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ABSTRACT 

Trnaafot-moro can be ma:lde tor impedance ma&c:hlBlJ• palco iD.vorttcas. nncl 

de toolatloo.. witbta tko raa.s• of ab•ut 30 to JOO ohmo. wltb rto~ tlmoo ot lcoo 
thaa o.s x 10•9 oocondo, and. mascotiato.s time c•astauto .lll oxcooo of sx1o•V 
· ooeonclo. VollAtJe-ronocdoa coo£4cioato. of 0.05 or looo. e.ad volta(Jo•tl'aaoml.ooioa 

olliciencloo of 0.95 or bcaUel' cu bo aehiovocl. 
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$tD.UtAlt. y 

The t.raaomlooloa-Uu. e.pp.'onch to tho dcotaa of tra.DOformero ytelda a 1lllit 

with ao ftrot .. ordor rloo•timO limit olnee thlo Oppl'oach uoeo cllouibutod rathor 

tlula lumped eoDotaato,. Tho total tlnlo -d~~., .Ueeah tho bl!.aoratooion-llao-type 

traoofoftllOJ' may cxcood tb.c> rioo Umo hy c larao .factor, 1mllho coavoutioual 

tl'aa.afol'm.oro. Tho oxtl'c wtadtlltJ loDfJtla caa bo employo4 to lmprovo tho tow .. 

fi'Cq11GbCJ I'OCpoGOO of dlo \lftlt. 
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INTR.ODUCTlON 

UC1\L .. 8.516 

Ntaeloa~t rooearch wltJl hlgh-oAOrgy accoleJ>atore .froquoatly roqulroo U!Jle 

reoolutioa l-a thQ ro.fluo of 10·9 oocond (nnaoaocood. abbrevto.to4 e:occ). k to 

utJUtLlly fouad t:llat oloctrooi.: 4evlcoo ouc;h ao ~ultipUer phototabeo, ordlo.ai'J 

vacuum/ tubeo, dlodo brldgeo, and coaxial cal)l.oq ha,ve aa. op~bm lmpodaoce 
• • t" ,· : 11.'- -

level for a doelrocl trnoloat reopOQoo. Ja ao~ro.l, tho lm),Wi)ctaaco lovoto ~~· 
the vario\lo devtc:ee are d.Ufe1'eat. 

Tho u.oooocoad rogi.oa. ge~torally roquii'OD the uoe of diotributod.-ccmotaot 
... 

transmtooloa llo.es to deliver oisl'lal oDOI'tJY fl'om oao point to aaotllcr, U zoit'le• 

ttmo dogzoo.ciatioa to ~ bo kopt •mall. 1 For tblo I"OIUJOD .it vAU bo aoc\lmcad that 

connoetloao to aDd from tho tro.noformolfa will bo maclo with baaomt.ootoa Uaoo. 
Thuo tbo II'Ool<lulll c•pacity Ol' il\th1£tatu:o .eooociatod with oovcoo nrulloodo wlll 

not be coaolcter.ed ao o. part of tho traaotoJ"me• opol"atl•a, olaco oovccus aad 

load• are nmovod trom tho traaaformcn• • in tho tlmo domala, lty tho tl'ansit 

time throush U.o latol"cormoctlii{J traftcmlooloa lbto. TJao pl'o'blorn of coDaoc:tina 

tho ooveo oao loa4 .. to n tt"aaumt.custoa Uao to wall koowo. 2 Tlao poblom f.o thuo 
oimpUllod to that of dJtlvlr&g the twaluJ£ozomol' li'Om a rooiotlve aewco z0 ar.ui 

excitiO{J a ro&iettvo load' zl. 
Us\Jally U to important to mitimiae rollectiollo oio.c.e 1t ~· aot p»ac:Ucal. 

in geaoral, to dlodquish botwoea a norm4l emaU ef.gaal due tc a a.aeloal" eveD.t, 

aad a small eigGal that io the prod.uct of impedanco•diecoAUaW.ty J'oflocdon 

proceooeo actiq on a previo\laly uansmhted larao sigrm.l. 

ln acldltion to impedance matcht1'1fh lt h froqueatly de oh•eble to perform 

other opero.tloao with tzoaaoformel'o, 011c!a ao £avort1Dt:J oao de toolatbll• 

The literature doocriboo tllo theory of euito.bly faot uo.raoformaro, S, 4 alld 

<iot~edboo cczotala examploc tho..t are reaoooably taot, but wblcb do aot glvo 

irdormatioa Oft trartamtoof.oa toao, rofiecttooa, teat methoc.to. cad coro oeloction, 

'!'be emphaalo ia tlliD papal' wtll bo on theeo latter pointn. wtth oaly a briof 

qualitative review of the well-deacl'ibed thoory. 



