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HRead the [ollowing instructions carefully.

I. This question paper contains 85 objective type questions. Q.1 to Q.20 carry one rnark

each and .21 to Q.85 carry two marks euch.

rJd

Attemnpt all the questions.

3. Questions must be answered on Objective Response Sheet (ORS) by darkening the
appropriate bubble (muarked A, B, €, D) using HB pencil against the question number on
the lelt hand side af the ORS, Each question has only one correct answer. |n case vou

wish to change an answer, erase the old answer completely.

3. Wrang answers will carry NEGATIVE marks. [n Q.1 w0/ Q.20, 0.25 mark will be
deducted for esch wrong answer. Inm .21 to Q.76, @78, Q.80, Q.82 and in Q.B4, 0.5
mark will be deducted for ench wrong answer. However, there {8 no negative marking in
.77, (.79, Q.81, Q.83 und in Q.85 More than one answer bubbled against & question

will he teken a5 an incorrect response. Unattempted guestions will not carry any marks.

5. Wnite vour registration number, vour name and name of the examination centre at the

specified locations on the right hall' af the ORS.

6. Using HB pencil. darken the appropnate bubble under each digit of your registration
number and the letters corresponding to vaur paper code.

.-‘- }

Caleulutor is allowed in the examination hail
8. Churts, graph sheets or tibles are NOT ollowed in the examination hall.

9. Rough sork can be done on the question paper itsell, Additionally blank pages are given
al the end of the question paper for rough work.

I, This question paper contains 20 printed pages including pages for rough wark. Please

chieek all puges and report, 1F1here is any discrepancy,
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Some useful physical constants, symbals and formulae

Speed of light {n free space ¢ = 30 <10 my’
Alarrife mass unit amu = 1,66 <107 kg
Avogadro's number N: = 602 = 107 mole
Bohr magneton Hg = 827« 10" A m'
Boltzenann constant kn = |38 % 0P K
Electron charge ¢ = 160 % 1w ¢
Planck's conatant h = 663 % 10% 1
Rest mass of electron my = Sdlx10 kg
Reduced Planck’s constant (h/22) = 10§« (0" s
Permeability of free space M = 26 0N A"
Permittivity of free space B = 845 107 N m?

V operator in spherical coordinates:

Q.1

Q2

Q3

QA4

.3

= - iy < 1 8. ; I @
V()sFs—Ar" J1+0———(sind —
0 = “ﬁrsiné‘ﬂﬁ & j+#fﬁiﬂ5&#{ )

Q. 1 =0Q. 20 earry one mark each.
The eigenvalues of & mutrix are 1, -2/ and 3i, The matrix is

(A} unitary. (B) anti-unitary.
(C) Hermitian, (D) anti-Hermitian.

A space statton moving in a cireular orbit around the Earth goes into & new bound
orbit by firing its engine radially outwards. This arbit is

(A) a larger circle. (B a sraller gircle.
(C) an ellipse. (D} a parabola.

A power amplifier gives 150W cutput for an input of 1.5W, The gain, in dI3, is

(A) 10 (B)20 (C] 54 (3 100

Four point charges are placed in a plane at the following positions:
+Har(1,0),-Qat(-1,0), +Qat (0, Dyand -Q at (D, -] )

Al large distances the electrastatic potential due to this charge distribution will be
daminated by the

{A) monopole mamernt. (B) dipole moment.
(C) gquadrupole moment. (D) octopole moment.

A charged capacitor (C) |s cannected in series with an inductor (L), When the
displacement current reduces o zero, the energy of the LC circuit is

(A) stored entirely in its magnetic field.
(B) stared entirely in s electric feld.

