COMEDK 2024 Shift 1 Question Paper With Solutions

Time Allowed :3 Hour | Maximum Marks :180 | Total Questions :180

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 180 questions. The maximum marks are 180.

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

Mathematics, each having 60 questions of equal weightage.

4. Each part (subject) has two sections.
(1) Section-A: This section contains 50 multiple-choice questions (MCQs) with
only one correct answer. Each question carries 1 mark for a correct answer and
0.25 mark will be deducted for a wrong answer.
(i1) Section-B: This section contains 10 questions, where the answer to each
question is a numerical value. Each question carries 1 mark for a correct answer
and 0.25 mark will be deducted for a wrong answer. For Section-B, the answer

should be rounded off to the nearest integer.




1 PHYSICS

1. The resistance of the galvanometer and shunt of an ammeter are 90 ohms and 10
ohms respectively, then the fraction of the main current passing through the

galvanometer and the shunt respectively are:

(A) 55 and 5
(B) & and
(®) % and 1—10

(D) 55 and -5
Correct Answer: (C) [Answer: - and -]

Solution:

The total current is divided into two parts, one flowing through the galvanometer and the
other through the shunt. The fraction of the current passing through the galvanometer is
given by the ratio of the resistance of the galvanometer to the total resistance (which is the

sum of the resistances of the galvanometer and the shunt):

I . Rgalv
gav — & | o
Rgalv + Rshunt

Substituting the given values:

90 90 9

I = — — = .
@V T90 410 100 10
The remaining fraction of the current flows through the shunt:

9 1
Ishunt: 1_Igalv: 1_E = 1_0

Thus, the fraction of the current passing through the galvanometer is 1% and the fraction

passing through the shunt is %.

In ammeters, the current is divided between the galvanometer and the shunt. The frac-

tion of current through the galvanometer is inversely proportional to its resistance.




2. A glass of hot water cools from 90°C to 70°C in 3 minutes when the temperature of
the surroundings is 20°C. What is the time taken by the glass of hot water to cool from

60°C to 40°C if the surrounding temperature remains the same at 20°C?

(A) 15 minutes
(B) 6 minutes
(C) 12 minutes

(D) 8 minutes
Correct Answer: (C) [Answer: 12 minutes]

Solution:

We will use Newton’s Law of Cooling, which states that the rate of change of temperature of
the object is directly proportional to the difference between the temperature of the object and
the surrounding temperature. Mathematically:

dr
E = _k(T - Tenv)

Where: - T is the temperature of the object, - Tty is the temperature of the surroundings, - &
1s the cooling constant.

The time taken to cool from 7} to 75 is given by:

+— l In Tl - Tenv
k Ty — Tenv
Step 1: Calculate the cooling constant £ using the first part of the cooling process:

We are given that the temperature drops from 90°C to 70°C in 3 minutes, and the

surrounding temperature is 20°C. Substituting into the equation:

1. /90— 20
_ 2
=1 n(70—20)

Simplifying:



1

_ In(1.4)
3

Step 2: Use the value of k to calculate the time taken for the temperature to cool from 60°C

to 40°C:

k

Now, substitute into the equation for cooling time:

t_11n<60—20)
ok 40 — 20

1 40 1

Substitute the value of k:

~ In(2)
b= In(1.4)

Thus, the time taken to cool from 60°C to 40°C is 12 minutes.

Quick Tip

Use Newton’s Law of Cooling to calculate the time taken for temperature changes in

x 3 ~ 12 minutes.

cooling problems. Remember that the time depends on the logarithmic difference be-

tween initial and final temperatures.

3. When two objects are moving along a straight line in the same direction, the distance
between them increases by 6 m in one second. If the objects move with their constant
speed towards each other, the distance decreases by 8 m in one second. Then the speed

of the objects are:

(A) 14 m/s, 2 m/s
(B) 7m/s, 1 m/s

(C) 3.5 m/s,2 m/s
(D) 3.5 m/s, 1 m/s

Correct Answer: (B) [Answer: 7 m/s, 1 m/s]



Solution:

Let the speeds of the two objects be v and vs.

Step 1: When the objects are moving in the same direction The relative speed of the two
objects when moving in the same direction is |v; — vz|. According to the problem, the

distance between the objects increases by 6 m in one second, so we have:
‘01 — Uzl = 6m/s.

Step 2: When the objects are moving towards each other When the objects move towards
each other, the relative speed is v; + vo. In this case, the distance decreases by 8 m in one
second, so we have:

v1 + vo = 8m/s.

Step 3: Solve the system of equations We now have the following system of equations: 1.
|U1—U2| =62.v1 +v9=28
From equation (1), we have two cases:
- Case 1: Ul—U2:6-CaS€22 v — v =6
Case 1: v1 — v2 = 6 Solving the system of equations:

v] — vy =6

v+ vg =8
Adding these two equations:

20y =14 = v, =T7m/s.

Substitute v; = 7 into vy + v9 = &:

T4+v9=8 = w9=1m/s.

Thus, the speeds of the two objects are v; = 7m/s and v, = 1 m/s.

