I

/V}%H—c"-— /S{'LG/C_ Eﬁf’ewa?’;z’c;/lﬁ =S f/_.f_g =
4@@@/@4{' Su»"@a&e@ e ;'['/O ,O fﬂQTL
Wave Tucbulence : fogrse on g

4
dfmhdi ¢t'e ”d’/a

}O.r/-){, ﬁ(\qmo/\cg
(4 ESY)
C.T M feve - .

see alsot Talk ky M<evit ) Thuedsy ALY

Ac/%/\ 10 tsc@’\ffe. S, Cc: Q.//C} A'S/}C/ c;kot/
/wt)mjc J V_Lh,/q ST, I



Qa\czsz\ce@

—> /VeuJ /Y\é'll,._e\"‘r‘c-?[ he% -
S
C: T /\’1 Lﬁ(i \/('# c,,..qq{' }0 1"/ Ocra MCV‘LC/ )‘

/0@?0 QOOé E— C?(_'Cerﬂf‘@cf C?/‘LCK (';/) /ﬂu@q _
bl h ZLZL,)O ;//pjfﬁ;,g(‘c@,uéﬁc{?.@pfq //‘O/la%‘n'gze lq’u_cf)o &‘Pcwﬂ- .
2 lgackg_wuv\be @ N\ L&Quﬂ—» Miv’) E‘j_ C(S( f e‘f’C‘ P4
c)/\,d[ (_70 W

Pl Qiamend, keEvoh ST Tteh TS #;;Aﬂqj
ez of
anch  tefemnce® thete in

—> qu/j&,\_‘_’\o{ C)f\ ILUA&)MZQ&’}C& C_«QQE(_JL rr’)
O{'I/V\S Acc‘
H@cj /.c.f\(ﬂ‘ cﬁ'}ci h[ 0(‘6: 10”}(/
Phye Fluds B S~ 3838 (¥e3)
( = !
=i T—uf‘b LLZ@’MG_; Spﬂeadcy\ cnel ﬂa./a’ﬁi'cﬁ/:

/Qecee’\f Pap el s wc-'%ﬁ) e /’LaAMJ O. G (e
(see Wep “W



cl) M @{'C uq'['c*ca/') L'-'eV’\D{, /Oe -PQJ‘() e d,‘?Z &)

//
dady namic.s Lo

& Q/W}O{Bcrf;/ﬂ ,

;O/VIC"LL U}c;d@:@

-_—

| s Tre OU u’{' ﬁc’f' SO QG@/} }0' "o /GZC" ;:} 3
Meeta Hatesa g — Mg
C’.,c:-r\c‘@ - O [E le el ce \ ¢ Cj / c‘-ﬂcﬁeiﬂ

( VT : .
= feloa, J"LILQ on Tucbuleat Ruthestors _] a9 cmie
(whetever €thet megas |

(\).) af’\'{' w_;f)q i o’/@e@.‘dﬂcﬂ'{‘ B ch\'f?he‘&\
iaﬁ STeery o Zonc] Hot B T —
‘3/@ e, W i e =0 Shv"“ﬁ?(&@

):é"'y,'f\@ ("cﬁe.ca%ﬂgﬂ *Hb.(\@j()o{‘f &:—] M H@

'\/‘,) T%a%y[’}f"&‘:? Lo CEvM,\Oq'lLG%{:o/\ //:, §. .

Ve Descassion and  Oct/fely



C\-) M o{'c" Ue '{’ lory  andl }Oe\f\%ﬁ e Cf' AONEN
T :

W ¢ : [l &
- Ml -Sede Pdilew” ¥ buepoccsd o

the }/ec‘«f\n _/f
-2 /V\(Zcff\c"f\d—" { &T@..[P'-co S ‘f‘(&dﬁﬂecq'{' d'@'

C JUo /l'_,(. (o0 Q'P 3
. ( ] [
- /é‘; UJ‘ é; 2 /\/1 HO )0}16-’\ eV @NP

—P [’\j l/\ J g) (,4;) ﬂf\rﬁ;\% L‘L}QLJQ_} )ﬁ/?ff'.r/\CB-’n eﬂ?

