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MEASUREMENT OF THE ENERGY OF FAST IONS IN A POJERFUL FULSED DISCHARGE

[Following is & ',El'-a‘.“n,slatioh. o‘fi'a.ii far'b?-iﬁ};;eg’:bjf"Bi;f"Gq Brg':j‘l_l-f"” |
nev in She Russian-language perioGical Izvestiya Absiomit
Nevk SSSR_-- Energetiks i Avtomatike (Bulletin of the

Academy of Sciences USSR -~ Power Engineering and Autome~-
tion), No 2, Moscow, 1960, pages 54-58o/ -

The production and study of high-temperature plasma in straigrs -

discharge tubes led to a more or less clear idea of the’ rate of growih
and distribution of the discharge current, the character of the change .
in the discharge voltage, thé detachment of the plasme from the walls
of the discharze tube and the degree of its compréssion, and the dis- ~
tribution of ‘the proper ma netic ‘and electric fields and other proper-
ties of such plasma /1, 2/. However the nature of tle herd radiation’ '
discovered in the first years of the study of high-temperature plesie
still remains unknown in spite of a fairly large punber of works by
Soviet and foreign authors, = . = B o

I+ is well known that & pulsed discherge in devterium at low
pressure is accompanied by x-ray and neutron radiation L3 » }_+]. The
reutron yield is observed in a very short range of time which coin-
cides with the time of maximum compression of the plasma. The plasme =~
18 very unstable when.in a state of meximum compression. IL Jz prode- -
ble that the instability of the plasma leeds to the formatich f stroog
elactric fields. In this case, the ‘deut'e‘:gqns'in the plasma are ac-
celerated when they pass through strong electric fields and their
velocity may be several times’ greater’ than ‘that which they would bave =
acquired from the epplication Of the initial potential difference to -
the dischérge tube "/_5]0 S ST

" Up to the present time only indirect evaluations of the veloci-
tics of deuterons are known which were cbtained from studying the .
epatial distribubion of the neutrons and their energies /6, T/ and . -
which show that the plasma may contain deuterons with enmergies up to
200 Kev. Howevér, the direct measurement of the velocities of fast
neutrons is of material interest. . . . e

In order to measure the enmergies of fast loms it was necessary
to select a method which would permit measuring the energy over a wide
range of time of & single powerful pulsed discharge. . . . - . -

. Use of the method. of the Thomson parabosla [ 87 in this work
permitted measuiing the velocity of the ioms in wide limits ané deter-
mining the value of e/M with sufficient relisbility, Photographic . .
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registration of charged particles, the use of a permanent magnet for
rroducing the magnetic field and dry elements for obtaining the elec-
tric field wholly excluded the effect of powerful electromagnetic in-
duction when measuring the energies ‘of the ions. . . o

Description of the Apparstus and Methods. The spparatus vas a
cylindrical porcelain tube 1 = 80 centimeters and dyp = 172 centi-
meters, closed at the ends by metal flanges (Figure 1). The fubde was
purped out through the cathode flange to a high" ‘vacuum (~2 x 10-6
millimeters of mercury) by means of oll diffusion and initial vacuun
surps. This flange was connected with a cylindrical copper casing
which contained the porcelain’ tube, This copper casing was connected
with the ground plates of nine capacitors connected in parallel with
a total capacitance of 2k.3 microfarads and served as the retvra con-
Juctor for the discharge current. The battery of capacitors was
charged from a rectifier with a grounded minus of up to 40 kilovolts
and discharged with an igniter between the flanges inside the porce=-
lain tube filled with pure deuterium, A:E‘ter passing through a pal-
ladium filter, the deuterons filled & measured volume which was ccn~
nected with the tube before the beginning of the discharge. The tube
was pumped out t0 & high vacuum and aged by repeated’ discharges uwp to -
the point of obtaining a suff:.ciently high product:.or. of neutrons be -
fore each experiment.

