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25.

A DIRECT—ACTION , HEAVY-CURRENT ELECTRON PULSED ACCELERATOR

L.N. Kazanskiy, A .A. Kolomenskiy , G.O. Meskhi, B.N. Yablokov

(Physics Institute im. P.N. Lebedev of the Academy of Sciences

of the USSR)

In recent years there has been a rapid eevelopment in the

new scientific trendconnected with the obtaining and use of pulsed

electronic beams [1, 2]. They find use in many regions of physics ,
chemistry, biology , and different applied fields. With the de-

velopment of the electron heavy—current accelerator at FIAN [Phys-

ics Institute im. P.N. Lebedev of the Academy of Sciences , USSR],
we had in mind the conducting of inve$tigations on the physics of
intense relativistic electron beams in a vacuum and media and

also the acceleration of ions due to the collective interaction

with the intensive electron beams .

The requirements to the parameters of the electron beam , de-
termined by the planned goals, are not Identical, and with the de—
velopment of the electron heavy—current accelerator (ESU—1) we
decided to discuss the mean parameters: energy of the electrons ,
2—3 MeV , current, 30—50 kA , pulse duration , -~~30—5O ns. Here

almost the complete absenc e of the experience of the building of

similar apparatuses and the extreme deficiency of working areas

were taken into account . After a detailed examination of the

possible designs of the ESU, we dwelled on the electron heavy— ;
current accelerator with a double shaping line of the coaxial

type filled with a dielectric with a high dielectric constant .

1
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The line is charged In a resonance manner by a pulsed voltage

oscillator (GIN) for a time of the order of 5~ 1O~~ s and is com-
mutated by a single—gap multispark gap operating in compressed

gas . Included at the output of the double shaping line (DFL) is

a transforming line (TL) with a coefficient of transformation of

— 1.5 loaded on an electron gun of the autoemisslon type (FIg. 1).

The selection as the filler of the line of the dielctric

with a large value of c was determined by the following consider—

at Ions:

1. The power which can be removed from the line

p.
~. E~Ii.

Since the maximum permissible field strengths for all liquid

dielectrics in our range of duration of the charge are approxi-

mately Identical and lie in the region of 200—300 kV/cm , the use

of dielectrics with a large value of c allows obtaining from the

same volume a power several times larger.

2. The use of dielectrics with large • permits sharply

reducing the length of the apparatus , which In our case has

great value.

3. The use of dielectrics with large C permits using

a transforming line of short length and lowering the charged

voltage of the DFL.

After a careful study of the high—voltage properties of dif—

ferent dielectrics (water, alcohols , different alcohols of glycer—
m e ) , we discussed the technical glycerine as having sufficiently

good frequency properties In a wide frequency range and providing

an admissible shape of the pulse.

The selection of the coaxial design of the DFL was determined
by the fact that in contrast  to the band design , provided in it
Is the complete shielding of the fields by a grounded external

electrode, the fringe effects in It are substantially less , and
the matching of all the elements of the accelerator Is easier to

carry out . However , the coaxial geometry has a number of short-
comings . The shape of the voltage pulse generated by the DFL has
an ideal shape if the wave resistances of both lines are equal.

2
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Howev er , in this case the maximum strengths of the electrical
field in the lines prove to be essentially identical

where and are radii of’ the internal and middle elec-

trodes, and s~~ is the wave impedance of the lines.

I) r ~~
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r~~~~~~~~~~~ I uj) ~ J,
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Fig.  1. Scematic diagram of the apparatus EZU . KEY : 11 GIN; 2)

DFL ; 3) TL; LI) EP ; 5) 10 atm; 6) KL; 7) ps; 8) ns; 9) kA.

At different impedances of the lines , the pulse will be ac-

companied by a sequence of stray pulses (Fig. 2). The amplitude

of these stray pulses with commutation of the internal line is

where u is the voltage of the main pulse.

In the case of equal maxImum strengths in the lines , the ratio

of the wave impedances is

*sN/~~.l.
’hh h1cP(TII )

where u is the voltage in the line ; E — the maxin~um field strength

and I~, — the radius of the internal electrode .
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Fig. 2. Shaping of the pulses in a double shaping line at dif-

ferent ratios of wave impedances of its lines .

