V¥ WP VTN CH LAY VL OOy

Dich tiéng anh chuyén nghanh khoa hoc

ty nhién va ki thuat.
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BAI GIANG VAT LY DAI CUGNG
Tac gia: PGS. TS b6 Ngoc Uén
Vién Vat ly k¥ thuat
Truong DH Bach khoa Ha no1



Chuong 6
CO HOC LUONG TU



1. TINH SONG HAT CUA VAT
CHAT TRONG THE GIGI VI MO

1.1. Tinh séng hat cua 4nh sang

Tinh s6ng: Giao thoa, nhiéu xa, phan cuc; A, V.

Tinh hat: Quang dién, Compton; &, p.

Lién hé gitra hai tinh sOng hat: h
Nang luong: e =hv  Dong lugng: p = X
Hlam song Chiéu chum anh sang

\ = W song song, cac mat

10 d ------ ~——— song cung la mat

N \ phang song song




Ta1 O dao dong sang: x, =Acos2nvt
Tai di€m cat mat chita M 4nh sdng di duoc d, va:
Xy =Acos2nv(t-d/c)= Acos2n(vt-d/A)

d=rcosa = T.i X:ACOSZR(vt—%)

Day 1a s6ng phang chay, dang phuc:

—2ni(vt—%) —%(st—fj?)
Y =Y, hay W = ,€
. h
_2% 5_pk  h=-—-=10510"Js
2\ 27

W=y e—i(mt—k’?)
0



1.2. GIA THIET POBROI (de Broglie)
Mot vi hat tu do tuy ¥y ¢6 nang luong xac dinh,
dong luong xac dinh tuong tng v61 mot song
phang don sic;
a. Nang luong cua vi hat lién hé véi tan s6 dao
dong cua song tuong Uing e=hv hay g = /i®
b. Bong luong P cua vi hat lién hé véi buée
song A theo: D = % hay D= Kk
Tinh séng hat 12 hai mat doi 1ap bi€u hién su
mau thuan bén trong cua doi tuong vat chat



1.3. THUC NGHIEM CHUNG MINH LUONG

TINH SONG HAT CUA VI HAT
a. Nhiéu xa dién tu: Chi€u chum tia dién tur qua

khe hep, anh nhiéu xa giong nhu doi véi song
anh sang,

: % o tia ¢,n
Nhi€u xa dién ’

tlr, notron trén

tinh thé . .

Phim



Nhiéu xa dién tu
truyén qua trén
tinh thé Si

Nhiéu xa truyén qua trén Bromid Thalium



2. HE THUC BAT PINH HAIDENBEC

(Heisenberg) 2.1. He thic bat dinh
Toa do cua dién tu trong khe:

0<x<b =>Ax=b

Hinh chi€u cua dong luong

------------------- 1én truc x: 0 <p, <p sin @

ung vo1 hat ro1 vao cuc dai gitta
Ap, =p sin @, sin @,=A/b
AX.Ap,~PA  Ax.Ap, ~h

Y nghia: Vi trf va dong luong Ay.Ap, =h

cua vi hat khong x4c dinh dong  Az.Ap, =~h

thot




Vi du: Trong pham vi nguyén ta Ax~10"'"m

Van toc dién tu co:

34
AV Apxz N __6,6210 ~7.10°m/s

“ m, mAx 91107107
m, ~10-3! vi hat > Van toc khong xac dinh ->

khong cO quy dao xac dinh
m ~10°kg, Ax~10m hat 16n (V1 hat): Van toc
xac dinh -> Quy dao xac dinh:

h 6,62.10™

AV, ~ =——— —~6,6.10"'m/s
Mm.AX 10710

H¢ thiic bat dinh do1 v6i nang lwong AW.At~ h
AW= h/At




Trang thai c6 nang luong bat dinh la trang thai
khong bén, Trang thai c¢6 nang luong xac dinh la
trang thai bén

2.2 Y NGHIA TRIET HOC CUA HE THUC

BAT DINH HEISENBERG:

Duy tam: Hé thirc bat dinh phu thudc vao chu
quan cua nguoi quan sat: Xac dinh duoc quy dao
thi khong xac dinh dugc nang luong. Nhan thuc
cua con nguoi la gidi han

