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ELECTRICAL COMMU NICATIONS TECHNIQUE 
AND ITS APP LICATI O NS IN ALLIED FIELDS 

;: , ;: 

WAVEFORM ERRORS IN 
THE MEASUREMENT OF POWER TRANSFORMER LOSSES I IrT110UGII ,,,' ,,<ly <veey 

A {,O IllIllUllica l~OIl" I' n g inccr 

I)crimc llial wi udillg 011 th e type of 
corl' which is 10 be used in the final 

h a ... al olle l illie or (Hloth· 
e r, )wen (Joll{'crllc(1 with 

prodn e!. From 
th e \'ollagc per 

rhe des ign of pow
f'r- I uppl yequip. 
mellt. he aeldolll 
COli siders the reo 
~ulls of barmoui c 
disto rtion lit COlli

me rc illl power fre
llu c ,H· ic8. IrOll
COfe ci rcuit clc-

I. o\\(' \'cr, 

arc nOIl.linear, nnd , 
\\hill' eitber I 011 age 
or current ilia) be 
einu8oidal. 1.011..1 
qUllll l ilic6 

/lfe. 

In the design of 
powe r transform· 

lL\ltMONIC, di~l .. rli .. u i~ u "he· 
nOnU'''UII <:OIISI""t1, de .. 1! wid, b y 
Ihe clllllllllonic.liun& ellj! ineet', II 
i~ hy meall$ or di"lorl;on ill 11011' 
lin cur cirf'uit elel11t:nI8 11",1 mod,, · 
lution, ,ICIIIOd"I"I;"", .. " d (re· 
'I"em:), ",uhiJ,licu lioll "rc made 
p~ib'e. On th oe .. 11,,:1' lum.!, .Ii". 
lorlio" i~ one uC th e 1110.<1 c1I8i1 , 
II C,ld~ll:d l>Ou r ceoo nr .. r r Or ill d ec· 
Iri.·,,1 lII e"~"re'lICllt,, lI t co m m ... ,; . 
Clliiorl rl'l:'IUCllciCll. E.\·p"rimenl('r 
l'e",ll'r~ ... ilI r ecll il Mr. Thi~en'8 

d; "': II,,~i .... of ... ·"": (01' ... errors ill 

filler lIIetI""rem cnl publid,ed ;11 
Ihe ~fMrch, 1935. e."~rirnm"er, 

The "rCllent "rtide di ti<:lIti~eo!I n 
timilnr tn,e .. f f'rNlr ; 11 1)(I .... el' 
Irnll~ror"'el' "'ca~llrf'me ll t s, 

er9 o ne of 11u- rat'IOr! which IIlU ~ t bc 
taken inlo eo mifie nltion is 'he mag· 
nitude of th e. no· loa d lo~s('e. The~ 

,Iwile lUCl16urc m cn! s 

turn III the desirable 
opcraliug point 
CIUI be calcuJalcd. 
yicldillg Il Lasis 
r 0 r dCl c fmiuillg 
the lim,l wi ndiu g 
dal(l. 

It is uec('~gary 

Ih ilt the pe rforlll' 
a nce of Ihi ~ exp.·ri. 
me nial \,' indiug 1)1' 
,lclcrruill{'11 wilh ,I 

s inu50itla l voltage 
illlpreeselJ 0 11 Ihe 
coil. since Ilw fm al 
lJci' ign will be ,, ;;cd 
on a c ircuit of e~· 
sClllially ~ illus.oi· 

d1l1 voilage, 

,.,- IIrc cOllllllo"l)' d e te rminerl by meas· 
ure ment \\ ilh a wattmeter a~ a func
tion of Ihi' vollagi' appiierJ 10 an ex· 

Figure 1 (al ~ ho ... !! a s imple circuit 
for mea;ou ring the no· load iO S~I·.'! hl' 
m('ans of a wallmetr-r a nd II series 
l'iu:'os lat 10 reduce th e JiBe vo ltage. 
Th e resull s of II series of measure· 
m enU made with Ihi! c ircuit o n a 
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~,cu .. & l. (a) Ci~cl.li l for mea . .. rin~ Ihe no
load lo~ of • p()w~r tranafonner .. ~ ing • ..eriu 
rheOllI~11 to ,".ry li" c vo ltage. <") Similar t'ir-

