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PHYSICAL SCIENCE
PAPER-II

Note : This paper contains ONE HUNDRED (100) multiple-choice/matching
questions, each question carrying TWO (2) marks. Attempt All the questions.

1. :The condition of solenoid vector field is : -
A gradA=0  ® divA=0
(C) Vx K 0 | (D) None of these
2. For matrix :
-8 1 4
1
1 -8 4
@ AT=a1 B) ATsA"
© at=-a4 @ AT =1

AT Al and I bemg the transpose of matrix A inverse of the matrix A and

- identity matrix respectlvely

3. A non-singular matrix possesses :
(A) Unique inverse _ (B) Two inverses
(C) No inverse - | (D) None of these

Phy. Sci-Il 5 | PTO]



(e P 2
4.  If flz) is analytic function of 2, a‘i"”@ If@)f s equal to :

A 2|F'@) . B) 3@y

© 4|f@| D 8|f@

5. If J, (x) is Bessel's polynomial of order n, the [, OF + [J_ ()F is :

(A) J(2/mx) cosx (B) 2/nx
€ mx D) V2cosx (nx)

6. If P, (x) is Legendre polynomial of order n then P, (1) is equal to :

A) 8 (B) 10
< 12 D 14

7. Fourier series for the expansion f(x)=xsinx in the interval -n<x<m
is :

cosx cos2x cos3x cosdx

1-4|_o08% c0s2x cos3x cosdx
(A) "2 "T13 24 @ 35

B 1'_2__cosx+cos2x_cos3x cos4x
(B) "4 TT13 24 35

ooooo

" sinx sin2x sin3x sindx

1-4 +—_—....
© 7%"737"13 24 35

1-9 _sinx + sin2x sin3x N sindx
@ 721773 *713 24 85

Phy. Sci.-II 6



- 8. The number of non-vanishing terms in the Fourier series of sin x in the interval

(-m, m) is :
(A) One o , (B) Two
(C)  Three - ' (D) lInﬁnity

9. The Laplace transform of ginhgt is

a . _ 1
— : _ —-— 8>
(A) o s>a (B) o s>a
' a : s
(C) 82+02 . . (D) 32+a2

10. What will be the probability that a card drawn at random from an ordmary-

pack is one of the court cards ?

. 9 o : ‘ 1

(A) i§ (B) 13
3 e | 4

C) 13 | ] | D) 13

11.  The number of mdependent components of the symmetnc tensor A,; with indices
iLj=12 8is:

@) 1 | | - @B 3

© 6 S D) 9

Phy. Sci-l 3 7 - [PT.0]



12. The group of order 3 is :

(A) Always a cyclic group ~ (B) Never a cyclic group
. (C) Non-Abelian group : D) Permutation group

13." - The conservation force F can be expressed in terms of potential ener'gy.r

V as :
@ -vv | B) V*V
© -V - @ vV

14.° When s’ is the impact parameter in the phenomenon of scattermg of partmles
: by a target the partlcle is not deflected and will miss the target by a distance

~of:

@ & L ® Vs
S . : | .

- (©) . | | ' D) s

15, To specify éompletely a ngld body m motion, the number of @-ordinhtes
~required would be : |

@a e | B 4
© 3 - ® 6
16 | _Inl i:hé case lof a moving frame of referén_c_e a non-inertial force is also
recognized as : .
" (A) Non-fictitious force | (B) Pseudo force
(C) Real effective force (D) Changing force

| Phy Sei.-II - 8



17 ‘The number of generalized co-ordinates for the motion of a particle constrained
 to move on the surface of a sphere of radlus a’ whose centre comclde with

the ongm of the co—ordmate system are :
@ 1 - (B) 2
©s @ 4

. 18.  The Hamiltonian of the system can also be expressed in terms of Lagranglan ‘
| ‘1) and potential ‘V’ as :

@& L-V . ® L4V

© L+2V @ 2L +V

- 19. The order of the HelniltOn’s canonlcal equations of motion is :

@ 4 | o ® 3 -
(o) 2.' - . O 1

20. If the motion of a system S' with respect to syst.em Sis along x-axls only,
| then according to Lorentz transformatlons :

A «=x - (B) x'=(x—vt)/(l--£3J"

, 2\ ,
© x'.=(x+vt)l(1—-g-.‘,-] ‘_ (D) x'=x_+vt_

Phy. Sci.-II s . ~ [PTO]



21.

22.

23.

