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1.  a)  To find A normalize the state, noting that an overall phase is not physically meaningful: 
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 b)  To find the time dependence, multiply each energy eigenstate by its phase evolution term. 

To simplify notation use standard variable change 
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c) Calculate expectation values by doing spatial integrals, but use symmetry to make many 

terms go away.  Could also do with ladder operators 
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Ehrenfest's theorem in this case is 
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So it is satisfied. 

d)  There are only two possible energies here: E0 = 1
2 ! ! , E1 = 3

2 ! ! .  The probabilities are 
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2.  To solve this problem we want to write the state in terms of energy eigenstates.  Rather than 

calculating the coefficients using spatial overlap integrals, let's try to write our state in a way 

that makes it obvious which energy states are included.  First write out the harmonic 

oscillator functions to see how they will relate to our state: 

 

! 0 x( ) =
m"
#!

$
%&

'
()

1
4

e
*

m"
2!

x2

=
+2

#

$

%&
'

()

1
4

e
*

+2x2

2 =
+2

#

$

%&
'

()

1
4

e
*

, 2

2

! 1 x( ) =
m"
#!

$
%&

'
()

1
4 m"

!
1
2
2xe

*
m"
2!

x2

=
+2

#

$

%&
'

()

1
4

1
2
2+xe

*
+2x2

2 =
+2

#

$

%&
'

()

1
4

2, e
*

, 2

2

! 2 x( ) =
m"
#!

$
%&

'
()

1
4

1
8

4
m"
!

x2 * 2-
./

0
12
e

*
m"
2!

x2

=
+2

#

$

%&
'

()

1
4

1
8

4+2x2 * 2-. 01
*

+2x2

2 =
+2

#

$

%&
'

()

1
4

1
8

4, 2 * 2-. 01e
*

, 2

2

 

! e
"

#2

2 = $ 0 x( ) %
&2( )

1
4
; #e

"
#2

2 = 1
2
$ 1 x( ) %

&2( )
1

4
; 4#2 " 2'( )*e

"
#2

2 = 8$ 2 x( ) %
&2( )

1
4
 

 

! x,0( ) = A 1" 2 m#
! x$

%
&
'

2

e
"

m#
2!

x2

= A 1" 2( x[ ]2 e
"

( 2

2
x2

= A 1" 2)[ ]2
e

"
) 2

2

! x,0( ) = A 1" 4) + 4) 2$% &' e
"

) 2

2 = A 3 1( ) " 4 )( ) + 4) 2 " 2( )$% &' e
"

) 2

2

! x,0( ) = A
*
( 2

+

,-
.

/0

1
4

3! 0 x( ) " 4 1
2
! 1 x( ) + 8! 2 x( )$

%
&
' = A

*
( 2

+

,-
.

/0

1
4

3! 0 x( ) " 2 2! 1 x( ) + 2 2! 2 x( )$% &'

switching to bra-ket notation, we have 

! 0( ) = C 3 0 " 2 2 1 + 2 2 2#$ %& 

where C is the normalization constant 
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b) Note that the function at the later time T only has a sign change in the linear x term, 
which is related only to the! 1 x( ) .  We also know how the original state evolves, so we can 

relate the two expressions.  The result is that we want the ! 1 x( )  term to have a sign change 

in the phase evolution, while the other two terms are unchanged at T. 
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3. The two energies are the n = 0, 1 states, so the measurement tells us that: 
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We know that energy measurements are time independent, so we have no information on the 
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Now use this to find the expectation value of the momentum. 
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The maximum value occurs when the sine function =-1.  Since we are told that this happens 
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The overall phase is unknown but doesn't matter (cannot be measured) 


