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0000000000 M2 00000 y0OOOUDOOOOODOO0OOUODOO0OO0OO0O0OO0 (ortho) O
0000000000000 0000000000 1000000000 (normality) 00000
00000000 2100000 (ortho-normal) 0000000

002160000¢0000000000cos?2(—¢)0000(6|¢) 000000000000
(fl¢y 000D0D0000000D0000

o0 (6|¢') =cos(f—¢') 0000000000 000000(Y6)=10000000000

002.260000000z000000000000(«¢)00000000y00000000
000O0(y/¢) 00000

oo (x|0) = cos, (y|f) =sinb

o023¢00000000000000000O00x0000000y00O0O0OOOOOOOO
gbooooogao

b0 bobooboobo1oboooooboaoo

gbooobooboooo 250000000000 000o0ooooooooboooboono
gbooooboooboobooboobooboooooobooooooooboboboooobobooon

17



R e

IAny

<ylx><x|y>+<yly><yl|ly>

REE v

025 z000y000000

gobobooboooboboobooboooooooobooboobooboooboooobooobobOooDbOoOoDn
goooooooboooboooboobooboOooboobboobbboobbboobbooboobogoo
gbboooobooboobooboooooooboooooooboobooboboobooboooon
gbooooooobooboooooboobooboooooboboboOoboooobooooobooon
goboooboooobooobooboooboobboooooboobooooooobooboooooooon
gbobooooobooooooboboboboooooooooooooboobobOobOoDbo
gbboobooboooooooboboo2s000000b00obo0o0ooooooooobooon
gbobooooobOi1ooooobooobboooooboooooobooooooooooooooon
goboooooyooboobobo0 yxyOoobooooooobobooboooobooobooooo
goooo

(x| 2) (2| ¥) + (x| ) (Yl ¥)

0000000000000 000y 0 xUOOOOOO0OO (x|v)0OOOOO0O0O0OOOOOO0OO
obooo

(xlz) (z]¥) + (x|y) (y[¥) = (2[)

gobobys0 00000y 00000DOO0DOO0O0DOO0ODOODOODODOO

> ) Gl = (xl¥) (2.2)

all j

00000000000 00000 y0O0O0O0O0O0O0O0OOO0OOO0O0OO0OOO0OO0O (complete)
gobooogo

gooooood 90000000000z 00000 yOOooooboooooobooooo
gooooooOoooooobo 230 e00000000000000z0000000 yOO
gbobooooboobooooobobooooboobob 100000Db00

| (2l 9) P+ [ (ylv) | =1

gobobD:0 200000 y0OOO0OD0O0ODO0ODOOODOODOO

ST P =1 (2.3)

all j

18



00000000 (absolute value) 1000000000000 00000000000000
O0]z2=220000000000000000

> G Gle) =1
all §
00002200y 0 0000000000000D00DOO0O0O0ODOOOOOOOODOO0O0O
10000

> (W) (il =1
all j
00000000000000000000000(x|4)"=(jlv) 000000000000
Odooooo
0000000000000 00000000D00 v 0 xOOOOoOooOooOooooooo
oOoOod

(Px)" = (x|¥) (2.4)

00000000 (conjugate) 0000000 OO0OO0OOOOOOOOOOOOOOOOOO
gboooooooooobooooobooobOooobOooboOoOoboobooOobooobooDbn
goooboooobobdbotd..0000b yOoboOoODooooobobbob 21000
ggooboooo 22000d0bbdodobooobbooubboubDbbooobboooo
00 (perfect) D00 ODOOO0ODOOOOO0OOOOOOOO0OOOOOOOOOOOOOOOO
000 (base states) D0 00O

002400000 00000 )" =(jy)000000000000024000000
000 022000000 yO0OOOOOOOOOO0OO0O0O0O000

22 JUOoo0ooon

o0o0oo0ob0O 000000000 000o0oobooOb0000ooboDbbO »000o0oooDo0on
gbooooooboooon

(xlv) = (x| z) (=) + (x]y) (yl¥)

ggbooobooboboobbooboobooboobn

) = |) (x[¢) +[y) (yl ) (2.5)

0000000000000 0000O0 (xq|oooo000U00O0O0O0O00DUOOooOOooO-
0000000000000 ¢ 0000000200000 (z|v)0ODODO0ODO0O0OyOOOODO
(yjv) 0ODODOO0DO0OO0DDOO0O0OOO0OUDOOO0ODOOUOOOO0OODOOO »OOODO

19



{ Ry <xlv>

Ry <yly>

ly>=|x><x|y>+|y><y|y>

02600 0000000000

000000 00000 00000 (2/¢) 000000 y0 (yly) 000000000
00000000000
000000000000000000000000000000000000 (expansion) O
00000000000000000000000000 (vector) 1000000000000
00000000000 260000000y 00000000000000z)0y)0000
0000000000 (base vectors) 10 000000w) 00|z) 00000 (z¢) 00000
O0O0|y) 00000 (y¢) 00000000000000000000000 v 000000 ¢
000000(z|¢) 0 (y|¢) O » 000 (component) 00000000000 0000000
000000000000000000000000000000

002560000 ¢) 0020000 |)0 yOOOO [y) 000000000
oo g 22

oo |6) = |x) cos O + |y) sin b

00 2.6 0+90° 00 |x)0]y) 000000

oo |0 4+ 90°) = — |x) sin @ + |y) cos O

oo 2.7

x 000 y0000000 9° 00000000000000 (circular polarization) 0 0 O
DDDDDDDDDDDDDDDDD|R):(|x>+i|y))/\/§DDDDDDDDDDDDDDDD
(z|R)O(y|R)yOODOODO

b0 oooooooboobobobooooboooboobobOoboooboocoooon 250000000
0000000000000 0000000000(x| 000 (y0OODODOO0O0OO0O0ODOOO0OOO
goooog

00 (R =1/V2 (4R =i/V3

20



( | y0DODOOODO (Dirac) 00000000000000000000000 (bracket) O
oooooooooooo (|0 )yoooOoOoOoOOOoOoOOoOOoOOOOOOOOODODOOOo
(bravector) IO OOOOOOO (ket vector) D00 DO0OO00ODOOOODOOOOOOOOODO
00000 (00000 (column vector)) 0000000000000 O00O000O0O0O0O0OOO
0000000000 (adjoint vector) (000D O (row vector)) 0D O0O0O0OD0OOOOOOO
ooooooo0ooodddonD ed z000 yOOOOe,O0a, 000000000 a00z0
yO0OO0O0O00O000 (unit vector) e;0e, 000000000000 O0O0O0O0O0OOOO

a = e;a; + eyay

a;0a, 00a0 e,0e, 0000 (inner product)d (e, -a)U (e, @) OO0 O0D0O00O00D00DO
gbooooboboooooboooob 25000000

a=ez(e;-a)+teyle a) (2.6)