(C) distributed equally among {1s etectric and magnetic flelds.
{D} radiated our of the circuit,

PH-22()
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0.6

Q07

Q.8

Q.9

Q.10

Q.11

Match the following

P, Franek-Hertz expenment electranic excitation of molecules

h
0. Hartree- Fack method 2. wave function of atoms
K. Srerp-Gerfach experiment 3. spin angular mamentum af atoms
S, Franck-Condon principle 4, eneriy levels in atoms
(A (B £C) ([
P-4 P-1 P-3 P4
Q-2 Q-4 Q-2 Q-1
R-3 R-2 H-4 R-3
8-1 5-2 5-1 5-2

The wavefunction of a particle, moving in a one-dimensional time-independent
potential F{x), is given by w(x) =e¢ ™", where a and b are constants, This means that
the potential F{z} is of the form

(A) VFix)x x (B) V(x)= ¢’
(Cy Vixy=0 (D) Vix)yor ™

The Dy and D= lines of Na {3:'PI|.J ~3 3:S|_f;. 3Pss -2 3251.-;,) will split on the
application of a weak magnetic feld into

(A) 4 and 6 lines respectively. (B) 3 lines each.
{C) 6 and 4 lines respectively. (D) 6 lines each.

In & He-Me laser, the laser transition takes place in

{A) He only. (B) Me only.
(€} Ne first, then in He. (D) He first, then in Ne,

The partition function of a single gas molecule is Z_ . The partition function of ¥
such non-interscting gas molecules is then given by

(z_y

(A) ,-:”.

By (z,)" €y NZ,) (D) (Z*T}

A solid superconductor is placed in an external magnetic field and then cooled below
its critical temperature. The superconductor

(A) retains its magnetic flux because the surface current supports it.

(B) expels out its magnetic flux because it behaves like a paramagnetic material.

(C) expels out its magnetic flux because it behaves like an anti- ferromagnetic
material,

(D) expels out its magoetic flux because the surface current induces a field in the
direction opposite to the applied magnetic field.

PH-3/20



Q.12 A particle with energy £ is in a time-independent double well
potential as shown in the fgure.

Which of the following ststements about the particle is NOT
carrect?

(A) The partlcle will always be in & bound state.

(B) The probability of finding the particle in one well will be time-dependent.
(C) The particle will be confined 10 any one of the wells,

{D) The particle car tunnel from one well to the other, and back.

Q.13 It is necessary to apply quantum statistics to & sydtem of particles if

(A) there is substantial overlap between the wavefunctions of the particles.

(B) the mean free path of the particles is comparable 1o the inter-particle sepamtion.
{C) the particles have identical mass and charge.

{D) the particles are interacting.

Q.14 When liguid oxygen is poured down close 10 s strong bar magnet, the oxyjgen stream
is

(A) repelled towards the lower field because it is diamugnetic,
(B) attracted towards the higher field because It i diamagnetic.
(C) repelied towards the lower field because it is paramagnefic.
(D} attracted towards the higher field because it is puramagnetic.

Q.15 Fission fragments are generatly radionctive as
(A) they have excess of neutrons.
(B) they have excess of protons.
(C) they are products of radioactive nuclides,
(D) their total kinetic energy is of the arder of 200 MeV.

Q.16  Inatypical npn transistor the doping concentrations in emitter, base and collector
regions are Cg, Cp and C, respectively, These satisfy the relation,

(A)Cg>Cc>Cw (B)Ca>Cu>Ce (C)Ce>Ca>Cp (D) Ce=Cc >Cy
Q.17 The allowed states for He (2p%) configuration are

(A) ‘so 'Sy, PPy 'Deand Dizs (B) 'S0, "Pu2 and Dy
(C) 'Py and Py, 5 (D) 'Sg and Py

Q.18  The energy levels of u particle of mass m in & potential 6f the form
Fix) = w, x50
= dma's”, x>0
are given, in terms of quantum numbern =0,1,2.3,..., by

(&) (n+4) heo B) @n+i)re (€ @Easdra (D) (1+d)Pw
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Q.19

Q20

Q21

Q.22

Q.23

Q.24

The electromagnetic fleld due to a point charge must be described by Lidnard-
Weichert potentials when

(A) the point charge Is highly sceelerated.

(B) the electric and magnetic fields are not perpendicular.

(C) the point charge is moving with veloeity close ta that of light.

