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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 rigid, mass-less triangular frame hangs vertically from two ideal mass-less
springs attached to a ceiling. The springs have matching un-stretched lengths but
different stiffness constants, k| and k,. A block of mass m 1s hung from the bottom
apex point P of the frame. If the frame settles into static mechanical equilibrium
such that its bottom baseline remains perfectly horizontal as illustrated below,
calculate the ratio of the spring constants k;/k».

ki | g4 b | k2

(A) &
(B) 4
© 5
(D) 4t

Q2. A uniform slender rod of mass M and length L stands vertically upright on a

perfectly frictionless horizontal floor. A tiny pellet of mass m moving horizontally

-
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Q3.

Q4.

with a high speed v strikes the topmost tip of the rod dead-on. If the resulting
collision is completely elastic, determine the absolute horizontal displacement
covered by the bottom-most end of the rod by the exact time the rod completes

its first full quarter-turn (90° rotation) in space.

2m L T
NN

L L
(B) % h Mm+m

© (i) &
) k- 5

A theoretical system houses a classical particle interacting with a centralized,
spherically symmetric power-law potential field given by V(r) = —%, where
a > 0 and n > 0. If the orbital path trajectory of this particle is structurally
stable against arbitrary infinitesimal radial perturbations, evaluate the strict

mathematical constraint bounded over the power exponent index #.

(A) n<?2
(B) n>?2
O 1<n<3
D) n<l

Two rigid insulated spherical vessels of identical volumes, V{, are interconnected
via an ultra-thin pipeline network of negligible volume fitted with a closed valve.
Vessel 1 contains an ideal gas at temperature 77 and internal pressure P, while
Vessel 2 holds the exact same gas species at temperature 7> and pressure P,. If
the 1solation valve is carefully opened and the entire composite setup reaches a
unified, non-adiabatic terminal thermodynamic equilibrium state without losing

heat to the surroundings, find the final pressure equilibrium constant P.
P\ T1+P,T»
(A) =755

P1T2+P2T1
(B) T1+T,

(C) $(P1 + Py)

PP (T +T>)
(D) P1T2+P2T1
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Q5. An infinite network grid composed entirely of identical resistors, each with a
resistance value R, creates a repeating multi-stage ladder matrix along a 2D
plane. Find the input equivalent electrical resistance (R.,) measured across the

primary input terminal ports labeled X and Y in the schematic layout diagram

below.
X—{R}I+— [R+— [R}-—
5 B N
Y~{ R+ [R+— [RI

(A) (1+V3)R
(B) (1+V5R
(C) VIR

(D) 2R

Q6. One mole of a diatomic ideal gas tracks through a closed thermodynamic
power cycle 1 — 2 — 3 — 1 mapped out below. The path 1 — 2 represents
an isothermal expansion curve, 2 — 3 marks an isobaric cooling baseline,
and 3 — 1 represents an isochoric pressure restoration step. Find the total

thermodynamic efficiency (n7) of this engine cycle.

P
2Py |---

2In2—
(A) 2In 2+5

2In2-1
(B) 21In2+3

(©)

2In2-
(D) 41n 2+7
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Q7. An infinite, thin line-charge extending along the entire length of the z-axis carries
a non-uniform linear charge density distribution A(z) = Ag cos(az), where Ay
and « are positive operational scaling constants. Use Gauss’s analytical boundary
conditions to find the total net radial electric field strength vector (ﬁ ) passing
through an empty spatial monitoring point situated at (r,0,0) in cylindrical

coordinates, given the baseline condition r > o~ 1.

([\) 2n6r
(B) fi‘;z sin(az)?
(©) 7T26 r2a

(D) Zero

cos(az)?

cos(az)?

Q8. A localized static distribution of electrical charges creates a multi-pole electric

potential field mapped in free space. An instrument package measures the spatial
Vox?

x2+a?’
where Vy > 0 and a > O are fixed constants. Which of the following vector

potential gradient along the x-axis and extracts the exact function V(x) =

option configurations represents the correct profile of the localized electric field

component vector E (x) plotted along the identical geometric line domain?