00o0o0oooouoo (| yOOOOOOODUODOOOOOOOO b0 eO0O0OO0ObOO
obob0o0 e0ODO0O0OO0OO0OO0OODOOOODODOOODODOOOO

(b-a)=bla="bla, +bja, (2.7)

000000220 (x|=)0(x|y) 000 240 (z[x)*0(y/x)" 00000000000
000000000000 21000000000000000000000000 22000
00000000000000000000000000000000000230000000
0000000000 1000000000000000240000000000000000
00000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000
00000000000000000
000000000000000000000000000 (linear algebra) 10000000
00000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000
00000000000D000000000000000000000000000000
00000000000000000000000000 (matrix) 1000000000000
0000000000 (000000000000000000000000000000000
000000000000000000000)00000000 ADDOOOAeODO0OO0O
00000000000000000000000 (00000000000 1000 0000)0
00000000000000000000000000000000000000000000
0000000000 (operator) 100 00000000000000000000000000O
0000000000000000000000000000000 (unit operator) 00000
00000000000000000000000000000000000000000000
0000000000000
0000022000000000000000000000000000000000000
00000000000000000000000007000 (dentityJO0O0O000)0¢™ 00

21



00000000000000000000000 (hat)D000002200000000000
000000z)(z|+|y)(y 000000000000000000000

) (2| + [y) (y| = T

0000000000000 00000|j) 000000000000000000O0DO0UODO0OD

STl Gl=T (2.8)

all j
0000000000000000000000000000000000000000000
000000000000000000
0280 I00(x|Ijw)=(x|¥)0000007|y)=|¢) 00000000 220002500
00000000000000000000000000000000000000000000
0000000000000000000000070000 Y|/ (000000000000
000000000000000000000000

(x|¥) = (I T|Y) = (x| (Z 15) <j|> ) = > (x4 (ilv) (2.9)

all 4 all j

23 0OOO0OOO

ooo{lj):y=1,...,n,, 00000000 S, 00000000000 OO0ODOOOOOO

(G1k) =0k, DI GI=T  (l3),Ik) € Sa)

all j

ooooooooooooooo{Jy:J=1,...,n} 000000 Sp000000DO0OOO
gboooooboobooooobooooooboooooan

(JIK)=bs, Y _|INII=T (|J),|K)€ Sp)
all J
(j|J>|]DD|]D ;0000000000000 0000000000DO00Ooo0OooobDOoo
S/ (j|=I0000000000000000000

> (J15) GIE) =6k (2.10)

all j
00000000o0oOo0o0ooUD (IO kyoOooOoooUOoOODoOoUoDOoooo

G (TL k) = 05 (2.11)

all J
0000(j|J)000000000000¢J)}0000000000000000000

0028200 |z0y00 |y 00000D0AHD|#+90°) 00000000000000000
0ooo

22



|

|
=

1T |

(a)
7l '
1 %+ LA l @SR 1/4

(b)

>

=

|

=

1 %1 45 45 I

135]—F—135]

(c)

|

Qb Qb Qo

027 00000000000000()z000 y0O0O0O0OOD0OOO(M) OO0 45°000
00000000000(c) 00000000000 (0000000000 (b)ODOOOODO
gboooobo obooooboooobobooooobo oonon

ogboo o025002600000000 21000 2110000000

0029000000000000|R) = (|z)+1ily))/v20|L) = (—|z)+ily))/v/200000
000O00O0O0O0O0O0O0O0000

(jlv) OODODOOODOOO(J|y) O0DODO0OODO0OO0000O (base transformation) 0 0O 00O
000 (J|j)00000000000000000D00000O0O0O00

(Jlv)y =Y (J15) () (2.12)

allj

gbooobooooobooobooboooboobboobooobooooooboooooobobooo
000000000000000 27 () 0000000 00000000000y OO0O0ODO
0000oO0O00ooO0oooOoo()OD0OU00D0O0O0O0 4°0000000000000O0O0OO0
gbooooooooooooooboooooooOoooobooooooooooooooobooon
goooooooooboooboooobooooboobboobooboobobooboboooooobooooo
gboooooobooooboobobooooobobobooooboooboooDo

(a)0(b) D00D00OUDOOOOODOO(c) 000D ODOODODOOD4°0000O,045°0135°0
0000000000000000 13°0000000000000000000000O(a) O
000,045°013°00000000000000O0U0O0UO0OO0UOOUOOOOOOO0OOO(a)0
() DODUODOO(c) DODOUODOOOO0ODOOD (DO0)0OO0DO0DOODOD0ODDO0ODOUOUOOO
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oboooooboobooooo

gboboobooobooobooobvybooboooooboobooboooooOoooOooDbn
gbobooobooboooboooooobooobobooboooooooooooooooobobooon
goboooboooboooobooobooobooooooooooooooobooooboooobooooo
00 (45°00000000000OO0)0000000O0O0O0UOO0O0O0UDOOO0O0ODOOOO
gbobobobobooooboobooboob oOoOoOoOOoOOoOOoOOobOOobOOobOOooOboOoonoo
gbooooboobooooboooobooobooobooboobooooooooooboooboobooon
0000000000000 000o000o00oOU0U0OU00OU 0000000 O0ODOODO
O (h)00D0DD0O0D0O0DDO0O0UDOOOO0OOOD

gboooooooobooobboooooooboooboooboobooooobooooboobooo
gboooboooooboboooboooboobooboooooboboooboooobooooboo
gooooooooooooobobobobobobobDooooooobobobOoDbOooDo
gbobooobooooooboooooooboobooobooboobooooooboobobooooaoon
gbobooobooooboobooobobooboooobboOoobOooobOoobOOooooboooooon
gbobobooooooboo

002100 27000000 O00O00O0O0O0O0OO0OO0O0OO0OO0OO0OzO0000O
gbooogobooon

000 0000 () 0000 (y|45°) (45°| z) |2
00 000000 (a)00(b)1/40 00000000 (a) 10 (b) 1/40

24 0JUO0O0OO

00000000000000000000000000000000000000000000
000000000000000000000000000000000000000000z O
0000000000000 |2) 000 200000000000 |¢) 00000000000
|45°) 0000000000 1/V/200000 2000000000 (1/v2)|z) 0000000
00000000000000000