ICUilll! ing the , 'ARIAC 

611ll1plc winding yielded Ihe lower of 
rhe Iwo cun'('f!; ~howll ill I~ igllrc 2. 
When, howc\'cr.!l VA RIAC, connect
ed AS iudicatcd ill Figure ] ( b ). was 
used to redu ct· Ih e line voltage, the 
upper curve of Fi gure 2 rcsull ed. 
Siuce the l o~~cl! as measure!1 wlu'm 
lI"ing the ,heoslal we re Fume 50% 
lowe r ,han Ih o~(' oillained us ing the 
, 'A HIlle. the wavcforJus of Cllrrent 

Hlld voltag(,11 ill th e Iwo ci rcuil S were 
('x;nnincd ill ord~ r to (I cte rmine wh ich 
i if e ithed of Ih e cun'e~ WIIS correct. 

To flo .hii' the circuil of Figure 3 
lHI.:I sc i "p_ Wilh th e ,'A RltlC a nd 

RHEOSTAT 

A-C LINE 

" 
" 
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.. " ~ - " • ... ""'-'s 

FICUII.It 2. Po wer Iou cun'f;& obtained hy 

mClIIUf"emCIlI u ! iog the circuiu of Fi ll LIre 1. 
Nole thl' Ihe fe. lllt/! differ by SO% 

the rheostat adjusted 10 give the same 
r·m·1! \Toltage all rend o n the volt llle ter 

Y. the oscillograms of Figure 4 lind 
Figure 5 Were obtained . Figure 4 
show8 the vohu ge an d curre nt whell """ 
the VA RI AC wos lIsed. J , will be 
lIolc,1 thai the ,To lla ge is ginusoidal 
anti the curre nt . :IS a rcsuil of the 
lIolI.linearity of the magne tization 
curve of t.he iroll, is highly dis torted , 
conta inin g II lurge th ird hurm ollic. 
Si lll i!:,r osciJIogrllws fo r Ihe rheoslat 
ci rcuit (silo" n in Fi gure 5 ) indicate 
thnt both the current and vohage arc 
nou-sinuso idu l. 

CATHODE RAY 
OSCILLOG RAPH 

FICl' '''~ 3. C i rr:~ui l u.ed 10 olollOi n the ollCillograml of Figure" II lId Fil!ure 5. T he O.05.ohm reo 
,i~tor m pl,jict II ,·olilige drop which is IImplified 10 obtain the current .. -a ,·e eb.poe 
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FleORE 4. Voltage (upper) an,1 current (lower) 
in the transformer primary when the VA RlAC 
is used. The vollage i. sinuwidal ami the 

curreul distorted 

The reason for this is obvious upon 
further consideration of the c ircuit. 
Tbe non-sinusoidal current produces 
an IR drop of similar waveform in 
the rheostat 1. Since th e vohage im
pressed on the transformer is the dif· 
ference of the sinusoidal line voltage 
and the distorted lR drop, thi s volt · 
age must also be distorted. 

The nel result 3S secn by the osci l-

FICURE S. Voltage (upper) nud current (lower) 
when the rbeQslal iM used. Doth curves are 
Don·sinusoidal ami th e current is lower tl.an 

in Figure 5 

lograms is a cOllsidcr11bly lowe r cur
re fit whe n the r heostat is used. Both 
core loss and co pper loss depend up
on current, and the power co nsumed 
is therefore less than in t be VAR IAC 
arrangcment. 

The VARIAC, s ince it. duplica tes 
the desired operatin g condition of 
~ illusoidal line voltage, gives the cor
rect result . 

~ 
A NEW MODEL OF THE EDGERTON STROBOSCOPE 

A HEDESIC N of the TYI'~; 548·A Ed
gerton Stroboscope has reccntly 

becn made in order to incorporate 
certain improvements aud 10 utilize 
a more modern rectifier tubc, the 
83-typc. Chi ef result of th e redesign 
is a greater rauge of Rash spceds. The 
new model, Typ~: 548-0, can be used 

~ re lia bly at speeds sli ghtl y ill cx-cess 
of 200 per second . 

