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OECEMBER , 1939 

NETWORK TESTING WITH 
SQUARE WAVES 

.THE THEORY OF THE RESPONSE 
o F NET W 0 R K S to tra nsient impulses 
ha s been kno ..... n a nd di scuSSCfl fo r man y 
reM S, and fro m t ime 10 ti me var ious indi· 

I·iduals. parl icul arl ~ those fami liar with o l:ICnllioll ll l calc ulus, ha ve uscd 
s(luarc waves in testi ng ne l l,ork ;; . T his tcst me thod has nOI been,,;(lc l), 
a pplied tocomrnllllica t ion circuits un t il qu it e recently· when it s OL" ;0 1l8 
a ppl ica bi li I )' to te levision eircui, s has 11 lt r a e le d a l l e lll ion to i , . It s appl i. 
ca lio n to uudio -freq llclw y circu its lias rccei,'c(1 lit tle, if :U1 y. a tt ell t iOIl . 

The entire behavior of a n a m pl ifi er or o t her circuit to a pplied signa ls 
is comple tel y determ ined by a knowledge of its response to sinusoidal 
signals in pha se ami a mpliw de over t he freque ncy sca le. Sim ilarl y. it s 
performance is comple lely de termined once it s transie n t respon se to a 
so-ca lled unit fUIl(;t ion, or a bru ptly Slee p "ave front , is knO,\ll. I t is 
Ver) likel y tlial sim ila r t heore ms could be derived for ma ll Y o t her fu nc
t ions. T he tesl ing me t hod to be chosen de pend s upon thc case of a ppli
ca tion and t he di rect ness of t he informa tion obw ined. The " avcforms 
of I(· lcvision ima ges, of speech, and of music nrc \'Crr complica t.ed aJul 

-G m",,, S .. ;f,. nAn,pla; •• T",,';n_ bv \ 1 •• ". (of S.1~.r~ w ... .,.:· 0-",,,,,;_;0,, •• \ '<>1. 19. No.2. 
F"br" • .,.. 1939. . 

°A. v. lIeM". J .",1 r.. 1_ .·..,(I~,,,lahk. ··T<on,;"", U""""<'e or \1 ,,"; .. . .. \,;(I""' '-'''I~.''CY Aml'lo. 
r.~ ... .-' I'm<". I.R.E .. Vol. 25. ~". I. AI,,;I. 1939 . 

FIGU Uf. I. Pa lle! v i,· .. · of ihe T YI'f. 7.6'J-A 5" II ore_ \\ '",,1." Cl."ltcra lor. 
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GENERAL RADIO 1 
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F,cLlo'; 2. ,\l th", 101' ie I<hO\.' " " w-callctl 
u"il function .. hkh oo,,~islJJ of a 811tltlcnly 
"1'1,licJ voltllll'" The rC~ I)On8C o{ ... !If'hoork to 
~"ch /I ~;g"nl (..><)1111,11:10:1,. d"' HllliuN! Ih" F,rol,cr
l;e;I., f th", network. Fflr pr;,eticl,lpurrH'!'t.'8 ~ "ch 
II Iflln';ent can I,e rCl,laced h, II "' I,u,re wllve 
flf III'prol'ril'le frl'(jllc,wy. lik", \hu l ~hown in 

tlie IO"l'f ~kelch. 

in tesling amplifiers it Lecomes desirable 
to mal..c IISC or si nusoidal, S{IIiMC. or 
ol1wr I'It"ily rcprod uciblc distur bances 
rather Ilmll 10 Uk' the complicatell sig
ual il lIIe l in praclice. Fortunately. the 
theorem!! concerning sine waves and unjt 
rUllctiQns form Ii good basis for such 
tesling methods. 

TELEVISION APPLICATIONS 

In lelc\ j~ion Irll118111iller8 a nd reo 

ceivers it is nccessar) lhut t he "11.\' (, 

shape of n signal be fllithfully rt'pro· 
duccd. When large black or "hile areas 
are scanned, a long uni for m ,'oltage 
pulse nlU$l be passell through a con· 
denser.leak oou pling nct\lork ,I;t IlOlit 
hal·ing appreciable leakage take plm,:e 
Juring Ihc c)cle. On the olher hand , 
'I hell an abrupt trnm~i t ion froll! black 10 
"hite is scannCII. it iS lle(:essary thai t he 
voltage change without appreciable time 
delay and lo"it bOllt an osci llating t rnnsient . 

Some engineers "orking on television 
arc of ti le opiuion I hat square·" U III leSl· 
ing is of 110 gn .. nt va llie "t'xeept to u 
service man· ' bcCtl llSC the) feci small im. 
provements in a si ngle componen l of II 

cOlIIl'iin lled system cu n be more reallily 
follo .. ·cd by means of plmsc and II mpli . 
tude characl("ris lics thull hy tra llsiCllt 8. 
It is truc thul iu co mplicll ted eascs 
cumulat ive effeels arc not !'imply Mldi 
t il'e in transient responsc, although in 
some cases they arc npproxillllltt'ly .ultli
li ve. Others argue tlllll fo r ltiel' isioll Ihe 
phase ami amplitude curves a rc so nrli
fi eialthat they arc of Jjllie usc, that one 
shou ld speak and think in terms of time 
delays and of "ol'cr-shoot ratios" nnd 
ignore the rest. Cer tai nl y in tel('\·ill ioll 
the squarc·wa l'c technique is more 
direct and gil'cs the ans\\cr tlull is 
fundamcntally rC(luircti . The phasc
amplitude method is difficult to int erpret 
and is a t best an intermerlinl C tool of no 
fina l significa nce. Sq uare 1\lIVeS lire I er)' 
casy to use and leRll to usable resu lt s 
more rapidly t llan do other met hod ... 

F'ICUKI!. 3, Plot or the "~h :'g<! lH'r Ol'" tt. .. (.'()" . 
Jenser Juring char;;,· ill II", .. ire,,;1 ~ t. n ... " 1 ... 1" ... . 

