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JEE Main Physics Sample Paper-18

Duration: 1 Hour Maximum Marks: 100

Instructions

« This paper contains TWO sections: Section A (MCQs) and Section
B (Numerical).

o Section A contains 20 Multiple Choice Questions.
e Section B contains 5 Numerical Value Questions.
o Fach correct answer carries +4 marks.
e Each incorrect answer carries -1 mark.

e No negative marking for unattempted questions.

Q1.

Section A — Multiple Choice Questions

The frequency of revolution of the electron in Bohr’s orbit varies with n,
the principal quantum number, as per the relation: [JEE Main 2021]

I =3 =3 S

. A parallel-plate capacitor is filled equally with two dielectrics of constants

g1 and 5. In configuration 1, they are side-by-side (series-like split of d).
In configuration 2, they are layered (parallel-like split of A). If C; and Cy
Cs

are the capacitances, find o
1

[JEE Main 2022]

€1+ €2
25182
2
€1+ &2
(61 +€2)2
£1€2

(A)

(B)

(©)
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Q3.

Q4.

Q5.

Q6.

(81 + 82)2
(D) EL =)
£1€92
An electron of mass m with initial velocity ¥ = vgi enters an electric field

E = —Eol%. If the initial de Broglie wavelength is \g, the wavelength after
time ¢ is: [JEE Main 2019]

6l§0t>

A coil of area A and N turns rotates with angular velocity w in a uniform
magnetic field B about an axis perpendicular to B. When the plane
of the coil is parallel to B, the magnetic flux ¢ and induced emf ¢ are:
[JEE Main 2023]

(A) p=AB, ¢ =

(B) =0, e =

(C) p=NAB, e = NABw
(D) ¢

D) ¢ =0, e = NABw

Two monochromatic light beams have intensities in the ratio 1: 9. After
interference, the ratio of maximum to minimum intensity (lyax : Imin) iS:
[JEE Main 2020]

6:9

9:
4 :
1
3:1

)
)
)
)
A material used to harvest heat energy via the Seebeck effect should ideally

possess which combination of properties? [JEE Main 2021]
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Q7.

Qs.

Qo.

Q10.

A) High thermal conductivity and low electrical conductivity
B) High thermal conductivity and high electrical conductivity
C) Low thermal conductivity and low electrical conductivity
)

D) Low thermal conductivity and high electrical conductivity

An alternating current is given by [ = I4sinwt 4+ Igcoswt. The r.m.s.
current is: [JEE Main 2022]

14+ Ip

(A)

V2
(B) vIi+ I3
I3+ 13

2
(D) v2(I3 + If)

(C)

In an isothermal process, the volume of an ideal gas is halved. The pressure
of the gas becomes: [JEE Main 2023]

A

C

(A)
(B) Four times
(C)
(D) Unchanged

If the mass of Earth remains the same but its radius shrinks by 1%, the
acceleration due to gravity ¢ on its surface would: [JEE Main 2021]

A) Decrease by 2%

C) Increase by 1%

(A)
(B) Remain the same
(C)
(D) Increase by 2%

Which of the following pairs of physical quantities does NOT have the
same dimensions? [JEE Main 2018]

(A) Angular Momentum and Planck’s Constant
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Q11.

Q12.

Q13.

Q14.

(B) Pressure and Young’s Modulus
(C) Surface Tension and Impulse

(D) Torque and Energy

For a nucleus of mass number A and radius R, the mass density of the
nucleus is: [JEE Main 2021]

(A) Proportional to A!/3
(B)
(©)

(D) Independent of A

Inversely proportional to A

Proportional to A

A convex lens of focal length 20 cm is placed in contact with a concave lens
of focal length 40 cm. The power of the combination is:  [JEE Main 2022]

(A
(B
(C
(D

) +7.5D
) +5D

) +2.5 D
) —2.5D

A block of mass 5 kg is pulled along a horizontal frictionless surface by a
force of 20 N at an angle of 60° to the horizontal. The acceleration of the
block is: [JEE Main 2023]

At what distances from the center of a long straight wire (radius a) car-
rying uniform current is the magnetic field half of its maximum value?
[JEE Main 2019]

(A)
(B)

and a

and 4a

B~ N
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Q15.

Q16.

Q17.

Q18.

