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A NEW TYPE OF VARIABLE DELA Y L I NE 

\rilh Ihe ll1lrodlll'lioll of the !I ew 
lh'la,v lilll' dl'l'J('rih('([ ill 1 hi,.; art il'le. the 
reali,mlio]! Qf tl \(' ('ompi(>t{> lilll' of ( : (,11-

('ral I(adio ('I!IllP' II 1('111,.; lUld i 11>< ' rulnt"llt" 

for Pll!.~t' work is brought 0111' step 
IU':lJ'cr .• \1 I,hl' IlI'C><I'111 ti lll e. (·(,mplet t· 
data !lrt' uvaila.hll' 'HI onl,\' 1I1lt' modl'l. 
the T YPI' ~[I-S8Ii. hilt. the 11I'"iA"1l of :, 
,'ornplt'tC' "l:'l"il"'; of \':'I'i:.bl(' d!'\u.y lillc.~ 

with maximum dt,IH.y" of 100, ~O(l . :Mm, 
:\1111 1000 mi1!imi\'ros('I'<)lId" alld dmr
twINi",i(' im jJl·,lalll'cli of 100,100, ,"j()O, 
:,tld 100ft I,hm" j" !to\\' under way. Fur' a 
giVI'1I maximum debl,\', 011(> or !l\11I'{' 

lil1t:',; will IX' otTt'red to fulfill 11 ('HI:\tom

('1"" irnpt·d:~II(·e Or :-;1%1' I'N1Uit"('Jl1C'llh. 

T hl' hal)till'idth" pt'!' IIlIil delay of the 
laq~l'r ",ize units, ill ~!;C·II('ral. will ht' 
gr(':~lel' lha.H lho,-;e of the "mall lllri1.~, 

alit! ('1\(,h dl'I:\.\' lim' IIi!! he d('l'iJ,(lleil fo t' 
optimum lnmsiC'llt l'l·"PUtiSC. 

Fig ur e 1. Pul .... "d . Ie p re
. p .. ..... .. t l_p .. c d e lay , 500_ 
.. hm, ~ .. ri .. bl e del .. y lI"n. I,,) 
p .. l .. Inpul , (b ) pul.e .... I .. f 
unc"mpe" .. :,ed line, (e) pul .. 
.. ul .. f Ike w e d _win d ing Une, 
(d ) I le p in pul , (e) I le p .. ul .. f 
.. nc .. mpe n l aled line, (I) lIep 
.. ul .. f .kewed_wi ndi"g lin •. 
SC" p . ph"Iol I"ken on Tek
I ... ni. 54 1, O.l /1-ne/c m . weep, 

ThcM} \"arialtk· lklay lill(''''' filld gCII
em l :~ppli("ali'Jll a.~ Widl'-Ill liid ptl )\>«'

"hifti uA dt,,' il'(''''' :tlull'all hi' 111<1',1 abo lUi 

('ornplll ll 'HL~ ill p ul.-.;t, ami "idpn-fre

qU t· lIl'.\" l<.n';\I·m.~, "Hel! 1l:; l·lImplI lt'r,." 
radal' !llId 11l '1U"1l1l "".vl't('ms. alld '1'\ 
('quiplnt'llt: ill "hod, Wht'n'IN il \s 
dl'sin'" 1.1) tl " h.\" a widl '-halld l'ij!llal 

,rittl'''(\ illtI"O(tul'illg ph:ls(' di.":",rti')Il. 
I t is pl"<Jtwhtl' Ilrat ,",UIll(' partil'llbl' 
ililpetialll'" 1" 1'1,1..., alld delay li n1("~ will 
II(' 111"1"1' IIst·ful thall ollw!'". aliI! in
quiri,'" from "lI" \.OIlWI'l; :HI' ill\"il , '(1 ("l)!l

(" 'l"IIill~ dU'ir pn.fl'ITI'(t \'a!twl' of /11'1:1)", 
imlwilalll'l" ILlld 1,all{lwiLlth. en'll llll lllj.dl 

t hl'''{' \'ahl~'" may lluL I){' lish'd :l ll'"'C, 
III ma.Il." applil,;!,t.iotl";, 1 he mo.-.;1 im

porI aliI at t l'ill"l\, of all l'l{'('tI"Om:L~lIi'li(' 

tll'la.," lill{' is a :<ati,.;f:ldOl",Y transit'lll 

1"~'.~]J"I!,;e, Silll·f· :~ ~~)(:"l t1"allsi('tll 1"('

spollse n',mlt ,.; fwm till' pnllW1" I'umbilla-
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GE N ER.L R.OIO EX PERIMENTER , 
lion of a 1.:0II::;l:lIIl hnl{' dcl:l.Y (lilli'ar 
ph:l~ ,'h:II';U'leri ... ti t") Wllh an :uil'quutl' 

fn'fjlLl'ul'Y I"C'''pOIl~. dclll~' IIW':-ll.'xhihil ... 
iug l"l'a.<;(J lllIblt, hellM'lnr wit h >iU'p or 
!!hort..-plIls(' c:-a·itlllioll an' \I.~\I:llIy \\'(,11 
<luitt'{t f(lr "thN d('hly al'plil':lll01l", 

