 40 de-
grees.

One of the important features of this
speaker is the high-frequency horn
construction. The voice coil is wound
with rectangular aluminum wire and
operates in a magnetic field of very
high flux density, which is supplied by
a recently perfected type of perma-
nent magnet. The aluminum alloy
metal diaphragm provides mass stiff-
ness and high velocity of transmission
speed, at least five times greater than
through paper cone material. This
high frequency unit is designed to op-
erate as a piston up to frequencies
above the limit of audibility. The high
frequency horn is a multi-cellular unit
having six cells in a 2x3 configura-
tion. This horn is covered with a
sound-deadening material and mounted
in the face of the low frequency unit.
Power from the high frequency unit is
supplied through the pole piece of the
low frequency unit.

The unit is also capable of delivering
high-quality phonograph, radio, and
FM reproductions.

Complete engineering details of this
speaker may be obtained by writing
directly to Altec Lansing Corporation,
1210 Taft Building, Hollywood, 28, Cal-
ifornia.

ELECTRONICS IN MINING
PROBLEM which confronts many

mining engineers may be solved
by elcctronics if Hans Lundberg, one
of the world’s foremost geophysicists,
is correct in his conclusions. For some
montihs Donalda mines has carried on
an intensive diamond drilling cam-
paign in an eflort to intersect a rich
zone of 120 feet which has been cut by
drill-hole.

Although ten holes of various foot-
ages have been complected, this ore-
body has not yet been aceurately lo-
cated. Mr. Lundberg has bcen asked
to apply his methods of loeating drill-
holes through the use of clectronies.
His method consists of inserting ordi-
nary diamond-drill rods in the hole.
relying on the electric ficlds produced
from a portable generator, which are
kept under observation on the surface.
Electrodes are used and grounded with
pegs across the area above which the
hole was drilled. Earphones, connected
to amplifiers and other electronic de-
vices utilized by Mr. Lundberg, enable
him to make readings that will reveal
the location of the hole.

Should this survey locate the deflec-
tion and diversion of the No. 3 hole,
it will cstablish a new and important
technique of far-reaching value to the
mining industry as a whole.
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W. J. HALLIGAN, President, Mr. Halligan says, “Those of us who are building radio communications equip-
Hallicrafters Radio ment in this war anticipate a tremendous demand in the future for radios and radio
s o telephones for plane to ground, ship to shore use, and many other applications.”

2 o -
= I iy 4

“COMMUNICATIONS EQUIrPMEN'I' iS ONLY AS GoobD
AS ITS POWER SUPPLY”

“Radio equipment needs an efficient, reliable power supply,” continues Mr. Halligan,
“And for that reason, the radio industry is constantly on the alert for new and better E-L STANDARD POWER SUPPLY

power supplies and devices for adapting current for radio use. Such power supplies and MODEL 307

such devices are of inestimable value to the communications equipment manufacturer.” N . !
f P f For the operation of standard 110 volt AC equip-

ment, such as radios and small mortors, from a 6
volt battery. Characteristics: Input voltage, G v.
DC; Output voltage, 115 v. AC; Output power,
100 watts: Output frequency, 60 cycles.

Electronic Laboratories has vibrator power supplies for use wherever current must
be changed in voltage, frequency or type, or will engineer one to fit specific space,
weight and voltage requirements. E:L Vibrator Power Supplies offer many advan-
tages for all current conversion requirements up to 1500 watts as a result of devel-
opment in circuits and design pioneered and perfected by Electronic Laboratories.
E-L Power Supplics are definitely more efficient, and give substantiaily longer
service life. In addition, they are highly versatile, permitting multiple inputs and
outputs, any needed wave-form, great flexibility in shape and size, and a high de-
gree of voltage regulation when needed. They are economical in price and require
almostnoattention or maintenance. Their dependability is being demonstrated every-

day on the fighting fronts. E-L engineers offer consultation on powersupply problems.

Dimensions: TVax8%x10% in. We/ght: 23Vi pounds.

Write for further
information of this
and other models
of the extensive
E-L line.

LABO ATORIES INC.

INDIANAPOLLS. :

VIBRATOR POWER SUPPLIES FOR LIGHTING, COMMUNICATIONS, AND ELECTRIC MOTOR OPERATION » ELECTRIC, ELECTRONIC AND OTHER EQUIFMENT
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TRANSMITTING TUBES AND VACUUM CONDENSERS

TRANSMITTING TUBES

and VACUUM CONDENSERS
Serving the Radio-Flectronic

Field with the

VER a period of years, the
name JENNINGS has been

associated with many of the
outstanding developments in the
Radio Industrial field.

Today, JENNINGS RADIO enjoys
a well-earned nichein the top flight
ranks of Radio manufacturers now
serving the armed forces.

Tomorrow, the post-war period,

will find JENNINGS RADIO far

Armed Forces

out in front with a new and im-
proved line of Radio Tubes and
Vacuum Condensers meeting the
exacting needs of the new indus-
trial-electronic world.

While today, we are devoting our
entire engineering thought and out-
put to the business of winning the
war, we can, however, invite a dis-
cussion of your commercial peace-
time products.

hallicrafters
SCR-299
is being powered by

JENNINGS

Our new catalog will be sent on request

JENNINGS RADIO MANUFACTURING CoO.

MEMBER WEST COAST ELECTRONIC INDUSTRIES Transmitting Tubes
San Jose, California and Vacuum Condensers

www americanradiohistorv. com
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Capacity Meter
(Continued from page 42)

mounted directly to the front panel,
being supported by long screws pass-
ing through %-inch studs at the lower
right-hand corner. The oscillator-am-
plifier subchassis is mounted to the
front panel directly below the tuning
capacitor, as may be seen from the
photographs, and the null-detector
jack passes through the front panel
just above the subchassis and below
the X-X terminals. Bakelite shoulder-
type washers insulate this jack from
the panel.

