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Question Number : 1 Correct: 1 Wrong : -0.33

Identical charges ¢ are placed at five vertices of a regular hexagon ot side @ . The magnitude ot the

electric field and the electrostatic potential at the centre of the hexagon are respectively

_ . q q

(A) 0.0 B) ——.—
dre,a” dme,a

Ame,a” Ame,a

()2 3
dre,a” dme,a

Question Number : 2 Correct: 1 Wrong: ()

A parallel plate capacitor with square plates of side 1 m separated byl micro meter is filled with a
medium of dielectric constant of 10. If the charges on the twe plates are 1 C and -1 C. the voltage

R54x107" F/m)

across the capacitor 1s kV. (up to two decimal places).”( g =8¢

Question Number 23 Correct: 1 Wrong: (

Light 1s mcident from a medium of refractive mdex »n =1.5 onto vacuum. The smallest angle of
incidence for which the light 1s not transmutted mto vacuum 1s degrees. (up to two decunal
places).

Question Number : 4 Correct: 1 Wrong : (

A monochromatic plane wave in free space with electric field amplitude of 1 V/m 15 normally

incident on a fully retlecting muror. The pressure exerted on the murror 1s x]10 " Pa. (up
- : ' e 1 L R ! s —12. I

to two decimal places) (&, = 8.634x10 "~ F/m).

Question Number : 5 Correct: 1 Wrong : (

|y

The best resolution that a 7 bit A/D convertor with 5 V full scale can achieve 1s mV. (up

to two decimal places).
ZOLLEGE.




Question Number : 6 Correct: 1 Wrong : -0.33

In the figure given below. the input to the primary of the transformer 1s a voltage varving
sinusordally with time. The resistor R 1s connected to the centre tap of the secondary. Which one of
the following plots represents the voltage across the resistor R as a function of tfime?

Question Number : 7 Correct: 1 Wrong: ()

The atomic mass and mass density of Sodium are 23 and 0.968 g cm™. respectively. The number

density of valence electrons 1s x 107" cm. (Up to two decimal places.)
(Avogadro number, N, =6.022x107).
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Question Number : 8 Correct: 1 Wrong : -0.33

T . ., g i i WET 2wx
Consider a one-dunensional lattice with a weak periodic potential I/ (x) = U, L’"DS( . The
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(A) U, (B) Iﬂj (C) 2U, (D) —
Question Number : 9 Correct: 1 Wrong : -0.33

Consider a triatomic molecule of the shape shown in the figure below 1n three dunensions. The heat
capacity of this molecule at high temperature (temperature much higher than the vibrational and
rotational energy scales of the molecule but lower than its bond dissociation energies) 1s:
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(A) %kﬂ, (B) 3k, &) 2k (D) 6k,

Question Number : 10 Correct: 1 Wrong : -0.33

. _ 1 “{dg 1 - " dg . o
It the Lagrangian £, = = 777 j } : 1 mzqz 1s modified to L = £ + ﬂ.'q{ ;J . which one of the
w i A ' A at

following 1s TRUE?

(A) Both the canonical momentum and equation of motion do not change
(B) Canonical momentum changes, equation of motion does not change
(C) Canonical momentum does not change. equation of motion changes
(D) Both the canonical momentum and equation ot motion change

Question Number : 11 Correct: 1 Wrong: (

Two 1dentical masses of 10 gm each are connected by a massless spring of spring constant 1 N/m.
The non-zero angular eigenfrequency of the system 1s rad/s. (up to two decimal places).
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Question Number : 12 Correct : 1 Wrong : -0.33

The phase space trajectory of an otherwise free particle bouncing between two hard walls
elastically 1n one dumension 1s a

(A) straight line (B) parabola (C) rectangle (D) circle
Question Number : 13 Correct: 1 Wrong : -0.33

The Poisson bracket [X, XD, +p, | is equal to

(A) —x (B) ¥ (C) 2p,

Question Number : 14 Correct : 1 Wrong : -0.33

The wavetunction of which orbital1s spherically symmetric:

(A) Dy (B) p, (C) s D) d,,

Question Number : 15 Correct: 1 Wrong: (

az

142z
and closed 1n the lower half-plane by a half circle 15 equal to . (up to two decimal places).