111 tlH' t'Oltl'l'(' of till' dl'\'"lnpm(,1I1 n£ 
till' \'(II'jal,l.' delay lil1('" dl':'ITilK'li IlI'rt" 
'" nll'thud of t~II:tly",is \\'11 .... dl'\'I'!ol]ll'fl 

whil'h sh{'{ is liJ,!;ht 1m ~'~\"'I'ltl pmpf'rtil'''' 
of Iti:lLfiIHII,\'(t .. ll" illdill~ . II'lllY Ilt'II\"lI'l\...;, 

illt'lud i Il~ ( I ) thl' \'ad:ll i011 of 1 i IIit' dl'Ia.\' 
wilh fn"<llIcIU',\' I~II,I I:! ) \'Ild (,tTI·.,t". 
FurllH'f illl'{':o'lil(lIllllll :dOH!; tlw>'if' :.1l1l1l' 

Iii .. ':! has aln'tul,\' 11'(1111 ~IIlW lutf'I"I' . ..;ti1lJt 

data (Ill 1",1,-;1'''; ill 1I1_'1lrihl1l(',] dl'l:\.\' I\.,t

work", and, it i", hopI'd, nw.\' Il'ad In IlI'

('llnlV' 111I'lh1'Il I.'1 1'01" tIll' ('all'lllalioll Ilf 

:'Iut:h III,.,~I'S. 

BI'I'lUISI:' of tht' ,"",wril'III'{' (,f til(' 
GI'II('I":ll H:ldio ('()Illpall~' in lht' Illallll

fat'lurf' ,,£ lI'irt'-\\'oulIll ", ... i,;lnr!'! ami tht' 
un,illt"ilily of mndlillf':I and ('Iml .. 

plJut'lIl~, iL \llV; 1" 1,.,: .. i"l .. III fit III!' (If'

>li~1I or IIw l"ar'i:~"I(' dl'lar lillt' ill") th(' 
<I:lIIW ~l'n(>r:tI f",'m U,:, IIIIlI of a \Iirt'

w(JUlId PIIII'lllilll1l('ll'r, lI"i,h it,; 'll)\'i')lI_~ 

adnllltagp;o; lIf ('O!IH·1,il"wf'. "lIlall :< iy.(" 

wid t'('(llIotnr II{'III 'I' 111(' iudul'\:lIl1'l' 

(,t~i' 11":\.'1 den'loped 011 a ('lu'd-I,q){' milll .. 

d"t,1 fill' lI'illdill,L; 011 11\11' >le:~lIdal"d lI'illll

ill!!; mal'hille.". 

Whf'II ,hI' fin" P"pt"'lnwlltal nU'iahk 
deb)' \jl1(',"; or thl:< 1.\'1)(' \\'(Ort' 1'01\-
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S!.rul'll't l !III P'I\('lIliomClcr fl'lll1; Ilieh 

(;OPPC'I' wi ,'{' inSICIII I of r'c",i,~lllll('C' Iliro 
alll l wiLh l hl' adllili(lll of a :;Iwt'l I'IIPPI'l'
foil gl'lHllid 1'1111111'il:IIII'P, lhe' pul,...,' alld 
iltel l I'C"'pOII.--C."; (If 1111''"'1' liILt'." ("t'I' Fi~lIl'c 

1(1)) and \ ((.)) W('rC' \ 'Ny di"appn;utill1-\ , 

,\ her 111111'11 I'x lx'rimt'l1tall\IUI aH:11~'1 il':11 
1\'I)l'k, the ]111'''''111 Inudd "arlllhll' IIl'lay 
Ii liP ha," 1)(>('11 dl':<i,l!:lI('d lI"ilh ",1..('\\'1'11 

wind ill.!! £0" ('011:<1 :1111 df'lay u,; ,I f lIlIl'\ iOIl 

"I' fl"(I'IIH'III'.\·, :\11\1 \\'it l l 11I])(,I"NI "II]):I,'i
lalll'(' :-ilrip~ I" l'Nli"'I' mi",m u,('h 1'(1l1""d 

hy l'lld f'fl'('4'ls. Tht' rl',,,pflll"t"': ,hllll'lI ill 
Fil!:ul"t' I { .·) 11111 1 I ( f) ar!' ('t.llf(lI'l t'ri" li4· "f 
til{' !wrf"rm:lIl1'l' of 1 he."'!' !If'\\' dcb~' lillf''i, 

The Deloy Equalizatio n Proble m 

TIl{' 11\0:;1 irnJll'l'lall1 ral""," l\tTl'l'IiH,I!: 

, he , mll:<jl'lIe 1"\''''11''1':.(' IIf II (Ij'la~' lillf' i~ 
alm,),;l '·I'riailll.\' , III' dl'WI'!' In II"hi4'Il I he
(/I'lay tin1l' r('lIl:Lil1:< ('OII!>I:U1l (\" :1 fUI1\'

tinll n£ f!"(,((IWIII'Y. Thi" i~ 1111111111'r II;I~ 

of :-ill.\'itt)!. .Iml 1111' pha,..;e I'C':pOlI~\' of the 
11I'II\'IIt'k ~hllllid hI' a lilWlI1' flllW. iOII or 

fl'i'(tllf'III'.\'. \!thOIIJth I({" wilrk .. pr.n'id
jill!: .'OII,;ltwl limt' delay 1\n' r('a~"II:1hly 

\\"('11 kllOI\ n ill hlllllwt!-('in'l1i l .lll'o!"y 

alill priU'lil'!',' rt'laHI't.'ly littl£" hll.ll 
h(,(,11 rl·;tli;:1'I1 ill ,hp d('.~iv. 1I of .h'lay 
IIpt\l(lrks l1"ill~ di"lrihlllC(1 p:u'am{,j

(' I'll," 'I'll(' prindpal Ilifli('lIlI ,'" ill , l tc, 

d"",ij!;11 of d i,;1 rihlll l'd-winl/in/!: (ll'lar 
lill£"" :u'if<f'", rl'lJm tht' prc,;{'III'f' of hi).::h, 
pI)"ili\'(', I1Itl'tl:\1 i.,dIIl'13IW{' 1I1'IIII'('1l 

lhl' 1111"11 .-: nf 11 ('oil th:it hal" a 1'(':I.."lIl1alll .. 

