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TSR FRBREEILHR D, Weinstock™ 5|AGI RGZFHER 4:4¢0=()=
&, k& Bracos RSB R A ST HRMGKE HIE ARG Sk AR
RINFREITHERNIR Us(e, ¢') BRkEFRNERE f()— 5 MR 09 8k % 2
B () =0). BXMRRALEFE, BRAMALINHER (F={)) Lk
JIEHRE.
EFHAEMT, Weinstock £ H LR LIREROER
A(t, 1) = U (2, t,)(1 — 4)

B A BRI R LI
Alt, 1) =U(t,2,) + +++ €))
B-TDURHR f MANTHERER: 10) = U, 2)f(0), FIHEREA H S RIHBIRL
Ko, HEERESIERTREE, E4TERON FHEITE. ANBPER XERRBN A,
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=i [—Ux(1— 4)L'1"U. (2)
BREMNT Weinstock BHR()EBHEE—T (»=10)
U(z, t,) = Xexp {—S: f.(t')dt’} i 3)

RitRimdkri. £Q)RMB)AH
L() = —(e/m)E(x,1) - 8y + v+ 0y L'(6) = —(e/m)E(x,1):0,, (4)
mEe SRR TFRBAEMANE; E(x, ) NEGREFEE,T E(x, 1) HEH
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ATHERARE-REEHEH AR FHER L 5, Misguich 1 Balescu™ 5[ A %
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- U(2, 1) = Xexp {—g: dr'[L(¢) — G(t')]} (5)
TRFF IR A, £) WFERQRXRENEFR K
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Rt B &) i TR IR iR B EALAE R B I AR T R R Bk (31109 (3.7)
F(4.2)—"4.4) R, ‘ _
[8,+ L(HIf(x,v, 1) = G(Hf(x, v, 1), (9)

G() = {2/ m*)b, - der(E(x, DUt t—)E(x,t — 1)) - 8,0t —7,1), (10)
U(rs 1) = Xesp {=| ar (LG — 6l (1)

f'(x: v, t) = (f/nz)gjdfﬁ(tst '_ T>E(x> t— l‘) * avf(xa U, — ’L‘). (12)
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REETHREMA Eo~To/l, WHRE( HREEHR), C 58 FFHHEY mT.
ZHET /L AREEEBE). Hit, £HIFEHOHEEUT (G <L), JLUZAK- S
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Uty t— 1) = exp(—10 * 8,). (13)
CR-BAESHEU TSR, €18 U =0, RAQOXK , EEIRHEXA
exp(@ - 0,)¢(x) = (x + a)exp(a - 8s) (14)
(@ = const) F{LHREFLRFIOEEME T
U, U2, 1) =U(t,8) =1, (15)
13 5] G kA E Far il
G(2) = 0, - D(x,0,1) - O, + 0, - F(x,0,1) * O,. (16)
BERER LSS FREROEREEY, RN TEHYEXEFERRK, § HkE
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S(x,2lr,v) = (*/m)(E(x, )E(x — 1,1 — 7)) (19)
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E(x, 1) — SdkE,,(r)exp(ik cx) (20)
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S hfy Fourier £ |
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EXphESERRRAEMF. FARAX (28) WILARESBEEHESIHIEUT,
BIFXEERETEN. RITEFE AT ANEER(INR—). BEF C@) B A
AR & A UENTHES TR, EZRTHFEFERZE, (260) KARFWT
A
170(!, t—7)=-exp(4 + B), (32)
A= —1v+08,, B=(A +710"0,) + A+ A+ A+ A, (33)
MA ZEXBI. FEFENAENRENZIN () BRFRAEHE. fHEET XL
BEZE, AU BRI MO ERFEH R,
HEBRIERREXFRABNVESR. BT Zasenhaus 2K

exp(A4 + B) = expA - expB - expD; * expD;- -+ (34)
BT DLHE(32) R R S TR, A R AT D, W Dy A,
D=~ 14, B, D= 118, (4, Bl + (4,4, B], (35)