Considerable latitude is possible in
the layout and general mechanical ar-
rangement of individually built capac-
ity meters, since this type of instru-
ment is not nearly as critical as re-
gards layout as are certain radio-fre-
quency instruments. The builder may
make his own instrument more com-
pact or more roomy, as the spirit
moves, and may even enlist a totally
different panel arrangement without
impairing the usefulness or accuracy
of the instrument. The author’s ar-
rangement is only suggestive of the
numerous possibilities in the way of
mechanical arrangement.

Testing and Calibration

After the circuit wiring has been in-
spected for correctness, the capacity
meter sections may be checked in this
suggested order—(1) power supply.
(2) oscillator-amplifier, and (3) bridge.
The following directions will be of aid
in carrying out the tests.

Power Supply. (1) Plug the instru-
ment into the power line and throw
switch S, to the On position. Allow
from 2 to 3 minutes for the tubes to
come up to steady heater and plate
current conditions.

(2) With a d.c. voltmeter having a
sensitivity of 1000 ohms per volt or
better, test the voltage between points
A and B in the circuit. This potential
should be between 90 and 112 volts, de-
pending upon the power line voltage,
and the polarity should be: A positive,
B negative.

Oscillator-Amplifier. (1) Disconnect
the secondary of T. from the bridge
circuit and connect a pair of head-
phones between points C and D.

(2) Switch on the instrument and
advance gain control R, to maximum
volume. After tubes have heated, a
clear strong 1000-cycle tone should be
heard in the headphones and it should
become necessary to reduce the setting
of R, to cut down the volume.

(3) If no oscillation is heard, even
when R: is adjusted, it is likely that
the secondary connections of T, are
reversed or that the parallel-T net-
work wiring is incorrect.

(4) Oscillation control R: must be
set to the position which permits the
oscillator to start promptly when the
6C8-G cathode has come up to operat-
ing temperature.

(5) If it is desired to check the os-

September, 1911

Pioneers in the
Communication Field

TURNER

22D Dynamic

TURNER

999 Balanced Line Dynamic

el

for Crystal-Clear Reproduction
in ANY Climate —Indoors or Out

TURNER

Microphones

For crisp, clear reproduction of ANY sound without distortion
—Turn to a TURNER. These microphones are scientifically
engineered to faithfully reproduce all gradations of volume, to
amplify ONLY those vibrations received by the diaphragm
without adding any of the harmonics. On land. on sea, and
in the air—from the arctic to the tropics, TURNER stands

up and delivers
conditions.

Write for FREE
TURNER Catalog

intelligibility undev

varyving acoustic

22D Dynamic A top-performing general
utility microphone with high level dynamic
cartridge. Reproduces smoothly at all fre-
quencies. Has a range of 10-8.000 cycles with
output of -51DB. Available in 200 or 500
ohms or high impedance.

999 Balance Line Dynamic

Especially engineered for those who insist on
professional results under all conditions. Voice
coil and transformer leads insulated from mi-
crophone case. Line is balanced to the ground.
Range 40-9,000 cycles with output of -32 DB.
Available in 200 or 500 ohms or hi-impedance.

Crystal Microphones Licensed Under Palents of the Brush Development Company

THE TURNER CO.

CEDAR RAPIDS,

IOWVA
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.. BIG or LITTLE ..
STANDARD or SPRCIAL

Here you see a large B&W low-frequency
variometer-type inductor,tailor-made for a
war equipment application, compared in
size to the B&W 75-watt'"Junior” of ama-
teur radio fame. If a 25-watt “Baby” were
put in the picture you’d hardly see it—
and some of the new coils just coming off
B&W production lines are many times
smaller than that!

NOTE THESE
ADVANTAGES OF
B aW "AIR WOUND"
CONSTRUCTION

® Weigh less

® Mount easier The point is that B&W offers inductors

in the broadest assortment of shapes, sizes,
and types on the market today. Whatever
your requirement, write for recommenda-
tions and suggestions.

® Less susceptible to
damage

©® Offer greater design
adaptability

® Wound to uniform
pitch

® Exceptionally low
dielectric loss

Export: LINDETEVES, INC., 10 Rockefeller Plaza, New York, N. Y., U. S, A.,

48

wWWwWwW americanradiohistorv.com

cillator frequency, connect the ampli-
fied vertical-input terminals of a cath-
ode-ray oscilloscope to the secondary
terminals of T. (the latter winding be-
ing disconnected from the bridge cir-
cuit). Connect a variable-frequency
audio oscillator to the amplified hori-
zontal input terminals of the oscillo-
scope, and switch off the internal
sweep oscillator of the ’scope. To lo-
cate the frequency of the bridge oscil-
lator, tune the audio oscillater slowly
until a stationary circle or ellipse ap-
pears on the oscilloscope screen. At
this point, the frequency of the two
oscillators are the same and this value
may be read on the dial of the vari-
able-frequency audio oscillator. TFre-
quency corrections may be made by
altering the values of the parallel-T
network components, C,, C:;, and Ci—
or R, R. and R. being raised or low-
ered together.

Bridge Circuit. Reconnect the sec-
ondary of T. to the bridge, and switch
on the instrument.

(1) With no external capacitor con-
nected to terminals X-X, and with Cs
set at half-scale and C: at minimum,
plug a pair of high-resistance head-
phones into jack J. (S, may be in
either position.) A strong 1000-cycle
tone signal will be heard.

