I-A.

HIDDEN  HAMILTONIAN

\ STRUCTURE I

CLASSICAL FIELD

’ EQUATIONS — EXAMPLES
FROM FLULD MECUANMICS
ANMD PLASMA TPHYSICS
Philip Morrison (Lo drmos) April 24 Iag)
Princefovr VU nversity Plasme Phygc. Lakb.
Refs.

=== P.T.Mornson § J.W. Creene, Nmmwawl

How s Homin Devisily Formulation of Hydve, & Tdeal

MHD,” Phwys. Rev. Let. 45 _ 7490 (/920).

—P T, Momu-\,“ﬂn Moxuell - Vlmu Ees. as o

Continitie Ham. Sys.? Phys. Le#. 3__& (1ago) .
==P.J. Morrisen Hom. F’ollbm»pf’ " PPPLITE3(Mm)

== P.T7. Mornise, " Hown. Field Doge, . ... PPPL 1788/198))




Introduction

. Hamiltonian Aelvantasa

I path to quontization

2. statistical] mechanics

a) canomcal descrpiion quarevtees
and idewhfies invariant measv

- Liovvilles +heovem |

b) con identi§y Gibbs (camomial]
ensombk

3. perto b&‘tion t heov‘L

Q) dynewics essemtially cowtained .
m one Suonchon H, instead
of 2W . |

b) tmn.s%\r*vvm\-\;-n theory (8) -2 (g)

'Mvo'vgs owne sa'-uvnd'im . \M\'xtcl
Vorioble or Lie %mm‘\‘or. |




B. Bockgqround

. Longmse
o) Classical
b) differewhal Algebrose

c) Geowmetnre

2. Ref ervewnces

a) $inite do vee o-c -cvrooJow\ sys"’ems
— Avnold

— Abrohom § MaNJem
— Flanders

— W'I\; Hekevr

o) wliwte dimensiona/ sys't ems
— Moww ¢ Kupefs"hmidf

— Chevvoté & Marsden

— AdM A I

— Gelfand § Dorfwon

C. OCverview

I. Howiltonien SysTews | -
19) Fiwite &cjﬂ-e ol {veedowm
&) O v \ "

A Exomple ledv Eg.




2. MHD

3. Viasov

.Z.' Hﬁm;/tOﬂ'\GV\ Sysfems |
| A, F. D F. systems (ODE)

K(2.9) ——>= H(P, §)

Legendre

é"-:[q"'H] )‘ ﬁn’[ﬁe, H],

RE ), 2,000 A

whe - d 0 ég-é_s_ }-c
e LR Z.,:lfg,‘s?; YR )P,,]

LA .

Let ‘2,“‘: qn "M~R=&=!‘2J...”
| Pn for Aw RN l!-b!)-o-Z/V |




- 123
[ £ 3)= ;z« J X

. (3-*1) [o I/v]

—  Con¥ravowvien?t Teunger

=[2° H]l= T 92H.
P

Co wmwmutetor P"OPC"'H&S

D [4,4) s biknear

9 L[LN=-194) & IAL“‘T“
w4 LECIM] +[8,L0) [ [5,9)] = §=0

& S«qk A.. -;3\\*.]—1&) 3'\!4 J. ) I.A‘)
o2t 3




N

- Autisymmetry is  coordivate
n dcpudw'}

* S;"‘ik Transforms canm‘hrdﬁ
S:“ik-"?b In one Svawe =

Al .
S*"= o In all Svames

Converse OuvtlecR: TTf T has

a beve prop evhes but /s net of +he
Lorm (I“‘J (.I” 0] coan one

Sind cowamcd( coerdimates . ( det 13‘740)

Yes ! Darbeux (/1822) .