(B) /ﬁx .
e
s
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Q9.

Q10.

Ey

(D) T .
N\

A parallel-plate capacitor with square plates of area A and initial separation

distance d is hooked across an ideal battery delivering a fixed electromotive force
Vo. A solid dielectric slab of matching thickness d and relative permittivity « is
slowly pulled halfway into the plate volume at a constant velocity v. Determine
the total mechanical power output (Ppecn) that an external handler must exert to

maintain this smooth entry rate against the localized electrostatic fringing field

forces.

(A) eoAvg:(l/;—l)v

(B) eox/szgcgk—l)v

©) eoAV(i(d/f—l)v

D) eox/Zv(i(K—l)v

A high-precision venture fluid channel contains an incompressible, non-viscous

liquid tracking through a smoothly tapering pipe layout. Two vertical open-ended
manometer tubes are tapped into the main conduit at sections featuring distinct
cross-sectional areas A and A;, showing a localized column height discrepancy
equal to Ah. Find the net volumetric flow rate (Q) passing through the pipeline

system.

(A) AjAy |55

(B) AiAs, /%
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Q11.

QI12.

Q13.

(C) (A1 — Az)«/2gAh
(D) 4+22\/3gAh

A relativistic beam of electrons tracks linearly along the +x axis. Concurrently,
a uniform external magnetic field B = Bok and a uniform external electric
field E = E, J filter through the identical vacuum segment. If the electrons
pass cleanly through this field matrix without experiencing any net directional
deflection, find the true relativistic velocity parameter (v) of the beam using the

rest mass mq and the speed of light c.

(A) v =3

2
EO

2.2
BOC

(B)v—— 1 -

(C) v = ctanh (BE—OOC)

(D) v = g—g provided Ey < Byc

A light ray traveling within a specific glass medium block with a frequency v
strikes a flat boundary interface separating it from a surrounding liquid reservoir.
The refractive index profile of the liquid is known to be highly dispersive,
obeying the explicit empirical relation uyq(v) = po + B(v — vo), where uo and
[ are positive constants. If the critical angle for total internal reflection at this
boundary matches exactly 8. = 45° at the operational frequency v(, what is the
group velocity (v,) of light waves traveling through the liquid medium at this

exact threshold point?

(A)

o+,3V0
B) £ (1+ %)_1
© uo+/3vO‘/_

o 505

Ho

A hydrogen atom in its native ground state is bombarded by a beam of monoen-
ergetic electrons. The colliding electrons excite the atom, and the subsequent

radiative de-excitation spectrum reveals exactly three distinct visible spectral
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Q14.

Q15.

lines. Calculate the minimum required kinetic energy (Kn;,) that the incoming

projectile electrons must have possessed to facilitate this specific state transition.

(A) 10.20 eV
(B) 12.09 eV
(C) 12.75 eV
(D) 13.06 eV

An advanced double-slit setup is deployed to observe the quantum interference
properties of high-speed buckyball clusters (Cgp molecules), each possessing
a mass M. The slits are separated by a center-to-center distance d, and the
spatial recording screen sits at a parallel distance D downstream. If the entire
ensemble of molecules is accelerated to a uniform non-relativistic kinetic energy
E, determine the exact analytical width (Ay) separating adjacent high-density

particle capture bands on the screen.

hD
(A) dV2ME

hD
(B) 2dVME
2hED
© i
hDVM
(D) *Z~

A convex thin lens with an absolute refractive index u; = 1.50 possesses
symmetric curved faces with a matching radius of curvature R = 20 cm. The left
semi-infinite space surrounding the lens is filled with water (u; = 4/3), while
the right semi-infinite space consists of a dense oil compound (uy = 1.60). If a
parallel beam of light enters normally from the water side, evaluate the distance
of the final focal convergence point (/') measured relative to the center plane of

the lens.

ML = 1.5
Y M2 = 1.6

N
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(A) +40 cm
(B) +80 cm
(C) +64 cm
(D) +32 cm
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Ql.

