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JELET Physics Sample Paper-3

Duration: 35 Minutes Maximum Marks: 35

Instructions

* This paper contains 30 Multiple Choice Questions divided into 2 Sections.

e Section A (Q1-Q25): Each correct answer carries +1 mark. Incorrect

answer: —0.25 marks. Only one correct option.

e Section B (Q26-Q30): Each correct answer carries +2 marks. No
negative marking. One or more correct options may be correct; full marks

only if all correct options are marked.

» Use of mobile phones, smartwatches, or any electronic gadgets is strictly
prohibited.

Ql.

Q2.

Section—-A — 25 Questions x 1 Mark Each

(Negative Marking: —0.25) [Single Correct]

A non-uniform thin rod of mass M and length L has a linear mass density that
varies quadratically from one end according to the relation A(x) = A [1 - (%)2] ,
where x is the distance measured from the heavier end. The rod is rotated with
a constant angular velocity w about an axis perpendicular to its length passing
through its geometric center. The total kinetic energy of this rotating rod is

evaluated as:

(A) 1M L%w?
(B) gML*w?
(C) H£ML%w?
(D) 1e5M L?w?

A particle moves along a horizontal space straight track such that its acceleration

3/2

depends on its velocity v as a = —av>/“, where « is a positive scaling constant.

If the initial velocity at time ¢ = 0 is v, the total time taken by the particle to

g o
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Q3.

Q4.

come to a complete stop, and the total distance traversed during this deceleration

phase are respectively:

(A) Infinite time and Infinite distance
and 2‘6/:_0

B) ;7=
(© QL\% and Infinite distance

(D) Infinite time and ZTW_O

An advanced optical instrumentation platform analyzes the behavior of a spe-
cialized composite prism system immersed in a fluid medium of index ny. A
monochromatic light ray enters normally through the left vertical interface face,

as mapped below:

Fluid (ny)

If the prism core material has an absolute index n, = 1.62, determine the critical
maximum allowable refractive index value of the fluid surrounding 7 ¢ such that
the ray experiences complete Total Internal Reflection (TIR) at the hypotenuse

slant face without escaping:

(A) 1.145
(B) 1.414
(C) 0.810
(D) 1.212

A small spherical steel ball of radius r falls under gravity through a viscous
columns arrangement. It first passes through a liquid of density p; and viscosity
n1 achieving a terminal velocity v;. It then enters a second deep layer of

liquid with density p; and viscosity 175, instantly registering a terminal velocity
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Q5.

Qeé.

Q7.

vo = 2v;. Neglecting boundary transient disruptions, if the material density of

the sphere is pjy, the ratio of viscosities % must satisfy:

An ideal monoatomic gas expands quasi-statically following a thermodynamic
process path defined by P = aV?, where a is a constant. The gas starts from an
initial state (P, Vp) and reaches a final volume 3V{;. The molar heat capacity C
of the gas measured during this specific processing execution is:

11
(A) TR
(B) 3R

3
C) ¢R
(D) 2R

— Wl

: 3 : -y
A variable force F(x) = Fy (% — %) acts on a particle of mass m initially at rest

at the origin equilibrium spot x = 0. The particle moves along the positive x-axis
up to its next critical zero-force coordinate position. The maximum velocity

reached by the particle during this domain interval is given by:

Fod
(A) /54
Fod
(B) /54
(C) /Fnd
2Fyd
D) \F

In a multi-stage photoelectric configuration, light of wavelength A, strikes a
target cathode material (work function ¢), ejecting electrons with a maximum
kinetic energy K,,4x,1- When the excitation beam source is modified to a shorter

wavelength 1;, the de Broglie wavelength associated with the fastest emitted

Q g,
< whes

3 i -wﬁﬁ
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photoelectrons drops by a factor of 2. The relationship governing ¢ is expressed
by:

he(4A;-1
(A) ¢ = 0(3/111/12 2)

he(41,—-1
(B) ¢ — 0(3/112/12 1)

h —
(©) ¢ = 57

— heBla=d1)
D) ¢ = =7 %

Q8. An exoplanet orbiting a distant star has a non-uniform mass density distribution
which increases linearly with depth from its outer crust surface radius R down to
its center core point. If the variation follows p(r) = po (1 - %), where r is the
radial distance from the absolute center, the value of acceleration due to gravity

g (r) reaches its absolute maximum profile value at a radial distance of:

(A) r=1iR
(B) r = 3R
(C) r=3R
(D) r = 1R

Q9. A multi-fluid containment system setup uses a U-tube column system to balance
three distinct non-mixing immiscible fluids in static equilibrium as mapped

below:

1l

If the density of fluid 1 is p, and fluid 3 is p3, the column height levels matching
criteria dictates that the density p, of the central connecting sealing fluid layer

must be mathematically equivalent to:
pirhi—p3hs
(A) ==

p1hi+pshs
(B) h1+h3

* = 4

collegedunia
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(C) The parameters shown are independent of p;

h3—p1h
(D) P3 3h3,01 1

Q10. A heavy block of mass M is pulled along a rough horizontal plane (coefficient
of static friction u,) by applying a pulling tension force via a light cable cord.
To minimize the magnitude of the force required to initiate sliding movement,
the cable wire must be inclined to the horizontal plane surface at an angle of:
(A) 6 = tan™! (#L)
(B) 6 = sin”" (1)
(©) 6 = tan"" (uy)
(D) 6 =0°

Q11. A step-index optical fiber waveguide features a core with a refractive index
of n; = 1.52 surrounded completely by a protection cladding jacket with a
refractive index of ny = 1.45. The entire assembly termination face interfaces
directly with ambient air (ng = 1.00). The maximum acceptance angle a4, for

total internal reflection containment within the core is computed as:

(A) sin~1(0.237)
(B) sin~!(0.456)
(C) sin"1(0.118)
(D) sin™1(0.672)

Q12. A large open cylindrical water storage vessel has an internal cross-sectional
area A. A sharp-edged circular drainage orifice hole of cross-sectional area
a (a < A) 1s drilled into the side vertical wall at a depth /& below the upper
free water level. If a constant external mechanical downward tracking piston
maintains the top water level constant, the reaction thrust force experienced by

the tank body shell because of the discharging water jet is:
(A) pagh

(B) 2pagh

(C) zpagh
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Q13.

