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General Aptitude (GA)

Q.1 - Q.5 Carry ONE mark Each

Q.1 If “—’ denotes increasing order of intensity, then the meaning of the words

[smile — giggle — laugh] 1s analogous to [disapprove — — chade].

Which one of the given options 1s appropriate to fill the blank?

(A) reprove

(B) praise
(C) reprise
(D) grieve

Q.2 Find the odd one out 1n the set: {19, 37, 21, 17, 23, 29, 31, 11}

A) 21
B) 29
(C) 37
(D) 23
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Q.3

(A)

(B)

(€)

(D)

Q.4

(A)

(B)

(€)

(D)

Physics (PH)

In the following series, 1dentify the number that needs to be changed to form the

Fibonacci series.

1,1,2,3,6,8,13,21,...

21

13

The real variables x, y, z, and the real constants p, g, r satisfy

X Y Z

pq—1* qr—p* 1p—q°

Given that the denominators are non-zero, the value of px

pqr

p2+q2_|_,r2
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Q.5 Take two long dice (rectangular parallelepiped), each having four rectangular faces
labelled as 2, 3, 5, and 7. If thrown, the long dice cannot land on the square faces
and has 1/4 probability of landing on any of the four rectangular faces. The label on
the top face of the dice 1s the score of the throw.

If thrown together, what 1s the probability of getting the sum of the two long dice
scores greater than 117

(A) 3/8
(B) 1/8
(C) 1/16
(D) 3/16
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Q.6 — Q.10 Carry TWO marks Each

Q.6

(A)

(B)

(©)

(D)

Q.7

(A)

(B)

(©)

(D)

Physics (PH)

In the given text, the blanks are numbered (1)—(1v). Select the best match for all the

blanks.

Prof. P W merely a man who narrated funny stories.

moments he was capable of self-deprecating humor.

Prof. Q ()3 man who hardly narrated funny stories.

moments was he able to find humor.

(1) was (1) Only
(1) wasn’t (11) Even
(1) was (11) Even

(1) wasn’t (1) Only

(iii) wasn’t

(111) was

(111) wasn’t

(111) was

(1v) Even

(1v) Only

(1v) Only

(1v) Even

in his blackest

1n his blackest

How many combinations of non-null sets A, B, C are possible from the subsets of
{2, 3,5} satisfying the conditions: (1) A 1s a subset of B, and (i1) B 1s a subset of C?

28

27

18

19
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Q.8

(A)

(B)

(©)

(D)

Physics (PH)

The bar chart gives the batting averages of VK and RS for 11 calendar years from
2012 to 2022. Considering that 2015 and 2019 are world cup years, which one of
the following options 1s true?

=
=
o

=
NI
-

B VK

=
-
-

C0
-

an
-

=
o
R

Batting Average

N
o

-

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Calendar Year

RS has a higher yearly batting average than that of VK 1n every world cup year.

VK has a higher yearly batting average than that of RS in every world cup year.

VK’s yearly batting average 1s consistently higher than that of RS between the two
world cup years.

RS’s yearly batting average 1s consistently higher than that of VK in the last three
years.
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Q.9 A planar rectangular paper has two V-shaped pieces attached as shown below.

This piece of paper is folded to make the following closed three-dimensional object.

The number of folds required to form the above object is

(A) 9
B) 7
C) 11
(D) 8
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Q.10

(A)

(B)

(€)

(D)

Organizing Institute: lISc, Bengaluru

Physics (PH)

Four equilateral triangles are used to form a regular closed three-dimensional object

by joining along the edges. The angle between any two faces 1s

30°

60°

45°

90°
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Q.11 - Q.35 Carry ONE mark Each

Q.11 If F,(Q,q) = Qg is the generating function of a canonical transformation from
(p,q) to (P, Q), then which one of the following relations is correct?

(A) §=§
.
(©) §=—§
o —=-2
1% q

Q.12  Anunpolarized plane electromagnetic wave in a dielectric medium 1 1s incident on
a plane interface that separates medium 1 from another dielectric medium 2.

Medium 1 and medium 2 have refractive indices n; and n,, respectively, with
12
nq

n, > n,. It the angle of incidence 1s tan‘l( )j which one of the following

statements 1s true?

