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I.

II.

Hall Ticket No.:

Please enter you Halt Ticket Number on Page 1 of this question paper and
on the OMR sheet without fail.

Read carefully the following instructions:

1. This Question paper has two Sections: Section A and Section B

2. Section A consists of 25 objective type questions of one mark each'

There is negative marking of 0.33 mark for every wrong answer.

The marks obtained by the candidate in this Section will be used for resolving

the tie cases.

3. Section B consists of 50 objective type questions of one ma"rk each.

There is no negative marking in this Section.

4. Answers are to be marked on the OMR answer sheet following the instructions

provided there upon. An example is shown below

100 @ @o@
Only Non programmable Scientific Calculators are permitted. Mobile phone based

calculators are not permitted. Logarithmic tables are not allowed.

Hand over the OMR answer sheet at the end of the examination to the Invigilator'

This book contains 24 Pages

6.

III. Values of physical constants:

c: 3 x 108 m/s; h: 6.63 x 10-34

e : !.6 x 10-1e C.i 1t'o 
: 4n x I0-7

J.s; ks : 1.38 x 10-23 JfK
Henry/m; €o : 8.85 x 10-12 Farad/m



SECTION A

1. rhe inverse "t ( ; 7 ), 
bt' alois

(B) # (i
(c) # (:,
(D) i- (-:

Which of the following is an appropriate Lagrangian for a charged particle (of charge

q, mass rn ) in an electromagnetic field with scalar potential / and vector potential ,4?

(A) 7: |mt2 - q(6 - A n
(B) 7:lmf2-q(O+A'i)
(C) 7:f,mi2+q(O-A-i)
(D) 7: f,mfz + q(O + A'F1

fdz
The integral l"h. where C is the contour such that lzl :2 is

(A) 0

(B) ni,

(c) ry

(D) t

n l,' fi70':
(A) 1

(B) iTl4

(C) tan-L $
(D) bsrt

)
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(A) ( :, 
*:
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5. In a quantum mechanical coulomb system, the energy levels are :

(A) equally sPaced'

(B) with spacing that increases with rz2'

(C) with spacing that decreases with n2 '

(D) with spacing that decrea*ses with n'3'

6. If L : |mf2 + # be the Lagrangian of a system (particle) under a central force force,

then what 
"..-iii,,i'.onserved 

quantities associated rvith the motion of the particle?

(A) EnergY and anguiar momentum

(B) Energy, angular momentum, and Laplace-Runge-Lenz vector

(C) Energy, angular momentum, and radial distance

(D) Energy, angular momenturn, Laplace-Runge-Lenz vector and radial distance

Z. A charged particle moving in non-zero perpendicular electric and magnetic fields follows

a

(A) Circular Path

(B) Eliiptical Path

(C) Helical Path

(D) Straight line

g. A dipole of dipole moment P is placed in the external .d. The force acting on the

dipole is given bY

(A) -F"E
(B) vx(FxE)
(c) -F .E
(D) vtF. El

g. A student obtains a large amount of data which she has to numerically fit using one

of the given methods. Which method would be suitable for fitting her data?

(A) Gauss Jordan Method

(B) Trapezoidal Method

(C) Lagrange's interPolation

(D) Newton-RaPhsonmethod
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10. An electron and a proton are injected into a uniform magnetic field perpendicular to
' it with the same momentum. Which of the following is true?

(A) Radius of curvature is less for electron

(B) Radius of curvature is more for the electron

(C) Radius of curvature is the same for both

(D) They both move in straight lines'

11. There are 4 particles in a one dimensional box of width .L with hard walls. If they

are fermions, the total ground state energy is ,Op, if bosons, it is .Es and if they are

classical particles they the energy is 8"1. Which of the following is true?

(A) Ep: En - Ect

(B) Er ) En : E"r

(C) Ep z-86 1861

(D) Ep ) Es ) 8"1

12. At the Brewster's angle the reflected light from the dielectric is polarized

(A) parallel to the plane of incidence.

(B) perpendicular to the plane of incidence.

(C) may have any arbitrary polarization.

