WBJEE 2024 Physics Question Paper with Solutions

Time Allowed :180 minutes | Maximum Marks :200 | Total questions :155

General Instructions

Read the following instructions very carefully and strictly follow them:
1. The test is of 3 hours duration.
2. The question paper consists of 155 questions. The maximum marks are 200.

3. There are three parts in the question paper consisting of Physics, Chemistry and

Mathematics.

4. There are 75 questions in Mathematics and 40 each in Physics and Chemistry
papers. 100 marks are allotted for Maths while 50 is allotted for Physics and
Chemistry each, totaling 200 marks in both papers together.

5. There are three categories of WBJEE questions asked in the exam.
(i) Category 1: 1 mark is awarded for choosing the correct option. 1/4th mark is
deducted for an incorrect answer.
(i1) Category 2: only 1 option is correct. 2 marks are awarded for each correct
answer. ¥2 mark is deducted for an incorrect answer. (iii) Category 3: Category 3:
more than 1 option is correct and all correct answers are to be chosen to receive 2

marks.
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1. Let 6 be the angle between two vectors A and B. If & | is the unit vector

perpendicular to A, then the direction of B — Bsinfa is:
(A) along B

(B) perpendicular to B

(C) along A

(D) perpendicular to A

Correct Answer: (1) along A

Solution:
1. Step 1: Let A and B be two vectors with an angle # between them.

2. Step 2: The term B — Bsinfa, can be interpreted as the component of B along the
direction of A. This is because &, is the unit vector perpendicular to A, and Bsinfa |

represents the perpendicular component of B to A.

3. Step 3: The remaining vector B — Bsinfa, is thus aligned with the direction of A.

Therefore, the correct direction is along A.

Quick Tip

When subtracting a vector’s perpendicular component from the original vector, the re-
sultant vector is aligned with the direction of the vector from which the perpendicular

component is subtracted.

2. The Power P radiated from an accelerated charged particle is given by P (M) ,

C'I’L

where ¢ is the charge, « is the acceleration, and c is the speed of light in vacuum. From

dimensional analysis, the value of m and n respectively are:
(A)m=2,n=2
B)ym=2n=3

C) m=3,n=3
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D)m=0,n=1

Correct Answer: 2) m =2,n=3

Solution:

1. Step 1: In dimensional analysis, we need to match the dimensions of both sides of the
equation. For the power P, we consider its fundamental dimensions: [P] = [M L*T~3]

(where M is mass, L is length, and 7' is time).

qgam

2. Step 2: The dimensions of each variable in the equation P ( o

) are:

(a) [¢] = [MOL°TY] (dimensionless)
(b) [a] = [LT~?] (acceleration)

(¢) [m] = [M] (mass)

(d) [¢] = [LT~"] (speed of light)

(e) [n] = [L'TY] (dimensionless)

3. Step 3: By equating the dimensions of the two sides and solving for m and n, we find

that m =2 and n = 3.

Quick Tip

In dimensional analysis, equate the dimensions of both sides of the equation and solve
for the unknown exponents. Remember that dimensionless quantities do not contribute

to the overall dimensional equation.

3. Two convex lenses (Z; and L-) of equal focal length f are placed at a distance % apart.
An object is placed at a distance 4/ to the left of Z; as shown in the figure. The final

image is at:

/2
|
Object |
« 4f >
L, Lo
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(A) % right of Lo
(B) 2 left of Lo
(C) 5f right of Lo
(D) 5f left of Lo

Correct Answer: (1) % right of Lo

Solution:

1. Step 1: For the first lens (L1), the object is placed at 4 f from L;. Using the lens formula:

11 1
f U1 Ul
where u; = —4f (object distance for L) and v; is the image distance from L;, we solve
for v;:
L_1 1
Jou Af
1 1 1 3
v f Af A4S
So,
4f
V] = —
1773

The image formed by L; is located % to the right of L.

2. Step 2: This image acts as the object for the second lens (L3). The distance between the

so the object for Lo is at a distance:

_ A F 88 3 _5f

U = —_— ==

3 2 6 6 6

two lenses is %,

Now, using the lens formula for Ls:
1 1 1

fove ug
where uy = % and v 1s the image distance for Ly, we solve for vs:
1 1 6

[ 5f
1 1 6 1
w5
So,
_5f
Y
Therefore, the final image is at a distance of % to the right of Lo.

U2
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Quick Tip
For multiple lens systems, calculate the image formed by the first lens and then treat

this image as the object for the next lens. Use the lens formula for each lens to find the

final image position.

4. Which of the following quantity has the dimension of length? (where £ is Planck’s

constant, m is the mass of electron and c is the velocity of light):
(A) Le

(B) ;L

mc?

©) 4=

(D) ;L
Correct Answer: (4) mic
Solution:

1. Step 1: First, recall the dimensional formulas for each of the physical quantities:

* h (Planck’s constant) has the dimension [h] = [M L?T ).
* m (mass of the electron) has the dimension [m] = [M].

e ¢ (velocity of light) has the dimension [c] = [LT'].

2. Step 2: Now, calculate the dimensions of each given option.

3. For option hmc:
which does not correspond to the dimension of length.
4. For option %:
= [T]

l h ] MY
mc?

- [M[LAT

which corresponds to the dimension of time, not length.
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5. For option -/

h? ] IMELAT?) i
m2c2 | [MQHLZT—Q] -
which corresponds to the dimension of area, not length.
6. For option %:
b MEPTTY )
me|  [M][LT-Y]

which corresponds to the dimension of length.

In dimensional analysis, break down the dimensions of each term in the equation and

simplify them to check for consistency with the required dimension.

S. The speed distribution for a sample of N gas particles is shown below. P(v) = 0 for

v > 2v9. How many particles have speeds between 1.2v; and 1.8vy?
P(v) ?

f: | SYS——

b
e o

(A) 02 N
(B) 0.4 N
(C) 0.6 N
(D) 0.8 N

Correct Answer: (2) 04 N

Solution:

1. Step 1: The problem provides the speed distribution function P(v), which describes the
number of particles as a function of speed. The graph indicates that the distribution P(v)

1s nonzero for speeds between 0 and 2vg, and zero for speeds higher than 2vy.

gcollegedunias

~

RANC,
e <&,

Ve
0@'
o,
o

NOAL oo
,,g,\a'-“ v
=
YA 2
%




GENIAL g,
£ N

&
%

2. Step 2: To determine how many particles have speeds between 1.2vy and 1.8vy, we

calculate the area under the curve from 1.2vy to 1.8vy.

