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AEFOTATION

An investigation of ion eyclotron resonance in & hydrogen plasma
vith a denaity or 1012 - 101" en~3 vas carried out in a pulse regme
A direct d:lacharge in e longitudinal m@etie field up to l@h &8ss
aemd as a plesme source. -

Dependex_z_c&ea of high frequency eneaegyltransmi;aaion to plasma from
various parameters vere taken.

\
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~ INVESTIGATION OF ION CYCLOTRON RESONARCE

"IN A DENSE PLASMA

s

By: K. D. Sinelnikov, V. T. Tolok, N. I. Nazarov,
I. I. Bakayev, V. A. Bondarev, U. P. Bugsy

Plasma heating in an ion cyclotron zfegi.me i undoudtedly an m;.ereattng
and promising method of reaching hiéh ion temperature. As ion velocities are
in phase with an external accelerating field, heating of an ion plasma
component must be a rather repid process /I/. . Screening of defense plasma
from high frequeney field pemetration, vhich is due to rediel fon currenta;
can in principle be depressed in a great nieasure by the method ausg?ated by
T. Btix V& 2_7, ‘He has prodnced & high frequency input system exciting an
emrnal el.ectric t:l.eld, vhich 1.3 periodic 1n an axi.al direction. At very
. larse densities of 101" -3 and nore, the theory points out a possibility
of generation of so called ion cyclotron vaves with their subsequent thermels
~ ization. '

A general vj.ev' of a device used for ion cyclotron resonance researches
is presented in a Figure I.
| A direct cu:l'rent discharge excited in a glass tube of 60 cm length and .
6 en in dismeter served as a plasma source. ‘l'o}exc:lte the discharge the 4
electrodes were auypned vith a step function signal of 800 A sec duration.
 The diascharge current could thus reach the value of 500 A and be regulated
by varying the ballast reaistance R} (Pig. 2). |

The dinchafgetube vas piaced 'cOaxiaily to the solenoid 70 cm long and

20 cm in diameter. The magnetic field reached its maximum in 4.7.1073 sec.

/
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The solenoid was fe«i by a capacitor battery which stored up to 40,000 Joules
and was charged to 5 kV. The magnetic field .was' uniform at the length of
45 cm with an oxactitudé of more than 1%.

To put high frequency power into plasma, induction coils were used
consigting of four th_ree-coil se;ticne éqnnected in opposite phases.

The axial pertod of the electromagnetic field vas 11 ca.

The hiah frequency energy vag led into the middle of the coil by means

of a coaxial feeder.,

' The induction coti ({=g oY ) together with'capacitora C and Co (Fig. 2)

formed a resonance circuit with e quality factor of 270, which was connected
to the 1 kwatt generator, operating in a continuous regime in a frequency.
range from 6 to 12 MHz. . \

The ion eyclotron resonance was detected by the voltage ehange of thé
resonance circuit, the voltage having been connected through the capicator
cl to a germanium detector and then supplied to the vertical deflection
ampl:l.fier of the oscillograph ( //é - I.

One could observe on the oecillograph screen a voltage change due to
the presence of plasma loading in a strong magnetic field..

A delsay system perm:lttedvone to excite the discharge of all values of
the magnetic field atrength and therewith to obsém ‘an ion cyélotron resonance
both with constant and varying magnetic fields during the impulse time.

Plasme denaity wvas measured by millimeter waves transmitted through its
volune. These measurements were carried out by L. A. Dushin and V. I. Kononenko.

Resonance powver ebsorption vas mwsﬁigntéd after discharge current
termingdtion i.e. in a decaying plasma.
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Bxporimento choved ¢hat im cn iom cyclotrom resonance roglon the plass
sbgorbs 30-kof of the supplied high f‘m’qguén@.y BOwEr.. A typical resonones abeorption
curve is presemted in Fig. 3. %The recgonanee pocks vere found ncar the volucs

W, = %, ~, 42 plnowa deasity 644 mot exceed B o 1012 a3,

The dependence of the ,rea@mse,@bs@?mi@n of high froquency power upon
hyédxogen Progoure and dizveet current intensity iz shown in Pigs. & and 5 respeetiveldy.
As ve sec im these Ligures there ere optimal conditicns for high Crequency power
cbeorption by plnams, vhich eve Geterninsd by msutral snd charged particle demsity.

Zn Pig. 6w oee thnt the balf-width of the resopance curve in contimuvally |
inercasing with the rise of gns presoure, whiech i@@i@@te@ @ strong interaction
Yetvesn accolorated lons and peutrel abems. A similar result was cbtained in our
ingtitute by other @x@@rmmgf@p vho imvestigated the ion eyclotron resonanes inm
@ stationory rogius of the PI0 typa plassa source vith o high-frequency gemsrotos
povar of" severel hupdreds milliwatte /b/. In this vork tho infiu@ﬁ@e of the le@ul@m‘b:
colligion upon cunergy lossse of m@@ ions was proved é@, be small. The
frequency dependence of high freguency power @‘b@@ép’ti@n is shown in Fﬂé, T

The dischearge cuxrent .@Mh ececempanicd by the i@n' density inerease in the
discharge volume/5/, causes the shift of the resopanee peaks in the direction of
magrotic £izlds M@r then the r@@@m@@ valve (Pig. 8). |

Toe frequency probe measuwrements ( A o b mé))‘ shoved then in decaying hydrogen
plosea tho demsity was 6.10%310n/3e 150 N see after the surrent 300 vas cut off.

