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1. Answer each of the following sub-questions with a brief justification -

(a) (2 marks) Fatima observed a celestial object, with her unaided eyes, very near to the
western horizon immediately after sunset on 17 July 2023. She continued to observe the
same object at the same time everyday till 4 September 2023. She made the following
observations-

e Object’s separation from the Sun increases starting from 17 July.
e Object’s separation from the Sun decreases after 11 August.

e She also made an observation that the object was never seen overhead at sunset
within that year.

Name one object, which is not a comet, that fits these observations made by

day as seen from the city of Ujjain. The ecliptic, celestial equator.
(W) are marked in the image. Which of the paths marked (1
represents the path that Sun will follow on its way to t

ers A, B and C are stationed on Moon, Venus and Mars respec-
ese observer(s) can see almost all the phases of Earth [new (no earth),
, gibbous, etc.].

s) A certain star was observed to remain always above horizon over the course
one full day. During this period its maximum altitude was 50° and minimum altitude
was 20°. What is/are the latitude/s for the place of observation?

Note: Altitude is the angular distance of a star from the horizon measured along a
circular arc perpendicular to the horizon.

(e) (2 marks) In which month/s of the year, will there be a New Moon in the constellation
of Leo?
A. August B. November C. February D. May

(f) (4 marks) Which of the following statement(s) CANNOT be inferred from Kepler’s laws
of motion?

A. A planet moves in an elliptical orbit around the Sun.
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B. The eccentricity of the orbits of all solar system planets is small.

C. A solar system planet has its highest tangential velocity when it is closest to
the Sun.

D. All the planets move in elliptical orbits in roughly the same plane around the
Sun.

(g) (5 marks) The presence of different elements in a distant astronomical object is inferred
from the peaks in the emission spectrum of its soil, at certain wavelengths, characteristic
to each element. One such spectrum for a moon (named Soma314 — b — 1) around a
distant exoplanet observed by the hypothetical mission Chandrayaan—300, that landed
on the surface of Soma314 — b — 1 in the future is shown below. The spectro r is
noisy i.e., small random fluctuations get superimposed on top of the actual si
units of both the axes in the figure below are arbitrary.
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ements is given below. It is assumed that the strength of all
in the table is sufficiently high to be observed in the spectrum shown

the elements present on the surface of Soma314 —b — 1.

Element | Wavelength 1 | Wavelength 2 | Wavelength 3
Fh 193.44 - -

Dz 149.18 159.73 -

Ab 111.71 122.87 177.94
Hm 132.67 139.56 -

Cw 119.55 139.32 -

Xy 148.90 159.69 -

Table 1: Emission lines
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2. Consider a system of two planets P; and P,, as shown below, both revolving in the same
direction in circular coplanar orbits of radii r; and ry, respectively, around a star S of mass
M much larger than the masses of the planets. Anilesh is stranded on the outer planet Ps.
Both the star S and the planet Py are seen to move against the stellar background by Anilesh
due to the orbital motions of P; and P,. Taking the direction of motion of S as positive,
he measures the angular velocity w of P; against the stellar background. He also measures
the velocity of Py along the line of sight (called the “radial velocity”, v;agia in astronomy) as
shown in the figure below.

He obtained the following curve for thefvariation of the' w (in degrees/day,
hours) versus vpagia1 (in km/s).
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(a) (3 marks) For the given position of Py as marked in the following figure; show the po-
sitions of Py corresponding to the points A and B on the graph above by marking
appropriately on the orbit of Py (dashed circle in the figure in your answersheet).

P,

(b) (7 marks) Find the ratio ry/rs.

(¢) (8 marks) Write the expression for v(r) as a functio
the value of 6 for which v,,4ia 1S maxi

f

B (see figure below).

er two containers A and B both with the same amount of liquid of volume V. Initially,
A only has milk and B only has water. We transfer liquids back and forth between the two
containers. One transfer is defined as completion of both the following steps:

e Step 1: Take some fixed volume L from container A, put it in B and mix it well.
e Step 2: Take the same volume L of the mixed fluid from container B and put it back
in A and mix it well.

At the end of each transfer, both containers have liquids with exactly the same volume V.
Let C4;(n) denote the concentration of milk in container A at the end of the n-th transfer.
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Here we define concentration as

B Volume of milk in container A

Cii(n) =

after n complete transfers

Total Volume in container A

Similarly, you may define - C,, CB and C§..