(A) The reflected wave 1s unpolarized
(B) The reflected wave is polarized parallel to the plane of incidence
(©) The reflected wave 1s polarized perpendicular to the plane of incidence
(D) There 1S no transmitted wave
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Q.13  The wavefunction of a particle in an infinite one-dimensional potential well at time
t 1s

im/6 g=iE2t/hy)y (x) + 1

Z 1
W(x,t) = |=—e Bt/ (x) + Ee

—e
\3 Ve

iﬂ/4€—EE3 t/th (x)

where Y4, ¥, and Y ; are the normalized ground state, the normalized first excited
state and the normalized second excited state, respectively. E;, E, and E5 are the
eigen-energies corresponding to Y, Y, and Y3, respectively. The expectation value
of energy of the particle in state W(x, t) 1s

w1
® 2
© 2
(D)  14E,
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Q.14 If a thermodynamical system 1s adiabatically 1solated and experiences a change 1n
volume under an externally applied constant pressure, then the thermodynamical
potential minimized at equilibrium 1s the

(A) enthalpy
(B) Helmholtz free energy

(C) Gibbs free energy

(D) grand potential

Q.15 The mean distance between the two atoms of HD molecule is 7, where H and D
denote hydrogen and deuterium, respectively. The mass of the hydrogen atom 1s
my. The energy difference between two lowest lying rotational states of HD 1n

multiples of A% /(myr?) is

3
(A) =
2
(B) =
(C) 6
4
(D) 3
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Q.16  Crystal structures of two metals A and B are two-dimensional square lattices with
same lattice constant a. Electrons in metals behave as free electrons. The Fermi
surfaces corresponding to A and B are shown by solid circles 1n figures.

Metal B

The electron concentrations in A and B are n, and ng, respectively. The value of

(HB ) .
m— 1S
na

(A) 3
(B) 2
(€) 3v3

D) 2
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Q.17  Consider the induced nuclear fission reaction
*53U +n > 35Rb + '55Cs + 2n

where neutron momenta in both initial and final states are negligible. The ratio of
the kinetic energies (KE) of the daughter nuclei,

KE (§§Rb)
KE("55Cs)
1S
Ay 95
141
(B) 141
93
(C) 1
(D) 0
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Q.18  The symbols C, D, V;,, and V, shown 1n the figure denote capacitor, 1deal diode,
input voltage and output voltage, respectively.

Which one of the following output waveforms (V}) 1s correct for the given input
waveform (V;,,)?

(A)

~+V

(B)

(€)

(D)
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Q.19 LetN, and T,, respectively, denote number and kinetic energy of electrons produced
in a nuclear beta decay. Which one of the following distributions 1s correct?

A ‘

(0,0) Te
(B) N ‘

(0,0) i
(©) N

(0,0) T,
(D) N,

(0,0) i
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Q.20  An infinitely long cylinder of radius R carries a frozen-in magnetization

M = ke™>Z, where k is a constant and s is the distance from the axis of cylinder.
The magnetic permeability of free space 1s uy. There 1s no free current present

anywhere. The magnetic flux density (§) inside the cylinder is

(A) 0
(B) Hoke "2

(C©)  wuoke™z

D) s (5)2

Q.21 Atomic numbers of V, Cr, Fe and Zn are 23, 24, 26 and 30, respectively. Which one
of the following materials does NOT show an electron spin resonance (ESR)

spectra’?
(A) \Y
(B) &y
(C) Fe
(D) Zn
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Q.22 A particle 1s subjected to a potential

0, x <0
0, elsewhere

Here, a > 0 and b > a. If the energy of the particle E < V,,, which one of the
following schematics 1s a valid quantum mechanical wavefunction (W) for the
system?!

(A)

(B) | |
(€)

(D) ‘
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Q.23 Let p(p,q,t) be the phase space density of an ensemble of a system.
The Hamiltonian of the system is H(p, q). If {4, B} denotes the Poisson bracket of

A and B, then

dp

=0
dt

implies
(A dp
(B)  dp

©)  0p { ﬁ'ff}

(D) a_poc{pff-fi}
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Q.24  Consider the following circuit:

P

L

Suppose the input signal P 1s

A
+5V4i
I
I
|

OV

and the input signal Q 1s

A
+5 V-!-

0V~

Which one of the following output signals i1s correct?

(A) Y

(B) "
+5V+
E
(C) t A
+5V+
F

0 Vtemmmmmmmmreeeeeeeee———— >

t
(D) L
+5V4
I

VR4 == N SN >

t
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Q.25  Annertial observer sees two spacecrafts S and T flying away from each other along
x-axis with individual speed 0.5¢, where c 1s the speed of light. The speed of T with
respect to S 1s

& 2
B) 4
(C) C

® 2

Q.26 Let P, Q and R be three different nuclei. Which one of the following nuclear
processes 1s possible?

(A) v, +4P - .40 +e”

(B) v, +4P > , 4R+ e”

(C) v, +4P > 4P + et + e~

(D) v, +4P > 4P +vy
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Q.27  The temperature dependence of the electrical conductivity (o) of three intrinsic
semiconductors A, B and C 1s shown 1n figure.

In(o)

Let E5, Eg and E( be the bandgaps of A, B and C, respectively. Which one of the
following relations 1s correct?

(A)  Ec>Ex > Ep

(B)  Eg > E¢ > E,u

(C)  E,>Eg > Eg

(D)  E, > E¢ > Eg
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Q.28  Following trial wavefunctions

b, = e ~Z'(rq+15)
and

b, = e~Z 1) (1 + g|# — 7))

are used to get a variational estimate of the ground state energy of the helium atom.
Z' and g are the variational parameters, r;and 7, are the position vectors of the
electrons. Let E, be the exact ground state energy of the helium atom. E; and E’, are
the variational estimates of the ground state energy of the helium atom
corresponding to ¢, and ¢, respectively. Which one of the following options 1s
true?

