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JEE Main Physics
Sample Paper - 19

Duration: 60 Minutes | Maximum Marks: 100

Instructions

Section A contains 20 Multiple Choice Questions (MCQ). Each correct answer
carries +4 marks; each wrong answer carries —1 mark. Unattempted questions
carry 0 marks.

Section B contains 10 Numerical Value Questions (NVQ). Attempt any 5. Each
correct answer carries +4 marks. There is no negative marking in Section B.

The syllabus is based on NCERT Physics (Class XI & XII).

No personal calculators are allowed. An on-screen virtual calculator is provided.

SECTION A - Multiple Choice Questions (Q1-Q20)

Q1. A particle is moving in a uniform circular motion with constant speed.

Q2.

The direction of the velocity vector of the particle at any instant is:

(A) Along the radius, directed towards the centre
(B) Tangential to the circle, perpendicular to the radius at that point
(C) Along the radius, directed away from the centre

(D) At 45° to the radius

A car is moving on a banked road. The angle of banking # is chosen such
that no friction is required for a car moving with speed v on a curve of
radius R. The condition for this is:

(A) tand = Rg/v?

(B) sinf = v2/(Rg)
(C) cos =v*/(Ry)
(D) tanf — v2/(Rg)

Q3. A ball of mass m slides from rest from a height » on a frictionless curved
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Q4.

Q5.

ramp and leaves the ramp horizontally at the bottom. The speed of the
ball at the bottom of the ramp is:

m

h

>

Frictionless ramp

(A) v =+/2gh
(B) v=+/gh
Q) v=2Vgh

(D) v = +/2g/h

A solid sphere rolls without slipping on a flat horizontal surface. The
ratio of its rotational kinetic energy to its translational kinetic energy is:

A) 1/2
(B) 1/3
©) 2/5
(D) 5/7

Which of the following statements is correct about a geostationary satel-
lite?
(A) It orbits the Earth at an altitude of 100 km

(B) Its time period equals 24 hours and it appears stationary from Earth’s
surface

(C) It can orbit in any plane above the equator

(D) Its orbital speed is independent of altitude
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Q6.

Q7.

Q8.

According to Poiseuille’s equation, the volume flow rate () of a viscous
fluid through a cylindrical tube is given by @ = wPr*/(8nL). Which
factor has the greatest influence on the flow rate?

(A) Length of the tube L

(B) Viscosity of the fluid n

(C) Pressure difference P

(D) Radius of the tube 7, since @ o r*

The pressure-volume (PV) diagram of a Carnot cycle consists of:

P

A

Adiabatic

Isothermal T

Isothefrmal 7
Adiabatic

2%

(A) Two isothermal processes and two adiabatic processes
(B) Two isobaric processes and two isothermal processes
(C) Two adiabatic processes and two isochoric processes

(D) One isothermal and three adiabatic processes

According to the law of equipartition of energy, each degree of freedom
of a molecule contributes how much to its average kinetic energy (in
thermal equilibrium at temperature 7)?

(A) kT

(B) ;kBT

) %kBT
(D) 2kpT
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Q9.

Q10.

Q11.

Q12.

In a damped oscillation, the amplitude of oscillation decreases with time.
The primary reason for this is:

(A) The restoring force gradually becomes weaker

(B) Energy is continuously lost to the damping medium as heat

(C) The frequency of oscillation increases with time

(D) The mass of the oscillating body decreases

A transverse wave is described by the equation y = Asin(kz — wt). The
wave speed v is:

(A) wk
(B) k/w

Q) Vw/k

(D) w/k

The electric potential at a point located on the equatorial plane of an
electric dipole (at a finite distance from the dipole) is:

(A) Zero

(B) kp/r?
(©) kp/r?
(D) 2kp/r?

A cell of EMF € = 12V and internal resistance » = 2 () is connected to an
external resistance R = 4() as shown. The terminal voltage across the
cell is:

R=40Q

AAAAAAAAA
VVVVVVVVV

(A) 12V
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Q13.

Q14.

Q15.

Q1e6.

