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CHHTE3 4 (1964)

«yHHBEPCAJIbHAfl» HEYCTOftHUBOCTB B KAJIHEBOfl IIJIA3ME*

H. C. EYHEJIfcHHKOBA

HHCTHTYT ilAEPHOH OH3HKH CHBHPCKOrO

AKAAEMHH HAYK CCCP, HOBOCHBHPCK

B HeoflHopoflHOii no nnoTHocTH CHJibHOHOHH3OBaHHoii KamieBOH nna3Me, Haxo#Hmeftcji B MarHHTHOM
none HanpaaceHHOCTbK) 600—1600 3, o6Hapy>KeHbi KOJie6aHHa. Ha6nio,aaeTca 3—4 rapMOHHKH c OCHOBHOK
HacTOToii ~ 5 — 10 icru..

Kojie6aHHH npeacTaBJiaiOT CO6OH a3HMyTajibHyio BOJmy, HMeiomyio cocraBnaiomyK) B^OJIB MarHHTHoro
noxiH. HacTOTa xojie6aHHH o6paTHO nponopuHOHajibHa HanpaaceHHocTH MarHHTHoro noJifl. KoJie6aHMH
Ha6nioflaK)TCH KaK B pa3peaceHHOH ( « = 108— 109 CM~3), Taic H B nJioTHOH nna3Me ( n = 1010— 5 x 1011 CM~3).
Bo36y»cfleHHe KOJie6aHHH He CBjnaHO c HajiHineM 3JieKTpH4ecKHX cnoeB Ha rpamme nJia3Mbi.

HTO Ha6jiK>AaeMbie KOJie6aHHH HBJIHIOTCH npoflBjieHHeM «yHHBepcanbHOH»
no HJIOTHOCTH nJia3Mbi.

KaK noKa3aHO B pa^e pa6oT (1—6), B njia3Me,
oflHoii no njioTHOCTH, npn HajiHHHH MarmiTHoro

(o) iT i> l , r^;e coi — HOHHaa u;HKjioTpoHHaa
HaCTOTa, Ti — BpeMfl HOH-HOHHblX CTOJIKHOBeHHH)
BO3MO»CHO BO36y3KfleHHe «yHHBepcajn>HOH»
HHBOCTH. HeyCTOMHHBOCTb flOJDKHa pa3BHBaTbCH
B pa3peaceHHoii, TaK H B njioTHOM njia3Me.

HeoflHopoflHaa no x njia3Ma HeycTOMHHBa K BO3-
6y»cfleHHK) BOJIH THna A (x) exp (i co t -\-i kyy -\-i hz z) npn

.̂v > kz, T.e. BOJIH noHTH nepneHflHKyjiflpHbix K Mar-

HHTHOMy nOJIK), HO HMeiOIltHX COCTaBJlflK>myK)

con
T n'je H n

kz, hy — cocTaBJifliomHe BOJiHOBoro BeKTopa,
napajuiejibHaa H nepneH^HKyjiapHaa MarHHTHOMy
nojiio, T — TeMnepaTypa B 3HepreTH4ecKHx e^HHHitax,
H — MarHHTHoe none, n — njioxHOCTb njia3Mbi,
n' — rpa,n,HeHT njioTHOCTH.

EcTecTBeHHO, HTO B cjiynae orpaHHHeHHOM nna3MBi,
Kor/ta ky onpeflejiaeTCH ^JIHHOH OKpy»CHOCTH njia3-
MeHHoro uHjimmpa, aoji»cHbi BO36y»flaTbCH TonbKO
Te HacTOTH, fljia KOTopbix s X=2TZR, r^e X — fljiHHa
BOJIHBI, R — pa^nyc njia3MeHHoro n,HJiHHflpa,
8-1, 2....

HmcpeMeHT HapacTaHHa KOJieGaHHH
&np/H2

njia3Mbi [5, 5]

(w/Jf )1/2 con
2

pa3-

n — napMopOBCKHH pa,zniyc HOHOB, Vi, ve —

cKopodb HOHOB H ajieKTpoHOB COOTBCT-

, p — flaBjiemie njia3Mbi.
nnoTHOH njia3MLi [6]

V fOl COn2lcOs

O)s = kz
2 COe

COe — SJieKTpOHHafl ^KJIOTpOHHaH HaCTOTa, Te —
3JieKTpOH-HOHHbIX CTOJIKHOBeHHH.

TaKHM o6pa3OM mncpeMeHT HapacTaHHH KOJie6aHHH
o6paTHO nponopu,HOHajieH kz JXJIH Majibix H kz

2

6ojibniHX njioTHOCTeii, OTKy^a cjie^yeT, HTO
BepOHTHa paCKaHKa flJIHHHWX BOJIH.