GE:N£1\AL 

In the aoual view, a tranet'ormer ie ccnuliderod ac a Bumh&r of lumped 

linear clrc:tdt pnramcters, perhapo a.o ie ohown ta Fts. 1. By tho procooo · 
of minlaturisatlon, the hlsh•froquea.cy roeponoe can be extend<td at tbo coot ol 

low-froquoocy J:'eepoaao aad oporatlos level. Aa &aalyoio of tho oporatioo of n 

tranoformer baaed upoa no. 1 would 1ee.4 to the coa.cluolon tho.t ihero io e.lwayo 

a firet•order limit oa th.e hiah-frequ.eacy roapoaoe of ·any truofonnot', becn•ee 
of the inevitable low Pa,oo reetrictloao of .tbc) lumped pa.ramete~o of tho wt. U 
one r~!J."aiaa from l'egarditl6 the treaofol'mer in te.rms of tho uoual circuit 

methods, but lo.otead resardo the pa-o~lem. from the point Gf view of tho eloctrlc 

fields involved, a quite 4ifforent pictCtre resulto. Fi8U'e Z O~OWI how Gt:ae io 

lead; by field conaide.-ationo floom tJ.aQ uoual Weao on. how to bW.l4 a l:<G lmpedanco­

matchlftg tl'al\Oformer, to a mo,.e euttable method. ·.Tho ·e\la.l approaoh io to 
. . 

coootr110t a bUllar wi.ll.dtaa. wlth the two tf.lo couoi:ted Ia oo~ica, ao ollo'W1!l in 

ff.s. la. lclstetu! of uoill8 two wttee Jaowevol'. oao c~;~;r. uoo. tho l•er aad o~J' 

coaductorc of a coaxial cAblo aa tho two !UoJ tbo phyolc:al al'rAGaoraont rooultt.-s 

io ahoWD in F.ia. z.bl. Finuo ac obowo the (ltrnnsemcn'lt of Zb ira n way which 
empllaoiaoo tb.e eta.\O.t pathe !rom lap\ll to otatput. Moto tllo diroct poth horlzoat&lly 

faoom t11e 50-ollm c:ablo to tbo &OO·olub cnblo, wltll tile traaeto:rmor•c cablo la 
eol'ioo. Thlo provicloo a -pAth wlth a very tlllol't timo delay laput to output. Tlloro · 

io a eec:oad p.a.th uouad the loop prori4ocl by da4 traao!oimor'G cable. Tho 
oeeoad path to delayed in. tlmo by clle diotaaco · at'ound tho loop divlded by dlo 

velocity of pl'opagatioa wtthlu tho cablo. Tho rcoult 1o thnt tho 011tpat ol.fplnl 

build.e up la Umo by a procoao lavolviG8 tho fJWDQdGtl up. at cable-4olay latcl'valo, 

of the variou tralllmlitte4 aotl ••flooteci otaaalo cb·e'Gla.tloa wldUa the loop. 
Note that oae carmot choooe tho impodaaco of tho ti'Ailot'Oftllor~'o cablo in oudt a 

way as to provide na bnpedaaco mate)& tJimultaneou.ely from l~ft to ~f.aht arut r:taht 

to left (to mntch ln the 50-ohm cltroctioa, the cable would hnv~· ~ b,g 6% ohmo, aad 

162 ohmo for the ZOO-oJusus diroctioa).. OQo oboes-voo lmmec.Uatoly that dao two 

olgnnl padao with cliiforont tlmo dolayo to tho mojor ps-oblom. A Uttlo thlaldaa 

. leacto OGC to tho oqaallaod voStoion ohowa ln Fts. 2.d. Thio ano.D.Bcment provideo 

two patho of oqunt d.mo delny, n lirot-ordel' pal"foct ~~lAtch ia lm..,octAaco, o.a.d 110 

firot-ordor limf.taUono oo rice time. The arra-scuneoto of lb autd Zcl were mado 

up by u.oiag 30 em of oubmiraintve coax of 100-oluns 1mpodo.1lec, wowul with 6 

tv11o on a ferrite toriodal core witl& n roctan_(J~ar crooo ooctf.on i by t lad\ nod 
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wUh a l•lftch outer diameter. Figuro 3 ohowo tbo toot cot up. Noto tbnt tho 

wtput oigaalo (Fis. 4) rooult !l'om pnoolll8 tluoup the two caacndo<l tro.nofonnoro. 

