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WBJEE Physics Sample Paper-16

Duration: 60 Minutes Maximum Marks: 50

Instructions

* This paper contains 40 Multiple Choice Questions divided into 3 Sections.

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.

Section—A — 30 Questions x 1 Mark Each

(Negative Marking: —0.25) [Single Correct]

Q1. An ideal monatomic gas is taken through a cyclic process consisting of an
1sothermal expansion at temperature 7T followed by isobaric compression and
finally an isochoric process which restores the gas to its original state. The effi-
ciency of this cycle, given the volume ratio in the isothermal expansion is 2, is
approximately

(A) 9.4%
(B) 13.4%
(C) 18.8%
(D) 25.0%

Q2. A short bar magnet of magnetic moment M is placed with its axis at an angle
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Q3.

Q4.

Qs.

30° with the external magnetic field B. The torque experienced by the magnet
is

(A) MB

(B) MB/2

(C) MBV3)/2

(D) 2MB

A particle is projected with velocity u making an angle € with the horizontal
from the top of a tower of height A. The horizontal range on the ground is
maximized when the angle 6 satisfies tan 0 =

u

Vu? +2gh

I/t2

u?+2gh

Vu? +2gh

u
2¢h
D) =2
u

(A)
(B)

©

Two point charges +4uC and —1uC are placed 30 cm apart in air. The locus of
points where the electric potential is zero is a sphere of radius

(A) 4 cm

(B) 6cm

(C) 8cm

(D) 12 cm

A simple pendulum of length L and bob mass m has a maximum angular dis-
placement 6y (with 6y small). The tension in the string when the bob passes

through the mean position is
(A) mg

(B) mg(1 +67)

(C) mg(1-65/2)
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(D) mg cos 8y

Q6. The threshold wavelength for photoelectric emission from a metal surface is

Q7.

Q8.

Q9.

3300 A. When light of wavelength 2200 A is incident on it, the maximum kinetic
energy of the emitted photoelectrons is approximately

(A) 1.88¢V

(B) 2.45eV

(C) 3.76 eV

(D) 5.64 eV

A block of mass 4 kg is placed on a rough horizontal surface. The minimum
horizontal force needed to just move the block is 20 N, while the force needed to
keep it moving at constant velocity is 16 N. Take g = 10 m/s>. The coefficient

of kinetic friction 1s

(A) 0.50
(B) 0.45
(C) 0.40
(D) 0.32

Three identical resistors, each of resistance R, are connected to form a triangle.

The equivalent resistance between any two vertices of the triangle is
(A) R/3

(B) 2R/3

(C) 3R/2

(D) 3R

A concave mirror has a focal length of 20 cm. An object is placed 30 cm in

front of the mirror. The linear magnification of the image formed is

(A) +2
(B) -2
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Q10.

Q11.

Q12.

(C) +0.5
(D) —0.5

A solid sphere and a hollow sphere of the same mass and radius roll without
slipping down the same inclined plane from rest. The ratio of the time taken by

the solid sphere to that taken by the hollow sphere to reach the bottom is

(A) V21725
(B) 25/21
(©) V15/21
(D) v21/15

Two rods of identical cross-section and lengths L; and L,, made of materials
with thermal conductivities K; and K, respectively, are joined end-to-end. In
the steady state, if the free ends are at temperatures 77 and 7T, (with T > T3),
the temperature at the junction is
K 1 T] + K2T2
K+ K>
Ki\L\T) + K>, L, 15
K 1L1 + K2L2
K1L2T1 + KleTz
K 1 L2 + Kle
T1 + T2
2

(A)

(B)

©

(D)

A capillary tube of internal radius 0.2 mm is dipped vertically in water of surface
tension 7 X 1072 N/m and density 10° kg/m?. Assuming the angle of contact is

zero and taking g = 10 m/s?, the height of capillary rise is

(A) 3.5cm
(B) 7.0 cm
(C) 14.0cm
(D) 1.75 cm
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Q13. A source of sound of frequency 480 Hz is moving towards a stationary observer

Q14.

Q15.

Q16.

with a speed of 20 m/s. If the speed of sound in air is 340 m/s, the apparent
frequency heard by the observer is approximately

(A) 480 Hz

(B) 5S1I0Hz

(C) 530 Hz

(D) 453 Hz

The Stefan—Boltzmann constant o relates the energy radiated per unit area per

unit time to the fourth power of absolute temperature. The dimensional formula

of o is

(A) [M -
(B) [MLZT 3®—4]
(©) [MLT?07]
(D) [MT207%]

In a hydrogen atom, an electron makes a transition from the orbitn = 4 ton = 2.

The wavelength of the emitted photon belongs to the
(A) Lyman series, ultraviolet region

(B) Balmer series, visible region

(C) Paschen series, infrared region

(D) Brackett series, infrared region

A charged particle of mass m and charge g enters a uniform magnetic field B
at an angle of 60° with the field direction and with speed v. The pitch of the
resulting helical path is

Tmy

W "5
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7rmv\/§

(D) 7B

Q17. In a single-slit diffraction experiment, the slit width is 0.2 mm and the screen is
placed 1 m from the slit. The wavelength of light used is 5000 A. The angular
width of the central maximum is
(A) 2.5x 1073 rad
(B) 5x 107 rad
(C) 1.25x 1073 rad
(D) 1072 rad

Q18. In the given truth table for a two-input logic gate, the inputs A and B produce
output Y as: (A=0,B=0)—->Y=1;,(A=0,B=1)->Y=0;(A=1,B=
0) >Y=0;,(A=1,B=1) > Y =0. The gate is equivalent to
(A) NAND gate
(B) NOR gate
(C) XOR gate
(D) AND gate

Q19. A particle moves along a straight line such that its velocity varies with position
as v = a+/x, where « is a positive constant. If the particle starts from x = 0 at
t = 0, the displacement of the particle as a function of time is

at
A) —
(A) 5
(B) a’t
2,2
a“t
C) —
© =
(D) at?

Q20. A hollow conducting sphere of radius R carries a charge Q. The electric field

at a distance r from the centre satisfies

(A) Ex 1/r’forr <Rand E =0forr > R
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Q21.

Q22.

Q23.

Q24.

(B) E=0forr <Rand E « 1/r*forr > R
(C) Exrforr <Rand E o 1/r* forr > R

(D) E is constant everywhere inside and outside the sphere

A steel wire of length 2 m and cross-sectional area 1 mm? is stretched by a force
of 200 N. If Young’s modulus of steel is 2 x 10'! N/m?, the elongation produced
in the wire is

(A) 2 mm

(B) 1 mm

(©) 0.5 mm

(D) 4 mm

At what temperature is the root mean square speed of oxygen molecules equal to

that of nitrogen molecules at 27°C? (Molar masses: O, = 32, N, = 28 g/mol)
(A)
77°C
(B) 342.8 K, i.e., 69.8°C
(C) 262.5K
(D) 300 K

A current of 2 A flows through a circular loop of radius 5 cm. The magnetic
field at the centre of the loop is approximately

(A) 251 x 10T

(B) 4.0x 107> T

(C) 8.0x 107> T

(D) 1.26 x 1074 T

A galvanometer of resistance 50 € shows full-scale deflection for a current of
5 mA. To convert it into a voltmeter reading up to 25 V, the required resistance

to be connected is
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Q25.

Q26.

Q27.

Q28.

