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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.

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

o Be sure to calculate the final answer in the appropriate units asked in the question.

« Non-programmable scientific calculators are allowed.

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

Table of Constants and Formulas:

= Small Angle Approximation
» Luminosity of Sun, L ~3.826 10%® W A0 = 2 Radius/ Distance

* Radius of the Sun, Ro =7 x10° m = Water Boils at 0 degree Celsius

* Radius of the Earth, Rg = 6.371 x10° m = Water Freezes at 100 degree Celsius
= Gravitational Constant, G = 6.674x10™ Nm?/kg? | =« Astronomical Unit, AU = 1.496 x 10* m

= Stefan-Boltzmann Constant , 6 = 5.67 x 10 ®W/m? | = Distance Earth-Moon = 3.8440 x 10® m
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1. Golden Gate Bridge!

The Golden Gate Bridge, possibly the most photographed bridge in the World, spans the opening of San
Francisco Bay. Completed in 1937, it boasts two towers of height 230 m and these are 1,280 m apart.
Because of the curvature of the Earth, the towers are a little wider apart at the top than at the bottom (the
diagram below is exaggerated, you may not observe such curvature with your eyes!).

‘T Caftcesw Colb fer-sT89 f[R0ed SR (ARRI =R0S @i9@ (g, 7+ PR (3-1 2R 1283 A TR0
5599 TCeT & afierter (o 231 gl o @ vf5 Bres- A0 Tebel 2o RBRH @92 Gurs 31 73y 5,30 BT AR
SJCO IOl e, Brewn vibe fSfaw voxr M viba qarg Ay & (v =01 sfosfge, e (o10x @3 %ol -8
(TS )

a. Calculate the difference between the towers at their tops compared to the difference
between bases (denoted as x) [3]
fofeq e M e 1y T© (&, ©f e S [0]

b. How far is your horizon standing at top of Golden Gate Bridge? (suppose your own
height is negligible for this scenario) [3]
CoMCB Colb T QUaITe MO MBI, [Mol® (ST F© 9T (A2 (0K 18 A8 TR0 (ST T
GTHAICIS T [9]
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2. Habitable Zone

Habitable zone is a section of the solar system where liquid water can exist thus helping the
existence of life naturally. Another quality of bodies in habitable zone to produce life is they
must have at least 31% albedo and maximum emissivity. In this problem we’ll try to find out
more about habitable zones in a solar system.

Cliereics Habitable zone 3t ITCReNT SIeT a3 @3l S (TR A O30T SRE ANSN (A0S AR, T T
IR ey 2iiFoe I Cofd 209 i1t | 2iICeis sTRelCa SACIIA ACA9N SRECT CETOF QT SCABT CAMEy 20
A@ FHACF 31% albedo 31 AfSwFemraErs! @3 A RGOS @3 TR MLICH SR A0 ST T
SICal S (581 $91 |

a. Calculate the radii (in AU) of the inner and outer edge of the habitable zone for rapid
rotators around a star with luminosity L =1 Lo. [4]
AORR Gegerel L = 1 Lo. OF IICRAT SR6(eR &F @38 CCIF AR P71 (37 31 (Cenifocdesiae
9FF Q) [8]

b. What is the maximum orbital eccentricity for a planet which always lies in the habitable
zone according to your results of part a? [3]
a 9% TG S, (I &7 FRTNY I ST 0K SRZI FACI O I A SR AP FO 20O

A2 [9]
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3. Ellipses and eclipses.

The eccentricity of Earth's orbit around the Sun is 0.017, and that of the Moon's
Orbit around the Earth is 0.055.

SO BIHICH AR FHICAT BRI AT 0,039, 7T FRACH I FHACRE SF AP
0.06¢

a. What are the maximum and minimum angular diameters (in arc
seconds) of the Sun as seen from the Earth? [4]
SR A R AT @92 AT (ST G (SNFNPCS) F9? [8]
b. What are the maximum and minimum angular diameters (in arc
seconds) of the Moon as seen from the Earth? [4]
SR (AP BT AT 932 TR (FIE BT (SFNFCD) T2 [8]
c. During this 26" December, 2019 people from certain region of Earth can observe
Annular Eclipse.
Some feature of this eclipse
- moon will be farthest from the earth in its orbit around the Earth.
- The sun will be closest from earth in Earth’s orbit around the Sun.
Find out the percentage of solar disk covered by the moon during this Annular Eclipse. (For
useful information refer to the table of constant) [4]
2 FOETRE, 2055 SR AR g M8 SR Jia R age (A0 93 20 [y Roegs
b7 I FHACR SR (TP AT 10 S A
SR, AT TSI FoIC I (AL A GH0g gl S
TR SR ST JOIFICH AT 0 (Solar Disk) F© *S1e! bICAS [NTb BT A2 [8]
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