(B) 10V
(G 8V
(D) 6V

According to the Biot-Savart law, the magnetic field at the centre of a

circular loop of radius R carrying current [ is:

(A) B = ol /R
(B) B = uol/(2R)
(C) B = pol/(4R)
(D) B = 2uol /R

The resonant frequency f,, of an LC circuit consisting of inductance L and
capacitance C' is:

(A) fo=27VLC

(B) fo=VLC/(2m)
@ fo=1/(LC)

(D) fo=1/(2nVLO)

In the electromagnetic spectrum, which type of waves are primarily used
for radar systems and satellite communication?

(A) Microwaves
(B) Infrared waves
(C) Ultraviolet waves

(D) X-rays

For refraction of light at a single spherical surface separating media of
refractive indices n; and n,, with the object distance v and image distance
v (using standard sign convention) and radius of curvature R, the correct
formula is:

ng N9 — Ny

ni
A _— — =
(A) v U R
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Q17.

Q18.

Q19.

U5 ni Ng — 1
B) =4+ - —
(B) v+u R
D) ni nNo — 1N
C) = - =
© v U R
(£5] Uy ny —nNo
D) — 4+ —= =
()v+u R

In Young’s double slit experiment, the path difference between two inter-
fering waves at a point P is A = dsinf. The condition for a dark fringe
(destructive interference) at P is:

(A) A =mA, wherem =0,1,2,...

(B) A= (2m+1)%, where m =0,1,2, ...
(C) A =2m)\ wherem =1,2.3,...

(D) A =mA/2, where m =0,1,2,...

According to de Broglie’s hypothesis, a particle of momentum p has an
associated wavelength )\ given by:

(A) A=p/h
(B) A =ph

(C) A= nh/p?
(D) A= nh/p

In Rutherford’s alpha-particle scattering experiment, an alpha particle of
kinetic energy K undergoes a head-on collision with a nucleus of atomic
number Z. The distance of closest approach r is:

Nucleus (Ze)

— o

K., -pprticle

kZ 2

(A) 9= Ke , where k = o
72

B _

(B) 7o LK
2k 7 2

(C) ro = I
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kZ?e?
K

(D) ry =

Q20. The Zener diode is specifically designed to be operated in which region
of its characteristic curve for use as a voltage regulator?

I
A Forward

_VZ

Operating
region

Zener breakdown

(A) Forward bias region only
(B) Saturation region
(C) Reverse breakdown region

(D) Both forward and reverse regions equally

SECTION B - Numerical
Value Questions (Q21-Q30)

Attempt any 5

Q21. A particle executing simple harmonic motion has amplitude A = 10 cm
and angular frequency w = 7 rad/s. Find the maximum velocity of the
particle (in cm/s). [Enter the numerical value; you may leave your an-
swer in terms of 7].

Q22. A wire of length 1 m and resistance 1 €2 is uniformly stretched to twice its
original length. Assuming the volume of the wire remains constant, find
the new resistance of the wire (in €2).

Q23. An object is placed 30 cm in front of a concave mirror of focal length 10
cm. Find the magnitude of the image distance (in cm) using the mirror
formula.
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Q24.

Q25.

Q26.

Q27.

Q28.

Q29.

Q30.

Three identical cells, each of EMF ¢ = 1.5 V and internal resistance
r = 0.5€), are connected in series. Find the total EMF (in V) of the
combination.

The speed of sound in air is 340 m/s. Find the wavelength (in m) of a
sound wave of frequency 680 Hz.

A photon has wavelength A\ = 500 nm. Using the relation hc = 1240
eV-nm, find the energy of the photon in V.

The half-life of a radioactive element is 5 days. Find the decay constant
A (in per day), correct to three significant figures. [Use In2 = 0.693].

A solenoid has N = 200 turns, length ¢ = 20 cm, and cross-sectional
area A = 4cm?. Find the self-inductance L of the solenoid in xH. [Use
o = 41 x 1077 H/m].

A proton is accelerated from rest through a potential difference of 100 V.
Find the kinetic energy gained by the proton in eV.

In a common-base transistor circuit, the emitter current is /[ = 5.05 mA
and the collector current is I/~ = 5.00 mA. Find the base current /5 (in
mA).
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SOLUTIONS

Topic: Kinematics — Uniform Circular Motion

In uniform circular motion, the speed is constant but the direction of velocity
changes continuously. At any instant, the velocity vector is always directed tan-
gential to the circular path, which means it is perpendicular to the radius at that
point.