In Figs. 9 and 10 a funetion of ms:@mn@@ pover gdbsorpiion iz presented at
| (4fferont momcnts after the dia@@g@ current ves 8toppsd, 2.¢. the function of the
pPlases demsity. The vpper curve of the ossillogrem (Pig. 9) is the disebsrge ewrrent

immilm;e » the lover ome 1o the voltage change on the resonance eireult. We sce that

Approved For Release 2009/04/16 : CIA-RDP80T00246A007500620002-9



Approved For Release 2009/04/16 : CIA-RDP80T00246A007500620002-9
- b -

at the start there is a non-resonance power ebsorption due to the discharge

current flow, a.nd then '7 a high frequency power absorption peak produced by
an 1on cyc].otron resonance. | N | » |

The form of the curve in Fig. 10 indicates that there exists en Optimm
plasma dénsity for high frequency pover asbsorption and this is proof of the
a'badrptién dependence upon the discharge éur_fent intensity (see Fig. 5).

Emining the Pigures 8 and 9 we notice that at plasma density increase, the
resonance abadrfrbion peak becomes assymmetric at thé aide of stronger magnetic
#ields. This assymuetry may probably be explained by the generation of the iom
. eyclotron vaves, which vere discusaed in [2] end f3]. |

The observed chara;ter of the reebnahce high-frequency powver absorption
indicates the eﬁatepce of the optimm dehsity value. It ie possible .thut at
ma'ter-‘denaiﬁeé, a screening of plasma from high frequency fields becomes
am‘eciableo : i G w D e b e o

A qmntitative check of the obtained data with an aveilsble theory [y is
impossible es & number of theoretieal conditions are not fulfilled in the experiment
(conditions of high lonization degree, larger conductivity, no density: gradient
along plasme radius and of no collisions in plasma). But qualitative comperison
of some experimental data with theoretical data brings us to interesting conclusions.

According to theory a maximum high frequency power absorption W takes place

in ion cyclo‘f.ron resonance
of ) \f,I[/,aeH ~'.f;? |
Here X *.;_;)% » wl;ore n is an ion density, A 15 the length of the .
exciting coil pariod, ™ - ion tnperature.
In our experinental conditions vhen a direct discharge served as e pluu

gource and ve had \ =22 cm, M~ L ev, & theoretical condition of § = &
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{end therefore of W « Wy,.) vas fulfilled for n s 2 4.1012 5/cn3,

' Exp'erimﬁtal dépendence of W upon n has the same character but the maximum

of this curve cofrespondg to the density of n ~ %.1013 ton/cn3, measured 11;' -
‘main .di.lacharge column. This d:lscrepdncy of dénsity values may be explained if ve
,aas\me that the mn cyelotron regsonance takes place only at the bonndary of the
plasma - column "choosing” the region vhere J = 1. '

Plasma density determination by resonance peak's asymmetry points out f.hnt
calculated density value is less than that, meesured by an independent method.

Similar results vere obtained in exsmining the work of the B-65 .a'te‘llar.tqr,
where resonance peak's asymetry or evéxi it's splitting in two, corresponded to
lower density values than the measured ones. ‘ _ '

* Thus checking the theory with our experimental data and vith those obtained
on the stellarator, one may éonclude that the/»hish frequency penetration into
plaama in veak if the demsity of the hi/;ier is above 5.1012 ton/cm3.

In thia conpection e have en __aetuﬁte necessity of an unémbigioua. confirmation
of the existence of ion cyclotron vaves and their aubaequenf thbmiization. This
vould enable us, in case of euccess, to heat plama vith & density exceeding 1013
a3 ‘ - |

But we should like to note more possibilities of plasma heating in the pure
resonance regime of higher denait’y values, vhich nevertheless fulfilling the condition
of - X w=rl, Hence it follows that ths critical denaity may be increased by neans
of & temperature rise, but this dependence u a veak one.J .

A period A of the high frequency input ayatem is a far more substantial
factor. Diminustion of X is very promising fram theoretical point of view:

‘reducing )\ by half for example ve get an almost tmnfold demsity inmcreage.

)
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Moreover, according to the theory, a diminuation of }\ value results

" in an mcreaée of high frequency pover absorption W at the ion cyclotron resonance,

Cﬂ.“"‘"sx. o

 We think a more thorough investigation of this point would be advicable.
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Figure Subscripts

Pig. 1.  Generel view of tize experimental device
Fig. 2. Scheme of the experimental device. ’
Fig. 3. Ion cyclotron resonance oscillogram: a quantity raciprocal to the
circpit voltage against the increesing megnetic field.
Fig. h.'-' Hydrogen pressure dependence of the resonance high freguency power
abgorption at the constant dischrge current. )
. Pig. 5. Discharge current dependencé of the resonance high rreﬁuency power
absorption. | ;
Fig. 6. Hydrogen pressure dependence of the half-width of the resomance high
' fre-queney pover abaorptionl ot the constant discharge current.
Fig. T. Generator frequency dependence of the resonance high fregquency power
, aﬁaorption. |
Fig. 8. Discharge current dependence of the resonance sbsorption peak shift.
Pig. 9. Oscillograms of the resonance high prequency pover absorption at different
mnﬁa after the discharge current termination.
I. Resonance obaerved 100 A sec &fter the discharge current is cut off.
2. The sexe after 250 /4 sec. | | '
3. The seme after 300 4 gec.
b. The seme after 620 /~gec,
5. The same after 930 A sec.
6. The same after 1100 M gec.
Pig. 10. Time dependence of the rQaOmce high frequency power absorption
after the discharge current is cut off. '
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Block disgeam of the experimental system 2
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