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FAB R.lCATED 
FOR~ICA is. depend~ble, uniform, higJ?, 

quahty matenal made to numerous grades 
and shapes to meet all of the requirements 
of the electrical and radio industries. 

For 18 years it has been a standard material 
in the field -used by some of the leading 
American technical organizations. 

The largest producing and fabricating equip
ment in the industry is available to give 
prompt service. 

Location near the center of industry makes 
quick delivery possible over the shortest 
average haul. 

THE FORMICA INSULATION CO. 
4638 Spring Grove A venue. 

Cincinnati, Ohio 

' .. 
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M OHRIS METCALF, Pl'e~jdent of the 
H. M . 1\., writes a message lo th~ 

m~ll1hcl' ~ of the Association. He says : 
"lh'ccnlly Olle of Amerie:1's greatest 

l1ewspapcr ~ carried a ~tory through an 
elll i rc I:ol\lll1n , rdating the wonders of 
radio and the story of two engineers who 
believe thnt some dny a cerl'lin type of 
raclio tube may bring bnck the scelles of 
past g enerations, sueh as the civil war and 
otli er historical events. 

"Even a radio enthusiast \Voult! h;wc to 
stretch his imagination prell)' hard to look 
ahead to such an achievement, but this 
story definitely establisJles one dominant 
fact ; that mdio is ever new, ever news, <Uld 
ev~r of interest to the American public! 

"In the year just begun, the subject is 
even crisper, fresher, tl1an at any time since 
radio first startled the world. The inte rest 
is deeper, sounder, surer. As a n integral 
part of the daily lives of 111e people of this 
nation, what ever radio has to promise is 
of concern. And 110 one is (I keener judge 
of t.hi s news value tlHIn editors of the above 
mentioned newspaper. 

"193J is to be the year of fe-awakening . 
A fe-awakening of sales and profits and 
progress!" 

(Signed) MORRIS I'IIETCALF .. 
PYesid!?nl . 
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Metallized Filament 

this company's greatest 

contribution to the radio 

and vacuum tube industries 

since the introduction of 

RESISTORS 
Engineering data 8upplied on requeat. 

INTERNATIONAL RESISTANCE COMPANY, PHILADELPHIA 

Also makers of PrccilliOD Wire Wound RClJieton 
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THE TUBE 
AND COM
MUNICATION 

I T WAS the actual experi
ments of G. O. Squier and E. 

R. Cram, in 19 10, over a wire 
of the Postal Telegraph-Cable 
Company between Baltimore, 

Maryland, and New York, that attracted the 
attention of communication engineers to the pos
sibilities of "wired wireless" or "carrier Cll rrent" 
signaling. A year later the four U. S. patents 
issued to General Squier covering his develop
ments were dedicated by him to the American 
public. 

I t was not until the close 0 f the War that the 
full potentialities of the vacuum tube became 
available for other than war needs. It will be 
recalled that it was just before the War started 
that the regenerative and amplifying qualities of 
the tube were discovered. 

With oscillating and amplifying tubes at hand 
the principles of Sfjuier)s superposed circuits 
became applicable on a commercial scale. In 
1920 practical demonstratio ns of Squier's wired 
wireless system were made on telegraph lines of 
the New Y or k Central Railroad. 

Also, the American Telephone and Telegraph 
Company made extensive use of the system on its 
lines throughout the country; adding many refine
ments and perfecting the details of operation. 

The two American large telegraph companies 
so far have not made much use 0 f ca rrier current 
signaling over their oWn wires; relying mainly 
upon multiplex printing telegraph operation. In 
Canada, however) the Canadian National Tele
graphs have installed an extensive system of car
rier current signaling. It is reported also that 
the opposition Canadian company, the C.P. R, 
Telegraphs) contemplates similar use of a carrier 
current system. 

The interesting paper read recently by Major 
Steele before the Radio Club of America, New 
York, and published in this issue of RI\DIO ENGf

NEERING, presents the subject in a manner in
telligible to engineers familiar with vacuum tube 
circuits. 

The wide application of the vacuum tube ill 
wire telegraph and wire telephone services mark~ 
the drawing- together of the engineering of radio 
and wire line practice. The communication engi
neer of the present and the future must of neces
sity keep abreast of advancement in the technic 
.of vacuum tubes and their related circuits, 

4 

ECHO 
SIGNALS 

T HE liSe of super-sensitive 
radio signal indicating re

(Orclers has made possible fur
tllcr study of the so-called echo 
sign:ds. Occasi onally investi. 

gators who have sb\ble reputations as scientists 
are quoted in the daily press as having re'p0rted 
reception of vagrant, uni dentifi able radio Signals, 
which, because of their characteristics, are be
lieved to have originatcd at organized radio 
transmitters. Thl~:ll: ('xpl' ricllces are aside from 
the data gathered in rq,{ard to signals which "go 

,, ' d all the Wily ill' !l\ltld th t earth, an those which 
"go around hoth l\'ilY~." 

Radio tral1sllli ~ ~i o ll ph (~ I\!Jlll c lla involve a large 
number o( ('oillpl(")( r()fI~id(,l'a('iolls. In the case 
of broadcast r!;l; (;pt i!lll wit II average broadcast 
receivers , tr:lll sitlinillg :l ntl;IlIl :1 watts, and milli
volts pCI' III !.': !''.: I' ill li lt' r eceivin.g nntcfl lI:l or loop, 
continue as t he PI'Hclica l, if 1'(') \l I~h, f~lc to rs of every 
day ca lcu l:'ttion. All 1)( the rema ining factors 
which have :\ Iw nt"i111{ IlI'CIH di s(:l IlCC. and lIpon con
tinui ty of f('CO IH i(lrl f" OIl I ~iv (;n tr:lI1smitters may 
continue of J. ill:l" enll{'C I'J1 ill the broadcast field so 
long as i 11CI'I' :! ~('d I" O\\, (,\, ill tl'il nsmi tti ng Oln tennas 
serves to ()l' cl'l'id l: (Ii !; il' dt('cts Up011 trOlllsmission 
and I'l'n'pt itlll . 

Engincc l's COliC ~'I'I1()d with the pl'ulJlems of long 
dis ta n(;c S!WI' t · WIIW rll di o w')J'ki ng cannot dismiss 
the lYI<.l tcol'{)i()HICII I f :lctors of transmission, Th\lSJ 
throughout !Ill! wlld d mnch is being lea rned about 
govcl'n in~ (nClol'lI other than kilowatts in the 
tl'ans llli llillf,( :1111 1'1111 ;1. 

P. 0 , Ill'dns('II, ill Denmark, continues to ob
serve and I n l'l' PO!'( (,he results of bis investiga
tions. H i.'~~ Jl fJ>' P ederson noted that a test signal 
was Ilot l'j'I;t'I\,cd :it observing station until 195 
secondll had elnt:)scd . Still another did not reg
j stCr nn"l1 ~ (jfJ tI ('CI) IHJ S h ad passed. This phe
nomeuoll i:l mhHlC;ifl (cd with upper reflecting sur
faces. A !lig ll nl ci rcles the earth in about onc
sC\' (;lll'h :-I 1' I 'Clnd , 1\ signal tr;lVeling to the sun and 
h:lI;k wlIuld rl;ql lil't: seventeen minutes; to mars 
and ha (' k aholl(' ~ix minutes and to the Moon and 
ha rk) f. \\'II :llld two·! h i ['ds seconds. As convex sur
"a ('t; ~ 1I'\lIIId II Il I hI' viewed as effective reflectors 
th\· tllC!llgll l' i ~ PI' (; sclltcd that beyond the Kennelly
l--r (' a\ ' i~id t: lay r. r there are one or more concave 
reHel,till1!: ~ h('ll ~ (11:It arc due for further study. 

c1JQ-ncJ.~~cl 
Editor. 
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Sci tists 
study effe~t of 
Vibration 

on fastening devices 
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('('It is evident that fastening-s 7nade tvith Self-tapp£ng Scretus 
tvill resist vibration Inuch better than ITLachine SCTCU)S" 

say authorities of the COLLEGE OF ENCINEERING OF N, Y. U. after tests. 

F~ OR weeks SCiCJltisls of the College of Ellgineerjng 
of New York university sllldied thc holdillg power 

01: fa : t euing devices. By llllOillscd tests they were to de
I' tlJ i OI: whcther Self-tapping Screws, noted for eeon
tin,; ill nsserubly work, have great(~r or less hoJ(liug 
r" '''' ' I' "Jan the fastening devices they usually replace. 

" ':' 1' 11"11 1 ,-"I" nUelltiou wa~ given to the effect of yibratioJl, 
fur I, is Ill c t;hief causc of fastclliug failure. Tbe spe
r lr ll ' ('i.\'t~II·I!Gted vibrating machine, shown above, 
\I'll l' '''~ "" r C ,ltllll n lwnJred hOlll'S under close ohser
\lil t; ( II. F, ," I" I (;Sl Spccill1ens were suhjected to tbe vihi'u
Lio ll < fI'JI, ~J< C .... jtncll containing two si:l.es of Self-tap
f'i"~, f; r" I\'S; , ~ "d all equal nlllllher of tlte equivalent 
,i"l.I~~ of '1I1 ,le"ill!) !;.; ) . ' \\'5, the lUost common aiterllatl"e 
r"l.l C:ItI S f [ ;) (1 1 'llj)lt; . 

]' A I'n<,l::I: . t ' ALON CORPORATION 
Dep!. L, )90·198 V:lric/( Street, New York, N. Y. 

Early in tbe tcst the llJnjol-ity of the fastenings made 
with machine screws failed . Yet not a single Sel/tap
ping Screw loosened. The report of tbc authorities 
couducting the Lest states :-" It is evident that PIll'ker
Kalon Hardened Self-tappjll~ Sere" s will resist vibra
tion much beller tban the convent ionalmachine screw". 

Detailed informatiOll (leveJoped from the extensive 
tcsts mtlde at . Y. U. of the comparati ve strength of 
ftlstening devices und er str(',,~ es of vihration, tellsioll 
and shear will be found in tile booklet offered h ere. 
The coupon hrillgs it, free; WIth anotber helpful hook
let showing the large savings gailled 011 metll l assem
hlies ltnough the u"e of these unique Scre\\s that 
eliJllinate lappiug, fllmllling with _bolls alld nuts lIud 
other fastening d i ffictllLies. 

PARKER-KALON 
'. ,; ,,01 ""_ fr"~ booklels 011 the Security flll,1 £cQllom y 

of :ts ~ ,:tI)l;l ic5 llla'[c \\';111 Self' lapping ScrcwS. 
HARDE'NED 

Self-tapping Screws 
. • u.a::ln44ua 
1--'-:"""'" I 
.............. ca. 

Name anri Co, . . .. -. --- - .. ----. ---- -------------- ------ --------

Add rc s~--- -, -----~------- -- ----- --- -- ------- -- ---- ---------- ---, 
Pl.1 . Hoi u.s. A"'D "OQ E1GI~ COO "'T f.l:l~S 

"Distributors Serve Industry Economicolly" 



Page 6 

Smooth, 
The new Frost-Radio No. 20 SaifS Wire-W()\l".! Volume Con
trols are the result of eleven years of manufacturing experience 
and research, and represent the very nighest development we 
have yet seen in f11l00th, 7tolulns action. The high degree of 
perfection wo.:. have achieved is due to the new Frost-Radio 
variable cumacting member. (We found that 011(1 950/u of noisy 
Wir~-WU7l1fd uoiu11Le cOlltro/J owed Iheir imperfect of!aatiou to poor 
contacting bttWCC7lth~ ml;;Joble contactor and Ihe r(s1Jtanu dement.) 

The variable contactor used in our No. :?o Suia makes two 
separate and distinct contacts with the resistance element. 
These contacts are not point contacts, but 
line contacts, and there are two of them, 
each of which is 3/32" in length, or a total 

RADIO ENGINEERING 

oiseless 
noise. A study of thecontacting runners of the No.2Q Serie; Con
trols will reveal that they are pldhd along their raceways with 
an action similar to drawing a sled . This acrion is reversible, 
so that tl!( nmn.as aT( n.va p·UJhtd. As the spring tension is 
applied midway between the tWO runners, equalization of 
pressure is automatically effected by the compression type 
helic~ I ~pring. Furth!!r study will sbow that by con~acting on 
the l11J1d~ of the scnp these runners have an area IIi contact 
with the wire that is many times greater than is pOBsible when 
cont3cting on the edge of the suiI' in the conventIonal manner. 

This enables us to reduce the contact pres
sure per square inch of area to a mere frao
tion of what has becll past practice, and at 

/-illf contact of 3/16". This is accomplished 
by having the contactor made in the form 
of a shoe with two runners, e<lch 3( 32" in 
width. The rlceway for one of these runners 
is just below the top of the rCSI6tanCe strip 
-for the otn!:r just above the bottom of th e 
strip . As the runners are in vertical align
ment with e<lch other both can make 
contact with the same [Urn of wire simul
taneously. However, when such a condi
tion exists and the arm is moved slightly, 
one runner, due to the pitch of the winding, 
makes contact with the next turn of wire 
on~-half tu rrt ahead of tht other r1l1t ntr, 
It will be 5een tbat this cuts down the 
resi5[ance steps to one-half the re5istance of 
one tum of wire, giving the same result as 
though the winding strif contained twice 
as many turns of wire. t will be obvious 

PR.ACTICAL experiment

ing with this new type 

of unit, illustrated in detail 

the same time utilize <I contact pressure 
several times greater than that employed 
in old style rheostats. This reduces the dan
ger of C\l tting and scoring between the con
tactor and wires to a negligible quantity, 
and at tAe Jame time altai'll! a low" contact 
Toi!/ance than lias euer before burt 1>oJ!ib{~ in 
c0111mrrcial unit! of thi; claIS. 

. 011 the opposite page, be-
gall early in 1930 and tests 

have been carried on con- Din, fragments of met~l. or other foreign 
bodies on the raceway of one runner cannot 
prevent the other runner from making posi
tive contact with the element less than one
haifa tum of wire away from the point where 
the contact is impJ.ired, insuring against a 
high resistance or broken contact with the 
resistance element. As a matter of fact, our 
thousands of tests have proved that this 
type of contactor affords a noiseless volume 

tinuol(sly for more than 

twelve mOllths in order to 

I.hol"OlIglJly prove-i n the 

l'rjll~: ipll's involved in its 

design and l'ollstrllction. 

that as the contactor travels from turn to 
t urn of the wi nd ing, the sm aller the resista nee 
steps are, fhe more noiseless will be the operation of the nmrrol. 
Every fraction of an inch that can be add~d to th" drl'l'rivt, 
length of the resistance element improvcs hoth the Illlality and 
the durability of the control, <IS it then h<!l'Ol1lt'H pu~sihle III 

No. 20 Serio 
S,ngl, COni'"' 

fl1l'/>{OY mort /1/"11 <llld {<If!:(r wiT(, To ohtain 
the 71111 ,·i 1111(111 IIiOI//IN IIf I II fill () r wi rc on 0\1 r 
stri\,s We IHilizc ti,e sll1alk~t possible sl'a~
ln~ )ctwccn turns fhat will givc tile reC] Ulr<:!l 
rcsist:tn~c V;d'IC. For example, on a strip 
w[)und wi tit .()(l2" wire, Ihuc is but Ollt tOI

IhOI/ JOlldt/, 4 all i1l ch bdwUH 11"111". Such a 
strip h"s 466 turns of wire per linear inch of 
wound scrip. With the cunventional ryre of 
confactor, variations in the height 0 the 

adjacent tUrnS or wire no greater 
than five ten-thousandths of an 
inrh higher or lower than adjoin-
ing turn, win produce serious 

No 20 S eries S.ngl, 
C(mlrol wifh A . C. Swileh 

NO. ZO Se'I($ 
TalldcP'T1ljllrl 

FRO S T -

control even when the winding is fouled 
with !lire, dust, etc., suffiCient to render any 
of the ~'onventional types of volume controL~ 

noisy and IIn\lsahl~ , Fa/ iglle Int; ,how that OUT No. 20 Serio 
CO/liro!" Call J}e d( p(Ij{Jed "1'011 /o~ 1,000,000. COlllpl(l( rotdting 
OPfriltl O1l1 fill/hOld erlJl/hl, 01 fillY kJ1ld delldopl1lg. 

Our No. 20 Sm'(,J Controls arc completely enclosed in dust
proof cases to cxdudc all foreign substances from the resistance 
clement chamber. Extreme care is taken to keep these foreign 
substance.~ from getting ' into the resistance chamber during 
manufacture. 

The high resin-content bakelite strip used in Frost-R<ldio 
No. 20 $aics is made especially for Qur ol'l'n use. This, plus our 
lubricating system which entirely surrounds the snip and all 
insulations with a neutral oil film, positively insures against 
loose wires or ch~nges in dimensions of the insulated parts, 
Shaft material is needle bar steel ground to plus or minus 
.0005", rotating in a reamed brass joum:d, Our new construc>
tion entirely eliminates end thrust, a frequent cause of me
chanical roughness in rome rheOstats . A. C. switches may be 
mounted on either single controls or tandem units at allY 
desired angle from the soldering terminals. These switches 
occupy less than half the usual number of degrees of move
ment, giving an inne'lsed length of effective resistance clement. 
Separation of drivin~ arms in tandem units reduces capacitance 
to a negligible quantity, while our driving coupler used in these 
units provides universal joint action <Ind thus eliminates bind-

ing and rough running. 

rr C 11Ivitr nlti·llcrn /0 J(nd ((J Jpuijicat1071 J, 
lIP Ul1 rc'Ce/pl of whiclt W~ will gladly IfllJ 

samp{n /.r ,'.\prrimo,lal (1"d 101 p"rpoIeJ. 

R A D I 0 
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CHICAGO TELEPHONE SUPPLY CO. 
HFRBERT H. FROST, Inc. 

SALES DIVrSJON 

GC1lmdOffiw ELKHART. INDIANA ami Plant 
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CENTRAL RADIO LAB ORATORIES 
928 K eele Ave., Milw,ukee, Wi • . 
E nclosed find Z 5t: fOI" whi ch !l cmd ;)t once 
your neW VOLUME CONTROL GUIDE. 

Name " . , 

,., . , 
Address . . . . . State .... . ii. 'E;'g. City .. • . ... .. . ... 

RADIO ENGINEERING 

his Business 
of Tolerances 

T HE production of more than 

twenty million volume controls for radio reception has 

given us many interesting facts and has helped to dispel a 

number of obviously erroneous theories and contentions. 

Even though it is possible to build a receiver that 

could split a kilocycle, it would be impractical for public 

lise. The tolerances would be too small ... too exacting. 

Mass production of radio" makes such precision engi

neering impractical . . • even: laboratory models cannot .. 
aspire to such standards. 1; . 

'. 
• Given a standard radio of undeviating exactness, 

unaffected by temperature, humidity, and the stray atmo

spheric and mechanical inductances that are all about us, 

it would be possible to build a volume control definitely 

suited to that one and onl,), receiver. 

But to make this one control fit into a million sets is 

an obviously different matter. Yet CENTRALAB has 

been successfully meeting the requirements of set manu

facturers whose control demands run into millions. 

Our knowledge of the tolerances required is backed, 

as we have mentioned above, by this unparalleled 

performance. 

CENTRAL 
928 Keefe Ave. Milwaukee 
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THE o. K.'THAT (AME 
INSTANTLY 

When the production depart. 

ment of a leading radio manu. 

facturer ucently made up a 

large requisition for coils, the 

ensjm~erins department unhesi

tatingly specified Inca coils. 

The reason was perfectly simple 

the enginurs knew from ¢x§ 

perience that the electrical and 

physical characteristics of Inca 

coils can be rdid upon. 

Present day Inca quality takes its 

root in the same spirit of copper 

craft which brought undying fame 

to the prehistoric Inca of old Peru. 

Today, Inca stands for continuous 

improvement . . . for absolute de .. 

pendability. What better foun .. 

dation on which to base the O. K. 
of modern Radio Engineering? 

Symbolic o f the 
best in copper 
w ire p r od u cts. 

TI,c Peruvian O u fr:)IJ is per
h aps th e oldest fo rm o f 
recordins known to ill"Chae
olosists and h lstorlMls. The 
positioll of ea ch lw ot, the 
co lor of ca cl1 str,\lId, !,ad 
Us pa rti cula r s is,,;!I
caTJ(·c t o th e in ca s. Th e 
O uipu was used iarse[y as 

a system of bookkeepins in 
r ecordins t I, e a m oun l ()/ 
srain, or cloth, or tl.e T/lllJl~ 
bers o f' an imals owned b y 
a n individua l or a tribe. 

MANUFACTURING DIVISION 

Eastern Office: 233 Broadwa y, 
New York, N. Y. 

' '''es t ern Of'fi cc: 1 547 Ve nice 
Blvd., Los A ngeles, Cali f. 

of NATIONAL ELECTRIC 

PRODUCTS CORPORA nON 

FORT WAYNE, INDIANA 
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fiFTH 

R TrodeSno 
AND 7TH ANNUAL RMA CONVENTION 

CHICAGO ~ 
JUNE 8 to 12th 

EVERYBODY WILL BE THERE 
Every branch of the radio industry will be at Chicago 
during the week of June 8th. This will be the Jarge.t 
gathering and bigge.t annual event of the industry. 

Thirty thousand (30,000) square feet of radio exhibits 
in Grand Ball Room and Exhibition Hall of Stevens 
Hotel. 

ADMISSION TO THE TRADE ONLY. NO VA· 
CANT BOOTHS-ALL EXHIBITORS REQUIRED 
TO SHOW CURRENT MERCHANDISE. The newest 
a nd latest receiving set model. and acc~5~ories will be 
displayed and demonstrated at the !how and in hotel 
demonstration rooms, for the trade to .£e what the 
manufacluren offer for the coming Heason. 

25,000 radio r. .:nuf:acturers, jobber. and dealers ex
pcct~d to attend. 

ReduceC railroad rotes--special trains. 

• 

Offici~l hotd.--Sl'rv,·". Hotd (hc~dquartCr5), Black. 
stone, COI1I-!"'" "".I Auditorium Hotels, all within 
short w~lkinl-! di'!"llcc' {]" M ichig"n Avenue. 

INDlJSTRlES AND EXHIBITIONS 
Radio indu.tri,·,. J,,"e R·12-RMA, Nalional Federa
tion of R.1d 10 ""<lei,,! ions and Radio Wholesalers 
A8Soci~tion. 

Music Industry COllvention and Show-June 15·17. 

Institute of R~dio I]nginee~ Annual Conventioll
June 3-6. 

Annual nationni "furniture Mart" with 25,000 furni
ture buye.rs, jobbers, dealers and manufacturer.-
June 1-15 . 

Entertainment galore {or visitors-Make" trip to Chicago 
for business and vacation combined. 

Apply now direct 10 hotels for room reservations. 

Invitation credentials for the trade .how will be mailed to the 
trade about May Is!. 

'jig ~ i~RADIO MANUFACTURERS ASSOCIATIO 
ll-W 42.ND ST. NYCITY 32 W. RANDOLPH ST. CHICAGO AUDrroR-'·UMlfoTEL 
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DUBILIER 
CONDENSER 

CORPORATION 
4377 Bronx Boulevard. 

New York City 

Page II 

~nnouncing 

DUBILIER 

ELECTROLYTIC 

CONDENSERS 

• In meeting the demand of the radio industry for 
inexpensive capacity, Dubilier engineers have devel
oped the Dubilier Hi-Mike Condenser-a refined 
semi-dry high-voltage electrolytic condenser with 
these outstanding characteristics: 

I. Aluminum can 4V2 by 13/ 8 inches', interchangeable 
with other standard electrolytic units. 

2. Available in upright and inverted types. 

3. Standard capacity of 8 mfd., with highest per
centage of effective capacity. 

4. Working voltage conservatively rated at 400, peak 
of 430, or more than ample for - 80 type rectifier 
circuits. 

5. Fully self-healing, reforming faster than any other 
electrolytic condenser. 

6. Lower leakage at high voltages than any other elec
trolytic condenser. 

7. Life expectancy in excess of requirements of usual 
radio assembly. 

8. Compact, dean, non-spillable, efficient, inexpensive, 
self-hea ling, reliable. 

Thus the Dubilier organization brings two years of 
research and engineering development on electrolytic 
condensers to a practical conclusion. The results are 
available to you in meeting your condenser require
ments. May we present complete details and samples? 
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YOU _WOULDN'T TOLERATE 
- -

j' A LEAKY ROOF 
1 

SYN1llANE 
Lamillll/cd 8a"kellle 

How do your customers 

feel about leaky ins'ulation? 

OF course the insulation in your product was supposedly 

good when it left your ® plant. (So was your ' roof when it 

was put on.) But if it is unreliable, falls down under use, leaks 

-you lose customers. It It It That's the reason an increasing 

number of manufactul:ers are turning to Synthane ~m Laminated 

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

it makes eBb reliable products and in tum, satisfied customers. 

» II It In addition to high dielectric strength, 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 SlJ which in turn give you onl y the best 

results , It II It Your customers will not tolerate leaky insulation 

any more than you would tolerate a leaky roof. 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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COSTLY 
EXPERIMENTATION 

eating up your profits? 
PRODUCT development is costly - so codly 

th at many set ma nufactu rers have con
eluded that to strive for "something different" 
in speakers is 0 needleu duplication of effort 
involving wasled materials and high cosh. It 
feeds upon your praflts - profits that come 
hard in a price market. 

This is on era of specialists. Rola dedicates its 
whole plant and facilities ta the design and 
manufacture of one product, radio speakers. 
In a Rola speaker you obtain the experience 
of men whose whole background i$ a history 
of the talking unit, whose whole time is con
secrated to the development of it, whose daily 
contact is with the peculiar problems of many 
manufacturers. Continuing cO$lIy experimen -

~o LA 
SPEA.KERS 

IOr6eller 
Radio Heceplion 

lalion on speakers is to compete with these 
finely organized, efficient and reliable foeili
tie5. You cannot offord to do this. 

In a Rola speaker you hove a unitlhat has con
vincingly proved its economies and unequaled 
tone qualities. A number of outstonding radio 
manufacturers use Rola speakers. They secure 
"that 50meth ing different" ot leu cost thon 
they could produce a speaker unit themselves. 
They 50ve the experimento I ellpense I 

Your profit margin con be widened by relying 
on 5pecialids. Rola is equipped to handle your 
speaker without needless experimentation. A 
request will bring a representative or descrip
tive literoture-whichever your letter indicote5. 

THE R OLA COMPANY 
2570 Superior Avenue 

Clevelond, Ohio 

Manutoclurer, of Loud Speoker Uni" for 
Man lei, Automobile and COBloie Sets. 
Also high pow.r loud Speakers (or Public 

Addre,.. Sy.lam. and Tal~illg Pi.;!ur.>. 

P&ge 13 
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~~--------------------------------------------------------------------------------~ 

Rich coil • experience 

Rich • Y#lre • experience 

Unil'e for your Benefit 
~ r 

Under General Cable, the wire 

and cable making experience of 

many manufacturers is united to 

form a fund of wire knowledge 

that is unique. Every improved 

process or material known to any 

of the organizations affiliated 

in General Cable is used byall. 

To this fundamental advantage in 

the making of wire is added the 

combined experience of Dudlo, 

Rome and others in the produc

tion of coils. 

Beginning with the copper bar, 

and ending with the final test, 

inspection and packing of the 

finished coils, every step repre

sents highly developed present

day technique. There it does not 

rest. For leadership can not rest, 

and continue to be leadership. 

Therefore, in well-equipped lab

oratories every ·physical, chemi

cal and electrical factor that ap

plies to coils is subject to further 

scientific search for improvement 

or economy. 

Coils purchased from General 

Cable carry with them the assur

ance that you have the best that 

science, skill and extensive man

ufacturing facilities can produce. 

~ r 

GENERAL CABLE CORPORATION 
EXECUTIVE OFFICES: 420 LEXINGTON AVENUE, NEW YORK OFFICES IN PRINCIPAL CITIES 
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The ELI(ON 
Non-Aqueous 
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OUTSTANDING 

CHARACTERISTICS 

1 High Working Voltage: 450 
vol~ithstanc1s without 

;njl<ry transient peaks ;11 excess 

i-Volt 
Condenser-

of 575 volt$. ' 

450 

2 Absolutely Dry: A conden..<er 
from 1-vhich all 1-vater is 

eliminuted. 

3 Low Leakage: N01'mal ruted 
leakage 0.1 mil per m/d. 

(A/ter operuting short /H!r itHL 
chelea/wgeisO.025mils pennfa.) 

4 ImpervIous to low Tempera
tunas: Operates cfTit.:icnr/y 

fyOm minus 40· F to 150· F. 

Working Volts 5 Long Life: To rcdul'C re/,Itlce
ments and interrupted ",cn'" 

ice periods tu u minimllll\. Any Comhillati 
6 Self Healing: Tr",uictlt I'CClk.< 

in eXCC,~$ of r;7S 1~,It " tio Hot 
injure the EIi<OI~ o""ICII ,\C)'. 

SMAl_LI 
Typic f'li C'::111 ~j~e 

16 MI'" CII,,(I~r\JIey. 
4!4"x2"x l Y," 

of Capacities. 
Variety of Can Sizes. 

7 Compactness: S))\allc," {')I

bicII/V"/Wlle IJ('r »lintl/«"«" 
01 any cnncl(!nscr on the ))\lIrkcl. 

nit.llltl,:( wid, CfUllJ)lctc 
,lUl" upn., Yf.·(fw."SI. • 

Greatest Filtering 
Capacity of Any Electro
lytic Condenser-
Samples built to yOUl' specifications will 
he sent to nil recognized Dlanufacturel's. 

Sendjor booklet giving complete technical 
data and general description. 

ELKON DIVIS10N 
P. R. MAT.LdRY & CO., Incorporated 

In£lianapolis, Indiana 

8 Maximum Filtering: DUl! to 
lO lL' Ilfllve,' ["etllr, tile Elkoll 

<:(I"(I(;,,,cr ,,,t.< til(! greatest 
jill<"' illl: acliun of (my dec/ro
I)·ti c ('(""Icll""r On the market. 

9 Stitbility in Operation: To 
J:1I(l)'(1 against mechanical 

((lid electrical variation that 
",uul,l uRea action of the 
cin.:uit. 

10 Low Cost Per Microiarad 
Per \/oltage Rating : A 

large safety fa ctor in volt HIt

ing fur the ~ume cost as 
lower voltage condensers. 

Standard Can Sizes and Their lVIicrofarad Capacities 

Vertical and Horizontnl Cans 
MFO Total MFD Torat MFD Total 

Capacity of Capacity Can She CapacLty of C~"dty Can Sue Capacity of Capacity Can Sue 
Secrlons MFDs Sections FQs Secti.ons MFD5 

1 1 2~ x 1 x Y2 6 6 4l/4xlYzx% 4-8·12 24 41A It 2Y2 Jt 1% 
2 2 2~xl%"% 8 8 4~"2x% 2.2 -4 2% x l%x 11/2 8-8 16 44X2xl% 
2·2-2 6 2% x 1%" 2 8-8-8 24 414 x ].14 x 1% ROUND CANS 
2·2·2-2 B 2~:':I%X2% 8-8-8-8 32 4 14 x 3 x 2 4 4 1% dta x 2% 
4 4 4% x 1 xl 2-4-8 14 414X2xl% B 8 1% dia" 4% 
4·4 8 4%4 X2X1 2·8-8 18 41/~ x 2 x 1 % 8-8 16 21h dia x 4 1/.t 4-4-4 12 4/.txl%xl% 2-8·16 26 4 1/4" 2'/4 x 1% 3 dia x 4lj. 4-4-4-4 16 4}5. x 21j2" 1{' 20 20 41Alo:2,,1'A 8-8-8 24 
5 5 4 It x Ji/2 x 34 30 30 4 14 x 2,,2 8-8-8-8 32 3diax4% 

- A CONDENSER FOR ALL POWER PACK ASSEMBLIES -
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A new 
poliey 
THE Scovill Manufacturing- Co. announces a line 

of high-grade variable condensers in standard 

capacities, for prompt delivery in moderate 

quantities, moderately priced. It » It » 

SCOVILL M AN I) Ii'Af) TIJ III NG CO. 
WATEIIBUIIY t;ON N t<;CTICUT 
New York 

Chicago 

Phil<ldclphin 

Detroit 

1I()~toll 

J\ kron 

Providence 

Cincinnati 

Atlanta Snn FranciH~\l Los Angeles 

In Europe : The Hngue. Holland 

• v 
@ 
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Loose connections and thei r consequences are 

avoided by ERIE RESISTOR construction 

The leads on ERIE RESISTORS are welded to the resistor and 
form a permanent connection which is not affected by heat and 
cold. This feature prevents loose connections and their con
sequences. 

Users of resistors will find that ERIE RESISTORS deliver u~usual 
performance by reason of the skill and care used in their 
manufadure. 

Inspection methods insure uniformity of resistance values-ERIE 
RESISTORS lire noiseless and will pass every test of your 
engineers. 

May we send you samples and prices? 

-"~"'''''"4W~~~{Vtil, (fie l(~sis1"()r Corpcration. [rie .. Ia. 
In fhe Cenfer of the Radio Indusfrlf 
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By AUSTIN C. LESCARBOURA 

ELECTRICAL Wr 
TRANSCRIPTIONS 

ITH our leading networks 
now interested in the possibilities of electriC<lI transcriptions 
or recorded programs, it begins to look as though we must 
take them-the transcriptions, of course, not the networks
seriously. 

Technically, the electrical transcription is almost the equal 
of the direct pickup feature, and usually as good, or even 
better, than the feature tnulsmitted over wire lines to asso
ciated stations. Even the highly trilined c::lr has difficulty in 
distinguishing between the re<;orded program and the original 
prog-ram feature. However, so far as the public is con
cerned, the idea of a record\~d program appears to be 11105t 
displeasing, so that the ele<;trical transcription sponsors have 
quite a job on their hands by way of gaining public accept
ance, Little wonder that they are exerting pressure on the 
Federal Radio Commission to have the announcement, ''This 
is an electrical tran5cription," dropped from the broad
casting patter. 

As we see the picture, ·electrical transcriptions have a 
definite pla<;e in the broadcasting setup, bUI only for the 
time -being. We expect them to be replaced in the near 
future by sound-on-film r~ords, particularly since many 
broadcasting stations are certain to have radio television 
supplements within the next two years. And when that 
happens, the stations will be provided with modified film 
projectors or pickups for handling combined pictures and 
sounds for the complete recorded sponsored program. 
Admitting that many stations are now equipped with 330 
r.p.l11. turntables for ele<::trical transcriptions, we still believe 
that the big records are but temporary improyisions. 

.A 

THOSE MEXICAN U 
STATIONS 

NTIL recently we Am\Ticans 
have enjoyed comparative isolation in our radio afiairs quitc 
as well as in other directions. VYe have had little sylllPc.lhy 
with the interference and embarrassing exchange of propa
ganda indulged in by the closely packed peoples of Europe. 
Thousands 0 { miles sepal·ati ng us from Europe, together 
with friendly agreements wilh our Canadian friends, and 
the neighbors to the south, have allowed us a virtually 
American elher. But things have <;hangcd of late. The 
sudden activity of our :v1exican friends has introduced a 
degree of interference which promises to prove troublesomc. 

Mexico today has a dozen or more broadcasting ·stations. 
Several are of 5 and IO kilowatts. There is talk of 50 kilo
watt stations. Some of our disgruntled broadcasters, unable 
to secure the power whicll they desire, have threatened to 
cross the Rio Grande and become Mexican. Many of our 
stations are experiencing interference from these Mexicnll 
broadcasters, whose signals cover every part of our COlllltry 
at present. 

Before this matter gets too far, some constructivc pro
gram is essential. Just as we have dealt wit.h our C:ll1n<lian 
neighbors in a friendly manner, so we must deal with our 
Ml~xican neighbors. Also, we are going to find it necessary 
to assign a few exclusive frequencies to those Mexican 5la
tions within the present broadcast band, for olherwise we 
are going to have an interference mess . Furthel·more, we 
must hasten with our frequency synchronization technique, 
for olherwise we are going to have entirely too much inter
ference among the limited wavekngths. 

And don't forget, there al'e many other countries in I 
America which may yet want a place in the Amel 
ethcr. Hence [\ big enginl;<.'ring problem, as well as a d 
malic Olle, faces us now. 

4 

BROADCASTING 0' 
GOES WORLD-
WIDE UITE aside from the 
jcct IIlaLlcr, thl.! broadcast from Station HV]. Vatican 1 

Rome, 011 February J 2th, was a revelation to the techr 
[I, wcll ns lay radio audience. In signal strength, abs 
of fading and good mouulation, this station, designed 
installcd Ul1d~r the supervision of Senatore Guglir 
M;\rconi hi1l1~elf. kaves little to ut.: desired. 'With a p( 
mUng of 10,000 watts, it is apparently capable of reac 
Illost part~ of lht.: world with sufficient signal strength 
satisfactory dilTd reception by short-wave fans, and 
rchroadcasting- pnrposes. 

Onc thing i~ 1;I"rtain: V./c are on the eve of internati 
hroadcaSl.ing' as a regnlar thing. Short-wave receivers 
l;:oilJg' 10 h,.:I" 0111 I: popUlar. Many of our broadl;ast liste 
;Ire /{oil1~ In illsi !; t Ull receiving their own short-wave 
g-rallls al· will ratlil:r thall depend on the rebroadcas 
[I<;tiviti\'s of till! IlI'tw,)rl<s, And very soon the various nat 
of thl: world an; Kllilll{ to rind it impossible to feed t 
peopk till: usual 1: (·Il~"red m:ws of doings abroad, since t1 
pcopk will pi<:l, III' tlll'ir OWII unccllsored news from abr 

This iutl'l"lIaliollal IJr(Ja rka.~till~ matter is a serious I 
to dipIOlllal·Y. Pel/i'll's arc g'oing to get to know one ano 
beller thall I:\"("r hdllrl'. Heltcr education than ever be 
will he IH'l"(·~~;II·Y 10 train pcople to withstand the di 
prop;\g-:lIl1la !If (;'1I1111111lI1islll and Facism coming via ra 
Till' world fOI"lIIl) is al ham1. 

TELEVISION 
CONSCIOUS 

4 

A MARKED revival in r. 
tcit:visi' 'li arlin III'.' during the past month. Showman· 
is at last \·lItl"l"iJig i lito the developm~nl of this new radio 
j," I"llil I (·hic:Ig'i t:fI!IIl·S word of real television plays, wit 
l'.olllbil1:ltinfl of direct pickup scanners permitting of d 
lipS, half ICI1~lhs :md long shots, fading from one to 
other ill wpid succession, thereby providing some ot 
flexibility which h~s H~rver. l to make the motion pic: 
pn:Sl"lllaliol\ su pOiiular. In the New York metro pol 
an~;I, one statil)lI is now on the air with real progra 
jlldlldil1g" sillJ.:"crs, solOISts, musi<::al ensembles, lectur 
public n;cl1, ;lnd so on, who may be seen as well as he. 
Frl)lII Ilmtoll COIlICS word of a brisk sale of television eql 
IIICl1t through a chain store, 50 that the local televi~ 
pro~r;lllls may he enjoyed, 

Allhuugh it has been stated and reiterated time and a~ 
that ldev isiol\ is two or three years away, so far as ev~ 
(by lISC is concerned, we reaffirm our belief that il 
about to hrc;ti(. \Ve have good reasons to believe that 
lcaders 0 f our industry, in patents, production facilities 
broadc0\5ting activilies, will join the television workers, 
practical televi?ion -by this coming fall. Before the enc 
the year, we shall have radio television programs f 
coast to coast. television equipment on sale for home USE 

least 50,000 lookers-in ;\s a staTter, and a revived r~ 

industry based on television . 

