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T4 7 —ERO—KIE & ZEM
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ATy T TRET DHRE
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s B IR Y =y
E'E'/@u o JHEAZRAE (x, ) = (O,
c BRERDH ) y=e>

AN

| BEGIN{
#dx = 0.10 # from the command line
x0 = 0.0 # initial wvalue
v 0 = 1.0 # initial value
xmax = 10.0

printf ("%$e %e %e¥n", x0, y0, 0)

x = x0

y = y0

while (x < xmax) {
y += fxy(x,y)*dx
X += dx

printf ("%Se %e %e¥n", x, vy, fabs(y-vas(x)))

1)

Y# y' = dy/dx = f(x,vV)
function fxy(x,Vy) {

return y

# analytic solution of y(x)
function vyas(x) {

return exp (x)

# absolute value

function fabs (x) {
if (x > 0) return X

else return —-x
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y(xo + h) = y(xo) + hf(zo,y(T0)) —ybo+h) OFHEEFAZT—F)

y(zo + h) = y(zo) + g (f(xo, y(xo)) + f(xo + h,y(zo + h)))

FAS—RBELLBTDE (BEP>THEL L)
CIZT Y F(h)BH 7Y DiEE > O(hs) /\/

cRRFy TTRET BIE > O(h?) /

EIEF A 7 =& . BEIZZX 0(h?)




(A Z—33

) BE oMb

BEGIN({
#dx = 0.10 # from the command line
x0 = 0.0 # initial wvalue
v 0 = 1.0 # initial value
xmax = 10.0
printf ("%$e %e %e¥n", x0, y0, 0)

x = x0

y = vy0

while (x < xmax) {
yeu = y + fxy(x,y)*dx
y += dx * (fxy(x,yVy)
X += dx

printf ("%e %e %e¥n",

# Euler
+ fxy(x+dx,yeu)) /2 # Trapezoid

x, y, fabs(y-yas(x)))
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h k
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h k
k3 — f (:CO + E?y(x()) - h;) 9

_ ks = f(xo+ h,y(zo) + hks),

h
y(xo + h) = y(xo) + 5 (k1 + 2k + 2k3 + ky)
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dy = hf (xo + ash,y(wo) + B20do + S21d1) ,
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s EORARE U B 7% R ,
eTATB) — 1 4 r(A+ B) + % (A+ B)* + O(r%)

2
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s FREICETETE 20U
2 2
e™e™ = (1 +TA+ %AQ + 0(73)) (1 + 7B+ %BQ + 0(73))

=

2
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??:t — — :_“_
AR F (A 7 —%K)
BEGIN{ | /8 i [/l\ \/
#dt = 0.10 # from the command line 1
g =qgpre =1.0 # initial value }]‘ q %_Z)
p =p pre = 0.0 # initial value 2 ( )
tmax = 100.0 Eiﬂjj—;r%ﬁ
}
( dq OH dp  OH
t=0 at  op U odt - oq !

while (t < tmax) {
t += dt

q += dt*p pre

|n

Ll
H
N—

p —-= dt*g pre

printf ("%e %e %e¥n", t, g, p)

5
q_pre = (g <

p_pre =p

COST SInT
—SINT COST
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RAIRENF (> 7L 7T 1 7 BERRE
BEGIN{ /8 2N \ )[/ l\ /
#dt = 0.10 # from the command line 1
q = 1.0 # initial wvalue H = — q %_Z)
p = 0.0 # initial wvalue 2 ( )
tmax = 100.0 Eiﬂjj—;r_%ﬁ
}
( dq OH dp  OH
t=0 at  op U odt - oq !
while (t < tmax) {
t += dt
g += dt*p
p -= dt*q EEE A ([E]%5)
printf ("%e %e %e¥n", t, g, p)
q(t) \ cosT sinT q(0
p(t) ]  \ —sinT cost p(0
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while (t < tmax) {

q += dt*p pre
p —-= dt*g pre

while (t < tmax) {

q += dt*p
p —-= dt*q
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PRFALEDOTRIEL TR W

1
Z=X+Y+-[X,Y]

2
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BREOEEH| (—X)

|# 1a,B] = [B,A]

with (Physics) :

Setup (noncommutativeprefix = {A, B}):

# exp(x) up to x"1

expx := x —-> 1 + x;

