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Subject: Laser Systems Class:3™ year
Division: Laser Physics Time:3 hours
Examiner: Dr. Hisham M. Ahmed Date:2%/5 /2012

Answer five questions only

Ql: A. A 25 mW HeNe laser (A = 632.8 nm) with an effective output aperture diameter of 1.5 mm. If the
laser beam travels 10 m to a positive lens having a focal length of 3 cm. Find:

(8 Marks) W

i- beam divergence.
ii- beam diameter at the lens. w
iii- beam diameter of focused spot.
iv- Power density before the lens.

v- Irradiance of the focused spot. 7

B-  Compare between the influence of the input power on the output power of a CW laser and that
of a pulsed laser. Draw figures to assist your answer. (4 Marks) H

Q2: A. An argon ion laser is operating at 488 nm in a confocal cavity in the TEMgpy mode with a mirror
separation of 0.6 m. Assume that the gsin medium is 0.4 m long, the beam radius (the effective
limiting aperture) for the laser beam is 0.5 mm at each mirror, and the only losses in the cavity
are the diffraction losses given by the following table. What must the gain coefficient be for the
laser to operate at threshold with mirror reflectivities of 99.99% at the laser wavelength?

(8Marks) T
N Internal losses i
1 0.0008
0.85 0.0025
0.70 0.01 \
|
B- What are the roles of the optical cavity of a laser? (4 Marks)

Q3: A. An Nd : glass laser (n=1.5) has a laser rod of 0.2m long and the laser mirrors are very close to he

ends of the rod. Suppose there are no losses except that of the mirrors whose reflectivities are

100% and 90% respectively, and 150 longitudinal modes are oscillating in this laser. Compare
between the pulse duration if this laser is: (8 Marks) W

i. Q-switched
it. Cavity dumped.
iii. Mode locked. )
(Jela, daiall Culll)
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B- Why lasers with high gain media are not necessarily have high efficiencies? (4 Marks)

Q4: A. Show that the threshold gain coefficient could be given as:
1
K=o+ — In {1’'R4R3)
2 L

(6 Marks)

B. The gain of a He-Ne laser is 10 times the threshold value of 0.04m™ at 632.8nm and the internal
loss per pass is 0.5%. For a laser cavity length of 0.2m, compute the optimum mirror coupling

transmission. (6 Marks)
Q5: A. The inhomogeneous lineshape function for the laser shown below can be approximated by a

n (gain medium)=1.5. The gain medium facets are AR-coated but still have a residu
reflection (loss) of 0.5% per surface at v=1v,. Use the above information to compute:

a. Stimulated emission cross section at Vg,

b. The threshold population inversion (Na2~(g2/g1)N1 .

(8 Marks)

B-What physical processes result in homogenous broadening? Inhomogeneous broadening?

(4 Marks)
Q6: A. Compare between the Q-switching and cavity dumping mechanism. (6 Marks)
B. To design an Ar” laser (A=514.5) having a beam diameter of 0.5 mm located at the center of the
laser cavity and the distance between the mirrors is 1 m. What kind of mirrors should be used?

(6 Marks)

triangle as shown on the right. Furthermore, A»,=2.5 x 10571, 2373, g1=1, v=12500cm’}, and H
~
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