
12.5

& particle in the infinite square well has its initial wave

function an even mixture of the first two stationary states :

E(x, 0) = A(H,
(x) + +z(x)]

(a) Normalize Ex,02 . (That is
, find A .

This is very easy , if
you exploit

the arthonormality of up and +2 .)

(b) Find [G, t) andI, t)1? · Express the later as a sinusoidal

function of time , as in Example 2
. 1 .

To simplify the result,
let w =rh/2ma?

(c) Compute <2). Notice that it oscillates in time . What is the angular fref
of the oscillation? What is the amplitude of the oscillation?

(d) Compute (P) .

(e) If you measured the energy of this particle ,
what values might you

get, and what is theprobability of getting each of them ? Find

the expectation value of H
. How does it compare with E

,
and En ?

(a)J =1-(+ dx =A+

= A2)/ 4,
da+Jx) =

V(x) = 50 , Oe
&

For infinite square well potential with length a : In = Jesin()
-

=> 4
,
() = (Esin (I) , 4(x)=sin()



=> 12())) sinc()dx +%sinzdx) = sin
? (ix)=

s

=> A()((E-si(-
=a()(E + z) = 21 = 1 = A=

(b) E(x,
0)= sin +sin)=sin +sin

↑(x,+) = A (4
, (2)
-

+ 42(x)e
- Et

E= w, 40h

=>E(x, )= (sin(i t sin(e)

1(x, t) 12 = **(2,+) EG,+)

= (sineticsin(eiwt](sinsin(t/ /

= (sin() sin()(e-iwtict) + sin()sin)

= (2sin() sin() cos(swt) + sint() +sin)

(C) <x) = /Ex ,+ice El,+) die

-

=incos(wt)+si



I :S sin() sin (E) cos(30t) as

f = x
, g =cosd

= Xcos(3wt) ((cos-cs)d]=,g
⑧

a

= cos(wt)(sin(n-+(
-1

==-c)=
- (1 - 1) = 0

[2 : /sin(an =(sin(
- (1 - 1) = 0

Es:usin(an = ( -sins(
=> (x) =t) - Los(wt)+ ) =a(t-CSN

agfreq .

Angular frequency : W= 3w=

Amplitude : I

(d) < P >=mA)ma . Swsin(wt=sin

= sin(3wt

(e) We have two states : n = 1 and n = 2

=> E, E=
"even mixture of 4

, 142 - P(E,) = E , PLE) = E



HEET

(H)= E .PEj)=
= Ejaverage



P2
.
7

-

A particle in the infinite square well has the initial wave function

E(x, 0 =

Ax 0xxa

?A(a-x),xa.

(a) Sketch (x , 0) and determine A.

(b) Find E(x, t) .

(c) What is the palability that a measurement of the energy&

would yeld the value E,?

(d) Find the expectation value of the
energy using (H)= E

u = a-x

(a)J=d +Said = 1 du= -dx

=>A2)(23)=)
=> A =J

Elmo
1

fa-

12 >



(b) E(x , t) =Jesini, O

#↳
in = St*+di=Jasin))Ex, 0) d

f = x dg= sin e an

=Ft(sinax+sin) of a g =-S

=Ea()in
las-(c)-cost

= Jsi n = 1 ,
3, 5...

Ex, t)=(
(C) Int is the probability that a measurement of the energy

would return the value En
.

P(E) =1 =1)
↳ this is the case for

all odd n subject to 112

(d) (H)= En=
nodd
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(a) Construct 42(x).
(b) Sketch to, i, andto
(c) Check the arthogonality of to ,4 ,

andI by explicit interation.
Hont : If you exploit the even-ness and odd-ness of thefunctions,
-

there is really only one integral left to do.

(a) +z(x) = Az(+ )
*

Yo(x) = Aza++,
(x)

↑ (x) =(

P2(x)= )-t +mox)/

+mor

= F[heTrus

D U = Az(MW- - 1)

②-1)d
&

even even even
use u= du =Je



=> 2 -
=> 24-4 +1=j

&

z i no a = 1

=>2A[
= (x)=- - 1)

(b)
To (2) 4,1

.
>xS

1
7 x

↑xy

·



(C) /%*tod = 0 . J =

↑ M ↑ M
& oddx even-odd &evenxodd-odd

by symmetry... by symmetry...

* dr =-1)
=x)

n = 0

=-
·

=O
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Find (2) , <P) , <x3) ,
< p2) , and <T)

, fue the nth stationary state

of the harmonic oscillator
, using the method of Example 2

.
5

.
Check

that the uncertainty principle is satisfied.

From Example 2
. 5:

=+=
3
=(ai + a

+
a

=

+ a-a+
+ az)

2=-(a-a-a

->n+

(x) =f*Par=d

->Itn-1

=
<p =m =0

(x2)=mid + c+
+It x) = (2n+1)

O

<p2) =-End-nd- (n+it
↓J rx) = (2n+1)



(T) =< (2n+1) ha

=<xn+1)
8

o = <p-= (2n+1)w

=>% = (2n+1 = (2n+1) for n = 0
, 12. -


