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Bl Ten LGS ABpid UuGH B B 25 alamsbsamer OCHmemiBereng
This paper consists of 25 questions in two parts (A & B).

2 105 SHMIULUSEHHGHID LGS B Bed smewiiuBd elamobsendsd almlwellds @eneardhaliLl (heitern
CeuBmISSTETHMET LIWGTILIGSHDHLD.
Use the attached blank sheets for your calculations and also to answer the questions in Part-B.

DS alemEsEnHGLTa alenLsamen DelalamsHHTeflGeolw 61(1pd DiMTHH HTETHMETUID
GupumyeneuwmTemfiLd @LILIDL SHBHaLD.
Answer all the questions in this paper and submit all sheets to the supervisor at the end of the
examination.

RevdhFlyeiuicy selliureisst LweLBSsSILLeord / Electronic calculators are allowed.

sxaie0 / Useful information:
geflufsir Gousmid / Speed of light c=3 x 103 m s,
o8sv yalufyiny wrpfed / Universal gravitational constant G= 6.67 x 10-1 m3 kg1 s-2,
eflwefsn Hanflay / Solar Mass Mg =1.99 x 103° kg,
amiisit wmisd / Hubble constant =75 km s~ Mpc™1,
@svsdyafsn Henfley / Mass of electron me=9.11 x 10731 kg,
afelesr BLNGUWFES wrdled / Wien’s displacement constant = 2.898 X 103 m K,
eroteLiasI-Gumeberdiomest  ompled Stefan—Boltzmann constant =5.67x10-8 W m-2K-4

eleTéHen OHTLIUTS CHeID GHeMaileeniy HTewILILIQ6, PBISeL GTHPELWITIIENL  auTdHHAID.
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Aug® | PART A

BlugFHuled 2 _siten 20 GxeilalsEndGL UFHevellds SIUUL Beiten alenL gHrerlener
LWSTLUGSSWD. QuTHSHSLoTeT allemLsGflw Ul L SHFHener BHIOBLGSHSHLD.
Select the best answer for the 20 questions in this part and mark your answers in the
attached answer sheet by darkening respective the circle

1. a Gxeiled GuwBxmflendlest (a0 Canis Majoris) @ iwmm  Gsmewrd  0.379°°.
gl bbe BLFSITHIBESTEN HITILD,
Parallax angle of o Canis Majoris is 0.379”°. The distance to the star from the Sun,

(A)12.7 ol syemipaei - 12.7 light years
(B) 8.6 qofl oyemihamer - 8.6 light years
(C)17.2 ol oyemi(pameit - 17.2light years
(D)9.2 @arfl suemimei - 9.2 light years
(E) 1.2 ol oyemiBamen - 1.2 light years

Ueteu(pld badl BLFSSHImGeT LYoluledmba umjsend Cursd Gy oiemeumest
Cousdhglemens Osmeni(heenal (DIbLSSB  cpeold ST LLILIGSeimenn). o1& LOs
o wihs Croued HmFBaudsd FmBIBeN6eNd BT (BTN,

Following five stars have the same magnitude (Shown by the arrow) of velocity seen
from Earth. Which one it has the highest radial velocity Component.

(A) (B) (©) (D) (E)
m* gl 6bd elewiber o HUpld @eveond CuTdl @h  BLIFHHTSHD60
GeueliuenLwImer SlemeuT@GLD (apparent magnitude). m gpeidh SICH HLFHHTSH 601
SlenalL LU’ L QeueflliLenLWwimer Sjemeum@d (measured apparent magnitude). ereoileor
m-m* QUBITEID SIMIPSBLILIGAISDI,
Let m* be the apparent magnitude of a star, if there wasn't any interstellar medium. And let
m be the measured apparent magnitude of the same star. Then the value m-m* is called,
(A) wpapswowimen HmSHHD - absolute correction
(B) afemiifeir &Hmeb o - interstellar correction
(C) GunBsuriol_flé HmeHs b - bolometric correction
(D) o_pSlehade0 S - absorption correction
(E) Cumampw ergiad Bevemev - none of the above
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8000K GoBugliy QeuliLbleneou|L &l @(h BLFSHHID 6lhFH DINEVHENHSHEL LOIS|LD
galgoms (Most intensely) sgljaigds Gauiuji.

