gl

21-12-31, 17:34

% 6 2 HAMILTON 1%

—.  HamiLTon F &
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d oL aL  |PeT 34,
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dtdq, 0qg _ oL
Pe " 3¢,

FEAIA SoAs B H 7221 XREsm A JT B R 2 5, BRATZ T LAY PR 7 BT 71 57 R 5 s 5 it
B, FEAMABERE: (O JTREENAR, MmEHATER AR R, (2) I
VAESSh-aak S ek RIS

1. =N
BT ESH, RIREL = L(t,q, Q)W EHAZ R AP SGEE,

L=L(tq,q),
9o 9o a=12-,n
TEMER 2, RN LA FRq M B &=

. _0L(t,q,9)
pa - pa(t: Q; Q) - aqa

R YR T 2s AR IR A A8AR, Horh qo SOV IEMIARHR, p MONIENIBIE, (qq, p)FEN—
X IEHEH IE AR &

2. FERNEHHRS
R

{qo dola = 1,2,-,1n} > {qo Pala = 1,2,,n}

AAT BT P IR E IR A e, RUFERT B AT 21K
opa\ _ . (9%L(t,q.4)
det (@) = det (W) *=0

REHL LA SRR, RANS S ST SRR RS, FRE B R U S .
W A

L(t! q, Q) = T(t! q, Q) - V(t, Q)
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_ ‘Zm‘an(t’ DICD, S, P 3D, Z LGN
=2 94, oq 1«8 ‘g, ot 3 at

i=1

o o N - -
90°L(t,q,4) _0*T(t,9.9) _ Z o 0itg) 97t q)
aQaaQB aQaaQB aQa aq/?

HE 2 etz X124 L (well-defined) | SCAEKR,

O?i(t, q)

511- = aqa

8qq, i=12,-,N
T {87, = 0,i = 1,2,+, N} 1) 46 B 5% #F & {8q = 0,@ = 1,2,+,s} s 75 W) 7 0k % | SLAL R
{qela = 1,2, , s}, GBI, 7y, -, Py A AR,

N aFl(tl CI)
5ri =
0qa

8q,=0, i=12-,N

B SCARRR B E SCA FF 5 E. FTEA

or(t,q) 07i(t,q)
0qq dqg

8q,8qp = 871> 20,  (IARAN

T INAESqe BN ROL, H

ori(t,q) 0n(t q)
09,

((Z i)

Ten x nBIFRIEEMHIE, M

NN s N
9%L(t,q,9) _ Zm' o1t q) 97:(t,q)
6Qa6‘?B ' 6Qa an

XSRS, 4755 AE% .

Lhtk B H ER N BIEE 1 R G, EIRIEMIAER, E ok, RGN AT T
. ABEEATLA R RS,

3. LEGENDRE A #:
B SO Ggla = 1,2, - n} BN IEN B B {p,|a = 1,2, ,n}, WEHRH T #iEHEAR R,

WS = f(xy, -, x,), ICEREA
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5] 33 eR 2
9(P1:""Pn) = PaXa _f(xlﬂ""xn)

RGO x,, WAGE R FEH
Doy = a=12,n

33x, = xo(p1, -, ) Z SR, PLSE AR EARH o

d 02
det Pa) _ det f 0
0xp 0x,0xg

AT REH AR S AT

W Legendre BN A1 Cinvolutive) , BIX} g(p)#EAT Legendre 484, W[15f(x).

4. R IE N PR

ik I H BREL = L(t, q, QB A,

H=p.4,— L

AHA NPEHAT. VARSI RIS Ch T R, KRR T AR

E(t: q, CI) = pada - L(t' q, q)
A5 H

_0L(tq.9)
Pa=—g—
AEE Gt q,p), RN XREERE, 153

H(t,q,p) = E(t,9,4,(t,q,p))

PRH (t, q, p) 79 e B4 5 e B IE U BR 4

W T TR B85 R A% B H R, T e A RSB T A

7 CREE R A (¢, q, @) TNV W R B H (¢, g, p) & A — MR, R
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HEBZEAR, RERE
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T SRR Y

e wagy Qb 0L 0L oL 0L
= Palqq qaGPo at aqa da aqa qa =

5 4. dqqtqadp,
AR X EIE Lpy = 0L/0q, 22 T dg M.

Xof e U eR KH (¢, q, p) T80

dH(t )—aHdt+aHd -+6Hd
;q;p - at aqa qa apa pa
TRAESEA
dE(t,q,q) = dH(t,q,p)
O 1t = Ot gt dudp, = P ae + g, + 92 4
at aqa Qa qa pa - at aqa q(l apa pa
Fr LA
daL JH
| ot ot
daL 0H
09, 094
. 9H
Q(x - apa
PRAEAE L IR TT 2
oL _d aL _

A=A

. O0H
Pa = _6_qa
TR ELIZ )i 2 e T 5 TR
)
{ qd apa
. oH
tpa - _6qa

NARAENTTRE (ENTT AR FRO

B LARSHAloH RE S,
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6. FIERFRANBEGTE
AT RGO R

d dL  dL
dtdq, aqa_Q“

. 0L
Pa 3. Qq
nJfg
) oH
{ Qa apa
L
(P = 0. Qq

7. IEMFRBEFRR SR LRERS

(D Hﬁ@%&%ﬁeﬁ%wﬁpa=—%¢m4%=mmmm

X T DA B 40p A H BB AR, q FEHEN RGN A B, WTLARF.

()  HAREFATEMNZEp, TGRS ¢, = :TH =0, q, = constant (IX{EHLFCHEZL A )

S, G _OH . | OH . O0H _ OH . | OH . _ _
(3)  HAZHIE, —= 2a; da F 30 Pa T 5 = 5-Ga + 5 —Pa = 0, H = constant

Bl 1 BRI E T TR e,

1 .. 1 ..

T=§ml2 2 V=—mglcos<sz=T—V=Emlz<p2+mglcos<p

oL p p3
_ _ 2. . _ Po _ g __te _
Pp = _a<p mleg = ¢ ry H=p,p—L iz mgl cos ¢
N5
. OH Py . 0H . .. .
@ = =——=—mglsing © L.eq.: pl —gsingp =0

“op, mE P05

Bl 2 s 0 A
ETTHEALEE T, L E BN
L= 3m( +r262) V()
R C T o
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=6—L=m7" =6—L=mr29:f=& g =22
Pr =157 © PeT %8 m’ mr2
(B IS B E
o 1., 1,
H=71p,+6pg—L= ﬁ(pr +T—2p9) +V(r)
IETT 7%
LD _ps_dv(n)
m’ "oomr3 dr
_ DPe .
o= mrz’ P9 0

£ Hamilton FJ5AHESR T SRARE A FLFK) — R b R -

(DFEAFR R (OS5 HALIRE; S H) L&, R LegendréF 5 H Hamiltonian
(BN EFHKE, BESHEH=T,—-T,+V) ; (&) SHIEMNHFE: ) REHE.

B CORIEIR 5 ) s 5 i o £

_p 1,
H = m + qu
SR R R S E AR
fite: AR
_ o0H P _
q= p - m p=mq
EA
— . — . pZ 1 2 .2 1 2
L=pq—H=pq > qu =5mq qu
8. Mhwe®
1
1 . _
11—1>er T (p(xqa) |0 0
d( )= p Ay < 8H> < 6H>
—_— = =3 _) = N
7t Palda) = Pala + Pada paapa qaaqa
. 0H . aHJ
1= 9p,  P¢7 "aq,
9. RouTH B #:
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WS A AL B A Legendre A8, 2n /M EHUA
qi,(h’,qa:pa, l=1,2,,k’a=k+1”n

E X H R (Routhian)

n
R(t! qi, C‘Iil Qar poc) = Z paéhx - L(t' qi, q.i' Qo C.Ia)

a=k+1
nlegHEs T
d 9R OR _ ek
dtdg; adq; S
_OR _0R k1
qC( apa ’ pzx aqa ) a = ) ) n
OR 0L
ot~ at

Routh J7 F£ M1 — AN HZ A& AR R BUEIAAEbR 5, DT RERIEOH - R ELR R A AR AR
ANFLEE, PSR “f R AREg RSB KOT RS M aCAEA R AN e i e wI AT
P A PR FEZNALY AN (B 1INl
B A g,

1 .
L= Em(f”z +7120%) = V(1)

HIGHAAF70,
= mr20 = -]
po=mr?f=]=6= )
.1 ’

Lep(r7) = L = pgb = Smi? — -z = V(1)
LT — Vepp(r),

1 2

T« Emf‘z; VersM BV + 505

B0 /1 A B, S5 TS5 R8I () 453, Lo 3.

2mr2
BT AL bR RO BE)) X e O %, I F A& A2 Lagrange /12

doR_oR_ . ] W _ o
———=0,- — =—— =
dtor or ™ T3 T T Y

VE: WREEEO = LRI R

7/ 64



2

1 . 1
L= Em(fz +71262)-V(r) = Emf”z + V()

2mr?

BOBRFFSAX, SAREERINEEITE (BEHESD .

