41.

42,

43.

44

45,

44,

PHYSICAL SCIENCES
PAPER I (PART ‘B")

The resolution of a Michelson interferometer operating with a light source of 640 s2m
wavelength 1s

1280 rom.
640 pm.
all .
1 7.

[ U IS T N e

When aterminal iz at virtual ground, then

hoth current and woltage are zero.
only woltage wall be zero.

only current will he zero.

hoth woltage and current are not Zero.

R e

Flatinum resistor (FTE) and athermistor{THE) are used to me dotn tetmnp erature.

Which of the following is trus?

FTE offers more accuracy, THR more resolu
FTR offers more resolution, THR more ag|
Both offer satne accuracy, THR foers m Eer Dlut:u:un.

Sl e

A four bit A/D converter 13 used to |

05 ¥
1.0 ¥
20 ¥
0.25 ¥

P Ny

5 % 10° Vom.

A y-ray ofenergy 1 kel 1z passed through a solid abhsorber of thickness 3 om and mass

attenuation coefficient 3 el at temperaure 7). If the same absorberis melted at
termnperature 7o the mass attenvation coefficient wall be

3 (TUT emig
1/3 emig
3emilg

3 (T2l T emig

[ I o



47,

43,

43,

50,

Five panelists are required to elect a sizth memberto the panel. If any of the panelists votes
against a member, the member 15 disquali ied. What would be the appropriate electronic
circuit to be used in the electronic voting machine to impl ement the ahove rule?

XOR
XMOE
OR
AMD

[ O IR T O T

In an op-amp, when the input signal drives the output at a rate of voltage change greater
than the slew rate, then the resulting signal

15 enhanced.

1z clipped .

1z unaffected.

remains the same, hut with 50° phase difference.

[ S o B

Senstive experitents are often perfortned inside ametal encl
cage. Which ofthe following of Maxwell's equati ons governy
the cage? :

1 L
1. V.E=pgl &
1 L
2. V.E=10
I I I
3. VxE=-aB/&
I
r r r
4. ‘FxH=,u,:,[J+ Eﬁ%}

Consider the following operat

10 kHz,



51

52

53,

54,

55,

For the ground state of aparticle moving freely in a one-dimentional box 0 2 x = 7 with
rigid reflecting end-points, the uncertainty product (Ax) (A 15

b2

Jih
> hfz
185

L I N o

Consider a systemn oftwo spin-half particles, ina state Wlth total spin quantum numhber
5=0. The etgenvalue of the spin Hamultonian =4 S S {A1saposihve constant ) 1n this

state1s

Ah? /4
— Ah* /4
34h* /4
~34h*/4

SO U 5 -

The energy of a 200 nm photon s
0.01 eV
100 eV
10ev

1 eV

[ R

1
P
3
4

: . _ g —i
The eigenvalues ofthe Pauli spin matrix o, = [ ] are

+1, +1
+1, -1
—i.+i

[ PV o

+1, +i



56,

57

58,

59,

The ground state energy of a particlein an infinite square-well potential of width £ 15 £ If
the width ofthe wall 15 reduced to £f2, then the ground state energy becomes

2E
22
48
zi4

oL

1
The clasacal definttion ofthe orbital angular momentum of a particle 15 £ 7 xft.:'. The

corresponding quantim man:haniu::lal deﬂnlitiun for the orhital angular momentum operator
(talang into account the fact that # and p do not commute with each other) 1z

1l i=;x‘.tr:'
r 1 r r ror
2. L=E[(rxpj+(pxrj]
3 Lal(xB)- (B
roFor o
4 L==(pxr)
r

following statements are correct?

& iz a hermitian operat

erator and the total probability 15 conserved
perator and the total probability 13 pot conserved

The energy e genvalues are

1.
2.
3.
4.

2 —a
Qe oex
da, 0,0
2ex, o, o



a0,

fil.

2.

fi3.