Q TIll' lIlutlltil iudl1 (, l:ulI'c 1>('\11"('('11 Ih(' 

lWO rt'pl'('.~Cntali\"(' IlIfIl'" n ... thl'i r :"j:1I 

Fig .... 1 . Dlag,am o f two ' .. , n ' On fo.m of •••• 
long .. lar .ro .... d ian , 
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T 
Fig u •• 4. SI",pllllod _""lvol",1 c!.uil of " d is-
1,lb"' . d _pa,amo' o r d olo r u .. . . , .. wh ich • ., ch h,.n 

;1 .fI .... Ii"" of D lodcl' r ,," wo.lo . 

sepfLnHion is itu't"('m .. cd is :<hown ill 
F ip;HI1.' :~:t. I\l'I'tLl1";(' "f thl' prt)::;r('",~i\'c 

phru;p I> h ifl al')h~ ,lIP .'"il of a di"lrii)
lll.ctl delay lill(-' :11 :t ).til'I'1L fn'qlH.'tI<'Y. it 
i::l I)OS.'iihll' that tIl 0 tum,. hal- ill).\":~ hirly 
larJ.t{' Hmllml ('lIlI pl;lI.!!: ('all ('aITY {'Uf

,'('nt>! whi(-II lin' 1101 uf tlit, :;:l nl (' IJ l m.~('. 

T lu' piw.."(' shift [hll ,; prrodm'{'>'i II reduc
tion in the pfTt'('live iluhwl:(111'i' of Ihe 
('oil :\s the fl'('qut'II('~' i." ;111'1'(':11';1'11 .3,4 

'rhe dl'rrra."C ;11 t' tTl'l·lin.~ irll l lu'l:ill{'C 

r£'"uits frolll t he l't,.hwtioH of till' ;11-
ph:l,,-,(' ('ompullf'llt uf t il\' 1'111'1','111 ill I~ 

)!in'lI [urI! with 1'(>;';\11'1'\ 1(. a n·fl','rnl'C' 

lUi'll , TIIl I (oI if a d i,., l r ihH I('d -pamnw!C'I' 

dC'l:lY lil1(' i" l'OIl ,., ll'IH'lC-d wit ll :.l ('1)11-
SI:llll-pitl'll Willl lill.l( ~ 1 \I'r di ,~triIIUl~'t1 

P:I'OUlld 1':Ip:ldt:IlIl'C' litrip"', til(' time 
cll'lay , '/'.( "" v ' .. (', d(,('I'f':I"'ps :I .... t he 

fl'(·qllt.'II('~· i", illl' I'('[\4('(1. Thi " pl'ohl(,lIl i ~ 

(Iby ioll ... h' !lot t'llt 'OIUltl'I'ed ill 11l1ll\tCtl
pal':ulH'l~r IWI w(lrk" "illt'I' I h"n' i..; IIh:l . ..;(' 
"hift 11111," 1'11'1\\('<'11 '-I" · lioll~. :llId mutual 
iliduelulH'(' I'I('III'I~II Ih('o,;(' l'It',·I;IIII ... {'UII 
he :ldju:-;tl'( l :11 will. It i .~ il1..;trnl, ti n ' to 

t'OI' l;i,!t-" thl' ,1b. t ril"tl(·I I-ll:ll':U)l(·t('!' ( Ip

Illy lilli' :\.," a 1::111 \11'1' 111'1 work (, ... ('(' F i).\'tL l'l' 
I) of ,'it,r1!.'" /, alld :-hullt ( . ('1(, IIWI11S, 
e:wlt ( ' bC'ilt).\' t,llI' ,·ap:\(·il :ltI(·f' of I 11(' t urll 
to groulld a lll i t':l(·h /, 1H.'ill).\' 1lt1' ('tTI'I" i\'l' 
illcllll'\IIIII'(' of IIl1ly 1)111' 1111'11. I:Lkin~ inlo 
:Icc'nunt, tlIl1twll s II) ,til ", hI ':' tllrll .~ 

( 'all'uialioll L1f till ' ('tTp('Ii\'(' illd lll'lmH'C 

pl'l' IUl'l1 for :I lilli' m:uit· lIi ,11 l't-'11:1llgU-

Flgu •• J , Cu.y .. showln. YI"IOI ;on 0' ",uluo\ 
I nduc(on ~ •• M, b . lw .... Iwo •• ~Io .. . ulo. I ...... . 0 $ 
(0 ) Ih.ir 0 >< 101 .. po.o tl o .. , tj. It ya.l.d , o .. d Ito) 
Ih.l. d ls plo c . ... . .. I, d , It yo.i. d . IS .. Fi ...... l ). 