(A) 4950 Q 1n series

(B) 4950 Q in parallel
(C) 5000 Q in series

(D) 50/4950 Q in parallel

The electric field component of a plane electromagnetic wave travelling in vac-
uum along the +x direction is Ey = 30sin(1.5 X 107x — 4.5 x 1019¢) V/m. The
wavelength and frequency of the wave are

(A) A= 4.19%x 107" m, f ~7.16 x 1014 Hz

(B) A~ 1.5x107"m, f =~ 4.5x 10> Hz

(C) 12 628%x107"m, f ~5.0x 10" Hz

(D) 1 ~4.19x 10" m, f ~4.5x 10" Hz

A satellite is orbiting the earth at an altitude equal to the radius of the earth
R. If g is the acceleration due to gravity at the surface, the orbital speed of the

satellite is

(A) VgR
(B) VgR/2
(C) V28R

(D) gR

Two open organ pipes of lengths 50 cm and 51 cm produce 6 beats per second
when sounded together in their fundamental modes. The speed of sound in air
1s approximately

(A) 306 m/s

(B) 314 m/s

(C) 320 m/s

(D) 324 m/s

Water flows steadily through a horizontal pipe of varying cross-section. At a

point where the cross-sectional area is A, the velocity is v and pressure 1s P. At
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Q29.

Q30.

Q31.

another point where the cross-section is A/2, the pressure is (density of water

=p)

(A) P - %pﬂ
B) P v
2PY
3 2
C) P+ Epv
(D) P —2pv?

The time period of a pendulum is measured as 7" = 2.50 + 0.02 s and its length
as L = 1.55+0.01 m. The percentage error in the measurement of acceleration

due to gravity g obtained using 7' = 27+/L/g is approximately

(A) 1.0%
(B) 1.6%
(C) 2.2%
(D) 3.2%

A car of mass 1000 kg negotiates a curve of radius 50 m on a level road with a
speed of 36 km/h. The minimum coefficient of friction between the tyres and
the road required for the car not to skid is (take g = 10 m/s?)

(A) 0.10
(B) 0.20
(C) 0.30
(D) 0.50

Section-B — 5 Questions x 2 Marks Each

(Negative Marking: —0.5) [Single Correct]

A small block of mass m is released from rest from the top of a smooth hemi-

spherical bowl of radius R fixed on a horizontal surface. The block slides down
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Q32.

Q33.

Q34.

the inner surface of the bowl. The normal reaction exerted by the bowl on the
block when the radius to the block makes an angle 8 with the vertical is

(A) mgcosé

(B) 3mgcosf —2mg

(C) 3mgcosé

(D) 2mg(1 —cos0)

In the given circuit, a battery of EMF & = 12 V and internal resistance r = 1
is connected to two external resistors Ry = 4 Q and R, = 6 Q in parallel. The

terminal voltage of the battery is

[ R —

(A) 7.06 V
(B) 8.62V

(C) 10.59 V
(D) 11.05V

A uniform rod of length L and mass M is pivoted at one end and is free to rotate
in a vertical plane. The rod is released from rest in the horizontal position. The

angular speed of the rod when it passes through the vertical position is

(A) 3g/L
(B) v2g/L
(©) Vg/L
(D) 6g/L

One mole of an ideal diatomic gas is heated at constant pressure from 300 K to
500 K. Taking R = 8.314 J/(mol K), the work done by the gas, the heat absorbed,

and the change in internal energy, respectively, are closest to

ERRLE
A
N 0

collegedunia
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Q3s.

Q36.

Q37.

(A) 16637, 58207, 41571
(B) 1663 J,4157J,2494 ]
(C) 41577, 58207, 1663 J
(D) 2494 1, 58207, 4157 J

234
91

Z —>§SO W. The particles emitted in the three successive steps are, respectively,

A radioactive nucleus undergoes a series of disintegrations: SggX —>§(3)4 Y —

(A) @, 57, a
(B) B, a.p”
©) a,a,6”
D) 7.6,

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

Negative Marking) [One or More Correct]

A square conducting loop of side a and resistance R is moving with constant
velocity v into a region of uniform magnetic field B directed perpendicular to
the plane of the loop. Which of the following statements is/are correct while
the loop is partially inside the field?

(A) The induced EMF in the loop is Bav.

(B) The force required to keep the loop moving with constant velocity is B>a®v/R.

(C) The power dissipated in the loop equals the rate of work done by the external

force.

(D) The direction of the induced current is such that it aids the entry of the loop
into the field.

A parallel plate capacitor is charged by a battery and then disconnected from

it. A dielectric slab of dielectric constant K > 1 is now inserted between the

-
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Q38.

Q39.

Q40.

plates, completely filling the gap. Which of the following quantities increase as
a result of the insertion?

(A) Capacitance of the capacitor

(B) Charge stored on the plates

(C) Electric field between the plates

(D) Energy stored in the capacitor

Two soap bubbles of radii r; and r, with r; > r, are connected through a narrow
tube so that air can flow between them. Which of the following is/are correct in

the final equilibrium state (assume surface tension 7" is constant)?

(A) Air flows from the smaller bubble to the larger bubble.

(B) The pressure inside the smaller bubble is greater than that inside the larger
bubble.

(C) The smaller bubble eventually disappears (radius tends to zero or its surface
flattens).

(D) Air flows from the larger bubble to the smaller bubble.

A monatomic ideal gas is taken through the process represented by a straight
line on a P-V diagram from state A (Pg, Vp) to state B (2Pg, 2Vy). Which of the
following statements is/are correct?

3PyV,
(A) The work done by the gas is 20 0,

9P,V
(B) The change in internal energy of the gas is ; 0

(C) The heat absorbed by the gas is 6PyVj.

(D) The temperature of the gas increases continuously throughout the process.

A solid cylinder of mass M and radius R rolls without slipping down a fixed

inclined plane of angle 8. Which of the following statements is/are correct?

(A) The acceleration of the centre of mass of the cylinder is 3 gsiné.

1
(B) The frictional force acting on the cylinder is §M g sin 6 directed up the

-

collegedunia
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(C) For rolling without slipping, the coefficient of friction must satisfy u >
tan 0

3
(D) The frictional force does positive work on the cylinder.

2
=

Er

-
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Ql.

Detailed Solutions

Concept:

For a cyclic process, the efficiency 7 of a heat engine is defined as the ratio of net work done by the
gas to the heat absorbed during the cycle. For an ideal monatomic gas, Cy = %R and Cp = %R.
The work done in an isothermal process at temperature 7" for n moles expanding from V; to V; is
W = nRT In(V,/V}). In an isobaric process, W = PAV and heat exchanged Q = nCpAT. In an
isochoric process, W = 0 and Q = nCyAT. Heat absorbed by the gas counts as positive, and heat
released is negative.

Solution:

Step 1: Identify the three states. State A: (Pg, Vo, T). State B after isothermal expansion at temper-
ature 7' with volume ratio 2: (Py/2,2Vy, T). State C after isobaric compression at pressure Py/2
that returns the volume to Vj (so that the next isochoric step can close the cycle): (Py/2, Vo, T/2).
Step 2: Heat absorbed in the isothermal expansion (A — B): Q4p = nRT In2. Take n = 1 for
convenience, SO0 Qap = RT In2.

Step 3: In the isobaric compression (B — C), the gas is compressed and its temperature drops
from T to T/2. Qpc = CpAT = 3R(T/2 — T) = —3RT. This heat is rejected.

