
The GENE RAL RA DIO 

EXPERI MENT ER 
VOL. IX. No.1 JUNE,1934 

ELECTRICAL COMMUNICATIONS TECHNIQUE 
AND ITS APPLICATIONS IN ALLIED FIELDS 

NEW DEVELOPMENTS IN ELECTRON OSCILLOGRAPHY 

~ \V lahoratory ins tmllleu! s 
hu> c und e r go n e more 
ellllllgcs ill rece nt )curs 
than thecathodc.ro ), tuhe. 

\11 of these ehunges ha ve been in the 
Ilin:l'tiOIl of longer life. 10" cr COBt. a nd 
inl'reased simpli!:i! ) of accessories. 
l'OmiJining to produce C(luiprucnt of 80 
compae! a lltl incJ. pensh-c a nature 88 10 

open lip nc" fields to this I ) pc of osei l
logrllph~ . 

Tile cu tllOde-rH) tYI>cofoscillogra pll 
il>. of eourse, old, bUI carly tuhes l'OUl

IJinell ellorl life lind high price "ilb 1\ 

('omplit ':ltion of accessory apparlllus 
e\en induding II \uClium pump in !lOttie 
carl) IIIOtlcls "hieh limited the IISC o f 
culllOIJc·ra) lubes (0 tho;;e laboratof) 

a ppiil'U liolls \\ here Ihis type of OM:illo· 
gra ph \\a~ absolule!) nea:ssar) , and 
thc tllhCl! \\ ere almosl lIe\er u..ed 0111· 
si.le of lllc lahoratory. 

Cheupcr Ilibes of longer life Ilere all 
curl ) hy. proiluc i of Idel' isioll experi. 
ments, \lIlOng Ihe firs t of Ihese 10 hI' 
popuilirized for gelle ral laboralOr) II SC 
\\ali Ihe 1' 011 Ardenne tuhe alliioullcell 
\\ ilh Ille necessa ry atc:essory appllra lus 
b} Ihe (;cneral Hadio Compall). \\ Ilile' 

these lulies we re fa r mor .. 1I~lti~fa(· t or) 

for laboratory applic1l tioll ~ thull e~lrlie r 
t ) pes, the con was Sli ll relUlild) higll 
ill I' iell" of tile lillie lifc a nd Ihc liS· 
;;e mbl, left somc consi.leruhle room for 
further refi llcmenl S, 11"'lOug ll (or Ihe 
firSI time calluxlc·rH) luhe& became 1'1: · 
t ell~i\d) used for general QS(· illog. 
rnpll ). 

Further dCI'dopll1elll ii ill th is eOIlIl· 
Ir) IUl\ e reSli lt ed in II line of higll' 
1111' 1111111 tubes III grell tl ) redllced ('OSI 
\\llieli hll\,C been prOllllee(t by SCleral 
1II111111fueturers . III 1111 e ffort to mllke 
('utllode.ru)' c(luipmel1! fllrlher /ll/lil· 
~Ib l e for genera l les tillg \\orl... the Gen
e ral Hadio electron o;;cillogrllph "liS 

alillou lIl"etl. "hich il1l'1I1Ile,1 in n ~inglt' 

IInil a ca thode.ray tu be and I/O\\ t' r 
stlppl). · Tllis popular ullil \\ hidl ("oliid 
he "arriel l a\'Ollt coll\ cnic lltl ) has [Jet'n 
t' l. tt'nsil'dy uscil in sd lOols and plillll". 
re illacing IIlCcll1lllica l·clClIIcnl Iyp ... lof 
'.~I· illograph in certain typcfl of "(Irk. 