B onncaHHOM HH»ce SKcnepHMeHTe 6wjia o6Hapy-
aceHa HeycToiiHHBocTb HeoflHopoAHoii no njioTHOCTH
CHJIbHOHOHH3OBaHHOH KajIHeBOH nJia3M

meiica B MarHHTHOM nojie. HeycTOHHHBOCTb
jifljiacb B BO36y»caeHHH KOJieGaHHH c nacTOTaMH nep-
BOH rapMOHHKH nopHflKa HecKOJibKHx KHjiorepn;.
Bo36yacflaeMaa Bojma npe^cTaBJiaeT CO6OH 6ery-
myio BOJiHy no a3HMyTy c XGHITZ R H cTOflnyio BOJiHy
no OCH c X\2P&L (L — .zjjiHHa CHCTCMW). Kojie6aHH»

TaKoro ace THna GbiJiH o6Hapy»ceHbi He^aBHO B pa6o-
Tax 7-9.

KajineBaa njia3Ma o6pa3yeTca npn noBepxHOCTHOH
HOHH3an;HH nynKa HeirrpajibHbix aTOMOB KajiHH Ha
BOJib(J)paMOBOH njiacTHHe, HarpeToii J^O TeMnepaTypbi
-^2000° K. HarpeB ocymecTBjiHeTCH 3JieKTpoHHOH

MarHHTHoe nojie HanpaBjieHO B^ojib OCH ycra-
HOBKH. npe^ejibi H3MeHeHHH nojw 0—1600 a; Heo^HQ-
poAHOcTb nojia no OCH He npeBbimaeT 3%, no a3H-
MyTy 0,1%.

IIjia3Ma HMeeT BH.II; ii,HjiHHflpa ^HaMeTpoM 2 J ? =
= 4 CM, fljiHHOH L— 36 CM, orpaHH^eHHoro no Topi;aM
HarpeTbiMH BOJib(J)paMOBbiMH njiacTHHaMH. O6e njia-
CTHHBI 3a3eMJieHbi. IIjioTHOCTb njia3Mbi MaKCHMajn>Ha
Ha OCH H na^aeT no pa^nycy. IIpH r=R njioTHocTb

Hyjno. IIjioTHOCTb njia3Mbi MO»ceT
B npe^ejiax 108—5x 10 U CM~ 3 .

^ e H H e 5 x 10~7—5x 10~6 Topp.
3TOM CTeneHb HOHH3auHH nim n= 108—109 CM~3

1 — 10%, «JIH n=\010—1011 CM~3 6ojibme
20—40%. Bo Bcex cjiynaax njia3My MO»CHO cHHTaTb
CHJIbHOHOHH3OBaHHOH5 T.K. fl,a»Ce flJIH CTeneHH HOHH-

3aiIHH 1 % HHCJIO 3JieKTpOH-HOHHbIX CTOJIKHOBeHHH

npeBOCXOflHT MHCJIO CTOJIKHOBeHHH SJieKTpOH-HeHTpajI

Ha

* An English translation is available. To obtain a copy,
please write to the editor.

njIOTHOCTH
3OHAOM, npoKajiH6poBaHHbiM c noMOinbio 8 MM-HH-
Tep(J)epoMeTpa. 3OH^I; MOHCCT nepeMemaTbca no OCH
Ha paccTOflHHe 27 MM H no paflnycy. Kojie6aHHH

c noMombio 3Toro
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H. C. EYHEJIfcHMKOBA

t

PHC. 1 CxeMa ycTaHOBKH. 1 — xaTyuiKH MantHTHoro nojin; 2 — BOJib(j)paMOBbie nnacTHHti; 3 — ncnapHTejib; 4
301m; 5 — BfcicoKonacTOTHbie 3OHflbi; 6 — pynopHtie aHTemibi, I—IV — o,n,MHOHHbie 3oimbi.

3OH,n,a H HecKOJibKHx Henoja;BH»cHbix (pnc. 1). H3Mepe-
HHe KOJie6aHHii npoH3BOAHTca B peaKHMe nuaBa-
K>mero 30H,o,a.

CneKTp KOJie6aHHii aHajiH3HpyeTca c noMombio
ceneKTHBHoro MHKpoBOJibTMeTpa B6-2 c nyBCTBH-
TeJIbHOCTbK) 1 [IB. Ha^O OTMeTHTb, HTO MHKpO-

HMeeT AOBOJibHO LUHpoKyio noirocy npo-
flocTHraiomyio 20% OT H3MepneMOH

nacTOTbi Ha ypoBHe 0,7. IIpH H3MepeHHH cflBHra <j)a3
carHaji 3OHAa noAaeTca Ha MHicpoBOJibTMeTp, ncnojib-
3yeMbiii B KanecTBe ycHJiHTejia, a 3aTeM Ha flByx-
jiyieBOH ocn;Hjijiorpa4).

B onHcaHHoii cHCTeMe B6JIH3H HarpeTOH njiacTHHbi
o6pa3yeTC» HOHHHH HJIH ajieKTpOHHbiii CJIOH B 3aBHCH-

MOCTH OT COOTHOUieHHH nOTOKa HeHTpajIbHblX aTO-
MOB, onpe^ejiaiomero noTOK HOHOB, H TeMnepaTypbi
njiacTHHbi, onpeflejiaiomeH noTOK ajieKTpoHOB. Moac-
HO npe^nojiaraTb, HTO BO36yacfleHHe KOJie6aHHH CB«-
3aHO c HajiHHHeM cjioeB. Tor^,a BO36y«AeHHe HJIH
xapaKTep KOJie6aHHH «oji»cHbi MeHHTbCH npH H3Me-