MARCH, 1931 
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It's Eas y To · ldentify 1931 Tubes 

LO'ok for 
Practical 
Quick Heaters 
A radio set should start up in a few 

seconds. But are you willing to pay tne 

usual price of short tube life and uncer

tain performance? De Forest engine~rs 

have eliminated tne gamble by unique 

design: 

1. Full-Iengthcathode sleeve,minimi:zing hum and 

crackle. One·thirtieth usual hum level. 

2. Notched insulator (palent applied far) 

reducing bulk yet retaining twin-hole Insu

lator advantages. 

3. Special ha ir-pin fllamenl for neutralized A. C. 
field. lower op~ralin9 tempera.lure thcn coiled 

type with freedom from brittleness. 

4. Filament supported 01 twelve points. Cannot 

vibrate to cause microphonic noises. Connol 

short circuit. 

These and many other advanced fea

tu res fou nd in every typeoHresh.De Forest 

Aud ion, i nsu re the 1931 performa nee of 

the 1931 radio sets. 

Th;s is the third of a series of debunking 

meuages dealing with 1931 radio tube 

featu res. Wo uld yo u like the en fire 
story at this time? 

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

- ---- .----------------------------------------

After all, there's no substitute for 25 years' experience 
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G-E MINIATURE 
INSTRUMENTS 

You will find a high.quality, miniature instrument of any 
rating in General Electric's new line. It's complete! 

Ammeters range from 1 to 3000 amperes ... milliam~ 
meters, from 0.5 to 750 milliamperes ... microammeters, 
from 75 to 750 microamperes . _ . voltmeters, from 
1 to 3000 volts ... and millivoltmeters from 10 to 750 
millivolts. Thermal instruments in all ratings. Voltmeters 
with resistances as high U8 4,000 ohms per volt. 

They are available for alternating and direct current ... 
in two sizes, 2 Yz and 3 J~ inches, for panel mounting. 
There's a neat, little porluhlc combination, too, a high
resistance voltmeter for nlL(~rnuling and direct current. 

Write to the nearest G·E sales office or to General 
Electric Company, SchCllcctudy, N. Y. Ask for a copy 
of GEA.1239, which givc~ cumplcte data for selecting 
and ordering . 

• 
GENERAL 
ELECTRIC 610. 

JoIn IoU in Ih(! ~nf:',.al E'-ocrric progrr:un, ~rOadC'CL'll ~ry St:l.turdoy evcnlnts on Q' n.ali.Qn·~idc N,B~ C. ~tU'· 
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Bias 

Detector 

Overload 
By J. -R. NELSON 

I 'r is well known that detector over
IO:lding occurs when the illput volt" 
:ts.:' ~ exceeds a l:c rtain \ , ;JillC . The 
"verloading mani fests i t, cI 1 011 a 

II .ll: lling test by the power output level 
,· ill,,· r remaimng const;mt or falling off 
:1>1 llie detector input volta~'c is mcrea ed 
., nrl also by a change of quahty. The 
11:" 'lIo)lic content increases rapidly as 
11 ... IIl'crloading point IS rcached and at 
. ., 111 \ ' point the fu ndamental is los t al-

1"1 ':<"llier ~s will be shown laler Detec
, ,, ,. o verloadi1lg acts in t he same ma nner 
\1'1,,; 11 powl'r output measurements a re 
l".il1g' taken. The shape of the power 
"lll)111t curves for various percentages 
,.01' modulation are different and Ihe' 
1" 'a , ')I1s for this difference will be 
.','pa rent later. 

Effect of Overloading, Imporia nt 

Very little has been done Oil the 
11\ (' 0 1'), of ueteclor overloading. This 
111'g'lcc t h:l; not been due to its lack ot 
"'I H)rtance as the overload character-

1' ,1 irs are one of the im portant features 
" f a receiver ",; is well known by any
" m: operatlllg a rece iver having poor 
OII'l:rload cha r ~, clenstics. Like all other 
"ull<litiol1s detector overloading char
.1t ·lni,t ics l\lay be 1111proved by a knowl-

The Overload Characteris
tics of Radio Receivers are 
of Importance in Receiver 

Design. 
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edge of th e factors causing th is over 
loading. The rea ons ior detector 
overlo<lding will he found frolll experi
m entally determined tube curves. The 
theory derived will be applied by calcu
lating some power curves which will be 
compared wi th the measured curve 

The case of most practical interes t 
today i ~ that of the o-called Jiueal' 
detector which utilizes input voltage ot 
the order of volts instead of enths or 
hllndre( ths of a volt as was th e case 
with (he previolls small sig nal detec ors . 
The above c<lse oilly wi ll be cons idered 
here. Sma1\ s ig-Ila l tl eory becomes very 
di fficult to apply when the input voltage 
is of the order of volts 0 that the 
detector theory \\'ill bc <;tudied by ll1eans 
of ce rtain casily ,,,easured tllbe char
ael e r isti c ~. 

The 1I1clhod lI scd here COllsis ts of 
Il rst finelill),: eX!leri mcnt ,llly the rela tion 
between the powcr oulpllt ;tllclthe ;lll<lio
frequency vohag-c illtrorlilced ill all 
ex terllal detector plate circliit of tlte 
receive" Imller cDlISiderat iOIl. The 
rectification d,a~.,.all\ or tilt: "clation 
between the de tector input voitag-e a nd 
the rectified Olllput:l.1'e fou11d 11< xl. The 
audio-frequency \'olt:lge in Ihe external 
detector pla te circuit for various carrier 
\'oltages and pe rcentages of Hlo(lulatiou 
ma y be computed from these rectifica
tion diagrams. The power output for 
the givel\ cond itions may then be foun d 
frOIll the relation between lhe ex te rnal 
detector plate audio-frequency voltage 
and th e powe r output relatiolls of the 
receive!'. 

F ig. 1 shows the schematic di ag ra l11 
of the circuit connections used to deter
mille the rela t ion between th.e power 
output and the audio- frequency voltage. 
This method Illay be appl ied 10 allY 
particular audio amplifier. The detector 
tube is removed and the input voltago: 
is appl,ed directly ac ross the l'esis tance , 
R. I:. is to be noted, except as to fre 
quency discrim'nation, the value of R 
makes 110 differel1ce <IS lLe power ou.lput 
IS found for the act1\11 voltage in th e 
detector plate wI icll value of voltage is 
found from the recti fication diagram. 
III case a trans £orme,· is used a "es ist
all ce Illusl be used In series wi th the 
p" ;mary to sllllulate the tube r es is ta nce. 
A direct current should also be sent 
through the primary . In this case the 
relation will be between the v0:: age 
introduced i ntemall), ill the detector and 
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the power oulput. If th e irc1lUCilCY 
used is aroul1d 400 cycles, it 1)1:'1), be 
assllmed tha t this voltage is tite <;~1l\e ;1S 

the ex ternal voltage. An exact analys is 
is somewllat complicated and will be 
beyond th e scope of thi s rlrticie, but 
approx imate results Illay be obtained tt. 
explained by assUluing that the volt a g-e 
introduced is the saille <IS the external 
voltage. 

Fig. 2 shows the results obtained 
from an a m plifier Ilsing resis tance coup
ling between th e detector and first 
audio tube wh ich tube is tran fOrtller 
coupled to the push-pull stage by 11 ealls 
of a tran s former having a 3 to I overa ll 
1·atio. The output uses two 245 tubes 
in push-pull. T he output is approxi
mately proportional to the squa re oi the 
input voltage up to about four watts 
a Ite r which it decreases slowly lI'ith 
illcrea iog input volwge. The output 
reach es a .Ilax illluill of about 7.0 watts 
but l\o:'mally only 3 to 4 watts could be 
med hrcause 0 ( distortion . 

Characteristics of 2 27 Tube 

1· il-!' . ~ shows the I p- E h characte ristic 
curves of all Eveready H aytheoll 227 

tulle with vario I~ input vol 1.1 (:'C S 

illlpressed 01\ the g-rid 01 the tithe. 1\11 

8,000 ol m resistor \Va~ used in srr i('s 
with the cathode to ohtain bia ~ from Ihe 
tube, the grid belllg cOlmected to Ihe 
other side of the res is tor. The re is to!' 
was by-passed with a 4 m r. condenser 
fo r the input i requency; in this case 
60 cycles . The current is ploued versus 
Ihe voltage supplied to th.e t ube and 
resistor in series . The curves for sllIall 
input signal voltages are about as would 
be expected. The cur ves for hig her 
lfiPUt voltage, however, nsf' very steeply 
and do IIOt pass thrOIiRh the origll1. 
The rea son fo.· this is that in addition 
10 the <1-c. plate supp'y there is also a 
doc. drop across the cathode resistor due 
to grid current 

r f there is no a-c. ~'oltage on the grid 
there 11'111 be no hi<ls Oil the tube IInl il 
pla te current tarts . If an a-c signal 
is impressed on the grid of the tuhe, 

FIg . 1. CIrcuit t~,· te s t . 
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current will flow dur ing the posItive 
cycle prov ided there is 110 bias. This 
current will cause tIte grid to become 
negative, The time constant of the by
pass condenser and resistor is of such 
value tha I' the condenser will hol el a COIl 
siderable portioll of its charge over the 
whole cycle , The grid thus has a 
negative bias due to its own current. 
The drop across Ihe catbode resistor is 
also applied between the pla te and 
cathode wh ich Ill a '~es the plale llegative 
with respect to th e cathode th us oppos
ing the appl ied B voltage, Conse
quently, no Cl1rrent can be drawn by the 
plate even when the g-rid is posit ive until 
the applied B voltage is greater than 
the drop across the bias resistor, As 
soon as the plate becomes positive it will 
draw a large current du r ing the positl ve 
excursiolls of the gr id which current 
will increase rapidly with increased B 
potential. The tota l current tha t is th e 
sum of the plate al;d grid cu r rents re
In'lins practically conslant at least frol;, 
. 1 to 1.5 lila. as the drop across the bi as 
resistor rei lla ins COl1 stant wi th in this 
range . 

~ 
~ 

§ 
;;: 
S 
~ 

A 14 0,OCO o lilll load li ne IS ~ho\\,1l 

drawn in from 165 vollS whidl \' on di 
lion was used ill a receiver. Tile rr;<;li
lieel yol tage curve is showll pi nlle<i f,,'" 

r llJ.UIIIWlIU/llmUUIlUUIIIIli UU:tWl IO 

Fig.5. Audio-fre· 
quency voltage . 
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this condition ill F ig, 4 A. The l'l'\;li ricd 
\'oltage cun'e is obtained by rll l<lll1 ,,~ ti ll: 

rectdied, or challge of doc \'ol l ~ ,~ " 
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Fi g . 4. Rectified 
plRte voltage ; 1 
re lation to i np ut 

voltage. 
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existing ac\-oss the external plate resis
tor. The external audio- frelj:tency volt
age across th e plale n:sislor m ay be 
found from this curve for any carrier 
voltage and all)' percentage modu lation 
as will be shown below. It is to be 
noted that this curve first increases; 
reaches a maximum and then begins to 
decrease. The recti fied voltage is 
shown increasing from 65.5 volts. In 
reality this curve '0 the right of 65-5 
volts is a COlllilluat ion of the curve ~o 
the left and if shown in Its true con
dition the portion woul( ~l(: negative, 
As far as we aloe concerned hcre the 
sign makes no difference. It will be 
necessary in finding the audio-frequency 
vu:tages as explained below to imagine 
this curye extended as a continuation 
of th e curve to the leit of 65.5 volts 
wh:ch will c'luse no difficulty The 
1'\:<15003 for detector overloading at 
various pern:ntages of modulation are 
l'xplaille" by the shape of the recti r,ca
t iUIl curves as will he s!-,own. 

C/TRRIER vO/..7J'lG£ 

Operating Voltage 

Tile location of the operating vo:tag-e 
ior allY given carrier Inay be found by 
the intersectioll 01 the Ib-Eb curve for 
tha t c,n-oer voltage witl the load line 
curve. f( a can-ier voltage is modl:' atcd 
J 00 per cent its pea:, value will vary 
between the projections of the inter
sections of the 113-Eb curves (or 2 E 
nnd 0 with the load line. This will be 

le total change which i3 two times the 
value of a sine wave. Consequently, the 
1'.111. 5 . va lue o f output is the volta ge 
between the two projections or in the 
case oi the rectification curve the value 

for 2E divided z y'z. The output for 
any other modulation is fo und in the 
sa me man lier 85 for example, th e r, m.s. 
value of 01ltput voltage for a canier 
modulated SO per cent is the dirferel1ce 
3/ Z E and J/2 E on the reclification 
curve divided by 2y'2. An example 
w ill ITIilke the procedure clear. A SSllme 
a 6 volt (";1rr :" I' modulated 30 per c,.'· .t , 
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I f the modulation is 33 .3 pe l' cent volt-
111-:1' will vary between the va lues ior 4 
IIl1d 8 volts which i:·. 20 .2 volts . The 

r.ll u . value will be 20/2\/2 or 7.r volts. 
'1'1 Ii' v:\lue for 30 per cent modulation 
wi ll be 30/33.3 x. 7. r or 6-46 volts. 
~il l\ilar ly, the audio-frequency voltag e 
II wy be calculated for other ca rrie r 
1'1l1l;lges. Fig. 5 A shows the audio
frt\l/llcncy voltage plotted against volt
ligt: for 30 per cent modulation. It is 
til he noted that when the carrier voltage 
I~ 14 volts the recti fied output hils off 
Illi either side so that the fundamental 
\\'Ililid be lost and tlle output would con
~ i~t entirely of distor tional components. 
The output at this point decr~ases with 
Ii decrease of modulat ion and in the 
lilliit would give no output because the 
I'llI've changes in direction of curvature. 
'l'he audio-frequency voltage in this 
1':iIIge cannot be conveniently ca lculated 
"" that it has been fil led in to fit the 
~ltape of the curve. 

The A-F. Voltage 

The audio-frequency voltage for 15 
per cent modulation was calculated in 
the same manner and is shown plotted 

1 1I ~. I I fl 
,~ 9.. / k'{. >' ~i 

~t .... ~-V ~\j J 7>· IR 
~''It '" .wJ~ :1,/ fiO'\I 

~'I- . 

in Fig . 5 B. T t is to be noted IS per 
cent modulation overloads at a slightly 
larger value 0 f carrier voltage th an 
does the 30 per cent curve btlt the 
points are close enough together to take 
the point of detector overloading volt
age as that given by a smal l percentaO'c 
of modulation. 

The power output may ue calculated 
from the audio-frequency ou tput voltage 
curves of F ig. 5 and power output curve 
of F ig. 6. I n the mcasurements .08 of 
a watt was the smallest unit of power 
measured so th at the detector plate 
audio-frequency r equ ired for this power 
output , .66 volt for 30 per cent modula
t ion, was arbitrarily take, ;:!:, the unit 
vollage in plotting both (he calculated 
and m easured power output curves. 
From Fig. 5 w e find that 1.3 volts 
carri e r gives .66 volt for 30 per cent 
modulation. T his is plotted as one in 
the dashed ca lculated curve. ( F ig. 6.) 
The a udio- frequency voltage gi ven by 
2 )( 1.3 volts input is then found and the 
power output corresponding to this 
voltage is found (rom Fig . 2 . Thi s 
value is lhen plotted for a rati o of two 
units in :; ig. 6. Similarly the other 
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r eadings for ratios of 3. 4, 5, etc. are 
found with th ese curves and the results 
are plotted in F ig. 6 for 30 per cent 
modulation. The calculated curve for 
r S per cent was found in exactly the 
same manner, the voltage giving .08 
\liatt , bein D' r.8 volts for J 5 per cent 
modulation. Th is curve IS shown 
plottec.l in F ig. 6 by the dashed curve 
marked IS per cent. 

T he power output using exac tly the 
sallle condit ions was then measured fo r 
both 30 and J 5 per cent modulation. 
Til e cilrrier volta" e g iving .08 watt was 
taken as unity. The power output for 
(wice this voltage was then plotted as 
that given by the r atio of two, etc. In 
other words, both the measured (loc.l 
calculated a re plotted in ratios so that 
sh apes should be alike and the curves 
can be compa red directly whi ch is the 
feature desired here. The measured 
re sults are shown plotted by full lines 
of F ig . 6. The agreement is good until 
the ra tio of 20 is reached after whi ch 
the measured begins (0 decrease and 
the ca!cubted beg ins to inc rease. T he 
rleerease in the measured curve is c.lue 
to either the detector or amplifi er over-
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loading so badly. that lhe wavefo r m is 
flaUened ou t.. The agreement is, how
ever, good enough to confirm the th(: ury 
advanced" 

The overload characteristics are nol 
very good. The detector overloads 
even at 30 per l:l:nt modulation before it 
delivers enough voltage to overload the 
power tube 01" to flatten out the power 
output curve. It delivers more than 
enough voltage to g i.ve the rated value 
of 3.2 watts but the detector should 
overload the power stage before it over
loads, The volume for a low value of 
percentage of modulation would reach a 
sharp peak and fall off rapidly, which is 
very noticeable in opel-ation. 

Conditions may be improved by using 
a larger cathode resislOr. Fig. 7 shows 
the Ip-Eb characteristic l:urvcs when a 
25,000 ohm cathode resistor is used in 
place of the 8,000 ohm resis tor, the 
supply voltage remaining the same. 
T he rccti lied vol \age cu rves for a 
JIO,OOO and 140,000 ohm re si ~tor are 

shown plotted in Fig. 4 Band C. The 
level is considerably higher than for the 
8,000 ohm resistor. 

The audi 0- f req uency voltage for 30 

I h T cent modulation using a J 40,000 

ohm resistor is shown plotted In Fig, 
S-c. There is considerably more audio 
output voltage. The calculated powel" 
output curve is shown ploued in Fig. 8 
by the dotted lines and the measured 
curve is shown plotted by the {ull lines. 
T he agreement IS fairly close, although 
the measured is somewhat hig'her. It is 
seen that these curves are Aatter than 
th e curves of Fig, 6, and that the 
detector deli ver;; enough voltage to over
load the power slage. The overloading" 
would not cause such a sudden dropping 
off ,n volume (or this condition as it 
would when an 8,000 ohm resistor were 
used. 

The remedy for the output falling off 
sharply is quite easily found f rOlll thc 
results , Refer to Fig, 2 and it i, 
evident that the output increases slowl y 

New Combination Radio Equip
ment for Yachts and Cruisers 

A
TRIAD marine radio, combin

ing a broadcast receiver, posi
tion finder and compass in 011e 

appara tus, was recently devel
oped in secret by the .Pioneer Instru
ment Company, a division of the Ben
dix Avialion Corporation, and was 
shown for the first time at the 
twenty-~ixth annual motor boat show 
at Grand Central Palace in ::\ew York 
Clly, January i6-24. 

Tesls all each part and o{ the entire 
apparatus took place for days hefore 
the show, and it was not until the 
opening day that thL radio was an
nounced and i Is operation explained. 
The apparatus includes a loop antenna, 
antenna control wheel, re<;eiver and 
speaker, and is mounted on a cruiser 
bridge in the Pioneer exhibit, where 
with 1he recently perfected stTaightway 
compass, it is attracting considerable 
attention, The Pioneer Company dL
veloped the famous ~arth - inductor 
compass, used by Colond Charles A. 
Lindbergh on his transatlantic flight. 

The new t r iad radio, in add i tion to 
program broadcasti\1g, will receive all 

.. 
Secretly Developed App~
ratus Combines Broadcast 
Receiver, Position Finder 

and Compass, 

signals to 1 ,200 meters. This indudc~ 
all mal"ine and commercial communica
tions as well as 50S signals, storlll 
warnings, half-hourly weathe.r report~, 
light house beacons and radio comp;lss 
signals. 

When used a s · a position finder, the 
radio gives the yachtsman all the advan
tages of the facilities offered by the 
g-overnment to assist large boats to 
ascertain t heir position by radio. 1 \1 

t;l~ Glse of the triad, however, mall)' 

otheT transmitting stations can be u~cd, 
as any radio broadcasting station is a 
possible source of obtaining the posi
tion of the boat, 

The method of determining position 
by radio is very simple. By setting 
the seJectol" dial and rotating the loop 
antenna, any transmitting station the 
location of which i.s known is tuned 
in, When the signal or pl'ogram of 
this station is recei ved with minimum 
intensity, its position in rdation to the 
boat is determined by noting the COIll

pass reading. Anoti1( :r slation at least 
30 degrees removed from the first is 
then tuned in and another compass 
reading is taken. By plotting on a 
chart the position lines obtained r rOIll 
tbese stations, the positioll of Ihe boat 
i~ accurately determined. 

Visual Indicator Employed 

Because of t.he inabi lity of tl,e human 
ear 10 determitle with any great de-

RADIO ENGINEERING 

<l fter the external detector plate voltage 
reaches 10 volts . H the audio-frequency 
volk'\ge is greater than 10 volts, the 
power varies little with reasonable 
changes in detector output voltage, 
The higher the detector output voltage 
the Aatter the output curve will be so 
that the dropping off of power with an 
increase of radio-frequency voltage will 
be less noticeable, Of course, at the 
same time the quality will be improved 
by increasing the detector output voltage. 

In practice it would not be necessary 
to repeat all the above steps in investi
gating circuit constants for a detector. 
Several rectilication curves for various 
com\Jinations of plate and cathode 
resi,tors would give enough informa
lion to choose the circuit constants giv
ing the hest overload conditions for a 
given B supply voltage. There is some 
loss in sensitiv ity in choosing a high 
value 0 ( bias resistor but the better 
overload characteristics more than off
set thi3 lb.:: rease of sensitivity, 

/{I'ce of :tccnracy the point of absolute 
Illillilillun \,ol\llllc of sound, the triad 
j~ cljuipl'l'd with means of determining 
Ibis vi~ually . This consists of an 
aLl.~urale e!ccl ric meter which will 
.~h()w within a degree the point of 
IIlill inllllll reception which is used in 
dclcrll1i 111111; position. This visual 
inJi~ator will pick up and indicate 
radio signals too indistinct to be 
a\ldible. 

The antenna loop, set I ike a huge 
doughnut on the roof of the cruiser 
hr idr:e , is placed in the proper relation 
to the radi o compass station and the 
hoat is steered to keep the indication 
of the visual meter at a minimum read
ing. By ma intaining this heading, the 
iJoat will be safely and accurately 
guided to its objective. Should a rad io 
broadcasting slation he suffidently 
close to the line of the dc~ired course, 
its transmitting wave m'"y be used to 
steer by in the same manner as a radio 
compass transmitter. 

It is essential that a compass, such 
as the straig-htway, be used if great 
accuracy of position finding is desired. 
Accurate compensation of the compass 
is very necessary, 

There are many radio compass sta
tions established thronghout the navi
gable walers bordering the United 
Slates. Entrances to all important ha r
bors are equipped wi Ih nr.1io compass 
sLat ions and also many light-houses 
and light-ships aTe also so equipped . 
Once the position of a boat has been 
determined, ,t ,s possible to lise the in
strument as a radio compass and make 
\lse of Ihese facilities. 
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Design Tests 

for Am p lifiers 

and Complete 

Radio Receivers* 
By SYLVAN HARRIS 

T
HE system of transmission units 

is rapi dly finding an almost uni
vcr al application in expressing 
the results 0 f measurements or 

Ic 's ts made upon radio apparatus such 
Ii 'l amplifiers or compl ete receivers. 
IllI\vever, the application of this sys
IC'IIl by engineers is often quite inac
c'!ll'ate, and 1Il many cases, totally in
l'orrect. The indiscriminate usc of the 
, y ~lcm quite often leads to seriOlls 
Illisconceptions concerning the quality 
"f transmission of pieces of apparatus, 
IIllplifiers, or sections of lines. 

I'"or these reasons, among others, it 
i~ felt that a brie f discussion of th is 
~ .y~tem, with special regard to its appli
"i1t ion to radio rec.ei vel' measurements, 
lI'ill be in order. The system of 
transmission units has been used for 
'III ite a lew yea rs in the telephone in
dl1stry, and was devised for til(: pur
p(l~C of expressing ·the grade of trans
Illiss ion of sections of lines or of 
pieces of apparatus inser ted in the 
lines, so that by performing a simple 
lIr1thmetical addition the grade of trans
lliission of the whole line may be 
Ijuickly obtained. 

Thu-s, in a certain transmission line, 
('onsisting of several sections, A, E, C, 
I >, the current, voltage or power at the 
lerminus 0 f each section is attenuated 
f!'ol11 section to section. By knowing, 

An Engineering Discussion 
of the Application of the 
System of Transmission 
Units to Various Circuit 
Measurements 

either through measuremellt or calcula
tion, the attenuation of each section , 
the total attenuation 0 f the I inc i~ 
equal to the product of the attenuation 
factors of the several sections . Or, if 
the separate attenuation s are expressed 
logarithmically, the total attenuation to 
the sum of the separate values. 

This part of the problem, at least in 
its general rtspects, is quite readily 
understood. Hut there next arises the 
question as to the performance of a 
gi ven section of a line when it is re
moved from the original line and in
serted in another line. To put this in 
language which is more familiar to the 
"adio engineer, let It be supposed that 
the "gain" of a certain amplifier when 
joined to a ce r tain loud,s peaker has a 
certain value. Will it have the same 
value when it is connected to another 
loudspeaker of di fferent character
iSlics? 

It is obvious that it w ill not. For, 
laking the extreme cases, the power 
delivered by the amplifier to the 
spe<J.ker will be zero when the speaker 
impedance is either zero or infinite. 
And, for all values of speaker imped
ance between zero and infinity the 
power delivered by the amplifier will 
have any value between zcro and a cer
tain maximum . Consequently it be
comes necc~sary to express the per
formance of an amplifier or section of 
tranSl\lission line in such a way that 
the number which is u ~l:d to express its 
perform:wce is determined solely by 
the amplifier or section, independently 
of the rtpparatus to which it is con
nected. This can be done by compar
ing the performance of the amplifi er 
or section of line with the performance 
of an ideal tI'ansformer connected in 
plac,' of it. The ideal transformer 
must have the optiml\m turn ratio 
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so that no loss of power attends ·the 
inser tion of the trans former into the 
circuit. 

The eHect of the idc:al tLlnsformer 
can be more easily visualized by first 
considering the simple series circuit of 
Fig. 1. This shows a generator of 
voltage V and internal resistance rIo 
delivering power to a load 1',. The 
current in the load and the power de
livered to it are given by 

V, r,V,' 
1=-- p. = (I) 

r" r, (r,+r.), 
It can easily be shown that the maxi
ilium amount of power will be deliv
ered to the load when r. is made equal 
to r,. Tn such case the expression for 
p, r r rluces to 

V,' 
P . lllax ..- -- ( 2 ) 

4 r , 
It must be distinctly understood that 
V, remains constant, just as \l' C ass ume 
a con stilnt voltage delivered by a tele
phone tran~ lllitter , or a constant field 
strength at the antefllla connected to a 
radio receiver, or a certain CO(1stant 
voltage clelivered by the detector to the 
;lIldio amplifier. 

Now, (r) expresses the power deliv-

FIG, t 

rl 

BEl}' 
E( EZ 

F"IG.2. 

(' red to the load under actual condi
tions, while (2) expresses the power 
delivered undrr ideal conditions. Con
sequently, the ratio of these expres
s ions will express the inferiority or 
superiority of the actual ci'rcuit over 
the ideal circuit. Thus 

4~ 
P. 4r, r" c, 

r, max. =(T;Irl~ = el~rl) 2 (3) 

Now, it will be noted that the frac
tion in the denominator is the voltage 
ratio, that is, the ratio of the voltage 
delivered by the generator to the vol
tage across the load terminals. That 
is, 
r,+r. V, 

- --=-

whence 

p!~x. = 4 (~) , (~) (5) 

The system 0 f transmission units 
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fl]~j {,~t 
FIG.6 

c:'(p"<"sses the ratio of two amounts of 
power logarithmically. The logarit.hm 
of (5) ex~n:sses the transmission 10s5 
in "bcL." This uni 1 is, as a ru.1e, too 
largc':or convenience, so the decibel, 
having a value 1/rotl"l of the bel, is 
!.;~nerally used. Then the loss in deci
bels is given by 

L = 10 log P2llla.x 
p~ 

= 6 .02+20 Jog (~) + 10 log (~) (6) 

Equation (6) represents h ow much 
lower the power level at the load, ex
pressed in decibels, is, than it w ould 
be if the impedances were matched 
and the load were receiving the maxi
mum amount of power. Another way 
of looking at it is, that (6) represents 
how much Improvement can be made 
in the power level at the load by equal
izing the impedances. 

ow, suppose thaI, instead of con
necting r, directly to r., an ideal trans
former having the 0Plimum turn ratio 
is interposed between them . This 
transformer has the following char
aCl.eristics: 

71 =rl 7. = fa 

!z= .. /r; 
II ,;; 

. E2 ~~ turn-ratlo = jf= _ 
I TI 

(7) 

Z. and Z. are the primary and secon
dary trl1nSforJll er impedallces, F; is 
the voltage aprlied lO the pri lll;lr), and 
Eo is the induced voltage in tht: ~ ' ·c
olldary. 

r n F ig. 2 the voltage E. is the same 
as V.. The volt age E , is half ot V, 
and the ratio of E, to E, is as given 
a bove. Then, the power ill the load is 
given by 

Po-- 1'2
2 

,_ Ez' 
r1. - -ri 

(r.,) E,· ;:; = E l ' 

l"~ rJ 

( V,) ' V,~ 
= V2 = 4rl (8) 

f, 

Now, it will be noted that Ihis ex
pressi on is identIcal with (2). I.t is 
therefore clear that by inserti ng an 
ideal trans former havtng the optimum 
turn ratio into the circuit, the same 
eP( eet is created as \yhen tl-il! imp ed
ances are made equal to each other . 
l-l cnce the term, "impedance matChing 
transformer." In other words, if we 
start with circuit I, the power supplied 

to the load being p, on inserting an 
iueal trans former the power in the 
l<:iild will increase to P,max. The loss 
in tli::> circuit of Fig. I, expressed in 
decibels, i " given by (6) and is known 
as the trans loriller loss. This is the 
loss wh icll is due to the i mpcc];-,nce 
"mi s-ll1,Hch" belwecll the source of 
power and the load . T he cxpression 
(3), frOll1 which (6) was derived, is 
the sq\l:lrc of what i~ 1<llOwlI :lS the 
refi cc tioll f;1I:luL Thl1~, the reOectioll 
factor cxiSlillf{ hetweel1 tbe two im
pedances 1"1 alld 1"1, is 

V4r~ (D) 
rd r, 

Fig. 3 show~ the g-raph o f (3), (5) 
and (6), all or which arc iricntiral. 

ow let I1S consider whether (6) 

!OO 

~ cr 

(I) 
"-, 
'i 
c§ 
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~ 1.0 

~ 
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.01 I I .l-l-~J-J-,,-J,-.I.-.I.-l..~ 
I '2 3 4 ~ () ") 1\ II 10 II 12 13 
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Fi g. 3. Trnn .forlllu 10... cu .- v • . 
Showlnll OAln ohtnlno ll h y In oerl· 
Ino Idanl " ' nnOfO" 1l10r nl )I,nollo" 
of two olo· c ult . wh ooo 1II1p''''"ncu 
ar e Zn nnlJ I n. 

can be appli ed to a ("ollll'liralrd sl'(;lion of 
a trall~llIis~illll lilH' , IIr III illl aillplifier. 
So far WI: ltaVl' \"1l11~id('!', 'd only a silll
pie series circlIil sllch as sh"wlI ill I' ig- . 
l. N ow consider I'il{. 4, 1\ K"lIera
tor whose voltage i ~ V. and wh ose ill 
tc rnill illlp('dalll'e is / ". r",'ds inlo a 
Iletwork wh ww illpnt impedance is I., . 
This J\et\\" ~,rk d\'livl'l"s IlPWI'1" tu a load 
impcdann' I." Th l: ,,011 :11';1: at Ihe 
inpltt o f 11t \· \I<' lwIlrk is V •. a lld at the 
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output, V" sO that the voltage ra tio 
(or ,~1l1plifica lion) is V./V" The cur
rent delivered by the generator is To 
and the current in the load is T •. 

_t is evident that the power delivered 
to the load is g iven by 

P,=r,r; (IO) 
The "transfer admittance" of the net

work may be defined as the ratio of the 
current leaving the network to tbe vol
tage impressed on its input, or 

IYI = ~ (11) 

The vertical bars enclosing a quantity 
indicate that the absolute value 0 f this 
quantity is meant. This can be written 
as 

T, ~ k 
V,= I~:I IZ21 (12) 

in which k is the voltage ratio (or am
plification). 

Solving this for .. " and substituting 
in (10), the power in the load is 

p _ 17. 11' kt V 2 (1") 
,-r! -IZ Z I' -I"I' " .) . 0+ "I· Lr! 

1 f 1l0W I we s ubstitute for the network 
; 11l itl c; tl tl"ans former having the opti-
11111111 1111"1) ratio, making the circuit 
lltal 01 Fig . S, the power delivered to 
Ihe load will he 

Vv' 
I ,' , , (14) 

,P', 
Takil1g" the ratio of (l3) to (14), and 
"xprcssillg it in decibels we obtain as 
tllt: loss (or the gain, since if the loss 
lllrllS O\lt negative it may be inter
prdcd as a gain) of the network the 
ex pression 

J, 0.02 + 20 log k + l0 log r~+20 log CQs8, 
Iz.\' r, 

' 1·10 log Iz.+&,I' (15) 

This may look rather formidable at 
first, but clue to th e way in which the 
terms are grouped the s ignificance of 
cach can easily be unde rstood. For ex
;llllple, the first three te rms are si milar 
ill form to those in (6), expressing 
the loss due t o the mis-matcll of termi
naling impedances. The fourth term 
r epresents another loss due to lhe re
actance of the load in1pedanc(:. The 
last term represents that fraction of 
the generator voltag e which is im
pressed on the inp\lt term inals of the 
network, since there is a drop in vol
tago:: in thc internal impedance Zoo 

F or the particular case where the 
network of l : ig. 4 is all amplifier, the 
illPut to the amplifier 15 usually a 
transformer (see Fig. 6) . Moreover, 
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ro 

the terminatin~ impeJances 20 and Z, 
life almost pure resistances. Due to the 
filet that the trans former works in to th l: 
IlIlilli te input impedance of a vacuum 
lillie, t he primary impedance of the 
tran s former is very iarg-e compared with 
'I". which is often the rp of the detector 
tllll ~ of a radiu receiver. U nder such 
l'(l Ilc1itions the last term of (IS) becomes 
1\l'J.'li~ible . Due to the non-reactive 
I' haracter of the load impedance the 
t'lIlIrth term is also zero, whence the 
"~pression for the gain of the ampli
lin is simply 

r, 
6.02+20 log k+IO log (I6) 

r. 
Thus, in mak ing measurements of the 
/fain of an ampl ifier, 20 is the r, of the 
ddector tube and Z, is the n.; ,; istance 
of the voice coil of tIle loudspeaker. 
The voltage ratio V.IVo is measured, 
unci th e gain is computed by (16). It 
lIlust not be forgotten to aGd in the 602 
decibels, which are ofLn ]wglected by 
!·xperimenters. 

In cases where the input impedance 
of the network is not larre compa red 
lI'ilh Z. it is necessary to compute the 
I;I-,t term 0 I (IS). This can be: done 
with I:he aid of the vector diagram or 
l;ig 7. T he angle A of the oblique 
triangle is 

,,- ~,+o-o - = 
;c-{3 

where {J - 19, - t9 ,. 
Solving the oblique triangle 

lZ. + Z,I = 202 + ", + ~'. 1. 'Z' cos{J 

in which Zo= Zo and Z,=z,. Tl-.crefore, 

17,,1 ( )' 1 ( ) 
IZo Zd = 1 -I- ;, + 2 :; case (17) 

The ang les ¢o and ¢, are the phase an
g-les of Z. and and Z. Note thaI: when 
7., is large compared with Zo, this re
duces to unity, Ih e logarithm of which 
is zero, as mentioned before. 

The n ecess ity fo r detemlining the 
gain of an amplifi e r by the method de-
scribed above can be seen from the 
follow ing case, S uppose t he g ain of 
nn amplifier, measured by this method 
is found to be so many decibels. Thi; 
is the g ain that the ampli fier has when 
there is no reflection 1055 between the 

temlinating impedances, that is, when 
th e terminarillg Impedances are equal. 
Now, when the amplifier is inserted 
between impedances which differ, a re
flection Joss occurs which may be ob
tained fr om the curve of Fig. 3. In 
addition to this, th ,:re may be other re
flection loss due to mis-match at the 
input and output of the amplifier . F"r 
example, referring to Fig. 8, from the 
measured gain of the amplifier mus'- be 
<1 ~~ducted the reflection losses occur
ring between ro and r" r.ctween 
ro and r" and between ru and r", in 
order to obtain the actual gai n of the 
ampli fier in the circuit. If ro and r, 
ill:-e matched, and a lso r. and r., the 
only rdlection loss that r emains is that 
between ro and r,. T hus, the pedorm
ance 0: an amplif4er whose gain is 
known with rderence to the ideal cir
cuit can be determIned for any circnit 
simply by correcting for the mis
matches which occur. 

In obtaining fidelity curves or am
plifiers, or o f complete radio r eceiv- ' 
ers, it is not always necessary to know 
the actua l magnitude of the gain, but 
simply the variation of the gain with 
reference to the gain wh ich is obtained 
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at a given ·-equency. F or ~xample. 
assume a signal impressed upon the in

put terminals of a radio reciver. The 
carrier ' rcquency and percentag,~ rna, I· 
ulation are held constant, while the 
modu\ tin;~- f ~~ :Iuency is varied. ', 'he 
signal voltage imp--('; sed on the input 
a f the ;;~tector tu \;I.: is nec~~sa ri I y ,:Iln
stant, avoidinF~ :l diRict:'ty wilich would 
be introduced due to the square law 0 f 
the detectol- if the signal at its input 
w~re permitted to vary. The power 
input to a r c,: istance load representing 
the voice coil resistance is measured 
hr various frequencies of modulation. 
Thus, if P"" reprc:;ents th e power in 

FIG.9 
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tIle voice coil at a modulation fre
quency 0 f 400 cycles, and 1'r is the 
power fit any other frequency, the ex
pression 10 log P ri P,., represents tIle 
variation of !)OWer in the load witI-. 
reference to the power level at 400 

cycles. T he Inca~urC\l1cnts may be ob
tained by simply mcasuring the voltage 
or current ill the toad, The cquiva
lent expressions arc 

F., It 
20 Icg;;- 20 101lj-

..t!.. @ ~ 

since the power is propor tionnl to the 
square of either the current or the vol
tage. In making such mcasurcment9, 
it is necessary to have calibrated in
struments, either thermocouples or 
ca librated vacuum tube voltmeters, and 
whe re many such curves are rquircd 
the: process may become quite tedious, 
on account of having to consul'. the 
calibration curves, or checking the cal
ibrations. 