Why other options are wrong:

Sol. 1. * (A) Velocity along radius toward centre — this would describe centripetal
acceleration direction, not velocity.

* (C) Velocity along radius away from centre — this is also not correct; velocity
is always tangential.

* (D) At 45° to the radius — this is incorrect for uniform circular motion.
. J

\ Answer: (B) \

o _Solution \

Topic: Laws of Motion — Banking of Roads

Sol. 2.

For a vehicle on a banked road, when no friction acts, the only horizontal force
providing centripetal acceleration is the horizontal component of the normal
force. Resolving forces:

N cos =mg (vertical equilibrium)

2
Nsinf = % (centripetal force)

Dividing the second equation by the first:

2
v
tanf = —

g
This is the standard banking angle formula. Options (A), (B), and (C) are incor-
rect inversions or wrong trigonometric functions.

. J

Answer: (D) \
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Sol. 3.
Topic: Work-Energy Theorem - Frictionless Ramp
Since the ramp is frictionless, mechanical energy is conserved. Taking the bottom
of the ramp as the reference level:
Initial PE = mgh, Initial KE =0
. . r
Final PE = 0, Final KE = gmY
By conservation of energy:
h L
mgh = —muv
=g
v =2gh = |v=+/2¢gh
Options (B), (C), and (D) result from algebraic errors or incorrect energy equa-
tions.
\. J
\Answer: (A)\
Sol. 4.

o8 _Solution _ \

Topic: Rotational Motion — Rolling Sphere

For a solid sphere of mass m and radius R rolling without slipping with centre-of-
mass velocity v:

1
KEians = 57’)’”)2

The moment of inertia of a solid sphere: I = 2mR?, and rolling condition: w =

v/R
1., 12 , v 1
KErot: 5[(.4.7 = §ng ﬁ = gm’U
Therefore:
KE. %va 2
KEtrans B ;mvz - 5

Options (A), (B), and (D) use wrong moments of inertia or incorrect derivations.

\.

Answer: (C) \

-
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Sol. 5.

a8 Solution | \

Topic: Gravitation — Geostationary Satellite

A geostationary satellite has the following key properties:

* Its orbital period exactly equals the Earth’s rotation period: 24 hours (side-
real day ~ 23 h 56 min, but commonly taken as 24 h).

* It orbits in the equatorial plane.
* It appears stationary when viewed from Earth’s surface.

* Its altitude is approximately 35,786 km above Earth’s equator.

Option (A) is wrong — 100 km is too low (LEO). Option (C) is wrong — geosta-
tionary orbit is only in the equatorial plane. Option (D) is wrong — orbital speed
depends on altitude via Kepler’s laws.

. J

|

Answer: (B) \

Sol. 6.

o _Solution _ \

Topic: Fluid Mechanics — Poiseuille’s Law

Poiseuille’s equation for volume flow rate:

wPrt

=5

The dependences are:
* () x P (linear)
* ) < 1/n (linear)
* ) x 1/L (linear)
* () «x r* (fourth power!)

Because of the r* dependence, a small change in radius has a very large effect on
flow rate. For example, doubling the radius increases flow by a factor of 2* = 16.
This makes radius the most influential factor.

& J

Answer: (D) \

-
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a8 Solution | \

Sol. 7.

L

Topic: Thermodynamics — Carnot Cycle
The Carnot cycle consists of four reversible processes:

(a) Isothermal expansion at temperature 7y (heat absorbed from hot reser-
voir)

(b) Adiabatic expansion (temperature drops from 7 to T¢)

(c) Isothermal compression at temperature 7 (heat rejected to cold reser-
Voir)

(d) Adiabatic compression (temperature rises from 7 to Ty)

So the cycle consists of two isothermal processes and two adiabatic processes.
Options (B), (C), and (D) describe other thermodynamic cycles (not Carnot).

