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A Mcleod gage and 
stopwatch will select 

pumps for you r outo

motic machines more 

occu rOlely than any 

speciflcotion talk. For 

speed, high vocuum 

ond reliability, such 0 

tesl invariably selects 

Cenco 

III 

in high speed 
production 

You can', stop production 10 woit for slow 

pumps to recover and you can't get good 

lubes while your vocuum logs. Hence produc-

lion shrinks, Bul you can use pumps thor 

recover instontly. Cenco HYPERVACS toke 

hold quickly and wipe out those costly min-

utes of uncertain pressure. They standardize 

the vacuum factor in produclion. Also, by their 

worki ng pressu re of 0.05 micron, Hypervocs 

PUIDPS 

put on extro morgi n of sofety in your sched ule. 

They not only come bock foster ... but exhaust 

better. ThaI is no small foetor in longer tube 

life. Then tao, their omple volume capacity 

handles roughing as well as finishing. No 

pumps other than Hypervacs are necessary 

for complete exhaustion. This meons economy 

and simplification of equipment 

That Cenco HYPERVAC pumps cut tube costs 

and roise quality of product is being repeat

edly proved in laboratories 0 nd confirmed in 

p lants. You cannot afford 10 overlook the 

competitive seriousness of these facts. For 

details address, the Cenlro I Scientific Company, 

460 East Ohio Street, Chicogo. 

~'F;.r.li12~:~ Sl~ll!';t9.J:1.:t~U~ ~@lfIIleMM" 
CENCO lilGHfl.Nm VACU~l PUMPS 
Hyv .. c ~l.,g .. v"" Supu .,,~ ..... vac Rotov;u; Hyp~n'''~ 
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FORMICA is prepared to make the necessary 
. dies for punching your i~sulating parts in 
its own tool room, and to punGh those parts 
promptly in small or large quantities in its 
own plant 

Formica has the largest fabricating equipment 
for these purposes in the country. 

For many years it has served the leading 
American electrical organization with sheets, 
tubes and rods, and with fabricated parts, 
ready for assembly. 

Send your blue prints for estimates. 

THE FORMICA INSULATION COMPANY 
4654 Spring Grove A venue 

Cinc.innat~ Ohio 
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THE PENTODE TUBE 

BEGINNING with the Arcturus com
pany's interest in the pentode tube in 

the Fall of 1928, this tube has experienced 
an up-hill fight for recognition in Arm::rica. 

However, like all devices of merit, the 
pentaoe now emerges from the laboratories 
to take 11 place in the radio receiver industry. 

The purpose of the pentode, in compari
SOil wllh triode power output tubes, is to 
provltle n tube having a high mutual con
clUC!rIIlCC, nnd !l high power sensitivity. 

HccnU5C of its high power sensitivity, the 
P(1l1to<ic delivers an output of 2 ,5 watts with 
11.7 volts input, as compared to the -45 
triod~ which delivers a maximum output of 
only 1.6 with an input of 35.4 volts. This 
fnctor permits the operation of the pentode 
lit maximum output, directly from the de
tector tube. 
Th~ amplification factor of the pentade 

is 95, as compared to 3.8 with -45 power 
output triodes. Both of these factors in
crcasc the amplification sufficiently to obtain 
mOlximum power output with a single a-f. 
stage, as compaTed to the usual twa stages . 

The pentode, it is stated is four times as 
sensitive as the -45 power tube-----a prop
erty of no smail economic importance when 
considering outpul, detector overload and 
p re-ampli,fi cation. 

E vidently no other tube yields as many 
milliwatts output per volt input as does the 
pentade, What we are to witness in this 
year's crop nf radio receivers, no doubt will 
disclose the pentade at work at last. 

~ 

President 

J AS. A. WALKER 

Secretary 

Bryan Davis Publishing Co., Inc. 

52 Vanderbilt Ave. 

E. M. BACON 

Advortisinfl Mall(JOlr 

J. t~ . NlI(f,"~N 
CirCll/cJtioli Mnn(f(1,r New York City 

PubliatiOD O1lice--North Broadway, Albany. New York 
Chi~ OI'fi=---333 N. Michigan Ave.-Dl .... les H. Farr~lI. Mg" 
St. Louis Office-50S SLar Buildini-F. J. Wc!eht 

Kan."" Oly 0l1ke-306 Cor.a Cola n .. lldll~-II , W , Mltuhell 
Sa" Fraoci~o Office-ISS SAn,ollle llt .- · II . ) , Ith "h 
Lo9 Aagele. Otli~46 S. llroad".7-R, ,. 111,,11 

En~~d a, sc<;<JD d class ",..ner at llIe !lO,t office at Albn~r, N. y " )anll.1ry 9, 1925, under thr a.t of Mareh J. 1 "7~, V"", .tll .... II'III ... ,.t, 
'2.00 in U . Sand Canaru.; $3 ,00 in foreign count,i ... 

1 

2 



I 

APRIL, 1931 Page 3 

Notice the END of the Spool 
Every spool of Anaconda Magnet 

Wire bears a sticker which not only 

indicates size, weight, insulation, etc., 

but also assures you of dependable 

quality. Anaconda - the standard of 

quality . . . on magnet wire and on 

64 other wire and cable productso 

AN~tlDA 
from mine to consumer 

'J j _ , 

ANACONDA WIRE & CABLE CONIPANY 
GENERAL OFFICES ; 25 BROADWAY, NEW YORK 
CHICAGO OFFICE: 20 NORTH WACKER DRIVE 

Sales Offices in Principal Cities 

Magnet Wire Mills Ilt Anderson, Indiana; Ml.lskegon , Michigan; Sycamore, Illinois; and Ansonia, Connecticut 
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TUBE 
SALES TO 
CONSUMERS 

OUT of the l·xIH.:rielH'c 
gained thus far ill (lie sale 

of radio receive rs to llie puhliL, 
enough has be!: 11 karllnl ('0 

.point the way to st;\bk s),slnlls 
of merchandising. 

It i~ perhaps inescapable that ill pl' rjlld~ ()f 

lJUsiness depression the scramble for bllsinrss ()II 
the part of competing manufacturenl results in 
practices developing \-vhich, although th ey may 
have temporary advantages in i.l1dividual in!lt:l ll ccS, 
ultimately result ill general dcmorali~ation of 
sales . 

So far ~s tube sales art: concerned it slioliid h~: 
apparent that either by association control ('I" hy 
cooperative deliberation between Jll:\llIl ra (, lIl I" I; I' S, 
the large gross s~les could be maJc pro/ilable tl) 
the manufacturers and at the samc rilll \; 1II0l"e 

satisfa ctory (less disturbing) to tll\: III t·i 111 :11'1: 
consumer. 

There are two factors of tube Jlll· I · , · h : II((li~illJ.,!; 
which cry aloud [or sane adjustment. 01\1.: is tll'le 
matter of "guarantee," the other that cd lli l; IIlli . 
versalit), of tube types applicable to 1110'11' lllo.] l; ls 
of radio rec~ivers. The set manu f al'tu 1'(; 1' \\'110 

makes his own tubes or who "adopts" a re 1'1 a i II 
make of tube for his receivers, may han all illiti :.! 
advantage in selling bo th receiver and \'uhes :11 
the outst:t. Dut, from the viewpoint or: I'IH: (1111, 

tinui ty 0 f reception service so impo I"tanl til th e 
best interests of radio, it is detrimental i r til l.: !id 
oWller is given the impression that oilly a l' ITI'ain 
make of tube will permit the set 10 du its lH' sl 
work. And, when a receiver manufac\'III'C'I' sd s 
ont to broadcast th e idea that only a c!:rLlili ITP I.: 
of tube must be used in his receiver , OJh' 1" '~ \llt 
that foJlows is the vicioll s circle of retaliatiol1 , 

As has been poi nted out be fore, in a gi \'(:n VI' ;l r, 
reasonably definite specifications gavel'll I'Ile 11l :11\· 

ing of standard radio tubes. 
Radio receivers, to be generally satishctlll')" 

should be built to operate successfully wif'll 01/ 
standard tubes. 

Responsible tube makers standardi'll' I'heir 
product and analyze its operation wilh tIlt' ;\id 
of precision equipment, designed by COIT\jlC\(:lIt 
:wd experienced tube engineers. Ex-tensiv!: inv es
tigations are made of factors affecting vital phl'
nomena as primary and secondary grid ell1issi oll , 
noise (including hum) , microphon ics, "catill~ 
time, reverse emission, interelectrode cap:l l'itics, 
mechanical strength, etc. Then follows the ;t II· 
important test under adverse ope ra ting condi t in IlS 

- the checkup during hundreds of hours of hurn
ing-mutual conductance, gas, oscillation, plate 
current, emission, voltage amplification and 
numerous other characteristics . 

There is in this situation common ground upon 

4 

",hidl either the organized radio industry, or its 
individua l economics experts should meet without 
further delay . , 

On the subject of "guarantee," more anon. 

SUPER
HETERODYNE 
DIMENSIONS 

... 
I T WAS no doubt a fortunate 

thing for the superhetrodyne's 
cyclic visitation of 1931, that 
the tendency in midget set de-
sign had turned toward larger 

dimensions. Receivers still designated as of mid
gd construction have this year taken on housing 
proportions of little less bulk than the table mod· 
els of a year or two ago. 

III view of all that is required to make up a 
s;t(isi'actory superheterodyne radio, and in the in· 
l'nest of IOlldspeaker preservation of the low 
('''lies it is well that the trend was not toward vest 
jlllckct or thumb nail receivers. 

HARNESSED 
ELECTRONS 

... 

M ODERN vacuum tubes 
may be viewed from vari

ous angles when one attempts 
to form a picture of their uti] 
ity in radio and in other appli 

cations. The tube may be considered as a piece 
of apparatus-an instl'llment- -capable of per
fllt'llling known functions, Or it may be viewed as 
all aJdition to or a complex element of an other
\l'i~c simple electric circui t. 

'J 'here are Jive processes by means of which 
1:11' (;1 rtlils ma y be ca used to pass (rom a metal. In 
(l'rl';1 ill ci rctlmstances several processes may be 
i1l\'1l1\'l;d at the same time. These are high tem
I'I;ratIlI'C, photoelectric efi ect, bombardment by 
hi~h ~pccd particles, contact with excited mole
I'liks or atoms, and removal by strong electric 
ac!:ioll. The "pulling out" of electrons by high 
lie Ids h :\s ca\lsed 110 end of speculation on the 
I'al'\' nf research engineers working on vacuum 
t ll ll\~ prollkms. 

Till: cilicicilcy of an electron emitter, such as 
III :I\' {lIl'Ining :tn element of a vacuum tube may 
hI; r:ltcd in ' milliamperes of electrons furnished 
11 1.; 1' walt [)f heating energy. It will be some 
Ii 111 (; vet. Ililwel'C r, before understandable, and 
dl:pCII ~ lilhk, laws are established in current term
i' lnl()~ )', whirh will explain surely the physics ;lI1d 

dl Cllli sl'I'Y uf electron emission. 

clJQ-nuJ.~~crr{ 
Editor. 
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Scientific tests 
at N. Y. U . 

.. hu\" ll'U" ill ll h'a( r l!'! ~ 
... ,.h l" . nu"kld .,)u) wn 
lwlllw in ... hllh:/t ~llI !(U 
:11111 \"iu/al)UD I (: "~. 

prove that fastenings made lvith Self-tapping Screws 
have GREATER TENSION and SHEAR STRENGTH 

than fastenings made with machine screws 

TIlE question, "Do Self-tapping Screws, noted for 
economy jn assembly \I'ork, have greater or less 

holdi ug power than the fastelling devices they u.suaUy re
place?" has been answered by scientific tests eond ucted 
by the College of Engineering, New York Universily. 

In an Olsen te"ting machine, tension ~nd shear load~ 
were applied to a number of metal assemblies made 
with the two types of Self-tapping Serews- -Hardened 
Metallic Drive Screws and Hardened Se1f-tapping Sheet 
Metal Screws. Under identical condition~-ruachinc 
screws· ·the roost common alternative means of fasten
ing, were also tested. These lests proved that fa8tcnings 

made with Self-tapping Screws have invariably higher 
ten sian and 8 bear strength. 0 ther tests demonstrated 
their superior bolding qualities under vibration. 

The booklet offered below completely describes and 
illustrates a 11 of the leSls-tension, shear and vibra
tion -coDuuctd at the College of Engineering, N.Y.U. 
It will be sent to you free-just mail the COUpOll. 

Witb .it you get another interesting booklet, showing 
the large savings gained on the metal assemblies of 
Dlany well-known prodllcts through the \lse of these 
u.niqlle Screws that eliminate tapping, luulbling with 
holts and outs, and other fastening difficulties. 

PARKER-KAlON·d/ordened Self-tapping Screws 
PAT. IN U. S • .AND rOREION COY NrRIES 

I~. " ' " '-;~~~~~'~~~~~-~~~;~-~~:;;~~-~-~~;;-~-~:;~~~2-;O-~~~I-~~-~;~:~-~;;~-;~~-~.-~.--------
~ Sen.! we free hookl"t" on the Security and Economy of assembli". made with Self-tapping Screw~. 
'''U'.U'~.C. ,.tlll'ft... Name an(l Co. ---- ____ __ ___ _____ ._. ~ -- -_. ___ ___ ___ __ ___ . ______ ______ __ ___________ ~ .... _______ ___ _____ _____ _______ ___ _ .. .. 

• ~n ... I)4~. 
, -~- ...,..) .A...,. .... ,.: .... Ad d rc,s ------- --- --. -- .. -'- -- ----- .. -... -. -- ----- ---. -- --------- --- ........ .. , --- ......... -. --- -- -- -- . --------------
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You Don'tNeed A Can Specify ElkoD 
Without . 

the.CaD and 
Reduce Your 

Condenser 
Cost 

With The 

ELI(ON Non-Aqueous 
Hi-Volt CondeflJser! I 

The sturdy. wa~-dipped carcfhard 
carton used on Elkon condensers is 
ample protection to insure efficient 
operation. 

If your s.t.t i$ already designed for 
cOlidens-ers 'on top of th'e chassis, 
the 'Elkpn condensers· may. be 'placed 
urider :an ineKpensiYB drawn metal 
cover, 

otherwise-

- the condensers may lre mounted 
directly to the under side of the 
chassis. 

l 

There·s Nothing to Spill )) » » 

Nothing to Leak' » » ) 

ELKO N II lo11!.! offers this opportunity to reduce your 
condcn$c l' costs by eliminating the can. The sturdy, 

wax.~c"l~J cardboar;-d container used on Elkon con
denscfR is ,lJl Wlc protection to insure efficient operation. 
The orher features of the Elkon condenser also show 
why 111I1.Il)l k·:-tding set and instrument manufacturers 
have adopll.!d the Elkon condenser as standard equip
m ene': 

1 Hlllhut FilII" hIli CnflllCfty IJ f 
H".Y .J t': t~"' f} 'J· I{"; ..;.,,,dcllscr. 

2 Hlalh WUfklnll Volin Ie: 450 
111,lr,;- I\·I, " ___ "t' '11'~ .,(lir/l('llr 

ir,;ury (nt1l ,,,' ,; ,,r I" ;U""; ill ,,,~_\' {: l'.'-" 
of .57$ ... ,.,11.;. 

3 IIlrlolutlllr Dry: .. \ l'(Ill</'; IIwI" 

t .... '" 1(1),;,. /; ,,/I 11'1111:" i .• 
dim'-""":"" 

4 Low Lvnk""n: NUI"'''/ Yuk.1 
/""/"'1:1) 0.1 ",jl (-,.,' ",f./. 

(Af,er o('<i ,-tot i lll{ ., /, (,,-, , ... r;'1I1 
t h I! ICCI(w}.;<J i, u.o: ~ ~ , .. 1/ < I',) !'I .. /rI.) 

5 Impervioul to Low T.,"lllorll
tures: O,'el.l/,e, ,·f/i., ;.;",I.v 

from mil1" .~ ./(1" l' (I, ' :~'i'" ,I:, 

6 Long life: To reduce repla!;e
Illen(s and interrupted serv

ice periods to a minimum. 

7 Self Healing: Transient peaks 
in excess of 57'; ,'olrs do nul 

injure tlte Elkon condenser. 

8 Compactness.: Smallest cu
bicalvolume per microfarad 

of an)' !;onderuer on the market. 

9 StablUt, in OperatIon: To 
gl<(lrd against mechanical 

and electrical variarion that 
.vouZd affect action of the 
cin;.tit .. 

10 low Cost Per Mitrofarad 
Per Voltage Rating: A 

large safety factor in volt relt
ing for the same co .. , as 
I"'v~r volrage condensf:TS. 

Samples built f(,) YOlir sP(; ~iflcations will be sent to all 
recognized manllfacllll'l: r~ (metal cans will, of course, 
be supplied if clesin·d). , 

Send j01' hoo/d(!t gi'lJi 'n,~ comlJlcte technical 
d({t,( (mei gc.mf;mL dC:-IC)"i (Jtions. 

EL.l(ON f)fVISI()N 
P. R. Mallory & Corupau)', Iocorporated 

Indianapolis, Indiuna 

~ 
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The new RCA 235 is nat in
teTchangeable with any OI/te7 

, RCA Ro.diot"lcn ClT\a muse be 
used in circuirs especially de
signed fo-r its characte7istics. 

• 
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Announcing 
the New Super
Control Screen
Grid AmpliFier 

THE RCA Radiotron Company, Inc" is pleased to 
announce a screen grid radio frequency amplifier, 
designed especially for reducing cross-modulation and 
modulation distortion. Furthermore l its design is such 
as to permit easy control of a large range of signal 
.voltages without the use of local-distance switches 
or antenna potentiometers. This feature makes the 
tube adaptable to automatic volume control design. It 
is designed for AC operation, and employs a cathode 
of the quick heater type. 

Tentative ratings and characteristics of the RCA 
235 are: 

Filament Voltage • . 
Filament Current. . 

2.S Volts. 
1.75 Amps. 

Plate Voltage (Recommended) 
Screen Voltage (Recommended) . 
Grid Voltage 

180 Volts. 
75 Volts. 

-1.5 Volts. 
. 9 Milliamperes. Plate Current . 

Screen Current 
Plate Resistance 
Mutual Conductance 
EffeCtive Grid-Plate Capacitance 

Not over % of plate current. 
200,000 Ohms (Approx.) 

1100 Micromhos. 
0.010 uuf. Max. 

RCA RADIOTRON COMPANY, INC. - HARRISON, N. J. 
A Radio Olrporotiolt of ArneriC4 Subsididry 

RCA RADIOTRONS 
« « The Heart of Your Radio It » 
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The original research and development 
work of Dubilier engineers in the elec
trolytic condenser field is now at your 
disposal. Do not h'<lsitate to place 
your condenser problems before us. 
Details and samples of Dubilier Hi·Mike 
Condensers will be cheerfully submitfed. 

RADIO ENGINEERING 

• 
DUBILIER 

Inverted Type 

HI-MIKE CONDENSER 

• For sub - panel wiring jobs, the 
DubiliQr engineers have developed 
tho Dubilier Inveded Type Hi-Mike 
CQndonse r-a fitting companion for 
tho stGndard type, with the same 

noral characteristics: 

I. Aluminum can 4112 by I % inches, 
into rchangea ble with other stand
('l rd electrolytic units. 

2. Stand~rd capacity of 8 mfd., 
with highest percentage of effect
ivo capecity. 

3. Working voltage conservatively 
ratod at 400, peak of 430, and 
capable of withtanding 500 for 
short po riods. 

4. Fully sQlf-heBJing, ref 0 r min 9 
fostor thon any other electrolytic 
condonsor. 

5. Lowost IOtlkage at high volt
tlgos-approximately 0.2 milli
(lmporo ot 430 volts peak, after 
100 hours. 

6. Power foctor less than 10/'0' 

7. Life expodt!lncy in excess of 
requiremonts of usual radio 
assembly. 

8. Compact, cloan, non-spillable, 
efficiont, inexpensive, self-heal
ing, reliablo. 

D U [;] o L I ~ [Il 
CONDENSER CORPORATION 
4377 BRONX BOULlVAAD NEW YORK CITY 

-



Ew.rrlhlrl$ In prehistoric Peru 
I,('loflsed ,<> the Jnc~ tf,e copper 
MId sold mlnl!s w .. re worked 
(')t(:/Ilslvcty for tI,clr benefit. Ac:~ 
core/ins /0 tradition 'he Incas 
.',o\'l!rlleel wf.se/y, and never 
1II"de war .... lIhollt just cause. 
fhey w er e of a hish ordlU" of 
Intetlisence and IMeI lhill ca
pacity for leadership w/J/eh 
res"lted In a most emcfent[y 
orsani;zed sovernment. 

Symbolic of the 
best in copper 
wire products. 

D istinction in coils? Y~s •• • distinction in 
appqaranc~ • • • distinction in pqrformanc~ 
• • • distinctions of utmost importanc~ to 
th~ finish~d s~t or radio unit. 

Inca coils hav~ a practical sid~, too. Your 
~nsin~~rs will ucogni::;~ th£ir sup~riority 
from an £l~ctrical standpoint; y our plant 
manag£r will find th£m b~tt~r to hand(~ 
and ass~mbl£. 

Th£ pat£nted fi£ld coil for dynamic speakers, 
audio coils, choke coils, radio frequ£ncy coils 
and power coils • • • aU have outstanding fea
tures which distinguish them from the ordinary. 

We would welcome the opportunity to furnish 
samples wound to your specirications. 

MANUFACTURING DIVISION 

Eastern Offtce: 233 Broa.dway, 
New York, N. y. 
Weslern Offtce: 1547 Venice 
Blvd" Los Anseles, Calif. 

of NATIONAL ELECTRIC 

PRODUCTS CORPORA lION 

FORT WAYNE, INDIANA 



ACTICALLY y 

SPECI FICATIO 
CAN 

HOW often, for ex-
perimental purposes, 

have you ordered a small 
qualJtity of r are metal 
wire or sheet in an odd 
size, only to be told that 
it w 0 u I d take days or 
weeks to make this metal 
to your order - and at 
'~special" prices? 

E 

, -

It pays to turn to Fansteel first
always - because there is here main-

LL'ED 

wined a complete stock 
of Tantalum, Tungsten 
and Molybdenum wire 
and sheet in a wick as
sortment of diameters 
and sizes - ready for 
immediate s hip men t . 

Should it happen that 
you r rcquiremen ts are 

most unusual, we can draw, roll, or 
otherwise fabricate rna terial exactly 
to your specifications, and ship 'it, 
usually, in a few hours. 

Ci"c tlU8 5ervlco a lrial, ulso get quoration6 ccmering your 
regular production reqUlrcmen~ 

FANSTEEL PRODUCTS COMPANY, INC., 
NORTH CHICAGO, ILLINOIS 

-
TANTALUM·TUNCiSTEN· MOLYBDENUM·CAESIUM· RUBIDIUM AND ALLOYS 

A1 
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iAEROVO)(l . . . -BUILT DETTER 
ENSERS AND RESI 

The Most CODlplete Line 01 
Screw Mounting DRY 1:leetrolytie Condensers 

in the Radio and E:lectrieal Industries 

wounded Can 
Mounting 

Disassero.bJed view of Dut, 
lock washer and sc.rew 
mounting dt::signetl to au to
maticaJly connec.t cathode 
(ean) to lDelal cbas6i5. 

Available in a wide vnriety of si:r.es, eapacitiu, voltage 
cb"racteristics and mounting features. These unil£ are Dry, 
Low in Coat per M.icrofarad pel" Volt Rating, Compact, Light in 
Weignt, Safo, Surge.Proof, Self· Healing, and provide Long Life, 
Stable Operation and High Filtering Efficiency. They may bl! 
mounted in any po~ition-Upri!fht, In"ertcd, Horizontal Ot at 
any other angle. 

FREE! 
A copy of a 32·page book, containin!: a wealth 
of information on all types of electrolytic 
condensers will be sent free of charge on 
r"quest. Just mail the coupon below. 

Au1"'OYOX Wireless Corporation, 
76 W ... hl"glon Street, 
Brooklyn, N. Y. 

Plea.~c "~nd me, without r..harKC or DbH~ation, a 
COpy of your 32- po.g. book, "The HI.Far .. d DRY 

. Electrolytic C'OtIdenser.11 

Nl\Jne •........... •.. .. .. . .. .... . ...•... .. . . . 

Addreu . .. . .. . . . ... . ........ . .. .. ... . . . . ...• 

City. . . . . . . . . . . . . . . . . . . . . State .... . ... ...... . 

Insulated Can 
Mounting 

Dlsal5.semhlcd vir:w of nut', 
lock washet' and s.c.rew 
mounting de51!lncd to iI\su· 
late catbode (can) from 
metal Chaio:iis . 

" 
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PdyS~ for'ltself 
Schools, churches, clubs, hotels need the portable PAM Address 
system. With it, a speaker addresses 500 people as easily as 
half a dozen, Speech and music, both vocal and instrumental, 
are amplified with excellent quality. 

The units in this system are completely matched and designed 
to operate together. Naturally the results obtained are superior 
to a combination of units procured from different sources which 
were not designed to operate together. 

The two units that are required (MIK 100 and PAM 100) to
gether weigh less than 75 pounds,. and the system can be set 
up ready {Ol' lIse in Jess than five minutes. No batteries are 
required ..• and the price complete with tubes, microphone, etc., 
and nothing left to buy, is $343.00. 

Send for twin folders RE4; one descriptive of the PAM-lOO and 
the other of the MIK-100. 

SELL 
l'ortable PAM Address system to 
institutions that hold regular meet
in~ and need the equipment per
manently. This price is reasonable 
and the profits are large. 

RENT 
Portable PAM Address systems for 
special occasions. One man can 
transport the entire system and set 
it up in five minutes. After a few 
ren tale the cost is recovered and 
fnture income is all profit. 

Main Offi.", 
Ca~fOn.. MU$. ~f1?~€i FaCtOries: CanfOD.II.Ild 

W.terlOWII, u..,,,, 

IUIIUf"'C1VR[~5 .~IHC~:le~ 

m"~ 
~w 

APRI 

CI 

~ 
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Aat 
a Whale of a Diffirence 

a Few Cents make 
to paraphrase this popular slogan, CENTRALAB 
Volume Controls do cost more. 

But it is hardly possible to build for less a control 
that embodies the exacting specifications, the parns
taking care, the fine engineering skill that make 
CENTRALAB CONTROLS a necessary part of 
millions of modern radios. 

When dealers predicate the purchase of a line 
with a definite demand that it be CENTRALAB 
equipped, it is safe to assume that nsuch popularjty 
must be deserved." More than twenty million 

VOLUME CONTROLS 
have been built ... a real tribute to quality ••. a splendid 

testimonial to the desire of the radio set manufacturer to 
gjve their public the best. 

CENTRAL RADIO LABORATOR.IES 
928 Keefe Ave. , Milwaukee. Wls. 
Endosed find 25c for which aend me new 
VOLUME CONTROL GUIDE. 

Name. , . . , . • , .. . . .. .. .......•..• • . . .... 

AddcC'SS ••• . ... .. . . ••••• . •..•. . •••• .. • . • 

City . . . . . . . • . • . . . . . • • . State . .. ... ..• • • 
R. ED". 
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HEADR 
TO THE 

FIFTH ANNUAL 

TrtideSl10 
AND 7TH ANNUAL RI'IA CONYENTION 

CHICAGO ~ 
JUNE 8 to 12t~ 

BU$INE$$ FORYOU WITHOUT BALLYHOO 
EVe-RYBOOY I#LL BE THERE 

Bu$inoSS will be the key-norc during "Radio Werk" of 
June 8rh. Thi$ will b~ a "buSineSS " sbow and buSineSS 
[or YOU . buSineSS for everybody in radio. 

Th~ Na'ional Furni, Wr. Industry and rlw Music Indus
uy OliO will be hold ing convenrions and ~xhibJB in Chi
ugo. d'awing thousand, of visitors. during "R~dio 
Week." 

All rhe new r.tdio products On display in rhe [r.ak show. 
Every !c~ding manufacturer of receiving 5er5 . rubes. 
speakers and ar<essori<s has resHved exhibit boorhs in the 
I r:Jdc show and <lemonstruion roorus in hotels . Thcr~ 
will be mor~ new circuits . new tubes. new spc~kcrs. new 
c~bint[ designs. 3/ld MW radio producrs. inrloding home 
calkiu. lelr\'ision . remole conlrol. and olher r.tdio drvices 
and products tOJn ever bdore in One year. 

Thirty IhouS-lnd (30.000) square feel of [.ldio exhibits 
in 'he Gr.tnd 6311 Room and Exbibition H.111 o( Ibe 
5t C\'ClIS Horc!. 

ADMISSION TO TIiE TRADE ONLY - NO 
VACANT BOOTHS - ALL EXHIBITORS RE
QUIRED TO SHOW THEIR MERCHANDISE. 

Twenty-fin thousand fadio manufactunrs, jobbHs 
and dealers ~xpec<cd to attend. 

Reduced f3ilroad ntes b"ve beEn grAnted en all lines
one and one-half fare rare. S ecure certificates from lon\ 
rai l road ~gcnts. RMA special trains ffO/Tl all seCtions. 

Official hotels-Stevens Hotel (bradquarrHS). Black
stone. Congress and Auditorium Hotds. with drmonstr~
lion rooms of manufacturer'$. 

INDUSTRIES AND EXHIBITIONS 
Radio industries. June 8 -12- RMA . National Fcdna

tion of Radio Associations. Radio WholcSllers AssociJ
tion and NatioJ'l~1 Association of Broadcastus. 

Music industry ~onvention and exbibiu. P~lmer House 
-June 8-10. during "Radio Week." 

Institute of Radio Engineers annual convention. Sher
man Hotd-June 3-6. 

Annual national "Furniruce Mart" with 25.000 fur
nicure buyers. jobbers, dealers and manufacrurtrs
June 1-15. 

Business me.rings and emerlainrnon( for visitors during en
cire "R"dio Wrek" - Juflt 8-1 Z- RMA "5"g" party Wedn .. -
d.y. June I O-Music Induslry banquet. Tuesday, June 9. 

Apply now dicecr to horels for rcom re'trvations. 

RMA. invitation ([cdrnri~l. mailed to th~ trade abour May 
lsI. For information or c"dccrials write to Bond G,ddes. 
RMA Executi,'e Vin-Pre,ident. Srevens HaUl, Cblcago. or. 

~ '~: .. ;.;. (IRADIO MANUFACTURERS 1~1l~~1I1 
ll-W. 4ZND Sr. N.Y.CITY 32 W. RANDOLPH Sr. CHICAGO AUDITORI UM 

APRIL, 
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FRO S T - R A D 10 

Amazingly noiseless-
Frost-Radio engineers have been amaz
ingly successful in removing the cause of 
noise from wire-wound controls. In the 
new Frost-Radio No. 20 Series there is an 

entire absence of noise. The operation of 
these controls is velvety smooth and silent 
to a degree heretofore believed impossible 
in wire-wound units. 

No. zo Sme s 
Sill£1e Conlrol 

Nc. 20St.Tra 
Tand~"J V'lij 

uri/II A ,Cj .s~Llif{ h 

Specially designed variable contactor 
This is accomplished by using a specially designed vari
able contactor which makes two separate and distinct 
line contacts with the resistance element, each contact 
being %'2/1 in length, a total line contact of Vt6"' Frost
Radio construction makes it possible to employ more 
turns ,and larger wire. Space between turns has been 
successfully reduced to one ten-thousandth of an inch. 
Contact pressure has been greatly reduced, and danger 
of cutting and scoring practically eliminated. Nor can 
dirt, fragments of metal, etc., prevent the runner from 
making posi tive, continuous contact with the resistance 
clement. NIost a mazing of all, fatigue tests have shown 
that our No. 20 Series Volume Controls can be de
pended on for 1,000,000 complete rotating operations 
without trouble of any kind developing . .. :rngineers 
are invited to send us specifications of their volume 
control requirements. 

No. 20 Strits 
TandunUn/1 

No. ZO S.rits S '" gJ, 
Con/,(l/ wilh A. C. Swilth 

CHICAGO TELEPHONE SUPPLY CO. 
HERBERT H. FROST) Inc. 

SA U : S D I V I SID N 

GnuralOffice.r ELKHART, INDIANA and Plant 
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By AUSTIN C, LESCARBOURA 

DX DAYS W, 
AGAIN 

HA TEVER the cause, 
radio reception has materially improved during the past 
sixty days. Suddenly, as though a veil were lifted from the 
average radio set, it is now possible to pull in cListant sta
tions with little or no effort. Coast-to-coast reception has 
become commonplace during the last month. DX days 
are here again, even with one-dial receivers which allow 
little if any skill in tuning in weak signals. 

We are particularly fortunate in having this Lucky break. 
The radio trade is going to cash in on the DX possibilities. 
After all, your public is always fascinated by the spanning 
of distance, and that ham-and-egg prog-ram from three 
thousand miles away is bound to prove more interesting than 
the wonderful prog-ram from the local station. 

Meanwhile, we are wondering whether the proposed 
increase of power of many of our stations is wise at this 
time. During the past half dozen years, reception has been 
rather poor, as compared with the early days of radio. 
Hence power rating has been constantly increased in order 
to provide a reasonable service area. But now, with the 
atmosphere suddenly clarified and witi1 signals reaching out 
several times as far as heretofore, we just wonder whether 
further increase in power is justified or even wise on other 
than cleared channels. 

SHORT-WAVE 
CONVERTERS 

'" 

THE general availability of the 
superheterodyne circuit to licensed set manufacturers is 
reflected in the sudden appearance of practical shorl-wave 
converters for use with the usual tuned r·f. receiver. Even 
the RCA-Victor organization, with its well-known con
servatism in engineering and merchandising matters, has 
seen fit to introduce a superheterodyne short-wave converter. 

The superheterodyne converter is, of course, a signal 
frequency changer. It intercepts the short-wave signal 
and. by means of heterodyning, converts it to an interme
diate frequency falling within the usual broadcasting wave 
band. The output from the converter is fed into the usual 
tuned ·r-f . receiver. which serves as an intermediate tre
quency amplifier, second detector, audio amplifier and loud
speaker, complete. The results are truly remarkable : in 
broad daylight, the short-wave signals from England, Ger
many, Italy, Holland and other distant countries can be 
tuned in with almost as much volume as l.ocal stations, and 
with a reasonable minimum of background noise and 
fading. 

The big problem in using the short·wave superheterodyne 
converter, however, is to find a blank spot on the usual 
broadcast receiver. This is especially true at night when 
the tuning dial from end to end is occupied, even when the 
set is disconnected from antenna and ground. 

Just how soon the short-wave converter feature will be 
incorporated in the usual console is a matter for conjecture. 
We opine that it won't be long now. There are too many 
good things on the air among the short waves, while the 
superheterodyne converter makes the addition so simple, to 
put off this big sales point much longer. 

TELEVISION W 
REACHES 
FIFTH AVENUE ITH the inauguration of a 
sight and sound broadcasting studio on Fifth Avenue, in 
the very heart .of New York City, television may be consid
ered as definitely emerging from the laboratories. Station 
W2XCR, rated at 5000 watts, is to broadcast the visual 
portion of the program, with Station WGBS, a well-known 
sound broadcaster, for the aural portion. 

It is our personal belief that television only awaits the 
magic of showmanship to convert it from a laboratory 
experiment to a merchandising possibility. Until now, 
well-meaning engineers have operated the television trans
mitters, and while they have in some instances aspired to 
real program services, they have been seriously handicapped 
by training and by laborat.ory considerations from attaining 
true entertainment. 

The sight and sound broadcasting studio in New York 
City is the first real test of television entertainment. Located 
in the heart of the largest entertainment center of the 
world, with an inexhaustible supply of talent to draw upon 
-much of it without cost because of the publicity accruing 
from an early televisi.on appearance, the studio should have 
no difficulty in evolving programs of real worth. 

Frankly, the matter now comes down to the receiving 
end. \¥ill an audience be created for the studio's efforts? 
Will the artists and speakers be assured of a worthy gath
ering of lookers-in, to make their efforts effective? In the 
answer to those questions lies the future of the television 
art from the practical, everyday standpoint. 

~ 

LIGHT Wo' 
VALVES 

ORD reaches us from Eng
land and Germany regardin~ the recent progress made in 
the light valve art. Vie cannot mention photoelectric cells 
in the same breatb, for .our British and German confreres 
have developed devices which do away with the intricate 
vacuum tube amplifiers heretofore associated with prac
tical light-sensiti ve devices. 

