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SIMULATION OF 2XIIB EXPERIMENTS WITH A GUIDING CENTER CODE*

R. S. Devoto, D. R. Faul, B. W. Stallard  

Lawrence Livermore Laboratory, University o f California

ABSTRACT

Recent 2XIIB experiments have included three types of neutral-beam 

injection: (1) tangential with ions displaced inward from the point of  

deposition and leading to high B values; (2) tangential with ions d i s ­

placed outward leading to a f l a t  or hollow density p ro file  at lower B;

(3) head-on injection giving a nearly f l a t  density p r o f i le .  We have 

used a code which computes the evolution of the density o f guiding 

centers^ to simulate these experiments. The code includes displacement 

of the trapped ions, multiple generation charge-exchange o f f  injected  

beams, surface erosion by reflux atoms and molecules, but, at present, 

does not include energy equations. In using the code to simulate the 

experiments, we consider the partic le  confinement time (nip) as a pa­

rameter to be adjusted to f i t  the observed steady-state central l in e  

density. The behavior o f  the streaming target plasma i s  modeled to

reproduce the in i t ia l  plasma build-up rate. Resultant values for rnr '
� ? 	 A � �

are in the range 5 - 7 X 10 cm - s .  Best agreement between computed

and experimental l in e  density p rofiles  occurs for case (1) above. For

cases (2) and (3) the p rofiles  are somewhat broader than those measured.

The simulation also  yielded somewhat more of a dip in the central density

for case (2) than was observed. Possible explanations for le ss  dip include

inward f lu t in g ,  since such a profile  is  MHD unstable, d iffusion in the

ever present r f ,  or increased penetration of streaming plasma because of

the lower e le c tr o s ta t ic  potential.

f  B.W. Stallard, LLL UCRL-51684.

* Work performed under the auspices of the U.S. Department of Energy by 
the Lawrence Livermore Laboratory, under contract number W-7405-Eng-48.
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NONLOCAL THEORY OF DRIFT WAVES*

D. Kelly, Y. C. Lee, A. Banos, and B. D. Fried

Center for Plasma Physics and Fusion Engineering 

University of California,. Los Angeles, California 90024

Our ealier study!- of drift waves in shearless plasma sheaths having 

density gradient length, L, comparable to the ion cyclotron radius r,^ used 

a differential equation approximation to the integral-differential equation 

satisfied by the electrostatic potential. We have now examined the properties 

of the full equation, taking advantage of the fact that the integral operator - 

involved has Hermite polynomials as eigenfunctions in the small frequency 

(u << and small transverse wavenumber (k^r,^ << 1) regime. Expansion in 

Hermite polynomials and truncation of the resulting infinite set of equations 

yields the eigenfunctions and associated growth rates of the ion acoustic type 

modes as functions of (k^/k^) (m^/m^ ^

*Work supported by NSF and USDOE.

iBull. APS 21, 1121 (1976)
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NONLINEAR PROPAGATION OF ION CYCLOTRON WAVES IN A HOMOGENEOUS PLASMA*

C. S. Liu and J. R. Myra

Dept, of Physics & Astronomy, University of Maryland, College Park, Md. 20742 

Large amplitude ion cyclotron waves in a homogeneous plasma are studied 

in the electrostatic approximation. The nonlinear mechanism considered is 

the frequency shift of the ion gyrofrequency due to the presence of the elec­

trostatic wave. This nonlinear frequency shift was previously applied to the 

case of the drift-cyclotron instability in an inhomogeneous plasma and was 

seen to lead to a detuning of the resonance.^* In the present, homogeneous 

case, we do not consider an instability, but examine the space-time 

evolution of wave packets. The frequency shift, which for large kp^ is 

proportional to the ponderomotive potential ^=e^k^[ <j)) ̂ /M(tD-nQ) ̂  is seen to 

importantly affect the nonlinear behavior. Equations describing the evolution 

of the envelope are derived in various regimes of interest. In particular, 

it is shown that the nonlinear SchrSdinger equation results. Solitons and 

soliton collapse phenomena are discussed with application to magnetic 

confinement devices and the magnetosphere.

Work supported by DOE and National Research Council of Canada.

1. R. E. Aamodt, Y. C. Lee, C. S. Liu, and M. N. Rosenbluth, Phys. Rev.

Lett. 39, 1660 (1977).





THE ROLE OF EQUILIBRIA IN NONCIRCULAR�

TRANSPORT CALCULATIONS

M. S. McCoy, M. E. Rensink, A. A. Mirin, J. Killeen�
National Magnetic Fusion Energy Computer Center�

Lawrence Livermore Laboratory

A transport code for tokamaks with non-circular flux surfaces is �

under development at the National M.F.E. Computer Center. Two questions�

concerning the formulation have arisen: What are the e f fe c ts  of ani­

sotropic pressure on the equilibrium, and in what manner should the�

magnetic f ie ld s  be advanced in time?