CJIOH. Bbma npoBe^eHa TiuaTejibHaa npoBepKa
HHH H xapaKTepa KOJieGaHHH B pa3Hbix
oco6eHHO TaKHx, Kor^a ^ojiaceH o6pa3OBbi-

BaTbCH SJieKTpOHHblH CJIOH.
B peacHMax, Kor^a HMeeTca H36biTOK ajieKTpoHOB,

nOTOK HOHOB CO CTCHKH paBeH HOTOKy HOHOB H3
njia3Mbi H cjieAOBaTejibHO no TeMnepaType CTCHKH H
nJIOTHOCTH njia3MbI MO5KHO OLteHHTb nOTOK HOHOB Ji
H 3JieKTpOHOB J e CO CTeHKH. ECJIH Je> Ji, B6JIH3H
cTeHKH AOJiaceH o6pa3OBaTbca 3JieKTpOHHbiH CJIOH.

ECJIH Tenepb yMeHbiuaTb TeMnepaTypy njiacTHHbi,
He MeHflH noTOKa HeiiTpajibHbix (njiOTHOCTb njia3Mbi
npn 3TOM na^aeT, XOTH noTOK HOHOB CO CTCHKH

ocTaeTca nocTOHHHbiM), TO MM aojiacHbi nonacTb B
pe»cHM, Kor^a o6pa3yeTca HOHHbiH CJIOH. B Ta6jiHn,e 1
npHBefl,eHbi xapaKTepHbie npHMepbi. B peacHMax 1—4

T.e. .zjojmeH cymecTBOBaTb ajieKTpoHHbiM CJIOH.

TAEJIHJJA 1. HeKomopbie xapaKmepnue npuAtepu

1
2
3

• 4
5

ITjlOTHOCTb
(108 CM"3)

1
10

100
800
90

TeMne-.

paTypa

1800
2060
2060
2350
1750

IlOTOK MOHOB

(1012CM~2CeK-1)

2
30

300
2000

200

ITOTOK 3JieK-

TpOHOB, Je

8
400
400

104

5

B peacHMe 5 JemJi, yMeHbixieHHe TeMnepaTypbi npH
TOM 7K& nOTOKe HeHTpajIbHblX, HTO H B pOKHMe 5,
npHBOflHT K TOMy, HTO Je CTaHOBHTCJT MeHbUie Ji,
T.e. K nepexo,ny B o6jiacTb HOHHOFO CJIOH.

Bo36y»cAeHHe KOJie6aHHH Ha6jnoflajiocb BO Bcex
peacHMax, THn BOJIHH, AHana3OH nacTOT BO36y»c^ae-
Mbix KOJie6aHHH He MemiJiHCb. TaKHM o6pa3OM,
MO»CHO yTBepagjaTb, HTO BO36y»cfleHHe KOJieGaHHH He
CBH3aHO C HajiHHHeM CJIOeB B6JIH3H nOBepXHOCTH
HarpeToii njiacTHHbi.

Bo36y»cfl,eHHe KOJie6aHHH HaGjiioflaeTCH KaK B
njia3Me Majioii HJIOTHOCTH n=\08—109 CM~3 (fljiHHa
CBo6oflHoro npoGera 1>L), TaK H B njioTHoii njia3Me
npn n=1010-10nCM-3

0,8

0.6

0,2

7,2 K

i
: Hi
J

i

ru

121,4

27,6

10 20 30 40
HACTOTA (Krq)

50

PMC. 2 CneKTp KOJie6annH. n = 2 x 109 CM"3; H= 1000 3.

cneKTp KOJie6aHHii npuBe^eH Ha pnc. 2.
O6biHHO Ha6jnoflaeTCH 3—4 rapMOHHKH. ^lacTOTa
nepBOH rapMOHHKH jie»cHT B ^Hana3OHe 5—10 icru,.

Bbijia npoBepeHa 3aBncHMOCTb nacTOTbi KOJie6aHHH
OT MarHHTHoro nojia. H3Mepemifl npoBOAHjincb npn
njioTHOCTHX > 5 x 109 CM~3. BbiJio o6Hapy»ceHO, HTO
B 3TOM flnana3OHe njiOTHOCTb njia3Mbi H ee pacnpe-

no pa^nycy He 3aBHC«T OT MarHHTHoro
T.e. n'jn H ky ocTaioTca nocTOHHHbiMH. Haii-
HTO npn STHX ycjioBHnx nacTOTa MeHHeTca

oGpaTHO nponopuHOHajibHo MarHHTHOMy nojno
(pHC. 3).

H3Mep«jicH cflBnr no a3HMyTy c noMombio neTbipex
HenoflBH3KHbix 3OHflOB, pacnojioxeHHbix nofl yrjiOM
90° Apyr K flpyry, H noABH»CHoro 3OHfla, ^ejiHBuiero
yroji MOK/ty HenoflBHjKHbiMH nonojiaM. 3oHAbi pacno-
narajiHCb Ha OKpyacHocTH ^HaMeTpoM 3 CM (pnc. 1).
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yHHBEPCAJlbHblE HEYCT0M4MB0CTM

20 -bfl TAPMOHUKA

500 1000 1500
MAI~HMTHOE ROHE ( 3 )

P H C . 3 3aBHCHMOCTb nacTOTbi KOJie6aHHH OT MarHHTHoro
. n = 3 x 109 CM"3.

