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As redshift (z) increases, the angular size
(6) of an object of fixed physical size in
an expanding universe generally ..........

(A) Decreases monotonically

(B) Increases monotonically

(C) Decrease, hits a minimum, and
then increases

(D) Remains constant

In Robertson-Walker spacetime, for a
constant co-moving number density of
sources, the differential number count

(3_'\‘] is proportional to ............... :

z
r2dr
A)
(A) ™
rdr
B _
(B) ™

©) (1+r)%

o dr

@) @+n"—

In a standard Friedmann — Lemaitre —
Robertson — Walker universe, which
formula relates angular diameter
distance (da) to the luminosity distance
(d) and redshift (z) ?

(A) dp=d.1+2)

_ dL
®) OIA_(1+z)
©) dA=d|_(1+Z)2

_ dL
) OIA_(1+z)2
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(3)

The graph between redshift and

distance for nearly galaxies is ..........
(A) Parabolic

(B) Hyperbolic

(C) Straight line

(D) Circular

Redshift in galaxies was first

systematically observed by whom ?
(A) Albert Einstein

(B) Edwin Hubble

(C) Isaac Newton

(D) None of the above

Which of the following is not a type of
redshift ?

(A) Doppler

(B) Gravitational

(C) Cosmological

(D) Thermal

What is the deceleration parameter for
a matter-dominated universe ?

(A) 1

B 0

©
D) -1
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10.

11.

If g > 0, then the universe is .............. : 12.

(A) Decelerating
(B) Accelerating
(C) Static

(D) Contracting

Which one defines deceleration 13,
parameter q ?

ad
(A) 3z

5
(B) Y
© -2

a 14.
o -2

a

Which one denotes Hubble parameter ?

a
(VI
a
a 15.
B) -
a
a
<© =
a
a
(D) -
a
What denotes the scale factor in the 16.

Robertson-Walker metric ?

(A) HO
(B) k(®)
(€ o(D)
(D) a(t)

B031011T (4)

Which co-ordinates are generally used
in Robertson-Walker metric ?

(A) Cartesian

(B) Polar

(C) Cylindrical

(D) Spherical

On which two fundamental pillars of
physical cosmology derivation of
Robertson-Walker metric is based ?
(A) Static and anisotropic

(B) Inhomogeneous and anisotropic
(C) Homogeneous and isotropic

(D) Static and homogeneous

What Weyl's postulate assumes about
the behaviour of galaxies ?

(A) A continuous distribution of dust
(B) Solid rigid bodies
(C) Charged particles
(D) Independent stars

How galaxies are treated in Weyl's
postulate ?

(A) Test particles in the universe

(B) Electromagnetic waves

(C) Black holes

(D) Quantum particles

Weyl's postulate assumes that galaxies
move in such a way that their world

(A) Intersect frequently

(B) Never intersect

(C) Move in closed loops
(D) Are completely random
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17.

18.

19.

20.

B031011T

According to Weyl's postulate, the

world lines of galaxies form :
(A) Random curves

(B) Parallel geodesics

(C) Intersecting paths

(D) Circular paths

According to the cosmological
principle, the large-scale, distribution

of matter in the universe is ..........

(A) Infinite only in one direction

(B) Concentrated only near galaxies
(C) Uniform

(D) Completely irregular

What is term isotropic means in
cosmology ?

(A) Same in all directions

(B) Same at every location
(C) Same density everywhere
(D)

Same temperature everywhere

What cosmological principle states

about the universe ?
(A)

(B) Homogeneous and isotropic on

Only isotropic

large scales
(C) Different in every direction

(D)

Static and infinite

(5)

21.

22.

23.

24,

What phenomenon in galactic light
spectra supports Hubble's law ?

(A) Polarization

(B) Diffraction

(C) Blueshift

(D) Redshift

What is the relative velocity of two

stars, according to Hubble's law ?

(A) It is directly proportional to the

square of their separation.

(B) It is inversely proportional to the
square of their separation.

(C) It is directly proportional to their
separation.