(@000) ) = o), (xmmm)|45°>=i2|x>

0000000 |2) 0 [45°) 00000000 000)" 0020000000000000
000 (operator) DO 00O

00000000000%000) 000000000000000 (matrix) 000000
gboooooooooooobooooobobOobobobOobOobOoboooooooDbo
000000n0 nO00000X200000000000000000000000000O0
00000o0000o000oo00ooo0o00«:000) 000000000000 0000O0O00
gbooooboooobooboooobobo

gboobOooboobooobooooobOoobooboooboooooobooobooboboooon
0000000000000 00000000U0o0o00DoooOoUoooOooooooog |j)
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o> A X!
X X X X
lp> 2 <xl
y y A y y
D 28 0000000000 (A = (xlz)(=|A(zl¢) + (x|z) (= Aly) (ylg) +

(xly) (I A (] d) + (x|) (wl Aly) (y] &)

0000000 AD0O0OO0OOOOOOD Alj)) 0000000000000 |j)0000000
0000O0D0000A|y) 00000000000 (000000000 ADOOOOOOO0O
0000 ADDDODOO0OOO0OO0ODO000000000000000000000¢”? 0000
0o)o

(jlAlky  (jkOODOOOOOOO) (2.13)

028000000 |¢) 0000000 A00D000OOODOOOOOOOO00 Ix) 0OoOO
DDDA\DDDDDI:II]DDDDDDDDDDDDDDDDDDD(b)DDDDDDDDDDDD
goodoooooouooooodz —»A—z0y—A—z0r—A—-yy— A—-yO0O0O0O
0o00ooo00oooooooooo0oooooooooo0oo0oDooD000y—A—2z0OO
O000o0oUooody) oooo \X>DI]I]DDDDDA\DDDDDDDDDDDDDDDDDD

(x|2) (x| Aly) (ylv)

gooooooooobooooboooobooooobbooOooobDOooobDOoobDOooDbboOoDbo
gbooboooboobooboboobobooboooooboobooobooooOoooboooobooon
000000o00oUooOoooooy)olky 00000000 oO0O0oDooooUoo

Ol ALYy =" (xl ) LA TR (K| ) (2.14)
7.k
00000000 (|0 AD0DOOOO0AQ |[¢)00000 280000000000000
00000000000000000000
0000(y 00000000000000000000000(| 00000000000

ALy =>"15) Gl Alk) (k| ) (2.15)

Jik

00000AD ) 00000000000 Ajy)00000000000000

00211 :0000000000000000002000000000(2|Z|2)0 (z|2Z]y)0
(y|z|z)0 (y|Z|y) 0ODODO

25



AN
Blo>

o>
>
>
o>
")
\Y

lp>

029 0000000000000O0D00O0OO

000 |»)0 2 000000000000000y) 000000000000000
00 0000010000000

00 212Z)¢) 000000000000

00 |z)(z/)0000 |2) 0 (2|6) 00000000000

021400(x 000000000000 (m|000000(m|;)00m=;00000010
0000000000000

(m| Alp) =Y (m| Ak) (k| ) (2.16)

k

0000 m0OO0O0 j0000000000A0000000000OC0O0CCCO0OAY OO
gbooooooboooboobooooobobooooan

(A); = Ajri
!

0000 ADDODOOODO0OOOO00O0OC0OO00000O000000000000000000
(j|A|k)0DD00O0ODO0 4000000

0000 (product of matrix) 000000000000 (product of operator) 0000000
029000000000000000000 BOODODODOOOOO0DAOOOOODOOOOOO
00D000000ABOOOD

0021300000 BO A0DO0O00O0OO0 (jlABjkYOOBOOOODADOOOOOODOOOO
000

000 02900000 |k() 000000000 (jJ|OO000D0O0UO0O0OUO0OUOOAO BO
gobooboboobooboobooobdg

gug

(1 ABIk) = > (il Alm) (m| B1j)

m

021300000000000000000 ADBOOOONOOOOOO0O0O00000000
gbooboooooobooobooobooobooobooooobooooooooooboooooboooon
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0000000000000000000000000000 ABOOOOOODO BAOOOO
000000000000000 (commutor) 00000000000

[A Bl = AB— BA (2.17)
00000 ADBODOOOODOO0OO0OOOO0OO0OOO[AB)=0000000000 (00000
0000000000 000000000)000000A0 BOOOOOO (commutable) O

ggogn

0021445°00000000000000000 4°000000000

000 45°|45°) = |45°)045° [135°) =0 000000 2500000000000000 (z(0{(y|
oooooo
oo (1/2 1/2)

1/2 1/2
0021500 45°00000000000000000x0000000000 000000
0000000745° 000000745° 0045°2 000000000000000000000O
00000000z04° 000000000000000000
00 <1/2 1/2) (1/2 0) <0 1/2>

o o/ \1/2 0/ \-1/2 o0
00 2.16 #45° |¢) 00|y) 0000000 ¢ 000000000000000045°z|y) 000
0045° 0000000000000000000000000000000000000000

00 2170000000000 70000000000

Dl:l
0 1

00218 0000000000 JO000O00OO00OO00 AODODOOOOOOODOOOOOO
0o AT=TA=A

25 UJUOo0oooon

00000 ADODD [¢)00000000 |¢) 000000000 |¢)000000000
O|x)00OOD00D000000000000

(x| 6) = (x| A|) (2.18)

000000000000000000000000000000000000ly) O j¢y 00
000000O000O000o0O000oO00Oo0O0oO00O0U0DD|yOOOooOoOoooOoOo
000000000 A'0000000000000000000000

(6l x) = (¥ AT|x) (2.19)
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0000y 00000000AT ) 000000000y 000000000000000
00000000000000000D0A 000000000000 O|x) 00000000
0000000D0AT000000000000000000000000(x|¢)=(¢|x)* 000
00000000000000000

(x| A1) = (¢ AT )" (2.20)

00000000000000000 028000 (000000000000 0OOOO)O0O
gogbgooboobobboobooooboobobobooboo

WIAT )" = O (@14) GIAT[R) (kX)) =D (xl k) G AT [R) (5])
jfk j7k
0000000000000000000 (000000000000000;00000)0
0000000000 j0k00000000002200000000000000 (000000
022000 (x/0)y) 000k 00000000000)0

(I AT k) = (k| A]5)" (2.21)

00000000000AT 00000AO0O0D0DDOO0O0O00O0O0O0 (O O00000
2200 00000000000000000AT00000AD00000000 (adjoint operator)
000000000 At 00000000000AO000D0000O00O0O0000000

02180021900|x)000000000000000000ATD AD0ODDOOOOO
00000000000000000

9)=Aly) DOO (p| = (w| Af (2.22)

000000000000000000000000000000000000000000
0000 (00000000000000)000000000000000 00000000
00000000000000000000000 (non-dissipative) 00000000000
(Y|)=10000 |[v) 0000000000 |¢)=0¢) 000000(¢|¢)=1000000
000220000000000(@|U0w)=1000000000 [¢) 00000000000
00000000 000000000000 0000000000 (0000000000
00000000000000000000000000)0

