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I. Research Topics during 1960’s and 1970’s
( hors-d’ Oeuvre)

“Particle” and “Wave” Aspects

free streaming term # Wave'partiCIe interaCtion_-_
» [Eenoes [Echo (1) Linear Landau Damping
eiarhich At & AR actlinElon Plasma Wave Echo

_1ping T # Finite Amplitude Wave

> | Nonlinear Landau Damping

o e Particle Nonl_lnearltv
~Nonlinearity Trapped particles,“Clumps”
partic 5| Amplitude Oscillation “Wave Nonlinearitv”
Sideband Tasabilities ' , Nonlinar waves Phenomena
BGK(2) “Soliton”,* Caviton(Envelop Soliton)”
A e ki il “Particle-Wave Nonlinearity”

Hies) o N’l’é 1 1 1~??
N R symbiotic” state
- Nonlinearityfqusi-shock vave

Hh I A NI NN N AR AR RN RE R AR NN “We ak T u r b u I e n Ce ) - 9
K dVi(3) ;. “Strong Turbulence”(attractive but
iUk i complicated problem)
Drift Turbulence and Zonal flow system

Activities awake from long sleep

: Modulational Instabilities

NS-eq.(4)

Nonlinear Schrédinger eq. = (4] ;

From memo by H.Sanuki(1973)
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M. Kono and H. Sanuki(1972): “ A new Approach to Derivation of K-dV Eq.”

(Randam Phase Appro.) (Quasi-monochromatic Appro.)

“Nonlinear Effects”

Turbulent&-> Zonal flow  (in fashionable way)

Renormallzation theory based on Propagator and Vertex Modification
Strong Turbulence Theory~DO$#kik Qi ¥, {28 | % & 77) JLKIG /1AL A —h
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Powerful Methods to solve Nonlinear Equations
(Nonlinear Waves such as Soliton)

# Hopf-Cole transformation
# Inverse scattering method (G ERELE)
# Gardner- Morikawa(G-M) transformation method
# Hirota’s method
# Backlund transformation method
# Konno - Sanuki transformation
( this discussion was introduced in Math. Book in USA)
# Reductive perturbation method GEJFIEE)R)
etc.

Note!! Reductive perturbation method is based on the ordering
associated with mutual relation among amplitude, space
and time scales



Application of Hopf- Cole Transformation

CREENHT)

Topics of plasma rotations were one of highlights during 1960’s and1970’s
associated with topics of plasma confinement improvement
Experiments:
B-3(1966), JIPP-1(1974)( |=3 stellarator devices), H-E, CHS(1991), W7-A,
LHD (I=2 heliotron devices),CCT(1990), HYBTOK-II(Tokamaks) etc.
Theory:
Weak Shock Theory: Hazeltine(1971), Green(1972), Stix(1973),

Asano and Taniuti(1972) ,others
Strong Shock Theory: Shaing, Hazeltine and Sanuki(1992),

Taniuti, Wakatani et al.(1992)

Point: plasma rotation may be determined by balance between
“driving force” and drag force such as viscosity

“"How to enhance spin up of rotation”
“How to evaluate viscous damping force”



Solution of Strong Shock by Hopf-Cole Transformation

Basic equation describing plasma rotation in tokamaks

2 d In(N/N)Ne Iéonllnearterm
d)f?+(1 M%)y +2A(7" ~ () = 2:Gcosn

Hopf-Cole Transformation: _

” S 2 5 no nonlinear
Z —|(5) t=zcosn|Z=0, &M, =1 e

/
V B
M_p
" ¢B
D(dceojl s=p
C

M e seg

- - Periodic Mathieu Function of
order zero

Z:

“Stringer’s Rotation Limit”



Solution of Strong Shock (continued)

“ Shock formation in a poloidally rotating tokamak plasma”
by Shaing, Hazeltine and Sanuki( Phys. Fluids B4(1992)404)

Normalized

Density or

potential

»

A\

{

\

1
(a)

+ helical~
|
!