10. R FHIE 3
(1) AR HR T

R T R G R B IR Ot = 1)

N5

(pj — 44;)VA; — qV¢

(2) AR

VAR
L=-mi?—qp +qA-7
. 5 — qA
3 =mi+q4, ?:prf
I SR
HE R ) =fF— L= (F—qd) +
TP =pr—L=o—(P—q q¢
BB 7%
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(3) JRTFHEsE
ANEEIF HEAZ A T

He—(5+ed) +V
—zme(p+e ) +V(r)

p? e L e
+V(r)+—p-A+
2m, ) me p 2m

B2
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e me

AZ
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e

AV () REACHECTF T, ARINBREARES, HoRJR T MR 0 %R 5, H' M

DN D E/R (BT
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E—lﬁx*
2

e N e‘ .
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Zmep ( r) 2m,

eZ

= —fi-B+-—A42
K 2m,
b
o € 7= —€ 2 B
u_Zme _Zmer p

© (i xp) B+ (B - (B 7))
2m, 8m,

R FPUERIA: - BRBGEIORIEE, ABUREFIRBE: 55— A2 SRR T IR v .

11. BB EFWEE
JUAT 2 H IR E v BUN

. 1 .
L(AFF) = 5n2 @2, 7

X EhE
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12. " XERSFHIENTTE
LA I SR I R G,

Pk B H T A

L=1L(tq,q,q)

oL d 9L d*? aL

9. dtdq, fdzog,

g 0L
te\arag, ~ 94,

oL . (d dL 6L> L
~ 1454,

PNESRETEAR S, ST B AR AR

!

de = qa

BAE2nAN SCARHR (g, q') % RLFHE T LG - BT RRA% B 7 5E - (Jacobi-Ostrogradsky) &) il 9

i~ X EhE

w 9L d 0L . 0L oL

!

e PR T PR L A TR

H = qupg + qaPo — L

oL
0

!

Pa

G, 54 = qo AN XRERRIL A GE B EAR W, [EIGHWREH(t, 9,9, 0.0
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. HZEEFERERSRE

1. HmEPREE S ENTRE
Hn R,

%)

8S[ql =46 (Pale — H)dt

ty
—fh<'5 tpo6ay - gp, - A
. qaOPa T Pa0(q F Pa 94,

1
—jh (4 aH)s € +6H)5 dt =0
£ CI(x apa pa pa aq“ qa

5mj%m@j,ﬁ7$mEMﬁﬁ,%gﬁﬂﬁtﬁﬁﬁ%ﬁm%%ﬁ%=§gﬁwmm
m%ﬁﬁo,%%m+§%=aﬁﬁﬁ%ﬁﬁmaﬁo

HBY . 8a(to)=8qq(t1)=0

6qa)dt

2. FEEE ] A S R
BUAEFAT LA BRI IIE S), IENT RO, TG

c?S[]—ft2 (' 6H>6 (' +aH)5 dt =0
q . da a Pa — | Pa 4. da

Bl “HEENE pe(t), TRMILA TS, KR IEE R, I EEE L kp,
O Spe ()L T HE A8, (£) . 4355 MRS 1A (4 FS B A i f oy

0qq

A(tv q,D, q1 p) = paqa - H(t' q, p)

ta

SMm]gf A(t,q,p,q,p)dt

ty
M 5 3 5 %
61qa(t1) = 6y qa(tz) = 0
MM Ay (RIHE X TR R, HSHa a2
8S[q,p] =0

FROAEZS 6] (R e B SR B (A e SCHRAR 2 ) SO %51 Ji 28 Modiified Hamilton Principle. Liven J&
HH .

A2 T g S i PR T 0 BT SR B, AR SCAR R IR s e it PR A HE AR

LI ES[qI AR —ANZ R
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3. AEEEIAI A BRh - B H 5 R
T AL CHIIERIAR D Ay

N = (41,92, Gn, P1, P2, ">, Pn)
2% TR B R, AR 2 T K B A

At,n,1) & paqa — H(t, 1)
Xt L [ AH 25 ) ) LBl

o= {pa=j, j=12,-,n
J 0, j=n+1n+2.2n

) RERE N
T[]n] - A(t, m Tl) = H(t, TI)

SHikg B H 1A i) CRER A

M AN B WUR B SS [n] = 04 Y ARKRL T R, IE 4 i 2 s S LI 1 7 7

d oA aA L OH
dtoq, 0q, Pat 5an
d dA 6/1_0=>0 ( 6H>_

dt9p,  Opg T e

4. HZ[EH Voss JRE R MauperTuls J& B
K, Voss JRFRA] LLHET RIS (6],

ty ty
Snl = f A(t,n,n)dt = | {pad. — H(t,q,p)}dt
t

1 t1

AS = (p, A HAt)|t2+ftz{aA d<aA>}5 dt
Pebde = HAOl* | \an, ~ @ \aw, ) O

S

At|t=t1,t2 =0, Aqalt:tl,tz =0

AS[n] =0

FEAHASE], X AN E I R St
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A= AM7) = PaGe — H(q,p)

A&

ty ty
t t

1 1

an, dtom, .
AT,
AH =0, Aqa(tl) = AQa(fz) = 0(a = 1’2'..."”_)

S BR AR AL 42 [ 1) S R

t2

t2
AJ- mdn; =A | pedqe =0
t

1 t1

PR3 BR g4 b B A S B

NP BB R SR AR S (R BB N, TR Ae R ST E
H(q,p) =E

A E— A

il HESAT LS8 KOR T AR BLIE .
BT R AL A,

1 1
H(T' 9' Pr’Pe) = %(p% + T'_ng) + V(T) =E

LA HL, SRE RS

B
5[ (o7 + pg)d6 =0
A

ERELAIR
H(T‘, 6' Prs p@) =F
pe = £ry2mlE — V()] - p?
ARNBFER B,
B
SJ (prr’ +ry2m[E -V (r)] — prz) de =0

A

SN E R

oA d dA t2 6
— - Anjdt+j AHdt + m;An |,
1
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| mrV'(r)
+p; =2m[E — V()] — p? — J2m[E =V (r)] — p?

0=r%F s
\ J2Zm[E =V ()] - p?

N

ju|
d\

AAITX

A

an
cr
N

A)

a = Fry2m[E — V(r)] — p2

2

p? = 2m[E =V (r)]

r2

RNEE ZANTTHE,

T 1 1 a?
=+ Pr =——r’p,=1—1> 2m[E-V()] - —
V2mE-V@)]-p2 @ @ "

= ié\/Zmr‘*[E - V()] —a?r?

adr

do =+
V2mrt[E = V(r)] — a?r?

By JE AT Lagrange SIEEFLEHr = r(0), AN XEEEPF KRG, (0), BIGANGE

H(r,8,p,,pe) = EXRitipg(6), 13EIALIE,

5. A E R TEIR
T e B

2
6ﬂﬂ=6fL@m®m=o
t1

RELIHR

HRAVHIIT SCBAR Qe = Qq(t, @) CRiZRH T E R R HARTT ), B A AR5 2R3 /2 — IR B 7 e

P R R — B (8, Q) M TR A, ARt R Mzssl e,

df(t,q)
dt

L'(t,Q.0)=L(tqq +

M =[] PR P 2 i S B R
3
6SInl=61 Alt,nn)dt=0
ty
ANCARAR S TS T, SOV AR S R BBz I A 25 — N I,
N =A—-dF(t,n)/dt

X5 AT T 18 ) IE AR A R
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A6 2% 18] Y] NOETHER B H
BRI s RA RS F . FERHESHITETLT AN (HE) XTFRAEH#H

t' =t+ At
qa(t") = qa(t) + Aq,(t)
Pa(t) = pa(t) + Ap, (t)

R CRERE B
dn’(t’)) dt' = A <t,7](t)'d2—(tt)> dt + de(t,n, €)

55(e) = 65(0) + 0(e?) & A(t’,n’(t’), ar’

y
—HAt + mjAn; — Ap = —HAt + p,Aq, — A

B P ERE T
- > 1 1
H(,p) = ﬁ(?f +p?) +§k(x2 +y?)

To 73N e
At=20
Ax = —ey, Ay = ex
Apy = —€py,  Apy = €px
EAdtEH Ay

B+ Ap) - dF + AP) — HF + AV, B + Ap)dt = Adt + P - AF + Ap - d7 + 0(€?)
= Adt + (—ep,dy + epydx) + (—ep,dx + ep,dy) + 0(e?) = Adt + 0(e?)

X FRAR ¥, %AI\E%%LZ = XDy — YDx-

Bl 51 715+ kL

_p
T 2m r
>2
5 S 5 5 P a
A=p-r—H= -t —
p-r p-r 2m r
TEAZ i
At=0

15 / 64



I

s (M M
Ap—5p—(r p)e 5 (€7 +(€-p)p
{p'-#" —HQ,#,p)}dt' = p' - di' — H(t, 7', p")dt
= (57— H)dc +5- o7 + 55 - a7 —  sr 4 2 o7 ) dt
=T p r 1% r or r aﬁ p

= {57~ H)de +d{(E Dp* - € PGP +$(5-7)}
0= NP -CERNED+—E )

FEHEX PR e, JFH.

maoa -
—HAE+ 5 &F = Ap = (€ PP = (€ PG 7) —— (€ ) 2 -4

BRI 3 7 - Je 4% -#5 UK (Laplace-Runge-Lenz) s i

.

