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PHYSICAL SCIENCES
PAPER-III
Note : This paper contains Seventy Five (73) multiple-choice guestions, each

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

1. The divergence of the position vector rois
(A) Zero By 1

{C) 2 o 3

2, If 8¢} 1= the Dirac delta function in ', then the value of J-E{tj exp (—st) df
o

15

A 1 (By 0O

{C) = (D) —ea

d
3. Consider the differential equatio Ed:_c[[l - IE}E P"{x}w + nin + 1D Plxt =0,

This is :

{A) Legendre equation (B} Bessel equation

(2}  Hermite equation {D) Laguerre equation
4. The equation indicating the solencidal nature of vector B is:

A) ¢ . B=0 (B) TxB=0

C) B=0 () None of these

Phy. Sei.-III 5 (P T.0.]




ot |

What is the group formed by all 2 x 2 unitary matrices with determinant

+1 ?
A) S0 (B SN
(C) U0 S

The square of the correlation coefficient i.e. r° of any linear least square fitting

15 |
{A) zero B} =1
()  between zero and 1 D] between zero and 10

In the 4th order Runge-Kutta methed, if ‘A’ is the interval or step-size, then

the error involved is of order :

(A) A2 @) &®

(C) A* (D) &S

Finite déffer&nce method aims at providing an approximate :
(A} solution of differential equation

(B)  solution of an integral equation

(C}  walue of a finite integral

D) value of & derivative at a finite number of points
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10

11

Lorentz transformation assumes :

{A) Space and time both are relative

{(B) Bpace is relative but time is absclute

(C)  Space is absolute but time is relative

D}  Space and time both are absolute

If the Poiszon bracket of a funection with the Hamiltonian vanishes, then :
{A) The function depends on time

(B) The function is a constant of motion

(C} The function has error in it

(D)  Square of the function represents the energy of the system

& pendulum bob of mass m is held taut in a horizontal position and then

released. What is the tension in the string when the bob reaches its lowest

pogition 7
Ay Joamg By mg
(C)y Zmg o dmg
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12.

13.

14.

A particle of mass m, moves in a circular orhit of radius r around a fixed
; . ; k .
point under the influence of an attractive foree F = r—a where & is a constant.

If the potential energy of the particle is zero at an infinite distance from the

force centre, the total energy of the particle in a cireular orbit is :

_ k ke
@ -3 @ =gy
] k
{Cl  zero (I ot

For rocket motion in free space, which of the following law is used for obtaining

its equation of motion 7

(A)  Congervation of energy

{B) Conservation of angular momentum

(C)  Conservation of linear momentum

(D} Conservation of mass and energy

What is the reduced mass of a positronium atom 7

(&) 16 x 10791 kg (B) 9.11 x 10731 kg

(C)  0.255 MeVic? M) 0.51 MeVic?
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15.

16.

17.

Energy required to be spent by a satellite {(mase m, speed v and orbit radius

R) for completing one round around the Farth (Mass of the Earth = M)

18 :

(A} zero (B} GMm/R

© = mid (D) MY R
2 i B &

The magnitude of the Earth’s gravitational force on a point mass m 15 Fir),
where r = distance of point mass from the Earth's centre. Suppose there is

a very small shaft in the Earth, such that the point mass can be placed at

E_ == d- h = I"'th _h L] ﬂ ¥
r=i,H—Ralusﬂfleha . what is pomy °
(A) L By 2

b
L (D] -
() 4 b3

When the electric field in a dielectric is sufficiently high, the dielectric becomes

conducting. Dielectric breakdown does not depend on :
{A) nature of material

(B) temperature

(0} amount of time that the field & applied

(D) direction in which field iz applied
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18, The work done in bringing a charge +¢ from infinity to a position at a distance
€ in front of an infinite grounded metal surface is -
(A) g% = 4d) (B)  —g%dn e (2d)
(C)  —g%in =i4d) (D} zers

13.  Two conducting plates are inclined at an angle 30° to each other with a point
charge between them. The number of image charges is :
{A) & (B) 3
() 12 (M 11

20.  If the electrie potential V is constant, throughout a given region of space,
what can you say about electric field in the region and charge enclosed in
the region ?

(A) E =0, there is no charge 1n the region
(B) E 13 uniform with positive charge on one side

(Cl, E =0, but the charge enclosad depends on the value of the potential

(D) E is non-zero, such that its flux through the region is zero and charge

density is non-zero constant

Phy. Sei.-III 10




21.

23.

The number of degenerate dominant modes in a rectangular resonant cavity

with a = & = ¢ will be
(A) O (B) &
(C)  infinite D a

At large distances the electric field due to a dipole varies as :

1
@ 2 s
r -
1 1
(Co = (D} 50

When a high speed electron hits 8 metal target, it rapidly decelerates, This

phenomenon is known as ;
(A} damping radiation (B) X-ray production
{C}  breaking radiation (I stopping radiation

A point charge is held at a disfance 20 from the centre of an isolated, uncharged

conducting sphere of radius a. The potential of the sphere is :

. | . U]
& i Bl ed
L 1 Za
() 2ne, a (D) o
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25,

27,

29.

