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ckJ fzpg;GfSf;Fk; gFjp – B ,y; fhzg;gLk; tpdhf;fSf;F tpilaspf;fTk; 
ntw;Wj;jhs;fis gad;gLj;jTk;    

Use the attached blank sheets for your calculations and also to answer the questions in Part-

B.  

 
midj;J tpdhf;fSf;Fkhd tpilfis ,t;tpdhj;jhspNyNa vOjp midj;J 

jhs;fisAk; Nkw;ghu;itahsuplk; xg;gilf;fTk;.  
Answer all the questions in this paper and submit all sheets to the supervisor at the end of the 

exam 
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2,Solar Mas/#upadpd; jpzpT =,  

`gps; khwpyp /Hubble constant H= ,   

tPd; ,lg;ngau;r;rp khwpyp / Wien’s displacement constant = 0.0029 mK 

1AU =1.5×1011m) 
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gFjp – A | PART A 

1. ntz;FWkPdpd; epiyg;Gj;jd;ikapid tpsf;Fk; ,aw;gpay; Nfhl;ghL ahJ? 
The physics theory that can be used to describe the stability of a white dwarf is 

 

(A) Pauli’s exclusion principle / gTypapd; jtpu;f;ifj; jj;Jtk;.                        
(B) Heisenberg’s uncertainty principle/ i`]d;gu;fpd; Iag;ghl;Lf;nfhs;if    

(C) Conservation of angular momentum/ Nfhzj;jpdpTNtff;fhg;G 

(D) Conservation of charges/ kpd;D}l;lf;fhg;G 

(E) None of the above/ ,tw;wpy; vJTkpy;iy.  

 

2. mZf;fUg;gpsT rhjhud el;rj;jpuq;fSf;Fs; rf;jpia cw;gj;jp nra;jhYk; ghuk;gupa Nehthtpy; ntbj;jy; 
Vw;gLtjd; fhuzk;  

Nuclear fusion make a classical nova explode, while it makes normal stars just burn steadily 

because, 

 

(A) a white dwarf is so dense/ ntz;FWkPdpd; mjpf mlu;j;jp                  

(B) a white dwarf is made of Carbon and Oxygen/ ntz;FWkPd; fhgd; kw;Wk; xl;rprdpdhy; 
cUthfpapUj;jy; 

(C) The pressure in a white dwarf does not depend on its temperature 
cs;sOj;jj;;jpw;F ntg;gj;jpd; vt;tpj jhf;fKk; ,y;yhik. 
 

(D) The pressure in a white dwarf increases linearly with the temperature 
cs;sOj;jk; kw;Wk; ntg;gk; Neupa mjpfupg;Gf;F cs;shjy; 
 

(E) The pressure in a white dwarf decreases linearly with the temperature 
cs;sOj;jk; kw;Wk; ntg;gk; Neupa FiwTf;F cs;shjy; 
 

3. ePu; Xu; fzg;nghOJ Jbg;G tpz;kPdpid mtjhdpg;gjhf vd;dTk;. Xu; ehs; mjd; Jbg;gpd; 
fhyRow;rpapidAk; tUif Neuj;jpidAk; Jy;ypakhf mse;Js;sPu;. Xu; thuj;jpw;Fg;gpd;du; mjid 
mtjhdpf;Fk; NghJ fhyRow;rp xd;whf ,Ug;gpDk; vy;yh Jbg;Gf;fSk; 1μs jhkjkhfpAs;sJ. 
,j;jhkjkhdJ Jbg;G tpz;kPdpd; mirtpdhy; mike;jNjahdhy; mt;t;pz;kPd;; efu;e;jJ 
Suppose you observe a millisecond pulsar. One day you measure the period of the pulses and arrival 

times accurately. Once you observe after one week it is noticed that all the pulses are delayed by 

1us although the period is the same. If the delay is caused by the motion of the pulsar, then the 

pulsar must have moved, 
 

(A) 300 m towards the Earth/ 300m Gtpapid Nehf;fp   

(B) 300 m away from the Earth/ 300m Gtpapid tpl;L tpyfp 

(C) 100 m towards the Earth/ 100m Gtpapid Nehf;fp 
(D) 100 m towards the Earth / 100m Gtpapid tpl;L tpyfp   

(E) 1 μm away from the Earth / 1 μm Gtpapid tpl;L tpyfp 
 

4. ePu; Xu; Gjpa Mo;e;j thz;g;nghUis mtjhdpg;gPNuahdhy; mjd; xsp 10 nrf;fdpy; ,Uklq;fhtij  
fhz;fpwPu;. ,t;tpiwe;j khw;Wj;jz;ikf;fhd fhuzk; 
Imagine that you've just discovered a new deep sky object in space. This object can change in 

brightness uniformly by a factor of two in only ten seconds. What can you deduce from this rapid 

variability? 
 
 
 



(A) It must be smaller than 3 X 106kmin size/ mg;nghUspd; msT 3 X 106km ,idtpl FiwT. 
 

(B) It must be larger than 3 X 106kmin size / mg;nghUspd; msT 3 X 106km ,idtpl mjpfk;. 
 

(C) It must be smaller than 3 X 105kmin size/ mg;nghUspd; msT 3 X 105km ,idtpl FiwT. 
 

