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PHYSICAL SCIENCES
PAPER-III

Note : This paper contains Seventy Five (75) multiple-choice questions, each

question carrying Two (2) marks. Attempt All questions.

1. If the symbols A, G, g and ¢ stand for the Planck’s constant, universal
gravitational constant, gravitational acceleration and the speed of light

in vacuum respectively, then find the expression having the dimension

of length :
(A)  hGle B)  (AG/30S5
(C) (hG/c3)? D) hgle
2. A one-dimensional fur_lction is +1 at the origin, but it oscillates and damps

out to zero as x increases. Identify the function.
(A) Legendre polynomial Pyx)
(B) Ordinary Bessel function J 1(x)
(C}  Spherical Bessel function j;(x)
(D)  Spherical Bessel function jy(x)
3. Consider the function :
fix) = -1 for x < 0 and
=+l forx =0

Which of the following will be zero in the Fourier expansion of fx) ?
(A)  The first term a, (B) All the even terms

(C) All the odd terms {D} Both odd and even terms
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4. The value of (¢® + 1) is :

A) 1 B 0
) -1 D) e
5. For the Bessel function J,(x), the recurrence relation is

J, 1) - I () = 2Y,

*

where Y is !
(A) function J,(x) itself (B) its derivative J7,(x)
€ J, 4k D) J,qx)

6. The diagonal elements of a diagonalized Hermitian matrix must be all :
(A) real (B) imaginary

(C) complex (D)  zero

7. Volume of a purallelepiped defined by vectors K, B. and C is given by :

. s b :‘—>—> —

(A)lA"B}<C B) AxBxC
- > - i f

© A.B.C @ [A:B.C
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8. A logical list of well defined instructions for solving a problem is called :

{A) Solution (B} Sequence
(C} Algorithm (D) Logarithm
9. The principle of equivalence in the special theory of relativity is true for :

(A) Any two inertial frames of reference
(B) Any two non-inertial frames of reference
(C) Any two frames of reference, of which at least one is inertial
(D) Any two frames of reference
10. In the case of canonical transformations :
(A) The form of the Hamilton’s equations may or may not be preserved
(B) Total energy is always conserved
(C) The form of the Hamilton’s equations is preserved
(D) generating function is always zero

11. In the case of a linear triatomic COy molecule, the eigen frequencies @y, @y

and @5 can be i-epresented as :

(A) W = th = 0y (B) a)1=0,a)2=a)3
C) o =0, o # oy D) o#0, g = ay
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13.

The potential energy of the body with mass m, constrained to move on a
straight line is kx?, where k is a constant. The body moves from x, at time
£, to xo at time £, Which of the following quantities is an extremum for

x Vs t curve corresponding to this motion ?

(A) f]'(‘/z mv — kx* ) dt (B) _’.(!f’zmvz ) dt
Xy *2
(C) J‘(l/: m? + kx‘)dx (D) I(mxv)dx

Multistage rockets are used for putting a satellite in orbit because :

(A) Bingle stage rocket can never achieve velocity required for putting

gatellite in orhit

(B) By using multistage rockets, unnecessary mass of fuel tanks, need not

be accelerated

(C) it provides enough time to technicians to track the motion and give

signals for ils proper movement

(D) by using multistage rockets, basic rocket equation iz superceded
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14. A particle of mass m, moving along x-axis, has potential energy
V(x) = a + bx?, where ¢ and b are positive constants. Its initial velocity
at x = 0 is vy. It will execute simple harmonic motion with frequency

determined by :
(A) b alone (B) & and a only
(C) b and v, only (D) & and m only
15. If the force is inverse square in character and attractive, then :
(A <K E>=<P. E> (B) <K E>=-<P. E>

(C) <K E>=-%<P. E> D <K E>

% <P. E>

where angular brackets indicate time averaged value of the quantity, over

long time.