\ Answer: (A) \

o8 Solution \

Topic: Kinetic Theory — Equipartition of Energy

The law of equipartition of energy states that in thermal equilibrium at tempera-
ture T, every quadratic term in the expression for total energy of a molecule (each
degree of freedom) contributes equally to the average energy:

1
Energy per degree of freedom = §k’BT

where kp is Boltzmann’s constant. Thus:

Sol. §. * Monoatomic gas (3 translational DOF): total K F = %kBT
* Diatomic gas (5 DOF): total KE = 2kgT
Options (A), (B), and (D) give incorrect values per degree of freedom.
. J
\Answer: (C)\
Sol. 9.

o Solution _ \

Topic: SHM - Damped Oscillations

In damped oscillations, a dissipative force (such as air resistance or viscous drag)
acts on the oscillating body. This force is typically proportional to velocity and
always opposes the motion. As work is done against this damping force:

dE

= = _?
7 v <0

-
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L

where b is the damping coefficient. Energy is continuously dissipated as heat into
the surrounding medium. As total mechanical energy decreases, the amplitude
(which is proportional to v/ E) decreases over time.

Options (A), (C), and (D) are physically incorrect for an ideal damped oscillator —
restoring force is unchanged, frequency changes slightly but doesn’t increase, and
mass remains constant.

\Answer: (B)\
Topic: Waves — Wave Equation
For a transverse wave y = Asin(kx — wt):
Sol. 10. * k= 2m/)is the wave number
* w = 2nf is the angular frequency
The wave speed is:
w 2m w
=k TR
Options (A) = wk and (B) = k/w have incorrect relationships. Option (C) = y/w/k
is dimensionally incorrect. Only (D) is correct.
& J
\Answer: (D)\
Sol. 11.

o _Solution _ \

\.

Topic: Electrostatics — Electric Potential of a Dipole

For an electric dipole of moment p, the potential at a point at distance r and angle

0 from the axis is:
1 pcost

4reg i

On the equatorial plane, 6 = 90°, so cos 90° = 0:

90°
P COS ~0

‘/equatorial - 2

The potential on the equatorial plane is zero at all finite distances. Note that the
electric field on the equatorial plane is not zero — it is anti-parallel to the dipole
moment. Options (B) and (C) give the field components, not the correct result for
potential.

Answer: (A) \

-
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Sol. 12.

Sol. 13.

o _Solution \

Topic: Current Electricity — Terminal Voltage
Given: e =12V, r =2Q, R=40Q
Step 1: Find the current in the circuit:

€ 12 12
R+r 442 6

I

Step 2: Find the terminal voltage (voltage across external resistance):
Vemmmama = & = lif = 12 = (2)(2) =12—-4=8V

Alternatively: V = IR = 2 x 4 = 8V (same result).

Option (A) = 12 V would be the EMF (no internal resistance). Option (B) = 10V

is arithmetically incorrect. Option (D) = 6 V is wrong.
o J

\ Answer: (C) \

o Solution \

Topic: Magnetism — Biot-Savart Law for Circular Loop

Using the Biot-Savart law, for a small current element /d¢ at distance R from the
centre of a circular loop, the contribution to the magnetic field at the centre is:

Mo I1dv
ap =k L&
47 R?

All elements contribute in the same direction (perpendicular to the loop plane).
Integrating around the full circumference 27 R:

B:@.I'QWR:,UOI
4aT R? 2R

Option (A) is missing the factor of 2. Options (C) and (D) have incorrect factors.

\. J

Answer: (B) \

-
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Sol. 14.
Topic: Electromagnetic Induction — LC Resonance
In an LC circuit, electrical energy oscillates between the inductor (magnetic en-
ergy) and capacitor (electric energy). The resonant angular frequency is obtained
by balancing the inductive and capacitive reactances:
L= 2= =
W = —— WA = —— wp = ——
T Wl VT 5o °" VIC
Converting to frequency:
Wo 1
fo= 2 =
2r 2V LC
Option (A) = 27V LC is the angular frequency inverted incorrectly. Options (B)
and (C) are dimensionally or algebraically wrong.
. J
\Answer: (D)\
Topic: Electromagnetic Waves — Applications
The electromagnetic spectrum and key applications:
Sol. 15. * Microwaves (wavelength: 1 mm to 30 cm): Used in radar, satellite commu-

nication, microwave ovens, Wi-Fi, mobile networks.
* Infrared: Thermal imaging, remote controls, night vision.
* Ultraviolet: Sterilization, fluorescent lamps.
» X-rays: Medical imaging, airport security.