BWJIO noKa3aHO, HTO HaGjnoAaeTca 6erymaa BOJiHa
c X=a = 2uR, a/2 H a/3 RJIX. Tpex rapMOHHK COOT-

BeTCTBeHHO.

TAEJIHIJA 2. Ha6/iiodaeMbie cdeuzu 6AH zapMonuK

HacTOTa
(KI-I;)

8,2
16,5
25

3OHflbI
I H I I
(90°)

n/1
n

nil

3OHflbl
I Hi l l
(180°)

n
0
n

3OHflbI
I H I V
(45°)

nil
n

n/1

3OHflbI I H
nOflBHJKHOH

3OHA

TT/4
n/1

3TT/4

B Ta6jimje 2 npHBeaeHbi Ha6jnoAaBuiHeca CABHITH

<J)a3 Acp fljifl pa3Hbix rapMomuc, B Ta6jiHne 3

flaeMbie Aq> AJIH I—a, a /2 , a / 3 .

HTO npH H3MepeHHH HenOflBH»CH p

= 2TZ, 3n, 37r/2 HeoTJiHHHMti OT A<p=0, n, 7r/2 COOT-

BeTCTBeHHO.

TAEJIkfLfA 3. OweudaeMbie cdeueu (fia3 dan ZOPMOHUK

^ j i H H a
BOJIHbl

a
a/2
a/3

YroU MOKAy 3OHAaMH

90°

nil
n

3 n/1

180°

7t

In
3n

270°

n/1
n

3 nil

45°

TT/4

nil
3TT/4

Bee H3MepeHHH npOBOflHJIHCb C nOMOmbK)

ApHHeCKHX 3OHflOB AHaMeTpOM 0,5 MM, flJIHHOH

5 — 6 M M . M O » C H O oacH^aTb, HTO Taxne 3OHAbi He

perHCTpHpyiOT KOpOTKHe BOJIHbl C flJIHHOH BOJIHbl
nopjmica pa3MepOB 3OHfla. ^ J I H npoBepKH 3TOTO

nojioaceHHH 6bin Hcnojib3OBaH ' 3OHA

0,08 MM H AJIHHOH 0,7 MM. HHKaKHX HOBblX 3(J)(J)eKTOB

o6Hapy»eHO He 6bijio, OTKy^a cjie^yeT, HTO ecjiH

KOpOTKHe BOJIHbl H B036y>K,aaiOTC5I, TO .AJIHHa HX

MeHbiue HJIH nopH^Ka 0,08 M M .

ITpH flBH3KeHHH 3OHfla BAOJIb OCH CflBHra (J)a3
o6Hapy»ceHO He 6biJio, cjieflOBaTejibHO Gerymeii
BOjiHbi HeT. AMiuiHTy,aa KOJie6aHHH MeHaeTCH B^ojib
OCH H HMeeT MaKCHMyM nocepe^HHe, HTO yica3biBaeT
Ha cymecTBOBaHHe CToaneii BOJIHW C Xfl^aL (pnc. 4).

100 200 300
OCEBOE PACCTOflHME, Z CMM)

KOJie6aHHfl no OCH. n=PHC. 4 PacnpefleneHHe
= 1010CM"3; H= 1000 3.

TaKoe pacnpeAejieHHe aMnjiHTya Ha6jiK>AaeTCH jinn
Bcex rapMOHHK H npH Majibix H npn 6ojibuiHx njioT-

o6paTHTb BHHMamie, HTO A/2,
, HecKOjn>Ko MeHbme L (pnc. 4). 3 T O

ein,e pa3 yKa3breaeT Ha TO, HTO npHCTeHOHHbin CJIOH
He nrpaeT pojiH B BO36y»AeHHH KOJieGaHHH.

IIpH H3MepeHHH pacnpeAeJieHHH aMnjiHTya no
pa^Hycy 6biJio HaH^eHO, HTO xapaKTep pacnpeflejieHH»
MO)KeT 6bITb pa3JIHHHbIM flJIfl pa3HbIX rapMOHHK.
Ha6jiK>AajiHCb pacnpeaejieHHa c HHCJIOM MaKCHMy-
MOB OT oAHoro AO HeTbipex, HaH6ojiee nacTo Ha6jiio-

pacnpe,n;ejieHHe c

10-

5 -

0.5-

<
a.

-20

j

20

/
-20

-

-10

/ ~ \

10

\

1

-10

1

A
i
0

Q £

1

0

O O"
i
0

•«.—n

1

1

10

1

10

A
10

i

20

f = 9
1-Afl

20

18,5
2-Afl

S,
20

28
•w 3-bfl

\ «

i m

30

TAPMOHMKA

30

30

i

-20 -10 0 10 20
,,r ( M M )

30

PHC. 5 PacnpeaejieHHe ruiOTHOCTH nna3Mbi H
KOJie6aHHH no pa^nycy. W = 8 X 1 0 8 C M ~ 3 ; H=\000 3.

