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PREVIEW QUESTION BANK(Dual)

Module Name : PHYSICAL SCIENCES - 705
Exam Date : 27-Dec-2023 Batch : 15:00-18:00

Sr. | Client Question
No. D

Objective Question
1 1001

Objective Question
2 1002

Question Body and Alternatives

In how many ways can a menu be made from 5 dishes. if the menu contains either 3 or
4 dishes?
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All the four entries in column A must be matched with all those in column B.

Each correctly matched option gets one mark and no mark is awarded
otherwise. Which of the following mark(s) CANNOT be scored?
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Objective Question
3 1003
In the figure log,q v is plotted against logy x
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When v is plotted against x. then the plot in the provided range is
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Objective Question
4 1004
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Objective Question
5 1005

Objective Question
6 1006

Four children had 27 apples among them. No child had less than 5 apples. If no two
children had the same number of apples. then which of the following could NOT be
the number of apples a child had?
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In 1979. Ramesh’s age was the sum of the digits of his year of birth. In 2017, on his
birthday. what was his age?

1. 49
2. 57
3. 60
4. 64
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Objective Question
7 1007

Objective Question
8 1008

What is the minimum number of pourings needed to get 4 litre of milk from a fully
filled 8 litre can, using ungraduated empty 5 and 3 litre cans? No milk should be wasted.
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Radius of a sphere is measured with 5% uncertainty. What is the uncertainty in the
volume. determined from this radius?

1. 5%
2. 6.6%
3. 125%
4. 15%
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Objective Question
9 1009

A truck from a post office is sent to collect post from a plane as per schedule. The plane
lands ahead of schedule. therefore its contents are transported by a rickshaw. The
rickshaw meets the truck 30 minutes after the arrival of plane, and the post is
transferred. The truck returns to the post office 20 minutes early. How early did the
plane arrive? (Assume all transactions are instantaneous.)

10 minutes
20 minutes
30 minutes
40 minutes
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A person’s viral load measured in some unit was 15, 25, 50, 200, 300. 150 and 30 on
days 1 to 7. respectively. The maximum relative change took place between

day 3 to day 4.
day 4 to day 5.
day 5 to day 6.
day 6 to day 7.
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Objective Question

10 1010
The time seen in a mirror placed opposite a numberless analog (with hands) wall clock
is 4 h 55 min. What approximately is the correct time?

1. 4h355min
2. 5h05min
3. 7h05min
4. 1h35min
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Objective Question

11 1011
For every 5 chocolates that Ramesh gets. Suresh gets 3 chocolates. Geeta gets 3
chocolates for every 2 chocolates that Suresh gets. If Geeta has 18 chocolates. then
the sum of chocolates with Ramesh and Suresh is
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Objective Question
12 1012

Objective Question
13 1013

A3

A4

2.0
In a market. you can buy a mango for Rs.10. a lemon for Re 1 and 8 chillies for Re 1.

How many of these items do you need to buy to get a mix of 100 items for exactly Rs.
1007

6 mangoes. 22 lemons, 72 chillis
7 mangoes. 21 lemons. 72 chillis
1 mango. 9 lemons. 80 chillis

8 mangoes, 12 lemons, 80 chillis
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2.0
1e sum of the two positive integers is 14. Then their produet CANNOT be divisible
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Objective Question

14 1014
A bird keeps flying continuously between two trains. that are following each other on
a straight track. The train behind 1s slower than the one ahead by 1.5 ki/h. If the speed
of the bird is 20 km'h. what distance would the bird cover in an hour?

20 km
30 km
50 km
60 km
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Objective Question

15 1015
SCRIPT : DIRECTOR :: 77: CHEF

Choose the most appropriate option from the following to fill the blank

1. MENU

2. RECIPE

3. RESTAURANT
4. MEAL
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ferfaf@a # @ gaw 39g+a AFeT ¥ 999 ¥ = 7= o1
1. o= &=

2. AT

3. ST

4. A=FF

Al

A2




A3

A4

Objective Question

16

1016

The figure shows age-wise bar graph of male and female population of two countries.
Which one of the following is likely to be true?

Country P

40 32 24 16 B O 0 8 16 24 32 40

Population (in millians) Population (in millions)
Country Q
Age group
Female

W0 32 24 16 8 0 0 8 16 24 32 40
Population (in millions) Population (in millions)

1. Country Q has higher life expectancy

!‘-.I

Country P has higher per-capita income
The population of country P is decreasing more rapidly than Q
Country P has better health facilities
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Objective Question
17 1017
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Country P
Age group
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Country Q
Age group
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Population (in millions) Population {in millions)
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The above figures show population pyramids to four countries A. B, C and D. The
country showing the most stable population is
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Objective Question
18 1018
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What is the value of x in the given magic square, (1.€. a square grid in which the sum
of the numbers in rows. columns and diagonals is the same)?
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Objective Question
19 1019
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If a < x < b, then for which of the following relations does 0 < y < 1 always hold?
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Objective Question
20 1020
A letter is drawn at random from the following string of letters.

RAMUKYAJNAS
What 1s the probability that it is NOT a vowel?
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Objective Question

21 705001
A particle of mass m is moving in a stable circular orbit of radius r, with angular

momentum L. For a potential energy V(r) = fr* (8 > 0 and k > 0), which of the
following options is correct?

ks =GR
2 k=2.10= (2:‘:3)”4




Objective Question
22 705002
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The 1-dimensional Hamiltonian of a classical particle of mass m is

_ Pl sle
H=_2% +V(x).

where a is a constant with appropriate dimensions. The corresponding
Lagrangian is.