\ l any types of osci llog rllpll :tpplicli' 
lions re(llIirc 11 S\\CCP cin;tlit loohill ill a 
lime IIl:is. Heecnt ,le,,: lopmenl s in 
tubes lind circu ilS lu"e I>crmill eli a 
" ' 'ho,Go,_.I II .d;'' 1-;X_; __ I""Jm ... h'y, 19l1. 
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The ue .. ~;Iee!ron O..calo~rUI)h (Tn'.: 68i.A) 
indudell ~"up rire,," and po .. tr supply 

g-rca ll) ,.impl ifie,II } I)('of!o\\('cpcirc ll il. 
urul I>e :In' riO" 1I 111101llwing' the '1\ I'E 

6H7- \ Elcdroll OSt'i tlvgrllph lind S"eel' 
( :ir('"i.· \,lli,'I . illd, .. I"1I ~"t't' P circu it, 
1»01\('r ~lIppl), ami lul.H! in II single 
por.alll.' IInil entire!) opcnllt'11 (rOIli 
IIIe al lcrrlllling .. (:urrcllt line. 

TIlt' "ig llifi ca lJ("~ of this ,Il'l clopmclll 
,'1111 hel" he apprcciU lclllJ) II com pari
!>ll il 'Iilh ,Itt' carlicr 1\\,.· lIll,1 three
tillil ("qUip lIll'UI "lli,,1I 1'0ul.11 101 he ('Oil· 

Honiellll} carrie, I 1,) one person and 
r('(luired a grt!a l ,icai o f ",-o iling up alltl 
('(IIHle" ling before Iht' ('q uipmcnl I.as 
rCIIII) for IISC. The n(,l\ 1I1'1' .. rlllu8 is lIS 

""lIlcuicnt 10 uSC as II lollltlCtcr. It rc
quires onl} t'OIlIlcction to Ihc line and 
tu tlte ;,ouree of \olt:ll,;"e "llicll is being 
(''I.'lulin!·,I. This !'i m plit'il) \I ill un· 
donl.tt·ell} increase the Impularit) of 
Ihe l'I,thode-ray tuhc for genera l oseil. 
Ingrllph). From Ihe most complica ted 
.I ml ill('OI I\('ni('n\ I} II{' of mwillogr:tpb 
it has bet'ome thc s illlpl" PoI, most pori · 
IIltle, lind ('a~ily 0llCrnlc.L ·\11 of these 
illlpro\ ctHenlS arc 1It'('ompaniell hy a 
large ",ducliol1 in COSI ami innease in 
life. 

Tile oseillograpll i .. idcall) !'uiled 10 

tHe:l~u remen\il of lIIod llllllioll "i ll l n 
~in llsoiel a l \\alcforlll . Tile oscillograph 
ilia) liiso he usell "it lt a lincar s \\ ecp 
fOf provid in g a continllOlis check IIIWIl 
lI1()d ulalion. s illce II s ingle glance ;11 

lite 1I10du iatiol1 erne!o l>C pa ll ern \lill 
~ I I()\\ \\ Ile lher or no t 0\ crlll Otlllla tion is 
t:lI..ing: place. 

The oscillogru pll ('1111 Ill! nse, / \I itho llt 
till' !; \\ecp j·irell il for meusuring per· 
''I'II\;1gc 1II0"1I1 'l l io l1 If) lII('ansoflhe fa . 
lIIili'lr Irapf!7.o iIIHI pliltertis. ' I'his al lo\\ ~ 
lInal'CllralemcllsnrClllcntnllllcrstead) 
Ma lc {·oud ilion8. 

Thc Tn>E 687· \ Electron 08ci1l0. 
~rllph alll i S\\cep Cire ttil IlseS a 5·indl 
IlIhc " it It clec t roSlli1 it' (Idlcel ing pl"l c~. 

Thc \.'()IISlnJ('lion und theory o f slid I 
tlthcs h:ll-e been tlisc ltsscd in prcI;ou A 
i",~ucl.l of the Experillletller.t \'fhile thc 
lincar s\\eep c ircllit is incltl{le{1 in Ihe 
NlllipHiell t. s\\ ilching is pro\· ideri so --..., 
IlllIt Ihe ins l rumen l Clln he used eilhcr 
\\itlt or wi thout a 8\\CCP circuit. BOlli 
I'llirs of (Icfl cc ting pla lcs arc brough l 
011 1 111111 lire a\' lI il a),le for c" lerrml con
Ilc('tions. I>crlllitiing o llCration of ei thc r 
I'nir of plates ba lancell or IInhalal\ee(1 
10 ground. 

