
Physics 451 Sect. 1   Exam I 
Tues., Sept. 30 Ð Thurs., Oct. 2      Class Identification number: __________ 
Instructor:  Justin Peatross 
Time limit: 3 hours Ð 1% penalty per minute over; Closed book____________________ 
Instructions:  Write your I.D. number above and on each sheet of your work.  Please donÕt write 
on the testing-centerÕs cover page; it will be discarded before returning your test.  Make sure to 
put your work in order.  Staple it well.  Do 5 of the 6 problems, the lowest one will be dropped.  
Each complete problem, including the collection of true and false, is equally weighted.  Good 
luck! 
Potentially Useless Formulae: ei! = cos! + i sin! , cos! = ei! + e" i!( ) 2 , sin ! = ei! " e" i!( ) 2i  
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Integration by parts: UdV! = UV " VdU!  
 

1. (a) Write down the time-dependent Schršdinger equation in one dimension. 
(b) If the potential V x( )  is independent of time, develop the time-independent 
Schršdinger equation for ψ x( ) .  Show how ! x( )  and  ! x, t( )  relate. 
(c) The normalized eigen functions of an infinite square well potential (with infinitely 

hard walls at x = 0  and x = a  and V = 0  in between) are ! n x( ) =
2
a
sin n"

a
x#

$%
&
'(
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By direct substitution into the Schršdinger equation (or time-independent Schršdinger 
equation), find an expression for the energy levels En . 
 

2. (a) Using 
 

öp ! " i #
#x

, prove EhrenfestÕs theorem: 
d öp
dt

= !
"V
"x

. 

(b) Explain how this looks like the classical formula F = ma . 
 
3. A free particle at t = 0  has waveform! x, 0( ) = Ae" ax2 , where a  is real and positive. 



(a) Normalize to find A. 

(b) One can construct the waveform for future times as Ψ x, t( ) = 1

2π
dkφ k( )ei kx−ω k( )t( )

−∞

∞

∫ . 

You are asked to find analytical formulas for ! k( )  and ω k( ) .  You are not asked to 
perform the above integral.   
 

4. (a) If at t = 0  a particle is in the normalized state! x,0( ) =
1

2
" 1 x( ) +" 2 x( )#$ %& of the 

infinite square well (existing in the range 0,a( ) ), what is the probability (as a function of 
time) of finding the particle in the range x < a 2 .  HINT: This problem depends on 1(c) Ð 
Sorry that they are linked. 
(b) What is the most general solution Ψ x, t( )  in the infinite square well?  How are 
coefficients in the summation determined if Ψ x,0( )  is known (not necessarily the same as 
in part (a))? 

5. (a) Find the expectation of the potential energy (i.e., m! 2x2

2
) for a particle in state 

! n x( )  of the harmonic oscillator. 

(b) What is σ x ≡ x2 − x 2  for the different states. 

 
6. You start with two points.  Each correct response adds a point up to ten points; the first incorrect 
response is free (to help cover instructorÕs ambiguity); additional incorrect responses subtract a point.  
Unanswered questions are neutral. 
T or F  If ! x,0( )  is normalized, then ! x,t( )  is normalized. 

T or F  If 
 
! x! p =

!
2

 for a free-particle wave at one time, then 
 
σxσ p = !

2
 at all times. 

T or F  The function φ k( ) = 1
2π

dxΨ x, t( )e−ikx

−∞
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∫  will be different depending on what time 

it is calculated, so we usually calculate at t = 0 . 
T or F  The commutator x, öp[ ] ! xöp " öpx is zero. 

T or F  The expectation of the energy öH  for a general solution ! x,t( )  to the harmonic 

oscillator must lie on one of the values 
 
En = ! ω n + 1

2
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T or F  A measurement of the energy of a general wave function ! x, t( )  to the harmonic 

oscillator must lie on one of the values 
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1
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T or F  The velocity in the de Broglie relation 
 
p = mv = k  equals the wave group velocity, 

not the wave phase velocity. 
T or F  For the harmonic oscillator, the wave function ψ n x( )  is zero whereV x( ) > En . 
T or F  For the infinite square well potential, the wave function ! n x( )  is zero where
V x( ) > En . 
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The first integral is !
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.  Integrate by parts both terms in the final integral (while 

recognizing that terms evaluated at infinity vanish): 
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The dispersion relation is obtained by substituting a waveform ! oe
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