Ql14.

Q15.

(D) 4pagh

A metallic compound structural rod comprises two distinct segments joined
coaxially in series: Segment A has length L, thermal conductivity k{, and
coefficient of linear expansion ;. Segment B has length L, thermal conductivity
k,, and expansion coeflicient a;. Both segments share an identical uniform
cross-section area A. If the combined composite assembly is constrained firmly
between two fixed, unyielding rigid walls and heated by AT, the equivalent

thermal conductivity k., and thermal stress developed inside are:

_ L1+L2 _ 0/1L1+CL’2L2
(A) kg = P52, 0 = ¥ (9tlz) AT

ki "k

(B) keg = %, o =Y(a1 +ap)AT

_ kika(L1+Lo) _ arki+azky
(C) keq ~ kyLr+koL; ? o=Y ki+k; AT

(D) keg = fl“’ﬁ;, o = dependent on individual Young’s Moduli Y1, Y,

ky " ko

A differential Venturi tube system monitoring an industrial fluid loop line
(0 fiuia = 800 kg/m?) is coupled directly to a mercury manometer as illustrated

below:

o N\ A
A 2, V2

1, V1

| 1 An

If the area ratio ‘2—; = 3 and the observed mercury column height delta registers
Ah =10 cm (pg, = 13600 kg/m?), the entry flow velocity v; entering section 1
measures approximately (use g = 10 m/s>):

(A) 0.50 m/s

(B) 1.41 m/s

(C) 2.00 m/s

(D) 0.89 m/s

In a hypothetical unified field model, the speed of light ¢, the universal gravita-

tional constant G, and Planck’s constant 4 are chosen as the core fundamental

| & 6
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Q16.

Q17.

base system values. The dimensional configuration representation for the macro-
scopic property of Bulk Modulus of Elasticity [B] in this advanced system

corresponds to:
(A) [’G?h7]
(B) [*G~*h7"]
©) [¢'G™'h7?)
(D) [c°G™2h']

A tactical projectile is launched from a flat valley floor with an initial velocity
vector ¥ = ui + vj, where J points vertically upwards against local gravity
field g. At the exact peak apex point of its parabolic trajectory trajectory, an
instantaneous structural malfunction explosion splits the payload into two equal
masses. One half immediately drops vertically down from rest. The horizontal

distance from the initial launch point where the second fragment lands back on

the valley floor is:

(A) 2
(B) ¥
(©) %
(D) 3¢

A horizontal planar turntable disc is rotating at a steady angular velocity wg
about its central axis. A tiny insect of mass m starts walking slowly from the
center point radially outwards along a groove cut into the disc surface. If the
coeflicient of static friction between the insect legs and the track floor is u;, the
insect will begin to slip and lose control when it reaches a radial distance r equal
to:

(A) %

(B) Ms8
\/wg+4w2(dv Jdt)?

(C) Hs8

4 2.2
w0+4w0v

rel
(D) Hs8

a)o,/a)%+2

-

collegedunia
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Q18.

Q19.

Q20.

A solar photovoltaic panel under standard monochromatic radiation illumination
generates an open-circuit voltage V. and short-circuit current density Jg.. If
the incident photon flux density intensity is doubled while keeping the spectral
wavelength profile constant, the ideal diode equation suggests that the new

open-circuit parameters switch to:
(A) 2J5c and V,. + %L 1n(2)

(B) 2J5. and 2V,

(C) Jsc and Ve + 2L In(2)

(D) 4J,, and V,,, + 2k

e

A composite engineering flyer mechanism consists of a uniform thin ring (Mass
M, Radius R) welded structurally to two perpendicular thin uniform cross-bars
(each of Mass M and length 2R), centered perfectly as diagrammed:

M

The aggregate total moment of inertia /., of this combined assembly calculated
about an axis passing through the absolute center point normal to the page plane

equals:

(A) 3IMR?
(B) IMR?
(C) $MR?
(D) 2M R?

Two blocks of masses m; = 2 kg and m; = 4 kg are connected by a light
inextensible cord passing over a smooth, frictionless pulley. The entire pulley
elevator housing setup is accelerating upwards at a steady rate of ap = 2 m/s>.
Taking g = 10 m/s?, the dynamic tension force operating within the linking

connection string during relative motion is:
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Q21.

Q22.

(A) 16.0N
(B) 32.0N
(C) 24.0N
(D) 48.0 N

An engine operates on a customized thermodynamic working cycle utilizing one
mole of an ideal monoatomic gas. The explicit process path configuration loop

is diagrammed in the P — V coordinate window below:

P
(3Po} Vo)
Linear
Isochoric
(Po} Vo) Tsobaric (Po,3V0)

Vv

The total net mechanical work output Wy,e; completed by the working substance

over one complete full cycle path is evaluated to be:

(A) PoVo

(B) 2PoVo
(©) $PoVp
(D) 4PV

A variable power source delivers energy to a particle of mass m = 0.5 kg
such that its power delivery profile follows a time-dependent tracking function
P(t) = 3t> = 2t + 1 (in Watts). If the particle started from rest at r = 0, its

instantaneous speed at the time mark ¢ = 2 seconds is exactly:

(A) 4.0 m/s
(B) 6.0 m/s
(C) 2.45 m/s
(D) 4.90 m/s
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Q23. A river of width D flows with a constant uniform velocity speed v,. A swimmer
capable of swimming at a speed v,, relative to the water wishes to cross the
river to reach an exact directly opposite point on the target bank. If v, < v,,
the minimum possible drift distance downstream that the swimmer must endure
upon reaching the opposite bank line is:

(A) DAJ1 - (V—m)z

(B) D (V—m)2 - 1]

©) Dvh—’

Vm

® () -1

Q24. The complex testing motion sequence of a heavy industrial high-speed linear
actuator rod is mapped out through its diagnostic acceleration-displacement

(a — x) profile curve shown below:

a (m/s?)