Step 4: In the isochoric process (C — A), the gas is heated from 7' /2 back to T at fixed volume
Vo. Pressure rises from Py/2 to Py. Qca = CyAT = %R(T -T/2) = %RT. This heat is absorbed.
Step 5: Net work done equals net heat exchanged (first law for the full cycle): Wye; = Qap+Opc+
QOca = RTIn2-3RT+32RT = RT(In2-0.5). Using In2 ~ 0.693, Wy, ~ RT(0.693-0.500) =
0.193RT.

Step 6: Total heat absorbed (only the steps where Q > 0): QO ps = Qap+Qca = RTIn2+ %RT ~
0.693RT + 0.750RT = 1.443RT.

. Wher  0.193
Step 7: Effi n=—-= ~ 0.134 = 13.4%.
ep ciency: n Oune 1443 o

Final Answer: |n =~ 13.4%
Answer: (B)

Go Back to Question 1

-
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Q2.

Concept:

A magnetic dipole of moment M placed in a uniform magnetic field B experiences a torque T =
M x B. The magnitude of the torque is 7 = M B sin 6, where 6 is the angle between the magnetic
moment vector (along the axis of the magnet from south pole to north pole) and the magnetic
field. The torque tends to align the magnet with the field.

Solution:

Step 1: Identify the given quantities: magnetic moment M, field B, angle between axis and field
6 = 30°.

Step 2: Apply the torque formula for a dipole in a uniform magnetic field: * = M Bsin 6.
1 MB

Step 3: Substitute § = 30°. We know sin30° = 1/2. 7 = MB - 3=
Step 4: Verify the result against the options. The torque varies from 0 (at § = 0°) to M B (at

6 = 90°), so a value of M B/2 at 30° is physically reasonable.

Final Answer: |7 = MB/2
Answer: (B)

Go Back to Question 2

-
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Q3.

Concept:

For a projectile fired from a height 4 with initial speed u at an angle 6 above the horizontal, the
horizontal range is R = u, - T, where u, = u cos 8 is the horizontal velocity and T is the total time
of flight (until the projectile hits the ground). The time of flight is found by solving the vertical
motion equation —h = (u sin )T — % gT?. The range depends on 6 in a non-trivial manner because
of the initial elevation #, so the optimum angle for maximum range is no longer 45°.

Solution:

Step 1: Vertical motion. Take upward as positive, origin at the launch point. The ground is at
y=—h.—h=(usind)T — %gTz.

Step 2: Range: R(6) = (ucos0)T(0).

Step 3: To maximise, write R? in a form that is easier to differentiate. From the time-of-flight

usin@ + fu?sin® 6 + 2gh

8
Step 4: Differentiate R with respect to 8 and set dR/d6 = 0. The standard result (after algebraic
u

uZ +2gh
Step 5: Physical check. When & = 0, tan0y,x = u/u = 1, giving § = 45°, which recovers the

equation: T =

simplification) is: tan €. =

classical projectile result. For 42 > 0, the optimum angle is less than 45°, which is consistent with

intuition (a lower trajectory uses the extra height to cover more horizontal distance).
u

Vu? +2gh

Final Answer: | tan 6,,x =

Answer: (A)

Go Back to Question 3

5
=
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Q4.

Concept:

The electric potential due to a point charge at distance r is V = kq/r. For two point charges ¢
and ¢, separated by a distance d, the locus of points where the total potential is zero (with ¢, and
q» of opposite signs and |g;| # |g2|) is an Apollonius sphere. The sphere has its centre on the
line joining the charges and a specific radius determined by the charges and the separation.
Solution:

Step 1: Let the charge +4uC be at the origin O and —1uC at distance d = 30 cm along the x-
axis. For any point P at distance r; from the positive charge and r, from the negative charge, the

4 -1
zero-potential condition gives — + b)) -0 = L=a

Step 2: The set of points satisf};;ilng rlr/zrz =4isa splqére (Apollonius circle in 2D, sphere in 3D).
On the line joining the charges, find the two points where V = 0.

Step 3: Point between the charges. Let the distance from +4uC be x. Then distance from —1uC
is30—x. x/(30-x) =4 = x=4(30-x) = 5x =120 = x =24 cm.

Step 4: Point on the extension beyond —1uC. Distance from +4uC is 30 + y and from —1uC is
y.30+y)/y=4 = 30+y=4y = y=10cm.

Step 5: So the two zero-potential points on the axis are 24 cm and 40 cm from +4uC. These two
points are diametrically opposite ends of the sphere.

Step 6: Diameter = 40 — 24 = 16 cm. Radius = 16/2 = 8 cm.

Final Answer:
Answer: (C)

Go Back to Question 4

5
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Concept:

For a simple pendulum, the tension at the lowest point (mean position) provides both the weight
of the bob and the centripetal force required for its circular motion along the arc. Using energy
conservation between the highest point (where the bob is momentarily at rest) and the lowest point,
the speed at the mean position can be found. For small-angle oscillations, cos 6y ~ 1 — 6% /2.
Solution:

Step 1: Take the lowest point as the reference for potential energy. At maximum angular displace-
ment 6y, the height of the bob above the mean position is & = L(1 — cos 8g).

Step 2: Energy conservation gives %va =mgL(1 —cosfp), so v> = 2gL(1 — cos ).

Step 3: At the mean position, Newton’s second law along the radial (upward) direction: T —mg =

mv2 mv2

— = T =mg+ —.
L L

-2gL(1 —cos ¥
Step 4: Substitute v2: T = mg + m - 2gL(1 - cos )

ik,
Step 5: Apply the small-angle approximation cosfy ~ 1 — 93/2: T ~ mg[3-2(1 - 6%/2)] =

mg[3 -2+ 9(2)] =mg(l+ 6(2)).
Step 6: Compare with options. For very small 6y the tension is slightly greater than mg, which

=mg+2mg(l—cosfy) = mg(3—2cos ).

matches option (B). The option mg (1 —0(2) /2) would mean tension less than mg, which is physically

incorrect at the mean position where centripetal acceleration is upward.

Final Answer: |T ~ mg(1 + 0(2))

Answer: (B)

Go Back to Question 5

5
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Q6.

Q7.

Concept:
Einstein’s photoelectric equation states that the maximum kinetic energy of emitted photoelec-

trons equals the energy of the incident photon minus the work function of the metal: KE,x =

hy — ¢ = % - fll—z, where A is the threshold wavelength. A convenient numerical shortcut is
hc = 1240 eV-nm.

Solution:

Step 1: Identify wavelengths in convenient units. 1 = 2200 A= 220 nm. 1y = 3300 A= 330 nm.
Step 2: Compute the energy of the incident photon: E = % ~ 5.636 V.

1240
Step 3: Compute the work function: ¢ = 330 ~ 3.758 eV.

Step 4: Maximum kinetic energy of the photoelectrons: KE,x = E—¢ ~ 5.636—-3.758 = 1.878
eV = 1.88 eV.

Step 5: Verify that the incident wavelength is shorter than the threshold wavelength, which is
necessary for photoemission to occur. Here 220 < 330, so photoemission indeed occurs.

Final Answer: ‘KEmaX ~ 1.88 eV

Answer: (A)

Go Back to Question 6

Concept:

When a block is on the verge of slipping, the applied force equals the maximum static friction s N.
Once the block moves at constant velocity, the net force is zero, so the applied force equals the
kinetic friction yi/N. On a horizontal surface the normal force N = mg. The kinetic coefficient
is therefore the ratio of the constant-velocity force to the weight.

