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4A12 Turbulence and vortex dynamics
Prof P A Davidson



I

t

I

i

{b) *
i

i- -*
e-s"n"[L'] a &r-* ***-

1\tx\e9--
J

toryr

E *- -$s-k-=u-"!*-"---!":tsr:-- L*r-L--:**!t-+*-:.*it-:

'**--a--."."

t

i* *r*''
i

i.T
If*
I
l

--*-**-*
i

i-"--+.---
I

I-+
i
I"**t*-
I**? *
!
I*--r*-
I

I
I

i--t*
I
i
i* +.. ..-"

I

i-*"r -
i.-1..
i

;*---?"-*

I
.-"*-"t,."-. "

I

l(t..+\-.
t

I* 
t -'
I
J'"i -

.-i

Leu\'tu*B" >* --" \F*qs".*-.\N--l*'. - l-.,. L-.t.J,S,*-,, -(1:*$f *- l
)

3:-.-:r )N/a.-.: ".-"" *r m (r:y.lA

\4-t-o*.t-. '1=)

t\ -,.U* "tL

nr.;-tr* ciF\\

l,tart3 \h

i\ \ \ .-l-
Q $r.k rt\\prJ b.r E\ir\Nft

,t

I
i
t

t
l

i
..l-
t
I

t
:
i

I
i

i
a

'i
L

t
!

4
I"*n

Na+H\ru



L tO -Fl.L*.!,[-udr [**r- ry** *\ !**-r*v:r&"d {foo-t'},$.-,i*i--]

/i..*.rr-srkP.x ...

",\tu . -trour-

$)

K A ,L. .:-* sglJ!r$! .-.. - -..-.*..

tt^\ce
4U $q'*r 

- {"rrs***d.t*t --*tr"Al--Q- *-.r-}*- -*-

\ur're,

->. ' n r-- \- t *.- --Lt-
=> {_ N.}st tr.-cLf ctU \}rs-\qx trnoL tu. s.X\ t

4hr, .. \ru.u{ *[
t 

" {\*r' I*-L-r-. ruo

$- t i-E \J(. t wL"<- rwr'i\-e 5

*e}*1.\. t*tJut -i-.* $rt---*nslr.*$,r 
.,"

E =,r. {ku '^\r 'g*,{ltu 
- u,*3 *t -f

qi',-s\ ."r\q t t(.\-: - -.- .

J"\

Dg
-....-(l-,-.. z.

$k * ar. - c\,
urt

,.\z tJ". =\ ur\/^//-\

DX ( S".rrC--tX-:<s- -q. ccn$o,,it() -'Dt.

I

.+
J

t

I'. S.x1 
-tnr-1*'i5 

i1-{

\ t)h
fit



1;

I t[ ?-* ?.- *'t' */

= 7 ^= 
: ' ':r- -,/ -:'

'l\! I lL

J.', g = c, .- S,t.-r t't,1\- \ utq.-
J+

--) ':- = - \'," 
- o-\\ -rr,i.r- ( o.,l ,ttr.-*v-;,)

-t ,- / \ r \l(-, l- : y.t \L { ;! ; t ) { ..- ,r-\\ !,,i1," , 
,! - I' 

/ 
_ 

-/ \ 
. .

.

4t 'i-( -\ 
', \ r,i{ : \lF.-s \\1t,,r.,";) '\) r*\.,J- {l \-- .ti , (,,1 }c ,i.

,:..c,r-t3 trl.* +- ,\JL tr,r* S* t-\ *""".1 'ii trl**.3: t'a t'.

I

q\ ,- r--c--t r) I .-, t-



fo) Fro*^ LasL'a '^-{eg ot {c*}t-'Ls :

f '"ry.f ta.t u*J'r i s fta- c----r'ry&- t1 '*'Li;t^ i."'& ;*f 11

+L t".^r-ftr "L fuy'c'k^# Li*c-L- 4r &*^- +t{-

\ sfs{ e^}-iag +* +i,* 5'r,r*,egt*r e*4. Ll, €ue*fi,sll? ]-

Le- &tEs, pa*\aA \ .,..'taos: \ +' !'-*-+ 
"ao\a,*r,\ar

Tk try ,-qsLL'*?*'*' :\, +{^t} tUre- itr ** 16l*' pa}''"

4 {,^dsly 6.t +{.r- b.l **-b;r* *&y #-''** *o*r +{-e.

Ce-t1r'J*\ ugte\ !^^a'<r"L {Ai"t- &r ,sY fo"de t

r - {,^3 trG)3 {*= LL: l*io .Es& 'A-z'r:%fi*.*rr--\i,*s
4r"*

Lr -- ;*\.*\ L*f4& E*.(E
Z'- /rss'p**\'-t-r:*/"ege*ro-*-$ ar - Loluaeora*r ua-\.ze;.&r

+ sc-le- &,* Lo s 7-- fr, 
*,'.*"*t: -ffi

flt i'*o!o!* re""'i€t&- 'k +t- *r^'b*\e^r *g*r\r""'"t e+;*r

a* Ud* {br n-t;L vTr^*"U*E: - l+- referr +gl +t r**Xe

,l S *L* {" <-&*r"e**- +L" *t.-*, - *t?€*atr*,} \o"6"* *,,e-r61*

.n*{aidX tc*\*.f **l* +{"{ r9t,*,ng'erou X^AA **:C

uifc-o:l\ ;9 l*e.tlr^l "