]

—_—
L4

’_&.-—-—

® M

— Slow shock inside of torus
. M, <1
Strong shock outside of torus
(> _ _ . , . , M 0 ~1
_— | Slow shock inside of torus
o (inside of foris) 2 M, >1
“tokamak gheory"/ linear

N nonlinear
|

|

l '




Excellence in Publications(1993)
K. C. Shaing, R. D. Hazeltine and H. Sanuki

A.W. Trivelpiece
DY A HY




Discovery of new truths by studying the past
through scrutiny of the old (Y& & %13#7)

Vertex(Convective cell,zonal) Motions in Nature

Typhoon, Giant Red Spot in
Jupiter (Zonal flow),
El Nino, La Nina, etc

Review of vortics

International J. of Fusion Energy
(1977-1985, particularly, 77—~78, F1IR26)
# Hermann Helmholtz(1858)(general)

# Winston H. Bostick (Vortex Ring)

# D.R.Wells and P.Ziajka (Theory and
Experiment) , others

Zonal Flow

What kind of dynamics determines
Structure of Vortices(2D) ?

(unsoihisticated iuestioni




Electromagnetic Drift Wave turbulence and
Convective Cell Formation(1) (1980’s)

#Convective cell formations( electrostatic ) have attracted much
interest from turbulence and related anomalous transport

#HElectrostatic convective cell formation based on nonlinear drift
wave model (Hasegawa-Mima eq.) B<m,/m;

_(AL¢ ¢) [(V¢XZ) VL][AL¢_In[ J] 0

## Electromagnetlc convective cell formation based on nonlinear
drift Alfven wave( Sanuki-Weiland model) m,/m, < f<<1

o° » o° é’ 0

é’tz o VA 7 o~ 2 VDlV é,t - IUAJ_ _)AJ_¢
C k V,"\ 2 ,0¢p O oy O

_ S kvt o ARy
B, 0® ‘Ot oy X X by




Electromagnetic Drift Wave turbulence and
Convective Cell Formation(2)

~Application of Reductive Perturbation Theory—

From First order, we get dispersion relation for linear drift Alfven mode
@ =K,y +K/(VDi_ CoJo="0

¢, ¢,‘”(§r)( j sin (k,x), k, = m(2z/L) (m :radial mode namber)

From second order:

A= 5% Group velocity

A (1) 0/';2 1)
s U = v

From third order:

kY2 C k// VA
k L(A+Vy —Cy) B

(2)
¢o —

LAY




Electromagnetic Drift Wave turbulence and
Convective Cell Formation(3)

Coefficients of NS Equation

s= (20 + k, vy — k,co)( k7 + k,2),

U= -2(4+Vy — co)lk,*+k,*),

k,’v, > ok, (3k,* - k,*)

Q = -(1- TL2a)
@

v=—ou(k,” + k)

Following the theory by H. Sanuki et al.(1972)

/N

U Q Ja
= -, = -, = —2 a
P s ' Y s 25 v

Modulational insta. condition
UQ o (3k, - k,“)> 0
Elongated structure of Convective cell

and/or zonal flow

Weiland, Sanuki and Liu(1981)PF etc.

2
Boj’

j a’(t)dt)

L(A+ vy — Cy)

¢1(1) = a(t)sech[(%p)‘/za(t)(é— 2vt) exp(i%(g— vt)+ ig

0

Z
~
LY Y L L X T r ¥ % X X X ¥ N XK. _J
W
™
ran



“Old Wine in New Bottles”



Recent Progress in Studies of Zonal Flow

K.lItoh, K.Hallatschek, S.Toda, H.Sanuki and S.-1. Itoh:
J.Phys. Soc. Jpn.73 (2004)2921., “ Coherent Structure of Zonal Flow

and Nonlinear Saturation” (AAXYEFERLTH#HXE (2004))

Evolution of zonal flow and ambient turbulence are given as
[Smolyakov & Diamond(2000), P. Kaw et al.(2002)]