XapaKTepHbiii npHMep npHBeAeH Ha pnc. 5, Ha 3TOM
»ce pHcyHKe noKa3aHo xapaKTepHoe pacnpeAeJieHHe
njioTHOCTH no paAHycy.

BbiJio HaHAeHo, HTO npn H3MeHeHHH njioTHOCTH HJIH
MarHHTHoro nojia nacTOTbi rapMOHHK njiaBHO H3-

B npeAeJiax 2—3 Km, npnneM BHA paenpe-
aMnjiHTyA no paAHycy coxpaHaeTca. Ilocjie

nepexoAa HeKOTopbix KpHTHnecKHx napaMeTpoB na-
CTOTbl CKaHKOM H3MeHaPOTCa, OAHOBpeMeHHO H3Me-
HaeTca H paAHajibHoe pacnpeAeJieHHe
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H. C. BYHEJlbHHKOBA

• 1-Afl TAPMOHUKA
o 2-AW
» 3-bf l

( IO 1 O CM 3 )

PHC. 6 3aBHCHM0CTb aMIIJIHTyflfel KOJie6aHHH OT IUIOTHOCTH.
H= 1000 3.

Bbijia cHHTa 3aBHCHMOCTb

OT nnoTHocTH (pHC. 6). AMnjiHTyzja KOJieGaHHH pacTeT
c POCTOM nnoTHocTH, AOCTnraeT MaKCHMyMa npn
n=5—8x 1 0 1 0 C M - 3 H 3aTeM na^aeT. XapaKTep
3aBHCHMOCTH aMHJIHTyflbl OT EJIOTHOCTH OflHHaKOB

Bcex rapMOHHK.
SKcnepHMeHTbi noKa3biBaK>T, HTO

Ha6jno,n,aeMbix KOJie6amffl He CBJoaHO
c HajiHHHeM cjioeB Ha HarpeTbix njiacTHHax.

MacTOTti KOJie6aHHH jieacaT B ,zniana3OHe, onncbi-
BaeMOM (J)opMyjiOH co=kycTn'/eHn, H MCHHIOTCH
o6paTHO nponopi^HOHajibHO MarHHTHOMy nojiio. A e H "

, ecjiH CHHTaTb n'/n^l/R, Tcy^2TzjR, TO
M, T=2000°K H iT=

/ = a > / 2 7 r ^ 5 Krij, HTO corjiacyeTca c
IIoKa3aHo, HTO BO36y»c^aeMaa

6erymeH no a3HMyTy H HMeeT cocTaBJunomyio
MarHHTHoro nona. B nna3MeHHOM iiHjiHH^pe, orpa-
HHHeHHOM C TOpUOB, 3Ta BOJlHa HBJIHCTCJI CTOHHefi. B
COOTBeTCTBHH C yCJlOBHCM MaKCHMaJIbHOCTH HHKpe-
MeHTa Ha6jiK)AaeTca BO36y»cAeHHe Han6ojiee ^JIHHHOH
BO3MO3KHOH B CHCTCMe BOJIHbl. Oa30BaH CKOpOCTb

BOJiHbi jie»CHT Meacfly H O H H O H H 3jieKTpoHHOH

,ZJeHCTBHTej[bHO V<pZ =
5, 8 x l 0 5 H l,2xlO6CM/ceK ^JIH nep-

BOH — TpeTbeii rapMOHHK cooTBeTCTBeHHO, Vi<*a
9 x 104 CM/ceK H ve «u 3 x 107 CM/CCK.

TaKHM o6pa3OM, onucaHHbie SKcnepHMeHTbi noKa-
3bIBaiOT, HTO Ha6jlK)flaBUiaaCH HeyCTOHHHBOCTb MO-
»ceT 6biTb 0T0»cflecTBJieHa c «yHHBepcajibH0H» He-
yCTOHHHBOCTbK) HeOflHOpOflHOH njia3MbI B MarHHTHOM
nojie.

KaK y»ce roBopHjiocb, KOJie6aHHH TaKoro ace THna
B pa6oTax 7—9. A B T O P W paGoTbi 7

K BbiBOfly, HTO BO36y»cja;eHHe STHX KOJieGaHHH
CBH3aHO C HajIHHHCM HOHHOrO CJIO« Ha nOBepXHOCTH
HarpeTOH njiacTHHbi. ITpHHHHa TaKoro pacxoacAeHHH
c HaixiHMH pe3yjibTaTaMH B HacToaui.ee BpeMH He
HaXOflHT flOCTaTOHHOrO 06l>HCHeHHH.

Bbipaacaio 6jiaro^apHOCTb A. A. FajieeBy, C. C.
MoHceeBy, B. H. OpaeBCKOMy H P . 3 . Car^eeBy 3a
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Abstract

Oscillations werede t.ected in a highly-ionized potassium plasma in-

homogene&us in density and located in a magnetic field of 6O£V-l6$& Qe.

3-4 harmonics with a fundamental frequency of ~ 5-10 kHz were observed.

The oscillations were an azimuthal wave having a component along the

magnetic field. Oscillation frequency was inversely proportional to the

magnetic-field strength. Oscillations were observed in both a dilute

( n = 10 - 10 cm"" ) and a dense plasma ( n =: 1.0 - 5 X 10 cm"" ).