Solution:

Step 1: Calculate the normal force. N = mg =4 x 10 = 40 N.

Step 2: For motion at constant velocity, the kinetic friction balances the applied force: fi = 16
N, so uxN = 16.

Step 3: Solve for py: pux = 411_(6) = 0.40.

Step 4: As a quick sanity check, the static coefficient is ug = 20/40 = 0.50, which is larger than

Uk, as expected.

Final Answer:
Answer: (C)

Go Back to Question 7

-
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Q8.

Concept:

When three equal resistors are connected as a triangle, the equivalent resistance between any two
vertices is found by recognising that, between those two terminals, one resistor lies directly along
the edge between them while the other two are in series along the alternative path. These two
parallel branches combine using the parallel-resistance formula.

Solution:

Step 1: Label the vertices A, B, C. Each side carries a resistor of value R. Compute the equivalent
resistance between A and B.

Step 2: Between A and B, there are two paths:

» Direct path along side AB: resistance R.

* Indirect path A — C — B: two resistors in series, total resistance R + R = 2R.
1 1 1 2+1 3
Step 3: These two paths are in parallel: Req =z + 2R- 3R "R
2R

Step 4: Therefore, R, = —

Step 5: By symmetry, the same result holds between any pair of vertices.

Final Answer: | R, = 2R/3
Answer: (B)

Go Back to Question 8

5
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Q9.

Concept:

. . . . . .1 1
The mirror formula relates object distance u, image distance v, and focal length f via — + — = —
vV ou

f

(Cartesian sign convention: distances measured opposite to incident light are negative). Linear
magnification is m = —v/u. For a concave mirror, f is taken as negative in this convention.
Solution:

Step 1: Apply the sign convention. The object is in front of the mirror, so u = —30 cm. The

mirror is concave, so f = —20 cm.

1 1 1 1 1 1 1
Step 2: Use the mi fi la: —+ — == — === - —.
ep 5 (e MR ivAmier — 4 — 7 = 5 =50 30
1 1 1 -3+42 1
- Fi 1 - = - — = = ——
Step 3: Find a common denominator ” 20 + 30 0 <0
So v = —60 cm. The negative sign indicates a real image formed in front of the mirror.
e v _ (=60
Step 4: Magnification: m = —— = ————= = -2.
ep agnification: m ” (=30)

Step 5: The negative magnification indicates the image is inverted, and |m| = 2 means it is twice
the size of the object. This is consistent with the object lying between the focal point and the

centre of curvature, which gives a magnified inverted real image.

Final Answer:
Answer: (B)

Go Back to Question 9

5
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Q10.

Concept:
For a rigid body rolling without slipping down an inclined plane, the linear acceleration of the
in 6
centre of mass is a = &, where [ is the moment of inertia about the axis through the
1+1/(MR?)

2
centre. For a solid sphere I = gM R?, and for a hollow sphere I = §M R?. The time to travel a

fixed distance L starting from rest is t = \/m, so a smaller moment-of-inertia factor gives a
larger acceleration and a shorter time.

Solution:

Step 1: Compute the dimensionless factor 1 + I/(MR?) for each body.

* Solid sphere: 1 +2/5=7/5.

* Hollow sphere: 1 +2/3 =5/3.

Asolid _ % _ é
Ahollow 7/5 21°
Step 3: For motion from rest along the same incline length L, L = %atz, sot o 1/va.

. . bs@i a 21
Step 4: Ratio of times: solid _ [Zhollow _ Af=.
Thollow Asolid 25

Step 5: As expected, the solid sphere reaches the bottom faster (¢507;0 < fhoiiow) because more

Step 2: Linear acceleration ratio:

of its mass is concentrated near the axis, giving it a smaller moment of inertia.
Final Answer: | tso1iq : tholiow = V21/25

Answer: (A)

Go Back to Question 10
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Q11.

Concept:

In steady-state thermal conduction through two rods joined end-to-end, the heat current H is the
same through both rods (energy conservation). For each rod, H = KAAT/L, where K is the
thermal conductivity, A the cross-sectional area, AT the temperature drop across the rod, and L
its length.

Solution:

Step 1: Let the junction temperature be 7. The two rods have equal cross-section A. Heat flows
from the hotter end (77) to the colder end (75).

K\A(T,-T
Step 2: Heat current through rod 1: H = %
1
KA(T -T;
Step 3: Heat current through rod 2: H = %
2

KT =T) _ Kz(T—Tz)‘

Ly Ly
Step 5: Cross-multiply: KiLy(T) - T) = K, Li(T — T»).

Step 6: Expand and collect T: K\ LT — K LoT = Kpy L\ T-Ko LT, K1 LT+ Ky LT, = T(K Ly +
o K\LoTi + KoLy T
+
Step 7: Solve for T: T = 12 Sl
K1L2 + K2L1
Step 8: Sanity check. If K; L, = K> L1, the formula gives T = (T} +T>) /2, which is the symmetric

Step 4: Equate the two expressions and cancel A:

case.

. KL, Ty + K, LT,
Final A T =
ma nswer Kl L2 + K2L1

Answer: (C)

Go Back to Question 11
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Q12.

Q13.

Concept:

The Jurin’s law for capillary rise in a tube of inner radius r for a liquid of surface tension 7', density
2T cos @

rpg

p, and contact angle 6 with the tube wall is & =

. For water in a clean glass capillary, the

angle of contact § ~ 0, so cos 6 ~ 1.

Solution:

Step 1: Convert units to SL. 7 = 0.2mm = 2x 10" m. T = 7x 1072 N/m. p = 10> kg/m>. g = 10
m/s.

2x7x1072
Step 2: Substitute into Jurin’s law with cos0° = 1: h =

2x 1074 x103x 10°
Step 3: Simplify the denominator: 2 x 107* x 103 x 10 = 2 x 107 x 10* = 2.

Step 4: Simplify the numerator: 2 x 7 x 1072 = 14 x 1072 = 0.14.

0.14
Step 5: Compute the height: = - = 0.07m =7 cm.
Step 6: Check units. Numerator is N/m and denominator is m X kg/m® x m/s> = kg/(m s?) =

N/m? when multiplied by m. The overall result is in metres, confirming the dimensional check.

Final Answer:
Answer: (B)

Go Back to Question 12

Concept:
For a source moving toward a stationary observer with speed v, the apparent (observed) frequency
is f = f-

v—v

The observed frsequency is higher than the source frequency when the source approaches.

Solution:

Step 1: Identify the data. f = 480 Hz, vy = 20 m/s (source moving toward stationary observer),
v = 340 m/s. i ity

Step 2: Apply the formula: f’ =480 - 34020 ~ 480 - 320"

Step 3: Simplify the ratio: 3478 = % = 1.0625.

Step 4: Compute: f’ =480 x 1.0625 = 510 Hz.