(6 5?2 ¢ Kk 5
g(a_rvzj = szk : Nk _7/damp _Vz

or® B’ L+k, 2p.%) or
and V, :Zonal flow velocity
%, Oow. ON Ow. ON N : Slow modulation
- N + _}k . kK k . _}k _ O K _
ot k oK o% o% oK of drift wave

Ydamp . damping rate of ZF
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1) Nagoya Bumpy Torus (NBT)ZEBER~DSHNEHFFE
e

2)Asymmetric Mirror Experiment (AXIM) &

3) Compact Helical System (CHS) #1187 %2 K OMF 3¢
Gl

4) Large Helical Device (LHD) &t ~DZ N



NBT EERASN(1978~1985) (1)

Alternative Concepts ( Heliotron, Mirrors, Bumpy Torus, etc. )

Race traCk ,f‘—‘l-% D N BT 1 %% HHBRFET T X HFGEFT D371y R NBTOS HRE




Devices with Internal Conductor and Hot Electron
Ring(1)

Devices with average mimimum-B Configuration due to

Internal conductor and energetic (hot) electron rings

Internal Conductor Systems

1) Linear axisymmetric: Heliotron-P,C, and H (Kyoto U.),
LAMEX(UCLA)

2) Torus : Caulked Cusp Torus (CCT) (IPP,Nagoya), EHIA®?
3) Poroidal Heliotron : Pulton (USSR)

D : ~ Heliotron-P

e ' - R B A T = B
: Kl 517220 (1968)

?ﬁ%k%ﬂ@vzy
1652354k

CCT

BB RFT T
‘ e AT SRk 2 — LR —h
A0 . i — IPPJ-127(1972)7 5k
B




Devices with Internal Conductor and Hot
Electron Ring(2)

Devices with Hot Electron Ring

1) Mirror configuration:ELMO (ORNL), TPM (Nagoya)
2) Multi-mirror configuration: STM(TRW)

3) Torus configuration: EBT (ORNL), NBT (Nagoya)

MIRROR COIL

MICROWAVE
INPUTS
He_GAS

SLIT |
/

N LA
1 it
e e e B ] Bl (TSR] B

e —
TO PUMP — ==l [reyet E —~T0 PUMP
e L ket

AR T e
i /! LY

- -
. -

= -
- = Y
r

P) i ~ }
t vacuum
MICROWAVE
INPUTS TANK

MAGNETIC FLUX LINE
------ CONSTANT B CONTOUR

TPM K BREET TR BRI D/ 7 Lo NBTAS Pk EBT, NBT



Experiments and Theory of Bumpy Torus(1)

(a)

CORE BETA(g, )

v

RING BETA( ). = 77

Stability boundaries:

(a) Ring beta

(b) Core beta

(c), (d) NVL limit, Ring-core

interaction
Note: Stable window becomes narrow due to careful estimations



How to explain Fluctuations observed in EBT
and NBT---Effects of Hot electron Ring and E-field (1)

TR

e st This is the fluctuation data
S HEE (<100kHz) by S. Hiroe (EBT)

Similar data was obtained by
A. Komori

(see, “Plasma Fluctuation
Measurements in EBT”,

ORNL/TM-7530(1981))

# * This electrostatic fluctuation
IS considered to be a drift
Instability”

b = # “ Location of fluctuation

=R zzu\ﬁ,.ﬂ._.._,f’z“"’ = moves inward as the neutral

e B e S e e

1 : _ e — T 1 77
e e e pressure is lowered
=SEs = __..,ﬁw_,._,_,g..:.;.__,.,;&;@_;_,:.';.,__: = podn i

e = e

_—':_":‘:'T"'"“i\r—'—'**" T"‘“’ e -"1 e )2 P

;-——_":_.._‘a'ﬁ‘ew R ﬁtm P e :




Simple Explanation of E-Stabilization Mechanism

1
Propagator: w—K,V - 0
Free streaming particles resonate with waves: K, Vi,

In case of inhomogeneious electric field, drift velocity in y-direction

IS given as E ., E m
vV, = =+ ! v,
B B eB

Doppler Shift Resonance
!