Thc s \\eep circuit is o f the s tabili".c,1 
I) IX: , \\ Il ich cll n he mude 10 lock in s lep 
\\itl l a re(, lIr rCIlI wlIvcform . This fCll' 
tll re 1I 110\\ s careful visulI l s tlldy , or 
photographic reprOtl liclion, of recur· 
rent lI utlio·fre(IIICI1t') \l8\eforrns and 
other phenomena. 

TllC l ube sUl'pliel1 115 initi:11 cqllil" 
IIICllt is the Gcnerll l Hudio T"I'E 68i· P I 
Electron Oscillogruph Tube (HCA·90.-) 
or C(llIil' lIlenl ). Tile ill1J lCdance o f IIII' 
dcllccting.pla te ci rcuilS is aiwul 15 mi· 
crOlllicrofarads. Tile de fl ect ion sensi· 
t i'l.·il y for vertica l dcllec tion is about 
i5 J·c volts I>cr inch . T he scn8iti\' i ty 

f 'h~ ."cl Ju" •. 19lZ .• "d Nnv<mb ... 1913. 
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for till:: horizontal deflecting plates is 
about 90 doc volts per inch. 

\ lcchanica lly. Ihe clluipmcnt is as
semLled in a carrying casc of con\'cll
icnl{limCIlSions \,it IIIHilltllc, making i\ 
easily portahlc. 

NEW ACOUSTIC RESPONSE RECORDER 

~ 

F":; l HK L The high_sp<-'Cd 1",.,1 n'Co .. lcr. ,\( ,he left is a (;e ,,,-.,,1 IIlltlio T\I'R 6 13. 1l II,-al_ 
Fr"<j ll" nc) o..c illa to r, in the cen ter i ~ II,,· re<'ording ""it H,,,I il~ ""*,,,;,,1<',1 " ml,lifoc •• ",,,I at 

Ihe riglu a h"llay l.o~ 

" TO 11~~~;~:~~'~~t; I~ {~~::~a~ :~~::l: ::~i I:~I:!: 
Im vc had to scck thcaidofinSlrulllcnlS. 
As has been tllcease " ilh mOSI "ork ill 
acolls t ics, reooll t or olhcr" isc, and be
cause tile field is a comparati.·cI} UIl· 

ex p loi ted o ne . inSlrulllt: I1I S ha.-c 1111010 

he devc10ped especia ll y for the purpose. 
Onc of the oc\ ices Iha l has jus l become 
a\a ilaiJle is the high-spccd le\el reo 
corder.·" hidl has '1l rcady pro\ed it s 
\alue in conllncling measurcmen ts of 
re verberation time li nd fre(pleIIC) re· 
sl>on;;e. Its name sugges ts it s purpose : 
it automa ticll ily rccords sOllnd iu\cns· 

. 'A ~'n . • :. c .. 1I."no.. t;. H ..• ".1 ,,;~ •• T .. _O" 11. . JJ ., 
"A Ui.I>.5I_,II .. ,.1 R ...... ,I«forA""u., .... IM ••• ,,"'· 
" .. """I",, .. ,,«d . t tI,. \1.,-. 1'33, nI"""'I~f'~. '\ .... ".· 
t,.,.1 Soc"ty "fA no<''''., 

it )' Ic\els as t llcy nuc!uat e at a poin .. 
"Figure I is a pllotograph of thc 

mder, designcd b) the Hel l Telcphone 
Lauoraturies. sc t up for s) nchronolls 
operat ion I,itll a bellt-frequency oSt: il
la tor. Excl udil1 g the osci llator, there 
are !flree separate unit s: the reconling 
un it propcr. its associa teo ~ll1\plifier. 