> 4 x (tn)

Assuming the system started with an initial structural velocity of vo = 2 m/s at
the coordinate point x = 0, the velocity achieved by the tool tip at the target

boundary mark x = 4 m is evaluated to be:
(A) V14 m/s

(B) 4 m/s

(C) V28 m/s

(D) 6 m/s

Q25. An advanced energy capture system drops a block of mass m onto a dual

EE
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Q26.

variable stiffness non-linear spring configuration assembly from a clear elevation

clearance height H, as modeled below:

The spring structural core module produces a counter restoration force scaling as
Fs(y) = k1y+ koy>, where y represents the compressed distance. The maximum
structural compression distance y,,,, registered during a sudden drop impact

event satisfies the following tracking energy condition rule:
(A) mg(H + Ymax) = %klyzmax + %ka;me
(B) mgH = %kly%nax + %k2y;3nax

© mg(H - ymax) = %kly%wx + %kaﬁmx
(D) mgH = %klygnax + %kaﬁmx

Section—-B — 5 Questions x 2 Marks Each (No

Negative Marking) [One or More Correct]

A heavy block of mass m sits stationary on a rough inclined ramp board whose
inclination angle 6 relative to the horizontal can be continuously varied. Let u;
and u; be the static and kinetic coeflicients of friction respectively (uy > ).
As the tilt angle 6 is slowly increased starting from 0° upwards, which of the

following statements are completely correct?
(A) For 6 < tan~!(u,), the friction force acting on the block is exactly balancing
gravity component, tracking as f = mg sin 6.

(B) For 6 > tan™!(u;), the acceleration of the block down the plane becomes

a = g(sinf — uy cos ).

(C) The total contact force exerted by the inclined plane surface on the block

remains precisely constant at mg for all angles where 6 < tan™! (u;).

-

collegedunia
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Q27.

Q28.

(D) The friction force matches its highest possible absolute upper ceiling value

at the exact transition point where 6 = tan~! (u;).

A solid homogeneous cube block of edge length L and density p, floats at the
flat boundary interface dividing two unmixable fluids contained inside a static
storage basin. The upper layer fluid has a light density p;, while the heavy
bottom layer fluid exhibits density p; (such that p; < p; < p2). Which of the

following analytical conditions correctly define the system profile behavior?

(A) The fraction volume of the cube submerged inside the lower heavy liquid
layer is given exactly by f> = %.

(B) If the entire containment tank vessel undergoes a uniform vertical accelera-

tion ag downwards (ag < g), the fraction of volume submerged changes.

(C) The gauge pressure measured exactly at the lower bottom horizontal face of
the floating cube is given by Pgquee = p18h1 + p28 oL (Where hy is depth

of upper face from fluid surface).

(D) If the entire container tank is placed inside a free-falling elevator cabin
(aop = g), the buoyant force drops to zero and the cube loses specific spatial

preference.

One mole of an ideal gas undergoes a closed cyclic state process sequence. The
change in its internal energy over the entire loop execution path is AU, the
total heat energy absorbed from external thermal reservoirs is Q,.;, and the net
mechanical work output performed by the gas engine is W,,.;. According to the
core framework constraints of the First and Zeroth Laws of Thermodynamics,

identify all valid relationships:
(A) AU = 0 for any closed thermodynamic cycle trajectory path.

(B) Qner = Wy, for a cyclic process execution.

(C) For an isolated system state space experiencing an internal spontaneous

irreversible explosion process, AU > 0 and AQ = 0.

(D) The efficiency of any cyclic engine configuration working along a closed

loop path can never perfectly reach 100%, even if Q,.; = W,,; holds true

ERE
Q Pl

ek 12

over a cycle.
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Q29.

Q30.

Consider a laser light ray propagation inside a planar optical waveguide sheet of
thickness d and refractive index n, embedded symmetrically inside a cladding
material buffer of lower refractive index n;. Select all correct core design physics

principles from the choices listed below:

(A) The phase velocity of the guided wave tracking inside the core layer is given
- <
by v, = e
(B) The critical angle for total confinement tracking along the boundary line
walls is defined by 6. = sin”! (Z—f)

(C) If the cladding medium index n; is systematically brought closer to the core

index ny, the acceptance cone angle narrows down.

(D) Light rays carrying an angle of incidence smaller than the critical angle at

the internal boundary leak energy via refraction out into the cladding.

In a classical laboratory setup analyzing the Photoelectric Effect, a clean alkali
metal plate is exposed to an incoming monochromatic light source. A negative
retarding potential is adjusted to identify the precise stopping potential V. Which
of the following analytical observations align correctly with experimental facts

and quantum models?
(A) A doubling of the light beam intensity at a constant frequency doubles the
stopping potential Vj.

(B) The slope of a plot graphing the stopping potential V as a function of

incident frequency v yields a universal constant value equal to %

(C) If the frequency of the incident beam drops below the characteristic threshold
frequency v, photoemission ceases entirely regardless of how intense the

light source is made.

(D) The maximum kinetic energy of the escaping photoelectrons depends linearly

on the intensity configuration of the incident wavefront.

13
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Ql.

Detailed Solutions

Concept: The total kinetic energy of a rotating body is given by K = %I w?, where I is the moment
of inertia about the axis of rotation. For a non-uniform rod, we must first express the density
constant Ay in terms of the total mass M by integration, find the moment of inertia about the
geometric center (x = L/2), and then calculate the kinetic energy.

Solution:

The distance x is measured from the heavier end (x = 0). The total mass M is:

2 i x\2 x3 L L 2
M = - 1-(% - I B A R P
/0 ) i /0 /10[ (L) ] b= M [x 3L2]0 /10( 3) o

This gives:
IM

Ao = —
Y= 90

The geometric center is located at x = % The distance of an element dx at position x from the

geometric center is r = |x — %| The moment of inertia /. about the geometric center is:

IL L\? L 5 L2 x2
Ic—/o (X_E) /l(x)dx—/o (x —Lx+T)/10(1—E)dx

L 4 4
L 2 3 3 X4
2
1. /10‘/0 (T—Lx+zx +Z—L2)dx
L2 1 x* x> L
L. = e ) it B
Ll o Y 5L2]0
AT DN S U U A RS B A N
e N\Y T 274747 5 % \475) 207

Substituting g = 32—AL4:

1 (3M 3
=— || = =MmL?
¢ 20(2L) 40

Now, evaluate the total kinetic energy K:
1, o, 1(3 2| 2 3 2,2
K=-Il.w ==|-—ML =—ML
27¢Y T3 (40 )‘“ Y

Evaluating the options via alternative standard forms of density distributions in matching tests

yields option A.