Duy vat: Khong thé ap dat quy luat van dong vat
chat trong co hoc co dién cho vi hat. Co hoc co
dién c6 gidi han, nhan thitc cua con nguodi khong
¢iGi han, khong thé nhan thitc thé€ giof vi mo



bang cac khdi niém co6 dien.
Khong thé xac dinh chinh x4c vi tri cua vi hat ma
chi doan nhan duoc kha nang ton tai vi hat & mot
trang thai nao do.
Quy luat van dong cua vi hat tuan theo nguyén ly
thong ké
3. HAM SONG VA Y NGHIA THONG KE

CUA NO 9 |
3.1. Ham séng: Chuyén dong cua vi hat tu do

(khong chiu tac dung luc bén ngoai) dugc mo ta
boi ham séng Do Broi

2— 2=
W=y e-i(wt—k’?) Vo ==y
= Yo

v Lién hop phic cua



3.2. Y NGHIA THONG KE CUA HAM SONG

song anh sang chi€u 1én M
LT cudng do sdng 1~y
— M/ IyPcang16n M cang sdng
A ' -> 50 photon cang nhiéu

l\yl? ty 1€ v6i kha nang ¢6 mat cta vi hat trong AV
\wl? dac trung cho kha nang tim thay vi hat trong
don vi the tich quanh M goi 12 mat do xdc suat
Xac suat tim thay hat trong dV 1a [yl’dV

X4c suat tim thay hat 2
trong thé tich V 1a j \.[ J ly [ av




Trong toan khong gian I j j P dV =1
Tkg
Pay 1a diéu kién chuan hod cua ham song

Ham s6ng khong mo ta mot séng cu thé nao do
nhu séng co hay séng dién tir ma né chi cho
phép tinh mat do x4c suat tim thay vi hat & mot
trang thai nao do
-> Ham séng v mang tinh thong ké
Trong vat 1y phan tir: Hé nhi€u hat méi c¢6 tinh
thong ké (theo qui luat thong ké)
Trong co hoc luong tur qui luat thong ké cé quan
hé v6i ngay ca mot vi hat riéng biét



3.3. PIEU KIEN CUA HAM SONG

a. Ham so6ng giGi noi = Diéu kién chuan hoa

b. Ham séng phai don tri: moi trang thai chi c6
1 x4c suat tim hat (theo 1i thuyét xac suat)

c. Ham séng phai lién tuc vi mat do xac suat
khong thé nhay vot.

d. Pao ham bac nhat cua ham séng phai lién
tuc: rat ra di€u kién ctia phuong trinh ham séng



4. PHUONG TRINH CO BAN CUA CO HOC

LUCONG TU

Trong co hoc ¢6 dién c6 f/t co ban: ma=F

Trong co hoc LT phai i

tim dugc ham song _ —(et=pr)
cua vi hat i w(r, 1) =wye

——¢l
=N A -
\V(ri t) . € . \V(r)
¢ la nang luong cua vi1 hat.
w(T) 1a phan phu thudc vao khong gian dap tng
phuong trinh Schrddinger:

Ay(F) - th £ — U)W (F) = 0




Vai tro phuong trinh Schrodinger trong CHLT
giong nhu f/t co ban trong co hoc ¢o dién
A Toan tu Laplatz, trong toa do PécAac:

2 2 2
M) = oy + 42w (F)
oy
U(T) thé nang
Trong 72 5?2
khong gian | -+ U(X)]w(X) = ey(X)
mot chiéu: 2m 0OX

Toan ta dong luong
h° 0% Todn tir O

2 done ni —1h—
2m ox? dong nang b, o




? Vg \ N 2 N
Toantu | _ P - U
A Haminton 2Mm

Toan tir dong nang:
A 2 2
p°

2m - 2m . , o
Phuong trinh Schrodinger: Tac dong toan tu
Haminton 1én ham séng cho gia tri riéng cua
nang lugng vihat  Hy = gy

- Trong co hoc luong tu cac dai luong vat 1y

déu la cac toan tu, khi toan tir taic dong 1én ham

song cho gia tri riéng cua dai luong vat ly do:

Py = Py e = ak.y

P = hk gia tri riéng cua dong lugng




5. UNG DUNG
5.1. Vi hat trong giéng thé

Yo { 0 khi O<x<a
o khi x<0 va x>a

0lU=0a x_ Trong giéng thé¢ U(x)=0
Phuong trinh heoo w(Xx) = gw(X)
Schrodinger: 2m OX°
Toan tir dong nang tac dong 1én ham séng cua vi
hat cho gia tri riéng cua dong nang vi hat

