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Example (2) Take Hamlonjan
H(4,P) = _Bz - wq'co$1 , Mw>0 constant

m,
critical Po'm& aH=27? ) oH = wq'sir\q, ) iH=O, 9H =0
op M ' % o 9%

'> (%P)’ 0)0), (k’tr,O) K=0,t! £2 -

H i skill constanb, H,= P,, - vocosq, - W w$q,
H\ 2m "’\

___/'\_

k-t Symmetries and Gnserved Quontikies
Suppose we have @ sos’cevm described bo o Laomnoim\, 2(4;4.)
Al suppose that L i fvaviont wnder some ckonoe of Variables
For & “small’ (infinkesmal) $ransformation,

‘L‘”%‘*‘”],i ) qyw ‘9‘.14 +6‘it

483, 4i464:) = 140,90 + Z & 3‘5 + Zé%;?l
1 iz 9,

1(4i,43)
_.>Z<g$a:L+ 5 ai =0 (%'ag) Z—&L )



Wse Euler- Laofwae eqn 1o dcf

N
Z'(‘l' [—)1’) 20 =3 %_517 p, s conserved

Example: Particle of mass m iq 3D (hephesen{'ed bU r) ) subject b0 a fore firen bo
E=-7v(ixl)
Then, the Ladmndm/l, is
1= Lm3f - vl )

n
b Y=2 xe , & is fixd, %, 1,23 are usual -ordingles
1=l

b This s invariant under votokion

= 4 s taviant under ckanocs of variable
X; == Kij% ) RR™=1

To ste whab i consered, look ot an infinitesimal vobakion |
(A4 6R)A+6RT) =1L = §R+ER =0 (firsk ovder)

= §R=-K" (ar\lrisommehic)
and therefore we con, write

(SP\)“ = 2.\3[6'4)1(
Hence
SR 1—J = E—'Ok Kxj
Then, +he conserved qvuan{ﬂ'o is
Ly = E'R"Kxi' ik
= -(1xp)- b

= (xx2) s onsened ) anglar momeswn consene

1

a'@“‘m Mmome nhlﬂl



Remark: The Hamiltonian for +he (sush»\, s

= 1o 4 vi)
2m,

Compu{:e, U;f iabcxb Fc and +hen, {Ja,m

{00, H) = z (86« M _ 93 O¥ )
T\9Xd 9y py 9%

=¢ &y _;;_,{\ - ey X V()

[xl

- ¢ — £ % xd V()

M\cfé_f‘_' dhccé\<
m,

=0 7

Remark: Compm{'e (3'1,3',_}
J:L aj_bZ(ch: ’(Lﬁ;’&i’z

n

.\3-2_ = ZZbLXbPC: X3P1'>(|E

JIJZ 2—8-'(1‘J-F'XF.Q( - “_9_(7( - _3_("13? -
'((1 ) oy £ 3;)9&1.3?1 lf’z) 5%, 2} %ﬂ)a)(d 1 F)

= (- FQ('JLL) - (h\ P

- X\Vz'lzfi
= J;
6im,‘c\av\0, work out {3\3,3,3 {J,_,I;\J and define
{Ja,JJ = 2aJ¢

A\oebm of Poisson,  brackeds o arou‘ar momentun, closes oy vhself.



Divact qyuon’cisa{iov\, 53 and [3.,5,) =ik 2“636 and [3)= [actin) =[1]