At what wavelength does a star with the surface temperature of 8000 K radiate most
intensely.

(A) 0.36 pm (B) 0.49 upm (C) 0.80 pm (D) 1.63um (E) 2.65 pm

. 102 cm @l L GameniL. OHTene0BHTHS cLpeld HeldHHNUITES ML UITETLD SHT6wT
@rewih uFems BB (1=550nm) GurmeTseler GomBhaul g Gsmewrls LIFILL).

The minimum angular separation of two green colour (I=550nm) objects to identify separately by

a telescope that has a diameter of 102 cm.

(A) 6.58x10-7" (B) 1.36x10-1" (C) 1.36x10-3 “ (D) 6.58x10-9 " (E) 2.34x10-3 "
. Y BLFSHTHMSS Osmewi. CCD uLdFHler Ufley &6  s&riLiul BeTengl.

TSHHENET  6160T6RNHMBHET (COUNts) BLFHHTID HTJEOTIOTS 2 6VT61T60T?
Section of a CCD image containing a star is shown below. How many counts are due to the star?

10 [10 |11 |10 |10 | (A) 50

(B) 100
10 |9 10 |9 9 (C) 150
110 |10 |11 |11 |11 (D) 200
(E) 250

10 |10 |9 11 |9

10 |9 9 10 |9

Oflefl (Gemini) @60 Lgsngoner BLFHHID 6157

What’s the brightest star in Gemini?

(A)ameroLi] - Caster  (B) Gumebevderd - Pollux (C) &is@ueiierd - Acubens
(D) &1e001_Ligeor - Aldebaran (E) Sflwerd - Sirius

Folullell &BODILILITENS STV LOBEID Siew] Uil ©1F& (semimajor axis) (penmGu
29.447 yui oLewiBse wBpid 9.54 AU ou@b. gFeluller Hlenm eleiten?

The orbital period and the semi major axis of Saturn is 29.447 earth years and 9.54 AU
respectively. What’s the mass of Saturn ?

(A)  1.7x10* Mg, (B)1.3x10° Mg, (C)0.0015 Mg

(D) 23x10* Mg, (E)O0.00027 Mg,

oL &Ter0&T] L& Hewil @Fened 6ICUTH Signilial&Smal?
When does Madagascar experiences the longest night?
(A) & 21- March 21 (B) ggees1 21 —June 21 (C) Qgli_ibuiy 21 - September 21

(D) g&1buy 21 —December 21 (E) gliged 8 - April 8
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10.

11.

12.

13.

14.

BLFHHTRIBEHEITON  HMTHMSH HlevdwoTs  DlenalBeaudBE  (pHComeniailuiecd
@y (wemenwlll (trigonometric parallax method) LwWSTUGSSHHaQUI DIFHBULF
SITJLD

The maximum distance that the trigonometric parallax method can be used for accurate
measurement of distance to stars is

(A) 3.26pc (B) 10pc (C) 50pc (D) 100pc (E)1lly

Qyewib BresBymsen Ylulednbs 96 SMdmss CETaMmIYBHSTED, SieuBseT

If two stars have same distance from the earth, then their

(A) GeuefiiiLemL_wWiTedr SjeNa|H6lT Fiob - apparent magnitudes are equal

(B) (W(WpemLowimenr SjenmeydbeiT FLo - absolute magnitudes are equal

(C) GeuailiLenLwimenr SjeeyHaiall alSHHWTFID (LH(DEMLOWITET D66 He6iTeir
alsHunsshHmBE Fww - difference of apparent magnitudes are equal to the difference
of absolute magnitude

(D) ussL CBHIHHe0 DleuBenmd Smewreomd - can see them in the day time

(E) Cumanpw eigiab svemev. - none of the above.

oh® SBUMIITET SHMTTHH 60 BLIFSHHTD meudbslILGL CuTdl @b BLFSHIHITSHD 6
GeuefiuenLwimedr  Sjemey  (apparent magnitude), (wupemowimes Sjene]  (absolute
magnitude) e1e1m SIMLPSBLILIGH MBS

The apparent magnitude of a star is called the absolute magnitude when the star is kept at
a hypothetical distance of

