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Instruction for the Candidate:

e The candidate must write his/her personal information and registration number on the
answer script.

e You will write your answer in the space provided. If you need more space, use asterisk
(*) and Question No. in extra paper from the exam invigilator.

e The Star map part has 4 questions. Draw any letter and line in the Map provided for
necessary answers.

o For all questions, the process involved in arriving at the solution is more important than
the answer itself. VValid assumptions / approximations are perfectly acceptable. Please
write your method clearly, explicitly stating all reasoning.

« Non-programmable scientific calculators are allowed.

o The mark distribution is shown in the [ ] at the right corner for every question.

Table of Constants:

= Luminosity of Sun, Lo = 3.826 10® W = Local Sidereal Time , LST = RA+ HA

« Radius of the Earth, Rg = 6.371 x10° m = 1pc= 3.086 x 10 m = 206265AU

« Gravitational Constant, G = 6.674x10™ = Pogson’s law of magnitude and brightness,
Nm?2,kg mi- mz=-2.5 log (F1/2)

« Stefan-Boltzmann Constant, ¢ = 5.67 x 10 8 « Astronomical Unit, AU = 1.496 x 10 m

W/m?
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Part A: Theory

> | Eratosthenes’ Experiment

et (AT M @12 Eratosthenes 7N 436 Wife 52 WP N2t TN 2QMRER
g AN “RETF @7 AR | ©IF 2[reia fofe foa @ aafs e e | [ive e s <
G703 MAF AW 7 AP R@HE @ TN (I AT =W AF@ AN 42 93 A0 =
e e 1 5@ R 5 @ o 97 @fd & B 30 ey oI o Faew | 93 fasn @
RS (G faIb (Atd 950 km AfFCT 1 Local noon (339 3 local meridian @ ®1GT) @ 92 X Bt
& & B =R 7 Avea ol JAGE 0.795 @ 0.577 m .

Long ago a person named Eratosthenes calculated the radius of earth with simple approximations.
The point of his experiment was that, an observer wouldn’t see his shadow when the sun is
overhead in a chosen date and time. Suppose instead in a chosen day we measure length of two
meter sticks one placed vertically in Greenwich and one placed vertically in a place 950km due
south. During local noon the measured length of shadows are 0.795 and 0.577 m.

a) @MY @F B M AHEHS FroIE AW @ local noon TR 2 [2]
How will the observer know when is local noon from monitoring the shadow?

b) TR oy el W SjfRSE IEE @@ F9 1 [4]
Calculate the radius of earth using provided information.

c) = 5895m T @b SArRITTS 6 (72 A O RIS TG (AT 42 cm. OIRCA (F 2MRTTS
R () TS Al 1 [4]

Nihal found the length of shadow of the stick 42 cm at the base of a mountain with height
of 5895 km. What would be the length of Mountain shadow?
(Hint: The height of the mount is not negligible as compared to radius of the earth. It is
obviously assumed that base of Mountain is small enough for the shadow to fall on the earth
itself.)
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R | Magnitude System 10% gry T T2
RBAE 7 MrorS el A oSl ¢ wFEmE, O A
R, TRQUEE SIve SHoR TP @fia 10° %
Fafeee | RARKCR Classification Sples Sierife o0 /

Tesetel ( Brightness) @310 (12 A% <29 S0 &7 O _

1% magnitude. &8 TeseTerd At magnitude 97 515 10 o

THFOl @Fp for | TeeETel TS AT magnitude ©© 1 p-s

FACS AT | @F I magnitude -26.7 | SR P «

SMa magnitude -12.6 | ARG Bitad Tesetel S0

BIZCS ST SACE F | 01

726 T%@d Seserel 9 Brightness @ 2 SItma 001 & o o
Magnitude @3 ™&F — 0.1 1.0 10
In 200 BC, a German mathematician and astronomer M/Mg,,

Hippocrates, first categorized the stars according to P
their brightness. According to his classification the term used for this TFCEGE mass 8 Luminosity a€ <%

cause is named magnitude. But the relation between magnitude and
stellar brightness is a little different. As the brightness grows the
magnitude value decreases. For example, Suns’ apparent magnitude
is -26.7. Again for Full moon it is -12.6 where Full moons brightness is very less than that of the Sun.
The relation of brightness and magnitude of two star is given -

Mass-luminosity relation

L
ﬁ :25127’)’12 —My B = 47TR2
B,

a) T Luminosity €2 Mass I 1 Lo = 3.828x10%° W @ 2x10¥kg 2T 2 Mo 4F G316
TH@d Luminosity 97 [2]