16. A planet is revolving around a star in an elliptic orbit. The ratio of the farthest
distance to the closest distance of the planet from the center of the star is
4. The ratio of kinetic energies of the planet at the farthest to the closest

position is :
(A) 1:16 (B) 16:1

© 1:4 @ 4:1
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17.

18.

19.

20.

Electrostatic field inside a conductor: with conductivity ¢ is ........

Here area of conductor is A and permittivity of its material is €.
o o

@ = ®

(C) Zero (D) Infinite

Which of the following suggests that the electrostatic field is conservative ?

R - -
A V-E=0 B) V-E-=p/e
- - -

(C) VxE=0 D VZE=0

The dominant mode for rectangular wave guide is :
(A) TE,, (B) TM,,
(C) TE ¢, D TE;y

The electric (E) and magnetic (B) field amplitudes associated with an
electromagnetic radiation from a point source, behave at a distance r from

the source as :

(A) E Bl
r ¥

(B) E = constant, B = constant

1 1
(C) E w3, Bx—
O E oc%, Boc;]:a-

Phy. Sci-III : 10




21.

22.

Two parallel large metal plates carry +Q and —Q charges respectively. A test
..._’

charge placed between them experiences a force F . Now the plates are moved

apart so that the separation between them is doubled. The force on test charge

will now be :

& Ff ®
© -F/2 ® F

The Poynting theorem is a mathematical statement of the conservation

of :
(A) Momentum (B) Charge
(C) Energy (D) Angular momentum

A charged capacitor C is connected in series with an inductor L. When the

displacement current reduces to zero, the energy of the LC circuit is :
(A) Stored entirely in its magnetic field

(B) Stored entirely in its electric field

(C) Distributed equally among its electric and magnetic fields

(D) Radiated out of the circuit

Phy. Sai.-IIT ' 11 [P.T.0.]



24,

25.

26.

27.

28,

A quarter-wave monopole antenna operating in air at frequency 1 MHz must

have an overall length (in m) of :

(A) 300 (B) 150

(C) 175 O 375

The norm of the normalizable state vector cannot be :
(A) positive B 1

(C) finite (D) infinite

For the fifth excited state in Hydrogen atom, the total number of degenerate

states are (without considering spin of the electron) :

A b (B) 36

(C) 25 D) 16

The unit of the differential scattering cross-section is the unit of :
(A) energy (B) angle

(C) area D) momentum

The eigenvalue of the angular momentum operatbr J2 cannot be :
(A) integeral (B) non-integeral fraction

(C) negative (D) zero

Phy. Sai.-[I 12




29.

30.

31.

32.

The spin of the Dirac particle is always :

(A) % only (B) Yor0
(C) 1lor0 D %orl
N

~ ~ ~ —) -~ ~ -~
A=4i+3j-2k and B =8i + 6 - 4%.
- —
The angle between A and B is :
(A) ©0° (B) 4b°

) 60° D) 90°

The energy of the incident particle to validate Born approximation should

be :
(A) low _ (B) high
(C)- =zero (D) infinite

The Klein-Gordan equation of describes the relativistic particle for which spin

angular momentum is :

(A) (B)

5>
] =

(C) D) Zero

=

Phy. Sci.-III 18 [P.T.O]



33. The eigenvectors of Pauli's spin matrices (Spinors) are matrices having
dimensions of :
A 2x1 (B) 2x2
C) 3x3 D 4 x4
34.  As the temperature of a radiating black body increases, the intensity maximum
of the radiation :
(A) Shifts towa-rds larger wavelengths
(B)  Shifts towards shorter wavelengths
(C) is unaffected
(D) depends on its surroundings
35. A micro-canonical ensemble represents :
(A) A system in contact with reservoir
(B) An isolated system in equilibrium
(C) A system that can exchgiﬁe"‘particles with surroundings
(D) A system under constant external pressure
Phy. Sai.-IIT 14
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36. A system consists of N weakly interacting subsystems, each with two internal
quantum states with energies 0 and €. The internal energy for this system
at absolute temperature T is equal to :

