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. The present invention relates to apparatus for
converting direct current power to periodically
recurring high voltage pulses, suitable for use (by
way of example) in exciting an electron dis-
charge device. ’

The present invention finds particular appli-
cation in connection with pulse transmission Sys-
tems wherein it is desired to periodically excite
an electron discharge device oscillator with pulses
of high voltage momentarily applied to the oscil-
lator, as a result of which it is possible to ob-
tain a higher output from the oscillator than
during a normal or continuous steady state. It
is In conjunction with such a pulse transmission
system that the present invention will herein-
after be described, although it should be under-
stood that this particular application of the in-
vention is given for reasons of exposition, and
not by way of limitation.

Briefly stated, the converter of the present in-
vention comprises g trickle source of relatively
low voltage direct current (such as 1000 volts by
way of example), a storage condenser adapted
to be continuously charged by this direct cur-
rent source, a load such as the primary of a
transformer across which it is desired to obtain
high voltage pulses of, let us say, 2000 or 4000
volts, and a condenser of relatively smalj capacity
compared to the storage condenser adapted to
be connected in series between the large storage
condenser and the transformer but whose con-
nections are continuously reversed relative to both
the storage condenser and the load. Features of
the invention reside in the different forms of
apparatus employed for reversing the connections
of the small condenser relative to its charging
source and its load.

A more detailed description of the invention
follows in conjunction with a drawing, wherein:

Figs. 1 to 4 illustrate four different embodi-
ments of the present invention, and

Fig. la graphically shows the form of the pulse
obta..able from the system of the invention. )

All four embodiments of the invention dia-
grammatically illustrate the power system for
supplying a magnetron oscillator | with high
voltage pulses of microsecond duration, Such a
magnetron oscillator may be used in a radio lo-
cating system for producing pulses of ultra short
waves below one meter in length.

that the pulses be short compared to the interval
of time between them. The power supply system
constituting the invention is designed to convert
direct current power of relatively low voltage
supplied through lead {0 to power pulses of rela- &

It is desired :

2

tively high voltage and to supply these high volt-
age pulses to an electrode of the oscillator {, such
as the cathode, in order to cause the oscillator to
produce oscillations solely during the interval in
which the pulses of high voltage appear. Be-
cause the oscillator { functions momentarily un-

- der these conditions, it is possible to obtain a

10

15

20

25

30

higher output from it than during a normal or
continuous steady state. To these ends, the in-
vention contemplates applying to the oscillator
a much higher voltage than normally applied to
& magnetron electrode but for a very short period
of time, thus enabling “high output power at
short waves to be derived from the oscillator. -
Referring to Fig. 1 in more detail, a direct cur-
rent charging source of, let us say, 1000 volts, is -
applied to lead 10 for charging the large con-
denser (f through a choke coil 12. This direct
current charging source may be g rectifier, a
direct current generator, or a battery. The choke
coil is provided for smoothing purposes. The
upper electrode of condenser ([ is connected to
the upper terminal of the primary winding of a
step-up transformer (3 through a small con-
denser {4 whose connections between the con-
denser and the transformer are adapted to be
continuously reversed. Condenser 1 is designed
to be much larger in capacity than condenser 14,
for example ten to fifteen times larger, in order
that the voltage at the condenser it should not
drop appreciably when furnishing charge to the
condenser (4. The armatures of the condenser
14 are connected to electrodes: {5 and 16 which

* are shown contacting electrodes 17 and 18, re-
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spectively. The reversal of the connections of
condenser 4 can be obtained by rotating the
condenser in the direction of the arrows, such
that at one time the electrodes assume the posi-
tion in the drawing, while at another predeter-
mined time the electrodes {5 and 6 are reversed
to contact the electrodes 18 and 17, respectively.

