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 PHE-15  

BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination 

June, 2022 

 

PHYSICS 

PHE-15 : ASTRONOMY AND ASTROPHYSICS 

Time : 2 hours Maximum Marks : 50 

Note :  Attempt all questions. Symbols have their usual 

meanings. You can use a calculator. The marks for 

each question are indicated against it.  

1. Attempt any five parts : 53=15 

(a) The apparent magnitudes of the stars 

Arcturus and Aldebaran are 0·06 and 0·86, 

respectively. Calculate the ratio of their 

brightness.  

(b) Compare the resolving power of two 

telescopes of 1·3 m and 3·6 m diameters at  

 = 457 nm.  

(c) Explain the granular structure of the 

photosphere.  
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(d) What is an H-R diagram ? Show the location of 

main sequence, Supergiants, Red giants and 

White dwarf stars in H-R diagram.  

(e) Suppose the luminosity of a white dwarf star 

of mass 1M is 10–3 L. If the luminosity of 

the sun is L = 4  1026 Js–1, calculate the 

time for which the white dwarf will keep 

shining with its present luminosity. It is 

given that the thermal energy of a white 

dwarf is 1048 ergs.  

(f) A galaxy of absolute magnitude M = – 15 is 

at a distance of 700 kpc. Would it be visible 

to the naked eye ?  

(g) Write the triple -reaction in the formation 

of heavy nuclei. In what way is triple  

-reaction related to the origin of life on 

Earth ?  

(h) State Hubble’s law. Estimate the age of the 

universe given that Hubble’s constant  

H = 70 km Mpc–1. 

2. Attempt any two parts : 25=10 

(a) How do you determine stellar radii using 

Stefan-Boltzmann law of radiation and 

stellar luminosity measurement ? Explain.  5 
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(b) With the help of a properly labelled diagram 

determine the declination () of (i) Celestial 

North pole, (ii) Celestial South pole, and  

(iii) Zenith.  2+3 

(c) Suppose a star of mass 2M contracts at a 

uniform rate to half its present size of R in 

107 years. Suppose that all its energy is 

radiated from its surface. Calculate the 

luminosity of the star in its contracting 

phase. Take G = 6·673  10–8 cgs units,  

M = 2  1033 g, R = 7  1010 cm. 5 

3. Explain how our solar system came into 

existence. Calculate the total angular  

momentum of the Sun-Jupiter system assuming 

that Jupiter has a circular orbit of radius  

1·2  1012 m and its orbital period is 11·86 years. 

Assume that the Sun interacts only with 

Jupiter. Take M = 2  1030 kg.  4+6 

OR 

 Explain with the help of a diagram, the motion 

of sunspot along the observed solar disc. How 

does a sunspot survive for so long amidst the 

hotter regions of the sun ? What are Alfvén 

waves ?   4+3+3 
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4. Deduce an expression for free-fall time for a 

collapsing molecular cloud and calculate its 

value if its initial density is 10–17 gcm–3.  

 Take G = 6·67  10–8 cgs units.  6+4 

OR 

 Describe the fragmentation of a collapsing 

isothermal cloud using a block diagram. Obtain 

the expression for Jean’s mass when the collapse 

is adiabatic.  5+5 

5. Derive the Friedmann equation, that governs 

the evolution of a homogeneous universe.  5 

OR 

 Describe Hubble’s classification of galaxies and 

give the main feature of each class of galaxy.  5 

 



PHE-15  5   P.T.O. 

 nr.EM.B©.-15  

{dkmZ ñZmVH$ (~r.Eg gr.) 

gÌm§V narjm 

OyZ, 2022 

^m¡{VH$ {dkmZ 

nr.EM.B©.-15 : IJmo{bH$s Am¡a IJmob ^m¡{VH$s 

g_` : 2 KÊQ>o  A{YH$V_ A§H$ : 50 

ZmoQ> : g^r àíZ H$s{OE & àVrH$m| Ho$ AnZo gm_mÝ` AW© h¢ & Amn 

H¡$ëHw$boQ>a H$m Cn`moJ H$a gH$Vo h¢ & àË`oH$ àíZ Ho$ A§H$ 
CgHo$ gm_Zo {XE JE h¢ & 

 

1. H$moB© nm±M  ^mJ H$s{OE : 53=15 

(H$) ñdm{V Am¡a amo{hUr Vmam| Ho$ Ñï> H$m§{V_mZ H«$_e… 0·06 

Am¡a 0·86 h¢ & CZH$s Úw{V`m| H$m AZwnmV kmV  

H$s{OE &  

(I)  = 457 nm na 1·3 m Am¡a 3·6 m ì`mgm| dmbr Xmo 

Xÿa~rZm| H$s {d^oXZ j_VmAm| H$s VwbZm H$s{OE & 

(J) àH$me-_§S>b H$s H${UH$m_` g§aMZm g_PmBE & 
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(K) EM.-Ama. AmaoI Š`m hmoVm h¡ ? EM.-Ama. AmaoI na 
_w»` AZwH«$_, _hmXmZd, bmb XmZd Am¡a ídoV dm_Z 
Vmam| H$s pñW{V`m± Xem©BE &  

(L>) _mZ br{OE {H$ Ðì`_mZ 1M dmbo EH$ ídoV dm_Z 
Vmao H$s Á`mo{V 10–3 L h¡ & `{X gy`© H$s Á`mo{V  
L = 4  1026 Js–1 hmo, Vmo n[aH${bV H$s{OE {H$ 
ídoV dm_Z Vmam AnZr dV©_mZ Á`mo{V go {H$VZo g_` 
VH$ M_H$Vm ahoJm & {X`m J`m h¡ {H$ ídoV dm_Z H$s 
D$î_r` D$Om© H$m _mZ 1048 erg h¡ &  

(M) {Zanoj H$m§{V_mZ M = – 15 dmbr EH$ _§Xm{H$Zr  
700 kpc H$s Xÿar na h¡ & Š`m `h Z½Z Am±I go {XImB© 
XoJr ?  

