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Ab8tract ~ Pulse transfo rmers are useful for coupling between pu11e 
circui ts of a ly9 t~ro be.sa8e they pArmit a savi ng i n the Dam
ber and size of t he ~be8 requiredo 

A one- to-one i nverter tranefol1ller 18 uIP-ful for coupl ing 
between adJacent stagel, and a step- down step-up arrangement 
h u8efu1 for coupling rllDOte 8tage8 ~ Crystal dlode8 are use
fu.l in coupling circuits f or damping, isolating, and clamping 
purnoses; t he applIcation of crystal d10des 1. particularl y 
helpful In polnt~to-multipo int and multlpolnt~to-multipoint 
coupling. Unle8s fractional - microsecond pulses (order 0 . 1~8ec) 
are at a very low impedance level. these pulses will normally 
feed 10ad8 that are predominatel y capac! tiTe" When relaU ... ely 
large amp1i tudes and ameJ.l delayo take preced4!lce over pulse 
shape , it i s best to replace the load resistor of the trans
former with an inductance ; the inductance 18 IlOrmally necall
eary to produce oyerehoot on the pulse 8lld thereby permit the 
use of a cr,ystal diode to damp out 08c111at10n8 0 Such ci r cuits 
have ba.udled 0 .1 !-I.Bec pul I P S at repeti ti on frequ.encies as 
high as 3 megacyclel w1thout appreciable variatI on in pulle 
amplitude al a function ot repetition frequenc7~ 

~here 11 a good possi bility that the present Whirlwind 
transformers designed for 0 01 ~sec pulae s could be i mproved 
upon; thl. 18 partl~larly t rue vhen the tranlformere drive 
on RLe load instead of a predominate17 re8istive load. I t 1s 
believed that n.on-lIletall i c magneti c mater ials (ferrites) 
might prove to be better than metallic materials fo r corea 
of transtOrJDer8 designed f or O ~ l ~8ec ., puleee . 

A. I ntroduotion 

I nformation in Whirlwind I is t ran!1!lltted in t he fonn of unl~ . 

l a teral pul ses . The polarity of a pulse 1e reversed every time it passes 
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t hrough a va.cuum-tube amplifier. If capac! t1 ve coupling 18 used between 
stage!. evpry other stage mu~t be normally on. The use of normally-on 
stages is undes irahle for two reasons: (1) since ~18eB are prsgent lesa 
than half t he time, the ~ower consumption is great er than with nor~lly
off stages, ( 2) small noise pulses' and pulse over8h~ot are amplified. 
The use of inverter pul se transformers wi th the proper turns ratio for 
interstage coupUng permits all pulse amplifiers to be cut off dur ing the 
absence of pulses . This method of couplin,; is used extensi vely in WI 
allowing the use of emaller tube types and proTidiDg noise reductioa. 
throughou t the sydell . 

BQ The Transformer VB the C!,thode FollO!er 

\'than. a buffer amplifier 11 required to drive a low-iMPedance 
lource,there may be a quest ion of using a cathode follower instead of 
a conventional ampUfier aDd a step-down transformer . The gain of a 
catho de follower having a load re si stor R i • • 

IJR 
rp + (p:H)R-

The gain of an amplifier using a pulee transformer with a turn. ratio of 
Bgl 18 

The gain of the ampllfi~r exceeds the gain of the cathode followpr if 
Jl e; + (lJ.+l)lD>X'p + N R, or the gain of an aurplifier exceeds the pin 
of a cathode follower if Ii''', (p+l ) n A catl-ode follower has a lower input 
capacitance and a lower outout impedance than an amplifier 80 that pulsefl 
with faster r ise times may be handled, however, in most cases the desired 
rise' times ~1 greater amplitudes can be attained with bntfp-r amplifiers 
and pulse transfo~ers . 