(D) the calculution is done for the radiation zone, i.e. far away from the charge.
The strangeness quantum number is conserved in

(A) strong, weak and electromagnetic interactions.

(B) weak and electromagnetic interactions only.

(C) strong and weak internctions only.
{D) strong and electromagnetic interactions only.

.21 to Q. 75 carry two marks each.

5
The eigenvalues and eigenvectorns of the matrix [I :] are

ppind [l:][_];} (B)2, 5 and [‘:M _lJ
e 1 e s 1

A vector field is defined everywhere as F'r--};—ffzi. The net flax of F associated

with a cube of side L, with ane vertex at the origin and sides along the pasitive X, Y,
and Z axes, is

(A) 2L’ (B) 42’ () 82* (D) 1oLt

If 7 =xi + ¥j , then

(AYV .7 =0 and Ur|=F (B) V-7 =2 and VjF|=7

(©) ¥-F=2 and U=~ (D) V-7 =1 and V="

Consider a vestor =21 +3]+2k in the coordinate system (7, ,). The axes are

ratated anti-clockwise about the Y axis by an angle of 60, The vector 7 in the
rotated coordinate system (7', F, k') i

(A) (1=+3)" + 37+ (1458 (B) (1+V3)'+ 37+ (1 -3
(©) (=D + (3+43)] + 28 (D) (1=3)0 + 3 =/3) ]! + 28

PH-5/20



Q.25

Q.28

Q.27

.28

.29

The contour integral c{ = =

£ +4

i% to be evaluated on a circle of radius 24 centéred at

thie origin, It will have contributions only from the paints

Inverse Laplace transform of

(A) cos2x+Lsin2x

(C) coshx +1sinhx

Ll |
1

(B) iz and - ia

1B | i el S I=i

{n} ey =ity and =—auf]

is

i I
42 V2 2 2

(B) cosx44sinx

(D) cosh 2x +4sinh 2x

The points, where the series solution of the Legendre differential equation

3

d%y

: dy 3 =
(I—x ]—.—I-T:—'FE(E‘FH}' =0

dx Fay
will diverge, are located at

(A) U and |

(B)0and -1

(C) -1 and |

(DY % and

P | by

Solution of the differential equation ri— +¥=x", with the boundary condition that

p=i,at x=1,is

(A) y=5x" -4

Match the following

P. rest mass

Q. charge

R Tour-momentum

5. electromagnetic field

(A)
p-
Q-4
R-3
5-1

(B)
P-4

a2

E

R-1
5-3

Pl =

=

PH-620

(C) y=""s

#x' 1

timelike vecior

Lorentz invariant

tensorof rank 2

conservied and Lorentz invariant

(C) (D)
P2 P-4
Q=4 -2
R-1 12-3
5-3 S-1



Q.30

Q.31

Q32

The moament of inertia of & unifarm sphere of
radius r about an axis passing through its centre
is given hy E[ﬂr’p] -

513
A rigid sphere of uniform mass density o and
radius R has two smaller spheres of radius A2
hollowed out af it, as shown in the figure. The
mament of ingrtia of the resulling body about the
Y axis is

o Sxo RY - TmpR!

Al
{ 12 12

§5]

The Lagrangian of a particle of mass m is
mi (&Y (avY (&Y Vs s :
LT} 12 2 (2 eyt ) e  where V. W
1[(:{‘] [a‘r) +[.m]" z(x +J )+ sinat , where and o are
constanis, The conserved guantities are
(A) energy and z-component of linear momentum only.
(B) energy and z-component af angular momentum only.

(C) z-components of both linear and angular momenta only,
(D} energy and z-components of both linear and angular momenta.