(A)20pc  (B) 1AU (C) 3261y (D) 150 x 10° km (E) 100 pc

pLFSHFHTRISeNr amTieuyl euenslium@® (Harvard classification) euewiewib (colour)
BBID GeulipBleney aufleng, DI1HCHTH @@ HBwTensv eufleng (Spectral sequence).
auflenguier Ffluimen e(LDMIG

The Harvard classification of stars is a colour and temperature sequence as well as a spectral
sequence. The correct order of the sequence is

(A) A-B-F-G-H-K-M (-S)

(B) O-B-A- G-K-F-M (-S)

(C) O-B-A-F-G-K-M (-S)

(D) G-I-R-L-A-K-M (-S)

(E) Cumpanpw ergiab @svemev. - none of the above

om pLFSSHT QuwifliLeder ug, UeeumeuateuBpsd 61&hl oM  BLFHEHTSH 60t
Quuwignas B\(Hdbae (PIQUITSI?

According to the variable star nomenclature, which one of the following could not be a
name of a variable star?

(A) T Tauri, (B)BLyrae, (C)VV Ceti, (D) V 1500 Cygnai, (E) RR Lyrae
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15. H-R auedJUL $FHe0 2 6o OLIHLOLITETENLOWITET Bl FHHTMISET 61hS LIGHIH &GN U6
Majority of the stars in the H-R diagram fall on the region of
(A) Fouiy ysmiser - red giants (B) Ugsmer euflems - main sequence
(C) Geueitement @eiteniyspeir - White dwarfs (D) gy gmlgsiser - super giants
(E) dlouliy @eitenismeit -red dwarfs

16. uevBouml  euglimenideir  (filters) cpsuld B FHHTRIBET  DIEUSHT6NEH BB 6ITB60T.
eiteu(hld SILLeuewent 4 BLIFHSHTEISmeND B opmid V eugliumeiset (filters)
(PeULD  DlUSHTAISSLILLL  SDleuBPelr  Slemeveuujld STL(HHBH. DIbH BTG
BLFHHIRIS6MN, 61FH (PpHevled o (HauTGld (evolve)?

The stars are observed through various filters. The following table shows 4 stars and their
magnitudes observed through B and V filters. Of those four stars which one will evolve
first?

Star B \%
E 0.56 0.34
F 0.78 0.58
G 0.29 0.89
H 0.45 0.54
(A)E (B)F (C) G (D) H (E) Gurgiwonen syey @evensv/ insufficient data

17. 0.08 @il Heopenw el GenpeuTeT BedBUIL&T @b LGIT BLFSHHTID (protostar)
2 (HauTdHlanmed OIHar 2 61 Geuliuplensv @HGUTHID OHTELTHSeTW] Senewiey
(thermonuclear fusion) O&TLEIGUSBEG GCurgioTer o wif  CUDIDTEISHMS
SIMLWTH. BHHmBW OLTHETHET DMPSHSLILBISI
If a protostar forms with a mass less than 0.08 solar masses, its internal temperature never
reaches a value high enough for thermonuclear fusion to begin. Such objects are known as

(A)@rmigs slysmset - giant planets
(B) Geusitemen @eitenismeir - White dwarfs
(C)Ugayest @eitenimeit - brown dwarfs
(D)erfl - asteroids

(E) gLmeor aflwimpest - hot Jupiter

18. &m wLmIE PHeom wmpd yblulear speoguller 1/3 umiE OCememi &Jsdder
Hllsg Cousdhensd (escape velocity) sewidbdl (BRI
Calculate the escape velocity of a planet with twice the mass and 1/3 the radius of Earth.
(A)9.2km/s (B) 11.2 km/s (C) 13.7 km/s (D) 21.2 km/s (E) 27.4 km/s

19. pewi(p  allewiSeir LoewIL 6uHSHle0 (Crab nebula) o eitenr 100 MeV  Geuli  erflli|ser
FERMI  alewiGeuail  OaTemeu@mprsdl  cpsold  SlousTeldbsliulLel.  Bbhs
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SlaugTalliBg HTemeuChTdawmed  LWSILBGSSLILLL  DIHEVHENLD  616IT6IUTS
BmBHE?

Hot flares of 100 MeV in the Crab nebula were observed by FERMI space telescope. What
can be the wavelength that was used by the telescope for this observation?

