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Tutorial-2 

Objectives 

When you finish this lesson you will be able to: 
 
 Refractive index of conductive materials 
 Intensity of Light 
 Power of Light 
 Reflection and Refraction 
 Brewster angle,  
 Reflectance (R) and Transmittance (T)  
 Circular and Elliptical polarization 
 
 



Refractive index of conductive materials: 

Q1. The complex refractive index of germanium at 400 nm is given by 𝑛 =4.141 + i 2.215. 
Calculate for germanium at 400 nm:  
(a) the phase velocity of light,  
(b)  the absorption coefficient  
(c) the penetration depth at which light intensity falls to I0 / e2. 



A1.  

Refractive index of conductive materials: 

𝑛 =4.141 + i 2.215 𝑛 = 4.141   𝜅 =  2.215 

𝐼(𝑧) = 𝐼𝑜𝑒
−𝛼𝑧 

Intensity is proportional to the 
square of the electric field 



Q2. The intensity (irradiance) of the red laser beam from a He-Ne laser in air has been 
measured to be about 1 mW cm-2.  
 
What are the magnitudes of the electric and magnetic fields?  
 
What are the magnitudes if this 1 mW cm-2 beam were in a glass medium with a 
refractive index n = 1.45 and still had the same intensity?  

intensity 



A2.  

B0=μ0H0 𝐻0 =
𝐵0

𝜇0

=
2.892 10−7

4𝜋10−7 = 𝟎. 𝟐𝟑𝟎 𝐀/𝐦 

intensity 



Q3.  

Intensity and Power 

The power of a laser beam of light is P = 2 mW. The distribution of the light intensity 
over a certain cross section of the beam is given by the Gaussian function, 

Determine the intensity I0 and the amplitude E0 of the electric field strength in the beam 
center if the beam radius w = 1 mm and the refractive index of the medium n = 1.33. 

W/m2 



A3.  

Intensity and Power 



A3.  

Intensity and Power 

in a medium 



Reflection and Refraction 

Q4.  
A ray of light which is traveling in a glass medium of refractive index  n1 = 1.450 
becomes incident on a less dense glass medium of refractive index  n2 = 1.430.  
Suppose that the free space wavelength (λ) of the light ray is 1 μm. 
 
a)  What should be the minimum incidence angle for TIR? 
b) What is the phase change in the reflected wave when θi = 85° and when θi = 90°? 



Reflection and Refraction 

A4.  
The critical angle θc for TIR,  

sinθc = n2/n1 =1.430/1.450 
θc = 80.47° 

Remember that since the incidence angle θi > θc, 
the magnitudes of rs and rp equal to 1 but  there is 
a phase shift in the reflected wave. 



Reflection and Refraction 

A4.  
when θi = 85°, n1 = 1.45 and n2 = 1.43  

𝑟⊥ =

𝑐𝑜𝑠 85 −
1.43
1.45

2

− 𝑠𝑖𝑛2(85)

1/2

𝑐𝑜𝑠 85 +
1.43
1.45

2

− 𝑠𝑖𝑛2(85)

1/2
=

0.08716 − 𝑗0.140712

0.08716 + 𝑗0.140712
 

𝜙⊥ =
−58.225°

  58.225°
 ∆𝜙⊥= 116.45° 

We can repeat the calculation for  θi = 90° to find the phase change, 

∆𝜙⊥= 180° The phase change for θi = 90°  



Reflection and Refraction 

Q5.  
Consider the reflection of light at normal incidence on a boundary between a GaAs 
crystal medium of refractive index 3.6 and air of refractive index 1. 
 
a) If light is traveling from air to GaAs, what is the reflection coefficient and the 
intensity of the reflected light in terms of the incident light? 
b) If light is traveling from GaAs to air, what is the reflection coefficient and the intensity 
of the reflected light in terms of the incident light? 
 
 



Reflection and Refraction 

A5.  

The light travels in air and becomes partially reflected at the surface of the GaAs 
crystal which corresponds to external reflection. Thus n1 = 1 and n2 = 3.6. Reflection 
coefficient is given by, 

𝑟𝑠 =
𝐸𝑟

𝐸𝑖
=

𝑛𝑖𝑐𝑜𝑠𝜃𝑖 − 𝑛𝑡𝑐𝑜𝑠𝜃𝑡

𝑛𝑖𝑐𝑜𝑠𝜃𝑖 + 𝑛𝑡𝑐𝑜𝑠𝜃𝑡
 𝜃𝑖 = 𝜃𝑡 = 0° 

N 

𝑟𝑠 =
𝑛𝑖 − 𝑛𝑡

𝑛𝑖 + 𝑛𝑡
=

𝑛1 − 𝑛2

𝑛1 + 𝑛2
 

We can repeat the calculation for rp with light at normal incidence   

𝑟𝑝 =
𝑛𝑖 − 𝑛𝑡

𝑛𝑖 + 𝑛𝑡
=

𝑛1 − 𝑛2

𝑛1 + 𝑛2
 

Same 

This is negative which means that there is a 180° 
phase shift. 



Reflection and Refraction 

A5.  

If light is traveling from GaAs to air, thus n1 = 3.6 and n2 = 1.  

There is no phase shift. The reflectance is again 0.319 or 31.9%. In both cases, a 
and b, the amount of reflected light is the same. 



Brewster angle, Reflectance (R) and  

Transmittance (T)  

Q6. Light goes through a glass prism with optical index n = 1.55. The light enters at 
Brewster’s angle and exits at normal incidence. 
a) Calculate Brewster’s angle θB 

b) Calculate φ   
c) What percent of the light (power) goes all the way through the prism if it is p-

polarized? 
d) What percent for s-polarized light? 

 



Brewster angle, Reflectance (R) and  

Transmittance (T)  

A6. 



Brewster angle, Reflectance (R) and  

Transmittance (T)  

A6. 



Circular and Elliptical polarization 

Q7. Two electric fields, which are linearly polarized in the x and y axes respectively, have  
π/2 phase difference.  

b)  If the phase difference differ from π/2, show that the superposition of two fields 
provides general ellipse equation given as below. 

a) If these two electric fields have the different amplitude, show that the 
superposition of two fields provides elliptical polarization given as below. 



Circular and Elliptical polarization 

a)  

A.7 

b)  