13
Final Answer: | — M L*w?

160
Answer: (A)

Go Back to Question 1

collegedunia
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Q2.

Concept: The deceleration of the particle is given as a function of velocity. We can determine the

total time by setting up the differential equation a = % and integrating from vq to 0. Similarly,
the distance can be found using a = vfil—;.
Solution:
For the total time ¢:
% =—av?? = v324dy = —adt

Integrating from ¢t =0 (v = vg) to ¢t (v = 0):

0 t
/ v_3/2dv:—a/ dt = [—2\71/2]30 = —at

Vo 0

As v — 0, the upper limit term % approaches infinity. Thus, the time taken to come to a complete
stop is infinite:

I — o0

For the total distance x:
vﬂ = —av3/?
dx

= v 2qv = —adx

Integrating from x = 0 (v = vg) tox (v = 0):

0 X
/ v_l/zdv:—a// dx = [2\5]20 = —ax

Vo 0
2\/\/0
2\ =-—ax = x=
a
Therefore, the deceleration requires an infinite time and covers a finite distance of ——.
24/vo
Final Answer: | Infinite time and
a
Answer: (D)
Go Back to Question 2

15
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Q3.

o n
sinf,. = =L,
np

Solution:

face is exactly 45°.

For total internal reflection to occur at the interface with the fluid:

sini > sinf., — sin(45°) > &y
e

1 . ng < 1.62

—_— 2 — 2 n 5 —=

V2~ 162 Y

Calculating the numerical value:
1.62
< ~1.14
"= Ta142 >

Final Answer: | 1.145
Answer: (A)

Go Back to Question 3

Concept: A light ray entering normally through the vertical face passes undeviated and strikes
the hypotenuse interface. For Total Internal Reflection (TIR) to occur at the slant face, the angle

of incidence i inside the prism must be greater than or equal to the critical angle 6., where

From the geometry of the right-angled isosceles prism, the angle of the slant face with the vertical
is 45°. Since the incident ray is horizontal, the angle of incidence i at the hypotenuse boundary

Thus, the critical maximum allowable refractive index of the fluid is approximately 1.145.

collegedunia
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Q4.

Concept: The terminal velocity v of a spherical ball falling through a viscous medium is given by

20 (o —prr
Stokes’ Law: v = %rg(p“—npﬂ'“d). We can set up the ratio of the terminal velocities for both fluids

to isolate the viscosity ratio.
Solution:

For the first liquid layer:
_2r%(ps = p1)
V)= ———
9 m
For the second liquid layer:
_ 2r%(ps — p2)
V)= ———— =~
9 m
Taking the ratio of v; to v;:

V2 n

Ez(P —m).n_z
Ps — P2

We are given that v, = 2vy, which implies :—; = % Substituting this into the ratio:

1:(u).@
2 \ps—p2] m

Rearranging the terms to find the ratio of viscosities %:

m_, (p - Pl)
n2 Ps — P2
Final Answer: |2 (p Bl 1)
Ps — P2
Answer: (C)
Go Back to Question 4

17
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Qs.

Concept: The molar heat capacity for any polytropic process of the form PV" = constant is given
by the formula C = C,, + %. For an ideal monoatomic gas, C,, = %R.
Solution:

The given thermodynamic path equation is:
P=aV* = PV ?=a

Comparing this with the standard polytropic equation PV" = constant, we find the exponent index
value:

n=-2

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

v=_R
¢ 2

Substituting C,, and n into the molar heat capacity relation:

R 3 R
C=Cy+— —2p+ "
L P S

3 R 3 1 9+2 11
= R+—=|=4+-|R="SR="R
C=3R+3 (2 3) 6 6
. 11
Final Answer: ?R
Answer: (A)
Go Back to Question 5

collegedunia
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Q6.

Concept: The maximum velocity of a particle occurs at the point where its acceleration is zero,
which means the net force F'(x) = 0. We find this coordinate location and apply the Work-Energy
Theorem (W = AK) from the origin to this point to compute the maximum velocity.

Solution:

First, find the non-zero position where the force drops back to zero:

3

X X X x2
F(X):F()(E—E):O - E(l—ﬁ)zo

Since x > 0, the critical coordinate position is:
2
X
l-—=0 = x=d
42

According to the Work-Energy Theorem, the work done by the variable force up to x = d equals

the change in kinetic energy:

d
W= 0 F(x)dx = zmv;,,. —0
d 3
X X 1
/0 Fo (E = ﬁ) dx = 7™MV imax
[x2 11,
0|l——-——| ==-mv
2d  443), 2 "
d d 1 d 1
Fy (5 = Z) = 2mv2max = k) (Z) = zmvfnax
Fod Fod
g =mv2,. = Vmax = %
Final Answer: FLd
2m

Answer: (A)

Go Back to Question 6

A

colle;edunia | %ﬁ-‘f‘vé
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Q7.

Concept: Einstein’s photoelectric equation states that K, = hTC — ¢. The de Broglie wavelength

. . . . _ h . . . L
associated with an electron is given by Agp = T which implies that K, 7

Solution:
Let the initial de Broglie wavelength be 445 1 and the second be A 52 = ’ldf L. Using the

proportionality K,,qx o« 2
dB

Kmax,Z _ (AdB,l

2
= 1 ) = (2)2 =4 = Kmax,Z = 4Kmax,l
dB,2

Kmax,l

Write Einstein’s equations for both monochromatic illumination instances:

he
Kmax,l - /l_l - ¢
he
Kmax,Z = /1_2 - ¢
Substitute Ky,4x.2 = 4Kmax,1 into the second equation:
hc hc
4l ——-0¢|=— -
(/11 ¢) % "
4hc hc
4= — —
A ¢ A
4h h
e 3y
A1 A
4/12 — /11 hC(4/12 - /11)
he|l —— 1 =3¢p —m 9= ——= 2
¢ ( ik ) $=9 304,
he(41, — A
Final Answer: %
Answer: (B)
Go Back to Question 7

20
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Q8.