Quantum mechanically the value of {f. b4 ijﬁ is :

(A) —a*L! (B) O

(€1 af, D L

The perturbation term in the Hamiltonian of anharmonic oscillator is :
(A)  hx (B) ax?

(€ Ax® o) !

The phase shift in scattering process is always positive when the potential
18

{A} attractive (B) repulsive

(G} complex I}  imaginary

For triplet states the value of the total spin angular momentum gquantum

number is :
(A 4 (BYy 1
() 112 Dy 32

The dimension of a matrix representing general angular momentum for

J=13 are :
(A} 3 By 9
1 D 6

Phy. Sei.-III 12




30,

31.

3.

33,

In the quantum mechanical theory of total angular momentum the value of

J+ mis always :

(A) integer (B}  half integer
(G} zerg (I} complex
The differential scattering cross-section is equal to :
(A)  fi, ¢) (BY 8, ¢)

(C) ™o, g} . fl0, ¢ | D A0, ¢)]

From the Dirac Hamiltonian H = ecq . ,L; + fmec® | the spin of the Thrae's particle

15 the consequences of ;
Ay B (Bl 4
(C me? Dy e

An electron is moving freely in a one-dimensional infinite potential box with
walls at x = 0 and x = . If electron is initially in ground state (2 = 1) and
the size of the box is quadrupled (x = ¢ to x = 4q), then the probability of

finding the electron in ground state of new hox is
{A)  18% (B) 5.8%

il 128% Iy  15%
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34.

39,

For a system in thermal equilibrium at temperature T, consists of a large
number N of aystems, each of which can exist only in two states of energy
0 and E: k is Boltzmann constant. Which of the following is true for the

entropy of system 7
(A] It is an increasing function of the total energy of the system

(B} It has a maximum value of Nk In 2 at total energy NpE/2 and reduces

further to zero as total energy reaches NgE
(C) It decreases with increasing T
() There is no maximum value for the entropy

(f 6.0 x 1022 atoms of Helium gas occupy 2.0 litres at atmospherie pressure,

then the temperature of gas is closest to :
(A) ;341 K (B) 273 K
(C) 300K o 214 K

A blackbody at temperature Ty radiates energy at a power level of 10 m Watts

(mW). The same blackbody when at temperature 2T, radiates at a power

level of :
(A) 20 mW (B) 40 mW
(C} 80 mW Dy 160 mW

Phy. Sei. 111 14




37. A system of particles occupying single particle levels obeying Maxwell- '
Boltzmann statistics is in thermal contact with heat reservoir at temperature
T. If the population distribution in the non-degenerate energy states {levels)

iz given below, then the average temperature of the system 1= :

Energy (V] Population (%)
30.1 x 1078 3.1
915 » 107° 8.5
129 » 1078 23
43 x 1078 63
(A} 100 K (B) 994 K
) 902K o 449 K

38. Bose-Einstein condensation can occur for :
(A} Photons (B) He! atoms
(Y Electrons (D} Neutrons

36, Grand canonical ensemble corresponds to (N = No. of particles and b = Total
energy of a member) :

{AY MN—variable, E-variable (B} N-fixed, E-fixed

()  N-fixed, E-variable (D  N-wvariable, E—fixed
Phy. Sci.-II1 15 [P.T.0.]




41.

42.

Molecules of two different substances (with different molecular masses)

are known to have same RMS speeds. We can be sure that the substances

have :
(A} Same specific heat (B) Same shsolute temperature
(C) Same internal energy (D} Different absolute temperature:

A certain amount of ideal gas at pressure P and temperature T K, occupies
avolume V. If m is the mass of this gas molecule, the density of this sample

15 :

m mPP
Y v (B) =T
(C} meT (D) @;T

In the following diagram switch S is closed at ¢ = 0. Voltage across the capacitor

C after 2 ms will be :

S
1 uF
1V ==
i
(A) 63V (BYy 886V
{C) 85V 0y 98V

Phy. Sei.-III 16




43. In the following circuit the transistor is working as @

1k

T
WO

ilﬁ‘u’

{AY Swilch (B  Amplifier
(C} Regulator (D}  Filter

44, Circuit below implements a filter between input current Iy and the cutput

voltage V. Assume that cp-amp is ideal. The filter implementation s :

I
oLl

g = -
Ay low pass {B) band pass
(C} band stop i}  high pass

Phy. Sci.-II1 17 [P.T.0.]




