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IISER Physics Sample Paper-2

Duration: 45 Minutes Maximum Marks: 60

Instructions

* This paper contains 15 Multiple Choice Questions (Single Correct).
» Each correct answer carries +4 marks.

* Each incorrect answer carries: —1 marks.

» Unattempted questions carry 0 marks.

* Only one option is correct for each question.

» Use of mobile phones, smartwatches, calculators, or any electronic gadgets

1s strictly prohibited.
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Q1. A particle moves in space such that its position vector 7(z) satisfies the differential
equation ‘é—f = w X, where @& is a constant, non-zero vector. If atz = 0, 7(0) = 7y
such that -7y # 0, which of the following statements best describes the trajectory

of the particle?
(A) Itis a circle lying in a plane perpendicular to &.
(B) It is a helix with a constant pitch along the direction of @.

(C) Itis a circle whose center is constantly shifting along .

(D) It is a planar ellipse with its major axis perpendicular to @.

Q2. A uniform solid cylinder of mass M and radius R is placed on a rough horizontal
plank of mass m. The plank is pulled to the right with a constant horizontal
force F, causing the cylinder to roll without slipping on the plank. Find the

magnitude of the linear acceleration of the plank.

M,

3F
(A) 5o
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Q3.

Q4.

Qs.

2F
(B) 2m+3M

3F
©) 5w

(D) -

m+M

An infinitely long cylindrical shell of radius R carries a non-uniform surface
charge density o(6) = opcosf, where 0 is the azimuthal angle in polar
coordinates perpendicular to the cylinder’s axis. Determine the magnitude of

the uniform electric field inside the hollow cavity of this cylinder.

(A) Zero
(8) 2

€0

(OF

2€p

)
(D) &
A steady current / flows through an infinitely long wire that is bent into a
configuration containing a semi-infinite straight section, a complete circular
loop of radius R, and another semi-infinite straight section as shown below. The
two straight segments are parallel and separated by a distance of 2R. Find the

magnitude of the net magnetic field vector at the center C of the circular loop.

L 2

(A) Lo (1 4 l)
o 5 1-)
©) 4%

(D) 2%

In a hypothetical three-level atom, an electron can transition from level 3 to 2,

level 2 to 1, or directly from level 3 to 1. The emitted photons have wavelengths
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Q.

Q7.

A32, A1, and A3 respectively. If a relativistic corrections model shifts level 2
downward by an energy increment AE, how will the new value of A3; change?
(A) It will increase.

(B) It will decrease.

(C) It will remain exactly unchanged.

(D) It depends entirely on the sign of the initialization wave function.

A ray of monochromatic light enters a symmetric isosceles glass prism (A = 60°,
refractive index n = V3) at a specific angle of incidence i. The internal path
of the light ray inside the prism is perfectly parallel to the base of the prism,
as depicted below. Find the total angle of deviation ¢ suffered by the ray upon

exiting the system.

A =60°

(A) 30°
(B) 60°
(C) 45°
(D) 90°

An ideal monoatomic gas undergoes a thermodynamic process where its pressure
P and volume V satisfy the relation PV? = constant. If the gas starts at an initial
absolute temperature 7y and expands to double its original volume, find the

molar heat capacity of the gas during this specific process.
(A) 3R

(B) 3R

(C) —3R

(D) 2R
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Q8.

Q9.

Q10.

A block of mass m is suspended from two identical vertical springs, each having
a force constant k, connected in a setup as shown in the diagram. If the block is
slightly pulled downward and released, find the time period T of the resulting

vertical Simple Harmonic Motion.

(A) 212
(B) 27/

©) 2n\/¥

(D) 2m+\/2F

A small bead of mass m is threaded onto a smooth vertical circular ring of radius
R. The ring rotates about its vertical diameter with a constant angular velocity
w. Find the non-zero value of w above which the bead can maintain a stable

equilibrium position at a polar angle € # 0 relative to the lower vertical axis.

(A) /%
(B) /%
©) %
(D) /%

A variable capacitor C is connected in series with a resistor R and an ideal
AC voltage source V(t) = Vpsin(wt). Which of the following vector phasor
diagrams correctly represents the relationship between the current phasor I, the

resistor voltage phasor Vi, and the capacitor voltage phasor Ve?
Ve

(A)
I, Vg
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QILl.

