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PH: Physics

Duration : Three Hours

Read the following instructions carefully.

1. This question paper contains 85 objective type questions. Q.1 to Q.20 carry one m
each and Q.21 to Q.85 carry twe marks each.

2. Auempt all the questions. O

3. Questions must be answered on Objective Response Sheet (ORS) by ing the

appropriate bubble (marked A, B, C, D) using HB pencil against sti@n number on
the left hand side of the ORS. Each question has only one G er. In case you

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

4. Wrong answers will carry NEGATIVE marks. Q.20, 0.25 mark will be
.78, Q.80, Q.82 and in Q.84, 0.5

However, there is no negative marking in

deducted for each wrong answer. In Q.21 t

mark will be deducted for each wrong ans

Q.77, Q.79, Q.81, Q.83 and in Q.85 hanone answer bubbled against a question

will be taken as an incotrect responis. mpted questions will not carry any marks.
5. Write your registration number, name and name of the examination centre at the
specified locations on t alf of the ORS.

graph sheets or tables are NOT ailowed in the examination hall.

h work can be done on the question paper itself. Additionally blank pages are given
at the end of the question paper for rough work,

10.  This question paper contains 20 printed pages including pages for rough work. Please

check all pages and report, if there is any discrepancy.
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Some useful physical constants, symbols and formulae

Speed of light in fres space e = 30 x10°ms”
Atomic mass unit amu = 1.66 107 kg
Avogadro’s pumber Ny = 6.02 x 10” mole
Bohr magneton ity = 927 x 107 A w'

Boltzmann constant

Electron charge

Planck’s constant

Rest mass of electron

Reduced Planck’s constant {(hi2x)
Permeability of free space
Permittivity of free space

V operator in spherical coordinates:

L38x 1o J K

160 x 107 ¢

663 1075

9.1 =107 kg
10510 15

126 < 10N A2
8.85 x 1" L z\@f \ m'ﬁ_

&E@EYSE
Bonouou o

()= Piiiri )+ 6*-—--——-~—(st }«z« ¢
fer
Q. 1~ Q. 20 carry one mark eu@
Q.1 The eigenvalues of a matrix are 4, -2/ and 3i Th {rixai
{A) unitary, itary.
(C) Hermitian, i-Hermitian,

around the Earth goes into a new bound

Q.2 A space station moving in a cir
orbit by firing its engine radi This orbit is
(A} a larger circle. (B) a smaller circle.
{C) an ellipse. (D) a parabola.
Q.3 A power amplifiglgiv %ﬂ‘ output for an input of 1.5W, The gain, in'dB; 3
(A) ta (B)20 (C) 54 (D) 100
Q4  Four ;mm es are placed in a plane at the following positions:
+ t(I,&), ~Gat(-1,0), +Qat(0, 1) and -Q at (0, -1).
e distances the electrostatic potential due to this charge distribution will he
ted by the
(A) monopole moment, (B) dipole moment,
(C) quadrupole moment, (D) octopole momenit.
Q.5  Acharged capacitor (C) is connected in series with an inductor (L), When the

displacement current reduces te zero, the energy of the LC circuit is

(A) stored entirely in its magnetic field,

(B) stored entirely in its electric field.

sfributed equally among its electric and magnetic fields.
adiated out. ef the circuit.
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Qb

Q.7

. bg

Q9

_P. Franck-Hertz experiment 1. electronic excitation of molecules
Q. Hartree-Fock method 7. wave function of atoms
R. Stern-Gerlach experiment - 3. spin angular momentum of atoms
S. Franck-Condon principie 4, energy levels in atoms
(A) () © (D)
P-4 P-1 P-3 P-4
Q-2 Q-4 Q-2 Q-1
~R-3 R-3 R-4 ;
- 8-1 §-2 S-1

Match the following -

The wavefunction of a particle, moving in a one-dimensional
potential ¥(x), is given by w(x)= &~™* where a and b are constants. is pleans that

the potential F(x) is of the form

TS
(A) V(x) = x (B) ivcx))(D
.-

©€) ¥(x=0 (D) V(x

The Dy and D; lines of Na (3°P12 = 3781 3 W1 25, ,) will split on the

application of a weak magnetic field into

(A) 4 and 6 lines respectively. lines each,
(C) 6 and 4 lines respectively. 'D) 6 lines each.

In a2 He-Ne laser, the lase; es place in

(A) He only. (B) Ne only.
(C) Ne first, thegyd (D) He first, then in Ne.

