
LASSIFIED

I r 
______

¶07 7

_  

U ~~~~~~~~1

END

__ _____  _______
0-79I .  U

I



‘ O ~~ ~Lt ~ IIII .’~’I. i~
_ _ _  

L L I~ 2 .~
L-.

I_~ f f 20I I .

11111’ .25 IIIIIi•~ dIII~

~~\ , ‘ \ \  t .

__________ 
-j



V . - . V

~~~~~~~~~~~~~~~~

~~~~~~ ~~~~
-

- 
V~~~~~~~

V
~~ - ’* .  ~~~~~~~ ~ ~~‘ -.~f - .- . .

~~~~
‘ .  V V

V~~~~ V ~~~~~~ ~~~~~~~~~~~~~~~~~~
‘
:~

- -~ ~~~~~~~~~ 

- 

- .~~~~~~~a~~~~~ %
_

-~~• 
I V V V

- V • V V

_____ 
)~~~~~~~~~~~~~

-;
~~~

V j _
~-..~. ~e 4

~Q .  .- t. .~~~~. . .

• _______ 
~~~~~~~~~~~~~ ~~~~~ ~~~, 

~~~~~~~ •V . V
~~

V I~ #-

~~
-

.• ::,~~~~
--: :~~~~~~

-
~~

- - 
V

V .. ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ 33, 1,7~

~ S~~~~~~*~5-m~~~34 
• • 

V

~~ ~~~~~~~~~~~~~ •,~~~~~~~~g~~umnt 1.. *
V 

•

.

DISTRIBUTION STATEMENT A
Approv.d fox public xelease

—- DistiibuUon Unlimited

_____ l~~~~~~~~~~~~~~~~~~~~~~~~~~ ø~ 
~ :~_



~~~~~~—— V- ——-—-
~

V 
~~~~~~~~~~~~~~~~~ 

V.

~~~~~~~~~~~~~~ S~~ -~r. 
_____ . . , ,  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .jr-• V _____________

I * 
-__

FIRSTJ~ UA R TER PROGRESS _ RL~~~~r ~ 
V
~~~~ 

I

_ _ _ _ _  

/
V PLA~~J( T)~j~ ORY a n d  SIM ULA TION ~ 

‘\ / 
~~‘“~~~~~~

‘

-
- — 

~~~~~~~~~~~~~~~~~~~~~ 
(January 1 to March 31 , 1 979 )  4/  kl ,IL

•1  .~ / ‘ • V -
~ 

‘- ‘
/ 

- - •--. V

‘/ -~ 
f~~ / / ~~~~~~~~~~ - / —

Re4 eaJ ~ h dwu~ng .the~~ qua4tvt o~ 1979 ~c6 ~tep on..ted h?j te. 
V 

~~~ V /

~~
.—

• -
~~~~ 

I — -.
Ouit ke.~sea~zh g’~oup t~~ eo bo.th .theo&y c.nd 4imu2a.t~on aA .too e4 ~cn o/ tdc/L
to ~w.xea4e the undex~stand.Ln~ o~ ~Ln~tabi1LtLe4, hea~tôzg , .tfcanApo~t~,
and othvt ph enomena ~n ptaoma4 . We 31.40 wo’iiz on the i.mp ’toveme.nt o~
.~ü?IuLatLon, bO~th theoite.tA.eaLty and p’u~c..tA.c.aJ2y.

Owt 4t4~~~4 4 —

~~
( ~~~~~~~~~~~~~~~~~~~~~~~ 191 M Cory Ha ll (61.2-4015)

Alex Friedma n 11 9 ME Cory Hall (642-31.77)
(Po~&~t Poc.to~ta.te)
Vu J luan  Chen , Doug las Harn ed ,
Jae Koo Lee , Lee Bu chanan 119 lID Cory Hal l (642-1297)
(Re.~6ewLch A~~~ .tan.t~)
Stephen Au-Veung 119 MD Cory Hall (61.2-1297)

Mike Hoag l and
R~~ewLth 199 N Cory Hall (61.2-7919)
Typ 4~ t

t~~

V

Marc h 3 1 , 1 979

DOE Contract ASO3 00034 (Project Agreement No.~DE ATO3-76ET53061,

~ O uR Con t rac t N000l Is -C-0578 
V 

V

D D C
ELECTRONICS RESEARCH LABORATORY

Un l vers )ty~~.f Cafl f~rn la , B~rke)ey

(
~.) •:

V Dj$TRIWII0N STATEMEIñ A J ! 7 5