(N>) ^mar Zm{^H$m| Ho$ {Z_m©U Ho$ g§X^© _| {Ì Eoë\$m  
()-A{^{H«$`m {b{IE & n¥Ïdr na OrdZ H$s CËn{Îm go 
{Ì Eoë\$m-A{^{H«$`m H$m Š`m g§~§Y h¡ ?  

(O) h~b {Z`_ H$m H$WZ Xr{OE & ~«÷m§S> H$s Am`w H$m 
AZw_mZ bJmBE O~{H$ {X`m J`m h¡ {H$ h~b pñWam§H$  
H = 70 km Mpc–1 & 

2. H$moB© Xmo  ^mJ H$s{OE : 25=10 

(H$) {d{H$aU H$m ñQ>oµ\$mZ-~moëQ²>µO_mZ {Z`_ Am¡a Vmao H$s 

Á`mo{V Ho$ _mnZ go Amn Vmam| H$s {ÌÁ`mAm| H$m 

{ZYm©aU H¡$go H$a gH$Vo h¢ ? g_PmBE &  5 
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(I) C{MV ê$n go Zm_m§{H$V {MÌ H$s ghm`Vm go  

(i) IJmobr` CÎmar Y«wd, (ii) IJmobr` X{jUr Y«wd, 

Am¡a (iii) {eamo{~ÝXþ Ho$ AnH«$_ () {ZYm©[aV  

H$s{OE & 2+3 

(J) _mZ br{OE {H$ Ðì`_mZ 2M H$m EH$ Vmam 

EH$g_mZ Xa go {gHw$‹S>Vo hþE, 107 dfm] _| AnZo 

dV©_mZ Am_mn ({OgH$s {ÌÁ`m R h¡) H$m AmYm 

ah OmVm h¡ & _mZ br{OE {H$ BgH$s Hw$b D$Om© 

BgH$s gVh go {d{H$[aV hmoVr h¡ & {gHw$‹S>Zo Ho$ Xm¡amZ 

Vmao H$s Á`mo{V kmV H$s{OE &  

 G = 6·673  10–8 cgs BH$mB©, M = 2  1033 g, 

R = 7  1010 cm br{OE &  5 

3. g_PmBE {H$ h_mao gm¡a _§S>b H$s CËn{Îm H¡$go hþB© &  

gy`©-~¥hñn{V {ZH$m` H$m Hw$b H$moUr` g§doJ n[aH${bV 

H$s{OE & {X`m J`m h¡ {H$ ~¥hñn{V H$s H$jm d¥Îmr` h¡ Am¡a 

BgH$s {ÌÁ`m 1·2  1012 m h¡ Am¡a BgH$m n[aH«$_U H$mb 

11·86 df© h¡ & _mZ br{OE {H$ gy`© Ho$db ~¥hñn{V Ho$ gmW 

AÝ`moÝ`{H«$`m H$aVm h¡ &  M = 2  1030 kg br{OE &  4+6 

AWdm 

 ào{jV gm¡a {S>ñH$ Ho$ AZw{Xe gy`© H$b§H$m| H$s J{V H$mo EH$ 

{MÌ H$s ghm`Vm go g_PmBE & gy`© Ho$ Amg-nmg Cƒ 

Vmn_mZ hmoZo Ho$ ~mdOyX gy ©̀ H$b§H$ {H$g àH$ma ~Zo ahVo h¢ & 

Eoë\$doZ Va§J| Š`m hmoVr h¢ ?  4+3+3 
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4. EH$ {ZnmVr AmpÊdH$ ~mXb Ho$ _wº$-nVZ g_` H$m ì`§OH$ 

ì`wËnÞ H$s{OE Am¡a Ama§{^H$ KZËd 10–17 gcm–3 Ho$ {bE 

BgH$m _mZ n[aH${bV H$s{OE & G = 6·67  10–8 cgs 

BH$mB© br{OE &  6+4 

AWdm 

 ãbm°H$ AmaoI H$s ghm`Vm go {ZnmVr g_Vmnr ~mXb Ho$ 

{dI§S>Z H$m dU©Z H$s{OE & OrÝg Ðì`_mZ H$m ì`§OH$ àmßV 

H$s{OE O~ {ZnmV éÕmoî_ hmo &  5+5 

5. g_m§Jr ~«÷mÊS> Ho$ {dH$mg na bmJy hmoZo dmbr \«$mBS>_oZ 

g_rH$aU ì`wËnÞ H$s{OE &  5 

AWdm 

 h~b Ho$ _§Xm{H$Zr dJuH$aU H$m {ddaU Xr{OE Am¡a 

_§Xm{H$Zr Ho$ àË`oH$ dJ© H$m _w»` bjU ~VmBE &  5 

 