Oscillation excitation was not related to the presence of electric

layer's on the plasma boundary. • . , .

It was shown that the observed: oscillations manifest the "universal"

instability of a plasma, inhomogeneous in density.

As has been shown in Refs. 1-6, "universal" instability can be ex-

cited in a plasma of inhomogeneous density, in the presence of a magnetic

field (....... , where ... is the ion cyclotron frequency and ... the

time of ion-ion collisions). Such instability should develop in both

dilute and dense plasmas.

. . . . A plasma inhomogeneous along the x-axis is unstable with.respect to

the excitation of waves of the type •••• for • • • • ;

in other words, waves almost perpendicular to the magnetic field but

(•ont'd)
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having.a.component..parallel to the fieldo The frequency of the oscilla-

tions, is . . • .s. * • • .

(K and K are wave vector components parallel and perpendicular to

the magnetic field, T is temperature in units of energy, H is the mag-

netic field, n is the density of the plasma.'and'n'• is the density gra-

dient ). • . • -' • • .;','•

• * • • " i • • . ••.

Naturally, in a confined plasma, when K is determined by the circum-
.; : .••.".' .• . • « y

ference of the plasma cylinder, only those frequencies should "be excited

for which , where ... is the wave length and R the radius of

the plasma cylinder, s = 1, 2 ....

The oscillation growth rate f,or the..cases , .... and

...... -foa?. a dilute plasma is then /~5, 6 /.. • ...• • •-.. •

( ... is the Larmor radius of the ions, ... and ..<, the thermal velo-

city of ions and electrons respectively, and p the plasma pressure).

• F o r a . . d e j i s e p l a s m a . w e h a v e / ~ 6 ./ . ... .•..;• ^,- •,

where . . . ...

, • . • • • • ' • . • • . - # ' • : • ' • ; • - . . : . • • • • . . . • • • • • - • > • : '

(... is the electron cyclotron frequency and ... the time of ion-electron

collisions).

Thus the oscillation growth"-'ra/tre' is-inversely proportional to ...

for low 4 en si.tics and to. .<,<> for high densities,, and it, follows,- from this

that the "buil^-up. of long waves is most likely. ..-,••.,,.•. A

•••In t&e expe'ri'me'nt .described below-, Instability was» detected in a-

highiy-ionized potafesium plasma1-of inhomogeh'ebus density •located in'a

magnetic field. . The instability was revealed by the. excitation of oscilla-

ti.onsAwith first; harmonic frequencies of . the orcjer. of . a few.kilohertz.

The wave thus excited is a travelling, wave along . the.azimujbh^-.characterized

by and a standing wave . along, the., axis . characterized by ,..«•,..'.

( ... is the length of the system). The authors of Refs. 7 ~ 9 discovered

oscillations of the same type not long ago.

(cont'd)
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- -/; The potassium plasma, is formed at surface ionizati'on of a beam of ,-' . ".:

neutral potassium atoms on a tungsten plate heated to a tempe rature of

- 2000 K by electron, bombardment.

.-;The magnetic, field, oriented along the axis of the system, can be

varied; over- a range, of 0-16C0 Oe. Its inhomogeneity does not exceed 3fo

along the.-axis or 0.1$/along the azimuth. • '..•••••

The plasma forms a cylinder of diameter 2R = 4 cm and length ... = 36 cm

confined at the ends by heated tungsten plates. Both plates are grounded.

Plasma density is. at a maximum on the. .axis and diminishes, along the radius|

at ... = R it is virtually zero. The density of the plasma can vary from

1CT8 tO 5 X 1 0 1 1 cm'3;. .... • • • . . ' . - ".'. ;• •. • - \ •

. • .. . . . . - • . - . 7 . • - 6 :". • - •• ••• ~ - • - ; • ••

Residual pressure is 5 x 10 - 5 x 10 torr.. The degree of ibnization

for n ~ 10 cm is 1-10$, for n ~ 10 - 10 more than 20-40$. The

plasma may be regarded as highly ionized in all cases since even with a

Vfo degree of ionization the number of ion-electron collisions exceeds the

number of electron-neutral collisions by two orders of magnitude.

Density is measured with a double probe (calibrated by means of an

8 mm interferometer) which can be moved along the axis for a distance of

27 cm and along the radius. Oscillations are measured by means of this

movable probe and a number of stationary ones (Fig.l). Oscillation'measure-

ment is carried out with a: floating-probe system.

The oscillation spectrum is analysed by means of a B6-2 selective micro-

voltmeter with a sensitivity of 1/uV. Note that the microvoltmeter has a

fairly wide pass band reaching ^0^ of i:he measured frequency at a 0,7 level.

In phase shift measurements, the signal from the probe is transmitted "to the

microvoltmeter used as an amplifier, and thence to the double-beam oscillo-

graph. • • , . . . . . •-.- .- . • ; • . • • : <:••.' . ' ; ••. I '

• • . • -• • - : • V . ' ..., .>; . . .