(D) depends on the nature of the dielectric material'

13. What is the coordination number of FCC crystal?

(A) 6

(B) 8

(c) 12

(D) t6
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Thebinarynumberl0ll0ll0isequivalenttothedecimalnumber

(A) 180

(B) 64

(c) r82

(D) r32

lb. For operators A and B satisfying the relatiott [i, B] : i'

lA,B'l is given bY

(A) AB

(B) B

(c) 28

(D) A

16. At what value of the speed u does the de Broglie wavelength of a micro-particle equal

its ComPton wavelength?

(A) ,: #
(B) u:t
(c) u:c
(D) ,: *

17. In the nuclear Process
uctt --+ rBtt + e+ + x

X stands for

(A) neutron

(B) neutrino

(C) antineutrino

(D) photon

18. A spring of constant k is stretched a certain distance' It takes twice as much force to

stretch u r""orra rpri'g to half the distance. The spring constant of the second spring

is

(A) k

(B) 2k

(c) 4k

(D) 8lc

14.
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19. Isospin symmetry implies that

(A) electron and proton are indistinguishable.

(B) electron and neutron are indistinguishable.

(C) eiectron and photon are indistinguishable.

(D) proton and neutron are indistinguishable.

20. In beta decay which of the following invariances is violated?

(A) Gauge Invariance

(B) tanslational Invariance

(C) Reflection Invariance

(D) Rotation Invariance

21. The electron energy states in a solid are shown in terms of bands. In a semiconductor
we have electrons in the conduction band, inner bands and valance bands. Which of
the following is correct?

(A) The upper most band is the valance band.

(B) All semiconductors are electrically neutral.

(C) With increase of temperature , the resistivity of a semiconductor decreases.

(D) Addition of a small amount of impurity III and IV group element to a pure

semiconductor increases its resistivity.

22. A resistor in a circuit dissipates energy at the rate of 1 W. The voltage across the
resistor is doubled, what will be the new rate of dissipation

(A) .25w

(B) 4w
(c) 2w
(D) .5w

23. The root mean square velocity of molecules of mass m of an ideal gas at temperature

Tis

(A)

(B)

(c)

(D)

0

tikrv;
lkr!^
lTkr

V*"
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24.

25.

which of these ions cannot be used as a dopant in germanium

qemi-conductor

(A) As

(B) B

(c) sb

(D) N

A pipe closed at one end and open at the other end has length .L.

of sound, then the fund,amental frequency of this closed pipe is

(A) #,
(B) #,
(c) *
(D) *

to make an n-tvpe

lf cu is the velocity
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SECTION-B

The action of a linear operator O on an element r(f) of the vector space of all polyno-

mials in f is given by or(t): r(t- 1)' then o*tr(t) is given by

(A) '(i - 1)

(B) c(t + t)
(c) r(| +t)
(D) "(?-r)

The solution of the second order differential equation # - Z# - 39 : 6 is

(A) c1e-r * c2e3r

(B) c7e-s* *'c2e'

(C) cLe-t + c2e3' - 2

(D) c1€-r I c2e3r + 6

Which of the following are the eigenvalues of the matri* ( 2 i \
. 1-i 2)

(A) l-i,1+i

(B) 1,3

(c) 2,2

(D) i,-i

26.

27.

28.

29. Lparticle emerging from an accelerator has relativistic energy L\Gev and relativistic

momentum Sry' The rest mass of the particle is

(A) 0.25 ry
(B) 1.20 ry
(c) 2.ao s-f
(D) 6oa ry

30. For 0 < , < zr, the matrix (:::: -:tt,') has distinct complex eigenvalues '\r and '\z',rrv rrruulaJr 
\sinf cost f

For what value of ,, 0 < t --7r, is )r * )z : 1?

(A) iT 16

(B) 7, l4
(c) r13

(D) r 12
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31. A particle is trapped in a one dirnensional potential given by V(r) : |ter2. lt a time

I : 0 the state of the particle is described by the wave funcntion t!@) : cl4s@) *
cz!tr(r), where ,1.,"(*) is the eigenfunction belonging to the eigen value 8".
The expected value of energY < E > is

(A) Ln"A? + 3c!)

(B) Lhu
(c) Ln td + zcl)

(D) *r-r(q+2c2)2

Motion of ripples of short wave length on water,is controiled by surface tension S'

Phase velocity of such ripples is given by Vo : (#)',wherep is density of water.