Int erstage coupling can be cla~8ed into four groupe (1) po i nt-·
to-point coupling, (P) multipoint-toczpolnt coupling) ("3) point-·to- mulU ,... 
point coupli~J (4) multipoint-to- multip01nt coupli~ . The coupling of 
short pulses (1 ~ eec or lees) is accomplished in the oomr uter by using 
pulse transfo rmers ot the required ratios and by the use of crystal 
diodes for mixing and 1801s.tion 'Purposes" 

Five transformers have been desif':D.ed for use i n· Whirlwind cir~ 
cnitse The des i gn specifica t i ons for t hese transformers a~ included in 
the standards books fo r Pro ject Whi rl wi 00.. Pul se transformers wi th 
turns r at i OS of l ~ l ~ 3 ~ lJ and 5 ~ 1 have been designed for 0 01 ~8ec half-sine 
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wave pulses. A pUl se transformer ~d th a t Ul"i;lB r ati o of 5~1 hac been 
designed for e. trapezoida l pulse wi th a. rhe time of '001 micro second 
a.:'!d a duration of 1/2 micl'O secono.. A t hrl8(:)-wind.ing pul Be transformer 
h.a.R been designed for blocki ng os c il lato rs . Re:oort R-122 contai ns 
valuable informa.tion on the theory 'and desie;n o f low-power pul se t rans·· 
f ormers n A larg e portion of Volume 5 of the Radia. t i on Lab. Ser ies is 
devo ted to the theory and design of pul~e traneformerso 

Co P01nt- to-Polnt C~pling 

Point- to~point coupling may be from a pulse amplIfier to an 
adJacent 8ta t"':8 or from a pulse amplifier to a r eulote sta.~ . A ona- to=ono 
inverter is used to couPLe a djacent 8tages, and a s tep-down step,.-up 
arrangement 1t; used to coupl e rmllote s tages o 

1 0 One-to~One I nverter .. 
The 6-193- 6 (Whirlwind S~ec . ) transformer was designed for 

O o l~mlcrosecond pulses and has a turns ratio of l ~ l" Th is transformpr 
1s used to reverse the polarit Y' of pulses that a re coupled from a gate 
tube to a buffer amplifier or from one buffer amplifier t o another in 
the manner indicated in Figu.re l . The 6..-193-6 t ransformer waa ori gioa.l1y 
designed to work into a resi s t 1ve load of 1000 ohmsi a lOOO-.obm load 
give. the best transient re ~ponAe for this pulse transformer when it is 
driven from a current source" Beca.use of tho ~,r9.y capaci tances in the 
circuit it ia impossible to present a. resisti ve loa.d to the pt.u se tranB~ 
former without sacrificing a large portion of t he pul se amplitude " The 
circuit in Figure 1 1s t he mos t eatiefactor.Ytrrangement f or coupling be
tween two pulse amplifiers , assuming the pulse e.mplU'iers are normally 
cut off. The t ransformer vo rl..tB i nto a parallel R-L~C combinat i on that 
behaves something like an R=L-C peaker t ha.t is underdsmped for the first 
hal f~cycle of oscil lation and cri tically damped for the second halt- cycle " 
The leakage inductance of the transfomer and the capa.ci'tances of the 
transformer and t he circuit comb i ne to produee r inging on the t rail ing 
edge of tbe pulRe . If t he value of the tal}-reverslng inductance L is 
t oo large the r ingi ng will not swing below t he voltage a xi9 and i t can 
not be damped out ~ the resistance Rn If t he value of L 1a too smell~ 
t he duration SV4 amplitude of the pulse are decreased . A suitable value 
for L can be determi~ad r ap1dl7 by experimental methods . The value of 
the inductance L depends on the t ransfo rmer., the 'Pulse durat 1oD. and the 
stray capaCitances of the circuit~ a smel l value of L i s required fo r 
large ehll.nt ca.pacitance. The shunt capacitance Cs and C Usua.1l7 to tal 
between 30 to 40 Illlf in Whi rlv:f.nd c1rcui ts; if the to tal P s hunt capa.c1~ 
~anc e exclusive of the t r ansfomor capac1. tance i s between 30 t o 40 ~lt 
and the TJUlfle duration 1e near O. l ""lnicroseconds So 5O~microhenry in
ductance is s<"tlsfactory for use with the 6-193-,6 transformer . The value 
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of R 18 Im~ortant if the ci rcuit 16 to handle pulses at a high repeti~ 
tion r ate" The value of R sr.ould be ,r.oOf'ln to give ,critical damping. 
When R i s t oo small the clrcuit .i s overdarrped, and ~hen R i9 too large 
the cl r cu! t 1s Ullderdamped" For mo!"t Whirlwind circuits in which a 
one-to- one t r ansformer is USl'\d, a r es1at ance of 470 ... ohms Is suitable 
for R. (The f orward r esh t ance of t he · gernamium crystal diodes is a.bout 
lOO- ohms l ) The circui t of Flgnre 1 wil l work f or O.l- microseconds pulses 
at a repetition rate of wel l over 2 megacycles wi t hou t ap~reeiabl e prf 
send ti vi ty" 

