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WBJEE Physics Sample Paper-1

Duration: 60 Minutes Maximum Marks: 50

Instructions

 This paper contains 40 Multiple Choice Questions divided into 3 Cate-
gories.

e Section A (Q1-Q30): Each correct answer carries +1 mark. Incorrect

answer: —0.25 marks. Only one correct option.

e Section B (Q31-Q35): Each correct answer carries +2 marks. Incorrect

answer: —0.5 marks. Only one correct option.

* Section C (Q36—Q40): Each correct answer carries +2 marks. No neg-
ative 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 — 30 Questions x 1 Mark Each

(Negative Marking: —0.25) [Single Correct]

The dimensional formula of the coefficient of viscosity 7 is:

(A) [ML'T]
(B) [MLT™]
(©) [ML*T]
(D) (ML~ T

A particle is projected at an angle 6 with horizontal with speed u. The ratio of its
kinetic energy at the highest point to its kinetic energy at the point of projection
1s:

(A) cos? 6

(B) sin* @
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Q3.

Q4.

Q5.

(C) tan® 6
D) 1

A block of mass m is placed on a rough incline of angle 8. The coefficient of

static friction is u;. The block just begins to slide when:

(A) tan 6 = u;
(B) sinf = g
(C) cos b = ug
(D) tan@ = i

Hs

The orbital speed of a satellite of mass m in a circular orbit of radius r around
Earth of mass M is:

GM
(A) [
p
2GM
(B)
p
©) | ZMm
r
GM
(D) —
r

A spring of spring constant k is compressed by a distance x from its natural
length. A block of mass m placed against it is released. Assuming the spring
pushes the block horizontally on a smooth surface, the speed of the block just

after it leaves the spring is:
k
(A) xq/~
m
2k
(B) xy/—
m
k
C -
(©) x4/ o

X
D
()W
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Q6. A capillary tube of radius r is dipped in a liquid of surface tension 7" and contact

Q7.

Qs8.

Q9.

angle 6. The height of liquid rise is (density of liquid = p, g = acceleration due
to gravity):
2T cos 6

(A)

© ———
pgrcosf

T

D) —
) 2pgrcosf

An ideal gas undergoes an isothermal expansion. During this process, which of

the following is correct?
(A) Internal energy increases; heat is absorbed
(B) Internal energy remains constant; heat is absorbed

(C) Internal energy decreases; heat is released

(D) Internal energy remains constant; no heat exchange

A particle executes SHM of amplitude A and angular frequency w. The speed
of the particle when its displacement from equilibrium is A/2 is:
wA
A) —
(A) =

\/gwA

2

© “4

V2
.
(D) wAy;

Two point charges +¢ and —gq are placed at positions (d, 0) and (—d, 0) respec-

(B)

tively. The electric potential at the origin is:
q
dreod

—q
B
(B) dreod

(A)
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2q
© dreod
D) 0

Q10. A body starts from rest and moves with uniform acceleration a. The ratio of

distances covered in the n-th second to the (n — 1)-th second is:

A 5
® 5
(D) 22(2—:1)

Q11. A long straight wire carries a current /. The magnetic field at a perpendicular

distance r from the wire is:

) Mt

Amrr
Mol
B) =2
(B) 2nr
Hol
C) =22
© 2r
2,11()1

nr

(D)

Q12. A wire of length L and cross-sectional area A is stretched by a force F' resulting

in elongation AL. The Young’s modulus of the wire is:

FA

LAL

B) FL
AAL
FAL

) ——

© —7

FAAL
L

(A)

(D)

Q13. In a Wheatstone bridge, the four resistances are P, Q, R, S arranged in the

standard configuration. The bridge is balanced when:

EEEE
~ R

e

b

Gl
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(A P+Q=R+S

gy L_R
( 0° S
P S
©5=%
(D) PO = RS

Q14. A Carnot engine operates between temperatures 7y = 800K and 7 = 400 K.
If the engine absorbs 1000 J of heat per cycle, the work done per cycle is:
(A) 200]
(B) 4001J
(C) 5007
(D) 6007

Q15. A uniform solid sphere of mass M and radius R rolls without slipping on a
horizontal surface. The ratio of its rotational kinetic energy to its total kinetic

energy is:

E

N — A3

(B)
©)
(D)
Q16. A train moving at speed v, emits a whistle of frequency fy. A stationary ob-

server in the direction of motion of the train hears frequency f. According to

the Doppler effect (v = speed of sound):

@ f = fo =)
(B)f=fo( — s)
© f = o =)
(D)f=fo( - )

V+ vy
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Q17. A rectangular coil of N turns, area A is placed in a magnetic field B and rotated

Q18.

Q19.

Q20.

with angular velocity w about an axis perpendicular to B. The peak value of the
induced EMF is:

(A) NBAw
(B) —
w

(C) NBAw?
NBA

(D) =

A parallel-plate capacitor of plate area A and separation d is fully filled with a

dielectric of constant K. Its capacitance compared to the air-gap capacitor is:

(A) K times larger
(B) K times smaller
(C) K? times larger
(D) 1/K times larger

In the formula F = avzp, where F is force, v i1s velocity, and p is density, the

dimensions of « are:

A proton of charge e and mass m, moves with velocity v perpendicular to a

uniform magnetic field B. The radius of its circular orbit is:

m,v
A) —2—
(A) B

eB
(B) —
mpv

m
o) 2
()er

D) &

mp
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Q21.

Q22.

Q23.

Q24.

Q25.