# the authentic operator (1lst)

expx := x —-> 1 + x;

# the authentic operator (1lst)

opeauth := expand (expx(t* (A+B)));

# si operator (lst)

opesiml := convert (expand( expx(cl*t* (A)) *expx(dl*t*(B)) ),polynom);

# sort and truncate up to t"2
sort (mtaylor (combine (opeauth), [t], 2), t, ascending);

sort (mtaylor (combine (opesiml), [t], 2), T, ascending);
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BREOEEH| (—X)

| ¥~/ | Maple 2018 (X86 64 LINUX)
¥ |/| . Copyright (c) Maplesoft, a division of Waterloo Maple Inc.
¥ MAPLE / All rights reserved. Maple is a trademark of
< > Waterloo Maple Inc.
Type ? for help.
> expx = x -> 1 + x;
expx = x -> x t+ 1
> opeauth := expand (expx(t* (A+B)))
opeauth := A t + Bt + 1
> opesiml := convert (expand (expx (cl*t* (A)) *expx (dl*t*(B)) ),polynom);
2
opesiml := cl t dl (AB) +cl tA+dl tB+ 1
> sort (mtaylor (combine (opeauth), [t], 2), t, ascending);

>

-

1 + (A + B) t
sort (mtaylor (combine (opesiml), [t], 2), t, ascending);

1+ (Acl +Bdl) t
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# [A,B] != [B,A] ’]
with (Physics) :

Setup (noncommutativeprefix = {A, B}):

# exp(x) up to x"2

expx := x > 1 + x + (x°2)/2!;

# the authentic operator (2nd)
opeauth := expand (expx(t* (A+B)));

# si operator (2nd)
opesim2 := convert (expand( expx(cl*t* (A)) *expx (dl*t* (B))
*expx (c2*t* (A) ) *expx (d2*t* (B)) ),polynom) ;

# sort and truncate up to t"2

sort (mtaylor (combine (opeauth), [t], 3), t, ascending);

sort (mtaylor (combine (opesim2), [t], 3), T, ascending); ,__jﬁj

o ———— o




BB OER (ZR)

> expx = x —> 1 + x + (x72)/2!;
expx := x -> 1 + x + Physics:-"*" (Physics:- """ (x, 2), Physics:- """ (2!,
> opeauth := expand (expx(t* (A+B)))
2 2 2
opeauth := 1 + t A+ t B + 1/2 t (A, 2) +1/2 t (A B) + 1/2 t (B A)
(P E)

> sort (mtaylor (combine (opeauth), [t], 3), t, ascending);

1+ ((A+B) t+1/2 (*(A, 2) +AB+BA+ (B, 2)) t
> sort (mtaylor (combine (opesim2), [t], 3), t, ascending);
2
1+ (Acl +Ac2+Bdl +Bd2) t + 1/2 (c1 ~(A, 2) + 2 c2 cl ~(A, 2)
2 2 2
+ c2 (A, 2) + (B, 2) d1 + 2 ~(B, 2) d2 dl + "~ (B, 2) d2

+ 2 dl c2 (BA) + 2 cldl (AB) +2cl d2 (AB) + 2 c2d2 (AB)) t

+ 1/2 t

" (B,

2)
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- 7-1% Leapfrog)

-
BEGIN{
#dt = 0.10 # from the command line
q = 1.0 # initial value
p = 0.0 # initial wvalue
tmax = 100.0
}
{
t =0

while (t < tmax) {
t += dt
= g + dt*p/2

Il
o
|
o}
o
*
Q
Q.
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1 247 1 37 2 47 2 37 3 247 3
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q q1 ap p2
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D lgo P lp(r)

Ruth (1983)
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cH=T(p)+ V(g) IR » %L

c INENDEDAIBER A THRL

e Fll. AR—=X T 7 ) OEHET XD 0

Hubaux+ (2012)

function

H(V7 Aa r, 6) — erpl(va l')

Let us consider the following autonomous Hamiltonian

7_(rot (A)

+ H3pody (r) + Herp(r)

ngopot (l’, 0)
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Herror — {{HO,Hl},H()} —|—O(€

24
« B, KFZHRIKEDIEE)
H = erpler(L> + €Hinteraction(r)7

r2) + O(r*)

e ~ 1073
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