~~~~~~~~~~~~
7’ V

~~~~~~~~~~~~~~~~~~ ~~ k....~~ . .~ .-~-~-—~~~~~ —--- 
V V

~~~-
• -~~~~~~~ ~~~~~~~~~~~~ N~~~~~1U~~ •~~~~~~~~ - -—



-. V • ~~~~~~~~~~-.

~~~~~~~~_ _ _ _ _

I ~~~~~~~~~~ ~~~~ ~~~~~~~~~ —— — - . • • • •.

£aoI r~6JW 1
~TIB ~~~~~ ~~~

TI
0305ur 1,atton -

“~~~t~~lbQ ior1/ TABLE of CONTENTS
~~~~~~~ i~~~Cod e5

t. ~~i~ i •. - — Seet~on 1
PLAS MA THEORY

A. ~ Fli amen tation in Charged Particle Beams ’ 1

• .SE ~~W~~~.-- -~~~~~~

-- SIMULATION

A. Dr ift-Cycl otron Instability Particle Simu la tions )~,, 5
* V—

..V - V - •• - V • — - —--—-------VV—--*- - • •

B. ~..~~Lowe r Hybrid Drift In stability Simulation s Using ES1 26
Hybrid Code 

C.” ~~Field Reversed Layer Simulations in 1 26

D.* ~~ Con t rol of Unwan ted Beam in g ins tab i l i t ies 28 

— • —--— Sec~t.~on .fl7-’~~ 
V

- • 

CODE DEVELOPMENT and MAINTENAN CE

A. ES1 Code; 30 r
B. j.- c i~~ 30

C. EZOHAR Code 30

D. ~~~ES 1 + EFL 
‘
Code 

. 

31

E RI NG H YBR I D Code,~ 31

F. 6~~~~~ eveiopmen;-~~~~ 31

C. L*DDEX Uti l i ty Routi ne~~. ______ 

33

Sec1.A.on IV
PLASMA SIMULATION TEXT 35

Seet~on V
SUMMARY of REPORTS, TALKS and PUBLICAT IONS

in THE PAST QUARTER

Errata 
V 

35
Dis tribution List 36
*1 dl t ONR supported areas



- ~~— - 
~~~~~~~~~~~~~~~~~ 

.- -V
~~

- VV-
~
--,—— ’-—-—- - —------V

~~~~~~~~~~~~~~~~~~~~~~~~~
-—

~
V.- -- 

__________ 
________

- - - . • .~~~ • . • -~

Sec.t~on I
PLASMA THEORY

A. FILA MENTAT ION IN CHARGED PARTICLE BEAMS

Lee Buc hanan

Since the classic paper of Welbe I (1959), It has been known

that homogeneous plasmas with an i sotropic ve locity distributions are

unstable to transverse electromagnetic modes. In a streaming plasma,

• these modes , also known as “tearing modes”, manifest themse l ves as the

transverse pinching of the beam into small current filaments. This fila-

mentation results In a significant transverse heating of the beam , Inducing

radial expans i on which grossly affects propagation , focusing , etc . A

simple example Is given by Benford (1973) who considers an infinite , homo- 
-

V

geneous beam streaming with a velocity v0 through a colli sionle ss plasma .