A convex mirror of focal length f produces an image of a real object at one-third

the object distance from the mirror. The object distance u satisfies:

(A) u=-2f
B) u=-3f
Q) u=-f
(D) u=-4f

Which of the following electromagnetic waves has the highest frequency?

(A) Microwaves
(B) Infrared rays
(C) Ultraviolet rays
(D) Gamma rays

A vehicle travels on a banked circular road of radius R and banking angle 6.

The ideal speed (no friction needed) is:

(A) VRgtan#é
(B) VRgsin#

(C) VRgcosH
Rg
D 5
D) tan 6
In the photoelectric effect, the stopping potential V) is related to the frequency
of incident light v, work function ¢, Planck’s constant £, and electronic charge

e by:

(A) eVo=hv+¢

B) eVo=hv—-1¢

(C) eVy=¢— hv
hy

(D) eV = "

The root mean square speed of molecules of an ideal gas at temperature 7 and

molar mass M 1is:
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) 5
®) 2L
© o
©) \ o

Q26. In Young’s double-slit experiment, the fringe width S is given by (wavelength

A, slit separation d, screen distance D):

W ="
®) p="7
© p="
® =

Q27. The velocity of sound in a gas of density p at pressure P with adiabatic index y
1s:

P
(A) [~
Jo,
P
B) /=
Jo,
0
© 75
P

(D) 7\/i
P

Q28. In a p-n junction diode under forward bias, the width of the depletion layer:

(A) Increases
(B) Decreases
(C) Remains unchanged

(D) First increases then decreases
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Q29. A battery of EMF & and internal resistance r is connected to an external resis-

Q30.

Q31.

tance R. The condition for maximum power transfer to R is:

(A) R =2r
B)R=r
(C) R=r/2
(D) R — o

According to Bohr’s model, the radius of the n-th orbit of a hydrogen atom is

proportional to:
(A) n

(B) n?

(C) n?

(D) 1/n?

Section B — 5 Questions x 2 Marks Each

(Negative Marking: —0.5) [Single Correct]

A ball of mass m moving with velocity v undergoes a perfectly elastic head-on
collision with an identical ball at rest. After the collision, a second ball of mass
2m 1is placed at rest and the first ball (now stationary) is struck by it. The kinetic
energy of the combined system after the second (perfectly inelastic) collision
between the first ball and the 2m ball (which now moves with speed v after the

elastic collision transferred all speed to it) is:

2
(A) gmv%

1
(B) gmv%
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Q32.

Q33.

Q34.

Q3s.

A uniform rod of mass M and length L is hinged at one end and held horizontal.
It is then released from rest. The angular velocity of the rod when it reaches the

vertical position is:

38
My
2¢g
® VT

g
© 7

6g
o\

One mole of an ideal monoatomic gas is taken through the cycle: isothermal
expansion from state A (Po, Vp) to B (Py/2, 2Vy), then isochoric cooling to C
(Po/4, 2Vy), then adiabatic compression back to A. The net work done by the
gas in one cycle is (take y = 5/3 and In2 ~ 0.693):

(A) 0.693 PyV

(B) 0.386 PyV

(©) 0.5 PyVy

(D) RT41n2 - %R(TC ~Ty) - (-1)

A conducting sphere of radius R carries charge Q. A thin spherical shell of
radius 2R, concentric with the sphere, also carries charge Q. The electric field

at a distance r = 3R/2 from the common centre is:

0
dreg(3R/2)?
B 20
(B) dreg(3R/2)?
(ONL
) —2

47T80R2

(A)

A rectangular loop of dimensions axb carries current /. Itis placed in a uniform

magnetic field B with its plane parallel to B. The maximum torque experienced

-

collegedunia

by the loop is:

2
[

Ve

10

. ﬁj
P

£
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(A) IabBsin 0 (where 0 = 0, i.e. plane is parallel to E)

(B) IabB
labB

(©) “2

(D) 2IabB

Section C — 5 Questions x 2 Marks Each (No

Negative Marking) [One or More Correct]

Q36. Which of the following statements are correct about stationary (standing) waves?

(A) The distance between two consecutive nodes is A/2.
(B) Energy is transported from one point to another in a stationary wave.
(C) At anode, the displacement amplitude is zero.

(D) All particles between two consecutive nodes are in phase with each other.

Q37. In nuclear fission of 22U, which of the following are correct?
92 g

(A) Mass number is conserved.
(B) Charge (atomic number) is conserved.

(C) The binding energy per nucleon of fission products is greater than that of

the original nucleus.

(D) Neutrons are produced during the process.

Q38. Which of the following are correct about total internal reflection?

(A) It occurs when light travels from a denser to a rarer medium.
(B) The critical angle 6, satisfies sin 6, = ny/n; where n; > n.
(C) Total internal reflection can occur for any angle of incidence.

(D) Optical fibres work on the principle of total internal reflection.

Q39. Which of the following are true for an ideal transformer?
Lk A0
Q i 1

colle;edunia | Elr‘
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(A) The ratio of secondary to primary voltage equals the turns ratio Ng/N,,.

(B) If the turns ratio is greater than 1 (step-up), the secondary current is greater

than the primary current.
(C) Input power equals output power.

(D) The magnetic flux through each turn of primary and secondary coils is the

same.

Q40. A capacitor of capacitance C is fully charged to voltage V by a battery. The
battery is then disconnected. A dielectric slab of dielectric constant K > 1 is
now inserted filling the gap. Which of the following are correct?