Step 5: Sanity check. The source is approaching, so the observed frequency should be higher than

480 Hz; 510 Hz is indeed higher, and the increase is modest, consistent with vy < v.

Final Answer: | /" = 510 Hz
Answer: (B)

Go Back to Question 13

, where v is the speed of sound in the medium and f is the actual source frequency.
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Q14.
Solution
Concept:
The Stefan—-Boltzmann law states that the power radiated per unit area by a black body is P/A =
oT*. Thus the dimensions of ¢ are (power + area + temperature*). Using © for the dimension
of temperature, power has dimensions [M L>T 3] and area has dimensions [L?].
Solution:
Step 1: Express the relation in dimensional form: [o] = power] .
[area] - [temperature?]
Step 2: Dimensions of power: [ML?T3]. Dimensions of area: [L?]. Dimensions of T*: [@%].
. [ML2T] 3g-4

Step 3: Substitute: [0] = —5——— = [MT°O7"].

p [7] = oprreer = | ]
Step 4: Cross-check using the SI unit of o, which is W m~2 K~* = kg s=3 K~*. This matches the
symbolic dimensional formula.
Final Answer: | [0] = [MT 3074
Answer: (A)
Go Back to Question 14

Q1s.

Concept:

In the hydrogen atom, the spectral series are classified by the final state of the electron: Lyman
(ny = 1, ultraviolet), Balmer (ny = 2, visible), Paschen (ny = 3, infrared), Brackett (ny = 4,
infrared), and so on. A transition from any higher level to n = 2 falls within the Balmer series.
Solution:

Step 1: Identify the initial and final levels. The electron drops from n; = 4 to ny = 2.

Step 2: Since ny = 2, the emitted photon belongs to the Balmer series.

1 1 1 1 1
Step 3: Estimate the wavelength using the Rydberg formula: i R (? - 4—2) =R (Z - E) =

3
R - 16’ where R ~ 1.097 x 10’ m~!. This gives 4 ~ 486 nm, which lies in the visible region
(blue-green).
Step 4: Eliminate the other options. Lyman needs ny = 1, Paschen needs ny = 3, and Brackett

needs ny = 4, none of which match the present transition.

Final Answer: ‘ Balmer series, visible region

Answer: (B)

Go Back to Question 15
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Q16.

Q17.

Concept:

When a charged particle enters a uniform magnetic field B at an angle 6 (# 0° or 90°) with the field,
it follows a helical path. The component of velocity parallel to B, v| = v cos 6, is unchanged and
produces translation along the field. The perpendicular component v, = v sin § produces circular

motion in the plane perpendicular to B with period T = 27m/(gB). The pitch of the helix is the

2
distance moved along the field in one full revolution: p = v - T = (vcos§) - ﬂ—g
q

Solution:

Step 1: Identify the components of velocity. v = vcos60° = v/2and v, = vsin60° = vV3/2.
2

Step 2: Period of circular motion in the perpendicular plane: 7' = ﬂ—;:
q

2
Step 3: Pitch of the helix: p = v T = = - = = T2
2 ¢B gB
Step 4: Quick check. If # = 90°, v = 0 so pitch = 0, consistent with pure circular motion. If
6 = 0°, the path is a straight line and the formula gives an undefined pitch (no revolution).

Final Answer: | p = dliag

gB
Answer: (A)

Go Back to Question 16

Concept:

In single-slit diffraction, the angular position of the first minimum on either side of the central
maximum is given by asinf = A, where a is the slit width. For small angles, sinf = 6, so
0 ~ A/a. The angular width of the central maximum (between the first minima on the two sides)
is 20 ~ 21/a.

Solution:

Step 1: Convert quantities to ST units. ¢ = 0.2 mm =2 x 107* m. 1 = 5000 A= 5x 10~ m.
A 5x1077

Step 2: Compute A/a: = = ——— =2.5x 1073 rad.
a 2x1074

Step 3: Angular width of the central maximum: 26 = 2 x 2.5 x 1073 = 5 x 1073 rad.

Step 4: The screen distance (1 m) is not needed for the angular width; it would be needed only if
a linear width on the screen were asked.

Final Answer: ‘ 20 =5x1073 rad‘

Answer: (B)

Go Back to Question 17
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Q18.

Q19.

Concept:

A two-input logic gate is identified by examining the output for all four input combinations. Stan-
dard reference outputs: AND gives 1 only for (1, 1); OR gives 1 except for (0,0); NAND is the
complement of AND; NOR is the complement of OR; XOR gives 1 only when inputs differ.
Solution:

Step 1: List the given truth table. (0,0) — 1, (0,1) — 0, (1,0) — 0, (1,1) — 0.

Step 2: Compare with OR truth table: (0,0) — 0, (0,1) — 1, (1,0) —> 1, (1,1) — 1. The given
table is the bitwise complement of the OR table.

Step 3: A gate whose output is the complement of OR is by definition a NOR gate. SoY = A + B.
Step 4: Verify each row. NOR(0,0) = 0+0 = 0 = 1. NOR(0,1) = 1 = 0. NOR(1,0) = 0.
NOR(1, 1) = 0. All match.

Final Answer: | NOR gate
Answer: (B)

Go Back to Question 18

Concept:

When velocity is given as a function of position, v = dx/dt leads to a separable differential
equation: dx/v(x) = dt. Integrating both sides with the initial condition x(0) = 0 gives position
as a function of time.

Solution:

d
Step 1: Write the differential equation: d—); = ay/x.

d
Step 2: Separate variables: & adt.

X
Step 3: Integrate both sides: fx‘l/zdx = /adt = 2Vx=at+C.
Step 4: Apply the initial condition x(0) = 0. Atz =0,2V0 = C, so C = 0.
2,2
t t
Step 5: Solve for x: 24/x = at = +x = % = x = aT.
Step 6: Verify by differentiation: dx/dt = a’t/2, and avx = « - (at/2) = a’t/2. Both match.

a@?t?
Final Answer: | x(¢) = —T

Answer: (C)

Go Back to Question 19
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Q20.

Q21.

Concept:

By Gauss’s law, the electric field due to a uniformly charged spherical conductor (or shell) is
determined entirely by the enclosed charge. Inside a hollow conductor in electrostatic equilibrium,
the enclosed charge in any Gaussian sphere of radius r < R is zero (all charge resides on the outer
surface), so the field is zero there. Outside (r > R), the entire charge Q acts as a point charge at
the centre.

Solution:

Step 1: For r < R (inside the shell), choose a Gaussian sphere of radius r. The enclosed charge
is zero because all charge is on the outer surface. Hence 95. E - dA = 0 which gives £ = 0.

Step 2: For r > R (outside the shell), choose a Gaussian sphere of radius r. The enclosed charge

is Q. By symmetry E is radial and uniform on the sphere, so E - 47r> = Q/eo, giving E =
1

o —.
drgogr?  r?
Step 3: Atr = R there is a discontinuity (jump from 0 to Q/(4m&oR?)), characteristic of a surface

charge.
Step 4: Among the options, only one matches the correct behaviour: £ = 0 for r < R and
E o 1/r* forr > R.

Final Answer: |E =0forr <R, E « 1/r2 forr > R

Answer: (B)

Go Back to Question 20

Concept:

Young’s modulus relates tensile stress and tensile strain by Y = o/e = (F/A)/(AL/L), which
can be rearranged to give the elongation: AL = FL/(AY).

Solution:

Step 1: Convert quantitiesto SI. L = 2m, A = 1 mm? = 10°°m2, F =200N,Y =2 x 10!

N/m?. P
Step 2: Substitute into AL = FL/(AY): AL = —X
10-6x2x 10!

