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induclc Case 3 as well as C.l~ 2. Studies of (9) , made 
Oil the 1\1001"c School I>iffl'rcnli.d i\n~LI}'zcr at t he 
Ulliversily of l'cllnsrlvania, h:t\'c S('r\'cd to subs tan
tiate the above df'vclojllllC Ii L T Yl'k.d fundament :!! 
sets of !:>i,lutillIlS of (I) ) for , I rcprcsclllati,'c range of 
p:lr:'lmclf'rs t ;JJIII A' ;'Ire shol\ II on Figs. 3 to 6. 

VII . ('UNrI. I I!) I <)NS 

Trt',tlllwnt Ilf in,luctallc'c' V:lri;lliolt ill ~idc t il., clifTer
t'lltia l ioll "ign . .Il1d in, -llidillJ.:, di ""ip.l1ion, ~in's r isl' t,) 
1111 , 'dis till' l..rlcels. OIlC iS IIIIl: Ilin-, -t l:d .lti"llship with 
I he I1l't'\ i. 111'-1 \ "'lUli it'd IS ~ IJ !lliulI!' of tIll,.' 1', ll'.lri 1:1 11((' var

i; llioll ill till' :-. '11»(' Ih.lt the rHlII ' li.m.1I ("pression s (or 

•. tpde!'". ~· h.tl l.! l' s ,IIHI ,' irt"uit 1'lIrr~'J1ts :In: , roughly 
"llCoikillg, il1tl..'l" 11 ,1I1)..:l.."tI, The othl.."r, 1' ,IlI!';I'.] IIY tli !';~ip, t 

lil.lI. is till' lilili ' \ ,It\ ill j.{, l.tIlIP;I1 ~. illu ..; II.Ill'III'1! Fi)..:. 2. 

'1'111: ,IIIIh'lf \\i:<lu.:s I., e\]Jn'~'" Iti .. gr;tlilude tl' J . (;. 
HroliuI'rd (111' his IleI]! ill prql.LI.l1LI'tI u( thi,., p.qx-r. T he 

.11111 .. 11' i,., ill'khtcd lu lh. · \ I I,ulc Sdt.,ol ul EIo,,· trit;,d 
1 : II~irwcrilig 'If thl.." Uni\,·r:. il ,· fI( I'CItIl ... }I", llI i.1 (I,r Ihe 
II~' ,,( the dill.·ft·lIli.1I ,w,d,z(','. 

~, 

'. '-!'--\->k-H 
, 

Fig. 6-n;(f~'r('lIlid ,I" . .ry.el'r ... ,luli<l"~ "I ('1 ) r"r" ... 0.7. ~ _8.n 

So me St udi es o f Pulse Transform er Equi vale nt C ircui ts' 

SIIII1I11IUV--A pulse trllnsionlleT equivalenl circuil is synthesiLeti 
from dala obtained hy direct tes t on a typical pulse Iransformer. 
The differen tial equntions for the equivalent ci rcuit are snh'ed by 
means of a mechlluica l diffe r "lui~1 analyzer fo r a variety of ci rcuit 
COllsla nl values. Wave forms of transforme r output voUllge as ob
lained from the d it;,e rential analyzer are of Assist. nce in the design 
of pulse transformers. 

P I ' LSI-: TI< .\NSFOIUI r:I<S ,Ire ,urn'nlh hndillg 
jlll.I.'II'I.11I1 :1111)li".~li'.u ill ,'Ol11lllll<' r 'I~ul ,:,1(1,.,,: ~'i r . 

. , ' ull s, , I:' \'l·lI . IS lit 111 ,ttl )' other (il'\'J{'cs 1I1111l1l1g 

sh' lrl dllr"Ii"u ]lldl>l· ... The I1ldhocl of ana lysis tv be 
,].·"I. ... il,cll Ilt'rl' i ... II.IM"I 'l1t . 111 ('JIUi, .lku • .-in'ui. I.hidt 
11.1:< 1)1.'1'" ide.tli/.·d III Ih.· c \II'''' l..h.lt Ihe ]111]..,, · h,II1S

(UI"III " 1 II hidl , .. n t.1 i!l" II' 'rtl i lIe.l I , .Ii .... ri I.u ,ed ]1.11" 11 rd'·I" .. 

i ... re]lI"t '''~'llh'll I" .1 J'irnlil ""I1I,lirlin !-! lim·:tr, 11111111('(1 
I ' irt'llil 1'(111 ... 1.111 1,., . rlt" ,.,.· .' ....... lIlIIl'tiol1" Ix' rmit .1 ,·d., 
til't'ly "illl]ll., pn'. ," IlIr.· ("I' :<\ nlhl..· .. i ~ .llld "ul'''t-'lpIl'nl 

:1I1;tl~ si s of· Ih,: \'qlli, .t1t;lIt \ lft'Ull. 

