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A a A a A , a P p p p R , r
5 £ 4 B, b C c C c S, $

B B B • V 1 v I i T T, t
r r  r a G ,g Y y  y y U , u

fl 8 D, d • • F, f
E e E a Ye , ye; E, e* X x X x Kh , kh

144 Zh, zh U, u, Q a,. Ts, ts
3~~ 3 ,  Z, z V Ch , ch

H i ’  I, i W w  Sh, sh

B ii Y, y W~ u~ L~ iq Shch , shch
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M ii M , m b b  b e
H H  H n N, n 3~~ ,9 , E, e

0 0  0 o 0 , 0 hJ~ o Yu ,yu

f l n  f i n  P, p  H~~ N a  Ya,ya

*~~~ initially , after vowels, and after b , ~; 
e elsewhere .

When written as ~ in Russian , transliterate as y~ or ~~~.

RUSSIAN AND ENGLISH TRIGONOMETRIC FUNCTIONS

Russian English Russian English Russian English

sin sin sh sinh arc sh s1nh~~
cos cos ch cosh arc ch cosh_1
tg tan th tanh arc th tanh 1ctg cot cth coth arc cth coth_1
see sec sch sech arc sch sech 1cosec csc csch csch arc csch csch

Russian English

rot curl
lg 

logI
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CHARGED PARTICLE ACCELERAT OR

Ye. A. Abramyan, B. M. Lagunov, A . G. Ponomarenko ,
arid IL I. Soloukhin (authors)

Inst itute of Nuc lear Physics , SO AS USSR (a pplicant )

The invention pertains to devices for the acceleration of

intense fluxes of charged particles.

Heavy-current accelerators are known which contain a pulse

transformer as the charging device. Here the electrical energy

storing device is a forming line with a low value of wave resistance.

High—voltage isolation is realized with the help of water , which
has a high value of dielectric permeability.

The electrical strength of water depends on the time of appli—

cation of voltage and has a value Of 1~O...50 kW/ mm at a pulse
duration of 0.2—0.5 ~.is.

The pulse transformer ensures relatively simply a charging

time for a storage device with water insulation of an order of

15 i.is. A lowering of the charging time to 1 i~s and less leads to

serious technical difficulties (use of a low—Inductance capacitor

bank with high Initial voltages; the requirements for Isolation

of the transformer are raised significantly).

On the other hand, the low value of specific resistance of
water leads to a significant leakage of electrical energy during
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the discharging of the storage device through the water , espec ially
when the charging time of the storage device is comparable with

the time of its discharging through a natural dielectric , in this

case the efficiency can be lowered to 60—80%.

Thus the use of the known accelerator is connected with the

following shortcomings : the low value of electrical strength of

water with a charging time for the storage device of an order of

15 ps and more; a lowering of efficiency due to the high conduc—

tivity of water .

The purpose of the proposed invention is the elimination of

these shortcomings .

An increase of water pressure leads to an increase of its
electrical strength; an increase in the specific resistance of

pure water with a lowering of temperature is preserved also at

high pressure . Calculation shows that a lowering of water temper-

ature to 0°C makes it possible to raise the efficiency to 93—95%
with preservation of a pulse duration of 15 ~is.

The proposed heavy—current accelerator of charged particles

conta ins a pulse transformer , a shap ing storage line , situated in
water , a commutat ing discharger , and an acceleration tube.

For increasing the electrical strength a pressure of 30—50 atm

and higher is created in the water .

For reduc ing the leakage of energy dur ing the discharging of
the storage device through the water it is cooled to a temperature

close to 0°C.
Figure 1 shows the construction of a charged particle acceler—

ator on 2 MeV; Figure 2 is the electrici schematic of the acceler-

ator.

Housing 1 i,s made out of stainless steel with a thickness of
2 cm. Inside the housing in water 2, serving as the insulating

medium , there is a pulse transformer of the Tesla type (the pri—

mary 3 and secondary 14 coils are shown), and a cylindrical poten—

tial electrode 5, forming, together with the inner wall of the
housing, a coaxial shaping line with a length of 1 mm and a working

t r  gap of around 7 cm. The line has a capacitance of 0.015 ~iF, a

2.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _L



- 
.— - - - -

wave resistance of 2 ohms , and an operating voltage of up to 2 MV.
For the purpose of reducing the energy o the shock wave,

developing during the electrical breakdown in the medium , the
commutating discharger 6 functions in a gas under pressure .

The accelerating tube contains an insulator 7 and an auto-
matically controlled cathode 8.

A pressure of 30—50 atm in the water is created with the help

of the gas cavity 9, which has a flexible wall , made out of poly—
ethylene film for example. The construction is 5uch that the

pressures in the gas cavity 9, in the discharger chamber 6, and in
the water 2 are the same . Here it Is possible to separate the

gas chamber of the discharger 6 from the water 2 by a thin wall 10.

For extinguishing the hydraulic shock wave, which develops

in the case of an accidental breakdown , openings 11 are made in

the potent ial electrode 5.
The water, used as the insulator , is filtered by a filter

down to 1 tm , Is evacuated and is desalinized by ion—exchange

resins to a specific resistance of an order of 1O7 ohm cm.
Then the water is cooled to l—20C. Heat—insulating lining 12

serves for maintaining the low temperature of the water.

The electrical circuit has the following parameters .

From capacitor bank C1 through the commutat ing discharger P1
with the help of pulse transformer L1, L2 the shaping line C2 is

charged to 2 MV. The voltage of the primary capacitor bank C1
is equal to 100 kV, capac itance 7.5 ~.tF. The time for charging of

the line is 10—15 ~is. The total amount of energy, stored in the

shaping line C2 at 2 MV, is equal to 30 kJ. At the maximum of

voltage on the line the commutating discharger 13 is broken through¶ and a negative voltage is applied to the autoelectronic cathode 1k.

The low internal resistance of the line (2 ohms) makes it possible

to obtain an electron current of an oxder of 300—500 kA with an

electron energy up to 1 MeV.

As a result of an tncrease of water pressure and a lowering

of its temperature it is possible to lengthen the time of charging

of the shaping line C2 and thus simplify significantly the capacitor
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bank C
1
, In which the energy Is stored before the beginning of

the working cycle. In the case of short times the use of low—
inductive capacitors , their careful Installation, and several
parallel synchronously functioning dischargers are required.

Subject of Invent ion

1. An accelerator of charged particles, containing a high—

voltage pulse transformer , an electrical shaping line, situated
In a reservoir with a dielectric fluid, and an accelerating tube ,
characterized by the fact that for the purpose of Increasing the
electrical strength of the transformer and the line, the reservoir
for the dielectric fluid is equipped with a device for maintaining

a high pressure (30—50 atm) in the liquid and a thermostat for
maintaining the temperature of the liquid close to 0°C.
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