(A) E,<E,,E,<E,E, >E,
B) E,>E,,E,<E,E, >E,
(C) E,<E,,E,>E,E <E,

(D) E,>E,,E,>EyE, >E,

Q.29 The wavefunction for a particle 1s given by the form € i+ ), where a and [ are
real constants. In which one of the following potentials V (x), the particle is moving?

(A) V(e a%x3
(B) V(x) < e™**
C)  V(x)=0

(D) V(x) « sin(ax)

Page 21 of 44
Organizing Institute: lISc, Bengaluru

L ]
gcollegedumaa
India’s largest Student Review Platform

S—



" GATE
e 2024 Physics (PH)

{IS¢c Bengaluru

Q.30  Consider a volume integral

1
I=J.V2(—)dV
v ¥

over a volume V, where r = \/x2 + y2 + z2. Which of the following statement
1s/are correct?

(A) [ = —4m, 1f r = 0 1s 1nside the volume V

(B) Integrand vanishes for r # 0

() [ = 0, 1f r = 0 1s not inside the volume V

(D) Integrand diverges as r — o

Q.31  The complex function

has

(A) a simple pole at z = 1

(B) an essential singularity at z = 1

() aresidue equalto —2 atz =1

(D) a branch pointatz = 1
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Q.32  The minimum number of basic logic gates required to realize the Boolean
expression B (A+B)+ A-(B+ A)is (in integer).

Q.33 The vapor pressure (P) of solid ammonia is given by In(P) = 23.03 32,54, while

that of liquid ammonia i1s given by In(P) = 19.49 —@, where T 1s the

temperature in K.

The temperature of the triple point of ammonia is K (rounded off to two
decimal places).

Q.34  The electric field in a region depends only on x and y coordinates as

XX +vYy
k( yy)

=
x? + y?

where k is a constant. The flux of E through the surface of a sphere of radius R with
its center at the origin 1s nkR, where the value of n 1s (in integer).

Q.35  The Hamiltonian of a system of N particles in volume V at temperature 7'1s

2N 2N
H = Z a;q; + Z b;p;
i=1 i=1

where a; and b; are positive constants. The ensemble average of the Hamiltonian 1s
aNkgT, where kg 1s the Boltzmann constant. The value of « 18 (in integer).
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Q.36 — Q.65 Carry TWO marks Each

Q.36  Binding energy and rest mass energy of a two-nucleon bound state are denoted by

B and mc*, respectively, where c is the speed of light. The minimum energy of a
photon required to dissociate the bound state 1s

(A) B

® e L)

SIS

(D) B — mc?

Q.37  The spin-orbit interaction in a hydrogen-like atom 1s given by the Hamiltonian

—

H =—kL-S

where k is a real constant. The splitting between levels “p3,, and “p; , due to this
interaction 1s

A 1,
-k

B 22

© 22
4

(D)  2kh?
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Q.38  Consider the Lagrangian L = mxy — mwjxy. If p, and p,, denote the generalized
momenta conjugate to x and vy, respectively, then the canonical equations of motion

are

(A) v = Px . Py =—mwix, y= i , Dy = —Mmwgy
- m

(B) iz%, p, = mwix, y=%, Py = Mwgy

(©) F= I:n—y , Dy =—Mwiy, Y= fn_x , Py = —mwpx

OBy cmaety, y=B g = mad

Q.39  The X-ray diffraction pattern of a monatomic cubic crystal with rigid spherical
atoms of radius 1.56 A shows several Bragg reflections of which the reflection

appearing at the lowest 260 value 1s from (111) plane. If the wavelength of X-ray
used 1s 0.78 A, the Bragg angle (in 26, rounded off to one decimal place)
corresponding to this reflection and the crystal structure, respectively, are

(A) 21.6° and body centered cubic
(B) 17.6° and face centered cubic
(C) 10.8° and body centered cubic

(D) 8.8° and face centered cubic
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Q.40 In a parallel plate capacitor, the plate at x = 0 1s grounded and the plate at x = d 1s
maintained at a potential V},. The space between the two plates 1s filled with a linear

dielectric of permittivity € = € (1 + §)= where € 1s the permittivity of free space.

Neglecting the edge effects, the electric field (E ) inside the capacitor 1s

@ Ve
(d+x)In2

® % ]
(C) Vo .
TWd+x”
(D) Vod
d+0)x

Q.41  The equation of motion for the forced stmple harmonic oscillator 1s

X(t) + w?x(t) = F cos(wt)

where x(t = 0) = 0 and x(t = 0) = 0. Which one of the following options is
correct”?

(A) x(t) < t sin(wt)

(B) x(t) o« t cos(wt)

(€) x(t) = oo

(D) x(t) x e®t
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