1, ?(‘i—’:)zex/a —V(x)
2. ?(d—’:)z e~*/a _ V/(x)
3. %”'(‘%‘)2 e*/% _ V(x)
4. 3%(‘*—’:)2 e~/ _ Y (x)
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Objective Question
23 705003
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A particle of unit mass subjected to the 1-dimensional potential

. 2a 3B
V) =—3--3
executes small oscillations about its equilibrium position, where @ and g are
positive constants with appropriate dimensions. The time period of small
oscillations is
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Objective Question
24 705004
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The coordinates of the following events in an observer's inertial frame of
reference are as follows:

Event 1: t; =0, x, = 0 : Arocket with uniform velocity 0.5¢ crosses the
observer at origin along x axis

Event2: t; =T, x; = 0 : The observer sends a light pulse towards the rocket
Event 3: 5,1, : The rocket receives the light pulse

The values of t3, x; respectively are

i 9T, eT
I s
3. 2 j—gcr
4 %T. %cr
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Objective Question
25 705005
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A particle moves in a circular orbit under a force field given by F(7) = —Tiz T,
where k is a positive constant. If the force changes suddenly to

13('??) =— % I, the shape of the new orhit would be

1.  parabolic

2 circular

3. elliptical

= hyperbolic
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Objective Question
26 705006

Objective Question
27 705007

A3
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The Schrédinger wave function for a stationary state of an atom in spherical polar
coordinates (1,6, ¢) is

i = Af(r)sinf cosg e*?®
where 4 is the normalization constant. The eigenvalue of L, for this state is
1. 2h
2 h
3. —2nh
4. —h
T T AEAH (r,6,¢) F FH oA FT TR 3w F AU AfEER
a0 e
i = Af(r)sinf cos @ e*?®
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Objective Question
28 705008

The Hamiltonian for two particles with angular momentum quantum numbers
L=L=1.is

i : € [rs = = = = 2

B= (L4 1) By~ (Bt 5))

If the operator for the total angular momentum is given by L= L, + L, . then
the possible energy eigenvalues for states with [ = 2, (where the eigenvalues
of [2arel(l+ 1)h?)are

1. 3e, 2¢,—€
2.  6g, be, 2¢
3. 36 26 €
4. —36,—2¢ €
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Objective Question
29 705009

The normalized wave function of an electron is

/) (7)) =R(r) [J% YJ_B (6. ¢) x_ + Jé Yxl (8, @)X%—} .

where 17" are the normalized spherical harmonics and x, denote the
wavefunction for the two spin states with eigenvalues J_r% h. The expectation
value of the z component of the total angular momentum in the above state is
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Objective Question
30 705010

A quantum system is described by the Hamiltonian

H =]S,+ AS,

where §; = gfri and g; (i = x,y,z) are the Pauli matrices. If 0 < 1 « J, then the
leading correction in A to the partition function of the system at temperature T is

hA? h
2. tanh (J’—)
2JkgT 2kgT
hA? Jh )
3. 2JkgT cosh (2k3T

naz . i
4. S T sinh (M)
fordlT FareeH AT o e
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2_
The branch line for the function f(z) = CHZ: is

1. Imz

2. Imz

——— (I EEmm— Re z

3. Imz

T Re z
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Objective Question
31 705011

Fad f(z) = ,%#ﬁvam—i‘m?

1. Imz

— T R e z
2 ... GO
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The Beta function is defined as B(x,v) = j: t*=1 (1 —t)y-1dt.

Then B(x,y + 1) + B(x + 1,y) can be expressed as

1. B(x,y—1)

2. B(x+y1l)

3. Blx+yx—y)
4. B(xy)
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Objective Question
32 705012

Objective Question
33 705013

e Boid B(x,y) = [, 71 (1— )Y tde F T & qfeea

da B(x,y + 1) + B(x + 1,y) 3 50 YR =T+d 31T 51 THaT &
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If z is a complex number, which among the following sets is neither open nor
closed?

1. {zlo= |z—1]| <2}
2. {zl|z| = 1}
3. {zlz € (C—{3}) and |z| < 100}

4. {zlz —re®0<8 < g

afg 2 vF Ay GEar g, 99 e # 9 FiF @ gy 7 ar figg § AR
o & Hgd 87
1. (0= z=1=22}

N

{zl lz| = 1}

o

{z|z € (C—{3}) T |z| = 100}
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Objective Question
34 705014

Let M be a 3 x 3 real matrix such that

M

e™ =|—sin@ cos@ 0O

[cosﬂ sin @ 0]
0 0 1

where 8 is a real parameter. Then M is given by

=1 0 0]

1 0 1 0
0 0 o

1 0]

2 -1 0 0
L0 0 ol

[0 0 1]

3. 0! —% 0
0 0 0l

1 0 0

4. 0 —% 0
0 0 1

A fF M TF 3x3qEaEs P S IFR & F

eM® = [_sine cosé 0

0 0 1
&, ST 6 ITEafas I gl d9 M e gann feur smar &

[cosﬁ sin @ 0]

—1 0 0]

1 0 1 0

0 0 0l

0 1 0]

2. -1 0 0

| O 0 0l

[0 0 17

3. 0 —1 0

10 0 0l

g ! 0 0]

4, 0 —1 0

L0 0 11
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For a flat circular glass plate of thickness d. the refractive index n(r) varies
radially, where r is the radial distance from the centre of the plate. A coherent
plane wavefront is normally incident on this plate as shown in the figure below.