Other specificatious are unchanged 
and the price remains at $290.00. 
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THE EDGERTON STROBOSCOPE 

STROUOSCO I'Y in the iml",,-u-il,1 
field lu • .!! r cuched i.." pr~erll ~1"le 

of e~"I!III!"ce In'-3d,. throu.:;,h 11 ... 
cll"orl ,. uf l'rufCSl!K>r H"roltl E. Ed
j.l'.!I' lon uf lH".o;~I .. :hLl.!lell.§ Inst;lute 
of Ted",,,lugy. "rofl'fl$Or Etll1c .. lulI 
,,,,d Mr. Ken"elh Germe.!lun,~c" 

IIr .. rai,,,, .. ,,i ble for the ("'III"mel1ll1l 

,le.· .. I .. II" .. :1I1 underlying the Ihrt.'e 
'H'e.- uf General l{adio ~lrolm

"""pC!!>, 
In IIthliti .... 10 the Type 5 18-U 

~Irol ...... ·ol"! d~ribetl here .. ;,h, the 
Genern! Undio Cum puny "'lIn"(,, e
ILlr e~ the Type 631-A SlrubulllC, " 
neon-lu"'11 i".,.lr"menl intcnded 
prim"rily (ur ~ 1)Cetl mCIISllrenu:nb, 
" "d Ihe Type 621 Edg-t. ... ,on "uwer 
StrollO"':o,,C, II high-"o .. er inJ!lru_ 
menl "",,i tllblc for IlIking high_ 
~peell lIIoliun "iclure8 in eonjufI(:' 
lion .. ill. ,I, .e T ype 651.'\ C .. mer ... 

Tin: Tn'., 518-A Edgerton Stroho
IIco pe, now approaching illl thirt! 

birtLHlu)" has nlreudy achieved ,I po B. i. 
tion of somc importuncc in thc indus· 
Iriui llcellc. 

The II lully of high-spced motion 
which the dcsign and mainlcnance of 
mod('rn mllchincry requires co n be 
":lli,,Juetoril, mll{lc onl~' by Ihe stroho-

l!eop ic me thod. The Edgerloll Slrobo
lIeOI)C, because of il B. hrilliant, shorl 
fla sh, has readily found iu wily inlo 
fie lds ..... he re ohler ty pes of !llrobo
sco pes wcrc nOI ucec pt able, and it i" 
used today in 1I0 llle purt of the dcsigu 
or manufacture of lIlachillell. auto
mobiles, engillcs_ ins trulUenl s, CUlll

c ras, electric molors_ mc Lal producl8, 
an d te.'"ti les. The fact thM some 
'''Cllt)' cngineering IIchools !llld ulli
\'crsiLics are tl llcrs of Ihis instrumcnt 
ill rurthe r evide nce of itA utility ill 
mcchanical alld e lcet riClI1 cnglucer
IIIg. 

The ucco mpa nyin g phoLOgra phs, 
t .. ken ill the I •• borntorics of the Emer
SOli Electric ~luntlfHcturing Com
IHIIIY, lIIukers of motors, fans, aud 
electrical SI)ecialtics, arc nil excelleD I 
exa lliple of the 1I:,e or the st roboscope 
ill induslry. For manufacturers of 
Ihi~ type or produc t, the 81rohoscope 
is 1I0t oul), a llI~ans of laboratory test· 
ing 011 /lew I'rollu cts hu t is ulso lhe 
key to be ller dcsigll <Iud more 8atis
fnctory performunec. EmerSOI' clIgi
lIeers have found it the only satisfac
tory method of dete rminin g the vi
bration a illl (lislOrlioli of ran bladl'! 
allt l huh,,_ 
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TYPE 559-8 NOISE METER 

ALTIIOUGH herulded h)' b .. llyl,oo 
... hkh n.il;l.1 lu,,'" r" ine,1 " leM 
\"'rtly chiltl, Ihe call';'! of "noi~l) 

uhalCII1Cn l," juiu' tlfT~ l'ri".It of the 
.\'iUCi,,1 .. nd the 1,I,,.!!:ic: .. l $:icllces • 
.,.,n , i .. " c>; I" no"ri~h 11 1 .. 1 ~ I IO"~ di~ · 
linel Ilromi~ of J4 ItI,,~ li nd " "crill 
cllren-. 

In the raclory, IIH~ "Uice, [ .. " I ,I,.~ 
~ Iorc, n .. i ~e retlncliOI1 rCt'dn~s 1II0re 
a"tI more I1lIen.i .. n u,; ''''' I. lo)'<:r" 
rc:ulil.tl tlo,., noi~e luk.:o- ib ~h"re of 
1le.'\·OIJ.oj; <:nr'Tgy wi tl . " t" .. " "C'!U C III 

rwueli"" in clli.· ie .... ,. . Fur Ih~ 111 -
tl~nliu" ,., .. "It! IJ.c I'"it! 10 o:ri li l!ll of 
tl ,e milch inc /1!;C i f ilJ!l id ent ify ing 
d",rlH:; lc rj"lic " "L'I"C nul tile ,·lnU,·r 
a"d .Ii" of mnchincr y. 