In the system described here, an .iqn or "elect:£bn--lay£r is'formed-np-*-"

the heated platej the type of layer formed depencLs on the. relationship

between the flux of neutral atoms, which determines the ion flux, and the

temperature of the plate, which determines the electron flux.. It can be

assumed that the excitation of oscillations is related to the presence of

these layers and, this be:iiig so, the excitation'or the 'character of the

oscillations should change when the layer changes'. We checked very care-

(cont'd)
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fully on the excitation and character of oscillations, in-different systems,

especially,, t,hose. in. which an electron layer should-"be formed,. • . :

In systems having an electron excess, the ion flux from the wall is

equal ":o the. ion flux from the plasmas; consequently, from the temperature

of the- wall and the. density, of. .the plasma, we can evaluate the flux of

ions J. and electrons J , from the wall. If J , •• J. ,p an electron layer
1 e l " e l i * • % °

should be formed near the wall.

. If,we then reduce the temperature of the plate without changing the "flux

of neutral atoms (which means that plasma density falls while the ion flux •

from the wall remains' constant), we should get a system in which an.ion.

layer is formed. Some characteristic examples are shown in Table 1. In ' '•

systems 1-4 J -, ••• J.,.i«e. there.must be an electron layer.

•'••••'- ' ' ' ' T a b l e ' I ' ' • ' '

IljiOTHOCTb = density; TewnepaTypa = temperature!

IIOTOK MOHOB = ion flux; ceK = sec;

IIoTOK 3JieKTpoWoB = electron flux.

1

In system 5 J ~ J• ? a temperature decrease for the same neutral flux as in

system 5 results in J becoming smaller than J., that is, in transition to

the region of the ion layer.

Excitation of oscillations was observed in all the systems, and the

type of wave and the frequency range «f.the excited oscillations did not

change. It can therefore be affirmed that the excitation of oscillations

is not related to the presence of layers near the surface of the heated plate

Excitation of oscillations can be observed in both,low-density plasmas••

where n ~ 10 -10 cm (length of free path ) and high-density

plasmas where n ~ 10- - 10 cm - (.-...). • . .. ••.-.. . •..

A typical oscillation spectrum i's shown in Fig.' -2. Normally 3 to 4

harmonics are'observed, and the frequency of the first harmonic lies within

a range of 5 - 10 kHz. - .

The relationship between the oscillation frequency and the magnetic

field was tested, measurements being made at densities of ... 5 x 1^ c m

It was disclosed that in this range the density of the plasma and its

(cont'd)
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' • ' • ' • ' . ' *

distribution along the radius are not dependent «n the magnetic field, i.e

n1 /n'axidi.K remain constant. It Was found that under these conditions the
v . • . . •

'frequency varies Inversely with the magnetic field (Fig.3).

The phase shift along the azimuth was measured by means.of f«ur sta-

tionary probes placed at 9© "to one another and .a movable, probe bisecting

the angle between the stationary probes. The probes were located on a

circle having a diameter of 3 cm (Pig.l). . . ....

We observed a travelling wave having .......... , a/2, and a/3 respect

ively for the 3 harmonics. . . • • •

T a b l e 2 • • • " . • • • • • • • .•••••

"••••••• . ••' Observed phase shifts for harmtnics.

^aCTG'T'a =• frequency; " • : • - ' " l '

3 0HABI I M II = probes I and II; ' • • • ' v

3OH£BI I M •nOflBKJKH.Qft 30H^ = Probe I and movable pr#be.

Table 2 contains the observed phase shifts ... for the different

harmonics, and Table '3 the"predicted ... for ... 9 a/2 and a/3. It

Should be pointed *ut that in measurements with stationary probes, .... ,
. • • . • "" : "•*' r v ., ;•= . •

... and ... are indistinguishable from ..... 5 ... and ... respectively,

._. • ' , . .• • - Table 3 . -• ' -: • '- :

Anticipated phase shifts, for harmonics.. . . ..,.

BOJIHBI = w a v e l e n g t h ^ .. .-\ .••• ' \ .' • , . • .'•' ••.•:.

Mexjiy. 30BytaMM = angle between probes. * -....••"' .
All these measurements were made by means »f cylindrical probes ,.$/,5 mm

in diameter and 5-6 mm long. It seems reasonable to expect that such.pro.bes

would not register short waves having a wavelength of -the order of tHe di-

mensions of the probe. In order to test this supposition we used a pr«be

6.08 mm in diameter'and §.7 mm long. No new effects were discovered; it

follows from this that even if short waves are excited, their length is less

than, or *f the order of 6,68 mm.

(cont'd) . . :
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.... • :•• /'I -.: i.!-,v,v: :•:•: -.• -.: ^ v v - • : " '" '" '" "' "

.WJien. the probe, was. moved, along-the axis, no phase shift was detected;

consequently ther,e.:is no .travelling wave. The. oscillation amplitude varies

along the axis and has its maximum in the middle, which suggests the exi-

stence 6f», a standing wave with *...... (Fig.4). An amplitude distribution

of this kind is observed for all harmonics and at both low and, high densi-

ties. It should be pointed out that •... is apparently somewhat smaller

than ... (Fig.4). This again suggests that the boundary layer plays no

•part:in the excitation of oscillations. '

In measuring amplitude distribution along the radius, it was found

that the character of the distributi-©«-'--.6a-n be different for different

harmonics. Distributions. wit^.frpm 1,- to 4 maxima, were observed, the most

common being that having 2 maxima. A typical example ;is
;-giver* in Fi"g£"*"5j•'

where we also see thê  characteristic density distribution along the- radius.