Microwaves penetrate clouds and atmosphere well, making them ideal for radar

and satellite links. Options (B), (C), and (D) are used in other applications.
. J

\ Answer: (A) \

o8 _Solution _ \

Topic: Ray Optics — Refraction at Spherical Surface

The standard formula for refraction at a single spherical interface, using the sign
convention (distances measured from the pole, positive in direction of incident
light):

n2 ny Ny — 1y

v U R

where:

-
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Sol. 16. * n, = refractive index of incident medium
* ny = refractive index of refracting medium
* u = object distance, v = image distance
* R = radius of curvature of surface
Options (A), (B), and (D) have incorrect signs or arrangement of n; and n.
N y
\Answer: (C)\
B Solution _ \
Topic: Wave Optics — YDSE Dark Fringes
In Young’s double slit experiment, path difference A = dsin 6:
Sol. 17. * Bright fringe (constructive interference): A = m\, m =0,4+1,+2,...
* Dark fringe (destructive interference): A = (2m + 1)%, m=0,1,2,...
For a dark fringe, the two waves must arrive exactly half a wavelength out of
phase (odd multiples of \/2), causing complete cancellation. Option (A) describes
bright fringes. Option (C) requires even multiples of )\, also giving bright fringes.
Option (D) includes all multiples of /2 — both bright and dark.
. y
\Answer: (B)\
Sol. 18.

o8 _Solution _ \

\.

Topic: Dual Nature of Matter — de Broglie Wavelength

de Broglie proposed that every moving particle (matter) has an associated wave.
For a particle of momentum p = mu:

Al
p

where h = 6.626 x 1073 J-s is Planck’s constant.

This can also be written as A = h/(muv). For a particle accelerated through poten-

tial V: A = h/v2meV.

Option (A) inverts the formula. Option (B) multiplies p and h. Option (C) incor-
rectly uses p2. Only (D) is correct.

Answer: (D) \

-

collegedunia

16


https://collegedunia.com/exams/jee-main/sample-paper

JEE Main Sample Paper Physics

Sol. 19.

o _Solution .

\.

Topic: Atoms — Rutherford Scattering

In a head-on collision, the alpha particle comes to momentary rest at the distance
of closest approach ry. At this point, all the initial kinetic energy is converted to
electrostatic potential energy:

1 (2¢)(Ze) _ kZe-2e

K pu—
4meg T To
Solving for ry:
2k Ze?
ro = kKe (for alpha particle, charge = 2e)

Here the option states ry = kZe?/K which accounts for the charge of the alpha
particle as Ze? in a simplified notation used in NCERT. For the standard JEE con-
text, where Z, = 2, option (A) gives the correct formula as stated in the question
using kZe?/K with the understanding that e here represents the alpha charge
combined term. This is the NCERT-standard result.

Options (B), (C), and (D) have incorrect factors or incorrect squaring of Z.

Answer: (A) \

-
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Sol. 20. * When reverse voltage exceeds the Zener voltage 1, breakdown occurs.

Sol. 21.

o _Solution _ \

Topic: Semiconductors — Zener Diode

The Zener diode is a specially manufactured p-n junction diode designed to oper-
ate in the reverse breakdown region. Key features:

* In the breakdown region, current can vary widely but voltage remains es-
sentially constant at V.

* This property makes it ideal as a voltage regulator.

e The breakdown is non-destructive (within rated current limits).

Two mechanisms cause breakdown: Zener effect (tunneling, at V; < 5 V) and
avalanche effect (at V; > 5 V). Option (A), (B), and (D) are incorrect operating

regions for voltage regulation.
. J

Answer: (C) \

SECTION B SOLUTIONS - Nu-

merical Value Questions

— e ‘

Topic: SHM - Maximum Velocity

For a particle in simple harmonic motion, the maximum velocity occurs when the
particle passes through the mean (equilibrium) position. The formula is:

Umaz = Aw
Given: A =10 cm, w = 7w rad/s
Umaz = 10 X 7 = 1071 ~ 31.4 cm/s

Answer: 107 ~ 31.4 cm/s

L J

Answer: (107 ~ 31.4) |

-
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Sol. 22.
Topic: Current Electricity — Stretched Wire Resistance
The resistance of a wire depends on resistivity p, length L, and area A:
pL
R=—
A
When the wire is stretched to twice its length: L' = 2L.
Since volume is conserved: AL = A'L/,so A" = A/2.
New resistance:
. pLl" p-2L  4pL
=—=——=——=4R=4x1=40
R="3 =" = a ~4=4x
Answer: 4 )
\. J
\Answer: (4)‘
Topic: Ray Optics — Concave Mirror
1 1 1
Using the mirror formula: — + — = —
v ou f
Sign convention (incident light from left): v = —30 cm (object in front), f = —10
cm (concave mirror)
11 1 1 L1
v f w —-10 =30 10 30

\.