Step 3: Simplify the denominator: 1070 x 2 x 10! = 2 x 10°.
400

2x10°
Step 5: Verify by checking the strain: & = AL/L = 2 x 1073/2 = 1073, The stress is F/A =

200/107% = 2 x 108 N/m?, and o /e = 2 x 108/1073 = 2 x 10'! N/m?, matching Y.

Final Answer:
Answer: (A)

Go Back to Question 21

Step 4: Compute: AL = =2x103 m=2mm.
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Q22.

Q23.

Concept:
The root mean square speed of a gas molecule is v,,,s = +/3RT/M, where T is the absolute
temperature and M is the molar mass. For two gases to have equal RMS speeds, the ratio T/ M

must be the same for both.

Solution:
3RTo, 3RT,
Step 1: Set the RMS speeds equal: = .
Mo, M,
. TOZ TNz
Step 2: Square both sides and cancel 3R: = .
(0)) MN2
. . Mo,
Step 3: Solve for Tp,: Tp, = TN, - .
M 32
Step 4: Substitute numbers. Ty, = 27 + 273 = 300 K, Mo, = 32, My, = 28: Tp, = 300 X i
8

300 x 7~ 342.86 K.
Step 5: Convert to Celsius: Tp, = 342.86 — 273 = 69.86°C, i.e., approximately 69.8°C.
Final Answer: | To, ~ 342.8 K, i.c., 69.8°C
Answer: (B)
Go Back to Question 22
Concept:

1
The magnetic field at the centre of a circular current loop of radius R carrying current / is B = ISLR’
where o = 47 x 1077 T m/A.
Solution:
Step 1: Substitute values. / =2 A, R=5cm=5x 1072 m.

(4r x1077) x 2
Step 2: Apply the f lat: B= ———
ep pply the formula %5 x 102 7
4r x 10~ 4

Step 3: Simplify. The 2’s in numerator and denominator cancel: B = 57T>:<T = ?ﬂ X107 T.

Step 4: Numerical value: 47/5 ~ 2.513, s0 B ~ 2.513 x 107> T, i.e., approximately 2.51 x 107>
T.

Step 5: Sanity check via direct substitution: B ~ 2 x 3.14 x 2 x 1077/(5 x 1072) ~ 12.57 x
1077/(5%x1072) =2.51 x 107 T.

Final Answer: | B ~2.51 x107° T

Answer: (A)

Go Back to Question 23
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Q24.

Q25.

Concept:

To convert a galvanometer into a voltmeter, a high resistance R is connected in series with the
galvanometer coil. The combination must be such that, when the desired maximum voltage V is
applied across it, the galvanometer carries its full-scale current /. Thus V = I (G + R) where G

is the galvanometer resistance.

Solution:
Step 1: Identify the data. G =50Q, I, =5mA=5x103 A, V=25V.
Step 2: Solve for R: R = IK -G.
8
25
Step 3: Substitute values: R = ——— — 50 = 5000 — 50 = 4950 Q.
5%x1073

Step 4: Check that the result is added in series (a parallel connection would convert the galvanome-

ter into an ammeter, not a voltmeter).

Final Answer: | 4950 Q in series |

Answer: (A)

Go Back to Question 24

Concept:
The general form of a sinusoidal plane electromagnetic wave travelling along +x is E, =
Ey sin(kx — wt), where k is the angular wave number and w is the angular frequency. The wave-
length and frequency are related to these by A = 2z /k and f = w/(2n).
Solution:
Step 1: Read off the parameters from the given equation. k = 1.5 x 107 rad/m, w = 4.5 x 101
rad/s.

2 2r 2r

Step 2: C te th length: 1= == —— =" x10" m.
ep ompute the waveleng A 5x107 15 m

Step 3: Numerically, 27/1.5 ~ 4.189, so 1 ~ 4.19 X 10~7 m. This lies in the visible/near-UV

range, sensible for an EM wave.

45x10° 45
Step 4: Compute the frequency: f = g

& 105 ~ 7.16 x 10'* Hz.
o 27 6.283 % g
Step 5: Cross-check viac = fA. fA~7.16x 10'* x4.19 x 1077 ~ 3.00 x 10® m/s, which is the
speed of light. Consistent.

Final Answer: |1 ~ 4.19x 10" m, f ~7.16 x 10" Hz

Answer: (A)

Go Back to Question 25
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Q26.

Q27.

Concept:

For a satellite in circular orbit at radius r around the earth, gravity provides the centripetal force.
Equating GMm/r?> = mv?*/r gives the orbital speed v = \/W/r Using g = GM/R? at the
earth’s surface, we can writt GM = gR?, so v = W

Solution:

Step 1: The orbital radiusis ¥ = R + h. Here h = R, sor = 2R.

RZ
Step 2: Substitute into v = \gR?/r: v = 4/ g2R 1/

Step 3: Hence v = +/gR/2

Step 4: Sanity check. At the surface (& = 0), the formula gives v = +/gR, the well-known first
cosmic speed; at & = R the speed is smaller by a factor of V2, which is consistent with weaker

gravity at greater distance.

Final Answer: | v = \/gR/2

Answer: (B)

Go Back to Question 26

Concept:

The fundamental frequency of an open organ pipe of length L is f = v/(2L), where v is the speed
of sound. The beat frequency is the absolute difference of the two pipe frequencies.

Solution:

Step 1: Express the two frequencies. f| = v/(2Ly) and f> = v/(2L,).

Step 2: Identify which pipe has higher frequency. The shorter pipe (L; = 50 cm) has higher
frequency than the longer pipe (L, = 51 cm).

v 1 1 1% L2 - L1
: B fi cAf = = = — - — ] = - .
Step 3: Beat frequency: Af = f1 — f» > (Ll Lz) > Ll
v 0.01 v 0.01
4. i Ly =0. ,Ly=051m,Af =6Hz: 6 = = - =—. .
Step 4: Substitute L1 = 0.50 m, L, = 0.51 m, Af = 6 Hz: 6 %20.50x0.51 2 0255
N v
Step 5: Simplify and solve for v: 6 = 3 -0.03922 = v = 0.03922 ~ 306 m/s.

Step 6: A reasonable speed of sound for the conditions described.

Final Answer: |v ~ 306 m/s
Answer: (A)

Go Back to Question 27
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Q28.

Q29.

Concept:

For an incompressible, non-viscous, steady flow, the equation of continuity gives Ajv; = Asvy,
and Bernoulli’s equation for a horizontal pipe gives P + % pv? = constant.

Solution:

Step 1: Use continuity. At section 1, area A and velocity v. At section 2, area A/2 and velocity
vo. Then Av = (A/2)vy, so vy = 2v.

Step 2: Apply Bernoulli at the two sections (horizontal pipe, so heights are equal): P + % o=

1
P+ Ep(2V)2 =P+ 2,0\/2.

1 3
Step 3: Solve for Py: Pp = P + Epv2 -20v2 =P~ Epvz.
Step 4: Physical interpretation. Where the area is smaller, the speed is larger, so the pressure must
drop, which is consistent with the negative correction.

3
Final Answer: | P, = P — Epv2

Answer: (A)

Go Back to Question 28

Concept:

A
For a pendulum, T = 27+/L/g, hence g = 4x*L/T?. The relative error formula gives TE
8

AL AT
— + 2—. Percentage errors add similarly.
Solution:
. AL 0.01
Step 1: Compute the percentage error in L. T x 100 = 155 X 100 =~ 0.645%.
AT 0.02
Step 2: Compute the percentage error in 7. T x 100 = 7350 x 100 = 0.8%.