)YA(5.00 X 102 m )B(5.00 X 104 m )C(2.00 x 102 m
)D(1.24 x 1072 m )E(1.24 x 10 m

20. Fauiypagey (redshift)z = 1, H-alpha line (A=656 nm) o_L &1 (h ailewieolesr
BiBLoTenevenul (spectrum) eihsb@GCUTgl, 6hd DiemevBenSHaled Camermib?
When taking the spectrum of a galaxy with redshift z=1, the H-alpha line (A=656 nm)
appears at what wavelength?

(A) 656.5nm (B)326 nm (C)656 nm (D) 657nm (E) 312 nm

Bugd | Part B
(sweFuis @H UGHSETal LFHeosmen UFSHH0Ws SHTeismen LWSLIGSHS
aupEIBaD. Geleur Guwevdas Hrefler GGUWD 2 _MiseT GUWIT LOBEID
&L OIL_6wT6n6mT  61(LDSHHYLD)

(Please provide your answers to this part using additional sheets.
Write your name and index number on top of each and every additional sheet)

Obs Uflaled Lemeumld SHBeU60HMET HRIGET LILIGTLHSHSHE0MLD
You may use the following information to answer questions in this part

eefufer Geousd, eminien wmpsled wBBID efefler L LCUWTEFS wTslel  ereLBBIBG
SWOFUIH LSHD 1 B0 2 6ol HFeneull LTTHEaD. Cwevdls HHeo : gfluweier LweTL®H
Geutiuplenev = 5800 K, gflweienr (pupewowimesr (2 _emienowimen) Sleey = 4.83 mag,
AysemisHar  Fiuley = 23° 2677, ybulear semy = 6378 km, yisag  @&fuais@b
@aLuleoranr gmyd = 1 AU = 1.496x10 m, sgnefl 16 - smhyer smyb distance = 3.844
x 108 m, spdyaier Menp = 7.349 X 1072 kg, O&mipbl  LeOSMESHINS  SUIaIHSS 6T
Seiampiser = 6.9° N, 79.86° E.

For Speed of light, Hubble constant and Wien’s displacement constant please refer the data
on page 1. Other Information: Effective temperature of the Sun = 5800 K, Absolute
magnitude of the Sun = 4.83 mag, Obliquity of the ecliptic = 23° 26°’, Radius of Earth = 6378
km, Distance between the Sun and Earth = 1 AU = 1.496x10! m, Mean Earth - Moon
distance = 3.844 x 10% m, Mass of Moon = 7.349 x 10?2 kg, Coordinates of the University of
Colombo observatory=6.9° N, 79.86° E.
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21.

CaTIPLDL LISVSMeVEBISSHHMBE OFThaomer @b A f/6.56 & 30.48 cm aill L
CameuiL.  OxTmeGBTohdluled Ium oene| Ldgesear (pixels) GlamerL
1024x1024 CCD &l (chip) QummpsHsliul (Beitengl. GeTeneo@mraaiuler LImTTemey
yeotb (FOV) alled @O mselled eleianioutd  BHSGHW?  DleUSHTENLILISH6NT
LI6UBMEVHBIDS  QUGTTHHIH 6L [HLTHSBLILIBHS 6TB6IT.

A f/6.56 & 30.48 cm diameter telescope owned by Colombo University is equipped
with a 1024x1024 CCD chip which has 9um sized pixels on it. What is the Field of
View (FOV) of the telescope in arc minutes? The observations are conducted in the
university premises.

SIFBULFIONS 24 mm @Galwl Hemb oBmId Hewl el Lid 8 mmgy Gsmemr
B mHeHdH& gBM @h Leldd Hewrenimed 6.0 Mag OGeueMiILIEDL WITET SieTenalsh
CamewiL. @@ BLISHTSMS  eusTeldss  (poujb.  CuB@miinilL
OaTemeuBrradluie cpeold 9IBFH eauTalenevuied OiUBHTENHSLILIL  (LPIQUILDTEOT
LOMBIGBEVTEN Bl FHHTHHeT GleuerilILIenL UITeT £I61T6) 6T63T60r 7

A human eye that is adapted to darkness has a maximum focal length of 24mm and the
diameter of the eye pupil is 8mm can observe a star which has an apparent magnitude
of 6.0 mag. What is the apparent magnitude of the faintest star which can be observed
by above telescope under the same sky conditions?