11~ 
1 T 
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AUOIO · FREQUENCY 
APPLICATIONS 

\ iI is \\("11 L.nO\\II. the soundli of music 
alltl oC speech srf" usually formell iJy t he 
interaction o f inlc .... llilll:lIl vibrators 
(the lillw-!ooth Illotion of a vi"lin strin g. 
for ,'xu lIlplc) ami resonant CUI' ilies. Tim 
cElr di"tin guishes one sound (rum ullotl lcr 
by the "a\'eshapeoItheq tlasi-tran ~icnl s 

sc t up. One might expect tLaut a n Hlllpli
fier Ilould have to reproducc Ihis \Hlve· 
for m ac(,urately in order to 18) claim to 
" hi~11 fidelity." Those who are familiar 
", j1h the etriel requjrcrncn18 pla~d 011 
\"ill('o amplifiers wilt realize that acoust ic 
v.u\t·(orms lIfC cerl ainl )" not prcSt'n'cJ 
by urdinnry audio C(luipll1(, lIt. For IUUIl)' 

yea rs, lIoIH'vcr, it has been the priH:ticc 
to rUl e IIL(' performance of audio C(luip
Inl 'nl 011 t he " frC(IUency charut' lc'rislil''' 
by IllIid. i,. usually mean t the ov('r-a ll 
amplit ude I"e!'ponse as a (11111:tioll or fre· 
(lUCile), To be sure, a systelll .... h ieh is 
"flat"" (rom 50 ercles to 10.000 ,'),dcl il! 
almost l.'c rlai n to souud bcu('r thall II 
s)s tcm .... hich is only moderately " flat " 
fro lll 300 to 3000 cycles. hilI in less 
olJ\iolis examples mere f1aln clOS is nnt 
nel'cssarily a measure of liddi l), 1\1 · 
thuugh lillic dala lire on hand . it has 
bel'n rl'porled Ihat lis tening lest!! llQ IlQI 
all,"p' agree with Ol'c r·all electrical 
Icsts, This is ralhe r to be e'{pcclell. si nL'C 
I I I f I to, :Ie lal ior 0 " oet .... orl.. is mcasu rel 

nol olll ~ by its amplilude response but 
a lso b) its phase response, nud it shoulll 
oot 1M.: slIrpri!ling to find Ilmt in some 
cai;(:S the fI'mark. "il SOUlll ls H'rribJe" 
ma) I,., 111OI'e scientific 1I.(m the stille -
menl. " it iii flal rrom 50 10 5000 ('}'d es." 

FICI III, I , Curv<'O! of the \·01t:.:;1' anOd :. con· 
denser duri'lg charge for differ!'nt I' .luC8 .Ir I •• 
.. hl',Il" ;li2 r~I(' .. hiI'll i~ Ihe •• 1;0 of read· 

IInce to rei'i~ IIlO(:e for the {retl'ICl1el II I .. hieh 
,b .. curle ~llV .. n ;, ,", "'III e shal'e of the 

u ''' rl(>nw OVI'!' II half .p'le, 

3 EXPERIMENTER 

Square \lales offer a simple and rapid 
method of including bot h pha~ shifl and 
ampli tude n'sllOlI~' in a single test. 

SQUARE·WAVE RESPONSE 
OF SIMPLE CIRCUITS 

Test s made b) IUeans of s(lulire "al es 
on a wide Variel) of (' ir('u;I S iudica le that 
the nalure of the circuit may be fa irl ) 
accura lely .Ie lerlllilled II ithout e laborate 
compul ation L} oL~nation of the 
transien t res l}()n~, Fnrt lllllll(' I). man.\ 
of the circui t!! mel "illl in pradil'e give 
vcr) simpll' 1I11l1 t'lIsi1r re(."()~nizeJ Ifau· 
sient resp"'. se l ' UrI Cli, " hi.,h f'a n Le used 
as a guide for 0111('1' morl' ('omplieUIl'd 
cases, 

In order tu gil'c an i,lea of t hi s sim· 
plieity a sing:lt, cuse is t reated here. Fig. 
ure 3 8.ho .... s tl.e fumil iar e.'Cl'onelllial ri .,., 
of Ihe COllllcnser voltage when a COli 
dCIl5er i8 charged t !trough a resiSlor , (The 
('un 'c is llran n Cor a eLrl'ui l in " bich 

? \ c = R; ill o ther "ords oue in 
_1'I'X x 
wl.ieh Illtl condenser rl'lIelallCC a t 1 c)dc 
is cqual to the re!li&tanr:e, ) For o lher 
\'lI lue& of the lime Cou" lan l. Cit t he rc· 
sultant "UrlCS arc c'{ a('tl~ the Sll lIIe 
excep l for lhe hori:wnl al i't'a lc \I hie h is 

• ',Y .r-
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• ,~ - f-
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F.l:lKK 5. T I,,! "un'c at the "1'1"'r Idt 61'(1""8 the ,oltage "troes th .. conoJCIIscr in (I ~cries He 
cirenit ... ·hen II ~Itl art' .. "ve iii "1'I,lic·d. Btl .... the " IO l a re ehowll &c"!'rltl cire"i" go"'ng l hia I r !'1' 
or rc~p"";o,c. AI d,e ri)o(ht i~ 8110 .. n the ,,,Itll!!(, IIcmAS the r~i~lor lIntl", the ~1t "' C t:o"ditjon~. 

togclbcr wi III circtlit~ gi" in),: II ~i ",i1ar 5(1', nrc.",,, ,·,, r"ijf'.n"~.·. 

lIIultiplict l or Jivillcd b} a ('1)1161011 11 fa('· 
lor. Sc\era l 8uch cu r lcs a rc l!ill)v. 1l in 
Figtlrc I. Ifasqua re\\a.cofunil IlCriod 
is applictl 10 >lw:h a .-ircuil t he lolt age 
"a\(' aerOS$ Ihe C()nd(' I1!;('r l, iII be as 
sllo\\ II lit the left in Figu re 5. " hid. iii 
m8(lc LI p or a 5<"rics of segment .. c3f'h 
lI imilar 10 the CUrl'C of Figun' 3. 