OCTOBER , 19.56 

Jar t.UrHS in the di~lrihut C{1 \\ im l itl,l!; ha..!S 
been a('('om pl i~llt'd by ('oll",idl'rill,l!; ,lint. 
caeh turn is IOHp: l'omplLI't'd \\,;\ 11 il :; 
width (Le, it i ll \\'oltlld 011 :1 lhill mlUI
d rel), The {'(,h'ulal{'(1 etfedi,'l' illtiul'
tatll'<' "{' I'l'US plll1:;(, l'ltallj1;t· Ix' r tllrtl o f 

sueh a ClIlI,;talll-pitl'h cli!'ltrillUtcd-plIm
meter d1'lay Ibl(' hI!' ou{' panit'ullU' ~L 'o

llle\rif'aJ armnp:('n1('l1\ i .. .. hOIl'Il [l..-; the 
('111'\ '(, of 11 {,0I1H'lItion:d-1YPt-' windill}!;, 
o = 0°. in Fil-,'1l rc .J . Ri ll('(' , ill thl' "irn· 
pll' Illddcr lI{'tWorl;. of FiJ.;un· I. thl,time 
deln.y is approxim:l.tdy Td ,.. \ I, (~, 
it. ;'" appan'lI ! I hal 'il~1 i .... faj ·tory pt'l'forrn
alll'C \\'ilh rc"'pc"'l to a l'Oll"lalil-timu 
dd:\y l'hanwtC-'I'i", ic' (':UI Iw ohtaill('tJ wit h 
t his Ulll'Ol'1't'l·tl'd IleI:l,\ ' lill(' 0111.\' fill' loll' 

ndu{'s {If dellt,\' 01' J)ltll.~(· shift Pt'!' l urII . 
~om(' of lhl' pt'('\' ioll"ly pl'l1p' N'd 

llI ()t.ii/il·a tioliS ' If t lti ... li; lI1ple IiL..;trihntccl
parnnwt(,I' delay lint' ha H' JlrutiuI'I'd a 
f()I' 1II of hridgcd-T III'\\\'flrl;. , t,.·,i'!I\ hy 
II,., addit ilill of IUIIKitltliill lll ,·i\l>lI l·il 1I111'C 
bCt\\'l-CII tu l· IL ~.l, l , 11o\\c\'c r, t ill'\'C arc 
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GENERAL RADIO EXPERIMENT ER • 
limitaliOIl~ and some disadnl.ntages to 
the,;e mwifi('alilllis. I' all"h-IY PC COI11-

pens!! t illl i ("lIUf;Cf! a Il\rge \' rLrin.lioll of t he 
im pc<iall('C whith i;.; usu:~Il.r withi n the 
blilld pmil: of Ihe line. I n tLdd itioll, 
:,dequate ('ompclIslLti nn by Ill l'lUI~ of 
pa(('h ('~ alolle l'utlllOI be applied easily 
to low-lIfJpctlu]t('C lilies. Till' (1.''<.' of 
:\llIl1IilllllO pnl111 of high lli, ·Il'I·II"i,· ('011-

s tllll\ i~ limitl'{1 10 ('n!1J hi~ht'l'-ilH p('

d:LlIf'" Ii iI!'''' Ilith n-ialin,I.I' II)\\' df'lnys 
pel" IIl1il (t"tlJ!;lh Ilf (·" il. .\ dil"e!'! ... nlu l ioll 
1I0uid pn)(hw(' a lllOI', ' 1I('a l'l), t"ulistallL 

clf('divl' i lltill"tfl.I ICC, 

Skewed-Winding De lay Equalization 

TIll' iI('by (·qll:di7.:t1 lOll m('1 hod de
\'i.~(>d ftlt till' Ill'll' (;ell l'l" :11 Hadi/) d ela.l· 

lilies II:-<I~~ ,;k" \\'('11 Illnl!"! In prol'idc :l 

111('1"(' lIelLd), ('Uu"t:Lllt , 'ITel 'lin' illd llt,
tall('( ' "f tIll' distribi llcd willdin$!. As 
CUll be .'3('(:11 fr<) lIl Figure ,-I. skcII'illl!; the 
IUI'Il,; ur tIll' windillg prodm'(>,.; /Lli etfN'
ti\'(' illliw'L;Lll(>I' whidl l'('malll,; Ileady 
t:OI\!;t.ml1 lip I,) a l'l'ili,';d 1·:"\.l ue of phase 
(;h:lllj!;f' per t1l1"ll. It l elfe!'1. ... kt'willg 
otT .... !'.', H ilI '\\' meatiS of ('(Jl\II'ol OVf'r t he 

1I1111ual IIId lWlall('l' 1\('111"'1'11 I Ul'H>I IJr a 

di:-;t rililltr·d \\illdillj! rh'lay lilil'. (f't'c 
Fi~ur(' :lh j :-;itl t,t, tIlt' rll'1ay 'I'd = v" "C 
in the' bdd(" 11('1 work 01" Figlll"{, I, t he 

, ., 

"'1-----, 

,,0 --. " 

delay can t.hll :> he made cOll!;i:lIl L wi t h-
0 11 1. I 'C,~l H'till~ tIJ Ilridgcd-T (' il'('1II t mod 
it i n~tiolls. This simplitiNIUon allo ws 

COllslnwlion of dc1 ay-cqllllli 7.cd lines 
wi l h (ii :;tr ibu ted wi mJillgs to work aL 
lOll" ehanLetNistie imIICdIUI Ct'S wilhout 
attendant diffk ulties in gctt illg t.he 
lal'j!(' bl' idgillg ca pacitors nce(](>d at 
sUt'h loll' imped fl ll l'{':S by Ih e olher 

ll)el hlk.1 of cqual iwti otl. An other ad
\'anla.g(' of 11 skf'\\'('(( ('() il is that 11 hi ghc r 
Q i,~ oht aill f'd fo l' :~ gin'll iudu t' tallcc 
and m;l llfh'f'1 :-;Ize. 

