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My invention relates io pulse transformers,_
such as are used hetween 2 pulse generator ang
a load device to transform the voltage produced
by the pulse generator to a higher or a lower
output voltage than that of the pulse generator.
'The pulses produced by such generators are us-
ually of short duration, that is, 1 to 15 micro-
seconds, and may be rectangular in shape, or
nearly so. It is desirable that the pulse wave
shape applied to the Ioad be as nearly as pos-
sible that of the generator supplying it. When
2 rectangular wave pulse is generated and a
transformer is employsd between the pulse gen-
erator and the load device supplied therefrom,
there ars certain distortions that may be in-
troduced into the wave by the transformer such
as 2 slanting of the. vertical edges of the pulse
wave or oscillations distorting the top of the
pulse wave. Either form of distortion may ren-
der the pulse unsuitable for practical use.

It is an object of the invention to provide g
pulse transfortiier in which the above-mentionsd
distortions of the wave form are minimizeq or
substantially elimingted.

Other objects s1ig advantages of the invention
will be apparent from the following description
of a preferred embodiment gf the invention, ref-
erence being had t¢ the accompanying drawings,
in which: ‘

Figure 1 is a diagrammatic view illustrating a
pulse generater and transformer supplying a
1sad; :

Fig. 2is a view Mustrating forms of wave pulses;

Fig. 3 is a diagrammatic illustration of a cir-

uit equivalent to the cireuit of Pig. 2 relatirig
circuit constants either to the primary or to the
secondary cireuit;

Figs. 4, 5, and 6 are equivalent circuits illis-
trating the cireuit characteristics in parts which
result in forming the front of the pulse, the top
of the pulse, and the trailing edge of the pulse,
respectively;

Fig. 7 illustrates the shape of a pulse wave ds-
livered to a load from a pulse generator through
a pulse transformer; )

Pig. 8 is g view partly in section angd partly
shown diagrammiatically illustrating the capaci-
ties betwéen the several parts of the transformer
structure; :

Figs. 9 and 10 are side and end views, re-
spectively, of & transformer core and- coil gs-
sembly; )

Figs. 11 and 12 are diagrammatic views illuss

trating voltage gradient along parts of the appa~

ratus; and
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Figs. 13, 14 and 15 are views illustrating curves
showing the relationiship between certain electri-
cal cquantities corresponding to the equivalent
circuits shown in Figs. 4, 5, and 6, respectively.

Referring to Fig. 1 of the drawings,” a pulse
generator { is illustrateq comprising a source of
electrical energy 2 connected to a circuit includ-
ing the resistor 3 and inductances 4 and capaci-
tors 8, 8, and 7 for delivering electric pulses
through the terminals 8 and 9 of the pulse gen-
erator and a pulse transformer | { to a load 12
The pulse iransformer [{ comprises a primary
winding I3 and a secondary winding 14 induc-
tively related to each other., The tube {5 serves
as a switch for controlling the circuit between
the pulse generator | and the transformer I ang
Is shown as a grid controlled electronic tube of
well known character and is used in a well known
manner to confrol the emission of electrical
bulses from the pulse generator. The pulse gen-
erator | and the tube {0 for controlling it are
conventional and are not g part of my inven-
tion but are illustrated for the purpose of show-
ing the use of the pulse transformer 11 in the
circuit in which it is employed.

Referring to Fig, 2 of the drawings, the full-
line wave a ig g rectangular wave pulse typical
of that generated and supplied by the pulse gen-
erator t {o the transformer {f delivering the
electric energy to the load. The dotteq line wave
b represents the wave form that it is gesireq to
Impress across the load and which is similar in
form to the primary pulse @ except differing in
the voltage value thereof. The curves ¢ show
two forms of distortions that may be introduced
into the transformer output wave by the trans-
former if its electrical characteristics are not
broperly designed. The curve 28 shows a slant-
ing of the vertieal edges of the pulse, and curve
27 shows oscillations distorting the top of the
pulse. If the transformer windings have too
much electrostatic capacity, the sides of the
pulse will be sloped as in- curve. 26, and if the in-
ductance of the windings is preponderant, os-
cillations may be developed as shown in curve
21 of Fig, 2.

Either form of ‘wave distortion may render
the pulse unsuitable for practical use,
been commonly thought that g transformer
capable of operation at frequencies severa] times
that of

1
pulse duration

would transform a pulse satisfactorily. This is
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not, however, always true. It may be that such
g transformer would have distortions of the char-
acter shown in curves ¢ of Fig. 2.

