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BACHELOR OF SCIENCE (B. SC.) 
Term-End Examination 

December, 2020 

PHE-09 : OPTICS 

Time : 2 Hours     Maximum Marks : 50 

Note : (i) All questions are compulsory but 

internal choices are given.  

 (ii) You can use a calculator.  

 (iii) Marks for each question are indicated 

against it.  

 (iv) Symbols have their usual meanings.  

1. Answer any four parts : 4×5=20 

(a) State and explain Fermat’s principle. Use 
it to verify Snell’s law.  2, 3 

(b) Draw energy level diagram of Nd  ions in 

Nd   : YAG laser. Also, state two 

advantages of this laser.  3, 2 
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(c) Newton’s rings are formed with reflected 

light of wavelength 5890 Å using a plano-

convex lens and a plane glass plate with a 

liquid between them. The diameter of the 

10th ring is 4.2 mm and radius of 

curvature of the curved surface of the lens 

is 1 m. Calculate the refractive index of  

the liquid if the ring is (i) dark and 

(ii) bright. 3, 2 

(d) A parallel beam of monochromatic light is 

incident normally on a plane transmission 

grating having 5000 lines per cm. The 

second order spectral line is found to be 

diffracted through 30°. Calculate the 

wavelength of light used.  5 

(e) What do you understand by polarisation of 

light ? Two orthogonal linearly polarised 

light waves with instantaneous electric 

field vectors 1E
→

 and 2E
→

 having phase 
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difference φ are superposed. Determine the 

nature of resultant light. Show all 

mathematical steps to support your 

argument.  1, 1, 3 

(f) What is the role of core and cladding in 

optical fibres ? Draw labelled refractive 

index profiles for step-index and gradient 

index fibres.  3, 1, 1 

2. Answer any two parts : 2×5=10 

(a) Differentiate between trichromatic and 

opponent colour theories of vision.  5 

(b) With the help of a diagram, explain the 

formation of two coherent sources in a 

biprism interference experimental setup. 

Obtain an expression for the separation 

between these two coherent sources.  5 

(c) For observing sodium doublet having 

wavelengths 5890 Å and 5896 Å, a grating 

having 310 cmd −=  and a lens of focal 
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length 2 m are used. Calculate the linear 

separation of these two sodium lines in the 

1st and 2nd order spectrum.  5 

 3. Answer any two parts : 2×5=10 

(a) What is population inversion in lasers ? 

With the help of a diagram, explain the 

three level pumping scheme to obtain 

population inversion. 2, 3 

(b) What is pulse broadening in a step-index 

fibre ? How does it impact the signal 

transmission capacity of the fibre ? Obtain 

an expression for spread in time when 

signal travels in this fibre.  1, 1, 3 

(c) Differentiate between dichroism and 

birefringence. Depict wave surfaces for o-

and e waves for a quartz crystal.   2, 3 

4. Answer any one part : 1×10=10 

What is Fraunhofer diffraction ? State the 

salient features of observed Fraunhofer 
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diffraction pattern of the incident wave on 

double slits of same width b from a point 

source. Show that the intensity at a point θP  is 

given by : 

θ
 β

= γ β 

2
2

0
sinI 4I cos  

where π θ
β =

λ
sin ;b  π

γ = θ
λ

sind  and  

d = b + a; a being the opaque space between the 
two slits.   1, 3, 6 

Or 

State the principle on which a Fabry-Perot 

interferometer works. How is it superior than 
Michelson interferometer  ? Obtain an 

expression for intensity distribution for F-P 
fringes in terms of coefficient of Finesse.  1, 2, 7 
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      PHE-09 

foKku Lukrd (ch- ,l-&lh-) 

l=kkar ijh{kk 

fnlEcj] 2020 

ih-,p-bZ--09 % izdkf'kdh 

le; % 2 ?k.Vs     vf/dre vad % 50 

uk sV % (i) lHkh iz'u vfuok;Z gSa ijUrq vkUrfjd 

fodYi fn, x, gSaA  

 (ii) vki dSydqysVj dk iz;ksx dj ldrs gSaA 

 (iii) izR;sd iz'u ds vad mlds lkeus fn, x, gSaA  

 (iv) izrhdksa ds vius lkekU; vFkZ gSaA  

1- fdUgha p kj Hkkxksa ds mÙkj fyf[k, %  4×5=20 

(d)  iQekZ dk fl¼kUr fyf[k, rFkk bldh O;k[;k 

dhft,A bldk iz;ksx dj LuSy dk fu;e 

lR;kfir dhft,A  2] 3 
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([k)  Nd : YAG  yslj eas Nd  vk;uksa dk ÅtkZ Lrj 