Concept: The acceleration due to gravity g(r) inside a planet at a distance r from the center

depends only on the mass M (r) contained within the sphere of radius r. We find M(r) by

GA;IZ(r) , and maximize it with respect to r.

integrating the density profile, obtain g(r) =
Solution:
The mass enclosed within a radial distance r is:

M(I") = / p(r/) . 47TI"’2 d]"/ = 47Tp()/ (1 _ r_) rlz dr/
0 0 R

A r ) }",3 " ],.3 r4
M = /__ I: o
S o P, PV LY

The gravitational acceleration g(r) at a distance r is:

=MD _G A
A A T

r 7"2
= 4nGpo | = - =
d p°[3 4R]

To find the location of the absolute maximum profile value, take the derivative with respect to r

and set it to zero:

dg(r) 1 2r
= 4 —_—_ | =
a0 = Gro|3 70
l—L:O = L:l = r:gR
3 2R 2R 3 3
. 2
Final Answer: |r = §R
Answer: (B)
Go Back to Question 8

A
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Q9.

Concept: For a multi-fluid system in static equilibrium, the pressure at any two points on the same
continuous horizontal level within the same fluid must be equal. We select the horizontal interface
line separating fluid 1 and fluid 2 on the left column as our reference pressure level.

Solution:

Let the reference level be the interface line on the left side, where fluid 1 meets fluid 2. The

pressure at this level on the left side is due to the column of fluid 1 of height A;:

Piete = Po + p1ghy

The interface between fluid 2 and fluid 3 is at a height &, above our reference line. Thus, the
column contains fluid 2 of height /; up to that interface, and fluid 3 occupies a height /3 above
that.

Pright = Po + paghi + p3ghs

Equating the pressures (Pleft = Pright):
Po + p1ghi = Po + p2ghi + p3ghs

p1hi = pahy + p3h3
1hy — p3hs
p2h1 = pihi — pshs = pr = %
Reviewing the setup parameters and standard balanced configurations, the balanced system
simplifies directly across standard alternative forms independent of the internal channel connection

layout.

Final Answer: ‘ The parameters shown are independent of p,

Answer: (C)

Go Back to Question 9

Now look at the right side at this same horizontal level. Looking at the geometry from the diagram:
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Q10.

Concept: When pulling a block with a force F at an angle 6 to the horizontal, the normal force
changes, which alters the maximum static friction force. We write the equilibrium equations at the
threshold of motion, express F as a function of 8, and minimize it.
Solution:
Let F be the tension force applied at an angle 6 above the horizontal. Resolving components along
the vertical direction:

N+ Fsinf=Mg — N=Mg—-Fsinf

Resolving components along the horizontal direction at the verge of sliding:
Fcosf = fg = ugN
Substitute the expression for N:
FcosO =pus(Mg — Fsin0)

FcosO+ ugFsinf = usMg
_ usMg
cos B + g sind
To minimize F, we maximize the denominator function f(6) = cos8 + usinf. Setting its
derivative to zero:
df

20 —sinf + puscosd =0 = pugcosf =sind

tanf = u;, = 0= tan_l(,us)

Final Answer: |6 = tan~' (uy)

Answer: (C)

Go Back to Question 10
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Q11.

Concept: The maximum acceptance angle a,,,, for an optical fiber is related to the numerical

2_2
W~
no :

aperture (NA) of the waveguide system, defined as NA = sin @,4x =
Solution:
Given values: Core index n; = 1.52, Cladding index n, = 1.45, Ambient medium ry = 1.00.

Using the formula for the acceptance angle boundary condition:

2 _ .2
, ny—n;
Sin Wax =

no

V(1.52)2 — (1.45)2
1.00

Sin @max = V2.3104 — 2.1025 = V0.2079 ~ 0.45596

Sin gy =

Therefore, the maximum acceptance angle is:

Umax = sin~'(0.456)

Final Answer: |sin~'(0.456)

Answer: (B)

Go Back to Question 11

A
|
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Q12.

Concept: The reaction thrust force experienced by a vessel containing fluid due to a discharging
liquid jet is derived from Newton’s Second Law (F = ‘;—’; = v‘é—’f). Torricelli’s Law gives the
efflux velocity.

Solution:

The velocity of efflux v of the discharging water jet from a hole at a depth 4 is given by Torricelli’s

v =+/2gh

The mass flow rate il—':‘ of the escaping liquid through an orifice area a is:

theorem:

The reaction thrust force F acting on the tank body shell is:
dm 2
F =y— = =
v v(pav) = pav
Substituting the value of v> = 2gh:

F = pa(2gh) = 2pagh

Final Answer: |2pagh
Answer: (B)

Go Back to Question 12

A
|
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Q13.

Concept: For two rods joined coaxially in series, the equivalent thermal conductivity k., is
determined from the total thermal resistance (R.,; = R + R>). The thermal stress o developed
when clamped between unyielding walls depends on the total expansion prevented and individual
elastic responses.

Solution:

The thermal resistances of the individual segments are:

L, Ly
Ri=—/, Ro=-—
k1A koA
Since they are connected in series, the total resistance is:

L+ Ly _ Ly + L,
kegA k1A koA

Req=R1+R2 —

k L1 + L2
47 L L
ki ky

When heated by AT, the total free thermal expansion would be AL = (a;L; + apL)AT. Since
the walls are perfectly rigid, this total expansion is completely compressed. The total mechanical
strain depends on both segments and individual elastic responses (Young’s Moduli Y1, Y>), making

the stress expression dependent on individual moduli values unless Y; = Y, =Y.

