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Q Consider the linear differential equation ? =xy. If y=2atx =0, then the value of y at x=2 1s
X
given by
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Q2 Which of the following magnetic vector potentials gives rise to a uniform magnetic field Buﬁt 7

(A) Byzk ®)- B,

B . R B. [ - n
(C]?‘}{—_}'i+xj_] (D) ?‘}vaﬂj}
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Q3 The molecule Y0, is

{A) Raman active but not NMR (nuclear magnetic resonance) active.
(B) Infrared active and Raman active but not NME. active.

{C) Raman active and NMRE active.

(D) Only NMR. active.

wo ol A W

There are four electrons 1n the 34 shell of an 1solated atom. The total magnetic moment of the atom
i units of Bohr magneton is
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Q.5

dipole radiation selection rule?

(A) 25-1s (B) 2p-1s

(©) 2p-2s

Which of the following transitions 1s NOT allowed in the case of an atom. according to the electric

(D) 3d-2p
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In the SU(3) quark model. the triplet of mesons {;T".. T } has

(A) Isospmn =10, Strangeness = 0
(B) Isospin=1 _ Strangeness =0
(C) Isospm= 1/2, Strangeness = +1
(D) Isospin= 1/2 Strangeness = -1
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The magnitude of the magnetic dipole moment associated with a square shaped loop carrying a
steady current [ 1s m. If thus loop 1s changed to a circular shape with the same current | passing

) L m
through 1t. the magnetic dipole moment becomes P

M

. The value of p 15
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Q.8  The total power exmtted by a spherical black body of radius R at a temperature T 15 P, Let P; be the
total power enutted by another spherical black body of radius R/2 kept at temperature 27 The ratio,

PUPyis______ (Give your answer upto two decimal places)
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Q.9  The entropy 5 of a system of N spins. which may align either in the upward or in the downward
direction. 1s given by § = —kBN[ph p+(1-p)n(l1- p)] Here kz 1s the Boltzmann constant.
The probability of alignment in the upward direction 1s p. The value of p. at wluch the entropy 1s
mMaxinm, 1s . (Give your answer upto one decimal place)
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Q.10 For a system at constant temperature and volume, which of the following statements 1s correct at
equilibrium?

{A) The Helmholtz free energy attains a local numimum.
(B) The Helmholtz free energy attains a local maximum
(C) The Gibbs free energy attains a local ninimum
(D)) The Gibbs free energy attains a local maxinmm
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Q.11 N atoms of an 1deal gas are enclosed in a container of volume V. The wolume of the container 1s

changed to 4V, while keeping the total energy constant. The change in the entropy of the gas. mn
units of Nk;In 2. 1s . where kg 15 the Boltzmann constant.
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Q.12 Whach of the following is an analytic function of = everywhere in the complex plane?
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Q.13 In a Young's double shit expennment using light. the apparatus has two slits of unequal widths.
When only shit-1 1s open. the maximum observed intensity on the screen 1s 41,. When only slit-2 1s
open. the maximum observed mtensity 1s [, When both the slits are open. an interference pattern
appears on the screen. The ratio of the intensity of the principal maximum to that of the nearest
M mum 15
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Q.14 Consider a metal which obeys the Sommerfeld model exactly. If Er is the Fernu energy of the metal
at T'=0K and Rg1s 1ts Hall coefficient. which of the following statements 1s correct?

(A) R, = E.”” B) R, « E.”" (© R, = E. =" {D) R, is independent of

A =

Q.15 A one-dimensional linear chain of atoms contains two types of atoms of masses »1; and m> (where
my = nny), arranged alternately. The distance between successive atoms 1s the same. Assume that the
harmonic approximation is valid. At the first Bullowin zone boundary, which of the following
statements 15 correct?

{A) The atoms of mass w1, are at rest 1 the opfical mode, wlile they vibrate i the acoustical mode.
(B The atoms of mass m; are at rest m the optical mode, while they vibrate 1n the acoustical mode.
(C) Both types of atoms vibrate with equal amplitudes in the optical as well as in the acoustical
modes.

(D) Both types of atoms wibrate, but with unequal. non-zero amplitudes 1n the optical as well as 1n
the acoustical modes.