&S a cm./e:{ S\ -Sfc?»m e
.ﬁﬂ h

— /VI }: E A pfo} e c?'lL( TN C Hd (_{b/ /é 5\&(@)

- NTEM & Fochuleat hes# = pem ot s ‘[f’ﬁ:/\@}j@(‘f
= a“@/a.f\c‘f equ U{'Za‘/)

= A e RR 7L{\rJ8 eftc/f ;ét !‘Q@C)/\Cv’d' i/

| (ccc,%t o -0 /ofAe@

Ll Cde&t—@«/GAdwfo/ v{ = g rZuc@'ﬁ‘a/\ ::;F
+L|e, q}c,\\ "Q /WFE

a’r\CE ol .-



AL | | o
=> ﬁ__ /O(\Qi/l’lf«fc"c_,- \/c’*euj 9“& IL‘ZT.Q-J /Vl L—zZ?Lrn'*SCC/e
e ¢
C

_ , 5 g B o
— SuLQC‘I\c"tfj 6‘&42@) M-GCQC‘ZZ o) G_\ h;_r{oulen (e
E g(\c ! ! E ”-.- Q‘EC ; 'Qf’ M H’IO/ Me (0 C@Cé}@@

.

[N B. l)\.)//x&’?f' .l%\(ﬁ‘ g{\c’)uf /\24/}\ ujc-"’l{:S i b

 Qespcte
) LL'\' mS" ) % (j)q,)\ VAT — IL(}\/ (rc::/ : M

= mG‘OZUcc{ Scelee Mmu st be cé)\iaq?(\f’i, ic
c:\‘._gc =Ry r‘g('h ec[j cz:cfﬁ\) ec_{_ecp é)/ @ (3 <. - 10 .)

VS |
2 NN\ - luc:Z 693 jﬂf) Cplﬁ}oﬂ\{y
4 N :
-+ o {0 CC:‘SC‘E"KZQJ \ (fi-Q; eneygh \ELPC*’\S’_gQ‘Jm
| 4
Bl ol e AN | |

———

¢ ; e o
- Gc@c:g7 ur“@::‘o@c‘{‘j C N b@ <) 0/

= oﬁ-m@ v -'- 'Z.C)/léi.- Qa@ QUO/Q‘{Lcéﬂq
> /Jf‘r‘mﬁé Q)'&crwf@/@ Cujc;chQ Q&cﬁf’a 'Q/C‘)UJ )

- oo m MUD shoud couple To Tthie
Procets. ppulbiple ascgy Seucces .f !



™

shearing, profile alterati

via wave kinetics

Small Scales
Drift Wave
Turbulence .

Large Scales
Low m tearing

stresses, transport via
UESC% I

mean—field theory

Figure 1: Minimal Multi-scale Model. C,‘M M

—

M’L{ [{_fn"" SC < /@) Z—/l -ILQ e Cé:?;j/"\ )OK&(QG@@(S\

_ « )\
SMNe [ I — / o '?J @5 '. CAlk ﬂfb\Q_; Cc &C a ({ e
ey ==y ey, e

- j f >
@Sp@&rﬁq-[/\/ Vig 4 A'& +7p& ‘Fr"frfecgs\
Yz

. = x
= defiie StetdR occen’ 4 . MecdQcof cc®

/ & T sMm Q/l .’ QC(EEP&QC'{?C fl‘locgiﬁ/‘;’{?é/]

f;'f‘ é‘émmta_) @ duec ‘{7:}/) é)é" M // SCG/G@

é} /m@'z; {"GG\O/UQCJZ SCE‘?‘ZE@,

C. J. McDevitt , P. H. Diamond, Figure 1



Ve 0
M S H;'-——}S" cele foﬁsé/e’m iy o ctoedly  New

FE——— =R el - —

=D
Ca &

“—Cta;) /—\c‘g"h")qf.’“ ILuf‘éu[?ﬂ(.e_; = ’C;@slé
: p—_ o ——
= hfiﬂf\ Qﬁ;uem) /O/Q@MO/\ + Joud Q«E}ucnc/-/

n 5
con= ecoultd

weve P ) Q‘E‘:ZQ =l -«”Ld ero mc_‘,ﬁ V‘@
s 'GQQG*CF\CZ:J QJ Ay { p-ffi@gc;fg: -
Me e Leld ZEebhharov egu GZL@:?@’

