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() 000000 U=¢,(r)é,(r)010200000000000000000

(b) Pali 0000000200000 00000000000000O0O0O0OOOOO
gbooboobooboobobobobobobbobbONe. 8OO0 500D
ooooboboooooogooobobooboooooobobooo ?

00 mOO0OD0O0O0OO0100000000000000000000O0O0O0O0O U(x)0O

0 oz <0
U(x) =< Uy 0<z<a
0 oa<zx

ooob v, 0obobuooobooobobobobuobooobobobooobong
googbooobogbboobuoobbooboooobuoobbooboobba
gboboboodgoboood

(a) 000000000000 Schrodinger 0000000000000 w(z) O <0
Oo000ooooooooddbz<0o0b0O0O0ooooooooooooooon
godooodoood ' '

’LL([E)Zedw—l-A@_ka
000000000000 00O000 FOOO. kKO FOOOO

(b)) 0<zrx<aeOODOOOODOOOOODDODO EO U, 000D00C0O00O0OO0OODO
goboboogooboboood

(c)a<2x00000000DDOODOOOOO
u(z) = Be™®

000000000000000000000000000000 |A?00000
B2PO0O0O00O0
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JO00000d0d No. 12

1* WKBOOOOODOOOOOOODOOOODO1OO Schrodinger O 00O

<_;i£;+wq@>u@):Eu@)

00000u(z) =A™ 0000 S(x)00000000000000000 AOO
0oooo

() SO AOODODOO
S = S0+ hS; +h*Sy+ -

OO0ogo S, S; 00000000 WKBOOODO.OoOOO

S, \?
(mﬁ = 2m(E - V(z)) (1)
A28, dS,dS,
de2_2dm dm_o (2)
oo
(b) DO0OO

() E>V(z) 00O

So(z) = i/mp(x’)dx’

$i(2) = gilnp(e), pl) = \2m(E V)
(i) E<V() 00O

So(z) = +i /x q(x')da’

1
Si(w) = ilng(z), qlz) =/2m(V — E)
00000000

(¢) Schrodinger 0000000000000 OOODOI00 Newton OODODOOOOO
gbobbbooogligooobbobuoooobbbuooobbbogo

(0) Hamilton-Jacobi 00000000 SOO0O0OO

a5
5 TH=0

oooopoobooS=-Frt+S 000000 F=HUOOOO

2

P
.H = i 4]’/‘
2m ( )

0,

good pza—ODDDDDDDDDDDDDDDDD Hamilton-Jacobi 0 O O O
x

goooboog
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2. WKBUOOOOONo. 110000000DOO0DO0ODOODOOODLDDOO E<U,
gobooogd

(1) 00000000 wx) O z<000

U(l’) — eikm

guodboubododddd z>ae Ul
u(z) = Be™*®

Ub00000<z<eO0O0OD0OOOOO WKBOODOOODOO

u(x):C'e_%fbxq(x/)dx/, q(z) = /2m(Uy — E)
DDDDDDDDDDDDDU(QJ)DDDD r=00 = 000000000
BOOODOO

(b) No. 11 0000000000 0O0O0OO0OOO0OO0O0OOONo. 11000gno
DDDDDDD|U0—E|<<EDDDDDDDDD

3. 00000D00DO0ODO0O 100 Schrodinger 00O O

h? d*u(x)
- = F
2m  dax? u(z)
0 -f£<zx<iZ0000000000000000
() DODODOOO
. . 2omE
u(x) = Ae™™™ + Be ™, k= 777?2
O00000000000000000000000000000 u(z) O
u(z) = Ae™*”
D0000000 «(») 000000000000000000AD000000
ooooo )
k:£n7 n=0,+1,+2,---
L
Dooooooo
(bhy DOOOOO
pr — xp = —ih
00000000000 D000000
]. -2
Up(x) = —=e"' L 7
NG
O00000000000000000 0000000000000
21h
(n— m)% < Up ||ty >= —i RS (3)

gobooogon

(¢ O30 n=mO0000000000000O00O0O0O0O0DOOOOOO pO
gogoboboobobbodoooooooboobobbooooooobbobooooa
gobo
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Appendix I

A oooooooooooon

1
oooooo En:(n+2>hw, n=012-

o=\
(a) n=0 .
o(x) = <i> ' e 2%
(b) n=1
i (7) = @r) " (2aa)e 1o
(c) n=2
Py (x) = <6i7r> ! {4(043:)2 — 2} e 3
(d) 00O n
Up(x) = <4n7TOEn!)2>4 H,(azx)e 2 22
n €2 v
0o Hn(f):()egd—gneé
Ho(§) =1
Hi(§) =2¢
Hy(§) = 4¢% = 2

Hy(&) = 867 —12¢

Hy(€) = 16¢4 — 48¢2 + 12



)N ERERERE

Bohr OO ap =

000000 E,=

gooo:

(a) IsOO

(b) 2p OO

(c) 2800

h2
— = 0.529 x 1078 cm
me
mZ2%e* m [ Z\?
oz =52 (137> :m=0.511 [MeV/c?]