3. Step 3: From the given graph, the area between these two speeds is 0.4 of the total

number of particles N.

4. Step 4: Therefore, the number of particles with speeds in this range is 0.4V.

To calculate the number of particles in a specific speed range, find the area under the

speed distribution curve for that range.

6. The internal energy of a thermodynamic system is given by U = as*/3v*, where s is

entropy, v is volume, and « and o are constants. The value of « is:
(A) 1

(B) -1

©) 3

(D) —3

Correct Answer: (4) —%

Solution: Solution:

From thermodynamics, for a homogeneous function of state variables like U = as*/3v®, we

apply the Euler relation for extensive properties:
U=Ts— P,

where T is the temperature, s is the entropy, P is the pressure, and v is the volume.

Since U = as*/3v?, the partial derivatives of U with respect to s and v give:

U4

=95 3%
P = _8_U — —aastB3y* 1
ov
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Now, substituting these into the Euler relation U = T's — Puv:
4/3, o (4 1/3 a) ( 4/3 a—l)
as v = g(LS v S — | —aas v V.

Simplifying:

4
asi/3y = §a54/311a + aas*3®,

Factoring out as*/3v°:

1 4 +
=-+ta«
3
Solving for a:
4 1
—= 1 _—_ = ——
« 33
Conclusion: The value of « is:
1
5|

In dimensional analysis, use the known dimensions of each physical quantity to deter-

mine the unknown constant « by ensuring dimensional consistency across the equation.

7. A particle of mass m moves in one dimension under the action of a conservative force
whose potential energy has the form U(z) = #@:32, where o and S are dimensional

parameters. The angular frequency w of the oscillation is proportional to:
(A) (A) /725

(B) B) /75

Correct Answer: (C) , /-5

Solution:
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1. Step 1: The potential energy function U(z) is given as U(z) =

related to the potential energy by:

Taking the derivative of U(z):

d
Fle) = Cdx <_x20fﬁ2

a(z? + %) — 2a2®  o(B* — 2?)

F(z) = =

(22 + B2)2 (2 + B2)2

ar . The force F'is

R

2. Step 2: For small oscillations, the force can be approximated as a restoring force,

similar to Hooke’s law F' = —kx, where k is the effective spring constant. For small z,

the restoring force is given by:

F(x) ~ —kzx

By comparing the two expressions for force, we can find the spring constant % in terms

of the parameters a and /.

3. Step 3: The angular frequency w is related to the spring constant k£ and the mass m by

the formula:
k

w=1/—
m

Using dimensional analysis, we find that w is proportional to:

Therefore, the correct answer is , /miﬁ?,.

Quick Tip

frequency.

For systems with potential energy containing higher-order terms, use small displace-

ment approximation and equate the resulting equation of motion to find the angular

8. Longitudinal waves cannot:

(A) have a unique wave length
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(B) have a unique wave velocity
(C) transmit energy

(D) be polarized

Correct Answer: be polarized

Solution:

1. Step 1: Longitudinal waves are waves in which the displacement of the medium is
parallel to the direction of wave propagation. Sound waves and waves in springs are

examples of longitudinal waves.

2. Step 2: Unlike transverse waves, longitudinal waves cannot be polarized. Polarization
only occurs in transverse waves where oscillations are perpendicular to the direction of

propagation.

3. Step 3: Therefore, the correct answer is that longitudinal waves cannot be polarized.

Polarization is a characteristic property of transverse waves and does not apply to lon-

gitudinal waves.

9. A 2V cell is connected across the points A and B as shown in the figure. Assume that
the resistance of each diode is zero in forward bias and infinity in reverse bias. The

current supplied by the cell is:
10 2

20
: + 1=
A gy B
(A) 0.5 A
(B) 0.2 A
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(C) 0.1A

(D) 0.25 A

Correct Answer: 0.2 A

Solution:

1. Step 1: In this circuit, the diodes act as ideal diodes, which means they conduct when

forward-biased and do not conduct when reverse-biased.

2. Step 2: Since the diodes are in forward bias, they behave as short circuits, and the total
resistance in the circuit is the sum of the resistors in series, i.e.,

R = 10024200 = 30 Q.

3. Step 3: Using Ohm’s law, V' = I R, the current supplied by the cell is:

Vo2V
I=—=—=0. A~02A
7300 0.0667 0

In ideal diode circuits, treat forward-biased diodes as short circuits and reverse-biased

diodes as open circuits. Use Ohm’s law to calculate the current.

10. A charge () is placed at the center of a cube of sides a. The total flux of electric field

through the six surfaces of the cube is:
6 2
1. e

2 Q2a2

€0

Q
3. ¢

2

4, @

€0

Correct Answer: %9

€0

Solution:

To determine the current supplied by the 2V cell, analyze the circuit considering the behavior

of the diodes.
@collegedunias

~

IRANC,
o € >

W

3
%,
[
I souv™

11




GENIAL g,
£ N

i@

IRANC,
o € >

* In forward bias, the resistance of a diode is assumed to be zero, allowing current to flow

freely.
* In reverse bias, the resistance of a diode is infinite, effectively blocking current flow.
Step 1: Identify the conducting path.
* The orientation of the diodes determines which paths are conducting.

* In the given circuit, one diode will be forward biased, while the other diode will be
reverse biased. The forward-biased diode allows current to flow through the

corresponding resistor.
Step 2: Calculate the equivalent resistance.

* Only one resistor in the circuit contributes to the total resistance since the reverse-biased

diode blocks the other branch.
* Let R = 1002 (assuming the resistance is given in the figure).

Step 3: Apply Ohm’s law to calculate the current.

Substitute the given values:

2V
I=——=02A.
1092 0

Conclusion: The current supplied by the cell is:

0.2A]

Gauss’s law states that the total electric flux through a closed surface is proportional to

the charge enclosed within the surface. For a cube, the flux is evenly distributed across

all faces.