Sinc.e most of the Whirlwind circui t s that requi re a one- t o-one 
inverter have nearly the eame slmnt capaci tance, it seems that 1. t ought 
to be l'ossible to design a transformer with a lower magnetizing 1nduc
tance so that a tail- reversi ng inductance is unnecessary . If t he nwmber 
of turns on the transformer are reduced, the mgnet1z1ng inductance , 
lealtage i nductance, and transformer capacitance are reduced. Pul se 
transformers wi th fwer tur ns were tried in an atteJl'pt to eliminate the 
necessity for the tall~reverBing inductance. However, the reRult s wer e 
UDsatisfactol'Y'; it seems that if the number ·of turns on t he tranoformer . 
waft reduced 80 tba t no tail- reversing inductance vas re~uired t he pulse 
ampli tude vas les8 than wi t h the 6-193- 6 tranefonner and a tail-revereing 
1nductanceo The reason for this 1s not understood~ One e~lanation 
could be the non- linearity of the macneti z:S.Jlg induct.a.nce of a trans
former wound on a lami nated coneo The effective perlleabili ty of an 
1ron core variee 11 th induction and t i me " The permeab111 ty of a core 
increases as t he · 1me f or short pulRes because the initial eddy current s 
in the core are large and t end to prevent the maenetizing flux from 
being uniformly di stribut ed 1~ the core ~ 

I n Borne casee one pulse ampl ifier i 8 required to dri ve another 
ampl ifier a t e. remot e pOint . A l ow-impedance Une is u8I.1ally necassary 
in connect!n!; r emot e 1'oinh to p revent excessiv e dist ortion, attenuation, 
and delay of' the ~18e9 .o A s te,p=·down t ransformer may be used t o drive 
the low-i mpedanc e l i ne ; i f the ampli tude of the ~18e on the l i n e is 
not lar ge enough to dri ve t he second stage , a step~up transfor me r may 
be usefUl at the receiving endo This method of i nters t age coupl i ng 
18 similt.r' to u sing a Ll transform er be t ween s tages that ar enDO t 
remotel y connected3 a tail - reversing inductance and a damping diode 
nre usual ly re~ulred o The ~193-1 t r ansformer 19 de~igned fo r 
0 .1-1II1c1'08econd pul ses and ha.e a. tur ns ratio of 3 ~ 1 , t H s t ransfo rmer 1s 
u seful fo r ete~down step-up purpoees i f t he impedance of tho t ransm1s
t l o1'1 l i ne is a round lOO- ohme . Al;ain , when 'PUhes wi t h faet ri s e times 
(O . 05 .. mlcro seco nd) are u eed it is -practically i mpo'Je1 ble to tenn i nata 
t he 90~ohm l i ne or the t ransformers with reQi~tive. l oad. witbo~t gac ~i
flc' J~ consi derable ampl i tude becau se of the in~t capaci tance of the 
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succeedi ng Btage~ As i n t he case of tho 1 :1 invert er it 1s usual ly 
best t o l eave the t r ansfo rmer 8.S \tel l a s the t ransmi.ssion line untar= 
mlnat edo The step-down etep-llp arrangement shown in Figure 2 10 useful 
for coupli ng O o l~micro second pulses between two st ages (7AK7 j 7AD7t 
6y6 etcn) connected by a l ength of RG 62U t ranGmis sion l ineo (The 
Characteri s t ic impedance of RG 62U line i s 93 ohms o ' The dDlay of 
RG 62U i s apprOximate l y l -microaecond per 1000 feot o) The mizoo of 
the tail-revp.rsing i nductance and the damping resi~ tor a r e about the 
same as for t he l ~ l t ransfo rmer , they can be deter mi ned best and mo st 
rapidly by experimentnl met hods o Since the line is unterminated) 
reflections do oceur ; howeve.r, i f tho delay of the transmiBsi on line 
is l ess than a quarter of t he del~ of the pul se t hese refl ections are 
dnm~ed out (because of 108se8 i n tbe transformer) before the overshoot 
of t he ~l ~e is cnmp1e ted and do not caU~e any di ff1 culty~ If the i npu t 
capacitance t.o the succeedi ng t!tage; i s small a t~.nsfonner with e. high 
turns rati o mi ght be useful at the receiving end; however, in mos t cases 
in Whirlwind. an illCrea,se in t he turns ratio of the eecond t ransformer 
increases the r he and fal l t i me of the circuit BO that there 1s 11 ttle 
or no gai n i n the ~ul~e amplitude. 

