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Free Particle

Quantum mechanics for some simple system
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1-Free Particle Problem

An object of mass (m) in direction (x) of constant potential energy V (x) .
H=T+V

=-1h?/2mé’/o°x + V (x)

Hwv=Ew  Schrodinger equation

-ih?/ 2m é%/é%x Yy “EWyy X 2m/h’
007 Yoy = -2m/h’ E ¥,
Suppose that  2mE/h*=k" .......... E=h’k*/2m .h=h2n

One dimension 1= V-1, i*=-1
[ikx ilkx
¥y- Ae "+ Be'

by using [ Euler law]

efio =cosa+Isina ... o=kx

¥y =A(coskx+Ismkx )+ B (coskx—1Isinkx)
= A coskx + Alsmmkx + B cos kx — B I'sin kx
=(A+B ) coskx + ( A- B) 1 sin kx

¥y = Ccoskx+Dismkx

dacSe & pall ausll 4l k constant
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1-inside box

Boundary condition

1-V(x)=0
2-0<x<a
3-9(0)=0 . w@)=0. x=0 ., x=a

Ex1/ prove an object in box a quantized ?
¥y= Ccoskx+ Dismkx

¥y = ¥o= C cosk(0)+Di1smk(0)

0=Cxl + zero ........ sm0=0 . cos0=1
0=C
bl zero (M Ashae C il dad 585 Ol o zero (el g sena (5SS

0=C cos kx 2l
¥y~ Disinkx
¥y~ ¥y~ Disinka
ka=nm ... k=nmla ., p=123....
3537

E=h’K'2m = DMo'ndra2m =o'h’/Sma’ =F

E=n'b’/$ma’ Energy of an object i box quantity
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2- outside box

Boundary condition

1-V(x) =0
2-0>x>a
3 -¢(x)=0

H"=T+V
=-1h?/2m &/d’x + V (x)

Hw,) =E v, Schrodinger equation
(-1h?%2md¥/éx + V(X))'*P(x) =E ¥y,
1h¥2me/ex ¥y + Vig¥e =Ew,

V(x) =

-ih?/2m &%/éx Wiy T O¥y = E Fx)
Wi = EWuytih?/ 2m&%/&°xw /0 =0
P =0

Impossible finding of an object position

Ex2/ Deternune the constant D for the wave function of an object m a

. . o > o nmwx
potential box 1f that ¥y = Dsinkx or Dsin —
a

Sin’kx = 1/2 (1- cos 2kx)
Je*wax=1

I D sin kx D sin kx =1
D’f sin” kx 9x=1

sin” kx= 1/2 (1- cos 2kx)

D? [ 1/2 (1-cos 2kx ) 8x = |
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D*/2(1-cos 2kx ) 9x =1
D’2[a-12kSin2k (@)]=1.......... k=nma
D2 [ a- a/2nm Sin 2niva ] =1

~=l,jl.lall 5 shusdll t‘uﬁj._' Qo 5“:4 eu'aﬂ FEBN R PP & i g

n=1 F=n"h"/Sma’ F=h"/8ma’
n=2 E=4h"/Sma’ E=h"/2ma’
=3 F=9 h’/Sma’ F=1.12 h'/ma’

a=bond length . m= mass of electron . h=6.62x10" s

Probability of finding an object if w(x) =D e***
P=lv*wdt=] D’e*e~** 9x =D’ ox
D’[x].....D°(a-0) =Da
P= aD’ ( constant)
A AL CBIGY) Y g5 S 3 sm pen S (S ¥
If cubic dimension for an object in potential box
a=b=c

2

=t 3/2 L MAX ., Ny . NNz
Yoy »=|=) sin— sin— sin—
a a a a

W(a) ¥ W(y) ¥ ¥(2)

2

E(X-}'-Z)=8:l—a;(nx2+ 2 e
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Three and two dimension for an object n potential box

Inside box Outside
0<x<a 0>x>a
0<y <b 0>y>b
0<z<e¢ 0>zc
Vix)=0 VEFE®

A % A a i _—
H" =-h*/ 2m (8% + é%/é%y + 6'1¢%2)

- ) ad i ad a7 a7 R
Vo aya=(@iCx+CICY +010°7)

A 2 _
H*= -h*2m V™2

(x,y,2)

Schrodinger equation of three dimension

2y -2 -
-]1 ‘2"1 v ¥ (xy.2)~ E[x v.2) w(x.v,z)

1/2
8 . X . nmy . nnz
Yo v = (—) Sin— sin— sin—
x.y.2) abce a b c
o, n?  n? . n?
PRty e (8 M ER B, 3
(X, v.2) 8m( a2 b2 + c? )

Ex3/ Determune the wave function ¥, , ;) and energy for an object in a
potential box ?
nmy

, _81/2.n1rx. . NRZ
Soll Wy = —.) sin— sin—=sin—

8 1/2 5 o X =X
= (—) Sin— Sin— Sin—
abc a b ¢

nLZ.I. "_Zz)

R n,?
T
LD Sm( a? b2 c?

hZ 22 2 12
By lot ot 3)

Homework EX4/Determine the wave function ¥, , ;, and energy
for an object in a potential box ?