The case of the equal impedance of the lines and the case

of equal strengths limit the region in which it follows to Se—

lect the geometrical parameters of the double shaping lines

(Fig. 3). Parameters of the apparatus ESU—l and its model ESU—0

(see below) are given in the table. The charge is accomplished

In a resonance manner from the pulsed voltage oscillator. The

use in the DFL of a polar dielectric with a small specific re-

sistance p leads to the need to pay attention to losses in the

dielectric in the process of the charge . If we limit the losses

of energy by ten percent from the energy stored in the GIN , then

the minimum frequency of the charge is Sa4 $o. $013/&p . For

glycerine i~~ 4O. ,~~ I,LIOe ohms/cm and ‘MMN. = 0.7 MHz. In

our case for the charge of the DFL, it was found convenient to
use 6—8 standard GINs of the Serpukhov condenser plant GIN—LI0O—
0.06/5 with an impact voltage of ~40O kV and impact capacitance

of 12 nF connected In two parallel columns each with three—four
In series. As the experiments showed , parallel operation of the
GINs can be achieved by connecting in parallel each stage of each

GIN. In a design sense this is carried out by means of a single ~
•

co lumn , in which gathered are all the dischargers which operate
in an atmosphere of nitrogen at a pressure of 3 atm.
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Fig. 3. Field strength in lines and wave impedances as a function

of the geometry of the lines. 1 — when D1 = 60 cm; 2 —

when D1 = 70 cm; 3 — when D
3 

= 20 cm; LI — EoH when D
3 

= 28

cm; 5 — Z Hap when = 60 cm; 6 — ZHap when D1 = 70 cm; 7 —

when D
3 

= 20 cm; 8 — when D
3 

= 28 cm.

For the experimental checking of the principles assumed as

a basis of the accelerator ESU—l , a small apparatus , model ESU—O ,
with an energy of 600—800 keV (Fig. 1) was built. The external

line Is commutated by means of a spark gap filled with nitrogen

at a pressure of 4—7 atm. Checked on this apparatus are the dlf—
f’erent types of dischargers (axial and radial), distortions of

the pulses because of the charged inductance , transformation of
the pulses , and structure of the electron gun.

The development of a gun for a line filled with a dielectric

with a large value of C Is a complex problem . Usually the used
design of the gun [1, 2] does not allow , in the case of transition
into a vacuum from a medium with large e, obtaining good

5
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agreement with the oscillator of nanosecond pulses owing to the
sharp growth in the reactive component of impedance of the gun .
Furthermore , it is difficult to obtain the uniform distribution
of the potential along the high—voltage insulator. Therefore ,
we conducted special studies on the creation of a gun capable of
operating in a medium with large C .

Table

11
3cy-0 1,_ 3cy~i

3
~~~ssprus,Mss 0,1 2.0

4 Tos ny’qia,ia 20 60
( DJIMT J%bIIOCTb RU8y1IbC~ MC i 35 40

~ P .*iu. pa6orw 7 O~ii~ o.~~~~e NM Uyflbc~ 1

S ~~~~~~~ I~aID~~~~HMI ( niH)

~~~c’io rHH.400-o,00/5 4 8-8
/. Y~iapuo. sanpa*s.su.,M~ 0,8 1. 2-1,6
// Ya pua. ~~g*ocr~ , i~ i 2

/*. IINRYSITMIMOCTh, MaI N 5 7—10

/.3 fl~~ i’ia~ ~~~~ 1(IO4u&~ ~~~~~~ (L14~J1)~

~~4 D.iia*.se~p ~neaipoao. D1, ),
CM (cr.. puc. i)  41 ; 19;9 ; 80;20;I0

80 90
/~ Hun.~a.ic ..yrp.u..l ~~~~~~~ c~~ 7 6,5
/7 Ha.n~m.i.c sisss~ii~~ ~~~~ , cM 7 3,8

!I,piuIao. NII~~I*•NN~~ Ms 0,0.0,0 1 3-1 ,6
(IM~,II C$MIUUI.NM, UaflpuIIIewNocl b,

260 200

~O I oo iløyl ouia i nw~s (Ill)
NMH.a.HC, OM 14 10.3

~
(. 

~~~~~~~~ TpaHc$opwaUI.. 1,46 1 ,65
“ i/1StII.~, CM 90 ISO

as
CM 30 30

~~~ NcnO sin I-I I-I
.p~~~ ,. io ’ ,o~~

KEY to Table: 1) ESU—O; 2) ESU—l ; 3) Energy , MeV ; 14) Beam ~ur’rent ,

kA; 5) Pulse duration, ns; 6) Mode of operation; 7)  Single pulses;

