TAP CHI KHOA HQC TRUONG PAI HQC HONG PUC - SO 38.2018

SU DUNG PHUONG PHAP BIEN PHAN RITZ TRONG CAC BAI TAP
CO HQC LUQNG TU CHO SINH VIEN CHUYEN NGANH
VAT LY CUA TRUONG PAI HQC HONG bUC

Nguyén Thi Ngoc!
TOM TAT

Trong cac bai toan co hoc luong tir, phwong trinh Schrodinger ap dung cho cac
hé phirc tap khéng thé gidi chinh xdc ma phdi diing cdc phwong phép gan diing. Phiong
phdp bién phan la phwong phdp gan ding tim ra cdc tri riéng va ham riéng cia
Hamiltonian. Phwong phdp bién phén diea trén nhdn dinh nang lwong trung binh ciia hé
I6m hon hodc bang ndng lwong cia hé & trang thdi can bang. Viéc tinh nang luong &
mirc co ban dwa dén chon mét ham thir chira thong 56 chwa biét. Cuc tiéu héa nang
lieong trung binh dé tim cdc théng sé chwa biét trong ham thir. Tir d6 ta tinh dwoc ning
lwong o trang thai co ban.

T khéa: Hé lirong tir, ham Hamiltonian, ham thir, phwong phdp bién phan.

1. PAT VAN BE

Trong qua trinh gidi bai tap co hoc luwong tir vé phuong trinh Schrodinger cho céc hé
lwong tir phirc tap, viéc van dung 1y thuyét vao giai bai tap 1a mot van dé rat kho khan dbi
véi cac sinh vién. Tai liéu tham khao cho hoc tap bd mon 1a han ché, gido trinh cua mat s6
tac gia vé phan bai tap hdu nhu khong co 10i giai hodc hudéng dan phuong phép giai. Do do,
cac sinh vién gap rat nhiéu kho khin trong viéc giai bai tap. Bai bao nay sir dung phuwong
phap bién phan Ritz trong giai bai tip co hoc lwong tir s& gitip cho cac em nim vitng ban
chit hién tuong cua cac hé luong tir do.

2. NOI DUNG
2.1. Ly thuyét vé phwong phap bién phan Ritz

Phuong phap bién phan 1a mot trong cac phuong phap gan ding tim ra céc tri riéng va
ham riéng ciia Hamiltonian.

Phuong phép bién phan dia trén nhan dinh ning luong trung binh ciia hé 16n hon hoic
bang ning luong clia hé ¢ trang thai cin bang.

Viéc tinh nang lugng & mirc co ban dua dén chon mot ham thir chua thong s6 chua biét.

Cuc tiéu hoa ning luong trung binh dé tim cac thong sb chua biét. Tir d6 ta tinh dugc
ndng lugng ¢ trang thai co ban.

! Giang vién khoa Khoa hoc Ty nhién, Truong Pai hoc H5ng Durc
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Co 56 1y thuyét

_ j v Hydx

Ta c6 gia tri trung binh ctia nang lugng: £ = J.| |2 y = Iw*ﬂwdx (1) (ham song
w| dx

da dugc chudn hoa)
(0)

Khai trién ham soéng ¥ theo w, cla toan tir khong nhiéu loan H,. Ta co

v =2 Cy véi YIC,[ =1 @)
Thay (2) va (1) ta duoc:
E=[YCcyVay cylac=[Y|c, [y iy ax=3|C,[ [w" iy ax

C,E, > E,

DYDY
Vay E =min I v Hydx
Nhdn xét: Viéc tinh nang lugng ¢ trang thai co ban ¢ biéu thirc trén dan dén viéc chon

“ham thir” chira mot sb thira s6 chua biét nao do: a, fB,...va W(x, 0(,,3,...)

Tinh J(a,ﬂ,._):jg//* (x,a, B,.. ) Hy (x,ct, 3,...) dx
Tim cyc tri cia J(a, f,..) ddng nghia véi viéc giai phuong trinh:
A
oa Opf

Néu chon tot ham thir ta c6 gia tri nang luong E =J(e,, B,,...) gin voi gia tri that
E, valuc do h¢ sO trang thai co ban ctia hé s& gan dung véi ham (x, a,ﬂ,...).

Phuong phap tinh ning lwong co ban néi trén goi 1a phwong phap bién phan Ritz.

Ngoai ra, ngudi ta con c6 thé tinh nang lwong & trang thai kich thich thir nhét E| hodc
trang thai £, .

E = minjz//l*ﬁ w,dx voi J.wl*l//ldx = l;jwl*l//odx =0

E, =min I w, Hy,dx véi jwz*wzdx = l;jwz*wldx =0; _[ w, w,dx=0. Tiép tuc thyc
hién cac phép tinh ta c6 thé tinh ning lugng ¢ mirc kich thich cao hon.