• I)' , i" ... 1 ,lh,iri, . t i .. ,,· II; :; II , ;<:iu,,1 "'.""1':.. d1'1 n ... ,." ,~ I 1,\, 
rh..: 1 .. _lilllh'. I)",·ml~·r I. 1'11'1, r.,,; ... ~[ lIL.tI1"", riI' J r~~,'i,,~ 1. )11"" 
2!, 1 ·'~". 

I f 1"1:110'. I\;r. r.,fl l'nl11l' III' . I ·,,!,,·r ' -ill·. ('.,!if 
t lhe ' ·"iv..:. ·.ill' "f ' ·.d ;"",,; .•. I "" \"~,k ... l ·. \li r. 

I I . S\· :"<T II I· ... r ... til· EQl IV\t.l SI" ( ' I Ket ' II ' 

T he Pd f li, ·II!.lf pulst, Ir,lnsfOrlllt' I' I,. III' s ludll'lI is 
Irc.llcd ,\" ,\ f"ur-kllll ill .• 1 III' tllorl.. II hOM' JJ,,~k . lrr:ll1ge

IIiCll t of ll11pcd:lh,c~ (X ... 7.", Xc) is lilt' rof Fig. I. The 
:lS-"" lIIpti(111 .. f lhc r (·wdig-UI.Llioll liM'S !lIe fn' quC'llc)' 
r(·!-oI.,IIlS, 'S uf 7." X II, .111.J 7.c (ur.1 p.l rl il'tLJ:tr lr,llIs(onncr. 

TIIl'~1.' i''''''PI1'''>t'S :Ire .. 1t1.1iIU·d I,,· 1II1':I !-lUI'l'IIH' lIl o f the 

,. ,. 

~T~ 
, 

- ----. ~. 

,. 
I I I .~ ..... l~ , 
L . 

I 
I'i;:, I - F"ur,"'nui ... IIIH'III·",k rel'n· .... ·u!;,,~ I'UI ... ·,r,lu~(r>rnrrr 

(/." Ill. 

'f I ",I,,·.,.· rr. H1 ~nri~~il>" N,'1 " "rk •.• nd \\',' II~' Fillt 'r ••• I). \'.111 
:\(lI'I ll";ln.[ Cu., In ... . ~t.!W \ 'orl-.. :\. V. , I'll'). 
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primary and th .. -II the second ary frequency cha r;tt:tcris
lics for both o pen- and shor t-circliit {'I lIIlIit ioo on the 

I r;lIls for ll1 cr. . 
The les t d "l:1 obtai ned from the transformer ( Fi g. 2) 

ind icate that 7./1 is vcr}' nc:.rly zero. Therefore.. ffJr 
equivalence. /.'" should di splay the sa me response as 
that St-'CII fm lll the pril1lnry wind illg with 11l(' S('colJ{bry 

'" <0. ""'_. __ """' 1- r' "T 
.....,1..,. :--

I 

r ""'" :."" ~.ooo 
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.. 
FiJ:.2 Fn .... \Ut·" ry dl<lraO:lCri~ . ic~ (If a typical pulsc lr.lnsfurm('r 

( h '~l dahl) . 

sho rt circ ll ilC(1 (i.c., the t wo anti-resona nt and I wo series 
resona nt points of curve I). The network re prese ntin g 
Z", in Fig. 1 is fapal.tc of p r{)( lucinj:! this fesponse. ( ' ''f ' 
fespomlinj.: ly. the ne twork re presenting Xc in F il;. I is 
o1Jtaincd frotH consid eration of Fig. 2 . cu rve 3 whkh is 
the tra ns(0 f111f' r's n 'l>I}()nsr- as $Ccn fnl llL the sc('ond .lfY 
wi th the pri m:L'- \, llpCI !. lI e ll ("e t he I.:ifl·uit o( F i" . I wi ll . . , 
exhihit th~~ (rcqLlI"ll l'Y res ponse cha l':l l.: tl·fi!' lif's o f Ihe 