The D' Alembertian operator in four space is given by :

1 9% 1 9

. v2 ) : V2 —_——

'(A) ' +c2 ot* ' (B)_ c® of*
1 & I
10 vz 2
© c® ot? _ Ve

If H is the constant of motion, then the value of commutator [[ p, H], H] would

be :
(A) p ® p
© » | o -p

' : 1 ' .
For the canonical transformation P = g’ 97 PQ? the suitable generating

function should be :

(@A) ¢Q . ® Qq
o £e& ® Q

' Which of the component of the electric field intensity is always continuous

._-at the 'boundary ?

(A) Tangential o ' (B) Normal

() Horizontal (@ Vertical

Phy. Sci-Il 10



25. A semicircular ring of radius R is given a uniform éharge Q, then the electric

 field at its centre will be :

KQ : . 2KQ
(A) R (B) R
KQ ’
(C) 2 TIZR2 . ‘ (D) Z‘ero

26.  If the vector potent1al A=oxx+2yy-322 satlsﬁes the Coulomb gauge, the

value of the constant a is :
A -1 " B) 0
(€)1 (D) 4

27.  An expression for the capac1ty ofa Sphencal condenser usmg Laplace’s equation

is given as :°

A _2nkab 7 . _4nkab
@ =G e ® *=G-o
: 2nkab
(©) = (D) None of these

C(e-a) _
28. A spheriéally symmetric charge distribution is given by :
| (){k/r for r<a

0 for r>a
where %’ is constant. Then :
(A) The total charge of distribution is finite
(B) Thg total chf;\rge of disfribution is infinite
(C) The dipole moment of the distribution is zero
§0)] " The total charge of the distribution is inde_tefminaﬂt

Phy. Sci.-II 11 . [PTO]



29. Whlch of the following are uniquely defined in electrodynamics ?
(I) Scalar pqtential
(_II)_ Vector Potential .Ix
(A) 1 only
.(B) II only
(C) Both
) ('D)- Neither I, nor 1I

30. A dielectric medium (€, =4) is placed in a time varying electric field
E = 100 sin (2000 = t) volt/m, then the displacement current density of the

-medium will be :
(A) 11.1 x 10® Amp/m? (B) 22.2 x 1078 Amp/m?
(C) Zero (D) 446 x 10°% Amp/m?

31 . The electrostatic en_ergy of three charges ¢, ¢ and —q located at the vertices -
of an equilateral triangle of side ‘@’ will be : |

1 g 1 ¢
(A? ane, o’ | B “Ire, @
1 ¢ 1 qzl
© 4ne, a _ D “4n € a

- Phy. Sci.-II . 12



32.

33.

34.

35.

. "I_‘he power radiated by an electric dipole radiation is proportional to

(py = magnitude of dipole moment; @ = angular frequency) :

(A) plo® | ' (B plo
'1 . 2
© o ® <%

Using' Poisson’s equation, the volume charge density for the potential

" ¢=5x"+y2~32% will be :

(A) 6e, | B) 2¢,

(C) -2¢, (D) -6g¢,

A plane elé_ctromagnetic wave travelling in free space is incident normally

_ 3 _
on a glass plate of refractive index —. If there is no absorption by the glass,

2
its reflectivity is :
(A) 4% (B) 16%

© 20% - (D) 50%
Quantum ‘mechanically the value of [(L, +L,+L,),L"] is :
@ 0 B) 310 + DA

(©) W+ 1wt D) L, +L,+1L,)

Phy. Sci.-IT 13 [P.T.0)



36.

37.

38.

39.

40.

Which one of the following respresents a plane wave function propagating

in positive x-direction ?

(A) exp(hx) | (B) kx
1 ' 5 .
| (&} JEpplE (D)  exp (—ox?)

The probability dénsity p for any wave function which is a solution of a

Schrodinger equation is always :

(A) negative ' 7 (B) complex

(C) infinite | (D) positive

A classical dynamical variable in quantum mechanics is represented by .

(A) self-adjoint operator (B) adjoint operator

(C) pseudo-operator - (D) integral operator

2

For the Stark effect on an atom the perturbation considered is due to :
(A) Magnetic field (B) Electric field
(C) Gravitational field (D) Nuclear field

The value of the principal quantum number for the third excited state in

‘Hydrogen atom is :

(A) 4 - (B) 6

- (©) 9 - - D 2
~ Phy. Sci.-II o 14



41.

42.

43.