The ground state energy of aparticle in the one-dimensional potential

1
—mwxr forxz 0
2

Vix) =
oo forzx=<0

1z equal to
1. ha
2 Eh.:a

2
3 Zha

]

=ha

2

4 eniment. If the
scaftering 15 purely a p-wave with the phase shift 6= 7 /4, tien e total scattering

cross-sechon 12

1 2%2

3 0

4 e

Flane polanized light wi tated when it 15 passed through a solution of
1l #

4.

3

4,

The specific heat of silicon monoz de a high temperatures, as compared to silicon dioxide,

13

larger .

smaller.

equal.

dependent on other parameters not specified here.

oL



fd.

5.

B

7.

You are shown a spectrum consisting of a senes of equally spaced lines. Thiz could be

the rotational spectrum of CO.

the wihrati onal spectrum of My,

the MME spectrutm of CH,,

the Mosshauer specttum of Feg Oy,

oL

The figure helow shows a "head-spring” model of a simple cubic crystalline lattice. The
springs hawve spring constants & and the lattice spacing is @ Forthis model, the shear
modulus governing displacements along the x - direction with a gradient along the z -
direction 15

[ U IS T N e
bl
—_
[}
]

Theratio x/aT {wher
T 13 the temperature) fo

dent on the number density of the charge carriers.
fthe temperature T

[ I o R

Let Lfx) = %axz —bx* + ¢x* be the energy cost of stretching the unit cell of a certain crystal

hy an amount x (g, & and ¢ are constants with @ and ¢ being positive). Then at temperatire
Tthe coefficient of linear thertnal expansion (to first order in & and zeroth order in £ 15
proportional to

b,
biat
a i b,
1F b,

R N S



.

9.

0.

1.

The dispersion rel atton for spinwaves in athree dimensional Hetsenherg ferromagnet 13
w= AX where @ is the frequency, kis the wave number, and A 15 a constant. The
contrbution of spin waves to the specific heat, af low temperatures T, 18 proportional to

TG.G
TZ.Q
i

Tl.ﬂ

[ A IS T o

For a one- dimensional monatomic lattice wath lattice constant & the normal modes sahsfy
the relation

1. @ (gl =m(q+%
2 e =ele =
v e =aler D)
4 al (g =.:u(qr+ Z,W)

For a one- dimensional Debye solid, the lattice specific heat at low tetnperatures Twill be
proportional to

1.
2.
3.
4.

Tl.ﬂ

T,
g
T



2.

73

74,

75

The dispersion relation for a certain type of excitation is given by w = 4 &%, where 4 and
¢ = [ are constants. For these excitations, the group velocity 15 less than the phase welocity
when

1

2. =
3 a =l
4

"Be in its first excited state has spin—parity 2°. It gets de-excited to the ground state, which
has spin parity 0, by pemmizson. The multipoles carned by v are

EZ.
AL
B2 AL
LS

[E A IS T O e

h Dm each other. The ratio of the
fi them is roughly

10.
.
10,
107>,

oLapa —

4 Fir=



76.  Thetotal cross-section for 4¥ 47 —s & & at very high values of the centre ofmass energies,
J;::-::- m,, 1z expected to behave as

o2
1. —.
g
2t
2. -
5
3 cofstant.
4
2
4. —_
5

77 Which of the following 1s true for S-decay ofthe neutron? The process

winlates hoth parity and charge comjugati on symmetry.
wiolates parity but conserves charge conjugation syt ety
conserves panty but violates charge conjugation symm
conserves both panity and charge conjugation symmgt

[ I o R

78 The Coulomb repulsion tertn which contributes tg
proportional to

Z.

z

ZEZ-1).

Itis independent of 2.

[ S R N

EEY



g0,

gl

g2

83,

The neutral pion " at rest decays into two photons. One ofthe photons is right circularly
polanized. The other photon 15

also nght circul arly polarized.
left circulatly polanzed.
unpolarized.

plane polanzed.

oL

A 100 MeV proton and a 100 MeV dphaparticle are detected in the same detector. Whatis

the ratio of energy loss per unit path length1e. [ﬁ] [d—EJ 7
dx J, \dx Jg

1:1.
1:2.
1:4.
1:14.