8) OscIllator of pulsed voltages (GIN); 9) Number GIN~ LIO0~ O.O6/5;
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10) Imapct voltage , MV; 11) Impact capacitance , nF; l2)~ Inductance ,

~iH; 13) Double shaping line (DFL); 114) Diameter of electrodes

D2, D3 
in cm (see Fig.l); 15) Length , cm; 16) Impedance of inter-

nal line , cm; 17) Impedance of external line , cm ; l8)Charged vol-

tage , MV; 19) Maximum strength , ky/cm; 20) Transforming line (TL);
21) Input impedance , ohms ; 22) Coeffic:lent of transformation ;

23) Length , cm; 214) Electron beam ; 25) Impedance , cm; 26) Number

of needles; 27) Vacuum , mm Hg.

~inal ly, developed is a design of a gun (Fig. 1) which pro-

vides the simultaneously sufficiently good agreement and distri-

bution of potential along the high—voltage insulator. The pre-

sence in the system of the dielectric with a comparatively great

conductivity makes it possible to avert a sectioned insulator ,

which substantially simplifies its manufacture .

Used as a source of electrons are from 1 to 5 tungsten need—

les with the radius of rounding of 0.1 rum manufactured by the

method of electropolishing from a wire ~2—3 mm. There Is the

possibility of an accurate change in the anode—cathode distance

for the control of impedance of the gun .
The design , calculations arid Investigations of the nano-

second generator and gun are examined in detail in separate re-

ports.

Discussion

A .A. Vorob ’yeva . Did you attempt to use water in your devices?

B.U. Yablokov. The use of water in double shaping lines is poss-

Ible with a very good quality of water (specific resistance of

~. lo
6 ohm cm). However , it is very complicated to work with

such water. It is difficult to preserve the good qualities of

the water in metallic volumes. In this case the line should be

equipped with a continually acting system of Ion—exchange clean—

ing . Furthermore , with the use of water the line on a pulse dura—

tion of the order of 140 ns becomes short, and with a voltage of

the order of 1 MeV its diameter becomes comparable with the

length. Such a line is transformed into a condenser.

V.1 . Bagramov. What ensures the stability of operation of the

— 
‘•-.
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Fig- . LI . Model of an electron high—current accelerator ESU—0.

a — general view ; b — internal part of the line from the side of

f-he load .

4

8

— ~~-~-—--- 

-* ~
-• 

.*_



• -~~~ -w 
- .

multispark gap?

B.N. Yablokov . As yet we have not obtained a multispark opera—

tiori of the discharger . However , we hope that with sufficient

power in the sparks and spacdng of the Igniting sparks In the

space it will be possible to achieve a multispark operation of

the discharger. Now our sparks will be broken down with an ac-

curacy of 2 ns.

S.B. Vasserman . Why do you consider that a sectioned tube is

more complex than a whole one, and from what kind of material is
it protlosed to manufacture the whole insulator?

B.N. Yablokov . The insulator of the gun is made from plastic .

It is possible to turn an insulator from one piece in our case ,
arid thsi is simple than to gather It from a number of rings.

Y~i.P. Vakhrushin . What is the electrical strength of the glycer-

ine in your operating modes?

B.N. Yablokov . According to our data , a breakdown of the glycer-

ine of areas of electrodes l0~ cr12 approaches at field strengths

of’ 230—250 kV/cm.

V. Khaync . What kind of emittance does the gun have?

B.N. Yablokov , We still have riot measured the emittance of the
gun . The work with it has just started .

V.L. Komarov. What magnitude of the electron beam did you ob-

tain on the model?

B.N. Yablokov . According to the preliminary...measurements , the
magnitude of the current consists of 500 A.

V.G. Bagramov. Of what type is the transforming line?

B.N. Yablokov. The transforming line is of the exponential type.

This is discussed in detail in the next report .
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26. A HIGH—POWER NANOSECOND GENERATOR

L.N. Kazanskiy, B.N. Yablokov

(Physics Institute Im . P.N. Lebedev of the Academy of Sciences

of the USSR) 
-

The generator Is designed for feeding power to the auto—
emission electron gun (EP) of apparatus ESU—l by single pulses

with the following parameters :

Voltage 2MV
Current 50 kA

Pulse duration 35 ns

Duration of front (shear) 10—12 ns

The generation of the output pulse is accomplished according

to the known scheme [1, 2] with the use of a double shaping line

(DFL)* [3], which is charged by the resonance method from the
Arkad ’yev—Marks generator [GIN]. However , the generator has
certain characteristics connected with the striving to decrease

maximally the dimensions of the apparatus .