Detailed Solutions

perfectly horizontal, two conditions must be satisfied:
keep the baseline horizontal.

P) must equal zero.
Solution:
The upward restoring forces exerted by the springs are:
Fi=kiAx and F, = kyAx
Taking the torque about the bottom apex point P:
Thet=F1-a-F,-b=0

Fi-a=F-b
Substituting the forces into the torque equation:

k
(k1Ax)a = (kaAx)b = kja = kob = —

ko
Final Answer:

Answer: (A)

Go Back to Question 1

Concept: For the rigid, mass-less triangular frame to remain in static equilibrium with its baseline

(a) Translational Equilibrium: Both springs must stretch by the exact same extension (Ax) to

(b) Rotational Equilibrium: The net torque about any pivot point (such as the bottom vertex

Since the baseline remains horizontal, the extensions of both springs are identical (Ax; = Axy = Ax).

a

collegedunia


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

IISER Sample Paper Physics

Q2.

Concept: For an elastic collision between a pellet and an upright rod on a frictionless floor,
horizontal linear momentum and angular momentum about the center of mass (CM) are conserved.
After collision, the CM translates at constant velocity vy while the rod rotates at constant angular
velocity w.
Solution:
Let v be the post-collision velocity of the pellet. Conservation of linear and angular momentum
gives:
m(vo —v) = Mven
L 1 )
m(vy — V)E = Iepw = EML w
Substituting the linear momentum equation into the angular momentum expression yields:
L

M —1ML2 — _L
Yeng = g Vem = FE

The time At required for a quarter-turn (A0 = 7/2) is:

V4
At = —
2w
During this time, the CM shifts horizontally by:
L n L
Aom = Vel = (E“’) (3)= 2

Initially, the bottom tip is at x,; = O relative to the CM. After rotating 90°, it is horizontally
displaced by a distance of L/2 away from the direction of the CM’s translation. The complete

expression for the absolute displacement of the bottom endpoint matches option (D):

2mL L
Final A g - —
inal Answer Aom 12
Answer: (D)
Go Back to Question 2

10
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Q3.

Concept: For a particle moving in a central potential field V(r), the effective potential energy
governing its radial motion is:
L? a L?
Ver(r) =V(r) + =——+
err(r) ) 2mr? ' 2mr?
A circular orbit at radius ry is stable against small radial perturbations if the effective potential has
a local minimum at r = rg. This requires:
dav, d*V,
ot =0 and ;ﬁ >0
dr r=ry dr r=ry
Solution:
First derivative for circular equilibrium:
dav, na i 2 na Ji?
d:ﬁ:rn+1_mr3:0:> 3= oy = - =narg"
mro I"O
Second derivative evaluated at r = ry:
d*Veg _ n(n+Da 3L?
dr2 ~ 2 mr4
. L _ 2-n.
Substitute - = narg™":
d’v, n(n+ D 3mary™) na na
TRl = I S e 43 = 252
" Ar=ry "o "o "o "o
For structural stability, this second derivative must be strictly positive:
2-n>0 = n<?2
Final Answer:
Answer: (A)
Go Back to Question 3

11
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Q4.

Concept: Since the system is insulated and rigid, no heat is exchanged with the surroundings
(AQ = 0) and no net mechanical work is done (AW = 0). By the First Law of Thermodynamics,
the total internal energy U of the ideal gas mixture is conserved:

Uf=U1+U2

Solution:
The internal energy of an ideal gas can be expressed as U = %nRT = gPV, where f is the number

of degrees of freedom. Initial internal energy of the system:
_f _f - _f
Up=ZPV and Uz =2PVo = Uiia = 5Vo(P1 + P2)

When the valve is opened, the gas expands to occupy the total unified volume V = Vj + Vy = 2V
at a final pressure P ;. Final internal energy of the system:

Ur = ng(ZVO) = fPsVo
Applying conservation of internal energy:

1
fPfVo = %Vo(Pl +P2) B Pf = E(Pl + Pz)

1
Final Answer: E(Pl + P3)

Answer: (C)

Go Back to Question 4

12
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Qs.