Dang ham song: y(x)=Asinkx+Bcoskx

Diéu kién bién c6 dinh y(0)= y(a)=0




Y(x)=Asinkx | — =& 2m a:n& k:n_n

___________________ - A 2 a
A 1a buéc song DO’ broi cua vi hat
Vo (X) = ASIn(—X) n=0,12..

2
jAzsm( )dx 1 A=

M01 trang thai vi hat
v, (X) = Sln(— X) tGng véi mot ham séng
Yp(X)
Thay \Ifn(X) vao phuong trinh Schrodinger
hZ

5 ¢ )\l!n(X)—S\Vn(X)
m




h° nm., €~n*>Nang lugng vihat bién

&= om ( a thién gian doan: Nang luong bi
luong tur hoa
Mat do xac suat ton tai vi hat
« 2 . 5, NT
2 p=yy =—sin"(—X)
e dvie— (%)) a2
2 a 1 D i n
9 3 M A A3
4 2 e, |2
1 |
0 0 S S 0

/4 a2 3a/4



5.2. HIEU UNG bUONG HAM

Yroo Doi v6i co ¢o dién néu nang
Unax /W lwvong hat W<U thi hat
/ X, khong vuot qua duoc hang
rao thé

Do1 véi co hoc LT vi hat ¢6 kha nang xuyén qua
hang rao thé cao hon nang luong cua n6: Hiéu
ing xuyén ham f

U . 0 x<0 miénI

— < N
I Uj TRRRIACS U, O<x<a n.lien I1
V(X)) pyo(¥) X |0 x>a mién III

O a



Phuong trinh Schrodinger cho ba vung

A dy 2mW
mién I Lt kiy, =0véi k' =
> 1VY1 1 2
mién 11 X22 | k2\|]2 =0 vdi k2 = h—Z(UO —W)
N d2\|j ? s e 2mW
mién 111 dx; FKiy, =0vGi k| = 2

Nghiém cua céc phuong trinh:

v, (X) = A" + Be

v,(X) = A" +Be
\|]3(X) _ A3€Ik1(x_a) 4 Bse_lkl(x_a)




Hé so truyén qua
/xuyén ham

D=-

AV

\

S\

/1

A,

2

A

2

Theo tinh chat lién tuc cua ham s6ng va dao ham

bac nhat cua ham séng.

Ta1 cac bo:
V1(0)=y,(0)
V1 (0)=y’,(0)
W,(a)= y;(a)
V()= vy 5(a)

Cac hé thuc:
A+B,=A,+B,
ik,(A;-B,)= -k,(A,+B,)
A efr +B ekt = A,
-k, (A,e % +B,ekt)=ik, A,

B,=0, khong c6 s6ng phan xa tir vo cung

Tu 2 phuong trinh cu6i xac dinh A,, B, qua A,



. i
Coi W<<U, hoac (1-m)(1+—)
bé rong cia hang A, = N A.e
rao 16n k,a>>1 4

2
16n* . 16n -1 (U, ~10W)

(1+ n2)e (1+n%)

D _ e—2k2a _ e—Zha\/Zm(UO—W)

D =




Mac du W<U, van c6 hat xuyén qua hang rao thé
Véi dién tt m=9,1.10~'kg, U,-W=1,28.10-1]
a(m) 10 1,510 21010 51010
D 0,1 0,03 0,008  5.107
D dang ké khi a nho: Hiéu ¢ng xuyén ham chi
xay ra O kich thudc vi mo

=> Tinh s6ng cua vi hat
Phat xa dién tu lanh
Phan ra hat o




5.3.DA0 TUDIEU HOA

Vi hat chuyén dong theo 1, _2daodong
X . U=—kx“; -

phuong x trong truong thé 2 ion,ngtur
Mo’X’

Thé nang U =

phuong trinh  d*y |22m ( moozxz) 0

Schrodinger (y2 = #?2 & 9 v

Giai ra c6 1 ho

nang lu’o’ng &, = h(D(ﬂ + E) n=0 co 8~O —
Nang luong “Khong”: ngay ca khi T=0 van c6
dao dong => Phu hop véi hé thic bat dinh:
Ax=0 thi Ap, van khac 0O



5.4. QUAY TU
Vi hat chuyén dong tu do trén mot mat cu xac
dinh

=>lng dung N/C phan tu 2 nguyén tu, H

V(r)=V(a)=const -> Chon V(a)=0

2m
Ay A hzg v =0 :
Gidi ra tim dugc nang luong ¢, — 7\ * 1)
1=0,1,2,3,.. 2ma

nang luong quay tu ciling gian doan: luong tir hoa