The partition 1ictigl of a single gas molecule is Z, . The partition function of N
such no 'nter%tmg gas molecules is then given by '

o) NZ) @)
8) (Z.)' ©) Mz, () 2

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 -m'&g“etic;ﬂux because it behaves like an anti- ferromagnetic

([)) expels out its magnetic flux because the surface current induces & field inthe

direction.oppesite to the applied magnetic field.
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Q.12 A particle with energy E'is in

Q.13

Q.14

Q.15

Q.16

a time-independent double well

potential as shown in the figure. i

_ . e about rticle is NOT
Which of the following .gmtements about the pa E-teo-d]

correct?

- . : _ ir d state.
(A) The particle will slweys be In & boml]e- in one well will be time-dependent.

(B) The probability of finding the partic

(C) The particle will be confined to any one of the wells.  back

(D) The particle can tunnel from one well to the other, and back. O
It is necessary to apply quantum statistics to a systetn of particles if Q

(A) there is substantial overlap between the wavefunctions of the pa _ :
artlale separation,

(B) the mean free path of the particles is comparable to the i
(C) the particles have identical mass and charge.

(D) the particles are interacting.
When liquid oxygen is poured down closetoas net, the oxygen stream

IS

iti agnetic.

(A) repelied towards the lower field be
it is diamagnetic.

(B) attracted towards the higher fiel
(C) repelled towards the lower fi
(D) attracted towards the high ause it is paramagnetic.

Fission fragments are gen tive as

(B) they have exc
(C) they are p offadioactive nuclides.
(D) their total tefncrgy is of the order of 200 MeV.

In a typfjal npn transistor the do‘ping_ concentrations in emitter, base and collector
Ck, Cp and C. respectively.. These satisfy the relation,

Ce>C (B)Ce>Co>Cc (C)Ce>Cp>Ch (D) Ce=Cc >Cp
llowed states for He (sz)'configuration are

A) :Su. 331,311’1, 3P0.1,2, 'D, and 3Dl.z.:i (B) 'So, 3P0.l,2 and 'D;
(C) 'Py and "Py 15 (D) 'Sy and 'Pi
The energy levels of a particle of tnass m in a potential of the form
Vi) = o, x<0
o = fmo’x?, x»0
are given, in terms of quantum number = 0,1,2,3,..., by

(A) {n + .'%) ﬁm . (B) (2” & -thn’ I T L T O —. f IR
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Q.19

Q.20

Q.21

Q.22

Q.23

The electromagnetic field due to a point charge must be described by Liénard-
Weichert potentials when

(A) the point charge is highly accelerated,

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

(C) the point charge is moving with velocity close 1o that of | ght.

(D) the calculation 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 interactions only.

(D) strong and eiectromagnetic interactions only. Q

Q- 21 to Q. 75 carry two marks each, @ 4

The eigenvalues and eigenvectors of the matrix E : 6
4111 !
A)6, 1 , : '
wersf][] 10
C) 6, 1 and Y >end -
( ) ' an 4 3 _1 ? an 4 ’ _I

2 - -
A vector field is defined eve w = Qi—f +zk. The net flux of & assaciated
with a cube of side Z, witflone at the origin and sides along the positive X, Y,
and Z axes, is
(A2’ - 3 (C) 813 (D) 10°

(B) V-7 =2 and Vf| =7

2

g (D) V-7 =3 and VJF|=

r

Consider a vector p = 2f+ 3}’ +2£ inthe coordinate system (f s ; ,k). The axes are
rotated anti-clockwise about the Y axis by an angle of 60°. The vector j in the

rotated coordinate system (i, ', k') is

(A) (1-3)"+ 3] + (0 +3)k" (B) (1+J§)f'+3}-‘+(|-nﬁ);§-~/
(©) -V + B+3)] + 28 (D) (1-3)i'+ 3=3)] + 2k
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Q.25