Simplicity itself is the keynote of the recent advances. 
Light valves are now available which can operate an inex
pensive polarized relay. A B-battery completes the arrange
ment The contacts of the relay can control the desired 
circuit, or if a considerable current is to be handled, a sec
ondary reby may ·be added, with a m.ost ingenious form 
of vacuum contact arrangement to handle large amounts 
of electricity. 

When tht: many possibilities of a simple and inexpensive 
light valve are considered, it becomes apparent that we are 
about to enter still another era of commanding electricity 
to do our bidding. What the vacuum tube has made possible 
by way .of impressing our will upon eleclricity, the light 
val ve promises to duplicate in its respective field . Only 
the intricacy and high cost of the photnelectric cell and 
its associated equipment has heretofDre stood in the way 
of a wider application of light-controlled devices. 

APRIL, 193 r 
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I tis Easy To 

Look for 
Robust 
Rectifiers 

IdentOfy 

Ample and uniform current supply for 

every tube in the A. C. radio set - that 

is the function of the rectifier tube. De 

Forest engineers have insured that func

tioo with these latest refi n ements: 

I. Special atloy hooks maintaining uniform ten

lion on filamenh. 

Ingenious clomping 10 insure accurate plate di· 

menslons for equali~ed full·wove rectification. 

3. Corboni::ed plates insuring maximum heal 

dissipation 01 higher outputs demanded by 

latest 5 el5. 

4. Tabbed filament to insure low-resistance 

welds and prevent weakened filament due to 

spot welding. 

5. hhaU5t port positioned well below Dress 10 

avoid leakage. 

These and many other advanced fea

tures found in every type of fresh De 

forest Audion, insure the ~ 931 perform

ance of any radio set. 

This is the fourth of a series of debunk

ing messages dealjng with 1931 radio 

tube features. The entire story can be 
sent to you immediafely, jf you 10 desire. 

:'I : J ' 

1 9 3 1 

RADIO TUBES 
DE FOREST RADIO CO., PASSAIC, N. J. 

--~~--~-----------~------------

Page 17 

Tub e s 

After all, there's no su:bstitute for 25 yeo'rs' experience 
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SELECTIVITY S ELL S SET S 

Textolite 

Listening to Your 
Favorite Radio Program 
Unmolested by In ter
ference from Competing 
Programs 

Safeguards Selectivity 

PROGRAMS that once quarreled their way 
through now flow in with satisfying clarity

where the insulation is right. That's why some of 
the most prominent radio manufacturers have 
intrusted the right insulation of their receivers to 
laminated Textolite. 

Here is a superior material that emerged fully 
tested from one of the greatest research labo
ratories in the world. It has proved its ability to 
preserve the original precision of tuning with un
flagging fidelity. It possesses a practically constant 
power-factor under varying conditions. 

Don't hesitate to request information on Textolite 
- in sheets, rods, or tubes - from the eastern or 
western fabricators, or from the Textolite specialist 
in the General Electric office of your vicinity. 

General Fabricating Co. 
37 East 18th Street 

New York City 

Electrical Insulation Corp. 
308 W Washington St. 

Chicago. 111. 

GENERAL. ELECTRIC 
88S·5l 
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What of the Future of Industry? 
T' [F survey just completed by the Sherman 

l 'orporation, industrial management engineers, 
tlliitains more of common sense and constructive 
~\lg~cstion than any other inquiry carried on since 
(ile recession began in October J 929, 

The anaJysis of the returns in connection with 
('his study shows that of 2,304 responses, 1,028 
(II' these executives consider that revision 0 f sales 
;tll d merchandising plans and reduction of oper· 
;Itillg costs are vital factors in meeting existing 
conditions and snapping business out of its present 
nebulous state. 

There is one point on which there a ppears to 
he practical unanimity relative to the business 
rcn:~sion that has cloaked America for almost the 
past two years; namely, that a greatly over-pro
duced condition exists and that productive capacity 
III terms of orick and mortar and equipment, due 
1'1) the buyi'ng instinct being dampened by the mist 
of nervousness as to the permanency of work, is 

1' ;1 1' in excess of domestic requirements, 
1 t is only natural, 

I'ilnefore, that at this 
1'1111 e th e we i g h t 0 f ~1 1 1 !I I I I I~m l l ll l l lll l l l l lim l l~1 1 1 1 1 1 1 1 111 1 1 1 1 ~ 1 11 1 1 1 1 1 1 !l lm~~mll! milimilm 

would show a reducrion in operating costs and 
permit lower retail prices," 

"Reduction of operating costs by better plan
ning, lowel- material production cost, a more sta
bilized labor condition and freedom from welfare 
laws and bureaucratic control . ' , , , " 

"Scrap obsolete machinery thereby reducing 
operating costs and in tum stimulate buying," 

"Shorter working hours, with a high wage rate 
and greater production per man hour, should help 
to balance production and consumption and extend 
both. Such a programme must be predicated on 
low prices to stimulate marc liberal buying." 

"l'ltelligent I evclli JIg (J f ave r head and unp ro
dUNive expense, together with progressive mer
cbandising methods, will solve the problem for 
most business activities ," 

"Intensified managcmcnt will show the present 
leaks and fail u res 0 f the husiness a nd a llow the 
improving of manti factu ring fJrocesses thereby 
redllcing operating costs per unit." 

"Consumer buying 
at p rcscn t is discour
;Iged by many retail 

attention should be 
Clllh:entra ted lip on the 
~cll i ng, merchandising 
aile! distributing phases 
(, ( business opera tion, 

What Business Executives Think of the Present 
State of Industry Constitutes the Most Infor

mative Analysis Possible 

establishments who 
frequently have none 
or the t\esired articles, 
or only one, which 
they \ViII 'not sell , 

If people would 
buy to satisfy their 
norma 1 reqlli remellts, 
snys almost everybody reporting on the factors 
wnsidercd in the study, the fog would clear. The 
perplexing question, however, is - How to induce 
t'he public to open lip and buy? 

Advertising drew 5 I r affi rmations as being a 
means of spurring business activity. The com
ments indicate that sane, honest advertising, when 
properly directed and fitted to the needs of specific 
products and markets can play an important part 
In treating the desire to buy. 

The replies to specific questions, while varying 
somewhat ill certain instances due to local COI1-

ditions, were in the main uniform on various 
fundamental points, 

The \,jewpoints expressed i'n the following quota
ti ons from the report a re those in which there is 
wid\: agreement among business executives: 

"The wastes of time spent in traveling, in wait
illg for buyers, in making personal calls on buyers 
",hose total volume of business does not warrant 
sllCh calls is l~nO rmous," 

"vVe ought all to be spending more time to 
d 'vising ways and means for cutting sales costs 
ill ong with reduced operating costs." 

II Lowering of salaries to the high sab ried class 

IIIIII i l l l ~ 1 1 1 1 1 1 1 1 1 1 11 11 1 ~ l l l l ll l ml l~nll l l ll l l l l l ll ll l ~m~I I II II II I~ I I II I~~ij~ 11 1 ;~I~;; ~ r () f r ~ n i~~f~ r~~d 

19 

thar they (the retail
ers) do not expect to rCf,>lcnish their stocks this 
S(;;lSOIl, or before invcJ\tory, etc." 

"Buying must be stimul:'ltcJ - first of all, 
through the development of new products; sec
ondly through eRlciency in manufacturing which. 
however, should not be brought about through 
lowering of wages but through the new progres
sive devices." 

Itlmproved manufacturi'ng procedure - effi
ciency, and dimill:ltion of wastes, would certainly 
bc helpful." 

"Operating costs should be reduced, not by 
wage cuts but by installation of more improved 
methods and elimination of waste." 

"With lower costs" America could ,sell ,much of , 
its surplus to foreign countries," 

IIere, then, we have a survey the results of 
which are worthy of serious consideration and 
study b)T every executive and engineer engaged in 
the design, manufacture and sale of radio 
equipment, 

Once there is general agreement as to the 
nature 0 f the factors responsible for business 
depression, there is less difficulty in planning 
remedies, 



Other Allen - Bradley 
Radio Products 

8rodl.yunlh me ,oli<l molded 
r..nhlon, mado in Avo 1 iz~n wi th 
or wi thoullin nod load •. They 
Ole (olo(·<oded to m~Dt ony 
rnO(4 ufo( ru re('s Ipec,Ocotions. 

-a 

Srodley ~uPP'~"O" lor radio. 
equipped car> 0 ,,, u,.d by leoo
ing car ma nuro(lur~n 0 nd 
m<lk .. ,hielded ignilion coblu. 
UMecenary for good reception. 

The Bradleyometer 
Assembled by automatic machinery 
to produce any performance curve! 
Manufacturing facilities in the Allen-Bradley plant keep 
pace with the rapidly increasing demand for Ihe new 
Brodleyometer. 

The Srodleyometer 15 a "stepped" polentiometer of 
about flfty steps and comprises a series of resistance 
disks_ The resistance value of eoch step Is separately con
trolled ond Ihe total number of disks aTe assembled by 
aulomatic machinery to conform with the Resistance
Rotation curve as specified by any manufocturer. 

Brodleyometers are used extensively for volume con
trols, tone controls, mixer controls, attenuators, and In 
connection with telephone equipment, public address 
systems, radio receivers, phonographs, elc. Write for 
technical dato todoy. 

Allen-Bradley 

126 W. G' •• oReld A.e. @P) Co. 
Milwaukee, Wisconsin 

Type A. Sinsie 
Bre.dt~yome(eC' 

TYP" AAA . Tnple 
Brl\dlcyOme:<et 

ALLEN - BRADLEY RESISTORS 
Produced by the makers of Allen-Bradley Control Apparatus 
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The New Variable-Mu 
Vacuum Tubes 

By A. G. CAMPRELL '''' 

~wlll~~mrumillll"""""III"""""III~~WII~II II\I!II"\[IDI"W~~""II\III[lmmII 

In superheterodyne circuits employing r-f. and i-f. 
amplifier stages, good volume contro performance may 
be obtained by controlling the biases of the r-f. tube, 
the first detector, and first i-f. tube using 551 tubes 

in these stages 

A Variable-Mu Radio Amplifier Tube 

SINCE the first days of broadcast
ing the trend of receiver design 
has been toward high amplificatIOn 
before the audio system. This 

Wil': required at first by the need of 
)~ ,'C:( \'cr sensitivity to obtain good recep
t ,nil ( rom distant stations. Later, when 
I he Illaximum practical sensitivity had 
I" ' 11 reached, still higher amplification 

,1 .l:l illed by improved vacuum tuues and 
I "'Her r e c e i v e r design, penniued, 
" " ' lI lOmically, the improvement in selec
d l'ily demanded by the increasing 
"",uber of broadcast stations; improve
'" 'IIts in tone quality by use of the 
I,ir~h-voltage linear detector, simplified 
'.;(:eivcr operation by means of the 
.\lIlomatic volume control, and various 
,. 'ollomies in receiver manufacturing 
1, lid operation. 

'file screen-grid tetrode, with its 
" i~:h amplification factor, made it pos
:llll le to obtain more economically the 
Ioi,~h amplification and e;'Ctreme selec
livity required in the modern receiver. 
1.1 il1lproved the operation of the high
\'4jltage linear detector and automatic 
voillme control. "Balanced" circuits 
\line eliminated, simpli fying the adjust-
111<'11t of receivers and improving re
li r,bility of operation after leaving the 
fn, : ~ory. These advantages led to 
~,I ' "ost universal use of this tube for 
loi):11 frequency amplification. The 
'" r ··en-grid tetrode of the -24 type 

1~~mlrjlil!~~~[lll~~mm~"~"I~""III"I[lmmlmll"lm~m~~mll!l[mllmlllllllli~W1llmWm~ 

was an economic solution to many 
probkms of 1lI0ilcrn receive r design. 

Unfortunately, the very high amplifi
cation factor which r esulted in im
proved performance, operated to in
crease modulation distortion, cross-talk 

Fig. 2. Method of decreaslnl1 dis· 
toMlo~ and cross. talk. 

and other associated modulation dis
turbances. With the modern trend 
toward an increasing number of hig-h
power broadcast stations, these unde
sired effects are continually becoming 

1I11I"'1I1I1IIIIIIII.:.!!!,nnnlIl1l!111'U'lIrnlll 

Fig. 1. Showing 
(a) decreasing 
t fan.conductance 
and (b) increasi ng 
plate eurrent ac· 
companylnll at
tempts to decrease 
distortion by de
eroaelng the mu-

factor. 

~111'"mlllnlnn lllllmlnntIiIlUIII IIII I II II 
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more serious and the fact that t~l ey are 
increased in the -24 type tube is ~ seri
ous limitation to its use. Local-di:;tance 
oS \V i t c h e s, antenna potentiumeters, 
double anu. triple pre-selection and 
better power IJ:ick filtering were em
ploye<:l to overcome these faults. 

Type 551 Variable-Mu Tetrode 
The type 5S [ screen-grid tetrode has 

been designed to eliminate to a large 
extent the defects of the conventional 
-Z4 type tube, WIthout losing any of its 
desi rable cha racteristics. 

ThiS is aceo:11plished by an entirely 
new principle in vacuum-tube construc
tion . In ordinary tubes the structure 
i~ uniform and a constant geometrical 
InU factor is obtained over the cathode 
area. In the new variable-mu tube the 
srructure is such as to provide a mu 
fa ctor which varies f rOnl point to point 
of the cathode area . 13y means of this 
principle the platc-cl1Hl:nt control grid 
voltag-e characteristic can bc givcn 
proper shape to reduce the higher ol'der 
curvature responsible for distortion and 
cross-talk. The advantages of the high 
anlplilication factor of the . .. 24 tube 
arc retained at normal voltages, while 
at high biases the low distortion char
acteristics of a low mu tube are auto
matically obtained. Such a tube re
duces by a large factor, modulation dis
tortion, cross-talk, modulation hum, and 
<:!ssociated modulation troubles en
countered with the -24 type tube, and 
permits partially or wholly dispensing 
with the precautions necessary to over
come these faults. 

At normal bias (-3 v.) the transcon
ductances of both the ssr and type -24 
tubes are about JOOO micromhQS. The 
-24 tube reaches a transconductance 
of t at about -(3 v. bias whil<.: the 55! 
attains this value at about -45 v. bias. 
It is seen that the transconductance ot 

o 

!z 
oJ ex a: 
8 
loJ 

'< r. 

GRID VOLTAGE. o 
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Fig. 3. Structure of tctrode of varlabl.-mu type. 

Frg. 4. IlIuGtrating type .. of varlabl. 'mu tube .truotur ... 

the 551 tube varies more nearly ex
ponentially with bias than that of the 
-24 tube. This results in a much more 
uniform control of gain when using' the 
new tubes. 

Modulation Distortion 
Modulation distortion is caused by 

non-linear transmission characteristics 
of the r-f. amplifier tubes and occurs in 
ordinary recei vers when receiving from 
nearby stations, the I'esult being an in
crease in modulation of. the signal, ac
companied by incr (:ased distortion of 
the output. This distortion becomes 
worse as the input to the tube increases, 
and is particularly evident in the -24 
tube owing- 10 its sharp plate current 
cutoff. 

Cross-Talk 

The most common type of cl'oss-talk 
is caused by inl'ermodulation in the r-f. 
tubes between a desired signal and a 
strong interfering signal of diflerent 
frequency and results in the two si:.;nals 
being heard simultaneously when tun
ing to the desired signal, both signaL.; 
apparently tuning at the same point. 
The elin)ination of this type of inter
fef(~nce has necessitated the use of 
double and pre-selector circuiLs bel ween 
the antenna and the first tube of the 
receiver. 

Volume Control 

The 551 tulw is Iksigned for volume 
control by variation of the control grid 
bias. It is pnmissible to use the or
dinary method of bias in which the 
cathodes an' given a positive potential 
with respect to ground, Due to the 
variati ,!n of plate current and the im
perfect regulation of tlie. power supply 
apparatus, the screcll-grid voltage with 
respect to ground will vary somewhat 
over the range of control. This varia
tion is of advantage in that the 
potential difference bet ween screen-grid 

and cathode tends to remain more 
nearly constant. 

In superhetnorlyne ci rcuits employ
ing r-f. and i-i, amplifier stages, good 

volume cOlltrol pcrf Ol'lnance may be 
obtained by cOl1troll ing the biases of 
the r-f. tube, the rl r~t detector, and first 
i-f. tubc, u~inK 5S 1 tubes in these 
stages. 

The maxillililil lJia~ rcquireu for com
plete cQlIlml va ril's r 1'0111 30 to 50 volts 
depending- Oil thl: Illll))h~r a f tubes con
trol!..:d amI the amplifier gain. 

The grid hi as ~"(Il1ld not be permitted 
to becoll1c 11\01'1: positi vc than the -3 
volts speci n\,d; otln:rw ise trouble may 
be experic!H:I:d ill 1'lIllt 1'01 systems using 
high valucd rl:sistors dllc to relaxation 
oscillat iOlls and :]11'")1:(\ ies of the grid 
current ella ractcrislic. 

t': nco 
f : ; : Ii : ;~ ~
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Fill . ,. 80va rn l tYllo, of vulnlllo·mu 
ntroQt ura . 

Advantage. Obtained by U$B of 
551 Tube. 

The important advantages ortered by 
Ihe SSr variahlc-1l11l tllbe' Illay be slim· 
ma r ized as f ollow'i : 

1. Incrcasc of maximum allowable 
input voltage lor distortionless opera
tion by a factor of nbout 20. 

2 . Extension of the range of auto
matic volume cOlltrol by a factor of 20, 

3. Reductio)) a { cross-talk by a factor 
of several hundred times. 

4. 1 mprovcmcnt in lIni forlll ity of con
trol Over the Cl1tir~ range of volume 
control. 

5, R Nluction of "hum on carrier" 
(moflulation of carrier in r-f. tubes) 
due to incomplete power pack filtering . 

6. Reduction in receiver noise. This 
is brought about inciiredly. In "c
cei \, <,;rs employing- double pre-selectors 
(two tuned cirCllits between antenna 
and the nrst tlllJ<:) for the purpose of 

RADIO ENGINEERING 

rdU!:ing cross-talk the ga.in in voltage 
between antenna and first grid is com
paratively low with the result that the 
"hiss" noise is high compared with the 
signal. The 55 I tubes permit the re
placement a f the double pre-selector by 
a single tuned circuit with an increase 
in gain between antenna and first grid 
which reduces the hiss noise. 

The foregoing advantages are .of par
ticular importance to the receiver 
manufacturer in that they permit 
several economies in receiver design, 
such as the elimination of antenna 
potentiometers, local-distance switches, 
double pre-selectors, etc. No changes 
are requi rcd in receiver design other 
than the trifling one of supplying the 
proper grid bias required for volume 
control. In automatic volume control 
systems e,'(teosion o[ range fur
nished by the 551 lube is not al present 
attainable at the same cost by any other 
method. 

Description and Characteristics of 
Types 550 and 551 Tubes 

rna recent technical paper written 
by Stuart 13allantine and J I. A Snow, 
of the Radio Frequency Laboratories, 
tories, Boonton, N. ]., these engineers 
report as follows: 

Our solution of the problems of dis
tortion and cross-talk in vacuum tubes 
consists essentially in re-shaping the 
plate current-grid bias characteristic 
in such a way as to minimize the higher 
orcle r cu r vatu re. particularly a t points 
where the transconductance is low. Of 
the illany experimental tubes which have 
heen tested two have been select t:d for 
~Olllmcrcial production and h:1 ve been 
uesignaled as Types 550 and S5!. Both 
tubes are designed to operate at the 
same plate anu screen voltages as the 
ordinary -24 type. Their character
istics, such ae; plale resistance and trans
conductance, are the same at normal 
operating voltages as those of ordinary 
tetrodcs of present commercial types. 

The Type 550 tube is capable of handl
ing an input voltage of appro)(i(l1C!tely 

c".(-.) 

Fig. 6 , Plate curre"l-grid voltage 
characteristic of varlable-mu tube 
showing reshaped oharaclerlstic for 
reduction of dlslortlon and CrOB8-

talk:. 
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"ge characteristic of Types 550 and 

-24 tubes. 
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I S with less than 20 per cent modula
I ion rise, or about 50 times that of the 
Id;lIl<iard -24 lype; the Type 551 tube 
i" ('apabl e of handling 7 volts, or 25 
lill1(~S that of the -24 type. Both tubes 
II I' ., fundamen:al1y of the shielded tet
I "de type, although the principle . by 
whieh the reducti.on of distortion has 
1"'('11 achi eved can be applied equally 
\V('1i to triodes and other types of strue
I lilT. This principle may be explained 
Iii; (allows: 

Fig. I shows the grid-plate trans fer 
(·ltaracteristic of an ordinary tetrlllie of 
the -24 type. To raise the input voltage 
III which distortion appears the design 
•· .. lIlcJ be changed so as 10 decrease th(: 
lllll-factor .of the tube, thus spreading 
ulIl the range of grid voltages and ob
lailling a characteristic of the type 
:,liown at A. This, however, entails 
" sacrince in transconrluctance, and am
plification, at the initial bias if the plate 
"lIrrent at this point is adjusted to the 
',allle value. If the transconductance at 
Ihe initial bias is to be mail1tained at 
llie same value instead, then an increase 
ill plate current must be tolerated as 
Hliown by the characteristic R 

A way out of this difficulty is illus
trated in Fig. 2. The amplifier stage 
~hown in l'·ig. 2a comprises two tubes 
ill parallel. Of these tubes A is of 
tlie high-mu type, and B is 0 f the 
IlIw-mu type. A greater number of 
tlllics, of properly graduated mu's may 
nlso be employed. The effective i~eo 
ella racteristics of tubes A and Bare 
~ug'gesled by the dotted lines in Fig. 2b 
IIl1d their combined effect by the solid 
lille. The high-mu tube A yields high 
IIlllplification, but can handle only small 
input voltages; the low-mu tube 13 yields 
... w amplification but can h:lIlcUe high 
III(lut v.oltages. In combmation the two 
lulies complement each other to pro
duce a characteristic of the desired 
type. At low biases, where amplifica
tlo ll is required and the applied voltages 
IIr low, both tubes are active but due 
{v its higher transconductance most 0 f 
Ih(; amplification is produced by A. As 
t h(: bias increases nega ti vely tube A is 
Itlilomatically cut off and the operation 
I~ ~radually shifted to tube B, which is 

c:-tpablc at handling the increasing input 
voltages. The arrangement may be re
garded as one in which the mu- factor 
decreases continuously as the grid bias 
increases negati vely to keep step with 
the increasing input voltage. The re
sulting i~eg characteristic (Fig. 2b) 
resembles that of ordi nary tubes at low 
negative gricJ bias, but is extended, or 
"tailed" at the higher grid biases. 

F or r easons of economy it is desir
able to inc.orporate this principle in a 
single tube structure. One way of 
accomplishing thIS is shown in Fig. 3, 
as applied to a shielded tetrode with an 
equipotential cathode. The control grid 
is divided into two sections which are 
mounted with a gap between them. At 
low negative bIases the entire cathode 
is operative and the tube has about the 
same characteristics it would have if 
the gap were not present; as the grid 
bias inCI-eases neg-ali vcly the electron 
current through the uppet and lower 
parts of the control !;rid are cut off 
leaving a low-mu control through the 
gap. At th ese bias voltages the tube 
acts as if the upper and lower sections 
of the control grid wefe formed of s.olid 
metal and controlled the current through 
the gap in the ordinary manner. Gaps 
may also be placed at the ends of the 
cathode (see FIg. 4g) instead of in the 
middle. 

SOOle a f I he othe r strucl ur a I elll boe! i
men Is of this principle which have been 
contemplated and tested are shown in 
Fig. 4. a, b, c and d sho~ elec
trodes of variable diameter j e and 
f show cathodes in tilted and eccen
tric POSItIOn; hand i show con
trol grids of variable pitch in strudurl:~ 
of the tetrode and triode type; j 
shows the mid-cathode control grid 
gap of Fig. 2 appli ed to the triode; k 
shows a clr)uble gap and I a com
bination of gaps and variable grid 
pitch; structure m is a combination 
of variable pitch and variable screen
grid diameter and n illustrates an 
abrupt <:hange in ekdroelc diameter as 
contrasted with the contmuously vari
able diameters shown in some of the 

0 
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Fig. 8. Distortion limits for Type. 
550, 551 :>nd -2.4 tUbes: representl nil 
maximum Input voltage which can 
be applied fo.r 2.0 per cent modUla-

tf on rise. 
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other structures_ All of these struc
tures provide a tube haVing a mu
factor which decrea es continuously 
with increasing negative grid bias. 

S.omewhat marc: complicated type'i of 
structure ha ving better economy of plate 
Cllrrflll at low grid bias are shown in 
Fig. S. In these structures an additional 
low-potential element is provided for 
reducing the plate current at the portion 
o f th(~ electron stream which is con
trolled by the relatively open or coarse 
secti.on 0 f the control grid_ The shield
ring S in Fig. 3b is connected to the 
cat hod,: as shown at 3 . 

The Lra ns fer char acteristic (i~e g) 
of the Type 550 tetrode is shown in 
Fig. 6 together with that of the ordi
nary type -24 tube for comparison . The 
transconductance (mutual conductance) 
curves for the two types are shown in 
Fig. 7, .. s a function .of the control
grid bias voltage. It will be observed 
that the transconductance of the Type 
550 tube is about the same as that of 
the type -24 at low grid bias . This re
sult has been attained with an increase 
of plate current at this voltage 0 f only 
10 per cent. The other characteristics 

I, rPiiiufi 2 21 
o ZOO &00 /;(fJ 000 '£'(l() 

HOURS 
Fig. 9. Typlca I result. ot 1000- hour 
life test of current from low-mu area 

0.1 Type 551 cathode. 

of the tube (plate resistance, etc.) are 
also approximately the same as those of 
the type -24 at this point (Ec= 3v.). 

Fig. 8 represents the Input voltage 
which can be applied before the modu
lation rise reaches 20 per cent. It will 
be seen that the new tube is capa·ble .of 
handling input voltag-es approximately 
So times those which can be applied to 
the -24 type for the same distortion_ 
An input voltage of <iPIHOxIUlately IS 
volts is neccssary to produce 20 pe r 
cent rise In modulation at $",= 1S. 

micromhos_ 
Fig. 7 shows that the grid bias re

quired for c,ontrol with the Type 550 
tube is several times as large (ca. &> 
volts) as that required by the 24 (co.. 
r 5 volts). In many receivers the pro
vision of such a range of bias may be 
incon v-eni,:nt, especially in a-c. operated 
recci vers, in view of the desirability of 
maintaining the screen-grid and plate 
voltage"! at thei r proper values with re
spect to the cathode. In br,l,'ldcast re
ceiver operation, the number of l,ocali
ties in which voltag('~ as high as this 
are encountered is rather small. We 
have therefore dc~igned a second tube, 
designated as Type 551, having char
acteristics intermediate to those of tt,e 
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Sso and -24 types. T his tube is especi
ally suitable for use in radio broadcast 
receivers. Its structure is somewhat 
simpler than that of the Sso type. 
Approximately 25-30 volts grid bias 
a re required for full control (i. e ., con
trol for carrier voltage up to the distor
tion p.oint) as compared with 80 volts 
for the type 550. This is easily 
provided. 

The distortion characteristics of the 
Type -55I tube are shown in Figs . 4, 5· 
Fig. 8 shows the input voltage required 
to produce 2 0 per cent modulation rise. 
A maximum o f 7 r-f. volts can .be ap
plied at sm=rs·. The; control diagram 
pf Fig. 5 is of interest as indicating 
the improvement to be expected in a 
3-stage amplifier with' common bias coo
trol of the first two stages. 

A compara tive summary of the im· 
portant characteris tics of the Types 
550, 551 and -24 tubes is given in 
Table L In each case the values 
are the averages obtained from a large 
number of tubes ,of regular commercial 
production. 

This tabula tion indicates the inter
changeability of the SSI tube with the 
present -24 types in the radio amplifier 
stages of a broadcast receiver. The only 
change nel:essary is an increase of the 
range of control-grid bias from about 
15 to 30 volts . The ordinary method of 
inserting the grid bias in series with 
the cathode may be retained. 

This tube is therefore not a "new 
tube" in the sense that it requires sub
stant ial readjustment of present types 
of receivers. It w ill make p.ossi-ble, in 

TABLE I 

CHARA CTRRISTIC 

Plate vol tage recommended .... . ... . . . .... . . ... . 
Screen voltage recommended ........ ..... .. . . . . 
Normal grid bias ........... .. ..... . . ...... .. . . 
Normal transconductac.ce (micrornhos) . .. .. , .. . . . 
Normal plate resistance (ohms) ............. .. . . . 
Normal plate current (rna.) ....... .. . .. _ ..... . . . . 
Grid bias for Sm '" 10 micrombos .... . . . .. . ..... . . 
Maxi':llum input voltage for 20% distortion . . .. . . . 
RelatIve cross·talk factor (maxunum) . . . . . . . . . . . . 
Relative cross-talk at Sm '" [0 micrornhos .. ...... . 

Type 
-24 

180v 
90 

-3 
toOO 

400 , 000 

4 
-13 

·3 
100% 
[00% 

Type 
550 

tSO 
90 

-3 
1000 

300 ,000 
5 ·6 
-70 

15 
0 ·5% 
None 

Type 
S5 t 

[SO 
90 

-3 
1000 

400.000 

5·3 
-30 

7 
3~!L 

0.12'10 
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fu ture receivers, of both the ordi nary 
and superheterodyne types, a number of 
important economies not realizable 
heretofore on aCCOWlt of the necessity 
of protecting the p'resent tubes from 
high voltage amplitudes and inter fering 
signals. One of its important uses will 
be in receivers employing automatic or 
remote volume control, where it ex
tends the range of control by a factor 
of 25. In such recciver.s the use of a 
"Local-Distance" switch would be con
trary to the object of the c,ontrol 
system. 

Manufacturing A5pects 

A sufficient number of these tubes 
have been manufactured during the past 
year in three tube factories by regular 
produl:tion methods to verify that no 
extra cost or new manufacturing prob
lems a re introduced, and to secure evi
dence of reliability and longevity of the 
speci al cha racterist ic. We were par
ticular ly anxious t.o check the longevity 
of the emission in the low-mu area, 
wh ere the electron current density is 
somewhat higher than in the other 
parts. No evidence 0 f premature fail
ure of the current in this area was ob
served, however, in life tests extending 
to 3000 hours. A typical rooo-hour run 
is shown in fig. 9. This represents 
the current at a oegative grid bias suf
ficiently high to restrict the current to 
the area under suspicion. 

TENTATIVE RATING AND NORMAL CHARACTERISTICS OF NEW VARIABLE-MU TUBES 

Filament voltage . ... . . 
F ilament current .... , . . . 
Plate voltage, recom-

mended .... . ........ . 
Screen voltage, recom-

mended ................ . 
Grid voltage .......... . . 
Plate current .......... . 
Screen current ........ . . 
Plate resistance . . _ 
Mutual conductance .. ... 

Grid to plate .. .. .. . . .. . 
Input capacitance ...... . 
Output capacitance . . ... . 

RCA Radiotron 23 5 
'l.S v . 

1.75 amp. 

I SO V. 

75 V. 

-1. 5 V. 

9 milliamperes 
Not over Va of plate current 

200,000 ohms (approx.) 
I 100 micromhos 

Arcturus 551 
2.5 v. 
1.75 amp. 

180 v. 

90 v. 
-3 v. 

5.5 mao 
Less than 2 rna. 

300,000 ohms 
1000 micromhos 

Approl(imate Interelectrode Capacitances 

. 010 rrunf. maximum 
5 nunf. 

10 nunf. 

.006 mmf . 

Overall Dimensions 

Length . .. . .... ....... . 
Diameter (maximum) . .. . 
Cap . . ... . .. .... ...... . 
Base . . .. . ............ . . 
Socket .. . . . ..... . .... . . 

il' 1/' 416 m'-S74 m. 
I ibn. 

0 .346 in.-o.369 in. 
DY 
UY 

De Forest 451 
2.5 V. 

1. 75 amp. 

180 v. 

90 v. 
-3 V • 

5.5 rna. 

1000 micromhos 

.. ,R 

E 
\ 

II 

I Yjll 
"1111 

,1,,1 
lulle 
Itlht 
1I1I'1 

hllli 
II lid 
IIII' 

'1 

"II" 
IC'lh 

11111 
11111 

IIIIV 

"II(', 
III)" 

litIC 

"pI' 
11111 

1111'1 
l'iH. 
I'll 

\ 
wll 
.1111 

'1111 
I\n 
'/111 
1\ If 
11111 

Jl.rt· 

11111 

lUll 

:'t't 

It \'{ 
Ill(' 

lilt' 



:ERING 

)rdinary 
mber of 
~alizable 
\('cessity 
~s from 
erfering 
ISes will 
natic or 

it ex
a factor 
Jse of a 
be con
C,ontrol 

,e tubes 
the past 
regular 

that no 
19 prob
:ure evi
-:yo of the 
ere par
ongevily 
nu area, 
~t1S;ty is 
Ie other 
ure fail
was ob-

xtending 
rrour run 
~presents 

bias su £
Irfent to 

BES 

; 45 1 

APRIL, 1931 

Some Viewpoints of 

Tube Manufacturing 

Executives on the 

Vacuum Tube Industry 
IMPROVEMENT IN TUBE 

CONSTRUCTION 

fly George Lewis, Vic e-Prresiden I, 
Arcturus Radio T1we Coltl,pallY 

W E have recently per-
A fected a very rugged 

Iype of construction which we term 
"unitary structure." This construction 
I'il{idly holds all major elements of the 
lithe in precise inter-relation to one an
other and maintains accurate inter-ele
Illcnt capacity at all times, The possi
hility of one .of the. elements shifting 
1IIt<l thus affecting the characteristics of 
I he tube has been definitely obviated. 

Tests in high gain amplifiers have 
"lIllwn that tbis construction materially 
rcduc~s nojses and hum. It has been 
fuund that by tapping a tllbe of this 
('ol1struction with the finger does not 
have any effect whatever in the loud
~peakel', whereas with other types of 
t nues the loud noise thus set UIJ passes 
Ihr.ough the amplifier and to the 
~peaker. Set manufacturers have 
found this new construction in Arc
turus tubes to be very much more 
I'llicient in improving receiver per
(urmance. 

With the advent of a-c. tubes, in 
which Arcturus blazed the trail in no 
Mtll;lll part, Arcturus pioneered the first 
llIlick-acting heater type tube. The 
Arcturus 127 detect.or was the first 
'Iuick heating tube to be produced f,or 
u thermal lag of only seven seconds as 
compared to the usual thirty or sixty 
il('l~onds lag of other tubes then on the 
II III rket. Arcturus has since made 
flllllOUS the slogan "Acts In Seven 
SI!conds." 

On April 21, 1928, we placed twcnty
live Arcturus No. I27 tubes on a life 
I'u(:k operating on 2.5 filament volts for 
the purpose of burning continuously to· 

ascertain the Ii fe of the filament 
oxides used in this quick heater con
struction. At this writing n,ot a tube 
has burned out, establishing what we 
believe to be the longest record of Ii fe 
for any radio tube--2S,S61 hours. 

Upon actual check in our factory we 
have found that each Arcturus tube 
goes through 137 different tests and 
checks before the tube is completed. 
This, of course, includes tests and 
checks of raw materials before the tube 
is start~d in production as well as the 
comprehensive electrical check for 
char actcristics, 

A 

PROGRESS IN TUBE DEVELOPMENT 
By AUen B. DltMcmt, Vice-President, 

De Forest RcuJ;io Company 

... TI-IE past year has seen fur-
ther development in the 

vacuum tube art. The a-c. l·eceiving 
tubes have been improved as regards 
uni formity, characteristics and life. 
Heater type lubes such as the 424 and 
the 427 are now manufactured with a 
new type a f notched insulator which 
insures rapid heating and freedom from 
burnouts. Many uew mechanical re
finements have been made to provide 
against change in characteristics in 
shipping or under severe service as is 
experienced in automobile and aero
plane sets, The battery operated sets 
usi ng the 430, 43 I and 432 type tubes 
enable the sets to compare favorably in 
per formance with the a-c. receivers. 
From pre~ent indications the variable 
amplification constant tetrode and the 
pentode will be used to a· large extent 
in the new sets to be brought out, 

In the transmitting power tube field 
the new development has been in the 
high power three and four element 
tubes, as well as in the mercury vapor 
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rectifiers. Prior to 1930 these tubes 
were not available for sale except 
under restrictive license agreements. It 
is now possible to obtain all the neces
sary tubes for as high a power as is 
necessary in a 50 kw. broadcasting sta
tion. Commercial rectifiers capable of 
handling 20 amperes at 20,000 volts 
have been developed and are giving life 
in excess of 2,000 hours, 

The caesium photocell is gradually 
displacing the older type p,otass;um cell 
for both motion picture and television 
work. In our Type 601 neon glow lamp 
improved processing has enabled us to 
run these lamps at considerably higher 
currents thereby providing increased 
illumination for television pictures, The 
present work being done on crater type 
neon lamps shows considerable promise 
towards increasing the size of the tele
vision images and satisfactory pictures 
several feet square are now being ob
tained. The rotating grid tube is still 
in the experimental stage although in 
one instance it is being used success
fully for high voltage inverter work. 
The application of the mercury filled 
Audion has made it necessary to de
velop a line of these devices in all 
sizes. 