The derivatiqn of Fern;i’s_ Golden rule is due to :
(A) ltillne-independ_ent | pe_:‘rtull'bation _theél;y

B) ‘time d.ependent pe;'turbation theory

(©) ‘Klein-Gordan equatioﬁ_

(D) Born approximation

The maximum splitting’ of first excited level in Hydrogen atom due to

p_erturbai;ion could be :

(A) One fold (B) Two fold

(C) Four fold (D) Three fold

'In WKB approximation a wave function is expanded in powers of :

(A) t o | ®

.(C)_E - , | o Vv

In the partial wave anélysis the total scattering cross-section does not depend

on :
(A) phase shift §, (B) scattering angle 0
(C) wave vector p% (D) quantum number 7

Phy. Sci.-II - | 15 | PTO]



45. 'The order of the Klein-Gordan equation is :
A) 4 T® 3
€ 2 -- O 1

4. In the equation of polytropic process pv® = constant for an ideal gas,'th;e.
process is adiabatic when : : -

(A) n - B) n=1

]
o

© n=r - (D) None of t.he'se
47. ~Ina canohical -ensemblg .: |
(A) The energy and the teinperature are constants
~ (B) The entropy and the .energy are constants
(C) The 'i:emperature and the densitj are constants .
(D) The density and the entropy .are constants
48 Parafﬁn wax contracts on solidification. The melting point of wax will :
(A) Increase with pressure |
(B) Decrease with pressure
(C) No ch;mge with pressure

.-(D) Decrease linearly with pressure
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49.

B0,

51.

The mtensﬂ:y Vs. wavelength dlstnbutlon of a black body is found to have_ :
its maximum at the wavelength A,=0. 2cm. Moreover, the total ‘energy
radiated E is measured to be 30 watts. If the temperature of the black body.

is now doubled, the new values of A, and E will be :

(A) 0.1 cm, 120 watts
(B) 0.1 cm, 240 watts
(C.)' 0.1 cm, 480 watts
D) 04 em, 60 watts

The paﬂ:ition fu_nétion of two Bose particles each. of ‘which can oocupy any_':

of the two energy levels 0-and € is -

' (A) 1.+ e‘”’?‘T + ¢ /KT '. ('B) 142K 4 o e/KT

(©) 2+e™T 4T D) ™ 4T

According to the equipartition theorem, if a coordinate in phase sp"s.ce" appeers .
quadratically in the Hamﬂtoman of the system, then the average energy

) assomated w1th that coordmate will be :

@ 5 - (B) KT
3KT . KT
© 5 R i
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52. For sodium métal there are approximately 2.6 x 1022 conducting electrons
per éms, which behave approximately as a free electron gas. From these facts,

give an approximate value (in eV) of the Fermi energy in sodium :
(A) ~ 3.2 eV | B) ~ 1.6 &V

(© ~4eV D) ~ 02 eV

K _ |
53. For square lattice according to Ismg model # = T becomes ferromagnetic

when % equals to :
(A) 04407 | - (B) 0.2747
© 0.216 | (D) 0.1128

54.  In how many ways two particles can be arranged according to Bose-Einstein
statistics ?

A) 6 o ® 9
© 3 . o o2

55. The relation between critical temperature T and inversion temperature
TIST =XT,, then X = ? '

27 | 4
| (A) 16 (B) o7
o 8 . | 16
© 37 : - D) 57
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56. For any process the second law of thermodynamics requires that the change

in entropy of the universe will be :
(A) DPositive only | | | (B) Positive or zero
(C) Zero : (D) Negative or zero
' 57.  Resolution of 8-bit DAC is :
(A) 12.5% of full range | (ﬁ) 6.25% of full range
(C) . 0.4% of full range'_ (D) 0.2% of full range
58. A mod-20 binary counter requires how many number of minimum flip-flops ?
A) 4 ' | B) &
(¢ 10 - ' D 20
69. - Hexadecimal.equivalent of binary number 710100100 is :
(A) 104 (B) 164
©) A4 | © 41

60. If voltage shunt negative feedback is applied to amplifier then bandwidth -

and input resistance respectively.
(A) Decrease, Decrease (B) Increase, Decrease

. (C) Decrease, Increase (D) Increase, Increase
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61. In TTL family output High and Input Low are respec-:tively :
(A) +24 Vto +5 Vand 0 V to +0.8 V
(B) '+é.0 Vito+5Vand 0 Vito+08V
(C) .+2.4 Vito+5 Vand 0 Vto +0.4 V
D) +2.0 V to +5Vand0Vto+O.4V 7

