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My invention relates to an impulse Voltage apparatus. 
As is well-known, an apparatus of this type 

comprises a plurality of condensers connected 
in parallel through resistances and connected in 
series through spark gaps. The condensers are 
charged from a source of direct current, and at 
a determined voltage the Spark gaps break down 
and the charges of the condensers flow aWay 
through a resistance. The voltage can be regul 
lated by varying the spacing of the Spark-gap 
electrodes. However, if the voltage selected is 
lower, i.e. short spark gaps, the available energy 
also is lower. 

I have found that, irrespective of the value of 
the voltage, it is usually desirable in practice to 
have a substantially constant energy, and the 
main object of the invention is to provide an 
apparatus in which the voltage may be varied in 
stages without any variation of the available 2 
energy. 
The apparatus according to the invention 

comprises bi-polar high-voltage change-Over 
Switches with which a few condensers may be 
connected either in parallel to form a group, or 
connected in series through spark gaps. The 
resistances for the charging of the condensers 
remain connected in the usual manner to the 
condensers. 

If there are, for example, twelve condensers 
in the apparatus, and if the charging voltage 
amounts to 100 kV., it is possible, apart from the 
loss of voltage in the spark gaps and the damping 
resistances, to set up a voltage of 1200 kV, when 
all the condensers are located in Series through 
the spark gaps. In Such a case I may provide, 
for example, six series-parallel Switches With 
Which the twelve condensers may be divided into 
six groups each comprising two condensers con 
nected in parallel. Because of the parallel 
connection of the condensers, the voltage is re 
duced to half its value, but the available number 
of watt-seconds remains constant. These six 
switches may be mechanically connected to one 
another in such a manner that the change-Over 
from 1200 to 600 kV. can be effected in One 
switching operation. 

It is also possible with the aid of eight change 
over switches, to divide the condensers into four 
groups each comprising three condensers or with 
the aid of nine Switches to divide the condensers 
into three groups each comprising four con 
densers, so that it is possible to reduce the Voltage 
to 400 and 300 kV. respectively. By using ten 

O 
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switches it is possible to connect six condensers 53 

the n--2th, the 2n-1-2th, etc. 

5 other. 

in parallel to thereby obtain a voltage of 200 kV. 
Finally, it is possible, when using eleven switches, 
to connect all twelve condensers in parallel and 
to utilize the same energy with 100 kV. 
According to another embodiment of the in 

Vention, I assemble condensers in columns in 
which they are separated from one another by 
insulators, and arrange these columns at the 
Corners of a regular polygon. Assuming that 
the number of columns is n (n being greater 
than 2) one column would comprise the 1st and 
the n--1th condenser and, as the case may be, 
the 21--1th condenser, etc. The second column 
Would comprise the 2nd condenser of the system, 

The third column 
would comprise the condensers numbered 3, 
n-3, 272-3, etc., and the fourth column would 
Comprise the condensers 4, n.--4, 2n-1-4 . . . , etc. 
In such an arrangement the Switches of con 
densers 1 and n-1, 2 and n--2, 3 and n-1-3, etc., 
can be easily mechanically interconnected be 
cause these condensers would be arranged in a 
straight line one above the other. 
To obtain a Satisfactory spatial potential dis 

tribution and a practical arrangement, I prefer 
to so arrange the condensers that each condenser 
is the same distance above the condenser of the 
preceding number in the series. For example, 
in the case of n columns, the insulator which 
Separates the 1st and the n--1th condenser and 
the 1st condenser itself would together have a 
length of d cms., whereas the second condenser 
should be arranged d/n cms, higher, the third 
Condenser 2a/m cms. higher, the fourth con 
denser 3d/n cms. higher than the first condenser, 
etc. 
To give the switches the simplest possible con 

struction they may be secured to arms which 
extend radially towards the middle of the appa 
ratus. In this case each arm carries a fixed 
switching member and a movable switching 
member, the former co-operating with the one 
neighbouring condenser and the latter With the 

A damping resistance may be arranged 
Within each arm, and such an arrangement has 
the additional advantage that when two, or more 
than two, condensers are connected in parallel 
the corresponding damping resistances are auto 
matically also connected in parallel. 