5 7 -
Azﬁzf—(ﬁ-?)ﬁ—ma;zﬁxL—ma

S

P
i
i)
i

H: XA NSFEE RS SE 1799 4F Laplace )\ Newton 77 FEHEH,

ﬁ_dﬁ . aft
Toodt’ Tor2r
- - d_) -
FrxL=—lt)><L
FIRMEIRL =7 x poFid,
p - d .. -
—XxL=—(pXxL
t TAGEED)
TR
i(ﬁxf)=ﬁ ><Z=Fi><(17><m7:")=mF{1’"F—rrA}=—mFr2i f =mai f
T "r r Todt\r dt\r

d(, - .
:—pr—ma; =0

R P AT AR 77 e SR A3 B3 7 e OB I R A M B BEL, BT AL =0, FrUAA{EHuE T
T, BT T B AR AR 2R ARl
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L2
.
7 A=Arcos@ =1*> —mar=r = ma

A
1 +WCOSQ

=. Poisson X%

1. 5| A\ POISSON BRACKET
KRS (t, q, p)BE A] (AR AL,

df _df 9f . 9f . wwumdf of oH of oH

= o t+ 5P —
dt 9t dq, 0Da 0t  09a0py 0pq 9qq

Glpciatae=1
of 0H 0OH of
H],, e
2o 09y 0py  0qq Opg
TR
af _of
E_E—}'[f'H]q,p

— X HIVATARE S (Siméon Denis Poisson) & 3K

I SCksh 7 LTS5 . Fiq, prTbLss .
AR 1 PIERAC, 0, p) IS

Z—f +[A4,H] =0
e R
O IAH] = £©

MA = [ f(t)dtRTFHE,

2. BHEHN

WA, B, CRIFRJI¥E, a,fER, A
(1) WERMEA 4y BLAE
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[4,aB + BC] = a[A,B] + BI[A, C]
[@A + BB, C] = a[A,C] + B[B, C]
(2) PR, WE
[4,B] = —[A,B] & [4,A] = 0
(3) T e %0
[A,[B,C]] +[C,[4, B]] +[B,[C,A]] =0
(4) Leibniz BN (=AM
[AB,C] = A[B,C] +[A,C]B
[4,BC] = [A,B]C + B[A, C]

T2 LA E DU ) g 22 AR —Jeia 55, W AR A

AN -
(1) ERPRES

(9 ps] = 6ap 4w 5] =0 [papg] =0
(2 YHESAER. SIENPERES (RS

d
90, f(q, 0, )] = %

a

d
(e @70 = =52

a

Bl AR

FIFRAFE S IRIEMENEL = 7 x pRTFIEE.
WER e A s ES B,
L = gmip,

R 54
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=2

p 1 .
(L, H] = gjiy [rkpl'% + V(’”)] = ﬁgjkl[rkpl'pz] + i lrepy, V()]

1 dv
= om —&alre 02101 + gramelp, V)] = o Skt 2pepr + Sjkﬂ”k< dir) g) =
dL aL
P +[LH]=0
VA EE 2 BN TFIERERERFE SRR T EE.
UER: W f g E,
df dg _
dc  dt
A
d
i 1f91= a[fg +[[f. 91 H] = [at g] [ +[[f 9. H]
d
= [%o) + [1. 5] - 1.0 - [ g 1) + [17 g0, ]
d d d
=£ﬂ+h5—mﬂd—MMﬂ—mﬂﬂ=%whhﬁ=
[f, It 2 s E & .

Bl L = yp, — 2py, Ly = zpy — xp,~FiH, 13

laty] =+ = 1,

Poisson EHIASA LS ZHFIEE, —WEI LD ESHE M.
e —ANIEER G AT ML P R (RYEE IO {I]j = 1,2, -+, N},g # R — A 208,

5, 1] = ¢l

3. FHEABPERESKRBEIZE
FIH Poisson 5, W& FE AT LS AR

4o = [Qa' H], Pa = [pa' H].

A el 1 B
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dA_8A+[A H]
dt ot ’

RIRML T —MOER R WU, EER RIS,

Bl WBENH = 52 —mgz, RSB = 7(0).
fit: RIAKAIES, w13

Pxo

. Px . .
= ,H =—, = ’H =0: t) = + —t
x = [x,H] ¥ =[x H] x(t) = xo

. py . . pyO
= ’H =—, = ’H :0 t) = —t
y = [y, H] y=H=0=y®) =y +

. bz . . Pzo 1
=[z,H]=—,Z2=[2H] =g = z(t) = —t+=-gt2.
t=lzHl = i=[4H]=g=2(0) =2+ t+5g

B SRR T 1,

1 1
H=— 2 - 2
2mp + > kx
R E
1 p 1 p
a=—|Vvmwx+i ), a*=—<\/mwx—i )
2< Vmo V2 Vmo

AR TR, IR

fiff :
— (@ +a) 5@ - a)
X = a* + a), =i[—(a*"—a
VZma PTN72
w 13)
H=——(a"—a)’+—(a*+a)? = wa*a
4 4
[a,a’] _1 Vmox + i P ANmowx — i P ]= —i
2 Vmo Vmo
da .
— = [a,H] = —iwa = a(t) = e
dt
da* )
— = [a*, H] = iwa* = a*(t) = aje'®*
dt
(1 REDAR )

JE 5 R4 T B AL B AR A
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Wi RIS TR

di e? 2 o
_— = _)'H = _)'—_)- B
T @ H] = |4, -4 7

5 RHEFEE

- e§ o\~ — .\ =
[ = exp (t%'X>uo = R(wt)fy

R B RS AE AMEE S T 538 75 (Larmor precession) , 335l

eB
2m,

gl
I

4. WEIEAERF*
SRR

f@®) - flt+1)
JET R R AL
df  1d%f

fG+D)=fO+—1+-—51°+ = eT%f(t)

dt 2! dt?
fEI B R G

E MRS T (FERERS)

A=1[,H]

WIXEXT B¥G RGH = H(q, p), HERJI¥RA(, q,p)iH 2

aJa
A(t +7,q(t+17),p(t+ r)) = exp {‘r (E + H)}A(t, q(t),p(t))
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NG Y EA(q, p) WIS AL A
A(qt +1),p(t + 1)) = exp{tH} A(q (), p(D))

exp{tH}, exp{r(9/0t + H) R ART B HESRF -

Bl —EER T

fif «
1 1
H=— 2 _ 2
2mp +2kx
. —~ 1 k
Hx=[x,H]=£, H?x=—Hp=——x
m m m
—~ k n e N k n,\ k n
H?"x = (——) x H?"lx = HH?"x = <——) Hx = (__> P
m m m/ m
p k 1kp 1 (k\? _
x(t) =xp +—t = 577 X0 2 —gaaoﬁ’ z(a) Xot* — -+ = x4 COS Wt + ——sin wt
Hrp
k
w= [—
m
5. NFEEBPZ#R*
AT HERTE SRR

5] PR4ETT B RR A %
ePxa Py f(x,y) = f(x + a,y + b)

Pxf = (S, P4l

6. IEN&F4
N ARG S B BT 5 X R

%

« AB — BA

[4.8]
1., .
[4, B]pg = i [A,B]

TREEARNS Z KA BN

90261, = 0app 9], = [Parg],, =0
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- [qa’ ﬁﬁ]pB = lhdaﬁ’ [qa’ qﬁ]pg = [ﬁa’ pAB]pB = 0

BT RN &7 B P i AR R T 1R

de (. = dpy
dt_[mH] dt

= [ﬁcx' ﬁ]
IXAEREZE 2 PR IR B T e —— IR R R S5

FEL MBS AR T BT, BN 5T HE A, R FHN (BIARHED 27es—
B

W, IEZRHH &0

1. IENZHH 2 X
NT T BB R TR E A, ST RN A R T A A, AR A AR Y 1B
JiRR IR R

CIE GO e = 3
Qq = Qa(t' q'p)' B = Pa(t: CI,P),

U SRR e 3 WU 5t

H=H(tq,p)
. 0H L
1= 5p,  Pe 09,

HALAE B I W K = K (¢, Q,P), {15

0K . 0K

), = — P, =
%=%r =75,

IXEERAE H AR N IEMZE B (canonical transformation)
AE B EN A e, FRONZBRIENZSH ( restricted canonical transformation) .

e HOESL — MRS RN, 555 £ AR X XK.