(D) It must be larger than 3 X 106km in size / mg;nghUspd; msT 3 X 106km ,idtpl mjpfk;. 
 

(E) You cannot deduce anything about its size./ mstpid gw;wp vijAk; Cfpf;f KbahJ. 
 

 

5. mz;l Ez;fjpu; miy gPd;dzpf;fjpu;tPr;R Vw;gLtjw;fhd fhuzk 

Cosmic Microwave Background Radiation(CMB) occurred due to, ; 
 

(A) Inflation/ tPf;fk;                    
(B) Big bang/ mjpu;ntbg;G                     

(C) Recombination/ kWNru;f;if 

(D) Particle antiparticle annihilation/ Jfs; vjpu;kj;Jfs; mopthf;Fk;                   

(E) Solar storms/ #upag;Gay;fs; 
 

6. capu;fSf;Ffe;jJ vd ek;gg;gLk; Nfhs;fspy; kpf mjpfkhd Rw;Wg;ghijia nfhz;lJ, 

Most of the potentially habitable planets found so far are in orbit around, 

 

(A) Pulsars/ Jbg;G tpz;kPd;                       
(B) White dwarfs/ ntz;FWkPd;       
(C) Red giants/ rptg;G muf;fd;          

(D) Red dwarf stars / rptg;G FWkPd;     
(E) Blue giants/ ePy muf;fd; 

 

7. mjpf nray;jpwd; nfhz;l nraw;ghlhdJ, 

The energy process with highest efficiency is,  

 

(A) nuclear fusion / mZf;fUr;Nru;f;if       

(B) colliding matter with antimatter/ gjhu;j;jk; kw;Wk; vjpu;gjhu;j;jj;jpd; Nkhjy;       
(C) nuclear fission/ mZf;fUg;gpsT 

(D) releasing gravitational energy of a black hole/ fUq;Fopapd; GtpaPu;g;G rf;jpapid tpLtpj;jy;.            
(E) fossil fuel/ gbry; vupnghUs; 

 

8. tpz;ntsp ghy;kd;lyj;jpd; jpzpT mjd; mZf;fUtpid Rw;wpAs;s ,U tiyaq;fSf;F kl;Lk; gutpapUf;Fk; 
vdf;fUjTk;. mt;thNwahdhy; mt;tpW tiyaq;fSf;F eLtpy; ntsp tiyaj;jpw;F ntspapy; kw;Wk; cs; 
tiyaj;jpw;F cs;Ns jpzpT gutpapy;iy.  tpz;ntsp ghy;kd;lyj;jpd; Roy; tisT 

Imagine that a galaxy had a very unusual mass distribution - all the mass was in two rings, centred 

on the nucleus but at two different radii. There was no mass inside the inner ring, between the two 

rings, or outside the outer ring. What would you expect the rotation curve to look like for this 

strange galaxy?  

 
 



(A) 

 

(B) 

 

(C) 

 

(D) 

 
(E) 

 

  

 

9. ,tw;Wy; gUtq;fsw;w Nfhs; ahJ? 
The planet without seasons,  

(A) Uranus 

ANud]; 
(B) Neptune 

neg;A+d; 
(C) Saturn    

rdp 
(D) Jupiter  

tpahod 
(E) None of the above 

vJTkpy;iy 

 

10. Xu; thy; el;rj;jpuj;jpuk; #upad;pdpd;W 10AU njhiytpy; ,Uf;Fk; nghOJ mjd; ntspg;Gw ntg;gk; 
(nry;rparpy;) ahJ? (; thy; el;rj;jpuj;jpid fUk;nghUs; vdf;fUjTk;) 
Calculate the temperature (in Celsius) of a comet surface when it is 10 astronomical units from 

the Sun.   (Consider the comet as a blackbody) 
 

(A) 120 (B) 80 (C) 100 (D) 75 (E) 88 

11. ,U kpfg;ngupa nghUl;fSf;fpilNa cs;s GtpaPu;g;G tpir tpjp  %yk; fhz;gpf;;fg;gl;Ls;sJ.  

(  Xu; Neu;k vz;zhFk;. ) ,tw;Wy; ngha;ahd $w;W ahJ? 

Suppose that the gravitational force law between two massive objects were   

(where  is a small positive number). Which of the following statements would be false? 
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(A)  Nfhs kw;Wk; #upa kz;lyj;jpd; KO tpidahw;wy; fhf;fg;gl Ntz;Lk;. 

The total mechanical energy of the planet-Sun system would be conserved. 

 

(B)  The angular momentum of a single planet moving about the Sun would be 

conserved. 

#upaid Rw;wp efUk; Xu; Nfhspd; tisTe;jk;  fhf;fg;gl Ntz;Lk;. 

(C)  Rw;Wg;ghijapy; Nfhs;fypd; fhyRow;r;rp mjd; miutpl;lj;jpd;
 
ngUf;fLf;fpw;F 

tpfpjrkkhdJ. 

The periods of the planets in the orbits would be proportional to the  power 

of their respective orbital radii. 

 

(D)  A single planet could move in a stationary noncircular elliptical orbit about the 

Sun. 

Xu; jdpf;Nfhspw;F #upaidnahj;j cWjpahd Xu; tl;lky;yhj ePs;tl;l Rw;Wg;ghijapy; 
Roy KbAk;. 
 

(E)  A single planet could move in a stationary circular orbit about the Sun. 