Three particles of mass m each situated at x (1), x.(t) and x,(¢) respectively are

connected by two springs of spring constant & and un-stretched length €. The system

is free to oscitlate only in one dimension along the straight line joining all the three
particles. The Lagrangian of the system is

@ ;.zg:[g;j .{%]:[%ﬂgﬁ R LN
(B) L=—’;—:[%:L]=+(%J:+[%l]::-§(-’ﬁ—%'f)=+%l’;"‘1‘ff
© -5l (4T {8 st Somacn
(D) L =% [%LT +(%T -{-[%]:]—%{x, —x, ~ L} -_—g-{x, —x;— £}

PH-7/20



Q33

Q.34

Q45

Q.36

Q.37

.38

a
The Hamiltonian of a particle is H = %4- pq, where g i the generalized coordinate
and pis the correspanding canonical momentum. The Lagrangian is

5% ® 351
(C) %{[gjﬁ +q%~q’} (D) %H%]] 4;;% hf]

A toroidal coil has ¥V closeiy-wound turms. Assume the current thraugh the coil 1o be [
and the toroid is filled with a magnetic matenial of relative permittivity u, . The

magnitude of magnetic induction B inside the toroid, at & radial distance r from the
axis, is given by

(A) g, i, Nir (B) i, 2, NI ©) 2,40, NT (D) 2w Nir
r 2xr

An electromagnetic wave with E(z,)=E, cosfar 1 - kz) i is rraveling in free space
and ¢rosses a dise of radius 2 m placed perpendicular 1o the z-axis. If £ =60V m",
the average power, in Watt, crossing the dise along the s-direction is

(A)30 (B) 60 (C) 120 (D) 270

Can the following scalar and vector potentials describe an electromagnetic Tield?
PE 1) = Jyz =4

AN = Qx-an)i + (3 ~22)] + (2 - 2xe™ )k
where @ s a constant.

(A) Yes, in the Coulomb gauge. (B) Yes, in the Lorentz gauge.
(C) Yes, provided @ =0. (D} Na,

For a particle of mass m in a one-dimensional harmonic oscillator potential of the
form Vi(x) = %mm':‘ , the first excited energy eigenstate is w(x) = xe™ . The value

ofais
(AY ma 74k (B) maw/ 3k (C) mari2h (D} 2Zmer! IR

If [x, p 1= i, the value of [«", p] is

(A) Zihe* (B} ~ 2inx’ (C) 3ix* (D) —3itx’

PH-820




Q.39

(.40

Q41

X Q.43

There are only three bound states fora

particle of mass m in a one-dimensional +‘v'
potential well of the form shown in the -af2 +irf2
figure. The depth F5, of the potential satisfies - X
Wi
2x' K’ R’ h’ 2z'R
A=t Hee sl B — ¥, « 220
ma Imar ma’ i’
. 2xh 8’ 2x°h’ 507 #
() =———= W< 5 (D) = <= ;
i et mta’ ma”

An atomic state of hydrogen is represented by the following wavefunction:
o 1§32
] l r it
wir, @) =—=| — l—"—lt"'ﬂ'\.‘ﬂ.‘ia.
'illl |ty 2“'1 J
where @q is a constant. The quantum numbers of the state are

(A #=0,m=0 n=1 {(B) f=l,m=Ln=2
(CY E=)m=0n=2 (D) £=2,m=0,n=3

Three operators X, Fand £ satisty the commutation relutions
[X,Y]=ihZ, [¥.Z]=ihX and [Z,X]=ihY .
The set of all possible eigenvalues of the operator £, in units of /i, is

] ¥y .5

EA) 40, £ 43, 0% (B) {E.I.E,_.E,_. J
_ l 3 5 [ 1 1]
() {U.._E.tl.ii,i‘li-}-,...} (M ﬁ E.+2f

A heat pump working on the Camot cycle maintains the inside remperature of a house
at 229 C by supplving 450 kJ s, If the outside temperature is (' C, the heat taken, in
k) s, from the dutside air is approximately

{A) 487 {(B) 470 (C) 467 (D) 417

The vapour pressure p (in mm of Hg) of a solid, at temperature T, s expressed by

np=23-3863/T and that of its liguid phase by In p=19-30063/7 . The tnple
point {in Kelvin) of the material is

(A) 185 (B) 190 (C) 195 (D) 200

PH-9/20
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0.44

Q.45

Q.46

Q.47

Q.48

Q.49

Q.50

The free energy for a photon gas is given by F = —[f;-) ¥T*, where a is a constant.