45. _ Programs are written in assembly language because they :
(A} run slower than high level language programs
(B) are portable
(C)  easier to write than machine code prograrms

(D) they allow the programmer to access registers or instructions not usually

provided by a high level language
46.  Second order low pass filter using op-amp has a roll off of :
(Al 60 dB per octave (B} 20 dB per decade
(C) 3 dBE per cctave M 40 dB per deecade

47. A DAC uses ladder of 5 V full scale output. The number of bits required

at itz input for a resolution of 5 mV will be :
(A) 1000 (B) &
(C) 10 (M 25
48.  Penning and Pirani gauges are used for measuring :
(A} Temperature (B} Light intensity

(C) Dhstance (D}  Pressure

FPhy. Sei.-111 18




49.  In an experiment, the acceleration due to gravity g is determined by measuring
the time period of a simple pendulum. If there iz an error of 1% in the
measurement of time period, the crror in the value of g will be :

Ay 0.5% By 2%
() 1% (D} ¥y

50. The number of inputs in a full binary adder are :

(Ar 4 B) &
(Cy 2 Dy &

51. The fine structure constant o i3 nearly equal to
(Ay 137 (B) 17137
(Cy 13.% Dy 1/1836

52, The Lyman-a line in Hydrogen corresponds to the transition :

(A) 2p — la Bl 2z — Ip
{Cy Bp — 2= D) 25 — 1=
53.  Which one of the following does not fall in the microwave region ?
A}y ESR (Bl Hyperfine structure
(01 Isotopic shift (D} Na vellow doublet
Phy. Sci.-I11 19 [P.T.0.]




54, The minimum energy of a non-rotating diatomie molecule in its electronic

ground state iz, (in usual netations) :
1
(A) EJ’rmU (B) g
1
(C} Zero () Ek{R—RnF
65. The jj coupling is applicable to :

{A) Hydrogen atom (B) Helium atom
{C) Light atom (I  Heavy atoms

B6. ‘The most probable transition between two electromie states of a diatomic
molecule occurs along the line of constant inter-nuclear distance’. This

statement refers to :

{A) Born-Oppenheimer approximation
(B} Heisenberg uncertainty principle
(C}  Aufbau principle

(D}  Franck-Condon principle

Phy. Sci.-I11 20
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57. Broadening of a spectral line ie vsually expressed in terms of !
(A}  half width at full maximum
(B) number of fine structure components
{(C)  resolution of the spectrometer
(D) full width at half maximum
5&. A monochromatic light beam and a laser beam are moving in free space. Identify
the frue statement :
{A) Both of them have the same speed
(B} Both of them are longitudinal waves
{C) The light beamn moves faster
(D) The laser beam moves faster
59. The reflectance in visible region at normal incidence is :
(=17 + & o+ 1% + b
W o F B a-Fed
i Dy n.k
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60. The electronmic polarizability o, of a monoatomic gas atom is ;
(A} 4neg, (B) dmeyR
(C)  4ne,RY (D) 4me R?

61.  Dielectric function e{w) at frequency w for free electron gas 13 equal to :

47ine” 1
Wi 12 B gud
LTkl Fr
| 2 z
() 4mi o i i
iy dnne

62,  Superconductors are perfect diamagnets with susceptibility :
(A) -1 (B = 107%
(¢)  +10% (D) dan

63. The energy levels with respect to the bottom of the conduction band for

Mott-Wannier excitons are given by :

—Me*
LA) Shict of (By  (hw)®
(C)  g-niwikET (D} prtesiBT

64. Effective magneton number for Ce?* 4/l 5565 is -

(A) 1 (B) 25

(0 4 15
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66,

The diepersion relation for magnons in a ferromagnet in one dimension with

nearest neighbour interaction is :

(A} ho = 4JS(1 - cos ka) (B)  w® = wy? (1 - cos ka)

i d j
2 gin = ka D) w = ak’

l\‘ —
(7] m = P 5

Consider 4 completely degenerate Fermi gas The average occupaney at 5 EF

(€ being the Fermi energy) will be -

1
(A) 1 (B 2

2

0 { =

{C) th) 3
The deviation of the charge distribution of a nucleus from spherical symmetry

can be estimated by measuring :
tA)  Electric charge

(B)  Electric dipole moment
(CY  Magnetic dipole moment

(D} Electric quadrupole moment
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68. Antineutrino is identified from neutrino by its ;

(4) Charge (B)  Mass

{C)  Helicity (In  Spin

69. Parity is not conserved in :

(4} Electromagnetic interaction

(B Wesak interaction

(C} Strong interaction

(D) Strong and weak interactions both

T0. Isospin of a nucleon is :

1
LA} 3 By 1
3 _ 5
() 2 (1) 5
Tl. Mesons are made up of :
[A) Two quarks (B} Three quarks

(C) A guark and an antiquark Dy Two antiquarke
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12,

73,

4.

5.

The contribution of surface energy term to the total binding energy of a nucleus

represented by $X is propertional to :
(A) A (B} pws
(C) A% D) ATLE
A uranium nucleas decays at rest as given;
U — 53'Th + JHe |
Which of the following is frue 7
(A} Each decay product has the same kinetic energy
(B} Each decay product has the same speed
{C} Thorium nucleus has more kinetic energy than Helium nuocleus
(I} Helium nucleus has more kinetic energy than the thorium nucleus
Cuarks have :
{A) Three flavours (B} Four flavours
(C)  Five flavours (1) Six flavours

[ v
'fEMg nuclei is

The ratio of the sizes (in terms of radii} of ﬂ“}"h and
approximately :

{A) 2 (B) 4

() 8 Dy 16
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