3 ~ E,!ffect of 'l'.!!l-nsformers un Pube Shape 

Ma.rJ1' of the ci rcui t~ in the ,Whirlwind com'Outer elI'e 1esigned 
for O e1~mi croBecond half- si ne-wave pul ~A8 b If the pul se duration is 
too long, the ci rcuits do not have Bufficient time t o recover for high 
speE-'Cl operation; if the pul ~e dur ation 1s too short, unnecessarily 
l arge tubes are reqUired to deli ver the r equi red pul se ampli tudo8o Th 
shape, ampl i tude, and delay of puls es is affect ed by the pul ee trans
fo rmer and thei r associ ated circui t s . U~ally a pul ps amplifier is 
biased a few volts beyond cutoff to prevent Rmall noise signal s from 
bei ng ampli f i ed; since the ampl i f ier i s biased beyond cut off the ef
fectiv e durat ion of the input ~l se is decreasedo I f the pulse durati on 
is to r emain uncha~ed the plate ci rcuitry mus t act to br oaden the pul se : 
the leakage ' inductance of the transformer, t he shunt capacitances in 
the plate circllit, and the t ail r eversing inductance affp.ct the shape 
and ampli tudes of t he pulses out of a pulpe amplifierQ Because mos t 
of the stages a re biased beyond cut off and because t he circuitry af fects 
the shape of t he plllsns , output pul se shape becomes reaso nabl y independent 
of the inr.·ut pulse shape after pa ssing through four or f1 ve nimile.r 
pul ~e amplifier so The analysh i n Engineering Note E-138 Ind.icates SOIDe 
of the effects of pul~e transformers on the ahape and ampl itude of the ' 
pulsesa In order t o make any reasonably simple analysis of the~ e pul ses 
circuits a number of a ssumptions have t o be made ; t ho analysi s i n E~13g 
does net a :~count fo r non~llnea.riti es in t he control grid t o· plate transfer 
charact~ristlcs, t he magnetizing inductance of the t ransformer, or the 
input i mpedance to the second ~be o The analysi s vas primarily for a 
1:1 inverter used in the manner i ndicated in Figure l ~ howev~r, the 
behavi or fo r step-down s tep-up a.r rangements i s neElrly t he !8ll'Ie. The 
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equivalent circuit of the plate circuit was simplif ied ao shown in 
Flgure 3. 

Ll ~ leakage inductance of transformer 

Cl o . out'Pllt capacitance of f i rst s tage 

C2 - input capacitance of second s taee pluB shunt capacitance 
of the pulse trc!.nafonner 

L2 - tail reversing ~ ndUct ance in parallel with magnetizing 
inductance of pul!'8 transformer 

I f L~ 18 neglected am an impul ~e of carrent is sUJ>!ll ied across C1 
. the expression for e2 1s ~ 