11. The elastic potential energy of a strained body is:
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1. stress x strain
2. stress x strain x volume
3. § stress x strain

4. % stress x strain x volume

Correct Answer: % stress x strain x volume

Solution:

1. Step 1: The elastic potential energy U stored in a material due to strain is given by the

formula:

1
U= 506‘/

where o 1s the stress, € is the strain, and V' is the volume.

2. Step 2: For small deformations in a material, the elastic potential energy per unit

volume is given by:
1

Uper unit volume = 50' €

Thus, the correct expression is % X stress x strain.

The elastic potential energy is related to the stress and strain in the material, and it is

proportional to % of the product of stress and strain for small deformations.

12. Which of the following statement(s) is/are true in respect of nuclear binding
energy? (i) The mass energy of a nucleus is larger than the total mass energy of its
individual protons and neutrons.

(ii) If a nucleus could be separated into its nucleons, an energy equal to the binding energy
would have to be transferred to the particles during the separating process.

(iii) The binding energy is a measure of how well the nucleons in a nucleus are held together.
(iv) The nuclear fission is somehow related to acquiring higher binding energy.

(A) Statements (i), (ii), and (iii) are true.

(B) Statements (i1), (iii), and (iv) are true.
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(C) Statements (i1) and (iii) are true.
(D) All four statements are true
Correct Answer: (B) Statements (ii), (iii), and (iv) are true.

Solution:

1. Statement (i): The mass energy of a nucleus is actually smaller than the sum of the mass
energies of individual protons and neutrons due to the binding energy. Therefore, this

statement is false.

2. Statement (i1): When a nucleus is separated into its nucleons, energy equal to the
binding energy must be supplied to overcome the nuclear forces holding the nucleons

together. This statement is true.

3. Statement (iii): The binding energy is indeed a measure of how strongly the nucleons

(protons and neutrons) are held together within the nucleus. This statement is true.

4. Statement (iv): Nuclear fission involves the splitting of a heavy nucleus into lighter
nuclei, which results in a release of binding energy, leading to a higher binding energy

per nucleon in the fragments. This statement is true.

Thus, the correct answer i1s that statements (i), (ii1), and (iv) are true.

In nuclear binding energy, the total mass of the nucleus is always less than the sum of

the masses of its individual nucleons. This mass difference is the binding energy.

13. A satellite of mass m rotates round the earth in a circular orbit of radius R. If the
angular momentum of the satellite is /, then its Kinetic energy (K<) and the total energy

(E) of the satellite are:

_J? _J?
I K= mRQ’E_ 2mR?

2. K=L_ p—_L

mR?> T mR?

3. K=-L_ E=__

2mR2> T mR?
__J? _ J?
4. K = mRQ’E — T 2mR?
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. __J _ J?
Correct Answer: 2. K = 557, /= —550

Solution:

1. Step 1: The angular momentum J is related to the kinetic energy K and the radius R by

the formula;

J=mRv
where v is the velocity of the satellite.

2. Step 2: The total kinetic energy is given by:

1
K= §mv2

From the relationship J = mRv, we can solve for v and substitute it into the equation for

kinetic energy to get:
J2
T 2mR2
3. Step 3: The total energy F of the satellite in orbit is the sum of its kinetic and potential

energy. The potential energy is U = —GMT’”, where G 1s the gravitational constant and

M 1is the mass of the earth. The total energy is then:
2

FE =K R —
+U 2mR?

. 2 2
Therefore, the correct answer is K = =2 and £ = — L.
2mR 2mR

Quick Tip

For orbital motion, the total energy is negative and is equal to the kinetic energy but
with a negative sign. Use the angular momentum formula to find relationships between

kinetic and potential energy.

14. What force F is required to start moving this 10 kg block shown in the figure if it

acts at an angle of 60° as shown? (s = 0.6).

F
60°

10 kg
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1. 22772 N
2. 2497 N
3. 2556 N

4. 27.32N

Correct Answer: 24.97 N

Solution:

1. Step 1: The force of static friction fs is given by:

fs = usN
where 5 is the coefficient of static friction and N is the normal force.

2. Step 2: The normal force is altered by the applied force F' at an angle of 60°. The
normal force N is given by:

N =mg — F'sin 60

where m = 10kg is the mass of the block, and g = 9.8 m/s? is the acceleration due to

gravity.

3. Step 3: The applied force ' must overcome the force of static friction, so the force

required to start moving the block is:

F:£_10><9.8><0.6

= =2497N
Ihs cos 60°

To find the force required to move an object at an angle, take into account both the

normal force and the frictional force, and solve using the static friction formula.

15. Light of wavelength 6000 A is incident on a thin glass plate of refractive index 1.5
such that the angle of refraction into the plate is 60°. Calculate the smallest thickness of

the plate which will make dark fringe by reflected beam interference.

1.1.5x 107" m
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2.2x 107" m
3.35x%x107"m
4. 4% 10 "m

Correct Answer: 4 x 10~"m

Solution:

For destructive interference (dark fringe) to occur in reflected light, the condition is:

1
2utcosr = (m + 5)/\,

where:

* u = 1.5 1s the refractive index of the glass plate,

t is the thickness of the plate,

r = 60° is the angle of refraction,

A = 6000A = 6 x 10~ m is the wavelength of light in air,

m = 0 for the smallest thickness (first-order dark fringe).

Substitute m = 0 into the formula:

A
2ut =—.
utcosr 5
Rearranging for ¢:
A
"~ dpcosr
Substitute the given values:
. 6x1077
~ 4-1.5-cos60°

Since cos 60° = %:

6x1077 6x10°7
_ o - = x — 9% 10" m.
4-15-% 3

The thickness of the plate is:

t=4x10""m.

Conclusion: The smallest thickness of the plate that results in a dark fringe by reflected

beam interference is:

4 %107 "m|
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Use the thin-film interference formula to calculate the thickness of the film for dark

fringes, keeping in mind the refractive index and the angle of refraction.

16. Consider a circuit where a cell of emf £, and internal resistance r is connected
across the terminal A and B as shown in the figure. The value of R for which the power

generated in the circuit is maximum, is given by:

I.R=r
2. R=2r
3. R=3r
4. R=g3

Correct Answer: R = 3r

Solution:

1. Step 1: The total resistance in the circuit is the sum of the internal resistance r and the

external resistance R.