vkjsf[kr dhft,A bl yslj ds n k s  egRoiw.kZ 

iQk;ns crkb,A  3] 2 

(x)  lery&mÙky ysal rFkk lery Xykl IysV ds 

chp ,d nzo inkFkZ j[kk gSA bl fudk; ls 

5890 Å rjaxnS?;Z ds izdk'k ds ijkorZu ds 

dkj.k U;wVu oy; izkIr gksrs gSaA 10osa oy; dk 

O;kl 4-2 mm gS rFkk ysal dh oØ lrg dh 

oØrk f=kT;k 1 m gSA nzo inkFkZ dk viorZukad 

ifjdfyr dhft, ;fn oy; (i) vnhIr rFkk 

(ii) nhIr gksA 3] 2 

(?k)  izfr lseh- 5000 js[kkvksa okyh ,d lery 

ikjxeu xzsfVax ij ,do.khZ izdk'k dk ,d 

lekarj fdj.kiqat yacor~ vkifrr gksrk gSA 

f}rh; dksfV LisDVªeh js[kk 30° ds dks.k ls 
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foofrZr gks tkrh gSA izdk'k dk rjaxnS?;Z 

ifjdfyr dhft,A  5 

(³)  izdk'k ds /zqo.k ls vki D;k le>rs gSa\ nks 

yacdks.kh; jSf[kdr% /qzfor izdk'k rjaxksa ftuds 

rkR{kf.kd fo|qr {ks=k lfn'k 1E
→

 rFkk 2E
→

 gSa 

,oa ftuds chp dykarj φ  gS] dks vè;kjksfir 

fd;k tkrk gSA ifj.kkeh izdk'k dh izdf̀r Kkr 

dhft,A vius rdZ ds i{k ds fy, lHkh 

xf.krh; inksa dks fn[kkb,A 1] 1] 3 

(p)  izdkf'kd rarqvksa eas ØksM vkSj vf/iÍu dh 

Hkwfedk D;k gksrh gS\ pj.k&lwpd rFkk izo.krk 

lwpd rarqvksa ds fy, fpfÉr viorZukad 

izksiQkby vkjsf[kr dhft,A  3] 1] 1 
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2- fdUgha n k s Hkkxksa ds mÙkj nhft, % 2×5=10 

(d)  o.kZ&cks/ ds f=ko.kZ fl¼kUr rFkk fojks/h izØe 

fl¼kUr esa vUrj crkb,A  5 

([k)  f}d&fizTe O;frdj.k dh izk;ksfxd  O;oLFkk eas 

fp=k dh lgk;rk ls nks dyk lac¼ lzksrksa ds 

fuekZ.k dh O;k[;k dhft,A bu lzksrksa ds chp 

dh nwjh ds fy, O;atd izkIr dhft,A  5 

(x)  rjaxnS?;ks± 5890 Å vkSj 5896 Å okys lksfM;e 

f}d dk izs{k.k djus ds fy, 310 cmd −=  

okyh xzsfVax vkSj 2 m iQksdl nwjh okys ysUl 

dk mi;ksx fd;k tkrk gSA izFke vkSj f}rh; 

dksfV ds LisDVªeksa esa bu nksuksa lksfM;e js[kkvksa 

ds chp dh nwjh dh x.kuk dhft,A  5 

3- fdUgha n k s Hkkxksa ds mÙkj nhft, % 2×5=10 

(d)  yslj esa la[;k izrhiu D;k gksrk gS\ fp=k dh 

lgk;rk ls la[;k izrhiu izkIr djus ds fy, 

rhu&Lrj iEiu ;kstuk le>kb,A 2]3 
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([k)  pj.k&lwpd rarq esa Lian foLrkj.k D;k gksrk gS\ 

bldk rarq dh flXuy izs"k.k {kerk ij D;k 

izHkko iM+rk gS\ tc flXuy bl rarq eas lapkfjr 

gksrk gS rks le; ds foLrkj dk O;atd izkIr 

dhft,A 1]1]3 

(x)  f}o.kZrk rFkk f}viorZu eas vUrj crkb,A 

DokVZ~t fØLVy ds fy, o-rFkk e-rjaxksa ds fy, 

rjax lrgsa vkjsf[kr dhft,A  2] 3 

4- fdlh ,d Hkkx dk mÙkj nhft, % 1×10=10 

ÚkmugksiQj foorZu D;k gksrk gS\ ,d fcUnq lzksr ls 

mRlftZr ,oa ,dleku pkSM+kbZ b ds f}d ÅèokZ/j 

js[kk fNnzksa ij vkifrr rjaxksa ds izsf{kr ÚkmugksiQj 

foorZu iSVuZ dh eq[; fo'ks"krk,¡ crkb,A fl¼ dhft, 

fd v{k ls dks.k θ ij fLFkr fcUnq Pθ  ij izkIr 

rhozrk dk O;atd fuEufyf[kr gS %  

θ
 β

= γ β 

2
2

0
sinI 4I cos  
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tgk¡ π θ
β =

λ
sin ;b  π

γ = θ
λ

sind  rFkk 

;d b a a= +  nksuksa js[kkfNnzksa ds chp dh vikjn'khZ 

nwjh gSA    1] 3] 6 

vFkok 

iQsczh&isjV O;frdj.kekih fl¼kUr fyf[k,A ;g 

ekbdsYlu O;frdj.kekih ls dSls Js"B gS\ F-P fÚUtksa 

ds fy, rhozrk forj.k dk O;atd fiQusl xq.kkad ds 

inksa eas O;qRiUu dhft,A  1] 2] 7 
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