(A) The charge on the capacitor remains Q = CV.
(B) The voltage across the capacitor decreases to V /K.

(C) The energy stored decreases.

(D) The electric field between the plates remains unchanged.

i
T
22

12

EE
EERANT
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Physics

Ql.

Q2.

Detailed Solutions

Concept: The coefficient of viscosity i appears in Newton’s law of viscosity: F' = nA Z—‘Z), where
F is the viscous force, A is the area of the layer, and dv/dz is the velocity gradient perpendicular
to the flow. Use this to derive the dimensions of 7.

Solution:

Step 1: From F = nA le_:’ solve for 7:

F

= A (dv]dz)

Step 2: Write dimensions of each quantity: [F] = MLT2, [A] = L?, [dv/dz] = (LT ")/L =
T
Step 3:

Step 4: Check options — Option B has extra power of L, Option C has extra L, Option D misses
mass.
Final Answer: [5] =|[ML™' T™]

Answer: (A)| Go Back to Question 1

Only the horizontal component u, = u cos 6 contributes to kinetic energy. The initial speed is u
(both components present). Kinetic energy is proportional to the square of speed.
Solution:
Step 1: At the point of projection, speed = u, so KE; = %muz.
Step 2: At the highest point, speed = wucos6 (vertical component vanishes), so KE; =
%m (u cos 6)2.
Step 3:
KE; %mu2 cos? 6

= 1 = cos2 @
KE; 3mu?

Step 4: Option B (sin?6) is wrong; at the top only the horizontal component remains, not the
vertical. Option C would imply a different velocity relationship.
Final Answer: Ratio =

Answer: (A)| Go Back to Question 2

Concept: In projectile motion, at the highest point the vertical component of velocity is zero.

5
=

-

collegedunia

e
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Q3.

Q4.

Concept: On an inclined plane, the component of gravity along the slope is mg sin 6 (tending to
slide) and the normal force is N = mg cos 6. The maximum static friction force is fy = usN. The
block just begins to slide when the gravitational component equals maximum static friction.
Solution:

Step 1: Forces along the incline at the onset of sliding: mg sin6 = u, - mg cos 6.

Step 2: Divide both sides by mg cos 0: tan 6 = u;.

Step 3: This angle is called the angle of friction or angle of repose. Options B, C, D do not follow

from the balance of forces.

Final Answer:
Answer: (A)| Go Back to Question 3

\.

Concept: For a satellite in circular orbit, gravitational force provides the centripetal force. The

mass m of the satellite cancels out, giving an orbital speed dependent only on M and r.

Solution:
o m . . mv?
Step 1: Gravitational force = ——; centripetal force required = —.
r r
. GM 2 GM
Step 2: Setting them equal: 2m =222
r r r

GM
Step 3: v =/ —.
r
Step 4: Option B gives escape velocity-like expression; Option C incorrectly retains m; Option D

has wrong units (it’s acceleration times length).

|IGM
Final Answer: Orbital speed = |4/ —
-

Answer: (A)| Go Back to Question 4

.

i
=

-

collegedunia
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Qs.

Q6.

Concept: Use conservation of energy. The elastic potential energy stored in the compressed
spring converts entirely into kinetic energy of the block on a smooth surface.

Solution:

Step 1: Elastic PE stored in spring = %kxz.

1 1
Step 2: This equals the kinetic energy of the block when it leaves the spring: Ekx2 = Emvz.

kx? [k
Step3:v2=i=v=x =
m m

Step 4: Option B gives /2k /m, which would require an extra factor of V2 not present here. Option

C introduces an extra factor of 1/V?2.

k
Final Answer: Speed = | x4/ —
m
Answer: (A) Go Back to Question 5

Concept: Capillary rise is determined by balancing the upward force due to surface tension acting
along the contact angle with the weight of the liquid column. The surface tension acts around the
circumference 2zr at angle 6 to the vertical.

Solution:

Step 1: Upward component of surface tension force = 7' cos 6 X 2xr.

Step 2: Weight of liquid column = pg(7r?)h.

Step 3: Equating: T cos 8 X 27r = pgnr’h = h = 21 cos 0.
Step 4: Option B misses the factor of 2 in the numerator.rOption C incorrectly places cos 6 in the
denominator.
Final Answer: h = 2T cost
P8
Go Back to Question 6

5
=

-

collegedunia

e
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Q7.

Q8.

Concept: For an ideal gas, the internal energy depends only on temperature (Joule’s law). In an
isothermal process, temperature is constant, so AU = 0. By the first law AQ = AU+ W =0+ W.
Since the gas expands, it does positive work, so heat must be absorbed.

Solution:

Step 1: Isothermal = constant 7 = AU = nC, AT = 0.

Step 2: Firstlaw: Q = AU+ W =0+ W = W > 0 (expansion).

Step 3: Heat is absorbed and entirely converted to work. Option B correctly states both: internal
energy is constant and heat is absorbed.

Step 4: Options A, C, D incorrectly describe the internal energy change or heat exchange.

Final Answer: ‘ Internal energy remains constant; heat is absorbed

Answer: (B)| Go Back to Question 7

Concept: In SHM with amplitude A and angular frequency w, the speed at displacement x is
given by v = wVA?2 - X2,

Solution:

Step 1: Setx = A/2:

A? 3A2 3
v:a)\/Az—Tzw ngwA

WA

3
Step 2: This is v3
Step 3: Option A gives wA/2 which corresponds to v = w|x| — incorrect formula. Option C
gives wA/V2 which is the speed at x = A/V2.