(1 - couc<t) 

where 

It is argued th:.'.t the effective' durat i on of the In~ut 'Plllse 1e always 
ap~reicably lese that the duration of the outpu.t pllse so thrt t he idea 
of an impul~e Is ueableb ~he expre~~ion indicates that L does not 
; nf ~uence the 8JrI'P11 t ude of the pnl fH~ bu.t thLt it does Inftu once the 
frequency of oscillation in the output o It also indicates that the 
oscillations ~ll not swing belov the voltage axi s if L2 is infini t e 
If the effect of L2 is cons idered in the c~rcul t of Fi~re 3 for a n 
Impul~e of current , the expression for 8 2 becoms s more complex and is 
rather Jr.eaningles8 i n algebraic f OrDl n However , thE! addition of L1 
r eaul ts in the two Bu:perimpo~ed o8cilh.tions of di f ferent frequen·cies 
eo that 

e2 =A.(C08 wt - C08 f3t ), 

where A, w and ~ are constants determined by the cit'cui t pa.rameters o 
From E-13S end experimental evidence it is known that the pul se du ra
tion can be lengthened by i ncreasing either the leakage i nduc tance of 
the transformer, or the 8hunt e~}acltance across the transformer, or 
both~ i n any case, a.n increa se in pUl ~ dUration by the circuitry results 
in So more triangular pulse shape and/or e. decreal'l8 in pulee amplitude 
and an i ncrea.se in d.els.:,v timt3 through t he cireui t~ The anal ys is i n 
E,...138 indicates that the l eakage Inducta..noa of t he pulse transformer 
affects the pulse ampli tude much less t han t he shunt capacitance. The 
leakage i nductance of the t ransformer is increased and the int erwi nding 
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capacitance decreased if the spacing bet ween the windings 1s increased. 
when the shunt capacitance i6 decreased t he amplitude of t he r inging 
incr eases and a larger tall rever~ ing induc tance may be usedo Thus the 
pul ~e dUration can be iue raa,sed sC'mew~t w1 thout a serious loss in sm~ 
pll t ude; however , the pulse Shape beoomes Bore triangular end the delay 
is i ncreased. The 6-193- 6 and 6-193- 7 t ransformers in Whirlwind ci r 
cui t s usually result in a decrease in pulse width from t he standard 
O ~l-microsecond to a On07 to Oo08-microsecondo It 1s questionable 
whet her the transformpr should be designed to provide greater pul se 
widths ; the amplitude of t he pulse at its final de"tlnation is usually 
the deci dine factor that mu~t be consi dered. as saming the time del~ 
18 not too r,reat" 

The point-to-point coupling in Whirlwind circuits 1s primati l y 
a matter of attaining moderate ~ ' s and high L- C ratiosa Normally higher 
~a8 for transformer can be a t tained by using cores of magnetic materiels : 
however, as the pulpe dUration i8 decreased the effective premeability 
ot a core must be sacrificed in order to keep the eddy ci rcui t l os ses 
at the same order of magnitude as the copper loeees (ideally core 108see 
8hould equal copper 10ssee for hlghe£lt Q. f S ) " I n general , pulee tllule ~ 
formere have been designed to drive resistive loads, in the~e cases, 
eddy-cur rent losees were not 80 important as long as they were ~mall i n 
comparison to the power dls~ipated in the load re~i.tor~ The leakage 
inductance and shunt capacitance of a tranaformp.r increase with the 
number of turns : in order to attain a minimwm t ransformer capacltonce 
and 1gek88e inductance a high permeabil1 t ,· core is desired to reduce 
the number of turns rP.quired tor a desi r ed mngnetlzing In~ctanee . Ex~ 
periment~ with the a1rccore pulse tran!Sfo%'llers in WhlrlwiDd circuits has 
8 !1Qlm that the~e . tra:n8formers are comparable in perfomance to the 
6-193-6 and ~193-7 tranefomers n Although a gre,.ter number of turns 
~re r equired for the air- core transfoTmGl's eo t h n.t the leakage i ndllc
tance and interwinding capaci tance are increased, the perfonnance of 
air- cored transformers 18 nearly as good 8.S the one8 \tl1th Hiperdl coree 
because (1) the leakage inductance does not Rerlously affect the pulse 
ampll~desunles8 the grid of the succeeding stSF,es ie 4riven positive 
(?) the shunt capaci t ance of air-cored transformer 1s not necessar ily 
aa great as t.he ones wi th Hipersi1 cores (3) the core 10s8ee with Hipereil 
core~ are not negllg1ble~ The effective shunt capaci~ce of tran.
formers with Hipersil core~ is affected by the vinding-to- core capacitance 
a.nd. the core- to- ground capac! tance aa well as thelnter.,·iDding capaci= 
tance. I fair- cored transformere 1IIOrk nearly as well al t}-,ose with 
H1p~r8il CO~B 1t may be possible t o design transformers with powdered 
iron cores that work just as well, if not bettern Non- metallic m~gnet1c 
materials (Ferroxcubss, Ferremics) have been developed t hat have effective 
resi stivities as ~od as powdered iron cores and greater effective per
mee.b1l1 ties tllan powdered iron co res; t hese materials are being prodllced 
i n mnall quanti ties by North American Phi llips Co . and General Ceramic ... 
Steatite Co . The new magnetic materiels may make possible better trans~ 
former designs for s r.ort pulses and relatively large capac! tive load8 o 



