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ABSTRACT 

OBSERVAT IrnS OF Al.f\IEN f{SONANCES IN TOKAFDLE I 1* 
F.O.WITHERSPOONJ S.C.PRAGERJ J.C.SPROTT 

UNIVERSIIY OF WISCONSIN - MADISON 

\'E AFt - EXF£RI�£NTAliY IN\£STIGATIf\XJ THE RJSSIBILIlY OF PEffOR1ING A HIGH 
PCMERJ LOId FffllENCY (-I M-Iz) RF HEATHtj EXFtRItBIT UTILIZING THE SHEAR ALF-

, .  -. 

- \£N f{SONANCE IN A TOKlV'ftJ\K-LI� PLASr·'Lt\. TO THIS HIDJ HAVE PROPAGATHlt STh'DIES 
w\\£ PEEN PEfRJR·'E) IN TOKAroLE II USING A 1.3 r·�z OSCILLATOR �/ITH A MAXIt1JM 
POrJER -OJTRJT OF 100 KH. TOKAPJI£ I I IS A TOltJt1AK \'lITH A FaJR-NOII POLO IDAl 
DlVERTOR FOO'/ED BY FOUR INTE��L RINGS. TIESE RINGS ALSO SERVEPS THE lAUNCH
ING STRlCl1J!£J ELIMINATING 11£ NEED FOR SPECIALLY CONSTRUCTED ANTENNAS. BY 
GROJNDING A RING TO THE TANK AT Cl'lE OF ITS SUPRJRfSJ MID DRIVING OOE OF THE 
OTHER 1110 SUPffiRTSJ RF· OJRI£NTS CAN BE DRIVEN lHRlllGH THE RINGSJ VHTH THE 
QJ8RENT f8U�UNG THfUJGH THE TJ'lNK ITSELF. THE TI-1Ir{) SUPRJRT Ie1AItlS INSU
lAml AND UNUSED. DRIVING All HIJR RINGS IN PHASE ProDUCES AN OCPJPOLE FlEW. -

_ RJLD1DAL r1)DE tU·1BER CAN BE CHOSEN FRCJ1 r·�=t2JOR 4 SWPLY BY CHOOSING 11-E 
PROPER - NlffER A� PHASE (f TI-IE RINGS DRivEN. LOCAL r,1AGNETI C FIELD f{SONANCES 
HAVE BEEN I£fEC1tn USING r"WlNETIC COILS INSIII OOARTZ TUBES INSERTED DH£CTlY 
INTO THE PLASf'tc\. TI£ f£SUlTS OF THESE INITIAL STIJDIES HIll. BE Pf£SENTED. 

*\'t'ORK SUPFURTED BY USOCf. 
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PURPOSE 

� 

DRIVING SHEAR AlfVEN WAVE RESrn�CES HAS PEEN SUtffS1ED AS A 

PR0'1ISING PlJ\S'1t\ HEATING SCffl'E. ONE OF ITS f"DST AlTRACfIVE FEATUI£S 

IS THE POSSIBILITY OF USING ARBITRARILY lOW FREQUENCIES FOR HEATING. 

ENroURAGING RESULTS HAVE BEEN OBTAINED IN SlELlARATORS IV'lD LINEAR 

DEVICES" BlIT 9) FAR NO HEATING EXPERlr{NT HAS BEEN PERFORM:]) IN A 

TOKPW\K. 
THE PURPOSE OF OUR EXPERWENT IS TO IElERMINE EXPERIf\£NTALLY 

\lKTHER � rAN EXCITE SOCH REsrnANCES IN THE TOI<APOLE I I DEVI (E" 

AND THUS WARRANT A HIGH PO�R (N1 MIl) HEATING EXPERIJVENT. 

IDEAL f4II) PREDICTS THAT LOCALIZED BpOLolDAL I{�CES WILL 

OCCUR AT SURFACES IN THE PLASm ON WHICH THE CONDITH}J 

f :: I� - N I l��1 
IS Sl\TISFIED. HERE M AND N ARE RESPECTIVELY THE RJLOIDAL AND ToroiDAL 

ftUDE NUMBERS OF TIf EXcrrcn Au=vEN WAVE. Q IS THE USUJU.. SL\FEJY FACTOR. 
to I S THE Ml\SS DENSITY. 
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MACHINE 

PARAMETERS 

F(lJR NODE ffiLOlDAL DlVERTOR TOIWJlAK 

r'lICffiNAVE PREIaHZATION 

HOOPS PND PLP�v\ OJRfINT DRIvEN I�[)lJCTI\£LY 

r"AJOR RADIUS -_ 50 CM 

rUNOR CReES SECTION 44 x 44 (1.1 

B,-OR � 5 KG 

IHooPS � 250 KA 

IpLASHL\� 40 KA 

1- � 40 e.V .. 