50 o wrsHamsWeml Wl @@ BLFSHSHTWD 180 cm wBmId 20 cm  GQUT(HETaNELMED
BBID  uTjemeud  HeWiH Galw  Henhidemerd  OaTemwi  @eflalended
CaTemeuCHTEHS  cLpULD  LIGVHEMEVEBIDS  GUMTHHH60  DleUSHTeNSBLILIBGSBSI.
apbs CrrsHdled, ywullear oiper oFs uBplu  SwBFuler  aleneTeuTs
BLESHTSHFHeT GeuafiiLenLwimer Hleneouler L LIGLIWITaleneT &6mwidha.

A refracting telescope which has an objective and an eyepiece of focal lengths 180 cm
& 20 cm respectively is observing a star with an altitude of 50 at the university
premises. At that moment estimate the displacement of the apparent position of the star
caused by the rotation of the Earth around its axis.

QbH BLISHTSHHT o eWIenowTer Hlewew FTIUTS DIHeT  GleuafliLenL wimer
Blemeouied @)L LIuwTemel gBLBSHDHHImIgUl BT HTTeRImISM6NS ST (BHISH6N
Show two more reasons that can caused to a displacement of the apparent position of a
star relative to its absolute position.

22. mevteufl 2018 @6 (W(p Hleveys@HD  FLILITEPGTHENTS (SUPErMoons) B mbaen,

gOletened FhHFHTeT DIHET SIEIMLOHN6VEE (Perigee) Simdled A mHbHHH. et
pawasend Yl uflguled DmbsHHenmed GbubGHISLILLL . G 2 L 605HErHLD
SILGLTEF &L THeiile0 (apocentres) @(HHST6L LOMIGEVTET (P Hlevey (Micromoon)
Cxpmeiimpid. FHHTT G HIHewiHHe FoHemUILILNed (plane) FBBISBEHI eTer1s
OFmels.
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Both full moons of January 2018 were supermoons because the Moon was near its perigee.
Both events were enhanced by the fact that the Earth was in perihelion. The faintest full
moon (micromoon) would appear if both bodies were at apocentres. Assume that the Moon
orbits in the plane of ecliptic.

(WYsGL FLDISSGD WBBID YOSGD FHIT@MISSGL Sl ulevrer HIJHamg
QuflQgerLi (pericenter) wmmid SIGUTOF&ILT (apocentre) @TewTigevild Hewlld.
© MIG6T LIFleDdBemaen LOL L led( meters) e1(psis.

Calculate distances between the Earth and the Sun and also between the Earth and the
Moon, both at pericentre and apocentre. Write your answers in meters.

(b) g liuFepsst (supermoon) wBmID  WSHETTeest (MICroMoon) Sy&lw  EFeuTiges
Gurgid HFWMISSD FHHTDHGWD WL UT6OTRT HMTHNHD H6WIL 1.
Find the distance between the Sun and the Moon during both super and micromoon.

(©) @mw sUuTeweder (supermoon) Gung  FhHyelear Gsmewt  OlemeuTeI)
s Cymepesiiesr  (micromoon) Gungmen Camewt Sjemener ol (FHOIHMHIBH6T60)
aTeleueNeYy OuIfluigl? BRIG6T LOuler enuisHaHe0 BHHHNSTH6IT CTOIBILD FlbdTest
Qb Fflwrer Csmembd ereiBId O\&HT6ITsH.

By how much (in percents) is the angular size of the Moon during a supermoon larger
than that during a micromoon? Assume that you are at the centre of the Earth and that
the Moon is a perfect sphere.

GLILFepsdr  (Supermoon) wmmIb ew&Gmepsst (MiCromoon) @yewigB@&D &l
sHyaiFdear  SHalyhbemg (intensity of solar radiation) gpdgeiear HTyHsHe0
sedba(has. Calculate the intensity of solar radiation at the Moon's distance for both
super and micromoon.

