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1 
The present invention relates to an electric 

pump or charging means for supplying a high 
voltage direct current from a low voltage direct 
current from a low voltage direct current source. 
The invention is especially suited for operat 

ing radio pulse generators of the type employed 
in radio locating apparatus, sometimes referred 
to as obstacle detection radio systems. In such 
apparatus, .it is required that the transmitter send 
.out periodically repeated radio wave pulses of 
extremely short duration. In order to produce 
radio wave pulses, it has been proposed to excite 
periodically the ultra short wave oscillator of 
the transmitter through a spark gap device which 
is in series with the oscillator and the charging 
voltage source and to which is supplied at periodic 
intervals a voltage of sufficient value to break 
down the gap. Reference is herein made to co 
pending con?dential applications of Clarence W. 
Hansel], Serial No. 427,266, ?led January 19, 1942, 
and Nils E. Lindenbiad, Serial No. 441,311, ?led 
May 1, 1942, for‘ descriptions of the radio pulse 
generators to which the invention is particularly 

I applicable. ‘ 

One of the objects 01’ the present invention is 
to ‘eliminate the use of a very high voltage direct 
current source in radio pulse generators. 
Another object is to operate e?iciently, a radio 

pulse generator which transmits periodically re 
peated pulses of short duration and of ultra short 
wave energy from a low voltage direct current 
supply. 
A more general object of the present invention 

is to provide a power supply system which trans 
forms the output from a relatively low voltage 
direct current source to a high direct current 
voltage by means of apparatus which is‘ simple ' 
and inexpensive to construct. 
Brie?y stated, the invention makes use of a 

continually variable capacitor for receiving a low‘ 
voltage current charge and for converting or » 
transforming‘ this low voltage to a higher voltage 
current charge'which is stored on another ca 
pacitor until its value is high enough to discharge 
across a spark gap. ~Recti?er circuits are em 
pioyed for preventing the energy stored on both 
capacitors from returning to the originating point 
of supply. A line of predetermined constants in 
series with the spark gap may be used for assur 
ing a de?nite time duration of discharge across 
the spark gap. 
A short wave oscillator in series with the spark 

gap constitutes a load which produces ultra short 
wave energy solely during the time of discharge 
across the spark gap. Means are preferably em 
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played to prevent the discharge from being pro 
longed beyond the desired time interval, thus as 
suring the transmission of short and sharply de 
?ned pulses of energy from the oscillator without 
undesired trailing effects. 
A more detailed description of the invention 

follows, in conjunction with the drawings where 
in: 

Figs. 1 and 2 illustrate 
the invention; and 

Figs. 3, 4 and 5 illustrate details of condenser 
constructions which can be employed for the vari 
able capacitor of Figs. 1 and 2. 
The principles underlying the invention are ex 

two embodiments of 

plainable from the following well-known electri 
cal relations: , 

. Q_ 
- (1) 76-3 

ML 
(2) I "EH-E 

where 
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Q is the amount of condenser charge, 
C is the electrostatic capacity of the condenser, 
E is the potential difference across the condenser, 
and 

(3) 

where 

u is the constant of the dielectric in 
A is the area of the dielectric, and 
d is the thickness of the dielectric. 

Itcan be seen from the relation of Equation 1 
that it C‘ is varied with Q remaining constant, E 
must also vary. Capacity C may be varied by 
changing, according to Equation 3, either the di 
electric constant, the dielectric (or condenser 
plate) area A or the dielectric thickness d (i. e., 

the condenser, 

_' the distance between condenser plates). 
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Referring to Fig. 1 in more detail, there iS 
shown a low voltage direct current source of sup 
ply A, indic-ated diagrammatically, for supplying 
a unidirectional high voltage to a loadR for sat 
isfactory operation. Load R constitutes, in the 
radio pulse generator for which the invention is 
particularly designed, an ultra short wave oscil 
lator such as a magnetron which requires a volt 
age on one of its electrodes (the anode, for exam 
ple) to operate it satisfactorily. This oscillator R 
will oscillate only during the application or volt 
age pulses from the system, and because it func 
tions momentarily it is possible to obtain a higher 
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' output than during a normal or continuous steady 
state. We thus apply a much higher voltage than 
normally applied to a magnetron electrode but 