EBRNOEMZ TERTRE DM Ds, EREALH R, HOCOAMAGCGHRZE
EEE 4, ~ B, ~ S W
exp( A, + B,) = expd, * expB, = exp B, * expA,, (35)
e
Ut,t—7) = exp(—rv - 8,) - exp(B - 8,) + exp(y:0,8,) « exp(8:8,0,)
- exp(€ - 0,) - exp(0, - @~ 9d,), (37)
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a = grdﬁl D+ —Z—gtdf)l(,([@% + —21-50 46, j”d@z (£ A®)
R Ead (1]

i {7 2 g0 T 1 2A12
+ L) a6 (@) + | d, | 'O (LA
6 Je 4 Jo Lo

+ L{ a0, " do, | "av L 2 2(a" + A, (42)
6 Jo -0 -0

G —(AD)R A REEAT TR B A 4 =1 — D)0, ZHBFIHT T ER:

T, =17 — 2, 0a, & =v- 0.,
n=1
A" = D(1,) — D(1,), ¢ = F(1,) — F°(1,),
(Amﬂ)ti = (Amn>ii + (Amn)“, (é(l)” = (90)",_*_ (go)ii- (43)

S5 % s TARMREL B R, U B E A8 2%, AR T HIH AR E M8 B
(485 e HEK AW R ) 2N B A RE.
e R e A R AT AR A — S MR AR, EIRGT)NARA )X,
G() = (*/m*)o, - \T?ir(E(x, DUty t— v)E(x, t — 7)) - 8,0t — v,1),
“ (44)
X # K B 7 7E Fourier ZBH(LCQOK), U(t, 1 — ) HE*(x,r—v) MALEIHE %
U%(t,t— 1) 5 exp(—ik - x) #fr. FHTAKRKT—REREML, 6 RIEMTYY
SAGEREL . FEBAE O A REE LT, TG A EREB (LA 5 % R (14):)
Utyt —7)—>U% 2,1 — r)af_’.k’ Ut —7v,t) Ut — v, t>"’x=°‘ (45)
ARSI R AOE LT, RREE X R, SBAUA BB R Z A 5 %
. MR=ZHHITEN SR AARNWHESHE.
o, B a & x BB B, E UL E (al 9— R0, X 5K R (14) X o(x) =
exp(—ik + x) JHEIEMN. HKLTE b= const BT HEME] las(x)| BY-—%
exp(a:0,0;) « exp(b - x) = exp(b - x) - exp(a:bb)
cexp(b - a - 8,) - exp(ai8,0,), (46)

S () = (a),; + (). FRI(1)A(46)K A
Uty t— v)exp(—ik + x) = exp(—ik - x) + exp(itk - v) + exp(—zv * 0,)
< exp(—ik + B) - exp(B - 0.)  exp(—iy:kd,) - exp(y:0.0,)
s exp(—kk:8) - exo(—ik -8+ 8,) - exp(8:0,0,)
«exp(€ * 0,) * exp(0y * @,0,). (47)

TR R R (15) 3 M3 & F]
Ut —1,2) =U(ty,¢t —7v)" = exp(—8,-a-8,)  exp(—e-8,)

1) Born LB FHI—4; T,
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° vexP(_s:axax) * CXP(_‘Y:axa-) * eXP(_B * ax)
- exp(zv - 8,). (48)

EFRHBAEMT, () RPEANREMOER 0, AIUBE UG —r1,1) HRE—
TR 280 b M(47)F(48) A F]
U(t, ¢ — v)exp(—ik - x)0,U°(t — v,2) = ~xp(—ik - x) - exp(irk - v)
» exp(—rw ¢+ 8,) * exp(—ik - B) - exp(—kk:8)
cexp(—ik - 8- 8,) - exp(—ik - § - 8,)8, - exp(zv - 05), (49)