(2) Now, advance C: to maximum
capacitance and vary C. slowly. A
null point will be found near the maxi-
mum capacitance setting of Cs. This
null may be made quite sharp by
switching S, to the STD position and
adjusting Ry for a resistance balance.
After balancing the bridge as sharply
as possible in this manner, mark this
as the zero setting on the C: dial.

(3) Connect an-external capacitor of
not more than 400-uufd. value to ter-
minals X-X and note that the bridge
immediately is unbalanced (null be-
ing lost). Reduce the setting of C:
until another null point is located, and
proceed as before with adjustments of
S: and Ru to achieve a resistive bal-
ance.

The dial may be calibrated in sev-
eral ways. (1) By successively con-
necting to the X-X terminals numer-
ous capacitors of known value, reset-
ting the C: dial to null for each, and
marking the known capacitor values
on the dial. (2) If it is known that
the variable unit C: is of good straight-
line capacitance design and that its
maximum capacitance is 300, the ini-
tial null point, obtained in the manner
described under (3), may be marked
zero. A capacitor of exactly 450 wmufd.
is then connected te¢ X-X and the
bridge rebalanced, this new null point
being marked 450 (corresponding to a
capacitance change of 300 — 50 or 450),
and the dial circumference then
marked off into a number of equal
subdivisions to cover the 0-450-upfd.
range. Beyond this 450 point (or be-
yond a 900 point if C; is 1000 uufd. or
higher maximum capacitance), the ca-
pacitance curve for C: will depart from
linearity and will require special dial
markings which may not be obtained
simply by subdividing the space be-

RADIO NEWS
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You men already in radio know how great the demand is
experienced service men,
You know how fast the field is growing and how
important it is to keep up with developments—F M receivers,

for trained,
nicians.

television, electronics.

Or even if you are merely INTERESTED in radio as an
amateur, you must recognize the WONDERFUL OPPOR-
TUNITY right within your grasp to cash in on your natural
Get into the EXPERT RADIO
Be a TELEVISION specialist—OWN A BUSI-
the coupon

talent. Make it pay dividends.
SERVICE Line.
NESS OF YOUR OWN.

below for all the details.

Fill

out and mail

Get the Latest Inside Information—
Trade Secrets by

SHOP-METHOD HOME TRAINING

Now the famous
brings
training right in  your

operators and tech-

National
its exclusive Shop-Method of

Scheols

own  home

Learn
by

Use Actual
Furnished With Your Course

Radio Equipment

Experience the best teacher.
learn by expe: ce with the ex
National Snhop-Methad of IHome v
—(\cmully build many ecircuits and do
periments with the big kits of <L.mdmd
mdm parts included in ¥ o ur training
equipment at no extra cost to you.

You

In the course of vour study you ac-
tually build various lvpe< of receivers—a
powerful superhel yne, a signal gens
erator, an audio ocmlldlm and others .. .
You muake tests and (ondmt o\penmen(:
that show you the d
things. You understand \\h’\l |’(1'|k(“4 the
v;lrlouz elements of electronics operate
because you actually sce them work for
you. Not only
do you galn
NMUrvelous ac -
tual experience
by this method
of learning but
you have valu-
able equipment

on the job in
the practice of
profes-
as an
electronlcs  ex-
pert Mall the

pon and
le-.m what this
means to vou.

You can learn the most up-to-date,
approved projects, systems and hoolk-
ups step by step in your spare time.
This is the sound, practical training
you want and need—the development
of expericneed instructors working
with thousands of students right in
the shops and experimental labora-
tories of National Schools—one of
the most advanced trade edueational
centers of the werld.

This is the MODERN SYSTEM OF
TRAINING. It matches the rapid
progress  constantly  Dbeing made in
radio, tclevision and electronics. It
is TIMX TESTED too. National
Schools has been training men for
more than a third of a century. In
essence this is the very same training
that has helped thousands to more
pay and Oreater opportunity.

You nwe it to yourself—vour future
—to read the book ‘“TRadionics’’—
FREE to you when you send in the
coubon.

National Trained Men Now
Making the Best Money In History
The real value of National training

shows up in the quick progress our
nien make on the job. Joe Grumich
of Lalke Hiawatha, N. I, turned
down a_job most men would welcome.
Tle writes: My Iatest offer was
$5,800.00 as radio photo engineer, but
I am doing well where I am now
engaged. I am deeply indebted to
Naticnal.”

Ely Bergman, now on Station
WOR, told us: ““My salaiy has been
boosted considerably and at the pres-
ent time I am making
over $3,000.00 per year,
thanks to Nationat
Training’” And from
t he far-off Hawaijan
Islands, Wallaes Lhm
sends this:
averaging 25.00 4

National Schools, Dept.

me FREE the three books mentioned

L}
l Mail
l course.
Exiuine the exclusive National Thousands of men in the Army l
“hop Methiod of Home aining Navy and Coast Guard have trained
Sec  for “yourself how sound and at National under U. S. Govern NAME. .
. convinced that  ‘ment sponsorship. [ |
adio — electronics,
Y;md ecasily in . dYou are the man who must he satis- l
ou can't tell ed, g
] g ADDRESS
mSA!E:l‘-'LO{‘S Iﬁ};“: Mail the coupon here for the three
fecop_ Bl “the valunble maferial we Dooks that tell you the complete story [

send you without any obligation of

ny sort. Fill out

about it and drov it
at ouce.
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medlulely while you are thinking
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of the marvelous new system of train-
ing in radio cleetronics and television.
Learn the facts of this excluswe shop-
method of home traini See for
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 ELECTRONICS

month, I wil}
say that I hon-
estly owe all this
to ‘the excellent
training T had
at National.™
National is
proud of the
progress  gradu-
atex are making
all over the wond

Read about their
records yourself in the books we send
you FREE.
Make Extra Money
Right From The Start

You get ahead fast with National
Training. Many beginners make good
money on the side fixing radios and
doing service work. You can turn
your knowledge into cash after the
first few lessons. Progress is rapid.
You can actually SEE YOUR*LLF
GET AUEAD, because the National
Shop Method is so sound and brac-
tical.