Q.26

Q.27

Q.28

is to be evaluated on a circle of radius 2a '@

Th tour i.ﬂtﬁgl‘al ‘{
€ COIL g
4 } 4

the origin. It will have contributions only from the points

1+i 1+i ,
A) —a and -—+=a (B) ia and —ia
W) = 7 -
. . 1-/ d 1-i (D) l_tia _}_ﬂa -l—:—ll-ﬂ
(C) ia, —ia, —EG an -——Ea 1/-2— ' \[2_ \/5
s+1 .
Inverse Laplace transform of — 2 is O
s -
(A) cos2x+sin2x (B) cosx +4sinx Q
(C) coshx+Lsinhx (D) cosh2x +4sinh
2
The points, where the series solution of the Legend rei rial equation

d?y d 3.3

1-x) =L 2xZ 4+ S (=+1)y=0
( x)!z = 2(2 )y
will diverge, are located at

(A)0and 1 (B) 0 and -

& (CZ) land1 (D) % and %

Solution of the differenti x—+ y = x*, with the boundary condition that

y=latx=1,is

4 ax 4! 1 x4
B = x— —_— C = —+ — D = — _
B) y st (C) y FERr (D) y s 5
ing
1. timelike vector
2. Lgrentz invariant
R. Tour-momentum 3. tensorofrank 2
. electromagnetic field 4. conserved and Lorentz invariant
(A) B) ) (I
P2 P-4 P-2 P-4
Q-4 Q-2 Q-4 Q-2
R-3 R-1 R-1 R-3
S-1 S-3 S-3 S-1
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Q.30  The moment of inertia of a uniform sphere of
radius » about an axis passing through its centre

is given by %(%{ﬁﬁj :

A rigid sphere of uniform mass density pand
radius R has two smaller spheres of radius /2
hollowed out of it, as shown in the figure. The
moment of inertia of the resulting body about the

Y axis is @
) ZX (3) 32K © 2R
4 12 12 C
Q.31 The Lagrangian of a particte of mass m is

constants. The conserved quantities are

(A) energy and z-component of linear m @h

(B) energy and z-component of angularqiom only.

(C) z-components of both linear an momenta only.

nd anguiar momenta.

2 2 3 ‘
L== [éx-] 4 ey Y., . . P
2[ dt * ar + di 2(-7‘ +y )+WSH'ICU! erl |V, W and o are

Q.32 Three particles of mass m ted'at x,(¢), x,(t) and x,(¢) respectively are

is free to oscillate onlyli ension along the straight line joining all the three

particles. The Lag e system is
ae, ¥ (de, Y| k
(A) L:ﬂ[( ‘—2') +(j) "'"“(x| xz"f)z+_(x3-xz_f)2

EXS

B g

B
b~
1]
(SR
F o
&8
S
+
o~
|
S—,
+
TN
8B
~N
—
|
|
o
NH
=
!
12
Ry
NH
ey
e
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Q.33

Q.34

Q.35

Q.36

Q.37

pz + pg . where g is the generalize

The Hamiltonian of a particle is H = Ey |
and p is the corresponding canonical momentum. The Lagrangian is

2

: m(dg _ )

) ’—;'-[g%w] ®) Z(dt g
d 2 d , _ﬁl i[g 2_. “_ng_ b4
(@%KE‘}) +q—(~§—q} (D)z[[d,J T

A toroidal coil has N closely-wound turns. Assun}e the currelnt throa;gh ic o]
and the toroid is filled with a magnetic material of relative permitti % -
magnitude of magnetic induction 3 inside the toroid, at a radial difiahcRgOm the
axis, is given by

(A) g, 1y Nir (B) et (©) Hatol¥! @(D) 27, 44, NI
r inr

An electromagnetic wave with E(z,1) = £, cos(a graveling in free space
and crosses a disc of radius 2 m placed perpe he z-axis. If £, =60 V m™,
the average power, in Watt, crossing the al e z-direction is

(4]
(A) 30 (B) 60 20 ®) 270

Can the following scalar and vagtor Patentials describe an electromagnetic field?
$(X,0)=3xyz - 4¢
AG, 1y = 2x - )i +(y 02 QG- 2xe™ )i

where @ is a constant.
(A) Yes, inthe C@gauge. (B) Yes, in the Lorentz gauge,
(C) Yes, pragvided . (D) No.