NP YAy BEBEER.
B %E’Jﬁ”&mﬂ)‘ﬁﬁ%%%(“)”ﬁﬂﬁ%?&% (a = const, JLE] 1b] F—&%F
b, FIZSRI B S50 '

exp(a-8.) - exp (b-8:) = exp{[ 1+ (@ ¥) +1@-v
(@968} - (a0, (50)
exp(ap - 0,) - exp(b - 8,) = exp{[l +a(v- V)
+L£@-VE-v) b0

. exp{—a[l +a(v-V) +i:’zi (w-v)(v- v)]b . a,,} < exp(av + 3,) (51)

BT exp(—rv - 8,) BEIRSE O, WA E .
Uz, — t)exp(—ik - x)0,U(r — 7, 1) = exp(—ik + x) + exp(ivk v)
“exp(—ik * Brox-ra) © exo(—kR:8... 1)
“exp(—ik - p-0,) - exp(=ik-v-9,)

« exp(—7v - 8,)8, - exp(zv - 8,), » (52)
BBMBER x,v,r M v IYRY, £LRPEIATER
Brozco = B(x — 0,0, 157),- - (53)

A
p= [Q(g +9)], v=[0%], 0=1—2(v V) + -—(v V)(v V). (54)
HEHG2ARA )R, E%?J(Zz)ﬁﬁﬁﬁ
G =8, - g dfjdkS(x, 11k, ©)exp itk - v)

* exp(—iR ¢ Bronce) - exp(—hR18prr s)
»exp(—ik - p+8,)  exp(—ik-v-8,) - (8, + 79,). (55)
B
G(t) =0, D(x,v,1]04,8,) 0, + 08, - F(x,v,104,8,) - d,. (56)
XERNY B E
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D (x,0,110,.0,) = | dk | 42" 0xS(x, 1]k, w)expl —i(o — k - w)r]
* exp(_ik * Bx-»x-»rv) * ex[)(—kk:ax—»x—r-)
cexp(—ikp-8,) - exp(—ik-v-8,), (57)
ELAERSIANTERR
F(x, v, 110, 8,) = Sdk{ Lﬂ dreS(x, t1k, )exnl —i(w — k - v)r]

“exp(—ik + Brx_co) - exp(—kk:8.., )
< exp(—ik - p-08,) ¢ exp(—ik-v-8,). (58)
¥ (56)RRA(O)RERE BRI 5 AR T B H 2
(6, + L(OI(x,v,¢)=1[06, - D(x,v, t8,,8,) -9,
+ By - F(x, 0,110, 8,) - 00 (x,0,12).  (59)
PR EX N EAER LBRET BAWN ARk @ N F SESREMEENHSE
¥,

.3 #

FATHE Misguich-Baleseu o #E B THEHYEE FRinit. EHBASHIEHY
BREMT.EET U MGHEEMELEERR. dEH0xt UG, — 1) F1 GG) th
B Btk (a ), IR NBEEL S (B Ti) » Dupree 3R (8 T1) R4 7 bR U /E E BE 23 ]
HOBEBER R (y T EVE—EMBIEZS, BEIHFORBEOER: £ U, —1)
R MSES (eT), £ GG BREMMOELT (0B, HHEE UG—17,0) €&
ol LRI R M AEESF GG TEEREE. EXESH f(x,v,2) HE“TE N
Fi(59).

12 (55) R v B E TR S(x, 2|k, v) 18 v O X HIFR £ 2E 2 & % 0 ¢ BT a]
v WSS N, M (38)— (40X FI(S)RE, 8 () hivE B, v, 8, p FIv E
BRBBH ve/l BN (ARBEBEAESOMRIERE). Eit, REKRHWTHEIES
MR vr )l < 1. WTFEERN v EEINBEINES . AT, “B2730
IR BRI S SN AR LB RE R R S S E T 5.