FOil indu$lriu l 1l0i5C I'Il'USU I"I' IILCI1! 

and noise .1,'vl'] survey!!. Ill e I.oise 
,,-.. lUc tcr is lhe most COII\'Clliellt ins tru

lUeut to u .. e. It eOIl.hi lleli 1\ reltsonllblp 
aecurltcy wit'!l low co~ l . ruggeJ con
struction , !lnJ portubilit y. 

Th e Tn'E 559-A Noise \ Ieter, 1111' 
nou nced in .\la rch, ]933,. 1\118 o ne of 
the first low-priccd 1I0iae' lIIcasllrill g 
ilUlrUIIIc nl8 ava iluhlc. l u rcferellce 
level wail the average thrc!!holfl of 
hearing al _1000 cycles. si nce this level 
WII S nsc(1 Ly lIla ny iu,'estiga lors al 
thai lime. It iii on I)' re~lltly, how
el'e r, tbat th ere hU Ii heen li lly .Icgrec 
of SIIIlI,i (lrdizllli oll in this respecl , ami 
at prelicllI Ih e tendency see m! to be 10 
favor II rc fcrc llcc lel'ci ilpp rox ilil illcl ) 
7 db lowel'. whid l reprcsents Ihe 
threshold of hearill !:\, fO I' a pcno rr 
"hose henrin g i~ IIl1u!'lIu ll y 1II.: lI le. 
This IlCW ref"re ncc lel'el. 118 rceOIlI' 
1l1ellded lJy the }\ lIIeric(111 SIilll rlnl'r18 

,...,...... A~"ocialio ll _ is JO " "illis per iI<JlIa I'C 
cenlimeter lit 1000 cyc lcs. 

' .. eo..._reiol -.6ioe )1_,,_,,'," II . II , s-. •. (;. ... ,,,1 
~ "',..n-~-. " o«b. 19lJ . 

Tit !' acllHtI rdercllce hn 'ci of a 
.wise meier is nol particularly iUI
porianl, since Ill(' rc,tdillgs may be re
rcrred to lin}' desired lel'd hy merel y 
addin g or ;mhlrllc ling a fixed numhc r 
of deci be ls. bUI Slallllnrdi'lalion il' dc
sirable since i l el im ina tes lite nCCCII' 

I' il )' of corrc('tion;; h('tllPcn different 
instruments. 

JII ordc r 10 promute stulll iart li 'l;t· 
lioll in no i:;c mcasurement s. t he C CII
i'nil Rad io COIIIP (III), iii ,"lI1ollrl cin g II 
lIIodified noise mctcr, known ae TY I'E 
559- B. This JiIT!'r! rrom Ille cnrlier 
lIIodei !Hllin ly ill Ih llt Ih e IICW rcf('r
C I1 CC level is used , wi lh the re~ult 

111lI 1. 0 11 any I,; ;VI' II -!lound , Ihe lI e w 

meIer reads 7 JIJ highe r tluill 11,,-, !J Ill 
UII C. The over-all sellBilil·it y h .. !! ul", 
hee n increasc,1 ttl till' extc ill of 3 dh. 
Accordi ng ly, th e ncw ntli~ mete r 
('ol·crs tbe n mgc rrom 3·~ db to 150 ,II, 
above ]0 ·,11 wat ls pe r ,lIlu ,l re C{'nli-

1I '1' ler al 1000 eyelI's, U~eril of 1111_' 

Tn'E 559·,.\ Noisc Mcler ca n, of 
eoursc, compare the ir ft 'adingll ""j,h 
t he IH:'W rd"rcncc ICI'(:1 by IIIc rcl ~ 

add ing 7 db. - I I. II . ScoTr 

The (lcscriptioll of the Tn'y, 559·A 
No ise \I c le r pu blil!hcd in our currenl 
e;lIulog llpptici! . in all p ll r!il'lil llu .' X· 

ce l'l reference ICI'cI and rUII!!". 10 ItlC' 
Ill'\\' 1lI0de!. Tl lc pdt'e n' lJtalll ~ 1111' 
ch unged al SJ90,00, 

