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ABSTRACT 

Neoclassical transport for an elliptic tokamak in all collisional 

regimes is i n v e s t i g a t e d by the t e c h n i q u e o f r « a r t i t i o n i n g the v e l o c i t y 

space. I t i s found t h a t in a tokamak o f moderate e l o n g a t i o n , p a r t i c l e 

2 

and ion hea t conf inement t imes a r e i n c r e a s e d by a f a c t o r o f o , where 

o is the r a t i o o f v e r t i c a l minor r a d i u s to h o r i z o n t a l minor r a d i u s . 

R i p p l e d i f f u s i o n in an e l l i p t i c tokamak is a l s o s t u d i e d . Ion hea t 2 
c o n d u c t i v i t y due t o r i p p l e s ic reduced by a f a c t o r o f a p p r o x i m a t e l y c . 
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I . INTRODUCTION 

I t Is now w i d e l y r e c o g n i z e d t h a t h i g h b e t a (= plasma p r e s s u r e / 

m a g n e t i c p r e s s u r e ) o p e r a t i o n o f any m a g n e t i c a l l y c o n f i n e d f u s i o n d e v i c e 

i s a necessary i n g r e d i e n t In t h e d e s i g n o f an economical f u s i o n system. 

High b e t a tokamak e q u i l i b r i a have c h a r a c t e r i s t i c s very d i f f e r e n t f rom 

those u s u a l l y assumed f o r low b e t a e q u i l i b r i a , e . g . , the m a g n e t i c f l u x 

s u r f a c e s a r e no l o n g e r c i r c u l a r but a r e e l o n g a t e d in the v e r t i c a l d i r e c -

t i o n and t r i a n g u l a r d i s t o r t i o n is a l s o i n t r o d u c e d even i f the ou te rmost 

f l u x s u r f a c e i s kept c i r c u l a r . U s u a l l y , t r i a n g u l a r i t y i s not i m p o r t a n t 

excep t near t h e edge o f t h e p lasma, because i t i s a h i g h e r o r d e r f l u x s u r -

f a c e d i s t o r t i o n . For s i m p l i c i t y , we i g n o r e t r i a n g u l a r i t y and assume a 

system o f e l l i p t i c ' ux s u r f a c e s as our model f o r the tokamak e q u i l i b r i u m . 

T h i s model is f u l l y d e s c r i b e d i n Sec . 2 . 

The prob lem o f n e o c l a s s i c a l t r a n s p o r t in an e l l i p t i c tokamak is a 

d i f f i c u l t one . So f a r , i t has o n l y been s t u d i e d in v a r i o u s d i s t i n c t c o l -

l i s i o n a l r e g i m e s . ' ^ Rigorous a n a l y s i s based on the v a r i a t i o n a l p r i n c i p l e 

t o c a l c u l a t e t r a n s p o r t c o e f f i c i e n t s as smooth f u n c t i o n s o f c o l l i s i o n f r e -

quency has not been c a r r i e d out and i s b e l i e v e d to be so c o m p l i c a t e d t h a t 

i t i s p r o b a b l y not w o r t h the e f f o r t . The c a l c u l a t i o n p r e s e n t e d in Sec. 3 

i s an a t t e m p t to a v o i d t h i s r i g o r o u s a n a l y s i s by a p p l y i n q the t e c h n i q u e o f 
It 

p a r t i t i o n i n g t h e v e l o c i t y space wh ich was r e c e n t l y deve loped t o reproduce 

s t a n d a r d n e o c l a s s i c a l r e s u l t s . Us ing t h i s method, t h e t r a n s p o r t c o e f f i -

c i e n t s f o r a l l c o l l i s i o n f r e q u e n c i e s a r e o b t a i n e d by s o l v i n g t h e d r i f t 

k i n e t i c e q u a t i o n in d i f f e r e n t r e g i o n s o f v e l o c i t y space and then combining 

the r e s u l t s . In p r i n c i p l e , t h i s t e c h n i q u e can be a p p l i e d w i t h t h e e x a c t 
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c o l l i s i o n o p e r a t o r . A g a i n , f o r t h e sake o f s i m p l i c i t y , we assume a L o r e n t z 

c o l l i s i o n model which r e s t r i c t s our a n a l y s i s t o h i g h 7 (or >> 1) 

p lasma. 

