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I11.1. PHUONG TRINH SCHRODINGER

HAM SONG

Tinh chat, khai niém

T~

~

Tim nhw thé nao, dwa vao phwong
trinh nao?

Pa biét

~

Chwa biet

?

Phwong trinh Schrodinger

/

Phu thuéc th&i gian
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I11.1. PHUONG TRINH SCHRODINGER

1. Phwong trinh Schrodinger phu thudéc th&i gian

Ham song clia mét hat cé nang lwong E chuyén déng trong mét trwéng thé U:

W(x,t) = Ae!x—0Y

(1)

M6 ta song truyén theo phwong x va song truyén theo phwong nguoc lai

SONG DUNG

— Péi v&ihattw do (U=0): |p=rk| va [E

710}

2
T (1) |:> 2f:—k2\11 Ta dung:
X
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I11.1. PHUONG TRINH SCHRODINGER

1. Phwong trinh Schrodinger phu thudéc th&i gian

Thu duorc:

Twong tw:

Thu duoec:

PV 2
_nm oY _P g
2m ox* 2m
otV .
—=-10%¥ Ta dung:
ot
oY

1h—=hoV =EY¥Y

ot

Khi hat chuyén déng trong trwdng thé U(x)
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EY =2 wiux)w
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E=%o

E=p?/2m+U(x)
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I11.1. PHUONG TRINH SCHRODINGER

1. Phwong trinh Schrodinger phu thuéc thoi gian

Thay (3) vao (2): ht o0*W

" 2m ox?

oY

TUX)Y =i | (4)

ot

~

Phwong trinh Schrodinger cho hat chuyén déng mét chiéu

Co hoc co6 dién

Phwong trinh Newton

F=ma

Co hoc lvong twr

Phwong trinh Schrodinger

(4)

Giai phweng trinh cho ta biét vj tri
cua hat theo th&i gian
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Giai phwong trinh cho ta biét xac
suat cua hat trong khong gian theo?
thoi gian
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I11.1. PHUONG TRINH SCHRODINGER

2. Phwong trinh Schrodinger khong phu thudc th&i gian

b
‘P(X,t) ‘V(X e—iEt/h)
Phu thudc thoi gian

Phu thuéc khong gian

_n? dly(x)
2m  dx’

e—iEt/h + U(X)\V(X)e_iEt/h — 1h(_1E / h)e_iEt/h\lf(X) — E\l](X)e_iEt/h

28- it gon, ta thu duoc: 7
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I11.1. PHUONG TRINH SCHRODINGER

2. Phwong trinh Schrodinger khong phu thuéc th&i gian

_ R dlw() _
m dx? + Uy (x) = Ey(x)
o vhp laic |4 2
Sap xép lai: ;}’f;‘) + hrf [E-U®)w(x)=0

a4

Phwong trinh Schrodinger cho hat chuyén déng mét chiéu

CHUNG TA SE LAM VIEC TREN PHUONG TRINH NAY
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I11.1. PHUONG TRINH SCHRODINGER

3. Piéu kién cia ham séng

o Hiru han, néu khong thi diéu kién chuin héa khéng dugc
thoa man,

o Pon tri, vi img voi moi trang thai, tai mQt vi tri va tai mgt thoi
diém chi c6 m@t xac suat tim thay hat,

o W va dao ham béc nhét cua né theo cac toa do khong gian phai
lién tuc. Diéu kién nay la do phuong trinh Schrédinger ¢6 chira cac
dao ham bac hai cua W theo cac toa d§ khong gian. Dé phuong trinh
cO nghia, dao ham bac hai cua W phai hiru han, muon vay thi ¥ va
dao ham bac nhat cua né theo toa dg phai lién tuc.
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I11.1. PHUONG TRINH SCHRODINGER

3. Piéu kién cia ham séng

——— KHONG

HAM SO‘NG NAO THOA
PIEU KIEN?
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I11.2. HAT TRONG HO THE MOT CHIEU

L U(x)n A
( 8 & O
I { A BI i o khi x<0
Vo _= VY U(x)=<0 khi O<x<a § .
(a) o khi x>a a X
A Hinh 3.1: Hinh anh mot ho
U=U, the mot chiéu
U=0
(b) , 2 ~
Xét hat chuyén dong twdotrong0<x<a

Phwong trinh Schrodinger trong triwo'ng hop nay:

hay

28-Sep-17

dzw(x) 2m
E =0
dx? ’ h? w(x)
dz\y(x) ” . ,  2mE
—+k y(x)=0 vOI k® =—
e w(x) (1) -
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I11.2. HAT TRONG HO THE MOT CHIEU

Phwong trinh (1) cé nghiém:

v(x) = A sin(kx) + B cos(kx)

Dwa vao dieu kién bién w(0)=y(a)=0 E>

sin(ka)=0
= k=nn/a (n=1,2,3....)

hay | E,=2n’,(n=123,.)
2ma“
<~ =
Nang lwong bi lwong tir héa

A=7?
B="7
w(0)=B=0

y(a)=Asin(ka)=0

n=4

O trang thai lwong t, hat luén chuyén dong!
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I11.2. HAT TRONG HO THE MOT CHIEU

Bay gi® ta tim hang so A?