- .;o- .,. - e ... -
(l _ . ' - , - .. ' 
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USES OF THE VARIAC 

To lle tc rlllin(' the ma rket a lld Il ppli
etl tio lls of the VA RI AC. we recent

ly Ill ude a sun'ey of n small group of 
eUSl(l lllcrs. 10 the be lie f tha t they 
will be of interest to our readers, we 
a rc publishin g lhe reeulle of tbie 
analys is. In view of the wide varie ty 
of USI'S re ported , presellt owners m ay 
fill (l suggcstions for inereueing till' 
uscfulncss o f the VA RlACS they al
ready have. and o the rs. not acquaint
ed wilh the versa tility of the 
V A ftl ACt m ay find Ii conve nient so
lutio ll 10 problem involvin g the COII

tro l o f voltage. 
AI a sa mple. Ii group of 100 ill

voices fo r t he VARIAC repre&cntiug 
the la test 100 orders we re take n f rom 
Oll r fil es in chronological seque nce, 
wi th no attcmpt at selection. A lett c r 
'I'M sent to caeh purchuecr askiu g 
what use was made of Ib e VA RIAC. 
To these 100 le ttcri. 70 re pli cs weT{' 
I·eeci ved. AlIIHll2 of thcee indi cated . 
at least ill gellcra l te rms, "" hilt usc 
was bei ng nuule or the inetnllllc nt . 
111111 nil but 7 li sted ~ pce ifi c npplien. 
lions. An ana lysis of titCIlC letters 
r1cl<l 8 SOUIC 24 classes o f uscrs a nd 
] 2 cla ssifi cati ons of usc. AClUally_ 96 

lIJlpii(;a l ioJ1 s we re listed. but UUl lly of 
the m we re lisled Ly more Ihan one 
eusto llle r. These ta ilulalioll s a rc 
r:: ivcll helow. 

USERS 
EteclriCli t MUllurllClurill1 ............ :U 

Meter ........................ 2 
AllpliallceJi ..................... 2 
Moton ......................... 1 
Contro llerl ..................... 2 
T ransrormers ................... 1 
Colltlenticr., Re~ilil Ori .......... .4 
La mps ull,l Vacuu,n Tubea ...... 7 
Rd ' R . " ad!o «elv~rt ................ 2-

a 10 T ramlUill ers .............. 3 
Ollte r Mnuufncturiul! ................... 23 

IU!it rnlllenl , ..................... 8 
~t..cbinel"J' ...................... 4 
Glall ........................... 1 
Dcnlal ... . ................. . 1 
Chemieu l und l\Ie laUur, icul ..... 6 
" Clrolcum Produeu ............. 3 

EduCOlional 1.1I&liIUI;OIll ......... 4 
RIHlio Broadcaijl ing Sl~tion l ....... 3 
Pholo Suppl y Deale r •.................. 3 
Eleclric Power Comp~lI ;e* ............. 2 
Pholo,mpber. . ........................ 2-
He.earch LnbOl"ll lo riel ............... S 
Radiu Service ...................... 1 
Operalill ~ COIIIIIIUlliclIl iu lI CO llltJn llie ~ I 
Mot ;ulI Pid urel ......... .... ...... 2 

To .. 1 ......................... . 10 

USES 
0) Vol.13 l1e COlilro l rOt l e~linl electriCII I 

C'IlUpment ... .. .................... 20 
(O" crload, o\,c r·volU1 Ke. and UII· 

der-"oitale telll on rday., 
sw itchc .. applia llc:el, radio lrall ll
mili eU, nldio Nlce i ... cta, cleclricol 
instrumenll, etc.) 

(2) Power.ilupply control for test in, '" .12 
(The VA RIA C i. lI~ed in Ihe pri . 
mary of 3 Ili , h· ... oha'c lrall ll
forlller.) 

(3) Volta gc adj usulIell l on ... acuum.tube 
e'tuirmen' .............•........... 14 

( Adju,,'mcnt or grid bia .. lilament 
"'OhO lle, plate "'(lha ge on r.Jdio 
tranemit tet!!. rec: lilieu, e lC .. ullKl ex_ 
hau~t in l! equipment in vacuum· 
tube manufacturiul.) 