Now, right now, is the tlme to
grasp the opportunit today—a
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BUSINESS OF YOUR OWNXN. Radio,
television and the whole field of elec-
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the promise of 2 rich future—pros-
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4000 South Figueroa Street, Los Angeles 37, California
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2. You receive a sample lesson
itlustrating the modern “Shop
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fully illustrated book recently
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NEED PARTS?

National can supply you quickly with most
of those hard-to-get parts at exceptional
prices. Take a look at these bargains—

STANCOR MIDGET OUTPUT TRANS-
FORMERS. L6 to 3-6 Ohms. Mounting strap
center 15”7 ,...... Each, 55¢; 10 for $4.95

10 WATT PIGTAIL WIREWOUND RE-
SISTORS—500, 1000, 1250, 1500, 1750, 2000,
2500, 3000, 4000, and 5000 ohm sizes
stoeX. .. v v.uvi0i.ar Each, 24¢; 10 for $2.19
AERIAL KIT containing aerial wire, rubber
coated lead-in, insulators, ground -clamp,
window strip, ete. ...............Bach. 89¢
20 MFD 150 WV Tubular Pigtail Electro-
lytic, One Year Guar.

Each, 35¢; 10 for $3.30

10 MFD 450 WV Tubular Pigta_il Electro-

Iytic, One Year Guar.
Each, 43¢; 10 for $3.95

Deluxe assortment of 50 Bakelite Set Screw
Knobs for 34 Shaft,,,..-.......Kit, $4.19

100 Ohm (Tapped at 30) WIRE WOUND
CEMENT COATED RESISTORS 30 Watt.
ach. 45¢; 10 for $3.90

50 MFD 150 WV Tubular Pigtail Electro-
lytic, One Year Guar.
Each, 49¢; 10 for $4.45

ASSORTMENT OF 147 FIRST LINE
UBULAR SS CO\DE\S-
ERS CONSISTII\{)G GOFW64 600WV, 32

$11%

Assortment of 200 pes. Speecial Radio Hard-
ware including T ube Sockets. Terminal
Strips, Grid Caps and Plugs......Kit, $1.49

20x20/150WV Tubular Electrolytic. First
Line Condenser. One Year Guarantee.
Each, 6lc; 10 for $5.60

Assortment of 100 14 and % Watt RMA
Color Coded Carbon Resistors, 5

including 3§,
10 and 209 Tol,,....Your Cost Onl_y $1.89

BALLAST TUBES — K42B, K42C, X49B,
K49C, K535B, K55C, L49B, L49C, L55B,
L55C...............Fach, 45¢; [0 for $3.99

100-37, 100-70, 100 77 and 100-79.
Each, 59¢; 10 for $5.45

Continental Bakelite Suppressors — S19A
(Straight type with Rajah spring snap-on
connector, fits all makes of spark plugs.
Terminal nut cable connector).

Each, (8¢; (0 for $1.65

GENERATOR CONDENSER—Universal type
with six inch lead. .5MFD 200WV._
Each, 18¢; 10 for $1.65

HI-TEMP RUBBER PUSH BACK WIRE—
Solid and Stranded (#20),
100 Ft. Roll, 7le; (0 for $6.50

- GOO\VV One Yoar Gualan
tee. List Price, $33.3
Your cost only................

Assortment of 46 First Line Tubular
Electrolytic Condensers most frequently
used, consisting of 1 100MFD 25WV,
2 10MFD 50WV, 15 20MFD 150WV 8
20-20MFD 150WV, 6 50\IFD 150

10 10MFD 450WV and
10-10MFD 430wV, Ohe S‘I 895
Year Guar. Your Cost Only..

Hala 8” Auto Spkr. 6 Ohm Field, Copper
Elash Bucker plate. A Beautiful Job. Delco
Part No. 7242532

Each, $1.15; Lots of 16, 99¢ each

LOCTAL SOCKETS — (Metal Supporting
Ring).ovvuuiv0.. 10 for $1.10; 100 for $9.99

10 MFD 50WV Tubular Pigtail Electrolytic
Condenser. One Year Guar.
Each, 28c¢; 10 for $2.45

10x10/450WV Tubular Electrolytic.  First
Line Condenser. One Year Guarantee.
Each, 74¢; 10 for $6.90

Assortment of 2:) Muter Candohm Wire

Wound Resistors (All are 7 to 15 W, 15 or

more are between 100 and 500 Ohms).
Assortment, $4.99

20% Deposit required on all C.0.D. orders Don’t
forget 1-265 or AA-3 Certificates. Orders  of
$25.00 or_more, accompanied by payment in full,
will be shipped prepaid.

Free Bulletin No. 106 lists hundreds of
other radio parts and supvlies. Write for
it today/

NATIONAL
ELECTRONIC SUPPLY

77 W. Washington Blvd.

Chicago 2, Il
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tween two known points. If a 1000-
upfd. variable is employed at C: the
test capacitor should be 900 mufd. and
its corresponding null point on the dial
will be marked 900 wpfd. (3) If the
builder has access to a capacitance
bridge or similar instrument, he may
calibrate C:; throughout its entire
range by connecting this instrument to
terminals X-X and setting the C; dial
to various spot capacitance values as
determined by settings of the capaci-
tance bridge. If this method of cali-
bration is employed, R: must be dis-
connected temporarily from C:.. Direct
capacitance points will be obtained by
this method, and each such reading
must be subtracted from the maximum
capacitance of C; in order to obtain the
proper figures for the C. dial. A last
method which will suffice in a few
cases is-to obtain from the manufac-
turer of C; an average capacitance-vs.-
degrees rotation curve for this type of
capacitor, and to derive from the di-
rect capacitance values along this
curve the C; dial values (in the same
manner as just described under method
3).