It was discovered* that when "the density or the 'magnetic ifi'eld is

changed, the frequencies of the harmonics vary smoothly over a range of

2-3 kHz, and the radial amplitude distribution remains unchanged. After

transition of a certain number of critical parameters, the frequencies vary

abruptly and the radial amplitude distribution changes simultaneously...

Oscillation, amplitudes were-.measured as a ••function of density (Fig.6).

The oscillation, amplitude increases.-.with.rdensity increaae,- reaches >a maxi-

mum at n ~ 5 - .8 x 10# cm" , %and'- then declines,.- The nature o,f .the :

amplitude-density relationship is the same for all harmonics.

Thesp experiments show that the. excitation of the observed oscillations

is not related to the presence of layers on the heated plates.

The oscillation frequencies lie within a range described by the ex-

pression ... = K cT/eH nf/n and vary inversely with'the magnetic field. .r

In fact, if it is assumed tfcaf n^/n ~ 1 /!R and ...... , then for R =, 2- cm,

T = 2000°K and H = 1000 Oe we find that ........... kHz, which is. in. ... , .

agreement with experimental results.

, . Jt,, was- shown that the excited,, wave is-a. travelling wave albrig, the .: . -:

azimuth and,has a component.-parallel- to .'the magn^fftc/'field. ,,In-the casef|o^

a plasma cylinder confined at the" ends, this 'is a-standing: wave.- vThe'.longest

possible wave is excited in the system when,;•• theIlg&owth-rate is atta maximum.

The phase velocity of the wave lies between the ion and electron thermal
• ' • ' • • 5 6 /

velocities. In point of fact, , 8 x l(r and 1.2 X 10 cm/sec

(cont'd)

1
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for the first, second and third harmonics respectively, while

9 x 10- om/sec'arid ....... 3 x 10 cm/sec.

In summary, then, the experiments described above show that the ob-

served instability may be described as a "universal" instability of an

inhomogenecftt^ plasma in a magnetic field.

As we have already said, oscillations of the same kind were observed •

in Refs. 7-9• The authors of Refi7 came to the conclusion that the exci-

tation of these oscillations was related to the presence of- an ion layer

on the surface of the heated plate..- So far, this disagreement with'our

results cannot be plausibly explained. ; ' '.'•'.

I wish to thank A.A. .Galeev, S.S. Moiseev, V.N. Oraevslqyc and: R.Z?i

Sagdeev for discussing these results .with mej E.Mv Sm*lso;tin. for.-his-.help:

in carrying out the experiments; V.G. Filonenko and V.N. Zaitsev for-.t-he

design of. the equipment; and V.V. J>a»Lin and G.Av,Nos-oseltsev for setting

up and.-.adjusting-the equipment. • .. •
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Figure Captions

Figure 1. Diagram of the appara tus . $L- magne.ti^ f.ield. coil&;-r?-2 '-ft. "

tungsten p l a t e s ; 3 - vaporizer5 4 - movable probe5 5 -

^s$ 6 - horn-type antennas; . I-IV s ingle probes.
•: ' " 9 _ 3

Figure 2. Osc i l l a t i on spectrum. , n = .2 x ICr cm 5 H = 1000 Oe.-
Call-outs aMnjiMTy.ua ( M B ) = amplitude (mv) . qacTOTa (Krtj) = frequency

(kHz). ' ' • •

Figure 3 . Dependence of o s c i l l a t i o n frequency on the magnetic f i e l d ,

n = 3 x 109 cm . Call-outg ^aCTOTa (Kru;) = frequency (kHz);
3-bH r.apMOHMKa= 3rd harmonic ' ; 2-a.a = 2nd,1 1-an = 3re'•";
MarHMTHOe nojie ( p ) = magnetic f i e l d (Oe), . . .••;•: • ..,..•
Figure 4» Osc i l l a t ion amplitude d i s t r i b u t i o n along the a x i s , n = 1 x 10

cm r - H = 1000 Oe. "Call-outs aMlijiMTy^a- ( M B ) = -amplitude (mv);" •

I

pacCTOHHHS = ax ia l d i s t a n c e . ' .• ' .. • • •••

Figure 5* : D i s t r ibu t ion of plasma dens i ty and o s c i l l a t i o n amplitude along
8 — ^ • • • • " » • • • • • • •

the r a d i u s , n = 8 x 10 cm • •; H = 1000 Oe. Call-outs"QMtiJIMTy£a ( M B ) =
amplitude (mv)' , njiOTHOCTb = dens i ty \ KDJ; = kHz \ pa^Myc •*; radiust-

Figure 6. Dependence of o s c i l l a t i o n amplitude on dens i ty . H = 1000 Oe.

Call-outs aMnjiMTy,na ( M B ) = amplitude' (mv) | 1-an rapMOHMKa = 1st h a r -

monic. .-I .2-aH= 2nd ;'.3"-l3-bii = 3 r d ; njiOTHOCTfc = dens i ty . •'•••' •'.-•••

r