¢

Fora mass m in a one-dimensional harmonic oscillator potential of the
1 . .
fi > ma’x*, the first excited energy eigenstate is (x) = xe ™', The value

]
A) mar] 4k (B) ma/ 34 €)Y ma/2k {D) 2mw/3n

If [x,p 1= i, the value of [x’, p] is

(A) 2irx® (B) - 2ifix? (©) 3ing? (D) ~3ifx®
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Q.39  There are only three bound states for a
particle of mass m in a one-dimensional
potential well of the form shown in the
figure. The depth ¥V, of the potential satisfies

2n'h? 9r2p? Y 272 hE
A <V, <
( ) maz ¢ 2ma’ (B) ma® < VD < ma®
22’ 37A 2H S0mR
C <V %
© ma’ * S ® mat 0 —m@
Q.40  An atomic state of hydrogen is represented by the following wa tion:

1 1 372 , ‘
,0,9) = —=| — l-— | e™"** cos@ .
w(r,0,9) JE(GOJ ( ZaU]e cos @

where ay is a constant. The quantum numbers ofithe stie are
(A) £=0,m=0,n=1 %Lmﬂ,ﬂ:z
(C)£=1,m=0,n=2 & =2, m=0,n=3

Q.41 Three operators X, Yand Z commutation relations

[X,Y1=ihZ, [Y,Z)=] ]1=inY . _
The set of all possible $i es of the operator Z , in units of &, is

1.3 .5

(A) {o,ﬁ@. }oo- (B) {5,1,}2,5,...}
5 1
©{{ e IR

2o

i intai insi f a house
mp working on the Carnot cycle maintains the mS}de temperature 0 :
N 12133 Cp ‘tJJy l;’upplying 450 kJ 5. If the outside temperature is 0° C, the heat taken, in

kJ 5!, from the utside air is approximately

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

I press i i T, is expressed by
043 yur pressure p (In mm of Hg) of a solid, at temperature 7, .
Q43 Tl;,h;‘fggli 3p 863/T and that of its liquid phase by In p =19-3063/T . The triple

point (in Kelvin) of the material is

. an /RY 160 (C) 195 (D) 200
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o F ! H
The free energy for a photon gas is given by 7 ='{§] yT*, where a s a cons

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

Q.44

da ..
(A)s=2arr, P=%T‘ (B)S=t_l;avr‘. P‘TT3
et
' ' 4a
© s=32arre, p=Ir (@) § =~aVT’, P=—T"
373 3 3

Q.45 A system has energy levels Eo 2Eo 3Eo..., where the excited statgh = ly
degenerate. Four non-interacting bosons are placed in this system. If th ergy
of these bosons is 5E5 , the number of microstates is

w2 - ®3 ©) 4 (
*
Q.46  In accordance with the selection rules for electric dipole iofs, the 4°P, state of

_ helium can decay by photon emission to the states

s and 3'S;
D, and 3°Dy

(A) 2'So, 2'P and 3'D; (
(C) 3°P,, 3°D; and 3°Pg )
Q.47 Ifan atom is in the *Dj state, the an &

momentum vectors ( L and §) is

its orbital and spin angular

-l 1 al ﬁ
— B C = 4¥3
(A) cos 5 (B) (C) cos 5 (D) cos 5
Q.48 The hyperfine stru (3°Psn) with nuclear spin /= 3/2 has

(A) I state. @( } 2 states. (C) 3 states. (D) 4 states.

Q.49 The alloWed rofational energy levels of a rigid hetero-nuclear diatomic molecule are

ex g, = BJ(J +1), where B is the rotational constant and J is a rotational

number.
system of such diatomic molecules of reduced mass y, some of the atoms of one

ent are replaced by a heavier isotope, such that the reduced mass is changed to
.05u. In the rotational spectrum of the system, the shift in the spectral line,
corresponding to a transition /=4 — J =5, is

(3

(A) 04758 (B)0.50 8 (C) 0.95B (D) 1.0B
Q.50  The number of fundamental vibrational modes of CO; molecule is
(A) four : 2 are Raman active and 2 are infrared active.

(B) four: | is Raman activeand 3 are infrared active.
() three: 1 is Raman active and 2 are infrared active.
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Q.51

hgd_rqgen nuc}ei (:'if mass m, which interact only with external magneti
additional oscillating magnetic field is applied to observe resonance absorptt

is the g—fact(?r of the hydrogen nucleus, the frequency, at which resonance abso
takes place, is given by

3g,eH
(A) = @) 2828, (€ Zfho (o) £
Tm, 4zm, 2rm, drm,
Q.52 The solid phase of an element follows van der Waals bonding with inter- ic

. P
potential V' (r) = -+ —%—, where P and Q are constants. The bong @ czth be
r’or

expressed as Q
(2} oy’ PV 2y
@ p ® | p © |20 *® (g

Q.53  Consider the atomic packing factor (APF) o owyng crystal structures:
P. Simple Cubic

