Spin

Classical QM
Mo-men Mo-men
doéng lvgng quy dao dong lvong quy dao
Spin Spin (khéng theo nghia

c6 diénl)



Spin

 Electron c6 spin (S)
* Spin khong lién quan dén khbng gian !
* Dac trung cho tinh chat noi tai cda hat

* 2 mo6-men dong luong bén trong (S) va
mo6-men dong lweng bén ngoai (L)

Spin

Bai toan spin (S) duwoc xtr ly twong ty nhu
bai todn m6-men dong lveng (L)

Sy, Sy = ins, (L, Ly] = ihLy;
iy [4.134] [Ly,L,| = ifLy;
[Sy'SZ] = ihSy [LZ,L,C] = ihLy,

[S,, Sy] = iAS,

S%|sm) = h?s(s + 1)|s m) f‘l’fgzl(lﬂ)w
S,lsm) = hm|sm)[4.135] V7
=0,5,1
=

!2; )
S L] ; m L m _l)--,l



Spin
Khong phu thudc vao khong gian (gbc quay)

- Khong loai trir cac gia trj ban nguyén cua s

1 3
s=0-,1,-,... m=—-s,—s+1,..,s—1,s

22 (4.137)

Spin

B6 sung thém:
Sy =5 £ iS,,.

Silsm) = h\/s(s +1)—m(@m+1)|s(m =+ 1))
[4.136]




Spin
v'Mbi hat co ban cd spin riéng va khong
thé thay doi |

v'Spin la mét s6 lwgng t&r dac trung cho
hat

v'S6 lwgng tir mé-men bén ngoai (1) cé thé
nhan gia tri (nguyén) nao dé va thay déi
khi hé bj nhiéu loan

v'S6 luong tlr mé-men bén trong (s) cd
dinh d6i vdi 1 hat da cho

Hat v&ispins = 1/2

v'Protons, neutrons, electrons
v'Quarks va leptons



Hat v&ispins = 1/2
1
|s m): s=§—>m=i§

— C6 hai trang thai dwoc goi la spin up va down:

. 11 , N
Spin up (1): ‘E E> Spin down (i)-‘2 2>
10
Nhac lai
Khbéng gian vector Khong gian Hilbert
A B |a) 1B)

- @ - ~ > ~
A mmmy B =04 |B)=0|a)

Tichvé hwéng 4 -5 Tich trong (a|B) = ja(x)*ﬁ(x)dx

aq a
> a2 a
A= : Ket: |a) = :2

an an

* *

Bra:{(a| = (&] ‘a; .. ap
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Khong gian Hilbert

a Q by
a; ‘,\ _[ b2
Ia>=<;> 8 = Qla) 'ﬂ><bs>

an
18) Q |a)
b, 411 912 ... Qin a;
b, |=| 491 4922 - qun a,
by An1 9n2 - Qnn n
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Hat v&i spins = 1/2

1 1
|Sm):s=——>m=i5

Spin up (T): % %) Spin down ({):

1 1
2 2

Cha y nhitng cach viét khac nhau:

[sm) < |f™) o [ © fom © fom

Spin up (T): E %) = f11>
2’2
Spin down (l) % — %) = f1_1>
2" 2
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Hat v&i spinls =1/2
|Sm):s—5—>m +E

Thay cho bra/ket |s m) cé thé dung spinor
(ma tran cdt) dé mo ta trang thai spin téng
quat:

=(}) = axs +bx- [4.139]
1

X+ ) [4.140] Spinup (1)

N[~ N =
N =
=

Il
=

)

X—

) [4.141] Spin down (1)
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Can xac dinh todn t&r S?va S,
S&r dung cac tinh chat cla cac toan tlr sau day

S, S| = iRS, | s2|sm) = #2s(s + 1)|s m) |

S,.5,] = ins,  [4.134] S,|s m) = hm|s m)

5050 = ihs, [4.135]

Si|sm) —h\/s(s+1 ~m(m + 1)|s (m + 1)) [4.136]
S+ =S, 1S,

Taco: S%y, = —hz X+ va Siy_ = th)(_ [4.142]
1 1 N

11 1/1 11 1 1 1/1 1 1

22> "3 <2 1) 22> i ‘E>=hzz<z“>z ‘5>

X+ 1a matrdn 2 X 2 >Toén tlr S1a ma trdn 2 X 2.

o wC

s?
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SZX+—Zh2)(+
3
c d\(1\_3.,(1 cy _ [Zh2
€ DE-30) -©-(")
0
Szx_=§h2x_ 0
c D=0 -()=(2
(e f)?1 =2\ )7 i
>82="p (o ) [4.143]
17
S,|s m) = hm|s m)
A A
SzX+ =5 X+ SzX-=—7x- [1144]
1o
>s=5(y %) [a145]