7 Uz, 2 — 1) FHH exp(e-8,) FEE G() I exo(—ik-p-08,) BIH
RA—FE., MEREETREEREIFEHOE (>0 M e=0), EEERTEHYHR
POEBSH (1, >0 B p=0). 2FXE—FR . /EANE. EYOSEFERELT,
@R U(r, ¢ —v) B 0 RYERAT E*(x,r — 7). YETHLIHI Fourier 25
B> A At (45)3R. EIEHOEETHRBEN T, Nefaxreryftin, KEEET 0. 1
WIERTF E*(x, t — o), BEEATSEIEBIH UG —v.0f. B exp(—rv -+ 8,)
BHECFRENEGRN S, SIEeBAEE o, i (MGDRE] (52) X—5), ghi=4&T
exp(—ik - p - 8,), XEEME B RIS LB —HE"(—rv),} i exp(—ik-F-9,) E
X R IES OB E.BEEN ¥ BGCDORXHFH v,

B MUEE U — 7, 1) BEIED/RAIREMNORBE GG) hRBEBHK. &
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Misguich-Balescu Eigth, F AN MG, EDRTREN AR, HEEEAEO. (F
BT U(G—z,0) F1 Ut — ) EAT E*(x, 1) (W(44)5R). FL L, BIfFEEY
DEETFRIERHOZBLEL 6°6) hE B &E BIED/RBI RN IRE X HE #° 5.
RMEHIEE FEROERT, ERUERT F (ER—258M GG) B AR#(45)XF
FREEMBE UG — 7, D) &N exp (—0, - a-8,) 3 U1,z —v) HHY HIR
exp(d, - @+ 8,) M » FEDRT KRB E T EEHIEE FHRER T BAKRER
HEERADREE (XBBR U°(: — v, 1) FHE—ET), H U(:,r—7) THHEH
WAERBER exp(—rv - 8,) REEHEN U°(r — v, 1) HHEHEOREBER exp(rv + 85),
BT HEH 6., KBME G(o) I r0, T, D/RAKMM X BE HKT.

EAEBSE TANR T, WMRENIERERED, T, + — ) FEE3H
D3IME Ry G() &2

G(&) =, - gjdrgdkS(zik, exp(ivk - v) + exp(—ik: @)

- exp(—kk:8) - exp[ —ik - (8 -+ r¥) - 8,]

s exp(—ik-¥-8,) - (8, +18,), (60)
K B,y FISRETXMIBINERN., EHIEEFERERLT, (60) RERLTES
SCHL3 TRYLS .

AR

FAXBIS IR B LIRE a:(15), Hip
e y= Gl an [ an [ ds [ anfii000), €ty 0 1,000]

+ [[[C(8)s C(2D]15 C(23)]5 C(#:)] + [[[C(3)5 C(22)]5 C(2)] 5 C(21)]
+ [[[CUs)» C2)15 C(22)]5 C(81)1} 5 (A1)

Aoy = Ff [ a, [ an [ an [ e qTITICGD, €25 €015 €05 €]

+ [[[[C(2)s C(15)]5 €215 C(25)]5 C(21)]
+ LILC(ts)s C(2)]5 C(25)]5 C(22)]5 C(2))]
+ [ITIC(:)5 €115 €115 C(22)]5 C(2)1}

] 1 1. [ s,
+=I_I dt, 'dt,!’dt,j"dt.j“dz,
72J ¢y to N A ty

z [LI[C(ta)5 C(28)15 C(2)]5 C(2a)15 C(2)]

{as> B> ¢» d)

H t L. s z
+3% dt,'[ldt,'l.’dt,‘[Sdt‘J.‘dt,
‘o *o to fo ‘o

> dl[[[[C(tu)a C(2)]5 C(2)15 €(2:)]5 C(24)]

Las b5 ¢»
1 1 'l 12 l; t‘
+ ﬁ.‘.:a dty j"o di, J.’D dt, I’D dz, Lo dt,
> )[[[[C(t.), C(28)]15 C(24,)15 C(2)15 C(2)]
(@y by o> @