We believe that the application of 
vacuum devices to the power and indus
trial fields will be a very important 
factor in the new art but the rapid de
velopment of television this year should 
very mnterially increase the demand for 
receiving tubes and neon light devices . 

A 

COOPERATION BETWEEN SET AND 
TUBE MANUfACTURERS 

By E. A . Tracey, Natiolud Union Radio 
Corporation 

O UR activities in the past 
A twelve months have indi-

cated more than any other one thing, 
the value of and necessity for the estab
lishment of a close engineering rela
tionship between tube and set manu
facturers. 

We have demonstrated that a tube 
manufacturer's contributions to the set 
manufacturer's problems can be great, 
and, in some cases, decisive. 

The desire of the set manufacturer 
to have a new feature in the set he 
offers for sale, creates a tremendous 
pressure on the set manufacturer's staff, 
whose efforts to produce new features 
of rc:al value may be greatly aided by 
the intelligent cooperation of a skillful 
tube engineering staff. 

This again emphasizes the need for 
an engineering department capable of 
not only making a product of high 
quality, but of aJso keeping abreast of 
or leading research and development 
work in the field of new tubes and in 
radical improvements on tubes now in 
use. 
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A Survey of the 

Vacuum Tube Industry 
By AUSTIN C, LESCARBOURA 
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In this survey Mr. Lescarboura presents the unvor
nished facts about tube production and tube mer
chandising_ Accurate knowledge of the elements of the 

situation is the first essential toward betterment. 

LIKE all other industries a t the 
pn;~ent time, the radIO industry 
has plenty of problems, One need 
merel y scratch th e sudace to 

lea rn of the many difficulties of tube 
manu facturers , As for ~olutions , how
ever, lhere is little .or nothing forth
coming from the tube manufacturers 
themselves. One must do some deep 
digging ill bringing constructive sug
gestions to light. The industry as a 
whole apJll!ars to be in need of leader
ship at this tim (~. 

The outstanding problem 0 { the radio 
industry IS a purely economic one of 
subnormal demand and abn.ormal sup
ply. There are more tube manufactur
ers today than the market warrants . 
Until the number of tube manufact.urers 
is r educed Ihrough the stern law of the 
survi val of the littest , reasonable profits 
are not likely to be made by most of the 
tube manufactun:rs. A bright hope at 
present is that the total of tube manu~ 
facturers has uwindled during the past 
two years , so far as numbers are con
cerned; but, t.o offset this promising 
news, some tube manufacturers, HOI 

forgetting the mergers of sma ller manu
facturers, have bc\:ome more ambiti ous 
in their production efforts, thereby 
restoring- a present surplus supply. 
A ~ :ln yone who ha's studied ( ~eonomi\:s 

knows only too well, there is ne ver 
over-production in the really practical 
~el1se . True, manu facturers may pro
duce m ore goods than tile market is 
absorbing, but the fault may really li e 
in undn -consumption rather than ove r
p roduction . In the case of tube pro
duction, Ihis is decidedly the case. 
l\-1arket expeclations have been reduced 
of late by a demand that falls short of 
r easonable estimates . Ob viously , the 
public is buying- less tubes than we have 
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every ,· .'\ !lcctation o[ st'lling, with the 
result tilat wc llrl \'e many tubes on 
hilild :11 the ~l1d 01 erich sea son. 

The Probable Market 

POl' instance, it was generally pre
di cted tha t during 1930 the market 
would ahsorb somewhere between 60,-
000,000 :llltl 85,000,000. One guess is 
quite as good as another, nOlwithstand
ing thc imposing array of figures pre
sented by our ~latisti cal friends . From 
the most reliable s,ources 01 informa~ 
tion, we gather thal the total tube sales 
during 1930 were in th e neighborhood of 
50,000,000 or less, alth ough some claim 
as high as 55,000,000. How many tubes 
were produced during 1930, not forget
ting the huge inventories carried O\·'.: r 

from the wild p roducli on days of 1929, 
we shall never know. Such matters 
are a deep secret. 

But 1930 is a thing of t.h e past. What 
shall we do during I SJ31 ? 'vVith the 
iU\.:3 of attemptmg to' answer this 
timely query, your writer has just com
pleted an exk nsi\'e survey of tube 
manufacturers, obtaining a fair cross
section of opinions from the large amI 
sma ll organizations. T he a V(T age 

estimate of total tube sales for 1931 
is 50,000,000 tubes. One manufacturer 
ha zarded the bold estimate of 90,000, 

ooo! J\fore pOlVer to him , although we 
fear he is doomed to disappointment 
when he estimates 4 0 ,000,000 for initia l 
equipment and 50,000,000 tOt re place
ments. He may not be so far off on the 
former figure, if \\'( : enjoy a good radio 
set season, but he is certainly way off on 
the latter fig-ure . Tube replacement 
sales have faile d to materiali ze. It 
is quite obvious tha t the public uses 
tubes far beyond any normal Ii (e 
expecta ncy . 

RADIO ENGINEERING 

Replacement Market 

The a verage estimate for initial tube 
equipment for 1931 radio sets is from 
25,000,000 to 30,000,000 tubes, while tube 
replacements a re estimated at 14,000,-

000 10 r6,000,ooo. It will be noted that 
there is practically a t wo-to-one ratio 
between initial equipment and tube 
replacements, whereas our original 
hopes were pinned on a rapidly grow
ing tube replacement market, far out
stripping- the requirements o[ ne w sets. 

Our survey has extended into the 
caus(' ~ for the small tube replacement 
market, which has taken us into many 
radio shops and radio homes. It appears 
that tubes are used on an average of 
2200 hours, or more than twice the 
guaranteed service life of 1000 hours, 
Indeed, even lOOO hou rs is considered 
more than ample by some tube manufac
turers, who maintain that 800 hours 
would he more reasonable for a high 
performance s tandard. Actually the 
public is us ing tubes until they com
pletely break down, instead of replacing 
them after their peak efficiency has been 
.)utlived. Since tuhes are employed 
anywhere from two to three times their 
normal ser vice Ii fe, it is at once apparent 
that our replacement market has been 
r educed by one~half and even two-thirds 
of th e expcdcd demand. If Ihe public 
were educated 10 replace tubes every 
1000 hours , we would be selling r5 ,-
000,000 to 20,000,000 more tubes per 
year, which would bring sales closer to 
the form ~r ex pectati ons. 

Therefore, the greatest problem fac
in ;: the radio tube industry is to drive 
home the idea of changing tubes every 
one lhousand hours. Although some 
tube manufacturers have done an excel
lent adverti s ing job in this connection, 
the public has fa iled to respond because 
the messa ges nave been too obviously 
selfjsh . T he educational wor k must be 
done without suggestion of s~lfish 
motives. It mus t be carried on wi thout 
reference to a ny om: panicular brand 
or mak t: r of tubes . It must be accom
panied by some convincing proof that 
tubes 1rIust ve cha nged everyone thou
sand hours. 

Useful Life of Tubes 

T he writer !inds a favorable reaction 
among many tube manufacturers to 
institute a ca mpaign of education. Just 
a s the lubricating oil compani es have 
d riven home lll ~ fri g htful lesson that 
automobile crank case oil must be 
changed every 500 miles, when lOany of 
us know that a good g rade o f oil will 
serve for lwice thal mileage without 
danger , so must tuhe manufacturers as a 
group, quite unselfishly, drive home the 
idea of chang ing tubes every olle thou
sand hours. It has been suggested thaI 
con vinCing laboratory tests be coo
ductrd, showing ho w the average broad
cast set loses in sensiti vity, volume and 
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'''''1' IJtl,llity, while perhaps gaming in 
1l4Il 'k",rouno noises, hum and distortion, 
,I ~ III(' tubes are used beyond the peak 
,'fhril'llcy period. 

Tht convincing data once at hand , 
Ihl' Ilext problem is that of making it 
"\' 11 lIahle to the public. Some tube 
111111111 f acturers have suggested institu
I II lila I advertising, without reference to 
fllI .1' tube manufacturers or brands . 
I IIh('rs have suggested certain forms of 
IIi'oadcasting, including short talks on 
1111' care of the radio set, as well as 
I'I'l'laill tests sent over the usual broad
I'II~I waves for actually testing the con
"itiolls of tubes used in receiving such 
II' IIVC!;. However, try and ;.:;et r;"lio tube 
I!lH!lufacturers to co -operate! It is next 
III Impossible while they are in their 
I'n'~cnt mood. 

()ur personal suggestion is that the 
rlldio consumer press, and to some 
I'~kllt the radio trade and engineering 
1'1'I'';s, should ndeavor to carryon a 
IOlllllpaign of education. Tt is to the 
11I1('rests of the press at large to create 
II Io:reater demand for radi.o tubes, since 
'''lillIe adverlising support will be forth-
1'lIlIl ing if tube manufacturers sense a 
I-: l'olVing market. Hence the press 
IIIif.:'ht conduct the laboratory tests and 
1111:11 make the findings available to their 
I'('aders, in a purely editoria.! way, with
IIlIt any accusations of commercialism. 

The fact already brought out that 
I!litial tube equipment outranks lube 
II'placement sales by tlVO to one 
IIl'rounts for the skirmish among tube 
IIlallu{acturers f'l r radio set manufac
hirers' busines!'. At the beginning of 
"aeh year there is grCflt sales activity 
ulHong the tube manufacturers out to 
liuc up set accounts. Needless to say, 
wilh such abnormal selling efforts on 
tIl{' one hand and a limited buying 
power on the other, the set manufac
lurers get some mighty attractive bar
~a ins. Little wonder, therefore, that so 
litany radio sets today come completely 
I''111iped with tubes. In some instances 
lIl'rhaps the set manufacturers make 
IHore money on the tube equipment than 
Oil the sets til emsel ves. 

Less Tubes or With Tubes 

However, it is a mudt mooted ques
f iOIl today whether it is good merchan
dising policy to equip sets with tubes 
ul the factory. Of course opinions 
I'OIry widely on this matte r, depending 
I'nlirely on wlwt:ler figurative toes are 
heing stepped on or not. The general 
I'Ilttceosus (rom the mztOufacturing end 
~I :cms to be that where the set manu
facturer is also in the tube manuh.c
luring busine: ;;s, he is likely to equip 
hi~ sets wilh his own make of tubes. 
Where the ' set manufacturer is not 
Itt:tllufacturing tubL~ , he should sh,p his 
wls without tubes. 

P'rom the jobbing end and the retail-

ing end, there is a I.:; 0 a wirle diver
gence of opinion . Jobbers and dealers 
no doubt like the idea 0 f fully guaran
teed tubes, so that tube headaches are 
enti rely eliminated f rOI11 their selling 
trouble~. vVhen sets come equipped 
with tubes, the guarantee is on the 
entire merchandise. On the olher hand, 
jobbers complain of instances where 
they are obliged to take more tuLes than 
the sets really call for, although we 
strongly suspect th(lt they can and do 
rid themselves of the surplus tubes with 
liWe difficulty, (lnd at a profit. 

All in all, th(; idea of equipping sets 
with tubes at the factory is apparently 
here to stay. Tube manufacturers are 
very insistent on the merits of this plan, 
especially since it gives them a nice 
piece of assured business at the begin
ning of the season. Set manufacturers 
appear to favor the plan, because they 
can better guarantee their sets wIlen 
tubes of known quality a n: used. Job
bers and dea lers are coming to like the 
plan, because the sets are fully guaran-
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teed without the buck-passing contest 
sometimes existing between set and 
tube manufactu rers when in the past 
there has been poor performance. 

Replacements 

Returning for a moment to the ques
tion of tube replacements, we have 
queried tube manu facturers as to the 
possible merits of shortening lube life. 
rt appears that electric lamp life has 
heen somewhat reduced during the past 
few year s, but this has been justified 
on the grounds of increased efficiency, 
Actllally, Ihe public buys more electric 
illumination today than ever before, 
even though lamp Ii fe has been reduced 
to pr()bably 800 hours on an averag-c. 
[n the case of radio tubes, however, 
there is nothing to offer the public if 
Ii fe is reduced, so that the economic 
life mUST remain at TOOO hours, or 
approximately a year of average use. 
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)\'Iost tubes ar~ bUIlt with a good pcr
iOfmance hIe far beyond IOOO hours, 
for the reason that longevity is a nat
ur:Il sequence ,of really satisfactory ser
vice. It has been suggested by one of 
our humorists that tubes should be pl'O
videu with an infernal machine set to 
blow up at JOOI hours of use, with 
appropriate notice to tuhc buyers! In 
the absence of such a brilhant invention, 
we must content ourselve~ with driving 
home the idea of changing tubes at 
least once each year, which means ap
proximately 1000 hours of average use. 

Tube Market Other Than Radio, of 

Little Volume 

Having exhausted the possibilities of 
radio initial equipment and tube replace
ments, what next by way of marketing 
possIbiliti es ' We have been promised 
startling industrial apphcations, but 
tru th to tell, we would stanTe to death 
if waiting for the promised Santa 
Claus. That there are possible and 
proba ble industrial applications, there 
can be no doubt; bllt as for immediate 
hopes, we can well forget the industrial 
market for the present. \Vhatever 
industrial market exists is pretly much 
occupied by the largest manufacturers 
who are in position to get the business 
through their control of the associated 
e<]uipment, patents, and the ability to 
produce special tubes. Even Ihe talking 
picture business is largely dominated by 
a few large tube manufacturers, so that 
the smaller manufacturer must be 
an exceptional merchandiser to succeed. 

There is one important consideration 
as regards industrial applications, anc! 
that is the promise of light-sensitive 
cells in the near future which will 
largely do away with the need of radio 
size tubes. I n England and in Ger
many, there are light-sensi tive c(~lls in 
use which operate relays directly with
out the intervention of vacuum tube 
ampli fiers . Indeed, it is such cells or 
"bridges" that carry the greatest pro
mise of a widespread application of 
light-controlled equipment, rather than 
the delicate photoelectric cell s with 
c'xtensive ampl1 f ying equipment. It is 
our guess that when industry calls for 
light-controlled equipment, radio type 
vacuum tubes will be sparingly em
ployed. Hence the false hopes of the 
promised industrial age of the small 
\'acullm tube. 

Profih in Transmitting Tubes 

While the prospects are not so glow
ing so far as the smaller radio tubes 
are concerned, it is interesting to Dote 
a steadily growing demand for the lar-
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ger vacuum tubes such as those for 
transmitting and rectifying purposes. 
Only a handful of tube manufacturers, 
of course, are licensed to produce the 
larger tubes, so that a minimum of com
petition exists in this field. Profits are 
therefore derived from such production 
and an altogether healthy condition 
exists in the so-calleo transmitting tube 
field. Aside frOlll transmitting require
ments, the larger tubes are finding cer
ta in industrial applications of great 
importance. 

Automobile Set Reguirements 

SOllie tube manufacturers direct our 
attention to the automobile radio pos
sibilities as a means of increasing their 
tube sales. It appears that the automo
bile radio is going to be sent into the 
ring again this season, this time with 
better design and attractive price. Also, 
a special 6-volt heater type tube 1S being 
devel.oped for the automobile radio set, 
which should make for greater 
efficiency. One tube manufacturer 
anticipates a 10 per cent increase in lube 
sales within the next two years, due to 
the widespread acceptance of automobile 
radio. Actually, he is doomed to dis
appointment. In time automobile radio 
will find a place in the picture, but its 
tube demand will be of the order of I 

or 2 per cent at most as contrasted with 
the more logical field of homr. radio. 

The marked discrepancy between an
ticipated market and ambitious produc
tion schedules has necessarily brought 
about the sad condition of excessive 
competition for orders. For tw.o years 
past, tube manufacturers have be.;;n 
operating in a buyer's market. While 
list prices have changed but littk, the 
discounls have been constantly stretched 
until an average of 70 per cent dis
count to large buyers is accepted as 
standard practice, with some tube manu
facturers offering as high as 80 per cent 
discounl Obviously, when such long 
discounts can be offered to buyers, it 
becomes apparent that list prices are 
somewhat out of line. Many tube 
llIanufacturers we have quer ied on th is 
f)ueslion have told us that list prices 
must be revised downward, but no one 
seems to want to set the pace. It is 
possible that a downward revision in 
tube prices will take place within the 
next few months, whereupon discounts 
will be shortened to former standa.rds. 
Under existing circumstances, the seil
ing prices are chaotic, ranging from 
So per cent discount to the consumer in 
the big city, to nothing off to the con
sumer on Main Street. With tighter 
discounts and lower list prices, all <.:on
sumers will be Iluying at nearer the 
same price. 

List Prices 
There is r.oom for a healthy discount 

at present list prices, particuJariy in the 
case of the larger tube manufacturers 

provided with the latest automatic pro
duction equipment. In fact, it is the 
opinion 01 the larger manufacturers 
that a healthy squeeze in list prices, 
based on the labor-saving and cost-sav
ing features of new automatic produc
tion equipment, may serve to eliminate 
the smaller or marginal tube manufac
turers. Certainly the small chaps can 
bold on just so long as list prices are · 
high and discounts are whatever you 
care to make them. In any production 
scheme based largely on manual labor, 
the' smaller chap is quite comfortable in 
til(: pictu reo J.l ut let the introducti on 
of entirely new automatic I;:quipmenl 
reduce cost to a considerable degree, 
making manual labor all but .obsolete, 
and the little fellow is soon happy in 
some other line of business. 

It is only the fact that tube designs 
change so rapidly, makmg automatic· 
machinery a 'Serious gamble, that pre
vents the prompt squeezing out of the 
smaller manufacturer. At a t ime when 
some of the larger manufacturers have 
been considering automatic equipment, 
there looms up the prospects of new 
types of tubes, upsetting the production 
piC1ure once more. 

New Type Tubes 
Which brings us to the question of 

new tube developments. It is apparent 
that several new types of tubes are com
ing through the lab.oratories and are in 
production . This season we see the 
introliuction or the variable-mu scrccn
grid tube, which compensates automa
tically for the weak signal or the pow
edul signal in the usual screen-grid 
r- f. amplifier. We see the introduction 
of the pentode power tube, which is 
finding a place in the compact radio set 
that succeeds the ,original midget set. 
Strangely enough, the pentode is not 
being employed as yet to el iminate lubes 
because of its high gain , as was at fi rst 
feared from the lube marketing stand
point. Sets employing this tube are 
employing about as many tubes as 
berore, which is a comforting thought. 
There are new tubes coming along in 
the form of the 6-v.olt heater tube for 
battery operation, particularly in the 
automobile radio set, as well as the 32-
volt tube for use on farm lighting 
plants. . 

Various suggestions have been 
elicited from tulle manufacturers with 
regard to the belterment of the tube 
industry as a whole. The most sensi
ble suggestion, but one perhaps impos-
5 ible 0 f realiz ation at th is time, is the 
elimination of about haH the manu
facturers in the business. Simple 
enough. But just what half should be 
eliminated is a matter for argument. 
Time alone will work out the propt:r 
elimination. Another suggestion is 
leadership in establishing list prices and 
discounts . Still another suggestion is 
an abrupt end of "lile" for tubes, which, 

RADIO ENGINEERING 

unfortunately, does not seem practicable 
with present tube technique, 

Our own suggestion is that tube 
manufacturers should get together 
ahout the round table and frankly dis
cuss the troubles 01 the entire industry. 
Out of such gatherings would come 
many practical solutions .of their 
troubles, together with a great enough 
demand for their wares to enable them 
to enjoy fair profits from their labors. 

A 

HIGHEST BROADCAST ANTENNA 
Large scale experIment beIng 

watched closely by engineers 

THE Atlantic Broadcasting Corpora
tion is erecting a high vertical an 

tenna at th ,: ir new station at Vvayne, 
N. J. Tests of this antenna will deter
mine in a practical way the value of 
antennas greal<.: r than a half wave 
length high. The ant i: l1na will be: about 
675 feet high, by far the highest an
tenna in broadcast service. More re
markable than mere height is the fact 
that the structure itsel f is the antenna.. 
A single tower, in the shape of two 
pyramids, with common bases midway 
to the top, will rest upon a huge artic
ulated insulator and will be supported 
sideways by four guys also insulated 
from the structure. There are no 
auxiliary supports. S.o the antenna's 
perfonnance will be free 0 f a1\ influ
enCl~ attributable to nearby towers. 

Much credit is due to the Atlantic 
Broadcasting Corporation for their 
courage in undertaking this huge ex
periment-for an experiment it is. No 
antenna, not even a model of this type, 
has 'b ~Tn constructed. The engineers 
are placing entire confidence in their 
calculations and the owners are placing 
their conlidence in the eng ineers. 

Seldom ha ve experiments been on s.o 
vast a scale and certainly there is no 
record of a similar undertaking in the 
radio broadcasting field . All engineers, 
therefore, will watch the progress of 
construction and wait hopefully for the 
engineer's report of the value of the 
new antenna as compared with the 
present types. 

.4 

I. R. E. CONVENTION AT CHICAGO 
Preceding the RMA meetings, June 

3-6, the annual convention of the Insti
tute of Radio E ngineers wil1 be held at 
Chicago. 

The entertainment and convention 
arrangements for the RMA will be in 
charge of Leslie F . Muter of Cllicago 
who was appointed chairman of the 
Convention Committee. An RMA 
special train from the Atlantic Sea
board already is being arranged by the 
New York Central lines, and other 
special trains for the radio visitors 
from all parts of the country are being 
planned. 
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Cathode Rays 

Tel e vis i 0 nt 
By H, R. WRIGHT* 

~mllllmlllllllllllmllllllllllll!IIIIIIIIIIIIIIIII!I[11Ilmlmlllllllllllllllllllllllllllllllllllll 

Description of the System of Cathode-Ray 
Operation of Television Receivers and Transmitters 

THOSE who have closely investi
gated the apparatus offered so far 
for use in assembling television 
transmitters and recei vel'S no doubt 

have concluded that the system of 
III('~hanical scanning, widely used, is 
limited to the production of somewhat 
<'I 'wle images. 

III the year 19' I, Mr. Campbell 
:,winton, an English scientist developed 
:111 intricate apparatll'S for television 
IIWS using cathode ray tllb~s at both 
II ansmitter and receiver It is possihle 
Ill ilt a satisfactory solution of the gen
nal problem lies in this direction. 

rn this paper we shall deal with the 
application of cathode ray tubes) to 
I (·Ievision. 

Advantages of the use of cathode ray 
lllhcs may be listed as follows: 

Absence of moving parts. 
Simplification of synchronization. 
Ample light for good visibility. 
Persistence of the fluorescence of the 

:Ineen used permits reduction of the 
lIumber of pictures necessary per second 
without flickering. 

Allowing more detail to be trans
Illilted over the same frequency band. 

The Cathode Ray Tube 

f.'or laboratory demonstrations a glass 
hulb such as shown in Fig. I, is used. 
The glass at B is ground to form a 
~~reen for the study ot the rays, and 
the electrodes are sealed approximately 
in the position shown. The bulb is then 
I:onnected to a vacuum pump which is 
fitted with some form of manometer. 

. A fairly high potential is applied be-

t A P4pzr prw"""'d kf~e A.I.E.B. BnJttc/., 
Vancouver, B. C. 

• Unive .... ity of Britir/o Col""''''''. 
'As d.v~/oped by jh, W"I>ttghc>tLSe LtWorQJtwiu. 

IIIlilllllltllllllllmllllllllll!lllIllmWllllllllllllllrlllll1lIIIlIIIIlIIIlilIlIIIJrnmlllllllll llllllllillmll lllllllllliliIrn~ 

tween the electrodes and the evacuation 
commenced. 

As the air is removed, and the pres
sure in the bulb approaches .0S' to .005 

mm. of mel'cury, the first change is 
noted. A greenish or bluish haze ap
pears in the interior of the bulb, accom
panied by streaks of pale light shooting 
off from the cathode or negative elec
trode. At the same time a conduction 
current through the bulb is indicated 
by the milhammeter in the high po
tential circuit. This current points to 
the presence or (In electron stream 
which, in this case, is composed of 
what are known as cathode rays. The 
characteristics of these rays may be 
easily studied in the laboratory in the 
following manner: 

1. A solid particle introduced at E 
(Fig. I) casts a shadow of sharp, dis
tinct outline at n, showing that the 
rays travel in straight lines, 

2. The rays may be focused, showing 
that they leave the cathode perpen
dicularly. 

3. A form of paddle wheel introduced 
into the buJb will rotate when acted on 
by a beam of the rays, which, from this, 
mUSl have mass and inertia. 

S. Since they evidently possess a rela
tively large amount of energy, they 
must have either great mass, or great 
velocity. 

6. This velocity may be shown to be 
proportional to the voltage between the 
anode and cathode. 

7. The rays are found to be deRected 
by either an electrostatic, or an electro
magnetic field. By the direction of de
Rection they may be shown to consist 
of negative charges in motion. 

8. When cathode rays strike a ground 
glass screen, or one coated with a sub-
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sl<1nce such as calcium tungstate, they 
identify themselves by a son 01 green
ish fluorescence. 

The use£ulness of cathode I'ays for 
television PUI'poses is bound up in the 
last two properties. Many other in
teresting phenomena may be seen dur
ing the study of cathode rays, but since 
they have no direct bearing on the in
strument to be descl·ibed, they will be 
omitted here. 

Type of Tube 

The type of tube to be used in this 
apparatus depends primarily upon the 
amount of light required.. (The low po
tential type lIsed in oscillographs gives 
insufficient brilliancy.) An operating 
potential of at least 3000 volts must be 
used for proper illumination of as-inch 
picture. 

A general idea of the disposition of 
the tube elements may be gained from 
the diagram Fig. I-B. The beam 
originates at an oxide coated filament, 
and passes first through a small hole 
in the control electrode. From there it 
passes through the barrel-like structure 
of the first anodfl, where the rays are 
accelerated to a velocity due 10 300-

400 volts, or approximately 3,000,000 

meters-second. A second anode is lo
cated beyond the first leaving a space 
between them sufficient for the deflect
ing elements. The second anode con
sists of a metallic coating OD the inside 
walls of the tube. It performs two 
duties: First, it accelerates the de
flected beam to its final velocity due to 
3,000-4,000 volts (30,000,000 meters
second), and, second, it focuses this 
beam, electrostatically into a sha rp spot 
on the fluorescent screen. 

The target wall, as this screen is 
called, is about 7 inches in diameter and 
and is covered with a fluorescent ma
terial known as "willemite." Since it 
is important that the charges placed on 
the screen by the beam be rapidly dis-
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Fig. 1. CathOde rQy tube, theory 
and eonstru~tJon. 
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sipated, the willemite is, in pl'eparatiol1, 
made slightly conductive, 

The deflecting dements, of which 
there are two sets, are placed oetwecn 
the first and seconu anoele5 where they 
may act upon the comparatively slow 
moving electrons. The field strength 
for a given deAection is therefore much 
smaller than would be necess<:Iry had the 
/inaJ velocity uecll gi vell to the electrons 
a t the fi rs t ~lTl od~. 

The tube may now be describeu re
ferring the eli IT crent parts to the cor
responciing components of the conven
tional television apparatus. 

The intensity of the beam is con
trolled by the voltage on the control 
electrode which, therefore, takes the 
place of the neon glow tube in the 
standard televisor. The mean inten
sity of the picture is controlled by a 
preliminary neg<:ltive bias on this elec
trode. 

The first set of deAecting elements 
controls the vertical or framing move
ment, and consists merely of a pair of 
deflecting plates arqnged to give a 
vertical electrostatic field. 

The second set consists of a pair of 
coils arranged to deflect the beam hori
zontally back and forth, when excited 
by an alternating current. 

These two elements tllcn, do the work 
of the conventional scanning disc, pro
viding, of course, that the necessary 
voltages are correctly applied. 

It is eVldent, from the foregoing, 
that, if we apply to the control electrode 
the anlpli fied impulses from the trans
mitter, and, at the same time, deflect 
the Iwam in synchronism with the mo
tion of the light beam at tIle transmit
ter, the original picture or scene will 
lie reproduced on the fluorescent screen. 

Clearly thcn, three sets of signals are 
required for the production of the com
plete image. First, the picture r re
quency, second, the honzontat scanning 
frequency, and third, the impulses for 
picture framing . 

The first signal will be ilkntical with 
that sent by transmitters of the pTI.::ient 
type. (For horizontal scanning, it is 
ncce~~ary ml:rely to transmit a sinusoi
dal vultage of a frequency equal to ti,e 
number of horizontal movements, per 
second of the scanning beam at· the 
trans1llitter.) This voltage is impressed 
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directly on the cleAecting coils of the 
cathode ray tube. 

Lastly, for vertical scanning, or 
framing, a voltage may be generated 
at the receiving end, which is controlled 
by sign<:lls from the transmitter. A 
condenser of suitable capacity is 
charged at constant rate by a device, 
such as a two electrode tube, so that 
the condenser voltage will rise lineally. 
The deflecting plates of the cathode ray 
tube are connected in parallel with this 
condenser so thal when the former is 
charging the cathode beam is deRected 
at constant speed, from bottom to top 
of the fluorescent scre(;:n. (The speed 
may be controlled by the filament tem
perature 0 ( the two element tube.) 

An impulse is sent from the trans
mitter after each cycle of scanning, 
which discharges the condense r and 
returns the beam to the bottom. ready 
lor the next picture. 

Composite Signal 

The three signals may be sent sepa
I-ately, in which case three transmitting 
channels or frequency bands are needed. 
They may. howevrr, be combined more 
ecollomically into one compC1~ite signal, 
transmit«:d as such, and separated 
again at the receiver. This is accom
plished in the following manner. The 
photo-cell voltage is first amplified to 
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a level sufijcicntly high for transmis
sion. There is then superimposed upon 
it a series of high audio-frequency im
pulsl";; , lasting a few cycles only, and 
occurring only during the interval be
tween pictures. The resulting wave 
form of c,)mbined picture and framing 
frequencies is passed through a band 
eliminating filter, which removes the 
picture component of the same fre
quency as that of 11Orizontal scanning. 
A voltage of the same frequency as 
that of horizontal sC2fUling is then 
superimposed on this signal, and the 
whole used to modulate the radio fre
quency carrier. 

A 1 the receiver a I'everse process is 
undertaken. The input is amplified and 
passed through a band pass, band elimi
nating filter, where the horizontal scan
ning frequency is separated from the 
remainder of the wave. This is ampli
fi~d by a tuned amplifier, and applied 
directly to the deflecting coils. 

The picture frequency plus the fram
ing impulses are applied to the control 
electrode of the tube. The same volt
age is applied to the input of a band
pass filter, which is tuned to the a-c . 
voltage used for the framing impulses. 
The output of the filter is amplified. 
rectified, and used to unbias a. uischarg
ing tried \: . The latter IS normally 
biased to zero plate current, and takes 
its plate potential from the condenser 
which supplies the vertical scanning 
voltage. fig. 21 shows how this may 
be accomplished. 

No attempt is made here to describe 
the details of the receiver design, but 
the foregoing may give the reader some 
idea of the pos~ibilities of the system. 

Tn closing, the important points 
wherein this system dill"(:rs from the 
one in use, may be briefly summarized 
a~ follows: 

The picture is green instead of 
orange. 

It is visible to a large number of 
people, being bl-ight and of considerable 
sIZe. 

The fr:lmin~ is automatic-Ho ad
justments being required. Furthermore, 
no special apparatus is needed for syn
chronizing. Laotly, the power required 
is small-being of the order of that 
used by ordioary radio tubes. 

• 
NEW REMOTE CONTROL FOR 

RECEIVERS 

A N E\V remote conlro! radio dial 
has been developed by the Engi

neering Products Divisioll of the .l\.(A
Victor Company. These dials, which 
are similar in operation to the tele
phone dial system, completely l:ontrol 
all the functions of a master radio
phonograph outfit located in the attic 
or basement and wi red to loudspeakers 
throughout the building. Simple num
ber combinations are used to tune in 
up to 18 stations. 
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Vacuum Tubes 

In Industry 

By DR. PAUL G. VVEILLER 

I
MPRESSIVE publicity bla9ts in some 
lilagazines and articles recurring 
Inore or less regularly in the daily 
press are apt to create with the 

1f' lLeler the impression that wide appli
"lIlillll of vacuum tubes to ma nufac
IlirillS' and power problems is immi
)I('nl, and that momentous changes 
III our daily lives might be wrought 
hy the wpnderful vacuum tube. Such 
,I picture is, of course, entirely mis
Irlltling, Tubes are being used in indus
I ry now in numerous instances, but not 
(III' a great variety of purposes. 

Compared with the vastness of our 
jlldllstries such application of tubes can 
II" yet Le truly called sporadic, and 
thinly scattered. 

It can be predicted that tubes will 
be used in quantities in elaborate elec
l!'ical installations, but before that comes 
10 pass an enormous amount of den"
opment work must be done on the tubes 
Ihemselves, and processes and installa
tions in which they will be used must 
lie revamped and redesigned to take ad
Ylintage of the peculiar characteristics 
n( vacuum tubes, There must also be 
n considerable change in attitude o( 
mind of engineers who are not now 
IIsing tubes, bef orc Illuch progress is 
1Il:lde. At present the general altilud(, 
I~ somewhat hostile. 

In the majority of cases tubes may 
do little that is not done now by other 
IIlcans, but they will help to do things 
hetter or at lowel' cos£. 

It is possible to f,oresee and predict 
~Ollie of the majol' trc:nds and possibili
ties in industrial tubes, It is the pur
pose in this article to discuss the pres
ellt use of lubes in industry and also, 
fulure possibil ities. To do 50 intelli
j(ciltly it is necessary to deal first with 

Ihe problems generally met with in 10-

dustry and with the adaptability of 
tubes to special problems. 

Mercury Arc Rectifiers 

The Ii rst use of tubes in industry 
was probably the use of mercury arc 
rectifiers ano, later, of rectifiers of the 
\Ungar type. Both types were subJecr 
to severe limitations. The arc rectifier 
IS a rathe r cumbersome machine, The 
tungar has reached the limit of its gen
eral useiull)ess with I 5 amperc:~, and 
yoltages in the neighborhood of TIO. 

Both will be replaceJ by hot cathode 
mercury vapor rectifiers, and probably 
rectifiers of sizes ur to thuse large 
enough to operate railroads. 

There is little to st;tnd in the way 
of making such tubes ior large current. 
At present Illost hot cathode vap,)r rec
tifiers are used in radio transmitters. 
Some of them are rated as high as 
:20,000 volts inverse peak rating, but 
recent work on tlh~ subject gives en
couragemc: nt to the expectati,on of pro
ducing tubes good for much higher 
voltages. 

Voltage Drop 

The voltage drop in these tubes is 
of the order of [Q volts. Consequently 
their eiTicicncy is good on all but the 
lowest voltages. There is, however, 
some hope of producing tubes with a 
drop of only two volts. Success in this 
,Iirection will make vapor rectifiers 
available to such low voltage uses as 
e1ectrophting, for which purpose tubes 
or tube banks must deliver several 
thousand amperes. 

Tubes being m<J,'\c: ~t present va ry in 
filament efficiency from a maximum of 
2S watts filament energy per ampere 
plate current to seven watts per ampere. 
We are, however, assured of tubes with 
two watts per ampere or better with 
the new enclosed cathode construction 
and we may expect to go much further 
in filament economy in cases where it 
is desirable. 

The enclosed cathode is an interest
ing development. It is shown diagram
matically in l;ig, 1. 

A is a filament developing suffici(~ llt 

heat to bring the entire structure to 
emission t~mpcrature . B is a ref rac-

Important progress is being made in the design and 
manufacture of mercury vapor rectifier tubes and 
tubes useful for automatic control of operating electric 
circuits. Many opportunities await cooperative studies 
between tube engineers and engineers engaged in the 

mechanical industries. 
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tory insulator, C is a nickel can or 
a can of other bright metal. The inside 
of the can and the shelves, D, are 
coated. The discharge issues through 
opening, D. 

