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My invention relates to translating apparatus,
and has particular relation to apparatus for pro-
ducing potential impulses of peaked wave form
for the control of electric discharge valves.

Electric discharge valves are often used in
situations in which it is desirable that the con-
trol potential supplied shall be of short duration
compared to the periods or half-periods of a
supply source. Control impulses of this wave
form are obtained by interposing a saturable
transformer between the supply source and the
point at which the impulses are impressed. With
the primary of the saturable transformers con-
nected directly across the source, the peaked
impulses derived from the secondary occur at
points in the half waves of the source displaced
by 90° from the zero potential points. A shift
in the phase of the peaked potential relative to
the source waves is attained in accordance with

the teachings of the prior art of which I am =

aware, by ccnnecting a variable resistor in se-
ries with the primary of the transformer. As
the series resistance increases, the angle of shift
is increased. With this arrangement, however,

the maximum phase shift attainable is some-

what less than 90° and, therefore, it has no utility
in the numercus situations in which a shift great-
er than 90° is desirable. Another disadvantage
of the device arises from the fact that as the
resistance iz increased, the amplitude of the
peaked potential derived in the secondary of the
transformer decreases so that for a substantial
shift in phase the secondary potential is rela-
tively small and as a matter of fact, does not
have the desired peaked wave form.

It is accordingly an object of my invention to
provide an arrangement for driving, from a
source of periodically pulsating potential, poten-
tials of short duration compared to the periods

of the source which may be shifted in phase with 4

referenece to the waves of the source by a sub-
stantial angle.

Another object of my invention is to pro-
vide apparatus fer deriving, from a source of
alternating potential, impulses of short dura~-
tion compared to the half-periods of the source
which shall occcur at points in the half waves of
the source that may be selected at will over an
angle substantially greater than 90°.

Another object of my invention is to provide
apparatus for deriving, from a source of pe-
riodically pulsating potential, potential impulses
of short duration compared to the periods of
the source, which shall have substantially a
uniform amplitude regardiess of the phase an-
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gle between the impulses and the maxima of
the waves of the source.

More specifically stated, it is an object of my
invention to provide apparatus of simple and
inexpensive structure for attaining potentials of
peaked wave form to control an electric dig-
charge valve.

Aecording to my invention, & capacitor is con-
nected in parallel with the variable resistor in
the primary circuit of the saturable transformer.,
I have found that when the capacitor has the
mazximum capacity permitted by the rating of
the transformer, the phase of the potential de-
rived from the secondary of the transformer
may be shifted over an extensive angle relative
to the waves of the source, and when a shift is
introduced, the derived potential does not vary
substantially in amplitude.

While in the preferred practice of my inven-
tion the control transformer is saturable, I do
not intend to limit its scope only to apparatus
incorporating transformers of this type. Where
the teaching of my invention is used with an
ordinary non-saturabie transformer, it is in-
tended that such use shall constitute an equiv-
alent within ifs scope. It is further to be noted
that while in the speecific practice of my inven-
tion disclosed herein the variable resistor ang
the capacitor are connected to the primary wind-
ing of the transformer, these impedances may
also be connected to an auxiiiary winding. Such
connection, when made for the purpose of at-
taining the same resulis attained by my inven-
tion, is intended to ke included within the scope
of my invention.

The novel features that I consider character-
istic of my invention are set forth with particu-
larity in the appended claims. The invention
itself, however, both as to its organization and
its method of operation, together with addi-
tional objects and advantages thereof, will best
be understood from the following description of
a specific embediment when read in connection
with the accompanying drawing, in which:

Figure 1 is a diagrammatic view showing an
embodiment of my invention;

Fig. 2 is a graph showing certain results at-
tained with apparatus constructed in accordance
with my invention; and

Fig. 3 is another graph showing further re-
sults attained with the apparatus.

The apparatus shown in Figure 1 comprises
an electric discharge valve 5 preferably, but not
necessarily, of the arc-like type. The valve has
an anocde 1, a hot cathode 9 and a control elec-
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trode {1. Anode-cathode potential is supplied to
the valve from an alternating-current source 13
which may be of the ordinary commercial fre-
quency type. The anode T of the valve is con-
nected to one terminal of a secondary section
15 of a transformer 11, energized from the source,
through the load 19 supplied through the valve
and the cathode 9 is connected to the other ter-
minal.