3wA
Step 4: Note that Options B and D express the same value: V3w = wA+/3/4.

2
3wA
Final Answer: Speed = \/—20)
Answer: (B)| Go Back to Question 8

-

collegedunia
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Q9.

Q10.

Concept: Electric potential is a scalar quantity. The potential due to a point charge ¢ at distance

risV = . Total potential at a point is the algebraic sum of potentials due to all charges.

TEQT

Solution:

Step 1: Distance from +¢ (at (d, 0)) to origin = d. Distance from —g (at (—d, 0)) to origin = d.
+ —

Step 2: Potential at origin = 471861 y + 47”1 i 0

Step 3: Although the electric field at the origin is non-zero (it points in the +x direction), the
potential is exactly zero due to equal and opposite contributions.

Step 4: Option C gives +2¢/(4megd) — that would be correct if both charges were +4.

Final Answer: Potential at origin = @

Answer: (D)| Go Back to Question 9

Concept: The distance covered in the n-th second of uniformly accelerated motion (starting from
rest) is given by s, = u + 5(2n — 1), which with u = 0 gives s, = (2n — 1). Similarly,
sn-1=5Q2m~-1)-1) = 3(2n-3).
Solution:
a a
Step 1: s, = E(Zn —1)and s,_1 = 5(2n -3).
2n—1
Step 2: Ratio = R .
Sp—1 2n-3
Step 3: This is valid for n > 2. For n = 2: ratio = 3/1 = 3 (distance in 2nd second is three

times distance in 1st second with uniform acceleration from rest — consistent with s; = a/2,
sp =3a/2).
Step 4: Option B gives ;ZJ_’II which is the ratio of (n + 1)-th to n-th second, not n-th to (n — 1)-th.

2n—1
Final Answer: Ratio = "
2n -3
Answer: (A) Go Back to Question 10

-
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Q11.

Q12.

Concept: The magnetic field due to an infinitely long straight current-carrying conductor is de-
rived using Ampere’s circuital law. For a circular Amperian loop of radius r coaxial with the
wire: f B-dl = B(2nr) = uol.

Solution:

Step 1: Apply Ampere’s law on a circular path of radius r centred on the wire: B - 2nr = pol.
Step 2: B = '121—7(;’{.

Step 3: Option A gives ugl /(4nr) — that would correspond to a short segment or the Biot-Savart
contribution differently. Option C (uol/2r) misses 7.

Final Answer: B = ,u_ol
2nr
Answer: (B)| Go Back to Question 11

Concept: Young’s modulus Y is the ratio of longitudinal stress to longitudinal strain: Y =
Stress  F/A

Strain  AL/L’

Solution:
Step 1: Stress = F'/A; Strain = AL/ L.
F/A  FL
2:Y=—F = ——.
Step AL/L ~ AAL

Step 3: Check dimensions: [F][L]/([A][AL]) = (N)(m)/(m?)(m) = N/m?> = Pa /.
Step 4: Option A inverts the area and length relationship; Options C and D are dimensionally

incorrect forms.

FL

Final A Y =| ——

inal Answer AT
Answer: (B)| Go Back to Question 12

-

collegedunia
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Q13.

Ql14.

Concept: In a Wheatstone bridge, the four resistors are arranged as P and Q in one arm, R and
S in the other. The bridge is balanced (no current through the galvanometer) when the ratio of
resistances in the two arms are equal.

Solution:

Step 1: Standard Wheatstone bridge balance condition: the bridge is balanced when g = ?’
which is equivalent to PS = OR.

Step 2: This can be remembered as: “products of opposite arms are equal.”

Step 3: Option A (P +Q = R+Y5) is not the balance condition. Option C (P/Q = S/R) rearranges
to PR = QS, which is different unless P = Q and R = S. Option D (PQ = RS) is a product of

adjacent arms, not opposite.

P R
Final Answer: Balance condition: 6 = 5
Answer: (B)| Go Back to Question 13

Concept: The efficiency of a Carnot engine is 7 = 1 — T¢/Ty. The work done per cycle is
W =n x Qg where Qg is the heat absorbed from the hot reservoir.

Solution: 50 1
Stepl:n:l—;:—;=1—%=1_§=5
Step 2: Work done = X Qg = % x 1000 = 5001.

Step 3: Heat rejected = Qg — W = 1000 — 500 = 5001.

Step 4: Option B (400 J) would correspond to = 40%, i.e., Tc /Ty = 0.6. Option A (200 J) is
too low.

Final Answer: Work done per cycle = |500J

Answer: (C)| Go Back to Question 14

= 50%.

-
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Q15.

Q16.

Concept: For a solid sphere rolling without slipping, the moment of inertia is / = %M R? and the
rolling constraint gives v = Rw. The total KE is translational plus rotational.
Solution:
Step 1: Translational KE = M v?.
o 2
Step 2: Rotational KE = %Iaﬂ = % . %MR2 “qT = %Mvz.
Step 3: Total KE = %Mv2 + éMv2 = 17—0Mv2.
M2 _ 15 2
% My2  7/10 T
Step 5: Option B (5/7) is the ratio of translational to total KE. Options C and D are wrong.