(a) (4 marks) Write down the expression for the concentration of milk in container A at the
end of the first transfer. Express the concentration C$,(1), after the first transfer, in
terms of volumes L and V.

L
(b) (8 marks) Let us define € as, € = v Write down the recursion relation for C3}(n), in

terms of the concentration at the end of the (n — 1)th transfer i.e., Ci;(n — 1)

will be the value of this equilibrium concentration?
(d) (5 marks) Define a new variable f,, such that,

of € and n.

of two celestial objects with flux (
ime) Fy and F, respeatively, is giv

4. The difference in magnitudes m; and
from the object per unit area per uni
relation as

isc of diimeter dgisc = 3.7 cm, is held in place on the axis of the telescope
of thickness b,,q = 0.3 cm, as shown in the figure (b) below.

alculate the percentage reduction in flux at the primary mirror due to the
ing structure of the secondary mirror.

The Optic axis of the primary mirror and the axis of the telescope tube are expected to be
coincident. But sometimes, they may get misaligned due to mishandling or some other issues.

(c¢) (3 marks) Suppose that due to a misalignment, the angle between the two axes is § = 5°.
Calculate the percentage change in the flux received at the primary due to this fault. For
this part ignore the effects of the secondary mirror and its supporting structure. Assume
that the diameter of the primary mirror is very close to that of the telescope tube.

The alignment of the axis of the primary mirror is done by three levelling screws, Sy, Se and S
at the bottom of the telescope. As seen in the bottom view (figure (c)), these screws form an
equilateral triangle of side [ = 3 inches. The optic axis of the primary mirror is perpendicular
to the plane of the paper in figure (c) and passes through the centroid O of this triangle.
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e sky is that of the RA and Dec coordinates. Each small rectangle corresponds
of RA and 5° of declination. A star, designated by the letter ‘R’, with its celestial
coordinates (RA: 23" 04™ & Dec: +15°12') is shown in the image. Same image is provided
in your answersheet to mark/write your answers. Answer the following questions with the
information given above.

(a) (2 marks) Identify and mark the Celestial Equator on the image provided in the answer-
sheet.

(b) (3 marks) Determine the approximate geographic latitude of the location.

(¢) (4 marks) The table below contains RA and Dec of four stars. Mark these stars on the
image in your answersheet.
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Declination
+12°45

Star name | Right Ascension
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(d) (2 marks) Identifypsthe sta
located at the#South Pole.
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Notes: Celestial Coordinate System

The Celestial Sphere is a representation of the sky as a huge imaginary sphere, with its centre
at the centre of the Earth, on which all the celestial objects can be seen. The Celestial Equator
is the circle marking the intersection of the Earth’s equatorial plane with the celestial sphere.
Thus, for an observer standing on the Earth’s equator, the Celestial Equator will be a circle
passing through the cardinal points East and West, and the Zenith (overhead point). The North
and South Celestial Poles are the intersection points of the rotational axis of the Earth with the
Celestial Sphere.

North Celestial Pole

Celestial Sphere North Celestial Pole

Celestial Sphere

Vernal Equinox

South Celestial Pole .
South Celestial Pole

Representation of a star’s ce ates (RA
and Dec) on the celestial sphere.

al Sphere, namely Right Ascension
1 coordinates are analogous to the longitude and

Diagram depicting the celéstia
at its center.

in degrees (like longitude), it is customary to express it in hours, minutes,
ime — from 00" 00™ 00° to 24" 00™ 00° — thus “fixing” the RA grid to the sky,
appears to rotate due to the diurnal rotation of the Earth around its axis. The
entire celestial sphere completes a full 360° rotation in approximately 24 hours, equating to about
15° per hour. Therefore, in one hour, the sky rotates by about one hour of RA. (Conversion:
1" = 60™ = 3600°).

Declination (Dec) functions as the celestial counterpart of the terrestrial latitude, measured in
degrees, arcminutes and arcseconds. Similar to latitude, positive and negative values indicate
positions north and south of the Celestial Equator, respectively. The Celestial Fquator has a
declination of 0°, while the North and the South celestial poles have declinations of +90° and
—90°, respectively. (Conversion: 1° = 60" = 3600").

Using these “equatorial coordinates”, we can define the position of any object in the sky in much
the same way as we use longitude and latitude to describe the location of any place on the Earth.

prepared using IXTEX2,