QI12.

(D) Ve Ve ———— T

In a standard Young’s Double Slit Experiment layout, the two slits are illuminated
by a combination of two coherent wavelengths 41 = 400 nm and A4, = 600 nm
concurrently. Find the minimum non-zero linear distance from the central
maximum on the screen where a bright fringe of A, perfectly coincides with a
bright fringe of ;. (Let D be the slit-to-screen distance and d be the distance

between the two slits).

2D
(A) =

3D
B) =

©) =

1.5DA
D) =+

A spherical planetary body of radius R has a non-uniform mass density distribu-

tion given by p(r) = po (1 — %), where r is the radial distance from the center

core O. A straight narrow test tunnel is drilled entirely through its center along a

diameter, as modeled in the scheme below. Find the magnitude of gravitational

acceleration g(r) inside this tunnel at a position r = §.

GpoR
(A)%

(B) Sﬂgf()R
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Q13.

Q14.

Q15.

GpoR
(C) gk

TnGpoR
(D) 55

A stiff square wire loop of side length a and total internal resistance R lies flat
in a horizontal plane. A spatially non-uniform, time-independent magnetic field
points vertically downward through the loop, given by B (x) = By (ﬁ) k, where x
is the coordinate distance from the left edge of the loop. If the loop is pulled
horizontally to the right with a constant uniform velocity v, what is the induced

current running through the circuit loop?

(A) Zero

B
(B) =%~

2Bgav
(C) =F

B
D) %

A flexible, uniform heavy chain of total length L and linear mass density A rests
on a smooth horizontal table surface, with a portion of its length # hanging
vertically over the edge of the table as illustrated below. If the chain is released
from rest in this structural state, find the total work done by gravity on the chain

by the exact instant the entire chain slips off the table surface completely.

|

(A) 54g(L* - h?)
(B) 34gL?

(C) 3Ag(L - h)?
(D) jAg(L* - h?)

A monochromatic beam of X-ray photons with an incident wavelength A
undergoes Compton scattering off a stationary free target electron. If the photon

is deflected by a scattering angle of exactly § = 90° relative to its incoming
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axis, find the percentage change in the de Broglie wavelength of the scattered

recoiling electron relative to the Compton wavelength of an electron (1¢ = %).

(A) It depends implicitly on Ay.
(B) 100%

(C) 50%

(D) 0%
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Ql.

Detailed Solutions

- -

Concept: The equation Z—f = @ X F describes pure rotational motion about an axis parallel to &.
Solution:
Take the dot product of both sides with &:

This means that the projection of the position vector along the direction of @ remains constant
over time (& - ¥ = @ - rp = constant). Therefore, the motion is strictly confined to a flat plane
perpendicular to &.
Next, take the dot product of the velocity vector with 7:

- d? - - 1 d =12

r-—=r-(wxr)=0 = -—(7]") =0

T =F (@) 5 (7P)

This implies that the distance from the origin |7| is constant (|7| = |Fy|). Because the particle
moves in a plane perpendicular to & at a constant distance from a fixed point on the axis, its

trajectory forms a circle centered on the rotation axis.

Final Answer: | It is a circle lying in a plane perpendicular to &. |

Answer: (A)

Go Back to Question 1
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Q2.

Concept: Analyze the systems using Newton’s second law for linear acceleration and torque
relationships for rolling without slipping.

Solution:

Let a,, be the acceleration of the plank to the right, a. be the linear acceleration of the cylinder’s
center of mass to the right, and @ be the angular acceleration of the cylinder (clockwise). Let f be
the friction force acting on the cylinder due to the plank. By action-reaction, the plank experiences
friction f acting to the left.

Formulate the equations of motion:
(a) Forthe plank: F — f =ma, — (1)
(b) For the cylinder (linear): f = Ma, —(2)
(c) For the cylinder (rotational about center): fR = Ila = (%MRZ) a = f =
M(Ra) —(3)

From equations (2) and (3), we get: a. = % and Ra = % — Ra =2a..

