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(571 ABSTRACT

Disclosure is made of a charged particle accelerator
comprising a high-voltage generator built around a
transformer whose primary winding is arranged coaxi-
ally inside a sleeve-like magnetic circuit, the secondary
winding of said transformer being a sectional winding.
Each coil of the secondary winding is connected to one
of seriesly connectsd diode-capacitor rectifier circuits.
An accelerator tube is connected to the high-voltage
generator. The accelerator tube and the diode-capaci-
tor rectifier circuits are located within the secondary
winding of the transformer. The proposed accelerator
is small in size, simple in design and easy to manufac-
ture. It is provided with overvoltage protection means
to take care of breakdowns and transient processes.

4 Claims, 3 Drawing Figures
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1
CHARGED PARTICLE ACCELERATOR |

The present invention relates to accelerators and,
more particularly, to direct-action charged particle
accelerators to be used in experimental physics as
charged particle sources and, what is more important,
in applied fields to irradiate different materials and
carry out radiochemical technological processes.

There is known a charged particle accelerator com-
prising a high-voltage generator built around a trans-
former having a magnetic circuit with an insulated
sectional core, fitted over which are sections (coils) of
a secondary winding . Alternating voltage across said
secondary winding coils is rectified by means of voltage
doubling diode-capacitor rectifier circuits. Said circuits
are interconnected in series. High direct voltage is
supplied to the high-voltage end of the core and to an
accelerator tube, said tube being arranged outside the
generator, coaxially with the core. A primary winding is
arranged coaxially with the secondary winding, at the
internal surface of a sleeve-like yoke of the magnetic
circuit. The rectifier circuits are arranged in the spac-
ing between the windings, close to the secondary wind-
ing.

This accelerator has a relatively great length due to
the sequential arrangement of the high-voltage genera-
tor and the accelerator tube. Its magnetic circuit is
made up of large-size ferrites of a complicated shape.
The core of the magnetic circuit is divided into sections
by means of high-voltage dielectric spacers which are
difficult to manufacture. In addition, it is not easy to
ensure electric contact between said spacers and the
ferrite sections. As a result, the manufacture of such
magnetic circuits is a serious technological problem.
The accelerator tube of the accelerator under review is
provided with a high-voltage divider, which accounts
for additional manufacturing and power supply costs.
The separation of the accelerator tube from the high-
voltage generator makes it an extremely difficult task
to provide effective means for the protection of the
high-voltage elements of the accelerator from overvolt-
ages in cases of breakdowns,

It is an object of the present invention to provide a
charged particle accelerator having smaller dimen-
sions, as compared to conventional accelerators.

It is another object of the present invention to pro-
vide an accelerator which would be simple in design
and easy to manufacture.

It is still another object of the present invention to
provide an accelerator having means to protect its
elements from overvoltages due to breakdowns and
transient processes, which would ensure high reliability
of the accelerator and make, it possible to use said
accelerator at limiting electric field voltages.

The foregoing objects of the present invention are
attained by providing a charged particle accelerator
comprising a high-voltage generator built around a
transformer having a sleeve-like magnetic circuit with a
primary winding and a sectional secondary winding
being arranged coaxially with said magnetic circuit,
thereinside, each coil of said secondary winding being
connected to ‘one of diode-capacitor rectifier circuits
interconnected in series, said accelerator being further
provided with an accelerator tube connected to the
generator, in which accelerator the accelerator tube
and the diode-capacitor rectifier circuits are arranged,
in accordance with the invention, within the space
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enveloped by the secondary winding of the trans-
former.

It is expedient that the diode-capacitor rectifier cir-
cuits be interconnected via ohmic resistors in order to
reduce voltage across the accelerator elements during
breakdowns -and ensure aperiodic oscillations with ab-
sorption of electric energy by said resistors.

It is desirable that the accelerator tube be connected
to the diode-capacitor rectifier circuits via ohmic resis-
tors in order to limit the flow of breakdown currents
across the accelerator tube and ensure absorption of
electric energy by said resistors.

The charged particle accelerator of the present in-
vention has small dimensions due to the fact that the
accelerator tube and high-voltage generator are com-
bined in one unit, which is especially important if
charged particle are to be accelerated to reach high
energies.

The magnetic circuit of the transformer is simple in
shape and manufactured from transformer steel. The
arrangement of the accelerator tube with the rectifier
circuits within the space enveloped by the secondary
winding of the transformer makes it possible to provide
a common, effective means for protecting all the high-
voltage elements of the accelerator from overvoltages
due to breakdowns. It is expedient in this connection
that in order to reduce still further the size of the accel-
erator and raise its effectiveness, some of its elements
be adapted to perform several functions. Thus, the
capacitors of the rectifier circuits also serve as a low-
inductance capacitor voltage divider for dividing high
voltage through the entire accelerator, which high-volt-
age divider shows reliable performance at high-fre-
quency oscillations generated due to high-voltage
breakdowns. The seriesly connected ohmic resistors
account for aperiodic oscillations and a low Q factor of
the capacitor divider. The reliable protection of the
accelerator from overvoltages makes it possible to op-
erate at limiting electric field intensities that are close
to breakdown intensities, which is another factor ac-
counting for the small size of the accelerator.

