Spin

Classical

o0

Mo-men

dong lvong quy dao dong lwvong quy dao

Spin

QM

Mo-men

Spin

Spin

* Electron co spin (S)
* Spin khéng lién quan dén khéng gian !
* Dic trwng cho tinh chat ndi tai cha hat

* 2 moO-men dong lwvong bén trong (S) va
moO-men dong luveng bén ngoai (L)

Spin

Bai toan spin (S) duoc xt ly twong ty nhu
bai todn m6-men dong lvong (L)

[Sx, Sy = iRS,
[Sy,S,] =i
[S,,S,] = ihS,
S2|sm) = h%s(s + 1)|s m)
S,|s m) = hm|s m) [4.135]

[4.134]

s=?7;: m="

[Ly, Ly] = ihL,;
[Ly,L,] = ihLy;
[Ly, Ly] = ihL,.

L?y = h21(L + 1)y
Ly = hmyp
1 3
120,5,1,?---;

m=—I,..
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Spin
Khong phu thudc vao khoéng gian (géc quay)

- Khong loai trir cac gia tri ban nguyén cta s

1 3
s=0,-,1,-,...; m=-s,—-s+1,..,s—1,s

22 (4.137]

Ham riéng
fir=y"
Bai tap 4.18
Lefi = (AF™ [4120]
Tim A"
A™ = aJI(l+1)—m@m+ 1)
=aJ(IFm)(I+m+1) [4121]

Dung cong thirc [4.112]

Spin

Sylsm) = h\/s(s +1)—m(m=+1)|s(m=+1))

[4.136]
St

Sy iS,.
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Spin

v'"M6i hat co ban cé spin riéng va khong
thé thay déi !

v'Spin 13 mot s6 lwgng tir ddc trwng cho
hat

v'S6 lugng t&r mé-men bén ngoai (1) cé thé
nhan gia tri (nguyén) nao do va thay déi
khi hé bi nhiéu loan

v'S6 lwgng t&r mé-men bén trong (s) cd
dinh d6i vdi 1 hat da cho
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Hat v&i spins = 1/2

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

Hat v&ispins = 1/2
|s m): s=1—>m= il
— C6 hai trang thai dugc goi la spin up va down:
Spin up (1): % %) Spin down (): % — %>
Thay cho bra/ket |s m) c6 thé dung spinor (ma

tran cot) dé mo ta trang thai spin tdng quat:

¥ = (Z) =ay, +by_ [4139]

Can xac dinh toan tir S%va S,

[Sy, Sy = ihS,

[Sy,S,] =ihs,  [4.134]
[S;, Sx] = inS,

Sylsm) = h\/s(s +1)—-m(@m=*1)|s(m=t1))
Sy =S, +iS,.

S,|s m) = hm|s m)

S2|sm) = h?s(s + 1)|s m)

Ta cd: S%y, =

Toan t&r S21a ma tran 2 X 2.

o s=(: )

St dung céc tinh chat cla cac toan tlr sau day

S2%|sm) = h?s(s + 1)|s m)

332 Yy Q2. — 332
4h)(+ va S)(_—4h)(_

[4.135]
[4.136]

[4.142
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Xy = ((1)) [4.140] Spin up (T)

x = ((1’) (4141]  Spinup({)
3

S?x+ th)(+
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S,|s m) = hm|s m)

h h
SX+ =5 X+r Spx-=—gx- [1.144]

>s,=5(; °) [4145]

Sylsm)y=hJs(s +1)—m(@m+1)|s(m+1) [4.136]

Sy =S, 1S,

Sex—=hx_,S_x.=hx_,S;xy =S_x.=0

—>S+=h(8 (1)),S_=h((1) 8) [4.146]

Sy =S, iS,
(S+ + S_) . S+ - S_

-5 D o503 ww

— h
Coé théviét: S =50

o 1a ma tran Pauli v&i cdc thanh phan cho bai:

=1 o) =0 o)==(p )

[4.148]

Chuy: Sy, Sy, S, va S?la cac toan tlr hermit
vi chiing biéu thj cho cac dai lvong cé thé
khdo sat. S khong hermit.

h h
SoX+ =5 X0 Szx-=—5x- [1144]
hel 0
S, = 5(0 _1) [4.145]

Trang thai riéng (ham riéng/spinor riéng) cla
S, la

Xy = ((1)) , <tri riéng + ;),
X_ = ((1)),(tri riéng — g)

[1.149]
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tririéng + =

xo= () (riene +5)
h1 o o/ 2
S, = _( ) - (0) tri ria _h
X- = 1 ) ririeng >
x=(})=ax. +bx- [4139]
- Néu do gia tri S, trén hat & trang thai tong
, s it 2 s, . R,

quat y thi cé thé thu dwoc gia tri + 5 Voixac

. N
suat |a|? hoic — - V6ixdc sudt |b|?.

lal2+ b|2=1  [4.150]
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Hat spin % & trang thai
B i(l + i)
X_\/E 2
Xac suat dé cé duoc +§ va —g néu do S,

Bai todn trén cé thé dwoc hdi theo cach khic nhw
sau: Néu do 5, thi thu dwoc céc gia tri kha di nao va
V@i xac suat twong &ng la bao nhiéu?