(D) It is inversely proportional to

their separation.

What is the commonly used unit for the
Hubble constant (Ho)?

(A)  Mpy/km

(B)  Myc/km/s

(C) km/Mp/s

(D) km/s/Mp

Which of the following equations
represents Hubbles' law ?

(A) v=Hyxd
_Ho
(B) v= 5
d
C -
€ v Ao
(D) v=H,+d
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25. How does the actual universe behave

according to modern cosmology ?

(A)

(B)
(©)
(D)

It is expanding at an accelerating

rate.
It is static and unchanging.
It has a well defined center.

It is contracting

26.  Which component makes the majority

of the total mass-energy density of the

universe ?

(A)
(B)
(©)
(D)

Ordinary matter
Dark matter
Dark energy
Light

27. In De-Sitter model, what is the main

reason of

the expansion of the

universe ?

(A)
(B)
(©)
(D)

Radiation pressure
Magnetic fields
Cosmological constant

Matter density

28. The De-Sitter universe is a maximally

symmetric space with .............. :

(A)
(B)
(©)
(D)

B031011T

Varying curvature
Zero curvature
Constant negative curvature

Constant positive curvature

(6)

29.

30.

31.

32.

33.

What is the expansion of space in a De-
Sitter universe ?

(A)
(B)
(©)
(D)

What

Accelerating
Decelerating
Linear

Zero

is spatial geometry of the

universe according to Einstein static
universe ?

(A)
(B)
(©)
(D)

Flat

Closed and positively curved
Hyperbolic

Infinite

Which is correct for Einstein static
universe ?

(A)
(B)
(©)
(D)

The universe expands with time
The scale factor is constant

The scale factor decreases

The universe oscillates

What is Einstein static universe ?

(A)
(B)
(©)
(D)

What fundamentally Einstein

Stable
Unstable
Periodic
Chaotic

field

equation states ?

(A)
(B)

(©)

(D)

Guv =T“V
GILLV # Ty
G, oL
THV
G, T

uv uv
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34.

35.

36.

37.

What represents matter and energy

content of space time ?

(A) A

(B) Gu

€ Tw

(D) None of the above

What does cosmological constant (A)
represent ?

(A) The intrinsic energy density of
space.

(B) The external energy density of

space.

(C) The intrinsic energy density of

earth.

(D)

The external energy density of

earth.

field

gravity as ...........
(A)
(B)
©
(D)

Einstein equations  describe
A zero-point energy

Curvature of space time
Attractive force

Repulsive force

Einstein tensor is also called :
(A)
(B)
©)
(D)

Ricci tensor
Metric tensor
Symmetrical tensor

None of the above

B031011T

(7)

39.

40.

41.

42.

Stress-Energy tensor is also called
Repulsive tensor

Asymmetrical tensor
Symmetrical tensor

None of the above

What denotes stress-Energy tensor ?
(A) T

(B)
C) tu

(D) None of the above

To(B

When the cosmological constant A is
positive, it behaves as ............. :

(A)
(B)
©
(D)

If cosmological constant A =0, then

Attractive force

A variable speed of light

A zero point energy

A repulsive force or anti-gravity

equation is :
(A)
(B)
(®)
(D)

Why Einstein introduced cosmological

Maxwell equation

Original Einstein field equation
Newton's law of gravity
Schrodinger equation

constant ?
(A)
(B)
(©)
(D)

To explain galaxy rotation

To obtain a static universe

To explain black holes

To describe gravitational wave
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43.  What does Ag,, represent in the field

equation ?

(A)
(B)
(©)
(D)

44. Which

Vacuum energy density
Curvature of space
Energy-momentum tensor

None of the above

is Einstein modified field

equation ?