I for a very short period of time, and take from 
the oscillatorR a short wave at high power which 
is then radiated by an antenna (not shown). In 
series with the load B there is provided a spark 
gap G1 having in circuit therewith a voltage 
multiplying means comprising a pair of serially 
connected recti?ers T1, T2,'variable condenser 
C1 and a ?xed condenser C. The recti?ers Tl, 
Tz'are indicated diagrammatically and are pref 
erably thermionic recti?ers each of which includes 
the usual heated ?lament element and a cold elec 
trode within an evacuated envelope. The ca 

' pacity of the condenser C1 is continuously varied 
vby means of a motor M through a drive shaft 
8. Condenser C1 is charged from direct current 
source A through the recti?er Ti, while the ?xed 
condenser C is charged through the recti?er T2. 

- As the motor M rotates, the capacitor Cl will vary 
between a small capacity condition and a large 

; ply source A in order to prevent the voltage from 
.the source A from following through to prolong 
the spark or the-gap 61 when the latter gap, 
breaks down. In Fig. 2, the line L replaces the 
condenser C of Fig. 1.‘ This line is made up‘of 
sections of series inductance and shunt capaci 
tance, of such constants that it, provides a dis 

' charge of de?nite time duration‘ across the gap 

10 
G1. - 

In the operation of the system of Fig. 2,‘the 
condenser Ci serves to supply pulses or trickles 
01' higher. voltage to the line .1. than‘ the voltage 

. applied .to the condenser from the direct our 
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capacity condition. When the condenser C1 is 1 
in the small capacity condition, its voltage will 
rise; butnsincev the charge current applied ‘there 
to through the recti?er T1‘ cannot ?ow backwards 
‘through the recti?er Til to the source A, it will 
of necessity ?ow through the recti?er T: into the 
storing condenser C. When the condenser. C1 
is varied to the large capacity. condition, the volt 
age thereon falls. Current cannot return from 
the condenser C to the condenser-Ci because oi 
the action of the recti?er To which acts as a check 
valve. . ‘ ' 

It will thus be seen that the condenser C1 ob 
tains a low voltage charge from the direct cur— 
rent ‘supply A when its capacity‘ is large and by 
virtue of its change in capacity to the small ca 
pacity condition produces an increase in the volt 
age on the condenser which is then transferred to 
the ?xed condenser C where it is stored. As the 
value of the capacity of the condenser C1 is varied 
continuously by the motor M, the variable con 
denser will transfer increments of high voltage 
charge to the ?xed condenser C until the latter 
reaches a value determined by the input voltage 
from source A and the variable capacity ratio 
of the variable condenser C1, and by the ulti 
mate breakdown strength of the various'parts of 
the system. In general, the voltage developed on 
fixed condenser C will be the voltage of the di-' 
rect current source A multipliedby the ratio of, 
maximum to minimum capacity of the condenser 
C1. When the condenser C is charged to‘ apre 
determined critical value, the spark gap G1 will 
break down and the condenser C will discharge 
across this gap, sending a surge of current through 
the load R (in this case a short wave radio trans 
mitter) . - 

Fig. 2 is a modi?cation of the system of Fig. I 
and operates generally upon, the principle de— 
scribed above. In Fig. 2 the capacity of the con 
denser C1 is varied by changing the dielectric 
constant a. The dielectric material between the 
plates of the condenser comprises a wheel I), 
which is preferably a serrated wheel composed 
of alternate sections of Titanium dioxide hav 
ing a very high dielectric constant and air, or 
some other material. of low dielectric constant. 
This wheel D is rotated between the electrode 
plates of condenser Ci-by means of shaft 8. in 
turn linked to the motor M. A second spark 
gap G2 is shown inserted in series between the 
two recti?ers T1, T2." Gap G2 is set Just above 
the sparking voltage of the direct current sup 
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P value determined byits constants. 
rent source. Line L is then charged to a critical 