Q. Body Centred Cubic
R. Face Centred Cubic

S. Diamond
T. Hexagonai Cl ed
Which two of the above s have equal APF?
(A)Pand Q (C) Rand S (D)Rand T

Q.54 In a powder diffgactiof\ pattern recorded from a face-centred cubic sample using x-
rays, the first @' aoplars at 30°. The second peak will appear at

(B)33.7° (C) 34.8° (D) 35.3°
Q.55 electrical resistivity p with ?
re T of three solids is sketched (on
ent scales) in the figure, as curves P, Q ' Q s
g‘ ...’ P
2 . *
Which one of the following statements 2 .:
describes the variations most appropriately? & -,
¥ "
“'..' '.--n! *Yeoan
0 Temperature -
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Q.56

Q.57

Q.60

Q.6

Q.62

An extrinsic semiconductor sample of cross-section 4 and length L i
x Ly
way that the doping concentration varies as Np(x) = N, EXP("I} where Ny is

constant. Assume that the mobility 4 of the majority carriers remains constant . The
resistance R of the sample is given by

[cxp(I.O)—l]

L
: fexp(1.0) 1] (B) R=——-
L

L
(A)R=—

L
© R=— u[exp(—l.O)—l] (D)R:A

A ferromagnetic mixture of iron and copper having 75% aloms of Fe exb‘
saturation magnetization of ! 3x10° A m’'. Assume that the total oms
per unit volume is 8x10** m™. The magnetic moment of an iron at rms of the

Bohr Magneton, is
*
(A) 1.7 (B) 2.3 (C) 2.9 @(D) 3.8

Half life of a radio-isotope is 4 x10° years. If there af10° Mdiocactive nuclei in a
sample today, the number of such nuclei in thefSa 0° years ago were

(A) 128x10° (B) 256x10? ) x10° (D) 1024x10°
In the deuterium + tritium (d + 1) molpenergy is released as compared to
deuterium + deuterium (d + ) n se

(A) tritium is radioactive,
(B) more nucleons partidipate sion,
(C) the Coulomb b r for the d + ¢ system than d + d system. -

(D) the reaction t “Ve is more tightly bound.

According to the ode! the ground state spin of the 'O nucleus is
3* ¢ 5 3" 5°

A B) — C) = D) —

( (B) 5 (8 5 (D) 5

vistic particle travels a length of 3x10™ m in air before decaying. The decay
ss of the particle is dominated by

(A) strong interactions. (B) electromagnetic interactions,
(C) weak interactions. (D) gravitational interactions.

The strange baryon " has the quark structure

(A) uds (B) uud (C) uus (D) us
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Q.63

Q.64

Q.65

Q.66

Q.6

A neutron scatters elasticaily from a heavy nucieus. The initial and final s

neutron have the

(A) same energy.

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

The circuit shown is based on ideal
operationat amplifiers. It acts as a

(A) subtractor. (B) buffer ampliﬁerO

(C) adder. (D) divider.

Identify the function F generated by
the logic network shown

(AF=(X+Y)Z

In the circuit shown, the

&(B)F=Z+Y+ YX

(C)F=ZY (Y +X) (D)F = XYZ

-

1195 Q
JLMNe—]ax CLK
-k Qfe 1k __Q
) Ql‘=0 B)Q=0,Q=1 (O Q=1,Q=1 (D) Q©=0,Q:=0
e registers Qp, Qc, Qs and Qa shqwn in the_ﬁgure
initially in the state 1010 respectively. An input 1.
equence SI = 0101 is applied. After two clock pulses,  —jCLK S
the state of the shift registers (in the same sequence _20 Q:c 2‘ ?*
QpQcQaQn)is
(A) 1001 (B) 0100 (C) 0110 (D) 1010
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Q.68 For the circuit shown, the potential
difference (in Volts) across Ry is

(A) 48 (B) 52 ©) 36

Q.69 In the circuit shown, the voltage at test point P
is 12 V and the voltage between gate and
source is -2V, The value of R (in kQQ) is

2kQ

(A)42 (B) 48

Q.70  When an input voltage ¥, , of the form
shown, is applied to the circuit given
below, the output voltage ¥, is of the

form
(A) @» (B)
12V K
oV
C 2 (D) OV .
pi M ’ \VARY/
v 12y
oV -
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Common Data Questions

Common Data for Questions 71,72,73:
A particle of mass m is confined in the ground state of a one-dimensional box, mcndmg fro

x=-2L to x=+2L . The wavefunction of the particle in this state is w{x)=y, cos

where y_ is a constant.