The f i r s t  question has not been addressed in past transport code�

formulations; these calculations have assumed scalar plasma pressure,�

which is  a function of only the poloidal magnetic flux coordinate�

However, in tokamak devices where energetic neutral beams supply a�

s ig n if ica n t  fraction o f the energy input, the plasma pressure may become�

anisotropic due to the directed nature of the beams. To study the e f fe c ts �

of anisotropy, we compute equilibria  using model tensor pressures o f the�

form P, = H I, + ( "̂ B §. where B, is  the magnetic f ie ld  and the pressure�

components t^and P,, depend on both  ̂ and ]Bj. Diamagnetic and paramagnetic�

responses o f the plasma to the vacuum toroidal f ie ld  are also examined.

The maximum attainable beta is  limited by the requirements that reversed-�

current regions be avoided, the safety  factor be greater than unity, and�

mirror and firehose modes be stable.

Other transport code d i f f i c u l t i e s  rela te  to whether or not the�

equilibrium condition 0 = -V*^ + JxB̂  should be ignored while the poloidal

and/or toroidal magnetic f ie ld  components are advanced in time via Faraday's
�� ��

Law — i ? - +  VxE = 0; the partic le  and energy fluxes in the plasma are�

assumed to be given in terms o f local or flux surface averaged transport�

c o e f f ic ie n ts .  We are currently investigating these options with a simple�

one-dimensional model.

*Work performed under the auspices of the U. S. Department of Energy�
by the Lawrence Livermore Laboratory under contract number W-7405-ENG-48.
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CURRENT DRIVEN DRIFT WAVES AND TRAPPED ELECTRON MODES IN SHEARED MAGNETIC FIELD*

N. T. Gladd and C. S. Liu

Dept, of Physics & Astronomy, University of Maryland, College Park, Md. 20742 

Recently it was shown that the universal instability is suppressed by 

any amount, however small, of shear in the magnetic field. In this paper we 

analyze, numerically, the current driven drift wave in a sheared field, in 

both slab geometry and toroidal geometry. We use full Z-functions and also 

include the effects of temperature gradients, electron-ion collisions, and 

trapped electrons. In slab geometry we find that the collisionless 

current-driven, drift wave remains unstable provided the threshold u/v^>L^/L^ 

is satisfied, a result in agreement with previous analytic results. A 

negative electron temperature gradient, r)=dinT/dinN<Q, which does not, by 

itself, produce instability in a sheared field, reduces the current threshold 

for instability and enhances the growth of the instability. A  positive 

temperature gradient, n>0, does not readily stabilize the current-driven 

drift wave as is the case in an unsheared field, but merely increases 

the current threshold, even for rt=+l. Interestingly, the growth rate for 

the current-driven instabilities maximizes for long-wavelength modes kp^<<l, 

which are effective in producing radial diffusion. The radial extent of 

these modes is also quite broad. Electron-ion collisions reduce the growth 

rate of short wavelength spectrum of the current-driven drift mode, while 

enhancing the growth rate for the long-wavelength spectrum. In toroidal 

geometry trapped electron modes are found to be unstable when the Z-functions 

for the free-streaming electrons are introduced. Also, we report on the com­

bined effects of current and trapped electrons on drift wave stability.
A
Research supported by DOE.





A  UNIFIED APPROACH TO BALLOONING AND TRAPPED PARTICLE INSTABILITIES

P. C. Liewer and C. S. Liu 

University of Maryland, College Park, Md. 20742 

A  unified, electromagnetic dispersion relation for the curvature-drift 

driven MHD ballooning instabilities and the trapped electron drift instabilities 

has been derived from the drift-kinetic equation in toroidal geometry.*** The 

two branches of the dispersion relation, the shear Alfven (MHD) and the 

electron drift (trapped electron) are coupled by curvature drift as well as 

finite ion gyroradius effects. This unified dispersion relation has been used 

to study kinetic effects on ballooning modes, as well as curvature drift 

effects on the trapped electron modes.

In the MHD limit, the dispersion relation yields the usual MHD ballooning

in a tokamak with circular cross 

and q is the safety factor and R is

mode and the critical g, stability i

section g____=L /q^R where L = *** ^  ' '
n n drcrit n*

the major radius. Finite ion gyroradius effects lead to a real frequency 

contribution to the eigenvalue = y  k ^ V ^  where kj_=m/r and is the ion 

diamagnetic drift velocity. Thus different poloidal mode (m) have different 

eigenvalues and thus the global degenerate modes seen in the MHD analysis are 

converted to radially localized modes. This may have important consequences 

in the nonlinear phase. Other kinetic effects analyzed are found to only 

weakly affect the growth rate and critical 6.