Tho tran.oformoro ohowu ba Flt.J. 5 illuotl"atc tho invertor o.ad toolottoa 
vorotoaQ of the equal dmo·dolny npp&'oach. Tlac aoaoral vorolon of amtchtaa (l:cm)l 

ohmo to (kD.)Z obmo roqulreo m timea a cabloe~ of Cell impedaac:o 1t (I'JUl)t, ~ere 
m an<l n are tho .omnlleot lDtese»'a otaUaa tho tutus ratio ra/a ~th oufftcloal 
accuracy. Tho ca.bloo aro o.rraosocl with m I'Owo of a cabtoo., coDaoctod la oottoo­
parallot, m by n nt ORG eftd aad " 'by m at tho·· other. Oae oa4 :Ulca !lao aa input 

• ·. <"· .. 

impedance m/n. times tho cable impedaftco. a1l4 tho odao&- baa an lm.podance a/m 
tlmoo tho cnble lmpoclaaco. · 

UntoJrtuMtoly tho roqub:e4 t.raaotol'moi' cablo impedaaco ltl f.roqeoatly oot 
commercially available. or only la a.a awwtl.l'd pkyotcol olzo. Siaco I"Occoanbto 

loogtho o.a-o u.oually tcavolvodt froquoatly oao caa roplo.co tbo colltor coculatol' of 

a lowor·impocituted'eable with n omallor collcluctol'. dotai'Dllaod by tho l'ofloctloa 

teottos modled O\ltllood below. Ill ~o oimplor caooo. ouch oo the tavortiQf! · 

trcaofol'mor. it Dl&Y bo cleoil'c.blo to \lOO a para.Uol Uao, J"athor chna a eotudol 

Uco. Ia thio caoo, ~onborg•a charta may prove ut~olul no a otutlatJ polat. 3 Ia. - . .. 

tho cnoo whore rn timoo ll lo proldbitt.vely 1&1'80, oae ~ t•cod to uoe mlaio.tulzlcag 

tochatqu.eo lo orclor dlct tho maltitllnr·wladi"U metboc.f ma.y bo uocd with otaort 

tl'aaolt tlmoo, l. e., abort compo.rocl to tho doolroct rice time. 

LIMITATIONS 

The oqul d.elny modo of oporatloa lo desra.dod by a aumbol' of oocoacl­

oJ"der elfocto. Oao aotoo lmmcdlo.tely thct tho oimplo act of tS?aaomUUaa tho 

olaaat throush tho traaofonaot>•o cabloo decradeo tbo doc timo of aa iaput otep. 1• 5• 6 

Tho clumso l'equt.rocl ia tho diotributloa of electric !iotdo to .80ift8 fl'om tllo 

oltJcaal ea'blo to the trauformo,•o cnbleo l'oqml'eo hltJ]loJ' .. udql' modes Ia tho 

vicbdty of tho trnaoltloa. Tbio sf.voo rioo tO· Qft oquivclcat copcclty, 1 ill obuat . . 
with an otltorVIloe Ldoal oyatom, fol' tho prlaci~"- (TEM) mo4o olf.Jnel. Thoro 
io aloo a cepcclty o.ooocinto4 wltb th~toldo of dao tl'naolormor•o htp•potonttal 

eablo (tho dotbilo of thlo co.po.city Will nppcnr helo~). Tllo dioporoive &l'o.nomlooloa 
loooeo &ro iavo.-ooly pi'Oporttoao.l to tho oquare of tho dinmotol' ot tho uaaoformcrto 

cnbtoo, nDd the dlocoatiauity capcdUoo al'o directly propOI'tionc.l to tho dlomo$01'. 