A l t h o u g h our p r e s e n t t r e a t m e n t i s somewhat p h e n o m e n o l o g i c a l , i t should 

be emphasized t h a t t h e purpose o f t h i s work i s not t o s o l v e t h e n e o c l a v 

s i c a l t r a n s p o r t in h igh b e t a e q u i l i b r i a but t o b r i n g ou t t h e e s s e n t i a l 

p h y s i c s o f n e o c l a s s i c a l t r a n s p o r t in e l l i p t i c tokamaks. The s c a l i n g o f 

t r a n s p o r t w i t h r e s p e c t t o v e r t i c a l e l o n g a t i o n i s o b t a i n e d in Sec. 3- A 

p h y s i c a l e x p l a n a t i o n o f t h i s s c a l i n g is a l s o g i v e n . 

Bes ides the minimum loss n e o c l a s s i c a l t r a n s p o r t e s t a b l i s h e s f o r a 

tokamak p lasma, a n o t h e r reason f o r s t u d y i n g n e o c l a s s i c a l t r a n s p o r t i s 

t h a t t h e ion heat c o n d u c t i v i t y i t g i v e s rough ly agrees w i t h e x p e r i m e n t a l 

o b s e r v a t i o n . However, a t low c o l l i s i o n f r e q u e n c y , r i p p l e d i f f u s i o n ^ 

dominates over n e o c l a s s i c a l d i f f u s i o n i n a symmetr ic t o r u s f o r ions . In 

Sec. k y r i p p l e d i f f u s i o n in an e l l i p t i c tokamak i s c o n s i d e r e d . M o d i f i c a -

t i o n o f S t r i n g e r ' s resu l t " * t o account f o r e l l i p t i c i t y is e v a l u a t e d . 
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I I . THE EQUILIBRIUM MODEL 

In ( iK x« c o o r d i n a t e s , w h e r e i s t h e p o l u i d a l f l u x and cf> i s t h e 

a n g l e a b o u t t h e symmetry a x i s , t h e m a g n e t i c f i e l d can be w r i t t e n as 

B = + x ^J1- I is a f u n c t i o n o f ip o n l y . In low b e t a s i t u a t i o n s , 

I = RB^ i s a p p r o x i m a t e l y c o n s t a n t . In a c o n s t a n t <f> c r o s s s e c t i o n , R r e p r e -

s e n t s t h e d i s t a n c e from t h e symmetry a x i s and z t h e v e r t i c a l d i s t a n c e . An 

e l l i p t i c f l u x s u r f a c e can be r e p r e s e n t e d by 

(R - R c ) 2 + z W = p 2 , 

o r by 

R - R q = p cos u), 

z = op s i n uj, 

where R q d e s i g n a t e s t h e p o s i t i o n o f t h e m a g n e t i c a x i s , p i s a f l u x s u r f a c e 

v a r i a b l e , u i s a p o l o i d a l a n g l e v a r i a b l e , and o i s t h e e l o n g a t i o n o f t h e 

e l l i p s e i n t h e z d i r e c t i o n . In t h e most g e n e r a l c a s e , b o t h R q and o a r e 

f u n c t i o n s o f p , w h i c h c o r r e s p o n d s t o a sys tem o f n e s t e d b u t n o n c o n c e n t r i c 

e l l i p s e s w i t h v a r y i n g e l l i p t i c i t y . For reasons o f s i m p l i c i t y , we assume 