Control potential is supplied to the discharge

10

valve 5 from a saturable transformer 2{ which -

is supplied with potential through another sec-

ondary section 23 of the supply transformer 11.

The saturable transformer 21 is of the usual-

structure having a saturable core 25 on the wide
leg 21 of which the primary 29 is wound, while
the secondary 3! is wound on the narrow leg 33.
The secondary 31 of the fransformer 21 is con-
nected between the control electrode 11 and the
cathode 9 through a biasing source 35. The im-
pulses impressed between the control electrode
it and the cathode 9 when the primary 29 of
the transformer 2! is energized counteract the
effect of the biasing source 35 and render the
valve 5 conductive. .

To shift at will the phase of the points in the
half-waves of the source i3 at which the impulses
occur, a- rheostat 37 is connected in series with
the primary 28 of the saturable transformer 2!
and a capacitor 39 is connected in parallel with
the resistor. I have found that the most satis-
factory results are attained when the capacitor
39 has the highest possible impedance permitted
by the rating of the saturable transformer 21.
The value of the maximum impedance may be
derived from the simple consideration that for
the maximum current flow the inequality
Xco—X1>Xr1 must be satisfied. In this inequality,
Xo is the capacity impedance and Xu is the im-
pedance of the saturable transformer 21, From
the above relationship it is seen that the mini-
mum capacity impedance is given by the expres-
sion

Xe=2X1

or o
Xp 1

Xc 2

This relationship is well borne out by experi-
ments which I have carried out.

The tests were made with an impulse trans-
former 21 having a primary reactance of 247
ohms and a rated primary current of .45 ampere.
The transformer was supplied through various
rheostats 31 and capacitors 39 from a 60-cycle
source 13 of the ordinary commercial type. The
plots in Figs. 2 and 3 are graphs showing the
results of the tests.

In Fig. 2 the ratio of the amplitude of the peak
potential actually attained to the maximum peak
potential attained when the resistance 37 in series
with the primary 29 of the saturabie transformer
21 is zero, is plotted vertically and the ratio of
the transformer impedance to the capacity im-

pedan-ce
)
XC

is plotted horizontally. - The upper curve &§ chows
the results obtained for a resistance 87 of 1,000
ohms and the lower curve 43 shows the results
for a resistance of 2,000 ohms. It will be noted
that as the ratio of the-transformer impedance
to the capacity- impedance approaches 15, the
ratio plotted as ordinate-approaches 1. That
is to say, when the ratio of the impedances is
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substantially one-half, the variation in the ampli-
tude of the peaked potential derived from the
secondary 31 is a minimum. The condition which
exists in the absence of a capacitor 39 is repre-
sented by the points of intersection of the curves
41 and 43 and the axis of ordinates 44. These
points show that with the capacitor absent, the
amplitude of the peaked potentials is reduced
to less than ¥ of its maximum value when the
resistance is 2,000 ohms and to % of its maximum
value with 1,000 ohms resistance.

In Fig. 3 the angle over which the phase of the
peaked potential relative to the half-waves of
the source 13 may be shifted is plotted vertically
and the ratio of the impedances 37 and 39 is
plotted horizontally. The upper curve 43 corre-
sponds to a 10,000 ohms variable resistor 37 and
the lower curve 47 to a 2,000 chms resistor. In
this case it will be noted again that an angle of
shift of 180° may be attained by selecting the
ratio to be approximately 0.5. Attention is called
to the fact that for the ratio of zero, that is to
say, for a situation in which the capacitor is en-
tirely absent, the angle of shift is approximately
60° for the 2,000 ohms resistor and 85° for the
10,000 ohms resistor.

Although I have shown and described certain
specific embodiments of my invention, I am fully
aware that many modifications thereof are pos-
sible. My invention, therefore, is not to be re-
stricted except insofar as is necessitated by the
prior art and by the spirit of the appended claims.

