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 PHE-15  

BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination 

June, 2021 

 

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. 

1. Attempt any five parts : 53=15 

(a) The apparent magnitude of Polaris is + 2·3 

while that of the Sun is – 26·81. Which star 

is brighter and by what factor ? 

(b) A satellite measures the parallax angle of a 

star as 0·005 arc-second. What is the 

distance of the star from the satellite ? 
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(c) Find the magnitude of the faintest object that 

a 3·6 m telescope can detect. 

(d) The temperature inside a sunspot is 4000 K 

and that of the photosphere is 6000 K. 

Calculate the strength of the magnetic  

field which will keep the sunspot in 

equilibrium with its surroundings. (Given that 

 = 4  10–7 NA–2, k = 1·38  10–23 JK–1, the 

number density N of particles 1023) 

(e) A bright star has a surface temperature of 

3500 K and is 105 times more luminous than 

the Sun. Calculate its radius in terms of 

solar radius (R). What kind of star could it 

be if its absolute magnitude is zero ? 

(f) Calculate the free-fall time for a molecular 

cloud whose initial density is 10–17 g cm–3. 

(g) The luminosity of a white dwarf star of mass 

1 M is 10–3 L. Its total thermal energy  

is 1048 erg. If the luminosity of the Sun is  

L = 4  1026 Js–1, calculate the time for 

which white dwarf will keep shining with its 

present luminosity. 

(h) If the Hubble’s constant H = 70 km/s/Mpc, 

estimate the age of the Universe in years, 

given 1 pc = 3·084  1016 m. 
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2. (a) Using Virial theorem, how do you estimate 

the average temperature in the interior of a 

star ? 4 

(b) Calculate the energy density uv of radiation 

field at a point and hence write down specific 

intensity of black body radiation. Show that 

the pressure due to isotropic radiation is 

given by 1/3 of the energy density. 6 

OR 

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

diurnal motion of the stars. 4 

(b) What are circumpolar stars ? At what 

latitude is Procyon (  =  0518S)  

circumpolar ? 4 

(c) The difference between longitudes of two 

cities is about 20. What is the difference in 

their local times ? 2 

3. (a) What is a sunspot cycle ? Sketch and 

describe the butterfly diagram related to 

occurrence of sunspots.  7 

(b) The number density of particles (assume 

hydrogen) in the photosphere is 1020 particles 

per cm–3 and the strength of magnetic field of 

the Sun is 1 G. Calculate the velocity of 

Alfven waves in the photosphere. 3 

OR 

(a) Explain the granular structure of the 

photosphere. Describe briefly the chemical 

composition of the photosphere. 5 

(b) Describe the nebular model of the formation 

of the solar system. 5 
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4. (a) Explain the concept of Chandrasekhar limit 

and obtain its expression. 5 

(b) Calculate the gravitational red shift for the 

yellow lines ( = 5800 Å) on the surface of 

Sirius-B when photon travels a distance of  

1 m. Take the mass of Sirius-B as equal to 

1 M and its radius 16000 km. 5 

OR 

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

emission of pulses from a neutron star. 5 

(b) Suppose the Sun shrinks to the size of a 

neutron star of radius 106 cm. Calculate the 

magnetic field strength at the surface of the 

neutron star. Take radius of the Sun as  

1011 cm and the magnetic field at the Sun’s 

surface as 1 G. 5 

5. Derive the Friedmann equation and sketch its 

solution for k > 0. 5 

OR 

 Describe the nature of activities near the active 

galactic nuclei. Distinguish between radio 

galaxies and quasars. 3+2=5 
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 nr.EM.B©.-15  

{dkmZ ñZmVH$ (~r.Eg gr.) 

gÌm§V narjm 

OyZ, 2021 

^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¢ & 
 

1. H$moB© nm±M  ^mJ H$s{OE : 53=15 

(H$) nmobo[ag H$m ÑîQ> H$m§{V-_mZ + 2·3 h¡ Am¡a gy`© H$m ÑîQ> 

H$m§{V-_mZ – 26·81 h¡ & BZ_| go H$m¡Z-go Vmao H$s Úw{V 

A{YH$ h¡ Am¡a {H$VZr ? 

(I) EH$ CnJ«h Ûmam {H$gr Vmao H$m b§~Z H$moU  

0·005 arc-second _mnm OmVm h¡ & CnJ«h go Vmao H$s 

Xÿar Š`m h¡ ? 
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(J) 3·6 m Xÿa~rZ Ûmam g§gy{MV {H$E Om gH$Zo dmbo g~go 
Yw±Ybo qnS> H$m H$m§{V-_mZ kmV H$s{OE & 

(K) gy`©-H$b§H$ Ho$ ^rVa H$m Vmn_mZ 4000  K h¡  
Am¡a àH$me-_§S>b H$m Vmn_mZ 6000  K h¡ &  
Mwå~H$s` joÌ H$s Vrd«Vm H$m dh _mZ n[aH${bV  
H$s{OE {Og na gy ©̀-H$b§H$ AnZo Amgnmg Ho$  
joÌ go gmå`mdñWm _| hmoJm & ({X`m J`m h¡ {H$ 
 = 4  10–7 NA–2, k = 1·38  10–23 JK–1, H$Um| 
H$m g§»`m KZËd N  1023) 

(L>) EH$ M_H$sbo Vmao H$m n¥îR>r` Vmn_mZ 3500 K h¡ Am¡a 
CgH$s Á`mo{V gy`© H$s Anojm 105 JwZr A{YH$ h¡ & 
gm¡a {ÌÁ`m (R) Ho$ nXm§o _| CgH$s {ÌÁ`m H$s JUZm 
H$s{OE & `{X CgH$m {Zanoj H$m§{V-_mZ eyÝ` hmo, Vmo 
dh {H$g àH$ma H$m Vmam hmo gH$Vm h¡ ? 