[N I T N

2.

3.

4.

An a the PF-plane 15 acurve of
1. constant temperature

4. constant entropy

3. constant pressure

4. constant volume



8.

85,

8.

S

The stand ard deviation of the energy of a system in the canonical ensemble 15 equal to

L g

2. kTC,
3. 1[k3f2r:f,,
4. kyTC,

Blackbody radiation 1z enclosed inside a spherical cawity ofradius # a a temperature T
What would be the temperature of the enclosure 1fthe radius expands figr adiabatically 7
4

1. 72

2. T

3. i
4. 2T

LY %

Which of the following 15 zo¢ a perd ction of & 7

1. siné& + goosd

2. sin[fré':H

3.

4 given (2 % ) nilpotent matrixz 4 satisfies the equation 4%=0 for 1 < k < » Therefore

exactly k etgenwvalues of 4 must be zero.
exactly (&) etgenvalues of 4 must be zero.
every eigenvalue of 4 15 zern.

A can have (—1) non-zero eigenvaues.

R



BE.

89.

a0,

The Legendre polynomial Puix), where -1 =x=+ 1

1. iz sihgular at x=+1

1
2. satisfies J-cix;ff(x)=1
i}

1

3. satisfies Idxﬂ(x}=ﬂ form=1
]

4, 1z always an even function of x

The residue of &% &z =10 is

1. 0

2 o




91,

92

93.

94,

The value of the integral _l-li-’-};f2 - 2)2 e~ drx is
0

1 1
If 4 and B are two unit vectors and &0 15 the angle hetween them, then

1.

4dx
svfx

4 T

a o

1.

2.

3.

4,

The tra """

1. 1, 2, 3 respectively
2. 1,3, 3 respectively
3 1, 3, 4 respectively
4 2,3, 4 respectively

oidal, Simpszon's 153 and Simpzon's 308 rules are exact for polynomial s of order



95,

96,

97.

9E.

For the Bessel equation, x d; jj;+ (x* - 1 y=0, where nis an integer,
the mazimum number of linearly independent solutions, well -defined st x =015
1. ZErD

2. one

3 o

4 three

Let By, By, Fs bethe first three energy levels of ahydrogen atom. Consider the ratio
(Fi—F2) f (B2—=F1). Neglecting the fine structure condition this ratio 15 ggprozimately equal to

L A
5
5 =
27
&7
3. —_
4
5
4 =
27

The rotational energy levels of
J1s the rotational quantium nug
spectium of the molecules the

"B 15 athe constant. The rotational ahsorption
conststs of

1. ane resonance lif

2. lines that aregequally spaced

3. lines whe s spacing increases with frequency

4, 1 #he spacing decreases with frequency

For an dfm with two energy levels placed in a cavity containing blackbody radiation, the

ratio of the probabilities for spontaneous ermsaon and shmulated emission 15 given by

§=w, where 4 and B are the corresponding Einstein coefficients and vis the
£

frequency of the photon ernitted. The probability of spontaneous efrdsson

1. 1z independent of the energy  difference between the two levels.

increases with the energy difference between the two levels.
decreases with the energy difference between the two levels.
12 ZErO.

il



99,

1on0.

101.

102.

103,

Consider aparallel plate capacitor connected to an AC woltage source (as shown in Fig 1)
A conducting dab 1z introduced 1n the space between the plates from above (as shown in
fig 2}

i

Fig 1 Fig.2

The capacitance ofthe paralel plate capacitor

1 goesto Zero.

2 increases to a finite value.

3. decreasesto anon-zera walue
4 hecomes infinite.

The volume of a thermodynatm ¢ system increases irreversi bady an incremental amount

AV, If Pisthe pressure, the work done o the syste

1. SW=PSV
3. SW=-PSV

3. SW<—PEV %
4 SWE_P&V iy, i

-
Two locaized non-interacting s agneticions of magnetic moment x4 are placedin
an external magnetic field &

1z, to a good approzmat

1l S=kgln

2.

3.

4.