- E. m I
kev'(t) =k,v,t" + k, ——v,t" +[OscilatingTerms]
B e

k//Vth

W =0— W4,
2 Timofeev Mode
~ )ZI: |_ e E r:|

“Perpendicular Landau Damping “

k//2 = k//2 + (kyp'

J



Two Contributions from E, and E

(1) Specific term in dispersion relation
Polarity Dependence
Charge Dependence

Most unstable situation at @, ; + @g,z =0

Note: Polarity dependence is different for

Electron Modes( drift waves, etc.)
lon Modes( flute modes, etc)

(2) Perpendicular Landau Damping

2
~ Lne '
k)" =k," + (kypj)2|: T E, }
j
Stabilization, regardless of its porarity of E,
provided E Is large enough

r

4



Electric Field Stabilization(2)
Comparison between theory and Experiments

2) Comparison between theory prediction and experimental

obvervations: electrostatic drift wave versus potential shear
rotation

(o 10°
‘o T Most unstable  Growth rate for electrostatic drift wave
5 in BT versus plasma rotation parameter
32/\ (H.Sanuki, Phys. Fluids(1985))
Positive potential Negative potential
4 1y + & Drift wave fluctuation in Gamma -10
mirror expr.
(b) Felorb-unie9 ( A.Mase et al. PRL(1990))

Similar results are observed in T deV

1 tokamak,Tohoku-U Mirror experiment
'// Note: different for flute mode
— T . (Yoshinuma PhD Topics)




~Freshman Level Comment on E-Effect—

#Difference between “Flute Appro.”( «=° )and “Non-Flute
Appro.( k=0 )

Drift wave dispersion relation: (02 —a)*a)—Cszk//z =0

o’ —owo, =0  (0—o,) Note:
One from electron dynamics and another

ion electron . ]
from ion dynamics

# Case with ¢, .0 (small) (drift waves)
N, . &9 o, ( from parallel component of equation of motion
n T o (Kadomtsev Model)
e
# Case with Ky =0 (Flute modes)

~

n, _eg o,
n T, o—-wg,

( from perpendicular component of continuity eq.
( Rosenbluth & Simon))




Compact Helical System (CHS) gt H.E RV
BEE 9 SR IEE)

Ve o §OO7$4E 17 B ODLHDEBRKERES TOE L SIS AEDEEFLESROZ

~NYHIVIEGE S )V —F ~D SN
LHDODO%EEERE: LHST=F 2—R (=CHS) i/ IV —F15E)
TIRXHFEHT HSZ )LV —7"5338 )2 (1985)
a7 — AN — BRI AP, LR, & T, REF,
DA R—: AT B TERT

RERRETE H ANV ZRDT —H— R — AT AR N OFEIRICHE L.
S DNV IV RDISEE B D= DIg#E 5 2 72\

it NUH NS K~ DIRAE
#t s b D YEfE
1 fEAT 2 — R DA
H#:K.Nishimura et al., Fusion Technology(1990)&#] D&




Low Aspect D CHS Z#EXRTHEHEE
DEIRE R

BEA1: LVDILTIEZARY L BT ?
RKWNESEZERRT S0 ?
EZ AYAILASLIIVERBIICEYFERE TS,

3=|m¢+a*sin(lm¢j a" HEDINTESH?

A=11( H-E), 10 (WVI1I-As), 7(ATF), 5( CHS)
o VT IIT4TAUER, ALLTFAIEE. BRIEaAILDIEEIZIZ
ENR/INDTARYRHIZH S (BREHERHID)
BREm2: FOAMFIILHRIZEST. FALAHDHIEENEEESND
HifF: HSEOMESGIHE, EFMHIZLEHE

BiLTBT3XT/INTA—2%ERL . @ERUMHDIRE
ZEHMICAR AYAILRTOT ARG NEARFEIZDOWTEIRD
Btz 5%25




CHS TR FHE AT (BRETEF)

GORS SEE e w0
R (cm)

BEHLORa— LR —HITRE TS
om0 BB (EE ., PHELOLEDHY)

.] 401

EXEEHES

AR TR

~ Passing,

Toroidal trapped
Helical trapped
Transition

MR EHONLE, IRERZRILSHE
RUZME KR8 R DAL % il 4l

1) ~NUBLaf)LDEyFETToa
L —as K TE
2) BEMGE

- 3) W EMMS L OIREEAL

100% or 110% cancel \ M3 217>



Is the electric field( Plasma Rotation)
always our good friend ?