In accordance with my invention, I have de-
veloped a transformer having characteristics
necessary to minimize these irregularities and to
prevent wave distortion in the pulse transformer.

With the open circuit inductance sufficiently
high that it may be neglected, the transiormer
equivalent circuit which refers to either the pri-
mary or secondary side of the transformer can
be represented in Fig. 3. This figure includes all
elements of the circuit to the right of the ter-
minals 8 and 9 in Fig. 1. I the transformer steps
up the voltage, the primary capacitance Ci1 can
usually be neglected. If the transformer steps
down the voltage, the secondary capacitance C2
can usually be neglected. The transformer iron
loss is combined with Re and in some cases may
constitute the whole load.

. In the circuit of Fig. 3 and in the following dis-
cussion, the following symbols are used:
Li=primary inductance with secondary - open-
circuit in henries
L,=primary inductance with secondary. shori-
: circuited, in henries
C,=primary capacitance in farads

LT . 2
s =secondary capacitaneeX(%%) in farads

Np=primary turns
Ns=secondary turns
.R,==resistance in source in ohms

L o - ({Np\%.
R,=resistance in load X ) ohms

In all transformers, L1 should be large enough
so that a “comparatively small fraction of the
total pulse current is required to maintain & pulse
voltage
- < di
- ) : C—Lxﬁ
constant, or nearly so, throughout the pulse du-
ration. ) :

Step-up transformers should be designed so
that

i __k_ (RitRy)
. ) ’\/L202 R2 .
where "

_2Ry 2

- A— Lz +R202
and k=0.2 to 5.0. '

It '

Ry 1
L) R

and R2>>Ra, this reduces to:

L,
R1 = 2]6'\/-67;

: Step‘-ddvm transformers. should be designed so
that i o
: k& Rl-'rRz

A=TLc &

where - -
2R, 2
Co A L, +R201
and £=0.2 to 5.0.
Riy 1 -
It Lo » RyCi}this reduces to: R2='2k1‘/ é—ii
a_Ild,vRL))Rz . e .
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4

1:1 ratio transformers should he designed so
that

k
A e ——
VL:(C1+C)
where
A= 2(Ry+Ry) 2(R,C1+-RyCy)
T RiR(C1+HC) R1R2C1Cg
If Ri>>Re and C1=Cz, this reduces to

_3 [oL,
B=oN7T,
If Re>>-R1 and C1=Cq, this reduces to
_3 [L
B=gnT,

%=0.2 to 5.0 in this also.

The criteria here given are for a rectangular
or flat topped pulse impressed upon the trans-
former from some source. Such a pulse is shown
in Fig. 7, and a generalized circuit for the am-
plifier is shown in Fig. 1. So far as the trans-
former action is concerned, the equivalent cir-
cuit for such an amplifier is given in Fig. 3. A
voltage is impressed across the terminals 8 and
$ of the load circuit through the switch S to the
circuit having - the electrical characteristics
shown. - This is the circuit which applies to the
front edge 15 of the pulse which is shown in Fig.
7 as rising abruptly from zero value to some
steady value B. The dotted line in Fig. 7 shows
the impressed or original pulse and the solid line

the impulse wave delivered to the load. This

change is such that the transformer open-circuit
inductance can be considered as presenting prac-
tically infinite impedance to such a change, and
is omitted in the circuit of Fig. 3. On the other
hand, the transformer leakage inductance is of
appreciable influence and is shown as inductance
L in Fig. 3. The resistor R1 of Fig. 3 represents
the source impedance; the transformer winding
resistances are generally negligible compared to
the source impedance. The transformer winding
capacitances are shown as C1 and Cq for the pri-
mary and secondary windings, respectively. The
transformer losd resistance, or the load resistance
into which the amplifier works, is shown as Ra.
A1l these values are referred to one side or the
other of the transformer; that is to say, the load
resistance Re, the leakage inductance L, and sec-
ondary capacitance Ca are multiplied or divided
by a factor which is the square of the trans-
former turns-ratio Np/Ns in order to treat these
quantities as if they actually existed on the pri-
mary side. If it were more convenient to treat
the transformer completely on the secondary
side, then the quantities R1, C1 and L would be
multiplied by 2 reciprocal factor. Since there
are two capacity terms C: and Ca, it follows that
for any considerable deviation of the transformer
turns-ratio from unity, one or the other of these
capacitances will become preponderant. - Turns-
ratio and therefore voltage-ratio affect these ca~
pacitances in such a way that for a step-up trans-
former, C1 may be neglected and for a step-down
transformer, Cz may be neglected. The discus-
sion here will be-confined to the step-up case,
although the step-down and the 1 to 1 ratio cases
are not markedly different.