A the atric system 15 classified as closed 1£1t can

1. exchange energy with its surroundings | bt not matter

2. exchange both energy and matter with its surroundings

3. exchange neither energy nor matter with itz surroundings
4 exchange only matter, but not energy, with 1ts surroundings

Consider an elastic sting of length £ under tension T at temperature T Let IF and She 1ts
internal energy and entropy, respectivel v, Then the conjugate pairs of thenmodynamic
variahles are

(z, Tj and (Z, 5)
(L, 7) and (T, 5
(T, L) and (z )
(L, 5)and (7, L)

oL ra -



104.

105,

106,

1oy

At 100°C, water vapour and ligud water coexst in thenmodynamic equilibnium in a closed
container. If i and Srepresent the chemical potential and entropy respectively, then at the
interface

Hrraponr = Hliquid
Sv‘apm:rza.lquﬁ' i
S.l‘apm:r‘:S]quin
Aporr = fliquid

[ R

A system in thermal equlibnium consists of subsystems 4 and B that interact only weakdy
with each other. If £ and Zz are the canonical partition functions of 4 and B respectively,
the partition function of the total system 1s given, to a good approximation, by

Eqat Zn
Zal Fx
24— 2z
2425

[ O IR T O T

Consider an infinite honzontal surface with ce charge density & where # isthe

upward normal to the surface If an electn = Fr iz applied from below, the

1
electric field £ in the region above

A& charged particle 15 travelling in the positive x-direction with a constant velocity. An
ohserverlocated at a point P on the y-ams ohserves the eectric field due to this charge. Let
£ (t) bethe unit vector along the electric field & any time #, and #(f) the unit vector in the
direction ofthe position vector ofthe charge wath respect to the ohzerver. Then

1 g(t1lags behind 2(4)

g 2(1) leads At

3 2(1)15 always in the same direction az 2(t)
4 E(11s always perpendicularto 201



103,

109

110

A current carrying loop lyving in the plane ofthe paper 1z 1n the shape of an equil ateral

triangle of side & It carries a current Fin the clockwise sense. I i denotes the outward
normal to the plane of the paper, the magnetic moment 2 due to the current loop is

1. m=dtlk
2 Eo-Loan
7
3 é=£aﬂf;€
7
3 -
4 é=—4£agfk

u@'&m from the line,

Consider an infinite line charge with linear charge density A Ata
the electrostatic potential has the form

| Ay
' dmg r
2. exp(—ra)
o
A
Ly
3. Ins, ln(é)
g, A
dng o

where @ 15 a constant with dip

Which of the following is true?

1.
2.
3.
4.

The slab 15 pushed out of the region between the capacitor plates.
The slah is sucked into the region hetween the capacitor plates.
The slah mowves towards the positively charged plate.

The slab moves towards the negatively charged plate.



111

112

113

114.

An electric point charge +g 13 placed at the point (1, 1) ofthe xyp-plane in which two
grounded semi-infimte conducting plates along the positive x and y-axes meet (see figure).
The electric potential 1n the positive quadrant at alarge distance » goes as

1. V) ~rt
2. F(r) ~r2
3. F(r) ~r
4 V) ~rt

1
In a given frame of reference, 1t 15 found that the electnic field & (.?r",:) and the magnetic
1 1 1
field B(rr",:) are perpendicular to each other a all points, ie. & (;,.t) -B(rr*,.t)= 0. Ifthe fields
I I
observed in any other inertial frame are #° and 7', then

1 1

B at 4l points.

1 1

E B =0 at4dl points.
I I

AB'= 0 a all points.

1 1

£B'=0 a all points.