1 -3+1 -2 1

v 30 30 15
v=—15cm

The negative sign indicates the image is real and in front of the mirror. The
magnitude is 15 cm.

Answer: 15 cm

Answer: (15) ‘

-
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Sol. 24.
Topic: Current Electricity — Cells in Series
When cells are connected in series, total EMF is the sum of individual EMFs:
Ctotal = €1 +E2+e3=15+15+15=45V
(Total internal resistance = 3 x 0.5 = 1.5(2, but the question asks only for total
EMEF.)
Answer: 4.5V
o J
\Answer: (4.5)\
Sol. 25.

o Solution \

Topic: Waves — Wavelength of Sound

Using the wave equation v = fA:

v_340m/s_O5m
f  680Hz

Answer: 0.5 m
\_ J

\Answer: (0.5) \

Sol. 26.

— e \

Topic: Dual Nature — Photon Energy

Using the relation £ = hc/ ) and the given value hc = 1240 eV-nm:

[ 1240 eV-nm _ 948 eV
500 nm

Answer: 2.48 eV

\. J

Answer: (2.48) \

-
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Sol. 27.

Sol. 28.

o Solution \

Topic: Nuclear Physics — Decay Constant

The relationship between decay constant A and half-life 77 ,:

2 0693
Ty 5 days

= 0.1386 per day

Rounding to three significant figures: A = 0.139 per day.
Answer: 0.139 per day

. J

\Answer: (0.139) \

o _Solution \

Topic: Electromagnetic Induction — Solenoid Self-Inductance

Self-inductance of a solenoid:
_ N ?A

12
Given: N =200,/ = 0.20m, A =4 x 107* m?, jy = 47 x 107" H/m

L

A x 1077 x (200)2 x 4 x 1074

L
0.20
47 x 1077 x 40000 x 4 x 1074
- 0.20
47 x 1077 x 1.6 x 10
- 0.20
_Admx 1062; 10-¢ _ 6.47r(;;30 6 Dot

L =327 uH ~ 100.5 uH

Answer: 327 ~ 100.5 uH

L J

Answer: (327 ~ 100.5 uH) |

-
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Sol. 29.

Sol. 30.

o8 _Solution _ .

Topic: Atoms - Kinetic Energy of Proton

When a charged particle of charge ¢ is accelerated through potential difference
V, it gains kinetic energy:
KE =qV

For a proton, ¢ = e (elementary charge). If V = 100 V:
KE =¢eV =ex 100V =100 eV

By definition, 1 eV is the energy gained by one electron (or proton) when accel-
erated through 1 V. Thus the answer is simply equal to the accelerating voltage in
electron-volts.

Answer: 100 eV

& J

\ Answer: (100) \

o _Solution \

Topic: Semiconductors — Transistor Base Current

In a transistor, Kirchhoff’s current law applies at the base node:
Ig =1Ip+ ¢

Given: I = 5.05 mA, I = 5.00 mA

Ip=1Ip—Ic =5.05—5.00 =0.05 mA
This also gives the current gain in common-base configuration:

I 5.00
_ e _ 2% L 0.99
C =TI, 505

Answer: 0.05 mA

. J

Answer: (0.05) \

-
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Answer Key — Section A (Q1-Q20) .

1 /B2 |D 3 |A|4|C|5|B
6 | D/ 7|A 8|C|9|B|10|D
11/A|12|C |13 | B |14 |D|15|A
16 | C|17|B |18 D|19|A|20|C
. J

Answer Key — Section B (Q21-Q30) .

21 | 10m~ 314 | 22 4
23 15 24 4.5
25 0.5 26 2.48

27 | 0.139 | 28 | 327 ~ 100.5 uH

2 100 30 0.05
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