R q and a a r e i n d e p e n d e n t o f p , t h u s r e s t r i c t i n g o u r s e l v e s t o a sys tem o f 

c o n c e n t r i c e l l i p t i c f l u x s u r f a c e s w i t h a f i x e d e l l i p t i c i t y . Though t h i s 

m a g n e t i c f i e l d model f o r f i n i t e b e t a tokar^ak e q u i l i b r i u m is not q u i t e e x a c t , 

i t i s n o n e t h e l e s s u s e f u l f o r o u r p r e s e n t pc«-pose, s i n c e t h e e f f e c t o f t h e 

s h i f t o f t h e c e n t e r o f t h s f l u x s u r f a c e i s s m a l l f o r 1JW b e t a e q u i l i b r i a . 

2 , 
The s a f e t y f a c t o r q i s t h e n c a l c u l a t e d by u s i n g q = I ( ^ d l / B p R J/2TT. 

2 -1 
N e g l e c t i n g terms o f o r d e r e , we have q = p a / R Q 0 , w h e r e 0 = 1 dip/dp, and 

e = p / R o . 
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I I I . NEOCLASSICAL TRANSPORT 

The g y r o p h a s e - a v e r a g e d d i s t r i b u t i o n f u n c t ' o n f s a t i s f i e s 

| | + ( V „ n + V 0 ) . S f - C ( f ) . 

N e g l e c t i n g h igh be ta e f f e c t s , the d r i f t v e l o c i t y V^ is g i v e n by V^ = 

-V|j n x V (V| | /Q) , where n = B/B and C denotes t h e c o l l i s i o n o p e r a t o r . In 

terms o f c o o r d i n a t e s ( p , co, $ ) , the d r i f t k i n e t i c e q u a t i o n can be w r i t t e n 

1 as 

it + II + \ (i_ \ if iL 1 = rff) m 

at ap B 3u> op B \ 3 u Jl 3p 9p ft 3u>/ ( J ' K ) 

where = I / R . I f we assume B ^ B^, then t h e i n t e g r a l o p e r a t o r t h a t 

a n n i h i l a t e s the bounce te rm in Eq. ( l ) has t h e same form as t h a t in t h e 

c i r c u l a r case . I n t e g r a t i n g t h i s e q u a t i o n o v e r v e l o c i t y space and p e r f o r m -

ing the f l u x s u r f a c e a v e r a g e fdui h / 2 7 T , we ge t t h e c o n t i n u i t y e q u a t i o n , 

i n r " N > = " ~p ~3p p r P' 

where 

F o = VDp f >> 
V, B . V„ 

V = J L _ j £ i _ J l (2) 
Dp op B 3w Q ' K ' 

h - 1 + p cos CJ/R , 

0 

and <A> = p" du A h / 2 n . 

S i m i l a r l y , we have t h e hea t c o n d u c t i o n e q u a t i o n 

I t 
1 0 

where Q p = ( /dV V 0 p y ™ • ( 3 ) 



As in s t a n d a r d n e o c l a s s i c a l t h e o r y , we assume t h a t the lowest o r d e r 

s o l u t i o n o f Eq. ( 1 ) i s a M a x w e l l i a n d i s t r i b u t i o n F c o n s t a n t on the f l u x 

s u r f a c e , 

F = M ^ ) exp ( - 2 f ) , 

where N = N(p), T = T(p). 

E q u a t i o n ( l ) then reduces t o 

V H 0 3 . VH 3 Vl! 3F B „ r m ... 

<J> 
Equat ion (4 ) has t h e same form as the c o r r e s p o n d i n g e q u a t i o n f o r a c i r c u -

l a r tokamak except F o r the e x t r a f a c t o r n B / 8 ^ in f r o n t o f the c o l l i s i o n 

te rm. T h i s e q u a t i o n can be s o l v e d a s y m p t o t i c a l l y in t h r e e d i f f e r e n t r e g i o n s 

in the v e l o c i t y space . 