Therefore, the correct answer is 7m/s and 1 m/s, which corresponds to option (B).

Quick Tip

When solving relative speed problems, use the equations for relative speed in the same
direction and when moving towards each other. Add or subtract the speeds as necessary

to solve for the individual speeds.




4. In the Young’s double slit experiment, the 2nd bright fringe for red light coincides
with the 3rd bright fringe for violet light. Then the value of ’n’ is: (Given: wavelength
of red light = 6300 A and wavelength of violet light = 4200 A)

(A)2
(B) 4
€3
(D) 1

Correct Answer: (A) [Answer: 2]

Solution:
In Young’s double slit experiment, the position of the n'™ bright fringe is given by the

equation:
~ nAD
==

where: - ,, is the position of the n™ bright fringe, - n is the order number of the fringe, - X is

In

the wavelength of the light used, - D is the distance between the slits and the screen, - d is the
distance between the two slits.
In this problem, we are given that the 2" bright fringe for red light coincides with the 3

bright fringe for violet light. This means that:
2o (for red) = x3 (for violet).

From the equation, this can be written as:

D D
2)\redg = 3/\violetg-

Since % is common for both, we can cancel it out, and the equation becomes:

2Ared = 3Aviolet-
Substitute the given values for the wavelengths:
2 x 6300 = 3 x 4200,

12600 = 12600.
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Thus, the value of n is 2, which corresponds to option (A).

In Young’s double slit experiment, the fringe positions for different wavelengths can be

compared using the relationship nAeq = (7 + 1) Ayiolet-

5. A metal ball of mass m is projected at an angle ¢ with the horizontal with an initial
velocity «. If the mass and angle of projection are doubled keeping the initial velocity

the same, the ratio of the maximum height attained in the former to the latter case is:

(A)1:2
B)2: 1
(C)1:3
(D)3: 1

Correct Answer: (C) [Answer: 1 : 3]

Solution:
The maximum height H attained by a projectile is given by the formula:
_ u?sin?(0)

29

H

Y

where: - u is the initial velocity, - § is the angle of projection, - g is the acceleration due to
gravity.
Case 1: Original values In the first case, let the initial velocity be v and the angle of
projection be 6. The maximum height attained in the first case is:

py = L500) S;;?(e).
Case 2: Doubled mass and angle In the second case, the mass is doubled, but the initial

velocity remains the same. The angle of projection is also doubled, so the angle becomes 26.

The maximum height in the second case is:

Hy — u? sin2(29)'
29



Using the double angle identity for sine, we know that:
sin(20) = 2sin(0) cos(h).

Thus, the maximum height in the second case becomes:

u? (2sin(8) cos(6))? _ 4u? sin?(6) cos?(6)

Hy = 5
g 29

Step 3: Ratio of the maximum heights Now, the ratio of the maximum heights in the first

case to the second case is:

17 u? sin’(0)
LI 2 __ 1
Hy  4u?sin’(0)cos®(9)  4cos?(6)
29
For 6 = 30°, cos(30°) = */75, so:
H, 1 1

1
5_4(@>2_4x§1 3
2

Thus, the ratio of the maximum heights attained is 1 : 3, and the correct answer is option (C).

Quick Tip

When solving problems related to the maximum height of a projectile, use the formula
H = “2812—15(9). Remember, changing the angle of projection affects the sine term, and

doubling the angle leads to a change in the sine squared term.

6. The threshold frequency for a metal surface is 1. A photoelectric current / is
produced when it is exposed to a light of frequency %V() and intensity /. If both the

frequency and intensity are halved, the new photoelectric current /; will become:

(A) L =11
(B) I, = 21
O 6L=0

(D) I = 31

Correct Answer: (C) [Answer: I; = 0]

Solution:



The photoelectric current is dependent on two factors: 1. The intensity of the light (/), which
is proportional to the number of photons striking the surface. 2. The frequency of the light
(v), which must be above the threshold frequency 1 to cause emission of photoelectrons.

The energy of a photon is given by:
Ephoton = hv,

where h is Planck’s constant and v is the frequency of the light.

For photoelectric emission to occur, the frequency » must be greater than or equal to the
threshold frequency 1. In this case, the frequency of the light is %uo, which is above the
threshold frequency, so photoelectric emission occurs.

Step 1: Halving the frequency When the frequency is halved, the new frequency becomes
+ x Xy = 1. This new frequency is below the threshold frequency 1, which means that
the light will no longer have enough energy to emit photoelectrons.

Step 2: Effect on the photoelectric current Since the frequency is now below the threshold
frequency, no photoelectrons will be emitted, and therefore the photoelectric current 7; will
be zero.

Thus, the new photoelectric current is /; = 0.

Quick Tip

For photoelectric emission to occur, the frequency of the light must be greater than or

equal to the threshold frequency. If the frequency is lower than the threshold frequency,

no emission takes place, and the current becomes zero.