Bright nickel indicates only I/9 as 
much heat as the same surface with 
ba rium and strontium oxides. 

This structure combilles large emit
ting suriaces with a minimum of heat 
radiation. 

The well-known six phase rectifier 
circuit employing six tubes, one of 
which is shown in Fig. 2, delivers doc. 
with only 6 per cent a c. ripple. If the 
input is 60 cycles the ripple is 360 
cycles. 

To be of general usefuln~ss for cer
tain industries the rectifier tubes will 
have to be built f.or a life expectation 
of 5,000 hours, some even for 10,000 

hours, a few for as much as IO years. 
All this is quite within the rc,11m of 
feasibility but it is hardly necessary to 
enlarge on the vastness of the prob
lems , 

C.,_ '.,. 
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Fig. 1. Enclosed cathode tu be 
structure. 

The subsequent step to the rectifier 
is the hot cathode vapor tube with a 
grid, called grid-glow tube by s.ome, 
thyratron or switch tube by others. A 
negative charge on the grid of these 
tubes is capable of preventing ioniza
tion as long as the grid voltage is 
higher than what in vacuum tube 
parlance is called the cutoff voltage. It 
the grid voltage is lowered below that 
point the tube ionizes and the drop in 
the tube then is equal to the character
istic drop in vapor tubes or of the 
order of 10 volts. In some tubes the 
presence of the grid causes a slight 
increase of the drop. 

If the grid is of rather open con
struction it has n.o effect on the dis
charge after the tube is once ionized. 
Therefore, such tubes cannot be used 
to control d-c. If a-c. is passed 
through the tube and a sufficient nega
tive voltage is placed on the grid this 
will have no effect llntil the hal f cycle 
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during which the grid voltage applied 
is completed. The subsequent half cycle 
will then be suppressed. 

If the grid potential is insufficient to 
prevent ionizati.on completely, ioniza
tion will occur at the point of each 
cycle where the plate potential is equal 
to the grid potential multiplied by the 
ampli fication constant of the tube; see 
Fig·3· 

In this way current will flow only 
during part of I;ach permeable half 
cycle. This is equivalent to deo;;reasing 
the mean current. This basic principle 
is used for regulation purp.oses. If 
the grid stnlcture is made very dose 
the drop in the tube is influenced by 
the grid potential. This method has, 
however, Dot as yet found much use 
in p r actieal appl iea tions. In the design 
of switch and control tubes we ha ve 
to deal with all the problems touched 
upon in discussi,oD 'of rectifiers~ and in 
addition all problems contingen-t on the 
grid control characteristics, There is 
here a great field for further study and 
development. 

Large Amplification 

We can visualize the magnitUde of 
the task when we realize that swilch 
and control tubes now can be made 
with amplification constants up to 
about 1,000, with a single grid and that 
it is necessary t.o contemplate the design 
and manufacture of tubes large enough 
to pass possibly [,000 amperes. 

Vapor tubes and gas tubes are apt 
to exhibit fits of erratic behavior at 
times. These are evidently due only 
to our scant knowledge o( gas dis
charges in spite of the countless vol
umes written on -the subject. It must 
be understood that gas or vapor tubes 
are more sensitive than vacuum tubes 
to the presellce of even the minutest 
traceS of gas other than the vapor used 
as a current carrying medium. These 
gases produce ali sorts of effects which 
are hard to account for. 

We have to deal with destruction of 
the cathodes by sputtering, by ionic 
b.ombardment, and possibly by other 
little understood effects_ We have to 
deal with charges on the glass which 
may seriously affect the operation of 
the tube. In spite of these and many 
other difficulties, switch and control 
tubes are here to stay. 

At the present stage of the art they 
can be used to great advantage in many 
ways, but only courage.ous application 
in the field, even when some risks have 
to be taken, can provide the incentive 
and financial backing indispensable to 
rapid progress. 

Until much more is known of the 
characteristics of such tubes they will 
be used roostl y as switch tubes or re
lays, for which purpose they offer some 
distinct advantages over electro-mechan
ical relays. Switch tubes require pnly 
a minimum amount of power. The 

~. 

FIg. ::z.. 61x· phnoe rectifier, employ
Ing .Ix tubes. 

grid current meOlsures only a few micro
amperes. 

If used at the end of long telegraph 
lines, for instance, they make the line 
resistance :t negligible factor. They 
can be \\sc(l to advantage in combina
tion with the vacuwn or gas filled 
photoc(·IJ. The output of the latter can 
easily be 1l1ade a substantial fraction of 
one vult. or more, while the current 
cannot he more than a few micro
ampCT('S, 

1\ photocell coupled to a switch tube 
can therefore be made to handle sub
stantial amonnts of power without the 
intervention of any mechanical relay 
or amplifier. 

The operalion of switch tubes causes 
n.o spark nor any olher phenomenon 
lenuin~ to destroy them. They roay be 
used in parallel with high voltage 
switches or switches handling large 
curren Is. In this way the switch or 
relay contacts are entirely freed from 
any corrosion due to arcing. 

Switch tubes or rectifiers can be used 
to suppress transients in inductive cir
cuits opcratcd by d-c., as brake-sw1tch, 
or relay solenoids, and other devices. 

The tube is so connected that it is 
impermeable in the directIOn of the ap
plied doc. voltage in the closed circuit. 
When the circuit is opened the induc
tive surge in the reverse direction is 
discharged through the tube. A suit
able voltage on the grid of the tube 
can be used with the assistance of 
resistances or reactances to control the 
form and durali,on of the transient. 

Operation of large oil switches by 
rectified d-c. has long been desirable. 
As simplicity and availability for at 
least 220 vol ts is essential no sui table 
rectifiers have so far been available. 
The conversion of d-c. to a-c. is a large 
fidd by itself. Switch tubes are emi
nently SUitable for this purpose. Most 
of the attempts in this direction have 
been based on the utilizali.on of the 
lime factor of a condenser discharge 
over a given resistance. The applica
tions to high power technic mentioned 
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here are only some of the most obvious 
and most imminent. 

10 the field of automatic control the 
applications are more numerous_ The 
control devices at preSetlt in use can 
be divided in three classes. In the first 
one belong all those control systems 
where 10 watts or more with a poten
tial difference of 6 volts or more are 
available. Ordioary solenoids or relays 
may then be operated directly. In many 
of these cases the switch tube can be 
substituted to advantage for the relay. 
In this class belong a vast number of 
current and voltage regulators, over
voltage and no-voltage protedi.on de
vices and a host of others. 

In the second class De[Ong those 
where a meter relay is inserted between 
the source of control anri the operating 
device. Such meter rclay consists of 
a d'Arsonval movement the pointer of 
which carries a cont:act which with one 
or two stationary contacts makes or 
breaks a circuit at a certain deflection. 
These contacts cannot carry substantial 
currents. Meter relays mostly actuate 
auxiliary relays which in turn actuate 
the control member. 

Secondary Contacts 

The meter relay depends for making 
contact on the slight pressure exerted 
by the coil .of the meter movement. 
This is, of course, dependent on how 
much greater the energizing current is 
than that corresponding to a position 
of the pointer just touching the sta
tionary contact. Therein lies an ele
ment of uncertainty in spite of the sur
prising perfection to which such instru
ments have been br,ought. As the 
force exerted by the spring of the 
movement is small contacts are apt to 
stick. 

The substitution of switch tubes in 
this case eliminates both the meter re
lay and the auxiliary relay and in
creases o;;ertainty of operation and 
precision as it cuts off at a definite 
voltage. 

The third class comprises devices 
which use as a source of contr.ol the 
deflection of a microamrneter Of' milli
volt meter. The pointers of these in
struments are not sturdy enough to 
operate even small contacts, neither is 
the energy .of the mOving coil sufficient. 

Operation of the control member is 
obtained by a device which taps the 
pointer periodically at intervals of a 
few seconds. If the pointer is in a 
given positioo it makes contact with a 
stationary member and causes an 
auxiliary relay to operate. Such de
vices are complicated and expensive. 
Their reliability depends greatly on 
cal-dul installation and .operation. A 
substitution of the switch tube in such 
a case would result in great simp1ifica-
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I '''11 and greater mechanical rugged-
111''' '1, 

A!I the drop in the switch tube is 
IIh,,"t ten volts, the minimum practical 
1,111 1<' voltage would be of about 12 

, "I, ~ r .m.S. a-c. 
I i lhe control voltage is of the order 

"I IIlle millivolt the amplification of 
Illr switch tube would have to be o{ 
Ih,' order of 10,000 which at the pres
"III ~ tage of th e art is not very prac-
111' 111. Consequently, it is advisable to 
1II',I ' r! a vaccum tube amplifier be.tween 
till' switch tube and the source of con-
11'111 voltage. This amplifier can he 
IIIIH'h simpler than that necessary to 
"i'rrale an electro-mechanical relay 
whkh latter would be comparatively 
"~p{'nsive , 

At this point we meet With a prab-
11'111 which has been neglected so far, 
!1O lIllcly, the d-c. amplifier. Any engineer 
1111It:ring this field will find it as full 
"I pit·falls as were the radio-frequency 
OIll1pliliers, although the problems which 
I1rr facing us are of a quite different 
II lI tnre. 

We ha.ve. for instance, the biasing 
llt'llblem. In a-c. amplification we do 
IIlIt 1V0rry about small fluctuations of 
thr biasing v.oltage due to line voltage 
I'llri ations or fluctuations in battery 
,"ollage as the case may be, because the 
" l~ . is filtered out completely from the 
/lilt put. 

With the control case it is different. 
I r the ampl ifier is sensitive to one 
1I1111ivoit d-c. any bias fluctuations ana 
lilly changes in static charact(:r istics of 
IIH~ tubes would have to he eliminated. 
• lIT hand this means two things. We 
IIl1lst work without bias on the first 
IlIhc and the tubes used must be spe-
1'I III,y constructed for the purpose. 

Ordinary receiving tubes with their 
IIhllsy construction, and their variations 
oi So per cent or more between tubes, 
nrc' not suitable for this purpos l~. 

The control voltage is as a rule ob
t/lined from the unbalancing of a bridge 
circuit. T.o increase the voltages ob
lilined in this way a constant current 
Iii-vice may be inserted in tJle bridge 
l'lrcu it either in the power supply or 
11" one of the arms of the bridge . 

Fig. 4 shows a bridge suitable for 
the new device used to indicate the 
IIlIIount of carbon mon,oxide In the ex
II 11 115t gases of an automobile engine. 
" ballast lamp in the power supply is 
Ihe constant current element. When 
unhurned gases strike the platinum wire 
which forms one of tIle bridge arms 
I"oillbustion takes place on the surface 
II { the wire and thereby its temperature 
in raised. The attendant increase of 
I !,Hi stance unbalances the bridge. 

Without the constant current device 
III tfle circuit the sensitivity w.ould be 
Ir~~ . A bridge for line voltage con-
11',,1 consists of four lamps. A lamp 
wIth posItIve temperature coefficient 
"I\crnates with one with negative tem-

perature coefficient. A switch lube is 
connected across the bridge in either 
case. 

Hot C .... thode Vapor Tubes 

Another constant current device con
sists of 3 hot cathode vapor tube oper
ated at temperatu~e saturation . Sim
ilar circuits are in use for indication 
or control of temperature, vacuum, 
speed of gas or vapor streams, flue gas 
analysis and numerous other purposes. 

The many well-known applications of 
the phot.ocell also belong in the realm 
of industrial application of tubes. For 
industri al use the C<1(;sium cell has so 
far been most satisfactory. It is, how
ever, questionable whether it will IlOt 
yield at least some of its popularity 
to the selenium cell. The latter had 
been abandoned in favor of the vacuum 
cell because of its time constant, but 
for many purposes this characteristic 
is not objectionable. 

The photoedl is used in many in
stances to operate mechanical devices 
when a light ray normally falling on 
the photocell is intercepted by some 
object. Such installations are electri
cally comparatively simple. Only one 

Fig. ~ . On ly the hatched portion Of 
cycloS ;9 passed when Eg 18 applied. 
The amou nt of energy pa"".d by tho 

tube can thereby be control led. 

tube is necessary for the amplifier 
which operates a pilot relay. This in 
turn may be made to operate a heavier 
relay. If a hot cathode gas tube is 
used as amplilier and relay the pilot 
relay may be omitted. 

In some cases, however, the photo
cell is acted upon only by the light 
reflected for instance by the paper fed 
int.o a printing and cutting machine. A 
black spot printed on the paper at de
sired intervals actuates the photocell. 
In this case the difference in intensity 
of illumination to which the device 
must respond is much less. Conse
quently the amplifier must be of a more 
elaborate nature. Furthermore, as the 

IInllliliUnlI11111UTIIIIUII1lI11I1IOOlll1lllim 

Fig. 4. 
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output of til(' amplifier, even at best, 
is only sufficient to operate the pilot 
relay it is imp.ortant to keep the ampli
fier properly adjusted. 

It is, unfortunately, a general char
acteristic of the ~ommercial type of 
receiving tubes that their static char
acteristics shift .in time. This shift 
is called the drift of the amplifier. 

This peculiarity of the tubes is, ot 
cour$C, very undesirable as the bias 
voltages have to be adjusted to com
pensate for such changes . It is plain 
that tubes which remain substantially 
constant will have to be produced before 
such an arrangement will be generally 
accepted. This is even more true for 
amplification where photocells are us'ed 
to distinguish color shades as in the 
sorting of cigars. 

So far we have dealt with the most 
important technical characteristics of 
vacuum tube control devices. We have 
found that a large amount of develop
ment w.orl( roust be done before their 
general application follows. 

There are, however, some peculiari
ties of human Ilature which stand even 
more in the way of any rapid progress 
in making these devices useful. In the 
first place vacuum tubes are still a mys
tery with seven seals to the majority 
of technical men not now concemed 
with their use or manufacture, and still 
more so with purchasir;g agents, general 
managers and other n.ot technically in
clined executives. 

The writer had the opportunity to 
discuss at length the use of vacuum 
tu·bes with the engineers of one of the 
leaders in a line which admittedly is 
quite ripe for their application . 

The attitude was about as follows: 
"We have so far solved all Our very 

complicated and delicate control pr.ob
!ems electro-mechanically." 

"We distrust tubes because they are 
made of glass and because they have 
filaments which may burn out and we 
hope -they will not be used in connec
tion with plants such as ours for a 
long time to come." 

"Unfortunately some of our c.ompeti
to rs are attempting to use tubes and we 
may have to follow suit." 

And it was said just as bluntly as 
reported. 

In another similar case the engineer 
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was more inclined to make use of tubes 
but he complained that a filament trans
former had to be usr r! to keep the fila
ment constantly lighted. 

He .objected very strenuous ly to this 
filament transformer. 

When tile wnter pointed out that it 
was only a small one comparable in 
size amI cost to a ben ringer, h~ 
answered: "Oh, no, it isn't Ihat, but 
we do not care to have an additional 
gadget." 

Another difficulty is the (act that 
switch or control tubes can very sel
dom be used in any existing device 
without c.onsiderable changes 

Many engineers a fter reading tJl e 
fascinating articles in the. daily and in 
certain periodicals of technical press 
have a feeling that If tube manufac
turers would not be shlbbom they could 
make a lube that would permit us to 
yank a relay from a switch panel and 
substitute a tube for it. Obviously, this 
is not so. 

Very often also the price ot a tube 
compares unfavorably with that .of a 
relay. It is generally left entirely out 
of consideration that relays are today 
made by the millions and their price 
is accordingly low, whde switch and 
control tubes necessarily must remain 
a custom made article until standards 
of general usefulness are established. 

This can , of course, only be done 
through complete cooperation and ex
change of information betwe<.:l1 the tube 
manufacturer and the designer of the 
control device. 

Such cooperation and exchange of 
information is conspicuously absent in 
many case-s o 

W ITH the possibility of simplified 
broadcast receivers in which the 

power tube of several times the usual 
ampli Clcation will serve to reduce the 
preceding amplification to a minimum, 
the m.:w Pentode tubes now being in~ 
troduced are worthy of note. 

In general appearance thesl! tulles are 
not unlike the -45 type of tube. 

In the pentode vacuum tube a third 
grid is employed to turn back into the 
plate element of the tube those electrons 
which, to state it plainly, get "knocked 
out" by the electrons emitted f rom the 
filament. This third grid is very near 
the plate and is at lhe same voltage as 
the filament. Therefore, when an elec
tron leaves the plate and tries to go 
back to the pOSitive scn.;cn grid it must 

In many instances very substantial 
eleclrical or mechanical changes have 
to be made before a control device can 
be useful, not because of the peculiar
ity of the tubes but because some effect 
is being accoll1plished which was not 
accomplished belore. 

Example of Use 
An example of this lIatun.: is the 

followillg- : 
1\ soft drin\; company uses white, 

red and ~rccll bottles . When the bot
tles are fet II rlled th ey are placed .on 
a can vcycr alld ~cpilrilted by hand ac
cordillg 10 color . Arrangemenls were 
made to have Ihe picking done by 
photocell~. Conseljllently, the bottles 
that had heen placed on the com'eyer 
in a helter-skelter fashion had to be 
placed on it ill a single row, so thaI 
they wOlild always pass the photocell 
in a proper W;ly. A device had to be 
designed to pick the bottles up and 
trans fer thell! to \IHee separate convey
ers before liley had been placed in 
trays. 

Anyone [:ullili;lr with conveyer de
sign wi 1\ IIlll I,c surprised that the 
challt;e ,~ Ile\"c~.~ ; lry to make the photo
cell useful r:l1l inlo mallY thousands of 
dollars . 

Another ill~t;\I\\T IlCiIl"er home to the 
radio fr<1tCl"Il it)" is exempli !led by the 
use of a switch til be as keying 1"\:lay 
in a radio tralhillitlcr. Such a tube 
cannot be simply ~llbstituteJ for the 
original keyill" relay. It must be in
serted either hel ween the rectifier and 
the filter or in the primary of the power 
tr ans forme r. III bot h cases the rc::..:tifier 
unit must he chang-cd for the purpose. 

To allay the IIli~gi vi IIg-S of those who 

.~*~ 

Pentode Tubes 
pass across the gr()ulld~d grid. The 
resulling effect is that the part of the 
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cannol think of an industrial device 
which is made of glass it may be men
tioned that the larger lypes of vapor 
tubes will, of course, be made of metal. 

It will be well for those interested 
in furthering the use of vacuum tubes 
for industrial purposes 10 replace lhe 
glowing accounts of a few rather spec
tacular unimportant uses with frank 
and open minded' discussions of their 
characteri sties and practical suggesti ons 
for their uses, not forgetting descrip. 
tlons' of the most important circuit. .. 

RADIO RECEIVERS IN CANADA 

A CCORDING to official records 
tbere were 472,53 I radios licensed 

in Canada all December 31, J930. This 
total shows a gain o[ 48,385 sets over 
the corresponding 1929 figures and 
gi ves a ratio of one radio to every 20.8 
people in the Dominion. The nlUllber 
of sets licensed in Canada at the cod 
of 1930 is shown, by provinces, in the 
following tabulation : 

Prince Edwal'd Island, I, II 5 ; ~ ova 
Scotia, ] 4,920; New Brunswick, 10,514; 
Quebec, 86,724; Ontario, 238,504; Man
itoba, 29,972 ; Saskatchewan, 29,709; 
Alberta, 21.433; British Columbia, 
39,524 ; K . W. Territories, II G. 

The six leading cities in Canada in 
number of radio sets licensed at the close 
of 1930 were : Toronto, Montr<.: a\, Van
couver, Winnil'q;, Hamilton and Ot
ta wa, in the order named. The number 
of gratis licenses issued to Ihe blind 
during the period from April I, 1930 to 
December 31, 1930 was 654 while in the 
corresponding period of 1929 the num
ber issued was S89. (Consul Julian F. 
Harrington, Ottawa, Canada, 2/J8/31.) 

tu be curve that is lise f ul 
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CHARACTERISTICS 
Arcturu$ DeFore~t 

2·5 
1.5 
250 

Filament voltage .. , . . . , . .. .... .. . ..... . 2.5 volts . ......... . 
rilament current .. .. . .. . 1 .5 amperes ....... . 
Plate voltage .... ... .. . . . 250 volts .. . ... .. . . . 
Plate current . , , , .. ... ....... . , . . . . ... . 32. 5 mill iamperes .. . 
Control grid bias . . ....... . . .. . .-16.5 volts.. . . . .. .. 
Space charge grid potential ... . 250 volts . . .. .. . 
Space charge grid current. . . , . . . . .. . 7 milliamperes ..... . 
Cathode grid potential. . .... . .. . . . . ... . o .. .. .. .... ...... . 
Plate impedance ... . .. .. ...... , . , 38,000 ohms . . . 
Transconductance . . . .. .. ... . . . . . . 2500 mieromhos .. . . . 
Amplification factor . .......... .. .... . 9S ., ......... , . .. . 
P ower output . . . ......... . .. ... . .. . .. . . . 2·5 . .. . . . .. ...... . 
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oudspeaker 

Listening Tests 
By RALPH P_ GLOVER 
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Description of Actual Switching Arrangement and 
Circuits Employed in Examining the Merits of 

Various Commercial Loudspeakers 

I.THOUGH great strides have 
Il(:l!n made in developing 
mcthods and apparatus f or r e
cci vel' and loudspeaker meas-

,.", '''' ' lIt~ during the last few years, it is 
1111 ,II- ,i rable to confirm and supple~ 

"" lit tit!' technIcal data of measure
,,,' lit.. 1,-," aural observations or listening 
" " This is particularly ':ru, ' when 
," '\ ,dilation at tllC quality of repro
... " 11 111\ of a particulal- receiving system 
",II I I ... llIade. It is not only difficult 
" ,.'. !Irately correlate graphic data 

1110 ,III' corresponding sense impres
.,," ' . 1.111 the methods 0 f measurement 

II .. 11I "t'IITS of necessity often neglect 
I" I,q ', II{ vital importance. 

, '111' IIf the most useful aural tests is 
11,, 11 which provides instant comparison 
,,' " IIltmher of complete radio re
, , 1\",·, . The requirements of such a 

II II, hill/{ system vary with circum
I " II ' t'~ hut usually the followin g condi

'''II" IIll1st be satisfied. (J) The 
.q' Ikilili/{ system must permit 01 remote 
, "til, "I. For convenience, it should be 
I"" 01 101,' lo operate the systcm from any 
1,,,1111 III the room which the observer 
, I, , I ·, (:2) The control should be 
- 111."1,, 1\lleI positive in operation. (3) 
\ II I "I', ·i vcrs except the one selected 
1"'11101 II(' effectively and automatically 
d, II ' ,. ,1. The n:rnote control should 

\. , "Iltlpped with a "silence key" which 
, I" I ,tI,". independently or the selector 
'"" l' OI,d~ nl. 

1IIIII1JIIIm lllllllllmI IIJljl~II)II [I)lmlllljlll)ruwlm lllll ~mlljlllllmmmmlmljllllll)llmlllllll~mlmmm 

to this principle CiS "matchtJ tOll~" or 
"balanced unit") Independent changes 
a re frequ ently made in aile or the other 
afte r the designs have been s tarted 
The loudspeaker switching apparatu~ 
provides a final check 011 the effect of 
change in the lou<.lspcakcr construction 
ilnd allows comparison of competitive 
or sample speakers against atemporar.V 
standard. The SWitching' problem, Jrc 
quite: differ,:nt in this case and '.vil[ be 
consi.dered lat:, r on . However, the f ol
lowing conditions might well be im
posed, ( I) The recei I'<,;r itsel f must bf 
lIlaintained under approximately normal 
operating conditions in reg ard to tuue 
voltages, amount o f plate-supply filter
in!! in circuit, and the like. (:2) Jt mllst 
be pOSSIble to compa :' (~ dynamic speak-
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ers having widely differenl field exci i.a
lion requirements; it should also be 
possible to compare magnetic against 
dynamic speakers. (3) Convenient 
te rminal facil iti e for non-standard 'l.S 

well as standard speakers, should be 
provided. 

Concentration on Test Essential 

Th roughout the design of control :\l \d 
auxiliary apparatus, the real object :J i 
the tests must be kept In mind. The 
obscY'iJer's j(Ullilies SftOllld be free to 
concelltrale (ll all times OJ"! the effi!Ct~· 

w Mch are bein.g compared. The ~cnsa
lion of operating a mechanism is highl)' 
un desira ble and to this end, cont,.,)1 
should be effortle s, natural and lln 

marred by switching noises or breaks, 
This sort of test is natufJl1y far more 
critical and enlightening than any 0)" 

dinary sales demonstrati on with ils dis 
tracting background of noise, bowevel' 
slight, and tbe diverting presence of a 
zealous a les man. 

F ig. 1 is a photograph of a recein':l' 
and loudspeaker 5wi'ching outfit which 
has ken found to fulfill admir;tbly the 
previously enumerated re!,(uirelllenh. 
The small CJrlinders standing on t:h: 
table conta in the r elays for re:cc.:i\"l!l
switching. Fig. 2 is a schematic dia 
gram of tlte receiver switching system. 
Four relays :Ire provided, thus making 
possihle the compari son of four 
diffcrent receivers. All four re lays are 
conoected to (OIllIlIOn antenna .,nd 
grOllnd UU ';"<;, the Rrounu lead .,1<;0 se1"\' 
ill~ ;] .~ <1. cOlllmon h;tttcry circuit. T he 
relay contacts are :tdj usted so tll" t the 
Hlltennil is normally UISCO,111Cclcd and 
the antenna and g'round leads to the 
r~ceil'er shorted together. This has 
bee" fOllnel to silence adequa tely eveu 
the most sensitive receiver if opera ted 
at the reduced sensitivity w h ich is 
ustlal for ordinary r oom levels on fairly 
strong broadcast signals . It is neces-

'11,,1 111 '1" :t'!"al t~'st wh ich is valuable 
1- Ih, \ comparison of several loud
"1,, ·,iI" ·I·1 fed from the same receiver 
,I",,\" I~ . Although the modern tendency 
,,' '''01 to be indil1l'Q toward mutual 
'''I\IJ'' ' II ~lIti on of -c=ceiver and loud
"I" ,,1" '1 cl1<lT"J.cteristics (advertising' 
' ''nIlOlIl''I' ~ , happily or otherwise, refer FIg . 1 . Recelvor and loudspeaker switching OUtfit6 . 
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sar)" however, that the short-circui t
ing be done as close as possible to the 
ante,nna ilnd ground terminals of the ft
Ce::iVtL The relays were conseqllcnll y 
assembled in protective formica C<lns 
with flexible leads 0 f sufficient length 
to allow them to be placed al the input 
terminals of receivers standing in fronl 
of the table, Short clip lead, furni sh 
connection between the relay and the 
recei ver , the rd ay being normally sup
ported by the heavy ground clip which 
is bolted to the relay cove r , A wire 
spur is provided on the g round clip for 
combined support and connection whe rO! 
" hole-through" binding posts are en
countered, Fig, 3 shows details of the 
relay a ssembly, 

When a particular antenna relay is 
c;nergized, tbe receiver ant enna lead is 
switched f rom ground to the 'Illtellna 
bus, thus pbcing the receiver in oper
ating condition, The recei vers are, of 
course, already luned to the desired 
sta lion, adjusted for appro x imately 
equal output as indicated by a prelimin
ary test, and otherwise ready to oper
at_c. Th e relays ,lre energized from a 
G-volt storage batte ry and function per
fectly in any position, Pilot lights in 
the respective channel control pands 
indi cate the receiver which has be (~ 11 

selected 

Remote Control of Switch 

The actual swi,tching is accomplished 
through a remote conlrol box (stand
ing on the top of the recei ver in Fi g, 1) 
wi th a long flexible cable tcnninallng in 
a standard five-prong plug. The re
mote control box plugs into a receptacle 
on the remote control box outlet panel 
which is conveniently located near the 
floor on one of the side walls of the 
room, 

A W. E, 211-B switch assembly, 
fitled into a small bakelite case which 
may be conveniently held in the hand, 
is the nucl eus of the remote control 
box, The switch unit is actuated 
through a series of four push-buttolls 
(one for each relay circuit) which are 
mechanically interl06ked, When one 
of the buttons is depressed, the corres-

nm:Ullllllum;IUUIUI1!IIIr.r.llllllr.lJJrJl 

F ig. 4. Rom 0 t e 
control box and 

outlet panel. 

'l .llII lJllIlll!lIUlJIlItr.IIUllJllllllllllllmnllll 

ponding circuit is do"cd and lhe button 
remains clown until the next button is 
depressed, A key switch which is con
nected in lhe WlllllIOl1 lead allows the 
control circuit to ue opened i f it is de
s ired to inttrnl{>t the test The control 
system works very smoothly and 

F ig . ) , Details of relay assembly. 

changeover from one receiver to an
other is accomplished without objec
tional switching noise or delay. 

Fig, 4 is a wiring diagram of the 
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femote control box and outlet panel. 
The remote control box may be 
switched Lo eithcI- the radio (antenna 
relay ) control circuit or to the speaker 
control circuit by means of an anti
capacity swilch, ",rhen the speaker 
cont rol circu it is in use, it is also neces· 
sary that one of the antenna relays be 
energized so that input to the receiver 
\yhich feeds the spc:tkers may be se
cured, The radio selector s WItch in the 
rem ote control box outlet panel is pro
vided for this purpose and makes it 
possible to close any of the antenna re
lay circui ts l -egardle~ s of other switch
ing, It is also useful when out one re
<!eiver is being testell and eliminates the 
necesc;ity of connecting the remote con
trol box in th is case , 

The Compari~on Circ:uit 

Th~ four control panels and central 
master panel to be ~een in Fig, I belong 
to the loud~peaker comparison ci rcuil 
which is shown schematically in F ig. 
S, The radio receiver which is to feed 

-the speakers under test is connected to 
the master panel by means of a patch 
cord, A nUmbel- of these patch cords 
a rc available with terminal plugs suit· 
able for the various types of sockets 
l\ ~ed for speaker connection on the re
cei ver chassi s, Correspond i ng sockets 
are located on the maste r panel. The 
master unit also houses a set of field 
coils, together with the proper magnetic 
structures so that the receiver operate$, 
unde r normal voltage-drop and filte ring 
conditions, Th c!;c artificial fields are, of 
course, connected to the proper socket 
terminals corresponding to the receiver 
with wh ich they are normally usnt All 
of the voice tenninals of these sockets 
are para lleled a nd lead to the voice coil 
bus which feeds the four loudspeaker 
channels. 

Field ExcitatiDn Control 

It is imperative that a separate and 
controlla ble source of field (~ xcitation be 
available for each loudspeaker t;hannel. 
True, this repr \:sents a departure frolll 
th e normal operating conditions of t he 
re\: (: iver-louds peaker system but experi. 
enc:e has shown that this deviation is 
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"'IIIII .. lhl,' ,HId highly dcsimble. A 
liMit d('ll'l'I'e of flexibility is thus se-

11111101 111101 short circuits clu e to differ
I II, .. ~ III ('IIllllllon loudspeaker leads and 
'''11111 ,, ' 111111 (otling il re avoided. 

I" IIIl' ('asc of the particular outfit 
d"01 Illwd, it W;j S necessary to provide 
/11, IIII' ,'xtrcllle ca~c s o f magnet ic 
'I" " "" ' I' ~ I'cqui ring I So rna. at 5 volts 
011101 dl' l l/ llllic ullits operatIng at 30 ma. 
Illld ,I'UI volts . Various intermecli"te 
'1111 ('lit requirements also had 10 be 
1111 '1, HI the same time avoiding the 
I tlllll"I" of poss ible damage to any 
"111 '1110'1' Illte to over-voltage. Fo r th is 
I' 1I~"'" (':lcl1 channd has its own high 
I "lillII" I'('(tifie(-filter system and an in
tilt tolllill (i -volt storage battery. Th l'.,e 
I 1,IIlII{I' sources a re connected in series 
... Ihlil II 150 rna . metcr ill lhe common 
I, ,"I tlll':tsurcs th e field currellt !rom 
,IIIII'I ~lIpply. 

1'11,101 control is centralized in tlte in 
dllldlllli channel control panels which 
11111 v II(' seen in Fig. r. A "close-up" 
"~I till' ['hannel No. T panel is also g iven 
III I'll{ . ,l . TI1rce lidd current adjust-
1""lI t,, IIrc provided. One of these is a 
1"',II·.v·duty voltage divider wllich gov-
1· 11\0 II\(~ voltage impres;ed on the recti
hl'l 1I'IIIls(OTlm:r primary. Th is method 
li""l'd~ smooth control of the output 
""IIlll(c over a wide range and is highly 
I "I'lIllllllcnded where efficiency is a 
11111111\' consideration . 

Appropriate rh~ostats , one for con-
1t,,1 of the storage battery ci rcuit and 
1111' oilier for fin e adjustment in th e 
IIll1h .voltage line, complete the field 
,·.,·/lillion control syslem _ 

" IIlaster switch, located in the mas
It'! IIllit, energizes the a-c . bus to the 
1I'I'llIil:rs and at the sarra: t ime places 
\ I,IIIIKC on the fi lament-heating trans-
11I11I\(~r , thus lighting the filaments of 
.11 four rectifier tubes. Thi s condition 
I_ Indka.teel by a red pilot in the master 
11,,11. Individual switches and pilots in 
Ihr ('hannel control units enable the 
1t1'C'I'ulor to place the desired rectifiers 
III '"rvice. 

TIll! speaker l'elays are also located 
III Ihe channel control panels, together 
with their associated pilot lights, and 
1'l'JIl'ldc means for con necting the de
.11'1'" speaker outlet panel to the voice 
I "II hilS. These relays are also oper-
1I1t'11 through the remote control box 
Itll,vlollsly described. 

')'0 facilita te the removal of t he units 
1111' l'I'pair or relay maintenance, they 
Well'l' generously supplied with terminal 
ItilpM, All of tbe leads were cabled 
ulIII ~ccurely damped in place. This 
If I ~lilly simplifies maintenance problems 

IIllhough these have been few-and 
IIIl1kt'H it possible to remove and replace 
1I1111~ without consulting' a. wmng 
,lIlIlCrnm. Color-cooed wire , terminat-
11111 1111 removable lugs, is an invaluable 
11111 for such work. 

(l3J111 I I I II! 1I11 ItGJ.1 n 1,1 'lit 

Fig . 5. Schematic 
d I a II ra m loud · 
speaker comparl· 

son circu i t . 

\~IJUl\nt ' ,I I r ',J J I J 1:: l.liHh'.1 tiel 

Arrangement of Baffles 

Twenty- four inch baffles, symmetric
ally spaced along the top shelf, were 
provided for the speake(s. These 
barnes ( sec F ig . 3) arc hinged 10 b cili
ta Ie mount ing and removi ng lhe 
speakers, and conceal the speaker out
let panelS when swung back into posi
ti on. "]Juliet" fasteners autoll1at icall y 
latch the baffles in place. Tbe arrange
ment is very convenient and highly eco
nom ical of space. 

The speaker outlet panels a re each 
fitted with six sockets for the more 
common speakers of tllis particular line . 
The voice terminals arc paralleled, as in 
the case of the master panel, anu are 
thrown on to the voice coil bus by 
means of the corresponding speaker 
relay. The field terminals ;He con
nect ed e ither to the batt ery or high 
voltage source as requireo £01' th, ' par
ticular speaker. Ce!lte r-tap leild .~, 
where they occur, are cabled back to 
the master panel in order to cOlllplele 
the output stage plate snpply circllit. 
III order to accommodate non-standard 
speakers, binding posts for high and 
low teld voltage, voice coil and a spare 
c: i rcuit a re placed On the speaker outlet 
panel. These spare circuits run to the 
master panel and are frequently used 
for center·ta p r eturns. Protective 
fuses for each channel are also placed 
on the speaker oullet panel. Its slop
ing-front construction facilitates plug
ging-in the various speakers. 

S imilar binding posts a re located on 
the master panel and give access to the 
various circuits when non-st<lndard re
ceiver output connections are encount
ered. To provide for future alte rations 
and additions, the terminal facilities on 
both speaker outlet panels and the 
master panel were labeled with the tele
phone switchboard designation strips. 

Resonance Effects of Cabinets 

Many additional uses for this switch 
ing equipment have been discov ered 
since its completion. For instance, 
cabinets can be compared and studied 
for r esonant effects by t he use of 
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iden t ical speakers, plugged into the out
let pnn cls through extension cords. 
The remote control system is, of course, 
used for switching. 