Lﬂdl’\ %O“&} Flowe + DoCt lave Tlcbe
——— P - _?\a}OQ@'" _
6'/ Al @‘w—:@ Zeonel 8
( [Chiskinchon Vg/gu MHD"T)
il C[Wqﬂ /owp GQ@(‘?((‘;}{)IC(EQ A Verowl e o/ e
8el apetebN Q;,qoc;/\@}ox\ ‘t;ecqu\ % e®

/enCQL

— h (fﬁh I3 2y e

(YC‘L) O }ﬁ;:’S’ 7(:’0(\ g,-@ G/)o'”\ S@:[\C" goﬂ@@%&n'{‘)
(Mo o 'oféuzef’l(@ a‘@@-‘(f@ ) 'l/'e(é(}'\hj M&ﬂ@/

= hqua)e%.qf- T& Al = elccfmn Ufif“nf'?'
— S"‘Ff“auW) ’8’4 I‘WO h’qu

= PO bd T  feunbulent ‘

= Biglace, PO °F3 hgeheteb S )
— Trh Irh ot/ Tos ot Hhyped=M



EL

() A Tracteb/ e A ﬂ,{-)/ba:dq ""i Aeliahy atie ﬁxea(y

(Q“* cn Mefe =P Jch (eleen :cffb o ‘Q
olabetate ”‘Ff?n) pliiod, fode> ™ S

e e CamelSe-

=P gyggeat operch ! (ala' gene] How preb) em)
= QUO/UQ, x /\/@5 ﬁ —ﬂ "'"b xf)‘.»() ,gjw/oul. aff’("aq I&f@ﬂ@({_‘
. = o /%Dj :lJ gitic - /

Vix  wave =frnetil esuation | o MHO felds 2
(,_'“_gf (Mﬁw\ Cu@cj@a[ ‘Q“a:zmaw @-J’\D,, )

.ED_NJr(Ew*\f) % “Q(w'fﬁ”,\l)‘ﬁi\j

s 4 TV

MHD -
o
= W M » E0

S0 é \&wa / ’\'—czcﬁc?bc‘ffz_-
.fh.a{—) = ¥§ %) C o
e» {1@ .);A'LC:'({‘JI E@{FC’/ cAlL st t'fgf;/l@‘ >
——T ——

My v

ke . ?\; * @Q@‘fco@ Me &\ 'Q’be; 74.’)446’_) AL«J czzﬁzz[ﬁb.f\
‘a‘?-ll";Z @W' : e f-(@ef CGGLCB
yj/ou\/‘(l " CA"PMW\—EV@/{@ exx)=n8ros)
o N cked <NS

=t /\ac{zz’é{'«ft‘”\ A/vdgcféﬂ ca,—ﬂﬂféﬁczc/)



7

= Ser /L( A ~F ‘7L<9 QoD Gf”‘aé@@ ‘9;;(@@
z aH“ ﬁ\)c/\ ﬂ! L;DC?L/QQ\’—

¢ ﬁ‘( =B r\e@oju(-,cf — MHO
.?é\) -+ uneselye] = (W

il egudton of M
Vo lt s ‘67 2 1L B W/\ﬁo
O PR 1 g PPt . @;m%-wi@>

ot

5 f‘z@gor\,@a > sFrage®

(_) {\QG\CD/ Jc_oﬂ St ZG”@

h o e sz‘lLecs%
N e

= Q/a@u:&l /arﬂp v a{j\{s«'\émfc Suhgﬁcp SCLZG maepej
- A= acﬁw[r 'LLD/\ cs’}'[-e:{\cc‘lﬁzb‘f\ d{l