Xu; jdpf;Nfhspw;F #upaidnahj;j cWjpahd Xu; tl;l Rw;Wg;ghijapy; Roy KbAk; 

 

12. The mean mass density for a super massive black hole with total mass of inside the Schwarzschild 

radius is, 

KOj;jpzpT MFk; Xu; ghupa fUq;FOpapd; rpthl;rp miutpl;lj;jpDs; cs;s  mlu;j;jpahdJ 

 

(A) 1.85x103 kg m-3 (B) 3x108  kg m-3
 (C) 2.4x10 8 kg m-3 (D)  9.0x10 41 kg m-3 (E) 5x1023 kg m-3 

 

13. Consider the following three statements given on “Kepler’s Laws” of elliptical motion 

Nfhs;fspd; ePs;tl;l efu;tpid gw;wpa nfg;yupd; ePjpfspy; gpiyahd $w;W ahJ? 
 

1.) All planets move in a circle around the sun. 

vy;yh Nfhs;fSk; #upad; Ftp ikakhf mike;j Xu; ePs;tl;l ghijapy; efUk;. 

        
2.) A line that connects a planet to the sun sweeps out equal areas in equal times. 

Xu; NfhisAk; #upaidAk; ,izf;Fk; NfhlhdJ rkkhd Neuj;jpy; xNu gFjpapid flf;Fk;. 
 

3.) The square of the period of any planet is proportional to the cube of the major axis of its 

orbit. 

Xu; Nfhspd; fhyROw;;r;rpapd; tu;f;fk; mjd; Rw;Wg;ghijapd; gpujhd mr;rpd; fdrJuj;jpw;F 
tpfpjrkkhdJ. 

 

 

 

 

 

 

(3 )

2



(3 )

2
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Incorrect Statement/s is/are? 
,tw;Ws; gpioahd $w;W ahJ? 

 

14. Comet Hale Bopp had a perihelion distance of 0.9141 AU and eccentricity 0.9951. What is the 

aphelion distance of the comet? 

N`y; nghg; tho; el;rj;jpuj;jpd; Qhapw;wz;ikj;J}uk; 0.9141 AU  Tk; ikag;gpwo;T 0.9951.k;  MFk;. 
vdpd; mjd; Nra;ik epiyj;J}uk; ahJ?  

(A) 407 AU (B) 156 AU (C) 372 AU (D) 78 AU (E) 24 AU 

 
15. Choose the answer contains the types of reflecting telescopes shown in the following in the order. 

fPo; fhzg;gLk; njwpnjhiyf;fhl;bfis rupahd tupirapy; fhz;gpf;Fk; tpil;apid njupT nra;f. 

 

 

(A) 1- Prime focus, 2- Newton focus,3- Cassegrain focus, 4- Coude’ focus 

(B) 1- Newton focus , 2- Prime focus , 3- Cassegrain focus , 4- Coude’ focus 

(C) 1- Newton focus , 2- Prime focus , 3- Coude’ focus , 4- Cassegrain focus 
(D) 1- Prime focus, 2- Newton focus, 3- Coude’ focus , 4- Cassegrain focus 

(E) 1- Prime focus, 2- Coude’ focus, 3- Newton focus, 4- Cassegrain focus 

 

16. The curvature of Mars is such that its surface drops a vertical distance of 2 m for every 3600 m 

tangent to the surface. In addition, the gravitational acceleration near its surface is 0.4 times that 

near the surface of Earth. What is the speed a golf ball would need to orbit Mars near the surface, 

ignoring the effects of air resistance? 

செவ்வாய் க ாளின் வளளவு அளைப்பின்படி அதன் வளளவு பரப்பு, தன் பரப்பின் 

ஒவ்சவாரு 3600m சதாடுக ாட்டின்கபாதும், 2m நீள்சதாளைளவ எதிர்கநாக்கும். 

அகதகபால் அதன் பரப்பின், அரு ிலுள்ள ஈர்ப்பு அமுக் ம் புவியினரு ிைான 

ஈர்ப்பு அமுக் ம் கபாை 0.4 ைடங் ாகும்.எனின், செவ்வாய் க ாளின் பரப்பு அரு ில் 

சுழை ஓர் Golf பந்துக்குத்கதளவயான கவ ம் யாது?(வளித்தளடளயப் புறக் ணிக் ) 

 

(A) (1) only/ kl;Lk;  (B) (2) only/  kl;Lk; (C) (3) only / 
kl;Lk;  

(D) (2) and (3) only/  kl;Lk; (E) (1) and (2) only/  kl;Lk;     

 

   

                        (1)         (2)                      (3)                     (4) 



(A)  0.9 km/s 

(B)  1.8 km/s 

(C)  3.6 km/s 

(D)  4.5 km/s 

(E)  5.4 km/s 

 

17. In inertial frame S, two events occur at the same instant time and 3 light minutes apart in 

space. In inertial frame S’, the same events occur at 5 light minutes apart. What is the time 

interval between the events in S’. 

ஒரு ெடத்துவத்சதாகுதி S இல், இரு ெம்பவங் ள் ஒகர கநரத்திலும், 3 ஒளி 
நிைிடங் ள் தள்ளியும் நளடசபறும். ெடத்துவத்சதாகுதி S’  இல் அகத ெம்பவங் ள் 
5 ஒளி நிைிடங் ளின் பின் நளடசபறும் எனின், S’ இல் நி ழும் 
ெம்பவங் ளிளடயிைான  ாை இளடசவளி யாது? 