The voltage across the resistor is Ihe 
difTer(>ncc be lln'en the applied IIni t \'oll
lIge lIIu l t he t'omICIISt'r ,'oiLngl'. In o llu-r 
"ords, it is gi,cn by I he ',hitll area 
abo\(' Ihe shlldcd arell of ti ll' cOllden>M!r 
('har~t' eune. This response is sholl 11 at 
t he righl in Fih'l,rc 5. 

T his lla lll l' M'r icii of ('UTI CI!> a lso a pplies 
10 I he case of imJucti n' circuits II hcre 
("a pa"i t) dTel' ls :m' ne~ligi blc _ A grou p 
fI r such circuilS i~ ShOlll1 ill Figure 5 
II hid I ", Ito" s somc of the pract ical call1:S 
l'oHrcd b) Ihis one &erics of ('uncs. 

\ not ht'r lI rt i{'lc in tI.is month'!! issue 
0)( till' E.',(H!rimcnter S1101\8 t l .. ~ trll llsiell t 
CUflt'iI obtai lled (or a I'a ril' t \' of IrallS
formers. In a later issue \\c hOIlt' 10 pub . 
lish sollie over-n il tram,ienl rC"'I)QII III'S for 
brmu ll'lIs t tra ll i'm il lcrs and receilcrs, 

GENERAL RADIO 4 

In the ('a&e of thc ;;i lllfJlc l'i reuil S ou t 
li ned a l)(we, il is rt'l lll i\'cI) easy to dcri ve 
the ovcr ·a ll am pli l mlc- frell llclIC) .:har
nelcrisl ic fro lll II ... tTllllsiclI ! response 
(the CO II I'erSt' is 1101 Ifill' )' In such (;lI!lot.",; 
it lIoulJ So'c m quit c cll'a r I hal 11 kllO\\l· 
cll gc of t he tmusiclil rcs lw nse is morc 
valu a blc than 11 knoll lcllgc of the lI mpli 
tilde churuch 'ris til', Le"au"" tile 11IIIer 
does lIo t IIcl'Cssli ril ) illlpl }' a knowledge 
of the phase response. In vcr} poor, 
narrow-band, a mplifiers it is more di f
lieult to a pply S{lu arc·" uvc me thods 
because i t is di ffi cult to ~paratc t he 
loW-frcfluCIlCY cll l-olT dTl'c ts frolU th;
high.(rC(IIICIIC) ,·!Tects. Thi ... results in 
bo th ends o( till' churac teristie bei ng 
badl}' scraml,led ill a sillgle tiliulirc lIal'~'. 

III sud I I'ases. 11I)\\ lJ \,cr . t he a lllplitlHI ~' 

responsc is it self d i lTi~ull to c I"aluat e ill 
terms of fidel il), 

TYPE 769 · A 
SQUARE· WAVE GENERATOR 

Wi t h this issue 'he £ "/H!rimentcr is 
3111lotlllc ing a I;lluare·\\ave genera tor 
which is primll ril ) int e'lIle,1 for 31111 io-
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frc(lu(' ncy test ing. As \\ ill he not iccd by 
refercnce to Figure 7, t he circuit con
s ist s esse ntia lly of an ampli fie r which is 
so a rranged that it overloads wi th ex
traonl iuarr ease . A volt age of 2- 8 volt s 
from the powcr line or an c-.;lCrnal sourcc 
is ampl ified 10 aOO llt 75 \' 0 11 5 mHI it t he ll 
has both sides of Ihe wa ve di pped off by 
I. dou ble diOtic. Thi s s(luared sign al is 
re-a mplified ;tlHI carefull y eliPI>cd by a 

FU: UR" 6. The c"rve~ I,do,... lefl. show ,he 
n ll tage acrou ,he condenser iu ,he circuit o f 
Figure 3 when ~ ) &q " are " 'I,Ve is 1Ill ll l; ed . 
C urves (a) . (h). and (e) corres llOnd to real'" 
a ncc. to·rel!i~ talle .. ratios of 10. I , a nd 0.1. 
ret!.llf'1: ti,' ciy. Theile C UrI' C6 nrc c],uractcris t ic of 
the high.ff"e(luencr rcs llOlIsc of (" Ily d amped 
a llll,lifins . T he Cu TI'eI! a t the righ t ijho"' the 
,'o lluge "crOM thc resistance. C IITI'eS (.1 ), (e) , 
nm! (f ) corre~l'ond In reac la "ce·to.r~"Il is l ""ce 
ratios of 10. I. oml 0. 1, ... ·iipCCl i"dy. Thc~' M C 

cha rac l cri~ ti c of the 10"·. fre'l"cncy rCl! po nse of 
" "'I,l ifieNJ. 

At the righ t is shown t ht) an 'I,lil,,,le resl)()ns{' 
fo r a sing le'illage am l,l ifi c r. A rC~I )()nse of the 
Iype of (tI ) oorres l>Oll,h to a frcq ,, ~m::r of I on 
thi8 t·urve. (e) 10 to. an ti (n to 100. It will be 
no ticed thaI the IItrl plilUdc reSl'o ntW curve is 
a lmo~t enlirely 11,, 1 Ht 100, a ll hough the 
res l,onse to a sll""re .... 11 '6 of this fr"'11H:ney is 
hy no mea n8 S<l ttllre. Thi~ illuSlr:lle& t he neel'S ' 
s il,y of oougidering ]lhas,' ehift as we ll ~ s 

a ml)litude r"'_I>on~e, 

io) 

ib) 

i') 

5 EXPERIMENTER 

pair of cascaded d iodes. Fi na ll y, t his 
signal is amplified and a ttenua ted to any 
desired level. 

