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Tutorial-1 

Objectives 

When you finish this lesson you will be able to: 
 
 Fermat’s Principle and Reflection 
 Reflection and refraction in multi layer 
 Wavelength, frequency and speed  
 Wave optics 
 Standing wave 
 Electric and Magnetic Fields 

 
 
 
 
 
 

 
 
  



Fermat’s principles: 

Q1. Show that the light travels along the path of least time in the case of θ1= θ1 at 

reflection medium.   



Fermat’s principles: 

A1.  
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Q2.  

Reflection and refraction in multi layer 

Explain: 



A2.  

Reflection and refraction in multi layer 



A2.  

Reflection and refraction in multi layer 



Q3. Monochromatic light of wavelength 589nm is incident from air on a water surface. 
What are the wavelength, frequency and speed of 
(a) Reflected light (b) refracted light? 

Wavelength, frequency and speed  

A3. Wavelength of incident monochromatic light, 
λ = 589 nm = 589 × 10−9 m 
Speed of light in air, c = 3 × 108 m/s and Refractive index of water, n = 1.33 

ν = c / λ 
   = 3 x 108 / 589 x 10-9 
   = 5 .09 x 1014 Hz 

The ray will reflect back in the same medium as that of incident ray. Hence, the 
wavelength, speed, and frequency of the reflected ray will be the same as that of 
the incident ray. 



Wavelength, frequency and speed  

A3.  

Frequency of light does not depend on the property of the medium in which it is 
travelling. Hence, the frequency of the refracted ray in water will be equal to the 
frequency of the incident or reflected light in air. 
So Refracted frequency, ν = 5.09 ×1014 Hz 
Speed of light in water is related to the refractive index of water as: 
v = c / n 
v =  3 x 108 / 1.33 = 2.26 x 108 m/s  
  
Wavelength of light in water is given by the relation, 
 λ = v /  ν  
 λ =  2.26 x 108 / 5 .09 x 1014 = 444.007 x 10-9 m 
   = 444.01 nm 
 
Hence, the speed, frequency, and wavelength of refracted light are 2.26 ×108 m/s, 
444.01nm, and 5.09 × 1014 Hz respectively. 



Wave optics 

Q4.  Find, using algebraic addition, the amplitude and phase resulting from the addition of 

the two superposed waves                                           and                                         , 

where 1=0, 2=/2, E1=8, E2=6, and x=0.  

 111 sin   tkxE  222 sin   tkxE

Q5.  

A4.  

A5.  



Standing wave 

Q6.  

A6.  



Electric and Magnetic Fields 

Q7.  



Electric and Magnetic Fields 

A7.  

k = 3,−2, 3  1/m k = 3𝑒 𝑥, −2𝑒 y+ 3𝑒 z  1/m 

a) 

b) k ∙ E = 3,−2, 3 ∙ 5, 7.5, 0 = 15 − 15 = 0 

c) k = 32, −2 2, 32 1/2 = 4 1/m 

d) ω=6x108  rad/s 

e) v =
ω

k
=
6.108

4
= 1.5 108 m/s 

f) n =
c

v
=
3.108

1.5 108
= 2 

r2= x2+y2+z2 



Electric and Magnetic Fields 

A7.  

g) 

=

−7.5 3 sin [6.108𝑡 − 3𝑥 − 2𝑦 + 3𝑧 ]𝑒 𝑥

+5 3sin [6.108𝑡 − 3𝑥 − 2𝑦 + 3𝑧 ]𝑒 𝑦

+32.5sin [6.108𝑡 − 3𝑥 − 2𝑦 + 3𝑧 ]𝑒 𝑧

 

𝐻 = −
1

𝜇𝑜
 𝑑𝑡 =

1

𝜇0 6.108
(7.5 3𝑒 𝑥 + 5 3𝑒 𝑦 + 32.5𝑒 𝑧)cos 6.10

8𝑡 − 3𝑥 − 2𝑦 + 3𝑧  



Electric and Magnetic Fields 

Homework  



Electric and Magnetic Fields 

Homework  