When ~ this 

critical value is reached, the spark gap G1 breaks 
down and the line discharges across the spark 
gap G1 sending a surge of current through the 
load R. Recti?er T2 in Fig. 2 as in F18‘. 1 acts 
as a check valve and prevents the voltage on "line 
L from returning to thecondenser C1. In prac 
tice, in using a radio pulse generator or obstacle, 
detection system with the system of Fig.2, the 
gap G1 is synchronized by means not shown so ' 
that it sparks over during the time condenser .01 
is being recharged. The spark gap G: serves to 
prevent trailing effects which might be caused 
in conventional systems by the prolongation. of 
the spark beyond the desired time of discharge 
of gap G1. If desired, the spark gap G1 in both 
Figs. 1 and 2 may be synchronized to spark after 
every charge from condenser C1 or after a cer 
tain number of charges from the condenser C1. 

Figs. 3 and 4 show a plurality of variable con 
denser arrangements which maybe employed for 
the condenser Cl in either Fig. 1 or 2. In Fig. 3 
the ‘variable condenser arrangement comprises 

_ a plurality of condensers C2, C3 and C4, whose 
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plates are connected inparallel relationship. In 
Fig. 4, the variable condenser arrangement con 
stitutes vthree condensers C2, C3, C4, whose con 
denser plates are arranged in series relationship. 

Fig. 5 shows 'a practical variable condenser 
which can be used for condenser C1 in either 
Fig. 1 or 2. This condenser is composed oi’ two 
spaced metallic plates l0 and II with teeth-or . 
vanes, and between these plates a.- rotating di 
electric disc l2 having toothed or serrated sec 
tions of alternating dielectric constants as shown. _ 

In one embodiment actually constructed to 
prove the principles of the invention, the vari 
able condenser C1 had a maximum capacity of 
about .005 mi. and a minimum capacity of‘about 
.0001 mi. with 3% inch spaced plates. The po 
tential of the source A was 600 volts and the 
voltage impressed on condenser C was about 

- 5,000 or 6,000 volts. 
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‘What is claimed is: v - 
i. In a pulse generator system, a circuit for‘ 

transforming direct current of low voltage to, 
direct current of higher voltage com 'ising a low 
voltage source of direct current, a variable ca 
pacitor in series with a recti?er connected across 

‘ said source, and a series circuit of spark'gap, 
recti?er and an energy storage unit connected‘ 

- across said variable capacitor, means for contin- 
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‘ually varying the value of said variable capacitor, 
said recti?ers ‘being so poled that current can 
flow from said source through said ?rst recti?er 
to said variable capacitor and current can iiow 
from said variable capacitor through said second 
recti?er to said storage unit, said spark gap hav 
ing such spacing as to 7pass only voltages of. 
values higher than the value of said source. said 
storage element comprising a network having a 
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multiplicity of sections of series inductance and 
shunt capacitance, and a load in series with an 
other spark gap'connected to the output or said 
networ , whereby the charging of said network 
to a .critical value appreciably higher than the 
value of said source causes a surge of current 
to ?ow through said load of a time duration de 
termined in part at least by the constants of 
said network, and the spacing of said ?rst spark 
gap prevents undesired prolongation of the dis 
charge or said network. 

2. In a voltage multiplier circuit. a source of 
elatively low voltage direct current, a variable 

5 

6 ‘ 
connected across said variable capacitor, said 
recti?ers being so poled that current ?ows 
through both said recti?ers in the same direction 
relative to said source, whereby a voltage of 
higher value is applied to said storage circuit 
by said variable capacitor than thatapplied to 
said capacitor by said source of low voltage di~ 
rect current, said energy storage circuit com 
prising a network having a multiplicity of sec 
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