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Week 9 Exercise Solutions 
 
6-35 Applying the momentum operator 
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yields 
 

(a) 
      

  

px[ ] Asin kx( ){ } =
!

i

! 

" 
# 

$ 

% 
& k Acos kx( ){ }  
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(c) 
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 In case (c), the result is a multiple of the original function, since 
 

    

  

!Asin kx( ) + iAcos kx( ) = i Acos kx( ) + iAsin kx( ){ } . 
 
 The multiple is 
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& ik( ) = !k  and is the eigenvalue. Likewise for (d), the operation 

  

  

px[ ] returns the original function with the multiplier     

  

!k . Thus, (c) and (d) are 
eigenfunctions of 

  

  

px[ ] with eigenvalue     

  

!k , whereas (a) and (b) are not eigenfunctions of 
this operator. 
 



7-1 (a) The reflection coefficient is the ratio of the reflected intensity to the incident 

wave intensity, or 
    

  

R =
1 2( ) 1 ! i( )

2

1 2( ) 1 + i( )
2

. But 

    

  

1 ! i
2

= 1 ! i( ) 1 ! i( )* = 1 ! i( ) 1 + i( ) = 1 + i
2

= 2 , so that     

  

R = 1  in this case. 
 
(b) To the left of the step the particle is free. The solutions to Schrödinger’s equation 

are   

  

e
±ikx  with wavenumber 
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. To the right of the step 
  

  

U x( ) =U  and 

the equation is 
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U "E( )! x( ) . With 
  

  

! x( ) = e
"kx , we find 
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. Substituting 
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 shows that 
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= 1  

or 
    

  

E

U
=

1

2
. 

 

(c) For 10 MeV protons,     

  

E = 10 MeV  and 
    

  

m =
938.28 MeV

c
2

. Using 

      

  

! = 197.3 MeV fm c 1 fm = 10
!15

 m( ) , we find 

      

  

! =
1

k
=

!

2mE( )
1 2

=
197.3  MeV fm c

2( ) 938.28 MeV c
2( ) 10 MeV( )[ ]

1 2
= 1.44 fm . 
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7-7 The continuity requirements from Equation 7.8 are  
 
    

  

A + B = C + D

     

  

continuity of ! at x = 0[ ]  
    

  

ikA! ikB ="D !"C
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continuity of ! at x = L[ ] 
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 To isolate the transmission amplitude 

  

  

F

A
, we must eliminate from these relations 

the unwanted coefficients B, C, and D. Dividing the second line by ik and adding to the 
first eliminates B, leaving A in terms of C and D. In the same way, dividing the fourth 
line by 

  

!  and adding the result to the third line gives D (in terms of F), while subtracting 
the result from the third line gives C (in terms of F). Combining these results finally 

yields A: 
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. The transmission probability 

is 
    

  

T =
F

A

2

. Making use of the identities 
    

  

e
±! L

= cosh! L ± sinh! L  and 

    

  

cosh
2
! L = 1 + sinh

2
! L , we obtain 
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