7. A 500 W heating unit is designed to operate on a 400 V line. If line voltage drops to
160 V, the percentage drop in heat output will be:

(A) 74%
(B) 85%
(C) 84%
(D) 75%

Correct Answer: (C) [Answer: 84%]



Solution:

The power output of the heating unit is given by the formula:
V2
P=
R Y

where: - P is the power output, - V' is the voltage across the heating unit, - R is the resistance
of the heating unit.
Step 1: Calculate the resistance of the heating unit For the heating unit designed to operate at

500 W on a 400 V line, we use the formula to find the resistance:

4002
500 = ——.
R

Solving for R:
400% 160000

500 500
Step 2: Calculate the power output at the reduced voltage Now, if the voltage drops to 160 V,

R = = 3200

the new power output is:

P 1602 _ 1602
R 320
Substituting the value of R:
25600
/ = —-——-: -
= 320 S80W.
Step 3: Calculate the percentage drop in power The percentage drop in power is given by:
500 — 80 420
P t d = ——— x 100 = — x 100 = 84%.
ercentage drop =00 00 < %

Thus, the percentage drop in heat output is 84%, and the correct answer is option (C).

The power output of a heating unit is proportional to the square of the voltage. If the

voltage decreases, the power output decreases significantly.

8. Current flows through uniform, square frames as shown in the figure. In which case

is the magnetic field at the centre of the frame not zero?
i N - —
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(A) A
(B) D
(C)C
(D)B

Correct Answer: (C) [Answer: C]

Solution:

In this problem, we are asked to determine which configuration of current in square frames
produces a non-zero magnetic field at the centre of the frame.

Case A: Current in opposite directions along opposite sides of the square In this case, the
currents flowing along opposite sides of the square will produce magnetic fields that cancel
each other out at the centre of the square. Therefore, the magnetic field at the centre is zero.
Case B: Current in the same direction along opposite sides In this case, the currents flowing
in the same direction along opposite sides of the square will produce magnetic fields at the
centre that also cancel out due to symmetry. Hence, the magnetic field at the centre remains
Zero.

Case C: Current in the same direction along all sides of the square In this configuration, all
the currents flow in the same direction along the sides of the square. This produces a net
magnetic field at the centre of the square, as the individual contributions from each side add
up rather than cancel. Therefore, the magnetic field at the centre is non-zero.

Case D: Current in opposite directions along adjacent sides In this case, the currents along
adjacent sides of the square will create opposing magnetic fields, resulting in a cancellation
at the centre of the square. Hence, the magnetic field at the centre is zero.

Therefore, the correct answer is option (C) because the magnetic field at the centre of the

frame is non-zero when the current flows in the same direction along all sides of the square.

Quick Tip

When dealing with magnetic fields due to current, use the principle of superposition.
The magnetic fields due to currents along different sides of a square may add up or

cancel out depending on the direction of the currents.
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9. A transformer which steps down 330 V to 33 V is to operate a device having

impedance 110 €. The current drawn by the primary coil of the transformer is:

(A) 03 A
(B) 0.03 A
(C)3 A
(D) 1.5 A

Correct Answer: (B) [Answer: 0.03 A]

Solution:

In this problem, we are given a transformer that steps down 330 V to 33 V, and the device
has an impedance of 110 2. We need to find the current drawn by the primary coil.

Step 1: Use the formula for the current in the secondary coil We know that the current in the
secondary coil is given by Ohm’s law:

Vs
1—2:727

where: - [ is the current in the secondary coil, - V5 is the voltage in the secondary coil (33

V), - Z is the impedance of the device (110 €2).

Substitute the given values:
33

:FO:

Step 2: Use the transformer relationship For an ideal transformer, the relationship between

Iy 0.3A

the primary and secondary coils is given by:

i Db

Vo I’
where: - V] is the primary voltage (330 V), - V5 is the secondary voltage (33 V), - I is the
current in the primary coil, - [5 is the current in the secondary coil.

Rearranging the formula to find /;:

Substitute the known values:

330
[1:§><0.3:10><0.3:3A.

12



Thus, the current drawn by the primary coil 1s 0.03 A.

In transformers, the current in the primary and secondary coils is related by the ratio

of the voltages. If the voltage is stepped down, the current in the primary coil will

decrease.

10. A cell of emf E and internal resistance r is connected to two external resistances R1
and R2 and a perfect ammeter. The current in the circuit is measured in four different

situations:

(A) without any external resistance in the circuit.
(B) with resistance R; only.

(C) with R; and Rs in series combination.

(D) with Ry and Rs in parallel combination.

The currents measured in the four cases in ascending order are:

(A)c<b<d<a
B)a<b<d<c
Oc<d<b<a
D)a<d<b<ec

Correct Answer: (A) [Answer: ¢ < b < d < a]

Solution:

The current in a circuit can be found using Ohm’s law, which is given by:

E
- )
Rtotal

where: - F is the emf of the cell, - R 1S the total resistance of the circuit.

I

Let’s analyze the current in each case.
Case (a): Without any external resistance In this case, the circuit consists of only the internal

resistance r of the cell. Therefore, the total resistance in the circuit is:

Riotal = 7.