O I o

Constder the (# x ) matriz 4 with every & ,-' to unity. Which of the following

statement 15 correct ¢

The etgenvalues of 4 are all*
All the ergenvalues 0f 4
The largest etgenvalud

FuoLd

q 1l ym
ey,
2 Poam gt
i
3 T=FE'LJE.
E
2
4 Fo g R



115

116

17

115

119

A canonical transformation 1n classical Hamiltonian dynamics

cannot be made if there 15 more than one degree of freedom.

leaves the canonical Poisson hracket rel ations unchanged.

can only be made for the cartesian components of the coordinates and momenta,
cannot be time-dependent.

oL

The motion of aparticle of mass » 13 dEfcriheq, in a non-inertial frame of reference that is
rotating with aum form anoular velocity & . If # denotes the pozition of the particle in the
non-inetrtial frame

. the centrifugal force on the particle is —ma’F
2. the centrifugal force on the particle is —m @ x(dx7) .

r
3. the Coriolis force on the particle is —m(éx%}

4 the Coriolis force on the particle — Imar

1. &1isacyclic coordinate.
2. & and ¢rare cyclic coord
3. g 13 acyolic coordinafe
4 7 15 acyclic coords
&
A relativistic rest tass g 13 moving with a speed v The value of vat which its
Linetic ene to its rest energy is
1.
2. 4
3. V= c:/ﬁ
4. v=2(2-1)

An asymmetnic rigid body has three distinet principal moments of inertia, with I, <4, < I
If we consider rotat on with uniform angul ar velocity about the x y and = axes, respectively,
then the motion is

stahle ahout the y-axis, but not shout the x and = axes
stahle ahout the x and ¥ axes, but not about the z-awx s
stahle ahout the y and z axes, but not abhout the x axis.
stahle ahout the x and z axes, hut not ahout the y-am s

RS S



120

121

123

123

The constant acceleraton due to grawity on the surface of a planet whose mass 1z twice the
mass of Earth 15 found to he the same as the constant acceleration due to grawty on the

surface of Earth If B, isthe radius of Earth, then the radius of the planet must he

2R,
12
4R,
Ny

A particle of electric charge +¢ and mass # 15 fired af a nucleus of charge +& and mass Afin
a Rutherford scattering expenment. In the center of mass frame,

[ TP B R

1. the total energy, the total angular momenturm and the total linear momentum are all
conserved.

2. the total energy and the total angular momentom are conserved butnot the total
linear momentum ="

3. the total energy 15 conserved, but not the total angular mo i and the total linear
tnotn entiam

4 only the total electric charge is conserved, and no ot ty 15 conserved

ﬂ@gure below

ble circul ar orhit 15 possible
unstable crcular orbit 1z possible
roular orbit 15 possible

[N I T N

A particle of mass w12 thrown upwards from the surface of the Earth with imtial welocity
components i, and 2, along the honizonta and vertical directions respectively. The

trajectory, therefore 15 given by x(f) = wd, W=t — lggzg. The instant of time at which the

acceleration and welocity vectors are perpendicular to each other 15 given hy

1. fog
2. |14x—uy|/g
3 (ux+u},)/g
4. u},/g



124, The Lagrangian of aparticle of mass m moving in two dimension iz
1 1
L= —n(&+ ) -~k G2+ )

If the particle has a finite angular momentum [ ahout the ongin, then we may conclude that
it executes

oscillatory motion about the ongin #= 0
pertodic motion with a constant walue of #
oscillatory motion along the x-axis

oscill atory motion along the y-asis

[ U IS T N e

I
125, A particle moves in one dimension in apotential Fyx) = 242 + 2% I?’@;ital:ulﬁ units. [f 15

the total energy of the particle, then the motion 13

1. always boundedif 0= 8 Ei

i
2. always unhoundedif 0158 E%
3. always bounded1f £<0

. 1 _ - 1
4 bounded 1f 02 EEE and the 1 sition safisfies —1< x(0) = 7

126.  Let 4 and B be the Hermupy ors corresponding to two physical observables of a

¥emay conclude in gereral that

h

5

n can never be in a state in which (A4)(AF)=10.
3] nor B can have any eigenstates.

d B meayhave one or more common etgenstate(s), but not a complete set of

these.