In order that the invention may be clearly 
understood and readily carried into effect I shall 
describe the same in more detail. With reference 
to the accompanying drawings. 

Figure 1 is a front view in perspective of a 



2 
Woltage impulse - apparatus according to the 
invention, 

Figure 2 is a top view of the apparatus of 
Figure 1, 

Figure 3 is a diagrammatical view of a portion 
of a device for actuating the high-Voltage 
change-Over SWitches of Figure 1, and 

Figure 4 is a schematic wiring diagram of the 
apparatus shown in Figure 1. 
The apparatus shown on Figure 1 comprises 

a suitable base 99 at the corners of which are 
arranged four columns A, B, C, and D. Column 
A comprises three condensers , 5, and 9 Sepa 
rated by insulators 93, column B comprises three 
condensers 2, 6, and f) separated by insulators 
93, columin C comprises two condensei's 3 and 
separated by insulators 93, and column D con 
prises two condensers 6 and 8 separated by an 
insulator 93. Insulators S3 are also provided at 
each end of column C and at the bottom of 
columns B, C and D, and an insulator () is 
provided at the bottom of column A. It will be 
noted that each of the condensers to t e is 
located the same distance above the condenser 
having the next lowest reference numera. 
Condensers to 9 are connected in parallel 

by charging resistances to 28 inclusive. More 
particularly and as shown in Figure 4, the ter 
minals of condenser are connected to the termi 
nals of condenser 2 by the resistances fi and 20, 
the terminals of condenser 2 are connected to the 
terminals of condenser 3 by resistances 2 and 21, 
etc. As shown in Figure 1 the ends of the con 
densers to 9 are provided with bosses to which 
the resistances to 28 are connected in order 
to avoid corona phenomena. The bosses on con 
denser f are indicated by reference numerals 33 
and 39. 
As shown on Figure 1, each of the condensei's 
to 6 carries two stationary arms each provided 

at its end with a ball which acts as a stationary 
contact and to which is rotatably secured a mov 
able switching member. For example, the lower 
end of condenser 3 Supports a stationary arm 5 
provided with a ball-shaped contact 53 to which 
is rotatably secured a switching member 55, and 
the upper end of this condenser carries a sta 
tionary arm 52 provided with a ball-shaped con 
tact 54 to which is rotatably Secured a switching 
member 55. In a similar manner condensers , 
2, 4, 5, 6, 7, 8, 9, and 0 are provided with sta 
tionary arms - , 0-2, 03-04, 
A 5-06, -98, 66-64, 59-58, 99-68 and 
22-69 respectively provided with ball-shaped 
contacts 2-3, 5-4, 5-6, 7-f8, 
9-29, 67-65, 6 -60, 2 - , and 23-72 

respectively. Rotatably mounted on the ends of 
the stationary arms of condensers 2, 4, 5, 6, 7, 8, 
9, and are switching members 24-25, 
27-26, 28-29, 34-33, 33-32, 63-62, 
34-A, and 35-S respectively. 
In Figure 4 the switching arms and ball-shaped 

contacts are shown schematically and are indi 
cated by the reference numerals used on Figure 1. 
When the switching members 55 and 56 are 

raised, the end of member 55 is placed in the 
vicinity of the ball-shaped contact 4 with the 
result that condensers 2 and 3 are placed in 
series by the spark gap so formed. By regulating 
the length of this spark gap it is possible to ad 
just the voltage at which the break-down of the 
gap will occur. When members 55 and 56 are 
moved downwardly the ends thereof effect an 
electrical connection with the ball contacts 5 
and 4 respectively to thereby place condensers 