Sylsm) = hys(s + 1) —m(m + 1)|s (m + 1)) [4.136]
St =S8, 1 1S,

SeX- =hyxy,S_xy =hx_,Sixy =S_x_.=0

(0 1 . (0 0
—>S+—h(0 0),8_—h(1 0) [4.146]
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Sy = S, £ S,

(S, +S.) . S, —S_
:>Sx= 5 VaSy=T

ho 1 ho —i

_ = — 4.147
= Sx 2(1 o)' Sy 2(1’ 0) [4.147]

o h
Céthéviét: S=—-o
o |a ma trén Pauli v&i cac thanh phan cho bé:i:

= D= e (l 2)
*~\1 077 i 0) 7% 0 -1

[4.148]
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Chuy: Sy, Sy, S, va S?la cac toan tir hermit
vi chiing biéu thj cho cac dai lwgng cé thé khao sat.
S+ khéng hermit.

X+ Va y_ thoa PT tririéng: S,x, = g)(+, S, x- = —g)(_ [1.144]
_hioo

S, => (o _1) [4.145]

—> Trang thai riéng (ham riéng/spinor riéng) cta S,

[va cac tri riéng twong ng] la

AN n
X+ = (O),tm r1eng+z;
A [1.149]

= (O) tri rieng — —
X— 1 ) . g 2 -

S,



( _(1 o h
)(+—<0), tr1r1eng-|-E
1o N[ ... h
_2(0 _1>'< )(_:<1),<tr1 riéng —§>

. X = (Z) =ay, +by_ [4.139]

[DUng ra, nén ky hiéu y, thanh )(J(rz), va y_ thanh )(_(Z) dé

chi r6 day la cac vector/spinor riéng cta toan tir S,.]

- Néu do gid tri S, [spin trén truc z] cba hat (spin

%) @ trang thai tong quat y thi cé thé thu dugc 2 gid
. ATV (N o, ~ , N

tri kha di + 5 Va — 7 xac suat turong (rng la

p(+§) = |a|? va P(—g) — |b|2.

lal? + |b]? = 1 [4.150] Day chinh 12 DKCH (x|y) = 1

21

Vi du: Hat spin % & trang thai
. 1 (1 + i)
Je\ 2
Tinh xac suat dé c6 duoc +§ va —g néudo S,
Bai todn trén c6 thé dwoc hoi theo cach khac nhu

sau: Néu do S, thi thu duwoc cac gia tri kha di nao
va vdi xac suat twong ng |a bao nhiéu?

~ N ’ ~ .7 . 2 ~ h N h .7
Néu do S, thi co thé thu dugc 2 gia tri kha di -|—Eva -3 (gid
tri cd thé do dwoc chinh 13 cac tri riéng) vdi xac suat tuwong
, . h 1+i|? R h
ing 13 P(+E) = |a|* = % = Va P(_E) = |b|? =

‘ :§.P(+§) cling cé thé duoctinh = 1 —P(—g) :i_

6

22
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~ @ (1) .. .. h
(1 O) X+ = X4 —<0>,tr1rleng+2

h
— ,(2) — 0) RN o
2 =X (1 ,tririéng —

=

Z) =ay, +by_ [4.139]

Ta can xac dinh ham
riéng va trj riéng chia ca
cac thanh phan spin ) + be_(y)
theo hudng x,y

23

Néu do gia tri S, thi két qua cé thé c6 va xac
suat twong rng la bao nhiéu?
Can tim hamriéngvatririéngctaS,: S,.f = Af

nro 1
= [2 (1 0 ]f
—A R/2\ .
n2 —-2)f=0
D& PT cé nghiém khéng tam thudng (= 0) thi dinh
thirc ca né phai= 0

Rz A ‘0:’12‘<E) -

TR: Gia tri “guan sat” duoc

24
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Ham riéng (spinor riéng) dwoc xac dinh qua

N TRt

20 06)-255) -0
<30 s =al}) - -a(})

Chudn hda: {f,|f.) =1=2a’ > a =1/V/2

f

- Spinor riéng :

1 h

) _ 1) o n

. X5 \/7(1 ,tr;r1eng+2
X

Lr1y,. .. R
¥ =— (_1) ,tririéng — > [1.451]

V2

Spinor téng quat y can duoc biéu dién trong

@) v x93,

hé coso x;
x=cax e x® () =) =1

Nhac lai: ¢,, = (@, |Y) (K/g vector:c,, = €, - A)

1 b
cp = <x+ )|)(> == D (3) = a\;%
- = () =50 - (p) ==

X= (a i b)x(x) ( b>x(x) [1.452]
V2 )T V2

27



a+b a—>b
~x= < )xf‘) + <—> Y@ [1.452]