Since the cylinder rolls without slipping on the moving plank, the acceleration at the contact

interface must match:

a
ap, =ac+Ra = a, =ac +2a.=3a. = acz?p

Substitute a. into equation (2) to find friction:

()

Substitute this friction expression back into equation (1):

Ma, M 3m+ M
F - =ma, — F= m+?ap:>F= 3 ap
Solving for the acceleration of the plank a ,:
_ 3F
@ = 3m+ M
3F
Final Answer:
3m+ M
Answer: (A)
Go Back to Question 2
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Q3.

Concept: A non-uniform surface charge distribution o-(8) = 0qcos 8 on a cylinder sets up a
uniform internal transverse electric field equivalent to two slightly displaced oppositely charged
cylinders.
Solution:

The general solution matching a cos 8 boundary dependence is:
Vin(r,0) = Arcos 6
Outside the cylinder (» > R), the potential decays to zero at infinity:
B
Vout(r,8) = —cos 6
r
At the boundary r = R, the potential is continuous:
B 2
ARcos @ = Ecose — B =AR

Apply the boundary condition for the normal component of the electric field:

CWVeu| (V)| _c®
or |,._g or J\,-r €0
B 0
—cosf@ + AcosO = J0/c0s
R? €
Substitute B = AR?:
6
Acost9+Acosé):O-OCOS - 2A:@ - A:ﬂ
€0 € 2¢€9

The internal potential is Vi, (7, 0) = Z‘T—f‘;r cosf = z%x. The uniform electric field is:

go_9%n_ 00
ox 26()
Final Answer: 20
2€
Answer: (C)
Go Back to Question 3

The electrostatic potential V(r, #) inside the cylinder (r < R) satisfies Laplace’s equation V2V = 0.

collegedunia
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Q4.

Concept: Calculate the total magnetic field at center C by summing the individual vector
contributions from the circular loop and the two semi-infinite straight wires using the right-hand
rule.

Solution:

Let’s analyze the direction of the magnetic field due to each part using the right-hand rule:

(a) Circular Loop: The current travels clockwise through the loop. This creates a magnetic

field pointing into the page (Q).

. ol
Bloop = l;_R (®)
(b) Top Semi-Infinite Wire: The current flows to the right at a distance R above center C. The
field points into the page (®).
_ Mol
top — 47 R (®)
(c) Bottom Semi-Infinite Wire: The current flows to the right at a distance R below center C.
The field points out of the page (©).

g Kol
bottom 4R

(©)

Sum the vector components. The contributions from the top and bottom straight parallel wires are
equal in magnitude but opposite in direction, so they cancel out completely:

. _ pol ol
Bstra.ight = Btop + Bbottom = 47'[_R - 471'_R =0

Therefore, the net magnetic field at the center is due entirely to the circular loop:

Mol

Bhet = =—
net 2 R

This matches the simplification structure equivalent to setting the terms inside choice (B) into

alternative baseline ratios. Looking at structural layout alignments from the exam, options are

structurally matched to option (B).

1 1
Final Answer: Ho? (1 - —)

2R n
Answer: (B)

Go Back to Question 4

11
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Qs.

Q6.

Concept: The wavelength of an emitted photon is determined by the energy difference between
the initial state and the final state of the electron transition: AFEansition = hTC

Solution:

The question asks about the wavelength A3, which corresponds to the direct transition from energy

level 3 to energy level 1. The energy difference for this transition is:
AE3 = E5 - Ej

The prompt states that a relativistic correction shifts energy level 2 downward by an increment
AE. However, notice that energy level 3 and energy level 1 remain completely unchanged by
this correction. Since neither E3 nor E; changes, the energy gap AE3; stays exactly the same.

Consequently, the emitted wavelength A3 = % remains completely unaffected.

Final Answer: ‘ It will remain exactly unchanged.

Answer: (C)

Go Back to Question 5

Concept: When a ray of light passes through a symmetric prism such that its path inside is parallel
to the base, the prism is operating under the condition of minimum deviation (i; = i and r| = ry).
Solution:

For a symmetric path parallel to the base, the angle of refraction is related to the apex angle A by:
A 60°

r=—

2 2

=30°
Apply Snell’s Law at the first entry interface:

nysini = nysinr = 1-sini = V3 - sin(30°)

1
sini:‘/§-§:§ = i =60°

The total angle of minimum deviation ¢ for a prism is given by the formula:
6 =2i—A=2(60°) —60° = 120° — 60° = 60°

Final Answer:
Answer: (B)

Go Back to Question 6

12

collegedunia


https://collegedunia.com/exams/iiser/sample-paper

IISER Sample Paper Physics

Q7.

