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You may read the following instructions after submitting the answer sheet.

Comments/Inquiries/Grievances regarding this question paper, if any, can be shared on the

Inquiry/Grievance column on www.iaptexam.in on the specified format till February 12,
2021.

The answers/solutions to this question paper will be available on the website: www.iapt.org.in
by February 13,2021.

CERTIFICATES and AWARDS:

Following certificates are awarded by IAPT to students, successful in the Indian Olympiad Qualifier
in Astronomy 2020-21 (PartI)

(1) “CENTRETOP10%”

(i) “STATETOP1%”

(ii1) “NATIONALTOP 1 %”

(iv) “GOLD MEDAL & MERIT CERTIFICATE” to all students who attend OCSC-2021 at HBCSE
Mumbai

All these certificates (except gold medal) will be downloadable from IAPT website :
www.lapt.org.in after March 15,2020-21.

List of students (with centre number and roll number only) having score above MAS will be
displayed on the website: www.iapt.org.in by February 25,2021. See the Minimum Admissible
score Clause on the Student's brochure on the web.

List of Students eligible for evaluation of IOQA 2020-21 (Part II) shall be displayed on
www.iapt.org.in by March 1,2021.

Physical constants you may need....

CONSTANT MAGNITUDE UNIT
Charge of electron 1.60x10™ C

Mass of electron 9.10x10™" kg

Mass pfproton 1.67x10™ kg
Universal Gravitational Constant 6.67x10™ Nm’kg”’
Boltzmann constant 1.38x107% JK'
Stefan's constant 5.67x10° Wm’K*
Avogadro's Constant 6.02x10% mol’
Speed of light in vacuum 3.00x10" ms’
Rydberg's constant 1.10x10’ m’
Density of water 1.00x10° kgm’
Plank's constant 6.63x10™ Js
Faraday's constant 9.65x10* Cmol”
permeability of free space 8.85x10™ CN'm’
Light year 9.46x10" m
Earth - Sun Distance 1.50x10" m
Diameter of the Sun 1.39x10’ m
Permeability of free space 4 x107 Hm'
Universal Gas Constant 8.31 Jmol 'K
Acceleration due to gravity 9.81 ms”
Parsec 3.26 light year
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Question Paper Code: 41

Time: 60 Minute

Max. Marks: 120

Attempt All The Thirty Two Questions
A-1

ONLY ONE OUT OF FOUR OPTIONS IS CORRECT. BUBBLE THE CORRECT OPTION.

COS X

1.  Thevalueof tan’l[ ] isequal to

1-sin x
X X_m X_m X +I
(@) 3 b 272 (© 27 % (d 2 4
1 1 -1
2. Thedeterminant |[—1 1 1 | =0 Thevalueofxis
1 I x
(a) x=0orl (byx=+1 (c) x=-1 (d) x=1
3. Thevalue of the given integral
/4
§ dx
f sin’x . cos’x
/3 ’
is
T T 1 2
a) = — 1 b) 0 C) — d)- =
(@) 7 -3 (b) (c) 5 (d) T
4.  Consider the four points A, B, C, D forming a regular tetrahedron with sides each of length L. The
coordinates (X, y, z) of A, B and C are A (0,0,0), B (L,0,0) & C (% ,LTJ? 0] The possible
coordinates of D are
LL,L L L 4L2
(@ |22 12 (b) (2°23° 773
L L, L L L LS
5. Th fthe complex number z= —— |
. e argument of the complex number z [ —3 s
T S S
(@) 7 (b) Z (© -Z (@ +2
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2
Consider the two curves 'y, = 4—7§ and y, =sin x in the region 0 <x <. The angle made by the
T

curves at the point of intersection is

(a) tan'(L) (b) tan" (%) (c)tan ‘oo (d) tan" 0

The three points (2, 3,-4),(1,-2,3)and (3, 8, ) are collinear. The value of ris

(a) 0 (b) -10 () -11 (d) 10

The time period of a simple pendulum is theoretically & seconds. In an experiment to measure this
time period, a stop clock having least count of one-hundredth of a second is used and the time
taken for 'n' oscillations is measured. The percentage error in the calculation of the time period will
be