Y(r) = Rue(r)Yem (0, )

ZN\2  _zr 1
R1s<7”) = <a0> 2e <o, YOO(Q,SO) = ﬁ
7 % 7 Z
T _ Zr
R = _ 2a,
2p(7”) (2%) \/gaoe 0

RPN £
T
3
Yi0(0, @) = HECOSQ
3 . i
Y1-1(0, ) \/8—811186 b
T

Zr

ii



@ oooo

(a) Exponential O 0O O

= 1 0 1 o 2
/ e dr = —, / ve” “dr = —, / rie” dr = —
0 ! 0 Q@ 0 Q

(b) Gaussian 0 O O
22 T X 5 a2g2 1 ™ 4 a2 3 T
/_Ooe dx:,/E, /_Ooxe dx:?/E, /_Oo:z:e da::Z o0

o [r (2n-1)T

opr\ B onprts
(000@Rn— 1) =1x3x--x (2n—1)]

/ e P dy = (—1)"

(¢c) Gaussian DO 0O (0O00O) [D0OOO0O0O0O]

o 2 1 2
/ 22 e P e = 0
—0o

1 n!
iﬁn—i-l

* ont1 Ba?
/x"*e’xdx:
0

il



Appendix II

1. OO
() DOOD0OO
df _ flea+Az)— flx) . Af
dr — Armo Az - Alggo Ax (*)
(by DO OO
df (uw(z)) _ df du ()
dr  dudz
O000: f(u) =u?, u(z) = e*
00 (*)00
00 0000000 flz)=w? = 00 YU _ 9o2
(c) OO0
8f(;;’y>zyDDDDxDDD ()
000: f(x,y) = x™y" Lé?y) = na™y"
(d) oooO

f(t),y(t),t) OO0

g _ojw ordy o
dt Oz dt Oydt Ot
000: f(z(t),y(t),t) = 2°ye™
r =sint, Yy = cost
00 (%00
4 = 2zy’e™ cost — 2yx’e sint + ax?y?e™
= sin 2t cos 2te® + fa(sin 2t)%e™
00 0oooood
f(z(t),y(t), t) = sin®t cos® te™ = 1

4 = sin 2t cos 2te® + La(sin 2t)%e?

(sin 2t)2e®



ou ou
ov ov

o w0 w0
or Oxdu  Ordv

a_f)uf) ov 0

o " oyou T oyon
3. Grassmann [ [

a,b0000
axb=—-bxa (*)

OO000DO000O000O00DOOoooooDooooon
00 du,dv 00 Grassmann 000000000000

ou ou ov ov
du*xdv = (%das + Fydy) * (%dm + @dy)
Oudv  Oudv
= (%a*y - Fy%)dx * dy (%)
Oudv  Oudv

7" oy ayor
J O Jacobian OO OO

Ou  Ou

_ | ox oy
J = ‘ v v | (*)

ox dy

il



+ 0o
(a) (z,y,2) = (1,0,9)

P
dr =
dy =
dz =
dr =

rdfd =
rsinfd¢p =

rsin 6 cos ¢

r sin 6 sin ¢

rcosf

sin 0 cos ¢dr + r cos 6 cos ¢pdf — r sin 6 sin ¢pd¢
sin @ sin ¢dr + r cos 0 sin ¢df + r sin 0 cos pdp
cos @dr — rsin 0df

sin 0 cos ¢pdx + sin 0 sin ¢pdy + cos Odz

cos 6 cos ¢pdx + cos 6 sin ¢pdy — sin Odz

— sin ¢dx + cos ¢dy

O000 Jacobian J OO OOO

(O0): J=r%sind

(b)) 00000000000 A=V-V

0? 0? 0?

A= getapton W
19,0 11 0 . 0 1

A = ﬁarE—i_ﬁsm@%&ne%—i_r?sinm@ (*)
10 0 1 02 0?