.D@f O Syt*@p .. ;!" s :f_’!) l% u@@ﬂ""‘&tﬂg{; ;-G
.-L COwr \ﬁ( o v H‘ﬁm ‘Q =\ e c@w\g, );“ f)"' H']

w\\we [ 3 wa ke Veeke: Shese ck pl\eﬁé -Qu/\é-h@ug
ly\_‘\rg_ A ‘@ A‘aﬁ\"bﬁ . t




B. Field Equa'h'oms (p.D.E. , L. E. > |
M
/ SE $6 _sF 56 \ |
a5 SR ).
&= ) sn, 5w, e sy,
e Fonctionals e.q.
Higw= [ gt de
v |

dF ' i
:l—é(qz'!-GW)/eg. §5w42_<§f‘/w)

1$6
= o
(04) ,_,.[o T
T~
wrte O°% st |
) [ 6)= ~[6,F]=> O™ awh-selé- oy

) Jocoby = §= ( { 715“)‘“}>1- CYC o
B T~ %2%. - |




EXAMALE K- dv € guation

ot ox X3
3 2

H = f (‘.4—/5_011 dz
¢ =

S o U+ BUx

U <




L. MHD (w T M Greene)

A. MNoncanowicol Brecket

| 2 - .!_ e
%_!_Tt_ = - V% + \.)'X (VX!’) ; V(f l%)
| + ¢ (BIxB

V(8 8) = ZInternal Enerey
Wess

S = Eh""‘opy
Mes s




9.
H = (éf“‘z*‘ $U¢s ) +'.§‘)42

Y st §
+[? %—;'(VXQ)X%':]
e (RS E)]

O bserve - ve= LU, H] et.

looks like U"; trying e be

. Cewn &0%&*3 +» CVOU‘)!‘& ko\.ﬂs l.v\ SG.QL\"‘.

Mot Cuovqlh U= +o e around.
Alterwate Gve » M@y , 0= 9S =~ % Cms, eqs,




_/a ;

B. 'Pg}.w't’tﬂ'; n HyJMyMW\GCS

Eulee

= V.U =0
764 U=V X V3 =
M_‘;"‘ﬂe YoV xVB + V¥
| 4
1 C tike  Helm holtz )
S ‘ 182¢ optics
Howitfon 1232 dvrewmics
Clehsch -
U =
18S9 T=ave s ve _
V.= o0 = T(a(lﬁ) ——»¢
X cavievically Cana;)j@j‘e o 3
Batewman |
1929 U= 270 4 \7'@
'DGVyJw 4
1949 (2,mn) § (5 9)
W‘ﬂi’fhaw\,
Serrin = %V/H tVh + ? VS

19




/.

Zokharyv o = B K(VXI> +V¢+§P Vs

——

lDI?D s b <

Choin rule Sov Qum‘hmo,l clev’wwfpb«

w/ obeve Transforwms |

1=[) [ s sF_SF 56
[F €] f“scpsy 2 35

ite cor lbrackef .




12.
W VLASOV

A. VLASDV - PolsscowV

I Noweantvicod Descri ptidn

df (2¢)= - . e D Prae): 24,
_‘5;-_“ AT %c aa-“

M« X
So.fe [t irar)
YA
2
Likee 22 ,
a__ o\ _ ?-.-‘ ' ' ” !
\IOf\"‘sl w(\_ (\z) aﬁ(ﬂZJK(ﬁ'g)-;(a)di)
2 W' o
%




/3

2. Comonical Vavisbles

=g 187, r”

{éu) ?_I‘... W“ arw; .

P2 )2

i %%(n)*. W, ')-;—- @(:} ruif =5

287, s# Sr“i-s_e.
It ('™ ™

3. Discrehachon & Troveatisw

é\&\g z @:“/Mh (2)

T{-!) Z T""Mktz)
LMl Me> = Sns = j/ﬂn/m Lz




L)) ) /9
\\)K e b\! 4+ A rg‘ )

B

Aye L ek PPL.]
)\P(d)* )YJR‘“’

N N il e

tzkag

H.: Z (2) \P’h&)i (o)
R

ol
R,z le,
lt*kg

@) ¥
3 Z ex ef w4) w* We.e) \yo) ;
Ma 'hp ,S,W!, P
Ma=P
ﬂ-m,:};&; # O |
“,A




- B. Moxwell- Viasov

). Noncomevice! Lormm

Vorabless &, B ¢ £

2. Comowniced (g,w\

5 *”? “Lige [p-A), df
VXA

B: _vxE — B=_F

) o0t

b'c& & - .-)’.(“,_ " 3-[

/S.




/6.