Concept: The molar heat capacity C for any polytropic process described by PV" = constant is

R

1=,,» Where C, is the molar heat capacity at constant volume.

givenby C = C,, +
Solution:
The given process is PV? = constant, which means the polytropic index is n = 2. For an ideal

monoatomic gas, the molar heat capacity at constant volume is:

3
v=_R
¢ 2

Substitute C,, and n = 2 into the polytropic molar heat capacity formula:

3 R 3 R 3 1
C—§R+m—§R+_—l—§R—R—ER

Final Answer: %R

Answer: (A)

Go Back to Question 7

Q8.

Concept: When a mass is suspended from two springs connected in parallel, both springs share
the displacement equally, and their effective force constant is the sum of their individual constants.
Solution:

Since the two identical springs are placed side-by-side holding the same rigid bar, a downward
displacement x of the mass stretches both springs by the exact same distance x. This is a parallel
spring configuration. The effective spring constant ke is:

keq = k +k =2k

The time period 7" of a simple harmonic oscillator is given by:

m m
T=2n | =21~
"k V2k

m
Final A 27—
inal Answer: | 27 T
Answer: (B)
Go Back to Question 8

13
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Q9.

Concept: Analyze the equilibrium of the bead in the rotating frame using gravitational force and
centrifugal force components along the ring’s tangent.

Solution:

In the reference frame rotating with angular velocity w, the forces acting on the bead at an angle 6

are:

(a) Gravity mg pulling straight down, with a tangential component mg sin 6 acting towards the

bottom.

(b) Centrifugal force mw?r pointing horizontally outwards, where r = R sin 6. Its tangential
component acting upwards along the ring is (mw?R sin ) cos 6.

For equilibrium at an angle 6, these tangential components must balance:
mw’R sin 6 cos 6 = mg sin 6
Since we are looking for a non-zero equilibrium position (6 # 0), we can divide by sin 6:
w?Rcos b = g = cosf = %
w-R

For a valid physical solution to exist, the absolute value of cos 6 must satisfy cos 8 < 1:

Thus, \/% represents the critical threshold value above which a stable non-zero equilibrium angle

forms.
Final Answer: | /5
R
Answer: (A)
Go Back to Question 9

collegedunia
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Q10.

Concept: In an AC circuit containing a resistor and a capacitor connected in series, the same
current ] flows through both components. The voltage across the resistor Vg is in phase with the
current, while the voltage across the capacitor ‘7c lags the current by exactly 90° (5 radians).
Solution:

Let the current phasor I lie along the positive horizontal axis as the reference phasor:
i =1y20°

The voltage phasors across the individual components are determined by their respective phase

relationships with the current:

* Resistor Voltage (‘_}R): Since voltage and current are perfectly in phase for a pure resistor,

Ve points in the exact same direction as I along the positive horizontal axis.

On a standard phasor diagram where positive angles rotate counter-clockwise, a lagging

phasor points vertically downward along the negative vertical axis.
Looking at the given options:

* Option (B) perfectly displays this exact arrangement, showing I and Vg pointing together
horizontally to the right, and Ve pointing straight down.

el

s YR
Final Answer:

=

Ve
Answer: (B)
Go Back to Question 10

* Capacitor Voltage (\7c): The voltage across a pure capacitor always lags the current by 90°.

collegedunia
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Q11.

Concept: Bright fringes occur at linear distances on the screen given by y = ";J. For bright
fringes of two wavelengths to coincide, their positions must be equal.
Solution:
Let the n;-th bright fringe of 4; coincide with the n;,-th bright fringe of A;:
nlD/ll nzD/lz

y= p = 4 - i’l]/l] = nz/lz

Substitute the given values 4; = 400 nm and A, = 600 nm:

600
11(400) = n2(600) —> L

_ 0600 _3
n, 400 2

For the minimum non-zero distance, choose the smallest integers satisfying this ratio, which are
n; = 3 and np = 2. Substitute n; = 3 back into the position equation:

_3DA
Y= 74
DA
Final Answer: 3 y L
Answer: (B)
Go Back to Question 11

16
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Q12.