In the first place , used is a liquid polar dielectric with a
high dielectric constant — glycerine (c = 142). Secondly , the
pulse of the DFL is transformed for decreasing the voltage of the
charge of the DFL . Thirdly, the spark gap of the DFL is included
between the grounded electrode at the point where to the latter

~In foreign literature the DFL 1~~ known under the name of

Blumlein.
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the voltage from the GIN is fed. Such a position facilitates the

control of the spark gap and provides a “cutting off” of the GIN

from the EP and DFL after the commutation of the latter.

A schematic diagram of the generator Is given in Fig. 1.

The DFL consists of two lines ill and ~2 
connected with each other

at the input of’ the transforming line (TL), which is made in the
form of a smooth exponential transition (see the present collec-

tion , page 00, Fig. 1). The charge of line 
~2 

is carried out
through a spiral short—circuiting line (KL). All the elements of
the generator , with the exception of the GIN, have a coaxial ful-
fillment , which makes It possible to use the grounded electrode as

a shield and decrease the fringe effects.

2. Selection of the parameters and design of the generator

With the energy yielded to the beam of -~~ 3.0—3.5 kJ in the
pulse , the energy stored in the DFL, taking into account the mis-
match and losses, shquld consist of W~~.5 kJ. The voltage of the

DFL relative to the voltage on the EP is determined by the se-

lection of the TL parameters. If the TL and DFL are filled with

an identical dielectric t
4~~1i,~~, then the lengths of these lines

are connected with the relation [Li ]

£
,./L~~~~,ç 2t 3/c  a. (~n ai.)’/(au/u) , (1)

where t
3 
is the delay of the TL; K — the coefficient of trans-

formation of voltage ; gu/u — taper of the vertex of the pulse

at the output of the TL. Assuming £u/t4~~,1 and £Ta /t&4,a
o

~
I ,

we get K = 1.14. Thus the voltage of the DFL should conSIsts of

1.14 MV , and the capacitance 5000 pF.

To increase the pulsed power , the pulse duration (er ) and

output impedance of the DFL (2. •i,~~~ . ) must be se-
lected as small as possible

w U’P Tw 1~c (2 )

