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A three level laser emits laser light at a wavelength of 5500A.

(i) In the absence of optical pumping, what will be the equilibrium ratio of the populatiol
of the upper level to that of the lower level? Assume T=300 K.

(ii) Atwhat temperature for the conditions of (i) above would the ratio be 14?

(iii) What conclusion can be drawn on the basis of the results obtained by you in relation| 'o
choice of pumping mechanism?

A typical He-Ne laser emits radiation of A. How many photons per second would

be emitted by a one milli-watt He-Ne laser? (Ans:3x10'%)
Find the relative populations of the two states in a ruby laser that produces a light

beam of wavelength 6943 A at 300 K and 500 K. (Ans: 8.75x107")
Calculate the ratio of spontaneous emission to stimulated emission if the wavelength of the
radiation is 5500 A at 2000K. (Ans:4.6x10%)
For the He-Ne laser , estimate the broadening of the wavelength due to Heisenberg uncertainty.
principle, assuming that the metastable state has a lifetime of 1 ms.  (Ans:1.06x10"° m)
If the pulse width of a laser is 25 ms and average output power per pulse is 0.8W,

how many photons does each pulse contain? (Ans:107x10'S m)

In an experiment on the divergence of the He-Ne laser beam, the diameters of the
beam spot were measured to be 4mm and 6 mm at distances of | m and 2 m
respectively. Determine the divergence of the beam. (Ans: 1 milliradian)
A ruby laser produces a beam of spot diameter 5mm and divergence of 1 milliradian. It is
directed towards the moon. The earth-to-moon distance is 376284 km. Compute the area on
the moon that would be illuminated by the laser beam. (Ans: 445000 km?)
Estimate the angular spread of a laser beam of wavelength 6930 A due to diffraction, if the
beam emerges through a 3mm diameter mirror. How large would be the diameter of this beam
when it is incident on a satellite 300 km above the earth? (Ans:84.6m)
Alaser beam A on earth is focused by a lens of diameter 2m on to a crater on the moon. The
distance of the moon is 4x10°* m. Hoe big is the spot on the moon?

(Ans:3x107" rad, 1.4x10*m?)
A ruby laser emits light of wavelength 694.4 nm. If a laser pulse is emitted for 1.2 x 10" s
and the energy release per pulse is 0.15J, (i) What is the length of the pulse and (i) How
many photons are there in each pulse?
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The numerical aperture of an optical fibre is 0.39. If the difference in the refractive mdices ol
the material of its core and the cladding is 0.05, calculate the refractive index of material of
the core.

An optical fibre has an acceptance angle 26.80°. Calculate its numerical aperture.

(Ans:0.4508)
An optical fibre refractive indices of core and cladding are 1.53 and 1.42 respectively.
Calculate its critical angle. * (Ans:68.14°)

Consider a fibre having a core of index 1.48,a cladding of index 1.46 and has a core diameter
of 30 pmi. Show that all rays making an angle less than 9.43° with the axis will propagate
through the fibre.

A step-index fibre is made with a core of index 1.54, 8 cladding of index 1.50 and has a core
diameter of SO um. It is operated at a wavelength of 1.3 pm.-Find the V- number and the
number of modes that the fibre will support. (Ans:42.15, 888)

Using a step index fibre with n; =1.48 and n, =1.46 and the core radius g =30%m, calculate

the number of total internal reflections that will occur on its propagation in a length of 1 km
fibre.
A step-index fibre has a core refractive index of 1.44 and the cladding refractive index of
1.41. Find (i) the numerical aperture,(ii) the relative refractive index difference, and the
acceptance angle. (Ans:0.292, 0.021, 33.96°)
An optical fibre has a numerical aperture of 0.20 and a cladding refractive index of 1.59.
Find the acceptance angle for the fibre in water which has a refractive index of 1.33.
(Ans:8°39%)
Compute the cut-off parameter and the number of modes supported by a fibre which has a
core refractive index of 1.54 and the cladding refractive index of 1.50. The radius of the core
is 25 um and operating wavelength is 1300 am. (Ans:42.15, 888)
Find the numerical aperture and acceptance angle of a fibre of core index 1.4 and A = 0.02.
a (Ans:0.28, 32.527%)
A signal of 100mW is injected into a fibre. The out-coming signal from the other end is 40
mW, What is the loss in dB? {Ans:3.98 dB)
A communication system uses a 10 km fibre having a fibre loss of 2.5 dB/km. Find the input
power if the output power is 1.265 uW. (Ans:400 pW)
Afibre length 100m has power input 10 pW and power output 8.8 uW. Find the power loss in
dB/km. (Ans:5.55 dB/km)
When the mean optical power lannched into a 8 km tength fibre is 120 pW, the
mean optical power at the fibre output is 3 pW. Determine
(i) the overall signal attenuation in dB through the fibre,
(i) the signal attenuation per km for the fibre,
(iii)the overall signal attenuation for a 10 km optical link using the same fibre,
(iv) the numerical input/cutput ratio. (Ans:16 dB, 2.0 dB/km, 20 dB, 100)
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Calculate the electrical conductivity for a metal with a relaxation time 107 second at 300K.
Given density of electrons in the metal is 6x10%/m’. [Ans: 1.69%10°Q ' m™'|
The density of silver is 10.5x10° kg/m’. the atomic weight of silver is 107.9. Assuming that
each silver atom provides one conduction electron (i) calculate the density of free electrons.
The conductivity of silver at 20°C is 6.8x107 ohm™'m"". (ii) Calculate the electron mobility in
silver. [Ans: 5.86x10%; 7.25x10 *m*/V.s]
In a solid, consider the energy level lying 0.01 eV above Fermi level. What is the probability
of this level being occupied by an electron at 200 K?

In a solid, consider the energy level lying 0.01 eV below Fermi level. What is the probability
of this level being occupied by an electron at 300K? [Ans: 0.595]
In a solid, consider the energy level lying 0.01 eV below Fermi level. What is the probability
i lavel heine occupied by an electron at 200 K? [Ans:0.641]
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In asolid, consider the energy level lying 0.01 eV below Fermi level. What is the probability

of this level being not occupied by an electron at 200 K? [Ans: 0.359]
Calculate Fermi energy and Fermi temperature in a metal. Fermi velocity of electron in the
metal is 8.6x10°m/s. [Ans: 2.1 eV; 24.3x10°K]

Calculate the probabilities for an electronic state to be occupied at 20°C, if the energy of these
states lies 0.11 eV above and 0.11 eV below the Fermi level,
[Ans: 0.0126; 0.9874]