Te 
?!. 100 e. V 

ne. !::! loB CM-3 

PLASrt1A HI�!OR RADIUS � 7 0,1 

tp � 4 t-1SEC 

re: � 300 J,JSEC 

Br'\SE W\CUUr-� = 1 x 10-7 TORR 
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ANII:.NNA 

TOROIDAL 
CURRENT DISTRIBUTION 

ALL FOUR\ER COMPONENTS 

EXCEPT N=D AND MULTIPL[S 

OF 3 ARE PRESENT. 

CURRE N T Of N1th MODE (C. 1J 

, 6  



.�. 

IVI - ..,. 

rn t'- -----:::::; HOOPS GRouN DED To TANK 
.lW / ' . AT \100 

. I 
'\ 

7 

r\ 

FIGURE 3 

ALL HOOP Rf (U R R� NTS 
. \N PHASE 

cURRENTS DR\VEN 
AT 0° 

..u---t RF 



M=2 CASE 1 

RF CLlRRENTS' \N 
2. HOOP 5 

" 

, .. \j 

�RF 

8 
FIGURE 4 



J 

r A\)JAcENT HOOPS DRWEN OUT Of 1 
1 pHASE J 

. � To LoWEl' 

O\.\TtR \'\ 00 P 

FIGURE 5 

C\I 

LU 
en 
« 
u 

II 

....--. RF 



o 

:y 
'" 

2: 

!�·tt 'tt Wi 
," , 

I:; 
V 

� 

['T: ,I;, i!I, 
: .. , Ul 

@ 

}::3� 

�� 
� 

<:' 
, r 

@� 
@� 

0 

II 

=:S 
........ 

0 
« 

� 
� 

c:L 

� 
0 
\-? 
« 
� 

ui 
z 
2 
� 
:! 
c mill!!i! ii, 0 
" 
" r[' ,[1 :.' , fj', > 
� n ' , i! 0 !, 
� 

iii t 
0: 
hi i! 
I-
hi 
:E i :; I 
J ii 1/ 
l: 

0> I!! i iii I 
., 

,,j Tl 6 
z 

o 

10 



� 
� 

v 

, 
L 

" 

NO.3t9. MILLIMETERS. f60 BY 2%0 DIVISIONS. 

o 

@@@@2.::2' �N S-TCCK OIRECT FROM CODEX BOOK CO .• NORW:OO'D'. MASS. 02082 

GRA PH PAPER ® nUtTED tN U. a-.-A. 

�F:=. r'm:1T i ! , ,·t:±, ;= . · + ... .. �=Ctt · ��� M - 4 ,..:,,.. · ,"·t:1: , ;· , '
.
' ' 

..

. .. ..1 . __ f ·_ · C :C=. ""' -. 
" 

. '£§L 
_ 

,.....,.. "1-· .... 1" t" :=E:-:-:j- _.. 

_ .:.4� t. . U! ';'1= 
___ .. :j:;:L':;::'f=! .... 

, 

.", �tt:' =::±Hf! �. '·A==:F::: ·�-'·== �:,F:::;�F . 
Iocr 

s: . . ' " > ' , ,' . . '=+ ': : : : .. : ,, =- :::::_ :=, : c;.tt�':r: � 
·h.,- '; :+;: r:�:: ;;:;".' ::. r.: .. = ,E- .. c:' " 

_+-:-

o 

'--'+ " . f·: r;c .... .. .; .. r 

�.:. ==:E ... 
' 

; � tT:te �::::: 3£ ;-;: :::=1" 
i-'-' !- :� ts=-= + 

I.; + lo t' ,. it 
... 1::'.':":: . ;� 

I -i-: !± '" �.'J :c:Lu..... :.= ± 

�1�ii!�il,i���E�n 
�m �O;' " " ''''' �t:." G 'icl : 

� 

k�:m 'f:' .. 
:=11 L 

� F  :diI- .,-t f:::::cj, 
:.:. J:i:L'o+ ,,+. .. . ..;:t iJ;::: � .. :;:I:::�i± 

r i � 
.. . '  � �':4�tt . , .. �:; ClIL § " . .• . ' r�; =:' E���I=8=-' 

, , ttc� ;:: 

2..1 

MAJoR 

l' 
t1AGNE11<:. 