The work may be considerably sim
plified by using a thermocouple :r. 
series WIth a resistance which is large 
comparecl with the load resistance as 
indicated in ;ig. 9. The vah.le' of 
I{ need not be known, nor is a cal ibra
tion curve of th e thermocouple re
quired. T he power in tJ1C loa d is 
given by E'/r. The current through 
+he thermocouple is proportional to 
E, whence the power in the load is 
proportional to the current in the 
thermocouple. T his. in turn, is pro
portional to the square of the meter 
deflection. T hus we have 

P '" E' 
E2 " P7.G. 

P '" 0 

\'illere & represent the meter indi
cation. It is evident then that the 
power in th e load is directly propor
tional to the meter r eading. The vari
ation of power in the load may then 
be directly determined by taking the 
ratio of the meter reading at any fre
quency to the meter reading at 400 

cycles, and then obtaining 10 times the 
logari thm of this ratio. It is of tell 
necessary to make many measure
mrnts o f power output of the power 
amplifier tubes. This problem may be 
sin.iJlified by using the arrangement 

( C oncll/.ded on page 34) 
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A ccuracy of 

M easuring Instruments 

By A. J. LUSH * 

C
ONSTAN CY of calibration is 
one of the requisites of a 
good meter. There are vari
ous factors governing this, 

such as permanency of magnetic 
flux, quality and temper of springs 
used, freedom from outside-of-meter 
disturbances, good joints in the electri
c a I circuit, variable 
temperatures changing 
both the electrical re
sistance of the circuit 
and also the actual 
linear dimensions of 
the pivot sett ings on 
the movement itself, 
but perhaps a feature 
which has not been pre
yiously emphasized on 
account of difficulties of 
canst ruction , is the 
actual positi on taken by 
th e pivots upon which 
the movement turns. fig. 1. 

It is not the purpose 
of thi s a rticle to apply thi s rea soning 
to meters of the vertical t ype as th ese 
are usually hung in a ('ixed positi on 
wh en calibra ted a nd used in a simil a r 
position only, but when meter s a re in
tended for portabl e use or fo r hori
zonta l u se, such as in tes t sets, the 
meter can not be g uaranteed to be 
placed in exactly the same relative 
position or level il S when origina lly 
calibrated. It is here where position 
of pivots within their j eweled bear
ings is of vital importance. Any other 
position taken by the movement other 
than that in which it was calibra ted 
will very obviously a ffect the con
sta ncy o f calibra ti on, 

• p,.cs ide ut , Rowso n E lecl,d c: ol Instrum cHt Ca. 

~ 

Modern instruments are 
provided with improved 
method of movement 

pivoting 

~ our di rren'llI IIIl·th()d~ of pivot 
mounting arc sllowli ill Iht~ ilhlslratiolls, 
Figs . 1 , .I. and ,I show Ihe oldl'l' 1Ill'l·hods, 
F igs. 1 amI 2 ~:1I1 hI' 1'1'1 il'd 11(11111 where 
th ere is a sll'l)lIl{ ("olll!"lIl 1II'\'I'ssil:ttilll{ II 

s trong sprillf,: whirh ill lurn tl'llIb 10 

hold the 1110\' 1'1111'111 ill a dl'lillill' po~i 
tiOll, bUI this i.~ IIllt thl' ("aM' wlll'n' hif,:h 

,: 

-.., .:» 

rigG, Flg3. 

sensitivity is lh-sir('d say hl·11I1I' I lila , 
full scale. ({l"ft:rl'Il\:\' 10 l'ij{. I will 
show the JowI'r pi vol ",hii'll supports 
the wt:il{ht of the IIHlVI'lIlt'lit til he rest
ing Oil its e.'Iln·lIll' tip IIlId ill r()ntact 
wilh the apcx or the jt'wd hearing' 
which is of eUlIr.~I~ as il shu\1ld hc, hut 
observe the \1ustahll~ posilion of thl! tOJ> 
pivot which llIercly acls as a guidc , On 
account of the illlpL)s~ihilily of tighlen
ing the top jewel 10 bring pivot to apex 
o f bearing this pivot is liable to wobble 
arollnd within Ihe ar~a of loose fitting 
o f pivot to jewl'l, This can not be 
avoided, as, should Ihc jewel he tight
ened vcry uudesi rable fridion would 
immcdiatdy appear. Furthermore, a 
ieature which is sOllletimes lost sight 
o f is the liIH:a!' expillision and contrac
tion o f the wholt: lllovin~ coil which of 
course includes Ihe dilllellsiolls between 
pivots, due to changes in temperature. 
This latter conditi on ha s been the cause 
of trouble in the [Jast evidenced by the 
movement sticking when meters have 
been used at \' a ry in g tell1[Jcratlll-es. T o 
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avoid this enta ils loosening the fit o f 
pivots to jewels. One more feature 
must be considered; that of total fric
tional moment which may be considered 
in simple form a s =7'5 uVh where \I 

is t he coefficieJ1t of fri ction fo r the ma
terials used, W the we ight and r the 
radius o f surface contact. 'While t he 
lower pivot carries the greater portion 
of th e weight, r is a t the lowest va lue 
possible as the movement is resting on 
th e extreme point of pivot, the only 
measurable surface being due to the 
crushing effect o f the movement weight 
(a g ood ha rd pi vot and hig h quaJi ty 
well polished j ewel will reduce this to 
a minimum) . The upper pivo t, how
ever, whil e only carrying a small por
tiOIl of the weight, has an eno rmously 
larger "r" rolling around within its 
loose area of contact. H ence ill order 
10 overcome fri ctional trouble a lllllch 
slronger control is necessary. This i 
usua lly attained at the expense o f 
\"Ic'aranccs within the gap in whi ch the 
I I IOI'CI\lCI\t turns \vith its detrimenta l 
£Calme o f causing sticking o f 1110ve
IIll' l l l Oil sides of gap or 011 minute 

particles of dust, but if 
givcn the larger clear
ances movement would 

=' "'.:::::> easily ride over with
out tOllching. 

T he above remarks 
apply equally to t he 
movement shown in 
F ig. 2 , with the excep
t ion tha t in thi s case 
th e top pivot carries 
most of the weight and 
th e bot t 0 III piyot 
wobbles around. 

F ig. 3 shows the 
Fig.4. single pivot movement 

which elimina tes th e 
loose fitting second pi vot feature and in
dudes the additi on of its adapta bi lity to 
damping for transit , which, by lifting 
lhe weight o f the movement reli eves the 
pressure uctween pivot and jewel. All 
lamping has for its aim the protection 

oi pivots froIll damage while being 
shipped. So c~llle<l electl'ical clamping 
which is a device for short circuiting the 
Illoying coil, will not take care of thi 
as it protects only the pointer from 
bending due to excess ive sla mming, the 
weight of the movement being still car
ried by the pivots. 

Some time ago the write r was con
front ed with the problem of devel oping 
a high sens ili vity el ectrosta tic volt
meter. Anyone familiar with thi s type 
o f meter will r ecognize tha t everyone 
of the a bove remarks play a very im
porta nt part therein. In line witl! this 
he dev ised a means of elim inating the 
detri men tal features wh ile still re tain
ing the v,lluable clamping feature. A 
s ingle pivot movement was out o f the 

(Concluded on page 30) 
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Individual 
at Last 

Radio 

A
"SIl\GTNG" and " talking" 

rad io pillo\\" for use in hos
pitals and Pullm an ca rs ha~ 
just been de\' eloped by th e 

1';11 ' illcering' Producl~ DiVision 0 f the 
I~ .\-Victor COlllPD1l)" Tnc. 

The r;\c!io p illow i 5 of regulat,on 
I""'l' l lal size, ,llld is made of spe
,' j." Iy elected sponge rubber in wh ich 
I, ~t;llsit i"e rad io r eproducing unit is 
, " " nilled . It is 50 cOl1structed that 
" Ili oogh ihe sound permeates the pil
I,, \\' it can llot be heard ex cept by r est· 
' '' ' ~ the head 011 the pillow, The RCA 
, :,tl i, ) pillow w~s designed especially 
lor lise in hOSPllilis 10 replace or d ill flry 
" ., rphones wil,ch hecome irkson, e and 

Not Only in HO$pitals, Pu!!mdn 
Cars, and on Shipboard, but may 
be the answer to Family Disputes 
in Regard to Preferred Progrdms, 

chafe wh ell 1I'0ril for allY length o f 
time, T he loudspeaker is oHen illl
pl'act icahle too, because th e radio pro
gr;} tns l\lay be d is turbing to other 
patients in various s iages of illness. 

The lIew pillow, according to its 

IlllUglll rlnOlllrnll'II"I~llI l rllllllllllllllll l 

IndIvid ua l radio 
receiver. 

n,m UIlllUil1lllnUU1l1lUIHmUflImn1ll1l 

Page 29 

sp"ll ~or :< , lila), be ster ili7.ed like an 
o rdillar.r pill{,w, and ihc pillow-cases 
,;hallt:,;d :It will. The patient lies ill 
;J 1I ;llllr:J! r 'cli llin :.:' or ~ inillg-Ilp posi
(i'll ' III 1,,: :11' 'h\.: r: ul i,1 progr:llib. A 
C.OIuln·I;lIg· e"r(/ .,( :tlllpk length is 
pltl:-: :.:\;d ill\o I he .. '1II I' :lIi l.('<I radi o fl'

CL' \\· it1 .~· ~ .\ ·~ tt\ l lt. 

T he '11.:':;11 <'('1', \\,), 0 !1(:\'l'io:'rJl'd this 
la(est !In'; .. ,·, ..: xpc.:<:l ,";\\' ;tppli c:rliollS 

to SII: ,·t!'t:;:1 11,,; 11 1, <.: 11'<': " !'\.1111 i llll ~llI .\- , 1: (11' 

install<:e, i l i,,; 1' ,, ;111 (.:<1 t lLl l t ll.ll til<; 

rrtdio pillull' 111;]\' be 1I ;,r;d I" 1'(; l i!'\I,; Ihe 

tedi ulll ui 1<111 .:.: '1I':)vt; llill ?, ill lil<; I' ull 
mall cars, or til dil'\'rl ~I.:a t r;i\ '('lt; r s 
resting ill s tc:lIl1t'r 1'11:1;)' ,; , ,,- h('1 ill ~, 

Federal Radio Commission Issues New Orders 

EFFECTIV E 'March I, 1931, Gen
eral Orner No, lOS, of the Federal 
Radio Commission, goes into 
effect This ordet· contains the 

following provisio\1s: 
S eelion J, Tile Broadc(lsting D(1)I, 

That period 0 f lillIe belw,:cn six o'cloc:" 
:1.111., and twelve o'clock midnIght shaH 
cOllstitute a hroadcasting day ; the 
period betw een six o'clock a .m" and 
I' leal sunset to be des ignated as daytime 
alJu that he tween local sunset and 
Iweive o'clock Illidnight as nighttIme, 
The mOlllhly average sumet at all 10-
tations will he specified by the Federal 
Radio COllllllission alld the references 
he rein made to t imes shall be takell as 
rcfe lTing to local standard time unless 
olherwise ordered . III determining the 
quota value 0' a given assignment or 
ill the computation of time di viSIOn the 
;I\'crage tllIJe of local sunset shall be 
laken to be six o 'clock p.IlI" Jnd one 
hour of nig httime operatlOll shall Ii ,: 
t'ollsidered a s til e equivalent (,i two 
hours of daytllne operation. 

Sectiou 2, The Test (Jr El'pCrtmclI.lal 
Pl'riod. '[',lat period of tnne betweell 
Iwelve o'clock midllight and six o'clock 

a .m" local time, shall constitu te the tes t 
or experimental penod and lIlay be used 
for this purpose by any regularly 
licensed broadcastinr; statim. on its as
signed frequency Jnd with its author
ized power; provided, however, that no 
interference is caused with other sta
tions l1l;Jintainillg a regular operating 
scheuule during all or any pad of s:-.ic1 
time. 

Sulio1! 3 Unlimiled Time Slatiolls. 
All broadcasting' Hations 1l0\\' or here
ina fter 1 icensed to operate without Iill1it 
as to time may operate on aily scb:dule 
of hours that mCL:ts their requircll'.cnts 
whether during the broadcasting rlay or 
test or experimental penod; provided, 
however, that from and after the 1St 
clay of May, 1931, lIO licenses author
izing unlimited hours of operation will 
be issued to broa.dcas ting stations 
wh ich are not on said date and do not 
cOlltinuollsly thereafter maintain a 
minimum regular op,.Tating schedule of 
twel ve hours per broadcastin~' day; at 
lea~t three hours of which s!l;J;1 be be
l ween six o'clock pm ., ancl twelve 
o'clock midnIght local time. In all 
cases where the mlnllllUm regular 

: 

operating sel edule he re in pl'ovided i, 
!lot adhered to, such stations lIlay after 
he;J rlllg be required to share t ime ' wllh 
other sialiolls or be reduced to part
time stations. 

Scctl:on 4. Staliolls Sh(l,r£Hg Ti1ll1'. 
(a) In all cilses where broadcasting sta
ti ons are licensed to sh are time the\' 
ha ll not openlle slllluitalleously at a 11 :1' 

tillle, either clay 01' night, unless '; JI ~" 
cilically authoriz ed to do so by the 
terms of the ir licenses, 

(b) In all cases where broadC:I.~ 1 iIII-: 
staliol s arc licensed to share tillle and 
specified hours of opera tion are lii: , ig ' 
nated in the license , that schedule ~hn 1/ 
be adhered to unt il otherwise (lrd'; i'!'<1 
by t he Commission or de"iat iOIl flr",',,
from is permitted pursuant to JlilragT:11'1r 
(d) of this section, 

(c) In all cases whe re br n:u (c!I"li llR 
stations are required to share lill l<' a ll d 
the specific hours of operali ~lIl :11 '" Il \l: 

desig nated ill the license, tlte Ikell, n'~ 
of sHch stat io ns ha ll endl'a VIII' to r(':u: h 
an agreement <IS to a clefini( ) SC IH:dllle 
of periods of time to be II St:r1 bv each 
of them anu if successful e<lc h () f said 
stations shall reduce ~a id agT(:Cl1lcnt to 
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wntmg and file the same in triplicate 
with the Commission with each appli
cation for renewal of license. If and 
when such written agreements are 
properly filed in conformity with th is 
order, th e file mark of the Commission 
shall be a ffix ed thereto, one copy shall 
be retained by the Commissi on , one 
copy shall be forwa r ded to the Radio 
D ivision of the Depa rtment of Com
merce, and one copy shall be returned 
to t he licensee of said slation to be 
posted witl) its license and consideretl 
as a part thereof. [f the license 
specifies a definite proportionate time 
division the agreement shall maintain 
"his proportioJI. In c",es no propor
tionale time division is specified, th e 
stations will agree upon a division of 
time. Nothing conta ined in this order 
shall be con strued as author izing or 
permitting the si multaneous operation 
of such stations unless specifically 
authonzed to do so by the terms of 
their licenses. . 

C cl) I n all cases enumerated in P ara
graphs ( b ) and (c) hereo f, departure 
from th e regular operati ng schedule 
will be pem1itled only in cases where 
an agreement to that effec t is reduced 
to wntmg-, sig ned by the stations 
affecte d thereby, and filed in triplicate 
With the COlllmission prior to the time 
of said departure ; provided, however, 
that in cases wh ere time is of the 
essence the actual departure in the 
(;perating schedule may, after appropri
a te notice Lo the Commission and to 
the Radio D ivision of the D epartment 
of Commerce, precede the actual filing 
of the written agreement with the 
Commission; and provided further that 
nOlhing 11 :'l'.:in contained shall be taken 
as authori? i11g any simultaneous Ojl ,: ra
tlOn not specifically authori~ed in the 
I icem ees of the stati ons affected. 

C e) In aU cases enumerated in P ara
g raph Cc ) hereof where the station 
licensees are unable to reach an agree
ment as to a definite scheclule of periods 
o[ time to be used by each of them, the 
Commission shall be so notified by the 
Cling of a statement to that \:;'(ect wit.h 
tl: " application for renewal of license. 
Upon receipt of SUdl sLalement the 
Commission will clesignat.e the applic.'l 
tions for heari ng and jJ~nding such 
hea r ing t.he operating schedul e pre
vi ously adhe red to shall remain in hll 
force and effect. 

Sect ion 5. Limited Thne olld Day 
Stations. (a) ~.1 all cases w he re a 
broadcasting station is licensccl to 
operate Iimit.ed time or during daytime 
It shall not operat;.· simultaneous ly with 
any other ~tation assigned to that fre
quency at any tilDe unless specifically 
authorized to do so by the terms of its 
license. 

(b) In all cases where a bro adcasc
ing station is licensed to opera·l.e with 
limitecl hours and requirecl to cease 

op~ ration at the time of sunset at some 
point witilin th e U nited States, the 
license will provide the hour of the day 
during each month of the license period 
when said st.ation shall cease operation. 

(c) In all cases wl1ere limited time 
stations an, licen;; <.:cl to resume opera
tion at the lime 111 10 lllll :mitecl time sta
tion on the same channel ceases opera
tion, Ule licensee of said. limited time 
station shall file in triplicate with the 
Commission a copy of its rq;ular 
operating schedule, signed and approved 
by the licensee of the unl imited time 
station. Upon receipt of such operat
ing schedule, properly executed, the 
Commission will affix its file mark, re
ta in one copy, forward one copy to tl:c 
R adio Division of the Depa rtment of 
Co mmerce, a nd return one copy 10 tLc 
licensee of the limited time statiOlI ril
ing the same who shall cause it to be 
posted with and considered as a P;\l'\ 
of the sta tion license. Departure f rGilI 
a id operating schedule may be had only 

by compliance with the provisiall~ of 
ParagTaph Cd) of S ection 4 with re
spect lo such deparlures by statiul\." 
sharing time 

Section 6. RedHcing P01l)er ((/ SrllI

set. Tn all cases where a brov.dC:\'itillg' 
station is licensed La operate with 
more power during daytime opera tiol\ 
than for nighttime operation and the 
licensee is required to r educe the power 
of th e station at the time of sunset, the 
license issued to said station will specify 
tbe hour of the day during each month 
of the license period at which said st.\
tion is required to reduce its power. 

Section 7. Pa.rl- Ti11l.e Sialiolis. AllY 
broadcast ing sta tion other tha n a day 
or a limited time . s tation which is 
licensed to operate part-lime 011 a 
channel where the entire a vailabk 
broadcasting t ime ( i. e., the broadc;\st
ing day) has not been desig nated for 
the use of any other station or sL, tiolls . 
may operate teillporarily and until thl! 
further orcler 0 [ the Commission upou 
all or any part of th e time not 50 desig
nakd: provided, h oweve r, t hat where 
two or more part-time 5t-ations are 
:,;:igible to operate on said undesignated 
time, Ihey shall comply with the pro
visions of 1 'aragraph C c) of Section 
4 with respect to the regular operating 
scl:c.dule of stations sharing time. 

S eelio!1 8. Viola~':ons (a ) Tn all 
cases where a licensee is require<.l by 
the terms of this order to fil e any docu
n1(' l l\ pert<1JJl ing to its operating sched
ule at the ti\1\e of i ls applicati on for a 
I!cense, the failu re to file such a docu
ment shall be considered as a defect in 
the appl ication for license within the 
meaning of S ection I of sub-title B 
of "Practice and P rocedure before the 
F eder;;!l R adi o Commission" adopted by 
Gene ral Order N o. 93. 

(b) In all cases where a slation licen
see is required to prepare and file a 
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r.:gular operating schedule, any devia
lioll or dq;arture from sud schedule, 
IO~u,pt ;:,~ hen:; n aut.horized. shall be 
consider~d as a vi,)lation of a material 
tenn of the licem(' aI1~' or this on:ic-. 

(c) r n all cases whe":: the specific 
hours of operalion <1."" fixed in the 
lic '!L ';c', any deviati ,m or departure 
tlwrdrom, except as herein authorized, 
shall l:c consic1erf'cI as a violation of a 
maLerial term of the license and of tii :; 
order. 

Cd) Jnless specifically authorized to 
do so by the k r ms cf thci r licenses, 110 

stations operating on the 5ilme fre
quency assir:nments shal; Ul' Jl<!rmitted 
to operate simultaneously. Any unau
thorized simultaneous operatior _<ihall be 
consider..:l! as a violation of a material 
tern! of the station license and of this 
order without regard to any undcr
standir.!.( or agreement as betwtcn the 
sta' li ons affecled thereby . . , 

ACCURACY OF MEASURING 
INSTRUMENTS 

(COJlciHd('d from page 28) 

(lllesti (;~ l on account of the possible side
W,\)'s or osci lIating motion which is not 
a ser i OllS ob j ecti on on that type 0 E 
Illovement, as the p ivot being in the 
ccnter of a spherical mag netic field, all 
parts of the deflection coil remain at 
cClllal radi i distances in the fiel d at a'l 
tim~~. The principle of balancing the 
whole of the movement weight on one 
n:ntral pivot was reta ined , with another 
pi 1'01 added to act as a g uide which, 
howevcr, would at all times be in ,on
tact at its extreme point w ith the ape..,< 
of the jewel bea ring. This latter fea 
lure being attained by supporting the 
jewel on a very resilien t but weak spring 
incapable of supporting the weight of 
movement. On a ccount 0 f special con
'it ruction this spring could n ot move 
in a. lateral direclion being limited up
\yards by t he pivot and downwards 
51ightly below the hang ing point of 
pivot by a solid stop thereby elim inating 
the possi bility o[ jumping out of reach 
of th e pivot. As both pivots were in 
the same direction or downwards th is 
permitted design of a clamping device 
similar to that used on the single pivot 
movements. When unciamped, relative 
position of pivots in both bearings was 
maintained as both pivots were in in
timate contact w ith the apex of their 
jewel bearings th er eby removing any 
possibil ity o f ca libration erro r due to 
a variable cha nge of position of moving 
element. Later the same principle was 
applied to the R awson fluxmeter and 
then to the regular line of micro and 
milJiammeters, where it has lent itself 
to removin g the up and clown motion 
characte ristic of the single pivot move
ment. 

F ig. 4 shows the latest a~range
ment of this development on the stand
ard Rawson mi c rO::lmmeter movement. 
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W orld Market 
for Radio Equipment 

S r:: LEeT rVIT Y is a PrJ lllary 
requisite ill radio sets deslgl1ed 

, for use in Europe, according to 
L a w r ence D. Batson In an 

:" I rd)'~ is of world m3 rkets for 
I, •• di() equipment which the Com merce 
I )"I' ~lrt ment Ilas just released. Tn the 
I rl1ilt:d States, II'lr. Batson points out, 
II,, ' system of chain broadcasting 
wl ll' l" t.;hy identical programs are broad
,' , ~ hy large stations in variOUS parts 
eli I he country makes this attribute of 
h' ~ ' ,I ; r importance. In E urope, on the 
" II, c (' hand, there is little or no chai n 
I"·,,n.!cast ing ; th e large broadcasting 

1. 11 iOlls enjoy absolutely clear channels 
1" ,01 tile radio fan is able to choose his 
' lI( cr l ainment from a wide field of 
j', I'p'Tams coming {row wally dIfferent 
\ ' "ll1lries. 

1\'1 ore than twenty-four mill ion 
I lldi() sets, representing a value of 
" I'proximately one-and-a-ha lf billion 
d lillars, are in use throughout the 
WI)rl tl today, Mr. Batson's report re
"I' :ds. F orty-nve per cent of the 
IV .rld total, or 10.500,000 sets, w ith a 
" lillie of $676,000,000, are III the 

United Stat es. T he total investment 
ill broadcastillg' stations throughout 
tLc wor ld is est imated ill the n eig hbol'
hood of $ 29,000,000, of which one-balf 
IS represen ted by stations In tll is 
country. 

Socket-power sets account for .~2 
per cent of the tota l num ber in us~ in 
North Ameri ca, for about one-half oi 
the sets in Europe, and one-quarter of 
those in SOllth Amer ica. Crystal sets 
are fewest in North aad SOHth AHler
ica, representing I and 2 per crd re
:-pectivei v. and h ighest in Russ';! and 
Turkey where the rat io is around 20 

per cent. 
In the majority of countries outside 

of the United States and Canada, the 
cost of broadcasting is paid by a sys
teLl of lic ense fees levied on th e r adio 
sets in use. These fees rang e from as 
low as 39 cents in France to as high 
as $44 per Scl in Tlll-h:y. The average 
I)cense fee, however, runs between $3 
and $4. As there are approxim:ltely 
rI lllillion rad: I) sets ill Europe, it is 
apparent th,1t Ihe ;\)~lDllnt paid yearly 
by radio fallS ill that a! C:I is betwecll 

Page 31 

f'J I" I\' :tIld forty-five million dolbrs. 
}\ c') l'd illg to Mr. Batson, there is a 
I.ir- lill i l<; 1 1'(;) d III sOllie foreign COllil 

I r ic;s t, ,\\' a rd adop ting the Alller ir a ll 
~ \I ~ le ll \ (J i :1 sponsored program, }, [ o st 

(')I"" j~ n (;l >l 1l1 11-ies, however, prefer to 
r , t~li I) the I i<';J; II~e fee system, IH\\, ill !; 
it p rcj lld i ( ; l~ <lg<li llSl mixing adve r ti s lll g' 
with ra d io cili crtal nlllcnt. 
l~de1'l" i ll;': to Ih e type of fore ign 

brOildci\Slj)\!; p Ng r: IIIlS, the repo r t 
shows th at a ~url u f "lJniversal" pro· 
gran} has b~ell a!iopl<:d similar to that 
used in the Ull il(:ci Stal·t ,<; , consis ting 
of music, addre ss l' s , ilnd in formative 
talks. E ven spo.-t~ :llld I\e ll' s events 
are now put on the air 1,.1' lorci_t?: l1 sta
tions, alth ough not to 1111' ex l,;l1( prc
vaili ng in this country. 

American radios, according j() i\l L 

n,,~son, are generally reg ;( rdc: I :1<' 

s·.lpenor to t:l~ great m a jo r ity o f 
foreign ma kes, III European Il I :l ll ll 

facturing countr ies, h is report sh olVs, 
most of the sets in use are of do mest ic 
ong tn. A fte r the United States , 
England and Germany have made the 
g reatest advance in radio development 
and each has built up a snbstantial 
exporl trade in radiO sets alld equip
ment. 

The Un ited Sta les loday is t he 
world's largest exporter 0 f radi os and 
during the last th ree yeus has made 
striking gains in th is held. F oreign 
sales rose from something more than 
$9,000,000 in I927 to $12,000,000 in 
1928, whi e th e export figure for 1929 
was more t h all $23,000,000, 

One Hundred Percent Tubes Only Go to Dealers 

The protograph here repro
duced shows the dump-heap 
accumulation of tubes in the 
rear of the manufacturing plant 
of the Sylvania Produds Com
pliny, Emporium, Penna. In 
the process of test ail tubes 
which do not meet the exact
ing specifications of the Syl
vania Company, automatically 
become rejects and find their 
way to the dump, where they 
Me destroyed. 
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-What Shall We Do 
for 1931 Sets? 

By AUSTIN C. LESCARBOURA 

Mem. I.R.E. Mem. A.I.E.E. 

W HAT shall we use for talk
ing points during th e 1931 
radio season ? L ast year we 
featured tone control, the 

y ea r be fore the sc reen-g rid tub e, and 
two yea rs ag o the fool proo f a-c. set. 
'Whil e trade and indus tr y a wa it the 
r adi o stylist' s deci sion, it lllay be wcll 
to look a round the labora tori es and 
see jus t wha t is ava ilable by way o f 
inll ovati on!> a nd refrnemen ls. 

It is ra the r doubtful thal any r adi cal 
innova tion will be spntng on the r adio 
industry. There Illay be important de
y elopments uJ\de r way in the la bora
tories. 'vVe know of hi g hly s ig nifi cant 
superheterodyne developments in the 
making , of bettc r detector circuits, of 
tuned a udio systems, a nd o f sha rper 
tuning systems permitting o f dividing 
the broadcast ba nd into livc till1cS as 
many channels. H owever, th e re is Ii t l!c 
da nger of any 1l1 0n key-wrc rt l'h be ing' 
throw n il1( o the r adi o w orl(s fill' (he 
reason that. t.ll e industry is strongly ill
I ren ched behind sta ncl a rd izat ioll. N!) 
one da res upset th e applc-ca rt, a lth oll g'h 
logica l improvements a nd relincm cnts 
are ver y mueh in vogue. 

New Development in Tube Art 

F i rst o f a ll , Jet us cons ider tube po,,
sibiJiti es as the bas is f or 1931 ra di o 
s tyl es. T he outstandin g development 
now in sight is a cluo-ga in or hi gb-low 
gain screen-g rid tube. Thi s tube in
corporates a spli t control g rid whi ch 
permits it to functi on aut oma ti call y a s 
a hig h or low g ain tube acco rding to 
the s ignal streng th. 111 ra dio reception 
terms, th is new (ub e perlll i ts 0 f ex cep-

.& 

Betterment of Vacuum Tubes 
Will Be Taken Advantage 

of This Year 

tio lJ ,dly hi g-h gain for max i1l1ulll sensi 
tivity in cDnjull cti on with w ea k s ignals, 
\, .. hilc automali ca lly loweril) g tbe g ai n 
when powe rful signals a re to be 
handled, thl'l'cby overcoming tb e present 
overl oadillg' teneling in highly sensi ti ve 
ci rCBi Is. The t ub c wi Il a lso make (or 
g reat~' r sek clivity in wned r - f. c ircu its, 
the rcby diminating the usual pre
selecto r ci rcu its. 

Alre;uly we have ava ila ble the high
kain scrccn -grid tube, which prov ides 
app l'Oximately twice the gain o f the 
llSllal <24 type. T his tube has met with 
imlllcd iate favor ill midget sets, w here 
g !' e;t! c l' ~c ns iti\'ity is frequ ently r e
<llii red. It is evident that the high-gain 
, cr (:cll-l;rill tube will become the sta ncl
oml type il\ lilll c, with greater effic iency 
!\Or III C usual screen-g rid sel. 

Th .: !' c a I'C ~cvc ra l hea ter ly pes in the 
I"hn r;d o l'i es for u se on 11 0 v olts d-c, 
0 1' ;I-C, :12 vol ts d-c. as in the usual 
i.",,\a( cil power plant fi eld, and 6 volt 
d-r. ;\, i 11 ;'llt ol1louile r ad io wo rk. T he 
- 31) ~c ri\'~ of 2-y olt tubes, introduced 
c ,rly la ~ t· ), c;>.r , is bound to come int.o 
.~T1! (; r ; " lise , parti cula r ly with n ew bat
t to ry S(; t ~ which will be int roduce cl f or 
\1Sl; i 1\ homes beyond elec t r ic se rvice. 

The Pentode Tube 

The pCl\tode whi ch ha s been the 
object o f n\O,-e tal k than ac ti on, may 
COllie into lise, pa rti cula rly in midget 
sets. A s ide from the r- f. pentocle in
troduced so me ti me ago, th ere is prom
ise o f a n a- \. pentocle capable o f rea l 
output w ith m!ni1llU lll of equipmen t and 
cost. Certa inly in the str uggle to 
ach ieve still lowe r prices w ithou t sa cri
rlcill g perform3.nce st;lll(\a rds , th e pen
tode is a most a ttra ct ive propos iti on to 
cies ig ners 0 f midget sets . 

The coming seaso n will see the con
tinua ti on o f the battl e between midget 
a ne! standard sets . It is estima ted by 
th ose " in the know" that th e ' mi dge t 
sets w ill total tIVo-th irds of all sets s olei. 
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Televisio n atta I ns the mere ha nd ising 
stage-typical kit of parts for assem

bling a radiQvisor. 

but we a re fra nkly doubt f III o f tha t 
pro phecy. It see ills to us tha t durin g 
the pas t month o r t wo, the tide has defi
nitely swung away trom midget sets . 
Of course thi s may be clue in pa rt to 
the slashing of pri ces on standa rd sels, 
but even so, mor e sta nda rd sets ill pro
po.r ti on a re being sold now even at full 
list prices t.han was th e case a few 
l1I onths back. 

N o doubt the mi dge t sets will be 
va stly impr.oved. III many lab ora tori es 
the tech ni cians a re hare! at w ork on 
\'lays and meaDS o f tr ill1m ing costs. 
N ell' power packs have been devel oped 
in whi ch the components a nd costs ~\re 
reduced to n ew levels o f economy. T he 
L oftin-\Vhi te di rect-coupling a udio am 
pli fi e r a nd va ria tions t herea t wil1 come 
into g reater use . I mporta nt loudspeaker 
d evelopments will tenc! to enr ich the 
lone of th e dim inutive loudspeake r o f 
th e m idge t. 

The pace forced upon th e st anda rd 
et by th e midget will result in marked 

improvements ill h igher pri ced se ts . 
T one quality is th e in itial point of a t
tack. H ere is where the s ta ndard set 
ca n out-perform th e midg et set in the 
most obvious ma nne r from the a verage 
buyer's sta ndp oint. L oudspea ker de
s igners have been ha rd at "'or k on tone 
improvemen ts , especially in the matter 
o f bette r diaphragms. Recently, some 
impor tant wo rk has been done on spe
cial paper di a phragm s with odd r ill l 
pa tlerns to p ro \'icle remarkable fl ex
ing properti es. These pa per di a
ph ragms a r e less cosLl )' tha n a nyth ing 
.ve t. employed , en ti rely self-cont<l. ined so 
~s to elimina te costly m ounti1lg or 
ma sking, ye t prov ide the fines t lone 
quality yet a ttain ed. The imp regn a ted 
cloth di aphragms ha ve a lso been im
pro ved , but th e ir costs a re <' pt to prove 
excessive in vi ew o f th e low li st prices 
tha t are cer tain to obt ain . 
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Combination Sets 

11,.. ,'(' i ~ e vc ry in dica ti on that the 
.. "d,i1L:lli'lil pho llog rnph -rad io set will 

I. , 11 1",, 1 Ji"pl1l'lr. Af te r all , t he phono
" " 1'1. l'atlJrt does no t a dd g reatly to 
Li" '''''1 ()f the cOllsol e e t <L n d yet ha s 

I" I:rt 'ater sales ap pea l than th e pla'!l 
, I", ',('I. The recent int roduction of 

, I" hlllll l: j'ccording feature, wh ich is 
J , ,01 "II th e avai la bil ity of the phono-

, '101, I';lfli o combina ti on , g ives new life 
,. , 1111' 1;()ll1binarioll set. The fact that 
II" h"llll' recording featnre may be nJ

l·t"I' I·d ior re(:ordin O' either home talent, 
I ""lIg Ii a microphon e, or any desired 
' IIOIi" program, makes th combinat ion 
,I 1;11' IllOre attra ctive tha n ever before. 

I I ,. f rn'ly predicted that com bination 
, I . ·."lIing from $116 to $ 149 will be 

1'(' I'lIlar thi s cOlll ing sea a ll , The spe
, "I I-I; r(lrds for !Jonle recording will 
h, ~ 1\' ;, il;i1) l e in a range of s izes, selling 
I .. , ;, little a 20 cents each. 

Automobile Radio 
III "('cking a gl-eate r volume of bu i

' .1) as to compelLa te ior tl e decline 
," ,:Ilcs do llars due to low e r priced 
"",1 ., th e automobile se t 100111 up as 11 
""II)~- poss ibility, Rumor ha it that 

01 k:l~ t one compa ny is to havc an a uto
" " ,I,it.; radio set selling for 3>65 01 Ie , 
.\ I'll -II l1Iak s thi rad io appl ication 
I, ,I .ihlc. A year ago, a n a utomobile 
,,,011" ~et sold fo r better than $100, 
. , I\' desi gn , together w ith specia l t ube, 
"I II Il:lid (0 make automobile rad io 
I" "'Iind, w hil e a low lis t price will 
... 01" , it poplilar. 

' : Ii ll a no th er lI1eans of increa sing the 
,I" . ligures It a)' be f o r thcoming in the 

I .. , III uf so-ca lled individll.ll rad iu sets. 
I '" " Illv, onc manufacturer has in tro
,111,' ,·,1 ;l two -tube a-c. s et fo r headphone 
. I" ,.lli ol1 , which provides private recep
It"" fol' allY individua l. Such a set i 
\" "I' illg quite popular, s in ce i.t ca n be 
, "'I'I Il),cd in t be home as a receiver sep-

The individual rece iver with two 
lubes, fully a -c. operated, prov ided 

with headphones. 

a rate 1r 0I11 that of the household, a t 
school, in the hotel, for the hospit;d, 
0 11 trips, in the office, and so on. T her e 
i ~; real n eed fo r the individual receivers , 
n ow that the radio habit is so f'irl111y 
in s t ill ed in m os t oi us. It is jus t a ma t
ter o f price , and w ith $2- a lready at 
tained , t e inc lIs t ry i quite like)' to 
go far below that figure in gai n ing pub
lic acceptance for the individual re
ce iver idea. 

There Illay be a se riOtl S a ttempt mac e 
to build u p a line of accessor ies [or the 
usual radio set. HOllle reco rding , r e
mote lou d peak e rs a nd home talkies arc 
logical acces ories fo r which the . et 
tles ig'ner may pl'O\'ide the necessary 
jacks and switche. T his \·vould be a 
boon to the ra di o trade which, ince 
the advent of th e elf-contained radi o 
set, lIa s gained simplic i y o f initial sell
ing on ly a t a sacrifice o r those repeal 
sa les that WOll d accru e l. l ro llgh p -opel' 
provi s ion f o r accessories. 