V2 V2
1 h
(x) _ 1 A
Sx < X —\/—§<1>,<tr1rleng+§>
() = i( ! ) tri rién —E [1.451]
\X— _1 ) 0 g 2 "

Ny

Né&u do gid tri S, thi xac suat dé

R N h b2
thu duoc gia tri +Ela P(+E) = |c,|? = %, va

T h -b|?
thu duoc gid tri — - |aP (_E) =|c_|? = %
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Vidu 4.2. Hat spin % & trang thai
_ 1 (1 + i)
X = N
Xac suat dé cé dugc +§ va —g néu do S,
Bai todn trén cé thé dwoc hdi theo cich khac nhuw

sau: Néu do S, thi thu duoc cac gid tri kha di nao
va v3i xac suat twong ng la bao nhiéu?

Tinh tri trung binh cua S,
B

5= () 41 (=)

2

Hodc dung (S,) = XTSxX

29
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Néu do gia tri 5, thi két qua c6 thé c6 va xac
suat twong &ng la bao nhiéu?

Can tim ham riéng va tririéngcta S,: S,/ = Af
ho —i
ho —i 1 0 Sy=—(- )
— _ — 2 0
=>[2(i o) A(o 1)f 0 L

YAV
=><ih/2 -2 )f‘o

D& PT c6 nghiém khdng tdm thuwdng thi dinh thirc
chané phai=0

77 0= ???
L | =072

Xin tinh tiép dé tim 1 va f

1 h
0 _ 1) Cn n
Xy _\/E(i ,<tr1 r1eng+2>
1) = L ( 1 ) (tri riéng —E> [1.451]
S - V2 \=i/7\ 2 .

y <
a—ib a+ib
e () ()00 passa
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12 +2'b
a l
=) x = —ﬁ(l + 1) (Z) =—=

a—ib a—+ib
— ) (%)
=|—— + | —— | yL 1.452
X ( 5 >X+ ( > )x | ]
la—ib|?

’ ~N h N h
Xac suat do duoc +- la P(E) = |c,y|? = 5
< h. h a+ib|?
va co du’qc—gla P(_E) = |c_|? =%

32

BT: Hat spin % & trang thai
. 1 (1 + i)
Je\ 2
Vd ~ ~ Vd h N h N
Xac suat dé cé duoc —i—g va —- nhéu do Sy?
(Bai todn trén cd thé dwoc héi theo cich khic nhw sau: Néu do
Sy thithu duoc cac gia tri kha di nao va vdi xac suat twong irng
la bao nhiéu?)
Tinh tri trung binh cda S,
h h
— 2 2
(8y) = le? (+3) +le-? (=)
(v \ —_— 'I'
Hoac dung (Sy) = x"Syx

33

Vi

15



BT On:

X4c dinh toan tlr S va s, , Sy, S,
cho hat spin 1/2

Cho biét trudc:

S%|sm) = h%s(s + 1)|s m)
S,|s m) = hm|s m)

Silsm) = h\/s(s +1)—m(m=+1)|s(m+t 1))

Sy =Sy, +iS,,.

34

Bai tap On:
. . a
Xét hat spin ¥5; ¥ = (b)
1. Néu do gid tri S, thi két qua cd thé cé va
xac suat twong &ng la bao nhiéu? (S,)?
2. Néu do gid tri 5, thi két qua co thé cé va
xac suat trong ng la bao nhiéu? (Sy)?
3. Néu do gid tri S, thi két qua cd thé cé va
xac suat twong ng la bao nhiéu? (S,)?

Ap dung cho electron & trang thai spinor

_ A1+ _1( A+
a)X‘TE(z —i) b)x—@(l —Zi)

35
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38

Thi nghiém Stern-Gerlach

v'Stern-Gerlach: 1922, Ag

v'Goudsmit &Uhlenbeck: gia thuyét spin
(1925)

Beam of
silver atoms

Spin down

Screen

Giai thich thi nghiém Stern — Gerlach
(Hat trong tur trwvong khong déu)

C6 dién: Dai lién tuc (khéng tach vach)!
Bac cd 1 electron (th& 47) ngoai cung & 1&p 5s:
- QM (Schroédinger khong spin): 21 + 1 vach.
Néu nhu & trang thais (I = 0) = 1 vach;
Néu & trang thai p (I = 1) thi cé 3 vach!
1 electron ngoai cung & |&p 5s 2 Spins = 1/2

SPIN: C6 2 trang thai (*rng vdi 2 vach duoc qua
sat trong thi nghiém cla Stern-Gerlach)

®

®
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