5 
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2 and 3 in parallel. In a similar manner the 
ends of Switching members 62 and 63 of condenser 
8 form the poles of a series-parallel SWitch and 
when these members are raised the end of mem 
ber 63 comes into the vicinity of the ball-shaped 
contact 65 of condenser T and a Spark is formed 
between the same; Switching member 62 being 
inoperative in this position. When members 62 
and 63 are lowered, ball contact 6i is connected 
by Switching member 63 to ball contact 67 and 
ball contact 60 is connected to ball contact 65 

20 

30 

35 

40 
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with the result that condensers 7 and 8 are con 
nected in parallel. 
In this manner it is possible to connect, for 

example, the condensers of columns A and B and 
the condensers of columns C and D simultaneously 
in series or in parallel. With the remaining 
switch arms it is possible to connect the con 
densers 5 and 9 of column A, and to connect con 
densers 3 and of column C in Series or parallel 
with the condensers 2 and 6 of column B. 
As shown more clearly in Figure 2, the upper 

stationary arms 58, 68, 69, and it of the Con 
densers 8, 9, 9, and the high-voltage terminal 97 
respectively are provided with ball-shaped con 
tacts 60, . , 72, and 3 respectively to which are 
rotatably secured movable switching members 
62, 74, 75, and 95 respectively. 
As shown in Figure 1 the switching members 

are actuated by rods 76, 7, 18, 79, and 80 of in 
sulating material. More particularly, rod 76 ac 
tuates the switching members 24-25, 31-3), 
and 35-5, rod 7 actuates the switching men 
bers 55-56 and 33-32, rod 73 actuates the 
switching members 27-26 and 63-62, and rod 
79 actuates the switching member's 28-29 and 
34-4. The central rod S0 serves to actuate 
only the arm 95. 
As shown in Figure 2, a guide 8 for rod 0 is 

secured to the stationary arm ), and a rod 32 
connects arm 95 to rod 88. 

Rods 76, 7, 8, 9, and 89 are actuated in 
such a manner that the lengths of all the spark 
gaps between the ball contacts and the ends of 
the Switching members can be changed in a simi 
lar manner and in one operation. A suitable 
mechanism for obtaining this result is diagram 
matically illustrated in Figure 3, which mecha 
nism is assumed to apply to an installation.com 
prising a number of condensers which is a multi 
ple of four, for example, twelve, i. e., an installa 
tion comprising four columns each having the 
Same number of CondenserS. - 
As shown in Figure 3, the lower ends of rods 

75, 7, 7.8, 9, and 8 bear upon the upper surface 
of a disc 83 Which is located within the base 99 
of Figure 1. Disc 83 is adapted to be raised or 
lowered in a direction perpendicular to the plane 

60 
of the drawing in Figure 3, for instance by an 
electric motor (not shown). This disc is also 
adapted to be rotated about its center SO as to 
be placed in one of four positions indicated by 
I, II, III, and IV. When the disc is in its lower 
position, the rods 76, ii, 7.8, 9, and 80 are clear 
of the upper surface and the switching members 
of Figure 1 are supported by the ball-shaped 
contacts and thus are in contact thereWith. The 
disc 83 is also provided with nine holes 84 to 92 
inclusive arranged in a circle and of a larger 
diameter than rods 6 to f. 
With disc 83 in position I as shown, all of the 

rods 75 to 89 will be raised when the disc is raised. 
When the disc 83 is rotated clockwise into posi 
tion II, the holes 84 and 85 will lie beneath rods 



2,254,886 
76 and 78 respectively with the result that when 
the disc is raised only rods 77, 79, and 80 will be 
raised. As a result condensers and 2, 3 and 4, 5 
and 6, 7 and 8, and 9 and iO, and as the case may 
be the eleventh and twelfth condenser, Will re 
main connected in parallel, whereas regulatable 
spark gaps are formed between condensers 2 and 
3, 4 and 5, 6 and T, and 8 and 9, and as the case 
may be 0 and the eleventh condenser and at the 
high-voltage terminal (in the Figure 4 between 
ball-shaped contact 72 of condenser C and ter 
minal 9). 
When disc 83 is placed in position III, holes 86, 