The effects of the curvature drift of the untrapped particles on the 

trapped electron mode has been found to be destabilizing in the absence of 

an electron temperature gradient. For modes with m^<<v , where is the 

electron diamagnetic drift frequency and v is the effective collision frequency 

for detrapping, and with (k^p^) >>L^/q R  where p^ is the ion gyroradius, the 

growth rate and eigenmode are, in the absence of an electron temperature

gradient

, , „ s

!(' /2Rr

(1+T)

<(<=l+/2*cos8

where c =T /m., k=l/(qR) and t.=T /T,. The k.p. contribution is the usual 

finite ion gyroradius destabilization and the L^/R contribution is from the 

curvature drift. The eigenfunction balloons out in the region of bad curvature.

1. P. C. Liewer and C. S. Liu (submitted for publication).



/-

�7� � �D� �:� � � � �7� � � � � � � � � � � � � � � � ���6� : � � � � � �?�� �?�
/-

D�� � 4 )  % " � � � ��� �$6

�%3-%0-� - !-(3'4, 8%-3$(� '  "$ 3$4%�%- ' � @� + 0� *--%� 4*0-'A-"� $%� �:��LN
� � � � 	

�!( 34'�� �$('434'��  %"� >�� � $%�*43+�+$8+�  %"� $%3-',-"$ 3-� "-%0$32� '-8$,-0��

�+- � /4#-'� 0/-(3'6, �0+4#0� � / -  ) �%- ' �, � 45� 3+-� 4'"- ' � 45� * !  ( ) �*4"2� !-A-!�  0�

#- ! ! �  0� 43+-' � /- )0�  3� (2(!43'4%�+ ',4%$(0�� �%�3+-� / '-0-%3�  % !20$0�� 3+$0�

-,$00$4%� $0� $%3-'/ '-3-"�  0� 3+-� (4!!-(3$A-� * ' - ,003' +!6%8� '  "$ 3$4%� $%"6(-"�

*2� 3+-�'6% # 2� -!-(3'4%0�� � - (  60- � 3+-� '6% # 2�"$03'$*63$4%� $0� 5! 3�  %"�

 %$043'4/$(�� 3+-�5!6(36 3$4%� $0� -%+ %(-"�4A-' � 3+-� 3+-', !� !-A-!� "6-� 34� 3+-�

' - "6(3$4%�45� �  %" 6�" , /$%8�  %"� 3+-� -%+ %(-,-%3� 45� 0/4%3 %-460� -,$00$4%�

3+'468+� 3+-�,6!3$/ ! - � (2(!43'4%� '-04% %(-0�� �+-� 5!6(36 3$4%� (4!!$"-0�#$3+�

!4#�5'-96-%(2� $4%�5!6(36 3$4%� 34� / '4"6(-� '  "$ 3$4%� $%� 3+-�%-$8+*4'+44"� 45� ,�

�+-� 3#4� /4! '$; 3$4%0�� 4 ' "$% '2� %"� -=3' 4'"$% '2��  '-�  !04� "$03$%86$0+-"��

 %"� 0+4#�0$8%$5$( %3� ,4"$5$( 3$4%�34� 3+-�4%-� ( !(6! 3-"� *2�> /  "4/46!40� -3�  !�

54'� 3+-�6%, 8%-3$;-" � ( 0-�� �+- � 3$,-� -A4!63$4%�45� 3+-� '  "$ 3$4%� $0�  !04�

"-,4%03' 3-"�� �+-� $%3-%0$32�"-( 20� "6'$%8� 3+-� "$0(+ '8-� $%� 3+-� ( 0-� 3+ 3� 3+-�

'6% # 20�  '- �%43�A- '2 �#- ! ! � (4%5$%-"�� �63� $%� 3+-� - 0-� 45� -=3'- ,- !2�844"�

(4%5$%-,-%3� 06(+�  0� >� � � 3+-� '  "$ 3$4%� !-A-!�  (36 !!2� $%('- 0-0� $%�04,-� ( 0-0�

�+-� "-3 $!-"� 0/-(3'6, � $0� 34� *- � (4,/ ' -" �#$3+� -=/- '$,-%3 !� ' -06 !30 �
 

�4 ' ) �06//4'3-"� *2�����

��� � : � �8'46/�� / '$A 3-� (4,,6%$( 3$4%�

��� ��� 763(+$%804%�  %"� ��� ?4,,�� / '$A 3- � (4,,6%$( 3$4%�

��� ��� 7 ,,-'�� ��� ��� �6+, %%��  %"� .�� �4' !-0�� �6!!�� �,�� >+20�� �4(�� ���� �����

B����C�

	�� �  '2!  %"� �2%(+'43'4%� � "$ 3$4%� .'46/�� / '$A 3-� (4,,6%$( 3$4%�

��� ?�� > / "4/46!40�� >+20�� :!6$"0� � � �� ����� B����CZ� ��� �$" ,  %�  %"� ��� �6/'--��

>+20�� :!6$"0����� ����� B����C�



�$8$"<� '$53� �  8%-34+2" '4"2% ,$( � �96$!$* '$ � 54'� �2!$%"'$( ! � >$%(+-0N

�-  5� �6'%-'
�40� � !  ,40� � ($-%3$5$(� �  *4 '  34'2�

�%$A- '0$32� 45� �  !$54'%$ �
�40� �! ,40�� � -# �� -=$(4� �� � 	 � � � � �

�+-� '$8$"<" '$53� -96 3$4%0� 45� ,  8%-34+2" '4"2% ,$( � -96$!$* '$ � $%�

(2!$%" '$(  ! � 8-4,-3 '2�  '-�

BL�=� �C� =� �� G� 	$'E/� Z

&8� G �%� �� &8� G �'%� Z
�

>� G �%K� Z

N	N� N	<
#+-'- � �B'C�� &B'C�� /B'C��  %"� %B'C�  '-� 3+-� ,  8%-3$(� 5$-!"�� (6 ' ' -%3� "-%0$32�

/'-006'-��  %"� %6,*- ' � "-%0$32�� ' -0/-(3$A-!2�� �6(+� ,  8%-34+2" '4"2% ,$(

-96$!$* '$ � + A-� (4 ' ' -0 /4%"$%8�E!  04A� -96$!$*'$ �

�+-%� �G�� B3+-� $043+-' ,  ! � ( 0-C�� 3+-0-� -96 3$4%0� / '4"6(- � 3+-� �-%%-33�

/ '45$!-0� 54'� 3+-� ( 0-� 45�  � /6'- � H < / $ % ( + & � �+-� ( 0-� 45�  � /6'-� �< /$%(+� #$3+� �G��

+ 0� *--%� 04!A-"� *2� �4 '0- �  %"� : ' -$"*- '8 � �� $%� *43+� H<�  %"� �</$%(+� ( 0-0� #$3+�

�G��� 4%-� + 0� / ' -006'- � / '45$!-0� 3+ 3� "'4/� 34� ;-'4� 4%!2 3'0(4�

�-� + A-�  % !23$( ! !2 � 04!A-"� 3+-0-� -96 3$4%0� B$%� 3-',0� 45�  %� $%5$%$3-�

0- '$-0� 45�+2/- '8-4, -3 '$( � 56%(3$4%0C� 54'�  %�  '*$3'  '$!2� /$3(+-"� (6' ' -%3� "-%0$32�

#+-%� �G��� �+$0� A !6-� 45� �� $,/!$-0�  � !4( ! � 3- , / - '  36'- � 3+ 3� $0� / '4/4 '3$4% !� 34�

3+-� !4( !� %6,*- ' � "-%0$32�

�+-� 0+ /-0� 45� 3+-� / ' -006'- �  %"� ,  8%-3$(� 5$-!"� / '45$!-0�  ' - � (4,/ ! -3- !2�

"-3- ' ,$%-"� *2� 3+-� ,4"- ! � 4%(-� 3#4� /  '  , -3- '0�  '-� 0/-($5$-"�

 C� 3+-� !4( !� / !  0,  � *-3 � 4%�  =$0�

*C�  � 96 %3$32� '- !  3-" � 34� 3+-� /$3(+� 45� 3+-� (6' ' -%3� "-%0$32�

�+-0-� / '45$!-0� + A-� *--%� /!433-"� #$3+� 3+-�  $"� 45�� � � �D�� � � �- � 5$%"� 3+-�

/400$*$!$32� 45� 4((6' ' -%(- � 45� +4! !4#� / '45$!-0�  %"� ' -A- '0-" � �8� 5$-!"0��

0$,6!3 %-460!2� 4'� $%"-/-%"-%3!2�� �+-� / ' -006'- �  !# 20� 5 !!0� 34� ;- '4�  3�  �

5$%$3-� A !6-� 45� 3+-� ' "$60�

�+$0�  % !20$0� ,  2� + A-� ' - ! -A %(-� 34� 6%"- '03 %"$%8�  %"� ,  %$/6!  3$%8� H�<	��

-96$!$*'$ �

� -5- '-%(-0

�C� ��� 7�� �-%%-33�� >+20�� �-A�� 	��� � ��� B���	C�
�C� ��� ��� �4'0-�  %"� &�� >�� : '-$"*-'8�� >+20�� :!6$"0� &P��� � ���� B����C�
N�4 ' ) � /- '54',-" � 6%"-' � 3+-�  60/$(-0� 45� 3+-� ����� � - /  '3,-%3� 45� �%-'82�





&
Hamilton's Principle for a Hydromagnetic Fluid with a Free Boundary

R. L. Dewar

Plasma Physics Laboratory, Princeton University 

Princeton, New Jersey 08540

(i) We have generalized Newcomb's"** nonlinear Lagrangian by the in­

clusion of a vacuum region. The availability of a nonlinear Lagrangian 

offers the possibility of investigating mode coupling effects.