Néu do gia tri S, thi két qua c6 thé cé va xac
suat twong rng 1a bao nhiéu?

Can tim ham riéng va tririéng cta S..:

_ h
Sxf = Af =301 o)
h 0 1
- [2 (1 o) ]f
D& PT cd nghiém thi dinh thirc cha né phai =

2
A w2l . ., [k R
nj2 —a| =024 ‘(E) =A=t7

Ham riéng (spinor riéng) duoc xac dinh qua

sf=if  s,=0(0 ) =il g2 (p)

20 D) =235 = () ==(5)

20 ==«
—> Spinor riéng:

1 h
(x) _ 1 A n
Xy = \/f(l)’<m rieng + 2)

1,1 h
() — N -
X< 7 (_1) , (tn riéng 2) [1.451]

Spinor tdng quat ¥ can dwoc biéu dién trong

(x)

hé cosd y; va X&)

x 1 1 ! ! !
X = ﬁ(i):v—g(éﬁﬁ(?):ﬁ%”ﬁ*
w_ Lty1y_1emay Ty 1 1
xX= *\/7(71)7\/3(0) \/7(1)7\/5)“r \/7)(7

- 12= () =g (7 +x)

i = (0) = (1 )

Trang thai téng quat (y = (Z) =ay,+by_ [4.139])

=x=<“+b>x<") ( b)x(") [1.452]
=z )& g '
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¥ = (a_-'_b>)((x) + (a_—b)x(x) [1.452]
=) g

1 h
o _ (1 A n
Xy —ﬁ(l),(tr1r1eng+2>

1 /1 h
) = — i riéng — —
X< \/E( 1) , <tr1 riéng 2> [1.451]

~ e « N 4 s h.
Néu do gia tri S, thi xac suat dé co dugc + 5 la
|a+b]|? |la—b|?

2

< h .
, vVa co du‘ofc—gla

Vi du 4.2. Hat spin % & trang thai
L 1+
X_\/_g( > )
Xac suat dé cé duoc +§ va —g néu do S,

Bai todn trén cé thé dwoc héi theo cach khac nhw
sau: Néu do 5, thi thu duoc cac gia tri kha di nao va
v3i xac suat twong &ng la bao nhiéu?

Néu do gia tri 5, thi két qua c6 thé c6 va xac
suat twong rng la bao nhiéu?
Can tim ham riéng va tri riéng cla Sy:
_ ho —i
Syf =Af Sy :E<i ol)

hoo —i 1 0
:lf(i 0)_’1(0 1)f_0
D& PT ¢ nghiém thi dinh thirc ctia né phai=0
27
|? ?|_0:>???

Xin tinh ti€p dé€ tim A va [

BT: Hat spin % & trang thai
L 1+
X_\/_g( > )
Xac suat dé cé duoc +§ va —g néudo 5,?

(Bai todn trén co thé dwoc hoi theo cach khac nhw sau:
a) Néu do S, thi thu dugc céc gia tri kha di nao va vdi xdc suat
twong ng la bao nhiéu?)
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Thi nghiém Stern-Gerlach

v'Stern-Gerlach: 1922, Ag

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

Spin up

Beam of
silver atoms |::::::::i:o:
ENENIEIEE Spin down

Screen

Thi nghiém Stern — Gerlach

(Hat trong tlr treorng khong déu)
C6 dién: Dai lién tuc (khdng tach vach)!
Bac c6 1 electron (th(r 47) ngoai cung & 1&p 5s
QM (Schroedinger): 21 + 1 vach. néu nhu &
trang thai s (I = 0) = 1 vach; & trang thai p
(Il = 1) thi cé 3 vach!
1 electron ngoai cung & 1&p 5s
- Spins = 1/2
SPIN: Cé6 2 trang thai ((rng v&i 2 vach duwoc
quan sat trong thi nghiém cla Stern-Gerlach)

Thi nghiém Stern-Gerlach

v'C6 dién: dai phé lién tuc

v'QM va&i Schroedinger: 1 chdm
vThyc nghiém: 2vach! &
v'Ag: 47 e. Electron th& 47 e

§55=>1=0

v'Néu & 5pthil =1 - 3vach
v/Spin: e vdi spin % = 2 vach
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