The contour mtegral evaluated along a contour going from —c to +o0along the real axis

Question Number : 16 Correct: 1 Wrong : 0

The Compton wavelength of a proton 1s fm. (up to two decimal places).

(m, =1.67x107"kg, h=6.626x107"Js,e=1.602x107°C,

LOLLEGE.



Question Number : 17 Correct: 1 Wrong : -0.33

Which one of the following conservation laws is violated in the decay 7= —> yJ“ y’+ u

(A) Angular momentum
(B) Total Lepton number
(C) Electric charge

(D) Tau number

Question Number : 18 Correct: 1 Wrong : -0.33

Electromagnetic interactions are :

(A) C conserving

(B) C non-conserving but CP conserving
(C) CP non-conserving but CPT conserving
(D) CPT non-conserving

Question Number : 19 Correct: 1 Wrong : -0.33

"
P 1N subjected to

Zm 2

a small perturbation, 4, = arx+ ﬁx} e 3 yx_q . The first order correction to the ground state energy

A one dimensional simple harmonic oscillator with Hamiltonian H, =

15 dependent on
(A) only f (B) aand y (C) aand B (D) only

Question Number : 20 Correct: 1 Wrong : -0.33

For the Hamiltonian /7 = a,{ +b .G where @i, b is a real vector, 1 1s the 2x 2 1dentity

matrix. and & are the Pauli matrices, the ground state energy is

(A) [b] (B) 2a,—|b| (C) a,—|b] (D) a,
Question Number : 21 Correct: 1 Wrong : -0.33

The coefficient of e'®* in the Fourier expansion of #(x) = Asin’(ax) for k=2« is

‘A) A/ 4 By —A/4 (C) A/2 Al2
&) (5) (© 7oL EGE.



Question Number : 22 Correct: 1 Wrong : -0.33

The degeneracy of the third energy level of a 3-dumensional 1sotropic quantum harmonic oscillator
1S

(A)6 (B) 12 (C) & (D) 10

Question Number : 23 Correct: 1 Wrong : -0.33

The electronic ground state energy of the Hydrogen atom 1s —13.6 eV . The highest possible
electronic energy eigenstate has an energy equal to

(A) 0 (B) 1eV (C) +13.6eV . (D) ©

Question Number : 24 ‘Correct : 1 Wrong : -0.33

A reversible Carnot engine 1s operated between temperatures I, and 7, (1, > 1,) with a photon gas

as the working substance. The etiiciency of the engine 1s

A1

Question Number : 25 Correct: 1 Wrong : -0.33

In the nuclear reaction °C, +v, —> °N, + X , the particle X is

(A) an electron (B) an anti-electron  (C) a muon (D) a pion

LOLLEGE.



Question Number : 26 Correct:2 Wrong : ()

Three charges (2 C, -1 C, -1 C) are placed at the vertices of an equilateral tnangle of side 1m as
shown 1n the figure. The component of the electric dipole moment about the marked origin along

the y direction is C m.

Question Number : 27 Correct: 2 Wrong : -0.66

An infinite solenoid cafties a time varying current J(7) = Af~ with A # 0. The axis of the

solenoid is along the Z direction. 7 and & are the usual radial and polar directions in cylindrical

—

polar coordinates. b =5, r+ B

9 é + B, Z is the magnetic field at a point outside the solenoid.
Which one of the tollowing statements 18 true?

(A) B,=0,B8,=0, B,=0

B) B.#0,B,#0, B, =0

(C) B, #0,5,#0, 5, #0

(D) B.=0, B,=0, B, #0

Question Number : 28 Correct: 2 Wrong: ()

A uniform volume charge density is placed inside a conductor (with resistivity 1 0~2C) m). The
charge density becomes 1/(2.718) of its original value after time femto seconds. (up to

two decimal places) (&, =8.854 x 10 “F/m)

LOLLEGE.