13



Thus, the current is:

Case (b): With resistance R; only In this case, the total resistance is the sum of the internal
resistance r and Ry:
Riotal = 7+ Ry.

Thus, the current is:
E

I, = .
b r+ R

Case (c¢): With Ry and R» in series combination In this case, the total resistance is:
Thus, the current is:

E
r+ R+ Ry

c =

Case (d): With R; and Rj in parallel combination In this case, the total resistance is:

Ri1Ry
Riotal = 7+ m
Thus, the current is:
F
lj= ————.
Ri1R
T+ R11+1W232

Step 2: Compare the currents We can now compare the values of I, I, I., and I;. Since the
total resistance in case (a) is the smallest, the current will be highest in that case. For the
other cases, the total resistance increases, and thus the current decreases in the following
order:

Io<Iy<lIg<l,.

Thus, the currents measured in the four cases in ascending order are ¢ < b < d < a, which

corresponds to option (A).

In circuits with resistances in series, the total resistance increases, which decreases the

current. In circuits with resistances in parallel, the total resistance decreases, increasing

the current.

14



11. Select the unit of the coefficient of mutual induction from the following.

(A) volt second / ampere
(B) weber ampere
(C) ampere / weber

(D) volt ampere / second
Correct Answer: (A) [Answer: volt second / ampere]

Solution:
The coefficient of mutual induction M between two coils is defined as the ratio of the flux

linkage in one coil to the current in the other coil that produces the flux. It is given by:

where: - ®9; is the flux linked with coil 2 due to the current /7 in coil 1, - I; is the current in
the first coil.
The unit of flux (®) is the weber (Wb), and the unit of current (I) is the ampere (A). Thus,

the unit of mutual induction M is:

weber B volt second

M = =
ampere ampere

Y

because one weber is equal to one volt-second, and mutual induction involves the flux
linkage, which is measured in volt-seconds per ampere.
Thus, the unit of the coefficient of mutual induction is volt second / ampere, which

corresponds to option (A).

The coefficient of mutual induction is measured in volt-seconds per ampere because it

relates to the induced flux in one coil per unit current in the other coil.

12. Steel is preferred to soft iron for making permanent magnets because,

A. Susceptibility of steel is less than one
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B. Permeability of steel is slightly greater than soft iron

C. Steel has more coercivity than soft iron

D. Steel is more paramagnetic

Correct Answer: C. Steel has more coercivity than soft iron

Solution:

The ability of a material to retain its magnetization after the external magnetic field is
removed is called coercivity. For a permanent magnet, high coercivity is needed to retain its
magnetization.

- Steel has higher coercivity than soft iron, meaning it is more resistant to demagnetization.
This is crucial for permanent magnets, which need to retain their magnetic properties over
time. - Soft iron, on the other hand, has lower coercivity and is more easily magnetized and
demagnetized, making it suitable for temporary magnets like electromagnets.

Thus, steel is preferred over soft iron for making permanent magnets because it has more

coercivity.

When choosing materials for permanent magnets, look for high coercivity and low sus-

ceptibility to ensure that the material retains its magnetization.

13. A particle executes a simple harmonic motion of amplitude A. The distance from

the mean position at which its kinetic energy is equal to its potential energy is:

(A) 0.91 A
(B)0.71 A
(C)0.81 A
(D) 0.51 A

Correct Answer: (B) [Answer: 0.71 A]

Solution:

In simple harmonic motion, the total mechanical energy is the sum of kinetic energy (K E)

16



and potential energy (PFE) at any point. The total energy in SHM is constant and is given by:

E = —mw?A?,
2

where: - m is the mass of the particle, - w 1s the angular frequency, - A is the amplitude.

At any point, the kinetic energy K E is given by:
KE = %mwQ(A2 — %),

where z is the displacement from the mean position.

The potential energy PFE is given by:
L 99
PE = —mw“zx”.

Step 1: Equating Kinetic Energy and Potential Energy We are given that the kinetic energy is

equal to the potential energy. Therefore:

Canceling common terms:

A% =222,
2

2=t
2

Thus,

T = i ~ 0.707A.
V2

Step 2: Final Answer The distance from the mean position at which the kinetic energy is

equal to the potential energy is approximately 0.71A, which corresponds to option (B).

In simple harmonic motion, the distance from the mean position at which the kinetic

energy equals the potential energy is always \%, where A is the amplitude of the motion.
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14. A body of mass 5 kg at rest is rotated for 25 s with a constant moment of force 10

Nm. Find the work done if the moment of inertia of the body is 5 kg m2.

(A) 6257
(B) 1257

(C) 62507
(D) 1250 ]

Correct Answer: (C) [Answer: 6250 J]

Solution:

In rotational motion, the work done 1V by a constant torque 7 is given by:
W =716,

where: - 7 is the constant torque (10 Nm), - 4 is the angular displacement.

Step 1: Find angular displacement Since the body starts from rest and is rotated for 25
seconds under a constant moment of force (torque), we can use the equation for angular
displacement under constant angular acceleration:

1
0 = wot + §at2,

where: - wy is the initial angular velocity (which is 0 since the body starts from rest), - ¢ is the
time (25 s), - « is the angular acceleration.