What is the group velocity for disturbance mode of wavelength close to ,\?

(A) ve

(B) tvo
(c) Lrv,

(D) lvo

Which of the following is an eigenstate of the Pauli matrix a"

(A) (l)

(B) (1,)

(c) (l)

(D) (l)
The arnplitude of the resultant wave obtained by adding Et : Eosinof and E2 :
Eosin(wt + 60) is

(A) E,: tfiEo
(B) E,: t/2Eo

(C) E, : }EO

(D) E, :2Eo

32.

33.

10
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35. Force per unit area between two parallel infinite current sheets with current densities

)1 and ,\2 in the same direction is

(A) *+&
(B) *+&
(C) 4p,s^,1\2

(D) 2p,s^i),2

The dipole moment of a thin charged rod bearing charge density p : )d(r)6(9) for

z e (-a,a) is

(A) lxa3z
(B) Sxa3z
(c) fsasz
(D) ltasz

The electric field of a plane electromagnetic wave propagating in free space along

z_direction is given * E1r,t) : Eocos(/cz - wt)i. The time averaged value of the

Poynting vector (< ^i t) for such wave is

(A) lesnfiz
(B) lesEfi2
(c) ficnfrz
(D) |cesDfr2

38, Two linearly polarized light waves of same frequency and amplitude are superimposed

such that their polarizations ale perpendicular to each other' What should be phase

difierence between these two waves to generate circularly polarized light

(A) 7t

(B) 7,12

(c) rl4
(D) r l3

39. The solution to the Schriidinger equation for a particle in an infinitely deep potential

well indicates that in the middle oi trru well, the probability density vanishes for

(A) ground state (n: 0) only

(B) .state 
of even n(n:2,4,6,"')

(C) states of odd n(: !,3, 5, ' ' ')

(D) all states (n : L,2,3,' ' ')

37.

11
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40. The probability of occupation of a quantum state with energy 0'10 ev above the Fermi

energy to the occupied at temperature 800'K (with k :8.62 x 10"5 eVlK) is

(A) ro%

(B) sr%

(c) re%

(D) eo%

41. For the relativistic decay A ---+ B + C, with A at rest, the energy of B is

(A) W#P
(B) w##
(c) w#vt
(D) wwvz

42. Anucleus of ma^ss M emits a ^l-ray photon of frequency z' What is the loss of internal

energy by the nucleus?

(A) hu

(B) h2u2 f 2Mc2

(C) hzv(L + hu l2Mc2)

(D) hu(L * hul2Mc2)*

43. In a Flank-Hertz type experiment, atomic hydrogen is bombarded with electron and

excitation potentiais are found at 10.21 V and 12.10 V. The wavelengths of different

lines of spectrai emission accompanying theser excitations are?

(A) 121.5 nm, 102.5 nm and 656'7 run

(B) 121.5 nm, 102.5 nm

(C) 121.5 nm, 102.5 nm and 242 nm

(D) 121.5 nm, 102'5 nm and 205 nm

L2
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44. According to BCS theory the attraction between the electrons of a Cooper pair is due
to

(A) weak force

(B) vacuum polarization

(C) Casimir force

(D) exchange of quanta of lattice vibrations.

45. The primitive translation vectors of a two-dimensional lattice are

a: zt + j and 6:2j

assume that the third vector and of the lattice is along z-axis with unit magnitude
(d: k). The primitive translation vectors of its receprocal lattice is

(A) t : ri and b-. : ;(-i + Zi)

(B) t :2ni and b'. : n(i + i)
(C) t : r(i+ i) and 6. : "(i - i)
(D) f :n(i-7) and6.:"(i+i)

46. A metal has free electron density 2 x !028 f m3. The charge relaxation time is given by

7.1 x 10-14 sec. The static conductivityy of the metal is given by

(A) 4x 107mho/m

(B) 8x107mho/m

(C) 15 x 107 mho/m

(D) 30 x 107 mho/m

42. The total parity of any quantum rnechanical sta,te { with intrinsic parity rfu11 and orbital

angular momentum I is given bY

(A) wor : rl,te])I
(B rlror: n+Gt)'+t
(c) rYror : (n,t, + 1)

(D) Tror: ?t,p - t)'
48. The angular resolution of a telescope is given by

(A) ry
(B) Y
(c) '#
(D) ry

13
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The mediat or W of. the weak interaction has a mass M : 80 Gev f c2 . In the framework

of a Yukawa like model, the range of the weak interaction is

(A) 2.5 x 10-15 m.