Home Talkies 

I-Tollle talkies a re ,I n immedia e possi
bility, s ince the de \'e opment work 011 the 
film-disc type h as been c01l1ple ted. Whil e 
m ost of the offe ring'S ;Jl 'e des ig ned 
around the u sual e labora te .1 6 millimeter 
film projecto r , with a su it able ilexiblt:
shaft-driven disc turntabl e added, some 
interesting wo rk has bctn dOlle in con
junct ion with a motor-driven turntable 
driving a very much simplifi ed project
ing mechani sm by means o f n ' xiblt: 
~haftill<Y, or ju st the reverse oi th e 
usual projecto r with a tUnlta hle acccS-
5Ory. Cer tain ly cos ts nrc g-o ing ( 0 be 
g reatly r educed in thi s fie ld, for radio 
Illallllfacturers are going- to provide 
co mpl ete home talkie eq ui pm ent at but. 
a ract ion of t he cos t · tha t lave h ere
to fore obtained in the home Jllovi fi Id . 
The us ual r:l.di o se t will be ernp loyed, 0 
course, lor the sound reproduci ng end. 
Sound-Oil-film h ome talki es, rep re ent
ing the ultimate ideal, are s 'i1l a 101lD' 
way [rOIll real iza ti on . E ngineers h;lve 
c ouml it imp ractical so far to crowd 
sat is factory sound records on the di
minutive r6-millimeter fi lm , 4 0 0 i eet o f 
whi ch is equi\'alent to 1000 f eet of 
stan da rd film . 

Last season we h ad tOlle control. 
Th el'c a re evidences that the indus try 
may go fur th er in th e matte r of tone 
cOlltrol. The writer has recentl v en 
joyed a demonstration of the ton~ con
t rol method developed by a w ell-known 
radio worker. In a p owe r. a npli fier ill
cluding this yste1ll, the operator ha a 
variety of cOl1trol knobs covering more" 
or less bass, more or less treble, gain, 
and even variable scratch filtering' in 
the case of phonographic reproduction. 
It is possible to obtain any desired re
p roducti on wi th such a control board 
th ereby filling the louds peaker rendi~ 
tion to room acoustics, selection and 
perso nal t <l tes. I t is quite po s ible that 
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SUIlIl' o i thc finer offeri ngs \l'ill include 
a lllore elahornte tone cOlltr ol of thi s 
g c ncral naturc, 

AutoJllatic lin e voltage regulatIon is 
receiving' consider:th c attcntion jl1st 
11011', s ill ce 110 li t tle grid ha s bee 1 el1 ~ 
COUll c r e() in nl;lIl)' sec ti ons of the COllll
try regardin g' (l ll<.: lll'lting· lin l: \·olt ags. 
T he aut omati c lin c volta ge cOlltro l is 
ill r ality nothing' lllo r l: t hall a , Uit;i11ic 
10rm of ba las t 01' sc li-;[(Iju~ lill g- rl'~i s t -

New Co lurnaire radi o ree celve r of 
Westrngh oLlSe . 

<In n' ill tiL e prillwry circuit a t the 
]JoI\Tr- park transforJlle r, wh ich serves 
( 0 kl'l'P tIll': :Ip plietl ,'ol t;,ge w ithin thc 
Ilarrow limit s spec ified by set and tube 
m a llu i:lclurcrs for best r esu lts, So far 
as production cost n re concen -d, the 
a utomatic line voltage regulator is 
s im ply an add iti onal sockct Oil the cha -
sis, to take the ball a st. iVIeal1wl il e, this 
socket do es away with the usual tapped 
primary wind ing, so that tbe co t is 
more th an cancelled by th e savinO'. T h e 
ba ll ast i acded to the tube equipment. 

The bi o' fea ture of 193 1 radio prod
uc ts will be new low prices. The A m er
ica n public wil l be price cOllsc ious abou t 
all luxuries quite as well as n ecess ities, 
and will buy only at a bargain figure. 
Hence se t de igne rs I1lU i \York to lower 
prices, which means no litil e ill g enuity 
n ot oll ly 011 the i r pa rt but a l 0 on the 
[-a rt 0 i componen t mallu facturers . 
M a ny corner a rc being t ri m med 0 11 

com pon ents, '0 a' to meet the c lose 
prices indicated by se t man ufacture rs. 
In the ma tter o f filte r condensers, for 
exalllple, the industry is <To ing electro
ly tic. F a per conden e rs will bc s par
irwly used in the la rger capacities . 
C Olllpact, st andardi zed, inexpens ive 
metal ca rtridges, containing electrolytic 
conden ser s, are now a va ila ble at one
fi fth the p rice of paper condensers fo r 
a g iven capacity. Wi re-\VOlllld resistors 
a r e bei il g rcp laced by non-wi re resis-
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(Irs frequently mounted in gangs, at a 
fraction of the cost of former voltage
dividers. And likewise with other 
components. 

Autometic Time Switch 
One refinement which has not yet 

been introduced in standard sets is the 
automatic time switch. In its simplest 
form, it need be nothing more tr.an a 
switch thLlt will automatically turn off 
the radio set after a given time, so that 
the family, leaving the radio turned on 
for the purpose of being lulled to sleep, 
may be sure that the set will be auto
matically turned off. Such time 
switches are now available for as little 
as $2.$0 list, or probably $1 or less in 
quantities . Elaborate time switches 
capable of turning sets off and on at 
specified times are also available. It 
is not unlikely that some radio set man
ufacturer may decide to have a time 
switch feature including the automatic 
selection of desired programs, so that 
an enti re evening of selected entertain
m~nt from different statians may be en
joyed without touching the tllning con
trols of the sel. This feature is even 

RADIO MANUFACTURERS FROM 
ENGLAND VISIT U. S. 

THE following prominent nritish 
radio manufacturers arrived in New 

York on the Aquitania on February 
25, R. Milward To:llis, chairman of the 
Radio Manufacturers Association of 
London; T. A. W. Robinson, manaRing 
director of Pye Ltd., Cambridge, Eng
land; C. O. Stanley, sales and pUblicity 
consultant to several of the largest 
European concerns including Philips 
of Eindhoven, Holland. 

The visitors are making their head· 
quarters at the Ambassador Hotel, New 
York. .. 

HERE IS WHERE THE MONEY 
WENT 

There were J,002,000 electric refrig
erators sold in the United States in 
[930, of which seven hundred seventy 
thousand wel'e household equipments . .. 
DESIGN TESTS FOR AMPLIFIERS 
AND COMPLETE RADIO RECEIVERS 

(Collc/llded frO7/) page 29) 

shown in Fig. 10. The secondary of 
the output transformer is opened, so 
that the transformer presents an enor
mous impedance to the tubes . Be
tween the plates 0 [ the tubes there is 
connected a resistance R, 0 f such 
value as to match the tube impedance, 

more desirable tban the remote control 
f(';rture already in use and promising to 
gain ground this coming season in the 
more elaborate offerings. 

As for cabinets, it may be well for 
the industry to get away from t-h (~ con
sole cabinet design which is essentially 
a radio job. In its present saving mood, 
the public may be more' willing to con
sider a dU<lJ purpose radio cabinet which 
is at once a desk or table or bookcase 
quitl;; as well as a radio set. A year or 
two ago, the public could buy a radio 
set plus some other piece of furniture. 
nut ;n these times of economy only one 
piece of furniture can be bought, and 
whatever radio set serves both f unc
tions may be that much mare desirable. 
Il is to be hoped that our radio stylists 
will give some thought to cabinet de
sign, getting away from the usual con
sole cabinet which has Qutlived its orig
inal 3 ttracti veness. 

Television 
Television is a 193[ sales possibility . 

Despite what some would have us be
lieve as to the ill~ignificance of present 
television t(~chniQue, the fact remains 

~~ 
or twice as great. If we are using 245 
tubes, and are interested in the maxi
mum power output, H is 4000 ohms; if 
we are interested in the maximum Wt

distorted power output R is 8000 ohms. 
The resistance r is to be very large 

compared with R. In other words, 
the resistance r and the T .G. consti~ 
tute a voltmeter. The calibration curve 
of the T.G. is a parabola; that is, the 
T .G. is a square law device. The rela
tion existing between the meter deAec
lion and the current in the couple is 
given by cl ~ k 1'0 where k is a con
stant. The value of k can be deter
mined by inserting in this relation the 
value of the current for any given 
meter indication, obtained from the 
calibration curve of the T .G. Then 
we have the following relations: 

w 
P~R 

'r ~ ( l)l ~ 
...!...!- = R R 

- ..( f) = (k~) ~ 
- R 

P is the power supplied by the tubes, 
10 is the current in the thermol;ouple, 
and II is the meter indication. Notr 
that the power is directly proportional 
to the meter reading. 

This means that if the proper values 
are chosen the instrument can be used 
as a direct reading waUmeter. For 
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that television is ready for the marke~. 
ilt least in its appeal to the experi. 
menter. J\lready there are radiovisor 
and television receiver kits on the 
market. One Boston manufacturer of' 
television equipment has started mel'
chandising television equipment through 
the KI'esbe chain stores with fair SIlC

cess. Another nnnufacturer is ready 
to go after the mail order and jobbing 
trade with a complEte line of ready-to
use equipment, kits and parts. I-I OW

ever, television does not enter into the 
regular calculations of the average SCI 
manufacturer, since it will ha\'l.; flO 03r
ticuldr influence on his business. Te1e 
vision will be kept as an entirely sepa
rate development ::Ind merchandising 
proposition for a long time to come, 
although the more progressive set man
ufacturers will certainly find it to their 
;:pdvantage to get in 011 some of the 
television business ill the very near 
future. 

There is plenty to draw upon in pro
viding our 1c)31 radio sets with a fresh
ness and apP c;l1 that will coax a tight
fisled public to invest its mOney in new 
I'adio equipment, to be sure. -

example, suppose a thermocouvle is 
used, which gives full scale deAection 
with a current of 2,5' milliampel'cs 
passing through it. Suppose al so the 
sca Ie is gTaduated uni f ormly from 
zero to 200. The value of k is then 
200/ (2.5 x IO~3)' or 32 x 10'. Sup
pose also that R is 4000 ohms and that 
it is desired to measure powers up to 
20 watts. Then the value of r required 
is 

~PRk _ JZOx4000x32 x H)6 
r= ,j - " 200 

=113200 
In order to be exact, the resistance of 
l~le T.G. itself should be d~ducted from 
this. In the prescnt case it was 5$0 
ohms, which makes tne required value 
of r equal to II2,6so ohms. A read
ing of 200 on the scale then meant 20 

watts; a reading of IOO meant 10 
watts, and so on. Note in Fig. ro, the 
large blocking condenser, required to 
keep direct current from the B supply 
out of the thermocouple. 
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I ANTENNAS I 
g In' the April issue of RADIO ~ 

I EN GI NEERING will appear an i 
c instructi ve article on radio m 
~ antennas, dealing with design I 
i and with transmission require
I ments . _ 
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By R. B. STEELE * 

1IIIIImm~~mlllllmmllmlmrlmlllllll lll~I~~II IIIII~lml ll lJ11111111 1!lmn11DiI 

The introduction of carrier 'current signaling in modern 

service by the large commercial telegraph companies, 

brings vacuum tube engineering and communication 

engineering closer together 

W
E speak \OU;}y oi ~he many 
illve:lII~lIs broughl al?olll by 
lIlan s II~qtlable deSire fOI' 
specII, for speed in making 

h 11 • for speed in doing thi llgs- for 
I' " in getting from one place to an

I h. " ior speed in collecting and dis
I "lul u;; information. History tells us 

II ,! Ih i ~ desire for speed is not !lew 
.. II I h1\1 it is this desire, eXIsting even 
, I,,, \ I'he days of written records, thal 

" l' ''l\~i ble for telegraphic communi
!,;Il. 

I hl" "arliest legends tell us of the dis
i · 11 ''' 1 it'll of in formation by word-of
!" , ,1 \ I , lirst in the form of what we 
1 . : fI t Irlay rumors and later, when 
I \ •• ' (1t;linit.e requirements arose, in the 
rtl! I ' ; "f definite messages conveyed by 
.1 fd ,, ' l."i v appointed messengers. These 
II ' " 1( 0;1' 5 were first on foot, but later 

11, . \1 interests of speed were mounted. 
I [ ,\ " :11 111:: the day of the writte)l mes

\\·hit:.h could be handed from aile 
, lIll .; r to another and r el ays of 
"' '' h: .) r~ lVere used. But, evell a re

I , £1 n1!;Ssnge carried in the fastest pos-
Ill!' 1IlilllllCr was too slow and SOOle 
.:11' '- lIl1lllmication engineer, if we 

II,· 1(' rill him such, conceived the idea 
t ''' IIVI' yilll;" messages by' means of sig-

1IIIIIIIIIIlllllllllllillilllllllllllllllllllllll1111 1Ilmllllllm)lllllmIIIIIIIJIIIII I II!I~ II[llllllilmll!mlllllm!rum 

na fires and colullllls of smoke which 
could be observed from it distance. Sig
nal s so conveyed were infinitely fa ster 
than the best mounted messenger Rlld 

this scheme oi signaling by means of 
fires may be considered to be the fi r st 
telegraph. 

Signnl fires took'tillle to bUlkl , how
ever, and the numbe r of signals th,,~ 
could be conveyed by th is IlleallS WiIS 

limiter\. Other schemes were worked 
oul in the attempt to increase the speed, 
Ilexibility and reliability of these early 
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It:kg-rap \ "Y::,kll"ls :lIld Ilr t.:~e ~Chellle$ 
r;lllg·l'd :111 !t il; \\'a l' iron l .l!" rl)\lp~ 0\ chill'
;\ ct~rs ',1' lei t '1'$ .' $1;1 up a ll hig h point s 
whert: tlH! 1" <:I) t llo.l be uhs · rv r.;oJ 11'0111 a 
d istallL:C . l ~ l ig- h l s i.'f ll: d ~ .. JI. ,.:.; :: ~ 1I 1,J 1" -
ctl l i; Il' windlllills wiLh .l dj u tau!.:.; ,).!'m·'. 

One ,)1: th ,: ,;:.l'i i,jSl I,;J..:;: I·" I' '' ~ " r 
which lI"e 'h , II" ! 11 ( 1\\' ;I, d i '·C <;I. 1" ' 111",· " 11 -

tative, \\·;\S a ~y ~lt, 1 1I of IhI; ~ i :'l. I1 ~1 i,l
troduced abollt Iilc i1l i d ,l l ,· " i Lh' ~ ,; , ·r.; I1-
teenlh century bv ih t.: D II !t. · n i Yr ll' l: 
(a fterwards ,t"71 I1l ;S .It of J':: II." I ~lIld ) lI' h" 
lViiS <II thaI time ;1<1 111 i 1':1 1 " i till; 1':11 .:
lish Hee t. This scheme \Vii il1l r .. ,JII ,oo;d 
for th e purpose of t1 ircc l i1lg' 1·1t , 111 ;1-

lIocuvrcs of (he fleet alld Il tfldilica l ir ll$ 
of it rlre still in use in practir ,dly all 
11;1I'ICS 111 the world. 

ChappEl' s Telegraph 

OLC of the 1l10<;t sllccessful of tit<' 
tek5'raph systelils of the pre-e1ectrioi 
era made lise 0 f a mech.1l1ical device 
cOllceived a nd bllilt by two F r ench co:
lege boys. The hoys, C1allde and Ignace 
Chappe were attending a college at 
wh ich they lived and s tudied in cJifterellt 
build ings and where the rules forbad~ 
COllHIlUllication betwee l tile reSIdents in 
(hese di fferent build ings. As college 
boys do even today, they resented this 
rest riction and set about fine jng a way 
of getting :<rOUlld the rule. Their ef
forts resltlted jJl the consh'uction in 
J 78" of a signaling device consisting of 
a horizontal anll mounted on the top of 
;t po Ie: ;l ltd eq ui pped with two 11), \Va ble 
;lrnlS, olle of Ih ese hil~gc{1 to (.:ach el1d 
of the horizoilial arm ill Stich mal1l1er 
that the tlVO I\lovab lc :lnl1~ could be set 
at various angles with respect to each 
other and to the horizontal arill . \,vith 
this device the oror'lcrs were a.ble \0 
make nearly 200 distinct sigl~:t1s and by 
means of two of these devices, each so 
displayecl as to be visible [0 the other 
building-, and a pre-arranged code, Ihey 
were aJ;c to carryon conversations . 

This telegraph system of the Chappe 
bru :hers was so successful that about 

. ~~ ' '''i it,,,,--I-. :. . " ' ,\ " 

!;!."1;: ::wr-
." 

Fig. 1. Type e carrier telegraph. Essential elements of a single ehannel 
terminal. 
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1794 the French government adopted it 
and retained Claude Chappe as chief 
telegraph engine(! r to set up an exten
sive system of these semaphore stations. 
A modi fication of this semaphore sig
naling device is in use along many rail
way tracks today for conveying a sim
ple set of signals to the l.ocomotive 
dri verso 

It is (,stimated that signals could be 
made <It the rate ot about 2 to 5 words 
per mi nute using eillln the flag system 
of the Duke of York or the semaphore 
Ilcvic!! .of the Chappe brothers, and s ince 
a code was used with both of these de
. vices ::tIlY desi red message could be 
transmi tled . But they, in common wilh 
all the other schemes of the pre-electri
cal era , depended upon good weather 
conditions, or good visibility for their 
successful operation and the distance 
over which signals could be sent was 
limited to the distance the human eye, 
aided by a telescope, could see, unkss 
relaying was resorted to, which m<lteri
ally reduces the speed at which a mes
sage can be transmitted. 

About 1729 a discovery rdative to 
electricity, was made which (Everted the 
efforts 01 sci t: ntists from the develop· 
ment 0 f mechanical or visual lelegraph 
systems to telegraph sy~tems makillg use 
o£ the force electricity. The first elec
tric tel egraph system was proposed ill 
1753 .. ThiS system which will be de
scribed later was impractical and, rec· 
ords indicate, was never tried oul. The 
first practical electric telegraph scheme 
was proposed about 1820. You WIll 
note that evell at the time tIl\: Cha ppl 
brothers were introducing their visual 
system, the development work on the 
electric tel egraph was taking place. 

Stephen Groy 
The progress of the development 0 f 

the electric telegraph lllnged upon a 
)lumber of d'5covenes. In 1729, 
~tephel1 Gra)' dIscovered thaI the in
Illlcm:c of elec lrlclty could be conveyed 

11IIiillllllllNNmiUliumlllnlll1llllllll111 

Fig. J. Panels for 
carrier system. 
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10 a distant point by means 0 f an in
sulated wire. Between 1767 and 1800 
scientists including Galvani and Volta 
discovered the phenomenon connected 
with the voltaic pile amI constructed this 
de vice for providing a sustained sourc<:: 
o ( electri cal energy. J n 180s Ro
rnagnesi discovered that a wIre carry
ing an electric current is capable of 
deflecting a magnetic needle. In 1820 

Schweigger discovered that if <l coil 
of several turns of wire carrying a cur
rent is placed around the magnetic 
needle the ddlecting force is increased. 
In 1825 Sturgeon di sc(,\·ered that a bar 
of soft iron was rendered temporarily 
magnetic if surrounded by a coil of wire 
through which an electric current was 
passing. About 1830 Joseph lIenry 
worked out the de, ign for electromag
nelS 5uitabl<.: for responding to currents 
received over telegraph lines and abom 
1833 Gauss and Weber disconred that 
they could transmit telegrapb signals 
oyer a line lIIaking use of induced cur· 
renls produced by the motion of a coil 
of wire surrounding a ba r magnet. 
These are probably the fundamental dis
coveri~5 upon which our presenl electri
cal communication is based. 

At the time of Stephen Gray's discov
ery, stalic electr ici ty , togethe r with the 
means of gCllerali ng it a11<1 of detectiq; 

If\Mf\IW QnAn n n nnn nnnnnnn nn OJ\OltnnnflQn nwoonnnnonnrtooonnn non nn 
UO uOIfUUO u1fu1fu11UlJU({\(Ulf1JiJiJ u lfu~uuv V Oil lfuvuOuu U uu Iftrv llU trlfuu 

CUlUEII tUllAJlI;~ 

-4IlN\MlWn nnnnnnnnnnnn1l0nnOQllM nOllflnnflfUlfifi 
. 11u Ouumruuu~:UUlfuul{uuuuu OulfOlmuuuu 
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F'g . 2 . Type 8 carrier telegraph. Modulation ~nd demodulation . 

RADIO ENGINEERING 

its presence was known. The generat
ing device was the electrophorus and 
the detecting device was the electro
scope. It was perfectly natural, there
fore, that the f, rst proposal for an elec
tric telegraph should make use of such 
electricity for the operating energy and 
of the tlectroscope for the indicating 
instrument. The proposal was made by 
Charles 1\'lorri50n of Renfrew, Scot
land, in 1753. Morrison'5 scheme made 
use of one line wi rc for each char
acter to be transmitted, 26 wires in all, 
the transmittlllg operator eleclri£ying 
the wire associatcll with a particular 
character and the receiving oper" tor 
knowing the character being sent by the 
response of a partIcular electroscope. 
It is estimated that messages could be 
transmitted over this system at the rate 
of about 6 words per minute, which is 
a speed 0 f about '2/10 words per minute 
per wire. 

J orrison's scheme was followed by a 
series o( similar schemes proposed by 
other scientists. These SCllemes made 
use eith C: 1 of the elec trophorus and the 
electroscope, or, la te: , when t:le devices 
became a\":I :lable, of the voltaic pde and 
the galvanoscope or galva nomerer and 
still later of the dyna mo electric ma
ch ine Jnd the eleclromagnet. Many of 
these schemes were quite interesting a11d 
some of them involYed rather novel 
tea lures. T ime \\"ill 1I0t permit of a 
complete descriptioll , bu t I will point 
out the important features of Some of 
these proposed schemes. 

Ronalds' Diol Telegraph 
In 1816, Ronalds proposed a schellJe 

making use of a dial at each 01 the two 
stations, the dials rotating in synchr,ln
ism and ex poslIIg to view, one al a time, 
., list of elta r~cters r equired for the 
transmissioll oi a message. T he dIals 
were rotated once a second but other 
hl1li tat ioJls o f the syslem held the Ir ;\I1S

mission speed do\\'n to the rate of about 
5 words a minul e, wh ich however, was 
over one line w ire. 1l1is was the first 
S~ he IIle proposed lIlak i Ilg us e 0 f I he 
S )'nch rOI1Oos opera tioll 0 f UtI) 1 S at the 
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fl i ions, Tn 1820. AI\lpere pro-
,. \!l [I ~ystclll quite silllilar to that of 

• 1I ' ~(o l1 '~, requiring OIlC wire for each 
, ~I " ( the alpha bet, hut llla ' ing' use 

' It 111, ' l lie ll available voltaic pile and the 
""tr<l "J ~Cllpe, The notable feature of 

' J!I" '(" ; ' ~ scheme was the use of a 
, . , ,, ",ilting keyboard, consisting' of a 
u ,'" rI , ~ ,. " i keys one fo r each character 
' I< I," (1 ':IIISlnitted, a r ranged ill t lte sallie 
j; " ' '' ' ' ,' as the keys 011 a piano. Because 
.. IIII' keyLO<ln\ and the faster operat

' ,'! " '1 11iplllellt used, Ampere was able to 
I .. II ,,' Morrison's speed and to handle 
, 1." ,, 1 II) words per minute over hi s 

' Ill, However, since Ampere used 
~1 "" ·r, wires, the speed of tral s m issioll 

(lilly abou t. 4/10 words per millu e 
i' I \\' ;rc. 

I " 18;\2, Sch illi ng proposed a te e-
1 ' LI, I, scheme wh ich with nodifications 

l' " il11 provements is still ill use today , 
I h illi ng 's scheme made use of the vol

I " , pi le and tl e galvanoscope. A Si ll 
I" II ltc wire was p 'oposed and was 
jl ' II'i',;d wi tl] a s ingle galvanoscope at 

ql ( ' ~ l' i ving end , Signa ls were han
.\1", I I,' llleallS of a code alld th e novel 
! '1 1" ' 1.' o( Schilling's ~ystel11 is that it 
," I" " I he of current r ever sa ls, the Cllr-
0' II I Ilowing first in olle eli rect ioD and 
j " ' " ill the other over the lil\e wire to 
; \ j ill (hc signa ls , \Vith the codes then 

1, lln bl e it is doubtful whether mes
,,", ' . liTre handled over Schilling's sys-

• ' " ,I I' speeds greater than about 10 

,,(',1-: pCI' minute, bllt this was over 
" .. . lill (; wire and was, therefore, quite 

' 1' forward. Such polarized siO'llals 
'll,' \' llIp loyed ill IllOst of 0111' present-day 

'11 , h ~ p eed telegraph S)'stCIllS, In 1831, 
I, '11'\' was able to construct some dec-

~ , ,, ' '' r;~llets, based on Sturgeon 's disco\'
' )' of " few yeal'- previous, and to him 

,hl l, '1lhlCdly belong's the credit for set
l",: lip th e first system m aking use of 
'" "lcdI'D magnetic rece iving device. 
I 1 ' \ "I' y' ~ teleg raph receiver looked llluch 
Id'l" :1 present-day single acting bell and 

d , " ~I \I .v rang out the signals when COI]-
", ,.j ed to the end of a rela tively long 
hd" 'I'a lory line. 

Morse's Invention 

In 1837, ),:[ol'se patellted a fortn of 
self-recording, ~:ec:rof1)agnetic tele
graph and because of the publicity h is 
invention received he became known as 
th e " Father" of the telegraph. Morse's 
original transmitte r consisted of a set 
of blocks bearing' vanous nUlllbers of 
pl'Ojecliolls 011 Dlle surface find a. con
l:lct making' d evice th rough \V!tic~l t'le 
hlocks were passed to open and close 
the circuit . His ol'iginal recording re
ceIver consisted of it pe",dnlum, bearing 
a pen at the lowe.' end, and so sus
pelldecl with relatIon to all electromag
net that when the magnet was energized 
the pendulum moved. A strip of paper 
was pa ed under t:1~ p'_'n by \\leans of 
a clockwork mecha,,[stn and the strokes 
of the pen recorded the signals on th e 
paper as the pendulu m moved, i\'lorse 
proposed the use of a 1lI1l1lbered vocabu
lary in connect ion with his instrll1llents 
to serve in interpreting the si gnals re
corded on lhe tape. 

To assist with the worK 01 patentIng 
l: i, inventloll , i\{orse entered into an 
agl'('e lllcnt with Alfred Vai l and two 
other~ by which they were to share the 
expense and labo r alltl likeWIse the re
tUfns on the inve11lioll. Vail took hol d 
of the telegril ph and in short oreler so 
imp ro'ved Morse's instruments thtlt they 
<I re still in u e today ior the manual 
transmission of t he Mor~e code wilh 
only minor changes and refinements in 
des ig l , Vai l w as also responsible for 
the improved code known as the A meri
call Morse code. \Vith this code and 
the teleg' raph system set up by Morse 
an cl Vail, it is probable that good op· 
crators could h andle messages at the 
ra t.e 0 f :20 to 25 words per m inute us ing 
a s ingle line wi re , Subsequent improve
mcnts have illC 'eased thi s speed to a p
proxi m ately 3: words per m inute. 

In E nglanel, Schilling's telegraph sys
tem \Vas later improved by Cooke a ld 
\~'he" tstone and becanJe the standard 
telegrnph system of the Continent. A 
somewhat different code was u sed w ith 
it, the Conti nental code, and it is ca pa
hie 0 f t r ansm itting messages at the rate 
of approxil11ately 20 to 30 words per 
lIl inute, 

Ear ly in his experience with t rans-

IUOU,II ~lGII1lUI II" fill ,UUIll[~llIU';'I,1C 1II 
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)111 ~ .' I"" U\'('" :I lilll' (11 cllit, Morse dis
cell'.; re' { (lt ~ l l ~ ;) li s I.1c t()ry tran smission 
C: " llld b<: ,, \)I:, iI11;11 (,u ly ol'er li lies of 
limit cd kll.~ lh :111 ..1 {k,t if a longer cir
cuil \\'a ~ t .. I .. : \\" ) I'k,, <1 ,')II IC Il II: :O' :-; /)( 
repea l ing' ~~ i f,li:l l ;; II' II I (> II!; ~(!di o ll nf' 
t l e li llc (n ;lll" th<.' l' !t rill (II bc; .kl'i scti. 
Such ;l l'I:I',;;1 1('1' , Ir .. k, y )d'''\\' Il :\ the 
~illg- k line [' <: 1'1;:'1 \ ' I' , \\': ' $ fll',<t \I ': '" b.1' 
Mor,e ill l)):;8, 'L'h i$ IV:I:: :1 ,; I' ucl' d.~
vice and n:f] lIi I' e d lit,; :1(1<; 111 iVIl " f , III 

operator wh l\~ (, dll l.v il w,,:; I , Il,r'ow 
a switch wh ich I'cl'(; r '~d I ii , di n.: I i, II 

of the repeater ;,1l.1 1)~l'Il1illl;d \10 , r '. 
ceivi ng operator to 1:.11;: b:H:k to t it' 
sending' operator. Tlti~ 11I (;(,; lia lli l,;a l 
switch was not eliminated 1IIIIil a\:olJur 
,855 whell a scheme of I chtp W:I ~ 
worked out, w h ich permittcd t ra\l~lll i .'i. 
sion ,of telegraph signals ill either !Ii rl;'~
tioll throllgh one of th6e rellt'·Il'CI' " 
Th is repe;Jter is importa :l ~ mail: I," I,,· 
calise it elilllin<ltes the manual rel;IY;ll>: 
of messages at the end 0 f each seel inll 
of line. Manual relaying seriously de
lays th e transmissi o1l 0 { a rllessage, 
multiplying the time required fur the 
in itial transmission by the number of 
line sections, or, to provide a concrete 
example, effectively reducing the rate 
of transmission from 2S to 8 words per 
minute on a message handled at two 
relay points. 

Duplex r elegraphy 

A "el'y important step in tel egraphy 
was the employment. of one lil1e wire 
to cOllvey more than one message at a 
time. 1\ solutiol1 0 ( the problem of 
t ra IlSI11 i tI i n,!; t IVO Illc:;sages si Illultane
ollsly, one in each d irection, \Vas attemp
ted lw Dr , \V m. Gilltl, of Vienna, in 
I8S3 , 'and later 1.Jy seve ral others, None 
o( t he methods proposed were satisfac 
tory because they a ll left ou t of account 
t he elec r ostatic capacity of the line. It 
rema ined for J. B. Stearns; of Boston, 
t o take th is fea t. me into account and 
arri\'e at the correct soilition, in 1871. 
The b!l. lancing scheme ((sed by Stearns 
to take care of the line capacity is 
st ill IIsed today on lalld line teleg raph 
ci rcuits . The duplex set effectively 
doubles the speed of transmission of a 
circuit since it permits the $iI11111-
taneOllS transllI ission of two 11lessa 'cs. 

l & 

_1/ 
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The Quadruplex 

Jext Ihe prohlelll oi sC'nd illg' two 
messages ill cach diH'cl iOIl \l'a ~ worked 
out. This i llv olvC'~ Ihe , illll!llall eO\1S 
r;nlsillissioll o [ t WO I ll('~S; lg't'~ ill the 

sam e di n! l'li<n1. Dr. G inl ) abo tncklcd 
thi s I'rObll.' IIl , ill l OS:), Iml \\'ithout 
ma rk ed $l1<:ce"$. Ti,l: Ii 1',;1 slIccessfu l 
",dhl,d IVa , \Vorl, cd Ollt hy Edison in 
,874 a ll d h i~ lIIt'llwd, with som e Illodifi
l' a lipn~, i~ ~ I ill " sed. III 1876, Gerril 
:S llli ll, 'Jf lhe \V <:~ I(:r11 Union T elegraph 

.:Olll p;ltl.l' ill\'(:1I1,:d a system and ll is 
srl ll'l1 lC:: I,, '( all": klloWIl a:; the\Vestern 
'LIl li'.1l ~1:1 l1 dard qlladruple.x . T he quad
rup!.: '" '; ((('(' Ii vely Illultiplies the trans
'l1i .~i i,_" , ~p C t'd ovcr the line by fou r 
:;.i llc,: it I'ni lli ts the simultaneous trHJlS
lII is"iC) ll o f fo l1l' messages, two in each 
di I'efl i ') 11. 

QlIad r llJlkx s)'stems, howeve r, have 
lal1l l s a lld ,Ire Ilot ed fo r th ei r e r ratic 
~h; 1 i(> 11 ill times of bile! weather. 
Til i.'; fact, togethe r with an urge tor 
still )Jrea ter speed of handling messages 
')I'e l' tlte tel egraph li lles led experimcn
tns 1'0 wor k a long the lines p roposed 
by l\·Ioses G. F armer, of Salem , 
il'l a~s., in 1852. Fa nner's scheme made 
l1 ~C of a COllllllut ator arra llgement 
which cOllnected the li ne circuit su c
cessively Lo a number of local circ.uits 
and la te r beca me know n as a JlIult iplex. 
A s il1\ ilar and lll uch improved scheme 
was proposed by P. B, D elany, il 
Al11erica, ahout 1888. Delany's scheme, 
ma k ing use of br\1shes rotat ilJg syn
chl'ollously over Ihe face s of COmIllU

tators :11 each of the tlYO ends of the 
line, perlllitted as Blally as SIX operators 
to transm it messages si multaneously in 
each di rection. If each oi th ese opera
tors worked at a spt,:d of 30 1Y0rus per 
!lUllute the system \\';\s (,;; pahle o[ trans
ltlitting 180 words per :lJi:l!..lte ill each 
eli l'ectiolI, or a lotal of 360 wor~!s per 
minute over a sil'gle wire. To atlai:l 
this speed , however, 24 ' Iper;\ tor3 
exper ienced in the Morse cocle were 
requ ir ed, 6 ~ elJ(llllg and 6 recei villg at 
each en d of Ihe circuit. 

Printing T eleg raphs 

Sometime aiter Morse patented l:ts 
tel egraph, a dIfferent type of te.legraph 
system was brought Ollt wh ich per-
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w itted all opel'~ lor :0 type the Illessage 
on a keyboard a ml provided for the 
recept ion of the message at the other 
end hy actu<ll1y printing or typing it 
out on a tape or a sheet ot paper. 
These systems were knowlI as print
ing telegraph sys tems lJccause of the 
particular method of recording the 
messag e at the recei ving end of the cir
cui t. T he fi rst o f these pri nting tele
gn1phs was paten ted ill 1846 by Royal 
E. H Ollse of Verm ont. This sys tem 
was first inlroduced commerc ia lly be
tween N cw York and P hiladelph ia i 
March 184<), and could hand le messages 
at the ra te .ot about 43 words per 
min ute T h is speed \Vas obtai ned over 
a single l ine wire, hut transllliss ioh was 
effected ill only olle direct ion. A IIUIII

bel' of other printing tel egraphs were 
h roughl forth, all similar to tbat of 
HOU>2, but in 1875 Phelps introduced 
an innovation ill printing telegraph 
scher:Jcs which consisted o{ the inclu
sion of all electric motor in the prInter 
ilsel f to o perate printing Blechal: i 5111. 

T hi s electr ic IHotor replaced clockwork 
nlecitanisms of earlier models anc! our 
Illost model'll present-day printing tele
gTaphs make use of a similar electric 
motor for the opera tion of the printer 
IlleciJanism. 

Multiplex Telegraphs 

In 1900 a frenchm a tl, Baudot, 
brought out what was termed a lllulti
plex printing telegraph system . Bau
dot's Sl:,lCU:C made use of t'le printing 
;~kg-raph, of the multiplex proposed by 
F ,(rJller and of the uuplex, thereby per
mitting' the simultaJleous operatIon of 
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six pr inters in each direction over a 
COIllLllon line wire. The printer itself 
differed little from oth, r model s, but 
the keyboard was a simple af: Jil' mak
ing use of ollly a few keys <In(1 requir
ing the knowledge of a code on the 
pa r i of tb e tr'U1smitting ope ra tol· . T lle 
printers wel e capable of operatIng at :l 

speed of 30 words per minute and at 
this speed a total of 360 words per 
minute could be hall(Jled over this sys
tem. The Baudot system was little 
improvement over the Delany system 
as both requ ired operators having the 
knowledge of thei r respecllve co(Jc~ . 

Ba udot's 'sys tem was really the fore
run ne r 0 f our presen t-day high speed 
multiplex telegra'ph systems, w hich 
however, as used in the pla n t of th e 
Canadian National Telegraphs makes 
use oi somewhat di fferent equipllJellt . 
Our lIlulLi plex system lIlay be said to 
be based on the m ultiplex introduced 
ill 1888 by Delany a nd consists of 
a four channel mUlti plex circuit 
operated il1 COI1Juuctioll with 8 start-stop 
lVlorkrulll printers, 4- working in 
each di rectlOll. The M orkrllHl printer 
is one of lhe more mode rn o f the 
priuting tel egraphs. Approximately 50 
words per minute C.1n he handl ed over 
each printer ci rcuit and this prov ides 
a transmJssion speed of 200 words per 
m iuute in each direction 01' 400 words 
pCI' minute for the system and does lIOt 

rl~quj re opera to r s trained in the 1\'101'5<:: 
or Baudot code. 

C.:mier Current Telegraphs 

\Ve have discusst'li the various 
I:evclopment phases of the electromag
netIc telegraph and have endeavored 
to descr i be some 0 f t l' e 1'1odern , hi g h 
speed forms of lhe tck;;raph. T he 

e1 egraph equ ipm ent so far described is 
known as direct-current ~qllipmellt be
cause of the fa c t that it makes use 0 [ 

eli rect-current line 5(.;-n31s. In adclitioll 
to the hand speed J.VJorse Circuits and 
the high spced prj Illcr ami mult iplex 
ci rcuits , we have in the plant of the 
Canauiau National Telegraphs severLlI 
types of carrier telegraph systems, 

The carrier telegraph system is a re
sult of discoveries made about 1886 by 
E lisha Gray, Bell, Edison and others. 
A simple experiment in physics consists 
of the setling up of three tuning -forks 
a short distance apart on a table or 
bench. Two of these tUl)ing- (orks are 
Cldjllsted to exactly the same frequency. 
We will call these forks A and B. 
The thi I'd tuning- fork , C, is of some 
di ffe reu t frequenc)" not a harmouic ot 
the frequency 0 [ forks A a nd B. Now 
i I fork A is made to vibra te, ill a 
few secon ds fo rk B w ill of ils Own 
accord start VIbrating in response to 
(he impulses I'eceived through the a ir 
f rom fork A. Fork C be ing of a 
differen t frequency rell·:tillS ill i\ lion· 
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l'lIollll llljl I'ollciilioll. C;l'ay IIsed in his 
1111111101111- 1I''''j{raplt, the first carrier 
1'.["111'111'11 ~y~Il' Il1 , this principle o f 
_ ~ IIIPIlI"I't it' vihrat io l1 of tlilled reeds 
HI 111,1(". Al lhe Iransmitting end of 
111_ ~~'~ I("I II he sct up three vibrating 
I "I ~. rlll 'h ('quipped with a contact to 
"1'.'11 II I1I! (' Io~c a circuit carrying an 
,,1"1 Ir lr I'lIrrellt. Electric currents in
It" IIII'll'" at lhe three di fferent fre
'111~11I'1(' . o( these t uning-forks were 
11111I'llIlttrcl llver the line to the reeeiv
IIiN "11.1 where the signal impulses ·were 
11111 d.· III operate on simila r tuning -forks 
"I tllllrd recds through electro mag nets. 
11101'1(11101), the r eceiving f ork in any 
1'1111 kllill r chan nel would respond vnl)' 
III l'll f> IlI~('s f rom its pa rticular sending 
I"d. III Ihe distant end and telegraph 
. tU.' \itl~ illlprcssed on the carri er cur-
11'111. I;\'ncralcd by the tuning-forks 
,,,111 01 thll s he transmitted over a line 
, 11'1111. TUllcd reeds were u sed at the 
1" .. II'lllg t \ lItl in place of tuning-fo rks 
I,,·, ,111"1' of the more rapid response of 
1111' I,·,·d ~. E ven with the reeds, h ow
I \ "I. thi~ system was sluggish and 
ol WII,.11111.' WitS at a low rate of speed. 

t\ 1111111 J 892 several investigato rs, 
1'1I1lill, lilltin and Leblanc, and John 
tIl 11111' IlId('pendently invented about th e 
",11111' ,IIl1e the electrical method o f 
",It'I ' Illlll of carrier frequencies. These 
III Vt'.lllI' lItors conceived the idea of 
II-111M 11I1H'(1 ci rCllits, including- capacity 
Illul I"ductance, providing two tuned 
<-II "II IIM for each chaJlnel, one at the 
111111. IIlI " ill~ end and one at t he re
"II·1t11l I' lld. T he tuned circuit at'the 
II "II_lid" ill l{ end prevented the tra ns
"d~.I II II o( all freq uencies, except the 
,llIllIlII'l (rccjllency, to the line and the 
.. I" , lit Ihe receiving end prevented 
II". 1"1"1'\11 iOll of all fr equencies, except 
I I" . .. 1I:lIlllcl frequ ency by the channel 
I ... "11'1111( circuit. 