(a) (nm) ' % (b) % (c) 2% (d) 2(nm) "%

A large sphere A of 20 kg being accelerated at 5.0 ms” strikes another sphere B of mass 8.0 kg. At

the moment of impact, the acceleration of Bis12ms™. The force on B at the moment of impact is
(a) 40N (b) 96N (c) 240N (d) 100N

Consider that in space with no air resistance and negligible gravity, a ball of mass 250 g, initially at
rest, is projected with a force of 30N giving ita speed of 20 ms™. The ball travels a distance of 1000
m before it strikes a space ship. The original energy, E (in Joule) with which the ball was projected
is

(a) 30,000 (b) 50 (c) 50<E<30,000 (d) noneofthese

The diagram shows a mass m free to slide inside a long
frictionless tube along the x axis. It is attached to a spring of
spring constant k whose unscratched length is L. Initially the
mass is pushed to a position x =a ( <L) and released from rest.

Let there be a certain position x = x,, at which the maximum

power, P__,is generated due to kinetic energy. The values x, and P, are respectively

@ %&[ﬁﬁl] 0 0&(1‘*‘2@
2 3
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Consider a cube with one of'its 6 faces open. A charge q is placed at the center of the open face. The

total electric flux through the rest of the 5 faces will be nearly equal to

q >q
(a) zero (b) g% (©) 2¢, (d) e,

Q
In the diagram of solenoid shown, point P is inside the solenoid and '\1\ '1'\1;\'\'\ \'\ i
point Q is just outside the solenoid. Which of the following is true 4 bbb L LA LL}

for Magnetic Fields _P;p and EQ atpoint Pand Q respectively?

I
|
(a) B,#0&B,=0 (b)B,=0&B,#0 (c) B,#0&B,=B, (d)B,=0&B,#0

A 156 Q non-inductive resistor is connected to an AC source which generates an emf which is
givenbye=312sin (1007 t+ JtJ_2)V. The value of current flowing through the resistor as measured
by amillimeter (inA) will be

(@) 22 (b) 2 2 (d) 1

Consider an atom of mass m in an excited state, moving with a speed v, (v <<c¢) along the x axis. It
makes a transition to the ground state by emitting a photon along the y axis. If AE is the energy

difference between the excited state and the ground state, the frequency of the emitted photon is

AE
(a) AE (& SE[1-2E]
h mc
(c) — [ ( 1+2 —J— 1] (d) notdeterminable
Messier Object M1 is
(a) Andromeda Nebula (b) CrabNebula
(c) Orion Nebula (d) Horsehead Nebula

The right ascension of winter solstice is
(a) 18 hours (b) 12 hours
(c) 6 hours (d) depends on the time of the year

The latitude and longitude of the two cities A and B are at (13.0°N, 77.6'E) and (28.7°N, 77.6'E)
respectively. On 15th December 2021,

(a) The Sun will rise earlier and set later in A compared to B.

(b) The Sun will rise earlier and set earlier in A compared to B.

(¢) The Sun will rise later and set earlier in A compared to B.

(d) The Sun will rise later and set later in A compared to B.
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In the Period - Luminosity relationship of Cepheid variables, type I Cepheid has 4 times the
luminosity than that of type II Cepheid for the same period. The distance to Andromeda Galaxy
was determined by assuming a Cepheid located in it as type I. If it had been assumed to be a type 11
Cepheid, the distance would

(a) increase by a factor of 4 (b) increase by a factor of 2

(c) decrease by a factor of 4 (d) decrease by a factor of 2

The energy emitted by the Sun is due to fusion reaction 4,H' - ,He*+2, 8°+2v, (v, are neutrinos)
with a release of 27 MeV. Assume the solar constant i.e, the energy received per second per meter’
on the surface of Earth is 1.4 k Wm* The neutrino flux on the Earth (inm”s") is approximately
(assume that the neutrinos do not interact with anything on their way to the Earth)