If the luminosity of the Sun and mass is respectively 1 Lo = 3.828x10% W and 2x10%*° kg what is
the Luminosity of a star with 2 Me? [2]

b) 3 @I SR (AT YR TR FIF I SR AW (A a (S &8 I g 97 [3]
Assuming that we receive same amount of flux from the star, what is the distance of star from
guestion a? [3]

¢) TH@A Magnitude system F<2 linear % SPTR0 IR A1 | FAR O WG logarithmic 7%
JRCR | 936 THC@E magnitude IAT my IR m, 20, THa 7afod TS magnitude my+m,
@ 1 930 TG 351 FIebeR foas TF@e magnitude T 1, 2 €32 3 20a qvd ffere
magnitude ¥97? [4]

The magnitude system of a star never follows a linear relation. Actually they have a logarithmic

relation. That’s why the combined magnitude of two star m; and m, will not be mi+m,. What is
the combined magnitude of a triple star system with magnitude of 1, 2 and 3 respectively? [4]
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I Kilonova : A collision course!

S ©@E3 My, M, OtaR 926 fSG 351 (M > M,) @6 @#7f6 (A0F a FA0g SREH 0 & SR
(FH FT IR

1%t Case: Two neutron stars with masses M1, M2 (M1 > M,) are orbiting each other with a distance a
between them.

a) ol 2 7 saww & @ ©Ia @ (velocities) V1 € V2 (F M1, M2 8 a @3 T4
9 1[3]
Write down the expression for their orbital velocity, V1 and V2 in terms of M1, M2 and a. [3]
b) W ST W ACATF QTR inclination= 90° 2 O iR 13B @ IAN A 97 AE
qIF | (TN (@ &IF (197 IJ2F 900 0@, [F8 90! AT warat A A SoAMA S
SRR WPE (58 F9) [4]

If the inclination of the orbital plane is inclination= 90°, draw a velocity vs time graph as
recorded by an observer on Earth. [4]

T w9 M St R R PTeda vEG f8GH B hfo WoMfS (AT a qHce WEA AR | RIS I
Fd I o G @G e «ifs =R

2" Case: Two star with the mass of M and radius R, are orbiting each other in a distance of a. Due to
gravitational attraction they are bound for collision course.

) ffere zex™ 7td oM &tersd @ F° &2 [2]
What is the velocity before their imminent collision?
d) F© R 7 o= e 203? [4]

What is the time it would take for their collision to be occurred?
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Part B - Practical
Sky Map

TS FEICE 0o AR A 32 AE S0 ORT (7t | SR { T A0 @D ALTH T A
Your Sky SRRNEHE AR @6 Sky map CofF I | 94q @2 LT AR & (o g et
(F9 F90s 2@ | [Yesterday Arman and Rafi were observing their local sky in a field. Rafi made

a sky map using Your Sky website according to their observations. Now you’ve to find few things
according to their map]-

Herizon
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S 1| AR TS AN GHH SANGH (I FAF 202 (3 ORANGHS [T enifes wfe oy e |
el ¢ 5 euife® (Celestial Object) fofee <41 @itz | (enifes ¢ BF @az SItra wRAwE

( Constellation) @zt s 6 2 [5]

An easy way to remember a constellation is by remembering their famous feature objects. In the
map provided 5 stars are marked. What is the name of the celestial object and the constellations
they belong to?

21 517 Celestial Equator &iie A3% CE e fofes <4 1 [2]
Draw the celestial equator in the map and mark it with CE. [2]

©| A G THl B M AR 1 92 TH JB (meteor shower) €= T (radiant point) e

R TofZ® S5ta a1 | AT AYHTS FI9 @2 TH B 7 A 2 [2]

A meteor shower can be noticed in the map provided. Find the radiant point of the meteor
shower and mark it with R. State the usual timing of this shower in Bangladesh. [2]

8| witst ofZ® 5 7%F I\HA celestial coordinate RA 05"35™, DEC -05°23'. (N WK > oifsed

@3 WCAE T G2 Celestial Object b local meridian cross TR &TX FIAGE T ? 05 A

summer solstice D 1 g« | [3]

The celestial coordinate of 5 marked celestial object are RA 05"35™, DEC -05°23". What is the
approximate time of this object crossing the local meridian like shown in the map on May 12
The summer solstice of 2019 will be on 21% June. [3]

Celestial Object Constellation