(A) Ne (B) -;-NkT
(C) Ne expl(-/kT) (D) NekeS&T + 1)
37. Bose-Einstein condensation temperature, Tg, refers to the temperature
below which :
(A) the assembly of Bose-gas condenses to liquid state
(B} there is an appreciable occupation of ground state in an electron
lsystem
(C) there is a significantly large occupancy of ground state in a system
of Bosons
(D) the Bosons essentially behave like Fermions
38. The _ﬁrﬁt law of thermodynamics is a statement of :
(A) conservation of heat_ (B)  conservation of work
© conserv_ation of entropy (D}  conservation of energy
Phy. Sci-1I 15 [P.T.0.]



39.

40.

41.

432.

© J=1L,K=1 ® J

According to quantum theory of radiation, the photons are :

(A) - massless Bosons of spin

(B) massless Fermions of spin

(C) massless Bosons of spin %

(D) massless Fermions with spin %

According to main postulates of kinetic theory of gases, there is :
(A) a force of repulsion between molecules

(B) a force of attraction between molecules

(C) no forqe between molecules

(D)  both forces attractive as well as repulsive between molecules depending

on distance between them

If one exactly doubles the speed of every molecule of ideal gas in a given

vessel, one would make :

(A) the pres‘sﬁre twice as great

(B) no change in the absolute temperature

(C) the absolute temperaturé twice as great

(D) the absolute temperature four times as great

Under which of the following conditions, would a JK flip-flop toggle ?
A) J=1,K=0 B J=0,K=1

0, K=20

Phy. $ci-IIT 16



43.

46.

Voltage gain of an ideal operational am

(A) infinite (B)

(C) low (D)

plifier is :

very high

very low

The minimum number of RC sections required in a phase shift oscillator

1S

(A) 3 (B}

Cy 4 (D)

5

When a square wave is differentiated, the resulting output waveform

would be :
(A) Sine wave (B)
(C) Spikes at transition D)

Photon has a frequency of 5 x 101 Hz
(A) 3.31 x 103 (B)

(C) 0.7 x 1024 (D)

Phy. Sci.-III 17

Triangle wave

Cosine wave

. Find its energy in joules.

33.1 x 1020

0.75 x 1024

[P.T.O.]




47.

48.

49.

If the temperature of photomultiplier tube (PMT) based detector at 200 K
is elevated to 300 K (Room temperature), keeping the other parameters constant,

the relative change its Johnson noise would be :

(A} 2.25% (B) 50%

(Cy 22.5% D) 5%

What does microprocessor speed depend on ?

(A) Clock (B) Data Bus width

(C) Address Bus width (D) ALU

What is wrong with the following opto coupler design ?

2V 2V
| K -—T

5V = .
OVJ \—GD > Sl

(A) Photodiode is forward bias
(B) LED is forward bias during the signal V;,
(C) Positions of LED and photodiode are interchanged

(D)  Insufficient DC supplies

Phy. Sci-ITI 18




50. The voltage at the output of the following circuit :

100 M Q

D

—s

T 99K
—
A 1V (B) 1 mV
(C) 1pv. (M 1nV
51. The ground state of He atom is spin :
(A) singlet (B) doublet.
(©) &iplet (D} quadruplet

52. The electronic configuration 152 252 2p% represents :
(A)* Ne' ion (B) Na* ion

(C) N atom (D)} Na atom
Phy. Sci.-IIT 19 [P.T.O.]



53.

x

55.

56.

What are the sub-shells avéilable corresponding to principal quantum

number n = 3 ?