U oo.o divideo dlo rloo•tlmo clOIJI'C4atioa between tho cUocootifltd.tlee aDd tho cnblc 

traaomlr:ustoo. tho a lor tho boot low-froquoney reopoooo, oae da4:atct:o; nhO\R GOV. 

of tho doaracio.tioa to tho cnpncity problomo. Thio l'ooulto l11 tllo optlmmm 
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diameter for the tranof&rme•'• cable, allowing the longest toagth of cable, and 

hence the boGt low-frequency r~spoaoe, for the given rioe time. 

The energy that tl'avela !rom input to o.utput by golna into the lnterfllar 

opaces (laoldo the corud.a.t llaea) h utualty referred to ao traveling in tbc 

tran•miolloc-Une mode (TLM). Jta.eray tra:veUug io the extl'afllal' opacc (outalde 

·the coaxial eheat.h) is referred to aa traveli111 lathe c:oU modo (CM). Tho CN 

path is uadeolrable beca\toe it takes onerSY from the TLM. · Ia addition. there 

to the posslbillty that the energy launched down tlte CM wtll AOt be diooi~ted and 

hence may return as an undesirable delAyed input to tho TLM. Tlto .CM ~th h 
not eaaily stated in complete detnll b•c:au.ae it uoully iovolveo varying bnpedancoo 

(vnl'iable opaciftl and pQth media), va1'yiag modes (TEM, heUenl, etc). aad 

va.ryitag velocitl~e (aot oaly in diffe~eat regioas. because of media chau.gea. but 

_abo duo to dlo.,orolve znodta.). F.ortuantely, ao will N UOOil bolow, With an 

appropriate choice ol geomouy and ferrite core tt will usually aot be nccoooal'J 

to eoaalder •u CM path ao bolftS any more ~pliC!&ted &:baa n ohu.nt path 
. . ,. ~· 

composed of an atr-apaced transmtostoa. u-.e ·ol avoraae lmpadaQCe eonaectod in 

oorieo to a Jligh•impedanee lossy Uao ohorte4 at the far end. Tho ail'-optu:o llnc 

eorre apondo to the portlott of tho CM pnth otal'tiQg at the J'WlCtloa with the T .LM 
and continuing to where t1ao CM fiolda iDtel'act oiglllfica..atly with tho eore. The 

a.ir-epaced path ohou.ld be kept ao oho•t a,o lG pra-ctical, since it lo <ltfflcnalt to 

obtain more tlu:ul a few haclrod oh~o tmpodao-co. If tbla oec-tion lo .oho.-t '" 
double-t~aa.ol.t tlmo compo.:rod to tb.o l'ioo Umo bsvolvod, tho• lt l'l.'aY bo conoidored 

as a shunt lumpo4 capacity. Bec:auoo the core po!'tion of the Cl\4 pa.tb ia vory 

Iosey aa<i disperatve, one can account tor tho operation over a an~cll range \Vith 

reasonable accuracy with a lumped realstrmce to correopond to tho line 

bnpedacce (a.o faot reflectio11e rcturra) ohUD.ted by an lad\leta.Ace to aeco\Jilt fo-r 

the app&-oxlmately differontlntll\.8 do cay. 

COU EVALUATION 

Since a limit on tile rhe time la the lonsth of the tre.usmlooion line aoo4, 

one Wiahea to obtain as high aRlmpodance in tho CM aad ao tons a dec:ny timo 

cocetao.t as io poooible for the (Jiven lengtlt of U.ae. The abating equtve.lent 

reoiatance aod inductance values arc approximately directly p1'oportionnl to the 

oquare ot the turco ADd. tho OOI'O crooa sectional area. Tho btd\letaftc:e io 

iDvorooly proportlOt'U\1 to tlle mean core ctrcumforen.ce. l'o• Uaio l'eaoon, oa.o 

ohould use a toroidal core with ll oqu.J"e eroo.o soctioo (round would bo oliahtly 
bettor, but mnuu.fo.eturod toroldo aro oot UO\Ielly mado thlo V/O.y). Tllo OV01'•all 
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oizo o£ tbo cot"c ohould be made ao &mall c.a pooraible, limited by either window 

oize OJ> satv.l"a.tion of tho core. 
Ia o~del' to fiad coree which are of practical vaba.e. a testioa al'ranaement. 