(A) 0 min 

(B) 2 min 

(C) 4 min 

(D) 8 min 

(E) 16 min 

 

18. Which of the following phenomena is not useful in estimating the distance between two 

celestial bodies? 
,tw;wpy; vr;rk;gtk; ,U thd; nghUl;fspd; ,ilNa cs;s J}uj;ij msf;f 
gaz;gLj;jg;glkhl;lhJ? 

(A) Venus transits over the disk of the sun 

#upadpd; Nkw;gug;gpy; eilngWk; nts;spapd; ,lk;ngau;jy; 

(B) Stars with no proper motion appear to change their position in the sky when 

viewed six months apart 

cupa efu;tpid nfhd;buhj el;rj;jpuq;fis 6 khjq;fspd; gpd; mtjhdpf;ifapy; thdpy; 
mtw;wpd; mikg;G khwpf;fhdg;gly;   

(C)  Doppler shift exhibited by stars 

el;rj;jpuq;fspy; ,lk;ngWk; njhg;gpsu; efu;T. 

(D)  A Total Solar Eclipse 

G+uz #upa fpufzk; 

(E) None of the above 
vJTkpy;iy 

19. A binary system of stars consists of star (a) and star (b) with brightness ratio 2.  The binary 

system is difficult to resolve and is observed from the Earth as one star of 5th magnitude. 

Find the apparent magnitude of each of the two stars (ma, mb). 

இருை அளைப்பில் அளைந்த (a) ைற்றும் (b) எனும் இரு நட்ெத்திரங் ளின் 
பிர ாெவி ிதம் 2 ஆகும். இந்த அளைப்ளப உறுதி செய்தல்  டினைானதாகும். 
அகதகபால் இகத பூைியில் இருந்து அவதானிக்ள யில், 5 வசீ்ெளவுள்ள தனி 



நட்ெத்திரைா  சதரியும். இவ்விரு நட்ெத்திரங் ளின் தாற்ற வசீ்ெளளவக்  ாண் . 
(ma, mb). 

 

 

20. When it is about the same distance from the Sun as is Jupiter, a spacecraft on a mission to 

the outer planets has the speed that is 1.5 times the speed of Jupiter in its orbit. Which of 

the following describes the orbit of the spacecraft about the Sun? 

சூரியனின் உள்ள சதாளைவும், வியாழனிலுள்ள சதாளைவும் ஒன்றா  
இருக்கும்சபாழுது, கவற்று  ிர ங் ளள கநாக் ி பயணிக்கும் ஓர் விண் ைம், 
வியாழன் கபால் 1.5 ைடங்கு அதி  கவ த்தில் பயணிக்கும். அப்சபாழுது, 
சூரியளனச் சுற்றி அதன் சுழல்பாளத 
 

(A)  Spiral - அ ைச்சுருள் 

(B)  Circle - வட்டம் 

(C)  Ellipse - நீள்வட்டம் 

(D)  Parabola - சதாடுவளளவு 

(E)  Hyperbola - அதிபரவளளயி 

  

(A) 5.44, 6.19 (B) 5.11, 5.44 (C) 5.56,6.20 (D) 5.50,6,50 (E) 6.00,5.00 



gFjp – B | PART B 

ckJ fzpg;GfSf;Fk; gFjp – B ,y; fhzg;gLk; tpdhf;fSf;F tpilaspf;fTk; 
ntw;Wj;jhs;fis gad;gLj;jTk;    

Please provide your answers to this part using additional sheets.  

Write your name and index number on top of each and every additional sheet 

 

1. The most frequent orbital maneuvers performed by spacecraft consist of velocity variations along 

the direction of flight, namely accelerations to reach higher orbits or braking done to initiate re-

entering in the atmosphere. In this problem we will study the orbital variations when the engine 

thrust is applied in a radial direction. 

To obtain numerical values use: Earth radius, 

Earth surface gravity  and take the length of the sidereal day to be  

We consider a geosynchronous communications satellite of mass m placed in an equatorial circular 

orbit of radius. These satellites have an “apogee engine” which provides the tangential thrusts needed 

to reach the final orbit. 

a. Compute the numerical value of  

b. Give the analytical expression of the velocity of the satellite as a function of. Calculate its 

numerical value. 

c. Obtain the expressions of its angular momentum and mechanical energy  as functions of  

tpz;fyq;fspy; mjpfstpy; fhdg;gLk; eOtpaf;fq;fshdJ gwf;Fk; jpirapD}lhf Vw;gLk; jpirNtf 
khw;wk; , caupa Rw;Wg;ghijfis mila Vw;gLj;Jk; Cf;Ftpir, tspkz;lyj;jpDy; kPd;Lk; Eisa 
Vw;gLj;Jk; jLg;gply; Mfpait MFk;. ,t;tpzhthdJ nghwpapd; (vQ;rpd;) cijg;ig Muj;jpirapy; 
,Lk;NghJ Rw;Wg;ghijapy; Vw;gLk; khw;wq;fis gw;wp mtjhdpf;fpd;wJ. 

vz;ngWkhdq;fSf;fhf ,tw;wpid gaz;gLj;jTk; : Gtpapd; Muk;  , 

Gtpapd; Nkw;gug;G <u;g;G tpir  kw;Wk; cLehspd; ePsj;jpid  vdf;fUjTk;. 