Concept: An infinite ladder network possesses a structural symmetry such that removing or adding
one initial repeating stage does not change the total equivalent resistance (R.q) of the remaining
infinite chain.

Solution:

Let the total equivalent resistance across terminals X and ¥ be Req. One repeating unit stage

consists of:
» Two series resistors R along the top and bottom branches.
* One parallel shunt resistor R connecting the branches vertically.

If we detach the very first stage, the remainder of the infinite chain still has an equivalent resistance
equal to Req. This allows us to redraw the circuit as the first stage connected in parallel with a
single equivalent resistor Reg.

The parallel combination of the vertical shunt resistor R and the remainder resistance Req is:

R - Req
R + Regq

R, =

This parallel pair is in series with the top and bottom resistors (R + R = 2R) of the first stage:

R - Req
R + Req

Req = 2R +

Multiplying both sides by (R + Req) to clear the fraction:
Req(R + Req) = 2R(R + Req) + RReq

RReq + Ry = 2R* + 2RReq + RReq
R}, - 2RReq —2R* =0

Solving this quadratic equation using the quadratic formula:

R 2R+ (-2R)2—4(1)(-2R?) 2R + VAR +8R?> 2R + VI2R?
eq — - -
2 2 2

:2R122\/§R:(1i\/§)R

Since resistance must be a positive quantity, we discard the negative root:

Req

Req = (1+V3)R

Final Answer: | (1 + V3)R

Answer: (A)

Go Back to Question 5

13
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Q6.

Whet

Concept: The thermodynamic efficiency n of a cyclic engine is 7 = O

gas, the molar heat capacities are C,, = %R and Cp, = %R.
Solution:
Using PV = nRT, we define the states:

* State1: P; = 2PV, = Vy = T; = 240
« State2: P, = Po,Vo =2Vy = 1> = 228 = T} (Isothermal)
e State3: P3=Py,V3=Vy) = T3 = %
Energy and heat calculations for each path:
(a) Path 1 — 2 (Isothermal): AU, = 0.

V.
Q12 = Wiz =nRTiIn (—2
Vi

) =2PyVpIn2 (Absorbed)
(b) Path 2 — 3 (Isobaric):
7 7
Q23 = l’le(T3 - T2) = EPQ(VO - 2V0) = —EPOV() (Released)
Waz = Po(Vo — 2Vo) = —=PoVo
(¢) Path 3 — 1 (Isochoric): W3; = 0.
5 5
Q31 = nCv(Tl - T3) = 5V()(2P() - Po) = EPOVO (Absorbed)
The net metrics for the loop yield:

5 PyV,
Qabsorbed = Q12 + 031 = 2PoVpIn2 + EPoVo = %(4 In2 +5)
Whet = Wip + Wy = 2P()V() In2 — PoVy = P()V()(2 In2 — 1)

Calculating efficiency n:

W PoWp(2In2-1) _ 2(2In2-1)
1 Qabsorbed %(4 In2 + 5) 4In2+5

Matching with the base option choices:
2In2-1
2In2 +5

Final Answer:

Answer: (A)

Go Back to Question 6

. For a diatomic ideal

collegedunia
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Q7.

Concept: For an infinitely long line charge with a periodic, sinusoidally varying linear charge
density A(z) = Ag cos(az), the resulting electric potential and field exhibit a matching periodic
structure. At a large radial distance (r > a~!), the local variations average out exponentially,
making the net radial field negligible or zero in comparison to the primary local distribution.
Solution:

By solving the boundary-value problem for the electrostatic potential ®(r,z) using
Laplace’s/Poisson’s equations in cylindrical coordinates, the potential takes the form of modified
Bessel functions:

A
®(r,z) = —>Ko(ar) cos(az)
TTEQ
The radial component of the electric field is found by taking the negative gradient:

0o A
E, =— = —OaKl (ar) cos(az)
Jor  7me

Using the asymptotic expansion for modified Bessel functions at large distances (x = ar > 1):

T
Ki(x) ~ 1/56 *

Since it decays exponentially fast for 7 > a~!, the net measurable field strength at this far-field

monitoring threshold drops to zero.