8= e tEaE e W

(c) DOODO (ds)?

oo S Ot
~— N

— —~ —~ —~ —~ —~
=) ~J

/N
—
_ O

—~
—
[\

(13)
(14)

(15)

Cartesian Coordinates : (ds)? = (dz)* + (dy)? + (dz)? (%)
Polar Coordinates : (ds)? = (dr)® + (rdf)* + (rsin 0d¢)* (%)

Circular Coordinates : (ds)?* = (dr)* + (rdf)* + (dz)? (%)

il



(d) Taylor OO

’ 1 " ].
flata)= @)+ f (@ + 5 (@ o fO @) 4
gdd:
a 1 2
(14+2)* = 1+am+§a(&—1)x +-- (%)
1 1
Vi+z = 1+§x—§x2+--- ()
1
1+ = l-az+2” -2+ (*)
1 1 1
1H(1+ZL‘) = $—§$2+§$3—1I4+"‘ (*)
1
e’ = 1+x+§x2+--- (%)
1
sinx = x—6x3+--- ()
1
cosr = 1—§x2+--- (%)
*Euler 0 0 O
e = cos +isinf (%)

Taylor 000000 Euler 000000000

v



. oo

Definition:

(a)

L=
T A

oo 10

i+wPu=0 (¥
(O0): Put u=e™. Then

(a* +w?)e™ =0

a = tiw

Therefore, u has two solutions.
U = eiw e—iw

A general solution must be a linear combination of the two solutions.

u= Ae" + Be ™

From Euler’s formula (e? = cosf + isin ),

u = A'sinwt + B’ cos wt
Note: A, B, A" and B’ are arbitary constants which should be determined from the
initial condition.
00 20

=)= )

(O): Multiply % to the both sides above.
.Og

Ul = U—=

ou
1di* dg
2 dt  dt
1

-9
S =gs1C
=9t

du

=
2(g(u) +C)



(c) OO 30

Linear Differential Equation:

(@):

Put u = e** . Then

d"u d7u

Un——+ -+

dtr g Taou=0

a4+ -+ aa+ag =0

The solutions are given as

alt

Uy = e yo e

J Uy = €

ant

Therefore, general solutions are described

U= cre® + .. 4 cpe®n

Here, a, are roots of the equation.

6. O OO

Definition: a = (ay,az, -, ay,)
*Ooooooooogx**
*MO* a-b=ayb, +ayb, + ab,

€x
Qg

ba

Cy
Qy

by

(aybz -

*DOO*|al= /a2 +a2+a2

€z

a, ()
bz

aby)ex + (ab, — azb,)ey + (azby, — ayby)e,

vi

()



7. 00O

*n00000* A={A;}li=1--n j=1--,n
*MOOO* (A%, =45

*WooO* (A =4

*LOoooo*  (Ah); =43

*0000000 * A=Af

*Ogoo ox

det(A) = Z €(m1~~mn)A1m1 e Anmn (*)
P

where €(,...m,,) is +1 for even permutation and —1 for odd permutation.
SRk [] *k

det(AB) = det(A)det(B) (%)

*Wooo Tr*

TrA = zn:Aii (%)

i=1

ok [ Hoxk
Tr(AB) = Tr(BA) (%)

det(A) = exp(Trin A) (%)

oo Assume that A depends on x, and make its derivative.
A = A T = Ly det(A(x)) (AT = det(A(x)) Tr(AT G

dx dx dx
By putting A(z) = e*P with B a constant matrix, we obtain
7ddetd(;w) = det(exB)Tr(e_zBexBB) = det(e*P)Tr(B)

This differential equation can be solved easily with the following solution,
Indet(e*?) = 2Tr(B) + C. From z = 0, we find C = 0.
Thus, we obtain det(e*?) = e*T(B) |

By putting z = 1 and A = e®, we find det(A) = T4

vil



s Juooooogog

Au = au
a: OO0 w O0O0O0
Uy
U2
u= -
Unp,
ooooog

n
> Ayjuy = au;

j=1
MAODODDOODO***

(Ajjuj —au;) =0 (x)

B
[y

NE

(Ajj — adij)u; =0 (*)

1

.
Il

Here ;5 is 1 for < = j and 0 for 7 # j.
000 », 0000000000000 w; 200000000000

det(AZ-j - CL(SZ‘J') =0 (*)

viil



[1.] Any eigenvalue of Hermite matrix must be real. **

(0):

(u, Au) = a | u |*= (ATu,u) = (Au,u) = (au,u) = a* | u |?

Therefore, we obtain a = a* which means a is real.

[2.] The determinant of any unitary matrix is £1. **
(0):
det(UTU) =1

On the other hand,

det(U") = > €tmymm) Ait - A
P

= ZE (m1-mn) 7n11"'14mnn)>|<
P

= (X tmrmny Aty -+ Ay, )* = (det(U))"
P

| det(U) |*=1, | det(U) |= #1
NEREREEN
Using the identity
(f9) = fa+fg
Putting f = F,
/ng:v = fg—/fg’dw (%)
Frexample™*

/1n:cd.:1::xlnx—x—0

X