Electric Field i1s “NEREEIE SR L DA

# Good friend( Stabilization, Confinement
Improvement) in case of good relation

# Enemy( Destabilization, Confinement Degradation)
In case of not friendly relation

# Nobody knows whether it would be friend
or enemy Iin case of uncontrollable
Good ideas and tools to control electric field or plasma
rotation are required from stabilization of
fluctuations and confinement improvement




Radial Electric Field Structure in CHS
~Comparison between Theory and Experiment—~

NBI Heated Plasmas
#High density
#Low density

E-fields are determined by
CXR data(lda et al.)

Neoclassical results are

Evaluated by two theories:

1) Kovrizhnykh’s formular
(by H.Sanuki)

2) Hastings’ s formular
(by K.Yamazaki)

How to explain the difference between
neoclassical evaluation and experimental data




Extended ambipolarity relation including additional ion
and electron loss processes and experiments in CHS

NBI Heated Plasmas
1) Fast ion orbit loss

# heating with variable injection angle (& gD EER)

# effect of magnetic field conf. on particle anomalous pinch(lguchi)
2) Charge exchange momentum loss of fast ions with neutrals (B
3) Charge exchange momentum loss of bulk ions with neutrals (B

K.C.Shang et al.(1989), H.Ohkawa and R,Miller(1989)
4) Bipolar part of ion and electron anomalous losses (B
ECH Heated Plasmas
1) RF-induced electron loss caused by ECH second harmonic
resonance (H.ldei et al.)

# On and off —axis heating to study hollowness of density profile

# Ripple-top and bottom ECH heating to demonstrate E-transition
Biasing Spin-up EXp.

# Plasma rotation exp. by electrode discharge (H.Yamada et al.)




Electric field and Overall Trade-off on Energy Balance

Er(V/cm)

=1b0o

100

Partition Rates (%)

50

‘_.‘50 Lo

100

—1—100

50

=80

VB | 11I013

d)'3

[Wo/A](6'0°L°0

Electric field may be enhanced
through following loss channels
#Orbit loss of fast ion

# CX-loss

# CX momentum loss with neutrals
# Anomalous loss

# Bhhancement of E caused by
these processes is not always

profitable from the point of
energy problem

# We should discuss carefully
“overall trade-off on energy

balance”

“E R




Large Helical Device(LHD) RS TORET/EED

URIARTU A /S B R B OTE D)
B L — 7 R BAE (IBF16 14E0>5 6 24F)

PR R RR B ER R

1) MHD X & Z B DY — A —

2) BT RN F—hIF DA CIAD Kt D 2 2R T A—F— K
17 D AR

3) B R 12 O T — AN B R O LA

4) B E 2 CTOHEILEEEZ B LT=NBI, ICRFINZO AR
T OVnEE D et

BT L —F A N —

KVE, |4, brr 2B, BF, T4 ), N B 5, B8, T84,
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||

BREA N — e B R T2 )

Tl

||

REtREERIAL: (1) BFE AR 71V (MAGN, %4 7))
gz) Flexible Biot Savrt Code of HngOS(?Eﬁ)
BB O O H /55 A—F—: M=10, 7, =1.2
R=4m, B=4T
HFESAVDOEBEE: . (pitch modulation)+w(gap modulation)

PFaA/LD B HE: B,, B,
BEERDOESR: BIIBEIEZHEEEICEDD

Tl

fENTF¥E: HELIOS code (Kyoto, f£4), HPLOSS code (NIFS,
ErfAER)
Adiabatic invariantz FVW=fEMTIE (B4 11, BB, ERD)