If the emergent wavefront is spherical and centered on the axis of the plate, then
n(r) —n(0) should be proportional to

1. ri?
2. F

3. 7

4. r¥?

AEE d 1 TF FAEGA IO FF H e F T, quEaaas () B

o g, e e FFR e R P raiwmFiRRrar R F
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£l

Ife feTa T aeiT § 24T s 1 3787 W F=ed §, 79 n(r) —n(0) &=
F AAIaF g AT

1. ri/?
2 r
3. 2
4 r3/2
o
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Objective Question

35 705015
A small bar magnet is placed in a magnetic field B(¥) = B(x)Z. The magnet is

initially at rest with its magnetic moment along 7. At later times, it will undergo

1. angular motion in the vz plane and translational motion along i
2. angular motion in the vz plane and translational motion along %
3. angular motion in the zx plane and translational motion along z
4. angular motion in the xy plane and translational motion along z

FaHT 8T B(F) =B(x)Z H TH Bl ©F a& W@ AT gl TR & Ta+
omTEEa F § 3R s gEHT MU ¢ F ey € 9% A g e
Fan

1. yz @ ® HIONT 7 FA0 7 F G FAHRT AT
2. yzodd # F0MF aifd FAT & F A TR AT
3. zx G H FOMT a1fd FAT 2 F A FAEOT Y
4. xy 9 # FONT AT A2 F el FAHEOT I
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Objective Question
36 705016




A conducting shell of radius R is placed with its centre at the origin as shown
below. A point charge Q is placed inside the shell at a distance a along the x-axis
from the centre.

The electric field at a distance b > R along the x-axis from the centre is

Qs
1. 4Amegb? o
Q 1 aR o
2. 4mey [(b—a)i’- i (ab—Rz)Z]

X

Q 1
3. 4mey [(b—a)z (ab—Rz)Z]

4mey Lb2 a2b?

1 8§ T RZIA

B=ar R F1 v gErers Fr T Fg F AqF Ag W ow@ o oS
A femmar s § e F 36eY Feg ¥ 1-HE F AT a §F W HA F
3iey fog amaer @ @ I g

FE T -HT F AU b >RGN W gga &9 &

Q .
1. 4megb?
Q 1 aR Py
2. 4Ameg [(b—a)z B (ab—Rz)z] in

Q 1 aR -
3. 4meg [(b—a)z A (ab—Rz)Z] i

£ L2

4mep LB?2 a?b?
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Aone dimensional infinite long wire with uniform linear charge density 4, is placed

along the z-axis. The potential difference 6V = V(p +a) — V(p), between two
points at radial distances p + a and p from the z-axis, where a « p, is closest

to
A a?
1, = —
2mey p?
A a
2. = s
2meg p
A a
3. =
2mweg p
A a?
4. Y
2mweg p

UF-GAT IET AT Oedcd 1 Jrell 3d a5 F Uh-fHT a #1 z-3787 &
e T@T WA §lz-3E W BT g p+a T pW A g F =
fEEaT V= V(p+a)—V(p), &l a<p & T F AFcan ¢

A a?
§, =R
2meg P
B
2mEg p
A a
2mEy p
A a?
2re, p?
ALy
1
)
2
A
3
Ay
4

Objective Question

38 705018
A classical ideal gas is subjected to a reversible process in which its molar

specific heat changes with temperature T as C(T) = ¢y + RTE. If the initial

temperature and volume are T, and V,, respectively, and the final volume
is 2V, then the final temperature is

1. Tp/In2

2. 2of,

3. Ty/[1—-1n2]
4. To[1+In2]
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T Rafafsa aee {9 sopAviT vF F el fows s o H
WWMW??WC(T}:@+R;—G F FT F IEaar
F Ifc IS+ A T HEaS FHL T, 9T V, § Jur deas
HITT 2V, &, 99 A=aq J9H7T §

1. Ty/In2
2. 2T,
3. T,/[1-1n2]
4. Ty[1+In2]
1
2
3

A4

Each allowed energy level of a system of non-interacting fermions has a
degeneracy M. If there are N fermions and R is the remainder upon dividing
N by M, then the degeneracy of the ground state is

I

2, 1

3. M

4. Mgs

HAATRAET BT FON F FFhT H HGAT FAT T HT HIFTSEAT

M g Ife N BHHTE For & Iy =T M ¥ FafEg w1 9w R 9w |
g, 99 Feaaq 3aTar Fr A9Hseqr g

M

WM

MCR
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A4

Four distinguishable particles fill up energy levels 0,¢, 2e. The number of
available microstates for the total energy 4¢ is

1. 20
2 24
. @i
4 19

IR e FUT IS T 0,6,2¢ F WA & TA FAT 4eF T 39w
HeA HIEAC §

24
11

& N

19

A system of N non-interacting classical spins, where each spin can take values
o= —1,0,1, is placed in a magnetic field h. The single spin Hamiltonian is
given by

H = —pgho + A(1 —a?),
where ug, A are positive constants with appropriate dimensions.
If M is the magnetization, the zero-field magnetic susceptibility per spin