The beam Is taken to be charge neutralized by the plasma and the transverse

velocity distribrut ion Is taken to be Lorentzlan (allowing closed form

solutions). The dispersion relation is found to be

iw B~~~o - k v
/w2 +k2c2 

A
p 1

where k is the transverse wave number. When vA v there are unstable

modes with maximum growth rate

(1 w) ~P. (~
2/3

~~~2/3)
312

max 
~ 

o I
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-. 
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clearl y showing the stabiliz ing effect of v0. This can be interpreted as

the tendency for an an i sotropic beam to seek i sotropy using the mechanism

of the Instability.

Exhaustive treatment of both the linear and non-linear devel-

opment of the instab ility is found in the literature . Rather complete non-

linear analytic description s of the Welbe l instability are compared to one-

and two-dimensiona l simulation s by R. C. Davidson et al. (1972) and R. L.

Morse and C. W. Nielson (1971). Of particular interest are the two-dimen- V

sional simulations of R. Lee and M. Lampe (1973) of the filamentation of

relativistic electron beams in  which the microstructure is described .

In the regime where the background plasma is highly colli-

sional and conductivity is low, the filamentation is non-resistive in char- V

.

acter and Is more generally termed fluting (interchange) and firehose . The

two have received qu i te adequate consideratIon .

In the case of high , but finite , conductivity, E. P. Lee an d

F. W. Chambers have found, for a f u l l y charge and current neutralized

beam m a  highly ionized background of conductivity a, the dispersion relation

is
2 2 2

4irp iw • c2k2 + 
v
o
kiwB 

2 ~

V

.

(w’ v BkI +IkjM) V

where k1 and k1 are the perpendicular and parallel wave numbers and v0 is -

the beam veloc i ty as before. Substitution of p= enp where i— e/m( v- iw)

V and letting the collision frequency v and the parallel k go to zero recovers 
V 

-

the Benford result. For finite p, Chambers (1978) finds that for a self-

pinched beam (e.g. Bennett , 1939) one can invoke the relation

- 2 -  
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m A l f v en

and the condition that

T
I — Inet BEAM T m

where is the beam pulse duration and T
m 

is the magnetic decay time (T
m

— lsnp/c2k2), to obtain the tota l growth for a transverse perturbation

to a beam streaming in the z-dlrectlon . This can be written In terms of

a parameter

2 2  r
A I. Z C  _p

2 r• w m

so tha t one obta i ns as

total growth ~ exp 

[ 

(
~~
)

h/3 
A 113 ! AII

This analy tic result is based on the assumption of constant , isotropic con-

ductivlty of the background plasma . Since the growth Is a sensitive compe-

tition between a growth term and a damping term, both functions of p, one

may conclude that the t ransverse structure of p and particularly the time

evolution of p due to the Ion i zation of the background by the beam may

be crucial to the onset and development of the InstabilIty.

Pre sen t l y we are undertaking to simulate in one and two

dimensions the We lbel instability In charged particle beams In a background

of fini te conductivity. We Intend to construct a particle/fluid hybrid

- 3 -
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simulation code in wh i ch the beam consists of finite sized part icles and

the background is taken to be a fluid plasma of finite conductivity a.

It Is expected that the new physics should appear as a consequence of

both the self-consistent time and spatial deve l opment of the fluid con-

• ductivity.
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SECTION i i
S IMULAT I ON

A. DRIFT-C YCLOTRON INSTAB ILITY PARTICLE SIMULATIONS

Jae Koo Lee (Prof. C. K. Blrd sal l)

1. l,’JTROVLICTWN

V 

- The drift—cyclotron ins tabi li ty is a co )lisionless Instability

occurring In any finite plasma with a Maxwe liian velocity distribution in

a magnetic field. This instab il ity m ight constitute a part of the major

plasma confinement problems in e .g., most mirror machines like 2XI1 l~ or TMX

even after the drift-cyc lotron-loss-cone mode is stabi li zed.

Recent theoretical studies 11 1 of the drift-cyclotron instab- V

i l it y have attracted much attention ; howeve r , they have had some diffi-

culty in providing useful information on the nonlinear evolution of this

Instability. Our object Is to use particle simulation to obtain linear

and nonlinear behavior of this instabil ity .

One recent particle simulat ion of the drift-cyclotron instab-

li lty Is one-dimensiona l [2 ’~, treating the electron effects as those of

a linear fluid and assuming a fixed dens i ty gradient , thus reducing the

spatial dimens i on in simulation from two to one. These results prov i de

useful Information but have the shortcom i ng of a fixed density gradient.

We have simulated this instabilit y using a two-dimens i ona l

part icle code icr a Maxwe )uian ve l ocity dis tributIon with a density gradient

in a un i form magnetic field. During the linear stage , our simulat ions show

exponential growth over a few Ion cyclotron periods. We compare t h i s  linear

behavior with linear theory which does not use the local approxima tion

because a 1/R~ is large (here, a1 Is the ion gyroradius and R is the

density scale length). This nonlocal theory is that of ROOTS 131. which

- 5 -
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has a periodic guiding center density pro file unlike the bounded one In

V our simulations . The linear growth rates and (in less degree) the fre-

quencies In th. simulations are found to agree well with the nonlocal

theory predictions (and poorly with the loca l theory). The comparison of

simulation with the nonlocal ROOTS predictions is given In Sec. (II for

two ness ratios , I. e., m ;/me 100 and 25.

At saturation , the total electrosta tic field energy reaches

a few percent of the in itia l ion kinet ic energy for most runs. These

simulation saturation levels are compared with some existin g nonlinear

theories in Sec. IV . At and afte r saturation , the phase space plots of

electrons and i ofls show vortex-like structure correspond i ng to the most

unstable mode; the density profiles of each species become flatter as has

been observed In lower-hybrid-drift ins~ab i l Ity simulations (4~.

In Sec. II , a brief description of our simulation mode l is j
gi ven. Growth rates and frequencies are compared with theoretica l pre-

dictions In Sec. Ill for two cases. In Sec. IV , nonlinear aspects of this

Instability are discussed inc l uding comparison with nonlinear frequency

shift theory, t rapp i ng theory , densIty-gradient modif ication , and elec tron

heating. Section V is the conclusion .

II. SIMULATION NOVEL

For our study of the density- gradient-driven drift-cyclotron

instability, we need to use a full y two-dimensiona l particle code for both

elect rons and Ions , i.e., the evolution of four phase space variables in

the plane perpendicular to the magnetic field 
~~~~~~~~~ 

of all the part i-

des needs to be followed. The comon guidIng center approximation for

•lectron s was not used In our simulat ions; electrons and ions are both

- 6 -



magnetized and fully nonl inear . The code we use is a two-dimensiona l electro-

static one, EZOHAR [5). The coordinates and the density profile of the

plasma ~leb mode l are shown in Fig. I. For simpl i city, all the simula tion

run s in th is paper have no temperature gradient and initiall y cold electrons.