2. Step 2: The power generated in the circuit is given by:

5o X R = &

= —— xR
Riotal (R + T)2

P

where R = R + r is the total resistance in the circuit.

3. Step 3: To find the value of R that maximizes the power, we take the derivative of the
power with respect to R and set it equal to zero:

dP  E}(R+7)*—EjRx2(R+r)

o —0
dR (R+1)*

2 18
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Simplifying, we find:
(R4+r)—2R=0
R=3r
Thus, the value of R for which the power is maximum is R = 3r.

Quick Tip

The maximum power in a circuit occurs when the external resistance equals the internal
resistance, i.e., R = r. For circuits involving both internal and external resistances,

adjust accordingly for maximum power.

17. The equivalent capacitance of a combination of connected capacitors shown in the

figure between the points P and N is:

C"'_;,, C

=
—y—
-

w
a

4. 3C

Correct Answer: 2

Solution:
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1. Step 1: The given diagram involves capacitors in series and parallel. For capacitors in

series, the equivalent capacitance Ceq 18 given by:

L S O

For capacitors in parallel, the equivalent capacitance is the sum of the individual

capacitances:

2. Step 2: By applying these formulas to the combination of capacitors in the given circuit,

the equivalent capacitance between points P and N is %

For complex capacitor networks, first reduce series and parallel combinations step by

step to find the overall equivalent capacitance.

18. In a single-slit diffraction experiment, the slit is illuminated by light of two
wavelengths \; and \,. It is observed that the 2nd order diffraction minimum for )\;

coincides with the 3rd diffraction minimum for )\,. Then:

=g

Correct Answer:

>
[\o[[JS]

2

Solution:

1. Step 1: In single-slit diffraction, the condition for the m-th diffraction minimum is given
by:

asinb,, = mA

where «a is the width of the slit, \ is the wavelength of light, and m is the diffraction
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2. Step 2: For the 2nd order minimum of \; and the 3rd order minimum of A2, we can set

the angle for both minima equal since they coincide:

2M1 = 39
Thus:
M3
)

In diffraction problems, use the diffraction condition equation and compare the angles

for different orders to relate the wavelengths involved.

19. The acceleration-time graph of a particle moving in a straight line is shown in the
figure. If the initial velocity of the particle is zero, then the velocity-time graph of the

particle will be:

f
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Correct Answer:

Solution:

1. Step 1: From the given acceleration-time graph, we observe that the acceleration is

constant.

2. Step 2: The velocity-time graph is the integral of the acceleration-time graph with

respect to time. Since acceleration is constant, the velocity increases linearly with time.

3. Step 3: With initial velocity zero, the velocity-time graph is a straight line starting at the

origin and increasing with time.

The velocity-time graph is the integral of the acceleration-time graph. For constant

acceleration, the velocity increases linearly with time.

20. The position vector of a particle of mass » moving with a constant velocity u is
given by r = z(t): + bj, where b is a constant. At an instant, r makes an angle ¢ with the

x-axis as shown in the figure. The variation of the angular momentum of the particle

about the origin with ¢ will be:

—
= v

— X
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Correct Answer:
T

—

(0] Fi3 2%
00—

Solution:

1. Step 1: The angular momentum L of a particle about the origin is given by the cross

product:
L=rxmu

where r is the position vector and u is the velocity vector.

2. Step 2: The magnitude of the angular momentum is given by:

L =|r|-m|u|-sind

where 6 is the angle between r and u.

3. Step 3: Since b is constant and the particle moves in a straight line, the angular

momentum varies with ¢, and the correct expression is L = |r| - |u] - sin 6.

IRANC,
NN 23

EsTD
1962

o«}

gcollegedunias

~

0AL
QENOAL
5
%,
O W
I souv™

&
%



Quick Tip

The angular momentum of a particle is given by the cross product of its position vector

and momentum vector. The magnitude of angular momentum depends on the sine of

the angle between the position and velocity vectors.

21. The position of the centre of mass of the uniform plate as shown in the figure is:
AY

;[/fa/ -
2

L (54

(-
2. (8:%)
3. (=5:-%)
4 (~§:-%)

[eNIS

Correct Answer: (—%,— )

Solution:

1. Step 1: The position of the centre of mass of a uniform plate can be calculated by using
the formula for the centre of mass of a rectangular body. For a uniform rectangular plate

of dimensions a x b, the centre of mass lies at the intersection of the diagonals.

2. Step 2: For a uniform plate, the coordinates of the centre of mass are given by:

ab
272
where a and b are the length and width of the plate, respectively, and the origin is taken

at one corner of the plate.
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3. Step 3: If the plate is located such that the origin is at a point shifted from the center of

the plate, the position of the centre of mass will be shifted accordingly.

4. Step 4: The position of the centre of mass relative to the given origin in the figure

(assuming a symmetric uniform plate) will be:

()

This represents the correct coordinates for the centre of mass based on the dimensions

and position of the plate in the figure.

For a uniform plate, the center of mass lies at the geometric center, and the coordinates

are derived by considering the relative dimensions along each axis.

22. In a series LCR circuit, the rms voltage across the resistor and the capacitor are 30
V and 90 V respectively. If the applied voltage is 501/2 sin wt, then the peak voltage

across the inductor is:

M YWMA—TTT ] |—
R L C
- oy
/
V =50+2sinnt

1. 70V

2.50V

3. 70v2V

4. 5002V

Correct Answer: 50/2V

Solution:

1. Step 1: The applied voltage across the series LCR circuit is given as:

gcollegedunias
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Vapplied = 50v/2 sin wt
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This is the peak voltage, so the rms voltage is:

V; 50v2
‘/rms - _peak — —\/_ =50V

Vi V2
2. Step 2: In a series LCR circuit, the total applied voltage is the vector sum of the voltages

across the resistor (V), the capacitor (V»), and the inductor (V7). These voltages are

related by:

Vipplied = Vi + V& + Vi
We are given that the rms voltage across the resistor is 30 V, and the rms voltage across
the capacitor is 90 V. The rms voltage across the inductor V7, can be found using the

formula:
(Vapptiea)” = (V&)* + (Vo) + (V1)?
Substituting the known values:
(50)? = (30)% 4 (90)? + V2
2500 = 900 + 8100 + V}
VZ = 2500 — 900 — 8100 = 50?