(A)

(B)

(©)

(D)

1 8nG
R;,J.V —ERguv :FT“V

8nG

R,+AQ,=—1—
\") v \")
i i ct

R _8nG
uv _/\guv - F uv

1 8nG
R“v —E Rgpv +/\ng = FT}J‘V

45.  What defines to Einstein tensor Gy ?

(A)
(B)
(©)
(D)

1
RHV +ERgHV
Ruv - Rgp,v

1
va _ERgpv

RW +ng

46.  Who introduced cosmological constant ?

(A)
(B)
(©)
(D)

B031011T

Isaac Newton
Albert Einstein
Edwin Hubble
Ernst Mach

(8)

47.

48.

49.

50.

Who

Principle™ ?

gave the term "Mach's

(A) Ernst Mach
(B)
(C) Albert Einstein

(D) Hendrik Lorentz

Isaac Newton

What is suitable for inertial reference
frame ?

(A)
(B)
©
(D)

Steady state of motion
Simple harmonic motion
Changing state of motion

None of the above

Which force appears due to the

acceleration of a non-inertial frame ?
(A)
(B)
©)
(D)

Centripetal force
Centrifugal force
Gravitational force

Pseudo force

According to Mach's principle, what
determines the local inertial frame of

reference ?

(A) The geometry of empty space.

(B) The local gravitational field of
the Earth.

(C) The large-scale distribution of

matter in the universe.

(D) The velocity of light
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51. Weyl's postulate is important for 55. The  Eddington-Lsemaitre  model

constructing the standard models of helped to explain which observational

evidence ?

(A) Relativistic cosmology (A) Black hole evaporation

(B) Minkowski space (B) Hubble's law of galaxy recession

(C) Stellar nucleosynthesis
(D) None of the above

(C) Circular paths

(D) None of the above
56. Which field is introduced by Fred

52. The cosmological principle is most . )
Hoyle to explain matter creation ?

valid when the universe is observed

(A) A-field
(o]0 IURUU :

(B) H-field
(A) Planetary scales (C) G-field
(B) Stellar scales (D) C-field

(C) Galactic scales )
57. According to the steady state

D) Very large cosmic scales i
©) ylarg cosmology, the universe .............. :

53. Redshift is measured by observing the (A) has a definite beginning
shiftin ............ : (B) is expanding but its large-scale
(A) Brightness properties remain constant

(B) Spectral lines (C) will eventually collapse

(C) Temperature (D) s static and non-expanding

(D) Luminosity 58. According to the steady state theory, as

the universe expands, what happens to
54. The Matter-Dominated era followed L .
maintain its density ?
which era of the universe ?
(A) Matter is continuously created

(A)  Inflationary epoch (B) Matter is converted into energy

(B) Dark energy era (C) The expansion rate slows down
(C) Radiation-Dominated era (D) Black holes consume excess
(D) Planck epoch space

B031011T (9) Set-D



59.

60.

61.

62.

Who proposed the steady state theory
of the universe ?

(A) Edwin Hubble and Albert
Einstein

(B) Georges Lemaitre and Alexander
Friedmann

(C) Fred Hoyle, Hermann Bondi and
Thomas Gold

(D) Einstein and De-Sitter

The steady state theory is based on the

perfect cosmological principle, which

states that the universe is ............ .

(A) Homogeneous and isotropic in
space only.

(B) Homogeneous and isotropic in
space and time.

(C) Changing its physical state over
time.

(D) Finite in size but infinite in age.

According to the perfect cosmological
principle, what happens to the density
of the universe as it expands ?

(A) It remains constant

(B) It decreases

(C) Itincreases

(D) It fluctuates randomly

Which observation contradicts the

perfect cosmological principle ?

(A) Large scale structure of galaxies

(B) The expansion of the universe

(C) The inflationary model

(D) The evolution of quasars and
galaxies over time

B031011T

63.

64.

65.

66.

67.

How is universe according to the
perfect cosmological principle ?

(A) Homogeneous only in space

(B) Isotropic only in space

(C) Same in both space and time

(D) Different in different epochs

Discovery of what strongly supported
the perfect cosmological principle ?
(A) Cosmic Microwave Background
(B) Cosmic Matter Background

(C) Cosmic Microwave Black hole
(D) None of the above

The perfect cosmological principle is
the basis for which cosmological
theory ?