and a battery bo \. The record is im. 
pressed on a mo\ing "u:\cd papcr stri p 
by a IH)'lw; "llich follo"s the chal1 ges 
of the SOUII(I inlensil). ' I 'he speed of tl lc 
p<lperltla) be \aried in Ihrcesteps frOIl1 
~G inch per seeolill to 3 inches per 
seeoml. T il t ii l ) 1115 also lIIa y he atl
jus ted to follo\\ changes of intc lI sit )' 
frolll 15 dccillC18 per second to as llIuch 
as 360 decibels per seCOlll1. II) llri villg 
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~ 
~ 

rt"'I~'''''' ",,, .. suring "1I "il"""'" 

Ihe paper a lld the oseillalor (reque m") 
c'ol1tro l s) lu·llrOllou :l.I). Ille hori."ollllli 

11\18 rll1I ) I e IlI ud (' prolwrtiOlHlI 10 the 

freqllc uq ill ~ h~IHI o f 10 the lime. 
" Fi gure 2 is II. sdu:lluuie IJra\\ illg of 

11 11" r"eorde r UII il is IIscl l for dclcrll1iuu · 
liolls o f 100HI spcakcr rCSI)Qnse in lIudi . 

Ivr iuIII 8. 1\ i~oh\iotls 111al b) IIIca nsof 

sud\ a n lIrrl.lllg:cmCIII measurement s 
{'li n he Ill ude (''I; Il(,lli liollsl> ami 81110· 
IIIlItically. lind ,li:lI. therefore. \ cr) 
eomple le informalion concerning: tile 
Ilcrforma llcc of a loudspeaker in a 
gi \ cn auditoriulli can readily be 011· 
tllinel!. Figure 3 is 8U cXll lllplc of 1\111; 11 
II. s tud y. The sound inl(,l1~il) [c\CIU I II. 

point in a theater i8gi\l: 11 asa furu:lion 
of ille (re(IIII' IIC) from 010 10,000 C) de~. 

It \\ill he notc\1 tlHlt tl IC rcsponse 
fli lls off 1I 1.\l\ c 1000 t')des. In tllis 

at; . "ri ~lic 

I)arlicular ins t.a ncc. the 10mlsIJCa l.er 
input circuits " ere adjustctl to prOllut'e 
sud. 1111 effc ct in order to 11\0ill 
at'l"t' litulltioll of the ( high-fre(luenc~· ) 

surface noise \er) prominenl in ti lt' 
older re(·ordings. II ) conducting sc \ cral 
sut'h tcs ts at rcpn:scntllti \'e points in II 
thea ter, \aluahle informa tion concern
ing the distribu tion o f sound energ). 
the o\er-IIII responsc of the S}Slelll . 
rcsonU llces, ami I)ccliliurilics of the 
a udit oriurtl may be lI s(.'(! r t lt incd ." 

The O>Ici llator (at the le rt ) is II Gen
erallladioTYI'~; 6 1 3- B lleal-f'rC(J!tc IlC) 
OscillHlor whose rtluin timing cOll t rol is '" 
dri\ cn from thc high-speed lc\el reo 
corder in the ccnt er hy a ne.'C ihle ~haft. 

[EIJLTO .. ·~NOTK-'I'hi&tle.lCri l'lion i~ from a 
p a l>{'r ",\ t'OlI~ti<:1I 1 1t ~\ ILI;r"""'''' 8 (or \\ ide· 
lIans:c ItCl,ro. tll<:tion "f S""",1." t,yS. K. \l'olf 
of Elrc t riCll t li escllr,,!. I'rodLl <:I ~. In",. N" .. 
York.III'I>f'lIringitllhe AIIr;1.1931.i;!o> ""o(th" 
j,mrutll of Ihe Socie t )' of \l OI;on "i<: lUre 
Engineer!!. Theqllolerl ",a lerial anti 1I'''lhre" 
;1IL1 ~lra lion~ are rCI"inted Illrollgh courl eft,. 
oflh~ j"'ml(l/·1 