Step 4: Ratio of rotational to total =

Final Answer: Ratio =

Answer: (A) Go Back to Question 15

Concept: The Doppler effect formula: when the source moves towards a stationary observer, the
VEv,

observed frequency is higher. The standard formula is f = fy , where v,, is observer speed

VFV
and vy is source speed (upper sign for approach). ’

Solution:

Step 1: Observer is stationary (v, = 0), source moves towards the observer at v.
v+ v

Step2: f = fo- 2 =fo- :
vV — Vg V= vy

Step 3: Since vg > 0, the denominator v — vy < v, making f > fy (frequency increases when
source approaches). This is physically correct.
Step 4: Option A gives f < fy (source moving away). Option C gives frequency when observer

moves towards source. Option D gives frequency when source moves away.

Final Answer: f = fo( Y )
V— Vg

Answer: (B)| Go Back to Question 16

5
=

-
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Q17.

Q18.

Concept: The magnetic flux through the coil at angle « to the field is ® = NBA cos(wt). By
dd

Faraday’s law, the induced EMF is & = -N I

Solution:

Step 1: ® = NBA cos(wt) (assuming coil normal parallel to Batt = 0).

Step 2: & = —N‘fi;{t) = NBAw s sin(wt).

Step 3: The peak (maximum) EMF is when sin(w?) = 1: Epnax = NBAw.

Step 4: Option B gives NBA/w (wrong, dimensions are also off). Options C and D involve w?

which does not appear in the first derivative.

Final Answer: Peak EMF =
Answer: (A)| Go Back to Question 17

KepA
£02  Without

Concept: The capacitance of a parallel-plate capacitor with a dielectric is C =

. . £0A . : L .
dielectric, Cp = 07. The dielectric constant K multiplies the capacitance.

Solution:

Step 1: Without dielectric: Cy = g9A/d.

Step 2: With dielectric of constant K: C = KeggA/d = KCy.

Step 3: The capacitance is K times larger. Since K > 1 for all real dielectrics, the capacitance
increases.

Step 4: Option B says K times smaller — that is wrong. The dielectric reduces the effective elec-
tric field (polarization screens the field), allowing more charge to be stored for the same voltage,

hence increasing C.

Final Answer: Capacitance is
Answer: (A)| Go Back to Question 18

5
=

-

collegedunia

I
¥

e
P
N
e
[\®]
—



WBJEE Sample Paper Physics

Q19.

Q20.

Concept: Use dimensional analysis. Write the dimensions of both sides of F = av?p and solve
for the dimensions of a.

Solution:

Step 1: [F] = MLT2.

Step 2: [v?] = L>T2; [p] = ML73.

Step 3:
[F] MLT™2 MLT? 2

la] = v [p]  L2T-2-ML3 _

TMLIT2

Step 4: So a has the dimension of area [L?]. This makes physical sense: a represents the effective
cross-sectional area.
Final Answer: [a] = | [L?]

Answer: (A)| Go Back to Question 19

Concept: A charged particle moving perpendicular to a magnetic field experiences a Lorentz
force F = evB which acts as the centripetal force F' = m pvz/ r. Equate them to find the radius.

Solution:
m P V2

Step 1: Lorentz force (centripetal): evB =

mpv
Step 2: Solve for r: r = B

e
Step 3: This is the radius of the circular orbit (cyclotron radius or Larmor radius).

Step 4: Options B, C, D rearrange the quantities incorrectly or invert them.

. ) mpVv
Final Answer: Radius = | —
eB
Answer: (A) Go Back to Question 20

-
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Q21.

. . : I 1 . ..
Concept: For a convex mirror, the mirror formula is — + — = ? with f > 0 (positive for convex
v ou

mirror in the sign convention where distances behind the mirror are positive for image). Here we
use the convention where f > 0 for convex mirror and image is virtual, so v > 0. Given the image
is at one-third the object distance from the mirror: v = |u|/3.
Solution:
Step 1: Let object distance u < 0 (real object). Then image distance v = —u/3 > 0 (virtual image
for convex mirror).
Step 2: Mirror formula: —+l=l. ! +l=l:>_—3+l=l=>_—2=l.

v u f —-u/3 u f u u f u f
Step 3: u = -2 f. Since f > 0 for convex mirror, u = —2f < 0 confirming a real object.
Step 4: Option B gives u = =3 f; check: v =3f/3 = f. Then 1/f + 1/(-3f) =2/(3f) # 1/f.
Doesn’t satisfy mirror formula. So u = —2f is correct.

Final Answer: u =

Answer: (A)| Go Back to Question 21

Q22.

Concept: The electromagnetic spectrum in order of increasing frequency (and decreasing wave-
length) is: Radio waves — Microwaves — Infrared — Visible — Ultraviolet — X-rays — Gamma
rays.

Solution:

Step 1: Arrange the given options in order of increasing frequency: Microwaves (~ 10°-10'! Hz)
< Infrared (~ 10''-10'* Hz) < Ultraviolet (~ 10'°-10'" Hz) < Gamma rays (> 10'® Hz).

Step 2: Gamma rays have the highest frequency among all electromagnetic waves. They originate
from nuclear transitions and have photon energies typically above 100 keV.

Step 3: All options A, B, C have lower frequency than gamma rays.

Final Answer:
Answer: (D)| Go Back to Question 22

5
=

-

collegedunia

e

23



WBJEE Sample Paper

Physics

Q23.

Q24.

Concept: On a banked road, for the ideal speed (no friction required), the horizontal component
of the normal force provides the centripetal force and the vertical component balances gravity.
Solution:

Step 1: Forces on the vehicle: normal reaction N perpendicular to the banked surface.

Step 2: Vertical equilibrium: N cos 6 = mg.
2
Step 3: Horizontal (centripetal): N sin6 = v

R
2
Step 4: Dividing Step 3 by Step 2: tan§ = I‘;— = v = yRgtan.