'waa mad& ae shown in Fig. 6. By placin,J various toroid• With varicu win.dlnss 

acroatt the t&-an(ltnieslon Utte betweett the generator and the oedlloseope. one can 

observe the amount of loading introduced into the oyatom. 8 :By plott1ncs th-o 

normalb.ed ampUtude against time on eemUoaari&Amic pape... oue call deduce 

the values of R attd L accordica to the equivalent circW.t of Fig. 7. Tho value of 

Jl h tound from the il'lltial valUtt of the output volU.ge. and then the ciecay time 
' ' 

eonst••~ 10 evaluated from tll.e $lope of the aemUoaarithmic curve. Knowius the 

time conetant and. the cbcuU impedance level, one can ealeulatc inductance. 

By measurhag tbo value of a. and L fot different aized eamplea wi.tll ciiff~rent 

num.beta of turn• at different imptda~ce aad vot~ae levels. oile eaa plofvatues 
ot:. il0 and. lL , where Ro ie the quoticat of the R. ~tuoo ciivtded by the produ<:t of 

the square of the number of tur11o uoed and tho core c:roao .. aeetiona.l area; v. ie 

oalculatcd from the uounl formula roladng toroidal iaductaru~e and permeability. 

In these t~ete, the tranait time for the length of the ~t'lding ued was .toea than 
··~ 

the ritua Ume of tho oystem. 

The decay curves on aemilogal'ithmlc paper are not perfectly straight. 

The eurvee imply that the effective permoabillty increases with time. Thla 

eftoct io pnswned to be due to the velocity of propagation lo the ferrite. A depth­

of .. pon.etratton. effect in tapo-typo coree was iovestisated by .Moody. 9 Uruortunately 

the fea-rltee in.vectisatod 4o not soom to follow a oimple law (Moody found tile 

effective perl!leabllity variee o.a tti aqUAre root o:£ time fot thin tape-type coreo), 

and thus ono is provided with an lntereotio.a possibility fo:r £\U'ther inveatigation. 

The simpllclty of the conotructton of naaoaoc:oad pulse trtu1oformere makee 

practical ·611D~l'ical metbodo uelas the approdinato va.luee of "" and lllo aiv4n 

below. Those valu.oo ohould. be reaoont\b~JfvaUd fo:r tore elzes of the order of 

centimeters wt.ndluse of 1 to 8 tu~ns,- aad puloe leo.a•bs of 10 lOa few hundr«HS 

nanooee. Tho fol'ritea testod tncbo~4ed Forrox:eu.bo Corporation of ~erica•s 

FXC 3, 3C, 101, lOl. 104, lOS; Ug1\fUS Toloaraphiq\led et Telephoniques (France) 

LTT; lOOa, 1003. 1101. UOZ, 1103; OeneJ'nl Cerc.mic and Steatite Corporation 'e 

Ferram.ic o, Oetuu•at Electric's CQZZ. 0£ the many tcUJted typ"Ca, tboae exhibiting 
2 a well:behaved clecay with an effective t1 aod R.0 of m~re thatl Z.OO and 1000 ohm/em , 

reopoc:ttvoly. wero selected a.o suitable fo:r thio application and are shown in Table 1. 
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Varloue powd.crod-iron arv! tape cofed were tried also, but like FXC i ttnd 3C 

a~d. LTT lOOa. were no' listed becattse o£ too tow a vAlue of a0• Tbe FXC 105. 

LTT 1100 aerios, J'erramle Q, and CQ2Z weto not uaed becauoo the value of 

p. was too tow. 

·' Type 

FXC 101 
102. 

104 

LTT 100.3 

Table J 

Fordte toroidal core properties 

400 to TOO 

~so lll 400 

zoo to aso 
1200 to zooo · 

ao 
(Gbmo/ em. 2) 

l500 to 4500 

4000 to 6000 

·over 6000 

700 to llOO 

Saturation Flux 
Gauss 

.. 

