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ABSOLUTELY NO CHEATING! 
Note: This is a close-book examine. You can use pencil or any pen in answering the problems. Dictionary and 

Calculators are NOT allowed.  
The followings are some useful mathematics you may use without proof in answering 
your problems.  

. Time average  

For a second order differential equation,  the general solution of this equation is

, where x0 is the maximum, and f is the phase angle. 
NA=6×1023, R = Gas Constant= 8.31 J/mole K, room temperature =300K, 1atm=1.01×105 Pa. 

for ideal gas. sin 𝛼 ± sin 𝛽 = 2 sin )
*
(𝛼 ± 𝛽) cos )

*
(𝛼 ∓ 𝛽) 

Problems (5 Problems, total 100%) 
 

1. Single slit diffraction: (20%) Light of wavelength 540 nm passes through a slit of 
width 0.200 mm. (a) The width of the central maximum on a screen is 8.10 mm. 
How far is the screen from the slit? (b) Determine the width of the first bright 
fringe to the side of the central maximum. 

 
Solution: A single slit diffraction pattern, with the slit having width a, the 
dark fringe of order m occurs at angle , where  and 

. The location, on a screen located distance L from the slit, 
of the dark fringe of order m (measured from y = 0 at the center of the central 
maximum) is  

(a) The central maximum extends from the m = +1 dark fringe on one side to 
the m = –1 dark fringe on the other side, so the width of this central 
maximum is 

    

  Therefore,  
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(b) The first order bright fringe extends from the m = 1 dark fringe to the m = 2 
dark fringe, or 

    

Note that the width of the first order bright fringe is exactly one half the 
width of the central maximum. 

2. Snell’s Law: (20%) A plane sound wave in air at 20°C, with wavelength 589 
mm, is incident on a smooth surface of water at 25°C at an angle of incidence of 
13.0°. Determine (a) the angle of refraction for the sound wave and (b) the 
wavelength of the sound in water. (In this problem, you should derive the answer, 
plug in the numbers, but you don’t have to carry out the final numbers. The 
speed of sound in water at 25.0°C is 1493 m/s.) 

 
Solution:  

(a) The law of refraction  can be put into the more 
general form 

    

In air at 20°C, the speed of sound is 343 m/s. The speed of sound in 
water at 25.0°C is 1493 m/s. The angle of incidence is 13.0°: 

    

(b)  The wave keeps constant frequency in all media: 

    

 
 
 
 
 

  

L =
a Central max. width( )

2λ

=
0.200 × 10−3  m( ) 8.10 × 10−3  m( )

2 5.40 × 10−7  m( ) = 1.50 m
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=
5.40× 10−7  m( ) 1.50 m( )

0.200× 10−3  m
= 4.05× 10−3  m = 4.05 mm

  n1 sinθ1 = n2 sinθ2

  

c
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sinθ1 =
c
v2
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=
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sin 13.0°
343 m/s

=
sinθ2

1 493 m/s

θ2 = 78.3°

   

f =
v1

λ1

=
v2

λ2

λ2 =
v2λ1

v1

=
1 493 m/s 0.589 m( )

343 m/s
= 2.56 m
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3. Faraday’s law: (20%) A coil formed by wrapping 50 turns of wire in the shape 
of a square is positioned in a magnetic field so that the normal to the plane of the 
coil makes an angle of 30° with the direction of the field. When the magnetic 
field is increased uniformly from 200 µT to 600 µT in 0.400 s, an emf of 
magnitude 80.0 mV is induced in the coil. What is the total length of the wire in 
the coil? 

Solution:  

 Faraday’s law, , becomes here   

    

 The magnitude of the emf is  
    

 The area is  
   

   

 Each side of the coil has length , so the total length of the 
wire is  

    

 
4. Displacement current: (20%) An ideal capacitor has two conducting plate that 

separated by a distance L, where two plates can have opposite charges (+q and -
q), in between, it is vacuum or stuffed with some non-conducting material called 
dielectric. However, in a capacitor, current can flow through this device. 
Maxwell inserted a term 𝐼1 = 𝜖3

1f4
15

 to solve the problem. Prove this term is 
indeed current (has the unit of Coulomb/sec). 

Solution: 

From Gauss law, The term, f6 = 𝐸𝐴 = ( 9
:;
).    

E is the electric field inside the capacitor, and A is the area of the capacitor  

𝐼1 = 𝜖3
1f4
15
= 𝜖3

1
1<
= 9
:;
> = 19

15
≡ 𝐼. So this term has the unit of a current. 
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80.0 × 10–3  V

50 cos30.0o( ) 600 × 10–6  T – 200 × 10–6  T
0.400 s
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= 1.85 m2

 d = A

  L = N(4d) = 4N A = (4)(50) 1.85 m2 = 272 m
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5. Maxwell’s Equations: (20%) Write down the 4 Maxwell’s equations and 
briefly explain its meaning. 

Solution: 

 
 
 
 
 
6.  

7.  


