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3.2 ˙̇̇‚‚‚(Basis)

ö⌃: Ñ∆ó&ÂÑ,Å<:û; ��,Å<Ñ,Å‚c§.

¡�:

Â|a0i = a
0|a0i. (3.41)

1éÂÑ∆, @Â

ha0|Â = a
0⇤ha0|. (3.42)

⌃+ÊXha0|, ÛX|a0i⌦b$✏, ¯œ

(a0 � a
0⇤)ha0|a0i = 0. (3.43)

�*^zÛ‚åÉÑÊ‚ÑÖÔ'éˆ, é/a
0 = a

0⇤, @Â,Å</ûÑ.

∞(⇤QÊ�*,Å<a
00 6= a

0,

Â|a00i = a
00|a00i. (3.44)

v˘vπ↵/:

ha00|Â = a
00⇤ha00|. (3.45)

π◆ó0

(a0 � a
00⇤)ha00|a0i = 0. (3.46)

‡:a
0
, a

00˝/ûÑ, _1/a
0 6= a

00⇤, @Âha00|a0i = 0.

Ë⇢�*yä≈µ�ÅË✏, Çúa
0 = a

00, Õ6 Ô˝|a0i�|a00i��, Ÿ1/Äv‚œ. ü⇡⌦ö⌃�›

¡ha0|a00i = 0. F/⌘Ï;ÔÂ⇢«‘Ñ ’�óÄv‚œc§. �b⌘Ï⇢®∫Ÿ*Óò.

9nŸ�ö⌃, ⌘Ï;ÔÂÅB@ ,Å‚c§R�(¶öœ*˙‚˝/R��Ñ):

ha0|a00i = �a0,a00 (3.47)

�Ë⇢˘éa
0 = a

00, F/|a0i 6= |a00i, ⌘Ï‘∆:’a0 6= a
00).
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3.2.1 õõõfffœœœóóó&&&,,,ÅÅÅ‚‚‚\\\:::˙̇̇‚‚‚

9nÂÑ,Å‚Ñc§R�'�π◆¡�÷Ï|dø'‡s⇥GæŸõ,Å‚ N*�£HÉÏ ��

*NÙzÙ⇥Ÿö�*˚✏Ñ�‚œ|↵i, ;ÔÂäÉU�⇣Ÿõ,Å‚Ñ‡†. Ÿ¯Sé ÷ÂÑ,Å‚:

˙‚. :Ahhhaaa.

|↵i =
X

a0

ca0 |a0i. (3.48)

v-,

Â|a0i = a
0|a0i. (3.49)

ÊXha0|, )(,Å‚Ñc§R�', ÔÂó0

ca0 = ha0|↵i. (3.50)

é/Eq. (3.48)ÔÂ9ô⇣

|↵i =
X

a0

|a0iha0|↵i. (3.51)

^8{<é�,'‡Ã∑zÙÑ‚œU�.

~V =
X

i

ciêi (3.52)

v-êi, i = 1, 2, . . ./c§R�UM‚œ. ci = êi · ~V .

)(”�l⌃, ⌦✏Ô⌃„:
P

a0 |a0iha0|\(0|↵i. 1é|↵i˚✏, ûE⌦ŸÅB

X

a0

|a0iha0| = 1, (3.53)

1:RI(�UM)ó&. Ÿ1/å⌥'s˚(ÑDirac⌃∫h:).œœœPPPõõõfff⌃⌃⌃∫∫∫GGGæææõõõfffœœœÑÑÑ,,,ÅÅÅ‚‚‚···≥≥≥ååå⌥⌥⌥

'''sss˚̊̊⇥⇥⇥

⌘Ï↵0

|a0iha0| · |↵i = ca0 |a0i (3.54)

ÔÂ⌃„ä|a0iha0|ä|↵iïq0|a0iπ⌘�‡dÔÂöIïqó&Pa0

Pa0 ⌘ |a0iha0| (3.55)

å⌥'s˚Eq.(3.53)_ÔÂô:
X

a0

Pa0 = 1. (3.56)

å⌥'s˚^8 (. ãÇÔ(e¡�U�˚pca0·≥ÑÅB. (ÖÔ-“eå⌥'s˚�()(”�

l⌃⇢

h↵|↵i = h↵|(
X

a0

|a0iha0|)|↵i =
X

a0

|ha0|↵i|2. (3.57)

Çú|↵i/R�Ñ, £H
X

a0

|ca0 |2 = 1. (3.58)

ŸŸ˙ÜU�˚pÑ‡á„ .
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3.3 KKKœœœüüü⌃⌃⌃������IIIflflfl°°°‡‡‡   

˘é⌅é∂�|↵iÑíP�KœõfœA, @ Ô˝ÑKœ<Í˝/˘îÑ∆ó&AÑ,Å<a
0, ó0ÂKœ<

Ñ‡á:|ca0 |2�
ca0 = ha0|↵i (3.59)

/U�˚p�»‡áE�v-|a0i/AÑ^é,Å<a
0Ñ,Å�⇥KœK�íPÑ∂�MMM)))0¯îÑ,Å

�|a0i.
b�K�Çú6⌥'œ(N*)|↵i �ÑíP�KœõfœA, ⌘Ï⇢—∞ N |ca0 |2*íPó0a

0, v⌅

é|a0i �⇥
Çú˘ŸõÚœ⌅é|a0i�ÑíPç€LKœA�⇢~⌃K~ó0K<a

0, v⌅é|a0i�⇥
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Figure 3.1: Stern-Gerlachûå(˛÷ÍWiki~— . œxÑ��ûåãû/��7Ñ.