(d) shFlgenr oiper CFTHS @efledwl 2 (HeuTdGHadHeoamen, D Fflw SFHTailFms
LB  UrdHuelsdBagl. 6o  gFhFHyenear eeaffeydHdHeremo (luminosity Lwv)
oIHar  SpeoLlGLm (albedo) (A =0.136), ®mIsE& Geul B (cross-section) oBm@ID
o ataupd  HFHTeIFHer  Halyshsisb@ (intensity of the incoming radiation)
AP BHFIO6 LS. FHUUTepsT (Supermoon) oBmId  ewwdGymepsst (micromoon)
®er Lv 2 samilds.

The Moon does not produce its own light, it only reflects the solar radiation. The
luminosity Lm of the Moon is therefore proportional to its albedo (A = 0.136), cross-
section and intensity of the incoming radiation. Calculate Lm of super and micromoon.

(&) g liuFepsdt (supermoon) @MmIb emwéGymepest (MiCromoon) @& SenL ulevmest

Gaupium 19emenr  SiemayHeriiev (Magnitudes) seomilsbs.
Calculate the difference in magnitudes between the super and micromoons.
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23.

24.

remaisealar @&uoanain Ceoubpis St SfsTECa  SeugTalbas
(PRQUILDTET  @(hH  BLIFSHHTHMS  SuSTendsd  HULOLLGI S| FH 60
GeuelliLenLwimenr Sleniey (apparent magnitude) ereiievouTsd BHEBESHLW?

A team of students planned to observe a star which can be barely observed by naked
eye. What would be its apparent magnitude?

i. Oambeiliyser (turbulences) euefwemieuddHe0 gFowrs uFalujeTener 66l

O®melid.  eueilDewIL 60  O&MhHeriliysei (atmospheric turbulences)  smyewionTs
FlenFH61 B 61T (distortions) GMBHFLILFLOTEH B (HEBGLD B HFHe0
SluGTanlLsmend T mES GG o 6Ten BLFHATD S L IOL UL [HeTerngl.
gflw  SevsLaSIHBGL Upg We  almJautd  SleuSTeilliLsamend
CPHTLEISEHIQUI HBGH ol6Ten? DIOUSTNLILIEGT LIG0HMEVEBIDS  6U6NTHHSH 60
BLTHSLILIBHE)6ITB60T.
Assume that turbulences are equally spread over atmosphere. Above star is planned to
start the observations at the point where the distortions due to atmospheric turbulences
are minimum. What would be the date that the observations can be started most early
after the sun set? The observations are conducted at the university premises.

lii. SlbugTailiyser OFHTLMIS (Wguorel Grr&Hemd LHILNBHIGHET.
Estimate the time that the observations can be started.

Hesd GopBhH OFevaled eyl SrassIHBE @ olaisndmd eIl
SO BeTCenmd et OBTeTCoumD. e  JrHOsL  eifloummeT  deayd  allenev
o WIhsd. @ ealawideod  QUIHSHTHISMET  (PLEGEUSHET  (PeVD  “FhLlenulLl
LWSTLUGSHSTOe0 Buimisd (Coast)” GFUIW (WQulb, BF LweHH6 CFevene &HmMBoHEGLD.
@@ aleudsod LOuledmba GFeieumul SHIssHHBE UGB aumeThdH LTnSHHen6NL
Uaummeurd  eTenpTend, Cammames ufliomBs  s&BmiiuTeng (Hohmann transfer orbit)
MBI SIMPSSILBLD QH LTHSH GmBhHSH FoHMWL ULWSTLUGSSHSBH, a1aiCeu @g
Hsa|b elmasbHBamastas (most efficient) smaluGdBH. GCamsmabiomer  wuflorBy
ammiutens  (Hohmann transfer orbit) eeug  sflwuei et @@ HelTeul L
SBBILUTOSHWLTGD, B& bHeTall LHHeT @ MLUSHeo @evdyg HrssHdHear (target
planet) asBplUTSmW  CGeu (Gama.  Casrabomesr  uflotBBy  &SBBILILT®S
LweTUGSHHILGLCUTSI, Yl Camramiost Lflduisd (Hohmann perihelion) @ma@wGuTgy
(&flwensEd W OpmebswTar Canranwrea &BBILILTMSUIET LeTel) gajHed HaIBSH
(launch occurs). Ggeieurul &ysd  Cammamoer gLiedweied (Hohmann aphelion)
Bma &0uTE (Fflweledmba Oaug CHTemevalsd o 6o CamTaBLoTeT FHBBILILITENSUT 60T
yeitedl) eumens gBUGHBSH (Arrival occurs). Ggsiaumyl HIsS5IHBGH DIBSHDH 66 D6
aumuitieny gyomeitinBs o misem uenfl (Your task). GQumpeiselen meweusei (positions
of the objects) wBmid GCamrambioresr ufloTBB  SBEILUTOG®W  SHoTeNds  S6L
CarBaaslu’_BeTen Fflw enww  QHESmenl Semwlienud (heliocentric coordinate
system) saualds. 2 miser uUFHevdealed HMTHHMETRN DevsTd AU g3 LWETLIBSHHOLD.
(&fwesr - yd gmyb =1 AU, gflw - GFeueutus gy =1.52 AU)
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uenilenwl  (task) ereflemOlILBS S, LISQUHD  PSIBI  SIEIDTEIHIGET  (assumptions)
GoBesmeTen LI e a3t