Q.16 Which of the following operators 1s Hermitian?
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Q.17 The kinetic energy of a particle of rest mass m, 1is equal to its rest mass energy. Its momentum in

units of MyC. where ¢ is the speed of light in vacuum 1s . (Give your answer upto two
decimal places)
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Q.18 The number density of elecirons in the conduction band of a senmconductor at a gmiven temperature

1s2%10" m~. Upon lightly doping this semiconductor with donor impunities, the number density

of conduction electrons at the same temperature becomes 4 x 10" m™ . The ratio of majority to
munority charge camier concentration 1s
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Q.19 Two blocks are connected by a spring of spring constant ¥ . One block has mass m and the other
block has mass 2m. If the ratio ki = 4 s the angular frequency of vibration @ of the two block

spring systemin 57 is . (Give your answer upto two decimal places)
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Q20 4 particle moving under the influence of a central force F(r] =—k¥ (where Fis the position
vector of the particle and ﬁi 15 a positive constant) has non-zero angular momentum  Which of the
following curves 1s a possible orbit for this particle?

(A) A straight line segment passing through the origin
(B) An ellipse with 1ts center at the origin.

(C) An ellipse with one of the foci at the origin
(D) A parabola with its vertex at the ongin
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ANS-(B)
Q21 Consider the reaction 3Mn+ e — .,Cr + X . Theparticle X is

@y ®) v, © n @) «’
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Q.22  The scattering of particles by a potential can be analvzed by Born approximation. In particular, if
the scattered wave 1s replaced by an appropniate plane wave, the comresponding Born approximation
15 known as the first Bom approximation. Such an approximation 1s valid for

{A) large incident energies and weak scattering potentials.
(B) large incident energies and strong scattering potentials.
{(C) small mncident energies and weak scattering potentials.
(D) small incident energies and strong scattering potentials.

%NS-(A) QV\

Q23 Consider an elastic scattering of particles in [ =0 states. If the corresponding phase shifi 5, is

90" and the magnitude of the incident wave vector is equal to +/27 fm then the total scattering
cross section in units of fm” is
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Q24 4 hydrogen atom 1s in 1ts ground state. In the presence of a vmiform electne field E =E,Z, the
leading order change in its energy is proportional to (E; )" . The value of the exponent n is

L\Ns-z

Q.25 A solid material is found to have a temperature independent magnetic susceptibility, y = C. Which
of the following statements 15 correct?

(A) If C 15 positive, the material 15 a diamagnet.

(B) If C 1s positive, the material 1s a ferromagnet.

(C) If C 1s negative, the material could be a type I superconductor.
(D) If C 1s positrve, the matenial could be a type I superconductor.
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Q.26

An infimite, conducting slab kept in a horizontal plane cammes a uniform charge density o .
Amnother infinite slab of thickness 7, made of a linear dielectnc matenial of dielectric constant &, 1s
kept above the conducting slab. The bound charge density on the upper surface of the dielectric slab

s

A S o
@ ® =
o Sk =2) ok —1)
© == @ =
- eE+P
P - e€—€E
= KEE —EoE
=(k-1)EFE
= [le-1) ESE
'FJ
k —
=) =) " g = kE.E
P - (2es
O = Pin \
= tk‘l]a—
A .
m . BLfLiLEV‘ﬁ@ |
Ay

Q.27 The number of spectroscopic terms resulting from the L-S§ coupling of a 3p electron and a 3d
electron 1s

—m
ANS- use Lsml‘ng cor’timent electron

Q28 Which of the following statements 15 NOT correct?

(A) A deuteron can be disintegrated by wradiating it with gamma rays of energy 4 MeV.
(B) A deuteron has no excited states.

(C) A deuteron has no electric quadrupole moment.
(D)) The 'S, state of deuteron cannot be formed.

%NS-(C) NN —

Q29 1f §,and §,are the spin operators of the two electrons of a He atom. the value of (S'l - S':} for the
ground state 15

3., 3., 1.,
(A) _Eh_ ®B) _Zh_ (© 0 D) Eh_
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Q.30 A two-dimensional square ngid box of side L contaimns six non-interacting electrons at I’ = 0 K. The

. . : T-h-
mass of the electron 15 m. The ground state energy of the system of electrons, in units of