 MuKs;s Xu; kj;jpaf;Nfhl;bw;Fupa tl;lkhd Rw;Wg;ghijapy; nghWj;jg;gl;Ls;s Xu; Gtpapzf;f 

njhiynjhlu;G nraw;iff;Nfhspd; jpzpT  m MFk;. ,r;nraw;iff;Nfhspy; nghWj;jg;gl;Ls;s “apogee” 

nghwpnahd;W ,jid ,Wjpahd Rw;Wg;ghijia mila Njitahd njhLNfhl;L cijg;ig 
jUfpd;wJ. 

a. ,d; vz;ngWkhdj;ij fhz;f. 

b. nraw;iff;Nfhspd; jpirNtj;jpw;fhd () Nfhitapid  kw;Wk; %ykhf fhd;f. gpd; mjd; 
vz;ngWkhdj;ij fhz;f. 

c. nraw;iff;Nfhspd; tisTe;jj;jpid  %ykhfTk; KO ,af;f Mw;wiy , kw;Wk;  %ykhf fhd;f. 

 

 

 



Once this geosynchronous circular orbit has been reached (see Figure), 

the satellite has been stabilized in the desired location, and is being set 

to do its work, an error by the ground controllers causes the apogee 

engine to be fired again. The thrust happens to be directed towards the 

Earth and, despite the quick reaction of the ground crew to shut the 

engine off, an unwanted velocity variation  is imparted on the satellite. 

We characterize this boost by the parameter. 

The duration of the engine burn is always negligible with respect to any 

other orbital times, so that it can be considered as instantaneous. 

 

Suppose  

d. Determine the parameters of the new orbit - semi-latus-rectum (l) and eccentricity (ε), in terms 

of. 

e. Calculate the angle  between the major axis of the new orbit and the position vector at the 

accidental misfire. 

f. Give the analytical expressions of the perigee,  and apogee, , distances to the Earth center, as 

functions of  and calculate their numerical values for  

g. Determine the period of the new orbit, , as a function of and calculate its numerical value for  

glj;jpy; fhDtJNghy; nraw;iff;Nfhis cWjpahd Xu; Rw;Wg;ghijapy; Nru;j;jg;gpd;du; tpz;ntspj; 
jiuf;fl;Lg;gLj;jpfspd; gpio fhudkhf apogee apd; nghwp gw;wpnaupe;jJ. ,jdhy; mJ Gtpapy; 
tpirapid Vw;gLj;jpaNjhL mjdhy;  nraw;iff;Nfhspd; kPJ  jpirNtf NtWghL Vw;gl;lJ. ,jdhy; 
Vw;gl;l  mjpfupg;gpid . $wsT fhd;gpf;fpd;wJ. 

nghwp gw;wpnaupe;j Neuk; nraw;iff;Nfhspd; fhyRow;rpAld; xg;gpLifapy; kpfr;rpwpajhdjhy; mij 
fzj;jpy; epfo;e;j xd;whf fUjyhk;. 

 vdpd; 

d. Gjpa Rw;Wg;ghijapd; $wsTfshd miur;nrt;tfyk; (l)  kw;Wk; ikag;gpwo;T (), Mfpatw;iw  %ykhf 
fhd;f. 

e. nghwp gw;wpnaupe;j ,lj;jpd; epiy jpiradpw;F Gjpa Rw;Wg;ghijapd; Ngur;rpypUe;J ,Uf;Fk; Nfhzj;ij  

fhd;f.  

f.   kw;Wk;  ,w;fhd Nfhitfis   kw;Wk;  %ykhf fhd;f.  MFk; re;ju;g;gj;jpy;  mtw;wpd; 
vz;ngWkhdj;ij fhz;f. 

g. nraw;iff;Nfhspd; Gjpa fhyRow;rp ,w;fhd Nfhitfis   kw;Wk;  %ykhf fhd;f.  MFk; 
re;ju;g;gj;jpy; T apd; vz;ngWkhdj;ij fhz;f. 



HINT: 

For m<<<M 

 

Where, semi-latus-rectum  and eccentricity  

L is the angular momentum and E is the total mechanical energy. 

Fwpg;G : 

m<<<M MFk; nghOJ 

 

,jpy; miur;nrt;tfyk;  kw;Wk; ikag;gpwo;T  MFk;. 

L  nraw;iff;Nfhspd; tisTe;jj;jpidAk; E mjd; KO ,af;f Mw;wYkhFk;.  

 

2. It is well known that most stars form binary systems. 
One type of binary system consists of an ordinary star 

with mass m0and radius R, and a more massive, 

compact neutron star with mass M, rotating around 
each other. In all the following ignore the motion of 

the Earth. Observations of such a binary system reveal 

the following information: 

 

 The maximum angular displacement of the 

ordinary star is , whereas that of the 

neutron star is  (see Fig. 1). 

 The time it takes for these maximum 

displacements is . 

 The radiation characteristics of the ordinary 

star indicate that its surface temperature is 
T and the radiated energy incident on a unit 

area on Earth’s surface per unit time is P. 