Uto =1 (2.23)

0000000000000 000000000O00 (unitary operator) 000000

00 2.192045°0 7 0000000000000000000
00 00000000000000
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2.6 JUOOooOooOood

000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000
000000000000000000 {j),[y)}0{6),]0+90°)}0{R),|L)} 0000000
00000000000 n00000000000000000000000000000000
00000000000000000000000000

0000000000000000000000000000000000000000000
00000000000000 |¢)0000000000000000000000000000
{lz;)} 000000000 {(2)¢,)} 00000000000000y,) 00000000000
0000000000000000000000 1)00000000000000000000
ooo

|11)
1) = ———=2 2.24
it (V1] 1) (329

00000000000000 |¢) 00000, 0000 [1)0000000000000
0000000 |¢) 0000

[¥5) = [vh2) — [1) (1] ¢2) (2.25)
00000000000000
|¥5)
2) = —2 2.26
? SCAREY) 220

0000000000(12)=0000000)2)000000000000000000 |)
00000 0000000000000000000000000 |,) 0000[2)00000
0000000000000000000000000 j¢) 0000000000000

50 = [a) — 11) (1] ) — [2) (2] ) (2.27)
)
3= e (229

00 30010 [2)0000000000000000O0000O0O00O0OO0OO
ooooooooooooooOOODODOOnO0O000O0O0O0O0O0O0O0O00O0O0O0O00O

0000000000000 0000000000000 (Schmidt orthogonization method)
oo0oo0o000-.00000000000000O0 nOO0OOCOOOCOOOOOCOOOOOO
00000000000 1)O |2)00000000000000yws) 00 B)yoOoooOooo
oooz2oo0000000000000O0O0ODOOOOOOODOOOOODODODODOODOERDO
ooo0ooooOooooOooOooooo0o0oo

00220n=3000(x|y) 00000000000O000O0OOOOOOOOOOOOOO
gbooooooboobooobOobooooboon
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,< \
VR \
/ \ Phd \
/ N - \
y < \
/ PR \
S \\ \/
-
// s \ /7
Xy > \ o
\ \ P /
\ \ N - /
\ -< 4
\ \ %
\ N
N/
\ [1><1ly >
\ B3> A€
\ |x3>
)}
A Y
\ Y
)}
|x2>

0210: 00000000000 (0000000000)0gs) 00 (3)000
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1 1/v2 1/V3
(a) 1/’1)(0) liho) = | 1/V2 [ths) = 1/\/3)

0 0 1/V3
1/V3 1/v2 1

) vy =1/V3| Ia)y=|1/V2| |s)=1]0
1/V3 0 0

1/v3 1/v6 1/v2
(b) (1/\/3) wa) (wé)

1/V3 —2//6 0

1/V3 1/V6 1/V2
() |i/v3 i/\/6 —i/V2

1/V3 —2//6 0
200000

1. 000000 {|j):j=1,...,n}

(jlky=0x (OOOOO), > iHGl=I (COO0)

all j
2. 000
Wlx) = (Xl @A) = (x| A )"
if [x)=Ap), then (x| = (v|Af
3. 0000

e 000000 DOOOODOODOODOOODOOODOOODOOODOOOODOOODOO
ooooo

(jlv)y:[v)D jO0,  (jlAlk): AD jkODO

31



e00DOOO {J):J=1,...,n} 0000000000000

Y UINGIK) =6k (ODDO0), Y (N (JIk =6 (000)

all j all J

-~

4. 000000000 (ooOooooooo)u

~

U0 =1
5. 0000000000

e 000000 DOOOOOOLOOOODOOOLODOOOODOOOOOOOOODOODODOO
oooono
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30 oogun

gboooooooooboooobooooboboboboobooooooooboooooboobooboboOoDbo
goooobboobbooboboobbooooobboooooooooboooooooobooooDo
gbobooooooooooboooboobobooooobooboooooooooooooooboooobooon
uboo0o0oooobobon «x0y00000000000000000000C000O00O000
gboooobooboooobooboooboooboooboobobobooboboobobooobooobobooDbo
gbooooobooboobooobobooobooboooboobooboobooooooboogao
gboooobooboooooboooooboobooboobooboooono

gbooooobooobooobooooooboooobooooboooboooooboooobooooooa
goboooooooobooog

3.1 UUoboogoo

000D0D0¢t=¢t 0000000000|¢(t) 00000000000000000t=¢ O
000000000(k)) 00W(t,) 0000000000000004 00 +, 0000000
00000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000

[W(t1)) = U |v(to)) (3.1)

0000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000
00000000000 k00t 00+ 000000000000000000 |;)0000
0000 (j|U|k) 0000000000 |4 0000000000000000000000
00000000000000000000000000

(Glt)) =D GITU k) (Kl v (t)) (3.2)

0000000 U (DDo00)00tkOh DDDDDDDDDDDDDDDDDDﬁ(tl[ItO)D
000000000000 0O00 (time progress operator) 100000
gooooooobooooooobbbbooooooooooa

(Y(ta)(ta)) =1 (3.3)
000000 0000000000

Ut =1 (3.4)

U0o0oooooooooo (unitary operator)D 0000000000000 O0OOOOO
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003.1033000000000000000000000000
ugbo b200000000000000

0000000000000000000000000000000000000000000
0000000 (time independent) 00 000 0000000000000000¢4 00 AtOD
00t (=t+A) 0000000000000 0000 AtO0000¢ (=t)+At)0000
0000000000000000At000000000000000000000000000

~

UAy)0OODOOOO0ooOoooooo

(1 + At) = T(A) [9(t) (3-5)

Ut1,tp) 00D 0OO00D000O0D00O00O00O0O0O00O0O0D0O00O0O00OO0ODOOOUODO0
gbooooboobooobooboboooobobooog

1
x:§g(t—to)2+vo(t—to)+xo, v=g(t—ty)+vo

goboobooboooboobooboobob

dx dv
a0 a Y
IZIIZIDIZIDDDDDDDDDDDDDDDDDDDDDDDDU(tl,tO)DDDDDDtODDD
O x0v000¢t0000 200 00000000000D0O0O0DOODO0OODOOO gooooog
J000000000o000o0d0o000o000o00ooo00o0o0o0D0D0o0oDooOoOonoOono
opooooood

3.2 UOOO0

gbooboobooboobooboobooooboboobooboooooboooo

dz = vdt, dv = gdt (3.6)

00000000000000¢t0000 «0v000000000000004t000000
0000000000000000000000Rw(H))00At000000000000000
OO0 w(t+At)) 0 (1)) 000000000000

~

[t + A1) — [(1)) = Ut + At £) [ (2)) — [4(2)) 3.7)