8
Step 5: Option B (1/Rg sin 8) and C (v/Rg cos 0) arise from incorrectly equating components. The
correct ratio involves tan 6.
Final Answer: Ideal speed = | y/Rg tan 6

Answer: (A)| Go Back to Question 23

Concept: In the photoelectric effect, Einstein’s equation states that the energy of the photon hv

The stopping potential Vj is the potential needed to stop the fastest electrons: eVy = KEmpax =
hv — ¢.

Solution:

Step 1: Einstein’s photoelectric equation: KE,x = hv — ¢.

Step 2: The stopping potential decelerates the most energetic electrons to rest: eVy = KEp.x =
hv — ¢.

Step 3: Note ¢ is the minimum energy needed to remove an electron (work function), so eV > 0
only when hv > ¢.

Step 4: Option A adds ¢, which would give a negative stopping potential when Av < ¢. Option

C gives ¢ — hv < 0 for above-threshold frequencies. Option D has no theoretical basis.

Final Answer: ¢V =
Answer: (B)| Go Back to Question 24

goes into overcoming the work function ¢ and providing kinetic energy to the emitted electron.
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Q25.

Q26.

Concept: From the kinetic theory of gases, the RMS speed is obtained by equating %k T =
1
2
Solution:

mv2_ (per molecule) or using PV = nRT with the pressure-speed relation.

Step 1: For n moles of gas: PV = nRT and P = %%v?ms (where M is molar mass).

Step 2: Combining: %vrzms = % = Vs = ,/3"%.
Step 3: Option B (\/2RT /M) is the most probable speed times a factor; Option D (\/8RT /n M) is
the mean (average) speed.

Step 4: Note: Vims > Vinean > Vinp-

. / 3RT
Final Answer: v, = —

Answer: (A) Go Back to Question 25

Concept: In Young’s double-slit experiment, the fringe width (distance between consecutive
bright or dark fringes) is § = R where A is the wavelength, D is the distance to the screen,
and d is the slit separation.
Solution:

. . . nAD
Step 1: The condition for n-th bright fringe: y, = —.

AD
Step 2: Fringe width 8 = y,41 —yn = —

Step 3: Option A gives 8 = Ad/D: this would predict smaller fringe width for larger screen
distance, which is physically wrong.

Step 4: As D increases, fringes spread out (larger ), consistent with 8 o D.

D
Final Answer: 8 = /17
Answer: (B)| Go Back to Question 26
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Q27.

Q28.

Concept: The speed of sound in a gas is derived using Newton-Laplace formula. Newton used
isothermal bulk modulus (B = P), but Laplace corrected it to adiabatic bulk modulus (Bs = yP)
since sound propagation is too fast for heat exchange.

Solution:

Step 1: Speed of sound = \/m where Bg is the adiabatic bulk modulus.

Step 2: For an ideal gas undergoing adiabatic compression: Bg = yP.

[yP
Step 3: Therefore v = y_'

P
Step 4: Option A gives Newton’s formula (isothermal, without ) — experimentally gives a value
about 16% lower than actual. Option D has y outside the square root, which is dimensionally the
same but numerically different.

P
Final Answer: v = re
\/ P

Answer: (B)| Go Back to Question 27

Concept: In a p-n junction under forward bias, the applied external voltage opposes the built-in
potential. This reduces the potential barrier, allowing majority carriers to flow across the junction.
As a result, the depletion region shrinks.

Solution:

Step 1: Atequilibrium (no bias), the depletion layer has a certain width determined by the balance
between drift and diffusion currents.

Step 2: Under forward bias, the positive terminal is connected to the p-side and negative to the
n-side. This reduces the built-in electric field in the depletion region.

Step 3: With a weaker electric field, fewer ions are needed to maintain the reduced barrier = the
depletion layer narrows (decreases in width).

Step 4: Under reverse bias, the depletion layer widens (opposite effect). Option A (increases)
describes reverse bias behaviour.

Final Answer: Depletion layer width
Answer: (B)| Go Back to Question 28
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Q29.

Q30.

Concept: The power delivered to the external resistance R by a battery with EMF & and internal
E’R

resistance 7 is P = I’R = ————. Maximise P with respect to R.
(R+7r)?
Solution: 5
E°R
Step 1: P(R) = ————.
PLPR) = 2
dP R+r)>-R-2(R+ R+r)-2R -R
sep2: WP _ g2 RED) (R+r) _go RHD-2R_ o r-R
dR (R +r)* (R+71)3 (R+7)3
d
Step 3: — = 0 = R = r. This is the maximum power transfer theorem.

Step 4: Check: for R < r, dP/dR > 0 (increasing); for R > r, dP/dR < 0 (decreasing). SOR = r

is indeed a maximum.

Final Answer:
Answer: (B)| Go Back to Question 29

Concept: In Bohr’s model, the electron orbits the nucleus with angular momentum quantized as
L = nfi. The radius of the n-th orbit is derived by balancing Coulomb attraction with centripetal
acceleration and applying the quantization condition.

Solution: ) 5
k
Step 1: Centripetal force = Coulomb force: S iz‘
r r
Step 2: Quantization: mvr = nfi.
n’h?

Step 3: Solving: r, = = n%ay where ap ~ 0.529 A is the Bohr radius.
m

ke?
Step 4: The radius is proportional to n2. Options A (n), C (n*), D (1/n?) are incorrect power laws.
Final Answer: Radius «

Answer: (B) Go Back to Question 30
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Q31.