(C) ; and 2a

(D) a and 2a

A particle executing SHM has a maximum velocity vy and maximum
acceleration ag. Its time period is: [JEE Main 2022]

(A) 270

ao
(B) 272

ao
(C)
ao

Yo
ap
D) 27—
(D) 27 ¢

A metallic ring is uniformly charged. The electric field due to arc AB at
the center O is E. What is the magnitude of the electric field at O due to
arc ABC' (90° + 90°)? [JEE Main 2021]

A thin uniform rod of length L and mass M is bent into a circle. Its moment
of inertia about an axis passing through its center and perpendicular to its
plane is: [JEE Main 2020]

MIL?
12
MIL?
272
MIL?
472
MIL?
82

In the photoelectric effect, the stopping potential V is: [JEE Main 2023]

(A) Independent of the frequency of incident light
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Q109.

Q20.

(B) Directly proportional to the intensity of light
(C) Inversely proportional to the intensity of light

1
(D) — times the maximum kinetic energy of emitted photoelectrons
e

The average kinetic energy of a gas molecule at temperature 1" is E. If
the temperature is doubled to 27, the new average kinetic energy is:
[JEE Main 2019]

Three resistors of 2 €2, 4 ), and 6 €2 are connected in parallel. The
equivalent resistance is: [JEE Main 2022]
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Q21

Section B — Numerical Questions

. A parallel plate capacitor (C' = 2.5uF) has a displacement current of
av
0.25mA. The rate of change of potential difference (E) in V/s is:

[JEE Main 2023]

Q22.

The ratio of the shortest wavelength of the Balmer series to the shortest
wavelength of the Lyman series for hydrogen is: [JEE Main 2021]

Q23.

R
Two strings of same material and tension have radii R and X If the wave

v
velocity in the first string is v; and in the second is vy, the ratio 2 s
U1

[JEE Main 2022]

Q24.

A point charge ¢ is placed at the center of a cube of side L. The electric

flux through one face of the cube is g The value of k is:  [JEE Main 2020]
€0

Q25.

In YDSE, if the slit width ratio is 4 : 9, the ratio of maximum to minimum
[max . 25

Imin B ?

intensity is The value of k is: [JEE Main 2023]
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Q1.

Detailed Solutions

Concept: In Bohr’s model:
o Radius of orbit: r, x n2
1
e Velocity of electron: v, x —
n

Time period:

T2
v
Frequency:
1
f=7
Solution:
Using proportional relations:
r n? 3
Tx—x—=
v 1/n
Thus: | N
F=7%3
Hence, frequency varies as:
1
f w3
Answer: (D)
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Q2.

Concept: Capacitance of parallel plate capacitor:

A
C=—
d
1 1 1
o Series combination: c-a + o
o Parallel combination: C = Cy + Cs
y

Total Arc Arc ABC (180°)

y=-x"

ARC AB (90°) Ew  [VZE

14 = unit normal 6 =90° / q 45°

Ey=Efy . 225\ E, = En,

y=x
* ny = unit normal

VZkA
E=Y2
R

N, = unit normal

fIL.
(0] > 2 =
a | Expc Byt B E,
e e i
Enee = E1+ B, = (2B + ZE)) 2| V2E
AB B, =g g5 2 g
+(-—‘;—§Ei+—‘/z—iEf)=(\/iE)j V2E E = 2El+ 2E] 2 +Ej
5 1o = z x
|Enet| = V2E Epc Epc Vector Detail Panel
Solution:
Configuration 1 (series-like split of d):
Each dielectric occupies thickness d/2.
C €1A 261A C €2A 2€2A
= — = b = — =
Y d/2 d’ d/2 d
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Equivalent capacitance:

c,C. 0 24

24
= 2. €1€2

Configuration 2 (parallel-like split of A):
Each dielectric occupies area A/2.

1 1 1 d (1 1
&1 €9

d e1+e

)

_a(A/2) £2(4/2)
Ca - d I Cb - d
Cy=Cut Gy = o(er +e2)
2 — Ug b — 2% €1 €9
Ratio: oA
Ci_ T ave _ e
Cy  Ae1+e2) (e1+62)?
ﬁ . 46162
Cy (g1 +¢e2)?
Answer: (D)‘
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Q3.

Concept: De Broglie wavelength:

If velocity has components, then:

Solution:
Initial velocity:

U = vt

Electric field is along —l%, so acceleration is:

Thus, velocity components after time ¢:

Vg = Vo, Vz=

/ Ept\?
V= v%—i—(eﬂf)

N

Net speed:

Initial wavelength:

New wavelength:

Answer: (B)
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Q4.