III lK')4, J ohn Stone, at, that t~me 
II II It Illl' !\ Illerican Telephone and T te
.. I Ill'h ('l)lllpany, started development 
Will k wltich, w ith later contributions 
Itlnd,. hy others, resulted in the instal
I"HIlIt III 1917 of a fo ur channel expe ri
II tl'lIt It I l'ltrrier t elegr aph system, Tbis 
" . I'I,dllll'lltal system was operated be
IW.'fJn ( :hicilgo, IlL, and Maumee, Ohio . 
I WII .I'l'III'S later, in 1919, the first 

IlIlItllll'I'l'ial car rier telegraph system 
It 11_ 1'11\\'cd in service, a 10 channel sys-
11'111, h('1 ween Pittsburgh and Chicago. 

~1/l.lIl\' General G. 0. Squier, of the 
1'"llt'd S lates Signal Co~ps, in 1910, 

11111'1",1 011 experiments with carri e r 
, III rrnt ~ . Using high ft-equencies o r 
I I ~.I"rlldcs in the radio rang e a nd 
1i_lnl( lllrgely r adio equipment he sue
""Ib flllly operated carrier systems over 
1I·I"t I vely short telephone lines. 

Shu'c the installation of the first 
(·""lIllrrcial carrier telegraph system by 
111(1 AlIlerican Telephone and T elegraph 
( '41I1lJlnny in 1919 a considerable amount 
lit dovelopment wor k has been done 

with the resull that today there a re 
severa l lypes 0 f highly efficient carrier 
teleg raph sy~tellJs available f or use. 

In the plant of the Canadia n Nati ona l 
Telegraphs t.here a re two types ot 
ca rriel' telegraph systems, one a 10 

channel system and the other a 1 2 

channel system. The 10 cha nnel sys
t em makes u e of alternating currents 
of fr equencies rang ing f r om 3 ,000 to 
10 ,000 cycles and provides 10 t wo-way 
telegraph cllannels over one pair of line 
wi res, The second or 1 2 channel sys
tem, makes use of alterna ting currents 
in the range 4 00 to :2,300 cycles. This 
system requi res for its oper ation two 
pairs of line wi res and on these two 
pair of wi r es provides 1:2 two-w ay 
tel egraph channels . 

You will observe that one of tbes 
s)' tems ma ke, use of very much high r 
fr equencies than does the othe r. The 
al ternat ing currents, or carrier cur
rent s as we call them, used on the line 
wires a re quite small and require for 
their success fu l transmission specially 
constructed line circuits. The require
ments in connection with line fac il ities 
for use with carrier telegraph systems 
become more seve re as 11 1g ner car n er 
fr eq uencies are used. The line require
ments of the 10 channe l system, there
fore , are much more severe because o f 
the high frequenci es used tha n are the 
line r equi rements of the 12 channel sys
t ern and for tllis r~ ;lson we can afford 
to u e th e tW( : line ci r uit to obtain 
the equi valent o[ 6 two-way channels 
per line pair with the lower frequency 
carrier currents. 

The CanadIan ~ ational '_'elegraphs 
is now installir,g and eXIJcds to place 
into op eration shortly a third type of 

~1I 11 1111 11n1l1l11111111111111111 11 111mUn1l1l111 
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carner tel eg raph system using st ill 
hio-her ca rri er hequencics than does 
the IO channel system and this system 
is expected to pro ide 24 two-way tele
graph channels on one pair 0 t line 
wires. 

Combined Telegraph and Telephone 

A feature o[ th e e carrier systems 
lIot previously mentioned is that thei r 
operation on th e line wires does not 
prevent the use of these same line wires 
for .othe r services. We are now ob
taining a voice telephone circuit and 
two direct-current telegraph circuits 
of the simple Morse type from the 
same pair of line wi r es that is used to 
handle the carrier currents of the 10 

channel ystem. The same additional 
communication facililies will be obtain
able from the pair of line wires u ed 
in connection with our 24 channel sys
tem. Because of the carrier f reque llcies 
used by the 1:2 cha nnel system, a tele
phone circuit cannot be operated over 
the same line wire , but one direct-cur
rent t eleg raph circuit can he operated 
over eac h line wire making a total of 
12 two-\\'ay carrier telegraph ch annels 
and 4 two-way di rect-current tel egraph 
channels obtainable fr om the 4 li ne 
wires. 

The ca r r iel' telegraph sys tems pro
vide a transmission ci r cuit for tele
graph signa ls equivalent to that pro
vided by a high g rade copper wire 
circuit. 'a eh one of the tel egraph 
channels is, th erefo r e, capable o f 
handling the s ignals of one 0 f the high 
speed autOlnat ic t elegraph systems and 
we are 1V0rki ng today four-channel 
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multiplexes operating at over<:lll speeds 
of 400 words per minute 011 many of 
the carrier tciegraph channels. Now, 
if we cquip each of the two line wires 
of a pair with a four-chanm~ 1 mulli
plcx, lin: totOlI sig]\al speed obtainable 
over the pair would be 800 words per 
llIin\lte . 011 the oilIer hand, if w\; eqllip 
this pair with a 10 channel carrier sys
telll IV\.: can operate the line wires 
Ihelll,clves to obtain a transmission 
rate 0 ( 120 words per minute and by 
(Jper~ltillg a four-chann el multiplex on 
each carrier channel we can obtain a 
tolal of 4,000 words per minute over 
t'hc carrier systeill, which makes a total 
of 4, (20 words per IIllOute lor the pair 
of line wires or 2,060 words per minute 
per wi re This appears to me to be 
quite an appreciable increase in trans
mi "sion speed over the fi ve words per 
minute possible with the fl ag sig nals or 
the Chappe semaphore described in the 
first part of Ihi s paper. The use of the 
24 clwl1llel carrier telegraph system 
WIll provide an evclI greater speed. No 
one knows when we will cease our 
endeavollr to obtain still higIter speeds 
o( COHllllllllic<ltiol1, bllt YO\l may rest 
assured that we have by 00 IllCall S 
reached the lill1it , and the Ilear future 
will see fu rther improvements in tele
graph service making for still greater 
speed ill hallcliillg messages. 

T hese amazing increases JIl the speed 
of handling telegraph mcssages, brought 
about by th e lise of the caHler tele
graph, lIlay Illake one woneler, perhaps, 
as to just what th is carrier telegraph is . 
"lNe hav e already ind icated in describing 
the expe riments of Elisha Gray, the 
general idea upun which the carrie r 
system is based. 

The [0 ehal\oel carrier telegraph 
system rc fe rred to previously is known 
as the Type B. oi' high frequency, 
ca rrier telegraph syst em. It consis ts 
of fa illdi vidual transmittillg and TO in
dividual receiv ing circllils at each end 
of the line and for the transmissioll 
of signals over the 10 two-way channels 

twenty different cartier frequencies are 
provided. The use of twenty fre
(juencics is nec;essary in order to per
mit of the separation by means of 
tllued ci rcuits of the frequencies used 
by the".! one-way carrier circuits mal<
ing up a single carrier channel. T he 
ei<::ments of one terminal of a single 
carrier chanuel are shown in Fig. I. 

'"'Ie see from this figure that the sub
scriber is provided with two loops. One 
of these, the sending loop, contai ns a 
telegraph key and a sounder, and the 
other, the receil'lOg loop, conlains only 
a sounder. vVe note that when the 
subscriber opera tes the telegraph ke:r
ill his sending loop a relay connected 
in th e loop is actuated by Ihe loop 
signals. The contacts of this relay are 
connected in series with a modulating 
circuit bridged across the input of an 
amplifier tube. 1\ vacuum tube oscil
lator adjusted to work at the carrier 
ireqnenc), of the particular channel 
snpplies ca rrier current throl1gh a gain 
cOlllro) device to this same amplifier 
luue . The operaltoll of the modlliating 
circuit sel"l'es to opell and close wh<l\ 
is in efiect a short circllIt across the 
iHput of the am plifi e r and in so doing 
either permi ts carrier cmrell t 10 Aow 
throug h the amplifier to the lille cirC\li! 
Or retluces the carrier current reaclllllg' 
the Iwe circuit through the am ph lief 

approximately to zero . The modubting 
devi ce, following the signals made with 
the tcl egraph k£y by th e subscriber, 
tr3115111i t s to the line long and shorl 
impul ses 0 f carr ieT cu nen t to corre
spond with the signals made with the 
telegraph key. This modulated carrier 
current is tnlllsl1li tte<.l through a selld
ing tUlled circuit and through a line 
trallsform er to the hnc. The other 
Iline t ransmitting circuits of a terminal 
are cOJlnected in parallel wilh Ill1s 
transmitting ci fCU: I to lite se nding 
wind ing of the lille Iransforn '.<:r. 

Car ri e r currents being "ecei ved f rOIll 
t he diS la nt cnd pa ss f rOlll t :1 C Ii Ile 
through the line transformer to Ihe 10 
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Fig. 9 . Telegraph 
swItchboard in 
Montreal office, 
Canadian National 
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recelvlllg cirCUits of the terminal con
nected in parallel 'Vilh each other. 
Each receiving circuit is provided with 
a tuned circuit which permits of the 
passage through its nelworks of the 
carrier frequency to which it is tuned, 
but orins resistance \0 the passage 
Ihrough its networks of carrier currents 
of all other channel frequencies. The 
receiving tuned circuit functions , there
fore, to sclect the carrier curri'nt of a 
particular channc::l. This channel car
rier current, having been separated 
fronl the nine other channel carrier 
currellts 011 the line, pa:i ~es through a 
two stage vacuum tube amplifier pro
vided with a gain control. From the 
amplifier the incoming carrier signal 
ilfe passed to the rectifier or detector 
lube in whiclt they are chang ed from 
al ternating to direct-current signals 
such as can l.Jc used to op~rate a relay. 
The rectified carrier sig'nals are o( a 
low current value, a value of !h c~ ol-der 
of 5 lJlilliamperes, and this small cur
rent is lIsed \0 operate a receiving relay 
which in turn repeats much Slronger 
direc t-current telegraph signals 10 the 
receiving loop where they operate lhe 
sounde r in the subscriber's office. The 
current ill I he receiVIng loop is of the 
order of 60 llIilliall)peres_ 

A ca"rie!' telegraph channel provided 
with IWO loops as shown III l'·ig. I is 
knowll as a {ull duplex channel and 
permits of the silllullaneous translllis
sioll of a message in each direc tion. 
Means are provided in the direct-cur
rent telegraph Circuits of each carrier 
panel for so conuectillg the sending 
and receivin g" relays log-e ther, that the 
receiving loop to the subscriber's office 
may be di spellsed with a nd signals both 
Iransmi tted alld received over one loop. 
S'lch a circuit arrangemellt provides a 
half ! lup1ex challuel ;11ld provides ior 
:he transmiss ion of only oue 'message 
or lor the transmission in only one 
di rectioll al a litlle . Certain cla~~es of 
lelc!;,,."cph service make such a COnllec
tiOlI d~ ;~ r~i.>·e . 

Modulation grid Demodulation 

'''r' e ha ve discussed briefly the opera
tion involved in modulation and de
modulatiol1 in a carrier telegraph 
channel. Reference to J'" ig. 2 will per
ha ps make this explanation somewh at 
cl earer, for this figure shows tlh~ direc t
current signals lI\acle ill the lransmit
ting loop by the operation of the tele
graph key, shows the llnlllouulated 
output of the oscillator alld shows the 
carrier current, Illodlllnled by (he c1irecl
current seI1ding loop sigllnls, a s trans
mitted to the lille. 

Simila r modulated carrier signals 
ani \Ie with usually small challges in 
the ellvelope at the recei "ing lenni nal 
and are selected uy lllean~ of a particu
lar receivillg wned c ircllit, ampli fied to 
a yalue gOl'entecl by tho gaill con trol 
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11.~ln' /Iud IIpplicd to the grid of the 
'''1'1111.'" tuhr. I,'ig. 2 shows the pulsat. 
111 11 .'III'I'rlll derived from the rectifier 
14.111 . hllw~ the rectified current signals 
'''II' hlllW th(' sensitive receiving rday 
,lIlpl (l1l~ ~ II1K through an elementary 
11111'1 ""I1I1('('(e(\ lJelwcen the rectiller 
14f111 III.· rrlny, The figure also shows 
Ihp ,11111111,. repeated into the receiving 
IIIllp. \'UII will note, by comparison, 
1111111 I'Iln tlij{lIals made in the sending 
111'11' "ppcllr to be received without 
I hlllllll' III the receiving loop at the dis-
111111 1'lId 0 f the circuit. Unfortunately 
1111. I. /I vcry rare occurrence owing 
III Ih,' (net ' thnt the wave shape of the 
tllIl'I ' t ,'III'rellt signals is affected by th e 
IlItllII'lillll! (~ of rclays and othet' pi ces 
"I "'1"llllIlCllt connected into either ot 
III" IlIfll'~ alld owing to the fact that the 
''1'' ,'I"l'r of the modulated carrier signal 
"'" It· , II"('~ ch'lIlge if] its transmission 
""' I 1111' lillt circuit due to the 
,1t'II'I"(nis(ics of the line and to the 
1'"''''111''' of variolls lilter networks itt 
II", 11111' circuit. An accelerating or 
ItI'lo l'III'I'('e( illg device is, however, pro
,,,11''( III cadi receiving circuit 0 f the 
,1"1111)(,1 which, functionillg in conjunc
Ih'lI willi (lie rectilied current signals, 
1"lId. III l'llImter-balance somewl1at the 
,·11", '1 II I the. sending loop and the line 
( lit lilt 1111 the signals. 

I' IW 111'1' .1 shows operaiing panels in-
1',1111'.1 fit Montreal. 

Filter Networks 

,\, IlIdic:\\cu, other services bes id es 
'. ,.11 rJ<'I' telegl'aph system can be 
"I" l,tI,'d Ol'er th~ same pair of line 
II 111' 0 This is so, providing the vari
"'I " I l' I"'s of service lie in different 
'·IIII!"·\ ill the freq uency spectrum. 
\\ 111'11 ~1I .. h is the case these various 
.,·1 I I,'," can be separated at terminals 
'Iwl lit repeater points by the use of 
1111"1 II"'works. If, for instance, we 
,II" Ii I operate two di rect-current tele
II 1IIIIh I'i rcuits, one on each line wire, 
Itl th., ~allle time that we are operating 
1111' "IiITier, a composite set is required 
,II I'lIl 'h point where it becomes neees-
11111' III separate the line currents of 
1,1". two kind s of telegraph. The 
'"IIII'II.~iIC set is shown in • ig . 4. In 
1111. 1ij{lIre, we have endeavoured to 
.hllIV ICraphical1y the manner in which 
,h., t\\'Il kinds of si g nals a re separated, 
1111' direct-current signal s passing 
I hl'lIll{h one branch, the low-pass side 
.. , Ihe compos ite set, and the higher 
11"'IlIrllry or alternating-current signals 
,.,, _ ~IIII( through the other branch or 
l'i"h"\Il1ss side of the cGmposite. "'I III II n I'ly, if on the same line with the 
I'fll'l'lrl' und the d.-c. telegraph we are 
ttl IIPl~I'lIte a voice telephone circuit, 
Ihr voice currents are sepa rated from 
IIII' (~lIl'r1er currents by means .of what 
IIlIly he termed high frequency C0111-

posite sets. Such 3 composite set will 
consist of two filters, a hi g h-pass and 
a low-pass fi lter connected in parall el 
eIther to the line, when no d-c. tele
graph is being used, or to the high
pass side of the composite set when 
this set is installed. The use of such 
a high frequency composite set is 
shown in Fig. 5. 

Line Circuits 

As indicated, carrier telegraph sys
tems require somewhat special line 
circuits. The every-day d-c. telegraph 
Circuit makes use of a single line wire 
al1d uses the ground for a return patl .. 
'The line currents used by the carrier 
telegraph system are of a very low 
value and if an at tempt was made to 
operate a carrier system on a ground 
return circuit the interference reaching 
the carrie r rece iving circuits would be 
such as to prevent the operation of tile 
system. It is necessary, therefore, to 
provide a metallIC circuit or a pair of 
wires on which to operate a carrier 
curred system and it is further l1eces
sary to transpose or interchange at 
interva.ls the posi tions of the two line 
wires with respect to the other wires 
on the same pole line. This lranspos
int is done merely by shifting the line 
wire frOIll one pin position to that of 
its m ate at the same tim e shifting the 
mate to the pi n position of the first 
!Vire. This transposing so arranges 
the two wires of the pair that interfer· 
ing currents picked up along anyone 
section or sections tend to neutralize 
the'mselves 0 far as the terminal equip
ment of the circuit is COI1ClTncd. 'fr. ,· 
higher the frequencies used by a carrier 
system, the more frequently must these 
transp.ositions be made to secure satis
factory ope ration and freedom from 
cross-talk illld fon:ign interfering 
currents. 

Because the line currents used by a 
carrier system are very small in value 
and because th ere is a practical limit 
'0 th e sensitivity that may be built into 
a carrier receiving circuit, the length 
of line over wllich carri!!r transmiss ion 
can be effected bet.weel1 lWO terminals 
is limited, unless we in"fall some inter
medIate means of amplifying or rein
forcing the line currents. ~11 connection 
with the t en channel carrier telegraph 
system, use is made of vacuum tube 
amplifiers spaced at distances of be
tween ISO and 300 miles along the line 
to extend the range of the system and 
'ly the U5~ of such amplifiers we are 
able to operale a system with the termi
nals approximately [,200 miles apart. 
This is n ot the max.l!IHlm operatll1g 
1 imit, but happens to be the longest dis
tance between terminals of any carrier 
system in the plant of the Canadian 
Natiol1al Telegraphs. 
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Fig. 10. Terminal eQuipment for 
five two-way te legraph channels. 

Repeaters 
We have not as yet found repeaters 

which will amplify all frequencies in 
the range, zero to 10,000 cycles and 
for this reason it becomes necessary at 
each one of the repeMer points to 
separate the line currents of the vari
ous types of systems operating on a 
pair of wires. This is done by means 
of composite sets and high frequency 
composite sets, as it was a t the termi
nals, and once the various line currents 
are separated, those fo r each kind of 
communicati on service are amplified or 
repeated by means of equipment espe
cially suited to the particular line cur
rents. I have told you tha t the tCIl 

channel carrier telegraph system makes 
use of twenty different carrier C\lfrent 
frequencies, ten of these being used in 
each direction. In order to provide a 
two-way repeater for the carrier cur
rent some means .of separating the 
carrier currents travel ing in the two 
di rections must be devised. Filters are 
useu for this purpose; a group or pair 
of what are termed directional filters, 
one a high-pass and the other a low
pass. A pair of these eli rectional 
filters is c.ollnected to each side of the 
carrier amplifier equipment and these 
filters separate the two groups. of carrier 
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currents traveling in opposite direc
tion s permitting the amplification of 
the group traveling in each dir.ection 
by m eans of a separate ampl ifier. The 
connections at such a repeater point are 
shown in j.ig. 6 for a repeater station 
at which direct·current telegraph 
signals and voice telephone line cur
rents, as well as the carrier curn:nts, 
are amplified. You will note that an 
equalizer is illcluded ahead or each 
carrier ampl i fiCr in this figure. Thi s 
is necessary because of the fact that 
while the f re(lucncy characteris tic of 
the all1plifier is practically flat the fre
quency cha racteristic of a section of 
line is not. and the equalizers arc in
stalled in an attempt to provide an 
eq\lal transmisSion equivalent from 
terminal to terminal on a carrier tde
J.!'rilph system for all the carrier fre· 
quencies of either frequency group, 

Voice Freguency Carrier Te)egraph 

I n addition to the ten cha nnel carrier 
telegraph system makil1.g use of a pair 
of lim' wires I ha ve mentioned a f2 

channel carrier telegraph sys tem mak
ing use of a diffnrnt portion 0 f the 
frequency spectrum and . requiring- fo r 
its opera t i 011 two pa irs 0 [ I inc wi res. 
This particular system was really 
designed for operation over long cable 
circuits where a quad or group of four 
wires is available for each telephone 
or carrier telegraph circuit . Because of 
the (requency characterist ic of cables 
which does not permit of the transmis
sion of high frequencies unless load ing 
is resorted to, the frequencies of thi s 
s ystem were kept as low as possible and 
ar i:, therefore, in the voice range. Be
ca use a quad, or group ot tour wires, 
was available which would provide two 
distinct transmlssi 0:-1 CI rcuits, one to be 
used in each direction, i: was 110t ncces-

SYNCHRONIZATION OF BROAD
CASTING NEAR REALIZA liON 

TH E F ederal Radio Commission's ap
prol'al of the plan ev olved by the 

National Broadcasting C om pan y , 
WTIC, J lartford, and WBAL, Balti
more, for synchronizing transmitters 
on the same wavelength was the signal 
to begin immediate construction of the 
Ilecessary apparatus, according to C. W. 
Horn . general \:ng ineer for '\I Be. 

('\,y e hope to have sy nchronization on 
an operating basis w,thin a kw 
months," M r. Ilorn announces. "Our 
exper imental tests have proved defin
itdy that the operatioll of two OT 

more. broadcast tranSll litters 011 a single 
wa velength is ueyond the laboratory 
stage. Engineers from the RCA· Vic
tor Company al read)' have visited Hart
ford and. Baltimore, 113ve studied the 

sary to use different frequencies for 
transmission in the two directions. The 
system, therefore, makes I~se of the 
same frequencies in one direction as it 
does in the other. We have no very 
long cable circuits in the plant of the 
Canadian National Telegraphs, but be
cause this system may be used on 
practically any open wire pairs suitable 
for telephone service and because it 
may readily be- modulated onto tbe 
channels of anyone of a number of 
types of carrier cUrn;nt systems, it is 
useful. Two systems are in operation 
over open lVire lines and the 24 channel 
system to which 1 referred will make 
use of two of these J 2 channel systems 
modulated onto the channels of still 
another carrier current system. Fig. 7 
shows, in diagrammatic form, one com
plete transmission ci Tcuit of a 12 

channel or voice frequency carrier tele
gr"ph system. The transmission circuit 
in the opposite direction makes use of 
identical eqllipment and of an identical 
lin e circuit , For convenience in operat· 
ing, the sending and receiving equip. 
ment of each channel is assembled a s 
a channel unit although, unle ss the 
channel is being operated as a half 
dupJex circui t the tr3nsmi ssion Clrcui ts 

of the 2 one-way circuits making up 
the channel are ent,rely separate, Fig. 
8 shows the equipment for one terminal 
01 the 24 channel system, The iour 
left-hand bays in this figure hold !h ~ 

equipment for tile high frequency car
rier cbannels nnlO which the two 1 2 

channel systems a re modulated. The 
next three bays hold the batlery supply 
and carrier current generating equip
ment for the J2 channel systems while 