3.4 ÍÍÍÀÀÀ1/2˚̊̊flflfl���Stern-Gerlachûûûååå

⌘Ï”�ÍÀ1/2˚fleÙ�œPõfü⌃.

ˆüP 47*5P. ˝ev8ÍÀ, ç⇤Q46*ÖB5PÑ;“®œ(ÍÀ�hSKå):ˆ. üPÑ;Í

À/1v��BÑ(5S) 5PÑÍÀ–õ. v¡È:

~µ =
�e

mec
S. (3.60)

v-S:ÍÀ“®œ.

1éüPàÕ, /5P(œÑ5 ⇥ 105�, ÔÂ§: �öhS–®. 1éüP�&5,@Â�◊�—yõ.

F/, ¡:/^G�Ñ, üP(v-–®ÿ/◊0c‘é¡ÈÑOlõ. ÔÂ9nø˝V = �~µ ·BÑØ¶e°
ó. ¡:/zπ⌘Ñ, ◊õ:

fz = � @

@z
(�µzBz) = µz

@Bz

@z
(3.61)

ÔÂ↵0, ¡È(zπ⌘Ñïq��, ◊õ1��.

•  gœx˛œ, ˆüPŒâPÃ˙e, ÍÀ(¡È)Ñπ⌘/è:Ñ. (zπ⌘Ñ'✏ÔÂh:⇣|µ| cos ✓.
‡d⌘ÏÑ�(OU⌦↵0Ç˛3.1@:ÑüPÑfiÌ⌃⇤.

• ãû⌦⌘Ï↵0$*ë! Ÿh�üPÑzπ⌘¡ÈÍ $*<, ˘îSz = ±~/2.

• Çú⌘Ïäûå≈nÀl, ⇤te⌅π⌘, ÔÂ—∞Sx, SyÑKœ<_/±~/2.

⌘Ï∞(e9nœPõfü⌃€L⌃ê. (d⌘ÏÍ⇤QüPÑÍÀÍ1¶���⇤Qv(√ÑzÙ–

®⇥æâP-˙eüPÑÍÀ∂�/|↵i.
9nœPõf˙,ü⌃, Kœ</õfœó&Ñ,Å<, ˘îÑ∂�/,Å�. ûåûE⌦J…⌘Ï�Í

À“®œÑ *⌃œ�ÔÂ↵\ *õfœ Ñ,Å<å˘îÑ,Å�/⇢

Ŝz|Sz; +i = ~
2
|Sz; +i, Ŝz|Sz;�i = �~

2
|Sz;�i.

Ŝx|Sx; +i = ~
2
|Sx; +i, Ŝx|Sx;�i = �~

2
|Sx;�i.

Ŝy|Sy; +i = ~
2
|Sy; +i, Ŝy|Sy;�i = �~

2
|Sy;�i.

(3.62)
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Figure 3.2: ßTSGûå.

˘î0Ê‚zÙ, ⇤Q0õfœó&/Ñ∆Ñ:

hSz; +|Ŝz =
~
2
hSz; +|, hSz;�|Ŝz = �~

2
hSz;�|. (3.63)

÷|+; zi, |�; zi:˙̇̇‚‚‚(Äô:|+i, |�i), ⌘ÏÔÂ˙ÀSzhhhaaa.

˙‚·≥c§R�':

h±|±i = 1, h±|⌥i = 0. (3.64)

åå⌥':

|+ih+|+ |�ih�| = 1. (3.65)

£H˚✏��ÍÀ∂� ÔÂU�

|↵i = c1|+i+ c2|�i. (3.66)

)(c§'s˚, ÔÂó˙

c1 = h+|↵i; c2 = h�|↵i. (3.67)

|c1|2ååå|c2|2111///⌃⌃⌃+++///KKKœœœSzóóó~/2ååå�~/2óóó‡‡‡ááá��� $_üPÑÍÀ∂�⌃+L)⇣|+iå|�i.
ŸÔÂŒ⇢*SG≈nÑûå”ú↵0, Ç˛3.2. �⌦bÑ”ú�…�G*: �⌦ÑÍÀ´,�*≈n 

˙eÜ�⇢«,å*≈nS61° �↵Ñ�/Ü⇥

,å*ûå� õG*: ⇢«,å*≈n�üP⌃⇣Ü�xcåx�Ñ$_�⌥⌘zcπ⌘ÑÍÀ‚œ‘⌃

„’⇣Ü⌥⌘xcåx�Ñ‚œå���Ô˝�_∏/ÍÀ° %<⌥⌘zc��J õOx+, �JOx-?

, *ûåÙ�ŸÕ⌧Û/⇡ÔÑ⇥ûE⌦

|Sz; +i = 1p
2
|Sx; +i+ 1p

2
|Sx;�i (3.68)

{<Ñ

|Sx; +i = 1p
2
|Sz; +i+ 1p

2
|Sz;�i (3.69)

Ÿ/‘�‚œ’Ñ‡†�⌃„��/ÍÀ‚œÑ‡†�⌃„! wS:¿H⌦✏⇣À�⌘Ï⇢(�b∫¡⇥