o il wBmID OFeleuTul HIHSHIST FBBILUTDSHHET 6UL L DTS LOBMID  Jyflulenest
MLOWIDTSS  O\FHTEITL 6.

o yfub GFeieumuyd Blensowimen SHHuiled (constant speeds) uwiemwildbaa3e.

e il wB@ID OFeieuTul HrssHHear FBBIILTOSHT BT Henddev (same plane)
©_6iT6IeT.

Suppose that we are planning to send a spacecraft to Mars with the lowest cost. But rocket fuel is very
expensive. The more a spacecraft can “coast” with engines off, the lower the cost of the mission. Though
a spacecraft could follow a variety of curved paths from Earth to Mars, one path called the Hohmann
transfer orbit uses the least energy and is thereby considered to be the most efficient. The Hohmann
transfer orbit is an elliptical orbit with the sun at one focus of the ellipse that intersects the orbit of the
target planet. When the Hohmann transfer orbit is used, the launch occurs when Earth is at Hohmann
perihelion (the point of the Hohmann orbit that is closest to the sun). Arrival occurs when Mars is at
Hohmann aphelion (the point of the Hohmann orbit that is farthest from the sun). Your task is to
determine the next launch opportunity to Mars. Consider the heliocentric coordinate system given below
to determine the positions of the objects and the Hohmann transfer orbit. Use AU as the unit for distance
in your answers. (Sun-Earth distance = 1 AU, Sun-Mars distance = 1.52 AU)

In order to simplify the task, following three assumptions are made.

e The orbits of Earth and Mars are circular and centered on the sun.
e Earth and Mars travel at constant speeds.
e The orbits of Earth and Mars are in the same plane.

YV

(w) Camrasioner UflMBB SBHBILIUTmSUWIET HenJ-Ouflu SFHer (Semi-major axis)
HTHMHH  SHewIL 5.
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Find the length of the semi-major axis of the Hohmann transfer orbit.

(19) &flweledmban Cammamiomer  UFOTBB  SBOBINILUTEHSHUNET  DLOUIG S BT

(Heiteul L. emowid)  HMIHmHH  HewidbHIL B, BB  GaTHobsUILL (HelTer
2 (HouSHHev mWSHmS “X’ 61yl G HBHaLD.

Caculate distance from Sun to the center (ellipse center) of Hohmann transfer orbit
and mark the center as "X" on the figure given above.

(2) Gammamiomer  UfTBB  SBLILUTEHSHUIET  ETERNILTeUSH  DLOUIS D 60T

(second focus) BmILIL Hmapd HewiBLIgSHSH (@H enowid -one focus  gyfluleied
o eitengl) GwBe0 O&BTHGHBUILL (HeTen 2 (HeubHHev Y e6d GnHDHa L.

Find the location of the second focus (one focus is at the sun) for the Hohmann
transfer orbit and mark it as "Y" on the figure given above.

Oalievflerr  cpeimTDd @i, aHHOUTIH HITHSHHDIHID — BTEVSH D 60T
alTsaIomergl (square of the period) oiger aBBIlILTESHUNET SienT-CUflu &IFF 6T
(semi-major axis) &ercesHMBE& (cube) eldsawanmgd (P? = kad). yiuler
SBOILIUTmS  SHImelll LweLhHS  Beweowimesr "k (constant "k™)  dHament
QuuTETHmBHH HewiL e, Lleten GammamiomeT UFOTBB  SHBHILIUTEnSHUT 60T
STVHMSUD LBBID BHH SFBBILILTMSHUID OFaeuTul SlFssHHBETenn  Liulewor
CHISHMBUID BHewib.

