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8, A, Bobkovekiy, B. M. Gokhberg,
A3 P Ioffe, and N. M, Reynov,

Notet The following is & translation of a Russian article appearing in
Zhurnal Tekhnicheskey Fisiki Vol. IX, No. 23 (1939), pages 2650=3, It was
written by S. A, Bobkovekiy, B. M. CGokhberg, A« F. Ioffe, and N. M. Reynov, who

are affiliated with the Leningrad Physiootechnical Institute, Academy of Sciences
USSR, The article was submitted h Oot '39./,

AT DURCE, AR, N NI U ———

1. General Desoription of the Generator

The electrostatic generator of high de voltages was constructed according :
to a single-rotor model described in previous articles, 3

In an iron container 1 (Figure 1) 4 meters high and 2,7 meters in diameter
was installed a rotor 2 of height 1.2 meter and diameter 2 metets,

The rotor was built up from ebonite plates held fast between woad bolts
(which had been carefully cooked in sulfur), In the slots of the rotor's
generating suffece were inserted flat aluminum tubes (with strongly rounded
edges), which transported the charges during rotation of the rotors the rotor's
cylinder rotated on the ebonite shaft 3 whose lower end rested on a pivot held
firmly in the base of the container, The upper end of the shaft passed through
the cover of the container and rotated in a bearing set in a special support.
This same support held a countershaft, by which the rotor was belt driven from
& low=speed electric doc motor possessing power up to 20 kilowatts.

T ——

The rotor's cylinder was secured fast to the shaft in such a position that
with respect to height its center line was somewhat lower than the middle of
the container, The rotor's shaft was displaced relative tocthe containert!scaxis
in such a manner that the lateral surface of the rotor on one side approached
gga wall of the contalner within about 10 om, and on the other Bide was about

om away.
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on the container wall, in & place clogest to the rotor, was set & moveable
grounded scroen a (see Figure 1), which served as one ol the condenser's faces =
the other face (namely, the aluminum tube in the votor) of the condenser being
charged from & low=voltage sourcs.

The screen was curved in such a W&y that its edge gradually receded further
and further from the 1ateral surface of the rotor (Fee Figure 1)s The mini=
mum distance between the rotor's lateral surface and screen varied within the
1imite from 1 to 2 om. Upon the grounded screen was attaohed an insulated brush
by which the charge was fed to the rotor's plates (at voltage Vy), when the
plates were located at & minimum distance from the soreen. The primary voltage
V. was led into the container through an ebonite insulator maintained at @
voltage up to 120 kv

On the opposite side of the contalner, where the lateral surfece of the
rotor was the farthest renoved from the container walls, a second "high-voltage"
screen b, which wes connected to a brush that picked up charges from the
approaching plates of the rotor, was attached to an insulating ebonite case.

The entire container was £411ed with_pure kerosene posseseing very high
electrical resistance of the order of 1 Jtol ohm-cm for fields equal to
100 kv/om. (Notet The method of purification and the properties of kerosene
were described in an article by M. V. Glikina and B, M. Gokhberg, in Zhurnal
Tekhnicheskoy Fiziki, Vol. IX, page 730, 1939)s The small viscosity and high
electrical strength of kerosene (exceeding 200-220 kv/cm), it seemed, justified
s use as the insulating medium, However, the favorable results obtained in
investigations with kerosene in small models were unfortunately not repeated in
the transition to the large generator. The mechanicel losses turned out to be
too large, and the electrical strength was quite insufficient; this, as will be
shown below, was connected with the difficulty of removing small quantities of

hysical admixtures from the entire epparatus. In all, 19 to 20 tons of kerosene
were required to £411 the container.

In the upper part of the high-voltage screen was fastened a platform L
which projected somewhat over the rotorj on this platform were installed a
storage battery, rheostat, and one end of a wide ebonite tube 5, whose other end
passed outside through the wall of the container. The tube was sbout 2 meters
long and its internal cavity did not come in contact with the kerosene in the
container, This permitted one to carry out replacements of the cathode-ray tube
or high-voltage resistance (the tube and resistance are pushed into the ebonite
tube), When £111ing the container with kerosene [ Note Russian Editor!'s: The
cathode=-pay tube or high=voltage resistance were inserted into the ebonite tube].

When the cathode=ray tube was pushed in, the heater (the incandescent
cathode filament) was hooked up to the storage battery instelled near the high-
voltage soreen. The heating of the filament was regulated by a rheostat con=
trolled by a long ebonite rod projection frommthe container through the covers
The storage patteries for heating the filaments were located in & speclial case
inserted in a slot on the platform near the high-voltage screen;j the batteries
were connected to the heaters. The battery case also could be replaced during
the £illing of the container with kerosenes

After the installation of the cathode=ray tube or resistance the internal
cavity of the tube was filled with kerosene.

2, High-Voltage Resistance and Cathode=Rey Tube
We measured the voltage developed by the generator by graduated high=

voltage resistances and by the deflection, in a magnetic field, of an electron
beam during operations with the cathodesray tubse
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(a) Resistance. We used two types of resigtances. At firet we utilised
a tube made of epecial alkali glase posgessing considerable conduction, The
tube's length wad 1.5 meter. Along the entire length of the tube, on individual
portions of it, ve conducted preliminary neasurements of the tubo‘ resistance
for various fi01d gradients up 4o intensities of 15 to 20 kv/omj that is, VP to
those fields which we aould expect during measurements on the generator. 8
preliminary calibration was done in pure kerosene under the same conditions that
the resistances encountered in the generators

However the resistances nade of alkell gless were not completely reliable
and required frequent controls} therefore we switched to "India=ink" resistances.