2.2. Cic bai tap sir dung phwong phép bién phan Ritz

2.2.1. Phuong phap giai

Buoc 1: Chon mgt ham thur chira mot thong s6 chua biét nao d6 l//(x, a, ,B,)
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Bute 2: Lap ham J(a, B,..) = [y (x,a, B,..)Hy (. 0, B,...) dx

Tim cuc tri ciia J(a, 5,..) dong nghia voi viée gidi phuong trinh:
2—‘; :Z—; =.=0=0q,8,,..

Viét lai v (x, 2y, 5B,» )

Budéce 3: Suyra E=J(e,, f,),...)

2.2.2. Cac dang bai tap ap dung

Bai tdp 1: Dung phuong phap bién phan tim ning luong ¢ trang thai co ban cua hat
chuyén dong trong truong thé U(x)=Uux*,U, =const véi ham thir dugc chon

—x? +0

- _a? T
() =Ae” véi [ e dx=,|=
o

—00

+0 _2 0
Bai gidgi: Chuan hoa ham séng: 1= I Ae 7 dx

+00

4 —axz 72.

Ap duyng tich phéan Je dx=\/: ta co: 1=A2ﬂ\/§:>/1:
—o0 a

Lap ham
J(IB):J.V/*ﬁl/ldx=A2Te;2 —h—2d—2+U x* %dx
7 2mdx®
_ d2 e_ﬂ‘iz 9y 2 7
| T | = | FSr BT 2F &
=4 je - 5 dr+Je U,xdx|=4 j 7| e r+J. de
_w 2m  dx _w mp /3 M
A T I U :
:2 —— _[e’ dx+AJ ﬂdex:Z ~— I+ A1
mﬂ 2mﬂ5 72[—30 —0 m zmﬁS E
61(0() J‘_ 2 -—ax dx—_l \/_0(_3/2
" —ax’ T —0
Ddt](a):_[e dx:\/: suyra (
—o0 o a I a) i 4 —ax? 3 -5/2
=|xe“di=—rma
oo’ I 4\/_

—0
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+00 7£ 3 +o0 _E
Do do: +1, = sz.e 4 dx:%\E va l, = J-on“.e P dx = 3.

—00

L+ AL =——+=U,pB
[z 2mp 16

h? h?
Vay J(B) = -
ayJ(p) o

P g (0 +2U,f =0

Ta co: P
4
= [l = 3’
Fo 3mU,
2 4 2
Vay E, :—h +iU0§ 747/?
4h? 16 3.mU,

2m3
3.mU,

Bai tdp 2: St dung phuwong phap bién phan tim ning luong & trang thai co ban cia

nguyén tir Hidro v6i ham thir w(r) = Ae ””

oA R 1o ,0) 1 e
Vo H:m{r—zg(r 5)*7%}7

Bai gidi: Chuan héa ham song:

+o0 T 2z +o0
1= [l av = [ 4. Fdr[singd6 [ dp=an4* | " rdr
0 0 0

0

Ta co:
+00 _ - +0 2 +00
I(a)= '[ e “dr= —1e_’” = 1 = o) = J' re “dr= —Lz; 0 1(?) = '[ ¥ e dr = %
0 a 0 oa 0 o Oa 0 a
+oo ,63
Suyra I = I e rldr=—= 4" =2
0 Vs

Lap ham J(B)= [y Ny (r)dV

Ta co:

N _hz 1 a 2 82 1 62 —ﬂ.r
HI//(V):{E[F—Z(zl"E-FF yj‘i‘r—zA(‘gq))}—? Ae

32 2 2 2 2 2
_ch [2 0 + 0 }A.eﬂ'r+0—iA.e_ﬂ'r:A.e*ﬂ"‘[h——h—ﬂz_e_}

C2m ;5 y r rm 2.m r

96



TAP CHI KHOA HQC TRUONG PAI HQC HONG PUC - SO 38.2018

't 2 2 n i’ 2 2 n 2 " 2p.r ’ 2
3J(ﬂ)=IAe ——p ——4 rdr=A"|—p-e 4ﬂje rdr——pf
0 r.m o 2.m

2.m m
2 2 2
=h—ﬂ2—€2ﬂ—h—ﬂ2=h—ﬂ2—ezﬂ
m 2.m m
2
2—2=0<:>h—ﬂ—e2:0:>,b’0=
m
noetm’  ,e’m e*m
Vay: E, = —e =—
SR P 7 7