- @‘Q:ecfcv@/ e ple { aye,Sme// oc/e®

MHD  procC



—> hez )Dd(\q’\{—@ /&/:‘ Wauta k/;\)?_{(‘})@

h)
@"‘""‘ NO Cf‘e% /u ﬂ,&!\ g — CE/\{'C'{\Q} Q@[ce cf‘@
C-:g’ PLL-:C{, !ﬁ‘e-{'é /UL- S™Me @QG!@T@—) C;Q_é)’
e “f‘zuf’l 'zt{éqcfg HA_/I = O /b/] CQ_@_ C}\% 4

fese
<o m

E= czagoqﬁa el '['}180(7 : "D‘Z-— L CJJ,‘.«

( we Q[’ﬂe@@e&ﬂ -'

- lz- | £ k4]
o AN Do Y g et
Ze <K ko
L e
> C‘_c/\S{'(‘q L+ A/ ) QG@E (S @Q '('c-,'f‘ (.) cap‘

) A Qf & IKVLO e Can[q e (S\ZG"\C{
(b CG€® Pl LN Semple Qkﬁ?ﬂ«,ﬁ/@)

P &6¢£G u.J(:{-LJ Al = @ia ZQ‘LL(C)/\ o=y G w
mul - fold Cale )

= alse st gz,ﬁeg/v//v & bl

LD frwﬁ@ Sce le SQ)@GJ\&{‘C;C’G &) MaG"(C (m}a@\r‘ﬁ;/)‘[‘
CEX}OG Dlen ce Xy éLL&'H/\/ St ‘QG(@ (e »Cr\>

:D 6@“{“@\ V(rgfﬁ To LLEL\ -qj‘cc[@ Sc}daﬁqfa')/)



i,

' \ A\ ;
® Waves linets oppliacble wthad Weder 7 ?
-{- == E—— ———— S P
"y )) ,
—» f /uf"é‘*’ZC’*’lCﬁ) /l"'@ 7;.& i /E_JCFU(Z Z

> Ml od Pazatsako 77 2

= deaonst /\«flﬁec,ﬂ Co  deSerbes
v@%g_c_a/ crniteceEcba® o ;0 Hy o
d ’ I ) o
@_N{_M‘EN *-__Q@k-_\/)o_% =6 e
ot ﬁ | DLX L‘Qﬁ
- e

Qz@o_cﬁ . f; i ﬂ‘(cy : dilsd = cenlls
m_’ (€ 4« l Q[C)/@ f\f\cj@c'f"c:uﬁﬁc’@
W hede AN =+ \_&)ﬁ(g} %, £)
f—&) ) arzrlc:f\ gﬁ@—t_ ‘ 'Qﬂ = : IGfi iiiA Vi g\f‘ ﬁ
‘. ST S §25 _
de Nl ph Efdpe LW U2 >

i ig
= | /U (& cﬁeh@&" dg U.:/"h\(,c:@ /"\ cSl["&:anCS .M‘ WeAS,
E\ "IL' . Cﬁ“df\ /af e:ﬂ(&“{fy C oé.@q@‘fy d@ wc:m‘g\x =

G

S iw'f‘@\ befevant o PEE PN/O/GMQ Cﬁa /)

—

_— /\/_*-PJL G il G e St becry
(RE Pmé/ew\} Z



FQW{'}]»(@ Comwm ente !

. rfen&.d:‘
—® f{mun’\(ﬁ /U -3 weye Qie[c/ -é'bf\cr({rhw\ PresSete
allews mgff{f\maf Gt .
CHY ) evin {
Calculatron
of.. euelve. a3 macfo m-GN-"

R %an/[? cen  fepietant C,C/UJ/U) ale’ /rm

-

C QM = =1 (_"/U-- </U>>

/ /

) %cec,h c_-:)/]/ St_r’\@c
o“cr e® /ocf/?acqg

LN m&\olucz

D4 o cotfen oy / zﬁ«b@@c@ ) hoeel ity {d,

)Of\zb'cefx Y gils gy « 50
_'19__0_-_{' S:fc‘@ QQC{ cn M /-__f: ’ -Q_m c{{(\‘@f R
heoth
Qi
ﬂr\@iﬁ R L‘&?v’@-—-b)&‘/(a; C 'I /}}
i S CzTr? \ZLS

= é) Qe [\/0 YL(UQ A/ (onN Lﬁ"\‘:{ =2 Oé < f’“/@ féf-) e‘{'C/

a’&@f:r‘f‘c'f c’aféz\l-”a@uec[ ;Oa(/[/icﬂL /ME))O&‘;C‘ (o‘/]
(contosst © Metor, 70 79



/3.