b

The entropy § and the pressure P of the photon gas are

(r'\)s-—%ul’f‘. P=‘{r' (B) 5':%417‘. p=-20"1

(C15=§ay7'. P:%T" (D}5=~;~a£’?", P38

A system has energy levels Ey 2E; 3E;...., where the excited states are triply
degenerate. Four non-interacting bosons are placed in this system. If the total energy
ol these bosons is 5E , the number of microstates is

{A)2 (B)3 (©) 4 (D) 5

In accordance with the selection rules for electric dipole transitions, the 4°P, state of
helium can decay by photon emission to the states

(A) 2'Sy, 2'P and 3'Dy (B) 3'Py, 3'Daand 3'5,
(C) 3°Py, 3°Ds and 3°Py (D) 2§y, 3'D: and 3°Dy

If an atom 1s in the "D, state, the angle between its orbital and spin angular
momentum vectors ( L and § ) is

g 2 4 N
A) cost — B) cos™ S C) cos™' — 4y
(A) cos N (B) co NG (C) cos > (D) cos 5

The hyperfine structure of Na (3:P],—?_} with nuclear spin / = 372 has
(A) I state, (B) 2 states. (C) 3 states. (D)) 4 states.

The allowed rotational energy levels of a rigid hetero-nuclear diatomic molecule are
expressed ase, = BJ(J +1), where B is the rotational constant and J is a rotational
quantum number,

In a system of such diatomic molecules of reduced mass y, some of the atoms of one
element are replaced by a heavier isotope, such that the reduced mass is changed to
[.05. In the rotational spectrum of the system, the shift in the spectral line,
carresponding to a transition /=4 —+ J=5 1§

(A) 0475 B (B)0.50 B (C) 095 B (D) 1.0B

The number of fundamental vibrational modes of CO; molecule is

(A) four: 2 are Raman active and 2 are infrared sctive

(B) four: | is Raman active and 3 are infrared active.
(C) three: | is Raman sctive and 2 are infrared active,
{0} three: 2 are Raman active and | is infrared active.

PH-10/20



Q.52

Q.54

Q.55

A piece of paraffin is placed in a uniform magnetic field /. The sample contains
hydragen nuclei of mass m, which interact only with external magnetic field. An
additional oscillating magnetic field is applied to observe resonance absorption, [F g
is the g-factor of the hydrogen nucleus, the frequency, at which resonance shsomtion
tukes place, is given by

i.ifl.-‘-'r'H..

3z.el, gefl,

(B) (< — (D)
Zam, 4;rmf, ! Iﬂmp dmm .,

(A) &6,

Ihe solid phase of an element follows van der Waals bonding with inter-atomic
i - ) ;
potential ¥(r)=-—+ ("—I where Pand Q0 are constants. The bond length can be
r y

expressed as

[z_a%)"' [2)‘* [L“]* [Eihe
A p (B){ p (@ {20 @ (g

Consider the atomic packing factor (APF) of the following crystal structures;
P. Simple Cubic
. Body Centred Cubic
R. Face Centred Cubic
5. Diamond
I Hexagonal Close Packed
Which twa of the abave structures have equal APE?

(A)YPand Q (B)Sand T (Cy Rand 8§ (DYRand T

In a powder diffraction pattern recorded from a face-centred cubic sample using x-
rays, the first peak appears st 30°. The second peak will appear at

(A)32.8" (B) 33.7" () 34.8° (D) 35.3
Variation of electrical resistivity o with T
temperature T of three solids is sketched {on
different scales) in the figure, as curves P, Q
and R. >
Which one of the following statements '“;‘;
describes the variations most appropriately? =
0

[ emperaiure

(A) Pis for a superconductor, and R for a semiconductor.
(B} Qis for a superconductar, and P for a conductor.
{C) O is for n superconductor, and R for a conductor.
(D) R is for a superconductor, and P for a conductor,