Loss Cone Representation

LossS

- Rﬁms outermest Beundary
l l R magnetic
: (s surface
50000.00 v

pcos @

R e Blocked Blocked
k2> ; : HE].TCQU‘j !
i I e
(P=ps. 0) (,*, 0 ©° (pom) (p=ps.7) Eo Trapped. Loss

HRIRFE S IR B U D SN E
Loss cone boundary is determined by Helically trapped, Transition,
Passing particles.( Kamimura-Sanuki Representation(Todoroki))



40

60

80r

PL :
~ Helical

- -

vtrepped

1 00

PITCH ANGLE (deg)

140

-~

W BRI B L B2 RS

0.0

i

Three typical cases:M=10, 12, and 14

# Upper and lower boundaries of loss cone are determined by
what kind of drift orbit?

0.4 0.6
P

82

0.8

15218)

ED LS5 RIFEE A loss come structureZzRHAHM ?

B SHIE W

0.8
0.6
S5
A %N\
\\%\
[+ \\\.\
Nt o s
| = \\‘ \\\
—-r\\\\.‘\
V ‘\\ \\\
R
~ =
o} o 7! g S f{\
‘\“ \\‘\.‘
e >
\
1
0.0
-20.0 15.0 10.0 -5.
(=
= = _

H.Sanuki,J.Todoroki and T.Kamimura,

Phys.Fluids B1(1990)2155

# Reduction of loss cone due to inward shift of magnetic surface

and no loss region inside (r/a<0.3) from ICRF heating



Area of Mod—B Surface (Hanatani et al)

Area of Mod-B-Min surface .

1988 / 11 / 2 K.H.

Effects of pitch modulation and "gap" modulation on the confinement of deeply-trapped particles.

:/ #wWM2

; S0 = 26%

}\ S, = 48% /
|

1LHD

‘.-w—-—.—u e bm A

Ly U.

#WS1M2 #WS1ML #WS1P1 \ _ #WS1p2
s, = 24% By = 27.% S, = 45% s, = 56%
s, = 49% s, = 60% / S, = 77% / Sges

[’\‘

Helical Field Coil: M = 10

Current density = 30 mmA/cm2

BEaAI,

Pitch modulation
LB AL

[ e e R T

'_.M“-—-u“u“‘-i“-ﬁ-wnﬂw“n-

Dipole and Quadrapole moments:

; no net guadrapole moment

HFC PFC _
Q + BQ =0

no gquadrapole moment of PF coil

Pl
BQ .0

B

Shift of magnetic axis = 0
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cm

M10G20 0.0
- 5.0
-10.0
-10.0
:12.5
-15.0
-15.0
-20.0

M10G20.P1 0.0
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-10.0
~12.5
-15.0

-20.0°
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- 5.0
-10.0

- 15.0
-20.0
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s
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100
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100

100

e

TR

Lo Ls

0.534 0.893
0.476 0.89%4
0.436 1.154
0.435 1.000
0.427 1.18

0.414 1.207
0.412 1.165
0.407 1.250

0.547
0.4%
0.461
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0.443
0.441

0.977
1.1%
1.207
1.209
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1.556
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1.573
1813
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cm
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44.8
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%.8
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e s
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15{52 9)e,2%a
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Asymmetric Mirror Experiment (AXIM) Project

Surface plasma
Su 2
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Hot e-ring

P _--'--__

f'"“*!\ =y Concepts:
| 1) LAMEX ring may sustain cold stable
i l _ plasma between hot electron ring
| ' and null point. This cold plasma

i N
#’//f'/\ , component affects the stabilization
I

of hot electron plasma.