87, and 88 will be beneath rods 76, 77, and 18 re 
spectively with the result that these rods will not 
be raised when the disc is raised. This position is 
only important for the case in which the installa 
tion comprises a number of condensers equal to 
a multiple of four. In this position only rods 
79 and 80 Will be raised when the disc 83 is raised 
with the result that the condensers will be divided 
into groups of four parallel connected condenSerS. 
When disc 83 is placed in position IV, holes 89, 

90, 9 i, and 92 will be beneath rods 76, 77, 78 and 
T9 respectively with the result that When the disc 
is raised only rod 80, and thus Switching member 
95 will be raised. In such a position all the COn 
densers will be connected in parallel and the 
voltage will be adjusted to the lowest stage. 
An apparatus of the type described above has 

a high mechanical rigidity because it has a uni 
tary structure. Furthermore, the Weight of the 
apparatus as well as the volume thereof and the 
floor Space required are very Small. 
The operation of the apparatus will be de 

Scribed in more detail with reference to Figure 4, 
which is a schematic diagram of the apparatus 
shown in the preceeding figures. 
The condensers to O may have a capacity of 

0.125 uR., each of the resistances to 9 may 
have a value of 500 ohms, and each of the resist 
ances 20 to 28 may have a value of 10,000 ohms. 
AS Shown in Figure 4 the two movable arms aS 

sociated with each of the condensers 2 to O are 
Connected together to form nine Series-parallel 
SWitches 29-37. A Suitable D. C. Source of supply 
Voltage 50 has its terminals connected to points 
5 and 52 which correspond to the bosses 38 
and 39 respectfully of condenser f (see Figure 1). 
Point 5 is preferably grounded as shown, and 
a suitable load 4 is connected between the high 
Voltage terminal 9 and ground. The high 
Voltage terminal 40 of condenser 0 is connected 
to ground through a Spark gap 94 and the series 
Connection of resistances to 9 inclusive and 
96. 

It should be noted that each of the movable 
SWitching members are electrically connected to 
the corresponding terminals of the condensers 
through a damping resistance 98, for example, 
a 25 ohm resistance. In Figure 1 these resist 
ances are located within the stationary arms to 
which the switching members are rotatably se 
cured as indicated for arm 52. 
When the installation is placed into operation, 

the condensers are simultaneously charged 
through resistances to 28 inclusive. Before 
they have reached the final voltage the spark 
gaps 42-50 and 94 break down. The condensers 
are now connected in series and their voltages 
are additive. The nominal value of the high 
voltage is 10 V if V is the voltage of the supply 
Source 50. 
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When switches 29, 3, 33, 35 and 3 are shifted, 75 

3 
condensers and 2, 3 and 4, 5 and 6, 7 and 8, and 
9 and O, together with their damping resist 
ances 98, are connected in parallel and conse 
quently six groups each consisting of tWO Con 
densers connected in parallel are formed, these 
groups being located in series via the Spark gaps 
43, 45, 47 and 49. The nominal value of the 
voltage is now 5 W volts. In this position the 
switches occupy the position indicated in dotted 
lines for Switch 29. 
When, in addition, the switches 30, 32, 34 and 