PH-11/20



).56

Q.58

(.39

Q.60

Q.61

Q.62

An extrinsic semiconductor sample of cross-section A and length L is doped in such a
way that the doping concentration varies as N, (x) = N, c.\cy{— E] where Ny is a

constant. Assume that the mobility g of the majority carriers remains constant . The
resistance R of the sample is given by

L
A)R = exp(1.0)~1 B) R= exp(1.0) =1
(A) ‘M,U[xp( )=1] (B) w.v..[“p‘ y-1]
(C) R=— A fexp(-1.0)-1] (D) R= 3

AN, ALeN,

A ferromagnetic mixiure of iron and copper having 73% atoms of Fe exhibits o
saturation magnetization of [.3x10° A m'. Assume that the total number of atoms
per unit volume is 8 [0™ m™. The magnetic moment of an iron atom, in terms of the
Bohr Magneton, is

(A) 1.7 (B)2.3 (€) 2.9 (D) 3.8

Half life of a radio-isotope is 4% 10" years. If there are 10" radioactive nuclei in a
sample today, the number of such nuclei in the sample 4 x 10" years ago were

(A) 12810 (B) 256x10° (€) 512x10 (D) 102410

In the deuterium + tritium (d -+ ¢} fusion more encrgy is released as compared to
deuterium + deuterium (o + &) fusion because

(A) tritium is radioactive,

(B) more nucleons participate in fusion.

() the Coulomb barricr is lower for the & + 1 systern than o + of system.
([} the reaction product *He is more tightly bound.

According to the shell model the ground state spin of the 'O nucleus 15

: o 5° T
(.5-}-2—- (B) 5 (C) 5 tD)

P § R

A relativistic particle travels a length of 3x107 m in air before decaying. The decay
process of the particle is dominated by

{A) strong interactions. (B} electromagnetic interactions.
(C) weak interactions. (1) gravitattonal interactions,

The strange haryon £ has the quark structure

(A uds (B) und (CY tus (D) us

PH-12/20



Q.6

0.64

Q.65

Q.60

Q.67

A neutron scatters elastically fromn heavy nuclews. The initial and final states of the
neutron have the

(A) same enemy.

(B) same energy and linear momentum.
(C) same energy and angular momentum,
(D) same linear and angular momenta.

The circuit shown is based on ides)

operational amplifiers. tuctsas a - R
4

{A} subtractor. (B) buffer amplifier.
(C) ndder. (D) divider.
Identify the function F generated by
the logic network shown ZP-——-D__L
¥ .
..J}'
® - '
(M E=(X+Y)Z (B F=Z+Y+FX
(CYF=ZY (Y + X) (DY F=XYZ
In the cireuit shown, the ports Q, o O
end Oy are in the stata
Q)= 1, Q;=0. The circuit is now j
subjected to two complete clock 14y @ -y 0
pulses. The state of these ports JLMe—ax CLK
now becomes 1=Kk QF° 1k GF°

(A1Q:=1,Q=0  B)Q=0,Q=1 (© Q=1,Q=1 (D) Q:=0,Q;=0
The registers Qg, Qc, Qy and Qy shown in the figure

are initially in the stste 1010 respectively. An input

sequence SI = 0101 is applied. After two clock pulses, =ik 0101
the state of the shift registers (in the same sequence 0 O Q
QoQeQuQa) is

(A) 1001 (B) 0100 (€) 6110 (D) 1010

PH-13/20



Q.08

Q.69

Q.70

Far the cireuit shown, the potential 0
difference (in Volts) scross By is

ThY

(A} 48 {B)52 {€) 56 (D) 635

In the circuit shown, the voltage at test point P

is 12 V and the voltage between gate and Vop=16v P e
souree is -2V, The value of R (in k£2) is

2k0

R 42 k0L

(A)4d (B)8 (C) 36 (D) 70
When an input voltage ¥, , of the form
shown, is applied to the circuit given A R oy
below, the output voltage F,, is of the v v

form

= Sidiode
(A) (B)
= 2% =
BY B N i
v

s ) 0V B
X I”M e T

23V PEW SR

oV -

PH-14:20



Commaon Data Questions

Common Data for Questions 71,72,73:
A particle of mass /s confined in the ground state of & ape-dimensional box, extending from

x=-2L to x=+2L The wavelunction of the particle in this state is w(x) =w,,u:m§% .

where 1y, 15 8 constant.