The step-up transformer is illustrated by Fig.
4. When the front of the wave, Fig. 2(q), is
suddenly impressed on the transformer, it will
be.simulated by the closing of switch S. At this
initial instance, the voltage e across Rs is zero,
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and the current entering from the battery 28 is
also zero. This furnishes us with two initial con-
ditions to be used in the derivation of g formula
which expresses the rate of rise of voltage e from
its initial value of zero to its final steady value
of E times the ratio R divided by Ri plus Ra.
It is apparent from this that the smaller R: is
made, the more efficient will the amplifier be.
The curves in Fig. 13 show the rate of rise of
the transformed wave pulse for an amplifier
where Ri is negligibly small. However, if the
value E for the top of the pulse is multiplied by
the ratio .

Ity
Ri+Ry
thie eurves are reasonably accurate.

The scale of abscissae for these curves is not
time but percentage of the time constant T of
the transformer. The eguation for this time
constant is given on the curve, and is in turn a
function of the leakage inductance and the
capacitance Cs. The rate of voltage rise is
governed to a marked exient by ancther factor
k which is the ratio of the decrement to the
angular velocity for an oseillatory circuit, but
retains the same form even when the circuit is
net oscillatory. The relation of this factor %
and the various constants of the transformer is
given directly on the curve. Other things re-
maining equal, the greater the transformer legk-
age inductance and distributed capacity, the
slower is the rate of rise, although the effect of
the two resistances R1 and Rs is also of consider-
able importance as they affect the factor k. It
will be noted that if a slight amount of oscilla-
tion can be tolerated, the wave rises up much
faster than if no osecillations are present, and if
the circuit is far removed from the oscillatory
conditicns, the rise is indeed very slow. On the
other hand, if the circuit is damped very little,
the oscillation may reach a maximum initial
value of two times the steady state voltage E
and often such marked peaks would be objection-
able. The values for & given on the curve appear
to be those which fall within the most practicable
range.

Once the pulse top is reached, the value E is
dependent upon the transformer open-ecircuit in-
ductance for its maintenance at this value. If
the pulse stayed on indefinitely at the value E,
it would require an infinite inductance to main-
tain it so, and of course this is not practical.
There is, therefore, always a drooping tendency
to the top of such a bulse. The equivalent circuit
during this time is shown in Fig. 5. Here the
inductance I, is the open circuit inductance of
the transformer, and R: and R remain the same
as before. Since the rate of voltage change is
relatively small during this period, the capaci~
tances Ci and o disappear from the picture.
Also, since the leakage inductance is usually small
compared to the open-circuit inductance, it is
neglected here. When the switch S is first closed,
the voltage e across R is assumed {o be at the
steady value E, which is strictly true only when

. R1 is negligibly small. Therefore, the curves for
the top of the wave, Fig. 14, need to be corrected
the same as those for the front of the wave, in
that e should be multiplied by the ratio Rs
divided by Ri+Rs. Several curves are given,
representing several types of pulse amplifiers
ranging from a pentode where Rz is % of Ry,
where the source resistance is very high, to an
amplifier whose load resistance is infinite or

m
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whose output power is zcvo. In the case of the
latter curve, the value e need not be multiplied
by any ratio of resistances ; its final value is the
same as that of the battery. A1 the curves are
exponential, having a common boint at 0, 1.
Agaln the abscissae are not time, but are the
product of time and ratio

By

T
the time in this case being the duration of the
pulse between points 18 and 19 in Figs. 2(a) and
7. Obviously, the greater the inductance L, the
less deviation from g flat top pulse there is in
traversing this amount of time,

