
Due:   Friday, 10/17, 2:10pm, PHYS360 Assignment 7 

  Note: this assignment is reduced in length 

Reading: 

 

1. Griffiths, Ch.3, pg. 114-124.  Prepare for Reading Quiz: Friday 10/17, questions on 

anything in Griffiths, pages 114- 124, but especially: 

a) understand Dirac notation, 118-120 

b) be able to represent operators by the matrix elements, pg 120 

c) understand Example 3.8, pg 120 on the two-state system 

d) be able to define: 

 bra 

 ket 

 dual space 

 projection operator 

e) understand the “tidiest” way to express completeness, pg 123 

 . 

Problems: 

 

1. Let   Ψ1
   and   Ψ2

   be two orthogonal normalized states of a physical system: 

 

 Ψ1 Ψ2 = 0 and  Ψ1 Ψ1 =  Ψ2 Ψ2 = 1 

 

and let A be an observable of the system.  Consider a nondegenerate eigenvalue of A 

denoted by 𝛼𝑛  to which the normalized state   Φn
   corresponds.  We define 𝑃1 𝛼𝑛 =

  Φn Ψ1  
2 and 𝑃2 𝛼𝑛 =   Φn Ψ2  

2. 

 

a)  What is the interpretation of 𝑃1 𝛼𝑛  and 𝑃2 𝛼𝑛 ? 

b) A given particle is in the state 3  Ψ1  − 4𝑖  Ψ2  .  What is the probability of getting 

𝛼𝑛  when A is measured? 

 

2. Consider a two-dimensional physical system.  The kets   Ψ1
   and   Ψ2

    form an 

orhonormal basis of the state space.  We define a new basis   Φ1
   and   Φ2

   by 

 
  Φ1

  =
1

 2
   Ψ1

  +   Ψ2
       Φ2

  =
1

 2
   Ψ1

  −   Ψ2
     

 

An operator P is represented in the   Ψi
  -basis by the matrix 

 

 𝑎𝑖𝑗  =  
1 𝜀
𝜀 1

  

Find the representation of P in the basis   Φi
  ; i.e, find the matrix 𝑎 𝑖𝑗 =  Φ𝑖 𝑃 Φj  

 

 

 



3. Consider a physical system with a three-dimensional state space.  An orthonormal 

basis of the state space is chosen; in this basis, the Hamiltonian is represented by the 

matrix 

𝐻 =  
2 1 0
1 2 0
0 0 3

  

 

a)  What are the possible results when the energy of the system is measured? 

b) A particle is in the state   Ψ  , represented in this basis as 
1

 3
 

𝑖
−𝑖
𝑖
 .  Find  𝐻 ,  𝐻2 , 

and Δ𝐻. 

c) Suppose that the energy of the system was measured and a value of 𝐸 = 1 was 

found.  Subsequently we perform a measurement of a variable A described in the 

same basis by 

𝐴 =  
5 0 0
0 2 𝑖
0 −𝑖 2

  

 

Find the possible results of A. 

 

d) What are the probabilities of obtaining each of the results found in c)? 

 

4. A particle is in the state   ψ   and its wavefunction is ψ 𝑥 =  𝑥 ψ . . 

 

a)  Find the mean value of the operator 𝐴 =   𝑥    𝑥  . 
b) Calculate  𝑥 𝑝  𝜓 . 
c) Find the mean value of the operator 𝑘𝑥 =    𝑥    𝑥 𝑝 + 𝑝   𝑥    𝑥    /2𝑚, where 𝑝  is the 

momentum operator and m is the mass of the particle. 

 

 

 

 