(4) Voltll~e eontrol in mnnufoclurin, 
proceue Olher tlmn vacnnlll tube ... 4 

IS) Heat COl1tro l in c lerl ric furna ces, uil 
ha ths. elct'lric hea ters. ele .......... n.-...., 

(6) lIIumin:.t ion rontrol in phOlography. ; 
1 Used 10 Dlljust ... {) ltage IUI'plied 
10 enlnr~er!l. Hood Ii , hll , elc.) 
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17) General lllboratory use . ..•. . . ... .. 7 
8) Manual adj ustmelll of [iue voltage to 

evllSIII"t va lue ""d to boost low vol-
tage . . . . . . ... . .. .. . . . ... 3 

(9) E lectric la llll' life telilJl ""oJ demon-
I>tr;'lion~. . . . . . ,I, 

( 10) To obtain II wide range of 6O·c}"ele 
ealibl"lliing vohage .... . . . .. .. .. . 1 

1II) Motor 5jlced control 3 
(I2) MiscellRnt'OU5 .•• . .••• . • , .•.. • •..• 6 

u. De rnag"e\ icting ;roll. 
b. A"oid overload in exper imen

ta l circu its by increasing vol. 
lage gnlduplly. 

c, Solder' ''!: iron-llui(k healing . 
• 1. Modulali llg voltmge for InllI!

miu er tC9U. 
e . Regulate OUlplll of elect ro

tbe rApeu tic equipment. 
I. Molion p icture exci te r lamp 

conl rol. 

Total ...... .. .. •..• .. . .... 96 

The users' classifi ca ti oll ah ows th at 
some 3370 or these 70 custom ers are 
engllgcd in e lecl"ri Cill manufacturing 
alld 31% in ot bcr branches of mauu· 
facturing, 

TIle use classification te lls ns wh al 
thcse 64ro do with the VARIAC. 
h ems (l ) and (2), an.lOullting: 10 33% 
of Ihe tot al useil snhmiltcd , are in 
electr ical testing. ncarly "11 by manu· 
(acturers. Tt ems (4), (5 ), (11 ), and 
a port ion of (3) are u part o( manu· 
foe tu ring prOCCllSC!, totalin g 22 '1'0 . 

NearJy every electrical product. 
whet her intended for indus-trra! or 
consumer usc. must he testetl abo\'e 
and below its normal operati ng volt · 
age, and accordingly we find that 
the largest individu al h em is (1) 
which coveT! this fi e ld. 

The Illost impo rtant single use of 
the VA RIAC ill the manufacturing 
process itself is the control of heal.. 
h em (5), which eoven both manu
facturi ng and laboratory h eaters, i~ 

13'1'0 of the total. 
,....... Groupin g these items in another 

way. in 70ro of Ihe usee, the primary 

ohjecl is t he co ntrol of voltagc; in 
3070 some olhcr flu antity, such as 
hea t, illumi nation, or speerl, is con· 
trollcd by Uleall8 of \'o h agc. 

A thi rd grou ping ean be made by 
separa t ing the lota l in to two main 
c1usses. In the Grst. the primary ob· 
ject is to \'ary \'oltagc, in t he secOlHI. 
to hol(1 it constant by lIIanllal lld
juslmcllt. While it is difficult to make 
all exnet a lia lysis from the datu in th e 
USES table. It appears thai in about 
757(' of the uses the volt age is varied. 
and in 25% it is held conSlalll. 

While il is not evidcllt from eit hur 
of the above classjfica tion~. one mldi
l iona1 groupill g mi ght be made, a di
"i~ion hetweclI tbose uscd by thc pur· 
ch aser and those built into equip. 
ment for resale. A l aTge uumber of 
the VARIACS used in radio trans
mitt ers and elcct rica l controllers are 
uscd as all integral part of larger as
~emblies lind resold. 

Qne of the most inte restin g nspects 
of tbe analysis was the di\'e rsity ohu!c 
reporte(1. Althou gh the VARIAC ha! 
becn 011 the markct a rdat ively shorl 
tirne-our patent* on t.he principle hal'· 
in g just recently hecn issu cd- the 
tnllllber of uses list ell exceeds app rcci
abl y the num ber of rep lies received to 
our quest iO ltllai l·c. I .. other words, the 
a \'e rage numbcr of app lications per 
lIser reporting was approxi matcly 
1.4. Gencral iza tions drawll froll.l lim· 
ited data are, of course, not couc1u
si ,'c_ but the reolld y acccptance ami 
wide range of usefulness of the 
VAR IAC. as indicated by the survey, 
undoubtedly predi cts for t.he 
VAR IAC an industrial career of COIl 

@iderable importance. 