The initia l particle spatial load i ng is as follows : first ,

the ion guiding center positions are determined from the following profile ,

(~~ (1+Cos K-~~~I x
i o i~ ~. / gc I

n . ( x  ) — (  I f

I 9C 1
J O  x ~na /K .
‘S gc— I k

0~Here. x x-4 v 1w ., ~ is a constant indicating the density scale length

(i.e., ~~ a./R), and w .  is the ion cyclotron frequency . Then the ion gyro-

radius is added to these guiding center positions to determine the actua l ion

positions (velocities are chosen from a Maxw ellian distribution) . If

this process is repeated for electrons , then appreciable charge separation

results , because the guiding center profile is different from the particle

density profile for the species with large gyroradlus ; these two profiles

are the same for cold electrons as noted in Naitou et a). [6). Instead ,

the actua l positions of ions are cop ied in our simulations to give the

actua l electron positions , thus resulting in no charge separation at the

initia l loading. [As the instability developed , we sometImes observed cha r~ ’

separation producing appreciable electric field along the density gradient

direction responsible for some coll isionless plasma t ransport. This is di s

cussed in Sec. IV (3).) The velocity loading is by “ring and spokes” in v

space with the ring radius chosen randomly to fit a Gaussian and the

spokes (angles) are chosen randomly, un i formly.

- • • - - • • • • • 
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Along x , the boundary conditions in EZOHAR are those of Na i tou

et al. [6) at the low dens i ty side and those of inversion synvnetry of

Nevins et al. [71 at the hi gh dens i ty end , x— 0. Along y, the system is

periodic due to the slab model (cf. Fig. 1).

Typical parameters are as follows (these are to be varied

widely but used unless otherwi se specifIed in later Sections)

numbe r of spa tial gr ids  32 x 32

number of electrons or ions — 16 x 16 x 32—8192

wpe
K E (a i dn/dx/n) —~L 

‘
~~ 0.5

m i /me 
— 25-300 

x

L L 8a.x y I
A Di ~ O. 2a.

where Wpe is the electron plasma frequency , ~t is the time step , L,~ and Ly

are the simulation dimensions in x and y, and is the ion Debye length.

III. CHECK WITH LINEAR THEORY

(1) m j/me~
25 Case

In order to check the growth rates and the frequencies pre-

dicted by the l inear non local theory gi ven by ROOTS [3], we made an all-

mode run (i.e., no artificial truncation of Fourier modes was used). The V

parameters are (in addition to those in Sec. II)

m i /me — 25

K — 0.5

Wpe/Wce 1 , thus w~~/w~i 25 .

- 8 -
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The squared potentials for modes 5 and 9 are shown in F i g. 2A ~ind 28, which

tend to follow the theoretical growth rates drawn as stra i ght ii n e s . Reason-

able agreement in growth rates extends to most growing modes in the range ,

1.2 ‘- ka. 3.6 as summarized in Fig. 38, wh i ch does not include the finite

grid (.~x) effect. We observed less satisfactory agreemen t in the measure-

ment of oscillation frequencies. The solid line s in Fig. 3A show the non-

loca l ROOTS theory [3) . The simula tion frequencies are measured during

approxima te l y the first two ion cyclotron periods (i.e., 0<~~~.t 12 as

in Fig. 3) which is considered to be the linear stage . Figure ~ is a fre-

quency spectrum for mode 3 (i.e., ka. 1 .2  i n Fi g. 3) showing a qui te broad

spec tr um w i th the w id th of abou t ~-l of the peak frequency. This broad

width  is due to the short time span used in fast Fourier transform; it

could be reduced by having a longer linea r growth period with just the

growing mode exc i ted . The frequencies of modes 7 and 8 in Fig. 3A also

had a broad width around the peak w~~O , indica t ing the poss ib i li ty of

a vortex mode.

(2) m./m — 100 Case
I e

Anothe r check w i th  the linea r theory was sought in a simulation

run , where large r mass ratio (i.c., m
i
/m
e 

= 100) and larger density gradient

(i.e. , K—O.7 ) wcre used in a l ower density plasma ( i .e . ,

The growth rates are shown in Fig. 5; agreement is again fairly good consi-

der i ng that all the growing modes in  th i s  rang e , I ~.ka . ~6, ~~~ allowe d to

grow In a single run . The real frequencies produced broad spectra as in the

previous small mass ratio case.