U(t,t)0000000000000000000000000070000000U(t+ At,t)
0At=00 I0000AtD00D000D0000(t+At,t)00000070000000000
00U(t+Att)—10 At0000At—0000000 00000 +00000000000
0000000000000AH(#)/Ak000 (hO000D000000000000000000
000000000000000)0
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~ _ Ut+Att) -1
() =ik lim =%~ 2
®) ZHA?EO At
00 HOOOOOOOOOOOOO (Hamiltonian operator) 00 0000000000000
370000 At0000At—-0000000000C0000O0O0O000O0OO0

(3.8)

Ld[Y(t) 5
ih——2— = H({t)[¢(1)) (3.9)

000000000000 00000 (equation of motion) 00 00O
Uo0000o0o0oooooo (unitary operator) 0000000000 A 0000 HOoOO
gogodoobobobooood

H =H (3.10)

0000000000000 000O0O000O000000000 (Hermitian operator) 000 O

00 320t0=I000000000 00 HOODOODOODOOOOOOOOOOOO

000 U(t+Att) =T +ihH{)At+O(A?) 000000000 0At 0000000000
000

ugg3.3000003900b00nbo0boobonooboon

oo

nIOL S Gy vy (1 w0) (for an ) (3.11)

J
gbooooboooooobooogn

in @A) ) ey 1) (1 o) + (110 12) (210 + -
in PO o) ey 1) (1 (o)) + (21 108) 12) (210 + - (3.12)

00000(1%@),(2]w@), -, (n|et) 000 n00D0000000000000000
0000000000000 n0 1000000000000000

000U(t+Att)00t000000At00000 U(A)000000000000000
O00H(#) DO t0000000000000000000 3110000 3.1200 G| H(®t)]5) 0
00000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000
000000000000000000000
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3.3 0000000000000 H

0000000000000 FO000000000000000000000000000
0000000000000D0000000000000003110000000000000
00000000000000000000000000000000000000000000
0000000000000000000000 [1)00000(%(t)00000(1|¢(t)000
000000 AOO00O0O0(|HA1)0000000000A, 000000000000000
ooooooo

iU g, 3oy (3.13)

o000 3100000000000H,; =Hf; 0000H,; 000000 (DOODOODOOO
DDDEII:JDEJ}AIEJ[II:J[ID[II:I[II][II:I[IDDDDDDDDDDDDDDDDDDDDDDD)D
goooooobooooboouoH) D00O0O0oDOOO0bDO0bOO0ODOoDOOOoobDooDbbOoo
gboooooooooboooooobboobooobooboobobooboooboobooboon
0000000000 UO0exp(M) 00DO0O0O0OODOOOOUOODOOOOUOOOOOOOOOO
gbooogooooooogooo

(1]9(t)) = avexp(At) (3.14)

00000000 313000000 0dexp(A/dt) = Aexp(At) 0000000 Dikdaexp(At) =
Hyaexp(A) 00000000 RA=H,00000A=—iH;;/AO000000O 3.14000 3.13
000000000000« 0000000000000000 3.13000000t=000y(t))
0 [¢(0) 000000000000000a=(1¢(0)0000000000000000

(11(1) = (1 () exp — 20 (3.15)

000000(1|¢(t)000310000000000w (=H,/A 000000000000
0000000000000000000000000000000000000((1]4(0))2=1
000000 |(1¢@) 2000 10000

0000 10000000000000000 (Einstein relation) 000000000000
0MO0000 FOO0OD0DD0000000O0O00OOexp(—iwt)!000000000F = hw
0000000000000 3.15000000000F=H; 000000 |¥(t)) O0OH
000000000000 000000000000H O000000000000000000
gododdoooobboooobddgdoooobobobbooobbbboooboobobobo
gooobdobobooooooboboooooboooobobooboboboboboon
0000000000000 000000000000AOO0O0O0O0O0:# 0000000000
O00DHOOOODOOOOOOO0O0O0O0OO0OO00000O0000000

|:|DDnz?DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD<j|fI|k‘>D Hjy,
gogboobobbooboooobooa

l00000000000000000 exp(jwt) 0000000000 explj(wt—kz) 0000000 0000
0 —j0000000000000000000000 j=-—000000000000
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A
i
T Ty <1ly(0)>
s f\\
7
/ ,/ \
/ 7 \
/ / H”t \
7/ —_— \
-1, N
t ] T Re
\ 1
\ /
\ /
AN L/ <1ly(n>
N a
-I

03l:n=100000000000

T IOL (e + Ha (21 9(0)
4(2]v(1) (316)
ihT = Hy (1| 9(t)) + Has (2| 9(t))
HOOODOODOOOH' =HFOOOOOODOOOOO
H11 = Hikh H12 - Hgl, H22 = H;Q (317)

O00O0H; O HpyOOOOH,O H, 0000000000000
000t=000(1|¢(0) 00000000000000000000000 316000000
00000000(1|¢)) = —iH,(2/¢(@t)t/A000000000000(2/¢((#) 00000
00(1]4(t) 00000 00000000000000H;, 00(2/(t))0000000 (1]¢(t))
0000000000000000000000000H s, 00(1|w()) 0 (2Jw@) 00000
0000000000000000(2/4(t)00000(1|¢(#)000000000 bracket2iy)(t)
00(1j4(t) 00000000000000000000

(1]4(t)) 0000000000000(1)00000000000000000000/(2]%(t))
002 0000000000000000000000000002)00000000000
000(1)00000000000000000000000000000000 (200 |1)0
000 (transition) ] 00 00000000H,, 002) 00 1) 00000000000H, 00
|2)00 [1)0000000000000000000H,,=H; 00000000000000
ooooo

Hy O Hy, 000 31600H,, =Hy =00000000000000000000000
00000000000000000000000000 3.15000000000000000
0O0(1|¢() 00H,; 0000000000000000(2¢#)00H, 000000000
ooooooooo
000000000000000000000 HOODOOOO H,O0OOOOO |k)0000
000 |j) 000000000000000000000000000000000000000

37



H;; 00000000000 (HpOOOO o0)000000000000000000000
ooo

34 U0OOOOOO

000000000000000000000 HOO0DO00000000000000000
0000000000000000000000000000000000000000000
n000000000000|H|k=H;0(jlv@)=v¢,;() 0000000000000

di (t)

ih—r= = %yﬁwaw

L da(t)

ih 7 = Xk:Hzlﬂﬁk(t) (3.18)
)

ih—3= = jésznkﬁ%(ﬁ

DDDDDDDDDﬁDDDDDDDDDijDDDDDDDDDDDDDDDDDDDDD
O0000000000000000¢%,1(t)=aexp(\) 000000000000 DO0OOOOOO
gboooooogooo