! , at a temperature T = 1/fkp is given by

N @h lp—p

1. Buz
2Bug

2. 2+e—FA

3. Buge At

i Bug

1+~ B8

3.5

3.5

0.88

0.88




N Fa=afraEE RRufafeq g=wol & e # 96w &§3h F @ T
T TET 9eUF TEHUT 0 = —1,0,1 AT FT of ThaT § | Thel T=h0T gifeear

H=—pgho+A(1 —0?)
AT fear Iar &, & pp, A WAET FAT arer aaeAs W= g

afg M gaFa &, 9 AGAS T = 1/fky; W Y=T-8T7 Tah1T T3 T
TEERUT ﬁ""a—f o= gar & s f
h—o0
1. Puz
2Bug
- 2+e—FA
3. PBuje P
Bub
% 1+ B8
Al
1
A2y
2
i
3
Aty
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Objective Question

42705022
In the measurement of a radioactive sample, the measured counts with and
without the sample for equal time intervals are C =500 and B =100,
respectively. The errors in the measurements of ¢ and B are |AC| = 20 and
|AB| = 10. respectively. The net error |AY| in the measured counts from the
sample Y =C — B, is closest to

1 22
2. In
3. 30
4. 43

el a7 F A/ #, a0 §AT Al F T F757 F wry A @
FqHS F A A0 FHA: € =500 FATB =100 §1 C JAB F A # Jfear
FHA: [AC| =20 TAUT [AB| =10 §| FHa ¥ AYF A0F ¥ =C—-B H YU
(net) 3T |ay| foeet & AFeaw &

1 22
2. 10
3. 30
4. 43
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Forthree inputs 4, B and €, the minimum number of 2-input NAND gates required

to generate theoutput Y =4 +B +C is

S
o o~ e

d9 et A BgwcE AT Y =2+ B+C # 9cg F ¥ fAw 2-Fdet
el =geaaA Fas NAND 3T =nfge gt

a1
o N
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In the circuit shown below using an ideal opamp, inputs V;(j = 1,2,3,4) may
either be open or connected to a —5 V battery.

1kQ +12V
Vi 0=AnA— N J'\
=1 \:_?- - —) V
2 kQ —,] out
4 kQ e
3 """"'r“-/"‘f e
8 kQ
4 O—=NNS

The minimum measurement range of a voltmeter to measure all possible values
of V,,z IS

1. 10V
2 30V
3. 3V
4 1V

forelr 3eet witraTeae Tadi® (opamp) F ST @ gU A @ o uftuy
F A V(=1234)T & G & Thd § T —5V H d&q ¥ J3 & Tt
gl

1 kO +12V
2k - |_| . e tou
Vaio-eAnN, - '
I -
4 kQ | o
Vs O\t 1kQ
8 kQ

Voo o Tl Temifaa @mat @ #uer & forr ateeamdr & #geras 710 I §

1. 10V
30V
3V

> LN

1v
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A4

The light incident on a solar cell has a uniform photon flux in the energy range of
1eVto 2 eV and is zero elsewhere. The active layer of the cell has a bandgap of
1.5 eV and absorbs 80% of the photons with energies above the bandgap.
Ignoring non-radiative losses, the power conversion efficiency (ratio of the output
power to the input power) is closest to

1. 47%
2 70%
3. 23%
4 35%

TF ®Y ¥ T 3Ofaa g JTer T FT FAFEE 1eVT 26V F FAT &EAR
H UH-HA § TUT FAT T 8| o F WHET T F d5-HGUSA 156V ¢
T d3-3TTT § HF FHAT 10T 80% TSI T HFMEOT & ST §1 rafengof
giferdlt F1 se@r Fa gu AfFa-waieRor gerar (e afFa qur foder ofew

T 3q9) e % foseawm #

1. 47%
70%
23%

o owop

35%
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A particle of mass m is moving in a 3-dimensional potential

kf
3rs

8y = i w0

For the particle with angular momentum [, the necessary condition to have a
stable circular orbit is

1. kk'<-Z
4m
2. kk'>-=
4m
3. kk'< L
14
4. kk'>—

o) =——-—=——= k. k=0
# faar= &1
Fofg H3er 1 Frer FoT & forw, TR e e @ F T snaas od §

1. kk' <X
" am?
14‘
2. kk'>
4 2
lé
3. kk'<—
mz
4
A4 Ests
m?2
ALy
1
A2,
2
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3
Ay
4
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A canonical transformation from the phase space coordinates (g.p) to (Q,P) is
generated by the function

2

s T
wip.Q) = 5, tan 210,

where w is a positive constant. The function y/(p, Q) is related to F(gq, Q) by the
Legendre transform i = pg — F, where F is defined by dF = pdq — PdQ. If the
solution for (P, Q) is

P(t) = f—ntz. Q(t) = Q, = constant,

where t is time, then the solution for (p, q) variables can be written as

1. p Z?—;cos 2nQq , q Z%sfn 2mQ,
2. p= —Z’—;cos 2nQ, , q = isin 2nQ,
3. p =j—;s£nZnQG ., q Zicos 2nQ,

4. p= —?—;sinZ:ero , q =icos 2mQ,
9aEAT FATE fAEARR (g, p) ¥ (0, P) ¥ RBARRT FOiaawr we

