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F'urther studies of electron-1 roton instabilities 

Sumn1a:r.:l. 

W€� obse:rveu e-p line:; for two different. locations of' the rn;ack in the 
(\- - I"',, d1" "'.'.'.:, ;''!:'Y•i,-;·rn 0'}tJ, ('"r1+·"'Ll·r1ing r··-,�sor1anc·--r,-e �--·\...,_t;,.. r--t·l''if1:\r 'h�1·r,g ,r ....... r-,;:-."-" ot' 
"C,h lcty 

, '"'1:'a"' d " t - , ,,,,, , ,,, "c; - <,,,. ,,, .,, '"•' t v 1, ,,,, v , . , �- ,,, • , • - � _ .. -

low-order resonances. No clear difference between the two cases could 
"be seen, 'l'he frequency of an e-_p Line correspr..mdt�d to a non-linear 
resonance. rr•urning off the clearing voltage in each octant one at the 
time, we found thtrt. t hi:::. cau!'H:d, fc,r one octant in each ring only, a 
drastic :incret'LfHJ of e-p lines activity. For Ring 2 this was the octant 
with the highest pressure. 

Connection between e-p lines and non-line3r resonances 

'I'here is some evidence that e-:p ljn�s tLre rr:latecl to non-linear 
reson.r:1r1cftG: e-p line£:; seern to a,p:pea::c ·\-:}J(�.n a st a.ck. cor1tains nor1-linear 
rezonanccs, and tlH: frcqil+�•ncy ,of an e-p osc:illation ��orre:1ponds of1,;en 
to a resoria .. nce � 

In this experiment we made a stack of' "v 11 A m, ing an :F'P work j ng line. 

F'irst the t,tack 'WaH pordtioned in +h,, -Q - Q dl ''"'"''a"1 s"c'1 +11a+ V ,' .,_,, h V ,.(40,.,4. ... �. \,;Ii. ; v. V 

it con.tuirle;:d l:ori.zont ti1 t1n,i ·-ve:rti caJ. �c(:sor1ances ( sta.ek. I in Fig. l) * 

In Rin.g 1 W\:! u.s:ed clear:Lng e1.ctct:rodes as rnonitor ELr1d, ol;served f•irst 
a horizcnt€ll double- line ·.rhich came out of both "fkhottky n.'ans n ; 
out of· the n Hlow ws.ve" ( n 1 - Q) n.c well at1 cut of t:v:i "fast wave" 
(n2 + Q) see Yig, 2a), ·(Clearing electrodes have been used in 
this pictu.re S.i3 detc:ctors 'l4l.1icl1 arz:� rnore sent1,.iti'\/e f"or ... -.tertica.l 
oscil.lationn. r,Phe pictur·e shO\v"H there.fcre \rert icn.1 �)c.bottk�r scans 
'l>t1t, horizonta.J e--p lines* rrhe freq_tlencie:S of t}1e t.'t,,.rt) lines are 
a.cttirtlI.J"' ·within, the horizo1·;t,aJ, ;.)cf·�c)t,t.ky sear1.) 

"'h,;, "'r•••qll•'''""" hi' "'''1" l1'nnc• ;.l :,s•.;--:, '),·l) (''Orr'"'-1 T:C,r'-'1<, "'0 n C!-nalU"' 
,J,.;;.,._-._. ,t, .,.,. , ,,,,._.,_;,... J 

'-·'°', V.;.. ..__, , -•'--··•·)· ,..,_,.,. J, --t)" ,C"�•- •. , , ,,,'""'_._;· J.1.. .,_1 V ,;,/4, 't, 't - ,._ 

<).f 0. 666 "t�'thi. ch i21d.icateB that th(� e-rj OD,cilla,tion is re1a.tcd to 
the 3rd order horizontai rcson�mce �itl:in the stack. 



'l1heoretice.lly, only e-p oscillatjons T.rith frequency f'rev(n1 - (;;} 
• f' • A' d T ghould be w:;::,tabl,2; fr1.qu,:,n,::t�'.( ... r,:::.:\n2 + lz,) are not expect.e an,1 

Usually alcn ,,,-,.t· ob<!r•'l"V»d ll .,.,r,c•,-� ... le e-ru1anation f'or p·.,e 8DP"'"til'-· ____ ,__,- . ..,. .-....,,.,.; ,.,.; •�'~''"" -.,,.,.. ,i; ._..._... .);!·-..JW�_....U..L .,; ,... ...- ,. - - - -'·'·'· , +_;,,
·

..., .....- ,, \ 

ance of such a line in Fig. 2e.) has been given by H. G. :ferewi:trd 1 J • 
In case the stack. ha.s a 11hole11 in ttie 1r.orr,enturn di. stribution, it can 

. - . . 1 d' t ., .. . 1 ll 11 . ' be regaraeu as a smooth part1c e is r1but1on p us a �;ma. nega:c1ve 
mass t1 bea:u. The s:nooth di stri bu:;; ion can lead to the normal e�p f:ce
quex1cy :frc:\r( n 1 -- Q), wl1ile th.e 0 negative m:�ss tt beat0 could lead to 
a frev ( n2 + Q) i'req_uency. 