L IANEREIS

0u(®) = (a0, Pa<t)=c(1—t)pa(t), €=12-s

FEIENAR . e () 2] AR % iR AL
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UER B I DA B Y e B W R KO H (8, q, p) s 8387 I DI AR i 2

o
Qa_capa Cqq
b= 10H ¢

a — Caqa Czpa

e e T R

)
K(tQ,P) & H (t% CP) +2QuP,

XoF N FRI P B U R o

] AN B B Al bR AR 4
Qq = Q¢ (CI)
XA

flﬁ £ Aqpdp Q=A4q

IR AL, BB

L _ aL 34 _ oL
GLop anaQ OQﬁ

= sa = Agabp, P =(ANTp

7 e e 25 1 R

K(t,Q,P) = P,Qy — L(t,q,4) = Padq — L(t,q,q) = H(t,q,p) = H(t,q(Q),AT(q(Q))P)

VUL 1 ey 2 40 R AT

s K
¢=44=3
0K
- nr _—
Sl = -2

LA E AR IR AR, 7 B IS  WE,  ANJ7 R

2. EWIEHFREX
IE MV AR BARFFIE BT R IEM T,
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JIRE R R

()= o))

i
1 (G ) i =5= (i)
NN
o0H
n= ]%
0= JV,H.

X B2 AR RE] (symplectic identity) 2

J2=-1, JT=—], detj=1

FERAC ST, a5 5

9A 0B 0A 9B 0A 0A r
[A,Bl, = [A,Blgp = 9q.9p. 99, 9p. =]lma_77z577_m = (v,4) J(v,4)

[nj,m] = Tk

3. HERGNFEEHR
HERE B 1A RS

H=H(n)
EAG WAL HRE =T, A

_af‘ def

¢ M1 = MJV,H(n) = MJM"V¢H(n(§))
FLrp MOAHRE AT AR R
1 AT LA R A2 4ERE (symplectic matrix)
MJMT =]
BT L4
K(&) = H(n())

WA LN 57
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§=]VeK(©)
S T L 3 R B P S 9 A SR 25 3

A BIA RGHIA SN A2 IE AR 4

4. FFEFER PR
SEHL:

(1) SFRFFRITREE P, PIA AR (R e AR AT 2 S R
(2) “FRERE TR R A At

(3) FALHERE I FHERE .

(4) AT 7355 R PO 0 R AT A2 3 R
RIS A RRORRAE, KSR RE (symplectic group)

Sp(2s,R) & {M|MJMT = J,M € M(2s,R)}

Bt MIMT =] & MTM = .
kB

= 1 & vy — oy L =y S s e S g = ),
W MJMT = ] = detM = 1

ER T RATAI, FIAHESES

€ay--azs detM = Z Ma, b, = Maysby€py b
by-+bas

P FITE N a0, Jagayys KR

det M Z 5a1~--a251a1a5+1 ”.]aSaZS

az,azs
= Z ]a1as+1 m]asa25 z Ma1b1 Ma25b25£b1"'b25
ai,+azs by bas
= z 5b1~--b25(]a1a5+1Ma1b1Mas+1b5+1) (]aSaZSMaSbSMaZSbZS)
b1, ,b2s
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- z gbl"'bZS(MT]M)b1bs+1W(MT]M)bsbzs= Z gbl"'b25]b1bs+1m]bstS

by-bas by-bas

ST

Z Sa1"'a25]a1as+1 m]asa25 #0

ay,;azs

BTk

detM = 1.
BEAEVS 1300 B — OR BEAS BT

Wid: W1 HHENRSG (A 248) , MJMT =& detM =1

5. IENIZRHH KA

SEFR A B R G0 0 1E W AR H 0 S AR e
HE B
Step 1 fEIENIARHE = E(t,n) T,
YH(t,1),3K(t,§),5 & = JVK
T 1 DU A B i

.98 M'—af MJV, H
f_at+ 77_at-l_ JVn

FIRAT

2 af AIER

E = 25¢I!
ga1"'f125]a1as+1 ]asa25 2°s!

ai,;azs

AR RERAITY (aq, a, -, azs) = (1,2,+++,28) 09 1y HoRARF WUl 22 ) 1) — X% T bRl Sk
{(alr aS+1): (aZ: as+2)l ] (as’ aZS)}ﬁﬁ?ﬂE" ﬁZSS'Iﬁ ’ iéjy‘j 1.

3 M.S. Lie, St&rungstheorie und die Berthrungstransormationen der Mechanik, Leipzig, 1889.
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9§
=5 =JVeK = MJV,H

I AR 0] AT 2 TE DU B KR (e, ) FGOL, - B AR EUCRR]

H(t,n) =0
M DAFTE R LK, (8, §), 815
9
5; = /YKo — 0

N
JVeKy = JVeK — MV, H
Ve(K — Ko) = —JMJV,H = —-JM]M"V¢H(t,n(t,§))
IR RBIEREE, Frelhe, T4 W, il
A —JMJMT

R HIOEREME, AHERTE MR EA (L €) = H(t (6, ©), AVeA(t &) T,

0 (, 9A\_o ( oA
%KW&J—%X*%Q

FERHES S, bR IE AR N S .
Step2 WL, AT LW PUEHA—E 1E LT P56 %
HBH = &, 50

9 A, = g A Vi,j
agi im _afj ims L,jm

FESSIUT = S 55
a%(Afmfm) = a%(Aimfm), Vi, j,m. (mARAD
R —RFAAER, 8
AjmSim = AimSm  (MARAN)

FiEm = j = iEE, JHA; =0, Wi AEXNMATIEE,

Ay = a;6;;
AWNGITERERE S
0 0 Hm=i%j 0q; .
a_flAjm Za—finm —>a_§j= O,fOTl F]=>a;= ai(t:fi)
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& JE AR R

| (A aﬁ) 9 (A aﬁ)ﬁ 9 ( aﬁ) 0 ( aﬁ)lﬁiij o 0H d aH:>
[R— oy — e — g, — —\|la; — =\l — | aq ——=aq; — — a;
o0& \"*ag.) T ag\""ag) T ag\ 7 ag;) T 0&;\ o, Jog 08, tag g,

=aq; fori#j

A=a(®)1, JMJMT =a(t)1
T R AR OT,  IXAN R A S TR AR e i) S 25 A

Step 3 fieJm F A LTS,

9§ jlaﬁﬁnﬂta)_] iﬂ&32§§(66€f]+]<665)

— = JV.K =7. _— —
ot~ JVeko = 55 at It 3E,08, & ot 9& ot

X

0 0g;(tn(69) _9%(6n(t, ) amy ("’_MM-l) <6M . )T] +](6M ) o
jk

— — —M 1 _M—l
P T: otom, a5, \at AT at

d
= —(MTIM) =
7 (MTIM) =0
M Z T4,

IMJMT = a(t)1 = MJMT = a(t)] & MTIM = a(t)]

T —
%(MT]M) _ 0} = MT]M = a]

HALEY RIENZ#R, La=1, NH

MTJM =]

E: I RIENARHA SR B LT A 7. HEE X

P=2Ry Q=0 K'=_K
. oK' . oK'
T A TR
AT 23 2% e R T
A B A %B
= > M =
me (e p)-uM (c §D>

MJMT = (A B)( 0 1) (AT CT) _ (ABT —BA" ADT —BC"

¢ p/)\—1 o/\pr pr) = \cpT—par CDT—DCT>:a]
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1
Mr]MIT :aM]MT :]

BAVEH ATV E N AR, ARG RIENZE# (extended canonical transformation)

EH AT RN AR e

TEBT AR (t, n)E’J?’&TtE%EKEM—E%?%EK? MIMT =], T

f—6§+ = §+M]——a§+M]MT B§+]— (]6§+ ) ]Z
t on N =0; t El; t 9E t El;
iﬁf‘}@x;

1% L~—7; — — d.¢ d.¢

& X 951(] 35 ;f(]t)] E(]t)k

00,5) 0(a&(en®)) o2 on, »
05, - 0% = dtany, 9g,  OeMim)Mmi

0(J0,8)
0

VexZ =—](@0,M)M™* — {—] (0. MM} = {J(O MM~} - J(0,M)M™*

= ](6tM)M_1

a/at 15 (MT) oM _
MT]M =]= (atMT)]M + MT](atM) =0 MT](atM) = —(atMT)]M = J(0:M)M 1

=-MH M) = yJ@MM T
T
VexZ=0
ZTChE, fFEERBK(LE), i3
Z=VeK, §=]JZ=]VeK

Py PRFE IE 75 R T 3

iR ESZBRIEMARHT, g s HiE AL,
UER
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d 3\
§=¢mM= f’=>€ M v oH MM GH]
B —_
o £= i P 16—5
ENE# = MM =]
&= ]—5

6. HIAESRENRBKNARE

BHE ARG SHAPNIE T AL,
WER] H Lie sEBE, IENARHAE G T AT ELAERE 0 R,

MTJM =] & M]MT =]

FEN
0Qx 0Qq
_0@QaPy) | 9qp  Oppr |, <Aaﬁ Baﬁ’>
a(Qﬁ Pﬁ) 0P, 0Py | ™ Coc’b’ Da'b"
004005 0Q30Q. 9Qu Py Py Q. \
MIMT = (ABT — BAT ADT — BCT) _{ 94y 9p, O0q, dp, dqy, Op, Jq, Op,
~ \CB"—DAT CD"—-DC"/ | 9Py 0Qp 9Qg 3P, 0Py 0Py OPp a
dq, dp, dq, dp, dq, Op, 6qy 0p h
2021.12.31
R

Dept. Mod. Phys.
(00,04, [0aPyrl,,,\ _ ( 0 Sup )
[Pa’» Qﬁ]q’p [Poc"Pﬁ’]qlp _60"5 0