Z500 
3-400 

<6&00 

1Z00 
655 

200 

1250 

From the rise time apac:Ulcation, otle can arrive at the transformer'• cable 

a~ze. A J"«'nagh estimate can be mnc.te by aseUD'ltag that the rlac time wilt be 

1lmlt$d to about 0.8 of tho epeei£ied VO:lu.e by the equivalent capacity ll:amp­

atutoe~ated with. enterha,g the eablea, and about 0.&. of the opecUied rise t~:~ . ... ' ~· .. 

because ol the cable defidendes. There are two l'et:ttre.Snte on the· maltimwn 

diam.flter of tho traaaformer 1o co..xin-1 cable. Oae ie that the doubte .. trans!t time 

ai'Oun4 the fl~at CM tvn be a small fraetlon. ~.the rlof! t1~e. This lo to prevent 

poQr operation becauoe of the time pootttoa,ot rofieetiotu)\o~ the C.M; lf ooe assumes 

a l'easoaable bendio.g dlam<ster around the toroid's erose eeetion of 5 cable ~­

eteJ's •. thea the ~able diameter $houtd be in the vicinity of 0.~ inchP or teea pel' 

nsec ol :dee ttme. The .oocond I'CHitrQ.lftt lllb"oduceo the e!feet of the lmpedaace 

level ot tho elrcph. Tho di.ocoatlatai.ty ce.pat,:lty te aouclly omnlt' (about 0.1 
plco!arado/ em. of cable &motor) cOm.p6rocl to tho oquivnlont capa.dty of tbe ohort 

oectloa ot. CM air traaomlosioa Uno (&boll\ S pieof.turaclo/cm of cab~ cilamoter, if 

ono aa~UOloo fl(f&iQ tbat the CM ·ail' 11n.o iG £orme4 by Ute fb•t tva beat on a S 

.. cablo oijdiamotel' CI"OGO• GOCtiOS tOrQld). With the maxim USn permlaoib.lo diameter 

ooloct~d, ono then cnlc't&lotoo the length of ettble which io pormtaatble. 1• S With 

· a eoro crooo aoeti.ou of 5 by S cable diametam. one can ealculato the number of 

t\U'n.o wblc:h will uoo a toosth of c:able Jaavtna a tracusU d.mo about equal to dlo 

rioo opec:ifi.od. lf tblo uooo up c.ll the ea.blo, thoa torold'a f.allel' diameter Gbould 
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be arra.a.sed ao that the available U\Ul'l,ber of turns just Ci\l.s u.p the window. U 

there h cable lett over after deducting a longth equal to the space occuploi by 

a riee time, ofte should wind the lt'ngth oqual to a rise time on 2-. small torolti., 

chosen to have a full window, and then win.cl th" remaining cable on. a core o! 

high permeability. euch as a tape core. The fe:r:rite core, which is of a type 

ehosea by the method described below, will {U'Ovide the proper leolatioo. of thft 

CM from the higil-frequency com~n.ents oi the signal, While tho tapo core will 

pl"ovide additional low frequency response. The ferrite col"e is .ehoaen by 

ealeulathtg the permhaihle shurlt a from the ~rmisstble vatu.~ o£ tranemisston 

loae and reflectloe. By dividing the permlselble a by thts n\lmbar .of tur!l& squared 

and the toroid's erose-sectional ar.,a, one obtalao the requirqd value o! a.0. 

One then. ehoosea the material with,~· highest tit that wllt meet tho requir~d vatu~ 

of a0• lf the a0 values are all groO.ter thaa needed, tb8• tape cores may be 

useful. 'If a l#!'ger value of a0 te ueedod. thea the fordtee not Ueted in Table l 

but mentioned .. a.s having low valuea of t4 may paoovo uefut. but caretul;teoting 
. . ; ·'"' '.l 

will be necessary. With the value of}"' ee\eeted from the table •. ou Cf1 ... then.~·~ 
. ··.r·.-h! .. r··~ I 

caleulat41 the va1\le of the ehunt L (taking ln.to account it' O.Q(!:essary th• prosenct, 

of acldltlenal tape c:oreo), and -nee tho low•frequency rospone,, or. 

diffe.rentlat1ng time conetat\t. "l'htli~tu.ra~\'l!a level cart abo b_, ealcutate4. U 
·,:·.::-:!C:'<.t; ··-~:· 

eithel' the low-freq\lt~rle.y or sa.turitlt)b. opecl!icationa fall ehort, th.en the problem 

ie o\&r of raage of the a.vailab.le m.ateri_,r·· . 'l'he~e !e typically a factor ol 5 ia 
. . ~ .• • 'l--~ ·' + 

volt-e~con.d~; between fhe·,po{nt ol l%·· :~: ,:. t loss and 901• oUtp\\t toes due to 
-.~ ,J.t·,?\~'t· 