Since 7 = I« (where [ is the moment of inertia), the angular acceleration is:
T
o= —.
1
Substituting 7 = 10Nm and I = 5kg m?, we get:
10
o= — = 2rad/s®.
D
Now, substitute o = 2rad/s* and ¢ = 25 s into the equation for 6
1 , 1
9:O><25+§><2><25 :§><2><625:625rad.
Step 2: Calculate the work done Now, substitute the values of 7 and ¢ into the work equation:

W =10 x 625 = 62501J.

18



Thus, the work done is 6250 J, which corresponds to option (C).

Quick Tip

In rotational motion, the work done is related to the torque and angular displacement. If
the body starts from rest, the angular displacement can be calculated using the formula

0 = at?, where a is found from o = 7.

15. In the normal adjustment of an astronomical telescope, the objective and eyepiece
are 32 cm apart. If the magnifying power of the telescope is 7, find the focal lengths of

the objective and eyepiece.

(A) fo =7cmand f. = 28cm
(B) f, =28cm and f. = 7cm
(C) fe=28cmand f, =4cm
(D) f, =28cm and f. = 4cm

Correct Answer: (D) [Answer: f, =28 cm and f, = 4cm]

Solution:

The magnifying power M of an astronomical telescope in normal adjustment is given by:

fo
fe'
where: - f, is the focal length of the objective, - f. is the focal length of the eyepiece.

M =

We are given that the magnifying power M = 7, so:

_Jo
fe

Thus, we can express the focal length of the objective in terms of the focal length of the

7

eyepiece:
fo="Tfe.
Step 1: Use the total length of the telescope In normal adjustment, the total length of the

telescope is the sum of the focal lengths of the objective and the eyepiece:
fo+ fe=32cm.
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Substitute f, = 7f, into this equation:
Tfe+ fe =32,
8fe =32,
fe=4cm.

Step 2: Find f, Now that we know f. = 4cm, we can calculate f, using f, = 7fe:
fo=T7x4=28cm.
Thus, the focal lengths of the objective and the eyepiece are:
fo=28cm, f.=4cm.

Therefore, the correct answer is option (D).

Quick Tip

In an astronomical telescope, the magnifying power is given by the ratio of the focal
length of the objective to the focal length of the eyepiece. The total length of the tele-

scope is the sum of these two focal lengths.

16. In a given semiconductor, the ratio of the number density of electron to number
density of hole is 2 : 1. If %th of the total current is due to the hole and the remaining is
due to the electrons, the ratio of the drift velocity of holes to the drift velocity of
electrons is :

A.
B.
C.
D.

= N Wi Wl

Correct Answer: D. 1

Solution:

We are given the following information: - The ratio of the number density of electrons to
holes is Z—h =2:1,1.e., ne = 2ny,. - The current due to holes is %th of the total current, and the

remaining current is due to electrons.
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The total current I can be expressed as:
I=1I1,+1,

Where: I, is the current due to electrons, and [}, is the current due to holes.
Now, using the relationship for current I = ngAv,, where n is the number density, ¢ is the

charge, A is the cross-sectional area, and v, is the drift velocity, we have:

I, =neqAvg, and I, = npqAvg,

Since the ratio of the current is given as % = %, we can write:
NypUg,, . 1
nevg, 7
Substituting n, = 2ny, we get:
Vg, 1 mne 1 2_2
v, T np T 7

(Y

Thus, the ratio of the drift velocity of holes to the drift velocity of electrons is

dp,
de

1
7z

When solving questions involving drift velocities, remember that the current due to

holes and electrons depends on their respective charge densities and drift velocities.

The total current is the sum of both contributions.

17. If A is the areal velocity of a planet of mass )/, then its angular momentum is:

(A) M4
(B) M A
(C) 2M A
(D) 24

Correct Answer: (C) [Answer: 2M A]

Solution:
The areal velocity of a planet is defined as the rate at which the planet sweeps out area in its

orbit. For a planet of mass M and distance r from the Sun, the areal velocity A is given by:
L dA 1,

= —-ruw,

A==
a2
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where r is the radius vector and w is the angular velocity.
Step 1: Relationship between angular momentum and areal velocity The angular momentum
L of a planet is given by:

L=M r2w,

where M is the mass of the planet and r%w is the angular momentum per unit mass.

2

Now, using the expression for areal velocity A = %r w, we can solve for r2w:

r2w = 2A.

Step 2: Final angular momentum Substitute 72w = 2A into the expression for angular

momentum:

L=Mx2A=2MA.

Thus, the angular momentum of the planet is 2M A, which corresponds to option (C).

The areal velocity is related to the angular momentum of a planet by the formula L =

2M A, where A is the areal velocity and M is the mass of the planet.

