










Solutions to 1231 Final Exam 
 
5. (a) The speed of light is read off as  . Its numerical 
value is 3 x 108 m/s (299792458 also accepted) .  
 
(b) E0 cos(kx - ωt) since it has to be E0 at x=0, t =0 . [E0 sin(kx - 
ωt) is not correct]. 
 
(c) An electromagnetic wave consists of an oscillating electric 
field and an oscillating magnetic field which are perpendicular 
to each other and perpendicular to the direction of propagation. 
Sketch attached. 
 
 

 
 
 
 
 
 
 
 
(d) Energy flows along z. 
 
(e) The sail is perfectly reflecting, so the force is (2/c) dTER/dt . 

 

 



The acceleration is found by 
 

(5% error tolerance on all the numbers) 
 
(f) x = 1/2 at2 (1), so  . 

 
6. (a) Each point on the wave front acts as a secondary source of 
spherical (circular) waves. Sketch attached.  
 
 

 
 
 
 
 
(b) λ/n = 436.2 nm (5% tolerance) 
 
 
 
 
 
 
(c) Sketch attached . 



 
 
 
Angle of reflection 30°.  
 
For the angle of refraction: 

 

 
(d) The critical angle is  

 

 
 



(e) The light is totally internally reflected inside the fibre . 
Sketch attached.   
 

 
 
 
 
(f) The critical angle for blue light is 41.5 degrees. 
 
 
7. (a) Sketch attached . 
 

 
 
 
 



(b) Need to mention constructive interference: peak + peak, 
trough + trough , and destructive interference (peak + trough) .  
 
(c) n λ = 2 d sin θ, where n is an integer. 
 
(d) As in the example of NaCl discussed in class: 
 

  

 
(e) d = a/2 = 2.11 x 10-10 m 
 
(f) Assuming the angle θ is small, the angular separation of the 
maxima n and n+1 is given by 
 

 

 
(g) The spatial separation is 
 

 
 
8. (a) (1/2) kx2  
 
(b)  

  



 (c) 
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(d) Same method as above. Show it satisfies the Schrodinger 
equation. 
 

 

 
(e) The wave function of part (c) is for the ground state, that of 
part (d) for the first excited state.  



 
(f)  

 