62. Band Reject filter to reject frequencies between f; and f2 5 > fl) can be

constructed by :
@ Connecting LPF of f; = £, followed by HPF of fo = fy in series
(B) Connectihg LPF Of. fc = f; followed by HPF of fo = f] in series
(C_) | Connecting inputs of both LPF of fCA =f ‘and HPF of f = £, and then
' summing their outputs
(D) Coimecfing LPF of fo = f, followed by LPF of fc = f5 in series
63. In JFET after piiich off the drainl current :
(;&) Suddenly increases | (B) Suddenly goes to éero
(C) ;Slow'ly décreases (D) 'Becom_es constant |

64. The output of a particular OPAMP increases 6 V in 12 ps. The slew rate

18 :

_(A) 0.5 Vs . (B) 2 paV

: 1
(C) 72 V.ps , D) 75 V1ps
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65. Time taken to én’oer a byte in parallel shift register using clock of 5 MHz

is (Neglect propagation time delay of ﬂip—ﬂops) :

(A) 0.2 micro seconds -~ (B) 1.6 micro seconds

(C) 5 micro seconds . (D) 40 micro seconds

56. Shifting a register content to left by two bit positions is equivalent to :

| (A) Divide by 2 | | (B) Multiply by 2

(é) Multiply by 4 (D) Subtract by 4
67. Which of the following ADC is slowest ?

(A) Flash converter ADC .

(B) Successive approximé.tion method ADC

(C) Sectional counter method ADCl

(D) Dual slope ADC
68. The fine structure of spectral lines is due to :

(A) L — S coupling -(B) L -J couplil;g

(C) J - J coupling (D) S — S coupling
69. At ordinary temperature the molecu‘lesr remain in their ':.

(A) Lowest vibrational level |

(B) Highest vibrational level

(C) Can remain in. any vibrational level

(D) Does not show any type of vibrations
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70.

71.

72.

73.

74.

For the outermost electron in all the alkali atoms :

(A) n is same and I = 0 (B) n is different but [ = 0
(C) Both n and I are different (D). n=1and! =0 |

In Raman Effect, Anti- Stoke s lines are spectral lines having : |
(A) Frequency lesser than that of the original hne

(B) Frequency greater than that of the original line

(C) Frequency equal to that of the original line

(D) Wavelength equal to that of the original line

What is the term éymbol of i:he ﬁrstl excited state of sodium ?
A) 3%, ‘ "~ (B) 3%,

C) 2°P,, D 27,

. Which sizes of atoms are compared which of the following is true ?

(A) Size F < size Cl, Size Na > Size Si
(B) Size F < size Cl, Size Na < Size Si
(C) Size F > size Cl, Size Na > Size Si
(D) Size F > size Cl Size Na < Size Si

In Stern-Gerlach experiment set-up identify the correct statement from the
following :

(A) Silver atoms and uniform magnetic field were used
(B) Silver atoms and non-uniform magnetic field were used
(C) Silver atoms and uniform electric field were used

(D) Silver afoms and non-uniform electric field were used
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75. Which of following is True for LASER produced light beam ?

(A) The light is highly mbnochromatic, highly coherent, strongly divergent
anci highly intense

- (B) The light beam is_r highly monochromatic, highly coherent, strongly

convergent and highly intense

(C) The light beam is non-monochromatic, non-coherent, almost parallel and
highly intense

(D) The light beam is highly monochromatic, highly coherent, almost parallel

and highly intense

76. Tﬁe lifé -tifne of an atomic state is 1.0 nanosecond. The.natural line width
| - of Spectrai lir;e'in the emission spectrum of this state is of the order of :
(A 36 x 10710 oV (B) 4.1 x 107 ov o
©) 414 x 108 &V . @ 624x10% eV
77. An atom is in 2 P;,,,z state. Associated Lande’s g-factor is
@ e ® w3
©) 12 O 273

78. In a transition from 1D2 to 1P2 in the presence of magnetic field number

of domponerit lines which appear are :
(A 9 , - (B) 6
© 3 ' (D) 4
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79. Assume that the elemental atoms are hard spheres of radius r, what is the |

maxnnum packing rate ¢, when this element crystallizes into the diamond o

structure ?
(A) 0524 | (B) 0.680
© 0740 . ® 0340

- 80. What is the volume of face centred cubic lattice for order 1 having lattice

- parameter “q” ?

@ @n/ey __ | ® ‘2@r/ap

. ¢ - . 1 3
- (© 4@n/ay S D) (;)

2

R e B
81.  The total energy of an ionic solid is given by an expression E'=_ Y P— +r_9 ,
where o is Madeluhg constant, 7 is the distance between the nearest neighbours
in the crystal and B is a constant. If ro is the equilibrium separation between

the nearest neighbours theh the value of B is :

ae’r! - R ae’r?