. P
Y(p.Q) = Ztan 2nQ ,

T g &, @ w UAHEF 3R & Bed (p, Q) =8 FUGT (Legendre
transform) ¥ = pg — F EaRT F(q,Q) ¥ Fafid §, |k dF = pdg — PdQ E@RT
i &1 It (P, Q) FT wANA

P(t) =17, Q(t) = Qo = 3R
g SE t@HT &, 99 (p.q) T F T A= 39 R o 1 g §
1. p Z‘:—;cos 2nQ, , q zisin 2nQ,
2. pE —';U—j:cos 2nQ, , q = %sinZﬂ:Q0

3. pp= :’—;sinZnQo g = icos 2mQ,

4. p= —?—isinZnQo , Q= icos 2mQ,
M
1
23
2
M
3
4
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A Lagrangian is given by

1 ;
L= Em(_\*z +vZ+2%) —a(2x + 3y + 2).

The conserved momentum is

1. m[2x + 2]
2. mPRi+y+12]
I T )
3. m [_t L +Zz]
4. m[2%+37]
TF =
! F— _— .
k= Em(_x2 +yvz+22)—a(2x+3y+2z2)

ez arar &1 wiET w3 §

1. m[2x+ Z]

2. m2e+y+:2]
sy B
3: m[_l ) +zz]

4. ml[2x+ 3zZ]
.Al
{\2
{%3
fM

Objective Question

49 705029
An incident plane wave with wavenumber k is scattered by a spherically
symmetric soft potential. The scattering occurs only in S- and P- waves. The

approximate scattering amplitude at angles 6 = % and 6 = g are

r(o=3)=5Gramar(e-=50+3)

Then the total scattering cross-section is closest to

3Tm
4. o=
4k?
10m
% w
35w
3. ekl
ak?
9
4. =

k2
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T HE&AT k Tl U IM9Tad AGS ader F Rl Mg §rfAd Jg e
(potential) ¥ FHIUTT FaT &1 FHRUIA FI S- TAT P- ET F gfed gar 2
FOT 6 =TT 6 =2 T HeATd FHIUIA-HTITH

lo-2)> 2o mmr(o-2)=(1+2
g, 99 o ghia gury s e & Peean §

37
1. =
4k?
10m
35m
3 =
4k?
97
4 =
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n a quantum harmonic oscillator problem, @ and N are the annihilation operator

and the number operator, respectively. The operator eVaeVis

1. @

2. ela
3. e+
- g

(where [ is the identity operator)

T FaecH T A4l aroi H 4 9UT N FAT: Seud §hRE JUT §E -
TFRF & TFRF eVae NV &

1 a

2. ela
3. - (+a)
4. ¢
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A2
A3

A4

A quantum particle of mass m is moving in a one dimensional potential
Vix) = Vo8(x) — A16(x),

where V, and A are positive constants, 6(x) is the Heaviside step function and
&(x) is the Dirac delta function. The leading contribution to the reflection
coefficient for the particle incident from the left with energy E »> ¥V, > 1 and

— Voh .
V2mE >>%|s

1. Y
T aEz
5 ¥
©  gE2
mA2
3.
2ERZ
ma?
4. ——
AER?

ZSTATT m FT FEI=cH F0T TH-GAT Fog
V{x) = Vob(x) — A6(x)
# aifgqa €, g1V, 99T 1 9acA+ 3R g, 6(x) §5T815s TXO0T $old I §(x)
Y ToeT Foe 2 Eﬁmﬂ'ﬁﬁ'E»Vo>AW\:‘W»%ﬁ Frer amafag
F0T % T Eda Ui # AT IeE §
vé
1. P

2 5
°  8E2
ma®

2ERZ

ma?

4AER?
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A quantum system is described by the Hamiltonian
H=—]g, + A(t)ng

where g; (i = x,y, z) are Pauli matrices, | and A are positive constants (J > 1)
and

0 for t<0
A(t) =34 for 0<t<T
0 for t>T

At t < 0, the system is in the ground state. The probability of finding the system
in the excited state att > T, in the leading orderin 4 is

1. X 2T
*ogj? h

5 B sall

7z Sin" 7
A2 . ST

3 P sin® —
A2 . o T

4 672 sin” —

H = Jogtd(t)ao,

¥ aftha &, ST&T o (i = x,y,2z) UiBel 3MePg (Pauli matrices), J TUT A UaATcHAH
AR () » A) & Fur

0 t<0 & forw
At) =42 0<t<TefaT
0 t T & forT

e t<0 W, T TFa® e & &1 t > T W T & 3afag Jaedr
# g Fa A wiear 4 # ot ST (order) # &

1 A2 . ST

2 A2 . ST

F Sin ?