(ii) We have found a method of expansion for the Lagrangian which 

needs only a linearization to treat linear problems and which produces 

the familiar form of the potential energy 6W in a natural manner.

(iii) We have found variational principles for the inductance matrix 

L^, and scalar magnetic potential x which allows Galerkin's method to be 

used in the vacuum region.

(iv) We have introduced generalized coordinates to describe the 

currents flowing in the plasma and external conductors, thus allowing 

the treatment of external circuits: e.g. the effect of passive feedback 

on axisymmetric stability.

^Newcomb, W. A., Nucl. Fusion Suppl. Pt. 2, 451 (1962).

Work supported by U.S. DoE Contract EY-76-C-02-3073



A
Theory of Dissipative Drift Instabilities in Sheared Magnetic Field

Liu Chen, P. N. Guzdar, J. Y. Hsu^, P. K. Raw, C. Gherman and R. White 

Plasma Physics Laboratory, Princeton University 

Princeton, New Jersey 08540

Using several different non-perturbative techniques, we have investi­

gated the stability of electrostatic drift-wave aigenmodes in a resistive 

plasma with finite magnetic shear. It is found that in the slab approxim­

ation, where usual shear damping is operative, resistivity contributes to 

an enhancement of this damping and the enhancement factor increases with 

the electron-ion collision frequency . Thus, no unstable eigenmodes 

result. If the shear damping is nullified, either by introducing a strong 

spatial variation of the density gradient or by working in toroidal geometry 

with strong toroidal coupling effects, then unstable eigenmodes are re­

covered and the growth rate increases with . A perturbation calcula­

tion shows that inclusion of finite electron thermal conductivity as well 

as temperature gradients does not alter these conclusions. Extensive nu­

merical calculations and relation to published experimental results are 

also presented.

Present address: Gulf General Atomic, San Diego, California.
*

Work supported by U.S. DoE Contract EY-76-C-02-3073 and U.S. AFOSR 

Contract F-44620-75-C-0037.



,������2�� ������ �����3�2���7����!�3������ �� �
%������� ���������8��3���===

31#� ���+� 9���:���+� ����(#� G#� G�4 �
(3�����(�	����� 9�!������	+� (��������� *��2�����	 �

(��������+� <�4�1����	� .-�/.

7����� ���4������+� ���� ���������'J�� �������+� ������ �&����� �����!3�
�������2�� �����������3�2��� ����������� ��� �� �3�!��3�����4����������
��������� �����#� ���� �������������� ���4��� ������ ���!���������!�3�����
���3��4�������� �3������'������33��������� ����	� 	� #� ��� 	� #� #C� @� ��� ��

C(����������������B� "�����3�������+� %��� �����+� :�3�������

K��)�����������!	�*#�%#� ���� :�������� �;'�0':'.?'�.��� ���
*#%#� �8$%,� :��������8//0?.'��':'..��#





A  L i n e a r i z e d  3 - D  H y b r id  C o d e  f o r  S t a b i l i t y  S t u d ie s �

o f  A x is y m m e t r ic  F i e l d - R e v e r s e d  E q u i l i b r i a *

A .  F r ie d m a n  a n d  R . N .  S u d a n , C o r n e l l  U n i v e r s i t y

J .  D e n a v i t ,  N o r t h w e s t e r n  U n i v e r s i t y

W e h a v e  d e v e lo p e d  a  l i n e a r i z e d  h y b r i d  s i m u l a t i o n  c o d e  s u i t a b l e  f o r  a p p l i ­

c a t i o n  t o  t h e  s t u d y  o f  t h e  lo w  f r e q u e n c y  (m <  H ^ ) s t a b i l i t y  o f  f i e l d - r e v e r s e d �

e q u i l i b r i a ,  i n  p a r t i c u l a r  t h o s e  o f  i o n  r i n g s  a n d  m i r r o r  c o n f i g u r a t i o n s .  T h e �

m o d e l i s  a  g e n e r a l i z a t i o n  o f  t h e  p u r e l y  p a r t i c l e - i n - c e l l  s y s te m  d e s c r ib e d �

p r e v i o u s l y . ^

I n  a d d i t i o n  t o  t h e  e n e r g e t i c  i o n  c o m p o n e n t m o d e le d  b y  d i s c r e t e  p a r t i c l e s , �

a  c o l d ,  u n i f o i m  d e n s i t y  b a c k g r o u n d  o f  io n s  i s  d e s c r ib e d  b y  a n  i o n  f l u i d  e q u a ­

t i o n ,  a n d  a  c o m p le m e n t  o f  c o l d  e l e c t r o n s  ( o f  d e n s i t y  s u c h  t h a t  c h a r g e  n e u t r a l i t y �

o b t a i n s )  i s  d e s c r ib e d  b y  a n  e l e c t r o n  f l u i d  e q u a t i o n .  W e n e g l e c t  e l e c t r o n �

i n e r t i a  a n d  t h e  d is p la c e m e n t  c u r r e n t .  C o l l i s i o n s  b e t w e e n  b a c k g r o u n d  e l e c t r o n s �

a n d  io n s  a r e  m o d e le d  b y  a  s c a l a r  c o l l i s i o n  f r e q u e n c y .