Dwa vao diéu kién chuan héa cia ham séng

ﬂ\p()&]zdx:l
: ES) |A=+2/a

‘[Az sin’(n.t.x/a)dx =1
0

Vay ham séng cla hat trong hd thé thu dworc la:

v, (x)=+/2/asin(n.mtx/a)

Tuy nhién, ban than ham séng khéng cé6 y nghia vat ly, ma chi cé mat
do xac suat méi cé y nghia vat ly.
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I11.2. HAT TRONG HO THE MOT CHIEU

Mat do xac suat phat hién hat:

n=1 n=3

FIGURE 5.11 The wave functions (solid lines) and probability densities (shaded regions) of the first four
states in the one-dimensional infinite potential energy well.
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I11.2. HAT TRONG HO THE MOT CHIEU

7.1. Mot hat chuyén dong tw do trong hé thé vudng goc sau vo han, bé rong a. Tinh ning luong ciia hat
0 trang thai co ban trong céc truong hop sau:
(a) Hat la proton vaa=0,] nm.
(b) Hat la proton vaa =1 fm.

7.3. Mot hat dang & trang thai kich thich thir nhat cia ho thé sdu vo han rong a thoa:

0 0<x<a

00 x<0,x>a

U(x) ={

Tim x4c suat phat hién hat trong cac khoang sau:
(a) Tirx=0dén)§=a/2
(b) Turx =3a/4 dén x = a.

7.4. Budc song cua mot photon phat ra tir laser ruby 1a 694,3 nm. Gia str viéc phat photon ¢6 budc song
nay la két qua cua qua trinh dich chuyén electron tir mirc n =2 vé muc n = 1 trong ho thé vo han.
Tinh bé rong ho thé.
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I11.3. RAO THE - HIEU UNG PUONG NGAM

‘U(x)
0 khi x<0 Uo
. ! 11 11
U=<U, kh1 O<x<a £
0 khi x >a "
0 a X
Hinh 3.4: Hang rao thé hinh chir nhat.
o Mién () va (n): $-¥ + Kly=0, k= 2m
dx~ h-
oMidn (1: ¥ _k2y=0, k2=2T[u,-E]
dx~ il /iy

»S6ng tdi trong mién |

L S6ng pxa trong mién |

v, =Ae™* +Be""

AL ik, (x-a)
Wi =A™
28-Sep-17
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-ik;(x-a)
B.e

Song PXA trong mién I

~So6ng truyén qua trong mién Ili
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I11.3. RAO THE - HIEU UNG PUONG NGAM

Pé tim A, va B, ta can cac diéu kién:

W|(0)=Wu(0) e A1 +Bi=Ax+ B>
dy, \ _dy, e iki(A; — B)) = -ka(A2 — By)
dx |, dx

= > e A +Be* =A
Wu(a)=‘|’m(a) - - "

dy,| _dyy ¢ _kz(A:e-k:a _Bzek23)=iklA3
dx dx

X=a X=a

Hé so truyén qua:

—_ |IA3 2 — A3 2 D= isl- - l6nj N e-:k:a n:ll({_;: UOE—E
|AI|- Al 1 (l+n
T Néu U, = 10E thi D=~ expl:—i—la\/Zm(Uo - E)} .

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

I11.3. RAO THE - HIEU UNG PUONG NGAM

7.20. D6i véi hat c6 niang lugng E < Uo tdi rao thé c6 dang:

0 x<0
U(x)=
Uo xz20

2mE

5

h~

¢ E ’2 Ug-E
Vi, x 2 0 ham song c6 dang: \4J|(x)=Ce"'x +De kX k)= m(—g)
h=

Hay ap dung diéu kién bién tai x = 0 dé tinh ham s6 B va D theo A

Vi, x <0 ham song c6 dang: y(x)=Asinkgx+Bcoskgx, kg =

7.29. Hai ddy dan bang Cu cach nhau bang mét 16p oxit CuO. Lép oxit nay duoc xem nhu 1a rao thé
vuong goc cao 10 eV, hiy tinh hé s6 truyén qua doi véi electron nang lugng 7 eV.
(a) Néu bé day cuia 16p 1a 5 nm.
(b) Néu bé day ciia 16p 1a 1 nm.
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BAI TAP CHUONG 3

Doc cac bai co loi giai chwong 7 sach bai tap

Lam cac bai khong ¢o 1oi giai chwong 7 sach bai tap
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THAO LUAN

4. Why are the following wave functions not physically
possible for all values of x? (a) ¥(x) = Ae* (b) Y(x) =

Atan x
5. What is the significance of the wave function ¢?

6. In quantum mechanics, it is possible for the energy E
of a particle to be less than the potential energy, but
classically this condition is not possible. Explain.

7. Consider the wave functions in Figure CQ41.7. Which
of them are not physically significant in the interval
shown? For those that are not, state why they fail to
qualify.

8. How is the Schrodinger equation useful in describing
quantum phenomenar

Y Y ] v
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THAO LUAN

28-Sep-17

CQ41.4

CQ41.5

CQ41.6

CQ41.7

CQ41.8

(@) w(x) becomes infinite as x — oo.
(b) w(x)is discontinuous and becomes infinite at x = 7/2, 3x/2,...

A particle’s wave function represents its state, containing all the
information there is about its location and motion. The squared
absolute value of its wave function tells where we would classically
think of the particle as spending most its time. ||’ is the probability
distribution function for the position of the particle.

In quantum mechanics, particles are treated as wave functions, not
classical particles. In classical mechanics, the kinetic energy is never
negative. That implies that E > U. Treating the particle as a wave, the
Schrodinger equation predicts that there is a nonzero probability that
a particle can tunnel through a barrier—a region in which E < U.

Both (d) and (e) are not physically significant. Wave function (d) is
not acceptable because y is not single-valued. Wave function (e) is
not acceptable because y is discontinuous (as is its slope).

Newton’s 1st and 2nd laws are used to determine the motion of a
particle of large mass. The Schrodinger equation is not used to
determine the motion of a particle of small mass; rather, it is used to
determine the state of the wave function of a particle of small mass.
In particular, the states of atomic electrons are confined-wave states
whose wave functions are solutions to the Schrédinger equation.
Anything that we can know about a particle comes from its wave
function.
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