Question Number : 29 Correct:2 Wrong : (

Water freezes at (° C at atmospheric pressure (1.01x10° Pa). The densities of water and ice at
this temperature and pressure are 1000 kgfmj' and 934 kgfﬂﬁ respectively. The latent heat of
fusion is 3.34x10° J/kg. The pressure required for depressing the melting temperature of ice by
10" Cis GPa. (up to two decimal places)

Question Number : 30 Correct: 2 Wrong : -0.66

The numimum number of NAND gates required to construct anOR gate 1s:

LA 2 (B) 4 oF SN ¢ (D) 3

Question Number : 31 Correct: 2 Wrong : 0

Consider a 2-dimensional electron gas with a density of 1 0" m™. The Fermi energy of the system
15 eV (up to two decimal places).

(m, =9.31x10""kg. h=6.626x10""Js, e=1.602x107°C)

Question Number : 32 Correct: 2 Wrong: ()

The total energy of an inert-gas crystal is given by E(R) = = (1 eV), where R 1s the

inter-atomic spacing mn Angstroms. The equilibrium separation between the atoms 15
Angstroms. (up to two decunal places).

LOLLEGE.



Question Number : 33 Correct: 2 Wrong : -0.66

Consider N non-interacting, distinguishable particles i a two-level system at temperature T. The
energies of the levels are 0 and £, where £ = 0. In the high temperature limit(k, 7" > £) . what 1s
the population of particles 1n the level with energy £ ?

(B) IV N 3N

A) — (C) (D)
(32 [)4 (D) F

Question Number : 34 Correct: 2 Wrong : (

'''''

0.75 eV. The probability of 1ts reflection from the barrer 1s (up to two decimal places).
Question Number : 335 ““Correct: 2 Wrong : -0.66

Consider a one-dumnensional potential well of width 3 . Using the uncertainty principle

{ﬁl’,’.i - ﬁ

2) . an g@stimate of the minimum depth of the well such that 1t has at least one bound

state for an electron1s (m_ =9.51x Hfli_ﬂkgg h=6.626x107"Js, e=1.602x107"C):

(A) 1 peV (B) 1 meV (C) 1eV (D) 1 MeV
Question Number : 36 Correct: 2 Wrong : (

Consider a metal with free electron density of 6x10° ¢~ The lowest frequency electromagnetic
radiation to which this metal is transparent is 1.38 x10'° Hz. If this metal had a free electron
density of 1.8x10% cm™ instead, the lowest frequency electromagnetic radiation to whach 1t
would be transparent 1s % 10" Hz. (up to two decimal places).

Question Number : 37 Correct: 2 Wrong : (

An object travels along the x- direction with velocity ¢/ 2 in a frame O. An observer in a frame
() sees the same object travelling with velocity ¢/ 4. The relative velocity of @0 with respect to
() 1n umits of ¢ 1s . (up to two decimal places).

LOLLEGE.



Question Number : 38 Correct: 2 Wrong : 0

oo

= W S e - o S -

The integral j:’a e " dx is equal to . (up to two decimal places).
0

Question Number : 39 Correct:2 Wrong: (

The imaginary part of an analytic complex function 1sv(X, v) = 2xy + 3y . The real part of the

function 1s zero at the origin. The value of the real part of the function at 147 1s (up to

two decimal places).

Question Number : 40 Correct : 2 Wrong : -0.66

Let X be a columm vector of dimensien 77 > 1 with at least one non-zero entry. The number of

non-zero eigenvalues of the matrix M = XX i

(A) 0 (B) 1

(D) n—1

Question Number : 41 Correct: 2 Wrong : -0.66

J* for the ground state of the “C‘ﬁ nucleus is

(A I

-y —

2

- By
(C) =
(C) >
i
)

ra—

(B)

(D)
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Question Number : 42 Correct: 2 Wrong : 0

A uniform sohid cylinder 1s released on a horizontal surtace with speed 3 m/s without any rotation
(slipping without rolling). The cvlinder eventually starts rolling without shipping. If the mass and
radms of the cyvlinder are 10 gm and 1 cm respectively. the final linear velocity of the cvlinder 1s
m/'s. (up to two decimal places).

Question Number : 43 Correct: 2 Wrong : (

T o e | N - 2 : e . % | - . P L'.EI' B | _ -T'I ' gzt 7 B
The enerey density and pressure of a photon gas are given by ¢## =af "and £ =u /3. where I is

the temperature and @ is the radiation constant. The entropy per unit volume is given by cxad -~
The value of x 15 . (up to two decimal places). '

Question Number : 44 Correct: 2 Wrong : -0.66

active?