"India=ink" resistances were mede from strips of Watman's paper dipped in
India ink and then covered with a thin layer of shollace The shellac preserves
the resistances Toth from the influence of modsture in the alr and aleo frum
the action of the Kerosenej ten series~connected resistances were wound in &
spirdl on & glase tube 1500 mm long and 110 mm in diameter. oter In this
case we used & tube made of good insulating gless and thus the resistance was
determined actually only by the magnitude of the nndia=ink" reuintmu.]

Each of the resistances were calibrated up %o 100 kv, and all 10 resistances
were selected identically. In the 1imit up to 100 kv each resistance remained
constant, and thus we obtained resistances that operated dependibly up to
potential differences of 1000 kv.

(b) Cathode-ray tube, The tube design developed by Le Ae Artsimovich and
G. Ya. Shchepkin wes selected after & number of preliminary tests, The con=
ditions governing the tube's operation presented the following design require=
mentst
i, In connection with the relatively small length of the tube it was
necessary to ensure an especially careful homogeneous distribvution
of potential 4n the tube.

2, Tt was necessary to preserve the vacuum=sealing paste (namely,
picein) from the corrosive action of the kerosené.

3, A high vacuum of the order 1O“6 mm/Hg wes to be obtained.
L, Good focussing of the electron beam was required.

5, Finally, the tube had to have & device for the escape of electrons
into the atmosphere.

Figure 2 represents achematically the tube. A glass tube 1, length 1500 cm
and diameter 110 mm, gerved as the main body or base of the tube, the glass
having wells from 2 to L, mnm thicke. Within the glass tube were cylinders made

up of sections 2, composed of red coppers The ends of the sections were rounded.
Collars 3 were slipped on 8 section, which were held fast by means of adjusting
sorews li to the glass tubej et the same time these collars removed the pouibility
of spark=-over along the wall of the glass tube: the capping attachments of the
st jueting sorews were sealed with picein. On the load=-bearing surface of the
tube opposite the collars 3 were jnetalled metal rings 9 with rounded edges,
which (i.e. rings) enclosed the adjusting screws o In order to have & homo=
geneous distribution of potential between the sections in the tube, the #India-
ink" resistances 8 connected with the rings 9 were wound in a spiral on the
outside. The whole tube was divided into ten geationa., The totel resistances
in the tube amounted to about 5+10L0 ohms.
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The cathode wad mounted on a copper 1lid 6, vhich wes held with picein to
the ond of the glass tube. The cathode waa detachable, with reserve filaments
and a focussing eclectrode 5, The disposition of individual cathode parts was
gelectad oo as to obtain good fooussing of the electron beam.

The anode wes made of copper tube 100 mm in diameter and 600 mm long, which
(.. tube) was connected at one end to the glass tube and had at the other end
a gridlike window covered with aluminum foil 4O microns thick. The outlet to
the vacuum pump Was not far from the place where electron beam issued,

ALl conneotions in the tube werc sealed with picein and thea with a layer
of ahlellao in order to protect the pilcein from the corrosive kerosene.

A focussing coll was located on the anode tube for the purpose of auxiliary
concentration of the elactron beam.

3, Measurements of the Voltage Developed by the Generator

The first measuremnents of the voltage developed by the generator were car-
ried out at large resistances for a very small current strength under conditions
close to idling. The dependence of the secondary voltage upon the primary
voltage is shown in Figure 3, For a leen gap between the rotor's plates and
the grounded screen, the primary voltage was successfully raised to 50 kV3 in
this case the secondary voltage (determined with the aid of the resistance)
reached ad high as 1600 kV. Observations through & small aperture in the con=
tainer showed that there were discharges in the kerosene around the high-voltage
electrode; the disruptive distance in the kerosene reached 4O to 45 om, but in
individual cases it was 50 cm. It can be noted that when the apparatus was
first filled with pure kerosene the field intensity near the grounded screen
exceeded considerably the above-indicated 50 kV/em (up to 80 kV/cm); later on,
however, neither pure kerosene nor its replacement were successful in giving
these high velues again.

After prolonged operation of the generator, & number of defects appeared
which in the end led to & considerable lowering of the secondary voltage and
failed to give the desired results. The main defects were &8 follow:

1. The ebonite ghaft of rotor begen to show & noticeable sag (exceeding
6 mm), which correspondingly varied the gap between the operating
surface of the rotor and the grounded screen (totsl gap was alweys

10 mm) and did not permit the primary voltsge to be raised to the
magnitude planned.

2, During the generator's operation, unavoidable impurities, drevn in by
the electrical field in the gep between the grounded screen and the
rotor's plates, created considerable nonhomogenicities in the field or

even formed bridges, which led to rupture.

These circumstences,after prolonged operation of the generator, did not

allow one to raise the primary field intensity above 25 to 30 kV/om, thus low=-
ering almost by two times the intensity achieved in the first testsj correspond=
ingly the secondary voltages were successfilly raised only to 800 to 900 kV.

For comparatively small ngyraining! of the cathode-ray tube, an electron
beam was produced with a voltage of the order o£8800 kV, which the generator
developed at this time.

Measurements of the speed of the electrons, which were carried out by

observations of their deflection in a magnetic field, actually showed & voltage
of 750 to 800 kV in the tube.
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The electron beam emerging in the air quickly geattered, forming an
elongated corona at the eperture, which shone with a bluish 1light.

esoing screcn shone,

within the 1

imite of the luminescent corena,

The fluor=~
with an entense

1ight which vas clearly vigible in th

e bright daylight.

corona measured with the aid of the fluorescing screen,

velue of the free-path length of the

electrons in the atmosphere.

The length of the
gave the npractical”
For a voltege

in the tube of 750

to 800 kV the corona

g length was 2300 mm.

The strength of

| the electron current was

20 to 50 micro=ampered.

With an electron beam of given &

peed and intensity,

ducted, which however cannot be described
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