T h e  e q u i l i b r i u m  m a g n e t ic  f i e l d  a n d  h o t - i o n  c h a r g e  d e n s i t y  a r e  o b t a i n e d �

f r o m  t h e  z e r o - o r d e r  m o d u le ,  a  c o m p le t e  2 ^  D  m a g n e t o s t a t i c  p a r t i c l e  c o d e  i n �

i t s e l f .  6 J ^ .  i s  o b t a i n e d  f r o m  t h e  f i r s t - o r d e r  p a r t i c l e - c o d e  m o d u le ,  w h ic h �

a d v a n c e s  p a r t i c l e s  a lo n g  t h e i r  e q u i l i b r i u m  o r b i t s  a n d  a t  t h e  s a m e  t im e  f o l l o w s �

f i r s t - o r d e r  p a r t i c l e  d is p la c e m e n t s  o f  f i x e d  t o r o i d a l  m o d e  n u m b e r  & ,  v i a �

6 r  =  3 E  +  v  x  (533 +  ( 5 r * V ) B )  +  6 r  x  B ,  w h e r e  a l l  f i e l d s  a r e  e v a l u a t e d  a t �

r ( t ) .  T o  im p le m e n t  t h e  h y b r i d  m o d e l ,  w e  s o l v e  t h e  e l e c t r o n  m o m e n tu m  e q u a t i o n �

f o r  5 E  a n d  o b t a i n  5 B ,  5 J ^ ,  5 J t  i n  te r m s  o f  5 E  a n d  q u a n t i t i e s  k n o w n  f r o m  t h e �

p r e v io u s  t i m e s t e p ,  u s in g  o v e r - r e l a x a t i o n  t o  s o l v e  t h e  r e s u l t i n g  e q u a t i o n .

Im p r o v e d  f i n i t e - s i z e - p a r t i c l e  s h a p e  f u n c t i o n s  h a v e  b e e n  d e v e lo p e d  ( w i t h �

c o n t in u o u s  d e r i v a t i v e s  t o  r e d u c e  n o is e  i n  t h e  f i r s t - o r d e r  c a l c u l a t i o n ) ,  a n d �

a  n e w , im p r o v e d  m e th o d  f o r  o b t a i n i n g  q u i e t  e q u i l i b r i a  i s  e m p lo y e d ,  u s i n g  a �

r e s i s t i v e  t e r m  - c 3 A g ^ / 3 t  t o  d a m p  c o l l e c t i v e  o s c i l l a t i o n s  f r o m  t h e  s y s t e m .^

A l f v e n  w a v e  p r o p a g a t io n  u s in g  b o t h  f l u i d  a n d  p a r t i c l e  m o d u le s  h a s  b e e n �

v e r i f i e d .  W e a r e  a t  p r e s e n t  e x a m in in g  t h e  b e h a v io u r  o f  i n f i n i t e l y  lo n g �

l a y e r s  i n  a  b a c k g r o u n d  p la s m a .

* W o r k  s u p p o r t e d  b y  U . S .  D e p a r tm e n t  o f  E n e r g y  C o n t r a c t  # E Y - 7 6 - S - 0 2 - 3 1 7 0 .

1 .  A .  F r ie d m a n ,  R .  N .  S u d a n , J .  D e n a v i t ,  P a p e r  1 6 ,  S h e r w o o d  T h e o r y  M e e t in g , �

S a n  D ie g o ,  C A  ( 1 9 7 7 ) .

2 .  A .  F r ie d m a n  a n d  R . N . S u d a n , C o r n e l l  L a b o r a t o r y  o f  P la s m a  S t u d ie s �

R e p o r t  # 2 3 7  ( 1 9 7 8 ) .
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FINITE GYRORADIUS GUIDING CENTER HAMUTONIAN 

Harry E. Mynick

Iawrence Berkeley Laboratory 
University of California 
Berkeley, California $4720

The standard guiding-center Hamiltonian is -valid only in the 

limit — 0, where ig the ratio of gyraradius to magnetic scale

length normal to the magnetic field. In seme plasmas, e.g., in the 

Tormac sheath and in mi r-rm- machines, may be appreciable, and

finite-5̂  corrections must be obtained for a proper guiding-center 

theory. Axisymmetric devices possess a second parameter e„ , the 

ratio of the longitudinal bounce frequency to the gyrofrequency.