L 15
r No Bb{lﬂ."{iuﬂ_&b -6
m -5&"1 elocteoms (25+1) = (2 ?un+f) =3
18
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Q.31 An alpha particle 1s accelerated 1n a cyclotron. It leaves the cyclotron with a kinetic energy of 16
MeV. The potential difference between the D electrodes 1s 50 kalovolts. The number of revolutions
the alpha particle makes in its spiral path before it leaves the cycloiron 1s
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Q32 Let V; be the i*" component of a vector field V. which has zero divergence. If d; = d/dx;. the
expression for € €pny 50V, 15 equal to
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Q.33 The direction of ¥ forascalar field f(x,y,2) = ~x% — xy + = 2% at the point P(1,1,2) is
2 2
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Q.34

0,.0, and o, are the Pauli matrices. The expression 20,0, + 0,0, 1s equal to
(A) —3io, B) —io, ©) io, (D) 3io,
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Q.35 A particle of mass m = (L1 kg 1s mutially at rest at ongin It starts moving with a uvmform
acceleration a = lUf ms™ at t = 0. The action § of the particle. m umts of J-s. at t = 25 15

- (Give yvour answer upto two decimal places)
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Q.36 A periodic function [ (x) of period 2 is defined in the interval (—m < x < 1) as:
) = {—1,—:!1 <x<0
L1, 0<x<nm

The appropniate Fourier series expansion for f(x) is

(A) f(x)=(4/7)[sinx+(sm3x)/3+(sin5x)/5+.]
B) f(x)=(4/7)[stnx —(sm3x)/3+(sm5x)/5— ]
(C) f(x)=1(4/7)[cos x+ (cos 3x)/3 +(cos 5x)/5+ ]
(D) f(x)=14/7)[cosx—(cos3x)/3+(cos5x)/5— ]
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Atoms. which can be assumed to be hard spheres of rads R, are arranged 1n an fee lattice with
lattice constant @, such that each atom touches 1ts nearest neighbours. Take the center of one of the
atoms as the ongin. Another atom of radius » (assumed to be hard sphere) 1s to be accommodated at
a position (0. a/2. 0) without distorting the lattice. The maximum value of #/R 1s . (Give
your answer upto two decimal places)

%NS-OAI

Q.38 In an inertial frame of reference S, an observer finds two events occurring at the same time at co-

ordinates x; =0 and x, =d. A different inertial frame 5 " moves with velocity v with respect to §
along the positive x-axis. An observer in S’ also notices these two events and finds them to occur
at tmes f; and f, and at positions x; and x; respectively. IfAf'=7, —1]. Ax'=x] —x; and

¥ o= ;,—2 which of the following statements 1s true 7
| v
Ve
(A) At =0,Ax"=yd (B) At'=0,Ax"=d/y
(©) Ar'=—yvd/c* Ax'=yd D) Ar'=—yvd[e* , Ax"=dy
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Q.39

The energy vs. wave vector (E —k) relationship near the bottom of a band for a solid can be
approximated as E = A(ka)” + B(ka)* . where the lattice constant = 2.1 A The values of 4 and

Bare 63x107 T and 3.2x107° I, respectively. At the bottom of the conduction band, the ratio

of the effective mass of the electron to the mass of free electron 1s
upto two decimal places)

(Take fi=1.05x10"* Is, mass of free electron= 9.1x107' kg)

. (Gave your answer

Etk) = mku}—rB{kﬂ}
at +he -ir«eﬂ{rin
Elk) = pa*k
e
o " -
.}_n'!' s ,_1-5}_. — _-;1?
: d°E H :?ﬂ 1
et —
2x[11}wr0”‘*<53""”
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91 x5

PHYSICS By A.SINGH Sir-199-C,1st floor,opp.-bhandari hospital,

Basant bahar colony, gopalpura

mode, Jaipur-8769828844



CSIR-NET(JRF),IIT-JAM,GATE,JEST,TIFR,BARC,DRDO,ISRO,BHU, DU, CU, RU, All
M.Sc. ENTRANCE, M.Sc.,B.Sc.