A AL AT
Step 3: Use the propagation formula: 28 100 = I x 100 + 2 - T % 100.
8

A
Step 4: Substitute: 28 %100 = 0.645 +2 x 0.8 = 0.645 + 1.6 = 2.245%.
8
Step 5: Round to the nearest option. The value 2.245% rounds to about 2.2%.

Final Answer: |Ag/g =~ 2.2%
Answer: (C)

Go Back to Question 29
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Q30.
Concept:
For a car going round a horizontal curve of radius r at speed v, the centripetal acceleration v2/r
must be supplied by friction alone (no banking). The minimum coefficient of friction is pmin =
v2/(rg).
Solution:
Step 1: Convert the speed to ST units. v = 36 km/h = 36 x 1000/3600 = 10 m/s.
vZ (1002 100
Step 2: Apply the formula: ppyin = E = 50x10 - 3500 - 0.20.
Step 3: Verify dimensions. v? has units m?/s?, rg has units m X m/s> = m?/s>. The ratio is
dimensionless, as required.
Step 4: The mass of the car cancels out, which is consistent with the universal nature of the
required friction coefficient.
Final Answer:
Go Back to Question 30
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Q31.

Concept:

First, energy conservation gives the speed at any height. Second, Newton’s second law along the
radial direction (toward the centre of the bowl) gives the normal force in terms of the centripetal
requirement and the component of gravity along the radius. Here the radius from the centre of
the bowl to the block makes angle 6 with the vertical, so the height of the block below the rim of
the bowl is R(1 — cos 8) if we measure from the rim where the block starts.

Solution:

Step 1: Take the top of the bowl as the starting position (the centre of the hemisphere is at the
rim level, and the block slides inside the bowl). When the radius to the block makes angle 6 with
the vertical (measured from the lowest point upward), the block has descended a vertical distance
R cos 6 below the centre. The reference level for height is chosen as the centre of the bowl; this
only matters via the difference.

Step 2: Choose the initial position of the block as the top of the bowl (rim), and let 6 be measured
from the downward vertical so that the bottom of the bowl corresponds to & = 0 and the rim
corresponds to & = 90°. The height of the block above the lowest point of the bowl is & =
R—Rcos® = R(1—cosb).

Step 3: Speed at angle 6 from the bottom is, by energy conservation from the rim (where the block
starts at rest at height R): %mv2 =mg[R — R(1 —cos8)] = mgR cos @, so v> = 2gR cos 6.

Step 4: At angle 0, the radial direction points from the block toward the centre of the bowl, which

is upward and along the radius. Newton’s second law along the inward radial direction: N —

cos 6 my
m = —.
& R

-2gRcos 8
Step 5: Substitute v = 2gRcosf: N = mgcosf + M 28R Cose

= mgcosf + 2mgcosf =
3mg cos 6.

Step 6: Check the limits. At 8 = 0 (bottom of bowl), N = 3mg, which exceeds mg, as expected
(the block presses harder due to its motion). At 8 = 90° (release point), N = 0, which is correct
for the starting condition.

Final Answer: ’N =3mgcos ‘

Answer: (C)

Go Back to Question 31

For motion of a block on the inside of a smooth hemispherical bowl, two principles are used.

5
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Q32.

Q33.

Concept:

For a battery of EMF ¢ and internal resistance r connected across an external resistance R,y;, the
current drawn is I = &/(r + Rey) and the terminal voltage isV = & — Ir = IR ;.

Solution:

Step 1: Compute the external parallel combination. With R; = 4 Q and R, = 6 Q in parallel:
_ RiR; _4><6_24_249

T Ri+R 4+6 10 T

Step 2: Total circuit resistance: Rypiq1 =7 + Rexy = 1+2.4 =34 Q.

£ 12
= — x~3.529 A.
Rtotal 3.4

Step 4: Terminal voltage: V = I - R,y = 3.520 x 2.4 ~ 8.47 V. Alternatively, V = ¢ — Ir =
12-3.529x 1~ 8.47 V.
Step 5: Compare with the options. The closest provided value is 8.62 V; minor rounding in the

Step 3: Current from the battery: [ =

option list explains the small discrepancy. The intended answer is therefore option (B). (A more
precise calculation, V = 12x2.4/3.4 = 28.8/3.4 = 8.4706 V, lies closest to 8.62 among the four
choices.)

Final Answer: ‘ V = 8.47 V (closest option: 8.62 V) ‘

Answer: (B)

Go Back to Question 32

Concept:

When a uniform rod pivoted at one end is released from rest in the horizontal position and rotates in
a vertical plane, energy conservation can be applied between the horizontal and vertical positions.
The centre of mass of a uniform rod is at its midpoint, so it falls a vertical distance L/2. The
moment of inertia of a uniform rod of mass M and length L about one end is / = §M il
Solution:

Step 1: Choose the horizontal position as the level for zero gravitational potential energy. When

the rod is vertical (downward), the centre of mass has descended by L/2.

L 1 1
Step 2: Apply energy conservation: 0 + 0 =-Mg - — + Elwz. Rearrange: Ela)z =MgL/2.

2
1 ML? MgL
Step 3: Substitute / = ML?/3: 3 T3 Wt = Tg
ML*w* MgL 6gL 3
Step 4: Cancel and solve for w?: 2 2 %= _ 28
6 2 2L L
Step 5: Take square root: w = +/3g/L.
Final Answer: | w = 3g/L
Answer: (A)
Go Back to Question 33
EREE
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Q34.

Q3s.

Concept:

For an ideal gas undergoing an isobaric (constant-pressure) process:
* Work done by gas W = PAV = nRAT.
* Change in internal energy AU = nCyAT.

e Heat absorbed Q = nCpAT = AU +W.

For a diatomic gas (rigid rotor, no vibration), Cy = %R and Cp = %R.

Solution:

Step 1: AT =500 -300=200K,n = 1.

Step 2: Work done: W = nRAT =1 x 8.314 x 200 = 1662.8 ~ 1663 J.

Step 3: Change in internal energy: AU = nCyAT =1 X g x 8.314 x 200 = 4157 J.

Step 4: Heat absorbed: O = nCpAT =1 X % % 8.314 x 200 = 5820 J.

Step 5: Verify the first law: Q = AU + W = 4157 + 1663 = 5820 J. Consistent.

Step 6: Match with the options. Work 1663 J, heat 5820 J, internal energy change 4157 J corre-
sponds to option (A).

Final Answer: ‘ W =16631], Q =58201], AU =41571]

Answer: (A)

Go Back to Question 34

Concept:

In radioactive decay, an « particle (‘Z‘He) carries away 4 from the mass number and 2 from the
atomic number. A 8~ particle changes a neutron to a proton, so the mass number is unchanged
and the atomic number increases by 1.

Solution:

Step 1: Step 33°X —304 Y. Mass number drops by 4 and atomic number drops by 2. This matches
an «a decay.

Step 2: Step SS4Y —>§f4 Z. Mass number is unchanged and atomic number increases by 1. This
matches 8~ decay.

Step 3: Step 3?42 —>§30 W. Mass number drops by 4 and atomic number drops by 2. This is
another a decay.

Step 4: So the three particles emitted are o, 7, @.

Final Answer:
Answer: (A)

Go Back to Question 35
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Q36.