By thus continuously rotating the condenser
14, or its connections, T am able to obtain pulses
at regular intervals through the primary wind-
ing of transformer {3 which have an initial volt~
age of 2000 volts across the primary, or twice the
voltage value of the direct current charging
source. The reasons for this will now be given:
Let us assume that we. first connéct the circuit
in the manner indicated in the drawing of Fig. 1.
There will then be produced a pulse through the
primary winding of transformer 13 having an
initial voltage of the direct current charging
source supplied to lead (0. Thus, if the direct
current charging source is 1000 volts, there will
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be a pulse or kick through the primary winding
of transformer 13 of 1000 volts between its ter-
minals. Now, if the connections of condenser 14

are reversed by rotating {he condenser and its .

electirode so that electrode 16 touches electrode
11, and electrode 15 touches electrode 18, there is
produced in effect a series circuit of condensers
t1 and 14 with the polarities of the condensers in
additive relation. There will then be obtained
across the primary winding of iransformer i3 a
pulse having an initial voltage of 2000 volis.
This initial voltage of the pulse will, of course,
diminish according to the time constants of the
associated circuit. With continuous rotation of
the condenser 14 or its connections, I am able to
obtain periodicaily appearing pulses through the
primary winding of the transformer 13, each of
which has an initial 2000 volts. It should thus
be noted that only the first pulse through the
primary winding of the transformer has an
jnitial voltage equal to.the voliage of the direct
current charging source, whereas all subsegquent
pulses have 2 voltage which is double the voltage
of the charging source. The phenomenon may

be more readily understood by referring fe Fig. .

1g, which shows the wave form of the double
voltage pulses across the primary winding of
transformer 13. It should be noted that the pulse
has an initial voltage of 2000 volts which gradu-
ally diminishes. Point X on the curve of Fig. 1e
may represent, by way of example, the point at
which the condenser 14 is completely discharged
¢hrough the transformer 13 and begins to re-
charge in the opposite direction. It will thus be

seen that the whole complete pulse through the .

transformer includes both the discharge and the
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charging of the condenser {4 as one continuous -

or uninterrupted phenomenon. The particular
position in time of the point X on the slope of
the pulse of Fig. 1a is dependent upon the values
of the circuit elements, such as inductance,
capacity and load resistance. The entire dura-
tion of the pulse of Fig. 1a may be one micro-
‘second OT SO. .

By designing the transformer {3 as a step-up
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transformer having a voltage ratio of one to ten,

it is thus possible to obtain across the secondary
‘winding @ voliage pulse of 20,000 vclis for
momentary application to an electrode of the
magnetron oscillator. If the connections from
the condenser 14 are continuously and repeatedly
reversed at 2 rate of 240 per second, it is possible
to derive pulses of one microsecond duration
from the oscillator { which are separated from
one another by much longer intervals of time,
say of the order of thousands of microseconds.

Fig. 2 shows an alternative form for accom-

plishing the same results described above in con-
nection with Fig. 1. In Fig. 2, the small con-
denser i4 is stationary and the connections from
the condenser I8 to the condenser I{ and the

primary winding of step-up transformer i3 are -

repeatedly reversed by means of a rotatable dis-
charger which can operate at a speed of 1800
revolutions per minute, by way of example. A
rotating discharger in a form generally like a
commutator and having a plurality of equally
spaced connecting segments 31 serves to reverse
the connections to the condenser 14 between each
charge. The condenser 14 has its upper charg-
. ing surface connected to a plurality of brushes
or. contacts 32 and 33 while the lower charging
surface of condenser §4 is connected to a plural-
ity of contacts 34 and 35. The relatively low voit-
age source applied fo lead 10 is connected to a

plurality of contacts 36 and 31, while the upper
terminsal of the primary winding of transformer
{3 is connected to a plurality of contacis 38 and
39. In one position of the discharger, one seg-
ment 3f will bridge contacts 37 and 32, while
at the same time another segment 31 will bridge
contacts 39 and 35, thus producing a complete
circuit from the direct current charging source
through the condenser {4 and the primary wind-
ing of transformer §3. In this position, there is
no direct connection between contacts 36 and 34,
or between contacts 38 and 33. In another posi-
tion of the discharger, a segment 31 will bridge
contacts 36 and 34, while simultanecusly another
segment 31 will bridge contacts 38 and 33. At
this particular time, there will be no direct cur-
rent connection between confacts 31 and 32, or
between 38 and 35, by virtue of the fact that
the segments which previouslly bridged them
have now passed beyond these contacts in their
path of travel. In this last position, the circuit
will again be complete from the direct current
charging souree through the condenser i4 and
through the primary winding of the transformer
13, but, it should be noted, that the connections
of the condenser 8 have now been reversed rela-
tive to the first position. As the discharger re-
volves, this cycle of operations will be repeated,
thus producing repeated voltage pulses through
the primary winding of the transformer 13 in
the same direction but of double the value of the
direct current charging source. )
Fig. 3 shows a modification of Fig. 2, by means