P1(t) = arexp —ibt
vall) = cvexp—— (3.19)
Yu(t) = anexp —ikt

AD000D00000000000—E/A0000000000000 318000000000
ihd(exp(—iEt/h)/dt = Eexp(—iEt/h) 00 000000000000

Ea1 = ZHlkak
Eay = ) Hapay (3.20)
Ean = Z anak

0000000 exp(—iEt/h) DOOD0DO0DOO0O0O0OO0O0O0OODODOOOOOOOUOODOOEDO
oa,a0,-0,0, 0000000000 O0DO0O0O0O0O0OOCOOOOOOOCOOOODOOOOODOO
gpoood

Ela) = H|a) (3.21)

b 3400000000 390000000000 00O00O0O0OODOOOOOOOOO0ODn
gbo32100000
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032000000000000000000 HOOOOOO (eigen value problem) 0 00 OO
0000 E0 HOOOO (eigen value)O o) O H 00000 (eigen state) (000000 (eigen
vector)) 00 O0DO 3.200 000000

(Hy1 — E)ag + Hizas + -+ Hypo, = 0
H Hyy — E ot Hapay = O
g101 + (Hao Jag + -+ -+ Hopa (3.22)
Hn1a1+Hn2a2+"'+(Hnn*E)an = 0
go0oooooocoooono
(H — EI)|o) = |0) (3.23)

ugboob0dlay,---,a, 0000 00000 n00000D00O0O0DOOOODO oDODOOO
oa,---,0, D000 OO0O0O0O0O0DOOOO0ODOOOODOOODOOOOODOOOOODOOOOOOO
gboooooooooooboobboboobob obbobobooboDbo

Hy - F Hy Hy,
Hoyy Hy — E --- Hs,
. -0 (3.24)
Hnl Hn2 Hnn - F
go0oooooocoooonono
det(H—EI) =0 (3.25)

goooooor0o0o0o0o0o0ooooooooooobobobobooooooobboooDbDDDD
FOnn000000000000 nO0O00F,,E,,---,£, 0000000000000 3.240
0000 0000000 ED00ORDO00O0OOODOOOOOO nO000O0AODOOOO
ooo

gboooooooobooboobooboooboboboooboooobooobooobooooboo
oboboo0o Fy0b003200000000000000000000000000O000OO0OO
gbooogoboos2agboooodbobooooboobD obdbbay,--+,a, 0O0OD0OOO
gbobooooobobboibly =100000000000n000000000000O00
U0n-1000000000aq,---,0, 0000000000 ODOOOOCOOOOOOOOODO
U000a=1000000000

oooooooooooo0og a,--,0,000000() 0000 E; 00000O0ODOO
00 |E;) 0000000000000000000O0O0

H|E;) = E, |E)) (3.26)

000D000000000000000000000000000) [(jlE,)*=10000

J
gogbooobobobodlaoe,-,a, DOODOODOOODOOODOODOOO

(EjlE5) =1 (3.27)
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gooooooboobobooooooboooboooooooooooooooobooobooooooo
00o0o0ooO0oOo0ooo0oOn |Ey)y 00000000 DOOOO

obooboooboboboobobooboobooboboobobOoobOoboobOobOOobOoboooboon
0000000000000 0oE,0|E;)0003190000000000

(3.28)

000000000006Ad|y(t)/dt=Hy(t)) 00000000000000000000
000000000000 3280000000 E,;0|E,)00000000000000000
00000000000000000

it
A J

() = > |Es)exp (3.29)
J

c;y 0000¢t=000000000 |¢(0)y000000D000000O000OO00O0DO0O0O0OO
000000000000 00000000D000O000D0Uo0O0OdOey; =(Esv(0)) 0
000000000000000000000000000 (solution for equation of motion) O
oooon

0(0) = Y1) exp — (B, 0(0)) (3.30)
J

003.5032000000000000000000000
/201
DD&6H:(12)DDDDDDDDDDDDD
1. HOOOODOODO 1000000 [¢)0000000000000000000000000
00 |y)00000(1|¢)0(2»)0000000000000000000008000

Uzs000y0000D0DO0ODOOOODOODOOODODOOODOODOOOODOOnOn
gboooobooooo

2. HOOOOODOOOOO (OoOO0O0O0)O0O0Ol. DooO0O0O0oDUODUUOOODOOOOoOOO
(DDEIDDDDD[II:IDleEID[II]DDDDDDDDD)DDDDDDDDDDDDDD
gbooooboobooooo

oo

1. 0 3.2

1/v2 —1/v/2
2.<U%)DDDDD(1AE>DDDDDDDDDDDD3D

<_11//\/\/§§>DDDDD<_11/\>/;)DDDDDDDDDDDD 10

1
guo 3.7DDDDDDDDDDDDDD|¢(O)>DD<O>DDDDDDDDDDDDDDDDDDD
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<2|y>
A

<lly>

I/Y-I\:<2 I>
1 2

032 HOOOOO

g

(1v(@) =

(219() =

g 3.8DDDDDDDDDDDDDDDDDDDDDﬁ(t,O)DDDDDDDDDD U(t,O)DD
gboooobooboooooboooon

000 (1]4(0)) = AD (2[9(0)) = BODO OO (1]¢())0(2[4(t)) DOO0O0

oo
—i3t —it —i3t —it
1<exph+exph exph—expﬁ>
2 3 —13t —it
R A A

<j|[7(t,0)|k>|:||:|DD|:|[Il:]DDDDDDDDDDDDDDDDDDDDDDDDDtDDDD
gboooobooboboboooooooooboobobooboooooboooobooboooo
(Green function) D 000000000 (Green kernel) 0000000

3.5 UUOOouoogag

nd000000000O00O00O00bO0O0000 nOODOODOOOO nODOOOOOO
gbooooooooboooboooboobOooboobooobOoobOoobOooob0ooob0oonn
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gobooooooooboobooooobooooboooooboooobOoooobooooboo
gboooobooboobooboooobobooobooboooobobooooOobooog

000000000000 000000000000000000000000000 A0OO
000000« 0000000000 |e) 0000000000O000O0ODO0O0O0OO nOODO
0000000y 0000000

(A=) |a) =0 (3.31)

000000000000000000 »n00000000000000000000000
0000 00000000000

(a| (A=) =0 (3.32)

000000 (braeigen state) D00 000000000000 0OOOODOOOOOOOOO
(ket eigen state) 0000 000000000000 {(e}| 0000000000000 e, OOO
0000000 000000000000 DO0DO00O00000000O/a)0{es 00000

(a}| A = (d}|ax (3.33)
Alas) = as |as) (3.34)