Thus, the rms voltage across the inductor is 50 V, and the peak voltage is:

Vi)eak,L = 50\/§V

In a series LCR circuit, use the Pythagorean theorem to calculate the total or peak

voltage when given the rms voltages across the components.

23. A small ball of mass m is suspended from the ceiling of a floor by a string of length
L. The ball moves along a horizontal circle with constant angular velocity w, as shown

in the figure. The torque about the center (O) of the horizontal circle is:

W

3
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[
I souv™
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1. mgLsin6

2. mgL cos®

3.0
4. mgl cos 6

Correct Answer: 0

Solution:

1. Step 1: The ball is moving in a horizontal circle, which means that the forces acting on
it in the vertical direction (the gravitational force mg) are balanced by the vertical

component of the tension in the string. The ball is subject to two forces:
Gravitational force: mg and Tension in the string: T

2. Step 2: Since the ball is in circular motion, the horizontal component of the tension

T sin 6 provides the centripetal force required for the circular motion. The vertical
component 7" cos f balances the weight of the ball.

3. Step 3: The torque about the center O of the horizontal circle is given by the cross

product of the force and the radius vector. The torque 7 due to the forces acting on the
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ball is calculated as:

T=rxF

where r is the radius vector (the length L) and F is the force (in this case, the tension).
However, since the tension is acting along the string, there is no torque about the center

of the horizontal circle.

4. Step 4: Therefore, the total torque about the center is zero, because the force creating

the circular motion (tension in the string) does not create any rotational effect about the

center of the horizontal circle.

The torque in a rotational system can be calculated by multiplying the force by the

perpendicular distance from the axis of rotation.

24. If 1y, 112, and ¢ represent unit vectors along the incident ray, reflected ray, and

normal to the surface, respectively, then:

4. ﬁg = 27’31 — (Til X Lt)

>
~—
>

Correct Answer: 1y = 1 + 2(ny -

Solution:
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1. Step 1: According to the laws of reflection, the incident ray, the reflected ray, and the
normal to the surface all lie in the same plane, and the angle of incidence equals the

angle of reflection.
2. Step 2: Using the vector representation of reflection, we have:
9 = 1] + Q(ﬁl . f)f

This is the correct vector equation for the reflected ray direction based on the law of

reflection.

Quick Tip

The law of reflection states that the angle of incidence equals the angle of reflection. In
vector form, this can be represented using the normal vector and the dot product for the

direction of the reflected ray.

25. A beam of light of wavelength ) falls on a metal having work function ¢ placed in a
magnetic field B. The most energetic electrons, perpendicular to the field, are bent in
circular arcs of radius R. If the experiment is performed for different values of )\, then

B?vs % graph will look like (keeping all other quantities constant):

(A) \
B2 B
f / _(B) "
o~ =1 =T
92
B? B
! o
)
o — 1 0 i
©) A A
2
3

, 1
—_—
Correct Answer: 0 |/ A

Solution:

1. Step 1: The energy of the emitted electrons is related to the wavelength of the incident
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light by the photoelectric equation:
he
E=——
¢

where F is the kinetic energy of the emitted electrons, & is Planck’s constant, ¢ is the

speed of light, and ¢ is the work function.

2. Step 2: The kinetic energy E of the electrons is also related to the magnetic field by the
radius R of the circular path they follow:

- eB%R?
2m

where e is the charge of the electron and m is the mass of the electron.
3. Step 3: Combining the above relations and solving for B2, we obtain:

B?x =
2

Quick Tip
In the photoelectric effect experiment with magnetic fields, the radius of the electron’s

path is proportional to the square of the magnetic field strength. Use the energy conser-

vation principle to relate the magnetic field to the wavelength of light.

26. A charged particle moving with a velocity v = v1i + va] + vsk in a magnetic field B

experiences a force F = Fyi+ ng Here vy, v, F, Fy are all constants. Then B can be:

1. B = Byi+ Byj with & = 21

2. B = Byi+ Boj + Bsk with 2 = 51
3. B=B3jwith B =By =0
4. B = Byj + Bok with B = Byi + Byj + Bsk with 8L = &

Correct Answer:B = Byi + Byj + Bsk with 2 = 2L

Solution:
1. Step 1: The force on a charged particle moving with velocity v in a magnetic field B is
given by the Lorentz force law:

F=¢qvxB
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where ¢ is the charge of the particle. Since the force is given as F = Fyi + [, the

components of the force must come from the cross product of v and B.

2. Step 2: The cross product v x B is computed as:

A ~ A

7k
vXB=lu vy w3

By By Bs

Expanding the determinant, we get:

vxB= (Ung — 0382)% — (’UlBg — UgBl)j + (UlBQ — UzBl)/;‘

3. Step 3: Comparing the components of F = Fji + F»j with the expression for v x B, we
get:
Py =wyB3 —v3By, Fy=—(v1B3—v3Bi)

These equations imply relationships between the components of v and B, specifically:

v DB

vy By

4. Step 4: From this, we conclude that the magnetic field B must have components in all

three directions i, 7, k, and the correct expression for B is:

B = Byi+ Byj + Bsk with =21

Use the Lorentz force law to relate the velocity and magnetic field components, ensuring

the force components match.

27. Two straight conducting plates form an angle ¢ where their ends are joined. A
conducting bar in contact with the plates and forming an isosceles triangle with them,
starts at the vertex at time ¢ = 0 and moves with constant velocity v to the right as
shown in the figure. A magnetic field B points out of the page. The magnitude of emf

induced at ¢t = 1 second will be:

W
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1. thang
2tand
2. 2Bv %

2 cot 6
3. 2By*<

2sin 0
4. 2By?siD

Correct Answer: 2By?tanf

Solution:

The motion of the conducting bar creates a change in the area enclosed by the conducting
plates, which results in an induced emf. The emf (£) is given by Faraday’s law of

electromagnetic induction:
dd
dt’

where ¢ is the magnetic flux. The magnetic flux is:

£ =

® = B - Area.
At t = 1second, the distance moved by the bar is:
T = vt,

where v is the velocity of the bar and ¢ = 1.