 The calcium line in this radiation differs from its normal wavelength 0 by an amount , due 
only to the gravitational field of the ordinary star. (For this calculation the photon can be 

considered to have an effective mass of h/c.) 
 
Find an expression for the distance l from Earth to this system only in terms of the observed quantities 

and universal constants. 

 
nghJthf gy el;rj;jpuq;fs; ,Uk vz; Kiwapid ifahy;jy; ehk; midtUk; mwpe;j tpilaNk. mjpy; 
Xu; tif m0 jpzpT kw;Wk; R Muj;jpid nfhz;l rhjhud el;rj;jpuj;ijAk;, M jpzpT nfhz;l RoYk; 
ngupa neUf;fkhd epA+j;jpud; el;rj;jpuj;ijAk; nfhd;Ls;sJ. ,t;tifahd ,Uk vz; Kiwapid 
mtjhdpf;fpd;w NghJ ,j;jfty;fs; njupa te;Js;sJ.  
 

 rhjhud el;rj;jpuj;jpd; mjpfgl;r Nfhz ,lg;ngau;r;rp   vdpDk; epA+j;jpud; el;rj;jpuj;jpy; mJ 
MFk;. 

 ,t;tjpfgl;r  ,lg;ngau;r;rp Vw;gLk; fhyk;  MFk;. 
 rhjhud el;rj;jpuj;jpd; Nkw;gug;G ntg;gk; T  kw;Wk; G+kpapidnahl;b me;el;rj;jpuj;jpd; fjpu;tPr;R 

rf;jp P MFk;. 



 ,f;fjpu;tPr;rpw;Nfw;w fy;rpak; NfhL mjd; rhjhud miyePskhd 0 ,idtpl  NtWgLk;. 
,t;NtWghl;bw;Ff; fhudk; rhjhud el;rj;jpuj;jpd; mUNfAs;s GtpaPu;g;G tpirahFk;. (,f; 
fzf;nfLg;gpw;F xspj;Jfspd; jpzptpid h/cvdf;fUjyhk;.) 

 
,j;jftypy; fhzg;gLk; juTfis kl;Lk; nfhd;L cyfshtpa khwpypfisAk; gaz;gLj;jp G+kpapypUe;J ,t;tpU 
el;rj;jpuq;fSf;fhd J}uj;jpw;fhd Nfhitapid ngWf. 
 
3. M 100 is a one of the largest and brightest galaxy in Virgo cluster of galaxies. It is located in the 

constellation of Coma Berenices in the night sky. It is classified as SAB(s) bc category and 

identified as a spiral galaxy with an Active Galactic Nucleus.  
A research was organized for determination the distance to M 100 using three distance 

indicators, which are individual for each other. 

 

a. During the first method, distance was calculated by using the spectroscopic shift of 

ionized Hα line and cosmological redshift phenomena. Frequency of shifted Hα line in 

the spectrum was measured as 454.73 THz. Hubble time, when the galaxy emitted these 

light photons was 1.26 x 1010 years 

 

i) Calculate distance to the Galaxy (da) in units of Mpc 

(1 pc = 3.26 Light years, C = 3 x 108 ms-1) 

 You should use Hubble time in the paragraph in order to find Hubble 

constant. You are not allowed to use the value of Hubble constant at 

the beginning of this paper. 

ii)  Express the (da) value in units of Light years and (Au) 

 

b. During the second method, distance was determined by using a Cepheid variable star 

which is named as C39 in M 100. C39 is classified as classical Cepheid class I. Light 

curve via V-band of the C39 was plotted by photometric measurements. (graph 1 ) 

 

 M100 vd miof;fg;gLtJ fd;dp uhrpapd; ghy;ntspj;njhFjpfspy; fhzg;gLk; Xu; ghupa 
gpufhrkhd ghy;ntspahFk;. ,J ,uT thdpy; fhzg;gLk; Coma Berenices vDk; el;rj;jpuj; 
njhFjpapy; mike;Js;sJ. ,J SAB(s)  ,d; bc gpuptpy; tifg;gLj;jg;gl;L kw;Wk; nray;gLk; 
ntz;ZLf;fUtpidf; nfhd;l Xu; mfyr;RUs; ghy;ntspahf fUjg;gLfpd;wJ.  

 M100 ,w;Fs;s njhiytpidf; fhd Nkw;nfhs;sg;gl;l Xu; Ma;tpdpy; 3 njhiytpw;fhd 
ntt;NtW Rl;bfs; gadgLj;jg;gl;ld.  

a. Kjy; Kiwapd;NghJ madha Hα Nfhl;bd; epwkhiyg; ngau;r;rpapid kw;Wk; mz;ltpay; 
rptg;Gg; ngau;r;rpapid gad;gLj;jp njhiyT fzf;fplg;gl;lJ. epwkhiyapYs;s 
ngau;r;rpf;Fs;shd Hα Nfhl;bd; miyntz; 454.73 THz MFk;. mg;ghy;ntsp 
xspj;Jfs;fis tpLtpj;j NghJ `gy; Neuk; 1.26 x 1010 tUlq;fshFk;. 
 

i. ghy;ntspf;Fs;s njhiytpidf; (da)  Mpc myFfspy; fhd;f. 
 (1 pc = 3.26 Light years, C = 3 x 108 ms-1) 

 

ii. da  ,id xsp tUlk; kw;Wk; (Au) tpd; myFfspy; ntspg;gLj;Jf. 
 