The genera tor is not a rntngcll for usc 
a L video frc(l lIClieics b ut. call I>c uscd to 
tcst the lo\\.freq uency res l)Onsc of a 
\,ideo amplifier :Ul l! is ent irely adeq uate 
for a ll au dio-fre(luency use. T he internal 
dynamics of lhe ge nerator itself a re 
roughly I hose \\ hich would result from 
an ampli fier ha ving it " flat rcsponse" 
from awut 1j IO of a crclc to about 250 
k('. Comple te sl>ccifications lire gi\'en 
on next page. 

T he problem of gC lI ing (Iuant itali\'c 
data on I he fidelit y of am pli fie rs is a \ er) 
imporlan t one, ami it is li kely that the 
cuslomary a rn plil ilde ra t ing is in suf· 
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GENERAl RADIO 6 

I'WUIlt': 7. Schematic ,-ire"j l ,1i H~r"m of the TVI' I> 769-A S'IIHlrt" Wa,'c Ccncrnto r. 

fici cnt. It "oul,1 see m highl y desi rable 
for SO UI("OIlC to make an attempt to 
eorn-Iatc transient respoll!;C "il!. li slen -

ing tests. In lill y case, square waves ap
pear to offer a nel, possihilit y of improv. 
ing high.(j{lclit r pe r(ormallce . 

- L. B. /\ H.CUI\IRAU 

SPECif i CAT ION S 
F".uln" RaQI' : Squ!l.re WIIVe8 wi lh f"",la . 
"lfOllt",l!! from appm!<ill1Rtely IO t:ycl .... perK'COml 
to 5000 e llll be proUw::ed. The oU'I", 1 cireui! "ill 
" bl frequcnc;c& Ilil lween 0. 1 elf' f' ami 250,000 
l'}' clcl. 

Output Yoltale: Peuk-lo-pellk. 150 volts on 
101l11l0ce,1 nu t put; 75 volu. II"I."I""ee<l . The 
min; m"", outpnt voltllJ;e i! 10 microvohil. 

All en ullor : \ . Iide wire 3ml 3 6.~u:1' mulli. 
l'lier IIrll .. ;.ed. The Crequency charucleri~tic 
(wllve , h l lH:) is IIOt affec ted by the allelllu.t or 
lle tlilll;. 

SUlrlnlSS 01 Wlu lolm : At low Crequen . 
ciea. tbe tn lire rise ill "o[lIge t~k('l place in 
0,001 cyc le. 

l ;"fH' 

i69-A 

Ollipul Imll . duu : soon. Llil lanccd; :!son 
unha lanccd for lo",_vo llll l:c Oulpul. The im. 
pedance ill indc/>cuJent of (rc<'\I"~IICY uo"'n to 
d -c. No condcnoer;8 used ill tIe oull'"1 . n+ 
is grou nded, 
External 0 scllhtor : An ~itJlI l or cal.3(,le of 
udivering 6 volu, Ol"en c irellil . i . r"llI ired to 
c'(cile lhe sqUUC·WIIVC genCfu tor. A 6O-cycle 
('ontrol Byalem ill built il' , 
Power Sup ply : 105-125 voh~, 50-60 cycle;!. 
The I>o""cr input;8 60 waill. 
M 0 a R II n, : 19-ineh n:[ay.raek I,anei. 
Olmeulons : I' .. nel. 19.'( 7 inches; dep th he
hind IJanel, 8 'i iuchl"ll, 
He t We llh l : 2:! ,,,,,mue. 

P rire 

HIGH QUALITY AU 0 I 0 T RAN S FOR MER S 
• SQ UARE · WAVE TESTING . 
the thl'lll t.' of Ihe pn!I..'Ctlill g article 
ill this mOil I h '8 iSSlle of the Experimen/er, 
affordi' l ll1 !'xccllcut IIIca n ll of revi('\\ ing 
t\\f' llty )cars of alli lio-trall sforlllcr his
tory. Figure L, "hich sho" s squure_" II VI.' 

pall eru,; for fo ur l) pes of t ransformers 
rauging fro m t he early TYI'E 23 L to t he 
I'"rrc"t Tl'I'E 61 1. i;; an illllcx of d.e 
impro\l!mcllt in the freque ncy range of 
reprOlIIl<" 'll s l>cech ami mu~ic t haL has 
taken plat."e in those twellty years. 

Fidel i t y req u i re me il lS 011 :t ,111 iu
rrellm'Ilt·~ systems have (,'Ollstanll)' ill-

creasell and .... ith them _t he performance 
requirement s of e(luil'ment IIml circuit 
components. 

The ncw '1\ I'~; 6 11 Trallsfonncrs are 
designed ami construc ted 10 /Ilee t the 
exacting: rt.:lluircmen t ll of high qualit y 
audio sys tcms. ElcclricaU), they 1111,'1.' II 
wide frequcll! ') rC:' pon~, they have 
elec trostatic ond electromagnetic IOhields, 
a nd a ccur atc- Iy b :llan ce d windings. 
U echonically. Lhey arc 80 Ilesigncd that 
the eases ca ll be mounted in several di f
ferent \\ays with tcrm inn ls easily aC('"eS· 
sible for W'flll g', 
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fREQUENCY RESPONSE 
Presenl-tla y broadcast equipment uses 

an a udio-frcqtle llc~ haml of aOO1l1 30 10 

LO.OOO C) d es. sound-recording systt-lIIs 

a slightl y narro\\cr band. To lIIaiUlain 
a flnt amplitude responsc over this ran ge 
fo r a IdlOlt' S ~' I;tt' lII rC(luires a fur be lle r 
response of the indil' illuul circuit ele
/Ilent s. 

In un amplifier using three tran s_ 
forlll cr!l. if {'nch is llo" n 2 (Ib at 10,000 
(·)Tlcs. t he over-nil respollsc is down 6 dh 
a t thaI frC(ILlCIl C) . or 2 10 l in vollagc. 

. --- --
(C) 

- -
- -
(D) 

7 EXPERIMENTER 

Obviously. Ihe Irllllsformcr character· 
is! ic should show no appreciable drop
ping ofT at 10.000 C) cles. Similnr con
siderations Iiolt! for the low-frequency 
end. 