Re\"f.: rn l rorm" of skl' lI'et.1 lI'illdilig hal'c 
b('{\11 \I ,;('d I'xpf't' inwIlLally for deh y 
('(III:lIi)(lIli oll , as >:11011' 11 in Fi~lll'f' (i. For 
( I('b,\' liH I',~ I"('q ll iri ng: th(' w'e flf "kcwillg 
1'01' l''!lw (i 7. :l1inn of dl'1ay , the D-slmped 
l urn 11 11 a 11:11 IllJltl drel I':lrd appeal'S 1.0 
b(' t lw m~"t salisfal'to l' Y, t' ill ('l' it pro
d ul't~s Il :-; ll1ooth win ding of ('onS-tan l 
d mmeleri .., li " iIllPl'd !lII ~·I' , whieh t;tLll 
t hf'1l lJ(> l 'lll'l' ed 10 fit 1hc hOll .~ ill g of 11. 

sktllda rd Wil'(,-II'l)lllld potC'll t iollwt.er, 

Design Features 

Tlw ll";{' ()f silver "'ire ill tJw wind iug 
proddl'~ :l rdillble euulad surface fol' 

'W ... t·".le.,·, " lh", .. h1H~~I"""""""11 'ld~J' I",e ''''; lh 
"I'd r." , ~".,i~ i"'p .. "h,n~ ... t,i~hpr 'h~" ;;0(10 " '''''S,'' fll'" 
('"",.,,,,,"~ 1I" 'Q',f, "lOCI t., (.;i ... ·";t '1"1".,,),, PI', n l f}-(;,j1 : 
8c1'. ~",''''r. 1~1(). 

FlU"'. S , C,,'~ • • 
• howing . " ... Df 
~, .. io", sk. w ong l •• 
on the . 11.",1 .. . in

d""tDnc . p . r '", n '"""" 
... . . " . phou dllf.,_ 

. n". p.r ''',n, 
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, 
llu.:! mO\'iug t.>OIlUWt, illllC' lX'tldt'IIL of 
whethN the hru;;h j" rnvnd fn-'qul' ll l lr 
01' :1110\\('(110 sl ay ill lUll' pn.~itioll, !1.~ il 
wi lli I(' wh l'1l th(' lim' j ... 1Il'('(1 1\';' a !WI"CW
drin'r-"'I' \, till il . ' [ 'h ... 1ll0\-illg ,'Oll ta{' l i~ 

mnde f)f prf'('jous-md:d alloy, l$l'I,,(,{('<! 
to he c'olllJ)lIt ihl1' \\i th th(· :-il \'l'r-:dlor 
wir(', 

:\ l :ul\lflll" tll ri ll~ pnlf'('~'Ji !lll\'l' hl'!'n 

'>lIlIIl'if'll1l:" r(' lin('(1 Sli t hal tht- "I)lIse
liut· "ipllle," l·all .~l,<1 lIy \':t r ialioll of 
dlat':u'jNi",til' iml)('(lalll"(' Illo,,1!," t ill' dc'
Illy 1i lll '. hal- IH'1'1l t'\'th l {,I't1 It , :,', or 

l('s.~ of 1 h" ",iWIIII HIll Pl i! ud .... T hi" f('-:I
tU ft ' :~I(III!' j:,; of ,'olt.;jdl'nddt, valu<' ill 

('OmpUlN (111(1 ])11\';("",,,lilll1: (lppli'-:I

tioll,., Eud ""ltt 'I' liulI" 11:1 \'\' 111 '1.'11 min i
m;7.('1.1 hy 1114' us/., I)f lapI'rl'1 1 t'Hp:wiLHIlt'C 

cl~'nH"nl~ al llH' em il" of Ill(> WilldiHg, 

k{,t,'pin~ l ilt, impl'dlll 1l'l' H,lalin,ly {'Oll

,~ IHlll Hlld n',~ lI llillg ill a Il igh d~ '/.1: I 't·(I of 

fn'f'dom fnml ul lwlLI lled \'lll'ia lioll;; or 

r~·l1p{' li (!l!" al poill l-l'l 111';\1' till' {'ntis. 

). I:lt('ri:ll, 111;(-'<1 fur ,'oll"tnlt'lioll han' 

ht'f'lI ,,*,h""'(I(1 1'1"1 I hlll rf'li:lhlr Ollf'l';ltioll 

i" :I"~lIn~1 ('\ {'Il lI'ilh II iei(' variat iom; of 

tPIlI I)('I'allll" 1/1' humidil ..... :Iud {'PUX,V

typP ('Plnenl L'" n;-;(>d to ill"UI'C :I I~rm:l-
1\f'lIl h01ll1 "f nil III\' Itar(.,j. 

Method 5 of Appl icolio o 

.\ ('om mUll 011'11,.,11 of oblflillillJ.!; n ui
!LI,k' ddfl." I" ,,110\\'11 ill F i),:;tII'l' i a l i n\\,
( ' \'(' 1' , lldl'> md hod 1I"t.''; IHlI allu\\' m:H{'h
ing IJf I hl' 111 1>111 :l1ld "utput. 11.1111 ill f:WL, 

t ilt" imp('t IIl.1H't of l ilt' OUlput rHUl't. 