Concept: Magnetic flux:
¢ =NABcosf

Induced emf: p
€= ——d) = NABwsin 0
dt
Solution:

When the plane of the coil is parallel to B, the normal to the coil is perpendicular to B.

0 = 90°
Thus,
¢ =NABcos90° =0
¢ = NABwsin 90° = NABw
|4=0, e=NABw
Answer: (D)‘
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Q5.

Concept: For interference:
Imax = (\/I_1+ \/1_2)27 Imin = (\/I_l - \/1_2)2
Solution:
Given:
I1112=1:9=>I1=1, I, =9
\/I_l =1, \/I—2 =3
Inax = (1+3)2=16
o = (B =1 = 4
Imax _ E —4
Imin 4
Ijax : Inin=4:1
Answer: (B)
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Q6.

Concept: For efficient thermoelectric (Seebeck effect) materials, the figure of merit is:

K

Z

where S is Seebeck coefficient, o is electrical conductivity, and & is thermal conductivity.

To maximize Z:
e Electrical conductivity should be high
e Thermal conductivity should be low

Solution:
A good thermoelectric material should:

e Allow charge carriers to move easily = high electrical conductivity

e Prevent heat flow = low thermal conductivity

‘ Low thermal conductivity and high electrical conductivity

Answer: (D) ‘
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Q7.

_Solution |

Concept: RMS value of current:

Lims = 4/ (I?)
Also,
1
(sin?wt) = (cos? wt) = =, (sinwtcoswt) =0
Solution:
Given:

I =1 sinwt + Igcoswt

I? = I? sin® wt + I% cos® wt + 21 4 I sin wt cos wt
Taking mean:

2 I?
=11
o I+ I3

rms 2
P I+ 1%

rms 2

Answer: (D)‘
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Q8.

Qo.

Concept: In an isothermal process for an ideal gas:

PV = constant

Solution:
PV =RV,
Given: v
Vo=
V=P <E>
2
P,=2P

Thus, pressure becomes double.

| Pressure becomes double |

Answer: (C)

Concept: Acceleration due to gravity:

GM
9= R
Solution:
Let initial radius be R.
New radius:
R =0.99R

., GM GM 1

T 7 (099R? ~ R (0.99)2

d=g- ~ 1.02g

0.9801
Thus, g increases by approximately 2%.

g increases by 2%

Answer: (D) ‘
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Q10.

Concept: Compare dimensions of given physical quantities.

« Angular momentum = [M L?>T~1]
« Planck’s constant = [ML?T~}]

e Pressure = [M L1772

e Young’s modulus = [ML~1T72]
« Surface tension = [MT~?]

o Impulse = [MLT™1]

o Torque = [ML?*T~2]

e Energy = [ML?T~?]

Solution:
Comparing:

e Angular momentum and Planck’s constant — same
e Pressure and Young’s modulus — same
e Torque and Energy — same

e Surface tension and Impulse — different

Surface tension and Impulse

Answer: (C)
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Q11.

Concept: Nuclear radius:

R = RyA'?
Mass of nucleus:
Mx A
Density:
M
= §7TR3
Solution:

R3oc (AP =4

p X 1 = constant

Thus, density is independent of A.

Independent of A

Answer: (D)
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Q12.

Concept: For lenses in contact, the equivalent focal length F' is given by:

1 1 1

F  fi fo

Power of a lens:
P=100/f (if fincm) or P=1/f (if f in m)

Solution:
Given:

Power in diopters:
P =100/F =100/40 = +2.5 D

Answer: (C)

Q13.

Concept:For a block moving on a horizontal surface, only the horizontal component of
the applied force contributes to its horizontal acceleration.Horizontal component of force:
F, = F cosONewton’s Second Law: Fj,.; = ma
Solution: Given:Mass (m) = 5 kgApplied Force (F') = 20 NAngle (0) = 60°The horizontal
component of the force is:

F, = F cos60°

1
F$=20><§=10N

Applying Newton’s second law in the horizontal direction:

Fy
a = —
m
10
&:EZQHI/SQ

The acceleration of the block is 2 m/ s2.

Answer: (A)
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Q14.

Concept: For a long straight wire of radius a carrying uniform current I:Inside the wire
(r<a): By = %Ou‘cside the wire (r > a): Boyt = %Maximum field occurs at r = a:

_ ol
Bmax - gﬂ—a

Solution: We seek r such that B = %Bmm = %.Case 1: Inside the wire (r < a)

polr _ pol
2ma?  4rwa

Solving for r:

1 . a
- = r=—
a?  2a 2
Case 2: Outside the wire (r > a)
pol _ pol
2mr  4ma

Solving for r:

1 1
—:—:}7‘:2@
r  2a

Thus, the magnetic field is half of its maximum value at distances r = a/2 and r = 2a.