As many other investiga tors h ave re
ported, it has been found necessary to 
conduct important tests "hlind" if any 
Importance is to be attached to the re
sults. Consequently, a sl iding curtain 
ot monk's cloth screen s the apparatus 
under test at such critical times. A 
case in point serves to emphasize the 
need for the screen in a rather amusing 
way. A manufacturer of loudspeakers, 
eager to secure orders for his product, 
was present at a "blind" test of one of 
his samples. Other speakers were on 
test for comparison. W ithout knowing 
which was which, he selected one of 
the speakers as being pa rt icu1:trly un
suitable, and found to his evident dis
com{orture that it was his own 
product! 

I.R.E. CONVENTION 
THE presenJatioll of pa.pers 

coven:lIg sub juts of ·V/:tal in -
'" Jeyest to the raaio itl.{/1/stry, val1~- , 
= able t011rs of 1twdern factories , g ! and If.c,'vel entertainment wiU 11U1:rk ~ 
e the Si.xth Anlvual COllvention of §i 
I the IlIstitute of Radio El1gine(!ors ~ 
li! to be held at the Hotel SlwrnlJln ~ 
~ 111 Chicago, ]u'tl.e 4J 5, aM 6, as li 
I all 01ltstandi1lg gatheri.ng. I 
g Papers on the sltbject of a.cous- E 

i tics ami olher timely topics Me ! 
jli beil1g arranged by the CO'n'llmittee. § 

'" A1Ultorities Otl the VOITiOIlS ,su.b- !'1 
~ jec ls have beet! enlisted 10 prese-1l1 I I ~:t:bt:;"" b, f'" 'h' '"gi."" I 
I fli:ekt~ll~e M:isi~::,:g ~or~;t~'i;~ s 

~ 10 see some of Ihe leruii11g ex- ! 
~ amples of modem industry. 
~ PlGl/~ to attmd the fR.E, COtlr I venti(>tf. which a.ssl?tnb/.es foUIT 
lii days poriOT to the C1in4u~al conven-
§ tion of the Radio Mamu.facturers' 
.. ASSOC1'otion itl Chicago. 

l\jI UlII IUII~IIIUlUnlIII!UnOllmiUIIIIIJWlllmllIlIlllIllJIlUlUll1llJUIiUIlJIlIUUUllml lllll lll lllll lll lllmii 
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Transmitting 

Tubes 

I
T is evident that technical progn:ss ill 
the de~igll a nd manu facture o.f trans
mitting va<:uum tubes keeps pa<:e Wilh 
receiving tuhe advance. 
The \ ubes used in the ma in recli fi er 

at the lIew sta t ion KDKA, Saxonburg. 
Penn., are of the glass envelope mer
cury cathode type, somewhat similar to 
oiles formerly used for operating dire<:l
current series arc light circuits, except 
tha t they are larger and ha ve th ree malll 
anodes. T wo small sustaining arc 
allodes and oue starling mercu ry anode 
are also pr.ovided in each tuhe. Olle of 
these tubes is shown in Fig. I. In ope r -
atioll, the tubes a re fully immersed in 
o il, each 11Iounted in a s~parate oil lank 
in a cradle by JlIeans of which it can be 
r eadily removed from the ot!. All nec
essary conne<:(ions are made when Ihe 
cradle slides into place, thus permitt ing 
tube changes to be c.ollv .:niently made 
with minimum effort. For inter<:hange
ability, tubes of (he same rating 
a re u sed in !h)th rna in recti fiers . 

Automatic tilting mechanisms 
fo r starting the suslai ning' arcs 
are p" J \ided. This permits the 
l'ectifier to be pl aced in oper
ation from a remote push
button station with no mo re 
attention {l'om the operator than 
the switching on ot the fila-

'< meat heating circuit of hot 
cathode tubes. The starting' 
m ech an ism (ullctions in one to 
t wO s~.cond.s, a iter which it is 
i 1Il1l1(,dlately possible t,o a pply 
fuJI operating plate potential if 
desired. The susLaining "rcs, 
once esl:l blisll',:d, maintain the 
tubes in readiness for operation 
when des ired without further 
use of the sLal1ing mechanism 
unless th e power supply circui t 
is interrupted . Very little 
(ncrgy, about 120 watts pe r 
tube, is required to operate the 
susht ini ng arcs. This is low 
compared to liJament type tubes 
since the mercury cathode auto 
l11ati<:ally p1"Ovides emission a s 
needed at the hot s pot in the 
mercury pool and therefore the 
pow~r for the sustaining arc 
does not n~cd to maintain the 
lllaximulll emission at all limes . 

Mercury pool 1'~cliJicr lubes such as 
these described, " . h ile not comillonly 
employed heretofore for radio power 
apP<1ratus, nppe:1r 10 have a Iltllllber of 
desirable ckll'act\'ri~t il's , Jl i' rllcularly 111 

il1',tallatj(lll~ oi ~l1('h si~c that the use of 
filamellt tubes would rC<Jui re a great 
11l1l1lhel' of 111l'1lI hOlh ill series and par
allel to fllrlli~h Ihe l'llIliv;Jlcnt amount 
of high voll;lge c1in;<'I currcnt energy. 

DeForest New Transmitting Tubes 

The Dl'1~ ol'l~~ 1' Ra<lio Company an-
1O()1I11,' ,'~ I "''' Ill:\\' ,\udiollS just added to 
ii, linl! Dr tl'alhlllitl"l~ tubes. 

TYjll' 57.i j\lItiioll 111",:ts Ihe need for 
a power n ;,·( i lin 10\,1 \\ el'n the Si2 anL 
the .,h,) da ~s"s . 1 t is rat<;:d at I.~ .000 
\'()It~ ill I' <'1' Sl' peak, and 2.5 amperes 
p~ak CllrH·IIt. '1'11,' des ign of this tube 
is slirh as tl) makc it readily a ppli<:able 
10 sta ndard 572 power units when 
inert'a~,: <l unl plll vol tage is required. 
The st a nda I'd SO-Willi bas-:: IS used . 
Thl~ o Yer-,tl l kn~th of the tube is 
a ppro x irlla ldy (' ,: e il1l'\l great er than 
11'1'<: S7"'. The lilamen t rating is 5 
I v lh alld 1:.l .S ,rtllperes. T h is rectificr 
" ' <I S "\, \, c' \\lI',,, 1 for use in DeF orest 
' i; lI lri ar<i (r,I1 ISlllillcrs but is now in
clil'''''' ill tit,: lille of available trans
lII ill il1 g I"bcs. 

I l i .~h - ( ro.;q \l l: lIcy experimen ters and 
cksi;.: "\! r~ wi II he lllterested to learn 
Ihat tlwr\: i~ lIOW available a high
P"W('\' air ' COlnled tube with aU the 
acll' :t lll a g'('$ "i (he popular T ype 56r or 
.:;(lII-wa l( " '~ 1'l,,·n·g-ric1 lltbe yet fr eT from 

;'> 1< 

Fig. 1. High voltage mercury,cathode tube. 
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t he loss in efficien<:y due to the presence 
of the s<:reen at ultra-high frequ encies. 
The S7r Audion is , in short, a 561 Witll
out the screen, or a big 552. As such, 
it is the highest power ultra-h,gh-fre
quell<:y Aud ion of the air-cooled class 
::\Yailable. This type tuue has been 
employed wilh unusual success at fre
quel1cles greater than 100 IUOC. Al
though the engineers recommend the 
56 r for frequencies less tha n 7 m.c., 
they believe that the inc reased e fficiency 
to be g ained by using the 571 at higher 
frequencies far ,outweighs the in<:on
ven ien<:e of neut r alizing when the tube 
is employed as an amplifier. The in\er
Ilal capacity is so uliusually low a nd the 
stability of this lube so grea t tha,t 
neutralizing is not a problem. 

T ype 57 J has;l normal output of 500 
wa tts , with a mO,.,"(imum output of 750 
walls . The normal plate yoltage is 
3,000, Wilh a maximum ot 4,000, T he 
maximum plate current is .350 ampere. 
T he filament voltage is II, with a cur
reut of (0 amperes . The amplilication 
factor is J 6. 

To meet pOSSi ble future require
ments a t s ta tion KDKA which qui te 
likely may employ tubes much larger 
than any now known, it was deemed 
lleccssary to provide a pJa te voltage sup
ply of 900 kw . at 30 kv . o f high volt
age direct-current ene rgy for the stand
ard broadcast transmitter . Similarly, 
t he fil a menlheating requirements, were 
set at 3000 amperes , 40 volls, ;lIld the 
gl'ld vIJ :tagc supply at 3000 v.olts direct 

current . In addition to the fore
going, a modera~r a:nOllnt of 
power a t 10 to 15 kv. and still 
small er amounts at 3 kv. and 400 

yolts are needed for the various 
intermedia te amplifiers and th e 
master os<: illator. 

Because o f the probable li m i
tati.on of t he h igh freq uency 
tubes it w as not cons idered nec
essary 10 provide as large a 
main plate power supply system 
for th e short-wa ve trans mitter 
a nd therefore the second recti 
fier unit w as designed f o r only 
450 kw. at 22 kv. H owever, 
since either plate supply sys tem 
may be used with either trans
mitter, the max. imum plate 
power can als.o be used fo r any 
high frequency experimental 
work that may requi I'e it. Ap
p roxi mately the same power sup
pli es .are needed for the inter
lIIediate amplifiers a nd master 
oscillator of both the hi g h fre
quency and the sta ndard broad
cast transmitter and the refore 
these were designed i ll duplicate 
to provide the greatest inter
changeability of equipment. 
Fi lament heating r equirements 
fo r the high frequency trans
mi ttel' were set at 2000 amperes . 
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Radio 

By E. F. :t\1ARTIN lit 

Thoory of Antenna Ar
r.ngements; Their Prop
.,.,,, of Transmission and 

Reception 

i\ ST June there appeared in this 
I,uhl icatiOll the Ii rst part of a new 
IIwlllod of explaining antenna 
t I"iIllsmission, particularly directive 

1I'III,"d~~ion. This was based on the 
iii 11111111"111 analysis 0 f wave motion. The 
. 11111,11' 1111<1 lundamental types were then 
1'1111".1. 1c:lving the explanation of more 
• ,,"q,lll"l\lcd types, those used commcl--
11.111', fill" a future article. It is the pur
I"IU' "I Ihis article to cover the com
IIIHrlll1 Ilpplications of directive trans
,"1 .. 11111. 

"1I.1I/llIl-;'h some 0 f the systems to be 
II"t,'rlhccl are not new, inventively 
iPllllkilll{. they are quite recent in their 
1lIlIllIlI'l"L'ial application, It appears that 
l"tul'r ~\lccess with directive radio will 
1111 1'lIIlfiIlCd, almost entirely, to the so-
1 .. 1I1't! Mhort waves. To thC3e trans-
1iI1.~I(I(HI nre due the remarkable success 
"I 11"llIl-to-point wireless transmission 
"II II rlltl day basis. More and more is 
1,,,1111{ IC(lrned of the fading phe-
11111111'11 (111, and it m.\y be said with 
11'1It1llllllJlc assurance, that it has almost 
,IIII_fll! to be such a serious problem in 
I" ""I to-point transmission of intelli
"~II\"r, Today there are numerous 

directive transmlSSlOn systems in reg
ular use whose wave disturbances actu
ally circle the globe. We sec touay the 
rapid expansion of voice communica
tion; the:re is every reason to believe 
that it will not be fa r distant when the 
entire world will be covered by a net
work of telephone facilities, being as
sisted in the spanning of large bodies 0 f 
water by directive radio transmission 
and reception. 

The transmission of intelligence with
out use of wi res has made possible an 
almost unlimited number of applications 
never before believed attainable. We 
have communication service to ships at 
sea., radio entertainment on moving 
trains, and, in some countries; com
munication service on moving trains, 
all-weather guiding service to ships at 
~lCa and aeroplanes in flight. We also 
transmit pictures with and without 
wires. Nor is this all. We have re
cently accomplished the transmission of 
colors with and without wires. To the 
early developments of wireless, the 
spark coll is claimant; latterly the: three 
electrode tube. It is upon the study and 
application of electron act,on that fu
ture developments in this field will very 
likely depend. 

As is generally known, the sharpest 
directional effects are produced when 
dealing with very short wavelengths. 
In fact, the shorter lhe wave, the 
greater the possibility of procuring a 
sharp beam. Althougll, as already 
stated, the fundamental principles of 
directing radio waves have been known 
for some time, economic limitations 
have effectively prevented their appli
cation, especially with the long waves. 

Page 39 

Fig. lIB. Polar diagram ror Grecian 
curtain antenna system. 

point-to-point transmission ave,' a dis
tance of a few thousand miles recep
tion is good for only part of a day. 
Transmission 0 f these walles is af
fected diurnally and nocturnally to such 
:l. degree that at times reception is en
tirely cut off. This limitation has been 
~atis factorily overcome by two very 
different metll0ds. One through alter
nate use 0 f two or three previously 
tested channels, so that when one fails, 
the others may be used. The other has 
been like\Vi.,c successful, but uses tIle 
same channel tontinuously. \Vlren 

1lUIIIIIIUIIIIIIIIIIIIIIINIIIIIIIIIIIIIIIU 111111 

Fi g. 12. Vertical 
a ntel"'lnas system
"tlcally arranged. 

1I I11 I I I I UIIU~Nill l l l lm lulmmllllUuum. 
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Long waves were virtually the only 
ones that were, up to a few years ago, 
in comlnCl·cial use, the short-wave spec
trum was thought impractical and unfit 
for consistent communication. Now, 
since the advent of short waves, con
ditions for economically making use of 
directional transmission have been al
tered greatly. 

Though lise 0 f short waves has 
partly, indeed almost entirely, overcome 
the fading phenomena, it presents cer
tain defUlite limitations even today. In 

nnmmlllll!llnlJlllllmlllmllllllnr.mml'l 

Fig.llA. The Gre
cian curtaIn de· 
slg" for directivo 
tra nsml ",.. 'on or 

reception. 
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transmiSSion in one direction hecome'> 
poor, the direction a f transmission is 
revcrsed, that is, turned about through 
an arc of T 80 degrees. Thus energy is 
transmitted around the world in either 
of two directions. A method to pre
vent or counteract tIle fading of the 
longer waves has not, as yet, been dis
closed by anyone. 

The Vertical Antenna 

Almost all of the directive antenna 
systems ("lOW in general use may be 
regarded as types of linear army. Such 
a system consists of two or more ver
tical radiators equispaced and having 
current supply of equal amplitude and 
in phase, Their properties were treated 
in part in RADIO ENGINE.eRING, of 
June, I930. 

Another type now in commercial use 
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consists of two I,arallel linear arrays 
of these elements, the first row usually 
has its antenna group in pairs acting 
as transmitter, the other as reflector, 
The refiector row is nOl energizeci. 
When thc transmiLling row is operating 
without a reflector row the principal 
radialion is in the direction of Ihe 
array, with the reRector row the prin
ci pal radiation is at right angles to the 
array . .Ill the conditions shown in Fig. 
6, (RADIO ENGINEERiNG, J Un\;, 1930) 
it is nOI necessary that each radiator be 
excited, for one may derive its energy 
from the other and yet produce the same 
results. It would take the radiation 
from the energized antenna just one
quarter period to propagate itself to the 
unenergized antenna, so thaI the result 
would be of one-quarter period differ
ence between them. The unenergized 
antenna would reradiate energy re
ceivcd from the other. J n the former 
case the reflective row is sometimes 
grounded, thereby preventing radiation 
in the direction OpposIte to the desired 
transm iss ion. 

So that a sharper beam may be trans
mitted, a number of those antennas are 
arranged systematically in a horizontal 
plane, as shown in Fig. 12, The polar 
diagrams of l; ig. 12 show that increas
ing the number of pai rs of transmitting, 
and corresponding reflecting, antennas 
pr()(luces an increasingly sharper beam. 
Increasing the quarter wavelength sep
aration between antennas tends toward 
f onnation 0 f pa rasi tic lobes, the results 
of which are to decrease the effecti ve
ness of the array. 

As seen from Fig. 13A, the prim:ipal 
radiation is at rigbt angles to the array. 
This is because the individual antennas 
are in phase. The dlTection of the 
array produces a wave motion of go 
degree phase difference, thereforl: we 
have some radiation because a complete 
cancellation of energy is not affected 
(Fig. lJA), As the vertical radiators 
are increased, an increasing complexity 
of wave motions results which are too 
complicated to show diagrammatic<tlly 
so experimental results will serve to 
indicate the effects. 

Various spacings of the vertical an
tennas and reflectors are used with con
siderable success, but are too numerous 
to mention here. 

Adaphtions of the Hertz Antenna 

Modifications or variations of the 
Hertz antenna are very useful in 

/:% /;-:jZjL 
~'f~~,dt '" 

F'ig. llA. One pair of vertIcal anten
nas. Their radiatIon effects. 

modern directive transmiSSIon and re
ception. One of these types is used, 
commercially, in this country with satis
factory results. It consists of a large 
number of radiating elements io a ver
tical plane array, spaced at suitable dis
tances and interconnected in sllch a 
manner that the currents in all the radi
ating elements <Irc in phase. This 
conditton accolllpli~hed produces what 
are known as "standing waves;" waves 
that are always proceeding, in their 
parallel pat11s, in the same direction. 
It is generally known that current nodes 
and currrcnt maxima will recur along 
a straight conductor if -its length be 
an exact Illultiple of one-half wave
length of the exciting e.m. f., and that 
the phnse eli rr I:rellce betw~en successive 
current maxima is 180 degrees. Such 
a conductor, when arranged in a vertical 
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FlO. 14. Mocllfloation of Hertz a n
tenMa In vertical position . 

plane, i~ shown in Fig. 14; it satisfies 
these re(jlli rCllH:nts. The arrows indi
cate the rcl;Iti vc di redion of current 
flow and the dotted line indicates the 
current amplitlldes along the conductor. 
It will be observed that the instantan
eous currents ill the vertical members 
are all in the same direction and that 
in the cross mCll1bers thei r directions 
are opposed. This arrangement is 
designed so that as soon as the currents 
complete like portions o[ 180 degrees 
their conductors are crossed over to an 
adjacent side ill order that the reverse 
180 degree cycle may be completed, 
and the next vertical section be in the 
same direction as the one below, and 
so on to the top of the antenna. There 
is, o'f course, no resulting radiation in 
the crossed members, for the curr~nts 
equal in magnitude and differ in phase 
by 180 degre<.:s, amounting to destruc
tive inter ference. 

The vertical members combine their 
efforts for radiation in a perpendicular 
direction to the plane of the conductor. 
Actual tests have shown that there is 
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Fig. 1.3 8. One pair of vertical anten
naa. Their racllatlon effects. 

an improvement of signal intensity in 
the direction equal to four times the 
power which otherwise would be neces
sary for the same results. 

If a second similar conductor sys 
tem be placed in a parallel plane 
directly behind the first and excited 
parasitically from the radiator, the 
resultant action would be that of a 
reflector curtain creating a unidirec
tional system. The reflector curtain 
further reduces the power required by 
one-third. Comparing this system with 
a simple vertical antenna producing the 
same results, it is necessary to use only 
one-eighth of the power. 

The system in Fig. 14 can be ex
tended vertically to include more radi
ating elements. lL can also be extended 
horizonlally by placing several 0 f these 
units alongside of each other, care 
being exercised that the proper phase 
relationships in all the individual ele
ments is maintained, 

The Grecian Curiain Pattern for 
Directive Reception 

An antenna will rlcvelop directional 
properties if it is built up of elements 
spaced a fraction of a wavelength and 
is in a single conductor. This may be 
accomplished by folding the wire back 
and forth so as to cause desirable phase 
relations in certain elements; cancel
lation of energy in others. Such a 
structure is shown in Fig. lJA. The 
length of the vertical se<:tions is one
quarter wavelength; that of the hori
zontal, the same. In the horizontal 
element occurs the current nodes. In 
the vertical elements the currents are 
always in the same direction. It can 
readily be seen that the currents in the 
horizontal elements will cancel, thereby 
delivering no received energy. Simi
larly, the currents in the vertical sec
tion will add, although in the alternate 
sections they are opposite in phase re
lationship. It will be particularly 
noted thaI the currents change in dire<:
tion' at the nodal points, allowing re
ceiv~d currents in the vertical elements 
to be always in the same direction, re
gardless of whether they be positive 
or negative impulses. 

this antenna has maximum sensi
Ii vlty at a right angle direction to its 
plane, and none If) a ",ave in its plane. 
To render th is system unidirectional, 
another similar curtain, unexcited, is 
placed parallel to the first one a quar-
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.~, \I II\·(·!t-llgth away. The directivity 
•• I I hi. ".vslem then is equivalenL to an 
I'lt " ' ''''' 1)( power or about 15 times. 
II " ""d liS a tr,ansmitter) this system 
, ,,,II. II ~h n.rply polarized wave, such 
11, ." ,I deviation of five degrees on 
• ,II"" .dd(· of the axis of the beam pro
·1", ,I. ,I salling off of 50% in field 
"'''' l1wlll. (Fig. IlB). 

, \·,iltlilhle feature of this system is I"." II docs not permit curreots into 
,,,.. I'Ntkal elements to suffer loss 
I", 1111111. reradiati on from its hori~ontal 
.1~'"I'"IN. Such loss could only be 
I, 11111 I'"~~age of curre.nts along the hor
I. ,,"1,,1 (·Icments. Another important 
~.h 'IIIIIIJ.:(~ of this system is the uni
"" 11111 v o( current flow, there Lcing no 
. IIIIIIII,·",,! points of rellection through
"III IltI' wire. The sensitiv ity to radia-
1!o.1I ill it vertical direction is null 
., 1111111 1\ short distance frOIll the an-
1" 1111,1 The horizontal sensitivity is 
.lIo1'"\,I·d,·d to the maximum permitted 
I . • Il.r rt-ceiver. This system can be 
" ., d I III' unidirectional transmission in 
I., .. ,11"'('lions by using either curtain 
", " " .. 11'\'1" or transmitter, whichever 
.. ,~ • ,10(- 1lI,1y be. 

Arr~ngement of Chireix 

,\,,"lhl'l' arrangement of this identi
",I ,lIllII';ple has been devised by H . 
• II",.I~ IIlld is shown in Fig. IS. The 
\\ II.. I. hen! in zig-zag fashion as 
1,"\\ II . The current distributions are 

.I"'\\-II III dotted lines. Instead of one.
'1 11 '1111'1" wavelength bends, however, 

" • . I'. Tho a.rrangement 0' ChJreix. 

11,1. .Y~I('\l1 requires one-half wave
I."!jlh N(·ctions . The wire offers no 
11 1'1"1'1-111111<: changes in characteristic 
hlllllltllllll-(~ and therefore energy is read
II. IlIllplll{ated from one end to the 
llllIlil with very little, if any, reflection. 

A 111 '11l'lical form of this antenna is 
. 1t"WIl III Fig. 16, and is obtained by 
' ~,j '1"'llol1s of Fig. ]5. The curtain 
III"" III' r)(lended, by groups of sectional 
I '~II., III Il horizontal direction) usually 
I .. I~ "f Ihese half-wave elements. This 
AI·I .. llI will also show max.imum sen
.ill~II .\' hi-directionally; will be ren
"", .. ,,1 1111 itli rectional by a like unexcited 
, ,,111\111 III n parallel plane one-hal f 
""r"It'III1'lh away. This again produces 
~ (,IIIIIIIlIllIlIy polarized wave. It is 
.. 1","1 ~o "'~",rees in breadth at the wid-
101 1",1111. The total length of the cur
I-tl.u I. 1I~lIally five or six wavelengths . 
\., 11.,11111{ to the inventor, this system 

,- ""I nilical in adjustment. VI'hen 
"I'~"IIIIIf{ on 2S meters a variation of 
~""~, pillS or minus is ;i permissible 
IHI.IIIIIII wilhout changing design . 
I hI. 11'111. of course, permit the sim
d 111 '1111. lise 0 f several frequencies 

Fig. 16. Prnctical arrangement 01 
nnlenna shown in Fig . 15. Vertical 

"'aw. 
with the same antenna. This system 
also permits unidirectional results in 
two directions by use of either curtain 
as either transmitter or rcceiver, de
pending on how the curtains :are being 
employed, Both the Grecian curtain 
and this system effectively prevent 
"ghost signals," which are occasiont:d 
by currents travelling around the 
eal'th. Both of these systems are in 
actual operation and are giving satis
factory re.'iults . 

Conclusion 
The foregoing descriptions cover the 

important developments which have 
been made in directional wireless from 
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its discovery lo the present day. They 
represent continued research Over a pe
riod of about 30 years, e1uring which 
time communication by voice has ex
panded from local to national, and 
from national to international. 

TInt little is yet known of the prin
ciples of ,lirective radio transmission 
is manifest by inspection of available 
data on the subject. Such knowledge 
is connected with that of thc transmis
sion of light-a phenomenon of which 
also little is known. It is likely that 
transmission of wave disturbances in 
the atmosphere will remain unsolved 
until more is known concerning trans
mission of light. Of that we may be 
l'ea sonably certa in, since their methods 
of propagation are similar. So far the 
wa ve theory has been most useful in 
wireless transmission study It appears 
that the wave theory will ,'emain an im
portant part 0 f electrical transmission 
phenomena. 
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THE Federal Radio Commission on 
Ma.rch J 3) auti1ori :1cd the National. 

Broadcasting Company nnd its two asso
ciate stations, \lVTIC, Hartford, and 
WBAL, Baltimore, to c.ontillue thei r 
synchrolli%ation work and to pl:lcc in 
regul:lr operation the synchronizillg 
apparatus for which construction per
mits were granted several monlhs ago, 
when N I3C engineers announced that 
synchronism was ready for praclical 
lise. 

Cnua the arrangement which is now 
in effect WBAL will synchronize duro 
ing the time it is n.ot operating on its 
own wavelengths with WJZ in New 
York, and similarly WTIC will syn~ 
chronizc: with, and accept programs 
from WEA F, NBC's other metropoli
tan key station_ In the periods when 
they are not synchronized, WBAL and 
WTIC will broadcast independently on 
the wavelength of r060 kilocycles which 
they now share in the fed era I 
allocations. 

When the plan was first ann.ounced, 
the participating engineers pointed out 
that the immediate advantage o[ the 
synchronization will be to enable WTIC 
and WBAL to give full-time service in 
their respective areas. Under the old 
scheme one of the stations was neces
sarily silent on those days or during 
those hours, when the other was using 
their joint wavelength. Synchroniza
tion with one of NBC's stations in New 
York will permit them to serve thei r 
listeners during every broadcasting 
hour. 

"The fundamental difficulty with all 
previous <\ttempts to solve the problem 
of syn'chronization," an ;.sBC engineer 
explains, is the fact that engineers have 
concerned themselves only with dimi-

nation of th e so-called 'beat note,' which 
reproduces itself ill loudspeakers as a 
discordant wh istl ing noise when two 
stations are not maintaining exactly the 
same frequency, 

"The 'beat note' we eliminated by 
controlling our frequencies from a cen
tral point. But this absolutely constant 
frequency did not quite do away with 
interference, because even in perfect 
frequency synchronism, the transmitters 
showed a tendency to v.ary in 'electrical 
distance' from one another. 

" In other words, the lioe which con
trolled the frequencies, and kept them 
identical, created an effed known to 
engineers as a 'varying phase' dif
ference. We finally solved the Jast 
obstacle to practical synchronization by 
evolving a clevice to overcome this 
difficulty." 

The device, it is stated, is a stabil
izer which is similar in effect to a fly
wheel. It automatically operates the 
station, and is itself governed by the 
frequency contr.ol which comes over the 
line from the central point The stabil
izer disregards line variations in volt
age, momentary changes in frequency 
ancl other disturbing hctOTS, and for al\ 
practical purposes maintains the phase 
relationship between the synchronizing 
stations in an ideal way. 

Synchronization, as it is developed 
and applied, will be of importance to 
the 1 istening public. If spaced gep
graphically stations will be able to· 
synchronize and still maintain their 
own program services without inter
ference . And Ih is possibility will enable 
many stations which arc now limited in 
power, because they share channels 
with other stations, to increase their 
power and extend their service ranges. 
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Adjusting the 

Superheterodyne for 

Maximum Sensitivity 
By RALPII J. KNOUF 

T H ,.: adjustments of the various 
circuits of a superheterodyne re
ceive\" £o\" maximum sensitivity 
offer a somewhat different problelll 

than that of the usual t.r. f. \"ecci ver. 
This is due 10 the use of a low fre
quency in the intermediate frequency 
amplifier, and also because the oscilla
tor tuned circuit must operate at a 
frequency differing from that of the 
radio-frequency amplifier and first de
tector circuits. 

The following description of a test 
oscillato\" and method has been found 
useful for factory tesling and could also 
be used to advantage in servicing super
heterodyne receivers. 

A calibrated test oscillator is used to 
adjust the first detector and oscillator 
circuits. Assuming that· an inter
mediate fr equency of 175 kc. is used, 
Ihis oscillator is calibrated at 600, 750, 

775, 92 5, 1400 and J 575 kc. The ()~cil
lator may be modulated either by a grid 
leak or modulator tube, but must be so 
arranged that aD unmudulated output 
may be obtained when desired. A tube 
adapter for the Ii rst detel;tor socket, 
with a flexible lead from the plate I;on
nection of the adapter terminating in a 
plug for the second detector socket. 
allows the circuit shown in the diagram 
to be obtained without changing the 
wiring of the receiver. The 224 tube 
working- into a transformer designed 

for a u7 tube is satis factory in this 
case as only a resonance indication is 
desired. 

The test oscillator is connected di
rectly to the grid of the r-f. tube in 
order to eliminate any tuned circuits 
ahead of that point. Then adjust the 
test oscillator so that a 1400 kc. modu-

!lml l l lm~~~~!lilm~ilmUlimllmlmllll llll 

Description of the appa
ratus required and the 
procedure in determining 

superhet performance 
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lated signal is obtained, set the tuning 
dial of the rCl;ei\'er to rcad 1400 kc., 
and adjust trimmer condenser No. 1 

until maximum output is indicated on 
an output meter, which may be a 
vacuum tube vollmeter or thermocouple 
milliammeter connected to the speaker 
voice coil. Then, without cbanging tht> 
pOSItion of the gang condenser, adj ust 
the test osclllalOI' for a 1575 kc. un
modulated signal and adj ust trimmer 
No. 2 until zero beat is heard in the 
speaker. 

Ailer this is done set the test oscil
lator for a 600 kc. modulated signal a nd 

l~n-:~'n;~i AUDIO 
AMPUF'J(R 
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v 
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Test circuit for &uper· 
heterodyne receivers. 
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adjust the gang condenser until maxi
mum output is again indicated. Leav
ing the gang condenser in this position, 
adjust the test oscillator for a 775' kc, 
unmodulated signal and again obtain 
zero beat in the speaker by adjusting 
trimmer NO. 3. 

If the first detector and both osciUa
tor trimmer condensers have been 
properly adjusted in these two positions, 
these circuits should be very nearly 17S 
kc. apart over their entire tuning range. 
In order to check this, the above opera
tions should be repeated at 75D--92S kc, 
and again at '4oo---r 575 kc. 

When this .has been done the ctdapter 
and plug may be removed and the first 
and second detector tubes placed ill 
thei r sockets. Vo/j th the test osci lIatof 
set at preferably 1'100 kc., Ihe inter
mediate frequency trans tormer adjust
ing condensel's may then be adjusted 
until maximum output is obtained. 

The last operation is to align the r-f. 
section of the gang condenser (or both 
sections if band pass input is used ). 
This is dvne by using the J 400 kc. 
modulated signal from the lest oscilla
tor, first connel;ting it to the grid of 
the r-f. tube and obtaining maximum 
output oy tuning the receiver, and then 
coupling this same signal to the antenna 
connection anct again adjusting for 
maximum output by means of trimmer 
condenser NO. 4. 

In production testing, this pro( rdure 
may be done by two operators, the first 
aligning the first detector and oscillator 
circuits and intermediate frequency 
transformers, and the second operator 
aligning the r-f. tuning circuit and 
checki ng overa H sens i ti v ity. 

.a. 

1930 NOT SO BAD 
Stalistical inforllialioll compiled by 

the Department of Commerce sh.ows 
thaI the average li st price of radiu re
ceiving sets in the year I930 was 
$87.00, less tubes, 11l comparison with 
$133.00 in 1929. 

The total sak s of radio reeei vers, 
including accc ,sorie~, in 1930 amounted 
to $500,951,500. 

.a. 

BROADCAST ANTENNA TOWERS 
In the May issue of RADlO ENGI

NEERING will appear an illustrated tech
nical story on modern broadcast antenna 
towers. This article will be of real en
gineering value to radio engineers who 
desire to keep abreast of U1C times in 
broadcast station work. 

" 
SUPER-CONTROL TUBES 

111 the May issue of RAOIO ENGI

NEERING will be published additional 
information on the new super-control, 
or ,'ariable-mu vacuum tubes. 

A'AII 
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1ler.£S aNew 
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i , tJwt doM the wfJrJi 
RADIO engineers of 1931 receiving sets will receive. 

wilb unquali6ed approval this announcement o( a ' 
Sprague Eleccrolytic Condenser thar helps materiaUy in 
[beir problems to make the [lew radio rcceiver~ as simple 
as possible, mOTe efficient than ever beforc--and al Ihe 
same ume conserve time, space and elCpeo.se. 

Only an organization like SPRAGUE, with superb mod
ern m8nu(actudng facilities, highly devefoped research 
labO('lllories, an engioecriog deparunenl devoted to the 
problems o( the sel manufacturer, and a highly IrsJned 
personnel could produce che tremendous improvement 
represented by Ibis Dew SPRAGUE INVERTED ELEC
TROLYTIC CONDENSER in tremendous quaolilies 
wich unquali6ed UNIFORMITY. 

Send for i/WJ/rated h(J()/elet, dIa
grams, et •. Address Dept. 138 

SPRAGUE SPECIALTIES COMPANY 
North Adams, Man. 
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PROGRESS IN RADIO DEVEL
OPMENT IN AUSTRALIA 

DURING 1930 

1\ 
interesting review of the 

achievements and general prog
ress in radio development in 
Australia during the pasl year 

ig contained in a statement issued by 
Amalgamated Wi reless (Asia ), Ltd. 
It is mentioned that the Far 1930 has 
been a period of considerable activities 
in the wider sense of radio development 
and that some of the achievements of 
the year are definitely of historical 
importance. On April 30, 1930, accord
ing to the statement, the wireless tele
phone service between AustraJia and 
England was opened. Next in impor
tance of the year's achievements was 
the establishment of telephonic service 
between Australia and N ew Zealanrl 
on November 26. By the establishment 
of th ': ., e sen'ices, which in turn are 
linked with the radio tel~phone services 
from Great Britain to Europe and 
North and South America, Australian 
telephone subscribers are brought into 
contact with about 50,000,000 telephone 
subscribers in other countries. 

PictUre Transmission 

During the year developments have 
taken place in the transmission of 
pictures by wireless. Photographs 
transmitted from Sydney have been re
ceived in England with suflicient clear
ness to be published in the British 
press. T he experts of Amalgamated 
Wi rekss (Asia) , Ltd .. are not yet sa tis
fied, however, and further experiments 
must be conducted before anything in 
the nature of a commercial service can 
be established. 

Beom Wireless Troff'ic;: 
The neam wireless service, which 

was inaugurated four years ago, has 
become more firmly established as the 
cheapest and fastest method of over
seas telegraphy. The Beam now carries 
about 70 per cent of the tra.ffic and 
during the past year its operali.on re
sulted in the Commonwealth Govern
ment receiving £126,000 as its share of 
dividends and terminal taxes on mes
sages sent and received over the Beam 
wireless service. 

6. 

GRAYBAR 

Ol\ r~ of the finest things that has 
been done in our times has been 

the naming of the Graybar Company. 
In recent times the tendency in naming 
companies has been to indudl' in the 
title indicati.on of the product or 
service. Many eminent and worthy 
names were shelved when the General 
Electric Company was named-formed 
from companies whi <.: h bon: personal 
names. We have the General Asphalt 
Company, the General Glue Companr, 

and the trend toward large consolida
t ions has prodIJced such cryptic titles 
as The AEFG, ·etc. 

In the early days of the telegraph 
there were the Wade and Speed Lines, 
The Bain Lines, The Morse Lines, The 
O'Reilly Lines, The Mackay-Bennett 
System, and so on, all later to be given 
more comprehensive names under 
consolidation. 

The Graybar Company, was given its 
Dame by men still young in years
Gifford, Jewett, and others. The human 
touch of the thing is positively en
couraging. 