'['''I'E 6 n Transformers 3 rc designed 
for usc in high-qualit r sysl.ems, and . for 
most models, the response is dO\\11 only 
I db at 20 and 20,000 cycles. Conse· 
quently, sevcnl1 ullit s Clln be ('uscadcd in 
lin audio !il Slc '" \Iitholll a pprecillbly 

......... 
T ypE 231 IQ2U 

E 
, 

~ '~ ~ I :[ . ---
Tl'I'8 285·A ",. 

=\ 1 - -TYPE 585· n 1928 

:J - -......... 
T YPE 641 · £ 1939 

FleURI': I. Square . .. ave re..pon..e patten lS and amrlitode.frl!(luency characteri8 ti~ for Ihe Iran&_ 
form~ indicaled in the captionil abo" e, The OfICillo~ra ll1 at the left ;& the retil)()IIl!e to " ~IUDre 
,",'. "1' or 60 cycle!! fundament al. and the right . hand OfICillogram i~ for a ,,'a" e of 2000 c~ cl l!II f"",I M' 
men tal. T hc.re ~illn" r~" .. s ~I,ollid be eomr,arffi '"' ilh the Curve!! on rage 5. The 6O-cycle ' eiO po use 

"..... ~h" ... n " I"" e is simil:.. to Curves (d ). (c ), a,,,1 (f ) on "age 5, The 2.kiloeydc pa t tern i5 La5ic.ll,. the 
S I""C U lI,nt of cUrI' e (a). hut Ih <;:re iIlS IlI,erl'o~ed on the corve a dnll1l,<;:iI Oi!<:i[lnlion of n rre'I'''~ ''cy 
co rT"("~too",lin" to lI,nl of the re;<Onant p"int in the amplitude.fn'queney CUrV e . Thi~ Ir",, ~ienl 

oo"ld 101' ~ ul'I'r~tI h~' incua ing d,,, secorubry d alllping. 
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FIG u ltt: 2. TyplclI l R1I1 1' IiIlHlc.frCtI'It' ''' 'Y 
curvCtl for 011 mrulj·I.; .... f 'I' , I'S 6 ~I Trllll,fonner. 

uITecl in g till" frNlllrlll'), dl8ractcrist ic, 
Of e(lua l imporl ll ncc is till: IrunI; it: 1I1 
response of the t ran8{orlll t' f liS measured 
by an applieJ .~qllart: \HI \C. \ s t ile nBcil -
10grlllll of Figure I 8ho\\ 8, \'cry little 
Jistorlion of the SfltulrC \\II \'C Q('(;UfS ill 
'1'\ 1'1': 61 1 IIlIil s, 

GENERAL RADIO 8 

Frequency rCSI.lOII8I' ('lin eS for a ll 
models arc sho\\ n in Figure 2. Sincc I hc ~ 
apparcnt 10\\ .frcrll/cue)' reslJOll sc o f /I 

transJormer can ~ vllricd h )' II number 
of factors, such clln'es are o f lillie vullle 
unlcss t he condit ions under whic.h the 
lIlellsurC lllcn lS arc mnJe II rc completc ly 
SIll tel!. Two thillb ..... II rc importll nl "ith 
regard to Ihc Clines sho\\11 here: 

( I ) T h.· IOII.fr('(l lICIIf·Y relil.lOlISC .hll a 
arc laken , not under the most fa \oruble 
coml ilions. liul undcr Ihc 1t'f1 .~1 f,1I or!lhle 
(>lies. 

(2) TIll' lII ('a!"ure"lI'nl ~ :Ire lICf·urllle. 
A c1wracterist ic o f high pcrlll('tt bilil y 

!llloy cores iii th at tllC pc rmclIbilil ), nl 
ver y low levels is considerul, iy 1 .... ·low the 
11I1.I ", ill1l1l!1 vu luc . T CSls 011 Ihe olilput 
model;;. arc mllde I' ilh O.l I'oil npplied 
to Ihe primar): norllla l ol'crll l i n~ Ic \·('1 
is. of course. IIl1Jd, highcr. In onl.'r 10 
a6Sllfl' IlI·cur1.l1.' IIICIl"urClIlc nI S II I 10\\ 

Ic,"cls. the 10\\ ·frcqucl1c) rc"p<mse iii 
measurefl \\ illl a Tn'!> i36· 0\ \Va \ C 

\n alp.er. This a lso eli milHlt es nil f' rrOTS 
CIHlSt'd h) hum an d b) harmonicil in the 
lest osciJ1al or. T ilt; general IIIc thod of 
measu rement h ilS been CO\ ered ill a 
pre\ iOll.o l1rl ide.· I t call be t'eCIl frolll tllc 
cur\'l!~ of F'igure 2: tha t the response a l 
20 eyclc!! for many of these trlllldorl1lCrs 
is do\\ n If"sB thnn 1 lib. IItW~'ssital i ng an 
nccl1rac~' of meaeUfCJlJlc llt of nbout .2 db 
or 2%. Wit llo.II tllc "a"c IIllal} ".c r, u!lin g 
a gooJ bea l.frequcncy o;:,cili li tor lind a 
vacu ulll -tube vollmcter. Ihe error III 21l 
cycles ma y he cfJII sidcrauly grCll ler than 
t hi s. hotl! het'1.I u!iC o f ·m;('i JJ:ltor harmo n. 
ics a nili /el'ausc of \11I \'f,fo rm crror ;n Ihe 
voilll1ch:r . \Vllen the \\IIVC nna lyzer ;s 
used. lim \\II,-cfurlll o f t hc oscill a tor ie. 
110illl pOri ant . 