6345 
Engineering Note E-328 Page B 

Ce Multlpoint- to=Point Couplin~ 

Multipoint-to- pol nt coupl ing is similar to point-to- polnt 
coupling; however, cryptal diodes are usefUl to mix the signals from 
the varl ~u e sources at the recei ving pointo The circuit of Fi~re 4 
showe how several si gnals may be mixed at a common pOint . The mixing 
di odes prevent a. dgnal on one l i ne from feeding back on to adjacent 
l inen, and 'al so , t hese di odes prevent the a~lltude of the pulse on one 
lin~ f rom being affected by the l oadi ng effor t of the adjacent lines and 
the magneti zi ng in~ctancee of t he adjacent traneformers ~ 

Do Po int - to-Mul tipoint Coupli~ 

Point- to-multtpoint coupling ie acco~lished by driv ing a 
low- impedance l i DS ~ith a buffer amplifier and tapping t he l ine at t he 
des i red r eceivi ng pOinte as 1s 1nui cat ed in Fi~re 50 The i nput im
pedance of the recei viDg po i nt s s rould be high compared to the characteris
tic impedance of the line eo that the pulse empl1 tude at each receivi ng 
poi nt is nea.rl y the same a Generally speaking, step- up transformers can
not be used at the recei vi ng points becauae the increased load on the 
transmiss i on line r esults in excessive attenuat i on . 

Si nce t he clamping circuits at the receivlngpoints will clamp 
to &n7 pul se ov p.r~hoote , it 1s important that the overshoot of the pul se 
should be nano The !Da8ne tizing inductance should be large to re duce 
the over~hoot ; however, the l eakage inductance and capaci tances should 
be smal l t o prevent excessive e.tteuuati on and distort1on of the pu1se ~ 
The t urns rati o of the pulse t r ansformer should be chosen eo that the 
ampli tude of ' t he ~ul ~e on t he -line i s a maximum; if the pulse ~pl i fier 
has linear character ieUcs, the voltage gain is a maxi llllm if N Zo = rp. 