Operation

Once the main dial (C:) has been
calibrated, operation of the capacity
meter is reduced to the following sim-
ple steps: (1) Setting the bridge.ini-
tially to zero by adjusting trimmer C,
for null, with the main control C; at
zero on its dial; (2) connecting the test
capacitor (10 to about 475 pufd. for a
C: value of 500 pufd.) to the terminals
X-X; (3) readjusting the C; dial to null
and reading the unknown capacitance
value directly from this dial; and (4)
making the necessary resistive bal-
ance. When making the initial null
adjustment, throw switch S, to position
X and adjust Ry for zero null; how-
ever, when balancing with the test ca-
pacitor in place, throw S; to the STD
position and readjust Ry for zero null.

Most test capacitors will be held to
the X-X terminals by their own pig-
tail leads. Occasionally, however,
measurements will be performed upon
capacitors, tubes, terminal blocks, etc.,
requiring the connection of wire leads
between the terminals and the sample.
In these cases, capacitance between
the connecting leads must be taken
into account, since it will be effectively
in parallel with that of the test sam-
ple. But this stray capacitance may
be compensated automatically in the
initial zero adjustment by connecting
the leads to be used (minus the sam-
ple capacitor) bent in the same ap-
proximate position they will occupy
when the capacitor is connected to
their far ends. The initial zero bal-
ance will then be in terms of the total
tuning, stray, and terminal capaci-
tances. :

The capacity meter circuit may be
employed with slight alterations for
measurement of larger or smaller ca-
pacitance values than those accommo-
dated by the author’s model. By in-
creasing C: to 1000 or 5000 wmufd., the
range will be increased proportion-
ately. Similarly, by reducing the
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maximum value of C: (say to 100, 50,
or even 10 upfd.), the instrument will
accommodate smaller capacitances.
For most purposes, the 1000-cycle
measurement will be entirely satisfac-
tory, since the capacitance values at
this frequency and at r.f. are not suffi-
ciently different to warrant special
radio-frequency measurements except
in the most exacting applications. For
60-cycle tests, the oscillator-amplifier
section may be replaced by a 50-volt
transformer secondary; for 120-cycle
operation, a signal of this frequency
may be obtained (in lieu of the oscil-
lator-amplifier) through coupling ca-
pacitors from the unfiltered section of

" a power supply delivering at least 50-

volts r.m:s.; and for higher frequencies,
the parellel-T network resistance and
capacitance values may be altered.

1/(6.28 C,R,); where f is in cycles per
second, R in ohms, and C in farads.

Transients and Time

Constants
(Continued from page 60)

value, 4 ma. Hence & time constant
is made long by a large L and a small
R.

Wave Shaping Appli-
cation of L/R Circuits

The fifty cycles per second square
wave may now be applied to the cir-
cuit of Fig. 7a. Here the time constant
of 1,000 microseconds is short, for it
allows the resistor voltage to reach a
final steady value within the time of
one-half cycle. The coil voltage is a
peaked wave, a.c. This circuit is dif-
ferentiating, yielding the same output
wave shape as the differentiating RC
circuit. Distortion of the square wave
into the peaked wave is due to the loss
of low frequency harmonics, for these
low frequencies will meet less coil re-
actance and will yield a smaller coil
voltage as compared to the high fre-
quency output response. The rectan-
gular wave used in Fig. 3b can be ap-

Fig. 6. The rise and fall of a current

through an inductor as the potential
is momentarily turned on or off.
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plied to the same L/R circuit used
above, yielding peaked waves across
the coil.

Since the circuit differentiates, it
might be expected that a triangular
wave applied to it would yield a square
wave across the coil. This is true, and
is shown in Fig. 7b. Note that the cur-
rent wave, E,, follows the applied tri-
angle closely but always lags it. A
current lag is natural to an inductive
circuit. Similarly, the sawtooth wave
of Fig. 4c, differentiated by the L/R
circuit above, will result in a rectan-
gular voltage across the coil.

It will be remembered that integra-
tion, passing from a square wave to a
triangle, involves the use of a long
time constant. A long L/R time con-
stant needs a large inductance and
small resistance. The time constant
must be sufficiently long to allow only
the linear portion of the rise and fall
of resistor voltage to take effect.
When the square wave is applied to
the circuit of Fig. 7c, whose time con-
stant is 50,000 microseconds, the out-
put across the resistor is a triangular
wave, Here the high frequency har-
monics are blocked from the output,
leaving the low harmonics to make up
the triangle, the next step toward a
sine wave. The rectangular wave of
Fig. 7d results in a sawtooth resistor
wave, after integration by the same
long time constant.

Conclusions

Although wave shaping can be pro-
duced by either an RC or L/R circuit,

several important differences exist.
The principal advantages of the RC
circuit are:

1) It is simpler, lighter and cheaper,
therefore more prevalent.

2) The differentiating circuit can be
used as coupling between two
vacuum tube stages, because the
input condenser effectively blocks
the d.c. voltage of a previous tube
from the succeeding grid circuit.

3) The differentiating RC circuit au-
tomatically insures a low imped-
ance output across the resistor,
which can be made small for a
shorter time constant.

4) The integrating circuit insures a
high impedance output because
the output contains mostly the
low harmonic frequencies across
the condenser.

