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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
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Refractive index of conductive materials:

Q1. The complex refractive index of germanium at 400 nm is given by 1 =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 1, / e2.



Refractive index of conductive materials:
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intensity

Q2. The intensity (irradiance) of the red laser beam from a He-Ne laser in air has been
measured to be about 1 mW cm2.

What are the magnitudes of the electric and magnetic fields?

What are the magnitudes if this 1 mW cm2 beam were in a glass medium with a
refractive index n = 1.45 and still had the same intensity?



intensity
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Intensity and Power

Q3.

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,

_x%+y?
1(x,y) =1,e w2 W/m?

Determine the intensity |, and the amplitude E, 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.



Intensity and Power
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Intensity and Power
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Reflection and Refraction

Q4.
A ray of light which is traveling in a glass medium of refractive index nl =1.450

becomes incident on a less dense glass medium of refractive index n2 =1.430.
Suppose that the free space wavelength (A) of the light ray is 1 um.

a) What should be the minimum incidence angle for TIR?
b) What is the phase change in the reflected wave when 6/ = 85° and when 8i = 90°?



Reflection and Refraction
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Reflection and Refraction

A4.
when 8i =85°, n1=1.45and n2 =1.43
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We can repeat the calculation for 6/ =90° to find the phase change,

Ag = 180° The phase change for 6i = 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,
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Reflection and Refraction
A5.
If light is traveling from GaAs to air, thus n1 =3.6 and n2 = 1.

_ n—n,
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n, +n, 3.6+1

0.565
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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 6,

b) Calculate ¢

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)
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Brewster angle, Reflectance (R) and
Transmittance (T)

A6. %
_ MGt |\ * 458 Cm(:gzm\
_ (TM’\\MI"M'\G&L\ T - Cmgf \ \ . Cpiﬁ;"; \:}‘)ﬁ A ‘:tﬁ"

T 0,998 % 4
Whena the. incident \ight s R Polarized , 1§ ®i=0g

“"‘}‘L\zn::. 'S Ao P:x(:le_c_r}-c-_gl. “(S\l\“\‘ 'T(z\"ss event Dt\\a QCCwWrs N 7

P"‘ "p“:'-‘k:gr'\ '-':E.c..e.' Cxie .

.ﬁ'\n Se cont ?f\*ﬂ‘cﬂce_: 9'{:9+= O‘ ("“\c li \\'} s K\Orn:\u& tothe \

SorrtTacc

S _ {2156 T=0.853Y Tierals TaTa=03525
{1.55 ) : _

Ci) W hea +he U@M- is S- Polafized

4i{=053%2 Ty= 8283 K%T:T“sza\g . |
k2=0,21S4 T2= 03533 -




Circular and Elliptical polarization

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

E (z,t)=E_ cos(kz—ar) !f},i::r =L, :.m{,{~—f,:r+—}

s

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

-
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b) If the phase difference differ from 1/2, show that the superposition of two fields
provides general ellipse equation given as below.

_ lcos(d) =sin’ ()




Circular and Elliptical polarization
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