NEW YORK ENGINEERING OFFICE 

I' n::~.e ~J~ II~:o~~g~::~I~: ~~g !::ll:~lr~;:;~i~~ :Itlgtill::e~~~. ~~:~k a~f1~:Il~r,;':~~t~ I:~!~ ~~ 
our c1icn ts in the i\C" York \l etro- the timc, ot her engi neer memlJCrs of 
1}()lilan area lIe ha\e opened an ollicc our Ca mbridge s t!lff II ill be the re from 
UI 90 \\ cSI St" Nc\\ Yorl. C it } The lime to time. Corresl}oll(lcl1t:c reganl. 
telephone is Cor l lHl1dt 7·1}382. \\ hile ing general ma tl ers should con tinuc to 
\Ir, \I }r(m T . Smilh of our general be sent to Ca mhri,lge. 1\I HSSi!chlise t ts. 
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"COVERAGE SERVICE 
A SPECI A LTY" 

B':~,~~:~:~,'c:~r8~~t,il~~I~::il! 
ofco\crage. i,e .. the rHllllher 
of lis teners in the station's 
I<C r \' iec a rea. C. \ 1. Ja ns"). 
Jr .. and S. L. Uaile). con· 
."ulting engi neers. ol>erating 
a:'; the finn of Jan sky alltl 
Baile}. Washington. D. C .. 
\\I'rt' among the first to ad· 
locate the field intcnsit} 
", "r\l~} as a lIIe lhod of pUI
ting cOleragc (Iclermina· 
lionil on a 8cientific mea· 

_ ""ruble basis, The !lCCOIU-

1'1111) iug photogruplls shO\. 
so'ne of the equip,ncnl used 
h) J ansk) umllhilc}_ 

Smallllile ~ l w "d"rtl.~;gn,, 1 

~c".,r8Ior built I.y J "n:;;L) 
pnd Haile) for ficltl jnh'n
~il ) ~"rH) .. ork. Thrcal . 
ilm,',-.! aBruun l '" ;8 tI,.. 
811 "'''0I'cu~dinll,,'Gen· 

I-ut l{aJio Tn>!' 603· \ 
Slun,lard·S ignal Genera. 
h'H" ~ho..-n in , h ..... hinrl 

1."""~lh Ih" J a,,~k) and 
Hai le), unil 

J a".k) and Bai le) firld car:"o.J;C. \1. husky. Jr . allhe 
riSI'I . \1. 'I. Garri""" mllh .. lcft 

Th.· i" lcrior or fidtl car No. 3 6ho ... i"l; Ihc~ig"a l gf ,u''' lor 

""ilalthe lefl antl a rcc:o:i,·cr allh"righl , Thehantl .. hc"[ 
ror orienling Ihe 1001' i~ .ho .. " I I Ihe 101' o r the I'ho\{lSral,h 
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ANTENNA MEASURING SET' 

·'T~~I~r:rlrll:(I:I:~·eil:f 11::~I SII:~::ir~ll:tll~::~ 
Uf C 1\\0 of the 1I10S t impo rtant COil 

s tants in the equ ipment of a radio 
broadcasting sta Lion. K nowi ng these 
,alues, i t is possihle for t he engineer to 
(Ic t,crln inc t he power act ua ll y deli vered 
to the antenna by the t ransmitte r, the 
constan ts o f the coi ls or condensers 
necessa ry to lunc the a ntenna to res
ona nce, and the proper method 10 fol. 
low in coupling toge ther the antenna, 
the transmission line, 311<1 the t ra ns
mitler. These proLlcllIs IUlIst be solve{] 
d uri ng the lining-up rlCriod of a radio 
station. 

" In the casc of a [ow-po\\ cred tra ns· 
miller, a cut a nd try proced ure is sa tis
fac tory. Bu l " hen the ra(lioengineer is 
faced \\ ilh the insta ll a tion of a mod 
ern, high powered ra(lio transmitt er 

"hich mllst op·erate a t the highest e f
ficiency possible, thc re(llIiremell ts are 
more rigid. Approx iu lations which 
might be o\'erlooked in the adjus tment 
o f a smaller transmitt er would thclI re-
6ull in the loss of muny ki lowa ll s of 
\'ulua ble ra~lio -frcque rley power a nd 
the probabil ity of bllTilOll t or damage 
to cx pcnsivc cCluipmclI 1. 