The L/R circuit enjoys the following

advantages:

1) The differentiating circuit yizlds
a high impedance output, only
the higher freguencies predomi-
nating across the coi! output.

2) The integrating circuit results in
a low impedance output, for this
output is taken across a resistor
whose value is relatively small.

3) The principal advantage of the
L/R circuit is that the triangular
or sawtooth wave obtained in the
output of the integrating circuit
is a resistor voltage, hence a
linear change in current. This
linear rise or fall of current finds
its greatest application in mag-
netic sweep circuits using coils

you want

® CRYSTALS
® CABLES .
® HARNESSES
® ELECTRONIC
ASSEMBLIES
' ® CABINETS

Fig. 7. Wave shaping by means of L/R

circuits. (A) By opplying a 50 cycles
pPer second square wave, the time con-
stant is short for it allows the current
to reach a final steady value witkin
the time of Y2 cycle. Distortion of the
square wave into the peaked wave is
due to the loss of low-frequency har-
monics. (B) By applying a triangular
wave to the L/R circuit, the output will be
a square wave. (C) By applying a square
wave to the circvit whose time con-
stant is 50,000 microseconds, the output
across the resistor is a iriangular wave.
(D) Saw-tooth wave is obiained from
the application of a reciangular wave.
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as the mechanism to deflect the
electron beam of a cathode-ray
tube. This linear change in cur-
rent guarantees a linear change
in the magnetic field deflecting
the electron beam.
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Saga of the Vacuum Tube
(Continued from page 47)

the presence of pure gases was not
harmful, and from this work came the
high-efliciency, gas-filled incandescent
lamp.

During the period just before Alex-
anderson brought the Audion to his
attention, Langmuir had been study-
ing the properties of filaments as a
function of their length. It was
thought at the time that with long fil-
aments, requiring a comparatively
high voltage for their operation, there
might be a considerable amount of

current flowing through the vacuous
space and hence, for the same total
current into the lamp, the actual fila-
ment current might be less and the
lamp less efficient. Langmuir looked
for this effect but could not find it.
That is, in well-exhausted lamps there
was a negligible space current, re-
gardless of the length of the filament.
Others had worked along this same
line and were of the opinion that in a
perfect vacuum there would be no
space current.

One of these others was Dr. Cool-
idge, who was working on X-ray tubes.
In the old-fashioned X-ray tube of
high power most of the electrical en-
ergy supplied to the tube appeared
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at the amnode, which would operate
sometimes at white heat. Coolidge
used tungsten for the anode and in
some cases tried tubes with tungsten
cathodes as well. In the case of the
tungsten cathodes he found that after
the tube had been in operation for
some time the cathode also became
white hot, and shortly thereafter the
tube ceased to pass current and be-
came inoperative. Coolidge was aware
of the “clean-up” effect of white-hot
tungsten and believed that the stop-
page of the tube was caused by its be-
coming too “‘hard,” that is, the vacuum
had become toc high to permit the
passage of current. Langmuir’s own
experimental work indicated that
these currents would become very
small when the highest vacuums, ob-
tained by thoroughly baking the lamps
to free them from occluded gases,
were attained.

On the other hand, Langmuir was
familiar with the work of O. W. Rich-
ardson on thermionic emission, which
showed that thermionic emission in-
creased with temperature.190 Calcula-
tions based on Richardson’s equations
indicated that at the temperature at
which Langmuir was operating his
tungsten filaments the thermionic cur-
rents should have been hundreds of
amperes per square centimeter of fila-
ment surface. He checked the dis-
charge from a hot filament to a cold
anode in the presence of mercury
vapor and found that the space cur-
rent followed Richardson’s law up to
very high filament temperatures.
Hence, he concluded that there was
nothing abnormal about tungsten and
that the filaments actually were emit-
ting electrons in accordance with
Richardson’s law.

The ordinary tungsten lamp of that
time had a long zigzag filament of six
loops, with two leads brought out and
connected to a base for use in a stand-
ard screw type socket. Langmuir had
made some experimental lamps in
which two additional leads, connected
to intermediate points on the filament,
were brought out. These leads were
placed so that between any two con-
secutive leads there were two loops
of filament. These lamps were ex-
hausted by the ordinary procedure,
but Langmuir then proceeded to raise
the middle two loops of the filament to
a very high temperature and vaporize
the tungsten, so as to “clean-up” the

1 vacuum. The act of vaporizing the

tungsten assists in the removal of
some of the residual gases. The tung-
sten vapors will combine with nitro-
gen, oxygen, carbon monoxide, and
carbon dioxide, and these are the gases
which are likely to be present in the
bulbs. When this was done, and the
middle portion of the filament burnt
out, there were left two sections of
filament electrically separated from
each other, between which a voltage
could be applied.

Langmuir then heated one filament
by passing a current through it, and
applied a voltage between that fila-
ment and the other which was cold.
He measured the space current as a
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function of temperature for various
filament temperatures and compared
the results obtained with values cal-
culated according to Richardson’s law.
Ie found that at first the space cur-
rent followed the law, but as the tem-
perature increcased the space current
tended toward a constant value. This
always occurred, although the limiting
value was different for different volt-
ages between the hot and cold elec-
trodes. He found that this limiting
current was approximately propor-
tional to the voltage difference be-
tween the hot and cold electrodes, and
to the area of the anode.

He discovered also that a potential
applied to the bulb externally affected
the space current. If, for example, he
placed one hand on the bulb and with
the other hand touched the terminals
of the d.c. power circuit in the labora-
tory, the spacc current increased or
decreased.