(B) 2.5 x 10-18m.

(C) 2.5 x 10-15m.

(D) infinite.

If h be the step size the local truncation error for the fourth order Runge Kutta Method

is of the order of

(A) ira

(B) lrs

(c) h

(D) 7z

A committee has 6 ladies and 5 gentlemen. A 5-member subcommittee is to be selected

at random from these 11 comrnittee members. Find the probability that the committee

has 2 ladies and 3 gentlemen

(A) 2001462

(B) 811462

(c) r501462

(D) 2401462

b2. A gas consists of non-interacting and identical particles, whose energy depends on its

momentum in a non-trivial way. , : Clpl". The energy per particle in the gas is found

to be [you may use I dm"-t"-' : f[a]]

(A) 3r12

(B) ir
(c) 

"r(D) ir

51.

L4
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53. Molecular oxygen has a net magnetic spin s-unity, i.e. s, is guantized to _1,0,+1.
The pa.rtition function z of such a system in a magnetic field E11Z i" given by

": *i.(#t"u'"+ 1+ e*oun)N

The average magnetic dipole moment is given by

(A) *r(ffi)
(B) Nr(ffi)
(c) *r(ffi;h)
(D) ur(ffi;h)

54. Which oi the following relations (with the eigenstate of angular momentum operator)
is most appropriate

(A) 0 < (rhml(Li+ Llyr1,t,^) l\L2QQ+L) _*r)
(B) o 3 (,bu*l(L?+ L?ltrtt^) 1(t(t+\h2
(c) m2rt? I (rbu^l(Lr,+ Lillrl,L^l < (t(t + r)

(D) trr, < (1,,*10? + L?)lrt,,*) S (,(, + 1)

55' In a one step random walk, you flip a coin, if it is heads you take a step, if it is tail,
you do not take a step. If all your stepsizes are equal (1 cm), for a walk of 10 steps
what is your probability of reaching any point less than 10 cms?

(A) Llrc
(B) r12

(c) 2l1o

(D) 2/5

56. Suppose that we measure the acceleration due to gravity g, using a simple pendulum.
The period of such pendulum is given by ? : ,"r/1, where / is the length of the
pendulum and 7 is the time period. In a particluar measurement , the errors in
measuring I and 7 are}.lYo and0.2Yo respectively . The percentage error in measuring
g is given bv

(A) .0.1%.

(B) L%.

(c) 0.3%.

(D) 2%

15
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57. The invariant mass spectrum of Ao and a'+ in the reaction K0 +p -+ Ao +zr+ +zr- shows
a peak Yi, at 1385 MeV with a full width of 50 MeV. The strangeness, hypercharge
and isospin of Yr* are

(A) ,S:-1,Y:0, 1:1
(B) ,S:0,Y:0, I:l
(C) 5: -1, Y :0, I :0
(D) ^9:0,Y:L, I:0

58. In a certain colliding-beam storage ring, protons of energy 30 GeV collide head on. The
energy that a single proton must have to give the same centre-of-mass energy when
colliding with a stationary proton is

(A) 1 Gev

(B) 30 GeV

(C) e00 GeV

(D) i800 GeV

59. The decay LL- I e* + "y is not observed because

(A) Baryon number is not conserved.

(B) Strangeness is not conserved.

(C) Lepton number is not conserved.

(D) Isospin is not conserved.

60. The probability for an event occuring is given by the Poisson distribution defined by
W(n): #"-^.If ) is the mean number of events, the variance of the distribution is
given by

(A) .\

(B) 
^12(c) 2A

(D) 0

61. If u is the velocity of a galaxy and r is its distance, then according to Hubble's law

(A) a 6. r3

(B) ,roi
(C) a 6.r
(D) uoi

16
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62. The cutoff wavelength of T Es mode in a rectangular wave guide of dimensions a and

bwitha>bis

(A) al2

(B) 2a

(c) r(b12)

(D) Jffi +F 1z

63. If a uniform electric field is directed along z-direction the diagonal components of

Maxwell's stress tensor will be

(A) 7,, : 0, Tsa : 0,7"" : 0.