.of which it is possible to obtain a pulse across

the primary winding of transformer i3 of four
times the voltage of the direct current,charging
source. This is done by supplying another con-
denser i1’ of relatively large value in series with
the primary winding of the transformer 13 and
by connecting another direct cuwrrent charging
source to the junction between the condenser 1
and the primary winding, as shown. The two
direct current charging sources supply the same
values of direct current voltage to the system.
Tt should be noted that the polarities of the two
direct current charging sources which are con-
nected to condensers fi and §i’ are different.
The system thus employs two direct current

. charging sourcés, one a positive direct current
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source and the other a negative direct current
source, across opposite terminals of the condenser
14, 1t is now possible to charge the condenser
i4 to twice the voltage of either direct current
charge; and by reversing the connections to -
condenser 14, the system is able to derive a pulse
of voltage which has an initial value of four times
the voltage of either direct current charging
source or twice the voltage across the condenser
i, .

In Pig. 3, condensers 1 and {1’ must be of
large capacity relative to condenser i4 (let us
say, ten to fifteen times as large), although the

~ two condensers 1§ and {I” may or may not be

(i3
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equal in value. B
Fig. 4 illustrates still another embodiment of
the invention and differs from Fig. 3 solely in the

“arrangement for reversing the connections be-

tween condenser 14 and the condenser {1 and the
primary winding of step-up transformer {3. In
Fig. 4, there is employed a rotating brush ar-
rangement having a pair of metallic brushes 28
and 21 mounted on an insulating disc 22. This
insulating disc is adapted to be rotated at a
speed of 3600 revolutions per minute by means
of drive shaft 23, in turn linked to a small motor

—
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(not shown). The brushes 20, 21 are adapted
to contact four stationary segments 28, 26, 21
and 28 mounted in the four quadrants of a circle,
as the disc 22 revolves. Thus, in the position
shown In the drawing, the brush 20 will bridge
stationary segments 28 and 28 and provide a
path from the direct current charging source and
the condenser |1 through the segments 25 and 28
to one plate of the condenser I4. At the same

time, the segment 21 will bridge the stationary

segments 26 and 27, completing a path from the
other plate of the condenser 14 through the pri-
mary winding of the transformer (3. At another
position during the rotation of the disc 22 in the
direction of the arrow, the brush 20 will bridge
the stationary segments 25 and 26, while the
brush 21 will bridge the stationary segments 21
and 28, thus reversing the connections of the
condenser {4 in an obvious manner. Except for
the arrangement for reversing the connections
of the condenser I4, the system is substantially
the same as that of Pig. 3. It should be under-
stood, of course, that the rotating brush and sta-
tionary segment arrangement of Fig, 4 can be
used in a similar capacity for the equivalent ele-
ments in Figs. 1 and 2.

For want of a better name for the connecting
device of condenser {4, I have used the time
honored name “discharger.” It is evident that
the device may be called either a commutator or
& rotary spark gap. It is a commutator in the
sense that the stationary and the moving con-
tacts are actually brought into contact with gne
another. On the other hand, the device is a
rotary gap because the microsecond pulse is all
completed. before actual contact is made. Due
to the relatively low voltage of 1000 to 2000 volts,

it is difficult to maintain the required small elec-.

trode spacing in any other way than to eventu-
ally let it reach zero.