wher e N = tUrns r a t io of t ransf ormer 

Zo = l1n~ Im~edance 

r p = plate re 81 ~ta.nce of tube 

An i ncrease in turns ra t i o incr ea ses the resi~ t ive load that e.p~earl 

in the plate circuit whi l e decreasi ng the effect of capacitance on the 
l ine sida of the transformer . I f the turns r at i O is too l a rge the R~C 
time const ant i8 increased t o the point wher~ t he r i se t i=e of the ci r 
cult is exces f:ll ve and possibly t here 1e a 1008 i n pul se amplitude; if 
the turns rati o is t oo small the low im~edaDce in the ~late circuit re~ 
Sill ts in a 10 B8 of pul se alll'pl1 tude . , It. turns ratio of 3 ~ 1 js about 
optimUlll for a transformer driv1n a 90.·ohm l oad vi th O ~ l~microsecond 
pul ses from tubes having an outnut capacitance of 10-15 m1crom1crofarad; 
th 6-.... 193- 7 t ransformer vas denimed for Ool .-m1crosecond pulses and has 
a turns ratio of 3;1" Since the pulsP. amplifier driving the line s Is 
usually biased belo~ cutoff, the plate circuit must broaden the pulse 
if the pulse duration 1s to remain cl o~e t o the standard widt h; the 
best method of IncreCi.~ lng ,the p~lse width without s er i ously affecting 
the pulse amplitude i s to increase the turns ratio of the t r ansfo rmer o 
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For some canes in point-to~multi _ oint coupling an amplifier 1s re~uired 
t o drive n low impedance line in two directions; tht~ is desirable on 
long lines fe ding several point~, i n order to prevent e~cessive attenuat i on 
on t he line o If a 9O-ohm line is driven at its midpoint a 5~1 tr~a~former 
is more de s i rable than a 3.1 tranoformer~ Th3 6-193-5 transformer has 
a turne ratio of 5 ~ l and 1s dosigned for 001 microsecond pulses. The 
higher turns ratio helps to comp neate for t he decrease in pulse width 
r esul t i ng from the ampl ifier bei g bias d below cut off . An increase 
i n t he rise t ime of the outl'ut pulse ma.kes t ermination problems on the 
line sim'Pl er. 

The 6-193 10 transformer is designed for trapedzoidal :pul~ps 
wi th a r is e time of Oo1- mlcro@econd and a durat i on of O .5-mic~8econd: 
this transformer has a 5~1 turns rati o and is designed to drive i mpedance 
of from 50 to 90 Obml o The magnetiz i ng inductance of thi s transformer 
m st be la.rge enough to preserve the fiat por tion of the pul flO and to 
prevent exceesive overshoot ; t he leakage inductance and shUnt capaci ... 
tance of the transformer JlUet be emall enough to 'Oreeerve the Ool-micro
second r ise ti~e of the pulee n 

If the overshoot of pulse. passing through a tra.nsformer ill 
small the recovery time 18 necesearily l arge because a transformer cannot 
pas a d- c oomponent ; this mean8 that the voltage basel ine will gradaal ly 
etl f t an amount ectual to the d- c component of a chain of pul ses at a 
high repetition rate so thEt the effective ampll~d. of the pulse i8 r e
ducedo Since computp,r circuits DlIlAt handle pul ses over a vide range ·,)! 
repetition frequencies, any f~rm of prf sene1tlvlty i8 undesirabl e. 
Ther e are two possible methods of redJl.cing prf eens1tivl ty resul. Uag 
f nDm t he aver~ng effect of the tran8former~ (1 ) the magnetizing in~ 
ductance may be increased so tha.t there 11 no appreciable shift i n the 
base l ine for the ' longest chain of pulsee at the highest repeti t i on 
frequency to be usedo This method of reducing pr.t sensi t ivIty ~11 
~rk wel l if the chains of pul~~s are not too long, and i f there 18 suf. 
f icient recovery time between t he chains of pulses. (2J A diode may 
be used in the manner indica t ed In-Fi~re 6 The action of the diode 
in t his clrcu.1 t h analagouB t o the a ction of the diode in a cl8J!lping 
circui t for capacltlvely coupling unilateral puleel~ the capacitor in 
a clamping circuit discharges slowly during a pul~e and rpcharges 
~apldlY nft er the pUl se has ended. 

In the cir cui t of Flgu.re 6 cu.rr ent bu1lds u:r cnmparitlvely 
sl ow in the t ransformer winding while platA current flove but dec~a 
rapidly after ~late current ceases and the pul~e overshoots . In other 
words the time· constant is L/R;· R 1~ e~ual to the load plus the forward 
r es1!'1tance of tho diode during the pul se and to the back resistance pllls 
the load during the pulse overshoot. The ov~rshoot of the transformer 
is large with the diode but since the back resistance of the di ode is 
large compared t o the lino impedance thi s overshoot does not ap~ear on 
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the line . The ~193-7 transforme r used in the manner indicated by Figure 6 
can handle O.l .... microsAcond pulse s at a repetit i on r fl-te as high ag 3-
megacycles wi thou~ appreciable prf sene1tivity~ The principal disad
vantage of the circui t of Figare 6 1s the 1089 in am~litude across the 
fo rward res i s t ance of the diodeo The D359 diode has an ~xceptionally 
l ow f orward r E' sistance (about 30-ohm)and a high CIlrrent carrying ca.pacity 
(500 me. peak) .. If a transformer i s uS0d to drive a 90-ohm Une and t he 
forward resistance of the di ode i s 30- ohme t her e i s a 25~ 108 B in ampl l
~de . If pulse amplitude is of pri me i mportance , the Tolt age dro~ across 
the diode may not be tolerabl e; however , if a chai n of high Drf pulses 
are desired with ver,y li t tl e prf sensitI vity (i n test eqUi pment for 
Gxample) the circui t of Fi~re 6 1s V P T,1 u~p ful . 