Other objects and advantages of the present inven-
tion will become apparent from the following detailed
description of a preferred embodiment thereof taken in
conjunction with the accompanying drawings, wherein:

FIG. 1 is a general, longitudinally cut view of a
charged particle accelerator in accordance with the
invention,; .

FIG. 2 is a section taken along the line II—II of FIG.
1; ’
FIG. 3 is a key diagram of the proposed accelerator.
The accelerator of the present invention may be used
to accelerate any type of charged particles. The em-
bodiment under review is an accelerator for the accel-
eration of electrons.

Referring now to the attached drawings, the charged
particle accelerator, whose longitudinally cut view is
shown in FIG. 1, comprises a shell 1 filled with a com-
pressed gas, which shell houses a sleeve-like magnetic
circuit 2 made of transformer steel with radially ar-
ranged laminations. Arranged inside the magnetic cir-
cuit 2 and coaxially therewith are a conical primary
winding 3 with a screen 4, which primary winding 3 is
a copper, water-cooled tube extending around the in-
ternal surface of the lateral walls of the magnetic cir-
cuit 2, and a high-voltage column 5 having an accelera-
tor tube 6 disposed thereinside. The high-voltage col-
umn 5 consists of annular sections 7, each of these



4,016,499

3

comprising a coil 8 of the secondary winding of the
transformer. At the end of the pile made up of the
sections 7 there is a disc 9 carrying a coil 10, and a
high-voltage electrode 11. The high-voltage electrode
11 is spherical in shape, made of thin-sheet stainless
steel mounted upon a frame of an insulation material,
and provided with radial slots for the passage of a vary-
ing magnetic flux. The coil 10 is connected to a trans-
former 13 adjustable with the aid of an insulation roll
12. The transformer 13 is connected to a rectifier unit
14 which, in turn, is connected to an electron gun 15 of
the accelerator tube 6. The magnetic circuit 2 is
shielded by a metal screen 16.

A plan view of one of the sections 7 of the high-volt-
age column 5 is shown in FIG. 2. The coil 8 is protected
on the inside and on the outside by metal screens 17
and 18, respectively. Attached to the inner screen 17
are three legs 19 made of an insulation material.
Mounted on said legs 19 is a diode-capacitor rectifier
circuit. Said circuit consists of a capacitor unit 20 made
up of four ceramic capacitors, said capacitor being
interconnected in four ceramic capacitors, said capaci-
tor being interconnected in parallel-series, and of two
diode couplers 21 which connect the input and output
of the capacitor unit 20 to one of the leads of the coil
8 connected to the screen 17 via chokes 22. A second
lead of the coil 8, connected to the outer screen 18, is
coupled via a conductor 23 to the center tap of the
capacitor unit 20. The rectifier circuit is connected to
the accelerator tube 6 via an ohmic resistor 24. The
capacitor unit 20 is screened from the varying magnetic
flux by an oval-shaped copper ring 25.

The sections 7 which make up the high-voltage col-
umn 5 (FIG. 1) are electrically connected to the capac-
itor units 20 (FIG. 2) by means of spring contacts 26
via four ohmic resistors 27 that are mounted on a board
28 and connected in parallel. The result is a low-induc-
tance, low Q-factor capacitor divider extending along
the entire accelerator, which divider rules out the pos-
sibility of overvoltages across the elements of the accel-
erator due to a breakdown in the accelerator tube 6 or
in the gas.

The rectifier circuits may be connected to the accel-
erator tube 6 and interconnected directly, without the
ohmic resistors 24 and 27. Yet is highly desirable that
such dissipation protective elements be present in the
circuitry. (At low voltages /up to 500 kV/ across the
tube and with a proviso that the tube has a divider, it is
not necessary that the tube be connected to the recti-
fier circuits).