The name is form \,.-tl from those of 
Elisha Gray and Enos M. Barton. 
Elisha Gray was born in 1835 and died 
in 1901. He was educated at Oberlin 
College. In J867 he received his first 
patent, f.or a self-adjusting telegraph 
repeater. Later he invented telegraph 
switchboards, and annunciators, a har
monic telegraph system and a telegraph 
printer. Also, the Telautograph and 
numerous telegraph and telephone de
vices. He was dose on the heels o£ 
Alexander Graham BeIl in the inven
tion of the telephone. F or this he filed 
specifications on February 14, 1876 but 
a few hours after the filing of an appli
cation by Bell, t.o whom the patent was 
awarded and whose rights were sus
tained by the Supreme Court. Gray's 
assl.lciate, Barton, is said once to have 
remarked: "Of al\ the men who didn't 
invent the telephone Gray was the 
nearest." 

Gray and Barton maintained an 
electrical manufacturing establishment 
in Chicago, at 479 State Street, from 
r86sJ until 1872, in which latter year 
the business became a part of the 
Western Electric Company, then newly 
organized. 

Mr. Barton became the head of the 
works of the Western Electric Company 
where he remained for a pe~iod of 
forty years. 

It is a great personal credit to men 
ident ified with the destinies of the 
industry of telephone manufacture and 
communication service that in seeking 
a good name for the new division of 
the work they have placed permanently 
.on letterheads and signlJoards the names 
a ( E lisha Gray and Enos M . Barton. 
The very fact that in years to come it 
may be necessary to explain to posterity 
what "Graybar" means will present 
opportunity to re-tell about the con
tributions of these pioneers to the be
ginnings of the art of communication. 
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; REMOTE CONTROL I 
I Remote control of radio tele- iii 
~ graph transmitters is the subject !! 
3 of an informative technical article ~ 

to appear in the May issue of ! 
RADCO ENGINEERING. i 
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SHORT-WAVE HIGH-POWER 
RADIO TUBE 

V ACUUM tubes have been subjects 
of research for years. Approxi

mately three years ago scientists in 
General Electric Research Laboratories 
succeecled in constructing a radio tube 
having a wavelength of six meters and 
a frequency of 50,000,000 cycles per 
second, capable of radiating 10 ,to IS 

kilowatts of energy. This is fifty times 
as much power as any short-wave tube 
previ.ously had been able to produce. 

Early experiments with this tube 
w ere accompanied with some phe
nomena startling to a layman. Within 
the sphere oi its influence a cold copper 
bar would blister the hand that picked 
it up; an incandescent lamp held in the 
hand, without wire connections with any 
electric circuit, would light to full 
brilliancy; similarly a neon tube, upon 
being touched by any~ne, would emit its 
bright red glow. Electrical instruments, 
even in rooms other than the one where 
lhe lube was, were disturbed or broken. 
P ersons approaching too dose to the 
tube experienced suddenly a comfort
able glow of warmth, but if they COD

tinued under the influence, increasing 
pain in limbs and joints. nJood tem
pera.tures rose to roo degrees F ahren
heit in fifteen minutes. 

Radio cooking was demonstrated as 
a possibility. A wire was suspended 
over a table at a distance of a few 
feet from the radiating aerial, which 
was a copper bar about ten feet long. 
A sausage in a glass container sus
pended from the end of the wire was 
soon cooked. Likewise an egg was 
"fried" in this container, and an apple 
spitted on the end of the wire was 
thoroughly baked in a short time. With 
suitable changes of utensils cookies 
were !Jaked and water boilee!. There 
were no RamI'S nor other visible evi
dences of heat accompanying the 
cooking. 

The vacuum tube from wh ich this 
weird power emanated was only two 
I eet long and fi ve inches in diameter. 
However, auxiliary to it was a large 
and complex array of electrical equip
ment costing so much that the tube will 
have but little practical utility until 
researchers and developers shall have 
accomplished numerous simplifications. 

Quite different applications of the 
capabilities pf this tube have also been 
under investigation. For generations 
heat has been used to alleviate pain and 
cure some diseases. * * * * As yet the 
high·power short-wave vacuum tubes 
are being used for experimented pur
poses onl)'. To bring tht:lIl into prac
tical usefulness at reasonable cost and 
discover their many possibilities for 
service to mankind i3 now OUf task.
Willis R. Whitney, in Engine ering 
Foundation Resea·rch Narrative. 
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YOU WOULDN
1

T TOLERATE 
AN ABSORBENT RAINCOAT 

yNfHANE 
Lamina/cd Bakelite 

How do your customers 

feel about absorbent insulation? 

OF course the insulation 10 your product was supposedly 

good when it left your ® plant. So was your raincoat when 

you bought it. Bu[ if it is unreliable, falls down under use, absorbs 

moisture-you lose customers. » » ,. That's the reason an increas, 

ing number of manufacturers are turning to Synthane lfSrJ Laminated 

Bakelite. They know that it's reliable, that it stands up, [hat 

it makes' reliable products and in turn-satisfied customers. 

» » » In addition to low moisture absorption, Synthane has 

many other superior features, both electrical ® and physical, 

which we will gladly explain to you. It is made only of 

the finest materials ~ giving you only the best results. » ,. » 

Your customers will not tolerate absorbent insulation any more 

than you would tolerate an absorbent raincoat. Be sure

use Synthane. Generous samples for testing ~ sent on 

request. Synthane Corporation, Oaks, Pennsylvania. 

NEW YORK· CHICAGO· PHILADELPHIA· DAYTON . LOS ANGELES, SAN FRANCISCO 
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Modulation and 

Its Suppression 

By VERNE V, GUNSOLLEY* 

W HFN a sinusoidal e.m.f, E 
sin wt, is impressed on a 
circuit containing L, C and 
R in ~cries, the instantal'.cous 

value of the current, as indicated by an 
inertiaJess galvanometer is, in general, 

. Esin(wt-tan" [WL;~ J) 
1"·- -I-

~R~+ (wL- wIer 
10 E''''' sin (w' t-Yo) (I) 

. If the impressed frequency is equal 
to the natural frequency of the circuit, 
tllen w = w·, und, in particular; 

i -,~ (1 -I- E''''') sin wt (2) 

If, instead of instantaneous values we 
are satisfied with effective valuEs, as 
would be indicated by an inertialess 
a-c. ammder, the current amplitude 
would rise along a curve i 

E 
i - 'it (1,1 E''''') (at resonance) (3) 

Expression (3) will immediately be 
recognized as being of exactly the same 
form as the current ri se in a di rect
current circuit. This follows, naturally, 
from the fact that in the analysis of the 
electric circuit, e.m.L's., and currents, 
whether alternating or continuous, are 
treated as stationary. At resonance, 
the reactance to tlle permanent term is 
zero exactly as it is in the direct current 
circuit. It foUows that if the time 
cotlslants of fhe doc. alld the a~c. cir
ellits are equal, then the reactance /0 
the Ira"slet/lt terms wiU also be eqHol 
a·nd tlrat (3) holds for both the doe. and 
the resOlla·nl (j-C. circllit. 

The foregoi ng has been very brief, 
for we do not wish to spend time and 
space unneccS5<lrily in reviewing the 
fundamental principles which may be 
verified by referring to any of the welI
known treatises on transient phenomena. 

Equation (I) is based on the c:ondi
tion that the e.m. f. be instantly applied 

• Re$8arcn enoineer, TIle Notlnnu' [JaUc'1l 
Statton, KSPT, 1ft. POIII.A(I..",copolJ8. 

WHILE tlie solulioH 0/ the Inned 
circuit e-itller b}' tire sideband 

method or Ii"!' tile direct method gives 
identical resill/s, Ihere are many who 
are not reconciled to this conclusion. 
The purpose of this (l;rlicle ·is to Si101t1 

tile eqlri'Uolence belween the fwo me
thods al1d to show thai the sideband 
theory wln'le perfectly vali.d is neverthe
less based on an imaginary concepliun 
ha.villg no part in the actlral physical 
phenomena of broadcasting . 

and then held steady at an Unvarying 
amplitude. If this is done, then after 
a few cycles the transient term contain
ing 6 becomes negligible leaving noth
ing but the steady state term. If, how
ever, the E.mJ. is nOl held in a steady 
state but is kept varying, the transient 
term does not have an opportunity to 
die out before a new transient term is 
generated by the variation in the ampli
tude of the applied e.m. f. so that the 
transient term becomes permanent and 
of a na.ture depending on the nature of 
the variations in th~ amplitude E. 

It is at once evident that such a vary
ing e.m. f. in addition to being an alter
nating current is also pulsating, for, an 
ammeter connected to such a current 
would show pulsations provided they 
were not too rapid, or, the meter 
inertialess. 

What has been said of the alternating 
case is correspondingly true of the di
reel-current case. If the e.m.f. is Ileld 
constant after being instantaneously 
applied, th(~ transient term containing e 
dies out aftEr a short time. If however, 
the e.m. f. is not held steady, each new 
variation sets up a new transient, the 
nature of which will be the same as in 
the a-c. case provided the nature of the 
impressed variations is the same, 

'While it seldom happens in reality 
that the variations, or modulation, have 
any definite law of variation, for the 

RADIO ENGINEERING 

purposes of analysis we will choose the 
case where the variation is kE sin Wi t. 
TIlis means that the modulated alter
nating e.m.f., which is also a pulsating 
alternating e.m.£. has the form; 

E sin wt + kE sin w't sin wt (4) 
which may also be wrillen; 

Esinwt(r+ksinw't) (5) 
If we are satisfied with voltmeter 

readings instead of mstantaneous values, 
and the voltmeter is quick enough to 
follow the modulation, we may strike 
out th e term sin wt and obtain 

E + kE sin w' t (5) 
which is at once seen to be the same 
as·the form of a modulated direct e.m.f. 

Since the reactance to the permanent 
term is zero in both the doc. and the a-c. 
circuits, amI since for equal time COTl

stant~ the reactance to the transient 
term~ of both currents is equal, it fo1-
luws that a solution of the simple doc. 
circuit is also a solution of the complex 
a-c. circuit when the time constants are 
equal. 

The time constant of the doc. circuit 
is, r/o.' = L' /R'; while the time con
s'''.nl of the a-c. 6rcuit is, in general, 
r/a. '- 2L/R. There is no necessity for 
making the n:~i5tance In both circuits 
the same for equal suppression, but, in 
order to have both permanent terms of 
the same magnitude, R' = R, and 

L'=2L (6) 
It follows therefrom thal the current 

in the pulsating doc. circuit is given by 
the simple relation 

i'=~-I-kEsin(w't-~). (7) 
R .yR' + (w' 2L)' ' 

wllich is also tIle envelope of the modu
lated a-c. carrier wave, while the in
stantaneous value of the modulated 
carrier wave is given by the equally 
simple relation 

i = E sin wt -I- Jill sin (w' t - <p) sin wt (8) 
R .yR. -I- (w' 2L)' 

Thus is solved the complex modulated 
carrier wave, by the act of equating to 
its equivalent modulated direct current. 

Having solved the current by the lag 
in the rise and fall of resonance, we 
will now turn to tbe sideband theory 
for that method 0 [ solution. 

Equation (I) was derived by the so
lution of the equation 

d' . d'; d 
L _1 -I- R ....!. -I- : = - (E sir! wt) (9) 

dl' dt c d~ 

But when we apply the modulating fac
tor lO E sin wt, thereby giving (4) 
for the right-hand member 0 [ (9) 
i nsleacI 0 f merely E sin "Jt, it now be
COm~5 impossible to find a solution to 
the di fferential equation, (9). For 
some time this equation was never 
sol ved, and .'<J far as we know is still 
unsolved though we know that the solu
tion is (8); by the method already 
given. However, there is a way out of 
the difficulty. 

Tn tile May, 1930, issue of this mag
azine R. P. Glover gave the trans for-
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Some speakers are only true on high Dotes 

But ouly MagnavOl< gives you full 
symphonic tOIlO range 
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NNOUNCING 
THE NEW MAGNAVOX 11140 11 

SYMPHONIC SPEAKER 
• 

AT last, a speaker that will reproduce the full range of the human voice, band 
ft or symphony orcbestra from low G to high G clear, true and undistorted 
on every note! 

It's another Magnavox triumph-the ultimate in dynamic speaker construction, 
born of twenty years' pioneering in electro-dynamic sound engineering. 

The new Magnavox bas many revolutionary construction features, fully covered 
by patents and patent applications. And it is sturdier, more durabJe, easier to 
mount-wear-proof and trouble-proof-an end to rejections and service. 

Only the superior resources, long experience 
Magnavox Company could produce such an 
achievement-at a price so attractive no 
1931-32 commitments should be made with
out investigating the new Magnavox "140" 
Symphonic Speaker. 

and extensive facilities of the 

Executive and Sales OtTIc<-"S: ISS East Ohio St:.., Chicago, Ill . 
Factories: Fort Way ne, Iud . 

S UB SID I A lUES 
Tbe M.u~IIQYOX COUlJ)Sny 

El~ , ~lto FOI'I'081l0n , Ioc. 

SUDSlDIAR.r£S 
MHKnavoJ. (Aol!tral.i~) T .• d . 

M.Ilj"oJ\-·OJ: (Cr-c,t Brita;n}I.td. 

It. COMPARISON WILL PROVE IT A FAR BETTER SPEAKER THAN YOU 
NAVE EVER SEEN OR HEARD. SEN D FOR ENGINEERING DATA. 
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mation of (4) into its components 
which are; 
E sin (~t+ 0kE siu(w+w')t + ~kE 

sin (00 - w')t (ro) 
which means that the modulated single 
carrier frequency of (4) may be 
imagined n:placed by three carrier fre
quencies in a steady state; that is, un
modulated. This gi ves Lhe unmodulaled 
carrier wave and an upper and lower 
sideband; and, solving for the current 
in this case, the differential equation is 

d'i d i j d . 
L dt3 + R dt + c= dL (E Sin wt + ! kE 

sin (w + WI) t + ~ kE sin ('" - w') t) (11) 
from which 

i = E si; wt + ~ kE "in I(w -I- w') t - tan" 

(.(1<> + w') L R (w +1 WI c) ] 
~R' + (w + u/) L - w +1",,) J' 
+ ~ kE sin (ew - w') t + tan" (12) 

(~w') L~ (w +lw') c) ] 
.... /R'+((,J~w')L - 1 )' 
" (w - WI C 

It still may not be aPP(lfenC that (22) 
is the equivalent of (8). Numerical 
cak,dation will closely show the equal
ity if the fact that expression (4) is 
equal to cxpression ( 10) does not. 
However, it is oot necessary to resorl 
to uumerieal solution. Vie may show 
analytically that with negligible error 
such is the <:ase. We shall do this by 
showing that whell the suppression in 
both dIe d-c. and the a-c. circuits is 
equal that L' = 2L independently of 
equating the time cOllstants; illso we 
shall show that the suppression is equal 
to the power factor of the mOQulatioll, 
and that this is in turn equal to the 
power factor of the sidebands; that is, 
that the reactance to the modulation iu 
a d-c. circuit is equal to the reactance 
to the sidebands in the resonant a-c. 
circuit. 

Let the degree of tli ,: modulation of 
the impressed e.m. f. be k. Then, as 
is well known, either sideband e.m.f . e 
is to the carrier e.m.f. F such that 

2e/£ = k (13) 
Suppose now that the impedance to 

e is z and such that the modulation in 
the resulting carrier current i is no 
longer k, but instead is equal to ~. 
Similarly the sidchand current I is to 
the carrier current i such that 

2l/i = k' (I4) 
It is understood that the suppression is 
brought about by the fact that when the 
components are impressed on a tuned 
circ.uit, the carrier wave meets only 
with resistance, while the sidebands 
meet with the higher off-resonance im
pedance, l: , so that they are suppressed 
relative to the c.arrier, thereby suppress
ing the modulation which is represented 
by the sidebands. 

Dividing (14) by (13) gives 

I E 
k'/k=-X- (IS) 

e 
But E/i = R; e = ~kE and 1= e/z 
= Y.kE/.y R' + X". Substituting these 
values in (IS) gives 

R 
k'/k - vRz + X 2 ; (\6) 

that is, th e power factor of the side
bands. Dividing through by R and re
arrang ing gives 

k, = _ _ k_ . . 

J1 +X' 
, R' 

(17) 

Since the sidebanrls are unequal, in 
solving for k' it is necessary to solve 
first wilh the upper sideband reactance 
and then with the lower sideband re-

, act:mce, and Lake the mean value of the 
two results. For ordinary ratios of 
modulation to carrier frequencies the 
error in so doing is negligible. 

\Ve may express «7) directly in 
terms of the modulation and carner 
f rcqucncies f m and f c ( 18) 

k' 
k 

~ l +~.I 1-(_1 )2}2 
CR1 t fm 

l ± 
fc 

i-lnving found k' for the sideband 
theory nnd thus the a-c. case, we may 
now tilld an expression for k' in the 
d-c. case. 

Upon referring to (7) It IS very evi
dent that k' is the amplitude of the 
modulation divided by the amplitude o( 
the carrier current; that is 

k' = (kE/Z) / (EjR) (19) 
from wlJich; (Z being the modulation 
impedance in (7) ) ; 

k'/k = - R (20) 
.JR' + X' 

that is, the f'07rJcr lerc/or of the modula
tion. By Ihe salllC rcasoninJ; as before, 
(20) being eqllal tl> (10), thell k' in the 
d-c. case is also e'lll,,1 to (17) with the 
modulation reactnncc substituted for 
the sideband rcactance. That is, when 
(16) is equal to (20) as we deliberately 
oblige it to be; (since we could equate 
the two express ions for k'., and k' •• 
irrespective of whclhcr they were ic!<:.D
tical in form,) it iulJows that 

X., = X.. (21) 
when It' •• = k' .. 
and since X., is w'L'; and X.o is 
(W"L-I/W"C) then by (21) 

w'L' ,(w"L-,,)c) (22) 

where 00" is either sideband angular 
velocity. 

In the capacity reactance component 
of (22 ), C may be replaced with its 
equivalent, LC/L, giving thereby in 
(22) for the capacity reactance compon
ent, L/w"LC. Let oo"/w',...., hand 
equation (22) then becomes 

L'=L(b-;;;-'"~Cb) (23) 
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Now if (23) and (6) are identities, 
then the term in parenthesis in (23) is 
always equal to 2, numerically. We can 
detel11line tllis by solving numerically 
for both the upper and lower side
bands "lid taking the mean value, a 
process which, with negligible errOl' in 
every case results in the factor 2, 
thereby verifying (6). 

F'Jr example: T.ct the carrier fre
quency be 550 kc. and the modulation 
5 kc. The sideband frequency is either 
SS5 kc. or 545 kc. From this, b is 
either 109 Or IL L Substituting these 
values respectively ill (23) gives 2.2L 
and J.8L Ihe mean value 0 f which is 
2L. At the other end of the di<l.l, or 
J500 kc. th e sidebands are ei ther r50S 
or 1495 kc. and 0 is either 30r or 299. 
Substituting Ihe new value of LC cor· 
responding to 1500 kc . and solving 
gives 2L by either sideoand, (on a 20 
inch slide rule). 

Analytically, it may be shown that 
(Z3) is (~CJual to (6) by putting (22) 
III the: terms of the modulation and car-
rier frequencies, fill and fc. This 
gives (23a ) 

L'=L(.k+ 1) - 1 
[Ill 4~Cfmt( fC 

ftTl 
If this holds for all values of modula

fc 
tion, it holds for --,..., I, also for fm 

fm 
equal to infinity, in which cases (23) 
reduces to 

L' = L (1 + 1) - (0) 
and L',....., 2I .. 

We have thcrefore, (with negligible 
error) est"blished the equivalence be
tween a resonant a-c. circuit and ad-c. 
circuit when the time constants are 
equal. We have yet to determine when 
till: sidebands are real ilnd when they 
are imaginary. Obl'iollsly tl1is cannot 
be done I1lathell1atically since (4) is 
equal to (10). Where there is equival· 
ence there cannot be differencc, and 
where there is no di ({erence, there can 
be no argument. This leaves mathemati
cal proof out of the question. Sir Oliver 
Lodge says a deep philosphical question 
~eems to be involved. Let us see. 

One side of the argument concludes 
that it is the function of the apparatus 
Lo send out a modulated single fre
quency. The other side breaks the car
rier wave up mto its components, and 
concludes that it is the function of the 
apparatus to send out three unmodu
lat (: d frequencies. Mathematically each 
side can prOVl: its own case but cannot 
prove the other side wrong, for, it can 
be absolutely proven that the same re
sistance that is necessary to produce 
a given fidelity 011 the lag-in-thc-rise
and-fall-of-resonance theory, also pro·· 
duces the proper breadth of selectivity 
to admit the sidebands. r n fact that is 
just what we )Iave proven in showing 
the equi valence between (8) and (12). 
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E VLR Y St:1 ma.!\ufaclluL:c. t;Vt"(y r3010 cngjocc,;t. 
the cntin: rude. wHl be v lI:llly lnu:ccs{cd iCl 

[hi.!! neweSt jnv('n(ion -rhe Arcculus Type S}l 

Y.,i,ble·Mu Tube. 

Seldo"" in .he ropidlychang,,,g ,..1,0 indu!uy, 
hilS one tube ~mbod.<d .0 m1JlY ,dv.nuge. .nd 
pc<,cn<od.o set manufactUrers such splendid moe· 
(hlndi,ing and economic po"ibdi"" for 19} 1 
cecejvC'n-with pCa(cically no <I"I;\ 08c$ in <"lt1stin.g 

circuits 
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volcagc, cbe Type S'1. 
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modul~,ion of .lte CLm.' by low· frequency 
hum vohagn ioa<ivcf(cauy prC.'nnt iD the 
(00((01 B(id 'teew( ; 

~. Obvrote, the u.<e of wreno. po«nrio
mctea.loca.J . long d i u'Dce swi.tches. 
double pn:-sdcCtouj ct( . 
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duction COilS a.nd perfolalance £Ie pan.mOWlt 
co.o,lde(u.ion~. 

A '1le(loJ .echmcaJ bullerinon theAIcrulllJTypc 
~51 VlUi.bIL,Mu Tube will be<eo. upon requel •. 
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HOLED - TITE RADIO TUBE 
WRAPPER which is revolutioniz
ing tube packing. 

Check these features: 
Wrapper i~ light and form fitting and de.igned 
eApecially for each Au:e of tube. COf\aequently, 
it provide. au.pension and perfect prote.,tion. 

SLUpenaion packing protect. againat lateral 
Ahock" IUld diatortion of elemenu. 

Tube can be teated without removing from car
ton, withO'lt tearing or defacing the wrapper. 

Wrapper i. eaaily and quickly handled, even by 
unakiUed packer.. 

Wrapper coata lelA than any other packing. 

Holed-Tite Wrappers 
are made for all types 
of tubes to fit the 
standard bulb &i2es. 

Write for samples and 
prices to day. Protect 
your tubes; save 
money. 

HOLED-TITE PACKING CORP. 
220 E. 42nd St., New York City 

Affiliated with International Paper Co. 

Holetl-Tite pat/ lor packinll .tant/arJ erne. DF 
25-50-100 radi., tub... Pad tom .. ;1\ .9 .i" ••. 
Do you want .ampl •• 7 
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There is no use trying to prove reality 
by mathematics, so let us not cloud the 
issue with any complex equations. The 
dispute arises as to what are the physi
cal facts of the case, not the equival
ence. 

Gi yen a single pendulum modulated 
in amplitude. It may be imagined re
p/aceci by three pendulums unmodulated 
in ampl itude and of component fre
quencies. \I.,'hat is the fact in nature? 
What is the physical event, and which 
is the imaginary or mathemati cal equi 
valent? On the other hand suppose we 
actually have three pendulums sending 
instead of one. They may be imagined 
replaced by a single pendulum. What 
now is the physical event in nature and 
which is the imaginary event ~ Is any 
deep philosophical question involved? 

When once a thing has been proven 
mathematically or physically to be 
e(juivalent, it makes no difference how 
complex the mathematical exprcssion 
for the components is, they may be sub
stituted for the force of which they 
are Ule equivalent. If actual substitu
tion is performed, then the components 
are real because we dellberalely give 
them existence. 1.; I1:il we do actually per
form tIle substitution t \1 ey rema in 
imaginary. Obviously it mal<es no dif
ference in the solution of suppression 
whether they are real or imaginary. 
The fi nal re suit is the same Ina the
matically. 

[\.,)\,'1 it happens that both the modu
lated carrier and the components can 
exist at the same time. Suppose we 
have a leather strap holding up a weight 
of ten pounds. This ten pound pull may 
be Imagined as replaced by two diagonal 
pulls at 45° from the vertical pull and 
of 7.07 pounds each . Let t.he strap now 
be:: splil with a knife hal[ way up its 
length, from the bottom, and replace 
the fO pound pull by the components as 
just described, thereby, instead of 
merely imagining the replacement by 
the components, actually per forming the 
act of replacement. The system is now 
an inverted Y under tension. Tn the 
two arms of the inverted Y we have 
the components of the IO pound force 
in tile stem. By this means we have 
obtained the actual physical existence 
of both the components of the force and 
the resultant of the components. In the 
arms of the Y the resultant is a mathe
matical fiction and the components are 
real. I n the stem of the Y the compo
nents are mathematical fictions and the 
res111 tan tis real. The act of add i ng the 
components vectorially whether done 
physically or mathematically gives a 
single valued function, and it is this 
single valued funcl ion that is broadcast 
from an antennn, since it is not only 
the mathematical sum out also the 
physical sum of the components of the 
modulated carrier wave. 

This transition, hom the illustration 
of the fo rces. to the antenna is r"ther. 

abrupt, b\\t to the point nevertheh:ss. 
Suppose we have three very seledi ve 
wavc-met€rs each tuned to a component 
of a modulated carrier wave lhat has 
also been tuned-in on a l·~sular coil
condenser combiniltion of the usual 
broadcast selectivity. The modulated 
carrier in the broadcast receiving cir
cuit is single valued and real while the 
components are imaginary, or, as mo re 
commonly expressed, mathematical fic
tions. In the wave-meters however, the 
components are real and the resultant a 
maUlematical fiction. While the mathe
matical fiction is single valued, the 
components are triple valued and each 
has separate, real and actual ex i stenc ~. 

This follows from the fact utilized in 
the Y system of forces, thal any force 
may if convenient, be analysed physi
cally as well as math~matically inlo its 
components. If done physically the 
components so found are real, but 1 f 
donI.: matllematically, the result must be 

~1! IUl !! II:Ufimmll lllmtl1ljllllmlllllmlllCli!r11l"1II 111 11 IJllllul.mllomlllllll · l ·m ·l1:nmlllli11!1 nll~ - ~ 
THE VARIABLE-MU TUBES 

ELSEWHER E j·n eflil· ·isslle of 
RADlO ENC IN C.1£RI KG is de

scribed the progress of researcli 
whic/I has 1/.0~V lI1ad~ possibl.e tli e 
new va.';Clble-m·u, or si /per -control 
serrell grid ·1J(l.C Il1l11~ i1lb('s for 
7·adio uses. 

IH IIII.' (Jrug·rcss of development 
/./ie cfl(lrrzc/errislics have been sllb

jected 10 1IIodijicaliolls. In lhe 
selledlde of 1'(I11:llg5 appearing 
eisc-where ill this issl/·e of RADIO 

EtlGINC£RING we /ra ve noted tliat 
Ihe jig?t·res so f[ll" given OHt, (Ire 
tCHlaliv{'. 

i 

i 
1 1 1 1 ! l r lml llmU lllIlmlnUmmlllIlIlIUllt[tlllIIflUllmmOUUJ1ll1l1 l ll u mll ll lllllll!I ~lIl1~ :Ji~ 

a mathematical fiction as far as physical 
truth IS concern~d. 

The laws of the analysis and resolu
tion of forces into components and 
resultants are the 5arne when once 
mathematical analysis proves the forces 
to be components or resultants, and this 
is true no matter how complex the 
expressions for the forces may be. 
Therefore the fact that an alternating 
e.m. f. when impressed on a circuit sets 
up very complex mathematical expn:s
sions for the current; resulting in still 
more complex expressions when it is 
modul.ate.d, does · not in the least deter 
from the simple laws of resolution of 
forces once the currents are- proved to 
be components. 

The conclusion to be drawn is tllat 
while the sideband theory is perfectly 
valid and as such is our most useful 
tool when discllssing modulation, sup
pression, interference areas of broad
casting stations, etc., nel'ertlleiess it is 
based on a mathematical fiction . 
Furthermore, the fact that the si deballd 
theory is a matl1l:~matical fiction does not 
make it possible to ignore it, fo r, any 
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alteration of any component, causes a 
corresiJonding alteration in the resultant 
which is the single valued function of 
tlie compont>nts. III short we cannot 
accept a fore\:: without at the same time 
accepting j ls components, mathematical 
fictions though they may be, or, in spile 
of the fact that we may not even know 
what the components are. 

N ow it happens that the components 
to one kind of force are the components 
to that force only. They callnol be the 
components to some wholly different 
type 0 f phenomena. For new phe
nomena we must find new components 
which may be as wholly different as the 
phenomena itself. 

For instance, a frequency modulated 
carner is an entirely different type of 
phenomenon and must not be confused 
with amplitude modulation. If it has 
any components, they must be ent irely 
different. As long as there are different 
means of broadcasting it is folly to say 
that it is impossible to broadcast with
out sidebands, for, sidebands are the 
components only of one particular type 
of transmission; that a l amplitudc 
modulation . Wh~n the components of 
the fr' :\juency modulated transmission 
are [ollnd, then i l will be impossible to 
disregard them when dealing with fre
quency modulation just as it is now 
impossible to disregard the sideband 
theory when dealing with amplitude 
modulation, and, any solution of the 
components will also he a solution for 
the resultant when rl:~olution into th e 
single valued function is performed. 

J t follows here from that it is also 
impossible to explain frequency [nodu
lation phenomena by using the compo
nents of amplitucie modulation phe
nomena, and, that tbe entr;!nce of 
frequency modulalion as a means of 
voice transmissioT' does not disprove 
the sideband theory. Il proves only the 
~xistence of more than one form of 
lllodulati on, and thus of voice transmis
sion over a carrier· wave. \Vhen this 
simple truth is realized there:: will be no 
con [usion between the two types of 
transmission. It simply must be real
ized that amplitude modulation is not 
the only principle that can be used in 
the transmission of modulation, and 
that the sidebands are the components 
of amplitude modulation only and there-
fore cannot be used to analyze fre
quency modulation. Any attempt to do 
so musl lead to ludicrous and fallacious 
results t hat are as fa r f rom the truth 
as the two systems are apa rt from each 
other in principle, if not more so. For 
this reason the inventors of frequency 
Illodulation devices will do well to revise 
their explanations to con form to the 
type of phenomena they are dealing 
with, and save thernscl yes the disrepute 
that must result from try ing to explain 
this phenomena with the components of 
another and entirely unrelated principle 
of transmission . 
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AST IIIOlllh, in thjs publication, we an-
~ lilllllll'ed Type "K" Metallized FiJamen t. 

II .. · ,,11I11'IIlI'llt was made that it was this com-

1"111\ ' .. ~ .... ult ~ st contribution to the radio nlld 

\ 1111111111 111111' illdustries since the introduction 

,,' .\I,·,,,I/i:w'/ Resistors, 

III MIII'"III" of this assertion we now present 

till'" Ilik/'ll from a few of the tests conducted 

It" ·, .. pl'I'iurl of eighteen months of intensive 
1,· •• ·.11·,·1 •. 
II •• · 11'''111114 of these tests have been confirmed 
11\ .,,\ 1'1'111 of our larger customers in their 

11\\ II 11I11II1'IiLories, They will interesl every 

.j I 11111 1111 fuetllrcr, every distributor of radio 

'Itl'l'lIl'~' IIlId every serviceman-for without 
",11".111111 IIII~Y stamp Type .oK" Metallized 
• 11111111'111 1111 Llle most advanced resistance unit 

"11111111,1,· III Lhe Radio industry today, 

C lit \ ••• 111111 1111 tu bearing on these and other tests 
I"HI' 1""'11 forwrtrded to our customel·S. If YOll 
I hI\' I' II lit ,'", \dvcn. yours, please write u@. 

111 .... ·1111. ionsl Resistance Company 
Philadelphia 

I" , '/I ""'/" , J lIlernationll.1 Resistance Co., Lift, 
j ·1 Wellington St., Tm·onlo. 

PERMANENT 

Type "K" Metallized Resislors, pJaced under intermit· 
lent roled wattage., show small change in resistance, the 
units nlwnys relurning 10 their originol vslues. 

HIGH SAFETY FACTOR 

With 100 per cent overload applied to Lype "K" Mi<lal· 
lized Resistors, the ch.:lnge in re8isL3nce is not grealer 
than 10 per cellt. The~e un,!!, aha return to within 
2 per cent of tbeir iniliol values. 

MOISTURE PROOF 

Type "K" Me/Illtized Resislors will he fou",llo be neurly 
iml'crviou. 10 1Il0i.;t" 'e. Hal moisture ~nt.l colrlllloi81urc 
lCSls, IIp.,I;,,,, lo thesc Il nit", .how II chan~e ill Te.islar",c 
of les; 11>,U' JO per <'Cltl. The uniIs relurn to their 
orit;inul Yl!luc~ "ftcr Ihesc severc teslS_ 

NOISELESS 

Type "K" Met"Il':zed Resistors, under le.l, show ex· 
tremely low noise Ic~e1. 

RUGGEDNESS 

'J\pe "T(" Metallized Re~i'lors ~re extremely Strong. 
When ~ loot! of sixty·five pounds was placed acro~ D 
resistor it ~howetl no failure. Type "K" units will 
reodily withstant! abuses to which resistors arc subject 
in produclion or shipment, 

VOLTAGE COEFFICIENT 

Test voJ(ase~ applied on Type "K" Metallized Resistor. 
frolU 0 to 350 volts show a maximum change of 2 per cent 
from original resiHance vullle. 

RES I S~T 0 RS 
MANUFACTURERS OF r R C PRECISION WOUND RESISTORS 
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No. 38 FULL VISION TUNING UNIT 

• 
The new Number 38 tun ing unit w ith straight lille ~ca l e (shown above) 
afld the Number 39 tuning unit with a flot arc scale a re two new 
positive driven control device~ which heve advantages that will 
appeal to every radio engineer. The pyrali" scale is sacurely 
fostened, and is not subject to warping or bending . Scale5 may 
be hod to read in either direction or according 10 specifications 
if spe cial graduations are required. 80th the Number 38 and Ihe 
Number 39 are equipped with projecting arm For attaching the 
Yaxley Spring Clip Pilot light. 

The new Number 50 Drum, together with its escutcheon is shown 01 
the leR This new Ihumb conlrol tuning vnit has mony advontages 
over previous types. The Number 50 may be provided with a 
variety of scales, both translucent for pilot lighting, or of etched 
metal for indirect ligh ting. The escutcheon lor Ihe Number 50 is 
50 desig ned that lettering" d ies origina lly mode to use on the 
escutcheons fitt ing rha Number !29 drum may 0150 be used on 
this new model. 

Write for further details about these two new tunrng units . 

• 
CROWE NAME PLATE & MANUFACTURING CO . 

'737 GRACE STREET • CHICAGO - ILLINOIS 
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WI"~ WOUND RESISTORS 
• I ~ . II I I dl ql.tny , successors to the 
It " U, lId 1' '' I!lliO n, 1I1 all.ufa~turers of 

.... I H .... , H II '!lIIH'!' Dav ohm wlr~-wound 
,I I ' " -1''''' 1, [lIen t· d at lS8-J 60 Sum

' 1 ' 1\1111 ., New Jersey, announce 
, ' j j . , . • • j Ilt t ' phy~ical asse ts, pate~ts, 

, I t I , , .• III· II .1' th e former Supenor 
'11' ''' ''''''" ITccntly located at 
\" ' '''' . N('wa rk, N ew Jersey. 

•• tlll",,, III of the fortner 
[III ' (, fl',oralion bas been 

,,"111o-d I tbe Daven plan!. 
(,IUI" 1i II maohinerr and equip-

t, 1\' " "1pllny has II1creased its 
I' \I It " vcr 25 pe r cent. This 

",I th rill 10 tnke care of the . I h, t rll<.lc $lIpp\ied by Ihe 
l , I tt>r Corporalion. 