II(' 1111" ,1, gn'alel' lIl:ltl Xu, ( HI'I'nl'i :-;e, 
lfl1'!-(, I'efl.·.·l ioll:! fwtn (11(' l'lit lC'r a I'(' ,;(,111 
har'k 10 the "Ollrl'C, 

,\ n'('om ml'lItied ('in'uit i" .. hOWl! in 
Fi~Lt,t' ill \\'1)('r(' 11w ,;(Iur('(' i~ f,'(1 illl,o 
t lw slifirr, The SOllr.,C' d(\Cs Oll('-half the 

FI,u •• 6 , Dlog . .. ms sh .. w lng .... .. n'.m. n . .. f 

O C TOBER . 1956 

C' lmnlf't('ri"ti{' impcdllllCl' I)f t h(' lill(' (lUt! 

maximum PO\\'('I' tl'atl:<f{'r is .,I.lnill('(1 

when thl' >o()L\I'('1' 
Z 

im p{'(i:l1Ic'(' i" ....:: aud ., 
t hl' load im l)t:<i:UI('l' ZO' For t.'fjllul 

. r Z •. 
lIlput alit! OUI put iml>t.'tlan(·es u -

" . r z. a t('sl~tor 0 - C'/lll IH' ('OIlUl'dC'd ill 
1 

~ril'" with till: II)iLd. Tlli" 111('lho<1 I)('r· 
mil" po\\"<'1" Irfl ll~fl'l" \\il h oUI IllI' iHlm
dud ion of rl'll(',·lintl>- . 

If th(' In:111 imp('(lalll't' is ('apIWili vl', 
U" i.'< III(, il1pllt (,In luill', I'C 'k't'l iol1~ {'Ill I 

1)« millirni1.('(J hy a half "f't'lion of !ow
pa.>;:, JiliN ('oll1<i1< lill~ of tilt' lulle illpul 

('npaeill\Ilt't' lI nd fill lIddl'{1 illdll('lOI ' 1I i> 

1<huWIl in 1"1/.\"111"( ' i,·. 
I n somt: t'1lSt.'" 1 here mlly Iol' UIl

\\II IIll'(l \'oltflw' I(~ with Ih ... lIwthcl(1 
uf Figu l'l' i h. I I pn'~'lIti'!t huw(,\·l't. un 
t:a.sy method of ol'lainillg power Lrnll"h,t 
01' of Ill:Helling without pmdu{'ing 1'('

flectiolls. 

• r 

S!DE ~,t. .. 

TOPVI[W 

IoOIlMAl.. TO "lA"£. 
Of'II.IRN 

ff7TiJ- m-0 ~p , SIDE VIEW 

1 I to. I---.::J 
TOP VIE W 

Ib) tQUI'/Al..E/o,T HiAF. ZOU)A1. -n'~N S~("'~D W,N[\j1OG 

okew.d wl"dlngl .. " f ... ml .. f . ecl .. "gu l ... e..... ,6"'(2 .. ;'(2-.• ;=,7-
$0<11 .. " ; 'a) , ec' '' "II"l .. , 'U'"", (D) . qu l .. "l. n ' 
Irop .... ldo l IU,,,", (e) . qu l ... .. .. " t D, . h .. p. d t u, ... . 

EU 'S' 
TOP ~I("" 

«) EOUI/!ol.E .. r o-Stll'.I'£ D-1 UIIN ~IlEW'ED WINDING 
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GENEItA .. ItAOIO EXPE ItI MENTER 6 

T ll l'S(' variahlc dl'hty liues mn ull:lo be 
u,!t'd us Ildjllllhhl{,-I{>ngth Jo;hOltt'(i t!'allS
mi,,-~ioll lilU'~ hy ;;horti .. v; the .o.;lid('r to 
~roulld n,; in Figure 7d. For eXIlmpl(" if 
a pl}.~i' in' pHI~ is hod 11110 t ht., lille, 1\ 

Ilt:'glltin' pHI,..(' willlx' returned, deiny{.'(i 
hy twif'(' tlU' dl'lay-tilllt' M,ltillg. 

Voriable De loy line Spe cificotion 

:\10,.;1 PH,I!,"iHt'cr:; \\ho han' u:-.4:d deiny 
lim'" ill tim' fCJI111 or auullwr :Ul' aware 
of tht., diml· .. lly with \\hidl thl' spm:i
fi("atioll of a f!(>!t\y lill(' Huil. il< 1\("I'Ur
all,ly ;;1-'\ tllllI"lI. Pari Ilf thi~ difli('ulty 
al'i'"'l-K from the Olnltip!il'ity of Il,.;{'" ftll' 
\\hi{'h IIt'Iay lilll's lin' Ul'f'tled . For ('x
run pit·. ill ,..\lme Itpplimtiou" it may 
make lil1ll-' ditT('reIH'c \\hC'lhl'I' 111('1"(' i~ 
nv('n~hol)t Ill" riligilll-l ill thl-' output 
,.il!;lLul alolll1. wilh tlIP 1I(',in~1 I'III,;{'. 
1101\'("'('1". III(-' ell~ille{,1" with tht,;e mod-

1'1":\1-(' l"l'ljuin'm(,lll>I ('1111 almo>ll ('CI"

t:liuly 11S1' all cquivulelll hi,l!,"lwr-([uality 
III-'Illy lilli' whil'it t'\hihill< 110 rill~ill,l!," or 
on'r.~h{)ot. In an." t·IL-.(', hI' m,.,,! know 
Iht' ilHl)I'(InIlf"C le\"l'1. Illll.ximum dday 
tim(', alld al!('llut1,titlt\.1l' I():;..~ ill the line 
ill OI"dN to judp;(' its liui!nhility fnt· hi;; 
lIpplit·atillu. 