Here Z1 and Z2 are the wave impedances of J11 and ~2’ 
However ,

their decrease is limited by the permissible duration of fronts

of the pulse s an d Inductance of the spark gap (L
v
). Assuming

11
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If

~~~~~~~ and considering that t.~~2.2 L~/Z,, we obtain when
Z 1 = Z 2 = Z

V~~t$L~/Z1a. 4.7CW/L~)
”Li

1
. (3)

Hence It follows that when L > 2.lO
_8 

H (a quantity which is hard—
6ly possible to decrease when u > 10 V) T 3 35 ns and Z )~ 7 ohms .

C

0410

Fig. 1. Scematic diagram of the generator

I

Fig. 2. Spark gap of the double shaping line of axial Cal and
radial (b) types.
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The selection of the dielectric of the DFL and Its geometry ,

i.e., the ratios of diameters of the coaxial electrodes a = D1/D2

~ D~/D3 
is fulfilled from the condition of the maximum specific

energy content (W/V) at the assigned Z1 = Z~~’. The electrical

strength of all the dielectrics are initially assumed to be

identical. Using the known relations , for coaxial lines we can
obtain

SO i~ ((n a)1 (Ln a)’— conet 
~~ ‘

where V is the total volume of the DFL. The maximum energy con-
tent is obtained when Q •0,-2,12• and the optimal dielectric

constant

£.fl,— (lO tna ,flT /Z)
2
. 

( )

Selected for our generator are a = 2.12 and glycerine (c = 39—145).
It is interesting to note that with the assigned wave im-

pedances of the DFL there is the definite optimal dielectric con-

stant of the dielectric which fills I t .  For an Illustration let
us cite the following example: for Z1 

= Z
2 = 7 ohms and t = 35 ns

the volume of the DFL is 20% greater with the use of water in com-
parison with glycerine at equal maximum strengths of the elec-

trical field.

Based on the consideratIons given above, we de$Xgned and are

making a model of the generator the parameters and basic dimen—
sions of which are given in Table ].. For the model spark gaps of

the DFL of two types are made : radial and axial (Fig. 1). The
spark gaps are trigatrons with 6—10 keep—alive electrodes for

ensuring a multispark mode of operation t5].
The charged GIN is built from four standard GIN—Ll00—0.06/5

of the Serpukhov plant : two parallel columns , two pieces in each
in series.
5
The equality of the wave impedances of 

~l 
and 

~2 
Is not neces-

sary in principle , but It is necessary for the total matching

of t he DFL w ith the loa d.

-
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Table 1

I Ysan £ siSpa?opa 3- L~ fl 3 Tfl

4’ fl,ssiian,psa ~ Fnas.q ~.s s -42,6)

C
” Euaocr~, fl~~ 5000 P80
Bom.osoe conparsianonse, ou 14 I4.~30

1’ Ko$4~.usewr ipanc~opuausts - 1,46

f fljurreni.,,ócm
3apn~a, MaCOK 0,8 —

40 flnrr asu.ii ocn. WMfly llbCS,HCØ4 K 35

1, IlHaMerp 9fleKT pOUoB, cu 9; I9 ;41 9: 18;41

F ‘ LLiunia, CM 85 100

~3 MaScIUMaIUINSI snIsps oIwncTb
oils nps 3il~~*I*ifOM wnnpna.o—

NNN 1,4 Mi, WCPI 4~

KEY : 1) Assembly of generator; 2) DFL; 3) TL; 14) Dielectric;

5) Capacitance , pF; 6) Wave impedance , ohms ; 7) GlycerIne; 8)
CoefficIent of transformation; 9) Duration of resonance charge ,

us; 10) Pulse duration; ns; 11) Diameter of electrodes , cm; 12)

Length , cm; 13) Maximum field strength with voltage charge of

1.14 MV , kV/cm.

3. Investigations

Measured in the range of 0.1—100 MHz were the dielectric

constant ~ and quality q.ii9& of glycerine , wa ter and al-
cohols (Fig. 2). The passage of short pulses (10—50 ns) through

lines filled with these dielectrics was investigated . The best

character ist ic s are possesse d by throughly cleaned water ( p~.lO
6

ohms/cm); glycerine has acceptable data if the duration of the

fronts of ~...lO—l2 ns is permissible.

The process of the charge of the DFL for select ion of the
optimal parameters of KL (ZKL = 110 ohms, ‘)t 3 

= 17 ns , LKL 1.9
uH) and of the estimate of the previous pulse voltage on the EP
was modeled. The process of the charge is checked on the model
(Fig. 3), the maximum voltage of the DFL consists of ~-l2O% of the
tota l charged voltage of the GIN, and the voltage of EP during

the charge is <10% of the voltage of the working pulse .
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rig. 3. ~requency dependences of the dielectric constant £ 1
(solid lines) and quality Q— 1lt~ 6 (dashed lines): 1.11 —

technical glycerine (j3 = 1.7.106); 2.21 — glycerine “i” (j~~
60.106) ; 3~ 3

l 
— distIlled water (~~= 10

k ) ; 1 4 1 4 1 — thoroughly

cleaned water (j)=’.-l06); ? — volume resistance [ohms.crn].

A-
Fig. 14 • Charged voltages on lines of DFL V1 on 

11
1 and V2 on J12•

Scale along the horizontal is 0.2 iis/cm and along the vertical ,
200 kV/cm.

Results of the measurement of the inductance of s-park gaps

on the number of needles , which were simulated by short wires
01.5 mm , are given In Table 2. The need to provide a multispark