Bai tdp 3: Dung phuong phap bién phan hay tinh gan dung ning luong trang thai co ban
ctia hat trong hd thé sau vo cling, bé rong a (0< x<a).
Chon ham tht: w(x) = A.x(x - a)
Bai gidi: D6i voi giéng thé sau vo han bé rong 13 a ta co:
0 _ 2h2 2 nrx

En - l//n (x) - SIH -
2ma’ a a

Nang luong trung binh dugc tinh theo cong thurc:

2 2

E:jw*ﬁwdx:jw [—h—d—+U(x)ngdx

d2
2 2
:jw*( 2h i’ ]dx+jt//U(x)l//dx
o Ldiy
=¥

(Vi J. w U(x)ywdx =0 do tinh chét cua giéng thé sau v han)

Chuan héa ham song:

(//(x):A.x(x—a)

j‘w*y/dx:lc j-Azx2 (x—a)2 dx=1< Azji(x4 —2ax’ +a2x2)dx=1
0 0 0

Vay nang lugng trung binh la:

2 a 2 2 a
E=—— l//*dl’//d hAIx—ax
2my, dx* 0

h2 30 @’ n’
—_— > =L01E|;

ma’ 6 ma
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Bai tdp 4: Ap dung phuong phap bién phan tinh ning luong & trang thai co ban cia
. R _hZ d2
mot dao dong tir diéu hoa véi H = 3 d_ +—m.w’x” v6i ham tht duge chon
m dx

0 khi x> -«

241 khi —a<x<0

v(ex)=1%
——+1khi0<x<a
a
0 khix>«a
Bai giai: Dat
2+a 1
J- Fruds Iwwdx+ ma)j wdx ,
_yavex con_dY
J(a)= - = Trong d6 "= 72 . Tich
fvva Fra x

phan dudi méu xuat hién do hérn song chua chuan hoéa. Chudn hoa ham song:

0 2 a 2
MS = j +1 dx+j ——+1 dx—j x—+2£+1 dx+j x——2£+1 dx:2_a
o« AR 3

-a

Xét tir s6:

e ¥ 3
I zdx—J- —+2—+x dx+J- x_z 2x—+x2 a’x:iac3
o o 15

—a

+ Tinh Il//l// "dx va can luu y:

lkhi x<0
w(xa)=1“
- —khi x>0
o
o 1 o 0 khi x<0
Do d6 v ()C,OC)—;[—U(X)‘I-?](—X)] v6i (x)—{1 ihi x>0

Ta biét 77'(x) = 5(x) 0(x) 1a ham DeltaDirac
v'"(x,a)= 1 [—5(x) + 5(—x)] __2 o(x)
a a

Do d6:

j wy "dx = =2 j w(a, x)S(x)dx = _—2z//(a, 0)= =2
< a -, a o
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20 w1,

~a ,
J(a):azm 2 15 _3 h2+ima)2a2
2a 2ma” 20
3
Tur diéu kién cuc tiéu ciia ham J ((Z )
oJ 2
ﬂ=0@—3h—3+imwza=0:>a§=\/3_oi
oa ma” 10 mao

Vay nang luong & trang thai co ban la:

J(ey)= \/ﬁhaw\/s_oha):@ha)
20 20 10

3. KET LUAN

Phuong phap bién phan 1a mot trong cic phuong phap quan trong ciia co lugng tir. Ap

dung phuong phap bién phan, ching ta tim ra dwgc cac tri riéng va ham riéng cua
Hamiltonian cho cac hé lugng tir phire tap ma cac phuwong phap chinh xac khong giai duogc.

Heé thong cac dang bai tap trong bai bao nay da dugc ap dung cho sinh vién cta Truong Dai
hoc Hong Pirc, sinh vién di nang cao ning luc giai cac bai toan vat Iy va van dung phuong
phap bién phan vao giai bai tap co hoc luong tir. Pay ciing 1a mot trong céc tai liéu bo ich
cho céc sinh vién va gidng vién vat ly trong qua trinh giang day mon co hoc luong tur.
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USE THE VARIABLE OF THE RITZ IN THE QUANTUM MECHANIC

EXERCISES FOR PHYSICS STUDENTS
AT HONG DUC UNIVERSITY

Nguyen Thi Ngoc
ABSTRACT

In the mathematics of quantum mechanics, Schrodinger equation applied to complex

systems could not solve correctly but it is necessary to use the approximate methods.

Methods of variations are the approximate method of finding the eigenvalues and function
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of Hamiltonian. Variational methods based on the identification of the average energy of
the system which is greater than or equal to the energy of the system at equilibrium. The
calculation of basic energy level taken to a choice of a test function contains unknown
parameters. Minimizing the average energy to find the unknown parameters in the function
test. From which we calculate the energy in basic status.

Keywords: Quantum mechanic, function Hamiltonian, test, methods of variation.
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