Q.40 The electric field component of a plane electromagnetic wave travelling in vacuum 1s given by

E(z,H=E gcos(kz—o 1)1 . The Poynting vector for the wave is

(A) (cs,/2)E; cos*(kz—at)]
(B) (cs,/2 )E; cos™(kz —onk
() csc,Eg cos (kz - a:-z)_:f

D caﬂE{f cos (kz—w IJIE

E(z.4t) =€ cos(kz-wt)f
K = kz = K%

P

B - C-‘—{T:XEJ' ’
= _E‘_’_kcog(kj_’—h}t)f:i x L) ‘
= %kfos{'kz-mf)j

T ENlE

Al o
= gizﬂf cos® {k'z_ th}lfJ_RJ‘)
= &l 2 2 5
20 Eacost(kz mt)i
- _Eo > cos*(kz-
EollsC

e
S = CE_EXcos*(kz- wt) =

. e»rn_h_en@
— W y 4 E e

Q41  Consider a system having three energy levels with energies 0. 22 and 3z,with respective
degeneracies of 2, 2 and 3. Four bosons of spin zero have to be accommodated in these levels such
that the total energy of the system 1510s. The number of ways mn which it can be done 1s

_ W yd
" Srhios g dowels — 0.2€.3E
;Egemﬂf_nau-* 2,2.3

c"LE‘_ €x cos? [kz—mt)k

1E =
—
[
=1
7 = ” l':'ﬂ‘ + &
o B2
= {2+2-D1 ('”3"“1
—21(2-"1 e
3] Sgles
S q
X 3w 6
e
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Q.42 The Lagrangian of a system 15 given by

L= %miz[éjz +sin’ B¢ |- mgl cos &, where m, [ and g are constants.

Which of the following is conserved?
(A) gbsinz g (B) ¢gsméb

© 2 o —2

sin & sin” 8

L = E’Tﬂil(él-l‘gihle (:Eljﬁwﬂg—gt?ﬂ&e
ﬂmaL ¢ i cyclic
cenaesoved

3
A _ a0t 2disim'e
o¢ 2 P

Ny AR ||
Q.43 Protons and e-particles of equal mitial momenta are scattered off a gold foil 1 a Rutherford

scattering expeniment. The scaftering cross sections for proton on gold and a-particle on gold are
o ,and o, respectively. Theratio o, /GP i3

Q.44 For the digital circuit mven below, the output X 1s

A
} X
B— '
|
c—o
(MA+B-C @) A (B+C)
© A-(B+C) D) A+(B-C)
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|Q.45 The Fernu energies of two metals X and ¥ are 5 €V and 7 €V and thewr Debye temperatures are 1?(}‘
K and 340 K. respectively. The molar specific heats of these metals at constant volume at low
temperatures can be written as (C, ), =7, T+ A.T° and (C, )y = y;T+ AT, where y and 4
are constants. Assuming that the thermal effective mass of the electrons in the two metals are same,
which of the following is correct?

¥ T 4 ¥ 7 4 1
INE S S x _ 1 Ax 2
()KIF 5-‘ AF B (B) Vy 5? A}' 8

wrx 3 Ay 1 Yx 3 Ay
) LE= o == =X_3
();/T 7 4, 8 ®) vy T A
A ] AN Y
We fompw that
m \ of _EI_ ( poore)
f
w A o J—:_,_ {W Wn["ﬂ)
& %) .
P L
)
>\ g MU
$ ¥a ol T '
c 'i(;_ 5 ¥ /
e ([3'40}) (2)° =8
Py |30
—_ &pﬁeﬂ@

Q46 A two-level system has energies zero and E . The level with zero energy is non-degenerate, while
the level with energy E 1s triply degenerate. The mean energy of a classical particle in this system
at a temperature T 1s

EeF/ET Ee E'kT
(A) — ®) — a7
1+3e ™" l+e ™
1 3EeE/ 5T 3Ee~E kT
(© s 14 3e 5 BT
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Z = Z giéﬁsl
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3
a —ameh .
n+ae PE)
_maeclh
Sk EY T

— ehdtien @
- m D B e
Q47 A particle of rest mass M is moving along the positive xdirection. It decays into two photons ¥1

and y, as shown in the figure. The energy of ), 1s 1 GeV and the energy of y,1s 0.82 GeV. The
value of M (in units of GeV/c?) is - (Give your answer upto two decimal places)

’,,71
M . +" 450
- ot ‘\‘
1.‘2
. 60°
*
L Y
£
- AN I
m 'Tngmﬂtufrﬂ emagruraiiem
7 PM " F\ﬁ X Ffl—
1 = & osust + E}F“’GE‘E’D& /
e
a1 A
P 0-F0F 0-Yi
B c
Po =" % GIE\J’;C
.ti—-"'w L E';' -P:.;El
cM »
- (1-82) - (1-NF)
e 3.312y - |-aMFE
pectiric ¢ =9
. 2.0648
.
H — l L{B G’IE":I// T
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Q48 If x and p are the x components of the position and the momentum operators of a particle

respectively, the commutator [12 .pg] 15

(A) 17 (xp — px) (B) 2ifi(xp — px)
(€) in(xp + px) D) 2in(xp + px)