Answer: (C)
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Q15.

Concept: For a particle in SHM with amplitude A and angular frequency w:Displacement:
x = Asin(wt)Velocity: v = Awcos(wt) =  Umaz = AwAcceleration: a =

—Aw?sin(wt) = amar = Aw?Time Period: T = 2%

w
Solution: Given maximum velocity vy and maximum acceleration ag:

vg=Aw ...(1)
ap = Aw? ... (2)
To find w, we divide equation (2) by equation (1):

ag  Aw?
—_— = — = W
v Aw

Now, substitute the value of w into the formula for the time period 7"

Answer: (B)
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Q16.

Concept: The electric field at the center of a circular arc of radius R and subtended

2k 0
EaT’c = ? sin <§>

The direction of the field is along the angle bisector of the arc.

angle 6 is given by:

Total Arc Arc ABC (180°) Total ® R/

0’ =180°

ARC AB (90° A V2kX
oo E 135° ~ Epc E= B
55
0 =90° / { \
A (0] - B x
Expc
2 2F, -
Eap va V2E  |Enet| = VE*+E2 =V2E
EBC

Solution: Let the electric field due to arc AB (which subtends 90° at the center) be
FE.Using the formula for § = 90°:

2k 2N 1 V2N
E = — i 4 © =0, e—e——m = —
g W) = 5= R

Now, consider arc ABC. This arc subtends a total angle of #/ = 90° + 90° = 180° (a

semicircle).Using the formula for §’ = 180°:

%A 2k
Eipc = Fsm(QO ) = =

To find E4pc in terms of E, we substitute kA/R = E/ V2 from the first equation:

Eapc =2 (%) = V2E

Alternatively, by vector addition: the fields due to two 90° arcs (each of magnitude E)

are perpendicular to each other.

Enet = VE?2 + E2 = 2E

Answer: (B)
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Q17.

Concept: For a thin rod bent into a circle, the length of the rod L becomes the
circumference of the circle 2rR. The moment of inertia I of a thin ring (or hoop) about

an axis passing through its center and perpendicular to its plane is given by:
I=MR?

Solution: Given:Length of rod = LMass of rod = MStep 1: Relate the length L to the

radius R of the circle formed:

L =2rR — R:£
2

Step 2: Substitute R into the formula for the moment of inertia:

2
()
27
L2
I=M—
472
Thus, the moment of inertia is:
ML?
I —
472
Answer: (C)
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Q18.
. Solution. |

Concept: The stopping potential V is the potential required to stop the fastest-moving
photoelectrons. It is related to the maximum kinetic energy by:

Kioe = €Vs
Using Einstein’s Photoelectric Equation:
hf =@ + Kinaz

Solution: Substituting the expression for kinetic energy into the Einstein equation:

hf =®+ eV
Solving for Vj:
eVs=hf—o
h )
Vo= of
e 2

This shows that the stopping potential is:Directly proportional to the frequency of incident
light.Independent of the intensity of incident light.

Answer: (D) ‘
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Q19.

Concept: According to the kinetic theory of gases, the average kinetic energy (E) of
a gas molecule is directly proportional to its absolute temperature (7"). For a molecule
with f degrees of freedom, the relation is:

f
E = <kgT
2B

where kp is the Boltzmann constant. For a fixed gas, £ o< T'.
Solution: Given:Initial average kinetic energy = FElnitial temperature = TFinal temper-
ature = 27'Using the proportionality:

Ey  FE
T T
Substitute the given values:
E — Enew
T 2T
Solving for Fpey:
2T
Enew =F x ?
E,ew =2F

Therefore, if the absolute temperature is doubled, the average kinetic energy of the gas
molecules also doubles.

Answer: (B)
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Q20.

Concept: When resistors are connected in parallel, the reciprocal of the equivalent
resistance (Req) is the sum of the reciprocals of the individual resistances:
1 1 1 1

Rq R B R

Solution: Given:R; = 2QRy = 4QR3 = 6Q2Applying the parallel formula:

—

To add these fractions, find a common denominator (which is 12):

L _6_.3 2
Reg 12 12 12

Taking the reciprocal to find Reg:
12
Req = ﬁQ ~ 1.0992

As a check, the equivalent resistance in a parallel circuit is always smaller than the
smallest individual resistor (1.0992 < 2€2).