Q71 The normalization factor g, of this wavefunction is

/ | 1 n
(B) J— cy (n i-
41 ’i{zf. l i

Q.72 The energy eigenvalue correspanding o this state is

(A)

W' Nt - I hx
- {B) —— i < [ -
2ml’ ; dimt’ : s 32mi’

LA)

Q73 The expectation value of p° (2 is the momentam aperator) in this state iy

W' [ A

A D n - ) - ) —
@) STy 2y oy

Common Data for Questions 74, 75 ¢
The Fresnel relations between the amplitudes of incident and reflected electromagnetic waves
atan interface between air and a dieleetric of refrctive index p, ane
E.wﬁ,w v mm--,ux:uir: i B e _ dcosr _"“‘Eﬂﬂ""”.

CORF + fCOS] HEOSr 4 €05
The subscripts || and L refer to palarization, parallel and normal to the plane of incidence
respectively. Here, [ and r are the angles of incidence and refraction respectively.

2

Q.74  The condition for the reflected ray to be completely polarized is

(A) greosi=cosr (A} cos{ = ueose
(C) pcosi{=-—cosr (L)) cosi= —pcosr

Q.75 Fuor normal incidence at an air-glass interface with = 1.5 the fraction of energy
reflected is given by

(A) .40 (3) 020 {C) 0.16 (1 0.04

PLI-15720



Linked Answer Questions: Q.76 10 Q.85 carry two marks each,
Statement for Linked Answer Questions 76 & 77:
In the Taboratory frame, o particle P of rest mass my I8 moving in the positive x direction with
aqn:lur?ﬁ. It approaches an identical particle Q, moving in the negative s direction with »
war-zg‘-.

.76 The speed of the particle P in the rest frame of the particle ©

Te fac 3¢ e
T g 5 ®
Q77  The energy of the particle P in the rest frume of the particle Q is
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Statement for Linked Answer Questions 78 & 79
The atomic density of a solid is 3.85«10™m™”. I electrical resistivity is L6610 0 m.
Assume that eleotrical canduction i diseribed by the Drude model (classical theary), and that
each atom contributes one conduction electron,
Q78  The drift mobllity (in m® V''s™" ) of the conduction efestrons is

(A) 6.67x107 (B) 667107 (€1 76310 (D) 76310
(.79 The relaxation fime {mean free ime), in seconds, of the conduction electrons is

(A) 3.98x107" (B)3.79%107" (C) 2.84x107" (DY 264%107"

Statement for Linked Answer Questions 80 & 81:
A sphere of radius R carries & polarization P = &F . where & is a constnt and 7 is megsured
from the centre of the sphere.
Q.80 The bound surface and volume charge densities are given, respectively, by
(A) — &4 and 3k (B)) kiF| and-3k  (C) K| and -SmkR (D) kiF| and 4nkR

Q.81 The electric field £ ata point 7 outside the sphere is given by

(A) E=0 (8) ngﬂf?;:‘_,—
(©) E:%:_’il,: (D) E:T;‘f};
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i % Tha parition function ofa single oscillstor with energy levals (4+ 1) R s given by
F .p‘l.fl Ly .”“Hl
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QB3 The average tumber of energy quanta of the cscillators s given by
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A 16 pA beam of alpha particles, having cross-sectional area |07 m* | is incident on
meﬂﬂhnnlmmmmwmm

a +' R —""Pd +3n.

Q.84  The number af alphs particles | the target per second is N
(A) 0.5 x 10M (B) 1.0 x | (C) 2.0 = 10™ (D) 4.0 x 10™

Q85 mmmmummmmnn‘. . Ifthe density of thodium is
approximated as 10° kg m™ the cross-section for the reaction (in bams) is

(A)0.1 (B) 0.2 (©) 04 (D) 08

END OF THE QUESTION PAPER
Space for Rough Work
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