¥R Poisson 5 7E 1E A4 N AR,
E R

[f, 9]y =f. 9lgp = ;;%_%;_i_(gz) (61’])
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jjzhu
单位名称，单位部门，日期


_ _(Of\" (dg\ _Oof g ofon, g on, Of
ol =1 dler = <a—5> ]<6_5) ~0¢7 8¢~ am, 9 I 9GOy

- (@) w2 (&) 1(Z) = 1191
R VA FA TS 5 /e IE W AR (AR B, 3551 R AR AT A I

_ ag . _
Mljljjkan_mMm}c

7. HamiLToNn REGE R
SEFE Hamilton R GERE R TR] (R 2 e 2D He

UER: it I 2 A IE AR B

Mo = (q1(to) = qo1,***» qs(to) = Gos, P1(to) = Po1, D5 (o) = Pos)
) ¢ s Z21) ) 1 U A% Ay

n =n(t,no)
T AR AR ) p AR e, FUHE AT O R
M () & —
i (6) Mok
MT]M|t=t0 =]

RATHERTS (MTMRERE. RS,

T

d . d
(MM =

JM + MT]d—M
dt dt

FHEFHEES. BIEN

. OH
=5,
Wiids g R 5,
dMy. d 9 9 . ] aH_] 92H anm_] 0°H_
at dtone VT 0mox VM ongom  0m0nm 0nor 2 omony, ™
dM 0%H u dM (')ZHM
= —M;, =] — = —M =
ac Mk =7 omon,, ™ T dt J anon
BLLE A
d(MTM)—dMT M+MTd =MT 2H( M + MT aZHM
dt /M) = dt J ]dt B anodn DI ]]677677
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d%H
anan

_MT

AR

8. TR¥FHIE

0%H

M =
anon

MM =]

—RE SR, RmE OB RV RN TG RO SR EIREHE . i/ K aiE uk AR

Hosgn. R G AP AR AR M, AT DA 42 R = R R

G. Benettin and A. Giorgilli, "On the Hamiltonian interpolation of near to the identity symplectic

mappings with application to symplectic integration algorithms". J. Stat. Phys. 74, 1994, 1117-1143.

E. Hairer and Ch. Lubich, "The life-span of backward error analysis for numerical integrators". Numer.
Math. 76, 1997, 441-462. Erratum: http://www.unige.ch/math/folks/hairer.

S. Reich, "Backward error analysis for numerical integrators". SIAM J. Num. Anal., 36, 1999, 1549-1570.

The symplectic methods for the computation of hamiltonian equations, Kang Feng,

Meng-zhao Qin,

Numerical Methods for Partial Differential Equations, Lecture Notes in Mathematics Volume 1297,

1987, pp1-37

5

20F

(is 1 1
0 20 40

1
60

1
80

A
100

0.00020 '«

0.00015 |-

0.00010 |-

0.00005 |

S :
000000 = * "t

0

20

1
40

R il
80

Euler ¥E iR ZEH1 Symplectic Partitioned Runge-Kutta 7 [{ iR 2 FL g, Rl gt .

%1 Euler 33K IE T 5 2

25
100
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http://www.unige.ch/math/folks/hairer

. OH
o
. 0H
=%
0H
q(t + At) = q(t) + qg(t)At = q(t) +%At

0H
p(t + At) = p(t) + p(H)At = p(t) — EAt

AT LR RS
/1 + 0%H At azHAt \
N T ap?
azHAt 1 0%H At
Era dqdp
02Ha*H [ 0°H\"
— _ 2 2
detM =1+ {aqz 202 (6q6p> }(At) 1+ 0(At)
BN R 1
1 1
— a2 42
H=5p"+34

detM =1+ (At)? #1
AR A AN KA, SMERSEIEM, KSR RIRZE .
F UK symplectic Euler method
p(t +At) = p() + p(©)At = p() — q(O)At

q(t + At) = q(t) + qg()At = q(t) + p(t + At)At

IR AR R R AT Bl
_(1-(A)* At
M= ( —(At) 1)
detM =1
S,
SPRK

9. LiouviLe EH
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EH M EAREIZEI A (Liouville 7EHE)

AITH 2 E 7 %45 Hdet M = 1, Eﬂdet:T"= 1, F&
0

an
dq,dq; - dqudp,dp; -+ dpn = detﬁdqmd%z “+dqondpo1dpoz *** dPon

0

=dq01dqo2 " AGondPo1dPo2 *** APon-

FAZR A DAIE AR B AR bR Y 2 4 1 R 7R 28 1)
R AR TR 1

TIEERGUE RN ZIHPIRES, AT — M AR R
FPLIE: R GUIRAAEAN 22 8] (K Bk

TEH GEBhME—M=) ASERAPUE A AT

g, REM CREKI ERFEDR. BMESRR—DREFIRE)
AH phase flux — 4 & {12 Bl AR S TS 17 1)

B —4E IR T IR (RRED

HEl AR T A RS2 PR

SE B ﬁ%%)ﬁﬂ‘]%}}#%z 0 CAFTERGEE XIGE/RITRE, Geit PR JEa

EW (0, P4, pDa)ESTIETL,  FT LA R ELETT e,

% , 0pia) , 3ppa) _

ot " Toq, T ope

i1}

dp 9(pg,) 9(pp,) dp 8 9?H 0 92H dp 0
% (pqa)+ (ppa)z_p+_pqa+p LIPS _ O
ot 04qq 0pq ot 0qq 0q,0pq  0pq 0q,0p, 0t  0q,

=dp(t,q,p)
dt
LA

dp

Epa
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dp(t,q, d
dpltap) 9 1 oy

dt T ot

Poincaré TEHLAEHE [ AW B R 40 4 7 B 5 W1 (F-08 Bl ok 25

Fi. ENZRBE AR
ERITIBH hEN S

1. AR HIMRE IEN 2R #H

W Sy R S5 R 2 ] e

5 [ Ctoud. — Htqp)de =0 g, = 2 5 — O
" paqa !q'p - qa - apa'pa - aqa

oK . oH

ty
5 {PaQa_K(t'Q:P)}df=O@Qaza’Paz_aQa

21

SHER/NHIE XA (24, t5], ZESRPALIE N5 AL R ez, B

t2 dF 2
5[ {pate = H(ta.p) - S} de =26 | {RGe - K(t.0. Pt
t1 t1

Podqy — H(t,q,p)dt — dF(t,q,p) = AP,dQ, — AK(t,Q, P)dt

ARy JE IE AR, R4
Padqq, — H(t,q,p)dt — dF(t,q,p) = P,dQ, — K(t,Q, P)dt

2. ERRBEAMEREZMSF

TE DA He R S5 SR A 2 S
padqa - Pafan + (K - H)dt = dF(t, q'p)
_F JdF oF

00 0Qu . 30 K
padq(x _P(x <%dq‘g +@dpﬁ +Wdt + (K—H)dt = aqa dqa +Edpa +Edt
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tEAE AL, 15

90, oF 005 oF 9F  9Q,
- ——, K=H+—+P,—%
P %q, =P "3q.,  Tap,” “op, M TGP T

HRT AL 772, R S BRI (¢, q,p), TR IE A 50, = Qu(t,q,p), Pe =

P(t,q,p), KILF(t, q, p)BFRAIEN AR 30 14 BB EL (generating function) ZLEFRR%L.

BREE K IR AR e, SURRONBR S AN AR H A 28 1B R AR e

REHR A7 AR A ] ) AL e HE AT LR R A R
HER* BT,

AT CT)( 0 1) (A B) _ (ATC —-CTA A'D - CTB)
BT DpT/\-1 0/\C D B"C-D"A B"D-D'B
dQ, 0P, 0P, 0Q, 0Q, 0P, 0P, 0Q,

E@_ 0qq, 9qp 0qq Opgr  0q, Opgr
Q, ap, 0P, 0Q, 0Q, 0P, BPyraer/

0Par 0qp  OPar 0qg  Opa OPgr  Opar Ipg:

MTIM = (

2y — R
XIP, @~ g 205
9Q, 08, 3%F , 92Q,
042095  0qq0q; ¥ 89,045
P, "’Qy ”ﬂmzﬁ@
%%—5 _ 9*F —P aZQV
09, 0pg ¥ 0q.0pg 7 0q,0pp
XTP aQy = _0_1?%12*@
9Q, 08, O%F , 92Q,
9pa 095 0padqs ! 0padqg
00 _ _ O o 0
ijyap 9P 14 apg’

9Q, B, 92F , 92Q,
0pa 0ps  Opadps ¥ 9padps

N

G AR BT S 552 SON(S, gl g p o 2le2Pa _ Pu O

af adg af adg
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9Q, P, 03P, 0Q, dQ, dB, P, aer\
{92 4g},,» {%"’ﬁ’}q,p _| 992945 092 095 094 0pgr  0qq Opp

{pa"qﬁ’}Q,P {pa"pﬁ'}Q‘P kaQy OF, 0Py 9Q, 9Qy, OB, 0Py aQV’)
0pa' 0qp  Opar 0qp  Opqr Opgr  Opar Opp!