!n t h e e l e c t r o n e q u a t i o n , we i g n o r e the e l e c t r o n - e l e c t r o n c o l l i s i o n 

f o r conven ience . T h i s i m p l i e s t h a t the e f f e c t i v e a t o m i c number o f the 

plasma is so l a r g e t h a t e l e c t r o n - i o n c o l l i s i o n s domina te . The c o l l i s i o n 

te rm is t h e n : 

v'i a C(V • Vv> Y - b
 |jVn 

where u i s the magnetic moment, v (v ) = v (V /V) 3, and V is the electron e e e e 
1 /2 therma l v e l o c i t y . In t h e t r a p p e d r e g i o n where V ^ c V, the c o l l i s i o n 

t e r m can be n e g l e c t e d i f 

e 1 / 2 V 0 / p > - o\) (V / V ) 3 / c 
e e 

o r 

V/V » (Rq V / E
3 / 2 V = V , 1 A . ( 5 ) e e e -e 

In t h e r e g i o n where the i n e q u a l i t y o f Eq. ( 5 ) i s s a t i s f i e d , we can 

s o l v e Eq. {b) as i n Rosenb lu th n t and o b t a i n to lowest o r d e r 



7 

f e 

2 

- - r e l f r - - » e e e 1 1 e 

VJ \ j 
2 

where > = 2..B / v and = 1 - p/R . We n o t i c e t h a t to t h i s lowest o r d e r 
o c o 

in c o l l i s i o n f r e q u e n c y , e l l i p t i c i t y makes no d i f f e r e n c e excep t i n ( V ^ , 

because the c o l l i s i o n term can be n e g l e c t e d and in t h e nex t o r d e r a c t s as 

a c o n s t r a i n t t o d e t e r m i n e the f l u x s u r f a c e c o n s t a n t p a r t o f f . When we 

invoke the assumpt ion tha t the p o l c i d a l magnet ic f i e l d can be n e g l e c t e d 

comoared w i t h the t o r o i d a l f i e l d , then even <V is the same f o r e l l i p t i c 

and c i r c u l a r tokamaks. T h i s assumpt ion is v a l i d when the p o l o i d a l b e t a 

is l ess than o r on the o r d e r o f u n i t y . However, even w i t h the i n c l u s ' o n 

o f the p o l o i d a l f i e l d in the magni tude o f B, the r e s u l t would not be 

changed by a f a c t o r o f o r d e r more than u n i t y . 

When the e f f e c t i v e c o l l i s i o n f r e q u e n c y o f a t r a p p e d e l e c t r o n is 

l a r g e r than i t s bounce f requency but the t r a n s i t f requency o f a c i r c u l a t i n g 

e l e c t r o n is s t i l l l a r g e r than i t s c o l l i s i o n f r e q u e n c y , i . e . 

i'v (v / v ) 3 « vG/o « 0 v (v / v ) 3 tf3/2, 
e e e e 

or 

r 3 / 8 v , v/V « v . (7) •..e e
 ::e 

the e l e c t r o n s a r e in the s o - c a l l e d " p l a t e a u r e g i m e . " In t h i s r e g i o n o f 

the v e l o c i t y space , the s t a n d a r d t e c h n i q u e f o r s o l v i n g Eq. ( M is t o 

2 2 2 7 approx imate C ( f ) by ( l / 2 ) v v 9 fV3v.. and get 
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V,, 0 3 f . „ . . 3F _ a 2 f 
II e s i n w , . . 2 , 1 .. 2 i e , / 0 / , ,» , ,2 e 

( V „ ) 1 / 2 o v _ (\l)r p 3u) fi R V 1 2 JL 3p e 9V„ 
e o II 

w i t h a s o l u t i o n 

e U 2 3F f _ e 

e 20f i 3p „ 
e o 

r , 
J dp exp ( - p 3 PCTV&V2/6G) PIN (ID-V|( p ) . ( 8 ) 

I n t h e low e n e r g y r e g i o n o f t h e v e l o c i t y s p a c e , when t h e c o l l i s i o n 

f r e q u e n c y is l a r g e r t h a n t h e t r a n s i t f r e q u e n c y , i . e . 