I " ,,, pa nr will relain the 
. '"1''' "h ill In addition to their 

" " ".," SlIpcr-Davolun and 

I 4duII.ln;- has specia li zed in 
. ". I "" ,1 .1,,,, I'('sistors for several 
,., .• " I II a pos ition to supply 

~1' ! " 1 ' j I Oh , l,' l O 100 me~ohtn s 
• I J I" " "lt ml l'q luJHllC nt and Indus -

, h, ,. 1,,1\'" also gone into 
' " I.r ~ 1 lUll ' !If Ihe heavy duty type 
' « \I til \\HlIIHI res is tor. The outer 

, . . ",'I I... II I ;, specia lly prepared 
I 111 _1 1,111 o j Ih" vi lreO\lS type resis tor. 
~ •. \ 111 '1 llH" rll any advantages Over 

II b l llHiI' , 

UU: IU~ISTOR CORPORATION 
, I. . I ". 11,·. I,IIIr Corporati on, Erie, 

I, " ",,,I Y 1(1 1' ,Iislr ibulion a color 
, . ", .11 . . " "I \\' I""" "1II'"i fi ca tioD engineeq. 
I ,. I., " "'''''11 1'1' . will find of great use. 

'~"'VJC.ING INSTRUMENTS 
10 .. , ''' h I III~. ' r~ Compa ny, 755 Boyls-

11".111". MaNS., are manufac
I .• loI ~" "I,'o\r lillc o( tube checkers, 
' '' ' ' ' " . ,11'I' lIl t t('slcrs, Oll tput indi
~",d\ #1 l II Hnd tHtcillntors . Circulars 

. , I , ., ht II II 11 · IPh·~ !. 

MIO \ I OR THE NEW TUBES 
I ~ I h II' I 1 1. I III I ' H lli r('quirc{l in the ma nu-

" I II! 1H'\\' IIl U1ti- l llU luhes and 
, I ' Ill .. .! , I lI !. "'1 af(" I ll tlllUfnct o r cd by 

",.f, .. I ulo .. W"rb . I\,, "h T 'Tl n ill :tl 
I I ' III~ " •• "r1.l l' H, N, V. 

PROCURE A COLOR CODE 
The Internation.1 Rcsistance Company, 

2006 Chestnut Street, Philadelphia, Pa .• bai 
got{en out a handy, well made standard 
R.M.A. resistor ccotor code chart. One of 
these useful seak, may be procured by 
writing to the company. 

MOLYBDENUM RADIO TUBE GRID 
SCREEN 

The Ncwar!< Wire Clotb Co., 351-.165 
Verolla Ave .. Newark, N. J., manufactu""rs 
o( wire cloth for every industrial purpo,c 
and well known in Ihe radio tield as 1\I.10U
(acturcrs of tbe "Seale<lgcrl" radio grid 
screen, advise thaI the}' arc now furni sh
ing a wOlren wire scrcen made of molybde
nuo' for uSe on special tubes. • 

PENTODE TUBES 
The Arclurus Radio Tube Company, 

Newark, N. ]., has issued a neW technical 
da ta booklet On t he new Typc PZ pentode 
tube. Copies o( the bookIe. will be mailed 
upon re<Iu,~st. 

• 
K G F F MOVES 

Mr. R. U . PoneT, manager o( broadcast
ing station, reports that the station has 
been moved {rom Alva. Okla., 10 Shawnee, 
Okla. Thc stat;nn employs 100 watts a nd 
operates on full (ime .,n '420 kc. 

• 
TUBE SHIPPING NO LONGER A 

HAZARD 
Shipping radio tubes safely is nol tbe 

problem it used to be. Paoking methods 
have i",proved greatly since th~ days of the 
pe:lnUl tube With the latcst developments 
in packing. tubes can be sbipped with S"fely 
whether sent out 'n standard "asea of 25, 50, 
and 100 tubes or in small kits to accolll
pany tbe set. 

Most outstanding of Ihe new packing de
velopments 'are tbe Holed-Tile I)ads nnd lube 
wrappers, manufactured by Holed-Tite Pack
ing Corp., New York. 

Holed-Tite pads and tubc II'rappers are 
baSed on the suspension principle 0 f pack
ing. Tubes are held suspended away from 
jolts and bumps, df<:cti\'el~' .protected nOI 
onl>, frDIn .nelual brc:>kage, hut (roIU shocks 
wlHclI might dis\Dr( their clements. 

TYPE L (SELF BIASINGI TUBE 
CHECKER 

The DayraD Type L (sel£ biasing} lube 
c11Ccker manufactured by tlte Radio Pr(ldUCIS 
COlllpany. 5th and !\orlVood Ave., D~l·ton. 
Ohio, .is the rcsull ot' long study, research . 
and cxperience. ~10Sl r"dio dealers and 
S<:rI'iCClllCCl Wllilt a tnbe cLecker ulat Deeds 
no batleries, no atljuslIlIeots, and no difficult 
m~thetllalic:u ca\cuJaliDlls. Tbe Dnyr:lD 
T ype L (self biasing) tube checke r is 
adaple</ for quick testtng, simple manipu
lation, and profitable use. The number of 
qdio tubes in Uge is rapidly grow'ng so 
th<lt the anr.ual replacement market is be
coming of first importance among progres
sive dcalers and servicemen. 

INCA MOVES EASTERN OFFICE 
T he Woolworth Builtling,2J3 Broadway, is 

the new Eastern address of the Inca M anu
facturing Division of the National £Iectric 
Products Corporation- Suite 2617 on the 
26th floor. 

Tbe new office, which includes both ~a!cs 
and service organi<:>tiotls. is under the 
direct ebrgc of Paul Stouffer. 

The main pln'lt and gCI1~ral officcs arc 
localeo ::I' Fort Wayne. Indiana where a 
complete line of "'Rgnet wire and coils for 
rad io and elect ric.1/ i ndust r ies is m:lnu
f"cured. 

• 
CENTRALAB ON WEST COAST 
Central Radio Labor.tories, of Milwau

kee, WisCODsin. announce William B. Win
glow as tl",jr manager of West coast sales. 
Mr. Winslow will locate at a direct factory 
branch at 2J<i9 E. Sacramento, Los Angeles, 
CalifonUa. 

CentralRb prodllcts have been TCt'rc
sented on the W csl coast (or the Pll.st eight 
}'cars by the sales agency of Spector & 
Company. The change to a direct faelory 
branch and factory trained sale''''''1\ has 
been found desi rable because of the incrca ~ e 
in radio sct. m:lI1l1fnc[urin!:, on the \Vest 
coast and t'he incfcHscf! v'lricty of Ipro,hwts 
manufac tured by Cell' ralah. Th,,~c I'rod
UC(s now include the carbon fl' I'~ of lix('() 
res istor in a (ull r:lOge of sizes and resist·
ance values in addilion to the "'''"Y 'Y[lc~ 
of volume conI rots (or which Ccntral ab has 
always been welt known. . 

/I. 

SCHWARTZ METAL PRODUCTS 
Jerome A. Schw~rh > llle t:>1 products "'.ontl

facmrcr, has I"o"cd 10 enlarged I}uarter~ al 
51 West 24th Street. New York. This 
CDLnpauy spcci:dizes in Ch ~15Sis ba$es~ am
plifier boxes, ,nicTophone stands and con
I n )1 boards. 

• 
TRANSMITIING CONDENSERS 

Morrill r.ud Morrill, 30 Church Street. 
New York, will be glad 10 forward descrip
live literature of the high-grade. Itne of 
high-voltage transmitter condenser> which 
they handle. T hese are for operatin~ volt
ages of ,.coo to 3,000 voll~. doc. 

.A 

NEW MICA PARTS FOR RADIO 
TUBES 

The Mica Products Manufacturi ng Com
pany of S4 Greene Street, N~IV York Cit~·, 
haye de"cloped new mica support.s for radio 
IIlbc£. Ther call particular attention to ule 
mica supports for the new PClltodc Tubes, 
which bave been deyeloped by their engi
ncering department and which will be 
adapted by many of tbe largest tube ntanu
facturers. 

They a re now in production on these 
supports in addition [0 Olhers tbey bave 
de\'eloped (or the numLers 2JO, 2]1 and 
232 lubes. 

This eom p~ny is known for Iheir high 
grade product, aud krorc wanufacturing 
the'r mica for radio tube parts, they put it 
\hrough :I special degassifying process. 
wbich eliminales tbe moisture r,nd a large 
part ot the 833 it !nay contain. 
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CRC SOCKETS 
All Dlodels of CI·~ C socke!s. manufactured 

by th~ Central Rad.o Corporation, Beloit, 
Wis .. arc now available with the contacts 
allached to tl:~ base with eyelets, as well .uS 
with CIvets. 

The co mpany offers all models of eRC 
sockets in th~ one-piece tY'Pe, the combina
tion insulator and guide plate being iast
en~d to the base with two small eyelets, 
wh icb arc well removed hom the ccnt er 
of the contact group. This construction 
provid es a very sati sfactory one-piece 
socket, electrically superior in contrast to 
other one-piece types mad e with the rivets 
or eyelets passing through I],~ center of 
the contact group. 

A 

A DIFFERENT TYPE OF RHEOSTAT 
A new rhcost·ol of very unique design is 

announced by D, T. Siegel, goneral rnan
lI!:,er of the Ohm;tc Mfg. Co., 636 N. 
Albany Ave .. Cbieago. The rheostat iucor
'porntes the use 0 f a cJrcnlar porcelain co rc 
on whidl Ihe resistancc wire is wound, the 
<:orc forming a solid non-sbrinl<ing bacl<io!; 
for the wire. This wound core is mo.unlcd 
on a base al so 0 f porcelain. and t b e enti re 
unit w.tn the exception of tbe .urface where 
the wiper a rm makes contact, is covered 
witb vitreous enamel which c~TI.ents the 
whole unit togeth er, and serves both to 
proLect th e wire and 10 carry off the heat 
generated in I he wi re. 

The c. rcuJar porcelain core is wound by 
all ingenious machine designed <lnd built in 
their own tool room , so arranged 11l<lt any 
resistance value from 2 onms IIp to over 
10,000 ohnlS can be wound. 

These rheos ta ts are 2;0 ineh~s in 
diameter, are arranged for one hole mount
ing, and can be furnished willI tbree tenll.
nals to form pOlellliomete rs. Connections 
between the resis ta nce wire a nd the ter
minals are 11l3de in the same mann er as in 
thtir fixed vitreou~ ~nall\eled resistance 
unils. 

A 

TIME SWITCHES 
M. 1-1. Rhodes, J UC., Chanl ber 0 ( Com

mercc Buildi ng, New Haven, Conn., manu
faClUr·es a n electric light switch con\~in
ing l< time clement whicb :1Ulonmlically 
!:\Jrlls o(I Ihe ellrrent after any predeter
mined t'.ne. The time clement is op~r-
3rcd by lhrowing the loggl c the deslr(;cl 
Dumr,,,r of limes. 

Mark-Time swit ches are made in three 
models ; seconds, minutes ; and may be 
used (or can trolling resid ential, f ae lory, 
.tore window IIghls and signs, or for radio 
and household appliance;;. 
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TRANSMITTER CONDENSERS 
The 19r~c\ COlnl""",,r ilnd Mfg. Co., 

Inc.. I{,,~hc.(er, N. Y.. has introduced a 
worl<II"'''lil<c high volt~ge transmitter type 
COlluclIsa, Circ"lnr" will be mailed upon 
reques\. 

" 
AMPLIFIER POWER STAGE PANEL 

To IUn't the Cllrrc"t need for a powerful 
~",,,li(II'" f. )1' ""'"hl tii,tribution syslems 
which " f()\· i.k~ Ihe ~<lv"nlages of larger 
1111il~ Yl'\ """~"fI'CS ""nc<', Webster Elcctne 
Co "'1'''"), , I(,,,;illu. Wis .• has developed a 
new plOll'l'1' "':'K" panel. With a 56 watt 
""'JIlU ,hi .• '"Iil i~ lI"nicularly ~uiled to out
.1<Jor ill~\allali",," where considerable power 
is TI·ll lli ... ; .1 o r for perluancnt installations 
ill 111 >1,·1 " ur o,h er I'llulic places requiring 
ISrcal I) lIlplll jluwer. 

'1'10.· ''''''''1 i" IIIlown as Webster Morlel 
GI1.tJ-A ,',,,01 i, I'"'' of the Webster line of 
p,)wt'r :Lrlll'lifi('r crptiplile-nl for sound dis
trilnHi\'11 :')'o("; U1:\, 

A 

OSCILLATOR FOR CONTINUOUS 
OPERATION 

Th e Mlllld HE" o,cillator manufactured 
by the I. ~ I"! I IfiKh Frequency Laboratories. 
J? We"t (,,)th Stree t, New York, is of the 
(illend,,:d 1:1"1' I),I>C, Iwving tuned and loosely 

coupled pri",,,ry ~nd secondary high fce
que",oy circ llits. It consists of " 60 cycle 
Sh~P'\l11 tfaJtZ'if f) flH('r, two common 1ever 
II<ljllslahl c tnnl(~k" g.1pS, two mica C.,)n 

d~"s"r', n h igh I rcquenc)' transfonner 
and lhe 1I\:eCS,:lry switching and housing 
mech~ni"'m, 

" 
NEW CARDWELL TRANSMITIING 

CONDENSERS 
The Allen D. Cardwell Mfg. Corp., 81 

P rospect St.. llrooklyn, N. Y. , has recently 
placed all the ",,,rhet a group of special 
variable transmilling condensers, designed 
for medium powered installations <lnd for 
a matel1 r USe. 

Of particula r interest. 'Ire ,he split stator 
condensers. haying a common rotor and 
with the two slnlors insubtcd from each 
other. The twO sl'ctions nwy b . connected 
c.ithe r in series Or in parallcl. For example, 
the type 510 B condenser, ha ving 23 plales 
in each section wilh a capacity of .0001 I 

mfd. 'Der section. may be connec ted in series 
so as to have a maxil1lum capacity of 

RADIO ENGINEERING 

.000055 mfd. Or in parallel to have a maxi
mum capadty of .0002Z mfd. This con
denser is recommended for c.w. or tele
phone work in connection with type -03A. 
-IIA, and -04A tubes . When series con
nected. it is also suitable for neutralizing 
-49-tYPC tu(,es. 

The type suB Cardwell split slator trans
mitLing condenser uas I J plates in each 
section with a capacity of .00005 mfd. per 
scclion and wit.u .0000:25 mid. capacity when 
connected in se ries and .0001 mfd. capacity 
wben connected in multiple .. This condclIser 
is ideal for neutralizing -04A type tubes. 

• 
ROTARY SWITCHES FOR CEN

TRALIZED RADIO 
TIle Best Manuhrturing Company, l200 

Grove Street, Irvington, N. j., is marl(eting 
anew multiple can ~ ·-,ct rotary switch. The 
Type zN 54-B3. is a speei .. 1 2-'Polc, non
shorting unit with three break contacts for 

a three channel and off position centralized 
radio installation using line loading coils. 

A 

NEW D-C. POWER UNIT HAS 
ADVANTAGES 

A eorllpact, self-contained power uni t, 
known as Type CAB-4. cons>sting of a 
~-YQlt storage baHery automatically kept at 
full charge by a re[~i lying unit. is an
nounced by Fansted Products Company, 
Inc., North Chicago. Illinois. The ~ntire 
unit is hOU5~d \T1 a ventllaled sleel cabine t, 
measuring only 9 Yz inches ",ide by 8 Yz 
,nches deer by 8 V, 'nches higb. Six- and 
"ighl-volt.models will soon be available also. 

This unit is use ful and economkal for 
intercomm\lnicatil1~ tciephones, local tele
graph circuits, SIgnals, recording instru
ments, annunciator or calling systems, small 
electroplating or electro-chemical equipmenl 
-in short, any purpose wbere low voltage 
direct-current is required. The unit oper
ates from 3 11 onlinur), lig ht socket, consum
ing only 10 watls when operating at full 
capacity. 

Unusual simplicity in design and rugged
ness of construct ion <l re combined in this 
unit. Openings in tile cabinet pennit in · 
spection of the fioat balls indicating tbe 
state of charge of the battery, also tbe 
e lectrolyte le\'<'15 in the battery and rectifier 
cell. One simple adjustment rcg ulat<:3 the 
charging rate, nlld under normal operation, 
addition of water is nccess.lIry only 3 to 4 
times a year. 
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··SI~ALEDGED~~ , 
nM;. U. S, PAT, OFF. 

SCREEN 
• • 

'I'IIIC 
III(l\UY ALSO TO SERVE 
NI~'V PENTODE AND 

, (\ II I 1\ II L E - M U 

.. S EALEDGED" is 

HI,IIIIIII.!II" ucinpled to the latest 
I, ,hllklel IIdvullce in pentode and 
\,.tlt.I"I' 11111 ltlhcs, Its brilliant 
1'"II"tHIIIIII''' ill the new tubes 
.,<11,.11. 1ft ilH I<w;cessful operation 
III ,I.t " '",111m'. "Sealedged" is a 
'I" '" purr. nickel cloth with 
II .11.11111'1 i\'l ~ fi caled, unraveling 
, ,Ilil ~PI'I ' ilil precision machin
'1\ "'I' III'1'H IHlpc rior qualities for 
't 1111 .. , 1IIlIIlp(lIlent-unifonn qual
." 11I1\'uryillg weave, 8 moo th 
tilll.l. 

• "111111111' "S"nledged" with any 
"IIIH \\ It'l' doth and see the dil
l, j, 1111' 1\ Inlltcrial flnd construe-
1t"11 It "1111'1\1 b er , " Sealedgedl

' 

,".10; 11,,1 >, 1\ trifle more than 
, ,, IIt"IIIII I'IIW cut wIre cloth, 
"11,11 111'1' YOllr requirements? 

,tut ,\' nUENlIM. A screen of 

IlIlIh 1,,1"1111111 if( now available for 
"111'11111 III!..· ... . 

TUBES 

Mi c ro · p botog r Ql1 h 
o f " Se"leilged." 
Cnrefllll y o o le the 
wea~e uno) ed ge. 

N.~wn ."k Wire Cloth Company 
!'~8-372 Verona Ave, 

NEW JERSEY 
't\ 1I1"'tll ,,j , II~lIl i l\l( Il \ in :111)' way p lea_o aend Eample and 
I .. , till " 1,,"l lo- tl lllr " (II' ccrn jllg "SEALBOGED" Grid Screen . 

I " . ,.,. /11 ' 111 1 l ' t ' IH" ' IW IlIUI ) VC. 
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You Can Count On 
Summerill Accuracy 

SUMMERILL 

11 SEAMLESS 

NICKEL TUBING 

------------

PROMPT DELIVERIES 
-anywhere-any time 

-any quantity 
Tbe sclentillc cnre ns ed 10 ma lting 
S ll mm erlll Sen wtess Ni ck el Tubing 
is carri ed tbro tl gll until It r eRches 
YO U. It I. p~cked III a smrdy loo~ 
c" r cfull y m.ue to illSll r:e tbe con
t ell t s np lnat nl1 ~h~ck s In lUllS' 
por t. IL USSllr c.< p~ "fe.c t conditio" 
of (b e tubing wil en It r eacbe. y ou . 

Every care is exercised so that Summerill 
Tubing is chemically pure-that accu
racy is maintained in factory procedure, 

Packed in the Summerill box, tubes 
reach customers as fine as they are here , 

Let us send you a sample for inspec
tion by your engineerinK and produc
tion departments. 

The Summerill 'Tubing Co. 
Foundod 1899 

Bridgeport, Penna . 
(Philadelphia District) 
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GILBY 
RADIO 
FILAMENT. • • • 

GILBY Wire 

Company has been THE 

reliable source for radio 

tube filament, and today 

stands f Qremost in the 

opinions of radio tube 

engineers. 

Our engineering depart. 

ment has done and is 

d 0 i n g considerable re

search to produce the best 

filament obtainable. By 
development of materials 

together with real metal. 

lurgical control and preci

sion measurement, we llre 

able to prod nce a filament 

which is uniform and of 

stable characteristics. 

We are able to supply 

material to strict specifica. 

tion thereby cutting down 

shrinkage, 80 essential at 

all times. 

Cilby-a real _dependable 

sourCf? of sup ply for 

[lament. 

• 

i\lnn uf o.C"luro rs of 

1'I c kei ChrllIIle J{e-

SIS tn nee 'V i rt} 

COl'per Nickel Re-
~lbtllll ~ · C \\' lre 

r>lckel Wire nod 8heet 

Gilby l'Tocessed enr
lJo ni7.ed N jch cl for 

Plntc6 

C II by Pnteote<l Scl-
ru.~tJ L\Lcsh 

• 

GILBY WIRE COMPANY 
Wilbur B. Driver, Pres. 

NEWARK NEW JERSEY 

RADIO ENGINEERING 

THE Group Subscription 
Plan for RADIO ENGINEER
ING enables a group of engi
neers or department heads 
to subscribe at one-half the 
usual yearly rate. 

The regular individual rate 
is $2.00 a year. In groups of 
4 or more, the subscription 
rate is $1.00 a year. (In for~ 
eign countries $2.00.) 

The engineering depart
ments of hundreds of manu
factu rers in the radio and 
allied industries have used 
this GrOll p Plan for years, in 
renewing their subscriptions 
to Radio Engineering. 

Each subscriber should print 
his name and address clearly 
and state his occupation
whether an executive, engi
neer, department head, plant 
superintendent, foreman or 
technician, etc. 

Remember this Group 
Plan when Your 
Subscription Expires 

(Radio Engineering) 

Bryan Davis Pu~Iishing Co., Inc., 
52 Vanderbilt Ave., 

N. Y., N. Y. 

L os Ang.les Ch icago Cl.v,bnd 

~"II -
"I. 
'/ ' - I , 

~ • 
t-t. 
.... 
.., , .. 
Ih 

t' " 
1t.1 
f .1 

.,~ 

I • 

"" .'0 
HI 

" ~ ." 

.' ... 



~INEER'NG 

'IOn 

~ER

I1g1-

~ads 
the 

rate 
.s of 
tion 
for-

lart
Inu
and 
Jsed 
5, In 
lOns 

)rint 
:arly 
)n
:ngl
,lant 
1 or 

Inc., 

eve!~nd 

At'''''. IYiI 

"I,,,,t [?acilities Doubled 
'/'" Meet the Demand for 

T .IIE 

ACRA£ON 

:I~I~ECT ROL YTIC 

~ "I,ti:~ Ic,lI Ihe story of Acracon lead· 
• ",'.hlp in the condenser field more 
.. h"I",'nlly than any advertisement 
t .. ulil. 

""U'" II. Inh'mluction, an ever increns
h •• ,1.'IIUliul for the Acraeon electrol y-

I .. , .... It h"M (nxed our production de-
t ............ ,I III MilCh an extent (hat we 
I ... " ...... ·11 fm'ecd to double our plant 
'"I·.IIIit·.. Nnw, we are equipped to 
IUI'I,I ~ II .... mlire industry. 

h,U.m II... 1'~lHler8 of the industry. 
-Iu""fr A"I'lwon Electrolytic Conden
.... '., ,\1" .. ny-pass, Wax Impregnated, 
UI' IIUI .. ·.·ICIlII((~cl, Power and Transmit. 
U"M I~IU'.. Write today, enclosing 

""""II.'uIIIIII.1 

• ".1. li lt 1'1' 11111 1'1 1 14 Ar. ~ l'rolcctcll by Plltenta Pcodlng 

• '.H ••••••••• r t·~orl.. of America 
"I\tj • :""III,tI"IHl A ,"c., Jcrsey City, N. J, 

J' m lt ,,,1,) Jlt'"rr.~f!U t(J tll' c3 I,, : 

1111. ' ... PIM HAN FI~;\l\"ClSCO 

1"11".11 l ' I/I;I ' '''PoIl\'I' 1 J.O~ ANGELES TO R02'i '.ro 

AIl.1 IH Io,' , l'rlnolpII' CWo. 
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die cast by Allied 

A 
snap 
of the switch---
and this electric drill whirrs its way SWiftly 
through the toughest materials, every part 
of it under constant strain. 

Mindful of this exceptional stress, plus the 

need for low cost, the manufacturers have 
standardized on parts die cast by Allied. 

The Allied Process has similar applications 
in most other fields. 

Parts and products, die cost by Allied, out
strip those produced by other methods, not 
only in accuracy and final strenght, but also, 
due to the high speed production possible 
by the Allied Process, in the matter of re
duced costs. 

The Allied Die Casting Corporation, 43rd 
Ave. from 38th Streets, Long Island City, N. Y • 
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Pants for Tubes 
I NSULATOR tubing about the size of an ordinary pin 

as shown above, slips over each leg of the hair-pin fila
ment in certain quick-heater radio tubes. A precise 

formula to meet thermal, electrical and chemical require
ments, together with rigid mecqanlcal tolerances, has as
sured the success of this and other applications of 

Not just the name of a precision product for severe sen-ice 
applications, but a complete research and engineering Serv
ice dedicated to the solving of difficult problems. 

W 't U4I' Tf!gardin, ),ODr sel1er'e trf1nJiCrt pfoblems ond we 
rl e 6hall glodly supply engine"rin/1 adllice, 8ampl.,. 

"nd quotarlons. 

BENRY L. CROWLEY & COMPANY, Inc. 
Specialist, In S'Hx,e Ser".'ce Muter'ol. 

I Central Avenue :: l Wetlt Orange, N. J. 

ACME 
TRANSFORMERS 

Aomo StfP Dow'l 
Tmn.rormc.r. 

60 I. S~O'W3U 
.Iul Av.lIIC11bta. 

Power and Audio Transformers for Radio Manufactur
ers' use. Prompt quotations given on your specifications. 

Send for rh .. e n.", baU.r/fIl"-

Voltage Step Down Transformers for export shipments, 
Bulletin No. 121 

Replacement Transformers for service organizations, 
Bulletin No. 122 

• The Acme Electric & Manufacturing Co. 
1440 Hamilton Ave. Cleveland, Ohio 

RADIO ENGINEERING 

Acoustics! 
~ 

Projecfion Engineering 

deals editorially with the 

manufacturing, en gi n e er

iog, operating and servieing 

of all forms of theatrical 

equipment, home and the

atrical movies, talking IDOV

ies, television apparatus, etc. 

~ 

Keep Pace with Developments 

in Talking Movies and 
Television ____ ~ 

PROJECfION 
ENGINEERING 

h Nor Sold on 

N6U>Uland4 

SUBSCRIBE NOW! 

Your 

lUanuruotuTDr r 
(I n.'udln; oxooull.OI. plant ,uporln
lemhnb. 1Dum.n. puroha.inll q.nt.. 
Ito.) 

Engln""r 0 "l'""hhlclun 0 PrQ 
dacer 0 DIKtrlbulo. 0 Thelltr .. :.J 

PrnJectlonlat 0 

BRYAN DAVIS PCDLI8111:NO CO o. lno. 
&2 Va .. derbHI· Avenne, New York City 

Enolo6ed ODd li:gg for wbloh enter Dl;r ~ub
ourlvtlDD lDr (,ROJ £OTION ENCINEERINO 

tor ~: ~~rt$ . 

Addu." . . .. . . ....... . .......•.•.. • •.. . .. . . .. .. .. . ... •. 

To .... n .. all Slst" .• .. .. .. .. . . .. .. . .... . ................... . 

" 
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Beat-Frequency Oscillator 

Type 413-B g"at-Frsq,uncy Oscillator 
Pric~ $175.00 

Any frequency in the band between 50 and 
I (),OOO cycles per second is available by set
ling the single control of this beat-frequency 
oscillator. Operated by batteries, it is readily 
portable and makes a practically indispens
/lble instrument for the laboratory engaged in 
measurements and other experimental work at 
Iludio frequencies. 

A request on your business letterhead will 
bring you a catalog description of this and 
other General Radio laboratory instruments. 
Please ask for Catalog F-A. 

GENERAL RADIO COMPANY 
Facto.", 

CAMBRIDGE A, MASSACHUSETIS 

JENKINS & ADAIR 

Condenser Transnlitte.· 
Type D·6 

Pot,nt," u. S. A. No_ I i~O$OE 
Other tI~I~llta De.ndtng 

A high qualilY sound 
tmnshting device for 
broadcasting, r ec 0 r din g 
.ound measurement lind 
gnnounrin~. Output im· 
pedance 200 ohms or 50 
ohms. 

Actuator re.ponse 
curves furnisb ed for pre
ci~ion applications. 

We have a lorge :;tock 
of accessories such 8S 

siands, suspension c1nmps, 
micropbone boom., con· 
nectors, cable, etc. 
n)u~:_ r:ltioo SIlOWli D·6 COll-
~~;t:r c'l' re.~lltt:T $l.~_O(1 nao'l~ 
tinct::! D.e(. F. ~. ll- Cb iC'J EO. 

Write for buUeltn 6·D 

JENKINS & ADAIR, INC, 
ENGINEERS 

CIDCAGO, U. S. A. 
Cable AddrellA : JEN'KADAIB 

I'hon08, Reydon., Z130 iL~S8 ll<>lm.ont AV6Z>ne 
Brltll~ OtrlO'A: 76 Old l~ Slteo!. U'.n>ool. 'Ilngland 

40 !\uckiag)J,Dm 0 ..... Loudon SlYl. l!:nlruod 
F'.noll om .. : 16 Rue d. CbatOAudUJI. AJmj ...... ll'rADOO 

MeJ(lollfl Offt4e~ A.v. ti rio M&.,)'u 10, Mcnoo 0.11'" MaI1uD 

DIRECT 
DRIVE 

AND 
FRICTION 

DRIVE 
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FULL 
VISION 

AND 
SECTOR. 
VISION 

DIALS Meeting the mal\ufActurey's pro
dominant r<:quirements o! excd
lence, economy lind standurdiUltion, 

Ihese ""w Full Vision Di"l. COMb,ne the economical 
requirements of midget recoiver de.sign with the 
luxury anu refinement of consol" typ6$. In kc and 
metric se"lc8. 

Wdte 'or literature dC6cribing Our ccun· 
plate line 01 dlllls, dial Ilrrhts. ercotcheon. 

anti tuning act!essoTies. 

V.UitOTB - Variable CDnden~~". - PDW~" Rh~o.tah - DJQ/. 

95 Morton Street New York City 

~~ TYPE L TUBE CHECKER 
{~~ 

A revelation in 
accurate Tube 
Checking. 
Shows the "End 
of Life," the 
really important 
signal for re
placement. All 
t est s accom
plished by means 
of three colored 
push buttons
Black for most 

tests, red Ior screen grid and 'SO Rectifiers, green for 
noisy tubes. 

A complete A.C. operated, accurate and super
efficient instrument which corrects aU bum and dis
tortion in all types of receivers. Six sockets provide 
the needed filamont, plate and grid voltages. By a 
special circuit arrangement the applied grid bias for 
each tube is automatically obtaIned. Complete "End 
of Life" readings shown on panel chart. 

Dealers Net Price $27.60 
(Add $1.00 for 25 cycles.) 

Send for f"ld~r "The FInal Woyd." Buy (ram .YGur }obbn. 

5th & Norwood Dept. E Dayton, O?io, U.S.A. 
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ondensers .. 
FILTER» BY-PASS» IGNITION» TELEPHONE» TELEGRAPH 

Kellogg Switchboard and Supply Company 
1 066 West ADAMS Street - - - CHKAGO 

lust published! 
The mo!t impol'lant radio hook of Ihe year 

The RADIO HANDBOOK 
Including Television and Sound Motion Pictures 
By James A. Moyer Dlld John F . Woslrel 
RQrh 01" Ill!! M"s~n~huSHI" ))e"urtm~nt or 
T':<lnen(hm: .!outlJ.()~S o£ flo.dlo Rccd vlllll 
'I',,·b l"o', Pr"clieut f«"liQ COll$fncCIlOIl ulId 
J{<'l'oirfll(/, cte. 
880 l,agcs, iiY., X 8, CoDO UI u~trt\t1on8, no.~t(.)lo , 

~,"i.OO 

H r,: REo t lOBt Is II btl ndbook tllnt m~<:t g 
lh~ nec<l rOt" c{)wl'l{'.,o diges t ot Oll' 
tllorUatlye "'1<110 untn , ~oth Lucorel"icnl 

nnll pra ctlcu l, In ono loglcnlly II rr/LUg-ell 1Il1<l 
thor.o ughly lu(ll'x.ccl \·o Iu llle .• From the tU )) ' 
Ilruneulil ia of elcctrlell:.I', IIlll l.lne tlsID Ilnll 
IM.cll·on lheOI'Y ,"Igh t tl own to tnll IIctn ll~ 
on latest C'(, rornerClal anll In<luslTlnl nppll
cll tlo ns, (hl$ book ~O\'C I'8 til e wllole fl uid of 
rfullo. willi <les~ rlpl!(1)s , (Ictllli t ions. <l cS lgu 
(I n til, p ro ct leal m e t hod&, tnblt8 nnd III lIsLrrt· 
lions III profu s ion. 

o "cr 875 pas::es of In lese datil On sucil 
topics as; 

-Modern trnnsmltters, Plc?c CTI's t ul. 
100% mOlluln t lon , ~hort WI\ \'C rccel vcrs Dntl 
transmitters, Kcnnclly-aCllyhide layer. wn· 
rlne rnll io cqU!I~m eJl I , Il uto alarm, nil In tegt 
tu lles, photo·clcct ri c celi s, tel~.vI SloD , sound 
moUOIi plNur r s, N C" H e. 

See this oook 10 drlYs FREE 
Scnd cbioS COUP01! 

~( c G R A 'IV - H • L L F R E.'; E X ,\ ~l I NAT ION C 0 U rON 

McGnJ~ ",. II I LL BOOI( CO .. Inc. :1 70 S~ " cnlll A,"'" N Y.('. 
Senti me Moyer /l Dd Woslrcl' s Rndlo Haoolbool< jlo.I!),,1<1 Cor 
! r n dfi rs · Cree eXfl mhto t i " n , 1 ng r ee to fI..: toit $:') 011 I .. tl'1l 
tla ,Y!S 0" r e tul'It lh l: boo )" 

N.'\IUC ' . , . " "., .• . ••. ,.' "., •.. , ., ..... . .. • , .. _ . • 

• ~ JoJre"8 . . ..... ... .. , .. . .. . ...... . . . 
City ('IIt1 Ste,le .. .... " . ................... _ ......... . 
Pos i tlon . .. . . ... . .............. .. .. .. ..•. • .. . .. . , •. .... 
1-'il 'lf'. . . .... , .... , .. , .......... ... . ... . . .. . , . . ...... , , -________________________ ..2J~1 I: ' ) '.;J 

Welcome to 
New York lind 

The Home Hotel of New York 
Homelike in service, appointments and 
location ... away from noise and con
gestion, yet but a few minutes from 
Times Square ... gf. -age facili 7: es for 
tourists. 

Room "nd Both from $3 i1nyi ", $4 dO"b'~OO mOm' 

Home folks will like th is hotel 

HOTEL 

BRETTON HAL L 
BROADWAY at Bbth STREET 

NEW YORK 

flln~w~ce + + + 

" T H · E s T A N D -

pOINT your finger at the globe-anywhere. If Radio is known there-so, 
m05t probOlbly; lire CARDWELL condensers. Coundcss" Cardwell coo

densered" installations, [he pride of their designers, cover every wave band 
and reach every corner of the eanh. That outfit you contemplate buildiog, 
if worth building at /Ill, de5fI"IIeS 

CARDWELL CONI)ENSE·RS 
Send for Literature 

THE ALLEN D, CARDWELL 
91 Prospect Street, Brook Iyn, 

A R D OF CaMP 

MFG, 
N. y, 
A R 

CORP'N 

5 aN" 

APR I 

, 
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CT'\0ES not need a loud· 
-.l.J speaker to· broadcast its 
perfection. 

Radio engineers all know of 
and recognize its superiority, 
irs holding properties, lasting 
adhesion and non-corrosive 

action. It will outlast any 
other tape put to 

similar usage. 
z#? 

Write jor jree sample and convince 
yourself oj its excellence 

~ 

JOHNSON & JOHNSON 
New Brunswick, N. J. 
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No hum, nOise 

or moving parts. 

FOREST 
RECTIFIER 

Leading Sound Recording Studios, Theatres, 
and Laboratories where unfaltering current 
supply Is required use FOREST-b'lcause 
it Is superior. 

Adaptable to all sound equipment-Inter· 
changeable with you r present storage bat
te.ry-several types. 

Just IUJ'n the switch to con
vert a 1 JO Or' 220 IJ . Q"". 
into ful/)I lirte_eJ a-~ . 

fOREST ELECTRIC 
CORP. 

New and Wilsey Steets 
Newark, N. J . 

