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BACHELOR OF SCIENCE (B. Sc.) 

Term-End Examination 

December, 2024 
(Physics) 

PHE-15 : ASTRONOMY AND ASTROPHYSICS 

 Time : 2 Hours    Maximum Marks : 50 

Note : Attempt all questions. Marks for each 

question are indicated against it. Symbols 

have their usual meanings. You can use a 

calculator.  

1. Attempt any five parts : 5×3=15 

(a) Compare the brightness of the Sun and 

Sirius-A. Given that the apparent 
magnitude of the Sun is – 26.81 and the 

apparent magnitude of Sirius-A is – 1.47. 

(b) With the help of a neat diagram, locate the 
position of a pole star in horizon coordinate 
system. 
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(c) Calculate the diffraction limit of resolution 

of 1 m telescope at Manora Peak, Nainital 

for λ = 457 nm. Compare its light gathering 

power with a telescope of 3.8 m at 
Devasthal, Nainital.  

(d) A globular cluster of stars has N stars each 
of mass m. The stars inside such a cluster 

of radius R can have velocities of the order 

of v. Find a relation between mass of star 

cluster and velocity v. 

(e) Estimate the effective temperature of the 
Sun assuming that the Sun radiates as a 

black body. Given that Stephan constant, 
–8 –2 –4 = 5.7 10 Wm Kσ × , 

26L 3.86 10 W= ×


 and 8R 6.7 10 km= ×


.  

(f) An astronomical strong X-rays source, is 
found to radiate like a black body with 

peak wavelength at 1.2 nm. Calculate its 
temperature. Assume that the constant for 
Wien’s displacement law is equal to 

32.9 10 mK−× . 
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(g) Draw a labelled diagram showing the 
emission of 21 cm as a result of flip of 
parallel spin state to antiparallel spin state 
of hydrogen atom. 

(h) A galaxy of absolute magnitude M = – 20 is 
at a distance of 700 kpc. Would if be visible 
to naked eye ? Justify your answer. 

2. Attempt any one part : 1×10=10 
(a) (i) Explain with the help of diagrams, the 

classification of binary stars. 6 
(ii) After about 5 billion years, the Sun is 

expended to swell to 200 times its 
present size. If its temperature 
becomes half of what it is today, find 
the change in its absolute magnitude. 

4 
(b) Write the equation of radiative transfer in 

terms of emission coefficient (J )ν  and 
absorption coefficient ( )να . Obtain the 
solution in case of J 0ν = . Explain the 
terms optical depth ( )vτ  and source 
function (S )ν . Show that for optically thin 
object, specific intensity of radiation Iν  
equals the product of source function (S )ν  
and optical depth ( )ντ . 2+3+2+3 
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3. Attempt any one part : 1×10=10 

(a) What is meant by a sunspot cycle ? Explain 
the migration of sunspot from higher to 
lower latitude in Sun. What is the basis to 
conclude that the Sun is rotating in space ? 
What is the difference between spicules 
and solar prominence ? 2+3+3+2 

(b) Describe briefly with the help of a diagram 
the formation of solar nebular disk. 
Calculate the total angular momentum of 
the Sun-Jupiter system assuming that 
Jupiter has a circular orbit of radius  
5.2 AU and its orbital period 11.86 year. 
Assume that the Sun interacts only with 
Jupiter. 4+6 

4. Attempt any one part : 1×10=10 

(a) Using a schematic diagram, describe the 
fragmentation of a collapsing gas cloud of 
mass M grater than MJ the Jeans mass. 
How does fragmentation of collapsing 
clouds leads to formation of protostars ? 
Why do we expect longer evolution time in 
the pre-main sequence stage for smaller 
mass protostars ? 5+2+3 
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(b) Obtain the mass-radius relation for white 

dwarf stars. Explain the idea of 
Chandrashekhar limiting mass. Suppose 

the luminosity of a white dwarf of mass 

1M


 is 310 L−


. If the luminosity of the 

Sun L


 is 26 14 10 Js−× , calculate the time 

for which the white dwarf will keep shining 

with its present luminosity. 3+2+5 

5. Attempt any one part : 1×5=5 

(a) State and explain de Vaucouleur’s law and 
define effective radius of an elliptical 

galaxy. 3+2 

(b) How do you distinguish a quasor from 
radio galaxy ? Explain why older galaxies 

should be redder. 2+3 
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      PHE–15 