A2 o o JT
3 e sin” —

A2 o T
4 \EP sin® =
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The regular representation of two nonidentity elements of the group of order 3

are given by

=

c

FIfE (order) 3 % THE F &l AdcqATT 3aar + Aafaa

¥ few aw §

ALy

A2,

A33

Ay
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Given the data points

using Lagrange’s method of interpolation, the value of y at x = 4 is closest to

1. 54
2 55
3. b3
4 56

st dr Hades R 7 39Aer FT F ¥ v srer fagst

X 1 3 5
v 4 128 | 92

Hyx=4 Wy FAFeagmaa ¢

1 H4

2, 55

3. 53

4. 56
Al
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The function f(z) = - is defined on the complex plane. The

—
(z+1)(=z+3)
coefficient of the (z — z,)? term of the Laurent series of f(z) about z, = 1 is

i =
64
7
2: =
128
9
3. =
64
9
4 —
128
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1

(z+1)(=z+3) mﬂ aq H Qﬁmﬂ' a-l Zp=1 * Eé-ﬁ'lé' f(2)
% @RI 4o (Laurent series) FT (z — z,)? 9€ FT IOTF &

T f(2) =

f\l
{xz
fx3
A4

The solution v(x) of the differential equation y” +§=§ , where 0 < x < m,
together with the boundary conditions y(0) = v(7) =01is

2vw ntT sinnx
1. IFe,(-irIim

2 oo n ™ sinnx
2. = n=1(_1) on L2
4—?1,
2 m sinnx
3_ o | & e
- n—l( ) i %—nz

2viwo ¢ qyn+1 T osinnx
+ BF T e

afEET ordlf y(0) = y(n) = 0 % WA HIHe AT Y+ ==, @l
0<x=m FH TATUH y(x) &

2

oo (_1)?13 sin nx
n=1 5 E—'nz

2 m sinnx
2. Zpm (-ni PO
4

2 T sinnx
3. Sy o i g oo D it
T n—l( ) 2 %—nz

2 T sinnx
4. b e i n+1
T n—l( ) 2n : n?
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A2
A3

A4

5.0
A transmission line has the characteristic impedance of (50+ 1j)Q and is

terminated in a load resistance of (70 — 7j )0 (where j2 = —1). The magnitude

of the reflection coefficient will be closest to

1. 2
2, -
& -
4. -

(50 + 1j ) ATFEITOF ITdamn T T=RU-aSA (70 — 7/ )Q F o5 gforrg &
AT B ¥ (ST j2 = —1)| WEad U F IRHAT T F freas gem

—
~ |

M
b | =

[+

=1 | =
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The permittivity of a medium E{E. w), where w and k are the frequency and
wavevector, respectively, has no imaginary part. For a longitudinal wave, k is
parallel to the electric field such that k x E = 0, while for a transverse wave

k-E =0. In the absence of free charges and free currents, the medium can
sustain

1. longitudinal waves with k and @ when E(?, w) >0

2. transverse waves with k and w when €(k,w) < 0

3. longitudinal waves with k and w when €(k,w) = 0

4. both longitudinal and transverse waves with k and w when E(E.m) >0
aregR 1 fegadfiedr ek, w) FT F1S Frealas er J&7 & F@ w JAk
FAA: WG TA T AT §| FEd ot ¥ v & fega & F wAaw
g oE® kxE=0 & Faf% dquey a@or F Qv k-E=0 & HFF a0
Fur gFd gt F wqaitafy & mream A

1. kT o T 3Eed a0 |® Tt 8, Fere(kw) > 0

2. kT ITC FFIET TE I FHAT ¢, TR E(kw) <0

3. kT o el Hded a9 @ Thar &, Fere(k o) =0

4. Ekand T GA HIEET TAT HFEeT TG @ TR &,
& e(kw)>0

Al
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5.0
The radius of a sphere oscillates as a function of time as R + a cos wt, with
a < R. It carries a charge @ uniformly distributed on its surface at all times. If P
is the time averaged radiated power through a sphere of radius r, such that

r»R+aandr >>£,then

020)4(12
o ———

1. P =
2, .2

2. poc®
c

3. P=20

2
4. Palee

¢




frdr oy Y =T 97T F B R+ acoswt F ¥ H T AT § FgT
a<R gl & TAT SHH Fdg W TH-FAG: dfed &y @ gar g1 I
e r & M O o maafRfeia o P s v &
r>>R+aZ-|’21Tr>>£§‘,<‘-rer

sz4a2
1. Pt =
B
2. PocQw
3. P=0
sz&a‘l-
4 P« =
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A 2-dimensional resonant cavity supports a TM mode built from a function
Ylx,y,t)= sin@ﬂ “T—wt)+ sin@b T —wt) + sin(ﬂl T4 wt)+ sin@b T+ wt)
where k, and Eb lie in the xy-plane and make angles E and %"with the x-axis.

respectively. If 0 < ]E,,] < |§b|, then which of the following closely describes the
outline of the cavity?

ozl | [(eEd
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Holel

Y(x,y,t) = sin(ky - 7 — wt) + sin(k, - 7 — wt) + sin(k, 7 + wt) + sin(k, - ¥ + wt)
¥ faffa ™™ R (mode) 2-fFfiTr 3gdr #F1ex F I W@ &, F@T k, IAr
ky, xy-ad H E T -HE F WA FAY: D oW TF For a9 § Al
0< k| <lkp] & T T & ¥ Fi7 F1x i F@ F FFear ¥ avi=
Far 82

1.
2.
3.
% 2 (ovzE)
|
|
raga] | ioty
l
: ([.,_\--z f—,)
Al
1
A2,
2
A3 3
3
Ay
4

5.0




Objective Question
62 705042

A system of non-relativistic and non-interacting bosons of mass m in two
dimensions has a density n. The Bose-Einstein condensation temperature T, is

1 12nh?
’ nmkg
2 3nh?
mmkg
énhZ
3. nmmkg
4. 0
AT m F AW FUT F AnEHT g sFa=aEFaEe FEm F7Toar

A F e n ¥l SI9-3S-EST §ua a9HE T, §

12nh?

nmkg
3nh?
mmkg

6nh?

mmkg

Al
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The work done on a material to change its magnetization M in an external field
His dIWW = HdM. Its Gibbs free energy is

G(r.H) = (yT +22),

where y,a > 0 are constants. The material is in equilibrium at a temperature

H
T=T, and in an external field H = H,. If the field is decreased to ?°
adiabatically and reversibly, the temperature changes to

1. 27T,
s, (fimm
s (O VT,
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TET HT H H TGN F G9RaT M H FEod A 3 W R owmm s
dw = HdM | s8 e ga =1

G(r,H) =~ (yT+ “;f).