1 (¢ 4 L 4 4
+ ool an |t an | an (! an j ds,
‘o ‘o ‘o ‘o ‘o

< LITICG) s C(2)]5 C(33)]s C(2)15 C(25)] (A
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Kep {a,85¢5d} H253,4,5 BINTHER: g, bsc RBHBUAM. [a,850,d] K 253,455 TS
aHIR3RI4; asbyc B 6 RABEN. (a5 0565d) 25354 5 BT HF: >0 05 c<d; a<b s c>d,

moox =

FIJH SCHRT 610997 3> FTLA sk 15 Dy AR, Hieh
Dy= = 14, [45 14, B1]] - % (B, [A,[4, B]]] — ;—[B, [B,[4,B1]], (A.3)
D, = —5= [4, [ [4, (4> BI1] = 1By (4, 04,14, B11]]
1 1
+ - 14,08, [4, [4, B111] = & (B, [4, [B, (4, B1]]]

+ 5[4, [B; [By [ B]111 + 5 [B, [B, [ 4, [4, B]]]]

+ 2 (B, [B, [B, [4, B]]]1. (A4

woox =

A Zassenhaus AR AL exp(4 + B) RBIFEK FRAMER:
expd - expB . exp (-——;- [4, BJ) . exp(; [Bs[A4,B]]

+ L 14, 14,B]])- (AS)

expB - exp.ul s exp (—% [B, A]‘) . cxp(-i— (4,{B, 4]]
+ LB, "R, A] v) (A.6)
o

Rk & B &/ GRS BRI — 4
expd - expB = expB - expAd - exp(| 4, B]) - cxp(—-;— [A4,[4, B]J)

. exp(——:: [4,[4, 14, B”])

s exp( =5 [ (4, (4, [ 4, BIIT])-+-. (A7)

RESE (A7) RBE AN expd BEFERBHREE
expd - cxpB = expB - exp([4,B]) - expA - exp (‘12" (4,04, B]])

cexp( = (4, (4, 145 B11]) - exp( - [45 [4, [4, [4, BI]]T)--
= expB - exp ([, B]) - exp (% CAL A, B]])- exp 4

exp(L 14, (4.0, B1]) - exp =L [45 [4, [4, [4, BII]I)---
= expB  exp([ 45 B]) - exp (% [ds [A,B}})

exp( L 14, [4,045B11])

expd - exp (5 (45 [y [y [45 B1111)-+-



36 7] ] ¥ 4 33 %

= expB - exp ({45 B]) « exp(L- [4, 145 B1])

1 N
- exp(L 14, (45 [4, B]])
exp(sk (45 [45 145 (4, BIIT) - exp dooe, (A.8)

AR ARF BRI 5K R(16)5(50),(S1HRF
exp(a - 0x) - exp(b - ) = exp(b - x) - exp(a - b) - exp(a - 0x), (A9)
Fh b= const, a = a(x) S/ME. & a=const WERT> (A.9) KEMREFHNBHHXRADINVEH.
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RENORMALIZED QUASI—LINEAR THEORY OF TURBULENCE
IN NON-UNIFORM PLASMA
GENERALIZATION OF MISGUICH-BALESCU THEORY

Qmw Yun-wen

(Southwestern Institute of Physics. Leshan, Sichuan China)

ABSTRACT

The re-normalized quasi-linear theory of turbulence in uniform plasma, given by Mis-
guich and Balescu, is generalized to the case of non-uniform plasma. In the weak-coupling
and the weak non-uniformity approximation, the explicit expressions for the propagator and
the average turbulent collision operator are obtained. Non-uniformity not only modifies the
diffusion contribution, resonance broadening or frequency shift, Dupree damping and velocity-
space slope effect of the average distribution function in these operators, but also produces
new differentio-exponential operators the velocity differential operator in the propagator
due to non-uniformity of the time-space correlation function, and the space differential ope-
rator in the average turbulent collision operator due to non-uniformity of the average distri-
bution function.

Non-uniformity of the average distribution function prevents two free-stream propaga-
tors that are inverse to each other in the expression for the average turbulent collision ope-
rator in terms of the propagators from compensating for each other, and as a result the non-
Markovian contribution in the propagator acted immediately on the average distribution fun-
¢tion appears,