: ] 0 t(-\"-{' WevesS
cd) A Momsestic  Problem ! ""('\5"-1— o
- - 3

e ’\CV\,O C“\f)
W
L_, : ") €F‘

M<eufttalle |
—_— el afOcz-(" -Cub ey\feK\%‘(V&o C*C[cu[ = (O.\’)
Here eniph S i C‘W
e .
DWW Pepu]ation

Q) _ B .
Bllaciy beBoe N = (i) [ [*

Fuch < en @ el <€
GCP\.{:E&EL\./E gﬁulg@
@Jc oY 7& wx O)X f W '
A » bl § hes
%&%1 MAD e 6
‘7
and as  turbulente eZcfclﬁ=%®f‘¢YL(C . (M M‘..-
D om0, R0V —u U T

ot T£—p
O = D)% 0?5“{# ifn2 0 B+ B %ew 0’}2‘5”)

=\ BT Lo g PrDS

(}f' 37 Uqf()> = ng“"/\a_r’l. el Mee H‘f“" Sce [C"ﬁ C’-@@GC‘LLJ




.

—> »<§z>~_(_77253>> (6 domnent ex. melt-scele

=2 ) e/
> same M%H’(“"SCQ[@ Cbu/(s/l C?-Q ) ZLY\C‘ _&u)
/p WZ/G/V] ! !Vl : g . kf{ =0 4 . C/VLN') (N< O’?:’-" L& )

)

- yS«/f; (ij\CJJ\QOﬂJ N QUOP o C}{m:: Lqu) heot 7%3(\?/
(;’) KM. -f— ﬁx‘ﬁsécz/ef\de A 20ccBe

SteSs mo;ﬁuf&f}a‘ —p coneletca] O Y Clow. e
;’é / b mod .

LE TP~ - (i_kly SV

X)) (ria))

A W@ e
| &8 ? s
e _ il VAV )
% }ﬁg CAPEY )

Q—b ﬁ ix»lwém‘% aéf‘c-w\;mi-.f\ef?@@ (N ®N79><>
= b/ Ly

@,—p QAQCPC*\ e et C”" \féé")/ =3 QC’M'?\Cﬂ?L\
~ 98 N°

; « () [« AcT? /’)rz@ i 2 ”é'/‘:/‘c’{ e“’b‘/“"ﬁé / f
s incapanion. fheil. < < e




(UBS E&fe{hcf’(‘o/t@‘ Ve Q‘Aeqﬂcﬁ?_j
dg Lovoled ‘

o ¥ . oo altive. uf&,*cc;@*clc\
Qg P> = =y 3¢ = f4 ,
LTV % —Sb ﬂ" - )

O RHF

N o - G Qﬁl},{ _ ol //\x ) N o
¥ (Ml Il
vf&o@&f

L O , R WNgk<o |

e |
(q?_/udé_c&;)'_b S/‘?el ( ( ?  See 9/[7 _}L(L{ & J st 6 U./T

&Terfidn 2

%'jcc'heb:r/ QCL‘/Q Q‘CQ@{P ¢S

=semiler strucfure fo 2Zoac| Hoo prob/en

U Y)
- (efects gucte. cefeedes  of MR weves
f’ufbttlef\ce-: = J_-fle{“f\ ciaﬂdw =t M@_f;@g(g

&‘@Bﬁﬁ-@ &4 ) s

. PERCUE
“ﬂ"@&)/w?cﬁ @Cf—‘s,S"
- Feeclﬁfcl/k oN </V>
[omete <beer] odiome




> &wdl *<cca4u)>

€.
O = f iy 1\? (22 - s
?7 ‘l" e’ b“ -

- gA € i iy
a
q‘ z ‘gil ?6' - @ FPusron
9’ -’-’ en E
What cs z-' T Webiel mining

hal' "/& ,yt-f\'- )’5



oaa} F w/ Wq.ﬁf ) A -a::(f@.;
=l - ) s

Time

e

!
0O

Zonal Flow Shearing Tearing Mode Flow Shearing

—
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