CONSTRUCTION 
Careful design a nd ('ons truction ac

cou nt for llIan ~ of Ihe t:\"('t' lIc nl dillrat·-
~ E. Tho.-n ... , ..... ~"'"'. F ........ '" II~ ...... " •• "'.n' "r t'I ... 0...,_ ..... ' •• 00,'· r~ II .. .J.~ I-~._i,.._. 
M.....,h. 1~35. 
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r-

t,cr ist ies of these transformers. The core 
is made up of thill lamin ations of high
pc rmcabilit } a lloy. Windings arc in two 
syuuuctriea l sections to assure accurate 
balalH.:c to ground . j \n electros tat ic 
shieh] between primary and scoontlary 
isolntcs the 1\1 0 ci rcuit s SO that the 
tnmsformcr n Ul be lIscd be tll ce n a 
groullded circuit and II balanced circuit . 

Lo\l-Ioss in sulating ma tcria l tested on 
1000 voh s is uscd bchlcc rl \lintlinb"8 nud 
hct"ccn \\i mlin g a lld <-'Ore. Coils are 
"oUlIlI in In)ers iusuia icli (rom olle all
olhl'r "il lt less llang ... r of brell l..dOI\ II and 
shor t ... . 1 tUrilS [Iwil fM'cUr!! in ramlorn _ 
wound l."Qils. IlIplll, inl ersl age models 
ami illllK.'da ll l>(,- lJIal f· hin g, I. hid. opern lc 
IIsll all) at [0\1 IClels, life provided "ith 
a high-pcflnca hilit y maglle tif' shield 
\Vhiela atlclIlIIltcS a·c hum by ahoul 50 
decibels. Out side the IIIlIgne tie shield is 
t he a lum inum elise. T t' rlninals lIl'C 
brollght 011 1 lit onc ... 11(1. 

BALANCE 
EXl"cllcn t shicldi ll g and Imlllllce· to· 

grolilld is obtai ned in the&c I rallsforrners. 

FIGI III': 3. <a> Cin.'u;1 for muguriul= lon!!i. 
'udinal Iransmitll!;Oll; <h) ~ i rt:uil ror measuring 

longitudinal and un!.lIlunce IraU3I11 i.-ion. 
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GENERAL RADIO 10 

for tbe '), I:leS used in broadcast ing lUul 
sollud-recordi ng ser vice. t he ba lance is 
Bufficien t ly good to balance ou t a ll pick_ 
up from h UIll or other sources on the 
lines to ",hieh they a rc connected . Figures 
for longitudinal and unbalance transmi r;; 
siol! for these llIodels arc given be irne 

The so -called longit udinal tran smi s
sion , IlIcasurcll as indicated in Figure 3a, 
is a lHeasure of t he electrostatic shield· 
ing. flr introd uci ng ('I as sho\\11 ill Pig-

ure 3b, Ihe BUill of unhalance a lHl longi
t udin a l transmission is ob tuinc(1. 

MOUNTING 
Not lellst mllong I he fca llU'cs o f I hesc 

Irull sfonncr;; is the me thod of moun tin g. 
The Cllse is d :IIIIJ)cIJ in a IIICla l ri ng. 
which is in t urn a ttached to base hoard 
01' shclfon wlliell t he transformer is to be 
1II0u nled. The case ('lin he mou nted 
eithcr uIJO\'c or be lo\\' the sheiL wit h 
tcrmi ua ls projecti ng i ll c ithcr di reelion. 
Figure 5 1clls 1hc s tory completely. 

- L. E. PACKAIW 
S P EC IFICATION S 

T'I'" 

Lt:mgitudina/ (III/I 
Unbn funce T"""" lIIiu'url 

{DL'f'il,..l, (Jef(ll<! 'f'l",t VolIU8C)O 

Lu,,(!.; /mUllfli 
"'run SIll;.'~i~m 

( /Jedbd~ 11lo{"'" 7,,,,,, l'ufl<l£C)O 

~ 
100 - Ik, 10 k,' lOO _ t kr' to ke 

72 55 
6H-B 87 " 611 -C . '" 39 

• 

• One .or • • ppl",d ... . "own ID F.lu .... 3. 

Use S: See t:oule. NU llluer .. refer to the lIIorl: 
common tyl'~'8 of tubes with ... hieh tim model 
elm he ulOCd. 
Fraquancr RUle: The table :;ive.; Ihe fre· 
queney rlltlgc over ... I, ieh the "uh:oge r"lio i~ 
1\!!IiI l Loan 1 de<.:i bel below iu ,'"Iue on t he /lUI 
portion o( the characteris tic. uud the 0l)eratin:; 
CQ"dili QI1~ for Ihill l>il rfQrmance. Sample (rc· 
'lucnc), ~urv~ "re givcII in FIGU RK 2. 

Thc fre'lueney r~n:;e naturlllly hold8 only 
when Ihe lirimary !I<lurcc h"s an internnl im. 
l,~ ... lul1 cc et l" al 10 II,al 8pt:eified under "Oul of 
(ohms);' anr l t he load i8 ns ~I'ecifi etl uuder 
·' In\.(l (ohms): ' 111 IOC I'unl of the outplll trllns· 
fur lll"n t he !I<lttree iml'~.cJ:.nc~' fro 'll which they 
are to work ill ,1irrer~nt from the impedance 
whicl , ~hould he rcnecled hack to the t llbe by 
Ihe Irun~fornler. The labit! gives the proper 
lIOurCf' i!lll,edonee ( tl.e I'I ~te rellistance of the 
lube!O) . ". lae Ihe {OQUlol ... ", gi"e the IQ:.d i ' II' 
pCflonee a~ Bern I,y the tulre. 

The ~'OI IImn headerl " Pri. DC" gi" t8 t he 
"l u_~im"l11 direc t c urrcnt ,,' h'clt (!lin be handled 
I,y c:.eh ~ection of t.he primary wi,uling under 

" 17 
17 

')5 HIS 8i 

"' i~ (.1 
85 

• 
OS 5i 

l,alanc~~ 1 enudiliU!l ij, while Ibe "UIII ,:.I Il I\Ce 
DC" CQlut1l1l gi,'Cll Ihe nI lI); ;n" " n aliowHIJle 
.;urrc n t ""hala nce for the bllltcu (rer t"eney 
rlln:;e. nn" Ihe allowd,te tlirect curr"nt when 
thc II n it is OI)e r" I ~-..1 single.e '1I1ed. 