(a) 6.5 x 10" (b) 6.5% 10" (c) 6.5x 10" (d) 6.5 % 10”

A large cluster of radius R has N stars each having a mass M. The stars are moving in the cluster
such that the average kinetic energy of a star equals the magnitude of the average gravitational

potential energy between two neighbouring stars. Assume the average gravitational potential
2

energy of astar due to a neighbouring star is proportional to (—G—M
r

between two stars. Then the average speed of the star is proportional to
T z 7
@ la] o fan] @ loan] @ fanr]
R R R R

The distance to Venus from Earth at a particular time is 9.00 X 10" m. Assume the orbits of Venus

) , whereris the average distance

and Earth around the Sun to be circular withradii 1.10 X 10"mand 1.50 X 10" mrespectively. The

angle between Sun and Venus as viewed from the Earth is approximately
(a) 20° (b) 47° (c) 60° (d) 80’

As viewed from a place on the Earth, a star makes an angle of 10" with the north pole and is just
circumpolar. The latitude of the place is
(a) 10°N (b) 80°N (c) 10°S (d) 80"S

The Moon makes hour angle of 40’ at 6 pm on a particular day when the Sun is about to set. The
hour angle of the Moon at the same time next day is approximately
(a) 70" (b) 40° (c) -40° (d) 27°
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A-2
ANY NUMBER OF OPTIONS 4, 3, 2 or 1 MAY BE CORRECT

MARKS WILL BE AWARDED ONLY IF ALL CORRECT OPTIONS ARE BUBBLED AND NO WRONG OPTION

25.

26.

27.

28.

29.

30.

31.

32.

If aand barereal numbers, the equationa (x +3)°+b (y+4)’= 1 represents

(a) Anellipseoracircleifa>0 andb>0 (b) Anellipseoracircleifa<0 andb<0

(c) Ahyperbolaifa>0andb<0Oora<Oandb>0 (d) Aparabolaifa>0andb=0

Iftan 6 =cot( 33-[—) then 6 can be

7 i 137 Y4
(@ 2 (b) = OF (@ =
The critical velocity of a flowing liquid depends on
(a) Coefficientof viscosity (b) Reynold number
(c) Density ofthe liquid (d) Diameter of the tube

Consider the situation as shown in the diagram where a Lens
symmetric biconvex lens is half covered with an opaque A

object. Given that the object shown AB is symmetric about

Screen

Principal Axis

the principal axis, which of the following is true about the
image seen on the screen?

(a) Fullimage of AB is formed

(b) Intensity of the image is reduced

(c) Fullimage of AB is formed and the intensity is reduced.
(d) Only halfofABisvisible

B

. . = A . . .
A uniform magnetic field B = Bk exists over a certain region of space as |-~ i

shown in figure. A me/:[al rod PQ of length L is fixed at P and PQ makes a
constant angle of @ with k as it rotates about k with a constant angular velocity w.

>

(a) The velocity of point QisV=a& X L P %

(b) The magnitude of induced electric field along the rod at a distance r from P
is E=rw B,sin’0

(c) The magnitude ofemfdeveloped between Pand Qis=0.5L’w B, sin26

(d) The magnitude of emfdeveloped between PandQis=0.5L*w B, sin’@

Spectroscopic analysis of light from stars gives us information about
(a) The abundance of elements inthe stars  (b) Parallax of stars
(c) Theradial velocity of stars (d) Proper motion of stars

Which of'the following terms refer to a variable star?
(a) White dwarf (b) RR Lyrae (c) Blackhole (d) Eclipsing binary

Which of the statement(s) about Globular cluster(s) is/ are true?
(a) They are in the outer regions of the Milky Way

(b) They comprise of variable stars

(¢) They comprise of young stars

(d) They arereceding fromus at very high speed
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