
Physics 220 
Homework #1 
Spring 2017 
Due Wednesday, 4/5/17 
 

1. Consider the function y = Axe
− x
2a over the region 0 ≤ x ≤ ∞ .  Perform the following 

integral on Mathemtatica ( y2x2 dx
0

∞

∫ ) and set the result equal to one and determine 

the constant A . 
 

The solution using Mathematica is given below. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



2. Consider the following functions y = 4x − 2 and y = x2 + 2x − 3over the region 
−5 ≤ x ≤ 5 .  Using Mathematica, plot both of these functions on the same graph over 
the region of −5 ≤ x ≤ 5 .  Label the axes and title the plot.  Using the FindRoot 
command, what are the points of intersection?  Lastly, using the Solve command, 
what are the points of intersection?  How do your two results compare? 

 
The solution using Mathematica is given below. 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 

 



3. A particle of mass m is moving in one dimension in a potential V x,t( ) .  The wave 

function for the particle is  Ψ x,t( ) = Axe
− km
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 for −∞ < x < ∞ , where A  
and k  are constants. 

 
a. Normalize the wave function and determine the constant A . 

Using the normalization condition, we have
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The integral and subsequent solving for A were done on Mathematica.  The code 
is below. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



b. Using the normalized wave function, calculate x , x2 , p , and p2 . 
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c. Show that V  is independent of t , and determine V x( ) . 
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4. Determine which of the following one-dimensional wave functions represent state of 
definite momentum.  For each wave function that does correspond to a state of 
definite momentum, determine the momentum. 
a.  ψ x( ) = eikx   
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5. Griffith’s problem 1.4. 
 
 a.   Normalizing the wave function we have:
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  c. From the graph the most probably location is at x = a . 
 
 
 
 
 



 d.  To calculate the probabilities: 

  P = ψ *ψ dx∫ = Ax
a

⎛
⎝⎜

⎞
⎠⎟
2

dx
0

a

∫ = A2

a2
a3

3
⎛
⎝⎜

⎞
⎠⎟
= 3a3

3ba2
= a
b

.   

  We check the case that a = b , and we see that the probability is Unity. 
  We check the case that 2a = b an isosceles triangle, and we see that the 

 probability is P = a
b
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 e. To calculate the expectation value of the position, we evaluate: 
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This was also done on Mathematica and the code is shown below. 

 
 
 
 
 
 
 
 
 



6. Griffith’s problem 1.5. 
a. We use the normalization condition P = Ψ*∫ Ψdx = 1  to determine the coefficient 

A.  On Mathematica we have: 

 
b. To calculate the expectation values of the x and x2 :  we compute 

x = Ψ*x∫ Ψdx and x2 = Ψ*x2∫ Ψdx on Mathematica. 
 

 
And just to show you what this looks like, we plot the wave function.  
Coincidentally this wave function corresponds to a Delta function potential.  
We’ll see this in the course of our study of wells and barriers. 

 
 
 
 
 



7. Suppose that ψ 1  and ψ 2 are two different solutions of the time-independent 
Schrodinger wave equation with the same energy E . 
a.  Show that ψ 1 +ψ 2 is also a solution with energy E . 
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Thus since ψ satisfies the SWE and is a solution, the sum ψ 1 +ψ 2 must also 
satisfy the SWE. 

 
 
b.  Show that cψ 1  is also a solution of the Schrodinger equation with energy E . 

  

 

ψ 1 : −
!2

2m
∇2ψ 1 +Vψ 1 = Eψ 1

ψ 2 = cψ 1 : −
!2

2m
∇2ψ 2 +Vψ 2 = Eψ 2 →− !

2

2m
c∇2ψ 1 +Vcψ 1 = Ecψ 1

∴− !
2

2m
∇2ψ 1 +Vψ 1 = Eψ 1

 

 

which is a solution to the wave equation, so cψ 1 is a solution to the wave 
equation.

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



8.  A particle of mass m  is moving in one dimension near the speed of light so that the 

relation for the kinetic energy E = p2

2m
 is no longer valid.  Instead, the total energy is 

given by E2 = p2c2 +m2c4 .  So, we can no longer use the Schrodinger equation.  
Suppose that the wave function for the particle Ψ x,t( )  is an eigenfunction of the 

energy operator (
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equation for Ψ x,t( ) . 
 
We start with the relativistic energy equation and then use the definitions of the 
energy and momentum operators. 
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This equation is called the Klein-Gordon equation and it forms part of the basis 
for the study of relativistic quantum mechanics.  It’s the relativistic form of the 
Schrodinger wave equation. 

 
 
 
 
 
 
 
 
 
 
 
 



9. Griffith’s Problem 1.15 
 

a. To show this result, we start with the definition of probability.
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 happens if the potential function is not real but contains an imaginary part?  So, to 
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 then the probability function will stay normalized.  Let’s take the time derivative 
 (and note that the integral and time derivative commute): 
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 Now we need expressions for the terms in the brackets. 
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 If the potential function is given asV =V0 + iΓ  and taking the complex conjugate 
 V * =V0 − iΓwe can evaluate the last term on the right and we find 
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 where evaluating the expression in parenthesis is zero since the wave function is 
 normalized it has to vanish at ±∞ . 
 
 
 
 
 
 



b.  From part a, we can solve for the probability as a function of time.  We have:  
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 Comparing this with P(t) given in the problem, we calculate the lifetime and 
 initial probability of the of the state.   We have: 
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