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

l=kkar ijh{kk 

fnlEcj] 2024 

(HkkSfrd foKku) 

ih-,p-bZ--15 % [kxksfydh vkSj [kxksy HkkSfrdh 

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

uk sV % lHkh iz'uksa ds mÙkj nhft,A izR;sd iz'u ds vad 

mlds lkeus fn, x, gSaA izrhdksa ds vius lkekU; 

vFkZ gSaA vki dSYdqysVj dk mi;ksx dj ldrs gSaA  

1- fdUgha ik¡p Hkkxksa ds mÙkj nhft, % 5×3=15 

(d)  lw;Z vkSj yqC/d ds dkafrekuksa dh rqyuk 

dhft,A fn;k x;k gS fd lw;Z dk n`"V dkafreku 

– 26.81 gS vkSj yqC/d dk n"̀V dkafreku  

– 1.47 gSA 

([k)  ,d vkys[k dh lgk;rk ls f{kfrt funsZ'kkad 

iz.kkyh esa /zqo rkjs dk LFkku fu/kZfjr dhft,A 
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(x)  λ = 457 nm ds fy, euksjk 'kh"kZ] uSuhrky esa  

1 m nwjchu ds fy, foHksnu dh foorZu lhek 

ifjdfyr dhft,A bl nwjchu dh izdk'k laxzg 

{kerk dh rqyuk nsoLFky] uSuhrky esa fLFkr  

3.8 m nwjchu dh izdk'k laxzg {kerk ls 

dhft,A 

(?k)  ,d rkjk xqPN esa N rkjs gSa ftuesa izR;sd dk 

nzO;eku m gSA f=kT;k R okys bl xqPN esa 

fLFkr izR;sd rkjs dk osx v dksfV dk gks ldrk 

gSA rkjk xqPN ds nzO;eku vkSj osx v esa lEcU/ 

LFkkfir dhft,A 

(Ä)  dYiuk dhft, fd lw;Z ,d d`f".kdk dh rjg 

fofdj.k mRlftZr djrk gSA lw;Z ds rkieku dk 

vuqekfur eku ifjdfyr dhft,A fn;k x;k gS 

fd LVhiQu fu;rkad] –8 –2 –4 = 5.7 10 Wm Kσ × ] 

26L 3.86 10 W= ×


 rFkk 8R 6.7 10 km= ×


 

gSA 
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(p)  ,d [kxksyh; fiaM X&fdj.kksa dk ,d izcy 

lzksr gSA ;g ,d d`f".kdk dh rjg fofdj.k 

mRlftZr djrk gSA ftldk f'k[kj rjaxnS?;Z  

1.2 nm gSA blds rkieku dk eku ifjdfyr 

dhft,A eku yhft, fd ohu ds foLFkkiu 

fu;e esa fLFkjkad dk eku 32.9 10 mK−×  gSA 

(N)  gkbMªkstu ijek.kq esa lekarj izpØ.k voLFkk ls 

izfrlekarj voLFkk esa laØe.k ds dkj.k 21 cm 

fofdj.k ds mRltZu dks iznf'kZr djus okyk 

,d yscfyr vkys[k vkjsf[kr dhft,A 

(t)  fujis{k dkafreku M = – 20 okyh ,d eankfduh 

700 kpc dh nwjh ij gSA D;k ;g uXu vk¡[k 

dks fn[kkbZ nsxh \ vius mÙkj dh iqf"V dhft,A 

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

(d)  (i) vkys[kksa dh lgk;rk ls ;qXerkjksa ds 

oxhZdj.k dks le>kb,A 6 
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 (ii) dksbZ 5 vjc o"kZ ckn lw;Z iQSydj vius 