033300000ep) 000000000 334000004 00000000000000
(a1 — az) (d}]a) =0000000a; #a, 000000000000000

(aj]az) =0 (3.35)

00000000} 00Je;) 0000000 R—-1000000000000000000
0000000000 A0D0ROO0O0O0OOOO0O0O0OOOOOOOO »nO0000000000
gobooooboooboooboo

DDDDDnEIDDDDDDEIDDDDDDDDDDDDDDDDDDDDDDDMT—@:O
gboobooobd nO00obOO0OO0OOOO0OOODnOODOO0OOOODOOOOOnOO0O0OO0O0O0OO
gbobobo-0O0000COO0OO0OOO0ODOODOODOOOOOOCOOOOOOODOODOOOOO0
gbooooooooooobooobooboboobooobooboooobbooboobbooboboobon
goooooboooobooboobooooobobooooboooooooooooooboooDboboOoD
gboboooobooooobooooboobooboobooobooboobooobooobooboooon
gbooooooooooooboonbOO0OO0ODbOOO0ODOOO0OOO0OO0OO00ODOOnOOO0OOOODOOOO
gooobooouooonbbOOO0ODOO0OO0ODOOOOODOOODOOOODOODOOODOODODOOObOO
20000000000DO00O0O0DOO0ODOO0OOOnO0DOOOODOODOOOOOOOOOO0

A0D000DD0O0OO0O0O0OO0O0O0O0D0000000000000000000000000000
000000 HOOOOOOOOOOOOO0OooOo ROy D000OO0OOOOOOO

H |h) = h|h) (3.36)

gboooooobooobooboboooooon

(h|h* = (n| H' (3.37)
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(| 0Ok 000000000000 33600000(k 000000000 33700000
by 0000000 D00000D00000A=H'000000000000000000000
0000(h—h*)(hh)=00(hR) 0 | 0D0000000000000 000000000
0oooo

h=h* (3.38)

oboooooboooboobooobobogon 3.370o h*DDhDDDDDDDDD(MDDﬁD h
0000000000000 000000000000000000 333000000000 (R|
0000 (000000000000 000 330000000000

(hjlhr) =0 (G #F) (3.39)

Oo0o0(h;lh;)=1000000000000{|k,)}000000000000O0O00O00ORDO
000000, 0000000000000000000000O0O00O00000O{|R;)} 000
gboooobooon

00000000000000000000 0000000000000000

U |u) = u|u) (3.40)

gboobooboooobooboooobobooobooboooon

(u| Ut = (u|u* (3.41)

00000 U=I0000000(u/u)=vww(uuw 00000000000

lul> =1 (3.42)

000000000000 100000000034100000000 Uuw0000 opUtU =10
wu=1000000000000000

(wlu= (u|U (3.43)

DDDD(u\DD(?DDDEIDDDDI:IDDDDDDDDDDDDDDDDDDDDDDDDDD
000000000000 0000000000{|w;)} 0000000000000 0000O0O0

(ujlugk) = 0 (3.44)

g0 3.9000000000DOO0O0O0O0DOOO0DbOOO0OOOOOOO0OOOOOOO0OO0DOOO0O0Dn
ggboboboobooobooboboobooboobobooboobobboboaobaan
gogboboobooboooboobooboobobooboobobooboobooboobooboo

gboooooobooooog
1 0 0 0

Mo @-1/2 (i+1)/2 (2)

—_ o
—_ = O

0
@) o 2
-1 1

o
—~
~
_|_
—
—
~
[\V)
—~
.
|
—
—
~
[\V)
|
—
_ O .
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(1) 00000000 |=10
i(00): (1 0 0)O (0 1/v/2 1/4/2)00000000000000000000
-1: (0 1/v/2 —1//2)00000000

(2) 0D0DODOOOOOO0OOOOOO0O
1(O0O): (1/vV2 0 —=1/v/2)0(1/vV3 1/v/3 1/V/3)'0
—1: (1/V6 —2/V6 1/V/6)0(1/v3 -1/v3 1/V3)'D

(3 DODOODODOOOOO0.
2(00): (0 1 0)0 (1/v/2 0 i/4/2)00000000000000000000
0: (1/v2 0 —i/v/2)00000000

30
1. 00000

mi%?lzﬁmw@», ooo ik

w = ST GLA®) |k (K w(t)

e 0000000 HF)ODDOOOOODODOO

e (jIHM)|K) (j#£k) 0000 [kODODO |j)0000000
e (j|H(t)|;) 000000 00000000|j)00000000

2. 0000000
[4(t)) = U (t,0) [1:(0))
e 000 (Ht)=H)oOoOO

—iEt

0(t,0) = |Es) exp (Ey] (DDDDEMULMJﬁDDDD)
J

3. 00000

e Ala)=ale) 0000000 (e: 0000e): 0OO0O0ODODO)

<a’|121\:<a’|a|]|]|]|:||:||:||:| (a: OOODO(/|: DODODOODO)
e 000 a;: [al —A|=000000000
n00kO00O000O0000000000 AO0000000000O

~

000000 |a;): (A—ajl)|a;)) =000
0000000 (& (a)|(A-a])=000

e 000000000 (dfjar)=06 0000
40000000000 HOOOO: hyO |hy)0 (k)|

Ohj2|:||:|
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o (W] =(hNt=(h] (DDODOOD)
0{|hj>}|:||:||:|[][][][|[|

5.0000000000 U0000: w0 |u)0 (uj|

e y;: JOO 1
o (uj| =(lu;))T =(y;| (OOOOOOD)
o {lu;)} 00O0O0OOODO
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40 4Uoododd

gboooboooboooooooboooooobooobooooooooooobooooooobooooDoo
gooooooooooooooboobooooooboobooobooboobDooooogoo
gboboooooooboooooooooboboobobooooooo0ooobooobooboonDn
gboooooooooobobobooobOooobOooboobooboobooobooobooDn
gboboooog

gboobodoobooobooboobooboobobooooooobooobooobooboo
gbboooooooboooobobooboobooboobooboobooobobooooooboooon
gboboooboobooboooboooobobooboobooooboooobObOOoobOooooboOoooboooonoo
goooobobooobbooobooooobooooobooobooboooboobooboobDoooo
gbooooboobooogd

0000 (twostatesystem) 10 0000000000000 O0O0O0OOOOOOOOOOOO
00000000 (spin)J 0000 (polarization) 0000000000000 O0OO0OOOOO
0000 (laser)D000 (maser) 0000000000000 OD0OD0ODO0OOOOOOOODOOO
gbooooboobooooobooooboobooboobooobooono

4.1 0OO0OO0O0OO0OOO

0000000 (hydrogen molcule ion)D H, 000 41 00000000000000 « 00O
0o0oo0oo0oo0o0ooO0oo0oo0oo0o0oo0ooo0oo0oooooooooo0n
O0O0(xO0000D00000DO0O0DOOO0O0ODO0OO(M) DDODO0DO0O0DOO0DO0O0OOOO0OOD
goo0oooooooOoo0oOoooooo0ooooooOo0oo0eoboOOOOOOODODOOD
00000000000000000 (Bohr atomic radius) 00 0000000000000 0O0
ooo0oooOooooooooooooo
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.: ® ..