At time instant {8 in Fig. 7, we will assume that
the switch S in Fig. 5 to he suddenly opened. The
circuit now reverts to that of Fig. 6, in which L
Is in the open cireuit inductance, but Co, the
secondary capacitance, is again breseut to an ap-
preciable extent. It will be assumed that the
current through 7. has not increased to an ap-
preciable amount, and therefore the flat top wave
was practically unimpaired at Instant 19; but if
this is true, it is the same as saying that there
is no initial current in the inductence L, so when
switch S is open condenser Ca supplies all the load
current momentarily to Re. This is the basis
upon which the curves in Fig. 15 are drawn. The
abscissae of these curves are plotted again in
bercentage of the transformer time constant but
the time constant is now determined by the open-
cireuit inductance I, with capacity Ca rather than
by leakage inductance 2nd capacity Cs as wag the
case on the curves in Fig. 13. The constant & on
these curves is again the product of decrement
and VZLaCs, but the decrement has a different
Imeaning as indicated on the curve. Lest it be
assumed that the time constant is so great in thig
case that it precludes satisfactory performance,
attention is drawn to the fact that higher cpen-
cireuit inductance 1a resulis in higher values of
k, and the curves with higher values of k drop
much more rapidly than do the smaller values,
but only with reference tc the time constant T,
This does not mean that such a wave will drop
more rapidly in time, but only with reference
to the time constant which is determined by
open-circuit inductance angd capacitance. It doeg
ean, however, that the slope of the trailing edge
can be kept within tolerable limits, provided the
capacitance of the transformer can he kept small
enough. The accurate predetermination of this
capacitance is therefore of iirst importance,

By means of the three sets of curves we can
now construct the puise shape daliversd tg load
Ra. Suppose a transformer with the following
measured constants he required to deliver g flat
top pulse of 15 microseconds duration, -

L2 leakage inductance (secondary shorte
circuited) 189x%10~¢ I

Ly primary open-cireuit inductance____ 0.1 H
Prima-ry/secondary turns ratio No/Ns_____ 1:3
R1 source resistance____________~ ohms._ 800
Ra2 load resistance (primary eguiivalent)

ohms__ 5000
Cz capacitance __________ mmid__ 388

From the expressiong given in

m=2,38X 1086
T=1.7 microsecond
k=0.65

The front of the wave will follow 2 curve be-

Fig, 13, we fing

5 tween those marked k=04 and k=0.8 in Pig. 13,




2,412,898

7
The value E will be reached in 0.5T or 0.85 micro-
second, and a peak of about 10% ocours in 1 mi-
crosecond. ’
The top of the wave will slope down to a value
determined by the product
tRy
L
and by a curve between those for Re== and
Re=2R1 in Fig. 14. The value is evidently 0.91E.
The trailing edge is given by the curves in Fig.
15, Here

=0.12

m=.258 X 106
T=39.1X10-5
k=1.6

€0 that the load voltage reaches zero in 0.115T
or 4.5 microseconds. There is a slight negative
loop of 7% at 0.3T or 11.7 microseconds beyond
the pulse edge I7.

The pulse delivered to load Rz as shown in Fig.
7 is a combination of these three curves.

The primary leakage inductance used is the
inductance measured oun the primary terminals
of the transformer when the secondary terminals
are connected together, and this is a measurable
inductance.

The equivalent capacitance is not directly
measurable but can be evaluated from measur-
able capacitance. A capacitance, across which a
uniformly. tapered voltage exists, may be given
an effective value in terms of a fixed voltage E.
Referring to the sketch shown in Fig. 12 in which
the voltage gradients between the primary and
secondary windings are shown by the sloping
lines (91 and 182, the minimum voltage difference
between the two windings is shown at one end as
e1, and the maximum voltage difference being
shown at the other end as ez with the gradients
between the opposite ends of the windings pro-
gressing linearly between these two values., If
the primary voltage is represented by E, it can
be shown ihat the equivalent capacitance re-
ferred to the primary side of the transformer is

3

Ce=§0b%(exz+ezz+ €162)

where Cu is the measured capacity between the
two windings. :

The capacitance between the primary winding
and the core and between the secondary winding
“and the core should be included after evaluation
of these quantities in terms of their respective
voltage gradients.

If it were desired to refer this capacitance to

the secondary winding, the secondary voltage #

should be used in place of the primary voltage
E in the above formula.

Also there are normally differences in the num-
ber of coil turns in the primary and secondary.
Call these An1 and Anz. Then the formula can be
written )

C
Ce =§-17Mp—2 (Ang? + Ang?2 -+ AniAng)

where Np is the number of turns in the primary
winding. i

1f the voltage between the left ends of the two
windings is zero, the above formula is reduced to

e=gﬁg2 C MAm?
3E? 3Np?

