
Physics 451 Sect. 1   Exam II  
Tues., Oct. 28 Ð Thurs., Oct. 30      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 only 5 of the 6 problems.  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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Ĥ = ! ! â+â" +
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Gaussian Integrals: 

due! " u2+#u+$

! %

%

& = 2 due! " u2+#u+$

0

%

& =
'
"

e
!

#2

4"
+$

, duue! " u2

# = !
e! " u2

2"
, duu2e! " u2

! #

#

$ = 2 duu2e! " u2

0

#

$ =
1
2

%
" 3  

Integration by parts: UdV! = UV " VdU!  

Schršdinger Equation: 
 

i
!
! t
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Time Independent Schršdinger Equation: öH ψn = En ψn , 
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n
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Hermitian if öQ = öQ  . 
The Hermitian conjugate of a matrix means transpose and complex conjugate. 
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1. Consider a potential well comprised of a delta function written as V x( ) = ! " # x( )  
where !  is a real positive constant.  The well supports one bound stationary state 

with ! x( ) = Ae
"

m#

! 2
x
. 

(a) Find the eigen-state energy E . 
(b) Demonstrate that the state satisfies the time-independent Schršdinger equation near 
the origin by integrating the equation from ! "  to +ε , where ε  is small. 
 
2. (a) Demonstrate that 

 
x, öp[ ] = i . 

(b) Demonstrate whether öp and öp2  are Hermitian. 
 

3. (a) Derive the Heisenberg equation of motion 
 

d
dt
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i
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that does not depend explicitly on time. 
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! E! t "

!
2
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, find the eigen values 

A1 , A2 , B1 , B2  and their associated eigen vectors a1 , a2 , b1 , b2 . 

(b) You measure öA  and obtain value 
 

−
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2
.  What is the resulting state expressed in the 

eigen states of öB?  Find the probability that an immediate subsequent measurement of B̂  

will yield 
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5. (a) Construct the Hamiltonian matrix with elementsHm,n ! m öH n  for the harmonic 

oscillator if only the lowest three states are involved.  (In the expansion 
! = cn t( )

n
" n , you are given that cn>2 = 0 , so you will only need to use a three-by-
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Part (b) on next page. 



(b) A certain operator has the form öA = λ
0 1 0

1 0 0

0 0 2

⎛

⎝

⎜
⎜
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⎟
⎟ .  If the coefficients in part 5 (a) are 
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e
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d
dt

Â .  HINT: See the formula in 

problem 3(a). 
 
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.  Please circle your answers 
on this page. 
 
Consider the first four questions individually in relation to the following information:  Two 
operators öA  and öB do not share eigen states an  and bn , where n = 1, 2, 3 ....  A measurement of 
öA is made, and the system is found to be in state a1 .   

T or F If the measurement of öA is immediately repeated, the system will still be found in state 
a1 . 

T or F If the measurement of öA is repeated at some later time, and if öA  does not commute the 
Hamiltonian öH , the system may be found to be in a state other than a1 . 

T or F If a measurement of ̂B is made following the measurement of Â, in general the system 
may be found in any state bn . 

T or F If an immediate measurement of öB is followed immediately by a measurement of öA  
again, the system will still be found in state a1 . 
T or F The ket can be thought of as an instruction to integrate. 
T or F Incompatible observables (i.e., operators that do not commute) have shared eigen 
functions. 
T or F Since the expectation of the momentum operator öp ≡ n öpn  is zero for an energy 
eigen state of the harmonic oscillator, a measurement of the momentum will give zero 
every time. 
T or F If a state is in a superposition of energy eigen states of the harmonic oscillator 
(i.e., ! x, t( ) = cn t( ) " n x( )

n
# ), a single measurement of energy will yield öH . 

T or F The expectation of an observable such as momentum öp  has to be a real number. 
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