·the eight right-hand bays, two g-roups 
of thre(, channel bays and one fllt\~r bay 
each, hold the terminal equipment for 

~~~ 
sitl1ation thoroughly, and compiled 
their specifications for the special 
equipment. Now, with federal ap
proyal granted, thiS working applica
tion of synchronizat ion is only a mal
ter of time." 

According to thc terms of the peti
tion "pproyed by the Commission, 
WT IC and WilA L will syneh u)nize on 
alternate clays with one of :\ Be's key 
stations in New York. WTIC will be 
linketl with WEAf, and WBAL will 
coordinate its transmitter With \VJZ. 

Tbis means that the sta.tions when 
operating ill synchronism, wi 11 use a 
s ing Ie broadC<lst channel 

The immediate advantage of the syn· 
chronizing plan about to be placed in 
effect, 1"lr, Horn pointed out, is th a t it 
will afford WBAL and WTIC full· 
time broadcasting schedules in theiT re-
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the I:.l channel systems. ThiS installa
tion is in our Toronto office. 

Because of the fact that the voice 
frequenc)' carrier tel egraph system 
makes use of carrier frequen cies in the 
voice range a telephone channel cannol 
be operated on the same conductors, bUI 
each of the pairs of line wires may be 
equipped witb composite sets and th!! 
four line wires may be used for bot li 
rlirect-current and carrier telegl·aph 
purposes. 

Tl1c description given and the figure 
shown thus far cover the carrier cur
rent and line equipment only. Power 
ob~"lined from storage batlcTieS is used 
to operate the carrier current equip
ment. In addition to the power, the 
operation of the car!'ier current and 
other telegraph systems requires the 
making of many different cireui t connec
tions between lines or subscribers loops 
and the telegraph equipmel1t. This is 
done by means of patching cords at the 
office s\\·itchboard. Fig. 9 shows the 
switchboartl installed ill tile iHontreal 
office. It has a capacity of 1 2 0 main 
line wire-. 

j.ig. 10 shows the terminal equ ipment 
of still anothcr carrier current tele
graph system recently installetl in the 
plant 0 f the Canadian National Tele
graphs. It provides .5 two-way channels, 
uses frequencies in the range 5.400 to 
12,800 cycles and can be used on cir
cuits LIp to 450 miles in length. It is 
intended for short haul use on routes 
not requiring tIle facil1t ies supplied by 
a J 0 channel carrier system. 

1 have attempted to discuss brieRy 
the historic;)l background of the tele
graph and have attempted to provide 
a picture of the prescnt-da y high speed 
direct-current and carrie r current tele
graph systems. 

spective service areas. Hitherto the 
two stations have shared a wa velrngth, 
and one of them nece" arily has re
mained silent evcry other day. When 
synchroni~ ation goes · into effect, 
W BAL and WTIC will retain their 
joint wavelength, us ing it as form~r1y; 
out on alternate days, the " silent" sta
tion wtll remain on the ail' by synchron
izing with its key station i l1 New York. 

• 
BOOK REVIEW 

PRACTfCAL RAUIO R17PAIRtNG 
HfNTS. By }ollil F . Ride r. Pub
lished by Rodin Treatise Compo II)', 
fll c., Nr:w York. 2 60 pages. 

In this new book Mr , H.ider has as
sembled a large amount a f radio circuit 
in formatirlll ,of real value to service
men. 
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Home Recording 

to the Fore 
By A. C. LESCARBOURA 

Mem. I.R.E. Mem. A.LE,E. 

r 1.\ 1/,: I ('cording, with hOl11e 
I""a,ka;;ting as a s ide linc, wi ll 
I... \\'i d e-ll' feature d in the 1931 
I "oIi" m~rchallc1i s illg acl i,·iti es. 

.,d l ill feature a lld as all acces
,I "i ll Illrl" h rg'e in the cOllli ng 

" II :tlt:, . 1t is a ll:l lura l evolution. 
' j, • " "'II ';<"I' illl-: has been fully COI1 -

' ''I " , d, /1 is a {hred cha llenge to tbe 
. .. ' 1,· 1 ' 1I\' (I $ i II of the midO'et set into 

.1 , . ~ i ll c(' it prov ides 50 much more 
• ,I "' '' IJ(' llt a s to make the s<lving of 

"I " ..-, h;II'd}y worth IVhil e . 
I I" I\\ {, g-r'at criticiSlI1s he retofore 

•. " ,,, I".t .,r:'a illst radio are th rolVn into 
,I , ' h i d hy home reco rding. It has 

t, " ,1 ,.1 ",, ·,1 that, unl ike the phono-
"" , ' to ./ i" ha s not been selective ill 

.' . ",' "j 'hoosing defi nite progra )l S. 

, ". " , ,,. In igh t choose between stRt ions, 
I , J ,I " , h" in; w~ s re alively limited ill 

I \vi l h that afforded by a fine 
l i l, r ;,,·\,. And it has likewise 
,,: ,! (l;ilt , unlike the piano or 

• 11". , ~" Ii u has affor ded its owner 110 

" " ' " ': ;l l is iact,on of self -expres ion 
\ " • • ,1 i,," in the p,-ogra,n enjoyed, 
I,; . h / I;I ~ alwa) 5 been an importilllt 

, .. , ,,' i ll hllme clllerlainment. 
I I, 'Iii" rtTording, of course, pre-

" 1'1'" (" . tll ' inclusion of a modern elec
'" 1 \ J'''' phonog raph, preferably as a 
1 " tt l : " ( .. ;,ture 0 ( the radio se t. And 
!I ,I I' .. a~o llable, for the trend is more 
,,, ,I "'111'.: towards combinaholl e ts 

I" " ; ~ "I ,I ' ill meeting the competition of 
d,. ", id).!t;( radio sets. HOnle reco,-d
' '' f. I' ll ' rt:lllre, by ills lstlllg on the 
1"1 ,, ' ''''1: 1' :11'11 feature, makes po ible the 
, , I " I I I i 1' (' cll joYlllent not only of usual 
. , , .. ,01 ;\ , /'"t a lso of fine radio progra ms 
. I" , II ha vc been recorded by the set 

l ' ,II , Also, hOllle record ing mak es 
I ' " 11 '(,' lir e recording of the voice, 
,,'" I" !" allai nments, group singing, 

dia logue ot' Rll y olhe r accon pllshn elJl" 

of t.he f:u n it" circle, sen-ing 11lllch the 
S;lme "rellle;nbrallce" fUlIdi oll a s the 
falli}), kod;tk ;!Ibulll. 

Making Records In the Home 

T he home-reconlillC' ieal\lrc i ., based 
Oll the s imple pr illci pic ol reversing the 
ope rat iol1 0 f the llSll ;ti ('lee t r(II11:lg' ll c t i c 
p ickup. Illste,llI o f dri,·ill.~ the picl;lIp 
by the actiOll of a s tylus "I' needle 1'(,1· 
lowing the contortiOll' Ilf Ih e rccnrd 
groove, therehy g e ncr ;ltillg- the llludu
lated cu nent- th;!t e 1'1'111 \1<11\ Y til' i \'(~s tire 

Built·in homo recording feature on 
well, known combination console . 

loudspeaker and reproduce ~ recorded 
sounds, in hOl1l e recording the electro
magnetic pickup 's £ed amplified sOllnd 
values either picked up by a microph one 
or by th e rad io recei vel' itsel f. UncleI' 
the infl uellce of the pO\\'erful input 
current, the electromagnetic pickup 
actuatcs a blullt po int chromiuJll plated 
recor ding needl e which eng raves the 
latent SOHlld values 111 a specia l record . 
T he metal records are pre-grooved . so 
that the cutting stylus follows the spiral 
groove and simply engraves the sid·:s 
for the latent sounds . 

Several radio sets have already 

New Built-In Feature or Accessory Strikes Powerful 
Sales Note c!lnd Provides Rc!ldio Trade With Repeat 

Sales Item 
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Ace essory \ y P c 0( home , ecor ding 
equipment. usin$l mechanIcal feed for 

tracking stylus , 

a ppea red all th e lIiarket w ith home 
record illg' as a n i lteg r a l feature. Jllas
II 1IlCh ns such sets Rre offered for k,s 
(hall $3(:0 li ~ t .. it becol\l es evident th ;,t 
t h i ~ fea ture i,; Ilot g-oing' to p\;lce COI11-

plc\t' r:\Oli o-"hoIIO~Taph combinations ill 
;) pro), iilit il'<~ price cl:lss. The llOllle 
r ('runkr lila I' he St' l either for Ille 
I'l't:ordill,l." (lr' h011le ,;,kllt 01' (or r;IIIio 
I'rllg r;lIlls . 1,1 I ht~ il,rll1('r in .- ta nee. the 
halld mi rrol'll< 1111; i , "IJllliect l'd ill cir
ell!1, a "iallk n " 'IInl pbn:d () Il lilt' ''11'11 -

tahlt- lI' ilh ('lIttillg' ~( Y Ill~ 11(:1<1 .i1l ,:1 1) \ {'I' 

the l,eg' i1l1Iill~ ()j til · grno\'c. :1'11'1' 

which the tllrtltah c I:; s tarted . TI,c 
pickup is weighted down wit h :t s pecial 
w e ig ht used Dilly while recording . 
\ Vh en proper tUnllah le speed is ;11(a;l1('d, 
the s tylus is low ered to th e starting 
poi nt on the r ecord. The souuds to be 
recorded are then dil'ectecl into the 
Illicroplone until the end of the I'eeord 
i~ reached. 

For record ing broadcast programs, 
the desi r ed progralll is tuned i" '0 

utmost clarity and tile greatest p(hsibk 
undi StOl ted volum e, A blank record is 
placed Oil the lurntable, and thc turn
table started. When it attains a steady 
speed, the pickup with special recordillg 
needle is lowered to the beginning 0 f 
the record groove. The proper switch 
IS operated ,"0 as to transfer the receiver 
'lLltput £r0111 the nonnal loudspeaker 
fUllction to the recordin~ circuit, 
although the progr:lln 11lay usuillIy be 
lreRrd faintly during the recording. 
Thus (lie radIO program is recorded. 

Home Made Records Universal 

T he home recordings may bt'! played 
011 any phonogr;tph, ei ther electrical or 
m, :c hanical, in the usual mallller, except 
that a special fibre needle is employed 
111 place of the ordin3 ry phonogra ph 

(C ollcl'lIdcrf. all P(1!] (' 46) 
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R., M. A. Show 

THE R. M. A . Board of 
Directors and Show Com
mittee have concluded ar
rangements with the Ste-

Entertainment 
Although business rather 

A Radio Show That Deserves And Will 
Have Country-Wide Support 

than ballyhoo is the keynote 
of the Annual Convention and 

Trade Show of the Radio Manufac
tUITrs Association at Olicago next 
June, plenty of ente rtainment for the 
25,000 visitors expected is being ar
ranged under preliminary plans of th e 
convention committee. This is headed 
by Leslie F. Mutcr of Ch icago, chai r
man, and includes six oth"r Olicagoans, 
all prominent in the radio industry: ]. 
Clarke Coit, Henry C. Forster, A. S. 
Wells, E. N, Rauland, Thos. A. White 
and I-Iany Olso11. 

vens Hotel, Ch icago, for the 193 r R. 
M. A. Convention and Trade Show. 

Plans and arrangements indud.:: tIle 
following items: 

C 1) ExhiLilion privileges in the 
Trade Show will be confined to R. M. 
A. members in good standing. 

(2) Exhibiting members are required 
to show ClIrrent radio merchandise or 
be denied the privilege of having either 
a hooth ill the exhibition halls or dcmon
~trntion roo01S, 

RadiO prm]ucts only may be displayed 
ill tile exhibition halls. 

Exhibiting l11embers are permittee! to 
exhibit radio products and products ot 
their own manu facture other than radio 
products in demonstration rooms, pro
vided such products are offeretl for dis
tribution through the Jobber and dealer 
channels represented by the Trade Show 
at tenda nce. 

(3) Exhil>ition space for the Trade 
Show will include tIle StevellS J I a tel 
exhibition llall and in addition, the en
tire Grand ball room. The,,\: two loca
tions are directly connected by a stair
way, with total exhibition space avail
able of about 30,000 square f{'ct . 

C 4) Due to the irregularity of the 
size 0 f tlw booths, all exhibit locations 
will be rented at a unit price per booth , 
which price is based upon approxi
mately $2.00 l)\:r sCJuare foot , and does 
not include furniture, carllds or fix
tures. 

(5) If eighty per cent or morC' 0 f 
rJJe tolal trade show space is sold and 
if in the opinion of the R. 11, A. board 
of directors, the show income in excess 
of expense warrants such action, i l is 
the intention of the Association to re
bate proportionately to exhibitors the 
charge for space. 

(6) The R. M. A. discourages lavish 
decoration in exhlbitioll hall booths be
cause these cause additional cxpellse 
and competition which is distatdul to 
many exhibitors. 

(7) Booth decorations constructed 
within the ~pirit of the previous para
graph may be installed by the exhibitor 
himself or upon an arrangement made 
directly witll the convention and ex
hibit department of the Steven; Hotel, 
from which sketchfs and prices may be 
obtained upon <lpplicatloll. 

(8) Individual telephone booths will 
be provided by the convention and ex
hibit dl~j)artment of the Stevens Hotel 
upon an order wi til advance payment 
of $10.00 attached. All telephone or
ders must be placed before June J, 1931. 

(9) Any construction or other in
cidental work of various trades required 
by exhibitors will be performed by the 
Stevens Hotel. Such orders al so are to 
be placed in advance. 

(J 0) Assigllll1t:nl of demonstra ti.on 
rooms in th e Stevens H otel, will be 
made hy the show management. For 
the COll venience of exhibitors and the 
trade it is desired that exh ibitors es
tablish their demonstration rooms in the 
Stevens Hotel , where the Association 
will assist in arranging for a-c. power 
and other facilities. 

(IT) Any exhibitor who reserves and 
maintains demonstration rooms in the 
hotels, other than the Stevens Hotel, 
will be required to make their own ar
rangements covenng reservations and 
services required, The R. l\t A. will 
not make reservations or arrangements 
in connection with demonstration rooms 
outside of the Stevens Hotel. Hotel 
demonstra tion rooms and all displays in 
hotel rooms of radio or other products 
are available only to members having 
booth exh ibits in the trade show, 

(12) Closed business meetings of the 
'R. M. A. will be limited to two in 
nUlTIb\~ 1'. The time will be announced 
at a later date. Failure on the part of 
any member who is exhibiting in the 
Trade Show to be represented at tlwse 
two closed meetings, through either the 
delegate or alternate will result in f or
feiture of $50 00 deposit (paid with 
show spaCf: application) to the Associa
tion. No one will be admitted to the 
above meetings after the announced lime 
of starting. 

The Radio Show will continue from 
June 8 to 12, inclUSive, J 931. Special 
lrains wil! be run from various centers, 
and reduced fares will be in effect. 

The show committee is planning upon 
an attendance of 25,000 perS01JS during 
the \Y('('k. 

The facilities of this show will con-
5titutl;: a new opportunity for manufac
tl.Jrers of radio equipment to join the 
great movement toward prosperity. 

Prominent speakers are h("ing secured 
for the several business ~~~~iol1s of the 
association and other radio meetings 
and plans being made for the proper 
reception of the indus! ry throng. 

For the radio week of June 8th at 
OJicago, Chairman Muter and his com
mittee are also working on many enter
tainment features. An in formal stag 
dinner with headline vaudevl1le talent 
is being planned instead o( the usual 
formal banquet of the Radio Manufac
turers Association. 

Advertising Managers Group 
For discussion and action on radio 

ad vertising problems, the advertising 
interests of the ]{MA will be orga[]ized. 
The formation of an advertising group 
in the RMA, similar to the group 
organizat ion of receiving set, tube and 
other manufacturers, [or the considera
tion of their special problems, was au
thorized by the RM A boar-d 01 direc
tors. President Morris Metcalf of the 
RM A appointed as chai rman of the 
new advertising group Paul S. ]'Jlison 
of the Bl1lflswick' Radio Corporation 
of New York City. 

New RMA Directors 
Two new directors, E. E. Shumaker, 

president of RCA-Victor Company of 
Camden, N, ].. and Meade Brunet, 
sales manager of RCA Radiotron COITI
pany 0 [ Harrison, N. J., were elected 
to the RMA Jloard to lill vacancies 
caused by the resignations, respectively, 
of J. L. Ray, formerly vice-pl'esident 
and general sales manager of RCA
Victor C:ompany, ;md G. K. Throck
morton, executi ve vice-pr~s !(knt 01 
E, T. Cunningham, Inc. 
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Television 

~or the 

Experimenter * 

Ity C, B RADN ER BROWN 

III ', ~ lllllls of amateur television at 
I!I,· \li'('sent time is much the Same 
u. I hill of amateur radio 20 yea rs 
IIIlU, It is difficul t to obtain 

"1'1,,",,111. Iii a reasonable price, and for 
tI,l. Ipn.oll, til e ex perimenter is g ene
I ,all \ "'1'1"." to reconstruct mate rial on 
1i •• iI" Thl ~ paper presents some of the 
'41,11101 '. I'~p~riences and offers a fe w 
h~l"rlll hll!l~ to the prospective experi
III~III" I , 

II", 11,.1 pi ece af apparatus necessary 
1" 1 'I 1,'I,'y i ~iol\ set is a powerful short-
" 'II" I 1' 1'1' l yjll!l' set. The usual short-
.. , " I 'II" 1II1Ist be revamped for use as 
" 11,1. \ Iol nn receiver as reg eneration is 
' , II . II I III ,· primc fea tures in a short
IH II' lI ' I'('i Vl'L Regeneration in the 
, F' "1'" 11 11 ,,1' television signals causes 
"1.1111111111 :md for this reason the 
"ll'ilPIIIII"" equi pment should be re-
101'" ,'d 1'1' II switch instaU ed to uncouple 
II II 111'11 1I~I'd for television. An excel-
1' 111 . .. 1 IIIIIY be had by combining an 
IIlIhllll 'oI. ~I'!'cen-grid ampli6er w ith the :, 
II·~, "III II IIII ~c!'een-grid detector feeding 
Inl" II 'I ' ~ islallce-coupled audio stage. 

The Amplifier 
1111' IIl'Kt piece of apparatus to con

, 1111' 1 I. 1111 amplifier. At lea t three 
· I~III" n( rcsistanceA coup1ed a u di o must 
I,~ !I~, . t! , The audio system used by the 
'111111'" \'I)1I~jsts of t1wee 227 type tubes 
III II !'f,.I Hlance-coupled amplifier feed-
111 11 Ilito II 245 in th e last stage. The 
111'11111'111 ('ircuit is arranged with a 
d""ltll' p!ll(~ double- throw switch so that 
I llr 11 1IIIIll' IlIs I11i1Y be supplied with a-c. 
'1""1 " tmns£ol'mer or doc. from a 
'''IIIIIIY, The direct current g ives better 
1I,.IIIt~ hut soon drains the supply 
IIIIIIIIl',Y, hellce the other supply. 

'I'llI' lIellllll television set consists of 
II 111'1' driVl' ll by a small series, uni
vI' lonl motor with the neOn tube 

• 1'./>1, ~" "" ,rJ b'/HI A. T. E. E. Brand. , 
""/1"'-"'1 01 KO",DI. 

mounted all top of t he motor. The neon 
tube useu is the small lI O volt model. 
T he disc was constructed fro m a large 
size phonograph record having record
ing grooves on one side only. On the 
pl a in side, a spiral was laid out and 
d ivided into 60 I·adial divisions, A 
hole was b~!'ed where the radial lilies 
meet the spi rat. Severa l discs were 
constructed before one was secured in 
whi ch t he holes were of the proper size . 
The edges of the holes should overlap 
sufficiently so tha t the space covered by 
the holes in pass ing a certa in spot 
appears to be uniformly covered. If 
t he h oles are too small, black lines will 
appear across the picture between hol es. 
If the holes are too large, reproduction 
will be bl ur red. Since receiving con
ditions are none too good, many tele
v is ion sets fail at the very start through 
the use of a poorly cons tructed disc. 

The driving motor used in these 
e xperiments is a small 1/50 h.p. series
unive rsal. It is dr iven from the alter
nating-current mains u ing il. lOG-wa tt 
lamp in series wi th the motor. A 200-

ohm rh eostat across the a r mature gives 
good control of the speed. Th is system 
works v~ ry w ell except that "hunting" 
causes th e setting of the r heostat to be 
shifted a lmost con stantly, After experi
menting with several intricate gover
nors, the simple expedi ent of mounting 
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a heavy disc on the motor sbaft was 
;adopted. Since the scanning disc is 
mounted on the shaft, a double shafted 
motor was obtained and the flywheel 
mounted on the back en d. The best 
results were obtained from the system 
shown in F ig. 1. In this system, the 
disc float s free on the slla ft, being 
attached by the sprillg shown on the 
end of the shaft. T hIS allows a slight 
movemcn t w ith a ready storage 0 f 
energy to correct for cbang es in the 
armature speed. A w eight of abou t 5 
pounds gives the best results . 

I t must be kept in mind that before 
any experiments can be carried out, a 
powerful and dependable signal Olust 
be had. Careful construction of the 
receiver and ampl ifier will e limina le 90 
per cent o f the trouble usually en
counter ed in televis ion sets. It is pas-

Page 45 

sible to obta in good results from 
mediocre equipment when the sending 
station is within 20 miles, It is a 
diffe1·ent matter, however, when the 
receiver is located from 500 to 1200 

miles from the sending station. 

It is necessary at the present time to 
select the station giving the best signal 
and construct the scanning disc to fit 
the requirements for reception f rom this 
station. Th is is due to the lack of uni
formity in the sending equipment. 
T hus 48, So, and 60 lines are variously 
used with 12. 16 and 20 frames a 
second . 

The opera tion of the equipment IS 

quite simple. The short-wave set is 
tuned in on the signal which is easily 
recognized by its characteristic buzz
saw tone and maximum volume 
obtained. T h e ampl i fi er is sta rted up 
with a lternat ing-current, having the 
output switched over to tile loudspeaker. 
W},, :n the signa l is coming' th rough at 
the maximum volume, the motor may 
be started up and the output turned ii~ to 

th e neon tube, 

The motor Sll (:ed IS set approximately 
with a speed coun ler and the small 
square in front of t.he lleon tube 
watched cardully. T he picture will 
g enera lly appear quite blurred and will 
move onto Ihe screen from one side. If 
an image is obtained, the filament 
should be shifted to the dil-ect-cl1rrenl 
supply. T his can be accomplished by 
having a spring ar ranged 10 snap the 
switch from a-c. to doc. when a catch 
is released , In general, this improves 
tIl e reception greatly. The a-c , type 
hea ter tube was chosen b ecause better 
resu lts can be obtained. Operation with 
these tubes is much steadier. 

Alternatin[>c tl r r e n t disturbances 
generally apv:ar as black bands moving 
in a vertical die ~ction while stat ic dis
turbances usually ;dTccl the entire image 
to produce di stortion. Musical impulses 
show definite characteristics in a series 
of curving band:: ot' ~' lack. It is inter
esting to experi :nent with Illusical 
impulses befor e: trying to obtain images, 
as strong signal s are easily obtained 
and the exv rimenter can learn much 
of the act ion 0 f 11 is C(jUiPIllCllt with 
these sig nals. 

VACUUM TUB ES 

TH E ;\,)I'il iS'lIe of R ADIO ENGI

N EER I NG wi 1\ c(Jl!t~ i l1 an up-to-the
minutc rev ielV of the subject of Vacuum 
Tubes. Every engillccr will want his 
own copy of th is issue. as it wi ll be in 
fact an April, 1931, book on vacuum 
tube engineering. 
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MAGNETIC NICKEL ALLOYS 

M AGN£TIC al.1o)'s substantially 
free from carbon and comprising 

mainly iron and nickel are trealed to 
produce b igh and constant perme-a b iIi ty 
by he<lting to a high temperature, ex, 
900

0 C. or over, until completely an
nealed followed aiter cooling by a fur
ther heati ng to a lower temperature not 
exceeding 700" C. but which is at leaSl 
50" in exco:'ss of the magnetic change 
point of the alloy and in the case oi 
alloys containi ng not Inore than So per 
cent nickel prderably at least 100° 

above the change point The alloy is 
preferably mechanically strained be
tween the two heat t[(:"tments, Up to 
10 per cent of one or more of the fol
lowing elements may be added to in
crea~e the spe.cific resistance of the al
loy: manganese, cl1roll1i\1Tn, copper, 
molybdenum, tungsten, vanadium, alum
inum or silicon, and alloys cUlltaining 
speCified proportions of nickel, iron and 
manganese ; nickel, iron and chromium; 
and nickel, irOJl, and copper are referred 
to . In the manu facture of a loaded sig-
11al ing conductor wire or tape made 
from a nickel-iron alloy 111ay be ;:m
nealed by heating at about 900

0 C. for 
15' minutes, cooled, wound on a copper 
conduct,or, the winding producing the 
desired straming of the :tlloy, and the 
loaded l'i,nc!uctor then heated for about 
4 minutes at a temperature at least soo 
above the change point and not exceed
ing 700

0 C. but preferably above 500
0 C. 

Gar1t('/I, H . I . al1d RaudaU, W. F. 
British Palellt JJ6,948. A ppl. hr11e 22, 

1929. Issslled: December I7, 1930. 
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HOME RECORDING TO THE FORE 

( C oncliided from page 43) 

11cedle since the metal disc is neces
sarily softer than the usual commercial 
rccord i IIgs. \Vhen playing back the 
rc\'or<l 011 the same machine on which 
i\ \\'a~ recorded, the l'ecording weight is 
relHoved r rom the pickup head. 

The IItIIllL' recording accbsory may be 
l'lllploycd with any phonograph turn
tal,le aTld a radio amplirlcr of sufficient 
power. I I COlllprbes essentially a 
recurdi Ilg' hcad actltated by the radio 
a III pi i fie r, il III ic roph one and the neces
s:i ry slVitcJl illK mechaniSI11. In some 
dc~iglls a lllechanical feed is employed 
to track tilt' ~tyl\1~ i 11 the grool'e, rLcJuc
ing the 1'I\1er of this ~trail1 . An 
elaborate feed Illccha\1i~1l1 is attached to 
the shaft of tho.: turntabk. 

Home rccordil1~ is ('lItin;ly practical. 
Several manu fadllrcr~ arc al ready mer
chandising combillation sch with I he 
lJome-recorciing feature, while all evell 
grea ter number of manu factun.:rs are <Ill 

the market with 11omc-recon.l ill!; acee.'
sories for use with any existing radio 
~et and phonograph. It is the writer's 

opinion that this season will see a 
number of combination sets on tl1e 
market incorporating th is feature, sell
ing for $1 rs to $160 and placing the 
standard conso.le once more on a pedestal 
wi til the midget sets shrinking into 
I nsig-nificance, 

Meanwl1ik, the special 111et'al discs are 
available to anyone. One organization 
is now licens ing and selling thes.: 
records to distributors of the various 
manufacturers of home recording equip
ment in four sizes, !lam~ly, 6-incl1, 7,0-
Inch, lo-inch and J2-inC,h listi,ng at 20 

cents, 30 cent,. So cen t5 and 75 cen t s 
rc~pectively, The discs play on any 
phonograph with a fibre needle and will 
reproduce iudefinitely. 

• 
RCA LOSES APPEAL ON PATENT 

POOLING CASE 

THE United States Circuit Court of 
Appeals at Philadelphia, on Feh. 13, 

upheld the dlTision of the Unlted States 
District Court 0 ( Delaware against the 
patent pooling agreements of foul' great 
electric, radio and telegraph and tele
ph aile C0111pa 111 es. 

Th[" lower court had ruled that the 
"patent pooling" pacts of Radio Corpo
ration of America and its associates 
violated the Clayton anti-trust law. 

Th~ Appellate courts action, which is 
consldered of far-Teaching importance 
in the radio intlustry, was rendered in 
a suit filed by the De F ores t Radio 
C,-,mpany and several independent tube 
manu tactu ri ng corpora tions. Th ey 
cia imcd they were frozen out 0 [ the 
tube market by the patent pool, whic11, 
tile)' said, was intended to give the 
RadIO CorpOra(10n a monopoly over the 
sale of raulo tubes to deal e.rs and manu
facturers to Wh0111 it sold its receiving 
,ets, 

Ullder the pooling agreemellls, it was 
cJai\l1ed, licensees of the Radio Corpo
raLion were obliged to us e in the recelV
ing sets only the tubes which were 
manufactured by the Radio Corpora
tion companies, thus vi rtually blocking 
D e Forest and tIle other independents 
from selling their tubes to the .Radio 
Corporation's licensees_ 

J I.ldRe H llgh M, iYf orris, who has re
signed from the Delaw<!re bench since 
he filed the deciBion, had orderl'd an 
injunction against the Radio Corpora
tion, the only defendant in the suit, pro
hibiling it from cOlltinUlng the pooling 
agreements a11d thus ending the alleged 
monopoly . 

H is first decision granting a prelimi-
1lary inj unction was carried to the 
CQurl of Appeals by the l{adio Corpo
I·;\ tioll ~everal mont.h s ago, but the 
h i~her conrt upheld Judge Morris . 

\Vhen on final hearing on the matter 
he granted a final injullction the Ap-

RADIO ENGINEERING 

pellate Court again sustained him, and, 
in the lakst decision, written by Judge 
Buffing'ton, senior member of the court, 
he said there were now two questions: 
first, whether the courl should reverst' 
its former decision, ami, second, 
whethcr facts were developed on the 
final hearing before Judge Morris to 
indicate that while the pooling agree
ments may have been unlawful they 
did not have the effect of giving Radio 
CorporatIon a monopoly. 

As to the fi rst proposition, Judge 
Buffington said the higher court stOOQ! 
on its previous decision, and, as to the 
second, "we are of opinion, without 
here discussing the proofs made, that 
there is nothiug in th..:m which would 
lead us to the conclusion that the ob
jectiollable contract has not resulted in 
a mOllopoly, 

vVith rderen<>' to this decision, the 
Radio Corporation of America made 
til e f 011 ow ing st a tel11ent : 

"\Ve shall apply as promptly as pos
sible to tIl<: Supreme Court 0 f the 
United States for a writ of certiorari. 
The clause to which the litigations was 
directed, a " a lllatt.er uf fact, has not 
been ill force Sll1ce July, 1928. Never
theless, the case raises important and 
novel questions as to the rights 0 [ an 
owner of patents in the granting of 
li cens,·s. These questions have not yet 
bee\l passed upon by the Suprem e 
Courl." 

• 
MEMBERSHIP IN I. R. E. 

SUBSCRIBERS to RAD10 E NGINBER
I i\'G, who desire to procure member

sllip in the Tnstitute,of Radio Engineers , 
rnay obtain applicat ion forms by wri
ting to Donald :McNicol, Editor of 
RADIO ECINEBRI NC, 52 Vanderbilt A\·e., 
New York 

• 
ONLY 13 OUT OF 1,500,000 WATTS 

BROADCAST ARE USED 

THOUGH American broadcasting 
stations use an aggregak o[ nearly 

1,500,000 watts of power, an engineer
ing professor of Massachusetts Institute 
of Technology has estimated that the 
power received by the average n;ceiving 
set's antenna amounts to the eqUivalent 
of the energy consumed hy the c,)mmon 
houseRy walking a distance of one foot 
up a ,yinuow pane. 

COIIICS now an enginh:r of the Fed
eral Radio Commission with a calcula
tion sllowing that, with r 3,500,000 radio 
recei ving sets in use ill the United 
Slates, their aggregate "consumption" 
of broadcasting power amounts to only 
13,6 \Va tts. All the rest of the broad
cast energy is dis~ipated in space. 

M •• CH. 
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SPRAGUE ELECTROLYTIC CON· 
DENSERS were the dominant choice 

of radio engineers in 1930. They were 
spedfied for moce radio sets, used by 
mon manufacturers. The great im
p.rovem'enc represented by the new 
Sprll.gue Inverted Type Electrolydcs is 
!ure to be reflected in an increasing use 
in 1931-

DepuvneDt 138 
SPRAGUE SPECIALTIES COMPANY 

Noeth Adams, Mass. 

-~ SPRAGUE 
19JLCtr..nhj& CON DEN S E RS 
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R. H. MANSON PRESIDENT, 
INSTITUTE OF RADIO ENGINEERS 

RAY H . MANSON, a member of the 
B oa rd of Direction of the Institute 

of Radio Engineers (1928), and a mem~ 
ber of the A. I. E. E . since 1902, has 
been chosen presidellt of the Institute 
of Radio Engineers, taking office at the 
recen t J anua ry me ct i ng. 

He was born a t Bath, Maine, was 
graduated from the Uniyers ilY of 
Ma ine in 1908, and received his degree 
o f E. E. from that institution in 1921. 
From 1899 to 1900 he was employed in 
the telephone manufacturing depart
lIlent and the electrical laboratory of 
the Western Electric Company in ( hi
cngo; tlie next four years were spent 
ill the el1g- ineering and sales depart
ments of the Kellogg Switchboard and 
Supply Company, Chicago. Then for 
a long- period-until 191~he was con
nected with the Dean Electric Company 
a nd its successor, the Gadord Manu
facturing Company of Llyria, OhIO, 
where for four yea rs his service was 
as ch ief engineer. Since that date he 
has been w ilh the S t romberg-Carlson 
Telerhone Manufacturing Company, 
Roches te r, and is now its chid engineer 
and one of its vice pres idents . 

During his afliliation with the manu
fa cturi ng business, he has taken out 
over fifty patents on inventions in tele
phone, phonograph, and radio fields. 
He has been active also in radio stand
ardi zation work in the Radio Manufac
tuerers Association. For several years, 
he has been serving also as chairman 
of th e electro-acoustic 5ulh'olllllliltee of 
the I. R. E. 

PHILIPPINE 
FACILITIES 

A. 

COMMUNICATION 
IMPROVED DURING 

1930 

COMMUNICATION Li e ilities in the 
Philippine I slands were g reatly i'll

proved during '930, and should stimu
late business cons iderably when o~ her 
basic economic conditions perm il . 

Radio (ommUnicatlOn had many 
changes during the year, with the M ac
kay Radio and T elegraph Company 
and the Radio Corporation entering the 
P hilippine field , and the Ra dio Corpo
ration of the Ph ilippines losing cont ro l 
of the n ine provincial radio stat ions it 
had been op,:rOlting because of the re
fu~ al of th e Phil Ippine GOl'ernment 10 

r ~J1CW the franchi se . The perlllanellt 
statlls of Ihes\: ni lle stat ions will proh
ahl y he determined by the nex t legl s ~ a 
IlI rc . The BlIreau of Posts is now 
oper;lting' G3 radio stations, of which 12 
were added dl1riJl~ 1930. The folio\\' 
ing is a sUlllmary 0 r radio stations in 
the Philippines: U . S . Navy, one 
offi cial station ; Mack<ly J{adio and T ele
g ra ph Co., one transoceanic stat ion; 
Radio Corporation of the Phlhppines, 

one transoceal1i~ station ; Dollar Steam
ship Co., one shore Sw.tlon; Bureau of 
Posts, 63 domestic stations. The 
Philippine budget for 193 I contains an 
item of 246,000 PC50S (about $123,000) 
ior operation of radio stations. (Trade 
Commissioner E. D. Hester, Manila, 
P . 1., 1/ 20/ JI .) 

A 

EDWARD GOODRjCH ACHESON 

Edward Goodrich Acheson , a pioneer 
ill the field of applied electricity and 
best known for his production of 
silicon carbide ("carborundum") . elec
tro-furnace graphite (Acheson-Graph
ite) and a method of col/oidalizing 
substances by the Deflocculation P ro
cess, has been honored twice during the 
pas t year with pcrmanent exhibits of 
an educational and hi s torical nature 
which depict salient inciclents in con
ue.:tion with his Ii fe and work. 

The Acheson Exhibit at the Smith-

EOWARD GOODRICH ACHESON 

onian Institute , \Vashington , D. C. , 
includes in addition to the vari ous 
medal s awarded Dr. A cheson for his 
accomp' ishlllClllS in c! ('::lrO-lhermics, 
early iJlc:\lldesceut l~lllp fdal aclIl s hbri
ca ted du ring Acheson's assol: i:t t i In \\' i th 
E di son at Men lo Park, a reproduction 
of his first electric furnac~, and a n g inal 
paper on Liglilllill9 A rresters a nd a 
Plr otographic Stlldy of Scl{-IlldIlC/LOIl , 
tog ether with specimens of tung s ten 
wIre <lnd electrical res istors produced 
\\'ith lhe aid oC colloidal gr"phite . 

A collection oC the va rious products 
produced commercially by Dr. A ch eson, 
all of which were at some lime manu-

RADIO ENGINEERING 

factured at Niagara Falls, makes u p 
the nucleus of the ex llibit in his honor 
now on vi ew 10 the rooms of the 
Niagara Falls Historical Socie ty. 

Aquadag Colloidal-Graphited Water 
and Oildag Colloidal-Graphited Oil, 
which represent but two of Dr. 
Acheson's many cOlltrilJutions to m<ln
kind, are well known 10 the radio in
dustry where they find utility in the 
manufa~ture of tone controls, volume 
controls, grid-leaks, tungsten wire, 
"g e tte rs ," damp-paste ; photoelectric 
cells, secondary-emi ~ s ion retilrdants and 
as lulJrica nts. 

• 
LOG RECORDS AT BROADCAST 

STATIONS 

AT a session of the Federal Radio 
Commission held in Washington 

on February 16, 1931, an order effec
t ive March I , wa s issued directing that 
a ll broadcasting stations maintain two 
log records, as follows : 

1. Progro,m Log. This log shall con
tain: 

(a) An entry of all stations and call 
announcements and the time 
made. 

(b) An entry describing each pro 
gram broadcast with the time 
beginning and ending. If 
phonograph records or elec
trical transcriptions are used 
that fact shall be noted, to
gether with the announcemcnt 
made thereof. 

2 . Operating Log. This log shall con
tain : 

(a) An ("ntry of the time the sta
tion 's carrier wave goes on the 
the ai r ;'.nd the time the sta