(B) T*' : 0' Toa : 0,7"" : lesEl
(C) T*,: .-Lurn|, Tcy: -t on\,7"": ironS

(D) 7,, - iron|, Tya : Lron|,7"" : o

64. What is the contour integral of f (z): 1*22 in anti-clockwise sense over aunit square

with corners at the four points (0,0)(1,0), (0, 1) and (1, 1) at the origin in the complex

plane?

(A) 8nl3

(B) zzr (t + f)
(c) zn (t + f)
(D) 0

6b. There are N non-interacting, identical but distinguishable particles in equilibrium at

temperature ?. Each of the particles can be in only two energy levels' One of them

which is non-degenerate has energy zero (0), while the other is doubly degenerate with

energy zkBT. Find ttr. approximate value of N if the mean energy of the systern is

100 kBT

(A) 34

(B) 235

(c) 1000

(D) 540

T7
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66. A half-wave plate (FIWP) is introduced between two crossed polaroids PI and P2.

The optics axis of (HWP) makes an angle 15o with the axis of P1. If an unpolarized

beam of intensity .Io is normally incident on Pl and 12 is the intensity after P2 then

I2f Io is given by

(A) h: *

(B) x: i
(c) h:i
(D) tfi: t

67. Ina FET Vp1 is the pinch-offvoltage f<lr a gate-source voltage (Vcs) :. If the gate is

now reverse biased, then which of the following is true for the pinch-off voltage Vpz at

this value of cs

(A) Vpz l Vpt

(B) Vpz ) Vpt

(C) Vpz: Vpt

(D) Vp2 is independent of. Vp1

68. In an abrupt p - n junction, the doping concentrations on the pside and n-side are

/VA: gxr6f cc and Np: 1 x 1016f cc. If the p-njunction is increase biased and the

total depletion width is 3 pm, then the value of depletion width on the donor side is

(A) 2.7 pm

(B) 0.3 pm

(C) 3 pm

(D) 0.27 p,m

69. The dual of the Boolean function F : AB + AC * BC is

(A) 6+n)(A+O@+e)
(B) (A + B)(A + c)(B + c)
(c) Aa+Ac+Be
(D) aB+Ae +Be

70. The state of a J - K flip flop goes from "1" to "0" after applying a clock pulse (that is

Q(t) :1 and QQ + 1) : 0). Which of the following is the correct and complete input
combination?

(A) J :0 and K: 1

(B) J :0 and K: X
(C) J:XandK:1
(D) J:landK:1
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A transmission line of length of I has characteristic impedance Ao. The line is cut into
half. The vaiue of characteristic impedance becomes

(A) +
(B) ?
(c) izo

(D) ZO

Antenna t has radiation resistance twice that of antenna 2. It implies that

(A) Antenna 2 delivers double power to space from antenna 1.

(B) Antenna 2 delivers half power to space than antenna 1.

(C) Antenna 2 delivers quarter power to space than antenna 1.

(D) Antenna 2 delivers equal power to space as anterma 1.

For a two-dimensional free electron gffi, the electron density n and the Fermi energy
Ep are related by

72.

, ,),

(A) n --
(B) n:
(c) n:
(D) n:

(2mEp)3/z--TaF-
mEr
nh2

mEp
2nh2

(2mEr)tlt
th.

74. The temperature (?) dependence of magnetic susceptibility (X) of a ferromagnetic
substance with a (Curie)temperature (f") ir given by

(A) f4, for T 17"
(B) f4, for T ) T"

(C) ft", fo, T ) T"

(D) fiA tor all temperatures,where C is a constant.

A flat circular disc of radius a has uniform charge density -o from its center upto
a certain radius r and uniform surface charge density *o from r Lo a. Total charge

on disc is zero. If the disc is moving with angular velocity o about its axis passing

through the center, find its magnetic moment rn

(A) -#
(B) *f

75.

19