111atura.Uon. ..,, · 

·TESTiNG 

The time .. do~ain method of to'sting io uov.a,Uy qutekeot, li tbo rtoo•time 

req\llremeats are not faeter than about t osee. Whoa wlthla. the opoo<l l'o.aga. 

time-domain observation of I"Oflectiona allowa cmo to o'bee.rve the tbne pooition 

(and heru;e spatial pooitloc) and character of vnrioue dieconti.md.tio.& with n fer 

greeter facility than with etaRdlas wave ratio. frequeacy-d.OD:U.lift tooto. At · 

spoeQC £noter then i ncoc, iroquen.cy 40D:Ulln tootiDIJ ic a. a.oc:ooo~y ovU bocn1aeo 

of the lack oi auita.ble otop goa.ol'ators. Flavc 8 abowa A typlclll .-ofloctloa loot 
set up. Tho oystem of i'ltJ:. 1. i. e. , cnoca&.ft(l trceoform()I'O, io very aoof• for 

oboozvto.s caoeo whoro tlae doc-time clog~adAtioa, trceomlooioa looooo, oa­
differcntiation is vory omoll. 
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EXAMPLES 

Figure 9 ahowe a l2S·ohm inverting traru~former constructed within the 

parts of tYIO standard l:!S-oh1n ccmn.ectors. An FXC ZOS E125 .. 10Z core ia used. 

A bifUar wittd.lng b used eonehttng of 12 em. each bf No. Z6 Fo·rmvar-insulated 

wire forming 7 equally spaced turcs. This unit bas a rise time o£ less than 1/3 

nsec and a transit time en about O.SS asee. Figure 10 shows some exampleo of 

the miniaturization approach. The units were required to Ja•-ve matching ratios 

of 4:5 and .2.:3. Since these ratios rilade the use of tranomlsaioa .. line techniques 

awkwal"d (requiring ZO atld 6 cables. respecti-vely);. and the low•lreq\UJney 

requirements were ttot too atrlct. conventional muttifila,11 windla.gs were made. 

By restrictl~g the lengths of wires to a few centimeterB, the ri..ee times obte,lned 

and the delay are about 0.4 n.sec. The dU'!erentlatlon tlme constant h about 

640 osec (about 3 db dowtt at 250 kc:). The voltage coe!£leleat ol. reflection aad 

the traA-amieeloa loos a:re both less than 5%. The1'e io lees than 2% (Saturation 

effect up to 5 microvolt .. aecoftda. 
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FIGURE LEGENDS 

Fig. 1. Conventional transformer cqu!val4!1At circuit uetng,l'\ltnped circuit 

parameters. 

Ftg. z. Evolution of a. 1:4 :i.mpedanc:o-matching tranaformor showtno: 

(a) conventional schematic, (b) bifilal' realisation, (c) bifUar vel'eion 

redrawn to illustrate two sjgo.al patht~. (d) ~uaUze4 version_. 

Flg. 3. Teet arrangement to compare Fig. Z tran.sf&rm~ta, tho length ol the· 

couial oables ie equivalent to about 10 n.aee. 

Fig. 4. · (h..;llograma of Fts. ' teet syatom abowtna: Ctop) illpu.t ttetcpu 

(center) conventional b!fUar verotcm Jreopotase (bottom) TLM vel'slon. 

(S nsec/dlvision) 

.ti-g. S. (a) Jnvorttng T LW tranatormeao.. (b) Isola.ttag TLM tranoformor. 

Ftg. 6.. Test arran,gemeut to obaer.ve .ohnt parameters. 
Fig. 1. .Equivalent dreuit of Fig 6, ln. wbic:h we have 

~ z z 
'1 o ~ = z~fltt ' R •-r.\r !0 • ,. • Rto71K+!o • aftd L e 'l : ., • 

Fig. 8. ~flectior& teatio.g eyetem. Iuddent signal eutera t.--.veling-wave vertical 

section bt reverse. Retloct~'l'd signal enters ln. the fol:'~:rd direetiou. 

Fia. 9. Inverting tranSformer; lis .. ohtn, TLM type. , 
.Flg. 10. Irnpeda.ace watching transformers. ndnatiui~ed ~pe • 

... 
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Fig. 3 
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