T [_H-H i Pj
= o, p2J + [ . PN

= o (21hP) + (2RI
e - 2¥ip) %
[ e frP) 3FF [H.Pj_j

= 2{f pep+pPX)

—> ontion@
_A\V .
Q49 The x-y plane is the boundary between free space and a magnetic material with relative

permeability ;;, . The magnetic field in the free space 1s Bxf + BSFE_ The magnetic field in the
magnetic material 1s

&) Bi+Bk ®) B,i +u,B.k
© LBi+BF @) u,B.i+B.k
u,
m i /aaw T )
Lt LA

Bi» = By
= B,y = BzK
_And  Hie = Ha
: B o Bat )
,Ll‘.: _,.-u,-i-!‘:"
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Q30 1 |f= m} be the simultaneous eigenstates of I’ and L.. Here L is the angular momentum

operator with Cartesian components (L,.L ,L_ ). I is the angular momentum quantum number

and 1 15 the azinmuthal quantum number. The value of <1;l:}l|(£_t +il, )|1;—]> 15

. w7 © 21 ®) V37
Y = :

: Ly = f_—H“*'LLU :

Lo |2, -‘—Ji{.ﬂ+!)"m{m+!j'h]_ﬂ,m+1>

New
<1,0| LutiLy) 1.-1> = L1.0] L] 1,-1>
- <0l [T+ =9 Ci+D%) 1.2

< Z1,0lER]1.02

= J3% <1.0]1.0>
= EE
y 4 . AN
Q.51 For the panty operator P_ which of the following statements 1s NOT true?
(A PT =P B) P’ =-P © P =1I D) pt=p!

-~ N |
Vi e Amew Hhat, hasddy eneraten
} PP g

+ -
Pr=pP=p
pP=c
= entien(b)
> WA /
Q.52 For the transistor shown in the figure, assume Fzz = 0.7V and S = 100. If I3, = 3V, I, (in Volis)
15 . (Give your answer upto one decimal place)

10V
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g oV
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Vim = 20015 +Vge + I g =100 3k
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y.3= acl Ls 200kA
IB = C,CIJLIIE'F‘T'JH
kN
N
New o . E?M

3BIy = 10— Weut
Veut = 10 —300Tg
= [0-Y4.29
Vout = 5.3 wvells
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Q.53 The state of a system 1s given by
|w>:|¢l>_2¢z>_3¢s}
where ‘(,D]) |m2> and |¢3> form an orthonormal set. The probability of finding the system in the

state | iy ) 15 . (Give your answer upto two decimal places)
&= Py = b7 +2|0s> +310s7
NN Bﬁb’rn_ﬂ.ﬂ_LbﬂjJF’ﬂ

1A+ ulp’r+91Aal" = |
9_ IE:16 :|1
U LIRS v
New m,,;;,.
— _.I J?'f'
7, vy = 1o+ 5 b

Crobalbrility %M%ﬁm
Mmum }4¢>;:'+J>1‘

Fg
= Y = pn.2s
e, G

Q.54 According to the nuclear shell model. the respective ground state spin-panty values of ': (O and

O nuclei are
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13
SO — P:g IhT q‘ :
n=1 =(15,08)0R)
'Ll .J:ffl

5= /o
p=(-nt=-)
- ']'F'— id_

Q.55

7 3
BO o P F B .-, " ?1 2 ]
n=9 = (Is,) (If)) (1%,) {;dﬁ,g

Nsn
By
§ p=(-nt=+

_— _]'P: §+ - G{Tj,ti’fﬂ@

A particle of mass m and energy £, mowving in the positive x direction. 1s incident on a step potential
at x = 0, as indicated m the Hgure. The height of the potential is . where Fp = E. At
x = x,, Where x;, > 0 _ the probability of finding the electron is 1/ times the probability of finding

R
[2m@r, — E)

mtatx=0.If o =,/ ———— . the value of xp 1s
v n?
a
E
—_—
I _I___
x=0 x = xp
2 1 1 1
Ay — By — <y — oy —
ot ot 2 dox

alEa L e G
e
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