Q.71 The normalization factor y, of this wavefunction is O

N2 ] I

(A) 1/— B) \/— C Q -

L ®) 4L © 2L - ¥L

2
Q.72 The energy eigenvalue corresponding to this state Q@

Kt
D 3
®) 32ml’

hl 2 ﬁzn,z
A) ——- B
( )2 ml? ( )4mL" &T

Q73 The expectation value of p® ( pis tum operator) in this state is

¥ Wr? Wr
A)O
o (B)@, © X © 22

Common Data for Questi :
The Fresnel relations be elamplitudes of incident and reflected electromagnetic waves
at an interface between ai dielectric of refractive index y, are

ef ] (sl effecred }lCQSP' cosi nctzlcn

E}qu?em — El‘ ertt and Ere ey E:L t
HUCOSF + cOsi
The subscri refer to polarization, parallel and normal to the plane of incidence
respectivel , £ and r are the angles of incidence and refraction respectively.
Q.7 e condition for the reflected ray to be completely polarized is
A) pcosi=cosr (B) cosi = ucosr
(C) pcosi=~cosr (D) cosi=~ucosr

For normal incidence at an air-glass interface with x=1.5 the fraction of energy

reflected is given by

Q.75
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Linked Auswer Questions: Q.76 to Q.85 earry two marks ¢

Statement for Linked Answer Questions 76 & 77: o N )
In the laboratory frame, a particle P of rest mass mq is moving in the positive x dire

a speed of f—; It approaches an identical particle Q. moving in the negative x direction
2
speed of Héi

Q.76  The speed of the particle P in the rest frame of the particle Q is

Te i3c

3c
A) -5 3¢ 3 (D)
(A) 53 ® © 5 0

Q.77 The energy of the particle P in the rest frame of the particle Q is Q

1 2 S > 19 2 ‘ l I -2
(A) Emoc (B) Zmoch ©) Eb (D) Emo"-
Statement for Linked Answer Questions 78 & 79
The atomic density of a solid is 5.85x10™ m™. Its gfchr| @ Xistivity is 1.6x107 Q m.
Assume that electrical conduction is described Dri®€ modet (classical theory), and that

each atom contributes one conduction electrogt

Q.78  The drift mobility (in m* v's! duction electrons is

(A) 6.67x107 ( (C) 7.63x107 (D) 7.63x107
Q.79  The relaxation tiza oe time), in seconds, of the conduction electrons is

) 3.79x 107 (C) 2.84x107" (D) 2.64x107"

4
Statement for Answer Questions 80 & 81:

A sphere © carries a polarization P = k7 , where kis a constant and 7 is measured
from the of the sphere.
0 ound surface and volume charge densities are given, respectively, by

(A) -k} and 3k (B)) K[| and -3k (C) ki and -4mkR (D) k|F| and 4nkR
Q.81  The electric field £ ata point 7 outside the sphere is given by

- = kR(R® -r%Y.
(A) E=0 @® E=LE& _);

s
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Statement for Linked Answer Questions 82 & 83:
An ensemble of quantum harmonic oscillators is kept at a finite temperature T =

Q.82 . )
The partition fonction of a single oscillator with energy levels (n+ ~1-) he i
2
—Bhaiz ~Phwil

A) Z="—p S

[—eBre (B)an+e“”‘“’

1

C) Z=- D) Z= :

[T e
Q.83  The average number of energy quanta of the oscillators is given O

(A) <n>=

e’?e —|

1
(C)<n>=e‘“‘"+] (D) i:i

Statement for Linked Answer Questions 84 & 81
A 16 pA beam of alpha particles, having crossetic & rea 10™* m’, is incident on a
rhodium target of thickness 1 um. This prodyceS\geutrons through the reaction

a +'CRh —'"Pd + 3n,
Q.84  The number of alpha partigieg hiWing the target per second is
(A)0.5 x 10" ] 3 (C) 2.0 x 10 (D) 4.0 x 10™
Q.85 The neutrons are obs the rate of 1.806 x 10% 5", If the density of rhodium is
approximated ** the cross-section for the reaction (in barns) is
(A)0.1 . (B) 0.2 (C) 0.4 (D) 0.8

END OF THE QUESTION PAPER

Space for Rough Work
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