Kepler’s Third Law states that the square of the period of any planet is proportional to
the cube of the semi-major axis of its orbit (P? = ka®). Find the value for the constant
"k" using earth's orbit data. Then determine the period of the Hohmann transfer orbit
and then the travel time to Mars along this orbit.

() Yl BpID  CFeleuTul HIHHHT DGBTL  DUISSHEIGM6NT  LIWTLBGSHS,

geymen gmengshdHledr (launch window) Gurgl yllds@bd GFeieuTul SFssHHBELWD
@eLuled  Ambs  Geuewigw Aol Ffuwid  Camemdbenmsd  (ideal angle)
BISH BhIG6T. (1 OQFeleumus oewih = 687 L0l BT H6iT)

Using the daily motions of Earth and Mars, compute the ideal angle to have between
Earth and Mars during a launch window. (1 Mars year = 687 Earth days)

() yuledmba OFelaumul SHrssaBE Camramorer URLIBB SHBBINILITENHENW

6L &.
Draw the Hohmann transfer orbit from Earth to Mars.

25. syl (elten BLFSSHT allensslilLSHmell LweLBHFH Lereumd alaimebsenssE

oM.

ugleveNa&eaLb.
Answer the following questions using the given star chart.

aumedt ogHw Cremasenwi (celestial equator) suenphdgl Siewd C eTarlds GHMISHEHa]LD.
Draw the celestial equator and mark it as C.

srsaisHms (ecliptic) suenphg Siewd E eenid @pldsalLb.
Draw the ecliptic and mark it as E.
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oTom.

Vil.

s 21 b Had gflweler Blemevenwl D sieids @nfdhs.
Mark the position of Sun on 21% of March by D.

CamemL (p&HCamemidema (Summer triangle) susmywiaLD.
Draw the summer triangle.

oupoment eumenr GQumpem M15 s P aieniss @nflds.
Mark the deep sky object M15 by P.

auMIULSFHe0 &HC 2 6ilem  BHLFSHHTHIBMENT  Sleumnsleor
SN HBaLD.
Mark below stars on the map by their number.
1. Geusm - Vega
o606y - Altair
Deneb
Markab
Alpheratz
Bl emL BLFHHTD Bzl emL et - Antares

SR

N

©6V&HBMISH YT

SIDLSGM cpevld GMISSILLL BLEFSHHTHHT GLWD]T 6T(LDSHIBISE.
Write the name of the star marked by an arrow.
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6600 K uvwenieiten  Geuliuplenso (effective temperature) o emLw  BLFHHILD
eaim  Ffwelar 916s BBHHL DluSTlSSILULLE.  QUTHHSHLOTET
SIDILDTETRIBMENS (assumptions) GUILUILG  BLIFSHTSHHBSTHT  SHTTHNS
wHUIIGHS.

A star of an effective temperature of 6600 K was observed in the same colour as the
Sun. Estimate the distance to the star mentioning the relevant assumptions.

Bb% BLISHTSIE ey  GFlweier 1.7 LBSTGD. bLFSSTHHe
(WpemLowimest Sjeneneud (absolute magnitude) sen1dS[Hs.

This star has a radius of 1.7 times of the Sun. Calculate the absolute magnitude of
the star.
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®0 0 0 /100

ONONONO)

Use this answer sheet to answer to the 20 questions in Part-A. While marking your answers, darken
the circle which is the correct/best answer as shown in the example below

A. Proper way of marking / darkening / shading D @ ® ®
B.

Improper way of marking / darkening / ® ©® @ @ ® @
shading

Use the attached blank sheets to answer the questions in Part-B.
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PART A

© o0 N o o A W N P

e T o
o A W N L O

ONONONONONONONONONONONONONONO)
ONONONONONONONONONONONONONONOC)
ONONONONONONONONONONONONONONG)
ONONONONONONONONONONONONONONC)
ONONONONONONONONONONONONONONG)

16
17
18
19
20

®6e0606
®6e066
®6e06
®6e06
®6e06
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