ti on 's carrier wave is stopped. 

(b) An entry of the time the pro
gram begin s and ends . 

( c ) An e\1 t ry 0 f eV ( j'y interruption 
of the carr ier \Va ve, its cause 
allcl duration . 

(d) A ll entry of ea ch of the fol
low ing shall be made every 
thirty minutes . 
(I ) Operating COil st.C\llt5 Oll 

last radio stage (total plate 
current and plal e voltage) ; 
antenna current. 

(2) F requency check. 
(3) T emperature of crystal 

chamber (i fused) . 

These logs shall be l<ept by the per
son or persoll s competent to do so, hav
iug actual knowledge or information 0 f 
Ihe facts herein requi red, who shall 
sign the log whell cOllling on duty and 
again wh en going off duty. The log s 
herein required shall be open to inspec
t :OIl at all r easonable limes by Govern
ment radio inspectors and other per
sons authorized lo do so ', y the Federal 
Radio Commission. 

II. "13 I 
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Simplifying 

1931 circuits ... 

THE NEW 

VARIABLE-MU 
TUBE 

THE consrant quest (or improved, 
yet simplified circuirs never ends 
for radIO engineers. 

Now, for 1931 receivers, 
Arcturus presenrs the new Vari· 
ablc·Mu Tube, Type 5~1. This 
cube Contributes vital advances of 
great mterest co sec eog ineers . . . 
vasl1y improving opel1lcing dn
cienc:v of any r.ecciver and :naking 
possible delinl(e economIes and 
simplificacion of the corcuie ar· 
rangemenc. 

The Arcturus Type 551 Tube 
renders unnecessary the use of 
double pre ·sctenors, dual volume 
concrols; t:\iminare5 rhe necessicy 
of a "loClI ·Iong &s((\o((:· · swi teb. 

Thi5 new Vnriable·Mu tube per. 
mitS distorcionlcss opemtion with 
signa I j "puc voltages approxi· 
malely 25 times grealN Ih~n wic.b 
prc~ent.dny lubes aod extends rhe 
range of automatic and manual 
volume controls by t bis faecar. It 
divides maximum cross-talk by five 
hundred. And it effeccs a marked 
reduction in receiver' · hiss ." 

This is accomplished by Q new 
principle in co/\suucuon whereby 
che (urrenr-voltage charocteristic 
is specially shaped so as to reduce 
che higher-orclerparnmeters res pan· 
sible for d,stortion s nd cross· calk. 

A special technical bllilerin o n che 
Arcturus Type 55 I Varlabtc·Mu 
Tube wdl be senr to manufac· 
turers, engineers, and all others 
interested i n chis new dfeve lopmenc. 

ARcruRUS RADIO TUBE CO. 
Newark. N . ). 

RCTURUS 
RADIO TUBES 

"hi TUBE with the LIFE-LIKE TONE" 
@ A. R. T. Co .• J"" 
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AEROVOX· 
BUILT BETTER 
ENSERS AND RES. • I • -

Manufacturers of 
The Most Complete 

CONDENSER and 
RESISTOR Line 

In Radio 

Th!! interesting and helpful 40-p~ge Manu.l and Cat~
logue containing a w~~ltb of information on condtnsus 
and [es1sto.., and derailed el ectrical and mechanical d;lU 
on tbe complete line of AfroVOX Condensus and 
Resj8[on. 

Sent Free on Request 

The Aerovo" Rese~rcb Worker is ~ free monthly publi
cation i!)$ued to keep radio engineers •• xperim~n[ns and 
servicemeo abreast of lb. latest development. in receivu 
and power supply design. and upecia!ly witb the propec 
use of condensers and resistOr!. A t«tu.st on tbe coupon 
below will place your name on the mailing lin. 

Fill in and Mail the Coupon Below 

AERO VOX WIRELESS CORP .• 
70 W •• hinKtQn Street. 
l:.!roo!.dyn, N . V . 
Gontlcmcn: 

Plca.se send roe wllhout ch~rgc or (]bligati.on; 
, ( ) Your 10·page CondenseT and Resi.to, Manu.land CO(~toKII • . 

( ) The R .. earch Worker. • 

N8roe . . . . ~ .. .... .. . " .. . .... . .......... . ... . ..• .• . • • • •. • • , 

Stro~t ..... _ . . . . 

City . . . .. . . .. . .. . . . . .. .. . . . . . . $u: • .. . . ..... . . . .... 
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I. R. BAKER ADVANCED 
Annou\leement of th~ pro'notion of I. R. 

Baker to ll1an"!lcr 01 bro~dcaot transmittn 
sales of the RCA.Victor C01l1pany, has just 
ueen lIl"dc by Quinlon Ada",:, manager of 
the engineering products di"i sion of Ihat 
C OII\1' :\ II)" . lvrr. 1J~ ,kl'f j oined Ihe RCA· Victor COIH
Jl'.'")' two YClIrs ago :o s a IIlcm\)e·r of tllc 
1)1"0:\(k:08 t tnlllSmillcr sales scction. Pre· 
·l ionsly. he Iwu be<.'Jl engaged in broadcast 
«:JtuHllllle r dc"clopmenl work for the Gcn
('ral Electric COl1lpall)' at ${:henect'sdy, 
when: he lOok part in the (! x tensi"e cxpcri
u\ent:d wor k all hillh power rodio tra nSmis· 
~io l\ carri ed on through stalion WG¥. Mr. 
Bak<.'T is .n gradll::tte of Getlrsbnrgh Colkge. 

A 

AEROVOX APPOINTMENT 
Th~ Acro\'ox \ 'Vireless COI'I,nrati o1\, "'''nu

(a C(\lrCrs of copdcusers ;11\( «· !:' is~ors. an
l1(Jllne<, Ihe appoinllllellt (It I. . H. ];,,:klll;l1I, 
~ O"J E~s t 771h Street, Cl'!\ ' ~i:1l1d, Ohio. :l.< 
r eprcsc lIl;'ltivc of the Aero\'o" line in Ihe 
Cleveland territory. Mr. {<lCkIllan, fonnerly 
(II Ohio Carboll, is well ,nown througholll 
the entire industry. 

A 

ARCO ELECTRICAL 
CORPORATION 

S. A. Lehman, :president of the Arco 
Electrica l Corpora ti on o{ Fort Wnyne, In· 
diana, :lIm9uuees the rClllo\'nl of tbe Chi
cago plant to Niles, Michigan . Alrhough 
the machincry formerly in the Chic.~go pJ (lI11 
has just been moved to Niles, operac-ion at 
the new location hag been in cffec t for 
sevcrRI w~ks wid, the new special machi.nes 
for coil produr.tion work. 

The A"~ 'j conll'BJ.ly is doing c"ntT;'Ict work 
for radio ;'Ind cl"Clric..1 1113nuiaclurers, 
building coils, " \IL,ltes, !ransio rlll~r~ and 
speci,,) windings to spcci"icalion~. 

\Y. A, Hunson. J;\'i~i"n "1:lIlal:"r. is in 
ch .... gc of II .e Ni\c, plant aDd r;. i\kL. Coil.', 
cllief elll;'ill"C1". is in Ch3Q:e 01 thc cn~·inccr· 
in!: ;;tllti'. :l1r. L~ hm"n Ims <:iw1"ile vI thc 
Fort \V;'lyn~ pl""t ;'Iud lhe "xecuti,,<, orlic,,$. 

Displ"y space Io:\s bee'! a~<Juir~\1 in the 
'''.'W IlH: r<:!J:llldi:tc IlHtrl in Chicago. where a. 
cnlllf'lkic Ii,,\! of :\rco products is COnlin\!
ou.ly 011 displ"y in ehargc o( a conipet.cnl 
coil engineer. 

& 

FANSTEEL NOW OFFERS 
TUNGSTEN 

Adjustment of certain patent restrict ions 
now permits Fansteel Products Company, 
Inc., North Chic~go, Illinois , to sell pure 
lungsten metal in all commercial forms for 
genera I purposes. 

This company hi,s manufactured tung
slen since 1914, but hlls sold the pure me tal 
oDly ill the form of finished eleclrica l con
lacl poil1ts . However , they h,l\"e produced 
certaLo tungste n ~ molylll.lcnul\\, tungsten -
tantalulll and tungstcn·co/>pe r allo),s, as well 
as pure molybdenum and tantalum, and a rc 
expe rienoed in worki ng these met"ls and 
d rawill~ locm into fine wire. Only s lig ht 
;'Id"1>ta I10n$ in tbe techn ique a nd equipment' 
which F,1I1stecl a lready has th us de veloped 
were necessary to prod uce fine drawn w ire 
of pure tungsten , 

Unusual purit y and workalJility arc char
acterislic of Fansted tungste n. The Illelal 
io refined from 'he Chinc~e ore (wolf
ramite). or o lher basic Ill"terials, 10 lung· 
stic acid. which is cOI1\'~((ed to ;alt and 

hack to acid three lillles in ortler 10 el imi
nate impurities. The pure acid, aller he· 
ing sampled, br the laboratol')', is ir;lIilcd to 
OXIde whic h IS reduced in hydrogl'n fur
Daces to 99.95 per eent "mgsten powde r. 

This powder is pressed into hars uuder 
pressures of several bundred. tons, and the 
!Jars are tonvcrted into ingots by s inter
ing. which ·consis ts of healing the IJ~rs elec
trically in special furnaces frotH whil'h nil 
ox~gen is excluded. 

Sintcring, when carefully ~outrolkd, 
starts ;'I rCB'\llar mctallic cryRlal growlb 
wbich is continue.d by swaging the ingots 
into .. ods of decreasing dinl1lCl c'r "nd finfl lly 
drawing Ihem into wire through ddll<:d dia
mond dies. Ingots arc also rolled into 
sheets for eennin purposes, 

Pure tungstcD is ao inte resting m'll c:ri3t. 
It bos th" highest melting point o f :\11 
metals, It retains rig idity a t highe r te m
"pe r'a tures than any ot her met (l l. II has the 
lowest yapor pressure of all IIlct" ls, a nd , 
in tlte form of drawn wire . has g rea te r 
t ensile strength than any o ther knc;> wn Ill'"~ 
lcrial. 

A 

SIMPLEX HAS GOOD YEAR WITH 
MIDGETS 

At (he annual mceting of Th e SirrlJ)le)': 
Radio Company, Sandusky. Ohio, 1-/, C. 
Moibohm, preside"'., reporled an in o rc:( ~ c of 
240 per cent in lIet earnings (o r 19.10 o"~r 
1929, the compan),ls best previous y'e3r. 

"Approximately three t.imes a~ liIany ro.dio 
sets were sold as ill 1929 and the C()mpony 
attributes its highly successful year nl!llo~ 1 
entj rcl)' to its foresight early III the s eason 
in sensing a public d.ellland lor the now 
l)Opular priced midget types a nd conccn 
trating' its major production aeth'i lies fin 
an e)(~llently engineered and substolltially 
built small r."\dio in three cabinet types 
varying in price from $49.$0 to $59.50, less 
tubes . 

The foll owin!! officers and directors were 
re·eJected: H. C. MailJonm, presinent " n ,1 
treasurer; J. M . Gru&Ch, vice-president an,l 
works manager ; W . C. Crcmean. v;cC'llresi
dent and chief engioecr; R. J, 0111111<."(1. 
.ecretary; and M, B. West, consulting 
engineer. 

A 

C. J. HIRSCH TO FAD A 
Frank Andr~a, president of Ih~ Fada 

Radio Company wltb headquarters nt Long 
Island City, has nnnounced the appointmenL 
of Charles J. Hi~ch 10 thc sl"ft of the 
foada ' research laboratories. In announcing 
lhe news DC this appointment, Mr. Andrea 
stated, "As pioneer r adio manufactllre rs, 
csta blished in 1920, it has always hecn O\lr 
endeavor to keep pace with O\'ery ncw de· 
velopme nt in the arl of radio. Thcse dc
v<.'lopments .md new dCsignli nrc t.hor
oughly tcsted by our own Fnda research 
la bora tories. 

"Cha rl es J. Hirsch, 1<\(<:5t addition to the 
F:\da staO' is. a g nldua tc dectric:\1 ('ngincer 
with a winc expericnee in radio work, He 
is holder oi sever:.1 patent applicatiolls 011 
radio all(1 s imilar apl><) ra tlls and rcecnll), 
has been engaged ill research \Vorl, wi lb the 
Radio Frcquc llc)' Labon!lories in 1Ioonto.l1, 
New ] erse}" 

"J I ~ wos also associated with the I Llln· 
"lond Laboralones of Gloucesttr, Mas5., in 
research in synchroni7.ing opp~ra\us for 
fac SlnJile transmjssJoo, short wave tr2. ns
]llis.ioll and airplane radio arpar~'''S. 

".01 r . Hir.ell has also \Vo,ked wilh the 
Edison Laboratorits in Orange, N. J., On 
researc b pe rt. i ni ng to ph onog rD ph record
ing ap'Paratus." 
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DAVIS NEW HEAD OF PHILCO 
BOARD 

l mportant changes in executive personnel, 
including Ihe addilion of two new " fficers to 
the comptlny. were a nnounced recen t ly by 
the Philadelphia Storage flattery Company. 
make rs of Philco r~d i os. 

Edward DaVIS. presid~nt and one of Ihe 
found"rs of the compa ny, bas been ~Ie\'ated 
to the position of c hai rman of Ihe board o f 
directors, and James M. Skinner. vice· 
president and general manager, be~om es 
I'r~sidt:nl'. 

The two new omeers a re Ccor~e E . Dem 
ing, uew Cl<ccutiv" vice-preSident, and 
Walter E, Holland, who becomes vice -presi· 
d e nt in charge of engineering. Deming ' was 
fo rme rly works lI1anager, and Holland was 
c hid eng ineer, He is nationally known ill 
I he industry for bis work as cbairl1lan o( 
t he engineeritlg committee of the Radio 
lI:13l1u{aclllrers Association. and for th e 
l('Chnical developlnents he hus s'ponsored and 
1I1""gllraled as Philco's chief engineer. 

A 

CENTRAL RADIO CORPORATION 
A Ictter receiv~d fr om \~'. T. Bracken, 

lIener,,1 manager. Central Radio Corpora 
\iOIl, Deloit, W's ., reads : 

"This cOIHpan)' has been advised rhat 
!{, G. Dun and Conlran}, has is~ued a 
special notice Ihat Central Radio Corpora· 
lion, North Wells Slreet, Chic~go, has 
fi led a volun tary I'e t itio n ; n bankruptcy " 
That COJllpany, we have lJeen informed, is 
" non-operating defunct COlle,:rn. whIch 
fOfll,erly had some conn"etion with Moulded 
Wood Products Company. 

"On aceoun t 0 f the nJ me bei ng iden ti cal 
to ours. we are yer), anxious to have: every
One undcr'tand that the Chicago company 
is not ~nd ' never has been CI)nnecled with 
our COlllp"ny ln any way. You can appre· 
ciate the embarrassment that wc would be 
,aused , should Our supplices and cust omer s 
he mis inlonllcd on this matter." 

A 

KESTER SOLDER COMPANY 
ELECTION 

At a meeting of Ihe board of directo rs 
of the Kester Solder 0;. ., Chicago. On Feb
ruary '7, F. C. Engelhan was ekcted presi
dent of th~ ~om·pauy. 

Mr. Engelhart has been the dirc~tillg 
hcnd of the company for \"\\'cnty years, act· 
ing: in the positioll of general manager and 
ITeaSllrer. Under his guidance the ~om
pany has grown from a small organi"a';on 
to the present large and complete plant at 
_1201 Wrightwood, Chicago, and also a plant 
ill Newark, New Jersey. 

It is further announced tbat J. A. 
Re it7.el, formerly sales promotion manager, 
has been elected to the position of gen
~ra l sal~s manage r . Mr. Reit%el has had 
a broad e><perience in saks and advertis
iog, baying occupied execut ive positions 
Wilh the Portland Cement Association and 
other well known organizations. 

A 

FELT FEET FOR MIDGETS 
Thc T. R. BrawlC'Y Foil Cu , Inc . 279 

20lh streel, Brooklyn . N. Y .. lll a llu(aclur<:S 
a cOfilplele line of fclt feet for l1lidget radio 
receivers. Equipped with Ilrawley fell fe ct 
receivers may " ,fely be Set down On pol· 
ish od Sll rfa Ces wit hOll t da ng er of scr" tc h es 
or marks. 

rAN' 
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"WE find with the use of 
Tantalum," writes the 

CI'llcral Managet· of N ational 
!lurlio Tube Company, "that 
11111< cost per tube is lower 
I'VI''' though Tantalum costs 
more than some other rn a· 
IninJs. 

"This material reduction in 
l'IlHt is due to the fact that 
'I'!llIlalum is such an efficient 
'1(I\Itcr,' and serve.; to enhance 
lll(~ quality of our product to such ao ex· 
1~'lIl that our loss in gassy tubes IS 

lIegligible. 
"Also, we arc thankful for your Tan

I n 111m Alloy spriIlg wire which has al
I'(,tldy repai.d us a thousand times by insur-

-National Radio Tube Company 
Prominent Pacific Coast 
MUlIlIfacturing Company 

ing us against ffabby fila
ments, OU1' engineers rec
ommend the use of Tantal urn 
in all tubes where extremely 
high vacuum is essential to 
long life and perfect service." 

The findings of this com· 
pany arc backed up by those 
of other produceD! both here 
and abroad who are turning 
more and more to Tantalum 
to solve technical difficulties, 

improved quality and lower costs. 
W11en you try Tantalum, you'll be su1'

pri~ed at the ease with which it can be 
stamped, formed, welded and cleaned. 
It's available in rod, sheet, and wire, May 
we send you a sample? 

Fans/eel is YOUT best source 01 sltPI,ly al.o JOT pure Molybdenum, 
hardened Molybdenum. aIlOYK, photo-cell m etals and ~al!s , Ample 
810ck8 for immeai,Jle de/ivery , Inlormlllion (lnd prices on reque~'. 

FANSTEEL PRODUCTS COMPANY, INC., 
NORTH CHICAGO, ILLINOIS 

TANTALUM· TUNGSTEN • MOLYB DEN UM· CAESI UM· RUBI 01 UM AND ALLOYS 
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ufacture, engineering, service, installation and 
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,: ;,~\,iE\V DEVELOPMEN~ 
':;;!' i Of THE MONT I 

DE JUR-AMSCO 
1""1"""'" 1·l'k~. ~"lcs manage r of D eJur-

, "'1"" '111 101'. ' ),~ MortOD Street, New 
"1 II I Ii r I IUllilii fa t'l nrcrs ofva ritors , van-

.. ,,01"11"1" IIIHI power rheost ats is 
I" • ."",j ""Ilu"l Iri p, during whieh 
, ',II "" I' " dio sl'l lllanufa ctu re rs be
"~ \'1111\ filHI the coast. 

H,' llil 1\111 "" 0 Corpor at.ion b.as just 
, " II' III",. "('~cri bing in d e tail a new 

,.11.,'/ <\,,: " a ri tor, a sma ll fixed
\ ' lI' ~ H Iln1', dl'signed to meet tl e 

""I'II' ...-U I . td Ihe semi-variable or "fixed 
. I . I ,I. • .q"wi Inrli in modern radio f re" 

• . • ;0, ,1 "lill'l'h e t c ircuits. The DeJur
I I " 11,,, ,,.{j,, " will be glad to send a 
I 1/, ., , 11I' II I" r to anyone u'pon request , 

~ 

VULCANIZED FIBRE 
.. . "1 ,, d Filll'<:, ns m a nu(aclured by the 

· t. , , oI,II )II LI11 011(.l Fibre Co., ewa rk, 
, I ~ 'I, { ., I " I'og'l1ized by en g in ee rs a nd 

I ," "~ II ' II tl lHllrl ,l.:<.:rs everyw er e as a Hgen.

. 1 , .. "t"''', '' ",,, ,nial, but it is doublful if 
.. II, ,, ", I"dh' idunls who use this product 
I, I ,4 1,lIlllr ~p c:c ific application, apt're-

I • • \ ~ ~dl ' range of u ti lity. 
\ "I, ,101 .. ,01 I'ibrc, Ji ( st p roduced in the 

. ,'. ,I." . ,01 lit" "Iectrical indus try, and the 
I ,1''1 ,,,,, ' 111 Ilr which has kept pace witb 
,I.. 1"01".,, .\'. i. frequ entlY looked up oo 
. 1.1, d . " " ,·In:trical Insu lator. when, as a 

IH, I H' IllI' r! if h rt s found n1any i mportant 
.<,,, 141 In,ll '''I,i,'~ 111 no n1a.nner related to 
.\" I ~. I lll{ III jlulu!;try. \ U'j ,.lil'4'II FHlrt,\ ;s a hard, d ense, bone· 
.. , . ", .,,, I I,d , IIIlIl(h, pliahle and strong. Irs 
.. " , j 1,." . t",,1 ~tre n~th, high d ie lectric 
.". ".iI, ,,, ul "d al,tab ility to all machin-
11'f! "I" I II Il ulIl'I' IHak c it a uni versa l taw 

"11 1,·. 1 
~ 

ALECTRAL MAGNET WIRE 
'I, .• I, "I mUIl,,..t wire , of enameled, cot· 

1 · ... 1 I H\ III e'l l. ~tI ' Jo+i lk covered aluollnum, for 
I" 'III I IIjJ. j II t'('om plishcs t'L di s tinct saving 
I" '''II wI ' lwlll . "" will he cvident upon full 
., ... 101.".11,," nf \\'('i~hl ra ti os ( o r eq ual 
.. ,,,I,,, III 111,·.. It i,. rce ')11I1Ilend ed as being 

I' ," 1",I,lllv dl' Hirahlc lor use in coi l con
a" '" ,'',", wlll ,t<· ,h,; ~Iij/hlly increased di 
"~co ". 1.",. "I III " A"'('II';!! co il of equivalen t 
.''' 1111, 11\ {III II .. ,1(\1· ... tHH jnv olv c an u ndu e in
,\< . . " •. III 11'1 111 , II i.. recognized Ihat in 
'''~hy 'til l" ui (",\il co n!Jlruclion the eea-
11 .. ,,,1.·. ,,' "I""'ml "lily be oITset by in
• I_ "."11 11 '"uth H' nHlJ,.tfl(~tic circu i t required 
I,. II .. , ""11'" d l lllt'lI.i"lI~ of the Alcetra ) 
, ,, ,I 

It", ",·,'II"h lllIV Ilf flllllllillllill magnet wire 
III ,dl I ItIIHllrl't'in1 fo f'l' ~!' 01 COVCrlug and in 

all uut the ,xln'il\ely fine size, nOW gives 
ooil engineers the opportunity of cDnsider
ing the possible advantages of Alectral 
ma gne t WI re in \0:" Own coil co nstruction 
with the full assurance of a dependa ble 
SOurCe of supply having ill companlbl e ex
peri e nce in rnagnr=t " .. ire Inanufacture . 

This product IS offered by the General 
Cn b e Corip oration, ~. a Lex; "glon A ven u e, 
N ew York. 

• 
RAD IO-PHON OGRAPH 

COMBINATION 
An entire ly new automatic phono!:r~ ph 

record-ch anging device f or tlse .n ","Iru
fll ents fo r [ he home, has just been an
nounced by The Capehart Corporat ion of 
Fon 'Nayne, Indian a . Th e new mechan ism 
has been d eveloped especi a lly fM manufac
ture rs of radi o-phonograph c,,,,,bin8tions, 
a nd will be ava il able to t be p·.l :Jlic in t he 
ins t ru m en ts o f a number of l<:" ding ma kers 
in their '931 lines. 

The new record change r en.bodies m a ny 
exclusive fca tClres, acc ording to H . E. Cape
hart, pres ident o( th e cor.poration. Chi e t 
a lil ong its ad \, ::l1 tages are compaetDcSs and 
positive, depend ab le operation. It will ac
CO'T)rnodate both lo-inch a nd 12-inch 
records . N alurally t h is compactneSS eDables 
a complete radi o-au lomatic phonograph com
bination in c. much smaller-s iz e cabmet 
t ha n bas been poss ible he re lofore. At Ihe 
same time, of course, Ine un It performs 
e qu a lly well in cabinets of the ordinary and 
large r sizes. 

In a nnouncing t he new unit Mr Capehart 
sa id t ha t althoug h it h ad only recently been 
pres ented , following exhaustive tests 01 lIS 

operati on in th e CapeL art laboratories, the 
mechanism has been e nlhusi<lstic?lIy re
ce ived by radio ma nufacturers and tli,u-ibu
t ors . Negotiatio ns h ave a lready been com
ple ted fo r it s inclu sion in instruments 
wh ich will s oon be present ed to tbe trade 
and pu blic. 

• 
WIRE WOUND CONTROL UNIT 
The iIll.ls tra tion b erewi th is 0 f a dual wi rc 

, ..... ouod control u nit manufactured by The 
Wirt Company, .,\ 2 21-27 Cr.'ene Slreet, 
Germa ntown, P a . The r eSiStGllCe coils are 
completely housed in ab a ck ],,:kelite ca,".: 
wh ic h protects it from the outside clemenb 

and it is practically no iseless. The diameter 
of this con trol is ll~ inch es and IS one inch 
deep. 

HIGH-VOLTAGE ELECTROLYTIC 
CONDENSER 

After Iwo ye.'lf3 of re,earch and engineer
ing developmen t on electrolytic condenser 
problems, the Dl)bilier Condenser Corpora
tion, 4377 Oron" Bh',i" New York City , 
annOunces the Dubilier Hi -Mi\'e condenser 
-3 refined, semi-dry, high-vollage electro
lytic condenser with t he following out
stand in~ feat I.lres ; 

Alummum can 4 y, by J ti inches. inter
changeable ""Ih other standard e1ectrolylic 
units. Available in "prig l: l and inverted 
",ounting types. Sta ndard c3p:?city 01 S 
n:fd., with exceptionally high pcrcentage of 

effecti"e cap<lcily. \Vork,ng voltage con
serva tively r,I(M a t 400, wiih peak of 430. 
or more than a mple for rcquiremcnls {If set 
wi Ih -80 type .rcct ifier. T,Ili S COll,Ienscr is 
(ully sdt-hca hng, refonnl[1g rap,dly aod 
has low I eakage at high voltages. Tlte Ii f(: 
expectancy is in e,; ccss of rCljaircmcnts of 
(bc u~lI(11 r"dio assembly. 

DUL' to tJ,c numerO uS refinements incor
porated in the new Dubilier Hi·Mike eoo
dcn~er. the usc of eleetrolytic conrlCj)se r~ 
in st:ll)(lard filter circuits makes for eco· 
nomy without sacrificing practicability. The 
units :lre COlllpact, clean, Ilolt-spill<lbl" ""d, 
due to minimum !c3l<age, q\llte cflit: il!l1 t. 
providing ample filtering action for mOill 
r equi rement s, 

POWER SUPPLY PANELS 
R. C. l'owell & Co. Inc., of 350 M:ldi 0 11 

Ave nllc, t\'ew York City. h:~5 r (!l:c )tlly .Ic- . 
vel oped a comple te linc o f l'oW ' r ~ ur'fl ly 
panels ranging in capaci ty (1'0111 II few hun
dred walis required for $ouud s ys t ' ms and 
uroadCIISI s!'Udio equir'mc llt to II nHlxinlllrll 
of 400 Kilowa tts for h iJ,!h pO'wer inslnlla
lions, including a vari e l)' of dc sillll, fo r u'e 
in medium po,,"er broadcnsti n{:" tnt ion . . The 

- rectifiers employ mCTcury vll por tub 's whir:h 
arc I>articuia rly ndaptc(t fo r v;tCUltm lub' 
equipmenl bcc.~usc o i Ihe cxcelle n l voltage 
reg ul;,tion und.cr v~ryi ng .1 lid cond itio ns. 
They arc dcs l!: lI cd fo r SHIHI n llt! lli ree 
phase commercia l Jinc slIp ply r",,( o ,\tnill 
bllilt-in filt er S}'S l'; Ill ~ wh ich delive r l\ vir-
111~lly pure doc. Ollipui. 
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A MUTUAL CONDUCTANCE 
METER 

The Weston Electrical in5trument Cor
poration of N ewuk, N, J., has developed 
a n e w instrument for the direct measvre
ment of the m utual conductance of radio 
tubes baving an amf'lific~tioJl factor be
tween 3 . .; and 42. and of all 5<'reen-grid 
tubes, 

The, instrument is of the copper oxide 
rcctifier type with a 7 y. inch diame ter Ca~c 
ior flush mounting. A compensntor 1II01l1lt<'d 
in a box approximatel)' J 0 b)' 7 inches is 
supplied as II pnrt of the ;lIstrul1lonl. This 
box is arrang(~d for surface mounti ng . 

To measure t,he mutunl C(lI1\hICtnnce (I f a 
tube ii is necessary to allply ono ,'o l\, 60-
eyele a-c. to the g rid, The othe r e10lll ent s 
of the tllb!> lire cnc rgi t,ccl with lhclir s talld 
ani Tared d ·c, voltaHe lind the COlllpc nsn tor 
dial is s e t for the \,,'tllI (: 1II08t nearly corre
sponding to the mil o( the tube IInd er tes t. 
The mUllin] condllc tllllcC is Tc~d di r ect on 
tlt e sc,l lc. 

Tlte s ig llal volt nf(: of exac tly onc volt 
is c (l sil ~' obl ai ll ed by mcall ~ .. e n 81llall step
d(l wn trml$forlll Or with a 1.5 volt voltmcler 
(111(1 a potcllci olTl ctn connec ted ncross the 
secondary so th nl the volwee 1I\~y be ad
jus ted ill erl'SC of \'nri,ltiOIlS in the lille 
,'oltage, 

" NON-AQUEOUS CONDENSERS 
The P. R. M~llIory Company, Elkon Di vi. 

SiOll, llldiallnpolis, Ind., in October last 
introduced the lion-aqueous Hi-volt conden
~c r. This is it high grade fillet' condenser. 
The condellser is self-henling and operates 
at .j~o volts <1-0. ft is not injured on 
trnlls icllt peaks ,,"en in excess of 600 volts. 
Vorious receiving radio set n."nufac(urers 
havc adopted thi s condenser unil as slaud
lIfd for Iheir products. 

" ERIE RESISTORS 
A large radio manufaCluring company re

P\>1':s having found j':rie resistor units 99V, 
per Cent perf ~c t. Out of millions of re5is
tor unils supplicd less than five out of every 
thousand were on tesl found to be below 
standard , 

Eric resistors are sa id to havc a constant 
resistance vulue, not atTceted by age or teOl
perature. 

The E.rie Resistor Corporation is located 
al Eric, Penna . ... 

C. R. S. SOCKETS 
The Central Radio Corporati"'II, Jk!"it, 

\,yis., ;s a pioneer manufacturer of (ube 
.ockets. This year's model is No. 700 
so<,ket .• designed to OIcet new and \!jl.lo-dal'c 
Ina nufac turing ne~rls . The contact is backed 
by a sl':c\ reinforcing ring, and full in
sulation of high quality nal,c.lile is pro
vided in thc:sc parts. 

" ACME ELECTRIC AND MFG, CO. 
The Acme Electric and Manufacturing 

Company, '4'tO Hailliitoll Avenue, Cleve
land, Ohio, manufactures a line of step
down trandormero for export to countries 
wbere voh~tle ranges from 200 to 240 volts; 
so· Or 6Q-cycle >, also for 150- I 6S -VO!t5 
primary. 

" 
RESISTANCE UNITS MEASURE 

INFINITESIMAL VALUES 
As evcry graduate of high school physics 

knows, elect rical r~istance is measured in 
ohms. With the deve lopment of radio. how
eVe r, entirely new conceptions of bOlb fo)'C<' 
and matter callie iuto exislence. Toward 
both tJle infini te a nd Ule infinitesimal mlln's 
mind, by means of radio, explored regions 
never before ddvecl il1tO. One of lltese 
fields is that of clectrical resistance. 

The aeed for resistors in value from 10 

to 20 megohms rating bas long been mel 
by metallized re5iston, the metallized fila-

ment b,eing mounted and hermetically se;lled 
in beavy glass nlbes, from the metal cud
caps of which pigtail leads prolTlIdc. 

In recenl months Ihe cnginccriug staff 
of the Internalional Resislance Company of 
Philadelphia has gone exploring In still 
morc ra ri fled 5t nlla of elcct rical rcsist~ncc, 
Astronolllers, using (I c lit'm" radio grid-glow 
tube circuit instrulllents with which to 
mei'l5"rC I he electric,,1 current gellcrat~d lJy 
th e lil/ht r:\ys from the 1,lancls, reqllired for 
(heir ddi4,;~[c IHc:\sHrPng ins.r~llIlcnls rcsis
t()r~ 01 vahH'" :,~ "i);h ,,. 10,000 IIlCgOlllllS 
or t"ll hillion oiton.. So loy rc~enrch ill the 
far reaches of eIN:lr;cal fc,istallcc anll tl1<: 
produclio" of resistors of 10,000 megohms 
vnhl<:: /lstro ll0ll1y is aided jn pecrin/ol into 
Sp~\l'C so i .. linil~ in extel1t lllHl it ;5 1H\,',1sured 
not ill I"iks !lut in light years, the cli ' 1.11le" 
I """clcli hy I;~ht ill one y" a r "1 the ~p ccd 
"I I Sv,ooo '(liks per second, 
Th~"c high resistance JlIet:lllizecl resistors 

arc hl(cwisc :liding in the meaSllfClllClIl of 
'Iuantilles ,lOci distances So small as to be 
,,"lIost inconceivable to the human mind . 
Inst rum cnts incorporaltng high vahlc metal 
lized resistors c.'n m~asurc such minute 
distantes as thaI which a three-fOOl wall 
bends wben leaned ag-J.inst, or the bending 
of a one-inch steel bal' when a fly alights 
upon it. 

" 
LIGHT WEIGHT HEADPHONE 

The Trimm Rndio Mfg. Co.. Chir.ago, 
]JJ. I,as develope(! r_ new "fenlher-we;ght" 
headphone that has won acdallll ",hereyer 
presented. 

ThIS neW headpi1(1ne will probably find 
ils widest applicalion in .uding the hard 
of hea ring, not only per,uitting Ihem full 
enjoyment of r .. d: .. , programs, but al so 
brm ging them sound movies, lectures, church 
serv ices , improved audition in the theatre, 
a nd the li ke . 

Because of its small dismensions, fealher
weight and extreme sensitivity it is par
ticularly appropriale for airplane service, 
as il filS readily inlo the pilot's belmet, It 
is id cal for s I>ort wave se Is and it has 
already a wide applicinion in bospilal and 
hOlel serv ice, 

The new i ea ther-weight Tri m m receiver 
is only one and th irt een- sixteenth inch es in 
outside di am eter, three-quarter inch at i ts 
greatest" lh ickness and weighs but one and 
one- half ou nces , 

The unit is wound in any desired illl
pedance, and the receiver is equipped witb 
a thin steel head ba nd and light-weigh t 
cord, I hroe, six or lwei V e i eet long. 

" 
REPLACEMENT TRANSFORMER 

CHART 
A r eplacement translormer chart ha s 

just been brought out by the Dongan Elec
tric Manufact uring Company of D et roit. In 
th is chart are l isted the types of power 
transform ers required for the various models 
of the popular ma kes of rad io receivers, 

With the large nllmber of s ets now do
ing duty there is a considerable parts reo 
placement market . The D ongan chart, in 
additions to the liSlings, con ta ins much 
valua ble information for those e ngaged in 
catering to that market. 

A Dongan chart may be secured by writ
ing to tha t com pany at Detroit, Michigon, 

" 
TRANSFORMER CORE MATERIAL 

A nview of the nickel industry for '930, 
written by A. J. \ 'Vadharns. manager of de
velopment and research for The ]nterna
tional Nickel Company, Inc" says, in par t : 

"Use of ferro -nickel alloys of the (per
malloy Iype, con taining- lip to 78 per cen t 
ni ckel, 10 counteract the cap ~city effect of 
long distance Iransmission lines, now is 
Quite seneral. Anolher alloy of Ihis type, 
containing (,$ to So per cent of nickel , has 
been used wi'! ') marked Suctes, for audio 
transformers {or r :,,\;o receil'ing set s, and 
the use of a similar product is being con
Sidered for tbe construction of lighting a nd 
power transformers ." 

RADIO ENGINEERING 

REPLACEMENT RESISTORS 
The Tilton Mfg, Co., IS East L6th Street, 

~'ew York, is marketing a resistor pocl<et 
for servicemen, containing 24 of the most 
needen s"es of resi.tors now in usc. Tbe 
name of lhe package is the ex-stat pocket 
l<i t. 

" DUREZ 
Dllrez. manufaclured by General Plastics, 

Inc., North Tonawanda N, Y., a s)'nlhetic 
resin llIolding compounc\, was introduced in 
1919. Its acceptance is general where hot 
press moldin!; compOllltds are \ISC<l today 
and it is \lScd exclusi\'cly IW sever'll of the 
largest organizations in the world, among' 
the beller known beil1g Ford lIiolor Co" 
Delco Reilly Division of Geneml Motors, 
Atwater Kent, \ ..... ·cs tern Elcetric, Gcneral 
Elect ric, and \V cstinghousc_ 

" NEW TEST OSCILLATOR 
T he Radio Products Company, Daylon, 

Ohio, is marl<cting a new and widely useful 
test oscillator , 

This inSl ru ment is a fjKed fr equency oscil
lator having a frequency change swileh 
witb four se\.lings. The first sett ing sends 
out ~ self modlliated signal of IJO kc., the 
second setting se nds out a self modulated 
sign ill of 175 kc. O il which a vernier is ar
ranged for chang ing the frequency in one 
kilocycle steps from 170 to 183 kc. These 
two settings comprise the requirements for 
imermcdi;lte frequency amplifiers of super
heterodyne receH'ers. The third setting 
opera tes on lhe harmonics of 250 kc. 
throwing out four simultaneous self-modu
Jated signals at frequenci e s of 7~O, 1000, 
1250 and {Sao kc. The fourth s e ttlOg sends 
out simultaneous signals in harmonics 01 
zoo I<e., namely, 600, 800, 1000, /200 and 
1400 kc . The inslrument is operated from 
bHtery, compartments for which are. ar· 
ranged in the case, the tube being 230 type, 
til amen t Operal ing !com f Ollr unicelJs ; n 
series parallel, on e 22Y,.voll B battery for 
pbte, The EssemlJly is thorough ly sh ielded, 
~n<l has a satisfactory volume control, lhe 
c lit in~ assem bly tben is encl osed in hi~h Iy 
finisbed qua rtered oa k case with conVCOlent 
can-ying s t rap, The hinges on the case hd 
are slip hinges which of course are easil" 
removed so that the insn"ment ca n lie used 
with facililY in lhe shop (lr for portable 
work. 
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ISTORS 
st . 6th Sirec , 
'csis tor pocket 
4 of the mos t 
• In use. The 
ex-stal pocke t 

;ne ral Plastics, 
{ ., a srnlh e tic 
'ntro<lu " ~d in 

'ral where hot 
-e used today 
seve ra I of the 
world. among 

'd Motor Co., 
;nem l Motors, 
ctrie , G .. nera! 

ATOR 
pany, Da yton. 

widel;' u seful 

-equency oscll
;hange switch 

setti ng s ends 
.f J 30 kc .• the 
elf modulnted 
vernier is a r· 

Juency in nne 
83 kc. Th.~ se 
Luiremellts fo r 
lers o( super-
third sett ing 
of 2 50 kc . 

IU~ SC)(-l\l t"Hl u. 

o( 7 ~o. 1000, 

I settmS' s ends 
ha nnoni es 01 

J OO, 1200 and 
opera-led {rom 
>hich are ar
e in g 2JO ty pe, 
.r unice lls io 
B ba t tery for 

19h1y shi c1ded, 
c control, the 
I~ cd in hil!'hly 
ilh conV~ nt ent 
n the cas e lid 
rse arc eas ily 
1t can be used 
. (or portable 

On 
• 

your 

and 

office desk • 

a battleship deck 

... FE L T 
A ORAPHIC example of the hundreds of 
r\ ule. of Felt. Felt gaskets in the mighty, 
thm\,blng turbines of the battle-wagon and 
• , lilt pad between your telephone and desk. 

Will you let us show you how Felt may be 

h".lIltJentlv uti I ized in you r business? The 
I\"".,lc4n Felt Company, large~t Felt . manu
I .. hHlm in the world, maintains a stall of 

.... '.rh anxious to serve you, It is onlV 

.(wd business sense to avail yourself of such 

I-Dop.ration. 

,.It II .upplied in bulk or cut to the most 

... ctlng speciFications. 

Now I. the time to investigate! 

American Felt Co. 
tj~W YORK BOSTON SAN fRANCISCO DETROIT 

CHICAGO PHILAOELPHIA ST. LOUIS 

-~- - ----------------, 
Hl~IIWAN 1"1·:1: 1' co., :11(, ~'OURTH AVENUE. N . Y. C. I 
W .. _I N '1 , 11'''''.'11.1 III t)I H \1M O ol {c it. 1 
'It-H 1.,.H'.lhl fUI- ~ ... - ~ .. - -.-- .. .. .. ~ -.-.- ~ •. • ~ ~ ••••••• . - ... . ... - .-----.---- 1 

It", ,. " u ut h 1p". IJl llulllll v ('I (.'nll. f 
"" .. ," ....... ... .... .. ... _---........ -.. ---_.... ... -.----------- --- ... _. -...... - I 

It .......... ,. ......... _ .. . _ .. . . __ • _____ _ _ ~ _ _____ __ ._ •• _ •• __ I 
......... __ .. _________ __ . ____ .. ______________________ _ . __ - I 

- - --------------~ 
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Look 
at that 
Edge 

It shows plainly why 
it is called 

"SE.ALEDGED" 
(~'D. u. $ . P, t . OfT .) 

I 
Above is a 
micro-photo
graph of a 
piece of "Seal

edged" Nickel Wire Cloth enhrged many times 
to show you the extraordinarily even edge and 
our method of sealing it to prevent unraveling. 
Note, also. the perfect weave and smooth finish 
of this widely used electron tube component. 

"SEAL EDGED" is produced by special 
machinery or great precision, to give you a wire 
cloth of superlative qualities. Due to its 
mechanical regularity of construction, unifonn 
performance is assured . 

"SEALEDGED" is 99 + % PURE NICKEL
made of the purest material obtainable--and. 
costs only a trifle more than common raw cut 
wire doth. 

Tell us your requirements. Glad to send you a 
sample of this uniform, mechanically correct and 

• chemically pure nickel wire cloth. • 

--------------------------
Newark Wire Cloth Co. 

358-3 72 Verona Ave. 
NEWARK NEW JERSEY 
C Without obligal ing- u, in aoy way ptcI~ lend &ampl. and 

lurther par1icularA ~oncernlng "SEALEDGBD" Grld S" •• n. 
U Plea •• a."d rcpr ... "lahve. 

Nam. . . . . . . . . ... .. .. . . ~ .. . .. .. .. . . ... ....... . . ... . .. . .. . 

Firm , .. . . ... . .... ~ ... ..... ~ . . . . . . . . . . . . . . .. . ... , .... .. . 

Slreot .,. - 1" "- •• ••••••• _ • •• •• •••• • • • •• •• • • ••• • • • a • • • •• • 

City . . . . . : ... _ .. • .. . . . .. . . ..•. . .. Slate ...... . . ... . . . ... . . 
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112 BROADCAST STATIONS 

IN 41 STATES 

USE OUR EqUIPMENT 

100 KW Reclifier Control Panel 

We are prepared to submit quotations on the 