By November 22, 1912, Langmuir
had accumulated enough data to en-
able him to formulate a qualitative
theory concerning the space current.
This theory, as entered in one of his
notebooks under that date, was as fol-
lows:

“New Theory of Edison Current. The
velocity of electrons in a conductor
corresponds to thut produced by a full
through a potentiul diff. (sic) of only
a few tenths of u volt. Electrons leav-
ing a filament will leave irrespective
of the presence of u field, but they will
only travel a very short distance if
there is an electric field of only 0.1
volt per centimeter aguainst them.
Hence, around filament there is an at-
mosphere of electrons in equilibrium
with the filament. Below a certuin
temperature the potentiul is deter-
mined by wires (i.e. electrodes) only.

“Above a certuin temperature the
concentration of electrons becomes so
greut that they determine the field.
Hence, two laws: Richardson’s at low
and some other at high temperature.

“Cooling bulb has no effect when no
gas molecules present, but if gus is
there the molecules collide with elec-
trons (which have the sanie velocities
as those of the filument) and slow
them up and make them more readily
ubsorbed by the anode wires.”

This last paragraph was an attempt
to cxplain the fact that the presence
of gas causcd an increasc in the space
current. This, we know now, was not
the correct theory. The increase in
current when the gas is present at
high voltage is due to the fact that the
positive ions formed,
space charge and allow the space cur-
rent to rise toward the tempcerature
saturation valuc.

These experiments threw an entirely
new light on the theory of discharges
from hot clectrodes in very-high vac-
uums. It showed why, in the past,
such small space currents were found
under conditions where large currents
were indicated by Richardson’s equa-
tion.

Langmuir attached great impor-
tance to this explanation and theory,
and proceeded to make a detailed

September, 194-4

neutralize the |

study of the laws governing the phe-
nomenon under high-vacuum condi-
tions. His first step was to have con-
structed another lamp in which were
placed two independent filaments,
both of which could be heated during
the process of exhausting the bulb.
The bulb of this lamp was baked at
high temperature during exhaust and
a liquid air trap was used to remove
traces of water vapor and carbon di-
oxide. Thus Langmuir removed as
much of the occluded gases as possible,
and pushed the vacuum to the limit
attainable with the available equip-
ment.

Tests run on this new bulb were
made using anode voltages up to 230
volts d.c. and about 500 volts a.c. When
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the test data was plotted in a curve,
the shape of the curve indicated that
the space current varied as the 1.5
power of the voltage.

This, then, was the background of
knowledge born of experience that en-
abled Langmuir to tell Alexanderson,
in January of 1913, that he could im-
prove the gadget which Alexanderson
had obtained from Hammond, and
make of it a device 'vhich would en-
able Alexanderson to do what he
wanted. In order to do so Langmuir
nceded another assistant, and William
C. White was assigned to this work.
White studied the characteristics of
the Audion and discussed the results
of his tests with Langmuir.

While White was studying the
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Audion, Langmuir had made up a tube
similar to the Audion but with leads
widely separated in order to enable
him to apply high voltages during the
exhausting process, and thus heat the
electrodes by bombardment and free
them from occluded gases. The results
obtained were unsatisfactory and
Langmuir decided to alter the con-
struction of the tube in such a way as
to facilitate the evacuation.

In order to accomplish this he aban-
doned the conventional Audion con-
struction and made a three-electrode
tube in which all three of the elec-
trodes (filament, grid, and anode)
were made of wire. The filament was
made of 2.7 mil tungsten wire and was
about 5% inches in length. The grid
was of 1.5 mil wire, hand wound on a
glass frame. The anode was a zigzag
wire 5 mils in diameter. The filament
operated at about 2.5 amperes. This
tube was known as “Tungsten Wire
Audion No. 2” and is shown in Fig. 149.

This type of construction was
adopted so that the electrodes could
be heated by current from an external
source during exhaust, in order to ex-
pel the occluded gases. This form of
construction was used from March,
1913 until well into 1914 for all small
tubes for operation at or bhelow 250
volts, and somewhat longer for special
tubes. Samples of tubes using this
construction are shown in Figs. 150,
151, 152, and 153.

After this tube had been exhausted
and sealed off the pump at a pressure
of 0.05 micron it was subjected to nu-
merous tests. In one case the anode
voltage was held constant at 250 volts
and the anode current measured as a
function of grid voltage. Curves plot-
ted of total space current showed that
the space current obeyed the 3/2
power law. These curves are repro-
duced in Fig. 154.

This tube was also tested and func-
tioned satisfactorily as a detector of
wireless signals. Others made up
shortly thereafter were also operated
successfully when tested, in May of
1913, by Alexanderson for use as
radio-frequency amplifiers.

While these experiments were under
way, Coolidge was continuing his work
on X-ray tubes. In December, 1912,
Langmuir had discussed with Coolidge
the results of his experiments and sug-
gested that Coolidge try a tungsten
cathode which could be heated by elec-
tric current from an external source,
for the purpose of getting electrons in
his X-ray tube. He told Coolidge that
electrons were emitted from such fila-
ments even in the highest vacuum, and
that controlling the heating current
would control the electron emission
and the space current, independently
of the applied voltage. Coolidge im-
mediately proceeded to build an X-ray
tube using an independently heated
tungsten cathode of the type sug-
gested. He used a tungsten anode,
which he degassed by electron bom-
bardment while the tube was still on
the pump. He found it necessary to
add a focussing shield around the
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cathode, and with this addition ob-
tained a tube which was steady in op-
eration, with none of the crankiness of
the old type of cold-cathode tube, and
one with which he could obtain repro-
ducible results. By December, 1913,
Coolidge had developed this tube to
the point of commercial use, and de-
scribed it in a paper before the Amer-
ican Physical Society.191
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CAPTIONS FOR ILLUSTRATIONS

Fig. 149. Langmuir’s “Tungsten
Wire Audion No. 2. Reproduced from
Interference Record, Interference No.
40,380.