- 9 -
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IV. NONL iNEAR 5EHA VZO R

For the study of the nonlin ear evolution of the d. ~?t-cyclotron

instability , our simulat i on uses single-mode runs; namely, only one mode in

the y-direction is allowe d to vary while the perturbed quantities (charge

densities and potentials) corresponding to all the othe r mode numbers are V

truncated at all times after Fourier t ransform in the y-direction . This

truncation includes the mode k~ aO which implies charge neutrality;

independent of this truncation , simulations startexact ly charge-neutral.

This single-mode assumption has been also used in the nonline ar theory of

a beam-plasma instability by O’Nei l et al . [8], and is a reasonable one

especiall y in an instability study with a discrete mode spectrum .

Since exact particle movers are used for electrons as well as - ‘

for i ons, our simulations are restricted to us i ng small mass ratios (e.g.,

m./m —25-300) to keep the simulation errors and cost low when reasonably

V large time increments are used. This error or numerica l heating was 1-fl

of the initial ion kinetic energy up to the saturation time t , wh i ch is

defined as the time when field energy reaches its first peak after growth.

in Fig. 6, the total electrostatic energy, ESE , in a typica l run is shown

providIng a growth of one to two decades (i.e., a factor of 10 to 100) in a

V few cyclotron periods .

V (1) Check With Nonlinear Frequency Shift Theory

One possible saturation mechan i sm for the drift-cyclo tron 
V

mode is the nonHnear ion cyclotron frequency shift [2,9), wh i ch proposes

the scaling of the saturated electrostatic potential as C a ~~c6~~. We con-

ducted a series of parameter studies with sing le-mode runs (as in the above

- 10 -
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nonlinea r theory). The theoretica l power dependence , ~~ 6+ is roughl y

recovered in a certain range of 6 in these simulation runs (see Fig. 7A),

where all parameters other than 6 are kept the same. The change in 6

comes e ther f rom mass ratio m i /me or from relative plasma dens i ty

2 2  -w i/W i, The new scaling c~~6 for 6>0.07 (see Fig. 7A) has no theore-C p

tica l origin. The predicted scaling, ~~~~K , is verified in a certain range

of K in Fig. 7B, wi th simulation runs i n w h i c h onl y K is varied. The other

scaling , ~~~~~~~~~~~~~ for K > 0.7, has close relation with a trapp i ng theory

and is discussed in a later Section.

In these simulation runs for the parameter study, the rea l fre-

quencies could not be measured cl ear l y ; thus , the classification of the

simulat i on mode as to whether marginally stable or not as in [9] was not

qui te cl ear.

Rela ted to this dIff iculty of measuring rea l frequencies is the

generation of a zero-frequency (vortex) mode exc i ted possibly by nonlinear

effec ts or by quas i l i n ear spa t i a l  d i f fus ion  due to cha rge separa t ion

studied by Sperl l ng [10]. P

(2) Tra pp in g Theory

The phase space pictures In Fig. 8 revea l vortex-like 
V

structure after saturation . Since onl y mode 3 i s kept , three vortices are

V seen here (especially in electron phase space pictures). Also observed

in  our s i m u l a t ions ar e rela t iv el y lar ge elec t r ic poten t i a l s , wh i ch are

necessary (but not sufficient) for trapp i ng, i.e., c~~0.3-O .5 at the

saturation time . (These potentials are likely to be reduced with the use

of larger mass ratios.) This observation leads us to examining the possi- V

bility of having the familiar particle (electrons or ions) trapp i ng as the

saturation mechan i sm.

- 7 1 - 
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We have attempted to measure the fail (or trapp i ng) time , 
V

Tf~ whi ch Is the t ime from the first peak to the first minimum of electro-

static potential , and the potential at its firs t peak , • ,  in variou s

simulation runs to check whether the parameter scales as i
~ 

as

V 
expected when trapp i ng is the saturat ion mechani sm as in [Ii). This

attempt has not been very frui tful because the measurement of and

carried somewhat large error bars due to complicated patterns shown in the

simula tions; however , a qualitative verification of the above scaling was

recovered from some of our simulations (not shown here).

The di scussion of e lec tron trapp ing for a drift-cone mode by

Aamodt [12] is found to be also applicable to the drift-cyclotron mode.

His approximate model prov i des the scaling , C 1 6 *K~~
3/4

, which Is his Eq. (6).

Our simulation runs for 6~~O.O7 in Fig. 7A verifies the 6~’ dependence (al-

though this weak dependence could also be 6+ as di scussed i n an ea r l i e r

Section), and the K~~~~
’4 dependence is more clearly recovered for K>O.7 in

Fig. 7B. Even without using any approximate model (inc l uding the ion dis-

tribution) , the saturation amplitude Is by his Eq. (4) ,

W
1 

ka 1 a1

where $(x)—~0exp(-x
2/~

2) Is assumed as in his Eq. (A5A) . This radial

structure is similar to simulation results (Fig. 9) .