O Saﬁ' )
= :]
<_6alﬁ 0

UM S

K2, BMREEIE, W1 (pg — Py 522) ddg + (—Ps 522) dpe T CRENBHD , 1715
AP (£ q,p), WA

oF a0 oF a0
09, 99, 0pq 0pq

FTLQ(t, q,p), Py (t, q, p) 2 1E AR

FIH
P,dQ, — K(t,Q,P)dt = p,dq, — H(t,q,p)dt — dF(t,q,p)
Padqq — P,dQq + (K — H)dt = dF

2 F& 3 1 ) BR B mT DL R E, 5 FE A de TN 0 ) S 7 1 AR e A PR A . A2 Rk,
s 4y (RIRieASE, 6t=0) ,

Pa0qq — P6Qy = 6F(t,q,p)

EBHE pa8qe — P6Q TR, R IENIAZH I SE G 21T -

Bl A2

0u(®) = (a0, fuw=j%max €=12-s

Pabqe — Pr6Qy =0
AR, BT DU IR A 46

3. B4 EURHBKEFNXH
BATMEH IR, S TLAT . (ERIRAIE S WA S 2 T LA B 18 T IE 28
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Qo = Qo(t.q,p), Py = Py (t,q,p)
AT JUAEE R E XL
OIZAZHARFEIEN T PR (% 10 AT LACR)
@I WATAE L R ELF (¢, q, p), B R FTRURAT: (M3 : podq, — Hdt = P,dQ, — Kdt + dF

Shisy, IS Hdt=0
——— > dp, ANdq, = dP, AdQ,)

ONZAT e 2 A 4 5
OZB AR LI HR R (FEAK Poisson Fi5) AZF,

[Qa Pﬁ]q,p =6upy [Qar Qﬁ]q,p =0, [P Pﬁ]q,p =0
OIZAHARFEFEA T B H 355 A48,

{awrel,, =8ap  {awapl,, =0 {papg},, =0

4. AEREREHINIRE HE X

PR IE N AR B q,, o fF 9 F AR BRI L BBR B AN TT AR, 75 BRI 77 R 4H . 2R AN
Qo Do THEMLS NS AR B, FENQ, Py BB R s ML AR B, B8 AR 525 5 —2F, U] DLk G ok
et 7 REAL

(1) WNFE IS NG, Qps 7T PAE X E—RAERRREN
F(t,9,Q) ¥ F(t,q,p(q,Q.1))

13 Pfaff Ji 72

d P,dQ, + (K — H)dt = dF,(t )—aFld +6F1d +aF1dt
poz qa a sz - 1 'qu _aqa sz aQa ro at
Ell]
PeT9q, T Taq, T

A 2H S AR BT, Fe st I RE 5 2 SR i«

28— IR e, AFAEXT R3S — RA R B 2%, AFAEARR R Hip, = pa(t,q,Q)
KHEZHQ, = Qu(t,q,p), R

9(q,Q)\ _ 00,
dEt(a(q,p)> = det(apﬁ) *0
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HAKHL
RS e A R L, (8, q, Q) FRATTEM

_oF,
Pa = 944
W00 = Qult,q,p)s RIFAEA
dF,
T

AR LN R RO R, THMARMSC R, 175K

ap(x _ 62F1(t, q' Q)
det (an) = det <—8qaaQﬁ )

FEAF S AR, A B RS F AR, BATHROX M E R EGE B (free) 1.

(2) MRLEHqe, PVHSIAS R, 195 " REREHF,(t, q,P):

Pedqq — P,dQq + (K — H)dt = dF

A
Padqq — d(P,Qq) + QudPy + (K — H)dt = dF
Padqy + QudP, + (K — H)dt = d(F + P,Q,)  dF,(t,q,P)
TE A4y
dF, dF, oF,
Pa=a, Q“:ﬁ' K=H+E.

20 N IEMAR S, AFAEXT R SR A R U AR, AFAEAR AT AP, = P, (L, q,p)

BIIER S py = pa(t,q,P), B
a(q. P) _ aPD{
det (W) = det (—apﬁ) *0

RS 4E e A R L, (¢, q, P), AT

HAK AL

oF,

Pa = 94,

R P, = Py(t,q,p), PRGN
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a=

dF,

A BRI LN AR bR B A HOC Ry B8 IR AR R (AR HoC R T I, BIAT 51K

0P«
det (ﬂ) = det <

aqaaPﬁ

BT ANKCHON, A Heds i IE R A i AR

(3) Heffpy, Qu WML R, 3= RAERREF;(,Q,p):

0%F,(t, q, P))

_Qadpa - Paan + (K - H)dt = d(F - paQa) = dF3(t: Q:P)

o =

e’

o =

90,

(4) 1EFfpg, P ISR R, SRIURERREF, = F(t,p, P):

K=H+—

at’

_Qadpa+QadPa + (K - H)dt = d(F —DPaqa + PazQa) = dF4(t,p, P)

@="%p. ““T3p’ BT
Rk R 3K FEFH =R S ENEEfEHE
aF aF.
aQa) < 0*Fy > =—1 P =——
det #0 | det #0 Pa ’ a

F=Fi(tq,Q) (apﬁ 04.0Q5 04a 2%
RAK HARH | K@O.P) =Hgp + 5

dt(aa,,)io dt( 62F2>¢0 = o _OR

ot (2 .

F=F(64,P) ~ QP opg 94,0 04a e
AR AR K(,Q.P) = H(t,q.p) + 52

aF. aF.
aQa> < 02F, > __9 __9

det #0 | det #0 | Ya , «

F =F;(t,p,Q) + gaPa (aqﬂ 0pa0Qp Ope %2‘:
AAKH HARE | KCQP)=Hap) +5°

dt(ag,)io dt( 62F4>¢0 g = -2 =k

ot (2 :

F= F4(t; D, P)+ GaPa — Qala aqﬁ apaapﬁ Pa 6613%‘4
AA KR BAKHE K(,0,P) = H(t,q,p) + 5

=

Xt 25 € IR I AR e, of L FA) 4% S8 A ol b AT T BEARAE A, T RE A7 AE B 00 SR AL I A Al R

Ny
o
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Bl 1ESFAZHF, (¢, q, P) = qoPy
B S AARF (8,9, Q) = 4aQu = Qu = Par Pa = —qa

XA 5 AT “ IR AR AR AT OB A I, eI AR, i
XoF SEHE Y 1E AR 6

Gl %*Zﬁﬁpz = (Qa + ag)(Py —by) = Qo = G + g, Pg = Py — bq
Gl RE@%@FZ(L q,P) = c(t)qqFPy
Qe = c(t)qa Pa = ()P,

¢
K(t,Q,P) = H(t,q,p) + ¢q.P, = H (t,%,cP) + ;QaPa

i) AAbRAE L, = £,(t, Q)P + g(t.q)

afp(t,q) ag(t,q)
Qa - fa(t: Q)' Pa = aqa PB + aqa

Bl WHECFF, = qoP, + €H(t, q, P), TREE—BIET5/D, FIENAESHK R

JF, d0H(t,q,P) 0H(t,q,p)

Qa—@—Qa'FET—CIa‘FET

_0F, 0H(t,q,P) oH(t,q,p)
P00, T T 0. T 0aa

B S 2R A TG 55 /0N T P9 e AL

0H(t,q,
Ga(®) = Qu(t) = qo(t +€) = qo(t) + €Go = qo + E—S;,q )
0H(t,q,
pcx(t) - Pa(t) = p(x(t + 6) = pa(t) + Eﬁ“(t) - pa(t) B 6%

Fe 1E U A4

5. IE NI B2 b el e U5 AR
Bl IR TH = L+ Dw2q?, ENABIEEE, = Zog? cotQ, K.

fift: OFHAEHKR

p= i = mwq cot Q
0FfF, m 1
P= L= —wg?

_%_ 2 @1 sin? Q
@ fif 24 &
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’ZP
q= %sinQ, p = V2mwP cos Q

(@' g & i &
OF,
K=H+——=H =P
at
@5 AR FRIENTE, RKiE
oK e E
P=—gg=0=P=iill=1
K
0=p=0=>Q=wt+p

ORNZHRK

q= m—la)\/ZmE sin(wt + ¢g), p = V2mE cos(wt + ¢,)
A= s R BOR AR g 27 W R, HEAE .38 538 A0 2E R RR 8

Bl FHAEOE RS, ULFIERTH = 1p? + 12 ENI R,

OFF A5 N

2
1
p?—isian, 5q2—>cPcoszQ, K=H=cP

HIE'S SV
q =V2cPcosQ, p =V2cPsinQ

2
— _p 1,
Q = arctan(q,p), P = o + ch

eI A 75 9 11 I A2 e

2
p* 1 —pdq + qép
85qg—PSQ =pbqg — |—+ —q?2 | —————— =
pdq Q =pdq (26+Zcq> PR
1

2c

1
5q — —(—pé 5
pdq 2C(pq+qp)

1
= (1 +Z> pdq ——qdp

e =—11f

1
péq —P6Q =46 (qu)

AR, IR AR
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Sl 3E HE B R AL
P 1
= EQP
Fr I PR FH 2 A iR B
1
Fy(q,P) =F +QP =-qp +QP
T ZEp, Q, MK R
q=V—2PcosQ, p =V—2PsinQ

@Q = arccos

2
p=v—2PsinQ =v—2P |1 +Z—P= J=2P—¢?