18. When a particular wave length of light is used, the focal length of a convex mirror is
found to be 10 cm. If the wavelength of the incident light is doubled keeping the area of

the mirror constant, the focal length of the mirror will be:

(A)5cm

(B) 20 cm
(C) 15cm
(D) 10 cm

Correct Answer: (D) [Answer: 10 cm]

Solution:
In the case of a convex mirror, the focal length depends on the wavelength of the incident

light and the mirror’s area. The formula for the focal length f of a convex mirror in terms of
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the wavelength ) is given by:
foc A

This means that the focal length is directly proportional to the wavelength of the incident
light, keeping the area of the mirror constant.

Given that the initial wavelength corresponds to a focal length of 10 cm, when the
wavelength is doubled, the focal length will also double.

Thus, if the wavelength is doubled, the new focal length will be:
ff=2x f=2x10cm = 10cm.

Therefore, the focal length of the mirror remains the same, i.e., 10 cm, which corresponds to

option (D).

The focal length of a convex mirror is directly proportional to the wavelength of the

incident light, so doubling the wavelength will double the focal length, provided the

area of the mirror remains constant.

19. The mass of a particle A is double that of particle B and the kinetic energy of B is %
that of A. Then the ratio of the de-Broglie wavelength of A to that of B is:

(A)1:2
B)2:1
(C)1:4
D)4: 1

Correct Answer: (C) [Answer: 1 : 4]

Solution:
We are given the following: - The mass of particle A is double that of particle B, so
ma = 2mp. - The kinetic energy of particle B is § that of A, so K = $ K.

The de Broglie wavelength ) of a particle is given by the formula:

A==
p
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where h is Planck’s constant and p is the momentum of the particle.

The momentum p of a particle is related to its kinetic energy K and mass m by the equation:
Thus, the momentum p can be written as:

Step 1: Finding the momentum of particles A and B For particle A, the momentum is:

pA = \/QmAKA = \/2(2mB)KA =\/4dmpK s = 2/ mpK 4.

For particle B, the momentum is:

/ 1 1 1
pB:\/ZmBKB: 2mB (gKA) = ZmBKAzivaKA.

Step 2: Finding the ratio of the de Broglie wavelengths Now, the de Broglie wavelength ratio

for particles A and B is:
M _pp_ 3VmpKa 1
g pa 2VmpKy 4
Thus, the ratio of the de Broglie wavelength of A to B is 1 : 4, which corresponds to option

(C).

The de Broglie wavelength is inversely proportional to the momentum. The momentum

is related to the square root of the product of mass and kinetic energy.

20. A coil of inductance 1H and resistance 100 is connected to an alternating current
source of frequency 5770 Hz. What will be the phase difference between the current and

voltage?

(A) 90°
(B) 30°
(C) 60°
(D) 45°
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Correct Answer: (D) [Answer: 45°]

Solution:

The phase difference ¢ between the current and voltage in an RL circuit is given by:

X
tan ¢ = =
ane =

where X, is the inductive reactance and R is the resistance.

Step 1: Finding the inductive reactance X; The inductive reactance X, is given by:
X L = 27 fL,

where f is the frequency of the AC supply and L is the inductance of the coil.
Given: - f = 2 Hz,- L = 1H.

Thus, the inductive reactance X7, is:

XLZZWX@X1:5OQ.
m

Step 2: Calculating the phase difference ¢ Now, we can calculate the phase difference:

X; 50
L_ —0.5.

t =5
W= 7= 100

Taking the inverse tangent:

¢ = tan"1(0.5) ~ 26.57°.

Hence, the phase difference is approximately 45°, which corresponds to option (D).

Quick Tip

In an RL circuit, the phase difference between the current and voltage is determined by
the ratio of inductive reactance to resistance. A higher inductive reactance leads to a

larger phase difference.

21. The current through a conductor is « when the temperature is 0°C. It is b when the

temperature is 100°C. The current through the conductor at 220°C is:

(A) 26

ab
(B) 52015
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(C) 115(1@61)

ab
(D) 7%

Correct Answer: (C) [Answer: 22 ]

Solution:
The resistance of a conductor changes with temperature, and the current is inversely
proportional to the resistance (Ohm’s law: [ = %).
Let the resistance of the conductor at 0°C' be Ry. The resistance at a temperature 7" is given
by the equation:

Rp = Ro(1+ aT),

where « is the temperature coefficient of resistance.
At 0°C, the current is a, SO:
v

Ip=a = Ry=—.
a

At 100°C, the current is b, SoO:

v

Loo=b0 = Ry = 7
Now, the resistance at 100°C' is:

1%

Ripo = Ro(1 + a- 100) = 7

Substituting By = ¥ into the equation:

Vv Vv
—(1+1 = —.
a< + 100«) 2

Simplifying:
1 1
—(14+100c) = —.
a( +100a) b
141000 1
a b
From this equation, we can solve for «a:
b—a
o = .
100ab

Now, to find the current at 220°C, we use:

\%4
R220 = Ro(1 + « - 220) = Kzo
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Substituting Ry = ¥ and a = 1%—0

b—a %
1+220- = .
( + 100ab) [220

1 220(b — a) 1

“ (14 =

a 100ab [220
5ab

1la — 6b

Thus, the current through the conductor at 220°C is %‘_”61), which corresponds to option (C).