The capacitances Ci1 and Cz must, as pointed
out above, be evaluated in terms of voltage
gradients in the windings. That is, the values
C: and Cz2 are not the ordinary measurable ca~

C

or Ce=

<
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pacity between the primary winding and core, or
between the secondary winding and core or be-
tween the primary and secondary windings, but
usually exceed these values if the transformers
are step-up transformers, and are less than these
values if the transformers are step-down trans-
formers. In any transformer, regardless of
turns-ratio, these values must be taken in terms
of voltage gradient. ’

For example, in the transformer whose Cross-
section is shown in Fig. 8, a core 21 is provided
having a winding leg 22 about which the primary
turns 23 and secondary turns 24 are each wound
each in a single layer concentrically. If will be
assumed that they are wound in the same rota-
tional direction, and in the same fraverse direc-
tion (right to left). It will further be assumed
that the right ends of both windings are con-
nected to ground (or core) through large capaci-
tances, as shown dotted, so that the right ends
are at substantially the same alternating-current
potential. Capacitance Ci is composed of many
small incremental capacitances Cp and C of
many sinall incremental capacitances Cs each of
which has a different voltage across it. Likewise,
there exist many small incremental capacitances
Ca between primary and secondary which have
different potentials across them. If the frans-
former is step-up,

—_ 2
C:=%2Cp and Co= %[ZC’S—{— (llsjv—p&)) ZCa]
If the transformer is step down
ol Np—Ne Yy,
cl_%Lzoer( o ) *Ca

and Ce=1%[2Csl
Tf the ratio is 1:1, Ci=1[3Cp+%=ZCal and
C2=Y3[=Cs]

Tor transformers with opposite angular rota-
tions of primary and secondary windings, or with
opposite traverse directions (but not both), the

factors
Np—Ns\? Ns—Np\?
( Np > and {"xp
in the foregoing equations become
Np+N. s)z
Np

there is no other change. For transformers with
both angular rotations and traverse directions
opposite there is no change at all in these equa-
tions. If there is a shield between primary and
secondary, omit terms containing Ca in these
equations, and make =Cs and ZCp include the
capacity of secondary and primary to shield, re-
spectively. Note that ZCs is the measurable ca-
pacity of the short-circuited secondary to
ground (or core), and ZCp the measurable capac-
ity of the short-circuited primary to ground (or
core).

~ For more interleaving of primary and second-
ary windings, more elaborate evaluation of ca-
pacitance is necessary. This will be illustrated
below by the description of an actual trans-
former. . )

As shown in Fig. 9, the primary is wound in two
layers 31 and 32, interleaved between three sec-
ondary layers 83, 34 and 35. This interleaving is
done to reduce leakage inductance. ‘The trans-
former is used to couple an electronic tube to a
pair of cathode-ray tube plates. The plates are
an open circuit; hence Rz would be infinite, but
the transformer has sufficient iron and dielectric
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loss to give Ry a finite value.
constants are:
Np=112 turns (56 per layer)
Ns=360 turns (120 per layer)
R1=800 ohms
R2=5099 ohms
The capacity from secondary to core is 100
mmfd. The capacitance (average) between pri-
mary and secondary layers is 46 mmfd. AN
windings are wound in the same direction of ro-
tation, but the directions of traverse are:
-_—
Secondary Primary
—_— T
Ist section | 2nd section 3rd section
Left to rt.

The measurable

1st section | 2nd section

Ri.toleft | Left to rt. Left tort. | Rt. to left

Designate these winding sections, in the order
above, as 81, S», 83, P1, P2. The voltage gradi-
ents along these windings are as shown in Fig.
11, except that turns are used instead of volis.
This is permissible since

e _Np

es Ns
In the space Turn gradient js—
_— ]
Sy-core 0to 17?
81-Py 0to N;~%’
Sv-Ps Z 1 2w,
Pa-Ss 2TN‘?—Np to Ns»-%vg
S3-core 2% to N
-_—

The transformer is so constructed that there
is 10.3 mmfd. from S; to core. The secondary-to-
Core capacitance is mostly 81 to core. The pri-
mary effective value of this capacitance is

=Cs % ES)Z

3Np? 3
Putting the numerical values Ns and Np in this
expressicn from the above table we have

(100—10.3) X (120)2
3X1122

for the effective value when referred to the pri-

mary. For the inter-winding Spaces we can use
the equation

=38 mmifd.