1 q
F,(q,P) = =q+/—2P — q? + P arccos
AT ! V=P

g5>]: R L R B, SRAFE IR T 17 L

6. JELLIENZHAELE IR H
R L U A 585 22 P M

F, = F,(t,q,P, )

AR SH. KT /MEAN

Fy(t,q,P,€) = qoP, + €G(t, q, P)
X B G T T ) AR 4 ) AR PTG -
SEH 7R KRR R

Fy(t,q,P,€) = quP, + €G(t, q, P)
Y5 TEF5 /N IENARH: (ICT, infinitival canonical transformation) ', #EE & 1235 N

6A =A(t,q+ 6q,p+ 6p) —A(t,q,p) = €[4, G]

WEW: TREAE BN,

oF, 3G 3G
5 =qat€s5 =qatez—2>89,=0Qx—qu =€
ap,

Qo = ,
“ 0P, 0Pq 0P
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TR
A(t,q+ 6 + 6p) = A(t )+aA5 -I-aA5 A(t )+ 04 0G 04 0G
’ ’ = [ Yy a9 = Y E—F———€———
q q p p q p aqa qd apa pa q p aqa apa apa aqa
= A(t,q,p) + €[A, G]
8A = €[4, G]

.
FEAEESEN A 5 FERGXR.

FEH WIS /NS I AR 0 255 — 2R iR BN
F,(t,q,P,€) = q,P, + €G(t,q,P)

ULSHL S B g B 0 500 2
aG
(9 TV B e SR B
G@%m—ffwm

UERT: TG IE AR e (A R O

F(trq'p) =F, = PQy = qo P +EG(t'q'P) — P Qg = —P6q, +EG(t'th)
= —Po6qq + €G(t,q,p)

FEBCASHT ) WG S ok L ) A e

dG(t,q,P) aG(t,q,p)

— 2

oF.
K(t,Q,P) = H(t,q,p) + a—f =H(t,q,p) +¢€
T RAEMEER

aG(t,q,p)

o )dt = podq, — H(t,q,p)dt — d(—p,8q, + €G(t,q,p))

P,dQ, — (H(t, q,p) +¢€

USRI — TE 2R e [F Bt v AR e, I NAETE R (¢, q,p €), 1815
PdQq — H(t,Q,P)dt = Padqe — H(t, q, p)dt + d(p(t' q,D, €)

5 EHEAESEARR, 19
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0G(t,q,p)

5% dt = d{p(t,q,p,€) — Pabqa + €G(t,q,p)}

{H(t,q,p) — H(t,Q,P)}dt + ¢

aG

E{[G, H]+ 5t

}dt + Z 0dq, + Z 0dp, = d{o(t,q,p,€) — pa6qs + €G(t,q,0)}
WU I I FRIE SN %R Uy, T e

a{m;ﬂ+aﬂ—ﬁ°—o a{m1ﬂ+aﬂ—n

g, "’ aty ot op, U at)

Hp

3G ~

DA T ) R K
BAEHIANSER, G(t,q,p) — [ (Ot TIHE.

FRATT AT A v 52 BEOROR S AE

aG
@(t,q,p,€) = —(—pa8q, + €G(t,q,p)) + Eff(t)dt =€ (paﬁ -G(t,q, p)) + Eff(t)dt
a
Ap = @(t,q,p,€) — o(t,q,p,0) = ¢(t,q,p,€)
~HAL + peddq — 8¢ = Peddq — B¢ = €G(6,q,p) — ¢ [ Fde

SR AERE
XS5 AT LA B BAIAR e v Ry s BRI . ISP, S RER B AR AR

B GEFPEFYER) Gt q,p)RFiaE, A

aG

G
6 = ) G t’ ] = ) 8 = ) G t, ) = —€—
Qo = (40, €G(t,q,p)] = € . Pa = [Par €G(t,q,D)] € 0.

FETCTT NI FRAE

B SRR K IR B IS R0 R A H

filf Oy E
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it

A=pxL—ma
) S Ti
A =mnp —Pi(P‘T)—ma7

o(e-A) ., . .
T-l‘[E'A,H]—O

TRAEMRECN

-

S 7 7
FZ=F-ﬁ’+€-A=?-ﬁ’+E~(ﬁ’x(?xﬁ’)—ma;)=rip{+ei(riﬁ’2—p{(ﬁ’-?)—maf)

RE 2 JET5 /N, IENAZ N

JF, VL Lo ma ma
Pi= Gy =pj+pe—(€-Ppj———¢+—5 (€N
,_OF - L, . s
r,-=a—pj=r,+2(e-r>p,-—(p-r)e,-—(e-p)r,-

SR R R TE 75 /ANE RS R AZ
At =0
AF =2(e-P)p—(€-P)F — (B-T)E

5= (M _52) e i b @ B)p
8= (—=—F?)é~—5 (€ DF+ (PP

Ap = —(=pi0r; + €:4;) = pildr; — €;4;
(€-7)

=2(€-1p°-20E-PFE-P) - (€-MNp*+ (€-P)F-7) + ma

= PP = DE D+ @D

5T 2R AR e HE S AR ) 2B BTG

p?
L > o -
H = Z Zml + V(t,rl,rz,"‘,rN)
l
A= Zﬁl ' 7_:!1' _H(t,Fi,ﬁi)
i

FEMIAIS HESD AL HL T

At = 0, A'Fl = gt, Aﬁl = mig

. p; + m;€)?
Adt —» Ndt' = E (ﬁi+mi€)-(ﬁ+€)dt—“ %+V(t.ﬁ+?t) dt
- - i
1 L
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=g g > = - - 1—> > aV
=Adt+e-Z(pi+miri)dt+622midt— E-Zpi+5622mi+te-267 dt
i [ i [ il
S 5 1, . av
=Adt+e-me~dt+§e Zmidt—te‘za—ﬁdt
L L l

HEINTINE,

)

. 1 1
Ndt' = Adt+€-2miﬁ-dt+§€22midt = Adt + d(EZmlﬁ —Egztzmi>
i i i

i

FE HEXTFRAL #15,
—HAt+ZﬁL--AFi—A<p=tZﬁi-E—g-Zmiﬂ-=6-(ﬁt—M?C)
i i i
_>def g def 2 def 1 4
P=Zpi, M=Zmi, TC=Mme
L L L
PR

-

I_()=F_’)t—MTC

SRR AR R R s HE S A T »

e T 75 /N2 PR IE D A
F, = qoPy + €G(q, P)
TREFIE B IR A, WA UGG (q, p) R STHEE .
WEE TEXAN LT NER AR T,
H(t,q +8q,p + 6p) = H(t,q,p) + €[H, G]
WUER G H W AL,
H(t,q + 6q,p + 6p) = H(t,q,p)

MBH[H,G] =0. T

S GAMIFODUNI IR, SAPRTER, R XA .
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dG
dt

)
fm
4
T
fein

I (TN MR B ELE IE M AR, (H R Z A —E AL

7S~ HamiLTOn-Jacosl B i

1. HAmILTON-JACOBI T T2
IR B BIENZS S, A S EE RS R 88 2R R E0

oF,
K=H+—==0
Jat

K oK
%=5p, =% TeT75g, 7

I FH 56 A b R AR S P TE ) AR 4
oF, oF,
F=F2(t,q,P), pa=ﬁ' a=ﬁ
A4 25 TE DU A 463 2

H(t 6F2)+6F2—0
Toq) "o T

XAEs + 1MNEE(qy, -+, g5, I PDE, f#F, &AM HEE M, -, 15)
I BAE SRR, TRF, + c SR T RE A

¥ANFS, E X Hamilton E R E

S(t,q,m) € F,(t,q,n) + 14

258 Hr it IE W Zh &
Pl = 771:"‘,Ps =Ns

W& 20 3 2R H0 /£ Hamilton-Jacobi J7FE,

H(t 65) as_o
5q) Tt T

o F LM S35
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XA RS

aH—o H =F
(?t - Y (q!p) -
HIE AN
as(t,q,
+ %fm=0$5@%m=—H+W@w)

W (q,n)# N Hamilton RFIERRHEL, /L

RN 32 PRI 25 - FE AT L J5FE Crestricted Hamilton-Jacobi equation) . iX & s/ANE & — B m i J7

o

Hamilton-Jacobi FRSFE2sANIEN T FEFAL N 1 NELMEMB D T RE, BIRRE R4/
A ie) i SR E RS ) B, AR TR R ) 5 — AR & AR . HAHETT 2 Hamilton-
Jacobi-Bellman T FETEIES B AL . B MBI (Black-Scholes 77 #E, 1997 i N /REFF23%)
HEHENH.