orZeku vkdkj ls 200 xquk cM+k gks tk,xkA 

;fn bldk rkieku ?kVdj vkt ds rkieku 

ls vk/k gks tk,] rks bldk fujis{k 

dkafreku ifjdfyr dhft,A 4 

([k)  mRltZu xq.kkad (J )ν  vkSj vo'kks"k.k xq.kkad 

( )να  ds inksa esa fofdj.kh LFkkukarj.k lehdj.k 

fyf[k;sA J 0ν =  ds fy, gy izkIr dhft,A 

izdkf'kd xaHkhjrk ( )ντ  vkSj lzksr iQyu (S )ν  

dks le>kb,A n'kkZb, fd izdk'kr% irys fiaM 

ds fy, fofdj.k dh fof'k"V rhozrk Iν ] lzksr 

iQyu (S )ν  vkSj izdkf'kd xaHkhjrk ( )ντ  ds 

xq.kuiQy ds cjkcj gksrk gSA 2+3+3+2 

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

(d)  lw;Z dyad vkorZdky ls vki D;k le>rs  

gSa \ lw;Z dyadksa dk mPprj v{kka'kksa ls  

fuEurj v{kka'kksa dh vksj foLFkkiu izfØ;k 

le>kb,A lw;Z vius v{k ij ?kwerk gS_ bl 
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fu"d"kZ dk vk/kj D;k gS \ y?kq Likbdksa vkSj 

lkSj Tokyk esa D;k varj gS \ 2+3+3+2 

([k)  vkys[kksa dh lgk;rk ls lkSj fugkfjdk fuekZ.k 

izfØ;k dks le>kb,A lw;Z&c`gLifr fudk; dk 

dqy dks.kh; laosx ifjdfyr dhft,A eku 

yhft, fd c`gLifr dh d{kk o`Ùkh; gS ftldh 

f=kT;k 5.2 AU gS vkSj bldk ifjØe.k dky 

11-86 o"kZ gS rFkk lw;Z dsoy c`gLifr ds lkFk 

vU;ksU;fØ;k djrk gSA 4+6 

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

(d)  ,d O;oLFkk vkys[k dh lgk;rk ls nzO;eku M 

tks thUl nzO;eku MJ ls vf/d gS] okys 

fuikrh ckny ds fo[kaMu dks le>kb,A fuikrh 

cknyksa dk fo[kaMu fdl izdkj izksVksrkjk dk 

fuekZ.k djrk gS \ y?kq nzO;eku okys izksVksrkjk 

dks iwoZ&eq[; vuqØe pj.k esa vf/d fodkl 

le; D;ksa yxrk gS \ 5+2+3 

([k)  'osr okeu rkjksa ds fy, nzO;eku&f=kT;k lEcU/ 

izkIr dhft,A nzO;eku dh panz'ks[kj lhek dks 
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le>kb,A dYiuk dhft, fd 1M


 nzO;eku 

okys 'osr okeu dh T;ksfr dk eku 310 L−


 

gSA ;fn lw;Z dh T;ksfr 26 14 10 Js−×  gks] rks 

fdrus le; rd 'osr okeu bl T;ksfr ls 

pedrk jg ldrk gS \ 3+2+5 

5- fdlh ,d Hkkx dk mÙkj nhft, % 1×5=5 

(d)  ns okWdwfy;j ds fu;e dk dFku nhft, vkSj 

mls le>kb, rFkk ,d nh?kZo`Ùkh; eankfduh dh 

izHkkoh f=kT;k dks ifjHkkf"kr dhft,A 3+2 

([k)  Doklj vkSj jsfM;ks eankfduh esa vki fdl izdkj 

varj Li"V djsaxs \ le>kb, fd iqjkru 

eankfdfu;k¡ T;knk yky D;ksa gksrh gSaA 2+3 
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