(A) s, pandd (B) s andp

(C) s,p,dandf D) s, p,d fandg

The electric analogue of the Zeeman effect is the :

(A) Paschen-Back effect (B) Raman effect

(C) Compton effect (D) Stark effect

A sequence of equally spaced energy levels corresponds to the :
(A) Harmonic oscillator (B) Anharmonic oscillator
(C) Hydrogen atom (D) Rigid rotator

Identify the phenomenon in which the photon of incident light suffers a change

in energy :
(A)  Rayleigh scattering (B) Coherent scattering
(C)  Rutherford scattering (D) Raman scattering

Phy. Sci.-III 20



67.

58.

89.

If v is frequency and A the corresponding wavelength of radiation, then the

ratio of the Einstein coefficients Ay;/By; is proportional to :
A) V2 B) V3
(C) A D) A

If the coherence length of a monochromatic radiation is 300 m, and ¢’ is its

free space speed, then the coherence time in us is :
(A) zero B) 1
© 10 Dy 01

For the X-ray diffraction experiments, the wavelength of X-rays should

be :

(A) of the order of interplanar spacing

(B) much greater than interplanar spacing
(C) mucl? less than interplanar spacing

(D) independent of interplanar spacing

Phy. Si.-III 21 [PT.0)



60.

62.

63.

Which of the following has least binding energy 7

(A) lonic erystal (B) Covalent crystal

(C) Molecular crystal (D} Metallic crystal
Paramagnetic susceptibility of Fermi gas of conduction electrons is :
(A) proportional to 1/T (B) proportional to 1/T2

(C) proportional to L/T3 (D) independent of temperature

Density of states in the conduction band for electrons” assumed to be

essentially free in two dimensions is proportional to :
A) E*
(B) EP i.e. independent of energy
() E™*
® E1
Effective magnetron number for
Ce3* (482 532 pb)
18 :
A 1 - (B 15

c 2 Dy 25

Phy. Sci-IIT 22




64. In the long wavelength regime, the dispersion relation for magnons in a

ferromagnet in one dimension with nearest neighbor interaction yields :
(A) ® proportional to k (B) ® proportional to k2
(C) o proportional to K3 (D) co independent of k
65. The total number of (Na* + CI7) ions per unit cell of NaCl is :
(A 2 | (B) 4
(Cy 6 O 8
66. In an allowed band of semiconductor the effective mass m* of the electron
ig infinite :
(A) at the bottom of the energy band
(B) at the top of the energy band
(©) in the middle of the energy band
(D) never
67." One atomic mass unit is closest to which of the following ?
(A) 948 MeV (B) 1(}‘23 ﬁeV

(C) 531 MeV @O) 931 MeV
Phy. Sci-IH 23 [P.T.O]



68. Parity is violated in :
(AYy  a-decay (B) [f-decay
(C) y-decay (D) Tizsion of Uranium
69. A photon produces electron-positron pair in the nuclear coulomb field if :
(A) it has energy equal to 0.51 &V
(B) it has snergy equal to 1.02 eV
(C) it has energy equsl to 0.61 MeV
(D) 1t has energy equal to or more than 1,02 MeV
70. In direct reactions, time of interaction 18 of the order of :
(A) 1077 see | B 1078 sac
© 107 sec D 1079 sec
71. The quark content of a neutron is :
(A} uud (B) wudd
(C)  uds (D) uus

72. The binding energy per nucleon ig maximum for the nuclous :

(&) 6pe B) *He
() =08py My 10,
Phiy. Soi -IIT 24



B ooy e

73. An electron is a :

(A) Baryon (B) Meson

(C) Lepton (D) Boson
74.  Choose the correct statement :

(A)  Nuclear force is short range while weak force is long range

(B) Both nuclear and weak forces are short range

(C) Both nuclear and weak forces are long range

(D) Weak force is short range while nuclear force is long range
75. The decay of a free neutron :

n—->p+e + v
(A) Does not occur because of strangeness conservation
"(B)  Occurs in nature with a half life of about 1000 seconds

(C) Does not occur because of energy conservation

(D) Occurs in nature with a half life of about 108 years
Phy. Sci-1I 25
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