(3) DensIty Profile Modification

- . As the instability deve lops into the large amplitude stage,

V i t  is observed as in Fig. 10 that there is appreciable collisionles s (or

anomalous) p l asma t ranspor t from the high to the low density reg ion due to

Ex B dr ifts. Thus, the density profiles (Integrated over the y-direction )



of electron s and ions change their shapes, flatten i ng macroscop i cally

toward reduced density gradients , wh ch may be considered the saturation

mechanism as discussed in Lee et al . [13). Again , this charge separation

In the direction of density gradient might be related to the generation of

the coll islon less vortex mode of Sperilng ( 10].
In contrast to Fig. b A , Fig. 106 shows less modification of the

density profile since this case seems to have different saturation mech-

V anism as discussed in Sec. IV (a). —

(4) Electron Heating

• As the Instab liity grows, electrons behave somewhat coherently

wit i~ the wave especiall y before saturation (cf, Fig. 8A) and then develop

therma l spreads near or after the saturation time . Our exam i nation shows

that this electron thermal spread Is not sufficient to cause saturation of

the instability. The threshold electron temperature predicted eithe r by

the l oca l ROOTS theory [31 or by Gary and Sanderson [14] Is Tell 1 6 , while
the ratio at saturation In our simulation is 0.07, thus eliminating the

saturation possibility by the electron heating.
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B LOWE R~HY B~~~~D~~~T INSTA~~~~~ S IM ULAT IO N S III ~~1 Hv;R~~~coDE
V Vu-J luan Chen (Prof. C. K. Birdsa ll )

in the las t QPR , Fig. 1 showed a hig h frequency component

as well as the expected lower-hybrid drift mode , w/u~,~~~l. We tried using

different mass ratios (m1/m — 900 and 400) to get rid of the high frequency

response, however, these changes did not affect it. This high frequency

component is s t i l l  a puzzle , but we are working on it.

C. FIELD REVERSED LAVER SIMULATION S IN id , QUAD 1

D. S. Harned (Prof. C. K. BIrdsall)

A nonlinear quasineutral Darwin Code, QUAD1 , has been wri t ten

us ing the framework of the fully electromagnetic code EM1. The purpose

of this code is to provide ins i ght into the problems of match i ng the plasma

V fields at the p lasma-vacuum interface. This problem must be resolved

before moving to a two-dimens ional model to study field-reversed layers

surrounded by a vacuum region.

The model uses ion particles and an infinitely conducting

V e lect ron f l u i d background . In one dimension the field sol ver is expressed as