Q32.

Concept: In a perfectly elastic collision between equal masses, the velocities exchange: the mov-

ing ball stops and the stationary one moves with the original speed. In a perfectly inelastic colli-

sion, momentum is conserved but kinetic energy is not.

Solution:

Step 1: After the elastic collision between ball m (speed v¢) and identical ball m (at rest): first

ball stops, second ball moves with vg. This is a standard elastic equal-mass result.

Step 2: Now the second ball m (moving at vg) collides perfectly inelastically with ball of mass

2m (at rest). By conservation of momentum: mvy = (m +2m)vy = vy = ‘;—0.
. . .. 1 1 v% mv%

Step 3: KE after inelastic collision = 5(3m)v§ = 5(3’%)? = —.

6
2 2
Step 4: Energy lost = %mv(z) - % = % Option D (mv% /6) is the correct post-collision KE.

2
my
Final Answer: KE of combined system = TO
Answer: (D)| Go Back to Question 31

Concept: Use conservation of energy. When the rod falls from horizontal to vertical, the centre
of mass falls by L/2. The moment of inertia of a rod about one end is / = ML?/3.

Solution:

Step 1: Loss in PE of rod as it falls from horizontal to vertical = M g% (centre of mass falls by
L/2).

1 1 ML?
Step 2: This equals the rotational KE: Elw2 =5 "3 W

ML*w? 3 3
Step 3: Energy conservation: M gE = 6w = w? = fg = w= fg

Step 4: Option B (4/2g/L) would result from incorrectly using / = ML?/2. Option D has a
coefficient of 6 which would require a different fall height.

Final Answer: w = %g
Answer: (A)| Go Back to Question 32
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Q33.

Q34.

Concept: The net work done in a thermodynamic cycle equals the total heat absorbed minus total
heat rejected, or equivalently the area enclosed by the cycle on a P-V diagram. For each process:
isothermal work Wis, = nRT In(V¢/V;); isochoric work Wis,_y = 0; for adiabatic process, work
is determined by the temperature change.

Solution:

Step 1: Process A — B (isothermal at T4): V doubles at constant 7. Wap = nRT4 ln(zv‘;o) =
RT4In2 = PyVyIn2 (since PyVy = RT 4 for 1 mole). Wap ~ 0.693 PyV).

Step 2: Process B — C (isochoric): Wge = 0.

Step 3: Process C — A (adiabatic): net work by gas is negative (compression). For adiabatic:

Py/4 -2V, PoVy Ta Ta
Wea = —AUcpq = —nC,(Ty —T¢). Tc = = = —. . Wca=-C,|Ts——=] =
cA ca=-nCy,(Ta -Tc). Tc = o > Wea v(A 2)
3R Ta_ 3PV 1_ 3 PV
2 2 4 1 4 1
Wait: C,, = %R for monoatomic; Wy = —%R . (—TTA) = 31%% = %.

Step 4: Net work = Wag + Wpe + Wea = PoVoln2 + 0 — 2290 5 0.693 PyVy — 0.75 PoVy
—0.057 PyVp.
Checking Option D: it represents Wapg — |[Wc 4| which is the correct form for the net work. Given

X

the numerical closeness of Option B (0.386) or the exact symbolic form in D, the best answer is
D.

3
Final Answer: Net work = | RT4In2 — ER(TC —T4) - (—1) [ (Option D)

Answer: (D)| Go Back to Question 33

Concept: By Gauss’s law, the electric field at distance r from the common centre depends only
on the total charge enclosed within a Gaussian surface of radius r. For a conducting sphere of
radius R and a shell of radius 2R, the point at r = 3R /2 lies between them.

Solution:

Step 1: Atr = 3R/2: this point lies between the sphere (radius R) and the shell (radius 2R), since
R <3R/2 <2R.

Step 2: Apply Gauss’s law with a spherical surface of radius 3R /2. The enclosed charge is only
the charge on the conducting sphere: Qcpc = Q.

2
Step 3: E~47r(37R) = 2 =F=—<
£0 dren(3R/2)?
Step 4: Option B would be correct if both charges were enclosed (i.e., at r > 2R). Atr = 3R/2,

only the inner sphere’s charge is enclosed.

_ 9
4reg(3R/2)?

Answer: (A)| Go Back to Question 34

Final Answer: E =
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Q3s.

Q36.

Concept: The torque on a current loop in a magnetic field is 7 = M B sin ¢, where M = NIA is
the magnetic moment and ¢ is the angle between the magnetic moment vector and B.

Solution:

Step 1: The magnetic moment of the rectangular loop: M = I - (ab).

Step 2: When the plane of the loop is parallel to B, the normal to the loop (and hence the magnetic
moment vector) is perpendicular to B, so ¢ = 90.

Step 3: Torque = M Bsin(90) = IabB X 1 = [abB.

Step 4: This is the maximum possible torque. Option C gives half this value (which would be
wrong). Option D gives twice, which would require a different geometry. Note: when the plane

is parallel to B, the torque is maximum.
Final Answer: Maximum torque =

Answer: (B) Go Back to Question 35

Concept: Stationary (standing) waves are formed by the superposition of two identical waves
travelling in opposite directions. Key properties: nodes (zero amplitude), antinodes (maximum
amplitude), all particles between consecutive nodes oscillate in phase, no net energy transport.
Solution:

Step 1: (A) The distance between successive nodes equals half the wavelength: A/2. This is
because nodes occur at x = 0,1/2, 4, . .. in the standing wave pattern. Correct.