In our case we did not see a signif:icant hole in the Schottky scan 
of the bear:1. AnothPr possible expla.nation hat, been given by 
D. Kochkarev 2). He pointed out that one could a1so have quadrupole 
mode e-p oscillations having a frequency frev(n3 - 2Q) which is 
com; is tent with the o brJ e rved f':r cq uency in F'ig. 2a) . 

Later during the :nu: this double line disappeared and t,m ordinary 
horitontal c-p lines vere observed (Fig, 2b)). The second of 
lines was pulsing with a repetition :rate of' I\, 20 Hz (Fig. 2c)). 

In Ring 2 \4e observed two lines (Fig. 2d)) having some time structure 
(Fig. 2e) and 2f)). 

b) Stack_ IJ_ containing_ no_ (low-order)_ resonancers 

The stack waG 1:ioved in the qh -· 'tv diagra.:n to po::dtion II (Fig. 1) 
such that it contained no resonances of order smaller than T, In 
Ring 1 we still ob served the two horizontal lines ( F'ig. 3a) ) • A1 so 
in Ring 2th"' t 0v0 linl•�: stav,,,a (Fi,� '<.h'r)' 'l·>111·. �--,,c, rnr,,,,+;+io-, "'"'T:C 

' ,_ ¥ � ... ,� . . .... -- ' ,, ,, ... , ... ).• - · / , ... ... ..... ,, .. ,.._ '•-•J/ ...... ,._ ... �..., 4J, J,.-i..,.k-...,.-

of the sec0Ed li!!e 1,ras !"'aster {F'ig . 3c) ccJ:nJ-1a1�ea. to l'i"i__g, 2.f)) j 

l{O\?E fVe:r, we il<� not k.ncYw i.f' this g:ne..11 ch��gc roa.11.y i1a:,ppi:::r1ed o.:t tl1e 
moment and because of the Q-change. 

2. In:f�luence of tlie clearing on tbe behaviour of e-u lines 

We watched the t:-p lines while 1t1e turned the clearing voltt�ge off in 
ertch octrmt 1 one at the time. The reGu1t s o.r(' shovn in l"ig. 4 and 5, 
In Ring l <.)n1y the ttlrning off of the clearing in octarat 7 ha.<l r1 d.rf;;.s t-�ic 
effect. A .rho1e group of pul�, ing lfoe::; appr:-arecl. In Hing 2 no s i gr.i ffi
cant effect was obHcrve;J fr0m the oc�,;,am;s 1 - 7, How-ever, turning off 
the clearing in octant 8, where the pressure was highest, J)roduced a 
group of pulsing lines. 

0. Grabner A. Hofmann 

1) H. G, Hereward; private commu.r.ication 

2) 1)� Kocbk.tt·rev·; pr'.i.va.tt? cornnn.1:n.ieation 
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Ring l 

vert . s cans 

a )  cf::::12oMhz, 20khz/div 

b )  cf�1 2oMh z, 200kh z/div 
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c )  s e cond l ine  o f  fig . b )  
in t ime,  0 . 1 s/d iv 

Ring 2 

d )  cf.:::l2oMhz,  5Mhz/div 

e )  first l ine  o f  fig . d )  
in t ime,  0 . 1  a/div 

f )  second l ine o f  fig . d )  
in t ime ,  l s/ d iv 

Fig. 2.  Lines o bserved  in stack I; v ert i cal scal e is 10 db/d iv ,,. 

( In ring 1 cl ear inf( el ir; c  �z·odes  have  been used as moni  +,0 2:s 
wh ich are more sen s it ive in the vert . d irection ,  wh ile 
in rir:.g 2 th e vert . micro wav e loops h;;w e be en uned ) .  



R ine 1 Ri ng 2 

b )  c f=120 Mh z,  J .O Mh z/d iv 

c )  G e cond l ine o f  fi . b )  in 
t i1ne t 0 . 1  s/d iv 

Fie .  � - Lin e s  o b� cv ca in sta ck II ; v erti cal scal e  i s  10 db/d iv 
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e -p  l in e s  o bs erved  
s tu rn ed on . 

2 ;  0 -p  l. i n e s  o b � erv c rl 
j n  a c t�nt  H t �rn ed o ff .  

w i th nl l cl en ri ne 

:� c�l c :  v crt j cA1. J O  d b/ � iv ; ho r i zo n t�l  5 Nh z/d iv;  
c Ant c1 ·  freQ u en cy 1 30 Mh z 