Eo Mul t ipoint- to-Mult1po i nt Counl l ag 

Multipoint-to-mult1~1nt coupl ing 1~ illustrated ~ Figure 7. 
multipoint- to- multi point coupling i s ~1mlar to polnt- to- multipoint 
coupling except that the driving amplifiors have to be- isolated from 
the line to prevent eyces!i ve attenuati on. Each line driver mus t be 
capable of drivl~ a line i n two di rections . The line drivers are 
hola ted fro. the line when not in u~e by Cr,y8taJ. diode, used in the 
Ilanner indict ted by Figure 5·, The receiving amplifiers are cCl upled to 
the line i n the manner indicated by Figure 4. 

F. Conclusi on 

If a coupling transfo~er i a designed to drive a load that 
behaves nearly l ike a pure resistance. the desi gn procedure. in report 
R- l 22 a re di rectly applicable . The cor e materi al of the tran8former 
is , of couree, a very important factor t o consi der in des i gn . A 
cQre mater i al shoul d be chosen that hae the highest effective incremental 
permeabil i ty for the pulses the transformer i s requi red t o passn It 
is costly to wind t ransformers on 8tacked cores ~md continuously-
wound cores; for this reallon },!u. metal and Permalloys may not be chosen 
al core material s even t hough theBe ma t erial s may have a somewhat higher 
effective permeabil i ty t han mater iel t hat are manufactured i nto two
pien coree. In _ case , better pul se t r ansformers can be dee1gned for 
res1stive l oads if core mater ial s wi t h hi gher effective incremental 
permea.bl 11t i es become avuilable . 

The design of t r ansformers t o drive capacitive l oade is not 
readily a.'O'Oa r ent from r eT'ort R .... l 22 , al t hough the general concepts do 
applyo Actually, not t oo much t hought has been given to t he desi gn of 
pul~e t rans formers for capacitive l oadso If the transfo rmer drivI ng a 
capaci t ive l oad i8 requi r ed to pass a trapezoidal pulse wi t h fidel ty , 
the transformer circui t will have t o have a l ow Q" and the dee1gn of the 
transformer wi l l be very similar to the design of t ransformers for resI s
tive loads. Section 3.43 of R~122 discusses a wide- band transformer 
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circuit that 1s useful for capacitive lOadsp In the; po1nt=to-point 
coupling for ·.tfhirlwiJld cirelli ts pulse amplitude, pulse delay, and re.-
00 ery time take precedence over pul~e sha~e; thGG9 couoling circuits 
are assentially peaking circuits so tha high Q~e and high LIe ration 
ar deeiredn . 

'iT h improve magn tic ma.terial s:fo hi gh frequencies, it 
seRms likel y tha.t bet tor t r aIl f rme can bo dosign d for coupling cir~ 
cltHs tl t a s ent lally p .~ g circuih, . 
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FIG. 1 

COUPLING ARRANG EMENT BET WEEN ADJACENT STAGES. 
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FIG. 2 

COUPLING BETWEEN REMOTE STAGES 
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FIG. 3 

SIMPLIFIED EQUIVALENT CIRCUIT FOR TRANSFORMER COUPLING 
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FIG. 4 

MULTIPOINT TO POINT COUPLING 
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FIG . 5 

POINT TO MULTI POI NT COUPLING 
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FIG . 6 

THE USE OF AN ISOLATING DIODE FOR TRANSFORMER COUPLING 
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FIG . 7 

MUL TIPOINT TO MULTIPOINT COUPLING 