b. ,uz;lhk; Kiwapd;NghJ njhiythdJ M 100 ,y; C39 vd miof;fg;gl;l Cepheid 

khwpyp el;rj;jpuj;jpidf;nfhd;L fzf;fplg;gl;lJ. C39, goikahd Cepheid tif1 ,y; 



tifg;gLj;jg;gl;Ls;sJ. V-miytupirapD}lhf C39 ,d; xsptisNfhL Xsp mstpay; 
Kiwfs; %ykhf Fwpf;fg;gl;Ls;sJ. (tiuG 1)   

 

 

 

 

 

 

 

 

 

 

 

  

 X-axis of (graph 1) depicts the Phase of the variable star. Phase = 0  2 is equal to 

57.6 days 

 Relationship between Absolute visual magnitude( V-band) and time periods can be 

written as follows, 

 

 

 All the terms of above equation have their general meanings. 

tiugpd; x mr;R mtj;ijapid fhl;Lfpd;wJ. mjpy; mtj;ij 0 j;jpypUe;J 2 tiuahd fhyk; 
57.6 ehl;fshFk;. Cepheid tif1 el;rj;jpuj;jpd; jdpkhd xspg;gUkd; kw;Wk; fhyRow;rpf;fhd 
njhlu;G Mv = -2.76 [log 10 (p) – 1.0] – 4.16 MFk;. 

 

i) Find the distance modulus by analyzing the graph and using above equation. 
tiugpid Muha;e;J kw;Wk; ,r;rkd;ghl;bidg; gad;gLj;jp njhiytpw;fhd 
rkd;ghl;bidg; ngWf.  

 

ii) Using the value of the distance modulus, Calculate the distance to the galaxy ( db) in 

units of Mpc. 

mjD}lhf ghy;ntspf;Fs;s njhiytpidf; (db)  Mpc myFfspy; fhd;f. 
 

 

c.  During the third method, used distance indicator was the Type 1a supernova explosion 

(SN2006X) which is occurred in M 100 galaxy in 2006. It is the brightest supernova 

explosion which is ever reported in M 100. Peak visual magnitude (V-band) of SN2006X 

was (+13.0).  

A typical cataclysmic variable star which exceeds Chandrasekar limit, is exploded as 

Type 1a supernova with absolute (V-band) magnitude = (-19.3).  

 

 



%z;whk; Kiwapd;NghJ njhiyTf;fhd Rl;bahf, 2006 Mk; Md;L ghy;ntspapy; Vw;gl;l 
SN2006X vDk; kpfg;gpufhrkhd TypeIa tif kP xspu; tpz;kPd; ntbj;jy; fUjg;gl;lJ. 
,t;ntbj;jypd; cr;r xspg;gUkd; (+13.0) MFtNjhL re;jpuNrfu tuk;gpy; Xu; el;rj;jpuk; 
ntbj;jypd;NghJ ntspg;gLk;  xspu;jypu;Nfw;w jdpkhd xspg;gUkd; (-19.3) MFk;. 

 

 

i) Using above data and information on SN2006X , calculate the distance to the galaxy 

(dc) in units of Mpc.  

,j;juTfisg; gad;gLj;jp Type Ia kP xspu; tpz;kPD}lhf  ghy;ntspf;Fs;s 
njhiytpidf; (dc)  Mpc myFfspy; fhd;f. 

d.  

Using statistical analysis of above three distances (da,db,dc)  that you have calculated 

Calculate : 

 

i) The average distance to M 100 

ii) Standard Deviation (S) 

 

,k;%z;W tif (da,db,dc)   njhiyTfis gad;gLj;jp Gs;sp tptu Ma;T %ykhf 
M100  vDk; ghy;ntspf;Fs;s  
 

i. ruhrupj; njhiyT 

ii. jpl;l tpyf;fiy fhz;f. 

 

 

. 

 

 

4. Solar Dynamic Observatory (SDO) launched in 2010 has given the astronomers the opportunity to 

monitor the solar interior, chromosphere, and corona with high spatial and temporal resolution. SDO’s 

Atmospheric Imaging Assembly (AIA) is the major instrument that enables this task. A single AIA 

telescope has a field of view (FOV) approximately 41 arc minutes. The instrument was designed to 

achieve a spatial resolution of 0.6“ per pixel. CCD cameras used in AIA have a pixel size of 12 micro 

meters.  

Two types of CCD cameras were available to NASA during the development of AIA: Type A with 

dimensions 2048 x 2048 px and type B with dimensions 4096 x 4096 px.  

2010 k; Mz;L mwpKfg;gLj;jg;gl;l SDO  vDk; thd; Ma;tfk; thdpay; ty;Yeu;fSf;F #upadpd; 
cl;gug;G epwkz;lyk; kw;Wk; xsp tisaj;jpid mjpf ,lk; rhu;e;j fhyk; rhu;e;j gpupj;jpwDld; 

fz;fhdpf;Fk; tha;g;ig mspf;fpd;wJ. SDO tpd; AIA vd;gJ ,f;fhupaj;jpid Nkw;nfhs;Sk; Kf;fpa 

cgfuzkhFk;. Xu; AIA njhiyNehf;fp 41 arc epkpl fhl;rpg;Gyj;jpidf;nfhd;Ls;sJ. ,e;j cgfuzk; 

0.6 gpf;]y; ,lk; rhu;e;j gpupj;jpwd; nfhd;L mikf;fg;gl;Ls;sJ. AIA,y; gad;gLj;Jk; CCD 

xspg;glf;fUtp 12 ikf;Nuh kPw;wu gpf;]y; gpupj;jpwd; nfhd;Ls;sJ. 