C
06 =3]V‘ap2(An12 + An22+ AnlAm)

Thus, we get for S1~P1, An1==0

ama=2 P 190 56 64 turms

46X (64)2
Ce-—3>< (112)2—5.0 mmfd.

for
’ PI_.SE, An1= 64
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10
46
Cs= g 11yl (69 240+ 64X 240] =84 mmi,

for
Sz—Pz, An1=64

Ang=2TNs-N=24O—112=128
Co= 20 160y01 (128)2+ 64X 128]=35 mmid
X112y 2 .

for .
Pz_Sg, Ang=128

An2=Ns-—'—7-V2—p=360—56=304

Ce=
—fa—,%lz)z[(m)?jL (304)2-+ 128X 304]=178 mmfd,

for

Ss_core An, =2—§9 =240

Any=Ns=360

10.3 ~
Co= g3 (1 177 (360)2-+ (240)2+ 240X 360] =75 mm¢d,

Thus, because of the high voltage across it, the
small 83-core capacity becomes appreciable,

Since the secondary winding intervenes be-
tween any primary winding section and the core,
Ci1=0. Czis the sum of all the layers Ce’s plus Ce
of Si-core. It has already been referred to the
primary side in the above calculations, and hence
the multiplier

(w2)
Np
is unnecessary.

Hence, Cz=75+33—|—5+84+35+178=415 mmfid.
Adding another 25 mmfd., for tube, load and in-
cidental capacity, Co=440 mmfd. If it had been
referred to the whole secondary winding, this
value would have been

1122

The measured value of capacity from second-
ary to primary and core is 240 mmifd. Contrast
this value with 42 mmfd., and the importance of
the above calculations becomes apparent,

It will be apparent from the above description
that modifications in the arrangement of the
parts illustrated may he made within the spirit of
my invention, and I do not wish to be limited
otherwise than by the scope of the appended
claims.

I claim as my invention:

1. In a system for transforming substantially
rectangular voltage wave bulses with substantial-
Iy no wave distortion, a transformer having pri-
mary and secondary windings connected respec-
tively to a source of electric energy and to g load
circuit in which the relation bhetween R (the re-
sistance of the Primary circuit in ohms) , L (the
primary leakage inductance in henries) and Ce
(the equivalent capacity of the transformer in
terms of primary voltage in farads) are related
by the following equation:

Ly

Ce

where k is a value between 0.2 and 1.5
2. In a system for transforming substantially

R1=2k
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rectangular voltage wave pulses with substantial-
ly. no wave distortion, a transformer having pri-
mary and secondary windings connected respec-
tively to a source of electric energy and to a load
cireuit in which the relation between R (the re-
sistance of the secondary circuit in ohms), Ls
(the secondary leakage inductance in henries),
and Ce (the capacity of the transformer in terms
of secondary voltage in farads) are related by the
following equation:

: /Ls
R2=2k —C—,é

where k is a value between 0.2 and 1.5.

3. In a system for transforming substantially
rectangular voltage wave pulses with substantial-
Iy no wave distortion, a transformer having in-
ductively related primary and secondary wind-
ings connected respectively to a source of electric
energy and to a load circuit and having a greater
number of secondary winding turns than primary
winding turns so that the secondary winding will
deliver a greater voltage than that impressed on
the primary winding and in which the relation
between Ri (the resistance of the primary cir-
cuit in ohms), Le (the primary inductance with
the secondary short-circuited, in henries), and
Ce (the equivalent secondary capacity of the
transformer in terms of

2
secondary voltage X (%)

in farads where Np is the number of primary
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winding turns and Ns is the number of secondary
winding turns) are related by the following equa-
tion: .

o2
R1—2k\/Ce

where % is a value between 0.2 and 1.5.

4. In a system for transforming substantially
rectangular voltage wave pulses with substantial-
ly no wave distortion, a transformer having in-
ductively related windings connected respectively
to a source of electric energy and to a load circuit
and having a fewer number of secondary winding
turns than primary winding turns so that the
secondary winding will deliver a lesser voltage
than that impressed on the primary winding and
in which the relation between Re (the resistance
of the ‘

N Np\? -
load eireuit X <—I\7§>
in ohms), Le (the primary inductance with the
secondary short circuited, in henries), and Ci1

(the primary capacity in farads) are related by
the following equation:

—op /B2
R2—2k\/01

where k is a value between 0.2 and 1.5.

REUBEN LEE.