OV (V / V ) 3 » V 0 / p 
e e 

or 

V /V « e 3 / 8 v.. ( 9 ) e - e 

we can s o l v e Eq- (*») b y o r d e r i n g C ( f ) as t h e dominant t e r m ^ . The s o l u t i o n 

in t h i s r e g i o n is 

N, T . .in v 2
 r 

f = j ± Fe + ' f 6 - 5 

e N 
e " e 

T . .in v " c > 

r5- (a¥— - 1 ) ( l 0 > 
where 

N 
I = + i l ° P Z / 2 5 H i + 5 T e \ s_i 

32 n 2 _ \ F ~ N ¥ T / R 
i n w 

N 32 n 2 \ 8 N l» T / R Q 
0 T e o e 

e 

J _ 3 _ crp2 / 3 N_1 I 1 _ e \ s i n co 
N 2 T / T 32 _2 \ h H 2 T / R fi 

e 0 T e o e 

a P d 3. 1 / 2 T 3 ' 2 

T = e 

6 h(2)]?Z ek ZN Hn A 

F i n a l l y we have t h e g e n e r a l i z a t i o n o f t h e c o r r e c t i o n due t o t h e 

boundary l a y e r between t r a p p e d and u n t r a p p e d e l e c t r o n s ' , w h i c h can be 

e x p r e s s e d a S 



g 

Q n = Q 1 2 » 3-07 |l - 0.92 (v') , / 2 

where Qj ^ and a r e d e f i n e d through 

i»E 1/2 

aofi 2b e 

i n 

apQ. 0 e e 

V - vc 3,/2/2, and V = 2pav (v ) /Qv. 

e 

A f t e r c a r r y i n g out the. v e l o c i t y i n t e g r a t i o n in Eq. (2) by using the 

a p p r o p r i a t e f from Eqs. ( 6 ) , ( 8 ) , and (10) in the regions s p e c i f i e d by 

i n e q u a l i t i e s ( 5 ) , ( 7 ) , and ( 9 ) , we o b t a i n an express ion f o r the p a r t i c l e 

f l u x : 

Mr) e 

T' 2 3 

T ^ h ( r ) F e V Q 1 2 ' 

• 3 / 2 - 2 2 2 - 1 0 q p T e e K n ( r - l H + K i 2 T V T e | • r = -Ne 

where K ^ and K ^ have the same form as in Re f . k , 

K 

(H) 

11 0 . 7 3 e " X c [ l - 0 . 9 0 v , J / 2 e X c E, (Xc)l + ^ 
.1 

2^ -Xc , , , _ , „ 2 ' 

1/2 

"e 
e (2 + 2y 

+ y c ) - e (2 + 2Xc + Xc ) j 

'7-5 - 2 5 -'c - k 2 ) ! 

, 3 / 2 
32 

e " y c 
1/2 rc VTT T T yc 

K , 2 = 0 . 7 3 e Xc 1 + Xc - 0 . 9 0 v.,. 1/2 (211) 
1/2 

- e ~ X c (6 + 6Xc + 3Xc + Xc 3 ) 

e " y c 1 /2 / 2 8 5 , 95 5 2 \ 1 
7T7I y c \TS~ B - y c " tty c ) ] > 

B^rr 
••'e 
3 / 2 TT£ 

32 

- y c -i 
e (6 + 6y + 3y + y ") c c c 

285 - 1/2 
-tt^ - c r f y 3^ 'c 
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1/2 

Xc = 0-97v.e'/Z , 

vc - 0 . 9 7 £
3 M . 

CO 
E , ( x ) = f e _ t d t / t . 