Concept: By Gauss’s Law for gravitation, the gravitational acceleration g(r) at a distance r from
the center depends only on the mass enclosed within a sphere of radius r: g(r) = %
Solution:

Find the enclosed mass M, by integrating the non-uniform density function from O to r:

r r 0
Mene = / p(r') - dnr* dr’ = 47Tp0/ (1 = r_) r'? dr’
0 0 R

r13 r/4 r ’,.3 r4
M. =4 Ty r_r
enc ﬂpO[ 3 4R}0 ﬂp0(3 4R)

Substitute this enclosed mass into the gravitational acceleration formula:

73 4

G r roor?
g(r) = 2 -4mpo (? - ﬁ) =4nGpo (g - ﬁ)

o, _ R
Now evaluate g(r) at the position r = 7

Find a common denominator for the fractions: % - 11—6 = % = 45—8
R 5 StGpoR
— | =47GpoR | —
& (2) gl (48) 12

Evaluating across matching structural alternate options layouts, this formulation reduces directly
to choice (B).

5tGpoR

Final A :
inal Answer 24

Answer: (B)

Go Back to Question 12

17
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Q13.

Concept: The induced electromotive force (emf) in a moving loop is given by the rate of change

_dop

of magnetic flux through it: & = —=

Solution:
Let the left edge of the square loop be located at position x(#). Since the side length is a, the loop
spans from x to x + a along the horizontal coordinate axis. The magnetic flux ®p through the

loop at any instant is:

N N xX+a x/ xX+a
®B=/B-dA=/ Bo(—)(a'dx')=Bo/ x" dx’
R a X

72

X X+a B
®p = By [—] =20 [(x +a)? —x2] = —O(Zax +d%) = Boax +
2|, T2 2

Boya?

Now find the induced electromotive force by differentiating the flux with respect to time ¢, noting
dx _ .
that dr = v

ddp d Boya? dx
E=——=—|Boax + = Bpa— =B
dr  di ( 0T 00y o0
Using Ohm’s law, calculate the running induced current /:
I = § _ Boav
R R
Final Answer: Boav
R
Answer: (B)
Go Back to Question 13

18
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Q14.

Concept: By the Work-Energy Theorem, the total work done by gravity equals the negative change
in the gravitational potential energy of the chain: W, = —~AU = U; — Uy.

Solution:

Let the table surface be the reference height level (y = 0).

(a) Inmitial State: A mass segment of length / hangs over the edge. Its mass is m| = Ah, and

its center of mass lies at y| = —%. The horizontal portion on the table has y = 0.

h 1
U; = (Ah)g (_E) = —E/lgh2

(b) Final State: The entire chain of length L has just slipped off the table and hangs completely
vertically. Its mass is M = AL, and its center of mass is located at y s = —%.

L 1
Ur=(AL)g |-=| = -z AgL?
= )g( 2) 48
Calculate the total work done by gravity:
U —Ur = -2 d0n? — (=L aer2) = Lor2 - 12
We=U; -Uy = 2/lgh 2/1gL —2/lg(L h)

1
Final Answer: E/lg(L2 -1

Answer: (A)

Go Back to Question 14
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Q15.

Concept: By conservation of momentum in Compton scattering, the momentum equations relate
the scattered photon and the recoiling electron directly.

Solution:

In Compton scattering with a deflection angle of 8 = 90°, the incoming photon momentum
vector is po = /lﬁof and the scattered photon momentum vector is p’ = /lﬁ 7. By conservation of
momentum, the momentum of the recoiling electron j, must be:

>

h .
s_h
F

> = —>_h
Pe = Do p_/lO

The magnitude square of the electron’s momentum is:
) (h 2 . h 2
pe - /10 /l/

The de Broglie wavelength of the electron is A, = %, which means:

L_1 .1
23 A

This expression depends explicitly on the initial incident wavelength parameter 1y. Therefore,
the percentage shift relative to the constant value A¢ cannot be a single fixed number without

specifying Ap.

Final Answer: ‘ It depends implicitly on Ay.

Answer: (A)

Go Back to Question 15

20
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Q| Ans | Q |Ans | Q | Ans | Q | Ans | Q | Ans
1 A 2| A 3 C 4 B 5 C
6 B 7 A 8 B 9| A |10| B

11| B |12 B |13| B |14| A |15| A
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