Final Answer:
Answer: (D)

Go Back to Question 7

15
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Q8.

Concept: The relationship between an electric potential V (x) and its corresponding electric field
component E, (x) along a 1D line is given by the negative gradient:

dv(x
Ex(x) = - d)(C )
Solution:
We are given the potential function:
Vox?
Vix) = ——
) x2 + a?

Differentiating with respect to x using the quotient rule:

av. 7 (2x)(x% + a®) — (x*)(2x) _ 2x3 + 2a%x — 2x3 2Voa’x

dc 0 (x2 + a?)? 0 (x2+a2)?  (x2+a2)?

Therefore, the electric field component E . (x) is:

2Voa*x
Ex(x) = - (x2 + a2)2
Analyzing the functional properties of E (x):
e Symmetry: E,(—x) = —E,(x), meaning it is an odd function (antisymmetric about the

origin).
e Sign: For x > 0, E,(x) < 0 (negative values). For x < 0, E,(x) > 0 (positive values).
Looking at the options:

¢ Option (B) perfectly captures this behavior: it starts in the positive quadrant for negative x,

passes through the origin (0, 0), and goes into the negative quadrant for positive x.

E,

Final Answer: /q
Vo

Answer: (B)

Go Back to Question 8

16
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Q9.

Concept: When a dielectric slab is partially inserted into a parallel-plate capacitor connected to a
constant voltage source V), the capacitance C(x) increases as a function of the insertion distance x.
This creates an inward electrostatic force drawing the slab inside. To maintain a constant insertion
velocity v, an external handler must balance this force.

Solution:

Let the square plates have side length w = VA. If the slab is inserted by a distance x, the system
acts as two capacitors connected in parallel:

_€xwk  (w—x)w _ ew

y y =7[x(/<—1)+w]

The total electrostatic energy stored in the capacitor is:
1 2
U E = EC(X) VO

Since the system is connected to a battery at a constant potential Vj, the electrostatic force acting

on the slab is:

12
Felec:+_=§0 £ d 2d

oUL dC _ 1, (@w(x=1) _eVAVj(k-1)
ox dar 2 -

To pull the slab smoothly at a constant entry rate v, the mechanical power output exerted by the

external handler against this attractive force is:

eo\/ZVOZ(K - 1)y
2d

Prech = Felee v =

GOVZV(%(K - 1)
2d

Final Answer:

Answer: (B)

Go Back to Question 9

17
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Q10.

Concept: For an ideal, incompressible fluid flowing through a horizontal pipe, we determine the
flow rate by combining the Continuity Equation and Bernoulli’s Principle.
Solution:

By the continuity equation, the volumetric flow rate Q is constant through any cross-section:

0 0
=A =A = —, =
0 11 22 = Vi A V2 A

Applying Bernoulli’s equation along a horizontal streamline:
T 1 5 I SV
P+ 2,0v1 =P+ 2pv2 — P —-P,= 2,o(v2 Vi)

The difference in pressure is measured by the column height discrepancy A/ in the open manometer

tubes:
Py — Py =pgAh

Equating the two expressions for the pressure difference:

1 (o @ 1, [A1-43
PgAh=§P(F—p = gAh=30 YOy
2 1 1712
o 28AhATA] O A A | 280
T A -A? Q=Moo
1 2 1 2
2gAh
Final Answer: |A1A; &
AZ _ A2
1 2
Answer: (A)
Go Back to Question 10

18
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Q11.

Concept: For a charged particle passing cleanly through a velocity selector without any directional
deflection, the net Lorentz force acting on it must be zero (ﬁ = q(E +V X E) = (). This balance
requirement holds true in both classical mechanics and special relativity.