127.  The electronic configuration ofthe ground state of the Na atom is *S14. This implies that

1. S=32, L=10, J=1
2. S=0, L=12,T=1/2
3. 5=, L=0,0=1/2
4. a=0 L=Z J=12



128, Themirrors of alaser cavity are separated by a distance 4. If Tis the time taken by the
light to travel from one mirror to the other and back, the mode separation 12
1
1. -
r
P
4 -
r
1
3 e
2T
. 1
Jir
129, A& semiconductor diodeis employed forrectification of an altes troltage of 10 and a
current of 1.4 The forward voltage on the diode, after the sy heen in operation for
severd hours of power dissipation,
1. does not change
2. increases hy  ~ 100 my
3. increases by ~1 mV
4 degreases by ~ 100 mW %
130, The mammum effidency of a ass B amplifier 1z
1. a7.5%
2 50%
3 B 5% "
4,
ne't
131, A free eleghmpn gas has DT electnical conductivity o, =—— where #15 the number density of
’ m

carr ers, 1z the charge of the carniers, ¢ 1s the relazation time and » 15 the effective mass
ofthe carners. Assuming that therei1s only one relaxation time, the AC conductivity at
frequency @ 15 modeled by

1. [l—imr)cru
a,
2. .
1+ a’ o
3 [1+3’m f)ﬂu
4. =t




132, A& proton and a neutron are hoth subject to aum form magnetic ield. Which of  the
following 13 true?

1.

2.
3.
4.

Both particles undergo Latmor precession because they have non-zero intrinsic
traghneti c motnents.

The neutron does not precess because its intrinsic magnetic moment 15 zero

The proton does not precess becanse its intrinsic magnet c moment 15 Zero.

Both the particles precess and the direction ofthe precession 1s the same for the twao
particles

133, The Van der Waals equation of state for | moleofa gasis

134,

2.

3.

4.

{P+%](V—b}= RT

1

according to Ganss' theorem, the charge contaned in the unit sphere 13
constant in time

according to Ganss' theorem, charge 13 fl owing into the unit sphere

according to the continuity equation, the charge density wathin the unit sphere must
necessarily he uniform

according to the contimity equation, the change density inside the unit sphere
dirninishes with tine



135

1346

137,

Choose the correct staterment from the following:

1

1. The magnetic field 51z a vector and not a pseudovector.

I I .
2. £ E 1z ascdar and not apseudoscalar.

I 1
3. Ax B iz apseudovector,

1

4 The magnetic vector potential 4 ise pseudovector.

. .
Given any arhitrary electric and magnetic fields & (;,r) awd B(;,I lL%Wa‘j.rs possible to

1
choose the scalar potential @ (7,:)and vector potential }1(;,:)

I
1. A8 is identicaly zero.
2. @ (7. £) isidenticaly zero.
r r . . ;
3. |}1 (r, :)l 18 any given nomn-zero cnr%’
|||-

4 '-"lr-

1 L 1
4 the conditions ¥ A=0 and 4 —H+ "7 A=0 are stmultaneously satisfied.

In a certain regio @Ell's equations for the electric and magnetic fields are given by

1 1

R a5 r af

, W El=—— ¥WxEB= —_
" Mo &

We ronclude that:
1. Bm_:h the scalar and the vector potential are necessarily constant in the
requon B
2. The electnc field é and the magnetic field %’mustnecessaﬂly heuniform in R
3. There are no sources for electric charges and currents in B

I I
4 The electric field £ isnecessanly perpendicular to the magnetic field B oa
every point in B



138. The sum aof

7 at 7

1- : - Fooe 1
214% 41 4% g1 4° '

1l not convergent
2. Z

2
3.

S

-

139, Consider the alpha-decay reaction

210 26 4
Foy® — PREY + Hel

where atomic tasses are

mf Py = 2100483 amu
m [(PEY = 206 0356 amnu

tn (Hg) =4.0039 amu
l amu= 531141 WeV.

The kinetic energy of th

1. 54 ke'V.
2. 27 ke'V.
3. 54 MeVW,
4. 108

140, Constd e operators a and a°, satisfring the commutati on relation
[a, a'] = I, the unit operator. There are no normalisable eigenstates ofthe
operator

aa

a

+
a

(a"ay’

[ O IR T O T
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