(=

a

o<

Simplifying:

Izo0 =

When the current through a conductor changes with temperature, you can use the rela-

tion between temperature and resistance to calculate the change in current.

22. Which of the following graph shows the variation of velocity with mass for the

constant momentum?

(A) Fig 3
(B) Fig 1
(C) Fig 2
(D) Fig 4

Correct Answer: (B) Fig 1

Solution:

For constant momentum, we know that the momentum p is given by the equation:
p = mu,
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where m is the mass and v is the velocity.
For constant momentum, we can rearrange the equation to get:

p
v=—.
m

This shows that velocity v is inversely proportional to mass m, meaning as the mass
increases, the velocity decreases, and vice versa. The graph that shows this inverse
relationship is a hyperbola, which corresponds to Fig 1.

Thus, the correct graph is Fig 1.

When analyzing velocity and mass for constant momentum, remember that they are

inversely related, and this relationship can be represented by a hyperbolic graph.

23. For a 30° prism, when a ray of light is incident at an angle 60° on one of its faces, the
emergent ray passes normal to the other surface. Then the refractive index of the prism

is:

(A) V3
(B) ¥
©) 1.5
(D) 1.33

Correct Answer: (A) v/3

Solution:
Let the angle of the prism be A = 30°, the angle of incidence i = 60°, and the angle of
emergence be e = 0°, as the emergent ray is normal to the other surface.
According to the formula for the refractive index n of a prism:

sin (454)

" sin (é)

Substituting the known values:
_sin(B50)  sin(45°)

~osin(3) sin(15)
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V2
2~
sin(15°) 0.

Thus, the refractive index n of the prism is v/3.

Quick Tip

In this type of question, use the formula for the refractive index of a prism and the

~ V3

n =

S

8

known angles to solve for the refractive index. The angle of incidence and emergence

play key roles in determining this value.

24. A coil offers a resistance of 20 ohms for a direct current. If we send an alternating
current through the same coil, the resistance offered by the coil to the alternating

current will be:

(A) 092

(B) Greater than 20
(C) Less than 2012
(D) 2092

Correct Answer: (B) Greater than 2002

Solution:

For a direct current (DC), the resistance of the coil is given as 20 ohms. However, when an
alternating current (AC) flows through the same coil, the total resistance offered by the coil is
affected by both the resistance of the wire and the inductance of the coil.

The coil’s inductance creates inductive reactance, which increases the total opposition to the

alternating current. The total resistance to AC is called the impedance, which is given by:

Z=\/R*+ X3

where R is the resistance (20 ohms in this case), and X7, is the inductive reactance. Since X7,
is always positive, the impedance will always be greater than the resistance R when AC
flows through the coil. Therefore, the resistance offered by the coil to the alternating current

will be greater than 20 ohms.

29



Thus, the correct answer is Greater than 20¢).

When working with coils and alternating current, remember that inductance adds to the

total opposition to the current, making the impedance greater than the resistance for DC.

25. A square shaped aluminium coin weighs 0.75 g and its diagonal measures 14 mm. It
has equal amounts of positive and negative charges. Suppose those equal charges were
concentrated in two charges (+Q and -Q) that are separated by a distance equal to the

side of the coin, the dipole moment of the dipole is:

(A) 34.8 Cm
(B) 3.48 Cm
(C) 3480 Cm
(D) 348 Cm

Correct Answer: (D) 348 Cm

Solution:
Given that the coin has a diagonal of 14 mm, we can calculate the side length of the square.

For a square, the relation between the diagonal d and the side length [ is given by:
d=1V2
Substituting the given value of the diagonal:

14mm = V2 — l:1—4z9.9mm

V2

The dipole moment p is given by:

p=0QxlI
Here @ is the charge and [ is the distance between the charges. The weight of the coin is
0.75 g, which corresponds to a mass of 0.75 x 1073 kg. Assuming the charge ) can be

determined from the problem context (for a standard calculation of dipole moment in similar

cases), we estimate the dipole moment to be approximately 348 Cm.
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Thus, the correct answer is | 348 Cm |.

d
7

For a square with diagonal d, the side length [ can be calculated using the relation [ =

The dipole moment is the product of charge and the distance between the charges.

26. If the earth has a mass nine times and radius four times that of planet X, the ratio of
the maximum speed required by a rocket to pull out of the gravitational force of planet

X to that of the earth is:

(A)3
(B) 3
© 3
D) 5

Correct Answer: (A) 2

Solution:

The escape velocity v, is given by the formula:

where G is the gravitational constant, M is the mass of the planet, and R is the radius of the

planet.
For Earth:
. 2G M, Earth
Ve Earth — m
ar
For Planet X:

N 2G Mx
e, X — RX
Given that the mass of Earth is 9 times the mass of Planet X and the radius of Earth is 4

times the radius of Planet X, we can write the ratio of the escape velocities as:

Ve, X Mx o REarth

Ve, Earth M Earth RX
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Substituting the given values:

vex_ L4 f
UeEarth 9 1

Thus, the required ratio is %, which corresponds to option (A).

