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include Case 3 as well as Case 2. Studies of (9), made
on the Moore School Differential Analvzer at the
University of Pennsylvania, have served to substan-
tiate the above development. Typical fundamental
sets of solutions of (9) for a representative range of
parameters € and A are shown on Figs. 3 to 6.

VII. CoNCLUSIONS

Treatment of inductance variation inside the differ-
entintion sign, and including dissipation, gives rise to
two distinet effects. One is‘the direct relationship with
the previously studied™ solutions of the eapacitance var-
iation in the sense that the functional expressions for
capacitor charges and cireuit currents are, roughly
speaking, interclhianged. The other, cansed by dissipa-
tion, is the time varving damping, illustrated on Fig, 2.
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Some Studies of Pulse Transformer Equivalent Circuits”

C. K. HHADLOCKT, associare, ki, aND D. LEBELLY, Associate, ke

Summary—A pulse transformer equivalent circuit is synthesized
from data obtained by direct test on a typical pulse transformer.
The differential equations for the equivalent circuit are solved by
means of a mechanical differential analyzer for a variety of circuit
constant values. Wave forms of transformer output voltage as ob-
tained from the differential analyzer are of assistance in the design
of pulse transformers.,

[. INTRODUCTION

ULSE TRANSFORNMERS are currently finding

important application in computer and radar cir-

ciils, as well as in many other devices utilizing
short duriation pulses. The method of analysis to be
deseribed here is based on an equivalent cireuit which
has been idealized to the extent that the pulse teans-
former which contains nonlinear, distributed parameters
15 represented byoa circnit containing linear, lumped
cireuit constants, These assumptions permit o rela-
tively simple procedure for synthesis and subsequent
analysis of the equivalent cireuit,

* Pectinal clissification: 14835, Origina] muamas I'E]il recervisd ||_\'
the Institute, Decomber 1, 1919; revised pianuseript receivedd, JTune
22, 1950,

f Hughes Aireraft Company, Culver Ciev, Calif

1 Phe University of California, Los Angeles, Calil.

II. SynTHESEs OF EQuivaLest Cikcurt!

The particular pulse transformer to be studwd s
treated as a [our-terminal network whose basic arrange-
ment of impedances (£, Zp, Ze¢) is the T of Fig. 1. The
assumption of the 7 conhguration fixes the [requency
responses ol 24, Zg, and Ze for a particular transformer,
These responses are obtained by measurement of the
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primary and then the secondary frequency characteris-
tics for both open- and short-circuit condition on the
transformer. '

The test data obtained from the transformer (Fig. 2)
indicate that Zg is very nearly zero. Therefore, for
equivalence, Z4 should display the same response as
that scen from the primary winding with the secondary
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Fig. 2 VFrequency characteristics of a typical pulse transformer
(test data).

short circuited (i.e., the two anti-resonant and two series
resonant points of curve 1). The network representing
Za in Fig. 1 is capable of producing this response. Cor-
respondingly, the network representing Ze in Fig. 1is
obtained from consideration of Fig. 2, curve 3 which is
the transformer’s response as seen from the secondary
with the primary open. Hence the circuit of Fig. 1 will
exhibit the frequency response characteristics of the
actuad transformer.

The approximation is made that the circuils repre-
senting Z4 and Ze could be replaced by single LC paral-
lel combinations. The validity of this step is question-
able where frequencies above 4.0 Mc appear (see Fig. 2).
The Fourier frequency spectrum of a single pulse ex-
hibits an appreciable amplitude over a frequency inter-
val extending from —(10/2¢) to +(10/2¢) where € is
the pulse duration. For a 1-u sec pulse duration then,
10/2e¢=5 Mc. Hence neglecting all components above
4.0 Mc might introduce serious error. Assuming, how-
ever, that this simplification is permissible, the equiva-
lent L (7" with the impedance Zz=0) is shown in
Fig. 3. An equivalent pulse gencrator and load (re-
ferred to the primary) has been added. Capacitor Cz is
assumed to contain any load capacitance; values of gen-

P

Fig. 3 ~Assumed equivalent eircuit of pulse transformer.
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erator and load resistance (Ry and Ry) may be maodified
to include transformer copper loss and core loss, re-
spectively.

I Anxgnysis oF Eouivarent Cireulr?

Analysis of this cquivalent circuit is based on its con-
ventional loop equations which follow:

- d : . d '
e () = Ritv 4 Ly (1, — =) + L1 (1) —4n) (1)
di di
5 : d (i £y 4 1f.! )
i — (1 — n) tadl <!
: dt l Cy L (
d ; 1
0= La—(i3— 1)+, fli; iodi (3
dt s
. 1 . +
0= Reiv + . fm — ig)dt (4)
9.

where ew(l) is a voltage pulse of magnitude F, ane
duration e.

In order to explore the effects on the output wave
shape of changing the cire wit parameter values, a num-
ber of solutions corresponding to several sets of values
of circuit constants were desired. Solutions obtained by
techniques of operational calculus would have required
an excessive expenditure of man hours of computing. For
this reason the problem was solved by means of the
University of California mechanical differential ana-
lyzer. This computer was sclected becanse of its ability
to produce miny solutions rapidly, inexpensively, and
with the desired accuracy. Equations (1) 1o (4) were
solved in dimensionless form in order to facilitate the
generalization of results. A selection of representative
solutions (output curves) obtained from the differential
analyzer appears in Figs. 4 and 5.

1V, CONCLUSIONS

The various elfects on the output wiave form for
changes in the circuit parameters (sec IFigs, 4 and 3) are
of special interest in determining desien eriteria, Exist-
ing discrepancies between the output wive shape of the
teansformer tested, and the wave shape obtiained from
analysis of the equivalent circuit are directly traceable
to the simplifying assumptions made in arriving at the
equivalent circuit of Fig. 3. Itis difficult to obtain sim-
ple, accurate, equivalent circuits of devices which con-
tain distributed parameters when consideration of a
wide frequency range is necessary. In particular, the
representation of Zy and Ze by single LC combinations
is valid only if frequencies above the first resonant point
are negligible in the circuit. Further, the assunied
linearity of all circuit elements may produce diserepan-
cies under certain conditions,

It is over these considerations that a vompromise
must always be nmude between case of analvsis and ac-
curacy of results to determine the niost suitable choice

20 e Differential Analyzer of the University of Califormia, ™ Uin
versity P'ress, University of Califor i, Los Angeles, Cahifs, 1947,
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of equivalent circuit, Greater precision is obtainable

by selecting more complicated impedance structures for

Za, Za, and Ze and /or by treating certain elements (pri-
marily ZLs) as nonlincar. However, the output wave
shapes of the actual transformer and those obtained
from the equivalent circuit of Iig. 3 (employing meas-
ured values of circuit constants) show sufficiently good
agreement for most practical purposes,

The desirability of employing a computer is immedi-
ately evident from a comparison of the time required to
solve the cireuit equations by means of the Fourier trans-
form and differential analyzer methods.

Twenty-five hours were required to obtain a solution
for a single sct of parameters by the Fourier transform
method whereas the average time required by the dif-
ferential analyzer was less than twenty minutes per
solution. More complicated equations which would of

Hadlock and Lebell: Pulse Transformer Equivalent Circuit
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necessity result from a more complicated equivalent cir-
cuit and the introduction of nonlinear elements would
greatly increase the advantage of a computer solution
over other methods.
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