¥ el ya>0 U E AR T=T, 997 97 &9 H=H, & g
;rrma::mﬁ%wﬁmmw:mmmmﬁ? # T 1 g,
J9 auHAT e & 98 AT &

r, 25
2. 2
4.
3. () VAT
’
. (@fmm
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A photon inside the sun executes a random walk process. Given the radius of
the sun = 7 x 10® km and mean free path of a photon & 1072 m, the time taken
by the photon to travel from the centre to the surface of the sun is closest to

1.  10°sec
2. 10**sec
3. 10%*%sec
4

10%® sec

T F 3T UF BlEA Aefeos FA FaT € 3 qF Hr

=am ~ 7 x 10° km & TUT WIEfa T AeT JF 9T ~ 107°m &, TP F FF
¥ Tdg d% Wied ganr I i A o 7 g8y e & foaseawm &
1. 10°%sec

2. 10%*sec
3. 10%%sec
4

1018 sec
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A3

Ad

Gauge factor of a strain gauge is defined as the ratio of the fractional change in

resistance (%R) to the fractional change in length (M) A metallic strain gauge

L,
with a gauge factor 2 has a resistance of 100 0 under unstrained condition. An
aluminum foil with Young's modulus ¥ = 70 GN/m? is installed on the metallic
gauge. Keeping the foil within its elastic limit, a stress of 0.2GN/m? is applied on

the foil. The change in the resistance of the gauge will be closest to
1. 0140

2 1.23Q
3. 0280
4

0.56 0

frpfemrh & a5 IR # IO F BeAeRs qgoE (D) Fur wEE &
Bt Feome (7) ¥ 3o @ fenfya frr o &) sfega o & 9w
FNF 2 T uifcas Rgpfoard &1 gfwr w000 &1 I o+ oaonE
Y =70GN/m? I TIAAIH T F uifcas I 9 AT AT E1 T
FI FHAT JAEIAT HAT F AT T@A T 0.2GN/m? FT Ficrael Tewll I SIMTAT
T g AT F 9fay # gEae T 5 AFeaw e

s 0.14 0

2 1.23 0

3. 0.280

4 0.56 0
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A circuit with operational amplifier is shown in the figure below.

1kQ  1kQ
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GRFaTeAS Yad+ (opamp) ITeT UF g9y #r RU v Ry & fe@mr
gl

T areear I ®V,, FFT F Fweam gen
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An infinite waveform V(t) varies as shown in the figure below

Vi)

LT

5T T 117 2

6 6

The lowest harmonic that vanishes in the Fourier series of V(1) is

. 2
2. 3
3: 6
4. None

TF 3edd do-%9 e @@ 71v B9 F 3gER agaar gl

Vit)

1 ____H____H_
0
T/ 2T t

5T T 11

6 6

V(t) ¥ BRA AU (Fourier series) # fA&aaH YHamEr St ovd 1T &, ar &
1. 2
2= 3B
3. 6

4. HE TG
Al
A2
A3

A4

5.0

1.25




Objective Question
68 705048

The lattice constant of the bee structure of sodium metal is 4.22 A. Assuming the
mass of the electron inside the metal to be the same as free electron mass, the
free electron Fermi energy is closest to

1. 3.2eV
2 29eV
3. 356V
4 25eV

WfETA u1g F bee WA T AT 3= 4224 €| Ig AW gC & urg &
3T AT T FSIATT HFA Solgled ZedAT + TAA ¢, HFA Selecled BAT
Far o ¥ AFeam &

1. 3.2eV

2 2.9eV
3. 35&V
4 2.5eV

Al
A2
A3

Ad

5.0
The collision time of the electrons in a metal in the Drude model is 7 and their

plasma frequency is w,. If this metal is placed between the plates of a capacitor,

the time constant associated with the decay of the electric field inside the metal
is

1
1. FE
“p
Z
2. Wyt
i
3. =
wyT
T
4.
1+wpr

32 Hisal (Drude model) H FFEY a1g & SAagiaAl FT FUeT-H1d 7 § 3R 3T
AT HEN w, &1 T 5T uig A wuilT & et F & @ T g
u1g ¥ 3T f9ega &9 F &7 & Wl FreF (time constant) §

1. T4~
Wy
2 wp’rz
i
3. o
4. i

1.25
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5.0
In the section of an infinite lattice shown in the figure below, all sites are

occupied by identical hard circular discs so that the resulting structure is tightly

packed.