•'x 

E q u a t i o n (11) s t a t e s t h a t i f q is h e l d c o n s t a n t b e f o r e and a f t e r 

- 2 

e l o n g a t i o n , t h e p a r t i c l e loss w i l l decrease as a , There is a f a c t o r 

o f TT/2E | ( o Z - l ) / a Z ] d i f f e r e n c e between Eq. CO and Fiefs. 2 and 3 because 

of t h e d i f f e r e n c e o f t h e f l u x s u r f a c e v a r i a b l e s used and t h e d e f i n i t i o n s 

o f q. But t h i s p r e s e n t s o n l y a f a c t o r o f 1 to 1 .57 d i f f e r e n c e as a 

v a r i e s f rom one to i n f i n i t y . S i m i l a r c a l c u l a t i o n shows t h a t the neo-2 

c l a s s i c a l ion hea t conf inement t ime a l s o i n c r e a s e s by a f a c t o r o f a 

in an e l l i p t i c tokamak as compared to t h e c i r c u l a r case i f q is kept 

c o n s t a n t . 2 
The l / o r e d u c t i o n o f n e o c l a s s i c a l p a r t i c l e and heat f l u x e s due t o 

e l l i p t i c i t y has a s i m p l e p h y s i c a l e x p l a n a t i o n . From Eqs. ( 2 ) and ( 3 ) , 

these f l u x e s a r e p r o p o r t i o n a l t o the normal component o f magnet ic d r i f t 

v e l o c i t y t o t h e f l u x s u r f a c e , v p p » a r | d the d i s t o r t i o n o f t h e d i s t r i b u t i o n 

f u n c t i o n due t o t h i s d r i f t which is a l s o p r o p o r t i o n a l to v ^ . When t h e 

f l u x s u r f a c e changes from a c i r c l e t o an e l l i p s e w i t h i t s ma jor a x i s in 

t h e v e r t i c a l d i r e c t i o n , Vp is on t h e a v e r a g e reduced by 1 / a because 

t h e magnetic, d r i f t i s a l s o in t h e v e r t i c a l d i r e c t i o n . Thus , t h e r e is a 

2 

t o t a l 1 / a r e d u c t i o n o f t h e n e o c l a s s i c a l p a r t i c l e and heat f l u x e s i f 

the f l u x s u r f a c e changes f rom a c i r c l e t o an e l l i p s e keep ing t h e same 

p , R q , and q. 
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I V . RIPPLE DIFFUSION 

In i n v e s t i g a t i n g the e f f e c t o f r i p p l e s i n an e l l i p t i c tokamak, 

p o l o i d a l f i e l d cannot be ignored compared w i t h t o r o i d a l f i e l d because 

t h e s i z e o f r i p p l e s is even s m a l l e r . T h e r e f o r e , we w r i t e 

= B o ?-£ cos OJ + Y + C O S 2 U) - 6 ( P , 0 ) ) cos n<J>j, 

2 i 2 
where A = (o - 1 + 2 q i ) / q , 6 (p, (u) i s t h e s i z e o f the r i p p l e s , and n 

is the number o f t o r o i d a l f i e l d c o i l s . F o l l o w i n g S t r i n g e r , ^ we f i n d 

the e f f e c t i v e r i p p l e w e l l depth a long t h e f i e l d l i n e t o be 

B - B . . , * max mi n A(w) = jj o 

= 2S [ > / l - a 2 g 2 - a { J - s i n " 1 ( a | g | ) } | g | j , ( 12 ) 

where g = s i n ai ( I - A cos w)h and a = e / n q < 5 . 

The d r i f t k i n e t i c e q u a t i o n can be w r i t t e n as 

1 i t + v if - J L J L um it 
R 34> Dp 3p ~ ^ 3y 1 3y ' 

B e cos m (1 —A cos to) ? 

where V Q p - - - 5 ^ (V + »B) . 