One may treat as a small parameter, though in these 

devices (where it may reach a -value - l/3), one may need to proceed 

to higher order to obtain sufficient accuracy. The parameter s„ is a 

genuinely small parameter in all Axisymmetric devices of current in­

terest. In the limit e„ — 0, the problem has only one nontrivial 

degree of freedom (slab model), and can be solved exactly for arbitrary

We have established procedures for explicitly obtaining the 

finite s,,, finite guiding-center Hamiltonian H, to arbitrary 

order in s„ and , by purely canonical means. The dependence of 

3 on gyrophase is iteratively removed by a new variant of Lie per­

turbative methods, tailored to this "near slab" problem. The initial 

finite transformation Aram position and momentum to action-angle var­

iables is achieved, for arbitrary ê , by a mixed-variable generating 

function. To explicitly effect this finite transformation, we have 

used another variant of Lie methods. This approach yields the expan­

sion in Sj. , and replaces the previously-used ordering in m/e . *

*
This work supported by the U. S. Department of Energy.
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DIRECT PARTICLE LOSSES IN THE ELMO BUMPY TORUS (EBT)*

J. D. Callen and C. L. Hedrick, Jr. 

Oak Ridge National Laboratory- 

Oak Ridge, Tennessee 37830

The ELMO Bumpy Torus (EBT) is comprised of a set of 24 toroidally linked 

mirrors. In conventional mirror machines, there are loss-regions in velocity 

space (n = v^/v > / (R^-l)/R^) where the particles are not trapped by the 

magnetic mirrors; they escape by motion along magnetic field lines through the 

mirror throat. In EBT the untrapped particles of a single mirror become 

toroidally passing particles that contribute to a toroidal core plasma. Thus, 

there is no loss-cone as in a conventional mirror machine. However, there is 

a loss-region for pitch angles near the boundary between trapped and passing 

particles, provided the energy exceeds a critical value. It is caused by the 

fact that the (poloidal) precessional drift nearly vanishes for these particles. 

Such particles exhibit a vertical drift due to the R *** falloff of the-magnetic 

field, and in the absence of collisions, drift vertically out of the plasma 

confinement region. When Coulomb scattering is taken into account, the mean 

particle containment time against scattering into the loss-cone in a convential 

mirror machine is T ^ T^log^QR^. Here the logarithm arises from a solution 

of the diffusion equation governing pitch-angle scattering. In EBT the corres­

ponding expression is significantly altered because the direct loss region is 

limited to energies above one of two critical values. One of the critical 

values occurs because the radial ambipolar electric field causes a poloidal 

E x B drift which confines low energy particles. Since magnetic drifts are 

proportional to energy, only when a particle energy exceeds a critical value 

can it escape the confinement region. A second contraint on energy occurs 

because collisions may scatter particles out of the loss region before they 

drift out of the plasma confinement region. Letting be the maximum of 

these energy cutoffs, the ion containment time associated with pitch angle 

scattering into the loss region is given by T ^ T^(log^^R^)(E^/T^)exp(e^/T^)

and similarly for electrons. Taking into account energy scattering across e
* c

reduces the direct loss life time by about a factor of two. Since typically

z >> T, the direct loss life time is much larger than in a conventional mirror.
c

-Research sponsored by the Office of Fusion Energy (ETM), U. S. Department of

Energy under contract W-7405-eng-26 with the Union Carbide Corporation.
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PRE -IGNITION PLASMA STUDIES OF SMALL HIGH-FIELD OHMIC ALLY
HEATED TOKAMAKS *

C. E. Wagner
Science Applications, Inc., LaJoUa, CA 92037�

ABSTRACT

Studies have been made of the feasibility of attaining�

thermonuclear ignition in a small high-density high-magnetic field�

tokamak reactors heated solely by ohmic heating. We have used both�

the 1-D reactor code MAK1 and a simple point model to determine�

viable regions in parameter space, scaling, and parametric sensitivi­

ties of such a reactor. The codes use a transport model based upon�

neoclassical plus anomalous transport. They have been benchmarked�

against Alcator-A data. Results of the studies show that within the�

large uncertainties present in transport coefficients and scaling it may�

be possible to reach ignition in an ohmically heated tokamak having�

parameters R = .57 m., a= .22 m, B = 15.75 T, and I = 3.33 MA.,�

the parameters of the proposed RIGGATRON (PHEBEX) experiment.

*Work supported by INESCO under contract S003-4068.