<l l.: t u. d Ira IL!> fOl· ILL~·r. 
The approxi1U:!lioli is made that the c in ' uil s repro ', 

scntin g X.t ,11 111 7.('cou lll he replaced h}' si ngle I.C p.II·.d . 
Icl comhinations. T he va lidity il( th is step is quc~ l ion· 
able where frcquc ll cics :Li JOve 4 .0 l\ l c appear (scc F if,:. 2). 
The Fourie r freque ncy sp{'(' lruLU of n sing le pulse ex· 
hibi ts a n apllrC( ' i:Lhl e ;l111]lli llldl ' ovcr a frcq uellL)' inh' l'
val extcnJin~ from -( IO/ 2t) to H to/2 E) \\here t is 
t he pu lf;C dura tion. For a 1' #-1 M!C pul se tlur,Ltiun Ihen, 
lO/ 2t =S 1\1c. 11 (' I1 ('c IIcglec t ing all COLUponen l ~ a lm\'c 
4.0 1\'l c mig ht introdu ce S('riolls error. AS~1LIni ng . IImo,'· 
ever, t ha i thi s s implifi(,:Ltion is p('rmissiblc. t i l<.' e q uiva

le n t L (T wi lh thc impedance /.8 = 0) is shown in 
Fig. 3 , An eq u ivale nt plLI sc gellcr ::lI or and load (n" 
ferred 10 the primary) has I>t:cn :tdded . C l]l,ldlor C: is 
a ssum ed to contain any load c;l pacitan, l'; va lu('s "f &(,11' 

<, 

, . ~ 
., 

<. ) <. <. .. 
fi... 

~! ,) 

... ,' l I '. '. '. 

erator and load rr-sistallLC (HI alld R~) lila}" bc mndifil'd 
to in clude tralll->fnrmcr \'opper loss and core IUI->'>, re· 

spcctin:ly. 

III. AN ,(J.\'S IS (II- EQU I VAl.l:-"1 CtK<'UI1'~ 

Ana l)·si .. of Ihis cqu;\,I[enl cirUlil i:. ha'>t,d on it .. (Oil' 
\'en l iona l loop cq uatiolls \\ hil h f.,IIII\\: 

r..~(t) -

" 
u = 

,/ 
R,i l ; I ., ( i, - i ~) I f.: 

dl 

,/ 
I. L • - (i~ - ill + 

dl 

J 
I .: - (;~

dl 

,/ 
( il - ;3) 

dl 
( I ) 

(., ) 

whcr{' t' . .. ( t) IS a \'nl l-I~C pul'-t· flf m,Ll-!lIiwdt· /'., .11111 

duration f-

In order 10 cxplore the 1'(("11:--- \Ill Ihe out]!!I! \\.1\\' 

sh.lpc of chang i n~ tI ll' I in Hit ]Mr;uul't"r ".LlILI ..... a Ullm 
her o f solution s ('urn'<;IHlnt!iui-; Iv ~\cl'. 11 Sl'''' of \-.duel> 
of (·in·tlit ('(lns t a n ts \\l'I'I' dl':-;in·,l. Sllluli(;IL:-i u"t,l;n~·d II} 

tedlll iques of opcraliollal ('.lIndus \\OLdd h.l\·c Icquin'" 
a n cxcc!>Si\'e expcndit ul'e of maIL IlIlun; "f, '1"']lul;n~, 1'01' 
th is reason Ihe prohlclLI \\.1~ !-,nht'~1 11\' me.11LS of Ihe 
Uni"c rsi t y of California 11I\.:.-I1:1ni,·,11 ditll'rl'ntl,d :111.1 
Iy/.{'r. This (,{)Jll llutl'r was scl " (h~1 hl·,·;l11l>e nf ils ahility 
tt) produ('e IlI,Lll }' solutions r,L1'loI"', i!lt·'I,,·n .. heh·, ;1I1c1 
lI'i lh Ih \,! dl·:---ircd :U'C'ILral ' }'. l :qu.l1i l.nl> ( 1) In (,I) \\·t·re 
solved in dillL(' l1 siu lIl('l>~ fUlIII in onl l' l' h' f.1I ilil,ttc IIIl' 
g(,lwrali', lt illil Ilf l·t'l"llll!:>. 1\ st.·I,', ·I;,,11 I,f 1t·]ln"'~·lIt;Jli\'t· 
s"luliolls ( •• Ulput t'lLf"':---) 0111.1111,·" frtllll 1111' ,Iilkn·n ti . .! 
,Lnah 11'1' .LI'l'e.if:. in Fij.! l". :1 .t11,] 5. 