(A) The Big Bang theory

(B) The Oscillating Universe theory
(C) The steady state theory

(D) All of the above

Who first pointed out the instability of
Einstein static universe ?

(A) Edwin Hubble

(B) Arthur Eddington

(C) Georges Lemaitre

(D) Albert Einstein

How the universe initially remains in
the Eddington — Lemaitre model ?

(A) Nearly static for a long time

(B) Rapidly expanding

(C) Contracting

(D) Completely empty
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68.

69.

70.

71.

72.

What cosmological constant represents
in the Eddingtion — Lemaitre model ?
(A) Dark Matter

(B) Matter creation

(C) Vacuum

energy causing

repulsive gravity

(D)

Radiation pressure

Who proposed Big Bang theory ?
(A) Georges Lemaitre

(B) Arthur Eddingtion

(C) Fred Hoyle

(D) Sir Hermann Bondi

The particle horizon limits .............. )

(A) Past observations of the universe
(B) Future observations

(C) Stellar evolution

(D) Planet formation

Why the concept of particle and event
horizons arises ?

(A)
(B)
©)
(D)

Which of the
depends strongly on
expansion of the universe ?

(A)
(B)
(©)
(D)

Magnetic fields in space
Nuclear reactions in State
Rotation of galaxies
Expansion of the universe

following horizon
the future
Particle horizon

Stellar horizon

Galactic horizon

Event horizon

B031011T

(11)

73.

74.

75.

76.

The particle horizon increases with
time because ............ :

(A) The universe expands and light
travels longer distances.

(B)
©)
(D)

Stars produce more light
Dark matter disappears

Galaxies collide

What is meant by "dust”, in Einstein-
De-Sitter model.

(A)
(B)
©
(D)

Cosmic rays
Non-relativistic matter
Dark energy

Relativistic radiation

In  Einstein-De-Sitter model, the

universe expands but the rate of
expansion .............. .

(A) Gradually slows down due to
gravity

(B)
©

(D)

Increases due to dark energy
Remains constant

Stops immediately

According to the Einstein-De-Sitter
model, what does the universe mainly
contain ?

(A)
(B)
(©)
(D)

Radiation
Dark energy
Matter

None of the above
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77.

78.

79.

80.

What was the state of matter during the
early part of matter dominated era ?
(A) Neutral Hydrogen and Helium
gas

Solid rocks

lonized plasma

(B)
(©)
(D)

Supermassive black holes

How did the density of matter change
as the universe expanded during this

era?
(A) It remained constant
(B) It decreased proportional to iz

a

. 1

(C) Itdecreased proportional to —

a
(D) Itincreased
What crucial event marked the

beginning of the matter-dominated era
?

(A)
(B)
©)
(D)

Big Bang Nucleosynthesis
Recombination
Inflation

The first supernovas

The universe began with a massive

explosion known as ........... :
(A)
(B)
(©)
(D)

Solar Burst
Cosmic Bang
Big Bang
Stellar Blast

B031011T

(12)

81.

82.

83.

84.

By which observation the age of the
universe is estimated ?

(A)
(B)
©)
(D)

Expansion of the universe
Rotation of the stars
Rotation of the earth

Number of stars

What is the approximate age of the
universe ?

(A)
(B)
©
(D)

1 billion years
4.5 billion years
13.8 billion years
20 billion years

From which equation the concept of
critical density arises ?

(A) Friedmann equation

(B) Einstein equation

(C) Maxwell equation

(D) Boltzmann equation

The critical density of the universe is
the density required for the universe to
be ........... .

(A)
(B)
©
(D)

Expanding forever
Contracting
Closed

Statically flat
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85.

86.

87.

88.

What will be the geometry of the
universe, if the average density of the
universe is greater than the critical
density ?

(A)
(B)
©)
(D)

Open
Closed
Flat
Hyperbolic

The critical density of the universe is

proportional to :
(A) H’
B) “H
(€ H
S

(D) wE

What
parameter k take in cosmology ?
(A)
(B)
©)
(D)
Which one
Friedmann equation ?
(A)
(B)
©)

values can the curvature

0 only
+ 1lonly
0,+1,-1

Any real number

is related to the first

Temperature and density
Pressure and entropy
rate  and

Expansion energy

density
(D)

Luminosity and distance

B031011T

(13)

89.