· U. S. P. 'on' N~. ~.009 .0U. 
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8 THE GENERAL RADIO EXPERIMENTER 

RELAY-RACK MOUNTING FOR THE ELECTRON 
OSCILLOGRAPH 

• ""0 1( Ihe lion"" hr,,"d,~ of d ec· 
trieul engineerin" _ ",I"calion , 
IlUIII"raClllrinS. un,1 re.<earch _ the 

cnthodt:.ra,' u...: illugrnpio Io"s bee" 
.. 1001 or in~li",,,hle n.llle. AI· 
,I,unlt" the mcril of ils high_impe_ 
dunce .11".1 Ilr"eliclt ll" illerlia-I e;;~ 

elemenl lUIs I"n~ been rttugnio:cd 
lo r the rescnrch work",r5, il is n nly 

in Il, e la.o;.t few yeuh tI"" modern 
\"1,,,"11111 ,,,1M: produ."lioll and the 
.. illlJllified deeill" of linear4imc_ 
II":;" circui!.! h",c ",,,de il 8 serioull 
"Omllelilor of the , -ihrnlin:,:-elemen l 
"~f' iliogrul)h. Recenl P"pert on 
muhi· eicmcnl o lle .. llli .. " h ,. n"~8 11" 
of cu",,,,uln ,io,, I,uinl th e WilY to II 

" ,ill wider use p i COIII"wrl:in l l)Ower 
fre<luenci es, ,,'" well ,,~ in the culI1-
",u"icalion fidd. 

To !I,c field>! ;"..,,,Ial h, .he el~. 

Iron o~iIIogrHllh, II d\er li ~inl! III lis t 
110'0' be a dded. ,\hhou,:: h Unum 
" '0 .. 111 undoubledly hll~e had d iffi . 
cuh,' in ,'i~u" li 7.ing ""y conne.:liOIl 
hetween 1,;~ d;~c'J\cr) ""d the 1ll11 1l· 
I, a rt of $ha';II%, Ihe cHlhooe-ru," 

O)!lCiliOgfllph 1I 1'I>ean 1111 n reowarc h 
1001 ;n the current. luhcrli$illg lOr 

l"eGUldl<' s .. r .. l, Ull,WrCurn l)llny, 

I, thc broadcll~ till f! slutioll a nd lilt' 
Ic~1 Inhoralor~. ill fact ill a ll pcrmu· 

ncnl in;;ll1 l1l1lioll5. rd ll). rack-lllOUnl cd 

c l]uipmc lIl 1;< \\ i(ld~ n~ed. This 
t~ pc of 1II 0\l l\til1 ~ I'rovi d c~ maximum 
1I('('l' ~~ihilil~" ill a lIIillil1luII' !'paee a nd 

'/ )pe 

6/1,.11)1 
6/I,-1J1t 

Cahill!':1 \1 00:ld 
Rliid. \l od,·1 

permit s renr-Of.pancl inl ercon ncctions. . 
\llIlly Gene ral Hadi o inSLrumc nts 

urc supp licli for relu y, rllck lIlonnlill g: 
ol hers can be eom'e rled for ruck 
1II01l1lliuI; if dcsirf'd. The Tn'~ 687-A 
CUlhode-R ny Osci llograph. nol here· 
to fore available in rack moullling. 
h ll8 reccnt ly been re,lesigned to faci l· 
itate thi !! cO IIl'I'n ion, 

The new models. Tn'E 687-B~1 li nd 
'1', "E 687-BH !lrc ide ntica l in their 
electrica l chllrllc le rislics and sped. 
fi ca tiom "il ll the T\' I'E 687·A inSlru
me lli , and th e I'huuges COllsiSI mainl) 
of u mech anical rearra ngeme nt of 
purls. Th e re lay.rack model is 1101 

ca rried in ~Ioek :1$ ~ \lcJl , Inll u euhinel 
lIlodel ca n be converted 10 rllck 
mOllllliug al Ihe ell.i! lomer·s requci!t. _ 

The prices given be low :Ire for 
II lamlar,1 1Il0ilc.l1l wi lli fa s!.·screen 
IlIhc ~. 
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