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1.989 x 10% kg
5.972 x 102 ke
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1.496 x 10" m
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6.674 x 10~ N m? /kg?
1.524 au
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1. For the spacecrafts travelling from one planet to another, the travel path can be designed in
multiple ways. The most energy efficient of these methods is called ‘Hohmann Transfer Orbit’.
In this method, the spacecraft travels in an elliptical orbit with the Sun at the principal focus.
Thus, its motion is governed by Kepler’s Laws and hardly any fuel is spent for this journey.
Step-wise process of Hohmann orbit is as follows:

e Step 1: The spacecraft is in the close proximity of Earth.

e Step 2: The spacecraft engine is fired to allow it to escape the ere of influence of
the Earth and enter the region where the Sun’s gravity is th
point in Earth’s orbit at which engine is fired will also be a p

spacecraft around the Sun.

orbit of Mars.

e Step 4: The timing of this journey is such that
Martian orbit and the elliptical orbit of the space
reaches this point.

e Step 5: The spacecraft engine is fir
Mars’ gravity and it remains in cl
Points to note:

A. The point where the engine
from the Sun.

orbit is also in the same plane.

arth, Mars and the spacecraft) are point masses

ind time spent by the spacecraft between Step 2 and Step 5.

(d) (5 mar raw a diagram showing the Hohmann transfer orbit between Earth and
Mars. Show positions of Earth and Mars at the instance of Step 2 (as F; and M) and at
the instance of Step 5 (Ey and Ms). Keep position E; directly below the Sun. Calculate
angles subtended with respect to Sun - E; line for the other three points (M;, Es and
Mg).

(e) (2.5 marks) Calculate orbital velocity of Earth and Mars around Sun.
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(f) (8 marks) Determine if the following statements are True or False. Explain your reason
in one line each.

1. The semi-minor axis of the Hohmann orbit is 1 au.
ii. The semi-major axis of the Hohmann orbit is 1.52 au.

iii. The thrust was applied in Step 2 to increase the speed of the spacec
iv. The thrust was applied in Step 5 to increase the speed of the sp
v. If Step 5 is m1ssed we can re—capture the spacecraft in an o

vi. The Hohmann transfer orbit only touches (and does not i
vii. The kinetic energy of the spacecraft in Hohmann orhit is lowest
viii. The spacecraft would be approaching Mars from i

2. (10 marks) A telescope with objective lens of focal
binary star system using a CCD kept at its focal pla
at the centre (on the optic axis). In the figur i
image has a finite size due to diffraction. Two
when their image disks are just touching
s is given to
dz allowed for

The radius of the objective lens is r
be 1” and the two stars are separate
the CCD to be displaced from the fo
still be separately resolved.

(Note: This is related to the notion

Focal plane

Ts

of the box

The box is i thermal equilibrium at each instance t > 0, i.e. its emissivity is exactly equal
to its absorptivity. The temperature 7" in all parts of the box is the same at each instance.
Note: Albedo is the fraction of incident light reflected off the surface of an object.

el to the orbital plane of the box.

(a) (7 marks) If the same face of the box is locked in towards the star at all times, find its
equilibrium temperature 7.
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(b) (6 marks) Let all 6 faces of the box have albedo A. If the box is revolving around the
star, but not rotating about itself, derive the expression for the equilibrium temperature
T as a function of time ¢.

(¢) (3 marks) Now consider the case, where the face of the cube which is towards the star

between 2.0au and 3.0au. The asteroid belt has a thicknes
the plane of the solar system) of about 0.10au and there ar

(b) (8 marks) Assume that the asteroid belt is
on a random day of the year to trave i the plane of
solar system. Calculate the probabi the asteroid
belt unharmed.

(¢) Qualitatively compare the prob

i. (2 marks) The probability speed through the asteroid
belt is doubled.

e Earth and
espectively. In the figure below, g and 6y are the angles made by

gles in the orbits at an interval of 1°. The central black line is when
. You can also see the distant stellar background near one edge of the

Also write the corresponding observation numbers near the marked projected positions. Now
describe the motion of Mars as seen by an Earth based observer.
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6. Saee is an observer at North Pole during the month o
answersheet:

(a) (1 mark) Mark the directions.
(b) (1 mark) Mark the pole star (P

(c¢) (6 marks) Approximately, for
month assuming clear skies? I
effects you will have to consider

an hour or more.

many days will the visible in one lunar
u were doing an exact\calculation, which secondary
ist any three effects that may affect your answer by

of first observation.

r at the North pole with Saee, noted the Moon’s