operation of the spark gap and advantages are evident .
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Table 2

Muc ao kilhsSilOS I 2 3 4 5 0

~ Partwa~itr.mgC pi3—
pnil IflI K . 3a30p
4 5  cM 80 28 17 12 II  9,5

3 A~ciiaai.su ~ p~~ —
p.3111k, 3530p

4,Ocu 75 40 32 ~ 26 ~

KEY : 1) Number of channels; 2) Radial spark gap, gap of 14 .5 cm;
3) Axial spark gap , gap of 14.0 cm.

During tests of the model for electrical strength , the charged

voltage on the DFL was raised to 600 kV. Breakdowns in the spark

gap were not observed at a pressure of N
2~~~

14 atm (the spark gap

is tested at 10 atm).

At 600 kV on the second maximum of the charged voltage , there

were breakdowns in the glycerine on the~ end of t he DFL (E~~230 kV/
cm).

The manufacture of the basic generator (u~~~,I.4 MV; U~,2,o MV)
is being started at the present time . The maximum field strength
in it Is 200 kV/cm , the external diameter of DFL Is 600 rmn , and
its wave Impedances Z1 = 3.8 1~ and Z2 = 6.5 £~ .

Discus sion
A .A . Vorob’yev. How mueh did I understand that the microsecond

range Interest you?

L.N. Kazanskiy. The charge of the shaping line is accomplished

during O.’4—0.6 ~is; the duration of the output pulse proceeding

to the electron gun is 30—50 ns on a level of 0.5 of the ampli-

tude.

V.fl. Davydovskiy . What kind of efficiency of the system do you

expect to obtain? How many pulses per unit time can the system

provide?

L.N. Kazanskiy. The efficiency of the relative energy stored in

the GIN should be approximately 50%. The repetition frequency

Is determined by the used GINs (GIN — 1400—0.06/5). The maximum

frequency is 2 pulses/mm .
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27. RESEARCH OF INTENSE ELECTRON BEAMS ON THE RIUS-5 ACCELERATOR

Ye.A. A bramyan , S.B. Vasserman , V.G . Votintsev , V.M . Dolgushin ,
A.N. Lukin , B.G. Shklyayev (Institute of Nuclear Physics of the

SIberIan Branch of the Academy of Sciences of the USSR)

The RIUS—5 accelerator , intended for the obtaining of beams

of relativistic electrons in short (140—0 ns) pulses with currents

of up to 30 kA , was constructed and started at the Institute of

Nuclear Physics of the SO [Siberian Branch] of the AS of the USSR

in 1969 [1].

Conducted during the recent year were works on the improve-

ment of the design of the accelerator and investigation of param-

eters of the beam . At the present all the units and systems of

the accelerator operate stably at a voltage of the high—voltage

generator up to 8 MV and a voltage on the accelerator tube of up

to 5 MV. The repetition frequency of the pulses is one per min-

ute (with operation with a high beam Into the atmosphere).

The accelerator is made standard for the apparatuses of such

type of design : the source of high voltage charging the high—

voltage ca pac itor m a spark gap—peaker with an igniter , and an
acceleratIon tube with a cold cathode. Used as the source of

high voltage is a pulse generator on connected circuits (Tesla

transformer). The insulating medium is a mixture of elegas and
nitrogen in the ratio of 1:1 with a total pressure of 15 atm . A

schematic cross section of the accelerator is shown on Fig. 1.
A description of the design and operation of the apparatus is

18 
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RIven in [1].

I g

Fig. 1. Schematic cross section of the apparatus

1 — Reactor; 2 — Transformer ; 3 — High—voltage electrode (con-

ductor; 14 — Accelerator tube; 5 — Exhaust window (anode); 6 —

cathode; 7 — Insulator; 8 — Electrode of tube; 9 — Spark gap—
peaker ; 10 — Capacitance divider ; 11 — Igniter unit; 12 — Rec-

tifier ; 13 — Electrode; l~4 — Primary winding ; 15 — Secondary wind-

ing; 16 — Insulation base; 17 — Generator of igniter feed ; 18 —

shunting spark gap ; 19 — Electrode of capacitance shielding; 20 —

Oscillatory circuit; 21 — Transparent” part of the conductor;

C
1 

— condenser bank; P1 and P2 — air spark gaps.

Described in the report are the new design and features of

the operation of the sectioned accelerator tube and the exhaust

device with a longitudinal magnetic field , and results of studies

of a number of parameters and characteristics of’ the accelerated

beam are also given.

Accelerator tube and exhaust device

The accelerator tube (Fig. 2) consists of Insulating rings

made from plastic and divided electrodes from duralumin with ~ 
-

rubber packings of the joints. The total number of sections Is

13, and the length of the tube is about 75 cm. The structure of

the tube is made according to the type of sectional tubes , which

successfully operate in pulsed accelerators with a thermo—emission

cathode [2] with microsecond voltage pulses. In conformity with
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recommendations of A. Watson [3], on the vacuum side the surface