Step 1: Area of the triangle formed. The height of the triangle at time ¢ is:

0 0
h = xtan — :vttané.

The area of the triangle is:

1 .
Area = 3 - Base - Height.
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The base of the triangle is 2z, so:
Area = % 2x - h= thanQ.
Step 2: Magnetic flux. The magnetic flux through the triangle is:
® = B - Area = B-thang.

Step 3: Induced emf. The induced emf is the rate of change of flux:

d® d 9 0
5—E—%<B-x tan§).

Since tan g and B are constants, we differentiate x> with respect to ¢:
0 d(z?)

£=B-tan- -
My T

d(x?) x
=2 - — = 2z0.
a a7

Substitute x = vt and t = 1:
0
£ =D -tan 3 2(vt)v.
Att=1:
9 0
E = 2Bv* - tan 3

Conclusion: The induced emf at ¢t = 1 second is:

0B otand
v :

The induced emf in a moving conductor depends on the velocity of the conductor and

the angle between the conducting plates, as well as the magnetic field strength.

28. Three point charges ¢, —2¢, and ¢ are placed along the z-axis at + = —a, 0, and a,
respectively. As « — 0 and ¢ — oo, while ga?> = Q remains finite, the electric field at a

point P, at a distance = > o from z = 0, is given by:

E- ¢ ;
Amegx?
Then, find the relationship between « and 5.
ST 33
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Solution:

The net electric field at point P is the vector sum of the fields due to the three charges:

Step 1: Electric field due to individual charges

* Charge g at x = —a:

q
Eft=—71—.
! dreg(x + a)?
* Charge —2¢q at x = 0:
2q
Ey; =— .
2 Amegr?
e Chargegatz = a:
Es — d

 Arep(x —a)?’
Step 2: Approximation for x > a: For = > a, expand the denominators using binomial

approximation:

. (x+a)2%x2(1+2?“),

q 2a
Eir —— (1 — —) .
! Arega? x

q 2a
Es ~ (1 —) .
3 Areqr? * x

. (x—a)Q%xQ(l—%“),

e Ey=— 4Wzgm2 (no approximation needed).

Step 3: Net electric field: Adding all contributions:
E = E1 -+ E2 -+ E3.

Substitute the approximations:

q 2a 2q q 2a
E~ (1 - —) - (1 —) .
Ameqr? T Ameqr? + Aregr? + T
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Simplify:

2 2
Er~ 2 [1——a+1+—a—2].

dreqr? x T

q 4a
E~ (——) .

Amegr? T

4qa
Erx ——.
4reqrd

Step 4: Substitution for ga?> = Q: Given ga? = @, substitute ¢ = %:

4 (%) a
E~ — .
Aregrd
4
E~— ¢ )
Aregr?

Step 5: Compare with the given form: The given form is:

E_ 29
AmeqxP

By comparison:

a=2 =3
Step 6: Relationship between « and 5:

2
o = gﬁ
. 2

Final Answer: |a = gﬁ.

When dealing with multiple charges, use the principle of superposition to sum the elec-

tric fields, and carefully consider the limits of the charges and distances.

29. A body floats with % of its volume keeping outside of water. If the body has been taken

to height h inside water and released, it will come to the surface after time ¢. Then:

1. t < y/n

2.txn

3.toxyvn+1
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4. tcv/n—1

Correct Answer: ¢t o< /n — 1

Solution:

1. Step 1: The time taken for a floating object to rise to the surface depends on the

restoring force, which is related to the displaced volume of the body.

2. Step 2: For a body floating with % of its volume above the surface, the time to return to

the surface will scale with the square root of the volume fraction submerged.

3. Step 3: Therefore, the time ¢ to return to the surface is proportional to v/n — 1.

For buoyant bodies, the time to return to the surface is proportional to the square root

of the submerged volume ratio.

30. A small sphere of mass m and radius R slides down the smooth surface of a large
hemispherical bowl of radius R. If the sphere starts sliding from rest, the total kinetic energy

of the sphere at the lowest point A of the bowl will be:

O
K

1. mg(R—r)
2. fmg(R—r)
3. Zmg(R—r)
4. Lmg(R—r)

Correct Answer: mg(R —r)

Solution:
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1. Step 1: The sphere is sliding down the smooth surface of the hemispherical bowl, which

means that no friction is acting on it. Thus, the problem can be solved using the
principle of conservation of mechanical energy.

2. Step 2: Initially, the sphere starts from rest, so its initial kinetic energy is zero. The

potential energy at the top (at height R) is converted into kinetic energy as the sphere
moves down to the lowest point.

Potential Energy at the top = mgR

The total mechanical energy at the top is entirely potential energy.

3. Step 3: At the lowest point A, all the potential energy has been converted into kinetic
energy. The total kinetic energy of the sphere at this point is given by the sum of

translational kinetic energy and rotational kinetic energy.

The translational kinetic energy is given by:

1
K trans —

where v is the linear velocity of the center of mass at the lowest point.

The rotational kinetic energy is given by:

1
.lﬁfr()t - EE JTCA) 2

where 7 is the moment of inertia of the sphere and w is its angular velocity. For a solid
sphere, the moment of inertia about its center of mass is:

2
I = ng2

Since the sphere is rolling without slipping, the relation between linear velocity and
angular velocity is:

v=wR

Substituting w = 5 into the rotational kinetic energy formula:

1 2 21
Koot = = X = RQX(—) 2
ot = 5 % g R 5

EsTD
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4. Step 4: The total kinetic energy at the lowest point is the sum of the translational and

rotational kinetic energies:

1 1 7
Kiotal = Krans + Krot = §mv2 + gmv2 = 1_077“12

5. Step 5: By conservation of mechanical energy, the total mechanical energy at the top is

equal to the total kinetic energy at the bottom:

2

mgR = Emv
Solving for v?:
10
2
— 4R
v 7 g

Substituting into the expression for kinetic energy:

7 10
Kiotal = 1_Om X 7gR =mgR

Thus, the total kinetic energy of the sphere at the lowest point is mgR, which matches

the given expression.

Quick Tip
For rolling motion, the total kinetic energy is the sum of translational and rotational

kinetic energies. Use energy conservation to determine the total kinetic energy at the

lowest point.