L ]
p
L ]
3

The packing fraction is

3m
1. =
4
bis
2 =
4
3w
3 =
16
e
q =
16

e for T Ry A REiw v o e dfew F wgen &, el v
HA FO AT 376 g@r Y a1 § TEw & aRomd ' wea

eI
L ] L ] L L L
l-ll-l-ﬁ-li
'2“2':‘:“
I!=II=1=1=I

BFe IO §

1.%”

2.%

3.%

4. =

16
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The ionization potential of hydrogen atom is 13.6 eV, and Ay and Ap denote >
longest wavelengths in Balmer spectrum of hydrogen and deuterium atoms,
respectively. Ignoring the fine and hyperfine structures, the percentage
difference y = % x 100, is closest to
1. 1.0003%
2 —0.03%
3. 0.03%
4 —1.0003%
FESSA THA] T JTAF [GHT 13.6 eV § TUT 1 3R 1, FHA: e AR
SERTS A F TR TEH § §E9 @4 g0y # g & gER
AR AT GEE WA B ORE F ge, v HR v = 2100
T &% AFeam ¢
1. 1.0003%
2 —0.03%
3. 0.03%
- —1.0003%
ALy
1
2
A
3
Ay
4
5.0

A solar probe mission detects a fractional wavelength shift (A41/1) of the spectral
line 1 = 630 nm within a sunspot to be of the order of 107°. Assuming this shift
is caused by the normal Zeeman effect (i.e., neglecting other physical effects),
the estimated magnetic field (in tesla) within the observed sunspot is closest to

1. 3x10°°
2 300

3. 0.3

= 3 x10°
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wF @R 3= AP #F 9 e & B R o g@wew § e
A = 630 nm Fr TFHA [T F Bearems qeeed frama (a1/1) ~ 107° g
A F I8 BTues SUEET 3 9T (Zeeman effect) (3aTT 3=w Hifgw
mﬁmm@xmmg,m@-mxmm
I 8T (T H) Adean €

1. Bk107°

2 300
3. 0.3
4

s E

In the rotational-vibrational spectrum of an idealized carbon monoxide (CQO)
molecule, ignoring rotational-vibrational coupling, two transitions between
adjacent vibrational levels with wavelength 4, and 4,, correspond to the rotational
transitionfromJ'=0toJ" = 1,and J' = 1toJ" = 0, respectively. Given that the
reduced mass of CO is 1.2 x2¢ ke, equilibrium bond length of CO is 0.12 nm

and vibrational frequency is 5 x 10** Hz, the ratio of% is closest to

1. 0.9963
2 0.0963
3. 1.002
= 1.203

wF effEa FET AA-AFEES (CO) H F goff-Fufas e &, qull-
FUlaF LFAA F HASET FIA gU, AEETH 1, T, T & foasFeadt Fafas
T F AT &Y EFAU F WG Uit HHEAU FAA: [ =0W) =1 FA ' =1
T J" =0 g COF TAEEIT FeTAM 1.2 x 26 kg, CO FT UFT HE= =TS
0.12 nm FUT FfeF IR 5x 102 Hz & o6 &, 79 3 F7 qea e &
Aean ¢

1. 0.9963
2 0.0963
3. 1.002
4 1.203

Al

5.0
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Atmospheric neutrinos are produced from the cascading decays of cosmic pions
(%) to stable particles. Ignoring all other neutrino sources, the ratio of muon

neutrine (v, +17,) flux to electron neutrino (v, +7,) flux in atmosphere is
expected to be closest to

1. 253
2
3 A:2
R

IGFESAT gl F 3O FeHAS TEHAA (i) F B FOU F @Ol
(cascading) & ¥ gIdr §1 @ 37 AT F Fial F 3=¢@ F T,
IgHSH H FAHS FGREAT (v, +0,) FAFH U SO sgfear (v, +7,)
FoIF F1 Head, e F Pweaw yemfa €

1, 2:3

2 11

3. 122

- 4 |
Al
1
A2y
2
i
3
Aty
4

The ground state of 237Pb nucleus has spin-parity /™ = G)_ while the first

excited state has J™ = (E)_' For the transition from the first excited state to the
ground state. possible multipolarities of emitted electromagnetic radiation are

1. E2.E3
2. M2,M3
3. M2,E3
4. E2,M3

5.0

5.0

1.25

1.25
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207pb A Fewaw saEw f gEww 4fE 7 - (5) & = guw

2

sfea wmen & 7= (5) ¥ vum =few yEen ¥ Geeas dEen &
e F v, seafea Rega gedm fRfwor & sl EE@WWE‘

1. E2.E3

2 M2, M3

3. M2,E3

4 E2, M3
)
1
A2y
2
A3
3
Ay
4

5.0
In a shell model description, neglecting Coulomb effects, which of the following

statements for the energy and spin-parity is correct for the first excited state of
A = 12 isobars 'ZB, 12C, BN ?

i

same for 2B, ZC and N

2. different for each 2B, !2C and 2N

3. samefor 2C and ZN, but different for 2B
4

same for 2B and 2N, but different for 2C

FIer Alse fdaor #, FAA (Coulomb) FHTEN FT 3Td@ FId T A = 12
FHEAMF 12B, 12C, INF YUH 3Afad 3T F fw @5 s &7 § 59
T FAT FUT JRu-4RE F AT wdr §2

1. 12B, 2c Fam 2N foT §AA

2. 9cdw 2B, Zc Fum BNF v e
3. Zc Fm N % for maE, afea 2B ¥ o e
4. 2B gur N ¥ T AR, wfFa ic ¥ v ==
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