
AV-1953

M.Sc. Semester-II (CBCS Scheme) [xamination
PHYSICS

2-PIfY.4 (II) Lrser Fundcmentals & Applicatious
Timo : Three Hoursl 

[Marimum Marks : 80

Note :- All questions are compulsory atd carry cqual tnarks.
L (a) A semiconduclor laser opcrates at a free-spacc wa,r,elength of 790 nm, and has a longitudinal

cohercncc lenglh of I mm. Determine the lincwidth in terms of both liequency aad wavelcnglh.
6

O) Draw and \arite the cxpression of time depcDdent dccay oflhc electric field produccd by an
oscillating electron when the loss ofencrgy due to radiation is taken inro account. 6

(c) Write the principle ofdetailed balance. 4

OR
(p) Define gain ooefficient. What is thc relationship betwecn gain coefficient and stimulalcd

emission cross section 2 1

(q) Explain the following slatement, "ln the visible specnunr" the dominance ofstirnulated cmission
over spootareous emission normally happens only in stars". 6

(r) A panicular atom has two encrgy levels with a transition wavelength of 420 nm. At 297 K
there arc 2.5 x 10:r atoms in the lower slatc. Calculate how many a(oms are in thc upper
state. 6

2. (a) Which are the two factors that determine if a two-mirror laser can reach saturation intensity
and why ? 6

(b) A laser amplifier \\,ith a length of0.12 m and a gain of 60 m I has a l00o/o reflecting miror
at the laser wavelength coated on one end ofthe lascr rod. For a rod diameter of 5 mm.
what would be the half angle ofthe divcrging beam cxiling from the amplifier'l would rhc
bcam rcach lhg saturation intensity as it cmerges from thc rod aftcr having made a doublc
pass through the rod ? 6

(c) Draw a graph shou,ing grouth and satumtion of laser beam as a flrnction ofamplifier lengrh.
4

OR

(p) Prove mathematically that the population invcrsion is not possible in a two level s.vslem. 6

(q) Compare the pumping requircment of Nd:YAG lascr with that ior Ruby laser Whethcr
number of laser lcvel plays a role here ? 6

(r) What are the differenl laser pumping mcchaEisms ? Briefly write pinciple ofeach of them.
4

3. (a) Dralv the various possible laser cavity configurations possible. 7

O) Estimate the modc number and modc spacing lor an Ar ion Iaser oscillating at 5 I4 nm in a

cavity oflcngth I m. Assume n = 1. 5

(c) Write a shoa nole on spectral hole burning. 4

OR
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4. (a)

(q)

(.)

&)
(c)

(p)

(p)

Ir oorlcxt with the ideal Gaussrir:r bcam, define (i) Bca,n laist (ii) Rayleigh range. Draw a

diagBm showing Gaussian beam parameters mentioned above. 6

Obtained ;rn ABCD malix 1br a bcam translating from point 1 to point 2. 6

Write out lhe mode disrribu:io s at lhe mirrors tbr the lE\1oo and lE\.10r in tenns olthe

transvcrse variables x. y ar,l p =. ,Il I

Compare the mode-locked Fulse widlh Ate.rnd the separarion belveen pulses At,- for a

dye laser operaring o\cr ils enrirc gain banduidlh (570 nnr-6.{0 nm) \\'ith ca!ily mirror
separation b.v 2 m. The Indcr ofrefraction ofa lascr dve in tlpical solvent is l 4. 6

llo\1 Kcrr Lens Modc-Lock:nlr (KL\'l) is achic\cd ? 6

Write ibur applicalions offemf(,second laser. 4

oR

What are the requirements'to produce thc necassar.v high invcrsion densit-v nceded for
Q-Switching ? 6

Draw a diagram depicting tho ev(,luljon 01 a Q-liwilohed lascl pulsc. 6

Write lour applicalions ofna|osccond laser 4

Write the general cxcitation mcchnnism in d1'c laser in dctail. 6

What are the ditlerent q pes ol laser slruclures uscd for the C(), laser ? I)raw and briefly
explain all of them. 8

Commcnt on the emission line'*iclths ofa radialing \d io. Joped into a Yr\G crystal and
Glass matcrial. 2

OR

Dcscribe the sructure and *orking ol Double Fldcrc.structure scmiconductor l,aser 6

Drau, and cxplain the energy level diagran of HcliLrm Neon laser (rcd wavelength). 6

WhyArgon ion lascr is relativul) inefticient ? At q'hich wavelength(s) this lasci opemtes 'l
4

5

(q)

G)

(a)

o)

l.c)

t)
(q)

(r)
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