(Ut \'P E {a) } &*"ok'*' 'f { & A o*lY }
\-/ :\ v

C+U tt l &*(d,ors?1i-"^ ,[ ;*of H^}- rr"+r€-t u'^-**rl's'L '4*r\*'aq*ra^'r

ii-s.* : *a*S gi*{-** r^.^-'\\ "t f{"f dJq ,-:\

(rau*' iE(")rtr = at'.j ,'u*l "E \ iL t;'] '-A'
a

r*-;}.! + L 6sL f3] , -u L'se 6 q'**k \'as

*i?_a*'{t*-}A-?f;*1ut'td'"*'Efi-*l"to*

'.^:t l++**,,a ! i'**-;.a*\a!t $.t*. t ,-\T

i-



rir,.:i-ires

3ru>

:

7-

fc) Tk" epa*rx-^ + % +€r*?l;.h,,r- $',.atu'-bt'*l G.{r}
;r r,^& ++.-L j-era: ^* 

: 0' , a; rt.'r,-rldqXL
c,

:6.E{-.^-f

-? *=t a-tP

-3 g =) V,z/3

- 7 *zf =) 3: -?r.* =i ?* -s-4

{ L4' .,5{3

*€y 4 +1. fl**rr-l'."^-r- :=) ,ailr +
Lr-'*l

l;q'.g*[* ht ^'g: Tt'
T*

u.*;tl I Fr .. f E' i']

1{ E*(*= {{*, 1,") 1- ;:::}i"}*
:) E*(")= ca Ntt?At

.{g*fet*l*"t

f, (+) :

TL tr.-'\.r
srr^{ *ur'noear

$taa

*)

Z

7

r: - ti3

*7-



^At\ ,- tt l-
:, )L ;t *-

,tYA\L+ lr* luv/l
z

?

4 ,.'\2V
L

a^
i )lr' ;

L,* " t"r

!
-

L'
J

1

oJ

n,t;L,r- L, \-Jrr
--* -- 

"
'*!

^Lts* r-
.a/ -_%

Yr,-*'J

?
'/j1
,ltst

f{J
.U, *

/r
-o!*-l ,v8^"

f)R *"-

)il
:**"1-l*'*:

c\'L. )tr" , ''

- 
1$ " ' I + r] Lr! )\r'ar,v

dft

L1{L
"z

"{ 4 i r.- T J]F ra.^

flHt -rl

'.n

:">

-f Z , a,J.*s-e.ko*

*

,Si*)

.?//i'4
*

,
a.{ l-+ b t

t

*1
J

La j

J, ^e t {*fu "}
w?-6* $l*u -1o"*.-?."

;i r-l rtv{,"* l' *ey
l4r-k**-**'3

*{o^ &-*-, : L; ,^-;y'& '{ '#'*' futror',}

. r-) l.( \2 .. r * j.L/

{n-z a!^,rr-"l.e* tL'o* $** '-*{"*.

{ 1"**r'e J' i I* i r &to
Lg : ,,-*e-qa*\ ier^4\L ttJq

T-2- : i-tri'u>,-t'"a^+

T j : *" ' /a*<*l *'r 
'L'#0" 

rl** "'

, ,*e? t :^ tg'\r LLL\

3t

a{

-k*
)

eoty""**f** €*S"-'

?
r' .*.l-

l"f

',e. r-qf1 {*

-]- -

?l F-'

flt< r,,v

t:!
, &\-.u '-.- _*oa./"a
!*L

1

1..!
1.. ? ?' .'f

*ti.,--l - |rV.zl

* ';'*i"*,q.'\ *
l-t

;
,i*Np n*"* ',



$rri.tn ,

{ru). b.
q*A- a^"\\ "i *€ea. yx.*[. \rr\ = -)

$u_ = -L
&r

*
Ad

(21

t€ y>., d" => * " Gil to f-'
l* - ?-\

t4 f:.={L => 4L =G$ s'-t-
Lt

P-f ix {') -- {-r) c, i'-' = 
* cr.{n

?') ?c, {,-r-' = cst'-t :) lt7= I
5\*ct- *L-s uur* be

p*\- \^ (") , (q){-;{-, ::;#L
c, {--P

tr) -{.-l = -21 *p e ?: f"":

p.V-- u-,c- arr,*t e* 4{ k,*a AqaS*.*-" TL> ;s

ba tn\nt-fio^rr- I +te- woldt-$' L e1r^'*h* i^*r L<e'r

fui ; 5'r-l* +a L d 'e fL : c'-* s' s&^ t'T

p-h- 6,9.ro *{*+ L'1 por{o.{. X a*-f d ",€-Sd x*\
;'tS -& y^-\,\a&e ,\+ ?, %, e, {r dq.e-_ ga}t

k{F€ -.t q}*^ c.-r,!w*+\ F* +L L- C ,^aa,tet.

Le''s g"- Lp-r\L.-

, vr,, crrr, i "P c, 
rr. 

r- p/z_t--: 
- 

:) L+ = # *LL'z il-r * r'-'; (-rffJi
-p + lt - €- rlr ft9ll

T = E =) T= 4'i=o 
= i i-1-." -#t+'L cziL cz

+ W {-A' 4'^Y *Jr'c--* *}
,r-

;t -r-' ,^-irR

pP-Y rr+-r-
l.,a-"oqe,"Ao.l $r*1 f,*.

cr)