LARGE-SCALE PLASMA SIMULATION ON THE CHI COMPUTER*

Robert W. Huff, Cheng-chin Wu, and John M. Dawson

Center for Plasma Physics and Fusion Engineering 

University of California, Los Angeles, California 90024

Three large plasma simulation models are being run on the recently in­

stalled Culler-Harrison, Inc. (CHI) computer:

(1) A 233-dimensional electrostatic particle code with constant magnetic 

field plus mirroring. Runs of one half million particles have been made, 

using two of the four disks, at a speed of 30 nsec per particle update.

Energy is conserved to within 0.3 parts per million per timestep, and within 

2 parts per million for a run of 512 timesteps. Four-disk operation will 

allow 2.6-million-particle runs, at an expected speed of 15-20 nsec per par­

ticle update. The corresponding IBM 360/91 time is 55 nsec for assembly- 

language source code.

(2) A 233-dimensional MHD fluid code with spatially dependent resistiv­

ity. Grids as large as 100 x 20 have been used, at 44 nsec per gridpoint 

update. The corresponding IBM 360/91 time is 160 nsec for Fortran-H source 

code.

(3) A 3-dimensional MHD fluid code with constant resistivity. Runs 

for a 16 x 16 x 24 grid have been made, without use of disks, at a timing 

of 83 nsec per gridpoint update. Use of disks will allow a 500 x 60 x 60 

grid, at expected times of approximately 100 nsec per gridpoint update.

The corresponding IBM 360/91 time is 230 nsec for Fortran-H source code.

*Work supported by USDOE.
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A Thermodynamic Approach to Dissipative Drift Instabilities

W. M. Nevins

Plasma Physics Laboratory, Princeton University 

Princeton, New Jersey 08540

The transport of electrons and energy across a plasma slab asso­

ciated with various dissipative drift instabilities (e.g., the dissipa­

tive trapped electron instability) is examined. A single electrostatic 

wave is considered. Equations describing the evolution of the plasma 

number density, momentum density, energy density, and entropy density 

are derived from the drift kinetic equation, while an equation for the 

evolution of the wave amplitude is obtained using the local approxim­

ation. The (possibly nonlinear) growth rate of the wave is found to 

be directly related to the electron flux. This connection between 

the wave growth and the electron flux is interpreted as a consequence 

of momentum conservation; this allows a simple and direct estimate of 

the growth rates of the various dissipative drift instabilities. In 

addition, it is shown that, when the thermodynamic forces are properly 

identified, the drift wave transport coefficients derived by previous 

authors do indeed satisfy the Onsager realtions, and that the resulting 

plasma transport produces a net increase in the plasma entropy.

*
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Glenn Bateman

Oak Ridge National Laboratory 

Oak Ridge, Tennessee 37830

and

C. H. An

University of Tennessee 

Knoxville, Tennessee 37916

Ballooning modes are studied in highly elongated toroidal plasmas with 

fixed boundaries. Computational studies have indicated that even mildly 

diamagnetic plasmas ([3^^ > D  ere unstable to ballooning modes if the 

toroidal current profile is broad enough so that the inner flux surfaces 

are highly elongated. In spite of the fact that the toroidal current con­

centrates near the outer edge of the toroidal plasma, we have shown that the 

pressure gradient rather than the parallel current provides the main driving 

force for these instabilities away from the magnetic axis. A cylindrical 

slab model can be used to study these modes in more detail using non-ideal 

MHD models. In particular, the effect of "collisionless" ("parallel") 

viscosity is studied. While the true marginal stability point is not 

changed, viscosity can reduce the growth rate of the instability by orders 

of magnitude unless the flow pattern of the instability conforms to the 

functional null space of the viscosity operator. Using this constrained 

velocity field, a new effective marginal point is obtained.
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High Order Methods for Nonlinear Time Dependent MUD'

Eli Turkel and William Grossmann�

New York University

Courant Institute of Mathematical Sciences�

New York, N. Y. 10012

With the advent of the newer computers the computation�

of three dimensional nonlinear MHD dynamics into the�

saturated state for long times is becoming a real possibility.�

It is therefore necessary to insure that the computational�

methods be as accurate and efficient as possible. This work�

concerns a comparison of several high order difference�

methods for multidimensional nonlinear time dependent MHD�

equations.

We present results showing fourth order difference�

methods to be more effective than similar second order�

methods. The fourth order methods require less running time�

and less computer storage than the second order schemes.

A Fourier (spectral) method is also introduced which further�

reduces core storage and hence allows the computation of�

plasmas with higher order structure. Detailed comparisons�

are given for a 2-D linearized set of equations. Stability�

results are also presented for the 3-D nonlinear problem in�

both cartesian and cylindrical geometry using simple analytic�

equilibria*.

* Bateman, G., Hicks, H.R., Wooten, J.W.,"3-D Nonlinear
Evolution of MHD Stabilities", ORNL/TM-5796, March 1977.
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