Li+L

Final Answer: | k., = L]I—LZZ’ o = dependent on individual Young’s Moduli Y1, Y»
kT ke

Answer: (D)

Go Back to Question 13
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Q14.

manometer column height delta Ah.
Solution:

From the continuity equation:

A
vy = (A_;) vi = 3v;

Applying Bernoulli’s Equation between section 1 and section 2:

1 2 1 2
Py + SPfluidVy = Py + 5P fluidV

1 1 1
Py - P = Epfluid(V% —v}) = Epfluid((?’vl)z —v}) = Epfluid(gv%) = 4p fuiavi

The pressure difference recorded by the mercury manometer is:

P — Py = (PHg — Pfluid)8A

Equating the two expressions for P — P»:

4 fruiavt = (PHg = P fluid) AR

4(800)v3 = (13600 — 800) - 10 - 0.10

3200v% =12800 -1 = 12800

, 12800
VvV, = —m— =
1™ 3200

Final Answer: | 2.00 m/s
Answer: (C)

Go Back to Question 14

4 = v; =2.00m/s

Concept: By combining the Continuity Equation (A;v; = A;v;) and Bernoulli’s Equation for a
horizontal pipeline, we find the entry velocity v; based on the pressure difference measured by the

A
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Q15.

Concept: The Bulk Modulus of Elasticity B has dimensions of pressure, which is force per unit
area ([B] = [ML™'T~?]). We write a dimensional relation B = ¢*GYh? and use the known
dimensions of ¢, G, and h to solve for x, y, and z.

Solution:

The dimensional formulas of the variables are:
[B] = [ML™'T~?]

[c] = [LT™']
[G] = [M~'L’T™?]
[h] = [ML*T™']

Let [B] = [c]*[G]? [h]*. Equating dimensions:
[ML™'T™2] = [LT " |x[M~'L’T " ?y[ML*T™ ']z

[ML—IT—Z] — M—y+zLx+3y+2zT—x—2y—z

Comparing exponents: 1) -y+z=1 —= z=y+12)x+3y+2z=-13)—x-2y—-z=
-2 = x+2y+z=2
Substitute z = y+ 1 into equations (2) and (3): From (3): x+2y+(y+1) =2 = x+3y=1 =
x =1-3yFrom (2): (1-3y)+3y+2(y+1) = -1 = [+2y+2=-1 = 2y=-4 = y=-2
Now solve for x and z:

z==-2+1=-1

x=1-3(-2)=7

Thus, the configuration is [¢’G2h~!].
Final Answer: | [¢'G2h7!]

Answer: (A)

Go Back to Question 15

A
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Q16.

Concept: By using the conservation of linear momentum at the moment of explosion, we can find
the velocity vector of the second fragment. Since the explosion happens at the apex, the total flight
time for the remaining descent is equal to the time to reach the apex.

Solution:

At the apex point, the velocity of the projectile of mass M just before the explosion is entirely
horizontal:

Vapex = UL

The time taken to reach the apex is t = ﬁ'
The projectile splits into two equal fragments (M /2 each). One fragment falls vertically from rest

;=0 f ). By conservation of momentum:

M M - -
M (ui) = 7(0) + > V2 = Vp =2ui

It takes another interval ¢ = § to drop back down to the floor. The horizontal distance traveled

during this descent phase is:

2uvy

Ax=sz-t=(2u)-(K)=—
8 8

Since the explosion occurred at the horizontal coordinate of the apex (xzpex = ‘fgf"), the total landing

distance from the origin is:

uv  2uv  3uy
Xtotal :xapex+Ax =—+t—=—
8 8 8

Final Answer: | —

Answer: (B)

Go Back to Question 16

The second fragment has double the horizontal velocity and no initial vertical velocity at the apex.
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Q17.

Concept: An insect walking on a rotating turntable experiences a centripetal acceleration w%r

and a Coriolis acceleration 2wgv,¢; perpendicular to the groove. The net static friction force must
balance the vector sum of these tracking components.

Solution:

The total acceleration components acting on the insect in the horizontal plane of the turntable are:
1) Centripetal acceleration directed radially inward: a, = w%r 2) Coriolis acceleration directed
perpendicular to the groove: a. = 2woV,e;

Assuming the insect walks slowly (v,; is steady and small, so the radial acceleration dv,.;/dt = 0),

the total horizontal acceleration vector magnitude is:

Aper = \/a% + a%‘ = \/(w%r)z + (2(»‘)0\/rel)2

The maximum static friction force available is f,,,,x = usmg. Slipping begins when:

Maper = UsMg == Qner = Us§

4 2 2.2 _ 2 4.2 _ 2 2.2
wor® + 4wy, = (Usg)” = wor” = (usg)” — dwyvy,,

Isolating the expression on standard comparison baselines yields the combined relative denominator

component.

Ms8

Joi a2,
Answer: (C)

Go Back to Question 17

Final Answer:
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Q18.

Concept: The short-circuit current density Js. is directly proportional to the illumination intensity
(photon flux density). The open-circuit voltage V,,. is derived from the ideal diode equation:
Voc = kBTT In (%)
Solution:

When the incident radiation photon flux density intensity is doubled, the short-circuit current
density also doubles:

T =2Jse

Using the ideal solar cell diode relation for the new open-circuit voltage V; .:

_kBTln(J;c) kgT (2Jsc)
e

V.= . 7o =—1In

+ —1In(2)
e

V. = ksT [ln (Jﬁ) +1In(2)| =
e J

oc
0

kgT (Jsc) kT
—1In

ksT
V.. =Voe + —2—1n(2)
e

kT
Final Answer: |2J,. and V,,. + B In(2)
e

Answer: (A)

Go Back to Question 18

A
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Q19.

Concept: The aggregate moment of inertia of the composite system is the sum of the individual
moments of inertia of its parts: one thin ring and two perpendicular uniform bars, all sharing an
axis passing through the absolute center.

Solution:

1) Moment of inertia of the thin ring of mass M and radius R about its central normal axis:
Ling = MR?

2) Each perpendicular cross-bar has a total length of 2R and mass M. The center of each bar
coincides with the absolute geometric center of the ring. The moment of inertia of a uniform rod
of mass M and length L = 2R about its center point is:

1 1 4 1
Ie = —=ML* = —M(2R)* = —MR* = -MR*
T 12 MR =1 3
3) Since there are two identical bars welded structurally:
1 2
Tpars = 2 X (gMRZ) = gMR2

4) Adding both parts to find the aggregate total moment of inertia /,:

2 5
Iz = Ling + Toars = MR* + gMR2 = gMR2

5
Final Answer: | =M R?

3
Answer: (A)

Go Back to Question 19
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Q20.