,U tifahd CCD xspg;glf;fUtpfs; AIA apid Nkk;gLj;Jk;NghJ NASA tplk; ,Ue;jJ. tif A 

2048 x 2048  gpf;]y; kw;Wk; tif B 4096 x 4096 gpf;]y msTfis nfhd;Ls;sJ. 

i) Using the above data determine which type best suits to fit in AIA?  

ii) Also find the focal length of the telescope. 



iii) Figure shows the point spread function of a point source that casted on the ccd on a particular 

day.By referring to the figure, find the astronomical seeing on the particular day on which the 

image was taken. 

 

i. ,j;juTfisg; gad;gLj;jp AIA cgfuzj;jpw;fhd kpfg;nghUj;jkhdJ vt;tstpyhd CCD 

xspg;glf;fUtp vd;gij fhd;f. 
ii. NkYk; AIA njhiyNehf;fpapd; FtpePsj;ij fhd;f. 

iii. Xu; ehspy; CCD xspg;glf;fUtpapdhy; ngwg;gl;l ntF njhiytpYs;s Xu; Gs;spapd; 
Gifg;glj;jpdp Gs;sp guty; rhu;G fPo; fhzg;gLk; glj;jpy; fhzg;gLfpd;wJ. ,ij gad;gLj;jp 
md;iwa ehspd; thdpaw; fhl;rpapid fhd;f. 

 



5. This question consists of a full sky charts in Alt-Azimuth coordinates, showing the skyof 

a month in this year. On the chart different objects are marked in different numbering 

systems: constellations are noted in uppercase letters; stars are noted in Arabic numeral 

and deep sky objects are noted in lowercase letter. The table contains 5 stars, 5 

constellations and 5 deep sky objects to be marked on the sky map.  

இக்க ள்வியில் விண்ைீன் நிளைதரு ருவி ஆள்கூற்றுக் ள் அடங் ிய 

வளரபடங் ள் ைற்றும் இவ்வருடத்தில் ஒரு ைாதத்தின்  ாணப்பட்ட இரவு 

வாளனயும் ச ாண்டுள்ளது. இந்த வளரபடத்தில் நட்ெத்திரத் சதாகுதி ளள 

ஆங் ிை கபசரழுத்தினாலும், நட்ெத்திரங் ளள அரபு எழுத்துக் ளாலும், 

ஆழ்ந்த வான்சபாருட் ளள ஆங் ிை குற்சறழுத்துக் ளாலும் 

குறிப்பிடப்பட்டுள்ளது. 

 

 

(A) Mark the four directions (N, S, E, W) on the star chart. 

நான்கு திளெ ளளயும் வளரபடத்தில் குறிக்  (N S E W) 
 

(B) Make a rough sketch of the Ecliptic and the celestial equator on the star chart. 

சூரியவழி ைற்றும் விண்க ாள நிைநடுக்க ாடு ஆ ியவற்ளற 
வளரபடத்தில் குறிப்பிடு   

 

(C) Mark five constellations, five deep sky objects, 5 stars on the map as given in the following 

chart. 

அட்டவளணயில்  ாணப்படும் நட்ெத்திரத்சதாகுதி ள், நட்ெத்திரங் ள் 
ைற்றும் ஆழ்ந்த வான் சபாருட் ளள இவ்வளரபடத்தில் குறிக்   

 

 

A Lyra (1) Vega a Lagoon Nebula 

B Libra (2) Denab b Andromeda Galaxy 

C Cygnus (3) Altair c Dumbbell Nebula 

D Aquarius (4) Antares d Hercules Globular Cluster 

E Cassiopeia (5) Fomalhaut e Wild Duck Cluster M11 

 

(D) Give the approximate horizontal coordinates of the given objects O1 and O2, 

குறிப்பிடப்பட்டுள்ள சபாருட் ளின் அண்ணளவாd  ிடக்ள  
ஆயங் ளளப் குறிப்பிடு . 

(E) Consider Saturn in the following star map and answer the questions  

இவ்வானிற் ான :  

Geographical latitude of the observer, பார்ளவயாளரின் புவிச்ெரிதவியல் 
அ ைாங்கு: 7.6°N 

Geographical longitude of the observer, பார்ளவயாளரின் 
புவிச்ெரிதவியல் nel;lhq;F  : 80.7°E 

 



Observed Time: 20:00h 

Local sidereal Time: 19:00h 

Right ascension of Saturn: 15h 50m 

a. What was the Local Hour Angle of Saturn (at this time)?  சனி hour angle என்ன? 

b. At what time was Saturn on the meridian at this location?  
      rdp ,t;tplj;jpy; cr;r neLq;Nfhl;il te;jile;j Neuk; ahJ?  

 
c. At what time was Saturn on the meridian at Greenwich?  

                        rdp fpuPd;tpr;rpy; cr;r neLq;Nfhl;il te;jile;j Neuk; ahJ?  

 

 

Night Sky Chart 