Concept:

When a conducting loop moves into a magnetic field with constant velocity v, only the wire seg-
ments inside the field cut field lines and act as sources of motional EMF. The EMF induced is
& = Bav (where a is the length of the wire segment in the field), and the current is / = £/R. The
magnetic force on this current-carrying wire opposes the motion, so an external force must be
applied to keep v constant. By energy conservation, the rate of work done by the external force
equals the rate of energy dissipated in the resistance. Lenz’s law dictates that the induced current
opposes the change in flux, hence opposing the entry of the loop.

Solution:

Step 1: Only the leading edge of the loop is inside the field (assuming the loop is partly inside).
Its length is a. The motional EMF is & = Bav. So (A) is correct.

Step 2: Induced current: / = Bav/R. The force on the leading edge carrying current / in the field
Bis F = Bla = B>a®v/R, directed opposite to the velocity. To keep the loop moving at constant
velocity, an external force of equal magnitude B*a®v/R must be applied. So (B) is correct.

Step 3: Power input by the external force is P,y; = Fv = B>a*v?/R. Power dissipated in the resis-
tor is Pgiss = IR = (Bav/R)?R = B*a?v?/R. They are equal, confirming energy conservation.
So (C) is correct.

Step 4: By Lenz’s law, the induced current opposes the change in flux. As the loop enters, the flux
through it increases, so the induced current must create a magnetic field opposing this increase,

i.e., the current opposes the loop’s entry, not aids it. So (D) is incorrect.

Final Answer:

‘Answer: (A,B,O) ‘
Go Back to Question 36

5
=

-

collegedunia

e

37



WBJEE Sample Paper

Physics

Q37.

Q38.

Concept:

When a capacitor is disconnected from the battery, the charge Q on its plates is fixed. The capac-
itance changes from Cy (air) to C = KCp when a dielectric of constant K > 1 is inserted. Then
voltage V = Q/C decreases by factor K, electric field E = V/d = (Q/C)/d decreases by factor
K, and stored energy U = Q%/(2C) also decreases by factor K.

Solution:

Step 1: Charge Q is conserved because the capacitor is isolated. So (B) is incorrect — charge
does not change.

Step 2: Capacitance: C = KCp > Cp. So (A) is correct — capacitance increases.

Step 3: Voltage: V= Q/C = Q/(KCy) = Vp/K. Voltage decreases.

Step 4: Electric field: E = V/d = Vy/(Kd) = Eo/K. Field decreases. So (C) is incorrect.

Step 5: Energy: U = 02/(2C) = Q*/(2KCy) = Uy/K. Energy decreases. So (D) is incorrect.

Step 6: Only capacitance increases when a dielectric is inserted into an isolated charged capacitor.

Final Answer:
Answer: (A)

Go Back to Question 37

Concept:

The excess pressure inside a soap bubble (two surfaces, inner and outer) of radius r is AP = 4T /r,
where T is the surface tension. Hence smaller bubbles have higher internal pressure. When two
bubbles are connected, air flows from the higher-pressure side to the lower-pressure side, i.e., from
the smaller bubble to the larger one. The smaller bubble shrinks further (since shrinking increases
its internal pressure even more), while the larger bubble grows.

Solution:

Step 1: For bubble 1 (larger, radius r1): Py — Pgrm = 4T /1.

Step 2: For bubble 2 (smaller, radius r3): Py — Pasm = 4T /2.

Step 3: Since r; > ry, we have 4T /r; < 4T /ry, so P, > P;. The pressure inside the smaller
bubble is greater. So (B) is correct.

Step 4: Air flows from high pressure to low pressure through the tube, i.e., from the smaller bubble
(high P») to the larger bubble (low P;). So (A) is correct, (D) is incorrect.

Step 5: As air leaves the smaller bubble, its radius decreases further. Its internal pressure rises
even higher (47 /r grows as r decreases). So the air continues to flow out until the smaller bubble
effectively disappears (or until equilibrium is reached when the smaller bubble’s surface flattens).

So (C) is correct.

Final Answer:
‘Answer: (A,B, O ‘

Go Back to Question 38
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Q39.

Concept:

When an ideal gas undergoes a process represented by a straight line on a P-V diagram, the work
done is the area under the curve (a trapezoid). The change in internal energy depends only on the
change in temperature, which can be computed from PV = nRT. The heat absorbed follows from
the first law of thermodynamics Q = AU + W.

Solution:

Step 1: Work done by the gas from A (Py, V) to B(2Py, 2Vy) along a straight line is the area of the
trapezoid under the line: W = %(PA +Pp)(Vg—Vy) = %(Po +2Py)(2Vo—Vp) = %(3P0) Vo) =
3PyVp

. So (A) is correct.

Step 2: Initial temperature T4 = PoVp/(nR), final temperature Tg = (2Py)(2Vy)/(nR) =

4PyVy/(nR). Hence AT =Tg —Ta = 3PyVy/(nR).

Step 3: For a monatomic ideal gas, Cy = (3/2)R. Change in internal energy: AU = nCyAT =
3R 3Py\Wy 9PV )

n-—- = ——. So (B) is correct.

2 nR 2
9PyVy  3PoVi 12PyV,
Step 4: Heat absorbed: Q = AU + W = 070 , 2070 _ 070 6Py Vy. So (C) is correct.

2
Step 5: Check temperature monotonicity. Along the line, P = Py + (V — V) - (Po/Vp). Then

d(PV 2P
PV = (Po+(V—=Vp)Py/Vy)V. Differentiate with respect to V: (PV) = Po+ TO(V—V0)+P0 =
0
2Py (V =V,
2Py + M. Wait — re-derive carefully: P(V) = Py + (V —Vy) - Po/Vo = PoV/Vp. So

Vo
PV = PyV?/Vy. Hence T « V2, which is strictly increasing as V rises from V; to 2Vy. So

temperature increases monotonically. So (D) is correct.
Step 6: All four statements (A), (B), (C), (D) are correct.

Final Answer: | A, B,C,D
‘ Answer: (A, B, C, D) ‘
Go Back to Question 39
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Q40.

Concept:

For a solid cylinder of moment of inertia I = %M R? rolling without slipping down an incline, the
linear acceleration of the centre of mass is @ = gsin6/(1 + I/(MR?)) = (2/3)gsin6. The
frictional force needed to enforce rolling can be found from Newton’s law along the incline:
Mgsing — f = Ma,so f = Mgsin — Ma = Mgsin8/3, directed up the incline. For rolling
without slipping, this friction must not exceed uM g cos 6. Since the contact point is momentarily

at rest, the friction is static, and it does no work on the rolling body.

Solution: 0 ’
Step 1: I/(MR?) = 1/2 for a solid cylinder. Acceleration: a = % = gg sinf. So (A) is
correct.

Step 2: From Newton’s second law along the incline: Mgsind — f = Ma — [ = Mgsinf —

2 1
M - 38 sinf = §M g sin 8, directed up the incline (opposing the tendency to slide downward at
the contact point). So (B) is correct.

1
Step 3: The friction is static and must satisfy f < uN = puMgcos6. Then §M gsinf <

tan 0
uUMgcostd — u > R So (C) is correct.

Step 4: Work done by static friction is f “ Veontact- For rolling without slipping, the velocity of

So (D) is incorrect.
Final Answer:
‘Answer: (A,B,O) ‘

Go Back to Question 40

the contact point is zero, so the friction does no work. In particular, it does not do positive work.
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