installation of complete broadcasting plants. 

Inquiries regarding new equipment or the mod~ 

ernization of your present station, will receive our 

prom pt attention. 

R .• C. POWELL & CO .. , Inc. 
350 lUADISOI\T A "ENUE 

NEW 'l,TonK CITY 

EIIgir«ecrs Speciali~i"g ill Radio Telephollc Equip"IClIl. 

RADIO ENGINEERING 

ACRACON 

The Solution to 

Your Condenser 

Problems! 

N o longer need you worry over 
your condenser problems. Not 

if you follow the example of the many 
leading manufacturers who have learned 
to rely on Acracon* Condensers for 

quality, dependability, and efficiency. 

Be wise in 1931! Specify Acracon for 
every condenser requirement. Electro~ 

lytic. By Pass. Wax Impregnated. 

Oil Impregnated. Power and Trans

mitting types. 

Write Today Enclosing Your Specifications! 

::: "Acraeon" Features Are Protected by 
Patents Pending 

CONDENSER CORP. OF AMERI CA 
259-271 Cornelison Ave., Jersey City. N. J. 

Factory Rc"res~'.tiv"s //1: 

ST. LOUIS SUI FRANCISCO 
CHICAGO lOIN elN NATI LOS ANGiELiES TORONTD 

And Other Prln~ip.l CitilOS 
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ROEB~ING 

MAGNET 
(Corton or Silk) 

BUS BAR 
Li tzendr aht-Loop 

STRAND 
Anlrnn~e (plain or en3meled) 

- --Double Galvanized. 

WIRE 
An"nnae (plain or enamel.d). 

( ' lInn,ning and Groond (Rubbor 
rov."d. braided or pla in). 

," U IN A. ROEBLING'S SONS CO. 
I .... ""'. N. J. Branches in Principal Cities 

WIRE PRODUCTS 

V()LUME CONTROLS 
1'()'fENTIOMETERS 
I'IXED RESISTANCES 

After many months of development 
we are pleased to announce the per
fection of a new process whereby we 
can .sa'tle 'YOU mone)' on the above 
lttms and give you closer limit.s and 
"bJolutel" permanent '}'alues of Te

J;Jtances. 

Stnd us your blue prints and speci
fications for estimates. 

SORENG-MANEGOLD CO. 
771 Mather St. 

Chicago. 
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I GEN-RAL COILS 
RCI:". U, 8, : 1'"" 

cx 100-0. V. ~I. 

R. F.-S. H. Antenna 

S. H.-R. F. 
OBolJlll t nr 

R . F. B . 10;0 . Hili 

R . F . B. No 14 

ex l OO-Mounteil ex 200 

GENERAL MANUFACTURING CO. 
80G5 So . ChlcaJro A,'c " Chl""lI:o 
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Service .. 
Handling the job to perfeetion .. 

MOLors built to depenllably insurc th" full euj oYnlcm of 
tbe radio-phonograph's highest lichievemems. Year in nnll 
yell' out. The popular TIyer Electric •. 

They hove abu1Idan! reasous for most 3atisfactorily so 
doing. Alwoyo they h!lve been known [or balanced efficiency. 
Ahynys for simplicity of JC3i1!n. Alway; for dopendoLililY. 
Always tlley have com;ist ~ lllly me! every requirement ... 

'l'h~ Green Flyer Molor 
unIt. Llilc tbe larger 
Blue 1I1.~er, ~~)r·stn[tlng. 
wltlJ anton"J tic Btop 
eQ" II"" ell t 0 V C Ion a I 
Sri rn I-eu 1 fi~H geo r~ , 
10lJ g oveTsl~e bell dugs. 
open con ~t ruction a 0(1 
CO III P ) e t e ventilation. 
~lade 10 operaLe on oil 
yO I t nges and freQ"ellcle" 
["vr 0 C .• either 110 or 
220 vollS. LIke Ibe Blue 
Flye r , fn ru lsl,H:!!l C ( lll)a 

pl~Le wltlI mountIng 
pin le, t urn-taule 0 no 
speed regull\IQr. II.S S"OWD. 

IIC8110"8i/)l" 0 u(lru" Iced 

On/aria 
H rd ro-Elec/ ric 

POIrier Commission 
Approval No_ 2685 

conom 

~ 

The I'",~h :"ing p\)\\"l:r ' ) ( The 7," 1', '>1\ 
Company. :lIId or AiI,,~ P'l\vdn C.-.m · 
pnn1. iC!i pa n' lll \)rt,:i1fli:::ilcivl)--· 1l1:lk,,·~ 

pos; ;!:>klh.: pr<>dm;li o n a nd Ih" .~al , : "r 
pedecr l,\(qll.-r at I he l"we~1 po~ ~ihlo: n)~t 

PYROXYLIN 
LACQUER 

THE ZAPON COMPANY 
A Division of Ada.t Powder Company 

STAMFORD, CONN. 

kept ri~lll on proving their superiority, hondling their joh r 
Only Flyer Electrics h~ve lhe~e OdVanlRges: Ma.do by n ron

reClI wilh n qUllrler century of experit'nce in spccinlitcd 
dCl:trinll Hl~nllrncluring coupled with 15 years of lendership 
in )"rl;o &I,"l" production of qUlIlity phonogrnph mOlo,,;. 

S)H'"illlly .lesi!;llcJ for radio-l'hOl\()~raph&. Used by l enuing 
],lIild,~ r~ or '1l1ll1ity comuinatjOIl';. 

~ 
Flyer 
:1.~leetries 

} U flr,(pr hq.c ,.. n fll H l 0 Ii • 

plt 'I"'I} lorh'p , -oHnK'u nnd 
frPIIIII'U\',-. 

~ENERAJL INDlJSTRIIIES cOQt 
:S.1 4·7 TnylUi' ~1I'(~c : l, Elyriu, Ohio 

CT\OES not need a loud
-U speaker to broadcast its 
pvrkction_ 

.Radio engineers all know of 
and recognize its su pcrioriry, 
its holding properties, lasting 
adht:sion and non-corrosive 

action. It will outlast any 
other tape put to 

similar usage_ 

~ 

W'rj((! for free sample alld CO/lvjllce 

yourself oj its e.rcellellce 

~ 

JOHNSON & JOHNSON 
New Brunswick, N. J. 

MAR 

• J~ 

4 
.l-.J 

-: 
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thei~ jail! 

e Ly a con
specialized 
leadership 
mOlors. 

by l~ding 

() 
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S.S.WDITt: MOLDED 
RI;SISTANCE 

-DIALS 
~~NAME PLATES 

-LICENSE PLATES-
Our large and modern plant affords excellent 
facilities for the speedy production of your 
requirements in etched and lithographed also 

CU.L BlJuUy uver .b.a.U aotua.l abe., 

embossed metal spe
cialties. A large variety 
of stock dies enables 
Radio Manufacturers 
to effect great savings 
on escutcheons, for 

reg u 1 arm 0 del s, 

Midget sets, and auto 
radio sets. 

Send your blueprints - OLlr Art Department will gladly 
submit original sketches for your approval. 

3070·82 W. GraDd Ave., Ch.icago, III. 

UNITS 
• 

Successfully endure 
in ANY climate 

P1Dnes of the PUll Al1l1,rit:1l1i Ai .. ",,")">. I 'B: .• 
carry Rudio Equipn'C'1I In wl'l"" S. S. WI"t .. 
resi;;tors operate i 1\ I he mll .• 1 1\1":11 if) i" j( 
m3.nncr. 

The ss. WfDTE Dental Mfg. Co. 
INDUSTRIAL nmSION 

Knickerbocker J3Idg., New York, N. Y. 

JENKINS & ADAIR 

Condenser Transmitter 
Type D -6 

1'.1."t,d u. Ii. A. No . '791l.!06 
otllu patiuts Dend i n; 

A high quality sound trans
lating device for broadcasting, 
recording sound measurement 
and announcing. Output im
pedance 200 ohms or 50 ohms. 

Actuator response curves 
furnished for precision appli
cations. 

We have a la rge stock of 
accessories such as stands, suspension 
clamps, microphone booms, connectors, 
ca bIe, etc. 

Wrifi! for bulleti,. 6-D. 

JENKINS & ADAIR, INC, 
ENGINEERS 

ClUCAGO, U. S. A, 
Cabl" Addr6llS: JENI(AI)Alu 

Phone9, KeYMtune .2180 &333 &In\unt AVt'Jllio 
Srith,h Offlct':!: 'is Old HI.11 Stltot. UVDr{'ll'101. )';"r I6 11 11 

rr&nch Offl«: i~ ]~~Cl!k'~U:lcr;;"'~::I~U~~I~~, , ~;~' \",)~: : ~!' \1"1 
Mexioa.1 Offloo: '&'9. IS do lIlU'O 101 ~lal'co I>. tr . . AII'lh~ 
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Instrument Resistors 

T ype LB 

In the eomrrllction of ap
paratus employing electronic 
tuhes ano associaled equip. 
ment, special types of Super 
A k ra- 0 h m (non·inductive) 
wire-wound Reaislors have 
been found very de;irablc 
from the standpoint of me
cbanical dimcn$ion. and ter
minal fucilities. Type WE 

Super Akra-Ohm Resistors 
ns pictured above, Ilre OlflJc III Ii variety of dlmensloos 
f,'om y," to 11(." ",,,I a wide r,,-oge of resistance values, 
'rhey ure conveniently mounted and lnc0rpQrnte all tbe 
vnlu~l)l\} charncte ,h t ics t bat h«."l'e es tnlJlished tbe lender 
ship of the Su pe r .-\l(J'.o-Ollm Resistor •. 

Send uS your re.:ri.:rtanc:!! spf!.clficatiQns and we: 
will gl"dly submit .s(lrnple~ a.nd f7T'f:;l!5. 

Presenting . . . 

THE MII)-WAY 
R~CeiVing condensers 26 to 365 
mmfds. capacity, airgap ,030". oc
cupying a pane! space of only 
2Y,' x 2~" and weighing fTOm 4 
co 7 ounces. (SuItable also for 
t ra nsmitt cr, ~ing 'lOt)' pe, rubes). 

"SJ'A.'1DARO" SIZE: Transmitting condensers, 
equally compact and light, 
for transm iHers u$lng up to 
75 watt tubes, capacity from 
n to 150 mmfd~. airgap 
,070Q

, 

CARDWELL XMIITING
UO% .• 

MID·WAY x..'vfITTING
~ OZ, 

Particula rl y sui tB ble for a iI'
craft recci ving a nd trans
mitting equipment, portable 
sets, o~clilator -am pHficr 
outfits or for any use where 

I.... (;) I Ted uerion in weight and 
hulk is desirable with no 

sacrifice In solidity Or strength. Thc construction is identical to 
that used in. the full size CARD WELLS. 

Note difference in Bulk. 
Both photos samt scale. 

Further particulars will be sent upon request, 

CARDWELL CONDENSERS 
»» \1« 

The Allen D. Cardwell Mfg. Corp. 
87 Prospect Strut 
liTHE STANDARD 

Brooklyn, N, Y. 
OF COMPARISON" 

-

RADIO ENGINEERING 

S .. nd f or details 
<If thi. O&cillator 
nil.! Output Indi
,·"t or. 

II", I l"yRild Typ~ 

~ ' U -'hilI i- Frequency 
I.· n l ('>Jo! < ~ i Hf1lor peo

I' 1 d , 11 K Broadcast 

"" H ll ld" Hl 

( ' l "'''', 1<00, 1000, 1200, 
I lO ti ~lluLn:l<:s {~i-

' 11 1111 •• fl\uV H ~l y) 

, ' , ' \ 11 , 111 1111, !l50. IlOO 

~~ II • . !I)' l'h,'.... (51mul· 

1.,Il. I I "I"".v) 

1 •• , . H III ' .11 .. 1,,, ~i~llills nt 

1 '0 )\. tlt ) t:y<-ks 

I I \ ~"d 180 Kilo-
1 \ ' 1 Ii"' ", I V"d.lble hom 
11" I, .• J BJ) 

~ " . , d 1.14 d '} ! udt~ d ctrcu)ar 
I .. ".d. It 11i'IH your Dis
tI lL ", ,, , 

\=" lib,),,! Type 50 
l' ll l l ' l tt IIHI,\,:..t\, o :r 

II n .ll\) 

THE RADIO 
,JJHODUCTS 
GOMPANY 

P ril l\. E 
iii!. R ,ul Norwood 

U .. yl l) lI , Ohio 

Win-h·ss ,I (~c'I'1 I ';n).tineering 
1','1/ (;"" '11 11'11'1, Sin'\'! 

N" II 'I!I' ~ 

"I N Nt )( INC " N(,' 

A sCan"ill''! IIIII' III i" .. I"lIl1u!nts 

desigll~~d fill' It IVoII " 'I"I"I' I'IIY \\'ork, 

~'Vril,' /" " ."" ('j,I,III/NII,' /1 ~ 

D'Arcy Laboratories 
place at yow' d i ~ I· )l lI! rll 111" ,il h i ;' ; 1' ,'\ I r.) ry facili
ties for your n' !~. i " i l ,II", I ) :11 VI ,II,Ii'1I 1) control 
problems. 

Bulleiin M.I. ii' I I ~ " YI I pl \ ~ ly 1"1' Hl0se who 
inquire for it 

D'Arcy Lo borotories 
160 A. East IlIi fl (,l i{: ",11 '<\," 1 Chk ngo. Illinois 

M. 
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Beat-Frequency Oscillator 

Type 4IJ -B B."t-Frequ.".y 060"/""or 
Price $175.00 

Any frequency in the band between 50 and 
10.000 cycles per second is available by set
ting the single conrrol of this beat-frequency 
oscillator. Operated by batteries. it is readily 
portable and makes a practically indispens
able instrument for the laboratory engaged in 
measurements and other e.xperimentul work at 
audio frequencies. 

A request on your business letterhead will 
bring you a catalog description of this and 
other General Radio laboratory instruments. 
Please ask fOT Catalog F-A. 

GENERAL RADIO COMPANY 
OfficCll LGboratorie.t 

CAMBRlDCE A, MASSACHUSETfS 

AOJUSTABfLlTY And PERMANENCE 
EfJeclwely Combi/lod lor 

STABLE CmCUIT OPERATION 

f. A d III q " A t 0 vnrlaUo" In 01\-
.,,,~lty_ 

2. Ad<1lU"O 10101 •• pooloy. 
8. PcormanenC(I of ndhal nH I.f . 

4. R~~d4r:~~)' ~1:~~ol~ro J~~~:f':~l~ 
"'0"1. 

Ad YAr\OOJ JQ rndlo 
rcotlvar .Q.nd o$ollln
tor clrouib: h.'\vO' ne· 
cassft.,fed lha d6'f'i'I. 
GD{nnl1 t 0 f & 0 m I. 
vnrlAhlfJ contJf"l~re 
cH nn urdror af ex.. 
Cflft' AC"11 (n.,. O'XcC!wlng 
tho alc<montnry de • 
..,Itcs 6f tho ti\J"'Y 
Go npa.d lu"lpo ron · 
dtn s4f era. 

The Dt-Jur.AmlCO 
V n r Ito (' ,.£ d G .. 

l!Yf~~ln~O ~~I:fJ t :~~ 
mtm' l or tho &orol · 
vnrinbla ()r "nXGd 
vnr1 f1. b.t." ~lIo!\l:I"or 
In mor1('.f'1I r"dlo fre
Qucncy ol'td SU08rhtlt 
d~uHt: 

4. HI.,1t llft ctMCIIII 6maI6f1~. 
O. Ad:\llluhIULY 10 ProdUClIlO" 

Ufo1nultDnr; and methodt . 
7. AI~olut&) QUQrantClCl 3.!)alnrt 

fo ('ohanloaJ or tlCl(ltr'tlol fRuit 
rnllllring rOOlacen10nl . 

W,It. for Booklet Clolnll Complete SpaclJi."t/ons 

VaritClr&-VDria"Je ConrJEn~BrB--PoUJer Rheosta.ts 

95 Mortan Sireet New York City 
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• Jero 
pbones 

A.A. .......... A"'" 

HOME RECORDING » » » 

PUBLIC ADDRESS » » » » 

STANDARD BROADCAST 

Kellogg Switehboard 
and Supply Company 

CHICAGO 

THERMO COUPLES IN VACUO 
FOR USE W{TH 

RAWSON 
MILLlVOL T and MICOAMMETERS 

Measu>ing CUHcnts from .0001 amp. to I amp. of 
any frequency including ntdio Irequcncy. 

Thermo Couples in air up to 10 amp. 

RAWSON 
ELECTRICAL INSTRUMENT CO. 

IHCDRPORATED 19 J8 

95 WINDSOR ST., CAMBRIDGE, MASS. 

Bra n.n omu : HI S."nth IIvo. Now York Cllt 
M'dwtA(or n nllPrtt lftt1\flvB 

Eat l H. W. 1oIoor. O.lIt H,,,,. BldO.. CI11 •• g.. Ill . 

Sp.cig}i.lt. I" High Senoitl.lly Motor. 
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RADIO FREQlfENCY I 

COILS 
of evcry typ'; 11,,01 oI c" .... ipli,,". 1"'"0111"",1111101,,,' lu!'ora
tory cunlrol I" ~Oll" I' .\'I/('( "p''I'ili''lIlill'H' ""I ',ppl'oxi
mutely (:111'1',·,;1, 1'111 , ..... 11'(. Alit! III I" 'i,"" III·I,,\\' Ihose 
of ordillary (;\Jil~. 

Special coil" III 11111"" , SII/"''' ' '''''''' II,h '", "II,,,I",, ;ocrs 
byPrecisc and /(4IoIi .. (:,,'" ""h""' :""'",,"\ 

"Accllr(lf;;r ill 0/ ,,,','''''''), 1"",II,'tIllH"'" 

175-180 Ke AMPLIFIERS 
A single unit, 5%" x 1%" x 2%", COlllalmng individually shielded, two 
intermediate nnd one filter transformer , and six luning condensers fo\' 
ndjustlUcnt to the desired rrcqut;ncy. All lenninals on bakel i te blor.k 
On hasc, or grid lCQds from top if uesired. Completely ayoid; assembly 
troubles-the most compDct ullit available. 

Samples to your spedficlI"QnS, complete parti culars and prices gladly 
supplied UPOIl request. 

AUTOMATIC WINDING COMPANY 
W . w. BOYC &. CO .. 
SQ. Clinton St. . Chlt1a~tI NEW ARK, N. J. B. l. MOORE 

191 81ari" Ave .. OUffa lQ 

TIPLESS EXHAUST TUBE 
BENDER·EISLER METHOD 

A. yorD PATENT BOlTS 

SEND FOR BULLETIN 7 

EISLER ELECTRIC 
70U South 13th Street, 

NJ:;WI\Rn. N. J. 

MICROP!-IONES 

- ----

Baach-Internlltiont\1 
All Xiort. $'O.bO '0 $lSO,DO 

ror-Home Rt.eordef1, Typo S. G. P . . , .... .. .. • " ..... .. ... Li~t ,s1O.00 
For Public Mrtr ... Work. ,10 .• Ty.e S. S .... . ,..... . ...... li.1 HS .OO 

Compound High V ~cumn Pumps 
SUodard B.o.,dc;ut Model. Typo S . O. nt .. . ..... .... ... .... W.t ~S. OQ 
Sta"dard Braadca. .. 1 MoCh: l. Ty~e: S. G, S ... " .. . ... ," .... , Lid .$S2.3iO 
COnd0f11er T~p(! for Hl m and rt¢ord renrOI Jl~ , "1~e S. G C., Lj~t .s1~U . nO 
Ah:n dCJk, floor stlllld., eo'tl'lf1 and tie. Elloert Mlc\"o~oone RepaIrs , 

SILVERLEAF MICROPHONE COMPANY 
2658 Pasadon a A't(l.. . l.OI An~elu. Catif. 

Ch1c~gO Dislributors-DL!nco.n & $c cmflold---Jtnllio Sales. lnc.. 
1507 ~nchi8a n An .. So. H.cl)fcsentatiW~ wn nled 

----- COILS ----
Choke.lmpeda.n~e - - Magnet-Tran.former 

TRANSFORMERS 
Audio-B ... Power- Unit-Broadca&t Statian--Output 

Filament HC31ing-Power-StepdawD 
H DIJe u.s qu ote to )'(:/"Nt' sPt:CtfiCO liv'l 

POWER TRANSFORMER CO., 145 W. 22nd St., New York CilY 

GEARS 
In 5tock-lmmodlatl! Dcllv~ry 

Gc-n r.s.. svced retluCl) lS. :; IJJoc-ke(" , thnrst b·cal'ln:s. 
flexihle OOlII)lh ll';'-; . IIUllc),:>, C{ C. A (~o uwl et e lIno Is 
C;ll'rh~tl in OUl' I,;h icMl'O S lO(')~ . I;lln ~ Iso QuOt e on 
Sp~CI3. 1 Jtt'ars o~ till}' kind . ~etH.l HS your blue })l'j nts 
.anlj in(lulrlcs . 

Writ. for Cotolog No. ZOO 

CHICACO CEAR WORKS 
769-773 W . Jacksan Blvd., CHICACO. ILL. 

w. ma.aularture all sUe. of HI.h V.'JIHU" "11".\" " 'h ili 1·100 
elL ft. p.r m1a.. All pump. c.-l.d at Ire 1I1" "'Un tl~ tl t. Invlnl 
(""tary. Wriu. f~ doulla. 

INTERNATIONAL MACHINR WOUK3 hlc. 
527·529 Th.irty-Second St., Urll,," CII,. Nt. J.,ne7 

Quallt)l .... '" Tor '¥W7 tr,. If It ... , !If, 
"AfchtX'· ... Up b .. o-k bralde" h .......... If' •• ~. 

vndtr • • .. t.~'.d .F ..... . 
Alph .. uHIT'lllloJil u WI" (""ud "" .... ., • 

BARIE·TlIINED.ENAMHED.IIUlln,,, nUVI"ID 
-CABLES TO aP(OifIOAfIOIl-

ALrn4 WmB OOKI'OIlA1' IUlOf 
60 lIoward 8t.., N",. Y ... h 11117 
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LA MIN ATI 0 N S 
for Audio & Power Transformers 

SPECIALIZED METHODS-YEARS OF EXPERIENCE 

Wide Variety of Stock Standard Sizes 
Dime .... ion and Price Sheeu on reqUiYl 

We Also Make 
PERMANENT MAGNET8-DIES--TOOLS

METAL STAMPINGS 

Facilities for prompl service 

-I 

E Th C Sk' 1100 to 1/20 omas u: Inner E.Twenty.ThirdSf. 
Steel Products Co. INDIAIIIAPOtlS, IND. 

__ wwwwwww_w_w_w ____ ~ 

~ TE ofl.er -to xnanalae
.. barer8 interested. in 

EXPORT 
"tL.e service. of a dependable organ;ar.a.doa. 
'Well esiabllsL.ed m. the entire forei3n field 

AD. AURIEMA. INC. 
~ufa.cturerll· Export Maoasera 

116 Broad Stree~ New York, N. Y. 

~---.--.--.---.--.-~ 

We Cater to Laboratories---Broadcasting 
Stations-Talking Movies, Etc. Parts for 
any and every item you may need always 
on hand. Calion us for your requirements 

~J1S 
~ C"JhellomQ oFRADji).v---J 

45 VESEY STREET, NEW YORK CITY 

For Every Radio Purpo!e 

AETNA FELT COMPANY 
200 Centre Street New York Cjty 

DeW-ALD 
A.C . ..,d D.C. 

Midget Receivers 
Writ. lar comp/.te dotal/II. 

PIERCE AIRO, INC. 

LlcuttAed 
by 

B..O.A. 

1lS-1l7 Fourth Ave., New York City 
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Portable Condenser Microphone;-I 
2P ~ ~t.g. plato output . •. . LIst $110.00 
2C l stage 200 otun outpUt LIst 125.00 
Us"", 2 type 230 low drain lub~. 
3P 3 Uage plate OUtput . ••. Lbt $125.00 
3C 3 .tage ~OO ohm output. Liat 150.00 
U. es 2 210 and I 112-A tub .. 

These prices for type "A" unit. 
For type "B" unit add $-«>.00 
each list. Standard finish is black 
and gold. Prices include tubes 
and 20 ft. cord. Interesting 
dealer proposition. 

Astatic Microphone Laboratory 
21 Olive Stre.et 

YOUNGSTOWN, OHIO 

ANN 0 UN CEMENT! 

The Daven Company announccs the 
purchase of the asscta and good-will of 
the Supcrior Resistor Corp . of Newark, 
N. J. 

Write lor New Catalog s No. 331 and 431 cDn.taining 
important engineering dllla. 

SUPER·VA VOBM SUPEROHM DAVORM 

THE DAVEN COMPANY 
Re&i..stor Specwlists 

156 Summit St. Newark, N. J. 

RADIO APPARATUS TESTING 
Life tests and characteristics of 
vacuum tubes. Calibration of all 
kinds of instruments. Determina
tion of inductance and capacitance 
at various frequencies. Resistance 
measurements , motor tests, mag
netic tests , etc. 

Electrical Testing Laboratories I 
80th St. and East End Ave. 

New York Kno 'I Ji.JI 

All nul Z·lh1\I (,n hro,uJ .... u J( .. 

bon 'l)lc:tOt,laO''Il lowed (tom 
,olhJ bH, ~"':lUr"l t o 100 . ,.h'~u. 
,.,"}'4 °r t ul y d I'YIptJ ,1 11(lY db. 
rhu ;;:m. (>11'-'1; 1. 1' (OPt( It ,udnt \l: 
rpr~ 111) ';J ('onU Qu . ;101,,wlb ul ! II O 
oJ-un Pt'r b~tloll. ' y. "1. ~I hm('· 
In I. y I ,Y. n. lhH'L. R~ I'r(H,I\I(" 
)0 t v 1000 c)l d " l. 1.hd In l1 lf fe' 
dClBr"". of Iw,idvh y. 

UNIVErtSAL 
MICROPHONE CO.,LHl. 

11&3 Wyd. Pari. BI.d. 
INGL~WOOD • CALIF. 
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FOR BETTER BUSINESS 
VISIT NEW YORK 

50 
* 

I 

daily * 
• • • secures a fine room and bath. • • 

others at $3°0 and $350 

AT ONE OF NEW YORK'S' BEST HOTELS 
~r 

1IkBRI o 
48i6 ST. EAST OF BIWAY .A lIEW YORK CITY 

OWNERSHIP MANAGEMENT·· To ELLIOTI' TOLSON, Pr ••. 

Avvay f, om the noi 5e 
ond confuSion of Do",,, 
tow,., .. ;Y~-\; .pniy s',~ min .... tes 
from ~ne cente' of Bv);n~ss 
Shopping and Theatres. 
~:;o l.AI:ICE AII'IY ROOMS 

EACH WITM BATH 

RATES 
S2.00 .:",0 ~ ~.OO Sin9 Ie 
S!I .OO ond S4~0 Dovble 
Special weekly r~.t.es I _ ~~. 

$ 10.00 to ~15.o0 , I:'~ ' ' 
Ii • ..e:. ( I, ~ '" ,1 ' ...J n" 

EXCEPTIOMALI.Y 
FINE FOOD 

l.unc::h----5~ 
D inn e r- - -!jO~ ~7"J( 

OVC.QtOO~IN(j 
B[AUT'FUL 

JUNEAU PAliK 
AND 
LAKE

MiCnrc;AN 

Convenient 
J"rollspor{o{iQ(J 

to 
everywhere 

04 Dignlflcut [If(/N' ,If 1<1' ,~Id(lIlI'I' (or 
P(!rmQII~/lt fllill 1iwl,\,(v/l1 {/I/(I.~/ .~ 

fURNISHeD 11"111/ II 'rtll~. 
AND MOTtl. ROOMS f(J11 tW\N',oItNTS 

Ideal (or WD/rIt'11 trm-o/II'/I fI/miC 

fJ,r.lO"tJl f>1,.,.I"U4 01 

ALEXANDRINE WEST NEAR WOODWARD .. 

DETq'O;IT " 
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NICKEL 
WIRE CLOTH 

for tb. 

RADIO TUBE INDUSTRY 
Any m~sb woven atcur3tt!y to yon! spedfic3rions. 

'~CLEVELAND" 
Wire Cloth renowned {or its Uniformity. its Suptriority. 

its Durability, 
Adviu w of your Requirement, 

The Cleveland Wire Cloth & Manufactwing Co. 
35 71 E, 78 rb Streer, CL EVEL AND. Obio 

The Home Hotel of New Yor~ 
Homelike in service, appointments and 
loco tion , , , away from noise a nd con
gestion. yet bu j' a few mi nul-es from 
Times Square , . garage facilities for 
tourists, 

R.nm ,nd !lUh Irum H &i"ql., $1 double-.lDU rooms 

Home folks wi 11 like this hotel 

HOTEL 

BRETTON HAL L 
BROADWAY <'It 86th STREET 

NEW YORK 

BARE AND TINNED 

COPPER WIRE 
For All Prapo.". 

Pin. SISd 0 .... Spullllr" 

SPARGO WIRE COMPANY 
ROME, NEW YORK 

Eatabliah~ 188S 
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FLAT R.~S .14.NS.~ 4~']RVES 
for EXllCli"f.( Jit'/jllin'IIItml,1I 

rC'l'1' .111 ti Aucllo .FI CQll(' n c l' IIlId ~lll' 
(' ta ] Iru('>cdnllCC ,rntel >I ,,!; '( ' """ ,< 
fOL'mer.; glV{"! to c PIal Ur 'J.tjJ'J IH t.I O 

C UnJCIi rcgutrC'd b~· Broa d !' I",,1 j'o\ llu 
rlons Ctn c.l LflborH t Ol'ies, nUl l til ~1)('( ! t'11 
T r nll SID issi 00, 
!-I.pCCi(}l Trnllsforllll'rs . m:lQc 1ll t h t~ J I 
U, S. <I. .. cnn be shipped ~\'ililio {S 
hours f cu m \'ccCl p t or OI'UC r . 

BETTER AMPLTVICATIQN , , , for 
E ducatlonlll "-nd pnrtl~U]l1r COlft 1l1Cr· 
cial requ lremen ta, Is flll'l1lshcd b,\' 
~'c rr"nt\ Amplifier s, 

Write 101' qUOIILlIO"' Ilnli Typical CliNe 1,/11011 Oil", 1/1". 
completa 1,o.rtJcula-l's, I-I) line tl'(J,)/./III')/II ' ''~ 

FERRAN~I~ Ine. 1.30 ,vo.t ,12"cl I4lr""1 
N6W \ 'ors.. 

JlLt.lS Microphones are world.famous fo£" their true natural 
TONE Quality, ELLIS TONE Quality I. attained by a 
cornbln.aUon of scveraJ leaturclS not to bt: found in any other 
rntcropbone. You should have our catalog ~hccts with d~
tail.d specification. an 61e, Write today, 
Export' Simons. 2S Warren St., N, y , Cable: "Simontdcc." 

ELLIS lLl(TRI(A.L L!~()I24T()~" 
JJ7 W MAO,SON ST. SQI~s. .~orporQtIocJl CHI C ACO 

StaDlpings 
Pressed Metal for Radio Industry 

Steel, Aluminum, Copper, Bran and all Alloy. 
I Send Inqulriea and Drawings 

LMET AL SPECIALTY CO I~J3 Rlvenide Dr, 
• _ _ _ • C,ncJnnatl. Oblo 

BEITER RAO O-PERPO)lMi\~CE,~: 

~
~';;f.'h " 

wiUt ~ -" ~,;",..,.<, 
;<,~:,-- 1, 

AM PER ITE automatic;! Ily regulates lirle voltage " ,,, ._'.' """, 
fluctuations, I mprovea tonG, protects tubes and t.\~.\. 
other equipment, reducos free servIce, Easily ~, 
installed In 5 minutes wIthout chassis changes. 
Makes your ca~ful laboratory specifIcations mean 

something in better set performance, 

R E·3 lar lull , 

1"'brmDtlon 
• n d 1\ M • 
PERITE •• ( 
ohnrl. 

Rocke 'International Electric Corp. 
15 Laight Street, New York 

Export sal& managers Jor nationally 
known radio manufacturers. 
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DEPENDABLE 
QUALITY - UNIFORMITY 

SERVICE 
ON 

WAXES - & - MELTABLE 
INSULATING and WEA TI-lER

PROOFING COMPOUNDS 
WAXES-All Idnda. 

IMPREGNATIONS-Condcnaerl, CQUa, Rubber
Covered and Weather-Proofed Wire, Telephone 
and Electrical Cables, Etc. 

SEALING COMPOUNDS-Coill, Condensers, 
Biltterie1l (Wet &: Dry), Pot Heads, Ce.blell, Wir
ing Devicel and SpeaaiB. 

FINISHING-All gradea of Weather Proof and 
Rubber-Covered Wire.. 

SPECIAL COMPOUNDS 

35th St. &: Maplewood Ave. 
Chicago, ,m 

"For over 35 yrl." 

RADIO WffiE 
..... ..... ... 

TO RADIO ENGINEERS-
Send us your 3pecificHions or blue-prints 
for Assembli.-;. C~blrl ~nd R~mote Con. 
tcol Cords- -

for 

Midgel aDd all other R~Jio StlS -using 
GUTTA PERCHA. Rubber ImulHcd or 
wire constructed to 6prcili(~lion' , 

For Radio Hook-up-
GUTTA PERCHA wire ;, Illtd eXlensively 
as jt alfords Ir •• strippinl(, t.uy push b~(k 
and i5 Imp.nious to Illoi'lltrr , M.de 
exduSl veIy b)' us. 

Aerial Wire, InJuiatcd-
Gurta Percha. Braidrd aOtI W<'urlmprool 
Impregnated , 

For .fficiwr Hception . ~ ,'nlrlc upon 
request. 

Also-
Shielded. armoced .'11.1 0\ ha 
type wires for R~lli" U,,', 
Ltt us ~upply d.l~ i l, . 

I T~~, HOLYOKE COMPANY. Inc. 
~ ~ROADWAY. NEW YORK CITY_ 

INDEX OF ADVERTISERS 
A 1i' I' 

A~heson Olldig Co . ..... . , . . 67 FanBtccl Products Co. , l .. ~ . , ". ... 51 
F errnnli, Inc .. ,., . . .. , . . . , " O~ 

l"arl<c r -Kalon COn' , ,., ' , . • .• . , . . , 5 
ad. AurieroR. IOf, . , .. ,., . , ... , .. ,. , 63 
A~rovo" Wlrelcos Corp , . , '. ' ... . , , . 40 
_~ clna F elt Co . . , . .. . , , .. . .. ,., to :: 
Alllh n Wire Corp " .. , . , ' , . .. , (j~ 
American Felt Co . , ' . '" , .. , ~ :. 
Am e rlcll.D TransIon oec Co. , . . , US 
.L\m pe r\t c Cor p. . . .. .. . .. , 65 
Amplloll Corp. of Amcrlcn .. , C,7 
At~turll8 Radio T ub. Co , 4lJ 
Astuti c Microphone .L nb, , ., , . . . . " . 1>3 
.automatic Wi nding Co " . " """ '" r.;~ 

13 
13akl'lIt.e CorI>o .. . . , , .. , .. . ,Back Cover 

C 
Cnntly &. Co •........ , . . . , . . . . . . . . . . 6(\ 
Cardwell Mfg . COI·P.. ,\ lien D. . . . . . . . ()O 
Central nod.lo ~ll>orntode~... ... .... . S 
Cou tra l SclentU1c C(I •...... . • ~~co l\d Covc~ 
Chlcngo Genr Works.. . . . . .... . . . . . •. 62 
ClamI' Nail Co . .. . .... , ... , .. .. .. .. 62 
Clo\'c lonl{ Wire Cloth & )lfg. Co., The. (15 
Condcnser Corp. fit ,\llJerl("U. . . . . . . . .. 56 

o 
D(lYcn Compon;, Tb~ . . .. . .. .. . . . ,. . . (Ill 
D cFor<Jst nndlo Co. .. ..... ....... .. . J :I 
DM\l["L\ m sco Carl) . . . . .. , .. " .. _ . . . . (11 
DQugiln 1~I Qc . ~((t;. Co . . ... . . ,'J'illrl! Co ,'c\' 
DulJlll c r CondenSe'I' Carll. . . . . . . . . . . .. 11 

E 
Enston Coil Complln .... . . __ . . 
Ei s) ~ r Electrk COrp ., . , " , . . , . , 
Elcelrk:ai 'l', ~ stiu!;' Lnl>. " .. , . , 
ElI<Qn Dlvl&lo" . ' . . , ." . ,., 
ElIls Elee. Laboratory . . . 
Rrl e Hes lSlor Corp . . . 

1>7 
62 
63 
l~ 
65 
1i 

Form Ica I Ds ul a tioro Co.. . . 1 
Frost, Herbert n " Joe . , . , . \0. 7 

C 
GenC)ral Cable CortJ ", . . , . , . _ 11 
~uHnl Elleelric Co . , ,." ""'" 20 
General Etcblng & Mrg. Co ;;9 
General M f g. Co ., , . . , .. " 57 
Ceneral l ud us trles Co" The , 38 
General Raulo Co . . . , , . . , . . . . 61 

H 
Ha muonrlund Mfg. Co. ' . . . 
Holyo~c Compan )" . I" ,.'. , '.I'lle., 

I nell hl fg. Division . . . . . , . . . .. . , 
Ion Mnchlne Works. Inc . , .. , .. . , . . , 
Int'l Re.lswnce Co . .. . , " ... ... ,. , . 

J 
.1 POlltln, Ii. A<lalr, I nc . .. . 
.l"ltl'~ I)lL &. .Tob osoll . . . . . _ . .. • . ' . ' 

I( 

K ellogg SwitclJl)oord & 80!'1 ': , ' Co .. , . 

L 
Lccus Radio Co . 

l\l 
Mollor.I' 01; Co .. };' H ,. 
;Uclnl oS peciu!! y Co" T he 

N 
Nat'! Etcc , ProlL Corp , . . . . . .... , . . . , 
Newark WIr e Clotb Co . . , . , .... ,., , 

tiT 
60 

9 
62 

3 

~n 
58 

(; j 

03 

15 
65 

!) 

5~ 

l-'ietce AJro . I IH.:: • ... , , • • • .. f • , ("3 
Powell '" Co" 1\ . C . , , . , . . , . , , Gil 
Power 'l.' rnnE(Or fll1'f C 'I I .• _. • ,w,2 

B 

n a dlo ~lfr s . ASM",·lu ll .... , •... ,. .... . . .\0 
RO.d\o P rorJucts CII ., ' I' l l 1' . I... .... ... flO 
Rawson Blec. 1,, "1 , I '" . . , .... ..... . III 
Rocke Io t'l EtCI' , 1'0> 1'1" • . • ••. . .. " O~ 
n. Oe.bli ug, J . A .• SlUt" I'n . • , •.•.• , . ... ;i ' 
1\oln CQ., The . . , . . , , . , .. , , • . . , . .. . , 13 

Scliweitzel', Prtel' J .• I",· , ." . " 
ScovIllM(g, Co , . . " , . ' . " 
S,blll1cross Mfg , CII, , .. , , , , , 
Silverleaf rtl iCtO,llhOlh: ('n, ' 
Soreng Mnn egohl Co , , . .. . , , 
SptITgo Wire Co , .... . . , , . , 
Sprngue Specl"III,'" <;11" ' , . 
Syn thane Corp. , Inc ., .. . . . 

'J' 

Toomns & SkInner Bleet l 'rl kllll'l. Co . . 
'l'bQmpsoo.l3 r cmcr & I:" , , 

\I 

Unin~·rEiltl ~Jj(" .... orholl'\ Co .. l.td .,. . .. 

\\' 

WI:lif.e D cnllll M(~ Cn .. '1')"'. S. S ... 
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TYPE H M 
TYPE T M $25,00 TYPE J M 

$25.00 
LeSS! Su.nd 

$65 .00 
Le .. Stu>d Transverse Current 

MICROPHONES 
Write lor 20-pn~ cataloguo Bnd prico Ust de.erlblnlt 
microphone.. mIcrophone ampHAers, 50-",~u pow.r 
ampUfiers. gbnl dynun>lc nir column IInlts, expon.,,
Llal homs. synchrOnOUS mild nOQ-sytlchrono.u. turn
tables, and COll1pl~l. r.Mel mounted aqulpmcn, lor 
.chool&. hotcJs, hospitn BJ parke, sleatlng rlnks. 81=
aWps, all1l1 o.nea , auditOriums, Ibeatr .... ete. 
CUl(r"li~e Rupon~ib/Uly lor Iha Sue.en 01 Your 
In~laJlations by Purohaslnl/ All tho ParI. Prom 

0"0 Source. 

Amplion Corporation of America 
133 W. 21.t St., New York City 

is not a matter of muf
Aing the treble to em
phasize the bass. 

It is a delicate blendulg 
of the two, accomp
lishable with sensitive 
resistance e Ie men ts 
only, as produced by 
"Aquadag" _Colloidal

Graphited Water. 

Send lOT Technical Bulletin No. E 11.1 

ACHESON OILDAC CO. 
PORT HURON, MICH. 

ro.,,.·,,, •• k "AIlI IAI>AU" II~". U. 8 . 1'01. Off. 

AN~OUNC:ING 
Two New Departments of the 

EASTON COIL CO~II·ANY 

ready for the production of 
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TRANSFOR~IE_ns AND 
WIB.E·WOUND RESISTANCES 

Tbese two new products will m.9.intain the SRme 

high 8Ulodnrds of uniform quality IUld endur
Ing performance tbat have been respo(1siblc 
for tbe outstauding snCCC!i-Sof EASfON Coils. 

NOW EASTON MAKES 3 GREAT PRODUCTS 
EASTON EASTOr.- ti .. STON 
COILS WIA£.WOUNO RE~ISTAI'iCF.s TRAI'ISfORM£RS 

Qur' £"s i l1llf!rin.g Df!.pIH·lm~n I 1Dill be! pJt!a:J~d 10 coDp~ra,a 

.""A 7'111 i" yuu,. d~.'Hn prublelna. AU fn!",."trJIJon wUI 
be held in .,,./(;1 t:DnjidelU!£'. Sr!nd your' .pecifoopriDnll ' 

Somp'l!' nlld r/aJL)lllllo~ f~,.n1.A.e,J p'()mplly. 

EASTON COIL CO~fPANV 
EASTON, PA. 

ANew 
HAMMAR LUND 
CONDENSER 
for Tuning 

P. o. Box 237 

I ntermediate-F requency 
T ransformeys 

STRONG Ienlantlte ba •• d~si"ned lor lDounting In_ 
side of tho Intermediate tran.dormer IIhield . Ad .. 
jUJitment screws for pJ'~dse tuning of both tran&~ 

lormlrr" dn::ultt:i . 

Self-aligDing, phosphDr hron%e, adJu.table 5pdnll' 
plate5. and the highest grade mica in!.\JI21tfon . Plat!:1 
firmly anchored by double rivets wiLh snook-aboorb
jng guayd.~ Co"tltll1~E!r wiU not ~hal1ge In ~elt;lftQrtCd 
Dr' ~t1Paci'y unJe,. on)' ~onditian of humidity, h,rn
peratur'e or lIibratjon. Slotted g'rlpper lal d c-r .. d Ipp atJ 
terminals . 

Efficiency of deaign proved In. &ctlJal Icrvicc. Ma Ie .. 
ri.aJ.. tbe best ob laln"ble. Thnrou II'h Iy In 10 d (or 
break down . 

Thre. range6 obtainable in aingl. (ud. I C S J ar 
dual (code I C D) model.. 10 to 70 mrnl.-70 to 
140 mml_l<W to 220 rnml. 
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AMERTRAN 
POWER AMPLIFIERS 

-. ": 

=--> .::~?:--;.. .. 

~o~~ . ,,-~, • I , 

~ (l~;~1 ' \ . '. 4ii' · .~ \ J • ~I.I~ 
/ ' .- ~H~-- > 

. " ... 
Type PA, 
Series 80 

An economical means of obtaining flawless reproduction uf 
sound in large volume is availabk in a new series of Amer
tran Power Amplifiers> the result of months of J aboratory 
experimeotation and exhausti vc field tests. 

There are four sizes in the new Series 80, one to fill every 
requirement . The big Type PA-86, shown io the illustI":t 
rion, will flood an auditorium with a full vol ume of music 
or speech without dlstorrion. Smaller models a.re made for 
instal1ations in restaurants, clubs, dance halls, schools 
and homes - w hercver exceptional f;del i ty of reproduction 
at high yolume is desired . 

The mounting and construction is such that they are i n
stalled easily, w ieh no bothersome wiring and cooO<.:c[ion5, 
and are proof against tampering or damage. Simple coorrols 
and ease of portabjlity are added features that contribute to 

the popularity of A mertran Power Ampli fiers whose record 
of performance has won the distinction of being considered 
The Standard of Excellence for Audio Rcproduccioo. 

Lim",d Imd" palmrs 0/ R. C /I. alld ASJO(rarfd Campania 

~ • A.I .... ERICAN TRANSFORMER COMPANY 
1 7U ElDllle" Street, Ne,vark. ~ ..• J. 

Fot: romp!C"rc: Jc:s.CTlP(lOIl .1.IlU ,nfonllallon rofH.J.in(!J ~Il Bullt.,n '0'79 lC"nd U5 th<! roupOo below: 

AMBRICAtf T ltAl-orSJ'Uoq: "en CoMPANY 

178 Emmet Sue", t-kwar k , N. J. 
RE-4·31 

Gentlemen : S:nd me BulleTin 1079 wi,l. eompJele ,'"scnption of 
Type PA, Series 80 All1en,"" Power 1\ rnplifrcrs. 

Na'"e ." _ .... ....... . ... .. , .. , .. ..... ..... ..... . 
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EVERLOCK washers and ).. 

terminals have a new pat, 

ented locking feature 

which is the secret of the 

tenacious grip and the 

positive lock. 

EVERLOCK steel washers 

are coated after fabrication 

to prevent rusting. 

EVERLOCK terminals are 

hot solder coated which 

makes them easy to solder 

and speeds up production. 

T 

OUT manufacturing methods 

make it possibl..e. to quote p-rices 

in keeping with present econ-

omy programs_ T 

We 

manufacture 

LVERLOCK 
wnHI\l'rlI .. 

EVEltl.OCK 
I<'rm; nllis 

Ey"h'[ tnlninab 

1'1111 .. l<'rminaIs 

_1..1\1" Or d<luble .. 
All IIr(: IH" ~l)lde~ 

1"1'" " . .1 nftcr 
I'"brkat'"n 

Sp.:dllI terminals 

'" I\,1l- III order 

Send "N your 
~pcc 1 lien tions 

THOMPSON. BREMER & CO_ 
1642 WeBt Austin Ave_ Chic:Jgo 
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Build a Set 

That Backs Up 

very Dollar of your Advertising- Budg'et 

Transformers 
for 

Repl'leements 

in Old Seta 

T h06. Wl'D tire intef' 
e .. tcd in Sat Rejuotma
t ill" LDili be interested 
in O UT new Replace .. 
ment TTtJn&/oTmfJr Book
le i. A copy s e nt upon 

request. 

No. 6952 

No. 5140 

Advertising is not short-lived . A newspaper 
advertisement is not dead the next day-as it 
may appear at first thought. 

First you give your prod uct a name. To in
duce sales you claim merit. Then, by news
paper, magaGine and bill board you Aash your 
name and message to the world. Your money 
seems to have been spent wisely. Sales grow 
and the name of your product becomes widely 
known. 

But-does the product stand the test of pub. 
lic approval? 

Money spent to advertise a first-c1uss product 
is very well invested. Good will grows and in 
turn creates new sales for new Sets bearing 
your name. 

Buy the finest Transformers you can get for 
your product. Insure your name for sales next 
year too . 

For Your New 1931 Designs 
R"J{o Set Manwrz,ture7'1i 
or6! inllited to utilize tntJ 
lacilitie& 01 the Don.':an 
Lobgrlltorif:6 which ho,,;: 
been engaged in radio R«
.earch oM Development 
lot" 19 Yf!,.rs. 

Dongan Electric Mfg. Co. 
2991-3001 Franklin St., Detroit 
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8akelite Molded port 

used in microphone 

mode by Amplion 

Corp., New York 

Accurately formed of Bakelite Molded 
at less than half cost 

The insulation block upon which the sensitive elements 

of a microp hone are mounted, must possess high in

sulation value and great rigidity and strength. It must 

also resist moisture and befree from swelling or sh rink

age. In Bakelite Molded the Amplion Corp. found a 

material that possessed all of the required properties. 

In addition, the cost of the Bakelite Molded part was 

less than half that of the one made of another ma

terial. This saving was effected beca use the Bakelite 

. Malded port was completely formed in one press 

operation, el i m inating the assembly charges required 

when another material wos used. 

In the fields of rodio and electronics, Bakelite Mo
te~ials, molded, laminated and vo rnish, ere provid

ing insulations thot retain their value indefinitely. 

They are moisture resistant, and do nor shrink or 

swell. Insulation properties are unimpaired by age 

or use. Our Booklets 38M, 38 Land 38V contain 

much interesting information and will be moiled 

promptly on request • 

Bakelite Engineering Service-We monufodure e wide Yeriety of Bokelito resinoid molding meteriel<,vorn;she.,lacquers,enameiJ,cemenis, 
<:Il\d other products. Twenty·one years e)(perience in the development 01 thes .. melerials for indu.trlal end other u.e. provide. 0 valuable 

b<lckground lor the (ooperotion offered .by OUf engineers end leboretorie •. 

BAKELITE CORPORATION, 247 Park Avenue, New York CHICAGO OFFICE, 635 West Twenty-second Street 
BAKELITE CORPORATION OF CANADA, LIMITED, 163 Dull",;n Street, Toronto, Ontorlo 

THE MATERIAL OF A THOUSAND USES 

!. ,. 