90.

91.

92.

The Friedmann equation are derived

from ........

(A) Planck radiation law

(B) Newton's law of gravitation

(C) Maxwell equations

(D) Einstein field equations

The  fundamental  equation  of
dynamical cosmology is commonly
known as ............

(A) Friedmann equation

(B) Maxwell equation

(C) Poisson equation

(D) None of the above

Why did matter eventually
dominate over radiation in the

Friedmann model ?

(A) Radiation density diluted faster
during expansion

(B) Matter was created later

(C) Radiation turned into dark

(D) Matter is heavier than light

How the scale factor evolves in a
matter-dominated Friedmann universe

withk=0?

(A) a(t) oct¥?
(B) a(t)ct??
(C) a(t)ctl?
(D) a(t)oct
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93.

94.

95.

96.

The density parameter is defined as

=P w0 >,
Pe

the universe

Open
Closed
Flat
Static

What is represented by the parameter k
in Friedmann models ?

(A)
(B)
©)
(D)

The Friedmann equations are obtained

Density of radiation

Spatial curvature of the universe
Hubble constant

Cosmological constant

by applying Einstein's field equations
to which spacetime metric ?

(A) Einstein metric

(B) Newton metric

(C) Robertson — Walker metric
(D) None of the above

What is the main function of the
Friedmann equation in the context of
modern cosmology ?

(A) To model the expansion of the
universe

(B) To describe the behavior of black
holes

(©)
(D)

To track planetary orbits
To calculate the mass of stars

B031011T

(14)

97.

98.

99.

100.

Upon what the Comoving volume

element depends, in Robertson -

Walker cosmology ?

(A) Redshift
parameters

and  cosmological
(B)
(©)
(D)

Which one belongs for the number of
sources brighter than flux S, in a static
Euclidean universe with uniform
source density ?

Only flux
Only angular size
Only time

(A) N(>S) oS
(B) N(>S)cS3?
(C) N(>S)ocs¥?
(D) N(>S)ocs?28

What is the approximate value of the
redshift at which the angular size of a
standard rod becomes minimum in a
flat matter-dominated universe ?

(A) z=0.1

(B) z=1.25

(C) z=5

(D) z=10

In an expanding FLRW universe, what
affects the number of sources observed
within a redshift shell dz ?

(A)
(B)
(©)
(D)

Time dilation

Volume change
Redshifting of luminosity
All of the above
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10.

11.

12.

Impt.

Four alternative answers are mentioned for
each question as—A, B, C & D in the
booklet. The candidate has to choose the
correct answer and mark the same in the
OMR Answer-Sheet as per the direction :

Example :

Question :

Q1 ® @ © ®
Q2 & ® @ ©
23 ® @ © ©

lllegible answers with cutting and
over-writing or half filled circle will be
cancelled.

Each question carries equal marks. Marks
will be awarded according to the number of
correct answers you have.

All answers are to be given on OMR
Answer Sheet only. Answers given
anywhere other than the place specified in
the answer sheet will not be considered
valid.

Before writing anything on the OMR
Answer Sheet, all the instructions given in it
should be read carefully.

After the completion of the examination
candidates should leave the examination hall
only after providing their OMR Answer
Sheet to the invigilator. Candidate can carry
their Question Booklet.

There will be no negative marking.

Rough work, if any, should be done on the
blank pages provided for the purpose in the
bookilet.

To bring and use of log-book, calculator,
pager and cellular phone in examination hall
is prohibited.

In case of any difference found in English
and Hindi version of the question, the
English version of the question will be held
authentic.

> On opening the question booklet, first check that all
the pages of the question booklet are printed properly.
If there is any discrepancy in the question Booklet,
then after showing it to the invigilator, get another
question Booklet of the same series.
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