I claim as my invention:

1. For use in converting the pulsations of a
source’ of periodically pulsating potential into
pulses of short duration compared to a period of
the source displaced in phase relative to the pul-
sations of the source by an angle which is pre-
determinable at will, the combination comprising
a saturable transformer having primary winding
means in circuit with said source, and secondary
winding means, and variable resistance means
shunted by capacitative means in circuit with
one of said winding means.

2. For use in converting the puisations of a

5 source of periodically pulsating potential into

pulses of short duration compared to a period
of the source displaced in phase relative to the
pulsations of the source by an angle which is
predeterminable at will, the combination com-
prising a saturable transformer having primary
winding means in circuit with said source, and
secondary winding means, and variable resistance
means shunted by capacitative means in circuit
with said primary winding means. .

3. For use in converting the pulsations of a
source of periodically pulsating potential into
pulses of short duration compared to a period
of the source displaced in phase relative to the
pulsations of the source -by an angle which Is
predeterminable at will, the combination com-
prising a saturable transformer having primary
winding means in circuit with said source, and
secondary winding means, and variable resist-
ance means shunted by capacitative means in
circuit with said primary winding means, said
capacitative means having a reactance ratio with
said transformer of the order of 1 to 2.

4, For use in converting the pulsations of a
source of periodically pulsating potential into
pulses of short duration compared to a period
of the source displaced in phase relative to the
pulsations of the source by an angle which is
predeterminable at will, the combination com-
prising a.saturable transformer having primary
winding means in circuit with said source, and
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secondary winding means, and variable resistance
means shunted by capacitative means in cireuit
with said primary winding means, said capacita-
tive means having a value such-that

Xy,

Xe
approaches one-half, where Xt is the transformer
reactance, at the frequency of said source and
Xo is the reactance of said capacitative means at
said frequency.

5. In combination, an electric discharge device
having a control electrode and a plurality of
principal electrodes, a saturable transformer hav-
ing primary and secondary windings, a source of
periodically pulsating potential, means for con-
necting the secondary of said transformer be-
tween said control electrode and one of said prin-
cipal electrodes, and means for connecting the
primary of said transformer to said source, the
last said connecting means including variable
resistance means and capacity means connected
in parallel with said resistance means.

6. In combination, an electric discharge de-
vice having a control electrode and a plurality of
principal electrodes, a saturable transformer
having primary and secondary windings, a source
of periodically pulsating potential, means for im-
pressing a potential from said source between
said principal electrodes, means for connecting
the secondary of said transformer between said
control electrode and one of said principal elec-
trodes, and means for connecting the primary
of said transformer to said source, the last said
connecting means including variable resistance
means and capacity means connected in parallel
with said resistance means.

7. In combination, an electric discharge device
having a control electrode and a plurality of
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principal electrodes, a saturable transformer hay-
ing primary and secondary windings, a source of
periodically pulsating potential, means for con-
necting the secondary of said transformer be-
tween said control electrode and one of said prin-
cipal electrodes, and means for connecting the
primary of said transformer to said source, the
last said connecting means including variable
resistance means and capacity means connected
in parallel with said resistance means, said ca-
pacity means having a reactance ratio with said
transformer of the order of 1 to 2.
8. In combination, an electric discharge device
having a control electrode and a plurality of

rincipal electrodes, a saturable transformer hav-
ing primary and secondary windings, a source of
alternating potential, means for connecting the
secondary of said transformer between said con-
trol electrode and one of said principal electrodes,
and means for connecting the primary of said
transformer to said source, the last said connect-
ing means including variable resistance means
and capacity means connected in parallel with
said resistance means.

9. In combination, an electric discharge de-
vice of the arc-like type having a control elec-
trode and a plurality of principal electrodes, a
saturable transformer having primary and sec-
ondary windings, a source of periodically pul-
sating potential, means for connecting the sec-
ondary of said transformer between said control
electrode and one of said principal electrodes,
and means for connecting the primary of said
transformer to said source, the last said connect-
ing means including variable resistance means
and capacity means connected in parallel with
said resistance means.

FINN H. GULLIKSEN.