@ 36n e, B) 4ne,
- 20e’r)° | ae’r,’
© Toge, - D 36ne,
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82. The phonon dispersion for the one-dimensional diatomic lattice with masses

my and my and spring constant k is given by :

PR W vy
my My (my+my) 2

* where a is the lattice constant. The velocity of sound is :

k(m, +my,) S | ko
_2m1mg @ B) 2(m1+m2)a

(©) mamy, G 2(ml+m2)9

- 83. The energy'of an'elecﬁ'on near the bottom of the band as a function of its

A)

1
wave vector % is given by E(k) =E,-B+ 213(12122 where Eo, B and a are

constants. The effectlve mass of the electron near the bottom of the band -

is : |
2R | R

@ pF ®) zp7
h2 - . i h2

© mF O 7

84, The relation between electron velocity Vg at the Fermi surface in the caser

of an 1deal Fermi gas in three-dimensions and electron concentration n is-

expressed as :
(&) V,an . ® Vean®
" © . Vean ' | ®) V, an"
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.85. Which one of the following cannot be 'expléined by considering a harmenic

approximation for the lattice vibrations in solids ?

(A)

(©

.Delby’s T3 law | (B) Dulong Petit’s law

Optical branches in lattices - (D) Thermal expansion

86. The width of the energy gap of a sﬁperconduétor is maximu

(A)
(B)
©

(D)

0K

Transition temperature
Room temperature -

None of the above

87. Heat capacity of superconducting state is proportional to :

(A)

(c)

KpT | (B) KgT?

.KBT3 ' D) %sr

m at :

[}

88. In a Hall effect experiment, the Hall voltage for an intrinsic semiconductor

is negative. This is because (symbols have their usual meaning) :

(A)
(©)

Phy. Sci.-II

n=p ‘ . B) n>p
B, >n, D) m,>m,
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89.  Which one of the following schematic curves best represents the conductivity

6 with temperature in case of metals ?

(A 4 ’ _ _ (B) 'y
s) (4
> T > T
0 0
© 1 ® ¢
g (4]
> T > T
0 0 _

90. Density of nucleus is :
(A) 3.97 x 1017 kg m™® (B) 2.97 x 1017 kg m™3.
© 224 x 1017 kg ™ (D) None of these
91. Choose the wrong stateﬁent from the follbwiné :. |
(A) Nuclear forces are saturated
(B) Nuclear force is charged independent
(C) Nuclear forces are séin independent

(D) Nuclear forces does not contain non-central component
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.92,

93.

94,

95.

96.

. Which of the following nuclear models explains nuclear fission ?

(A)- Shell model " (B) Collective model
(C) Liquid drop model (D) Optical model

Stability of atomic nucleus is not influenced by :

' (A) Mass defect | (B) Binding energy

(C) Neutron-proton ratio (D) Ionisation potential

- If the range of nuclear force is 1.4 fin, then the mass of exchanged mes'on.

will be.bf the order of :
(A) 70.85 MeV (B) 140.70 MeV
(C) 25650 MeV D) 470.8 MeV

The energy level splitting AE due to spin-orbit interaction in the nuclear single

particle shell model (spm) is :
(A) AE o (2 + 1) - (B) AE o (25 + 1)
(C) AE o (1 + s) o D) AE « (20 + 1%

B decay is not the disintegration of free neutrons but is overall property

of :
| (A) Neutron - (B)' Nucleus'
(C) Proton o (D) Atom
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97. In a colliding beam experiment, proton and anti-p.roton of rest energy 1.0
GeV moving in opposite directions with enei'gy corresponding to 5.0 GeV ea_ch

colliding heads on. The collision energy in centre of mass will be :
(A) 12.0 GeV | - (B) 10.0 GeV
(C) 8.0 GeV | D) 6.0 GeV-
98. The reaction : -
n+P=% +K*
(A) can t#ke place by weak interaction
(B) is striétly forbidden
(C) c#n takg place by strong interaction
(D) can take pléce by electromagnetic interagtion
99. The quark structure of A** -is :
@A) ddad | ®) U d-u:j
© @uw B @ s 9)
100. Which—rof the following reactions is forbidden by Baryon conservatior; ?
(A k' >ner ' (B)l kF+d->n+327
© .k"—n\”_p.-i;-r‘l (D p‘+p—)4°+rp
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