An aperture with a diameter o:E‘ 15 wmillimeters was made in th»
cathode along the exis of the tube for extraction of the bean of
cherged particles, The end of a connecting metal tube from the spe-
cial chamber was inserted into this aperture against a seal. The tube
contained two disphragms with circular apertures with disweters of
1 millimeter and 0.5 millimeter., The first diaphragm was closed by
a2 high-speed electromagnetic valve and cculd be opened in 0.0l “sccnd
before the beginning of the discharge, autoratically switching on the
device for igniting the discharge. After passing tirough the 4
phragus of the connecting tube, the beam of charged rarticles from
the discharge tube entered a flat box (4 x 4 x 1.8 centimeters) made -
of red copper placed between the poles of a permanent magnet. Two
parallel copper plates (4 x b centimeters) were festen>d to insuletors
inside the box and an electric field from a battery of dry elements
vas set up between them, Then the box was connected by means of 'a
metal bell with the flat part of the chamber in which there was a
pla,teholder with a 9 x 12 centimeter photographic plate /Type MR pro-
duced by the NIKFI (Nauchno-issledovatel'skiy kinofoto institut --
Scientific Research Tustitute for Motion Pictures and Phc Jograph;gf o
The plateholder was fastened to a piston in the upper part of the
chember and, after the system was bumred out to a high vacuum prior
to the discharge » was lowered into ‘the lower vart of the chanber whils
“he cover of the Plateholder remained above. The entire system con-
sisting of the chamber, bell, box, and connecting tube with the dia-
phragms were made of metal, light-tight, and were pumped out con-
tinually to a kigh vacuum by means of separete Humps -




The ions from the plasma passed through the apertures in tne
cathode and the diaphragms, and entered the parallel. magnetic and
siectric fields which acted upon the ions t0 ch.a.ng‘= thelr paths in’
such a way tha.t when the ions struck the photograpaic plate . 'Lf‘cated
at a distance of 10 centimeters from the center of the msgnetic :E.Lela
they left parabolic streaks on tm f£ilm, Each 'oarabola corresnor:ded
to a single value of e/M while a definite velocity of an lom cou-
regponded to eacn point on a parabola. The center of the plate was
vlackened in the form of a circle with a.diametor of ! milllsebrra
shere it was struck by & straigh ray of lignt.. fast neutral p"'*,i- .
ﬂes from charge exchange, fast ions and ions with large masses which

ere scarcely deviated from their initial d:.rect:.cn of mou ion bv tne
grven magnetic and elec'trlc fielc"s. . , L
If we place the origin of the coordinates at tne ‘cemtér of this

3pot, then, knowing the constents of the device (z, 1), the inbensitis

of the electric (E) and magnetic (H) fields, and mcasuring the coordi-

aates (x, y) of any point of the parabola on the photogranhic nlaue s

7@ c.n use the eg_uation e A N
S : Llannil I-I2 .

Vreleggx T Q)

0 £ind the value of e/M a_.ngi -the equations
§ x - zl ;(52 ’y n\’.z’l;gmA—I’:" . .l ' i '- L (18.\
.50 de term:.ne V == the velocity of the :I.on.. : , ;

The accuracy of the method of parabelas 1=" nct very high tut .
.1t is the most suitable for the simultaneous measuremeni Of the eners-’ B

3ies of ions Irou several kilovolts t0 hundreds of k.L...OVO ha for 8
"..ucroseconds in a powerful pulsed discharge, - .

Every pulsed discharge wes. made with a gas pressure of O« 02-0-
aillimeters of mercury, a discharge voltage of Lo k:.'Lowo.Lts and a maM
" aum discharge current of 1.5-2 x 10° amperes. . . :
s The tiuwe of exposure of ‘the photograph:.c pla't.e for one pulsed

“ischarge did not exceed several microseconds (on the order of the

Jirst half period, equal to 8 microseconds )« When working with deu-
,er:Lum, the photographic plates were exposed in the presence of neu-
tron radiation (with an average of up to 108 neutrons. per pulse Je

Regulte of the lMeasurements. Measurements ‘of the velccities.
uf +he deuterons flying from the plasme perpendicular -to the axis of

she discharge showed that scarcely noticeable traces of perabolas were
vbtained with exposing photographic plates for 80-.LOO pulses. In this
case the stream cf lons was very small. - L

The stream of perticles was markedly larger in exper:umen* s With

eams of charged particles flying along ‘the axis of the discharge and

-3..




passing through the aperture in the cathode. Weakly noticeable traces
of parabolas were obtained on photographic plates after one pulsed
discharge. Exposure for 3-5 pulses yielded parabo]as with defihlte
dark traces. When all the discharge parameters were held constant,
he results of the measurements showed a wide: dispersion. Max imum
energies of deuterons were more frequently obtained w.LthJ.n linits of
80-170 Kev and more rarely in the range of 170-200 Kev, . '

Two photographs obtained on ore plate with the same dlsca,arge
conditions in deuterium are shown in Figure 2. The upper left
7arabelas are: D* (strong blackening) and H (weak blackening) and
the right lower parabola is D~ with the same direction of ‘the mag- ‘
setic field. The maximum energy D* is equal to 18i Kev and D~
50 Kev. The upper right parabolas sre: D¥ (strong blackening) and
a* (veak blackening) and the left lower parabola is ‘D~ when the mag-
detic field is in the other direct:.on. The naximum energy of D* is
53 Kev while D~ is 4O Kev.