Standard and special designs 

PHONO·MOTOR SWITCHES 

No. 1030 A 

Onr ntunt Dntl cn;,in€"'dn~ {adHticH lend themsclvrR ~() 
the l)ro(}uctinn of 51Jccinl reaulrepIents nn .short. not.tl'o. 
{n<lUir1c~ soI!cJtcd. 

Soreng Manegold CO. 
771 Mather S1. Chicago, III. 
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TYPE H M 

RADIO ~iJGINE~RING 

BTATlD14ENT OF THill OWNERSHIP, llANAOlillltIDNT. CIRCULA-
TION, IDTC., R&QUIRED BY TBFl ACT 011' CONOlUIiBS ' 

OJ/' AUOUST 24. 1~l2, OF RADIO IDNOINllHDItIN(J. 

Published monlhly at AlUaor. N. Y .• (or A IOrll I , \ 11:11. 

Stare of NE'w York l 
Count)' of New York j ¥W . 

TYP[ T M 
$65.00 

LuI SwuS 

$25.00 

Transverse Current 

TYPE J M 
$25.00 

Leso Stan"-

BeCore me. a ~otary Publle ID an(\ for l·bI:l I'jll\li! fll .(1 U(Hlnl y arore-
80.111. sorlonally appea",11 B. S. DavIa. wbo. 1.llIv lflll hQ(./l .1\(\), "worn 
accor Ing to InwJ .tJupob~tllIlld says thlll h\', II. Ih e· 1I 11" 11I\) ~ " ~IQllnlrer 
ot RADIU ENOlj'jEEHI:-;O, nud I.hat the (1I1l,.",h'lI II. t(. I h~ heSI ot 
h\s kDowlellge nnd belle!, II \rue stlllelllt)ot o r 111, .. "" ...... "1)). mlllllll[e
ment, etc .• or tbe atorllllaltJ pU~lIcatiou tor th~ 11M ... ' ''" yllI It. Ill" IIbon 
I'Blltlon , reQ,ulnHI b)' Ibe Act ot Au gll8t 2ilh. 1\l1~ ('lUb'Hiled In 
BeeLloD 4.11. Postal Laws aDd RI1Il'UloU VI)H. Ii, wh I I. Thill tbe 
nalQO~ and nddr~ssea or the publlshor • . c tllt (\ r. UlII ')l llhq, v,lItur. aDd 
bUBlbcSll malingers are: Pu~IIBher IJrynll I.nvl . l'IIIoIlMltlllg. Co., 
I.DC .• G2 VnnderlJUt Avenue. New y o ,'k ; 1'1<11[(,,\ 1" " "11(\ McNicol. 
Ro"cUe Park. N. J. : roanagillg editor. F'. Willen, 1/1.l illI e lY, N. J. j 
lluslllc9a ;\1l1nng6r. U. :s. -Un"ls, S Cl\u ,II\ I" , N. \'. 2. Tbat 
tho owncl'il ore : Bryan Davis Pub. Co. l ll(,.1 II. PI. " a via ScnrsrlRle, 
N. Y. ; Itoy T . .6twoo4. Albauy, N. Y. ; n. II . Ih\'l' .... b.HIII IIlSIOil . 
N. X. ' J . C. Munn union Cit,· Po.; .1. A. W,lIk,l, IIICbmood 
1:1111, N. Y. · A. B. GootiNlough, ~cw lI (1ch, ' II " Ni \. !l, 'l'hnt the 
kn l>WII ~ondbohlers. Jllortgo~e~ li, and o lh ,\/' "Ill'" '' f¥ ~"'lih'r" owning 
or holding 1 % or more or tho totnl 111110 11 111 or \)o;lluln, ",o rl ft" I:~6. or 
other s t!t!urICieB Itrl!: None . oj. Thnt ,h r' twu "lIfll ll lnl'lo . II ~X l ·llbo"e! 
g iving I.bo names o( tho o,vllers. atorklJol<l,'rM. tlllt'! .".1111'\1." h(l l(l(\f8. II 
nuy, eon ttlill IIOt only the· lis t ot sloekho ldMH ","1 ~ ''' ' \,rlt)' hllhlers DB 
tbey Illlpen r upon tbe books of the CIIOl PIIII J' 100It 1,1 •• 'l, II. cn".'8 wbore 
n stoel.< hQldcf Of 8<!eurlty holder IIIIPN.lrl! 111)1.\11 111(\ " " " k_ "r Ihi." com
pany 8S trllstee or II) any othe r I.hluclll ry 1", ,"(10)11 . • h" f.UlnC or tbo 
per60n or corporatloll Cor ,vhom 311Ch \I·1I6 t .)(\. I" 't,m"". 1ft " I\'on; nlso, 
tbat the said t\Vo paf(\l'(I'Rllh a conl.nln Hlnl o'l""I1I 11 ,." ,lol'llv llJj{ nulll ut·s 
full kno\Vledge 011(1 bolll!f tlS to tbe clrcum _ellll .'.,. 11 .1,,1 ,'n .1o)ltlQn8 ItIlllcr 
wbkh slockholdors nud st!curlt)· hQldcr6 whl) ,h' ,",1 1II'I'M r \I1l011 tho 
books ot tb~ cOlJJpon,. at tru8tee~. II vltl ~ llIt) 1I " 'II .!'/J ... UI ~" In 
C4llocll .. y ()tller tban cbsl or a bona fide own" r: n lul (III . " mnnl bas 
no reS80n to lJell~ ... e tbOI IIDY other pOf80n. ~1I~\' i1I"tI(jn . o r corpora· 
Won hns IIDY loteN'llI dIrect or Inlilreci In til l) ~IJHJ . thull, lOOIl(JH. or 
()tllor securlUes I.hl1l1 a~ ~o slated by him. 

MICROPHONES 
Wrlto for 2Q.palf" cataloguo OUId prico lI,t deotrlblllg 
micropnones, I1llcTOpbono arnpJifierw. SO·watt power 
atnpllfien. glaDt dynamic alr column unit • • expone.a· 
tlal boma. aynehronoll8 and Don .. ync!troDOU. turn
tables . and complelo panni ",OUllted equipment for 
""nools. hotels. hOiplla{s, park, ... ali II&" rink •• Moam· 
&hip'. alrplaoe5. auditonuma. thoalres. ele. 
CentraU"" Ruporulbllfty for 'he Succou o( Yo..,. 
IndQ./lot/on6 by PurchCllllng All If.e ParI. From 

One SOD'«. 

Amplion Corporation of America 
133 W. 2ht St., New York City 

(8Ign~d' B. g . OA V1S. 13u31no~. MannlN. 

Sworn to uDd subscribed before me Ibl. Z7lh .I'I .Y lOr ~I"rl'h. 1031. 
(Beal) J . A, . WALKlon. Nnlftr1 '·uhlle. 

Kln~ County. 
Klngs Co .• Clerk 's No. S6~ . 
Kings Co. , Reg-IeterH No. I nn2 . 
New York C'o" Clerk 's No. 167 . 
New York Co .• Reg-lster9 No. 1 W177. 
Commission expires March ao. 1981. 

FOR BETTER BUSINESS 
VISIT NEW YORK 

50 
t 

'* *-daily 
• • • secures a fine room tUId, bath •• • 

olbers af $3°0 and,$3S0 

AT O'NE OF NEW YORK'S BEST HOTELS 

* 1&BRIST 
. 

OL 
48*.ST. EAST OF BIWAY A. 'NEW YORK CITY 

OWNERSHIP MANAGEMENT a a To ELLIotT TOLSON, Pr ••• 
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Portable Condenser Microphones 
2P Z olage plate OUtPUt ...• List $110.00 
2 C 2 stage 200 ohm output List 125. DO 
U.ea 2 type 230 low drain tobe><. 
3P 3 stag. pl.ate output .. .. List $125 00 
3 C 3 sta!':c 500 ohm output. List 150.00 
U.e. 2 2"40 and 1 112·A tub • . 

These prices for type CIA" unit. 
For type "B" unit add $4{}.OO 
each list. Standard finish is black 
and gold. Prices include tubes 
and 20 ft. cord. Interesting 
dealer proposition. 

Astatic Microphone Laboratory 
21 Olive Street 

YOUNCSTOWN, OHIO 

D'Arcy Laboratories 
place at your disposal their laboratory facili
ties for your assistance in volume control 
problems. 

Bulletin M.I. IS now ready for those who 
inquire for it. 

D'Arcy laboratories 
160 A. East Illinois Street Chicago, lIJinois 

• 
ATlANTIC AVE;. AND '1(jI-lTI-I ST. 
Vlnc,INIA B["ACI-I VA. 

Fircproor brick cOlllltrucLlon~ 
The coolest epot on the bench. 
Invigorating breezea from ocea1l on Eut and 
Lake Holly on Weat. 
Bright, airy oUl9ide rooUls, parlor suites &r;d 
apartments, private balba, supedor cui6ine-
SurE bathing, riding, fiahlag, go II, dancing, 
private 160nis colIrt and children's play· 
sround. 

J. WESLEY GARDNER. Manag6r 

_i 
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~~~ Submit your probl6Dl.8 In 

~ 
~ Tube, Conderulcr or other 

radio de8.ign 10 UB. Accu
rule workmHDship, prompt 

deliveries. 

Ford Radio & Mica Company 
830 Fourth Ave. Brooklyn., N. Y. 

.. 3 5 ; ! 

On Your SOUND 
EQUIPMENT PROBLEMS 

ELECTRAD, pc.."I~lcntly pioneering since the 
birth of I'udio, hll~ now developed 0 highly 

perfected complete SOtlND AMPLIFYING SYSTEM. 
There ore ~Inndnl'd, mOOl'l'flldy-prjccd mou<lls which 
meet every mOUOI'D reqnirNllcnt for io.rge, smull or 
portable OlSlo.U!ltlons--togolher witJ, aU nccessories 
lind exporl enginoering nnd nccousticru counsel. 

Write Depf. RE-" ,O~ D .. crlpt/cJs Lit..,..,t",.. 

175 Varick St .• Ne"", York.. N.Y. 

-ELECTBAD-
~· .. , .. """""" .. , .. ".",u,,,~ 

We Cater to Laboratories-Broadcasting 
Stations--Talking Movies, Etc. Parts for 
any and every item you may need always 
on hand. Call on us for your requirements 

~.os 
~?hellomo oFRADjj).V'--~ 

4S VESEY STREET. NEW YORK CITY 
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"GENERAL ELECTKIC" CHOKE COIL 30 u enry 
"BEVERLY" A. C. TUBE CHECKER-AI P.oular Prleo 120 .\UI .. 201) Ohm,. U(I.'I , II .ZS Ea./, 

Tett. all tyve. of luhco--lnoludlng P'ntnd. 
"STROM BEIlG·CARLSON" Fll TEll CON OEHSEIl 

7 ~Ud. GOO D. C. '"v ... ~III''' "oHu~e S 1.35 EAc:h 
8M..... Indloation 01 ... ottonl. eml"I.» and o,u,1 mulunl .onllucl,nco Urld POWER TRANSfORMtRS - fOR R. C. A. - VICTOR - STnOMBEnG-

chart(ltt. Tests 110110 pial .. of 60 roclifl ..... SPARTON - FREED - EARL - ETC. Writ, Fa, S.oolol prl,"" 

Spcl)l.I~R. '6 Each CENERAl REPLACEMENT POWER TRANSFORMEH 
2Y~ VoH Center TAPP6d 81'-121 or 22' P<iro .-IIO-125 

"8A~QAMO" PUSH PULL TRANSFORloIERS - Typ" ex - HX ,2 .85 Ptr pol, ,'I, " " " T",o--2~5 SOC . -350·3';0 
"SA OAMO" AUDIO TRANSFORMER - Typ. A]I, J.2S EDeh fi " Ont-Z80 $'1.8.1 E.th "GENEIlAL RADIO" AUD I O TRANSfORMER-Tn_ 2850 or ~8~ H 1.25 Each 

Now BO'1laln Lilt 
Av.llable. Write W. K. SKIDMORE & CO. 17 WARREN STREET NEW YORK CITY 

QuaUb .,'" 10' IYIr7 bp •• r hook·.; 
tjAlpl\q," • II~ lI .. k brtld.d tlod;-II, wire 

AI_b. "HI-i'o"n.r~",' :N~nt(:"I:~'~Ub~1 
BAII!I:.YINNEO.£HAM[LEO.RUBBER COV'"[D 

-llAilLES TO SPECI F'ICATlDN-
ALPH" WIB1l: (JOBl'OB.&TION 
50 Dowa.rd St., New York Oit,. 

RADIO TUBE PARTS 
Tools, Die& and Special Machinery 

~ A ~ ~ ~ 

16 Dawson 

Lvt u. rl5siS't you in designs
tD m~t ~JCfilctinl: spccili~arlDn&. 

PRECISION PRODUCTS, Inc;. 
St., Newark, N. J . 

GEARS 
In Stac:k-Imtoedlate Delivery 

0.... '1>0«1 "",,,ocrt. 'I)_kels. tImuI bNrU>.. 

:..~.!J l'::uP~~"oJ'",,~"al~t &"":~~Q~': 
ov<'O! .. ! ."",.. of ~ 1Jn(\. 8en<l US ,our blun prlDts 
ODa \Dqlllrl"' . 

WrIt. tor C4tal41! Na. SO 

CHICAGO GEAR WORKS 
76~773 W. J.~k..,n BI"d~ CHIC~CO. au.. 

MICROPHONES 
All kind, ,10.00 10 S3S0.00 

~~~p~~~: :~~~r::rswnT£i! r.~._, '\:y:" Sw' 's': ::::::':: :::: ::: t~:: :~~: ~g 
stanGard Brol!dcut 1t1 Ddel , T]"U8 s . a. M. .. .......... . .. ... . Ult 145 OQ 
StInde.rd BrDadcl!L:llt Modr:l ( Typo S. G, 8 . . ,............. .. . . LI~t 62 SO 
Cond.nlc:r Typ. fDr HI m and fuof'd rCDcrdio9, TY~8 S. G C . . Lilt $ ~O VO 
Allo !:feek. Ovor rta.nrh, cnyon and etc. EJtut rt Mlnro"hone RBllill, s. 

SIL.VEIU.EAF MICROPHONE COMPANY 
2M8 Paaaticna Ave.. L.Ci A n!lBlu , CBlif~ 

CNcaRO DutrUrutors-Dw\c- RD. &. St<!milCld-R /lCUO SA les. I nc. 
I!)01 llIcb.l l(8.n A n .. So. IleJlr:1'loltcntUh'C'5 ,van t ed 

MANUFACTURER 
ACCURATE 

WANTS QUANTITY 
QUARTZ CRYSTALS 

PRICE 

In reply give all inlormation in Ii .. ! lett..r. We Want quartz' 
crystals J 7 5 kc., ground 10 an accura~ 01 phu Or minus 5 %. 

Quole price in I ,QOO, 5.000 and 10.000 lot5, giving ~elinile 
dolivery schedule after order has been receIved. Give alio oulline 
pre.eat J>Owble daily production and indicall: how rapidly il may 
be increased . 

Reply P .O. 80>< 54Z4, We., Pi.Uade\pb.la, Pa. 

BARE AND TINNED 

COPPER WIRE 
Far AU '_po ••• 

FIn. JJI_ 0 .... S_ilDf7 

SPARGO WIRE COMPANY 
ROME., NEW YORK 

Eetablilhed 188S 

-

TI PLESS EXHAUST TUBE 
BENDEH·[ISLER METHOD 

AVOID 1'l\TENT SUITS 

fjl~ SI) l'OIt nULLETIN 7 

E1SLEH ELECTRIC 
7011 Mouth 13th Street, 

NI!WAI\IC. N. J. 

Baach-lnh~ma tiona] 
Compound High Vacuum Pumps 

w. m&nwutunr .u m .. of Hllb Vlcllum PYmpl [rom 1·200 
eu.. ft. P"" mI.a.. All pumpo tatcd at ~ micron bero,a leavlor 
Iartx>ry. Write (or det.ail&. 

lNTERNA TlONAL MACHINE WORKS, lac:. 
521.529 Thirty·Second St., UAioD CI~. New J1ney 

Llc.,nsed 
I>y 

B.CA. 

DeWALD 
A..C. Il.Dd D.C. 

~fidget nee4,lv(~rH 
Write for «>mplet. dotall •. 

PIERCE AIRO, INC. 

I,l('enH6d 
hy 

I\.U.I\. 

115·117 Fourth Ave., N DW' York City 

StalTlpings 
Pressed Metal for Radio Industry 

Steel, Aluminum, Copper, Bra .. and all Alloya 
Send Inquiriu and Drawings 

METAL SPECIALTY CO. 1533 Rlvorsldo Dr. 
Cincinnati, OhlQ 

Rocke International Electric Corp. 

.... .... .. 15 Laight Street, New York 
Export &ales managers for nationally 

krwwn radio manufacturers. .... .... .. 
----
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NICKEL 
WIRE CLOTH 

fOf (be 

RADIO TUBE INDUSTRY 
Any mesh woven accurately (0 your spe'i6c~tion&. 

~!CLEVELAND" 
Win Cloth renownrd foe iu Uniformity, its Superiodty, 

irs Durability. 
Advise u& of your Requirement. 

The Cleveland Wire Cloth & Manufachu'ing Co. 
J 571 E. 78th Street. CLEVELAND. Ohio 

LA MIN ATI 0 N 5 
for Audio & Power Transformers 

SPECIALIZED llETRODS--YEABS OF EXPEBIENOH 

Wide Variety of Stock Standard Sizes 
Djme~ion and Price Sheer. on reque.t 

We Also Make 
PF:Il.MANENT MAGNETS--DIES--TOOL8-

METAL STAMPINGS 

Facilities lor prompt seF'1)ice 

·1 

E Th C Sk· 1100 to 1120 omas ~ Inner E. Twcnf.!j-Third St. 
Steel Products Co. INDIANAPOlIS, IND. 

~_w ________________ ~ 

~ TE offer to bl.o.nulac
~ furers interested. ia. 

EXPORT 
de 8emces of a depend.able organ-ba:tion. 
well edaL1i.sL.ed in t:L.e entire loreign fielel 

AD. AURJIEMAJ IN~ 
Manufacturers' EXport Mallagers 

116 Brood Stree~ NewYor~ N. Y. 

~.-----.. ----------~ 
RADIO APPARATUS TESTING 
Liro losls ond characteristics of 
v n(; lJ uln tubas. Calibration of all 
I:i"d ~, of insl ruments. Determina
li on () f indudonce tlOd capacitance 
1\ I v nI' jou" (rn'luoncies. Resistance 
11I ('0HlrtJIl'l0nh , motor tests, mag
,, 0''' i,' I ~, ~ I : . ok. 

Electrical Testing Lilboratories I 
80th St. and Ellst End Avo. 

New York Kno yTeJ/ 

lire you troubled with room noises, 
studio noises, motOr noi s C3 or h feed 
bock "1 
If ony of tJ,cse OOlsU ore prcaent in the 
opere lion of your m IC7'Ophonc you .hould 
know about n speciAl (C4t1.Ue of CIUs 
Modcl20N. 
Write (or detan~ on ho\V Model 20N eIIn 
be u..,d to Cui Out Th" Noj~ . 
EXlJort '·Sirnons. H 25 Wnrren SI .J Now 
Yori<. eGo}o:" SimOfllrl<;<>." 

Page 65 

ELECTROHM (W~~D) RESISTORS 
Dura hI e-D ep endab le---Accur a te---Economical 

-Correctly Rated 
Four Yean' Service in the Equipment of the 

New York Stock Exchange 
Without a Brealod"wn 

No Other Re3istor Can Boast Th is Record. 
E lutmh m Ruhton :HO J~ot Fll!i~ l t -Fhl!d-Btked~lc. to any de~ree he'Y<md 
tlw nnn~Un" DDllit or th o Jt:s i.L;i.Aoee wIre: cootael S beLweell wtre . and 

~ !~~~~,tgd9~ ca~~o ~dO:kerT;:l~O-~r,ih'~~eteoD Gl~:n;~~e:l~~:-~1t\~cs~~ontbro: 
JJ COl t'U- b",){ Ii eenUlfS. EIf:elrohm RCllstott havb I)ro~n theM .superiority. 
"""",If}' e:leclro/lm Resl".,. In )'Our nel> model.. A$~ )'011' d""lof tor ,b ..... 
MADufaotu('f'rs-Send lJ' your ROlbtctr tP~lnCl.tlunl ;,nd we wUl wbmlt 

t'amp1M and Qua{atlan •. 

Fl..ECTRICAL RESISTORS, INC. 
179 Riverdale Ave., 24 Onandaga St., yonke .... , N. y_ 

Telephone Ncppcrhan 5658 

Better Amplifying Equipment 
especially for exacting amplification 
requ.irements. 

Special Matching Transformers 
giving flat response curves . built 
in U. S. A., ahipped in 48 hours. 

FERRANTI~ Ine. 
130 West 4.2nd Street -:- New York 

~ , ~L 

MODERN-~I~~ 
AM PER I TE automatica l ly equn lIua \I no-voltage . ~" 
fluctuatIons. Holpa radio aalee and satIsfaction. w, 
I mprovca tone, lengthenl lube·llto and Insures 
uniformly perfect operatlo". Ellally Installed in 

6 ml"uto. wltnaut chiissis cniinges. 
Makes your cJrefu I laboratory specifl· 
catIons mOil n 80methl ng. 

~
rrlO DOP~' 1I£·410rl""ln-

formaUan D. 0 d 
• AItIPEIIITE 

SeJl·AdJusfin8 .0' ohnrt. 

_ ........ VOLTAGE CONTROL -
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DEPENDABLE 
QUALITY - UNIFORMITY 

SERVICE 

RADIO ENGINEERING 

I ROEBLING I 

ON 

WAXES - & - MELTABLE 
INSULATING and WEA THER

PROOFING COMPOUNDS ' 

WIRE -Anrenn,e (plain or enameled). Con
- neeting and Ground (Rubber (overed, braided 

or plain). 

WAXES-All kin4l. 

IMPREGNATIONS-Condensers, Colla. Rubber. 

STRAND-AntcnnJe (plain or on
amdcd)-Double G~lvalliZfd, 

Coverea and Weather-Proofed Wire, Telephone 
and Electrical Cables, Etc. BUS BAR-Litundr~ht-Loop 

SEALING COMPOUNDS-CoU., CondensC1'l, 
Batterin (W~ & Dry), Pot Heads, Cablea, Wir
Ing Dm"1 and Speciai.&, 

MAGNET (Colton or Silk) 

FINISHING-All grades of Woatber Proof and 
Rubber-Covered Wire. 

SPECIAL COMPOUNDS WI-RE 
PRODUCTS I 

35th St. & Maplewood Ave. JOHN A. ROEBLING'S SONS CO. 
Trenton, N. J. Branches in Principal Cities 

Chicago, DL 

"For over 35 yn." 

INDEX OF ADVERTISERS 
,\. 

Acme };I~c . &. ;\UI; . Co .. Tile .. . . . . .. ;is 
.Ad. AurielOa, lu~. .. . . ..... . ... . .. . . ~5 
Acrovox W Irple.;~ Curp.. .. .. 11 
A11~n·Brndlcy Co. .. ... . . ...... . .... 20 
.Allied Ole Ca.tlng Corp., 'rb~ .. . 57 
Alphn Wlr~ Corp.. . . . . . . . . . . . . . . . . .. 04 
Amperitc Corp ... "' . .. 65 
Ampllon COI·p. o{ AllIcrica ... 02 
A nacondn Wire & Cn~ I~ Co... .. 3 
J\rcturU5 Ro(\i " Tube Co 51 
AlJtnt\c Mlcl'op lJ one Lnb.. . . . . . . . . . . .. 6.3 

B 
Bnkelite Co rp. . .. . ...... Bock Cover 

C 
Candy & Co. . . . . . . . . . . . . . . . . . . . . . .. GG 
Cardwell M(g. (:orp .. Allm D. . . . . . . .. Gti 
Conll'al R.~dlo x,;,borutorl~s........... 13 
C~n trlli Scientific Co ........ Second Coyer 
Cblcago GCtlr Works. . . .. . . . . . . . . . . 0·1 
Oll1~ago Tdepbooe Supply Cu..... .. l~ 
Olump N"iI Co.. . . . . . . . . . . . . . . . . . . . . 6'" 
Clev~lal,,1 Wire Cloth & Mfg. Co., Tbe. G5 
Cond NISer Corfi. of ,\nlcrl cn.. .. .. . . GO 
Crowe Name Plue &. Mfg. Co. . . . ... . 51 
Crowlpr & Co., [nc., H eury L ... . . . . . 5S 

U 
DeFol'est n n<llo Co ......... .. . . ... . ' 17 
))~Jur·AJllsco Corp. 5!),67 
Dongall Elce. lIIfg Co ....... . Third Coyel' 
Dubilier Conden~or Corp. I) 

E 
EI.ln Elect ric Corp.. . G4 
E).rtrIHI, III C. ......... . ()3 
ElectriC(l1 ReElstors, rile. ... .. ' ... ' G:; 
Blcc trlca I 'res II ng La lis. . . . . . . . . . . . .. 65 
EIl<oo Division .............. . •... .. 6 
Ellis E'ec. Laboratory ....... . ...... , (lG 
Eric ReSistor Corp... . . .. , , . ... G8 

11' 

Fnllsteel Prodllcts Co, Inc. .. . . ... . . 10 
FerrJlotl, 10,'. ........ . . . ... ... . ... 65 
Ford H",IJu &. Mica Co. . . . . . . .. .. . .. 63 
l"OfCS t b:iec. Corp... .. . . . ..... ... . 61 
Formlco lOBulation Co . . . . . . . . . . .. . . . 1 
~'rosl, Ilcl'bert H .. IlIc......... . . . . . Hi 

G 
Gene rn I Eleetri C Co. 1 S 
Genernl ~lfg. Co.................... 07 
Gellerol RadIo Co. .. ... . . ,. . ,.. eo!) 
Gilby Wire Compuny .......... , . . . 50 

B 

I-I;ollllllnrlond Mfg. Co. 
Holc<l·'l·ILe Packing Corp .. 

InCl\ MCg . Division. . ...... , . .. . . . . 
1Ilt'1. Mocblue. Wurks, Inc. 
InL'1. R~I.tUDce Co .. .. . . ... . . . . 

J 
Jenkins & Adllir . In" .. .. ... .... . .. . . 
Jouo50n & Jobo :;,o n . . . .. .. . . , , .. 

K 

Kellogg S", lldlbonl'(l & Supply Co . ... 
KeSler Solder Co . . 

L 
Leetjg 11 ndlo Co. 

~Ie 

McGraw.HiIl Book Co .. he. 

67 
51 

!) 
()4 
52 

"Q 
Gl 

r.n 
Ii," 

03 

(~(I 

M 
Man6 &. Wa!dsl('.\n Co. ' . ... .. . . ..... , 61 
Mng,\IIVo x Cu., Th~. . . . . . . . . . . . . . . . . . 41 
1I1n110.y .I: Co .. 1'. [L. .. . . . . . . . . . . . . . B 
Metal Specialty Co., '1'1", . . . . . .. .. . .. 64 

N 
Nnt'l . F.lec. Prod . c: .. ,p . ,.,... . ...... 1) 
Newad, Wire Cloth ('" ....... " ..... 50 

I' 
Parker·Kaloo COl'p . 
P Leree Alro, Inc . . . . . 
ProclsioD Prollucl.', I",· 

It 

II 
64 
61 

RCA Rn cllo tron Co" Inc . ..... . ..... 7 
R udlo M frs . AssocI" lion . . .. .. , ..... 14-
R a dIo Pl'nlillc(' C .... The. 09 
Rocke loCI. 1,)10<'. COl'l'....... 64 
Hoebl1,,~'s S ons Co .. JuhH A.. ~G 

S 
Snm son I!:lcclrlc Co . .. ... ..... , . . ... 12 
Schwelt~er. l'cter J .. [ II". . . 6<\-
SIh-erleaf M icrolJbooe Cv. (l4 
Skidrol)r. IS; Co .. W. K. . . G1 
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Spargo Wife Co . . . . 6-l 
1;1'1'" '"lie Spcclaltles Co . ..... ... . .. . 4a 
Sumlll~)'lll 'l'nt)inl: Co., Tile .... . . .. . ... !>5 
Syutbtl':e COI·V . J Ile . . .. 4.5 
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Zn pO'J CO, Tbe . 67 



APRIL, 1931 

HIGH 
GAIN 
I-F 

Design 

With 

STANDARDIZED UNITS 
A Ahieided III termedlate·frequency uRnsfarmev with 
'~Va .. ltor" c:.ondeD6er tu.ning- in prim.ary and sec.Qndary c.l .... 
cuits. One hund,.od lind fifty to two hundred kc. wtth 
aland",.d productio" winding" Dr atep · up ratios. Mechan· 
Ically 5ulted to upright or Invertod mounting. 

Writ~ lor circulor ~l"'ng ~o",plete lIDlJl!ifit!lltidn. 
and VQritar& ma~ U8e& in moJ~n radio circuit •. 

D~UR-AMSCO CO~p. 
\lQTitor...-Varlab/e Cond.fUlQr-J'o"'.... RheOBt"too--Di",. 

95 Morton Street New York City 

, 
Our strength lies in our 47 years of 
fe'earch and experience. in our eco
nomical methods of manufacture and 
in Our service [0 our customers. 

ZAP 0 N 
PYROXYLIN 
LACQUER 
We assume full respon&iblliry (or the 
integrity of our product, with all the 
power and strength of our r~ource5. 

THE ZAPON COMPANY 
A Division 0/ Atlas POWdeT Company 

STAMFORD, CONN. 
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GEN-RAL C'OILS 
Reg. U. 8. :pae. 

MIDGET SERIES 

II. II. Ant.DD_B. F. B, No. 10 

8 H. Osolll"II>r-R. 1". I). No. 10 

The above coile oro wound with 
plain or "Litz" wire and with 
v 8 r i' a t ion e to moot epeeial 
requirements. 

GENERAL MANUFACTURING CO. 
8065 So. Chicago Ave., Chicago 

Th.is New 

HAMMARLUND 
MIDGET is , 

Vibration-Prool.· 

Wlthollt nute or 8<'.reWII (81)erythl.riO rlveUed I this 
n~\V Ho.mmarlund Mlclget Conden5er la ideal for air· 
plane Or au tornobJle receIV(l.lB, Or for IIny other uoe 
wbe-.re vIbration 18 dlfDcult to Overcome. 

High capacity and wlde·rang~ -20 to 326 mmf. 
Soldered brll!i8 Dlo.tes, rugged frame. Ilccuratels 
fitted beo.rJ Qg9, donble four-point brou2e wiping con· 
tact. Pll.rmlca InSulation. Adjnstment screw works 
in n g~oov!!--cllnnot tourr the ahatt. Straight line 
or "Mldlln!l" tuning curve. B!lsebonrll or one-hole 
mountlng. Idenl for tnnlng Short· Wave Receivers. 

AUD a Neu> COrWelUer for 
Tuning In.ermediate TrlmllforrJUJ" 

Jaolantlte bn.sc monnta Inside ahleld . Selt'alignlog 
PhoBpbor·bron~o adjustllole S'Drlng plates. double 
rlvetted. Mica InaulaUOII. Proved deSign-will not 
cbange In rNllstuoce or cn.p6clly from humidity, 
temperature or vibration. Three mllges In single 
Or double modela-lO to 70 mmt.-70 to 140 rutnf. 
-140 to 220 mInt 
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f:1(ester's in a class 

by itself, Stevens!" 

"You and I know that the A. S. T. M. require

ments for purity of metals is plenty high. Bur 
Kester Solder has exIra quality - it exceeds 

even their class A specifications." 

That's saying a lot. But even then the whole 

Kester story isn't told. For in addition to using 

only virgin tin and lead, Kester Rosin-Core' 

Solder carries a special rosin flux inside itself 

- a flux that's safe and sure for radio work, 

and the most delicate electric manufacturing. 

With Kester Rosin-Core Solder, radio man

ufaaurers build better sets. Elemical manufac

turers turn out uniform work and eliminate 

rejections. Both sa ve soldering time, materials 

and labor - and cut down maintenance and 

operation COSts. 

There isn't a soldering problem our Indus

tria l Development Department can't lick. 

Write us today. 

Kester Sol der Company, 

4224 Wrightwood Ave

nue, Chicago, Illinois . 

Incorporated 1899. 

JiJt!-1~a 
S~L~£:H. 
Acid-Core · 1'88'c-Core . Iloslu-Core 

RADIO ENGINEERING 

TR41) ( 
MARK(I)~ 

~ 

FOR YOU~ 

P~()TE(TI VN 
ERIE RESISTORS are now tl'lHlc marked, for 

your protection, by embedding the name ERIE in 
the lead. 

You will find ERIE RESISTORS foremost in 
quality and performance. They pass every test of 
the radio engineer and are dependable under all 
conditions of service. 

Demand them in all of YOUt' production work 
requiring moulded resistors. 

Samples and prices on request. 

::lJ(If J(BI~I()I2S 
hie Resister Corporation. frie. Pa 

In fhe C~nler of the RadiO Indu5trl{ 

'Y(LLI AltS PIl.tSS. I NC., NltW YORK--"LDAt;Y 

I 
~. 

• 1 
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Transformers 
for 

Replaccmenb 

in Old Set~ 

Those who are inler
.. ted In Set ReJuvena
tion will be inhre4tcd 
in OUT ncw Reploce
ment Transformer Book. 
let. A ~cpy /Sent upon 

request. 

No. 6952 

No . 5140 

Be Sure 
of the 

TRANSFORMER 

You Choose for This Season's Models 

Yo UT competition and OUTs-sets and trans
formers--gets keener every year. Your prob
lem is of one sort, our's another. 

You not only must offer a finer receiving set 
but likewise must meet the competition of 
price. 

\Ve 100 must meet the.e _arne condition_but in Ii 

.Iightly different way. 

Quality, we have never feared . Through the eon

sl""t devotion of the men in Dongan Laboratories we 
have always kept a ~top ahead. 

Dongan prices--considering the uniformly high qual
ity of the product-are r"markably low becauoc 

First : ha"ing been fortunate in OUT >election 
of cu~tomer" We have enjoyed a very 
satisfactory production. 

Second: many short cut. in manufacturing 
have been per£eded within the last 
twelve rnon th&. 

You simply cannot afford I~.s than the b"sl Trans
(ormer. this year . Test Dongan. in your n"w modd. 
-they will .peak [or them.elv ... . 

Power Supply Units or Any Special TranllFormer Unit lor 
TeletJision Manufacturer. 

Dongan Electric Mfg. Co. 
2991-3001 Franklin St., Detroit 
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Ph%-electric tube 
and amp/mer un;', 
mode by Wc.liog
houte flee/ric ond 
Manufac!uring Co., 
E. Pilhburgh, Po. 

For insulating electronic devices 
Bakelite Materials are exceptionally satisfactory 

Permanently adequate protection against current 
losses and short circuits is 0 primary requirement 

for insulation used on photo-electric devices. Such 
insulation mUst also be highly resist(;mt 10 moisture, 

and free from swelling, shri nking, or distortion. 

An excellent example of the way in which Bakelite 
Materials meet the needs of electronic service, is 
provided by the Westinghouse photo-electric tube 

and amplifier unit. Tube boses, sockets, and terminal 

thumb nuts ore formed of Bakelite Molded. The box 

cover, upon which the tubes are mounted, is of 

Bakelite Laminated, as is the interior sub-paneL 

Because they possess an unusual combination of 
desirable properties, Bakelite Materiols, Molded, 

Laminoted, and Varnish are playing on important 

role in the progre~s of the electronics industry, These 

materials are constantly solving insulating problems 
in a wide variety of applications. Write us for full in

formation-ask for Booklets 3BM,"Bokelite Molded," 
38l, "Bakelite Laminated," or 3 BV, "Bokelite Varnish." 

~okelire Engineedng Serv;~e-We manufadure c widevariely of Bakelite resinoid molding malerlalo,vornishes, lacquer<, .. ncmcl.,cement., 
and other products. Twenty-onj> years experience in the development of these malerial, for ,,,dlo and ather me, provides" valuable 

background for Ihe cooperation offered by OUr enginee" and lobota/orie •. 

BAKELITE CORPORATION, 247 Park Avenue, New York. CHICAGO OFFICE, 635 West Twenty-second Street 
BAKELITE CORPORATION OF CANADA, LIMITED, 163 Duffedn Streut, Toronlo, Ontario 

THE. MATERIAL OF A THOUSAND USES 
• 