Th(, prinl"i]J:L1 diffi,·,,!!i.,s ill tlw sp"d
!i{"al ion "f \'ariahlt, dl'lay lim'S ari~ in 
tht· mlll\('I~ uf pha"!' di.~torlitJll, lill('IIU-

" ZOUT. Zo· Z L.o.tD 

FI,II" • • O,dU',ram , how"" pul .. 'hope o"d 
pul .. ampltlud, a. delay .. nln, II varl,d. "k_ 
tra"lx 541 O.clllascapt, 5JK/54K 'rt_AmpUII ... ; 
IW"P. 0.1 "..u/ .... ; 11m. ocal, .. ad. from , 1,h110 

l'fI. 

I\tlOIl and htUldwidth. Thc ().-;{·il1o:;('opo 
ph.)\(;graplu; (If Figure' eOlltai" 11lIwh 
of Ihe III£Ol"lnalil)lI Ill't'c.ssary t.o s pet'ify 
tiwS(' IIU:tlltiti('s. The rt'>lPlII l . .;(! to Rlwr! 

pul:.<> cwitillioll illdicatcs pul-'3\.' :;lrt'l("h
iug ,Ir bandwidth, pIII~ dim>ynunClry or 
phu~' di~t(lrtioll, tLtld Iml..;c ampli~lIl1c 
or atl('nn:lliou. 

The s!('P ("('SPOIISl' :<ho\\"s ri-;(' time or 
b:mdwitilh. fitlfl.1 le\'(,1 01' IlllelluOliuJ\, 

and \\a\"l.' shapt' ilidil'llllnp; phasc di~t/)r
tioll .. \11 !';"Ollt' phologl":.I.phll mll::>t hu,'c 
the li lll(' ;;('alt, "'1~I·ifil'd. alltl Ill(' St'Ope 
.sholiid ha\(' a mlldl £:l.'ij,(>r rii'lC' time 
thllil the t.lcll~Y linC' llllliN ll'~1. 

.\ typt", of O:<l"ill().s('olW phulogl'flph 
whi("h h~" ht'('u found \I!"'i'ful for :-11"11111-

lilnetm,:; dC'It"rmill[\\ion of t he ptll~' n·
~lPnllse. il111'('dlllll.'" llllifol"lli ity. alld l'lId 
('if('('ls is shnwl\ in Fip;uf(' 8. Th('~' pho
t~l"1lpit;; w('rt' ohtllilll..'d hy tnkillp; (\. 
continuous t~xpo.~ll rt" whill' tl\(' I"!lici('r 
\\JlS I-Ilo\\ly mo\·(·{l frl)m millinmlll to 
m:L\:imum dl'l:\r. Klighllr ~n'llll'I' I'X
pQ.';un' at :luy l)Oill! r{'{'ordl'(l tlw de
Inyrti !lui:-\(' :\1. th:lt poiu\. 

Th(' follo\\inj!; information will Iw 
suppli{"{l fill' the 11('1\" (;C'l1l'nd HaJio 
Dl'IlIY I.illl'.'l. 

I. Iml)('(lalu·('. Z~ , 1\11(1 wl('t"tl.IIC(' (ut 
low alld intl'l'll1ed ial(> frcquel)eic$i). 

2. D-C'1"t'si,,!ullt."l' . 

~I,"rt 7. Methods a. co"",.II.n '0 ... vorlobl . 
d . loy lin., 
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Figur. 9 . Ty pe 314- 586 Variable De lay line . 
ZQ - ::ZOO .. kms . m""'mum time de lay , O.S ",nc 

(S OO mlllim'uo •• cond.) . 

3. -:\Iaximum delay lime and toler
a ll ee. 

L Dr p:lr\ure from constant. t.i me de
by at sc\,t)1"!\1 fn'qllcllt'ics. 

.j. Fl'l'ftll('II('Y n::<pollse of amplitude 
at sc\'cml frcqu{,lI{'ics. 

(i. Biasc t ime fol' stp]) inpu t aL 1Il11Xi

mum delllY :;clt lilg. 
7. ();\eillo.'it'"pc photographs ( ILot 

dt·::\.winw;) of wav(·furm:< of 
a. Short pulse !'C:> pOIl SC at maximu m 

delay. 

Fig ur. 11. Time d e lay and "m"lIIude v . .... s Ir._ 
q ... nc y wHII . .. io'h •• ,e rminal;an a . m . .. . u' . d a' 
full d e lay an 0.5 ...... <, 200_ .... m variable d e lay 

li ne wllh Ihw e d w inding (S .. Fill"" 9 ). 

. -.,,,.,. YO ' ....... . <Y 

• I -1 
, 

I I I , 
--. .. "", ... y .... -

OCT08ER , 1956 

Figu •• 10. Phalag,aph of oke w e d _I,,'n d e lay_ line 
w inding o .... n. d out to Ihow ground copo<i'"nu 

"rip ~ "nd O_~hoped . ke w ed 'urn', 

b , Step resp01!,'iC at maximum delay, 
\:, Ellvclopc of 1'l'I_ POIlli<' to shod 

pu1.-;c ovcr ell t.i re deJa,\' " pan , 
T herc mny hl' additi onal qu:U\tilit,~ 

whieh exlcnd o r supeN'NI{' til{' qutlllli
ties mf'lltiwwd 1\110\'(', but lInril Ill(' 
t i Ill!' 1I'11(~1I tlu ' spl'{"ifi(,td iOIl of n ui:! hie 
d('by !im' \lnits i:-; further 8t:UHlllrdi zN I. 
the illformat.ioll li,'-(h'd flb(we ~h oliid 