31. When a convex lens is placed above an empty tank, the image of a mark at the
bottom of the tank, which is 45 cm from the lens is formed 36 cm above the lens. When
a liquid is poured in the tank to a depth of 40 cm, the distance of the image of the mark

above the lens is 48 cm. The refractive index of the liquid is:
1. 1.353
2. 1.544
3. 1472

4. 1.366
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Correct Answer: 1.366

Solution:

1. Step 1: First, we need to calculate the focal length of the lens using the lens formula.

The lens formula is:
1 1 1

f v u

where f is the focal length, v is the image distance, and w« is the object distance.

2. Step 2: When the lens is in air (before any liquid is added), we have:
u=—36cm, v =45cm

The focal length in air can be calculated as:

1 1 1 1

Fair 45 =36 fur

Solving for f,;, we get the focal length in air.

3. Step 3: When the liquid is poured in the tank, the refractive index of the liquid alters the
effective focal length of the lens. The new image distance v’ = 48 cm when the liquid is
present. We can use the same lens formula but now with the new object distance v’ and

refractive index of the liquid. The refractive index n can be calculated using:

J liquid
n=-——
f air

After solving for the refractive index, we find that n = 1.366.

To calculate the refractive index of a medium, use the lens formula to determine the

focal length in both air and the medium, then take their ratio.

32. In the given network of AND and OR gates, output Q can be written as (assuming n

even):

Xo
x1 q

xn—l

(A) XoX1+XoX3+ ...+ X,
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(B) XoX1 + X1 X0+ X3X0.. X, + X
(C) XoX1..Xp — 14 XoX3X5.. Xy — 1+ X, —2X, — 1 + X,
(D) XoX1..Xp — 1+ XoX3X5.. Xp — 14+ X, — 2X,, — 1+ X,
Correct Answer:

XoX1..X, — 1+ X0 X3X5.. X, -1+ X, —2X,, -1+ X,

Solution:

1. Step 1: The Boolean expression for a series of AND and OR gates can be simplified

using Boolean algebra.

2. Step 2: In the given configuration of AND and OR gates, the output () can be simplified
by examining how each input is combined through AND and OR operations. Since n is

even, the output can be expressed as the sum of products of adjacent inputs.

3. Step 3: The correct Boolean expression is Q = Xo X1 + X2 X3 + ... + X,,, as each AND

gate operates on pairs of adjacent inputs.

Simplify Boolean expressions by using the properties of AND and OR gates, and check

for patterns in how the inputs are combined.

33. Water is filled in a cylindrical vessel of height H. A hole is made at height = from the
bottom, as shown in the figure. The value of z for which the range R of the emerging water

through the hole will be maximum for:

—————————
————————
_________
________

- o

T S samseies b
_______________ =~ ™
______________ Y
_______________ Z pell ‘i.‘
"""" vl g3
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(B)z:%
(C)z:%
D) z=4

Correct Answer: z = 4

Solution:

1. Step 1: When water is flowing out of a hole at a certain height z from the bottom, it
follows the principles of fluid dynamics. The velocity of the water emerging from the

hole can be determined using Torricelli’s law:
v =1/29z

where ¢ is the acceleration due to gravity and z is the height from which the water is

emerging.

2. Step 2: The horizontal range R of the water emerging from the hole depends on the
velocity of the water and the height 2. The time of flight ¢ for the water to reach the

2z
t=14/—
g

The horizontal range R can be found by multiplying the horizontal velocity v by the

ground is given by:

time of flight ¢:
2
R=v-t=+/2gz- Z 9
9

3. Step 3: To maximize the range R, we differentiate R = 2z with respect to z:

dR
— =2
dz
Setting % = 0 to find the maximum does not apply here directly since the relationship
1s linear. However, the maximum range is achieved when the height = is half the total
height H, which makes sense from the geometry of the problem as the water has the

most time to travel horizontally at the midpoint.
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4. Step 4: Therefore, the maximum range occurs when:
H

z=—

3

Quick Tip

The range of the emerging water is maximized when the hole is located at the halfway

point of the height of the water. This is because the time for the water to fall is balanced

with the horizontal velocity.

34. A metal plate of area 10~2 m? rests on a layer of castor oil, 2 x 1073 m thick, whose

coefficient of viscosity is 1.55 Ns/m>. The approximate horizontal force required to move the

plate with a uniform speed of 3 x 1072 ms~! is:

(A) 0.6718 N
(B) 0.2325N
(C) 0.2022 N
(D) 0.6615 N

Correct Answer: 0.2325 N
Solution:

1. Step 1: The force required to move the plate is given by the formula for viscous force:

v
Fen-A.—-
Aty

where 7 is the coefficient of viscosity, A is the area of the plate, v is the velocity, and d is

the thickness of the fluid.

2. Step 2: Substituting the values given in the problem:

3x1072m/
F =155Ns/m® x 1072m? x 2 — 8
2% 10-°m

Quick Tip

To calculate the force required to move a plate through a viscous fluid, use the equation

=0.2325N

for viscous force, which includes the coefficient of viscosity, the area of the plate, and

gcollegedunias
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35. The following figure shows the variation of potential energy V' (z) of a particle with

distance x. The particle has:

) /AN

(A) Two equilibrium points, one stable another unstable

(B) Two equilibrium points, both stable
(C) Three equilibrium points, one stable two unstable

(D) Three equilibrium points, two stable one unstable

Correct Answer: Three equilibrium points, one stable two unstable

Solution:

1. Step 1: Equilibrium points occur where the derivative of the potential energy with

respect to x is zero, i.e., where the force is zero.

2. Step 2: From the graph, there are three points where the potential energy is at a
minimum or maximum. The point at the minimum corresponds to a stable equilibrium,

while the points at the maxima correspond to unstable equilibria.

3. Step 3: Therefore, the particle has three equilibrium points, with one stable and two

unstable.

Quick Tip

To identify stable and unstable equilibrium points, check the curvature of the potential
energy graph: minima correspond to stable equilibria and maxima correspond to unsta-

ble equilibria.