36 are shifted, all the condensers are connected 
in parallel and the voltage amounts to W. VoltS. 
In each of these three cases the energy is, how 
ever, 5 CV2 in which C is the capacity of each of 
the condensers. 
There is also provided a switch 95 by means of 

which, if each of the switches 29-37 takes its 
lower position, the high-voltage terminal 97 may 
be grounded through switch arms 35, 34, 63, 
l33, 3, 28, 27, 55 and 24. Otherwise this 
terminal is permanently connected through re 
sistances 96 and to 9 to the ground. 
I wish it to be understood that I do not desire 

to be limited to the exact details of construc 
tion shown and described, because obvious modi 
fications will readily occur to a person skilled in 
the art. 
What I claim is: 
1. An impulse voltage apparatus comprising a 

plurality of condensers, resistances connecting 
said condensers in parallel, said condensers being 
connected in series through spark gaps, and 
means to remove Some of Said spark gaps and 
shunt the resistances connected thereto to there 
by divide the condensers into a plurality of groups 
each comprising the same number of condensers, 
the condensers of each group being connected 
in parallel by the non-shunted resistances and in 
Series by the remaining spark gaps. 

2. An impulse voltage apparatus comprising a 
plurality of condensers, resistances connecting 
said condensers in parallel, switching members 
forming Spark gaps connecting said condensers 
in Series, and means including said switching 
members to simultaneously remove said spark 
gaps and shunt the resistances. 

3. An impulse voltage apparatus comprising a 
plurality of condensers, resistances connecting 
Said CCndensers in parallel, switching members 
forming Spark gaps connecting groups of said 
Condensers in series, and a two-position switch 
between each two adjacent condensers of each 
group, Said Switch in one position establishing 
a Spark gap connecting the adjacent condensers 
in Series and in its second position shunting the 
resistances connected between the adjacent con 
denses. 

4. An impulse voltage apparatus comprising a 
plurality of condensers, resistances connecting 
Said condensers in parallel, and a two-position 
Switch between each two adjacent condensers, 
each Switch in One position establishing a spark 
gap connecting the adjacent condensers in series 
and in its Second position shunting the resist 
ances connected between the adjacent con densers. 

5. An impulse voltage apparatus Comprising a 
plurality of condensers arranged in ncolumns 
each located at the corner of a polygon, n being 
more than two, a plurality of resistances con 
necting said condensers in parallel, insulators 
Separating the condensers of each Column, the 
1st, 7+1st, the 2n+1st, etc. condensers being 
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arranged in one columin, the 22d, 72-1-212a, 
2n-1-2nd, etc. condensers being arranged in a Sec 
ond column and the remaining condensel's being 
arranged in sinhilar manner, switching reimbers 
adapted to form Spark gaps, and Switching means 
including said members to selectively connect all 
the condensers in parallel or in Series through 
Said Spark gaps. - 

6. An impulse voltage appairatus coin prising a. 
plurality of condensers arranged in n columns 
each located at the corner of a polygon, in being 
more than two, a plurality of resistances con 
necting said condensers in parallel, insulators 
Separating the condensers of each column, the 
18t, 12--isi, the 21--1st, etc. condensers being ar 
ranged in one colu2nn and the remaining con 
densei's being arranged in a similar manner in 
the other columns, a plurality of tWO pole double 
throw SWitches connected to the condensei's and 
adapted to form Spark gaps, switching means 
to Selectively consect all the condensel's in 
parallel or in Series through said Spark gaps, said 
means including said switches and a member 
mechanically interconnecting the Switches aSSo 
ciated with the condensers of each column. 

7. An impulse voltage apparatus comprising a 
plurality of condensers arranged in n columns 
each located at the corner of a polygon, n being 
more than tWO, a plurality of resistances con 
necting Said condensers in parallel, insulators 
Separating the condensers of each column, the 
1st, 72--1St, the 2n-1st, etc. condensers being ar 
ranged in one column and the remaining con 
densers being arranged in similar manner, a plu 
rality of double-throw SWitches each connected 
to a conderser and movable in vertical planes to 
fol'In Spark gaps, and means to selectively con 
inect all the condensers in parallel or in series 
through said Spark gaps, said means including 
Said Switches and actuating members mechani 
cally interconnecting the Switches. 