]J1"O\'idc It rC:lIl(lllllhl{' basil! in ('hoosing:t, 
Suit:Lble deJay lillC, 

Type 314-586 Variable Delay line 

Th(' 'i'ypl' 311-,>;:'81; \'al'iublC 1J£'lny 
Lim' !;hown ill \<,i~llrt' !) 1:1 rhe t.y pe on 
which rmlC'h of t.1I£' di' I'plopmcnt work 
fOI" till',,: Il/'II' lill('s \\'as dOIl(" Figur£' 10 

j", lUI l'.Xplod{'(1 " if'II' of ,h(' \\'indill~, 

T his dda.v line has 11 ('!mrH('t('t'istir' illl
pedtllll!C of 200 ohm, .. 1l.lld fl Illuximutll 
dr.'lay of 500 millimi r-r()S('('ond:-;, T he 
timc dl'lay and t.he ampl itlrde t'PSpolI:-.e 
, '{' rsliS frequl'uey an' showll ill I he rU],I'i'S 
of F igurc II. The l'i's\llltLut puis<' aud 
sl ep respOHSCS :lol't' showu in the ol'l'illo
gmm of Figure 12, 

A p rimu l'Y rel\.>;01l for the r!{'\'C'!op
meliL of these nell' delay lines has ]well 
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GENERAL RADIO EXPERIMENTER 8 

(.) (c) 

(b) (d) 

Fig u •• 12. Put .. a .. d . "p ... po .. . . of D.~ _" .. c. 200_ohm vo.ia ble delay lI .. e wilh s ke we d wi .. dinll ; 
(0) pul .. Inpul, (b ) pul .. oulpul 01 O.~_"lec d e lay , (c ) s lep input . (d ) slep oulpul 01 O. ~_I' .. c delay. 

Scop. pholos tak . .. on Tek t.on lx ~41. D. I -lAue/cm . we. p. 

t ill' t't-quil'l'JIll'tll of quality fixt·cJ alld 
\'ariahIE' delay lillI'S ill our I\('\\'CI' tY PI' 
pulse equipmt'llt. :\011' I ltaL mallufuc
tUl'illg tcdllliquf'1l :tllo\\' qU:lntity pro--

dU4'1ioll. tilt-tiC nll'i:lhll' dl'lay lillc." nUl 
be otfcl'E'd al' ft I:at:dog it t'm . 

- F . D . L EW IS 

SPECIFICATIONS 
Choracl • • I. tic Impeda nu: 2110 "hn,a ,., 15% [It 

fr't'<.lu('Il(·lt'!> up I" 1.;' :\ 1 ... 
D_C Relil lonc., :0.:0' VI"'r 2U dtms. 
Maximum Delay : 0.;' ",;0'" "" l(l % 
'I'll<' (Q!I(lW;"~ 'IW"'I;I;(~ r"rl'r ,,, m"x;nmm ,I,~ 
hlY St·ui"j(. 
Delay VI. Freque .. cy l with ... pec l 10 detoy 01 1 

Me): '" 1% II,) tll 10 :\1(,: ... 2% 'Il 15 :\It:; "" 
1% fll 20 ~ 1 ";!!I'tl ]I;;;\lr(' II. 

T.II~ 

Amplltud. Reopon ...... f.e queneV ' 1;"\\1, Ii% 
(Il,S ,Ill) al dl'; down 20% (2 dhl at J :\\1': d,)wII 
:w% (:1 til)) :.1 U :\\0.; dowu f~J% (8 ,lit ) ,,1 IU 
M,' ; ,10WII \10% (10 Ilh) :II 2f) :\k: ~,~. FiIl'IIt'(' II. 
Puis. and SI'p Respan .. , ~ .... lo'i).:III·(' 12. ~ 

Dimension., 11i:! .. :{ ~It:"; ,1"1,\1t 1",lIilld I':",el, 
J L~'i 1!1I:lrt II i"., I g". I(!tuh i1: [ttn ,i~hl .. L 
N. t We ighl, Ii Oltnl'l.o;; 

" rice 
---,--------------------------------

314.S.6 Variabl. De lay LI .... .......... . .. ' 
SEE THE LATEST GENERAL RADIO INSTRUMENTS ON DISPLAY 

AT THESE TECHNICAL CONfU,EN Ces, 

$60 .00 

EO I I Caao' Confe"n n On Aeranauticol and Na viga tional EI. ct,anICl - Balllma ••• O,lab .. 31 and 
Na .. ember I . 01 th e Fiflh Regi men t Armory. 

Symposium an Opll<o and Mlcrowoves-Lilner Auditorium, G e orge Wo. hing lo .. Uni~ .. shy, 
Was hlnglon O. C., No ve mber 15, 16, and IT. 

GENERAL RADIO COMPANY 
27$ MASSACHU5ETTS AVENUE 

CAMBRI DGE 39 MA SSAC HU SETTS 

TELEPHONE, TRowbridg e 6_4400 

BRANCH ENGINEERING OFFICES 
PHILADElI'HIA OFFICE 

1150 YORI( ROAD 
ABlNGrON PENNSY L VA NI A 

f H . _HA nco c •• _74 t 9 

NEW YORI( OfFIC~ 
BROAD AVENUE AT LIND EN 
.tDGHIEl D . NEW JERSEY 

TE~ ,_ WO"~ 4 · 2722 

CHICAGO 5, ILLINOIS 
920 SOUTH MICHIGAN AVENUE 

TH .- WAIo • • h 2.3'20 

SILVlR SPRING, MA.H AND 
105S 1 31h SnEEl' 

fH ._ JUn Lp •• 's_ 10 " 

LOS ANGELES 31 . CALIFORNIA 
1000 NORTH SEWARD S TREET 

TEl . _HOltyw."d 9_6201 .... , .. 
'" ... 
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