V /aE \
Bzn+~ 

— -c At I~ 
v~nj +

V 

Ex,n+i — -E
~~~ 

- (~L ~~~~~~~~ B
~ 

+ . J., B~)n+~

E -Ey,n+1 — y,n nec x

V 
V - 2 6 -
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This mode l Is essentially the same as tha t suggested by other

groups working with quasineutra l models 11 ,2,3). The I mposition of quasi-

V 
neutrality appears to prevent the application of the model in regions of

low density (n - 0). Therefore, artificial methods of matching to the vacuum

field equations must be used at some poin t In the plasma where the Courant

condition ~.~<_ L breaks down.Ax vA
At present the code exists in periodic and bounded (conducting

wall boundaries) forms. it is in its preliminary testing stages. The ini-

ti a l version solved the field equations with a leap-frog method. However,

to eliminate non-physica l hig h frequency effects this has been changed to a

predictor-corr ector scheme.
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D. CONTROL OF UNWANTED BEAM I NG INSTABILITIES

Yu-Jiuan Chen (Prof. C. K. BlrdsalI )

V The quiet start loader in (Si used to study the lower-hybrid

drift Instabi lity has a physica l mult beam instabil ity which may affect the

simulation results. As the same problem occurs in other simulations some

effort has been made to study the multibeam Instabil ity. Results in Gitome r

and Adams [1) have been reproduced exactly. Due to the analogy between the

multibeam and two-stream Instabil ities , we tried to stabilize the multibeam

instabil ity by add i ng a small therma l spread VT 1 to each beam. As shown In

Fig. 1 (A, B and C),associated with a larger thermal spread is both a

higher init i a l electric field energy , and a shorter period linear growth

before the field energy reaches saturation . it is noticed that al l the

saturation levels are the same as tha t in the randomly Maxwellian case. A

reason that a warm multibeam i ng plasma system will reach the therma l equi ll-

brium faster is that each beam already Is randomly Maxwelllan . The para-

V 

meters we used are as follows : time step DI— .O4r~~ cell size X X
Dt

tota l plasma length L
~~

l28AD~ 
number of large groups NLG—1 28 , number of

k
par tIcles n — 16384, and the thermal spread added to each beam VU — 0.0, V

1 DV , and 0.5 DV , respectively. -r~ is the plasma oscillation period .

The DV in ESJ code s defined as Dy— S . ~ VT2 / ( N - 1 ).

REFERENCE
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Simula tion Plasma”, Phys. of Fluids , Vol. 19 No. 5, P. 719 (1976).
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CODE DEVELOPMENT and MAINTENANCE

V A. ES1 CODE

A. Fr i edman

Bruce Langdon of ILL has devioped an updated version of the

ES1 code which can now be run on eithe r the 7600 or the Cray using the same

source f i le. Th i s ver si on , also containing other miscellaneous changes,

i s documented i n ES 1 REP , which can be accessed by typing :

FILEM RDS 339650 .ES1 ES1LiB / I V
(S1LIB ES1REP DR. / T V V

TR I X AC / T V
PRINT(<USC CCC ES1REP BOX BNN>) [trix print doesn ’t yet

l ike USC UCB)
END

See also the LIBRIS wr i teup for ES1. -
V

Stephen Au—Yeung and Alex Friedman have put together a ver-

sion of the ZED-compatible code ESZ (for the 7600 only) wh i ch reinstates

the “original” history plots of (SI. The code is called ESZ1 and resi des V

in Filem directory SAY76 of user number 1222. Changes to the source are

f l agged by “CA” in  the first column (changes to make ESZ i tself use “CADD”).

Varia b les associa ted wi th the “original” plo ts typ i cally have the same names

as in the orIgina l (Si with “OL” appended. The input variable “IFOL” can

be set to zero to suppress these plots if they are not wanted. V

B. EM 1 CODE

No special report.

C. EZOHAR CODE

No special report.
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D. ES 1 + (FL CODE

No special report.

E. RINGHYBR ID CODE
V Alex Friedman

This code is under active deve lopment and testing on ion ring

and layer problems . We have had some success in creating equilibria corres-

ponding to high-beta mirror plasmas, with plasma radius two or three times

V the nom i nal gyroradius , but these equilibria exhibit large fluctuation s and

are thus too “noisy” for use. More flexibility has been built into the
V 

particle i njector, and with experience we expect to be able to generate

V reasonably quiet equ ilibria. We have dec i ded to apply the code ini tially

in its present form to field-reversed mirror configuration s, in  order to

gain experience before attempt i ng to mod i fy the algorithm in the manner

descri bed in the previous QPR. The modifica tions will eventually facilitate

the making of runs not incorporating the cold fluid ion component now

assumed to be p resen t .

F. RJET DEVELOPMENT

A. Fr iedman

The UCB RJET s up and running. complete with the V.rsat.c printer
as an ind.pand.ntly control led output device. Our initial impressions
are very faverable. with turnaround time and output quality good. U. av• V

grateful to Harry tiassaro and everyone else ~Jio helped get the si~stemworking.
Some notes on usage fol low.

To s•nd l ist ings, print files. Ito. to the Versatec printer :
NETOIJT (UCB] PRDITFILELIST (OPTIONS] BOX BNN ID / I V

Options: 9. 8—bit Ascii file
L. f 11. contains l ines longer than 129 characters r
S. add s.qu.nc. nuit~ers (6-bit Ascii files only)
ULC. 6—bit upper/lower case file
(th•re are other opt ions as well)

_
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‘UCB s optional if one is l ogged onto a user number with UCS as the
defaul t destinat ion. insteod of NETOUT one can use BANNER. i.I~ichhas a wider rang. of opt ions. Including ‘ccsp.’ and ‘seq.’ from ALLOUT.

To send plot files to the Versatec printer:
NETPLOT (UCB] PLOTFILELIST (OPTIONS ] BOX BNN ID ‘ T V V

Opt ions: F. necessary for FRBB format plot files .