2. WEEWE R EONIFE R B W E R X
L 2 MO B TSR

dS—aS' +aS— ] H=AeS=|Adt
dt _aqaqa ot = Paa - -

SRR AR T AR F A AU, DR SRR B A E P R
X HG RS,

—Et+W =5= f(paqa —E)dt = fpaqadt —Et

W= f Padqa

HIRA 7 BR AT AR 294 AR

ST BT e PR B SCA 2 ] o G BT BB e o ST e R 1) 0Ly, B
WIS (to, q o) ) L2 58 6 135S (6, 9 (0) BN
t
S(tora(to)i £,q(D)) = j‘{pa(r)qa(r)-ff(r,q<r),p<r))}dr
to
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Hrq () e R Tz

. _0H
Ga = m
Do (ORI HIAR &,
FEERIZS, WER REUE RS KR
t
S(t.q®) = f (P4, () — H(z,q(D), p(1))}dr
to
KRS ERAE),
t,qe(t) > t' =t +At,  qo(t') = qu(t) + Agqe(t)
A FH R B 02 R

as as
AS(t,q(®) = S0t + ﬁAqa
a

=4 f (e a(® — H(z,q(2),p(0)}de

" Op,

= (Pa(D)da(®) — H(t, (), p(£))}At + pobaalt, + j t{(q a—H) O — (P + :TH) 84a)

W tr oH
= P4, = H(e, a0, @)t - [ (0 +5) Saude
t; a

I MRAZ il po (82 B UNARL, T LA

Pa t a—qa =0
TR
AS(t,q(®) = pa (DA, (t) — H(t, q(t), p())At
Ell]
as as
Fria EA% = pa(DAq,(t) — H(t, q(0), p(t))At
Al E
_05(tq)
Da(t) = 24,
as as
E—FH(t'q'aqa) =0

3. F|FH HamiLTon-Jacosl 5 FE R iR /712 a) iR
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N R RENE 1 MATE RIS . 7 BAR AR PDE 2 (BEERE) BRARRI N A

% ~FEENRTH = ﬁ (p2+p2) + %mcoz(x2 +y?)
fifi «
OF H HI L.

Hamiltonian A&, 2R HI 52

1 <6W>2+1 e (aw>2+1 22 _ g
2m\ Ox mex 2m\ dy mey B

QIHECIENAITR, AR, FoRWLEHEL.
P, D7 AR B KRR T L AL

Wx,y) = W (x) + W,(y)

1 oWwn? 1 1 W% 1
o (52) +ymarat} = 5= [ (B32) 4 gmotyt} =,

2m\ ox 2 2m\ dy 2
KAy, ARG, TRE A RE Ty, REE R

1w 1,
— (=) += =E
2m<6x)+2mwx !

1<6W2)2+1 22 _p_ g
2m\ dy mey a !

W, = if\/ZmE1 —m?w?x?dx

W, = if\/Zm(E — E;)) —m?w?y?dy
W(x,y,E,El) = W1 + W2
S(t,x,y,E,E;) = —Et+ W(x,y,E,E;)
AR E, E, T E N Zh &Py, Py o

ORHES = F,(t,q,P), 5HEWRKR

Px = i i\/ZmE1 — m2w?x?

as
Py =5, ~ +y2m(E — Ey) — m?w?y?

P2 N

_=Q1=_

t+ f m d t+ ! i m
=—t+ =—t+—arcsin| [=———=w
@ oE J2m(E — Ey) — m2w?y? Y w 2(E —Ey) Y
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Q as m m
—=0Q;= x* d
w 9E, J2mE; — m2w 2x2 J2m(E — E;) — m2w?y?

- 1 ) m + 1 ) m
= T Z arcsin 2_E1 wX 5 arcsin ﬁ wy
@S SRR T SRR AR L
= % %_El)sin(wt + ¢,)
. m — + . m
arcsin 2—E1(1)x = T arcsin mwy + )

F— AT IR S R E I EE SO AL, R

H e AT

FHoAXTRYGETE, BUEZRE, a3 H6E T2
BEHE-ARTRANEZARXT, T80,

arcsin 2—E1wx =t(wt+¢@)+p=>x= 5 Wsm(wt + @)

AT A F o 1 A s - 4R e IR G A ST E
] BRABAR 2R 1A HIE

1 P6 s
_ ~{.2.Ps
_2m< +r2+r2 <in 2‘9>+V(r 6,p)
HrSaerIE N
V. (9) V3(o)
V(r,6,9) =V (r)+ 2 Tz;m
] 4y B AR &,

S =—Et+W,(r)+ W,(0) + Ws(¢p)

Restricted HJE

1 (faw, () 1 (/dw,(6)\
%< e ) +2mV,(r) L w— ( T > + 2mV,(6)

1 dWs(p) ’ _
t—s 9{< v +2mVs(p)(=E
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B QHIER I b H L

dw. 2
( ;(;"’)) +2mVs(9) = 3

fX 8] Restricted HJE,

2 2
L {(dwl(”) +2mV1(T)}+;{<dWZ(9)> +2mV,(6) + o

2m dr 2mr? do sin20(

R E ORI,

BJE RN Sy,

4. IENHILEL

PR R, B ARG R
H=Hy+H
HAH WA EAER . Hofti& ) RGAHXS T8, B G RE (TR
S

aS+H(t 65)_0
ac o\ %5q) T

fifE AT TS ) Hamilton B 3LS (¢, q, ) IXAEAEE SRR EF,, 43 AL F IR AS i,

Dy = as(t,q,m) _ as(t,q,m)
¢ 0q, * Mg

BHWARIH N, Fr A IEM AR B, e H oL qq = qo(t,€,1m),Pe = Da(t, €M)

BUEX IR EH = Hy + H'» TR VAEORINIS (E, g, m) F,» ARIRIFEIR I NIAR o XIS IE
AR B NE, (6),ne (), WEWENK = H + 3—f = (Ho+H") — Hy = H' . HIEMNTTRERR T
&7

_OH'

: oH'
“ o,

0¢a

Ng =

54 / 64



T H RN, &4 (1), 1o (6) BEI 18] 218 503 « SRAFIADE T RS (— ML/ Z I B IT I 715D
FRNE), n(@), ANBEAIR AL R 1T

de = 4 (6EOND), P =Pa(t,E(©),1(D))

) —HEARLIERSY (0) = Jmabx? +74x% 10

H=H,+H'
2
p 1 1
H - - 2.2 H/=_ 4
0 2m+2mcu0x, 4/1x

JolUH = Hy» SKIE 0 BHILBL) H-) J5RE,

+ -mwix? =0

as 1 (as)2
2

ot T om\ox
B FEA i 28 = 2R AR %

S(t,x,E) = —Et + W(x,E)

W(x,E) = if ’ZmE —m2wix?dx

as

C=a_E=

—t

ow mdx
D
o V2mE — m2wix?

2E
x= |—5sinwy(t +C), p = V2mE cos wy(t + C)
’mwo

HARIESAS ] DRSS HCH, REC - €+ n/w fI ).
WAEMH = Hy + H', SAJG1/EIEN A4,

x,p > CE
6S+H 0=H=Hy,+H -K H+aS H'
—_— = = - = —
at - ° 0 ot
PRI T AT S i i
p_OH oW
~ OE’ - ac
1 AE? AE?
H' =-1x*= 5sin* wy(t +C) = 5{3 — 4 cos2w,(t + C) + cos 4wy (t + C)}
4 mwg 8mwg
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(. AE
!C o 2{3 4cos2wy(t + C) + cosdwy(t + C)}

2

/1E
l E= {2sin2wy(t + C) — sindwy(t + C)}
2mw,

T FHZAR R R EURTIT R IR 2P,

CLE) =Co+ CL(OA+0(D),  EQ) = Ey + E; (DA + 0(22)

. E
{Cl(t) T 4mw?

. EZ
LE40=mm
0

{3 —4cos2wy(t + Cy) + cosdwy(t + Cy)}

{2sin 2w (t + Cy) — sin4wy (t + Cy)}

( E, 2 1
{ c.(t) = {Bt — —sin2wy(t + Cp) + sm 4o (t + CO)}
N dmw} Wy

E§
2mw,

1 1
k E(t) = {—w—cos 2wy (t + Cy) + Ecos 4wy (t + CO)}
0 0

Xy AT AR Rl R IR BT

/ ssinwy(t +C) ~

_ o (14 3o
@ =% 4mw}

5 sin (uo ) t+ wOCO)

5. ERZEMAZE
AT 36 R G ),

H =H(q,p)
WA EI B — AU H BN & GRAMMAZIE) , RiREREs).
JeRHUEE R AR AR IEARAR) , GBS WURAAE B B ) S AR B
W(g,m) = Wilge,m + Wa(qz,m) + -+ Wo(gn,m)

& X AERZRE

! 1 raw(qn) , _ W (qem) , S
Jo E Eépad‘hz = E% 944 dq, = ana—qa _]a(n) (TE*/]TCITZK*D)

=]a(71)
XS —A AT A AEASE (EUEHE) MEHN.
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FSREN, = 1o (1), AN ZWUFAE B8 %
w =w(q,n())
IAECAW (q, ) NS — 2R A iR

ICHERUCHI0)

FEE A,
a.p— 0.
oW (q,
k(@) = H(gp) + 20
Sorb AR
oW (q,
0, = 0,(q) 2 22D
BTN
0B . E()
=%, JT "5, °
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