T h i s e q u a t i o n can be s o l v e d in t h e same way as t h e p r e v i o u s c a l c u l a t i o n s 

t o o b t a i n 

, 1 3F mc / E v \ \ . / . . v 
F = V • B } 7 2 S F N W C O S 

o max B 

S u b s t i t u t i n g t h i s r e s u l t in Eq. ( 2 ) , we ge t 

, 3 / 2 , / c T . 2 

K a o ) / i \ 2 7 - ^ 2 [N^ et})" , „ 
3 / 2 \ e B R o ) V . . IN T . J 5 ° / 

r -
i P " 9 ( 2 T r ) ^ / / - V ^ K U , v . . 

T'. 1 
T . i i 
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r _ _ M 6 O 3 / 2 1 ( ao } ' C T- 2 ( e \ 12.78 N . e^l + 3 ^ 1 
leB Ra I v . N T T v o / ei 1 e e * ep 9 (2ir)3/2 v « v , e ( 

A f t e r the r a d i a l p o t e n t i a l i s de te rmined by q u a s i - n e u t r a l i t y , Eq. (3 ) 

leads t o 

6 3 / 2 I ( a ) / cT . x2 

Q , P - - ° v.. ° ( i r f c ) • ( 1 3 ) 
II N o ' 

In the above e x p r e s s i o n s , I ( a
Q ) i s the g e n e r a l i z a t i o n o f S t r i n g e r ' s 

I ( a ) , 5 

¥ / b \ , 3 / 2 \ 3 / 2 

K a o ) = ^ J du> [ - £ • ) s i n 2 tai (1 - A cos u>)2 , (1 *0 
o ' o 

where 6(p,u i ) = 6 (p) £(aj) and a = e/nqf i . 
o o o 

In Eq. (14 ) the p o l o i d a l v a r i a t i o n o f 6 is a l s o k e p t . The f a c t o r o f 

13 /2 ( B Q / B ) * in the i n t e g r a n d o f Eq. (1 *0 is n e g l e c t e d in most c a l c u l a t i o n 

because B ^ B is assumed, o 

When the co dependence o f 5 is n e g l e c t e d Eq. ( ] l j ) has been e v a l u a t e d 

n u m e r i c a l l y f o r d i f f e r e n t v a l u e s o f O and = 1 / 3 ( c o r r e s p o n d i n g t o the 

edge o f a tokamak r e a c t o r plasma where the e f f e c t o f r i p p l e s is l a r g e s t ) . 

The r e s u l t is shown in F i g . 1, f rom which we n o t i c e t h a t 1 (a ) is not v e r y 

s e n s i t i v e to a . Thus, the e f f e c t o f e l l i p t i c i t y o f ion heat conduct ion 
_ 2 

due t o r i p p l e s is ma in ly c o n t a i n e d in the f a c t o r a in Eq. ( 9 ) . S t r i n g e r ' s 

r e s u l t , ^ which corresponds t o a = 1 and B * B, is shown by the dashed 

1 ine in F i g . 1. 
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V. CONCLUSIONS 

Summariz ing the r e s u l t s o f t h i s p a p e r , we conc lude t h a t ( i ) neo-

c l a s s i c a l t r a n s p o r t in an e l l i p t i c tokamak w i l l be s m a l l e r than i n a 

-2 

c i r c u l a r tokamak by a f a c t o r o f o , where o is t h e e l o n g a t i o n o f the 

e l l i p s e in the v e r t i c a l d i r e c t i o n i f the s a f e t y f a c t o r q is kept con-

s t a n t , and ( i i ) ion hea t c o n d u c t i v i t y due t o t o r o i d a l f i e l d r i p p l e s i s 
- 2 a l s o reduced by a f a c t o r o f o p r o v i d e d t h a t t h e r i p p l e s i z e is c o n s t a n t . 
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Fig . 1. 1(a) fac tor resu l t ing from reduction of r i p p l e 

well depth by e f f e c t s of toroidal v a r i a t i o n and e l l i p t i c f l ux 

surfaces. For comparison, S t r i n g e r ' s resul t (from Ref. 5) 

is shown by the dashed l i n e . 
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