V L. for •high—r .solut ion’ (lB’xlS’) plots -

defaul t is 5’x5’. The larger plots do
not fit entirely on one 8.5’xll’ page.

(there are other opt ions as well)

j To qu ery the progress of files through th. ne twork:
V (CTRL-E)RP? UCB and/or VLUB UCB / T V p
V To snd selected frames of a plot file to the V .rsatec i*itle viewing
V the frames on the Tektronix terminal , using utilit y routine

TEK~LOT (for DD8B files) or FR8OPLOT (for FROB files), type ‘USC’.and ~Iien the routine asks f or the destination reply ‘UCB’.

To extract selected frames of a DD8B plot file without having to view
(Pie file (and wait for TEKPLOT to draw the frames). use the utility
rout i ne DDEX. descr ibed .ls.s*iere in this report. It is helpful
to hove your program generate a frame index to facilitate use of this
utility. Large plot files can be sent to microfiche, and selected frames V

ser.t to the Ver-satec; this will aveid tying up the printer for excessive
periods of time if your plot file consists of hundreds of frames.

Control of the printer: pV .
Using the operator’s console (the teletype by the pdp-1l). one has

some control over the printer and the print queue. Uien a file begins
to l ist , the tel.type will print its name. the word ‘begin ’, and a sequence
number.

To kill a printout: PRNT KILL *ea. J~ere *S~* is the sequence number
(leading zeros can be omitted )

To re-queue it: PRNT REQU *e*

To take the printer
of f l ine. in order
to add paper. etc.: PRNT DOUN

To bring the printer
back onl ine: PRNT UP

- 32 -
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V 6. DDEX Utility Routine

Steve Au-Yeung and A lex Friedman

dd8O Frame Extraction Rou tine

Availabili ty : NPIF(CC a-machine
f i tem rds 1222 .sayl6 dde*

ddex a l lows the user to extract selected frames -from one or
V more dd8O graph ics files and write them to a smaller dd8O output file which —

can be processed in a wide variety of ways. The intended purpose was to
V facili tate use of the “hi gh-quality hardcopy ” opt ion of the utility routine

FROG. Since th i s form of ou tpu t is costly, lar ge amounts of graph i ca l out- V

put should not normally be processed in this manner , in addition , the

shorter output files (1) may be used to create 35 i~in negatives suitable
V 

for white-on-black projection via g ive to user - 1 (1 frame) or FROG (full

frame), (2) may be sent to the user ’s usc versa tec pr in ter via  netp lo t,

or Cc) may be sent to the nips processor via nip it.

If you r program generates fr8O files to obtain a dd8O file

use the utility routine fr8Oedit. This is especially useful if your code V

runs on the Cray wh i ch supports only fr8O files. Send the fr8O files to

the 7600 via “netout a filenames b.’

Usage: the main usage form is exe mp lified by:

user: ddex / t v
V routine/user: inf il e : dxmyplotsl

routine/user: box and Id: box bnn plotsi _ex
rou tine/user: > 4 17 35 20
rou tine/user: > end
rout ine : a l l  done

The id string consists of up to 18 alph anumeric characters.

Embedded spaces may appear i ncorrectly and are not recommended . Use “ “
Instead . Note tha t the frame s need not be In order as they are ordered V
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before extraction . The output file name is constructed from the Id line ;

it is of the form dx [f i rst eight characters of Id]. If Id consists of fewer

than eight characters, the filename is right-fi lled with asterisks to

ensure a ten-character file name . If the file to be created already exists , V

the user Is given the options of overwriting it or entering a new id line .

Some shorter usage forms are allowed; in particular , the input file name

may be entered on the execute line , or after the coninand “infile ”.

ddex is actual ly a “llb” file; the sources and binaries are

contained within the file itself , as is this documentation .

Options (all may be abbreviated by first letter): 
V

thru extract all frames between preced i ng and following
en t r ies , inclus ive .

infile change the i nput file. All selected frames of the
previously opened file are extracted before opening
the new file.

end term i nate, processing all sel ected frames.

quit like end , but when entered after inf ile coninand
causes p rev i ous ly entered frames to be extracted
withou t chang i ng the input file or causing ter-
mination ; more frame numbers can then be entered .
(useful when an “I” has i nadvertently been entered).

nochar e l i m i nates a l l  a l phanumer ic charac ters f rom a l l  Vframes. Useful for suppress i ng crowded la be ls on
axes when preparing figures for publication .

offset set offset for calculation of frame numbers. Useful , V
V 

for examp le , if  the user Is referr in g to a p rev ious l y
generated “nip it” output to determi ne frame numbers;
tekplot considers frame 0 to be blank , and frames
1 and 2 to contain header information , so that for
tekplot (and ddex) plot information normally begins V

i n frame 3. On the ni ps ou tpu t , frame 1 contains
plot information , so the use r may en ter “offse t 2 ’
and then the nips frame numbers.

Restrictions : at present ddex does not accept file families.

If a frame overlaps the end of one file and the beginni ng of the next , the

routine will fall.
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Support: this routine was developed , and is supported , by

Stephen Au-Yeung and Alex Friedman at the Univer sity of Calif ornia , Berkeley.

Inquir ies/gr ipes should be directed to either of the above at (415) 642-1297

or 642-3477.

Sec.tü,n IV
PLASMA SIM ULATION TEXT

No special report.

Sec .t con V
SUMMARY OF REPORT S , TALKS AND PUBLIC ATIONS

IN THE PAST QUA RTE R

No special report.

En~’ta.ta

In the QPR for the previous quarter:

~~ge S the footnote’s author should be Davidson

,~ ge 16 Section B, Line 2: to read ...“ x and ky ~~~~~~

V 
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