%%Bﬂ J 5T

(b)
041: 00000000000000(G) 00 |0)3(M) 00 |0)

() 0000000 |0)O0(h) 0000000 |0)0000000000|0)000000
0000|0)00000000000000000000000000000000000000
O0E, 000000 300000000000000000000000000EK,00000
00000000000000000000000

L od (0 [9() Eo 0 /(0 [9(1)
th— = (4.1)

dt \ (O |9(1)) 0 Eo/ \(O [¥(t))
gboboobodo e0O00O0boOO0OO0OOO0OO0OO0ODOOOO0ODLOOOO0OO0ODOOOOO0ODOOOOODO
gboooooooobooooboooboooboooboobooooboobooooooooooan
00000000000000000000000000000«000000000 (transition)
00o000o000oo0D0o000o0Do00o000000D0000Hgy OD0AODODOODODOOO

00000000 000O0O000000O000Hyg D Ax00000000«D0O00O000OO0O
410000000000000000O000

Ld (O 9@)\  (Eo AN\ /(O [¥(@)
th— = . (4.2)

dt \ (O |¥(1)) A* Eo ) \(O [¥(t))
0o0ooooboo0o AA*0000D0O00D0O0DO0000bOo0o0o0oUobOoOoO0oo0obLOOo0o0on
j000000o00o0bO0bO00000b0000000U0b0E, 000bOO0OO0obOO0OOobDOOn

ugb4a1 00000000000 OOODOODOODOOODODOOOOOOOODOODODOODOO
4200000000000000000000A0

gboo o3b00ooo

0o
0000000000000000000 E=Ey+A (=E,)0E=E—-A (=E)0O
000000000000000000000000000
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(1) =Gra), (1a1)= ()
0000000000000000000
(o )
_ [<1/\f> tht (V3 1)vE)+ (1/\@ )ex zElt(l/\[ 1/\“} << w(o)i)

1/xf 1/v2 (O [4(0)
—iEgt —iEt —i bt
:1 ex '%t—&-exp hEt exp %t—exp %t <<D|¢(0)>>
2 exp _lhh — exp _Zhl exp _Zhh + exp _Zhl <D |¢(0)>
At LAt
—iEot cos; —zsmf (O | 4(0))
= Xp At At
fzsmf Ccos — (0 19(0))

(4.3)
042 000000000000 ﬁ(t,())DDDDDDDDDDDDDDDDDDDDD

gboo o3b00ooo

t=00000000000000000000000(0 [4(0)00000 10000000
(0 |9(0)=0000000004300000000000

—1Eot At —1Ept At
(O |¥(t)) =exp lho cos —, (O |¥(t)) = —iexp Zho sin?

gbobotobooooboooobooboobooboooobooooboooobooonoa

P((t) — O) = cos? %, P(3(t) — O) = sin? % (4.4)

000000 4200000000000000000000000000¢t=7h/2A000
00 |0)0000000000O00000O0O00O0OU0OO0ODOO0DOOOOOOUOOO
00 |0)0000000O000O00O0U00U0C00O000O0UO0OU0ODO0OOOOUOOOoDOoOOO
gooooboboooooooboobooboooboooobooooboobooobooooboooboooon
gooooooooboooooooboobbooboboooboobboooooobooobbooo
gbooooboobooboobooboooobobooobooboooooboooon
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042:¢t=00000000000000000000000000O00O0O0O0O00O0O00OO0O0ODOAO
oon

Ub043t=¢t, 0000000000000 O0O0O0ODOO0DOOOOODOOOOOOO00O t=¢ 0
gboooooobooobooooboo

00 ¢t=t 0000 |0)00000000000000DO00000O0DO0O0O0O0ODDOOOO
00000000000000 100% |0)000000000000000000 t=t, 000
ogbob44000000000

2 At1 — to)
h
0044¢t=000000000000000000000O0O0OO |O)0O0OO |O)DOOODO

gbooooboooboooao

oo P(D):sing%, P:COSQ%

P = sin

gbobooboobobooooooboobobooooooooboooooboooobobooooboooonDn
00 |0)0 |0)0OOOO 50%00000000000000000O0

1 1
W) = =10+ 510 (= 15) (45)
0430000000000
_ 1 B A 1 iyt
(0 19(e) = s ep T2 = ey »
1 —i(Eg+ A)t 1 —iEpt '
(0 19(0) = s exp — LA — —exp
ggodobobboboooooobobobbuooo
PW()~0)=3, PO —0)=g (47)

0000000000000 0000000O00UDODO0OOUoO 50% 0000000 460
000 |»(t)) 000000000 E,/A000000OOOOO E, 0000000000000
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0000000000000000000 B, 0000000000 w(#))=|E,)000000
000000000004600000000 |0)00000000000 |0)000000
000000000000

1 —iBpt
t)=—(0 )4+ |0 ))ex
W) = 5(10)+10 Desp =
%(|D>+|D>):|Eh>|][][||]|](DDDDDD)DDDDDDDDDDDDDDDDDDD

uoo

|9 (t)) = |En) exp

000000 10000000exp(—iEyt/h) 0000000000000000000000
lp(t)) 00000 E, 00000000000

(4.8)

00450000 |E)O|E)00000D000 |0)0|0)0000000

00 B =—=(0)+10), |E)=—=(10)-10)

000 ¢t=00 |¢(0))=|E) 000000000000

(4.9)

gooooo47000000000O00O0O0O0DOOODOODOOODOOODOOOOOOOOO
050% 000000

b 460490000

000000¢t=00 |E,) (00D |E) 00000000000 |E,) (D00 |E)) 00O
0000000000000000000 E, (000 E)00000000000000000
000000000000000000000 E, (000 E)000000000000000
(energy-defined state) 000000000 P(y(t) —0) 0 P(t)—0)0000000000
00000000000000000000000

000000000 |E)0|E)000000000000000000 430000040 j
00000000000000 (5| 00000000(E;|E;)=46, 000000000000
000

(Bil () = exp = (Ei| 6(0) (410)
00000y 000000 F; 0000000000

P(t) — Ei) = P(¥(0) — E;) (4.11)
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obo0t=0000000000D0OO00O0ODO0ODODO R;OO0DODOOOOODODOOOD
gbooooooboooon
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