Miximum L ey~ l : Under the <!Ohlln n ·'I\la". 
lA!" el" ' if given the lIudio I)(,"'cr or pri"",n. 
"oltnge " 'hich each l ra"s foroncr will handrc 
wi ll. negli!! ihle d is lOrlion. At higher "oluCl! 
lIO t1l e low fre<lucney ,1;61ortion occurs. 

Turns RaUo: The raLio o f lurns of lile whole 
!'ri.nary wiudin,'" to the wholc @(.,<:on<llIn' wind. 
"'S is gi";~n in t Ie " Turnll Bll lio" <..'01",;",. 

Electrostatic Sh le ld ln(: The tille·tn·line, 
hridgi,,:;, input. "od 10w.io'l'ed :",ce .n"tching 
trunsfor lllC01!, T VI'!; !> 6U·,\ , · 13, ·C, ""tI ·D, 
respcclively. all h" " e " " ek-ct ros t1. t ic @hield t o 
aSi! lI re i8Qklt iou I~tween tbe " rimary a",] 
secondary wiudings. 

Mal ne!lc Sh le ld lnl: 'fbe lin .... lo.[;oc, bridg. 
ing. illpUI. low·i lll lied a ucl} matching, lind in ter. 
ftla g., l ran~formcn, Tn'Ks 641·A , . B, ·C, -D, 

j?IGlJ RK 5. Sev .. rat "'lIy~ of mOllntill!; Tn'E 611 TrHn~formen;. From left to rigbt: ahove shcU 
wil h tcrmin"l~ ~t to]', ""<)\" 0:: shelf wilh l errn i na l~ helo ... , lrel",,' slwlf wilh t.erminals at tOI' (claUlI" 

ing riug Clln be helow shelf. if dC$ired), lIud below gll" l! ... ilh tc r nlinala II I holtom. 
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-f.. and of , respecth-el/', ulll",,'e II h igh renne
ahility mUt;IIf'lJc Hhipt( which imrOtluce8 uho"t 
50 decibels or attellua tion 10 huUl [lick,,!,. 
T e r m I na 1 s: Soldering lug~ are providoo. 
Mo untln,: Each trlOn~forlller;~ "'tJu nleu in a 
cylindrica l alum;" .. ," enSC'. The I,ue daml'~ O n 

a",J i~ urran:;ed SO thal the unit eR n be mOllll led 

11 EXPERIMENTER 

Il ho,' c ,IT Iml.,,, II,e mounting ~hclf " '; Ih the 
ter rninals ,·j ll,u "I' Or dnw ". 
Dim e nslons: Ste F,CUKg 4. 
Net Weltht: .1 1 ",,,,,,I ~, alll)p':.! . 

Prj. Un_ 1""'1_ R""i!<' 
I)C b<J.,,,,,,, Dou.." J db 

0,,,01' In",l (I.00I) OC I'mm T~ II,". Tu .... Codo 
--'·'C:'O~,-__ -"'~-"-__ -"(~,,,m"')'--_--'(~~Cm=."),---,,(-,,,,),-,(C-,"-)"(""'"=.')'-'("""'~'")_"'~""",_--,f(.",;" WOIlI 

611·,\ 

611-11 

61 1-C 

MI-O 

6-U ·E 

6U-F 

6H-C 

L. ' \ " 50 to 60 50 to 60 
'''c. " Ixcr 12510 ISO 12510 ISO 

L. ,'0," .. , :100 10240 200 1,0 240 
"'c. ,xcr 500 to 600 500 10600 

5010 60 
l() t I()()()! 125 10 150 

n 200 to 2,M) 
SUO 10600 

I · ' \ ' .. ~ 50 10 60 po P Grid& 
_"Ie" l'ter 1' 5 150 l P P .10 . rot 

S· ° I 'G ':~, 2QO 10 240Siugie Grid 
rng e . rlu~ 500 10 600 (Cl"~5 A ) 

1.."", 
[rnl,cdanct' 
\Iatching'" 

1""-5501060 -" •.. 1 .. 1-'5 I 150 
i.~. 10. 15. 200 ,: 240 

.0, 30 500 10600 

·-:\,C.7I'CC\,CI"-,-~---,c6c.\-.C~'--" 
(6C;;: 6J5. .H,OUO 

6L5,(~, elc. ) platc,to, 
to p , p Crids 1'1:.tc 

Si"Slil' Ph. I e 
(ue;:., elc,) to 
SiIlS!.- Grid 

1'_1' I' lalc~ 

(6es ,6J5, 
d e.} 10 

[ .. ill'" 

9000 
'0 

13.000 

10.000 

'" 40,ll()(l 

Pop Cri"~ 40 

Single Grid 
( Cla~8 A) 

50 10 60 
125 10150 40 ::!O\) tQ 240 
5()() \Q 600 

1.2. 

20 20,000 6 wall~ 

------

20 20,000 20 W81U 
in line 

----;;;;---;:-
30 vol~ 

20 20,000 

20 20,000 

3cro~~ 

t Olal 
rrimHr~' 

G walls 

- ----

10 

20 20,000 
120 .. ol l ~, 
pl"te- lo

plate 

- ---:::---c-
70 volr.a 

30 11.000 aeross 

10 
\ 

4.1 

" \ 

'n 
8.9 

" U 

" 2.1 

U DIJ t.:1C 

I ' 111 IU ' 

U",IO'" 

U:S ITY " primary 3 
---...'::::=!... -"---

6.3 
20 20.000 (, wllltl!. to U"'C I.~ 

I 
------

1'_1' u r Singl,' 
Plale~ 

M l _11 (2,\ 3,6A3. 
45, etc. ) 10 
S, 'cllkcr 

",~ '0 
22007 

2.5.5, 7.5. 95 60 
10. 15, 20. 