Step 2: (B) In a stationary wave, energy is NOT transported from one region to another — it is
localised. The average energy flux (intensity) is zero. Incorrect.

Step 3: (C) At a node, the displacement is always zero (all times). This is the defining property
of anode. Correct.

Step 4: (D) All particles between two consecutive nodes oscillate with the same phase (they all
reach their maximum displacement at the same time), just with different amplitudes. Correct.
Correct options: A, C, D.

Final Answer: | (A), (C), (D)

Answer: (A)| Go Back to Question 36
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Q37.

Concept: Nuclear fission obeys conservation laws (mass number, atomic number). The binding
energy per nucleon is the key quantity that determines whether energy is released: if products
have higher binding energy per nucleon, the reaction releases energy.

Solution:

Step 1: (A) In any nuclear reaction, the total mass number (number of nucleons) is conserved.
For 335 U: the sum of mass numbers of all products (fission fragments + neutrons) equals 235.
Correct.

Step 2: (B) Total atomic number (charge) is also conserved. The sum of atomic numbers of
fragments equals 92. Correct.

Step 3: (C) Fission releases energy because the fission products (medium-mass nuclei) lie near the
peak of the binding energy per nucleon curve, having higher binding energy per nucleon (~ 8.5
MeV) than uranium (~ 7.6 MeV per nucleon). Correct.

Step 4: (D) Fission of ggs U with a thermal neutron produces fission fragments and typically 2-3
fast neutrons, which sustain the chain reaction. Correct.

All four options are correct.

Final Answer: | (A), (B), (C), (D)

Answer: (A)| Go Back to Question 37

Q38.

Concept: Total internal reflection (TIR) occurs when light tries to pass from an optically denser
medium to a rarer medium at an angle of incidence greater than the critical angle 6.. Snell’s law
at the critical angle gives n; sin 6, = n, sin 90, so sin 6, = ny/n;.

Solution:

Step 1: (A) TIR requires light to travel from a denser (n;) to a rarer (n;) medium where n; > nj.
Correct.

Step 2: (B) At the critical angle, the refracted ray grazes the interface (r = 90). Snell’s law:
nisinf. = np = sinf. = ny/n; with n; > n,. Correct.

Step 3: (C) TIR occurs only when the angle of incidence exceeds the critical angle. It does NOT
occur for any angle — only for i > 6.. Incorrect.

Step 4: (D) Optical fibres use TIR: light undergoes repeated TIR at the core-cladding interface
(core is denser) and is guided along the fibre with minimal loss. Correct.

Correct: A, B, D.

Final Answer: | (A), (B), (D)

Answer: (A)| Go Back to Question 38
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Q39.

Q40.

Concept: An ideal transformer has no energy losses. The voltage ratio equals the turns ratio
(Vs/Vp, = Ng/N,). Power conservation gives VI, = ViI;. The same changing magnetic flux
passes through every turn of both coils.

Solution:

Step 1: (A) Faraday’s law: each turn sees the same rate of flux change d®/dt. SoV,, = N,,d®/dt
and Vs = Nyd®/dt, giving Vs /V,, = Ns/N,,. Correct.

Step 2: (B) For a step-up transformer (Ng > Nj,): Vi > V,,. Power conservation: V,,1,, = ViI; =
Iy =1,(V,/Vs) =1,(N,/Ng) < 1,. So secondary current is /ess than primary. Incorrect.

Step 3: (C) For an ideal transformer, there are no copper or iron losses, so input power = V), I, =
VI = output power. Correct.

Step 4: (D) In an ideal transformer, the iron core links both coils perfectly. The magnetic flux
through each turn of both primary and secondary is the same. Correct.

Correct: A, C, D.

Final Answer: | (A), (C), (D)
Answer: (A)| Go Back to Question 39

Concept: When a capacitor is disconnected from the battery, its charge Q is fixed (no path for
charge to flow). Inserting a dielectric of constant K increases the capacitance to KC, which
changes the voltage and energy stored.

Solution:

Step 2: (B) New capacitance C’ = KC. With fixed Q: new voltage V' = Q/C" = CV/(KC) =
V/K. Since K > 1, voltage decreases. Correct.

Energy decreases (the dielectric is pulled in by electrostatic attraction, doing work on the external

agent, which accounts for the energy decrease). Correct.

E =V'/d =V /(Kd). The electric field decreases by a factor K because the dielectric polarisation
creates an opposing field. Incorrect.
Correct: A, B, C.

Final Answer: | (A), (B), (C)
Answer: (A) Go Back to Question 40

Step 1: (A) Battery disconnected = charge is conserved: Q = CV remains unchanged. Correct.

Step 3: (C) Initial energy U; = %CV2 = 0%/(2C). New energy Uy = 0?%/(2KC) = U;/K < U;.

Step 4: (D) With the same charge Q and plate separation d unchanged, but new capacitance KC:
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Q| Ans | Q |Ans | Q | Ans | Q | Ans | Q | Ans
1 A 2 A 3 A 4 A 5 A
6 A 7 B 8 B 9 D |10 A
11| B |12| B |13| B |14| C |15] A
16| B |17] A |18 A 19| A |20] A
21 A |22 D |23 A |24 B |25] A
26 B |27 B |28 B 29| B |30| B
31 D |32 A |3 D (34| A |35]| B
36| A |37 A |38 A |39 A |40] A

Note: Category 3 (Q36-Q40) may have one or more correct options. Full marks only if all correct options are

selected. No negative marking applies to Category 3.
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