Which one of the tollowing gases of diatomic molecules 1s Raman. infrared. and NMRE

Question Number : 45 Correct:2 Wrong : (

The 77" decays atrestto £" and V', . Assumuing the neutrmo to be massless. the momentum of the

Neutrino 1s MeV/c. (up to two decimal places)

(m,=139MeV /c", m,=100MeV/c).

Question Number : 46 Correct: 2 Wrong : -0.66

Using Hund s rule. the total angular momentum quantum number J for the electronic ground state
of the nitrogen atom 1s

(A) 172 (B) 3/2 (C) 0 (D) 1

LOLLEGE.



Question Number : 47

Which one of the following operators 1s Hermitian?

Question Number : 48

The real space primative lattice vectors are Efl —aX anda 5=

unit vectors EI!I and .—E":rE for this lattice are, respectively »

Question Number : 49

Consider two particles and two non-degenerate quantum levels

Correct : 2 Wrong : -0.66

Correct: 2 Wrong : -0.66

E ( —1 4 3' y‘} : Th’.’ﬂ IEEIPTD’EHE Ep*ﬂﬂﬁ

Correct: 2 Wrong : -0.66

1 and 2. Level 1 always contains a

particle. Hence, what 1s the probability that level 2 also contains a particle for each of the two cases:

(1) when the two particles are
(A) (1) 1/2 and (1) 1/3
(B) (1) 1/2 and (11) 1/2
(C) (1) 2/3 and (11) 1/2

(D) (1) 1 and (11)

distinguishable and (11) when the two particles are bosons?

LOLLEGE.



Question Number : 50 Correct: 2 Wrong : (

A person weighs W, at Earth’s north pole and W, at the equator. Treating the Earth as a perfect

sphere of radius 6400 km, the value 100 x {WF —W,)/ Wy, 18 . (up to two decumnal places).

(Take g =10ms™).

Question Number : 51 Correct: 2 Wrong : -0.66

The geometric cross-section of two colliding protons at large energies 1s.very well estimated by the
product of the ettective sizes of each particle. This 1s closest to 5,

(A) 10Db (B) 10 mb (C)g®® o AR (D) 10'pb

Question Number 52 Correct: 2 Wrong : (

For the transistor amplifier circnit shown below with Ri= 10 kQ ., Ro=10kQ ., R3=1 k. and

[ =99 . Neglecting the emitter diode resistance, the input impedance of the amplifier looking into

the base for small ac signal 1s k€2 . (up to two decimal places).

e,

Y out

LOLLEGE.



Question Number : 33 Correct: 2 Wrong: ()

Consider an ideal operational amplifier as shown in the figure below with Ri=5kQ ., R=1kQ.
Ry =100 k. For an applied input voltage ¥ = 10 mV, the current passing through R is
LA . (up to two decunal places).

Question Number : 54 Correct: 2 Wrong : (

{(up to two decumal places).

Consider the differential equation ¢

Question Number : 55 Correct: 2 Wrong : (

Positronmumn 1s an atom made of an electron and a positron. Given the Bohr radius for the ground
state of the Hydrogen atom to be 0.53 Angstroms, the Bohr radius for the ground state of
positronium 1s Angstroms. (up to two decimal places).

LOLLEGE.



Question Number : 56 Correct: 1 Wrong : -0.33

The minth and the tenth of this month are Monday and Tuesday

(A) figuratively (B) retrospectively (C) respectively (D) nightiully

Question Number : 57 Correct: 1 Wrong : -0.33

It 1s to read this vear’s textbook the last yvear’s.

(A) easier. than (B) most easy. than (C) easter. from _» (D) easiest. from

Question Number : 38 Correct: 1 Wrong : -0.33

A rule states that i order towdrink beer. one must be over 18 vears old. In a bar. there are 4 people,
P 15 16 vears old. Q 18 25 years old. K 15 drinking milkshake and S 15 drinking a beer. What must be
checked to ensure that the rule 1s bemg ftollowed?