I V, l 'ON< 1.I1Sl n:--.;s 

The v.nillus t"llct· t ~ I,n tlL(: nul put \\.1\(' fllnL! fllr 
1'l1. 11l j.: I'S;1l I Ill' \In'l1it l),Il.ll1l1'll'rS (l>"I' I i~ .... . 1.11llIS) ;LI'I' 
of !-o 1'I'I ' i.t! inll·ft·st in d"I"rmilliug d.· .. i\.!11 nill'l i.1. 1·.,i"l· 
illl-! tli:---",·pa'lt'i.·s 111'1\\,'('11 Ih,' olltl'Ht \\ .• \,' :---IL; !] \{' of the 

Ir , \LL ~rtlnm'l I"!:>h'd , ;1I1d Ih, ' \\.I\' e ~h.q", olll-lim'lI frOI1l 
:In. ll ysis!lf Ihe cljHI\·.dl·nt l'inu;1 .11'1' dill'l tly tr,\('e.lhle 
to tht, si ll1plifyillj.! ;t!'!'LLll1 ]1l i'll1:--- I1I.tlll' ill ,In il in~ at the 
e qui\'alent t-ircllit of Fi~. J. I I is d ittLI L111 lu obt.Lin !-,i111-
pit .• :1nl1r.1h.', eq uI\,.Liell l t"ir('ui l:. Ilf d,'\1cC:; II Itillt nlll· 
t,li ll distl' il Lllll-d 1,.Il'. lllll'll' r!O \\1ll'1l \',m.,itl,'r.Lli,l1\ u( .1 

,\id •• fn·quo..'IK), r.iIlgc IS 1 U'1('S.",.11~ . 111 ]1,11 ILl lI!ar. tht· 
rel'll'~{, l1t.L tioll of /.,4 ;lIld hC h ) Slllj.:lc I.CtllllllJil1.111I1n~ 
il> \,. ll id only if fr'l'qLlcrl1'il'~ abO\·"thc fir~1 ... ·;.IlIl,'lIl1IH linl 

.LIe m·j.:li~i lde in III\' (i'l·uit. i-' urllll' r . III(' as"ulllni 
lilll .. ILi l ), of n il (·i LnL 11 t·kllU·uIS 111.1\ pnl-llun'llisn\<ll.Lu, 
I'i,'s 1I1\11.-r n·rt.111I '1111t1L1illll~. 

I t i .. v\,{'r 1111'''''' nll1l>idcr.llivu:--- llL.LI ,\ '1I1I1]l1l1l11i:---l' 
11111-.,1 .11\\ a~!' he I11.Hll· Itl'l\\ ~ ,'U , ' ,1:---1' "f .111.lh "LS .md a, ' · 
1'111.1('\ Ilf ft·<.,ull" t(1 tll'I"ll1in(' Ihl' 111,,"1 ~Uit.l"lt- .-bll;' c 

1" 1l!1'lliff"rl'(1,i,d \n .• I1" .·, .. f llwl'(I; •• -r,i'I- ,,1 i,·"bf"rn;.," I!"i 
YI"~I!Y ! 'r .. "". Unin'uu I' ,'1 I ' 111['" (l i.l . I.., ... . \(1<:,·1, .... I .• hf . 1111; 
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of cq lliv. llcnt c ir.uit. Gren Ier pn'etSlo n is obta inable 
by selec t ill!, morc complica ted irn p<:d.LIlC'C ~lruc lU rcs for 
7.<4 . ZR. and Xc and / III' hy t rea ti ng cer tain CICllll' lIl !> ( pri ~ 
IIMri l )' I..,) :ll> lIt>nl;nc.Lr . I lowc\,cr, the OU!PU I w:\\'c 
!>hapc!:. of lhl' ;u-lllal lra ll !>fol"lIIcr and those outaincd 
froll1 t he cq ll;I..'a tcllt c i rc Li i t (If F ig. 3 (em ploY;Il /.:" lllcas
Ufl'" values uf dn;uil cqll~ t an t s ) :o. huw ~unjcicll l l )' guoo 
,Ig"rt-':IIICIII fur m ll!" l p radil'.d plIqlOM'S. 

The dl'l<iral lil i, y .,f el11ploying a c(1IlIpulcr is ;llI l1lcdi
al\,.,I) (-'vidcUl frorll a (Ulll p:lris(1Il of tht' lime required Lt. 

s. ,I v\· t he \·irc Ll i l equ:11 iOlls hy Hle,I llS of I ht' Fourier I ra ns 
fnrm alld d itTcren li.d an. tl Yl.cr met hods. 

T wen ty- fi\c huurs \\ere required to olol.li n a solution 
fo r n siugle set uf p.lr.ll l1eters b}' the FuuriC'r tr;lIIs forlil 
IIIClllOd whcl'C':ls the aVCI" lgc timc requircd !IY the di f
fercnt ia l a na lyzcr was Icss t hall l\\Cllty 1I1inu tcs per 
sHluti" II . M\,re (;oll1plil·. lted eq uatioll s \\ hkh wou ld o f 

• r-

1~ If 
' ~ . ; " ,," ' , 

-
~ ' j' " , ~ . II> 

-

, 

, 

necessit y result from n more com plica ted equi vn le l1t c ir
cu it an d the in troduction of nonl!ncar c lements would 
gre:llly increase th e adva nt age of a computer solution 
o\'er other methods. 
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