RADtUS (Ct'\) 

o 

¥"i 



'" 
'" 
o 
., 
o 

� 
� 
< 
:!: 

ci 
o 
o 
� 
� 
o 
z 

ci 
u 
'" 
o 
o 
". 
" 
w 
Q 
o 
u 

:r 
o 
a: 
.. 
.. 
u 
'" 
a: 

jj 
'" 
u 
o 
... 
� 

z 

. ® 

. �� 

, �� r- Il.. 

1\° " 

@� 
@� 

.,; 
Z 
o 

� 
> 

Ci 
o 
'" 
'" 

>-
" 

o 
'" 

ui 
0: 
'" 

ti 
:E 

:::; 
.J 

:r 

oi 
Pi 

ci 
z 

o 

o 

n 

o 

12 



.. 
'" 
0 
'" 
0 
vi 
� • ;E 
ci 
0 
0 
J 
II: 
b 
;.: 

ci 
<J 

� 
0 
'!l 
x 
i;J 
0 
0 
<J 
:t: 
0 
0: ... 
l-
V ... 
'" 
15 
'" 
<J 
0 
l-
In 
� 

® 
�� 
�� reo � 
@� 
@� 

� 
o iii 
> o 
o .. 
N 
>
m 
o .. 

'" 
PI 

o 
Z 

9 

0 

o 

, 

w 
en 
« 
u 

II 

13 "> 
E 

'" --W 
< 

� 
ti 
� 
1-

0 
t(1 

--
s:. 
V -....J 

V) 
:::$ 
� 
Cl 
<t. 
ex: 

aC 
0 

� 
l:: 



�V 

w 
'4 
I L 
� L 

1--1 
� 

o 

.............. �-.�. ",'T"L,..1...l�'l:.�. TI;jO BY ZZO DIVISIONS. 

o 

@@c:Q.]@21 IN STOCK DIRECT FROM CODEX BOOK CO,. NORWOOD, MASS U2Q62 

GRAPH PAPER ® PRJNTED IN U.S.A." 

FIGURE 10 

o 

JB .. , '�'.' C_�mJ'_C: 
:CC'.+ '_." ,. 

' : :::: J':: : e:j 'l : 1 M : 2 CASE 2 -;?ii�Jrlr= 
-1 :.:::(-[ •• t=�·:1 •. ' 'l'i�-

M.A�QR RA 1) l u. 5 (eM. ) 

-'2. 

o 
ta IN 
rA
e 1-

�L 



LOADING 

t'\ -= 2-
CASE 2.. 

1 V 1c."1 

VACUUM RF 

�- Rf �lTK PlA�MA '-_-;...----..I� 

/" VAc.LtU t-\ RF 
�---r--� 

Rf WITH PlA�MA 

FIGURE 11 
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PLASMA DNL'I 
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CONCLUSION 

STRONG RESONANCES ARE 

OBSERVED 'w'H1CH ARE DEPEN

DENT ON ANTENNA PER10DI C lTY 

AND CONFIN1NG MAGNETIC 

FIELDS. BOTt-\ SPATIALLY LO

CALllED AND RESONANCE 

BANDS ARE OBSERVE D. 

FUTURE PLANS 

COMPARE 2-D T\-\EOR)' Wl TH 

EXPER IMENT. 

INCREASE POWER TO OBSERVE 

HEAT1NG. 
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FIGURE CAPTIONS 

Fig. 1: Tokapole II cutaway drawing. 

Fig. 2: Typical flux plot indicating squarish cross-section of the plasma 

and magnetic pick-up coil insertion l()cation. 

Fig. 3: Poloidal RF current distribution for m=4. 

Fig. 4.� Poloidal RF current distribution for m=2 using only two hoops. 

Fig. 5·: Poloidal RF current distribution for m=2 using all four hoops. 

Fig. 6: Vacuum poloidal RF signal, m=4. 

Fig. 7: Poloidal RF signal with plasma, m=4. 

Fig. 8: Poloidal RF signal with plasma , m=4.{Different fields than Fig. 

Fig. 9: Poloidal RF signal with plasma, m=2, case 1. 

F�g. 10: Poloidal RF signal with plasma, m=2, case 2. 

Fig. 11: Plasma loading effects on RF source output voltage measured at 

the hoop supports. 

Fig. 12: Typical oscilloscope data pictures. 
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