30 

12.9 
3 ..... 20.0t:XP 20 " 'aIU lu 'I7.0R 

I 

6 11-.1 

1'-1' or Singlc 
Plates 

(2A3,6A3. 
etc. ) to Linc 

800 

" 2200' 

5(} hl 60 
125 to 150 
200 lu2 1O 
5()() to 600 

00 3(~ 20.000' 20 wal18 
3.1 
10 
I 

VOC" I. 

1'.1' Pl dLClj 
6JJ-K (6 1..6, dl' ,) 

10 Speaker 

20,000 

" <lO,()()()' 

1.2. 2.5. 5. 
7.5.10.15. 9It 

20. 30 

---- - ;-ccc--
14.3 

6 1·1-1.. 
p oP P la t CE; 
(6 L6, c lc, ) 

1<> Li",, ' 

20.000 

" 40,000· 

SO 10 (i(l 
125 10 ISO 
200 t0240 
500 10600 

90 

5 

5 

20 2(l,O(IO 20 wa ilS 10 W~:.\K'" 

20 20,000 20 ... ,,1 t.s 

I 

3.5 
'0 
\ 

Wll'i lW 

'T~ \'n.'" m' T be ehon~ed by .. mud> •• 10"" wid ...... ' .ou"n. ' Pl"ccioblo " loon, .. ,n ,he ,ro",for m .. eI,,,.c'«;";',. 
r n ... Ir. ",for", .. 1,100,,"' ""'.I of 5000 or 20.000 01,,, .. • or ..... , 10 .. 1,,,0, dot,""dinl <In " 'h,d, '"I' io """d. T o do ' hio . nd . , ,11 

m . .. h '''''1'''' 'ml",J .. ",~ . .., .. "'" , •• ,01., .. ' T. b",lt i."" ,be .. "i,. 
' 110'1"''''''';'' d n"'" 2 011> . , ,"_ r,equ."""," .... ""1" "" 2.511 . ".1 lO ll ' .po"fT nRMI.U ... h .. ,~ "'''I,,,,, ... Io <l,,w,, 2 db., 11.000. 
·Tb" " . nd..,..." o< "I..:", •• ",",j of 6000 nil .... "" ...... ,10 •• ul_. Til;, io ,he 1)«1 ..... Io.d ("" 1,1..6', ", .... 'i". e ...... A .". 1\ 11. 
'24(l1l . "d 6OO1l,_\>o'·'" I", _d ei,,, .. 1~ 1.,,«d or.in,Ie..,,,oI.d. 
I'M_ ... ".f .... m .... I,ove e\No,_",ie .h;-,I.li", 1 .. ,,,,.,.,, "'in,lin", 
TI"l.;. , .. ".f"..." ... pt.<:co . 1000,1 of.lth.,. 3000 "" 5000 "I""" .. , .. _ .h. ,,,I-. Th_ a •• ,he 1'1'>,"" I""d. for 2,\3', """" .. " • 

... ;,1, flo.d .... ,.<!f·L'a, _ '''''''',el,. 
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GENERAl RADIO 12 

MISCELLANY 

• AN EX H I BIT of GC llcrHI H1I.lio 
upparutu,; "ill be heM at the Stevens 
l/ ot,eI. Chi cngo, from Februury 12 to 17, 
1910. Thi s is to be a working di splay of 
l'{IUi p IIlCIiI as it is used ill I) pic a I appli 
cations ali(I " ill inciu(le III UIl Y new ill-

8lnllllcnt s. E.rperilllclIlcr readers a rc 
('onliully ;11\-;lcd to attellrl. 

• " ENGINEERING ADMINIS · 
T RAT ION in 11 Small \lallll fnc lllring 
CO!lI pu ny" \\II i1 the liLle of II paper de
li vered hy C. T. Burke at Ll LE. Con
I'c nt ion, Nc ,,' York. Sepll' ud.H·r 20; at 
tile Philadelphia Section, l.H .E., on 
Nove mber 2. ami at the EmporiulII 
( I)cnlls) Ivania) Sec tion, .:\'ovclIl l.ICr 10. 

• 0 E S I G N E R S of the instruments 
described in thi s issue: 

Tn'E 769·A Squure-Wllvtl Gcucrator, 
L. B. Arguilllhuu: TYPE 64,1 Truns_ 
fO rlllers. L. E. I>nckll. rd . 

eAT THE ROCHESTER .Fall 
\leeting of the LIC E. and R)J.A., 
E. Karplus delivered II paper on "Stand· 
anl·S i gnal G ene rators" an d L. U. 
Argui mbau SI)(l l..c on "Square.\Vave 
Tesling;' aCI:olllpllnying bis lalk with 
a fl ClllonSlralion. AI the banquet, H. B. 
Hichmond . In:usurcr of the Geoeral 
nadio COllljnlllY. Sl)(lkc 0 0 the subject 
of co-operalion he ll. cen the J.H.E. 
and H. M .A. 

TilE GCI/cral RlIdio EX t'EU'MENTER is mailed I/·i.tllou.t c1wrge elicit 
mOlll.1t 1.0 engineers, scient.ist.s , I.ecllnicions, (.,ul ol.h ers jnl.cres l,ed in 

commlfnic(lt.ion.jrequenc), me('Sllrement Otle/ conlrol IJrobleflls. 1r'/len 
scne/ing reques ts jor s nbscril'tions (u1,d ue/dress-dHlIIge notices, plen se 
sllpp/y tile jollou;ing jnjurmut.ion: Il(Ime, com pal'), nomc, cO"IIXUI)' ad· 
dress, type oj busjuess (''(JII'IJfI''Y is clIgogecl ;11 , and title or position oj 
; "di vitll/lll. 
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3D STATE STREET CAMBRIDGE A, MASSACHUSETTS 

BRANCH ENGINEERING OFFICES 

to WEST STREET, NEW YORK CITT 

1000 NORTH SEWUD STIIEET. lOS ANGElH. CALIFORNIA 
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