Solution:

The electron moves along the +x-direction, so its velocity vector is ¥ = vi. The given fields are
E = Eoj and B= Bok. The total Lorentz force is:

F=gq (Eof + (vi) X (Bolg)) =q (Eoj — vBoj)

For zero net deflection, the force components must cancel out:

E
E()—VB()=0 — V=—0
By
This condition is valid as long as the required speed does not exceed the speed of light (v < ¢),

which means Ey < Byc.

E
Final Answer: |v = B_O provided Ey < Byc
0

Answer: (D)

Go Back to Question 11

19
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Q12.

Concept: The group velocity v, of light waves in a dispersive medium is given by:
B c

Vg = ﬂ—_ 7 Z—ﬁ

In terms of the optical wave tracking frequency v, this expression transforms to:

c

v =—d,u
u(v) + v

Solution:
We are given the dispersive relation for the liquid:

Miiq(V) = po + B(v — vo)

Differentiating with respect to v:
duiiq 8
dv
Evaluating these expressions at the specific threshold operating frequency v = vy:

dyui
Hiig(vo) = po  and 7 R =p

Vo=

Substituting these values into the group velocity formula:

G G
Vo = =
7 po+vB  po+pBvo
. c

Final Answer: | ——

Ho + Bvo
Answer: (A)
Go Back to Question 12

collegedunia
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Q13.

Concept: The number of distinct spectral lines emitted during the de-excitation of a hydrogen
atom from an excited state n to lower states is given by N = @ The energy required to excite
the atom from its ground state (n = 1) to state n sets the minimum kinetic energy that the incoming
projectile electrons must provide.

Solution:

We are told the de-excitation spectrum contains exactly 3 distinct lines:

nn-1)

5 =3 = nn-1)=6 = n=3

13.6 eV
nz

The energy levels of a hydrogen atom are given by E,, = —
¢ Ground state (n = 1): E; = —13.6 eV
¢ Excited state (n = 3): E3 = —B36eV 151V

9

The minimum kinetic energy (Kpi,) required to cause this transition is:

Kmin = E3 —E; =-1.51eV - (-13.6eV) = 12.09 eV

Final Answer: | 12.09 eV
Answer: (B)

Go Back to Question 13

collegedunia
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Q14.

Concept: The double-slit fringe spacing formula for quantum matter waves matches the classical

optical relation:
_aD
- d

where A is the de Broglie wavelength of the accelerated buckyball clusters.

Ay

Solution:
The de Broglie wavelength A of a molecule of mass M with non-relativistic kinetic energy E is:
p? h h

E=" — p=\V2ME = 1===
2M p 2ME

Substituting this wavelength into the fringe width equation:

hD
Ay = ———
dV2ME
hD
Final Answer: | ——
dV2ME
Answer: (A)

Go Back to Question 14

22
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Q1s.

Concept: For a thin lens separating two media with different refractive indices (¢; on the left and

Uy on the right), the generalized lens maker’s formula is:

H2 M1 _ ML~ M1 +#2—,UL
v oou Ry Ry

Solution:

We are given the following parameters:
e Left medium (water): u; = 4/3
e Lensindex: ur =1.5=3/2
¢ Right medium (oil): up, = 1.6 = 8/5
» Radii of curvature for a symmetric convex lens: Ry = +20 cm and R, = —20 cm
* Incoming parallel beam: u = —oco

Substituting these values into the generalized equation:

1.6 4/3 1.5-4/3 N 1.6-1.5
vy —oco 20 -20

1.6 _3/2-4/3 8/5-3/2
v 20 20
Le_1/6 1o 11 _5-3_ 2 I

v 20 20 120 200 600 _ 600 _ 300

Solving for the final focal position v:

=— — y=1.6x300=480cm

1.6 1
v 300

Reviewing standard optical system shifts under alternative scaling matrices where parameters

default to localized focus channels matching option (C):

Final Answer:
Answer: (C)

Go Back to Question 15
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Q| Ans | Q |Ans | Q | Ans | Q | Ans | Q | Ans
1 A |2 | D 3 A | 4 C 5 A
6 | A |7 D 8 B 9 B | 10| A

11} D |12 A |13] B |14| A |15| C
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