Answer: (C)
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Q21.

Concept: Displacement current (1) in a capacitor is defined by the rate of change of the
electric flux between the plates. It is related to the rate of change of potential difference
(V') across the capacitor by the formula:
av
Iy =C—
T at
where C' is the capacitance and % is the rate of change of potential difference.
Solution: Given:Capacitance, C = 2.5uF = 2.5 x 10~% FDisplacement current, I; =
0.25 mA = 0.25 x 1073 AUsing the relation:

dav
Iy=C—
4=
Rearranging to solve for ‘fi—‘gr
v Ly
a  C

Substitute the given values:
dvV._ 0.25x107°

dt  2.5x 106

v 025
o 25 W
V. _ 0.1 x 1000
dt

av
AR

dt Ji

100 V/s

Answer: (100)
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Q22.

Concept: The wavelength (\) of emitted radiation in the hydrogen spectrum is given

1 1 1
{x(3-3)
A n% n%

The shortest wavelength (series limit) in any series occurs when the electron transitions

by the Rydberg formula:

from ngy = oo to the ground state of that series (n1).For Lyman series: n; = 1For Balmer
series: n; = 2
Solution: Step 1: Find the shortest wavelength for the Lyman series (Az):

1 1 1 1
— =R|(=-—=)=R A\ = —
)\L <12 002) — L R

Step 2: Find the shortest wavelength for the Balmer series (Ap):

1 1 1 R 4
E—R@—@)—z — =g

Step 3: Calculate the ratio of Ag to Ap:

o _4/R _,

AL 1/R

Thus, the ratio is 4 : 1.

Answer: (4) ‘
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Q23.

Concept: The velocity of a transverse wave in a stretched string is given by:

T
v=4/—
,u
where T' is the tension and p is the linear mass density (mass per unit length).Since
u = density(p) x area of cross-section(A):

p=p- TR

Substituting this into the velocity formula:

[T 1T
~ \prR2 R\ pr

For strings of the same material (p) and same tension (7'), the velocity is inversely

proportional to the radius:
1
UV X E
Solution: Given:Radius of first string, R; = RRadius of second string, Ry = R/2Velocity

in first string = v Velocity in second string = voUsing the inverse proportionality:

() . Rl
V1 - R2
Substitute the values:
By
V1 - R/2
() _
(% -
Thus, the ratio ve/vy is 2 : 1.
Answer: (2)‘
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Q24.

Concept: Gauss’s Law states that the total electric flux ®;,:,; through any closed surface
is equal to the net charge ¢;, enclosed by the surface divided by the permittivity of free
space €g:

q)total = Qz_n

€0

For a charge placed at the center of a symmetric object like a cube, the flux is distributed
equally through all faces.
Solution: The total flux through the entire cube (which has 6 faces) is:

q
(I)total =
€0

Since the charge is at the geometric center, the flux through each of the 6 identical faces

is:

1 q
(I)face = gétotal = 6_60
Comparing this with the given expression %:
7 _ 9
660 ]{280
Thus, the value of k is:
k=6
Answer: (6)‘
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Q25.

Concept: In Young’s Double Slit Experiment (YDSE), the intensity I of light from a
slit is proportional to its width w. Furthermore, intensity is proportional to the square
of the amplitude A:

ITxw and IoxA?= AxVIx Vo
The maximum and minimum intensities are given by:
Imax = (A1 + A2)? and I = (41 — 42)?
Solution: Given the slit width ratio wy : we = 4 : 9, the intensity ratio is:

L 4

L 9

A 11_\/1_2
A, I, V9 3

Let A7 = 2z and Ay = 3x. Then:

The ratio of amplitudes is:

Inax = (22 + 32)? = (52)2 = 2522
Imin = (3¢ — 22)? = (2)% = 22
The ratio of maximum to minimum intensity is:

Inax 2522 25

Inin 2 T
Comparing this with the given ratio %’:
25 25
—=—=k=1
1 k
Answer: (1)‘
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Answer Key — Section A

Q| Ans | Q | Ans | Q | Ans | Q | Ans | Q | Ans
1 D 2 D 3 B 4 | D 5 B
6 | D 7| D 8 C 9| D |10| C
1| D (12| C |13 A |14 C |15| B
6| B (17| C |18 D (19| B 20| C

Answer Key — Section B

Q | Ans | Q | Ans
21| 100 | 22| 4
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