" To date there has been a va ilable no 
compact field equipmcllt for usc in 1111 -

tellna a lHI tra nsmission li nc work. Due 
largel y to th is lack of e(llIipmenl , radio 
engineers familiar with th is type o f 
work recl'lire any where from two to 
cight weeks to prol>crly adjust the ra 
d ia ting clluipmelll o f a high I}()wcred 
uroadcasl tra llsmitlcr. F urthermore, if 
thc pro blc m is complicated hy the rc
qlli rcment s of ;1 dirccti ve an tenna sys
tem, or Ihe reduction of harm ollic 
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.r-- rlu lia lion, longer periods of adjllstmellt 
rna) I,e nct-essa ry before the s ial ion is 
rea~ l } for ) ea r·in a nd ycar.Q1I1 o pe ra. 
tion. There fore, engineering c" pc nsesof 
s tich \\ ork Il{!comc quite apprcciahle. 

" Wi th the engineering of II lurge 
llullIbe r o frafliotnlll s mittcrs 1I11(lcr the 

8ul>Cr\· isio li of New York hCafl(luurI Crs, 
the technica l department of Ihe Co-
11Imbia Broudcas ling System fOlllld il 
nCl"cssar) 10 dc\ clop II cOlll c llic nl allli 
llt'Cura lC !lntCllIIa measuring se t. 

" The sc i is designed 10 measure the 
impeda nce of 1111)' a ntenna from 0. 1 to 
0.9 " uH:lcnglhs long, gi,·ing IIle re
sisti\ c 11TId rellcti, c compOllcnt s. J t 

mil } also he IISC{II O (Ie tcrrlline Ille char

ac lcrislic illlpN IOIncc and the c1cetril'ul 
lengtl, of t\I O -" ire or concen tric Illh.· 
rallio. frequc nc) Ira llSlllissioll li nes. 
\1111. Idr a t is pro ba bl) the greutc ... 1 

I""" lilne 11111 cr. tlli ,. ullit also lIIea S llre~ tile 
Icrnrin !l ting im pedance at Ihc untenna 

erlll of Ihe transmission line. All o f 
these I'a ilies IIlIlSt be de terrnirred to 
prol)Crly engineer a large brOlltlcaSI in· 
s ta llation. " 

The SCI is also designetl 10 lIleasure 
tile illll)Cdance of any mllio. frequency 
ne tllork II' IIOSC resis til c eoulponent 
does not exeee(1 ]()OO Oh1ll8. The fre · 
(Illener range is 500 kc 10 1800 ke anti 
the unit is a -cope ra lell. 

\lr. Lod ge's article in Umlio £ 1I#i-
1I('(·,iIl8;;hows a II iri ngiliagra lll lilld gi,-es 
instructions for rnal..ing mcasure me nt s 
of resis tance a rrd reactance Ilith tire 
IInit. Tlrc II SC o f tire C(llIipll1Cnl for 
mcasurin g Ihe surge illlllCd a ncc of 
Irunsmi ssion li rres i8111so discu8se, l. 

\1 r. Lod ge incoq }Oratcflll lurge num· 
ber of Ge rrera l Badio luiJorutory act:es· 
sories in tire design of Ih is instrument. 

· \I ....... 'f.<Mn .. ln'.n ... ' t ••• " ..... ~' .. t·r " . II , t ....... 
,./'hoCnl"mbi.Il""' ..... "h".S' ••• "'.! • .,.."n"nll,.J;. ',n .. _.n~'.~\ . ..-.I.t9.11 

FrC l 1l1l2. lJ~h i nd th~ panel of the antenna measuring outfit . Ko te in Ilartk"lar the G~ncra l 
Ihdio '1" ' 1'11 539 Cond~ni!el1l. the Tn'!! 5\0 De<:ade· lteiliM ance Unit!!. ami the C~n~ra l 

Ihdio 1>o ... ~r' l ra l\. former and re<: tifier-filt ~r unit!! 

IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988



THE GENERAL RADIO EXPERIMENTER 

HELP IN COMPUTING REACTANCE-RESONANCE PROBLEMS ""' 
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