(A) Only P’s drink

(B) Only P's drink and §°s age

(C) Only 8's age

(D) Only P's drink. Q7s drink and 5°s age

Question Number : 39 Correct: 1 Wrong : -0.33

Fatuna starts from pownt P. goes North for 3 km. and then East tor 4 km to reach pomt Q. She then
turns to tace pomnt P and zoes 15 ki in that direction. She then goes North tor 6 km. How far 1s she
from point P. and i which direction should she go to reach point P?

(&) 8 km. East (B) 12 km. North (C) 6 km. East (D) 10 km. North

LOLLEGE.



Question Number : 60 Correct: 1 Wrong : -0.33

500 students are taking one or more courses out of Chenustry, Physics, and Mathematics.
FEegistration records mndicate course enrolment as follows: Chenustry (329). Physics (1586).
Mathematics (295). Chemustry and Physics (83). Chenustry and Mathematics (217). and Physics
and Mathematics (63). How many students are taking all 3 subjects?

(A) 37 (B) 43 (C) 47 (D) 53

Question Number : 61 Correct: 2 Wrong : -0.66

“If vou are looking for a history of India. or tor an account of the rise and tall of the British Raj. or
tor the reason of the cleaving of the subconfinent into two nmitually antagenmistic parts and the
effects this mutilation will have in the respective sections. and ultimately on Asia, you will not find
it in these pages: for though I have spent a lifetime 1n the country. I lived too near the seat of
events. and was too intimately associated with the actors, to get the perspective needed for the
impartial recording of these matters.”™

Which of the following statements best retlects the author’s opiuon?

(A) An mfimate assoctationdoes not allow for the necessary perspective,
(B) Matters are recorded with an impartial perspective.

(C) An mtumate asso€iation offers an impartial perspective.

(D) Actors are typically associated with the unpartial recording of matters.

Question Number : 62 Correct: 2 Wrong : -0.66

Each ot P. Q. R. 5. W. X, ¥ and 7 has been married at most once. X and Y are married and have
two children P and Q. Z 1s the grandtather ot the daughter S of P. Further. Z and W are marred and
are parents of R. Wluch one ot the following must necessarily be FALSE?

(A) X 15 the mother-in-law of R (B) P and R are not married to each other
(C) Pisasonof X and Y (D) Q cammot be marred fo K

Question Number : 63 Correct: 2 Wrong : -0.66

1200 men and 500 women can build a bridge 1n 2 weeks. 900 men and 250 women will take 3
weeks to build the same bridge. How many men will be needed to build the bridge m one week?

(A) 3000 (B) 3300 (C) 3600 (D) 3900

LOLLEGE.



Question Number : 64 Correct: 2 Wrong : -0.66

digit mumbers such that the digit 1 1s never to the immediate right of 2 1s

(A) 781 (B) 791 (C) 881 (D) 891

The number ot 3-

Question Number : 65 Correct: 2 Wrong : -0.66

A contour line jomns locations having the same height above the mean sea level. The following 1s a
contour plot of a geographical region. Contour lines are shown at 25 m mntervals i this plot

Which of the following 1s the steepest path leaving from P?

(AYPto Q) (B)Pito R (C)Pto S (D PtoT

LOLLEGE.



Q. No Type Section Key Marks

MCQ PH

NAT PH 11.25 to 11.34

NAT PH 41.60 to 42.00

NAT PH 3.80 to 8.90

NAT PH 39.30 to 39.50

MCQ PH

NAT PH 230 o 2.08

PH

14.10 to 14.20

3.13 10 3.15

-
~

1.30.t01.34

1.721t0 1.75

NAT PH 87.50 to 89.50
NAT PH 0.1510 0.19
MCQ PH

NAT PH 2.32 t0 2.40
NAT PH 0.90to 1.10

>III|||D | DIIIU;l | :DIIIO

33

34 0.10t0 0.12
35 B

36 NAT PH 2.35 10 2.45

LZOLLEGE.



37 NAT PH 0.27 to 0.31
38 | NAT PH 0.43 to 0.45
MCQ PH C
NAT PH 3.30 to 3.35
44 MCQ PH C

29.50 to 30.10

“ NAT PH 0.32 to 0.36
MCQ PH

52 NAT PH 4.75 1o 5.01

53 NAT PH 9.80 to10.20

II|> |

.91 1o 0.53

0.9910 1.10

C

NININININ|=2=2=2=2=2DN[ININININININININININININDININININININ
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