What is claimed is:

1. Apparatus for converting direct current
power to periodically repeated spaced pulses of
short duration, comprising a condenser having
in electrical parallel relation thereto the series
circuit of another condenser and an inductance
coil, one of said condensers having a capacity
which is at least several times larger than the
other, a source of direct current charging voltage
connected across said condenser of larger capac-
ity, and means for periodically reversing the
connections of the smaller of the two condensers
relative to the larger condenser and the induct-
ance coil, and a load coupled to said inductance
coil. : :

2. Apparatus for converting direct current
Power to periodically repeated spaced pulses of

(5.1
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voltage, a storage condenser, s connection from
one terminal of said storage condenser to said
source, & connection from the other terminal of
sald storage condenser to ground, a connection
from said source to a contact, another contact
and g connection from it to one terminal of an
inductance coil whose other terminal is con-
nected to ground, a load coupled to said induct-
ance coll, & condenser which is relatively small
compared to said storage condenser, and means
for connecting said small condenser between said
contacts and for periodically reversing the con-
nections from said small condenser to said con-
tacts, whereby recurring pulses of the same po-
larity but of initial values of voltage higher than
the voltage of said source are passed through
said load. :

4. Apparatus for converting direct current
power to periodically repeated spaced pulses of
short duration, comprising a source of direct
current charging voltage, a storage condenser
connected across said source, g commutator ar-
rangement having a plurality of spaced bars, four

" bairs of brushes aligned in such manner that
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short duration, comprising a source of direct cur- -

rent charging voltage, a storage condenser of
relatively large value coupled to and arranged
to be charged by said source, a load, a condenser
of relatively small value connected in series rela-
tion between said storage condenser and said
load, and means for periodically reversing the
connections of said small condenser relative to
the larger condenser and the inductance coil,
whereby the charges on both condensers ad-
ditively combine each time said connections are
reversed to produce a pulse through said load
with an initial value of voltage greater than the
voltage of said direct current source, and. said

small condenser recharges in the opposite direc-

tion from the charge. stored on said storage con-
denser. ’
3. In combination, a source of direct current

A0
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the first pair of brushes is connected together
at the same time that the third pair is connected
together, at which time the brushes of the other
pairs are not connected together, and the sec-
ond pair is conneced together at another time
when the fourth pair is also connected together,
a connection from g brush of the first pair and
a correspondingly located brush of the fourth
pair, a connection from a brush of the second
pair and a correspondingly located brush of the
third pair, a condenser connected between said
last two connections, said last condenser having
a relatively small capacity compared to said stor-
age condenser, a connection between the other
brush of said first pair and the other brush of
sald second pair, and a lead from said last con-
nection to one terminal of said source, g con-
nection between the remaining brushes of said
third and fourth pairs, an induetance coil, a lead
from one terminal of said coll to said last con-
nection, and & connection from the other termi-
nal of said coil to the other terminal of said
source. . - .

5. Apparatus in accordance with claim 4, in-
cluding a condenser which is relatively large
compared to said small condenser serially con-
nected in said last connection, and another
solirce of direct current charging voltage con-
nected across said last condenser, said last di-
rect current charging source supplying a voltage
whose polarity is opposite to that of said first
source.

6. Apparatus for converting direct current
Power to periodically repeated spaced pulses of
short duration, comprising a souree of direct cur-
rent charging voltage, a storage condenser cou-
Pled to said source, four equal length stationary
metallic segments arranged end to end on a circle
and having gaps between adjacent ends, a pair
of rotating brushes adapted to bridge opposite
gaps, simultanecusly, a condenser of relatively
small capacity compared to the storage condenser )
connected between the first and third segments,
& connection between one terminal of said source

. and the second segment, a load, a connection

70
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from one end of said load to the fourth segment,
and a connection from the other end of said load
to the other terminal of said source. '

7. Apparatus for converting direct current
power to periodically repeated spaced pulses of
short duration, comprising s source of direct cur-
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rent charging voltage, & storage condenser cou-
pled to said source, four equal length stationary
segments arranged end to end on a circle and
separated from one another, electrically, a pair
of rotating brushes one of which is adapted to
bridge the adjacent ends of two of said segments
while the other brush is adapted to bridge the
adjacent ends of the other two segments, a con-
denser of relatively small capacity compared to
the storage condenser connected between the first
and third segments, a connection between one
terminal of said source and {he second segment,
a load, a connection from one end of said load
to the fourth segment, a connection from the
other end of said load to the other terminal of
said source, and a condenser which is at least
comparable to said storage condenser serially
arranged in said last connection, and another
source of direct current charging voltage con-
nected across said last condenser, said two di-
rect current sources supplying voltages of differ-
ent polarities to said apparatus.