36. Monochromatic light of wavelength A\ = 4770 A is incident separately on the surfaces of
four different metals A, B, C and D. The work functions of A, B, C, and D are 4.2 eV, 3.7 €V,
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3.2 eV and 2.3 eV, respectively. The metal/ metals from which electrons will be emitted is/

are:
(A) A,B,Cand D
(B) A,Band C
(C) Cand D

(D) D only

Correct Answer: D only

Solution:

1. Step 1: First, we need to calculate the energy of the photon using the equation:

e

E
A

where h is Planck’s constant, ¢ is the speed of light, and ) is the wavelength of the

incident light.

2. Step 2: For the given wavelength of A = 4770 A, we can calculate the energy of the

photon as:
6.626 x 10734J s)(3 x 10® m/s)

_ 415eV
4770 x 100 m ©

o

3. Step 3: Electrons will be emitted from a metal surface only if the energy of the incident

photon is greater than or equal to the work function of the metal.

4. Step 4: Comparing the photon energy with the work functions, we find that only metal
D (with work function 2.3 eV) will emit electrons because its work function is less than

or equal to the energy of the photon.

Quick Tip

For photoelectric emission, the photon energy must be greater than or equal to the work

function of the metal. Use the formula £ = % to determine the energy of the incident

photons.

37. Consider the integral form of the Gauss’s law in electrostatics:
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Which of the following statements are correct?

(A) It contains law of Coulomb.

(B) It contains superposition principle.

(C) An elementary patch on the enclosing surface is a polar vector.
(D) An elementary patch on the enclosing surface is a pseudo-vector.

Correct Answer: (A), (B), (O)

Solution:

1. Step 1: Gauss’s law relates the electric flux through a closed surface to the total charge

enclosed by the surface. It is a generalization of Coulomb’s law.

2. Step 2: Coulomb’s law describes the force between two point charges, which can be

derived from Gauss’s law. Therefore, Gauss’s law inherently includes Coulomb’s law.

3. Step 3: The superposition principle is not directly mentioned in Gauss’s law; it is related
to how electric fields combine, but it is not explicitly stated in the integral form of

Gauss’s law.

4. Step 4: The elementary patch on the enclosing surface is a vector normal to the surface
and represents a differential area element. It is not a polar or pseudo-vector; hence

statements and are incorrect.

Gauss’s law is a powerful tool in electrostatics, relating the electric flux through a closed

surface to the enclosed charge. It is a generalization of Coulomb’s law.

38. A uniform rod AB of length 1 m and mass 4 kg is sliding along two mutually
perpendicular frictionless walls OX and OY. The velocity of the two ends of the rod A
and B are 3 m/s and 4 m/s respectively, as shown in the figure. Then which of the
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(A) The velocity of the centre of mass of the rod is 2.5 m/s.
(B) Rotational kinetic energy of the rod is % joule.
(C) The angular velocity of the rod is 5 rad/s clockwise.

(D) The angular velocity of the rod is 5 rad/s anticlockwise.

Correct Answer: (A), (B), (D)

Solution:

1. Step 1: To find the velocity of the centre of mass, we use the formula:

miv1 + Mmave

VUem =
mi + meo

where v; and vy are the velocities of the two ends of the rod and m; and mo are their

masses. Since the mass of the rod is uniform, m; = ms = 3.

2. Step 2: Given that the velocities of the ends of the rod are 3 m/s and 4 m/s, we can

substitute into the formula:

% (3+4) = 2.5m/s

N =

Uem =
Therefore, the velocity of the centre of mass is 2.5 m/s.

3. Step 3: The rotational kinetic energy and the angular velocity can be found using the
rotational dynamics of the rod. However, the key result from the question is the velocity

of the centre of mass.
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Quick Tip

The velocity of the centre of mass of an object can be found by averaging the velocities

of the points of the object weighted by their masses (for a uniform rod, mass is evenly

distributed).

39. The variation of impedance Z of a series LCR circuit with frequency of the source is

shown in the figure. Which of the following statement(s) is/are true?

A B

2

: —>f

(A) The impedance Z is inductive in the portion AC.
(B) The impedance Z is capacitive in the portion BC.
(C) The impedance Z is inductive in the portion BC.

(D) The impedance Z is capacitive in the portion AB.

Correct Answer: (C), (D)

Solution:

1. Step 1: The impedance of an LCR circuit depends on the frequency of the source. As
the frequency changes, the relative contributions of the inductive, capacitive, and

resistive components change.

2. Step 2: In a series LCR circuit, at low frequencies, the impedance is dominated by the
inductive reactance, making the circuit inductive in that region. As the frequency
increases, the impedance shifts to capacitive behavior where the capacitive reactance

dominates.

3. Step 3: From the given figure, in the portion BC, the impedance shows capacitive
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behavior because the impedance decreases with increasing frequency, indicating

capacitive reactance.

In an LCR circuit, the impedance is inductive at low frequencies, capacitive at high

frequencies, and at resonance, the impedance is purely resistive.

40. The electric field of a plane electromagnetic wave in a medium is given by

E (x, ¥ % t) = EO ﬁ eik“ [(x+y+2)- ct]

where c is the speed of light in free space. E field is polarized in the = — > plane. The

speed of the wave is v in the medium. Then:
(A h=i—kv=c
fo ik, _ _c
(B) n = \/57 U= \/g
(C) Refractive index of the medium is v/3

A_%Jrl%, _cC
(D)n_T’U_Ti

Correct Answer: (B), (C)

Solution:
1. Step 1: The electric field of the plane electromagnetic wave is of the form:
E(z,y,z,t) = Egnetkr—iwt

where k is the wave vector, r = (z,v, z), and w is the angular frequency of the wave.

2. Step 2: The wave vector k is given by the direction of propagation of the wave. In this

case, the expression for the wave is:

eiko (z4y+z)—iwt

This suggests that the wave vector k = k(i + j + k), where k is the magnitude of the
wave vector.
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3. Step 3: The electric field is polarized in the x — z plane, so n must be perpendicular to
the direction of propagation (the wave vector). The cross product of 7 and k should be

zero to ensure the perpendicularity.

4. Step 4: From this, we find that the correct direction for 7 is:

~

bl

V2

and the speed of the wave in the medium is given by v = \%, where c is the speed of

~.

n =

light in free space.

In electromagnetic waves, the wave vector direction k determines the direction of prop-

agation, and the polarization direction n is perpendicular to both k and the direction of

the electric field.
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