of the insulator is made conical . The geometry of the tube as a

whole was selected on an electrolytic bath in such a way that the

distribution of voltage along the sections would be close to being

uni form .

I’,~~~~~

(r

l
I

_ _ _ _-

“ig. 2. Accelerator tube and exhaust device. 1 — housing; 2 —

vacuum chamber ; 3 — Rogowski loop; 14 — housing of exhaust device;

5 — exhaust window ; 6 — solenoid; 7 — emitter; 8 — voltage sensor
on the tube; 9 — high—voltage electrode of the tube; 10 — tip;
11 — electrode of the tube; 12 — insulator; 13 — packing .

As was indicated above , the tube successfully operates at

voltages on it of up to 5 MV . However , there is no complete cer—

tainty of the fact that the accepted materials and geometrical

shapes of the insulating rings and metallic electrodes are optimal.

At present investigations are being started on the electrical

strength of the sections different in material , dimensions and

geometr~,r on a high-voltage (up to 1 MV) nanosecond test bench.

The neeessary condition for the normal operation of an ac—

celerator tube Is , as is usua l, its preliminary conditioning . An
attempt to conduct conditioning of the tube in the operating mode
by means of a gradual increase In the voltage did not give a posi-

tive result: the effect of the conditioning was absent . The

20
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energy released in this case In the channel of the discharge con-
sists of — 1 kJ (at a voltage of the generator of .— 3 MV)

apparently , is extremely great. Successfu l conditioning of the

tube is carried .out with a parallel connection of the sections and

the connecting of them to the high—voltage electrode of the gen-

erator. In this case the energy released In the channel of the

discharge does not exceed 10 J. The conditioning of the tube

directly in the accelerator proves to be possible owing to the

fact that the voltage of the generator is easily regulated prac—

ticall~i from zero . This is one of the advantages of a pulse

~~orator on connected circuits as compared with the Marks gener—

The pre—impulse voltage , induced on the accelerator gap

(owing to the capacitance division) up to the triggering of the

spark gap—peaker (Fig. 3), can lead to a vacuum breakdown in the

gap, which as a rule affects the geometry and other parameters of

the beam. P0 prevent a vacuum breakdown of the gap in the pre—
impulse stage , we take measures both with respect to the lowering
of’ the magnitude of the induced pre—impulse voltage and with re-
spect to the increase in the electrical strength of the accelera-

tor gap .

For the purpose of decreasing the potential induced on the

high—voltage electrode 9 of the tube (Fig. 2), the latter is

shifted deep into the housing 1, and here the gap of the spark

gap—peaker 9 (Fig. 1) is increased . A tip 10 (Fig. 2) is used

for the matching of the electrical strength of the spark gap—

peaker with the strength of the high—voltage gap of the generator.

The magnitude of the induced voltage onto the tube consists of

—2.5% of the high voltage of the generator .

The exhaust device of the tube , shown on Fig. 2, allows

placing window 5 at a considerable distance from the emitter at
sufficiently high strengths of the electrical field on the cathode .

The longitudinal magnetic field formed by the solenoid 6 smoothly
grows in magnitude up to 3—14 kG and further remains approximately

constant up to the exhaust window . The beam which is diverging
from the cathode becomes then parallel. Such an exhaust device

21
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has considerable advantages over the standard system of the

exhausL (see Fig. 1). The dimension of the beam on the anode can

easily be regula~~ d ; th’~ electrical strength of the i~ap in the

pre— Irnnulse stage noticeably grows , preventing the breakdo’ ns

(“cutoffs ” of the voltage induced onto the tube); the processes

on the anode , conditioned by the bombarding by the electron beam ,

have a weak effect on the lowering of the resistance of the cath-

ode—anode gap; the insulator of the tube is considerably better

shielded from the dust gathering by metal flying from the anode.

The first tests of the exhaust device with the longitudinal
p
~row1 r i g magnetic field were passed successfully.

•

~‘ig. 3. Voltage on the accelerator tube during the whole cycle

of operation of the apparatus. a — spark gap—peaker did not

trigger; b — spark gap triggered (a jump in the voltage on the

tube is evident); c — in the pre—impulse stage there occurred a

“cutoff” of the voltage (breakdown of the vacuum gap). Sweep is
5 ms/cm.
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Results of’ measurements of parameters of the beam

The standard oscillograms of pulses of the accelerating vol-