8. Apparatus for converting direct current
power to periodically repeated spaced pulses of
short duration, comprising a source of direct
current charging voltage, a storage condenser
coupled to said source, four equal length station-
ary metallic segments equally spaced from one
another and arranged in the four quadrants of
a circle, & pair of rotating brushes oppositely dis-
posed on s diameter of sald circle and adapted
to bridge the ends of adjacent segments as they
rotate, 2 condenser of relatively small capacity
compared to said storage condenser connected to
two oppositely located segments on said circle, an
induetance load, and connections from the other

two oppositely located segments on said circle to

said source and load, respectively.

o
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9. Apparatus for converting direct current ’

power to periodically repeated spaced pulses of
short duration, comprising a2 source of direct

40

current charging voltage, a storage condenser -

coupled to said source, four equal length sia-
‘tionary segments arranged end to end on a circle
and separated from one another electrically, a
pair of rotating brushes one of which is adapted
to bridge the adjacent ends of two of said seg-
.ments while the other brush is adapted to bridge
the adjacent ends of the other two segments, &
condenser of relatively small capacity compared
to the storage condenser connected between the
first and third segmenis, a connection between
one tzrminal of said source and fhe second seg-
ment, g load, a connection from one end of said
load to the fourth segment, a connection from
the other end of said load to the other terminal
of said source.

10. Apparatus for converting direct current
power to periodically repeated spaced pulses of
short duration, comprising a condenser having in
shunt thereto the series eircuit of another con-
denser and an inductance coil, one of said con-
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densers having a capacity which is at least sev- |

eral times larger than the other, a source of
direct current charging voltage coupled across
said condenser of larger capacity, means includ-
ing a commutator and brush- arrangement for
periodically reversing the- connections of the
smaller of the iwo condensers relative to the larg-
er condenser and said coil, and a load coupled
to said coil. .

11. Apparatus for converting direct current
power to periodically repeated spaced pulses of
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short duration, comprising a condenser. having
in shunt thereto the series circuit of another con- -
denser and an inductance coil, one of said con-
densers having a capacity which is at least sev-
era] times larger than the other, a source of
direct current charging voltage coupled across
said condenser of larger capacity, means includ-
ing a rotating brush and a plurality of stationary
segments for periodically reversing the connec-
tions of the smaller of the two condensers relative
to the larger condenser and the coil, and a load
coupled to said coil. .

12. Apparatus for converting the output of a
direct current voltage source to periodically re-
peated spaced pulses of short duration and of
greater voltage, comprising a source of direct
current Voltage, a condenser coupled to and ar-
ranged to be charged by said source, a load
through which said condenser discharges, and
a rotating discharger having a plurality of spaced

-stationary brushes and a plurality of spaced con-

ducting segments mounted on a rofating support
for periodically reversing the connections be-
tween said condenser and said Ioad.

13. Apparatus for converting direct current
power to periodically repeated spaced pulses af
short duration, comprising a source -of direct

- eurrent charging voltage, a commutator arrange-

ment having a plurality of spaced bars, four pairs
of brushes aligned in such manner that the first
pair of brushes is connected together at the same
time that the third pair is connected together,
at which time the brushes of the other pairs are
not connected together, and the second pair is
connected together at another time when the
fourth pair is also connected together, a con-
nection from a brush of the first pair and a cor-
respondingly located brush of the fourth pair,

‘a connection from a brush of the second pair

and a correspondingly located brush of the third
pair, a condenser connected between said last
two connections, a connection between the other
brush of said first pair and the other brush of

‘sald second pair, a lead from said last connection

to one terminal of said source, a connection be-
tween the remaining brushes of said third and

‘fourth pairs, a load, & lead from one terminal

of said load to said last connection, and a-lead
from the other terminal of sald load o the other
terminal of said source.
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