; 2) ELMO ring may lead MHD stable
bulk plasma and also to avoid
direct loss to support of internal

Average minimum —B ring.
“i49Abit” may challenge to this idea following my suggestion
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SANUKI, BY VIRTUE OF HIS VALUABLE CONTRIBUTIONS TO THE UCLA PLASMA
TS

THEORY GROUP, IS HEREBY MADE A LIFETIME MEMBER OF THAT GROUP AND
(LSO AN HONORARY BRUIN, WITH ALL RIGHTS AND PRIVILEGES PERTAINING
THERETO. WHEREFORE WE HAVE AFFIXED OUR SIGNATURES AND APPROPRIATE

COMMENTS, THIS TWENTY-SEVENTH DAY OF SEPTEMBER, 1984,
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Message from George Molares and UCLA Friends
and message from Jan Weiland in Sweden

UNIVERSITY OF CALIFORNIA, LOS ANGELES UCLA

SANTA BARBARA * SANTA CRUZ Dear H elj I 1

BERKELEY * DAVIS * IRVINE * LOS ANGELES * MERCED * RIVERSIDE * SAN DIEGO = SAN FRANCISCO

February 18, 2008

Professor Heiji Sanuki s oiemn | first got to know you during my 6 months

National Institute for Fusion Science
322-6 Oroshi-Cho

Toki-Shi, 509-5292

Japan

Dear Sanuki-sensei:

It is my pleasure to convey to you the most sincere greetings from the faculty and
researchers of the plasma group at the University of California, Los Angeles (UCLA) on
the occasion of your retirement.

For us it is difficult to believe that someone as active and energetic as you has reached
retirement age. But we are confident that you will continue to think about the challenges
that fusion science presents and will convey the wonders of science to future generations.
You are leaving behind a legacy of outstanding on work on nonlinear plasma wave
phenomena, electric field effects on confinement and stability, and complex behavior of
helical, mirror and tokamak devices, that will not be retired.

The young man from Akita came to UCLA some years ago and had a most positive
impact on our senior professors (such as the late John Dawson, Burton Fried and Alfredo
Banos) as well as on postdocs and graduate students. You will always be a member of the
UCLA group, no matter where you are physically located.

On a personal note, I cherish the many technical discussions that we have had over the
years. I also take the opportunity to thank you for the unforgettable hospitality that you
have extended to me during visits to Japan. You have explained to me many cultural
subtleties of Japan and exposed me to wonderful culinary experiences that I will never
forget.

Your UCLA friends wish you and your lovely wife Makiko much happiness in this new
stage, which in a way is just another form of advanced graduate school.

With warmest regards and admiration,

George J. Morales
Distinguished Professor of Physics
Director, Plasma Science and Technology Institute
UCLA

in Nagoya in 1978-79. You were my post and
collaborator for half a year. You introduced me
to Japanese culture and we had a great time.
Our friendship went on after my time in Japan
and then we met in California in 1984 with
our families. In 1994,we met in Sweden and
then again in Japan on at least three
occasions.

Now it is time for you to retire. However,
physicists usually never retire completely so |
expect that you will continue to do good
physics and | expect us to continue to meet
to discuss old times and new physics.

With best regards,
Jan
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Retirement in China means
a turning point for a better
life, a time to slow our pace
and enjoy our lives. | would
like to take this opportunity
to express my thanks for the great efforts which
you made during past 20 years, not only for your
scientific achievements, but also for the important
role for the cooperation between our two countries.

Jiangang Li ,  March 6

2008,Feb.1 from
Director Jiangang Li

Yuanxi Wan,

C.S.Liu

Jiangang Li - BEHELOREE., B
H.Sanuki (LIZANPLD T LEUR)
at Hefei, FEORKNZIT/NEE
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HERIT () xia zi mo xiang (in Chinese) (3)
I\/Ieldiocre People Give Comments on Elephant
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!: - Plasma and fusion is characterized
by macro-, micro-structures,
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# It S Ilke the bllnd men Who touched jUSt part of an elephant,
and tried from that to describe the whole animal.

# A mediocre person sees only what is in front of his eyes, and
cannot take the broad view of an issue.

EDINT EZENLFHRERIEL, SHITKRL DZIXITEDWTEETD
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“Storms following storms, waves succeeding
waves give the brightness and hardness

to the shells, which contain the pearls. So,
storms and waves of the life add the strength

to the character of human being”
(e 25T 5 FFEER OREUICRNIEENTT)
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