The key diagram of the proposed charged particle
accelerator is shown in FIG. 3. A source of alternating
voltage U is connected to the primary winding 3 of the
transformer which has inductive coupling, by means of
the magnetic flux ¢ shorted along the magnetic circuit
2, to the coils 8 of the secondary winding. The coils 8
are connected via the diode couplers 21, the chokes 22
and the conductors 23 to the capacitor units 20 which
are interconnected in series via the ohmic resistors 27
and the contacts 26. One end of the chain of rectifier
circuits is grounded, whereas the other is connected to
the high-voltage electrode 11. The supply coil 10 of the
electron gun 15 is connnected to the adjustable trans-
former 13, the latter being connected to the rectifier
unit 14. The foregoing portion of the electric circuitry
of the accelerator makes up a high-voltage generator.
In its center, in the space enveloped by the secondary
winding, there is disposed the sectional accelerator
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tube 6 with the electron gun 15, which tube 6 is con-
nected on one side to the high-voltage electrode 11 of
the generator and on the other, via the ohmic resistors
24, to the capacitor divider made up of the capacitors
of the units 20 of the diode-capacitor rectifier circuits
which are also arranged in the space surrounded by the
secondary winding.

The charged particle accelerator of the present in-
vention operates as follows.

The source of alternating voltage U of an increased
frequency (normally between 400 and 250 Hz) pro-
duces, with the aid of the primary winding 3 of the
transformer, a varying magnetic flux ¢. The magnetic
flux ¢ permeates the coils 8 of the secondary winding
and induces therein alternating voltage which is recti-
fied by doubling the voltage with the aid of diode cou-
plers 21 and the capacitor units 20. The high voltage U,
thus generated is supplied from the output of the chain
of the diode-capacitor rectifier circuits to the accelera-
tor tube 6. The coil 10, wherein alternating voltage is
induced by means of the common magnetic flux ¢
ensures the feeding of the electron gun 15 via the ad-
justable transformer 13 and the rectifier unit 14. The
electron gun 15 emits electrons to the accelerator tube
6, wherein the electrons are accelerated by the voltage
U, supplied to said tube. The accelerated electrons are
then directed to a working substance or a detector, as
required.

Breakdown overvoltages are eliminated due to the
presence of the capacitor units 20 and the ohmic resis-
tors 27. In the chain of the diode-capacitor rectifier
circuits, the capacitor units 20 perform their main
functions of doubling the alternating voltage and filter-
ing the rectified current; at the same time they.form,
together with the ohmic resistors 27, a low-inductance,
low. Q-factor capacitor divider which protects the ac-
celerator from overvoltages due to breakdowns. The
total high-voltage capacitance of this divider is greater
than the total spurious capacitance €Cq (FIG. 3). The
presence in the capacitor divider of the ohmic resistors
27 accounts for a low Q-factor of the divider. As a
result, oscillations due to breakdowns in the accelera-
tor acquire an aperiodic nature. The energy accumu-
lated in the electric fields of the accelerator is absorbed
during a breakdown pulse by the same resistors 27. The
total resistance eR of all the resistors 27 is roughly
equal to the wave impedance of the circuit made up of
the capacitor divider and the side (spurious) capacitors
Cq:

3R = \l Lo
3Cq
where Lq is the inductance of the divider made up of
the capacitor units 20 and the ohmic resistors 27.

During a breakdown the currents through the diode
couplers 21 are limited to a permissible level by the
chokes 22. Partial breakdown currents through the
accelerator tube 6 are limited by the resistors 24 which
simultaneously absorb the eneregy accumulated in the
capacitor units 20.

In the proposed accelerator all the-elements of the
high-voltage column are found in a varying magnetic
field. For this reason their material and structure are
selected so as to exclude their overheating by Foucault
currents. These elements may also be screened from
the magnetic flux by short circuits.

What is claimed is:
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1. A charged particle accelerator comprising: a high-
voltage generator built around a transformer; a mag-
netic circuit of said transformer, which magnetic cir-
cuit is sleeve-shaped; a primary winding of said trans-
former, arranged coaxially with and inside said mag-
netic circuit; a secondary, sectional winding of said
transformer, arranged coaxially with said primary
winding and inside said primary winding; coils making
up said secondary winding; a high-voltage electrode of
" said secondary winding; an accelerator tube connected
to said high-voltage electrode and arranged in the
space enveloped by said secondary winding, coaxially
with said secondary winding; a plurality of diode-
capacitor rectifier circuits interconnected in series and
arranged in the space between said accelerator tube

10

15

20

25

30

35

40

45

50

55

60

65

6

and said secondary winding; each of said diode-capaci-
tor rectifier circuits being connected to one of said
coils of the secondary winding. '

2. A charged particle accelerator as claimed in claim
1, wherein said diode-capacitor rectifier circuits are
interconnected by means of ohmic resistors.

3. A charged particle accelerator as claimed in claim
1, further comprising an additional ohmic resistor and
wherein said diode-capacitor rectifier circuits are con-
nected to said accelerator tube via said additional
ohmic resistors.

4. A charged particle accelerator as claimed in claim
2, wherein said diode-capacitor rectifier circuits are
connected to said accelerator tube via other ohmic

resistors.
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