Fig. 150. Early type of wire ele-
ment Pliotron, now in Science Mu-
seum, South Kensington, England.
Photograph copyright by H. M. Sta-
tionery Office.

Fig. 151. Left—early Langmuir Pli-
otron complete. Right—element as-
sembly on stem. Photograph courtesy
General Electric Company.

Fig. 152. Early Langmuir Pliotron,
before exhaust. This Pliotrom has a
grid of tungsten wire 0.4 mil in diam-
eter, wound on a metal frame, with a
pitch of 120 turns per inch. The anode
is of 7 mil tungsten wire. Note the 5
leads, two filament, one grid, and both
ends of wire anode. Exact date uncer-
tain, but prior to 1917.

Fig. 153. Completed, based Pliotron,
Type CA. Vintage of 1917. This is a
high-mu triode. The filament takes
1.0 ampere at 3.5 volts. The usual
plate voltage was 180 wvolts. Photo-
graph courtesy General Electric Com-
pany.

Fig. 154. Characteristic curve of
Langmuir “Tungsten Wire Audion No.
2”. Reproduced from Transcript of
Record, General Electric Company vs.
De Forest Radio Company, U.S8.C.C. of
A., Nos. 3799, 3800, 3801, March Term,
1928.

(To be continued)
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CONSIDER

Drelisesce

WHEN YOU SELECT A NEW TRANSMITTER

Off the air, right in the middle of a program —that's
the nightmare of operating a radio station. That's
when seconds seem like hours, and minutes like
eternities. As though you didn't know!

Westinghouse Transmitters have been designed to
cut program outage down to an almost unbelievable
point. For example:

1. Indicator Lights show at a glance which circuit
suflered an overload—even though the trans-
mitter has returned to the. air ... making circuit
checkup easy.

2. Conservative Operation of All Tubes—greatly
increases reliability ... lengthens tube life.

3. Air-Cooled Tubes—eliminate complicated and
unreliable water cooling equipment.

4. Surgeproof Metal Rectifiers eliminate low
voltage rectifier failures.

8. Tube Life Meter indicates the end of reliable
tube life.

Westinghouse RADIO DIVISION

PLANTS IN 25 CITIES . .. OFFICES EVERY WHERE

A M . E L E

September, 1944

€C TR 0 N 1

©. Circuit Breakers supply full overload and
undervoltage protection automatically reducing
length of outage.

We'll gladly give you complete information on
these features, as well as other important advan-
tages of Westinghouse Transmitters, such as: Low
Operating Cost, Simplicity of Control, High
Fidelity Signals, Ease of Maintenance.

PLACE YOUR ORDER NOW
FOR YOUR POSTWAR TRANSMITTER,

By placing your order today for a Westinghouse
Transmitter, you assure yourself of the fastest possible
delivery following the lifting of wartime manufactur-
ing restrictions. We are scheduling deliveries in the
sequence in which orders are received. For details,
write Westinghouse Electric & Mfg. Company, Dept.
INB, P. O. Box 868, Pittsburgh 30, Pa.

J-08079
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Women Commandos
(Continued from page 27)

their own defense, when the time
comes,” said Colonel Lesniak. “They
are naturally qualified for radio and-
communications work and are without
question more adept in its operation
than men.”

Such a statement might be chal-
lenged if made by any other than a
good-looking commandant—but who
wants to disagree with a lady, espe-
cially a lady commando!

One of the P.S.K.'s favorite types of
equipment i$ the same mobile field
radio station they used under General

Maczek. It is the “Number 1-3.” This
set designed for Cavalry and Mechan-
ized Service, resembles in its simplic-
ity some of the characteristics of the
famous U. S. Army mobile set known
as the SCR-299. So compact, flexible
and serviceable were the ‘“Number
1-3” sets that even today they are
being used as a part of the basic train-
ing course of the women commandos.

The most outstanding feature of this
mobile field equipment. which at the
time of its use in combat differed from
that employed by armies of other na-
tions, is the exceptionally easy calibra-
tion of the radio receiver and the sta-
bilization of the transmitting device,
without the necessity for using crys-
tals. Another feature is that it can be

TODAY in WAR ... TOMORROW in PEACE

Brach Marine Antennas and Mounts are now manufactured
1009, for the service of Uncle Sam’s amphibian tanks, PT
boats, etc. But with the dawn of Victory we shall be ready
and able to utilize our enhanced experience and wartime
“know how” in supplying the civilian requirements for
antenna equipment for ship-to-shore communication.

« 3. BRAC

MFG. CORP.

Warld® Oidest and lnrgvsi‘ Munulaeturers of Radio Anhmms ‘and Acceszaries

55-565 DICKERSOMN STREET

109

+ - NEWARK N. &
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operated in motion without an an-
tenna and yet cover a range of more
than 30 miles.

Instruction pamphlets on the use of
the set specifically state that the call
letter should never be used more than
three times when signalling a station.
A single movement of the key by the
operator giving the correct call letter
should be quite sufficient for contact-
ing another station.

Interception by the enemy is virtu-
ally impossible due to the high perfec-
tion of calibration which permits the
use of the set for special liaison work.
Each station has its own frequency
and each station frequency differs
from the other. It is possible to change
frequency in a split second, however,
and thus attain the variable frequency
so the transmitter can reach the re-
ceiver of any of the other stations al-
most instantly. The enemy is there-
fore unable to tune in or intercept the
messages being sent, which is a de-
sirable condition.

The station was originally