tage and current (exhaust system is standard ) are shown on Fig.

LI. With the magnitude of the gap emitter—anode of Lj cm and vol-

tage of the generator of 8 MV , the amplitudes of the beam current

and accelerating voltage consist of 50 kA and 3.5 MV. The energy

of the beam in the pulse measured by a calorimeter in stalled behind

foil is equal to 3 kJ.

Fig. 14, Shape of pulses of accelerating voltage a) and current

b) of the beam . Marks are 100 MHz.

The changes occurring In the accel2rator gap in the period

of passage of the beam of electrons explain the higher values

of current in the middle and end of the pulse as compared

with current at the beginning of the pulse at those same voltages.

The maximum voltage on the gap is achieved in 15 ns from the be-

ginning of the pulse , and it is apparently possible to consider

that by this moment the characteristics of the beam are still

determined only by the emission properties of the cathode and

the geometry of the accelerating gap . Values of the beam current

at the maximum accelerating voltage in the range of Um = 1—14 MV

23
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are well approximated by the relation

Is ~~~~~

where k is the coefficient dependent on the geometry of the gap,

emitter and material of the latter . For an emitter of stairJess

steel , the shape of which is shown on Fig. 5, b , w1 t~ tJ r- magni-

tude of the gap up to the anode of 14 cm , k = 2~ 2 14~~~L2 P772

should be noted that the cleanness of the surface of the emitter

and the form of the edges (sharp or blunted ) do not noticeably

affect the magnitude k.

- :

Fig. 5. Trajectories of electrons and shape of the beam on the

anode for different emitters. The energy of the electrons We 
=

1 + 1.5 MeV , ~ = 2 cm; d = 1.2 cm.

Figure 5 shows the cross sections of the beam of electrons

on the anode at the maximally accelerating voltage in the pulse

for different emitters . The ring shape of the section of the

beam from the conical emitter is well—known . The expected , on
this basis , splitting of the beam on the ring edge and the possi-

bility of a change in the parameter of the beam due to the s lope
of the edges were confirmed with the investigation of the emitters

the shape of which is given in Fig. 5, b and c. The configuration

of the sections of the beam was observed on glass plates, which

were placed behind aluminum f ilters which pass only electrons of
maximum energies. With an increase in the energy of the electrons

the diameter of the beam is decreased .
214
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Discussion

A.U . r,ebedev. 1. In what region of energies was there

observed the law 5/2 and of what magnitude was the magnetic field

used for the derivation? What is the intrinsic field of the
beam , and at what current were the experiments conducted? 3.

What maximum current for an energy of 5 MeV was obtained on this

gun?

S.V. Vasserman. 1. The law 5/2 was observed in the region of en-
ergies of 1 to 3.5 MeV . The field grew along the axis of’ the

beam to 14 ~~ The experiments were conducted with currents of up

to 20 kA. Unfortunate~.y, I do not remember the magnitude of the

beam ’s magnetic field. 3. At an energy of 5 MeV the current was

about 30 kA.

A .A. Vorob ’yev. How is the current from pulse to pulse different ,
and what is the duration of the continuous operation of this ap-

paratus determined by the thermal mode?

S.B. Vasserman . The scattering from pulse to pulse is within

5%. Since the machine operates with a repetition of once per

minute , then the question of thermal overloads did not appear .

I.M. Royfe . From what material is the tube made? Don ’t you plan’

to decrease the duration of the front?

S.B. Vasserman . Plastic is used for the insulation rings . The

electrodes are manufactured from duralumin. At pre~ ent the front

is equal to 15 na , and for our purposes it is not necessary to

shorten It.

B.N. Yablokov. What is the delay time between the pulse of the

trigatron and the main discharge to the tube?

S.B. Vasserman. The delay time was not measured , but the stabil-
ity of the triggering is good .

N.y. Pleshivtsev . 1. What are the geometrical dimensions of the

cathode and its material. 2. Did you operate In a mode with a

voltage of less than 1 MV?
S.V. Vasserman . 1. The cathode Is prepared from stainless steel

and is a cone with different angles. Usually the angle is 60°
and the length , 3 cm. The tip had a rounding off. 2. No, we
we did not.
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K.V. Khodatayev. What portion of energy does the beam lose as
compared with the energy stored in the battery [bank]?
S.V. Vasserman. In the maximum mode the energy of the bank is
10 kJ , on the high—voltage electrode it is 7 kJ , and in the beam ,
3 kJ.
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