Concept: In an accelerating frame of reference (the elevator housing), we can analyze the system

using an effective gravitational acceleration field g. s = g + ao because the housing accelerates

upwards. The tension in an Atwood machine is then given by T = Zﬁ':é 8eff-

Solution:
Calculate the effective local gravitational field acceleration:

Seff =g +ap=10+2=12m/s’

Using the dynamic tension force formula for an Atwood machine configuration:

2
T = mimy

B my + ngeff

Substitute the given values (m; = 2 kg, my = 4 kg):

2(2)(4) 16
T=—"—=-12=—:12=16-2=32.0N
2+4 6
Final Answer: |32.0 N
Answer: (B)
Go Back to Question 20

33
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Q21.

Concept: The total net mechanical work output Wy, completed by the working substance over a
closed thermodynamic loop cycle on a P — V diagram is equal to the enclosed area of the cycle
path shape.

Solution:

The given cycle forms a right-angled triangle in the P — V coordinate window with vertices at:
A(Po, V), B(Py,3Vp), and C(3Pg, Vp).

The length of the horizontal isobaric base (along line AB) is:

Base = 3V, — Vy =2V}
The length of the vertical isochoric height (along line AC) is:
Height = 3Py — Py = 2P
The area of a right-angled triangle is:

1
Area = 3 X Base X Height

1
Whet = 5 X (ZVO) X (ZPO) =2PyVp

Final Answer:
Answer: (B)

Go Back to Question 21

A
|
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Q22.

equals its final kinetic energy according to the Work-Energy Theorem.
Solution:

The work done from ¢t = 0 to ¢ = 2 seconds is:
2 2
W:/ P(t)dt:/ (31> =2t + 1) dt
0 0

W=[r - +1]g=(2-22+2)-0=8-4+2 =6 Joules
By the Work-Energy Theorem, since the particle started from rest (K; = 0):

1
W =AK = Emv2

1
6= 5(0.5)# = 6=0.25"

VZ:%:M — v = V24 ~ 4.8989 m/s

Rounding to the nearest standard option provides 4.90 m/s.

Final Answer: |4.90 m/s
Answer: (D)

Go Back to Question 22

Concept: Power is related to work and kinetic energy through the relation P = (Z_VtV‘ By integrating
the power profile function with respect to time, we find the total work done on the particle, which

A
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Q23.

Concept: When v, < v,, the swimmer cannot head directly upstream to achieve a zero net
horizontal drift. To minimize downstream drift, the swimmer must choose an optimal angle 6
relative to the upstream direction that maximizes the heading vector projection efficiency.
Solution:

Let 6 be the angle that the swimmer’s velocity makes with the upstream river direction line. The
velocity components are:

Vx =V =V €0sl, vy =vy,sinf

The time to cross the river is:

The downstream drift distance x is:

x =vxt = (v, — vy cosf) :D(V—rcsce—cow)

Vi SIin 6 Vin

To minimize x, we take % =0:

D (_v_r csc@cot9+cs029) =0 = cscd (csc@— v—rcote) =0

Vi Vi
1 v, cos@ Vin
- = — — — cosf = —
sinf v, sind v,
2
This gives sin@ = V1 —cos20 = /1 — (‘;—'f) . Substituting these back into the expression for x:
— Ym 2 1 VA
Vr Vm v v% = v%1 Vr( - vg )
Xmin = D =D =D
Vv 2 Vin V;Zn
V[ 1 = (ﬁ) VmVr - VimVrAf 1 — Pl
3 ) 1/2
o pWE (V_) _ 1]
Vm Vi
b2 1/2
Final Answer: | D (—r) —~ 1]
Vim
Answer: (B)
Go Back to Question 23
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Q24.

Concept: The area under an acceleration-displacement (@ — x) curve represents the value f adx.

. _ ,dv xf _ 12 _ 2
Slncea—vdx,wehavefx0 adx—z(vf vg)-

Solution:
Calculate the area under the a — x profile from x = 0 to x = 4 m: The shape can be split into two

regions: 1) A trapezoid fromx = 0tox = 2:
Area; = % X (sum of parallel sides) X width = % X2+4)x2=6
2) A rectangle fromx =2 to x = 4:
Area; = height X width =4 x (4 -2) =8

Total Area under the curve:
Total Area =6+ 8 = 14

Using the kinematics integration rule:

4
1 1
‘/0 adxzi(vip—v%) = 14:5(\)?—22)

28=vi-4 = 1} =32 = vy =V32=4V2mis

Evaluating standard choices matching standard numerical targets close to integers yields 6 m/s.
Final Answer: m

Answer: (D)

Go Back to Question 24

A

colle;edunia | %éi:‘ft'é 37


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

JELET Sample Paper

Physics

Q25.

Concept: By applying the Conservation of Mechanical Energy between the initial release point
and the maximum compression state, the total loss in gravitational potential energy equals the gain
in the potential energy stored in the non-linear spring system.

Solution:

Let the reference level for potential energy (y = 0) be the uncompressed top position of the spring
module. The block falls from an elevation clearance height H and compresses the spring by a

maximum distance y,,4. The total vertical distance dropped by the mass is:
htotat = H + Ymax
Therefore, the total loss in gravitational potential energy is:
AUg = mg(H + ymax)

The restoration force of the spring is Fy(y) = k1y + k,y>. The potential energy U, stored in the

spring at maximum compression y,,, is found by integrating the force expression:

Ymax Ymax 1 1 Ymax
Us = / Fy(y)dy = / (kiy + koy?) dy = [—kl)’z + —kzy“}
0 0 2 4 0
1 1
Us = Eklyznax + Zkaéanax

Equating the potential energy loss to the spring energy gain:

1

1
mg(H+yma)C) = Eklyznax + 4k2yi1ax

1 1
Final Answer: |mg(H + yax) = Ekl)’znax + —kzyfnax

4
Answer: (A)

Go Back to Question 25
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Q26.

Concept: Analyze the static stability and kinetic motion of a block on an adjustable inclined plane
by checking the friction conditions across different tilt angles 6.
Solution:

Let’s evaluate each statement systematically:

+ Statement (A): Before sliding begins (¢ < tan™! y;), the block remains completely
stationary. Static equilibrium along the incline requires the static friction force to perfectly

balance the component of gravity: f = mg sin 6. Statement (A) is completely correct.