A photograph of D* and H* parabolas obtained from ohe pulsed
discharge is shown in Figure 3.

Parabolas obtained with 12 pulsed discharges in hydrogen are
shown in Figure 4. The parabola of HY ions is the lower one on the -
left and its maximum energies are equal to 200 Xev; the parabola of
37 ions is the upper one on the right.

When the exposures were lengihened (25 pulses or .nore), Dg and
J5, also o* s N'*, 0™ parabolas accompanied by parabolas of ions from
uhe materials of the electrodes and walls of the tube appeared in &ad-

..tion to the D* and D" parabolas.

By changing the polarity of the charge on the capacibtors it
#as possible to analyze the beams of charged particles which passed
shrough the aperture to the anode. In this case no traces of pr l‘d.bO...?“
were discovered on photographic plates exposed for 50 pulses,

Discussion of Results, The method of - parabo.v.as used to analyve
beams of fast ions showed that the fast ions in the plasma produced b
a powerful pulsed discharge in deuterium and hydrogen had a continucu. =
spectrum with velccities ranging from L o0 200 Kev. The probability
Jhat there were ions with energies below 4k Kev is nct excluded, bub

e emulsion in the photographic places was not sensitive enough to
r*“g ister thems On the other hand, wheh one measured the blackening
7y a microphotometer in the direction of maximum energies 5 there was
10 sharp boundary and the blackening decreased slowly up to the cen-
vral spot on the plate. Therefore one can believe that there were ‘
~oms with enérgies exceeding 200 Kev in the plasma tut thet they were
% *ry few. It was possible to observe spots with great blackening
visually and especially with microphotometry of the parabolas. The
nresence of these spots indicated a far fronm monotcnous trend in +the
surve of the distribution of energies in the regilon of great energies.

The mechanism of the formation of fast nzgative ioms ‘is proba-
u1ly connected with the charge-exchange of fast positive ions, that
is, Wl‘bl" the apoearance of fast neutral particles with subsequerh

A




capture of electrons. In this case the direction of the velocities
of the fast particlﬁa is scarcely changed. The maxinm velocitnaa of
‘she negdative ions are less than the waximum veloci+iea of “tHe positive
ions on the same plateo ‘The direction of the velovlty of the negatlv:
icns coincides with the direction of the velocity of the positive ionn,
therefore they fly 4o the cathode, losing part of their energy Zin the
retading field.
The presence.of deuterons with ene¢g1eé five times those of
he discharge voltage .indicates: the appearance o acceleratinhg v bgesaa;
‘1 he discharge. Instability in a compressed ‘plasma column cay causa
uhe cormation of strong electric fields whose direction coincidcs with
whe Girvection of the principal field set up by the discharge vo.tage.
m fact, experiments with changing thé polarity of the capacitove; that
‘s, with a change in the fast ilons passing’ through the anode showad
shat fast ions appear only during the first half-period of the dis-
charge current and the direction of the fields in which the lons are
accelerated to great energies coincides with the field of the initial
. iiscuarge voltage. The stream of fast ions is diréc ted along the '
2-axis of the discharge tube toward the cathode with only insignifl-
sant scattering toward the walls. There are good grounds for believ-
ing that there should also be a stream of fast electrons accelerated
in the same fields which are moving along the z-axils toward the aznde,
Thus, neutron radiation during discharge in deuterium, at low
oressure in straight tubes, 1is caused chiefly by acceleraiing proceg: s
in the plasma filamert which accelerate deuterons up to 200 Kev.
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TIGRE APPRIDIX

Lo HUED

GO DUt

e : - L e PR T SI A e o oob oyt e ,
Wagare e E = 1 5‘! 30 oeraceds o= 550 volts Jeeatine ey v ~ }-r
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kilovolbs, fUp = 004 millimeters of mercury. Two photo-
geapns with different directions of The msgneticz Sheld;
7 vuiced discherges; DY -~ parabolia cpening upward; D7 -~
perabcla opening downward; HY -- parabola opepiasg upward
(weak blackening)




Figure 3. H = 00 oersteds, B = 950 volts/centimeter, Vg = 38 kilo-
volts, ETJB = G, 05 millimeters of mercury. Une puised
discharge; DY -- parabola opening downward; HY -~ parebola
openling dowoward

»

Figure 4. H = SO0 cersteds, i = $50 volts/centimeter, Vg = %0 kilo-
 volts, FH, = Oa045 millimeters of mercury; 12 pulsed dls-
charges; H& -~ parabole opening downward; H™ -- pareboia

gpening upward ‘
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