(M) EH$ AmpÊdH$ ~mXb H$m, {OgH$m Ama§{^H$ KZËd  
10–17 g cm–3 h¡, _wº$-nVZ g_` n[aH${bV H$s{OE & 

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

(O) `{X h~b {Z`Vm§H$ H = 70 km/s/Mpc hmo, Vmo  

~«÷m§S> H$s dfmªo _| Am ẁ kmV H$s{OE & {X`m J`m h¡ 

1 pc = 3·084  1016 m. 
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2. (H$) {d[a`b à_o` H$m Cn`moJ H$a Amn EH$ Vmao Ho$ ^rVa 
Ho$ Vmn_mZ H$m Am¡gV AZw_mZ H¡$go bJmVo h¢ ? 4 

(I) {H$gr q~Xþ na {d{H$aU joÌ Ho$ D$Om© KZËd uv H$s 
JUZm H$s{OE & AVEd, H¥$pîUH$m {d{H$aU Ho$ {bE 
{d{eîQ> Vrd«Vm H$m ì`§OH$ {b{IE & {gÕ H$s{OE 
{H$ g_X¡{eH$ {d{H$aU Ho$ H$maU Xm~ H$m _mZ D$Om© 
KZËd H$m 1/3 hmoVm h¡ & 6 

AWdm 

(H$) EH$ ñdÀN> AmaoI H$s ghm`Vm go Vmam| H$s X¡{ZH$ 
J{V g_PmBE & 4 

(I) gXmo{XV Vmao Š`m hmoVo h¢ ? {H$g Ajm§e na 
àmo{gAm°Z Vmam ( = 0518S) gXmo{XV hmoVm h¡ ? 4 

(J) Xmo eham| Ho$ aoIm§em§o Ho$ ~rM 20 H$m A§Va h¡ & 
CZHo$ ñWmZr` g_`m| _| {H$VZm A§Va hmoJm ? 2 

3. (H$) gy`©-H$b§H$ H$m AmdV©H$mb Š`m hmoVm h¡ ? {VVbr 
aoIm{MÌ, Omo gy`©-H$b§H$m| Ho$ hmoZo go g§~§{YV h¡, ItM| 
Am¡a CgH$m dU©Z H$a| & 7 

(I) àH$me-_§S>b _| H$Um| (_mZ br{OE {H$ hmBS´>moOZ) 
H$m g§»`m KZËd 1020 H$U à{V cm–3 h¡ Am¡a gy ©̀ 
Ho$ Mwå~H$s` joÌ H$s Vrd«Vm 1 G h¡ & àH$me-_§S>b 
_| Eoë\$doZ Va§Jm| H$m doJ n[aH${bV H$s{OE & 3 

AWdm 

(H$) àH$me-_§S>b H$s H${UH$m_` g§aMZm H$s ì`m»`m 
H$s{OE & àH$me-_§S>b Ho$ amgm`{ZH$ g§KQ>Z H$m 
g§jon _| dU©Z H$s{OE & 5 

(I) gm¡a _§S>b Ho$ {Z_m©U Ho$ Zrhm[aH$m _m°S>b H$m dU©Z 
H$s{OE & 5 
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4. (H$) M§ÐeoIa gr_m H$s AdYmaUm g_PmBE Am¡a CgH$m 
ì`§OH$ àmßV H$s{OE & 5 

(I) {g[a`g-B H$s gVh na nrbr aoImAm| ( = 5800 Å)  

Ho$ {bE JwéËdr` A{^aº$ {dñWmnZ n[aH${bV H$s{OE 
O~ µ\$moQ>m°Z 1 m Xÿar V` H$aVm h¡ &  {g[a`g-B H$m 
Ðì`_mZ 1 M h¡ Am¡a CgH$s {ÌÁ`m 16000 km h¡ & 5 

AWdm  

(H$) EH$ ñdÀN> {MÌ H$s ghm`Vm go, Ý`yQ´>m°Z Vmao go ñn§Xm| 
H$m CËgO©Z g_PmBE & 5 

(I) _mZ br{OE {H$ gy ©̀ {gHw$‹S> H$a 106 cm {ÌÁ`m dmbo 
Ý`yQ´>m°Z Vmao Ho$ Am_mn H$m hmo OmVm h¡ & Bg Ý ỳQ´>m°Z 
Vmao H$s gVh na Mwå~H$s` joÌ H$s Vrd«Vm n[aH${bV 
H$s{OE & gy ©̀ H$s ${ÌÁ`m 1011 cm br{OE Am¡a gy ©̀ 
H$s gVh na Mwå~H$s` joÌ 1 G br{OE & 5 

5. \«$sS>_mZ g_rH$aU ì`wËnÞ H$s{OE Am¡a k > 0 Ho$ {bE CgHo$ 

hb H$m AmaoI It{ME & 5 

AWdm 

 g{H«$` _§Xm{H$Zr` Zm{^H$m| Ho$ {ZH$Q> g{H«$`Vm H$s àH¥${V H$m 

dU©Z H$s{OE & ao{S>`mo _§Xm{H${Z`m| Am¡a Šdmgam| _| A§Va ñnï> 

H$s{OE & 3+2=5 