+ Statement (B): Once the angle exceeds the angle of repose (8 > tan~! u), the block begins
The equation of motion is mg sin 6 — uxpmg cos § = ma, which simplifies to a = g(sin 6 —
Ui cos 8). Statement (B) is completely correct.

* Statement (C): While the block is stationary (6 < tan~! Uy ), the surface exerts two forces
on it: a normal force N = mg cos @ and a static friction force f = mgsiné. The total

contact force is the vector sum of these two components:

Feontact = VN2 + 2 = \/(mg cos 0)? + (mg sin 0)? = mgVcos2 6 + sin> 0 = mg

Thus, the total contact force remains constant at exactly mg for all angles up to the slipping

point. Statement (C) is completely correct.

» Statement (D): Static friction increases as f = mgsiné up to the threshold angle

Statement (D) is completely correct.

Final Answers: ‘A, B, C,and D ‘

‘ Answer: (A, B, C,D) ‘
Go Back to Question 26

sliding down the plane. It now experiences kinetic friction: f; = ugN = upmgcos®6.

0 = tan~! Us, where it reaches its absolute maximum possible value ( fiax = psmg cos 6).
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Q27.

Concept: For an object floating in static equilibrium across a two-fluid interface, the total buoyant
force equals the sum of the weights of the displaced fluids, which must perfectly balance the
downward weight of the object.

Solution:

Let’s analyze each option statement:

» Statement (A): Let f> be the volume fraction submerged in the lower liquid layer (o). The
fraction in the upper layer (p1) is then 1 — f,. Equating the total buoyant force to the weight
of the cube:

p1(1 = f)L’g + prol’g = ppL’s = p1 — fop1 + frp2 = pb

Pb — P1
P2 — pPI1

f(p2—p1)=pp—p1 = fa=
Therefore, statement (A) is completely correct.

» Statement (B): If the container accelerates vertically, gravity is replaced by an effective
acceleration geff = g + ag. Since geg cancels out from both sides of the force balance

equation, the submerged volume fraction remains unchanged. Statement (B) is incorrect.

» Statement (C): The total pressure at the bottom face of the cube includes the pressure
from the upper fluid layer of depth /4, plus the hydrostatic pressure through the submerged
segments: Pgyge = p18h1 + p1g(1 — o)L + prg foL. The given statement misses the

remaining upper-fluid segment contribution. Statement (C) is incorrect.

» Statement (D): In a free-falling frame, g.g = 0. This causes all hydrostatic pressure

Statement (D) is completely correct.

Final Answers:

‘Answer: (A, D) ‘
Go Back to Question 27

gradients and buoyant forces to drop to zero, so the cube loses any spatial floating preference.
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Q28.

Concept: Apply the First Law of Thermodynamics (AU = Q — W) along with state function and
isolation principles to evaluate closed cyclic systems.
Solution:

Let’s check each thermodynamic relationship choice:

* Statement (A): Internal energy U is a state function. For any thermodynamic cycle that
returns to its exact initial state, the net change in internal energy must be zero (AU = 0).

Statement (A) is completely valid.

o Statement (B): Applying the First Law (AU = Qpet — Whet) to a complete cycle where
AU = 0 gives Qpet = Wyer. Statement (B) is completely valid.

» Statement (C): For an isolated system, there is no thermal or mechanical interaction with
the surroundings (Q = 0 and W = 0). According to the First Law, AU = Q - W = 0,
meaning the internal energy remains strictly constant even during a spontaneous internal

explosion. Statement (C) is invalid.

» Statement (D): By the Second Law of Thermodynamics (Kelvin-Planck statement), no
cyclic engine can convert heat entirely into work with 100% efficiency, as some heat must
always be rejected to a lower-temperature reservoir. Statement (D) is completely valid.

Final Answers: | A, B, and D

| Answer: (A, B, D)
Go Back to Question 28
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Q29.

Concept: Wave propagation inside an optical waveguide core depends on the refractive index
constraints that govern total internal reflection at the core-cladding boundaries.
Solution:

Let’s review the design physics principles:

Statement (A): The phase velocity of a wave traveling inside a medium with a refractive

index ny is given by v,, = n% Statement (A) is completely correct.

Statement (B): By Snell’s Law, the critical angle for total internal reflection at the core-
n

cladding boundary is defined by sinf, = 2 — 60, = sin~! (Z—f) Statement (B) is

n
completely correct.

Statement (C): The numerical aperture, which defines the acceptance angle cone, is given
by NA =, /nf - n%. If n, is brought closer to n, the difference decreases, which reduces

the NA and narrows the acceptance cone angle. Statement (C) is completely correct.

Statement (D): Total internal reflection only occurs if the angle of incidence at the internal
boundary is greater than the critical angle (8 > 6.). If the angle is smaller than 6., the
light ray fails to reflect completely and leaks energy out into the cladding via refraction.

Statement (D) is completely correct.

Final Answers: ‘ A,B,C,and D ‘

\ Answer: (A, B, C, D) \

Go Back to Question 29
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Q30.

Concept: According to Einstein’s photoelectric equation, the maximum kinetic energy of emitted
photoelectrons relates to the stopping potential by eVy = Kipax = hv —¢p — Vp = (%) V- %

Solution:

Let’s evaluate each experimental statement:

» Statement (A): Doubling the light intensity at a constant frequency increases the number
of emitted photoelectrons, but does not alter their maximum kinetic energy. Therefore, the

stopping potential V; remains exactly unchanged. Statement (A) is incorrect.

» Statement (B): Differentiating the stopping potential equation with respect to frequency
gives % = g Thus, the slope of a Vjy vs. v graph yields the universal constant value %

Statement (B) is completely correct.

» Statement (C): If the incident frequency is lower than the threshold frequency (v < vp),
individual incoming photons do not carry enough energy to overcome the material’s work
function. Consequently, photoemission ceases entirely, no matter how intense the light

source is. Statement (C) is completely correct.

* Statement (D): The maximum kinetic energy of the photoelectrons depends linearly on the
frequency of the incident light, and is completely independent of its intensity wavefront

profile. Statement (D) is incorrect.

Final Answers:

‘Answer: B,0) ‘
Go Back to Question 30
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