8. An impulse Voltage apparatus comprising a 
pluiality of condensers arranged in n vertical 
Columns each located at the corner of a polygon, 
7 being more than two, a plurality of resistances 
Connecting said condensers in parallel, insula 
tOrS sep2rating the condensers of each column, 
the St, 12-ist, the 2n--list, etc. condensers being 
arranged in one column and the remaining con 
densers being arranged in similar manner, 1 each 
Condense being located an equal distance above 
the condenser which preceeds it in the system, 
Switching members adapted to form spark gaps, 
and means including said members to selectively 
Connect all the condensers in parallel or in series 
through said spark gaps. 

9. An impulse voltage apparatus comprising a 
piu'ality of condensers arranged in in column 
each located at the corner of a polygon, in being 
more than two, a plurality of resistances con 
necting Said condensers in parallel, insulators 
Separating the condensers of each column, the 
1st, n--ist, the 21--1st, etc, condensers being ar 
ranged as one column and the remaining con 
densers being arranged in similar manner, and 
means to selectively connect all the condensers 
in parallel or in series said means comprising a 
contact member secured to each terminal of the 
condensers and extending radially, and a mov 
able Switching member carried by said contact 
member and adapted to form a spark gap With 
the contact member of the adjacent condensers. 
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10. An impulse voltage apparatus comprising a 

plurality of condensers arranged in 1 Columns 
each located at the corner of a polygon, 12 being 
more than two, a plurality of resistances con 
lecting. Said. Condensers in parallel, insulators 
Separating the condensers of each column, the 
iSt, 1.--list, the 2n-1-1St etc. condensers being ar 
ranged as one column and the remaining con 
de:nser's being arranged in similar manner, means 
to selectively connect all the condensei's in 
parallel or in series, said means comprising a 
contact member for each terminal of the con 
densel'S and extending radially, and a movable 
SWitching genber carried by said contact mem 
bei and adapted to form a Spark gap with the 
COInt2Ct member of the adjacent condensers, and 
a damping resistance connection between each 
contact member and the corresponding con 
deinser. 

30 
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11. An impulse voltage generator comprising a 
number of condensers which is a multiple of two, 
Said condensei's being arranged in four columns 
located at the corners of a rectangie, a plurality 
of resistances connecting said condensers in 
parallel, means to divide the condensers into 
groups each comprising two parallel-connected 
Condensers, Said means comprising series 
parallel switches for interconnecting the con 
densers of the first and second columns and the 
CO2densers of the third and fourth columns. 

12. An impulse voltage generator comprising 
a number of condensers which is a multiple of 
four, Said condensers being arranged in four 
Columns located at the corners of a rectangle, a 
plurality of resistances connecting said con 
deserS in parallel, means to divide the con 
densers into groups each comprising four par 
allel-connected condensers, said means compris 
ing - Selries-parallel switches for interconnecting 
the condensers of the first and second columns. 
for interconnecting the condensers of the third 
and fourth Columns, and for interconnecting the 
condensei's of the second and third columns. 

13. An impulse voltage generator comprising a 
number of condensers which is a multiple of two, 
Said condensers being arranged in four columns 
located at the corners of a rectangle, a plurality 
of resistances connecting said condensers in 
parallel, taeans for connecting all the condensers 
in parallel comprising series parallel switches for 
interconnecting the condensers of the second and 
fouli'th columns to the condensers of the third 
and first columns respectively. 

14. An impulse voltage apparatus comprising a 
number of condensers which is a multiple of two, 
a plurality of resistances connecting said con 
densers in parallel, said condensers being ar 
ranged Successively in four columns located at the 
corners of a rectangle, an inwardly-extending 
arm at each end of each condenser, a stationary 
contact on the end of each arm and connected to 
the corresponding terminal of the condenser, a 
movable Switching member mounted on the top 
arin of the first condenser and on each arm of 
the remaining condensers, the switching mem 
bers of each condenser cooperating with the sta 
tionary contacts of the preceding condenser 
of the parallel connection, and actuating means 
mechanically interconnecting the movable 
Switching members of the condensers of each 
Collinn. 
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