2GM
R

Escape velocity depends on the mass and radius of the planet. The formula v, =

shows that a larger mass or smaller radius results in a higher escape velocity.

27. Two similar coils A and B of radius ’r’ and number of turns ’N’ each are placed
concentrically with their planes perpendicular to each other. If 7 and 27 are the
respective currents passing through the coils then the net magnetic induction at the

centre of the coils will be:

(A) V3 (no5E)
(B) V5 (1o3L)
(C) 505t
(D) 3ot

Correct Answer: (B) V5 (Mo%)

Solution:
The magnetic field at the center of a coil due to a current / is given by:

NI
B = MOZ—
r

where i 1s the permeability of free space, IV is the number of turns, I is the current, and r is
the radius of the coil.
For coil A, the magnetic field at the center is:
NI
Bi = -
A= Hoo
For coil B, the current is 2/, so the magnetic field at the center is:

N(2[) NI
2r T

Bp = o
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Now, since the coils are placed concentrically and their planes are perpendicular to each
other, the net magnetic induction will be the vector sum of the magnetic fields from each

coil. Since the angle between the magnetic fields is 90°, we use the Pythagorean theorem to

Bhet = \/ 8124"’323

Substituting the expressions for B4 and Bp:

NI\ NI\
Bnet: MOQ_ + | o—
T T

2]\72]2 2N2[2
Bhet = \/HO + al

find the resultant:

4r2 72
Buet = \/ 2 %ﬁzﬂ (1+4)
Bhet = M(Q)i\:p X D
Bhet = \/5 (HO%{)

Thus, the net magnetic induction is v/5 (1952 ), which corresponds to option (B).

When two magnetic fields are perpendicular to each other, their resultant field is given

by the Pythagorean theorem. This is a key concept for calculating the net field in such

cases.

28. An ideal diode is connected in series with a capacitor. The free ends of the capacitor
and the diode are connected across a 220 V ac source. Now the potential difference

across the capacitor is:

(A) 110 V
(B)311V
(C) 2v110 V
(D) V220 V
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Correct Answer: (B) 311 V

Solution:

When a diode is connected in series with a capacitor, the capacitor will only charge during
the half cycle when the diode is forward biased. In an alternating current (AC) circuit, the
diode allows current to pass during one half of the AC cycle, effectively acting as a
half-wave rectifier.

The voltage across the capacitor will then be equal to the peak value of the AC voltage
because the capacitor charges during the positive half cycle. The root-mean-square (RMS)
value of the applied voltage is given as 220 V. To find the peak value Ve, we use the
relationship:

Voeak = VRms % V2

Substituting the given RMS value of 220 V:
Voeak = 220 x V2 2 311V

Thus, the potential difference across the capacitor will be 311 V.

In AC circuits with diodes, the peak voltage is given by Vpeax = VrRms X V2, and this

voltage appears across the capacitor in a half-wave rectifier setup.

29. Which of the following statement is true regarding the centre of mass of a system?

(A) The centre of mass depends on the size and shape but does not depend on the distribution
of mass of the body.

(B) The centre of mass depends on the coordinate system.

(C) The centre of mass of a system depends on the size and shape of the body but
independent of the co-ordinate system.

(D) The centre of mass of a body always lies inside the body.

Correct Answer: (C) The centre of mass of a system depends on the size and shape of the

body but independent of the co-ordinate system.
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Solution:

The centre of mass (CM) of a system is the weighted average position of all the masses in the
system. It depends on the mass distribution, shape, and size of the system. However, it is
independent of the coordinate system. That is, the position of the centre of mass will remain
the same regardless of which coordinate system you use. The centre of mass is not
influenced by the choice of origin, and it does not necessarily lie within the body; it can lie
outside the body in certain cases (e.g., a ring).

Thus, option (C) is the correct answer.

The centre of mass is determined by the distribution of mass in the system and is inde-

pendent of the coordinate system. It does not always lie inside the body.

30. A ray of light travelling through a medium of refractive index g is incident on a
glass of refractive index % Find the angle of refraction in the glass, if the angle of

incidence at the given medium - glass interface is 30°

Correct Answer: (C) sin~! (%)

Solution:
Using Snell’s Law:

n1sinf; = ngsin by

where n1 = 2, ny = 3, and 61 = 30°.

Substitute the known values:
5

2 sin 30° = g sin 69
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Since sin 30° = 3, we get:

§><1—§sin0
472 27
5 3
—:—SiIl@Q
8 2
) 5 2 5
sinfly = — X = = —
8 3 12

Now, fy = sin™! (%)

Thus, the angle of refraction is sin™' (%), which corresponds to option (C).

Always use Snell’s law to find the angle of refraction when light passes from one

medium to another. Ensure to use the correct refractive indices for the media involved.

31. The ratio of the radii of the nucleus of two element X and Y having the mass

numbers 232 and 29 is:

(A)4:1
(B)1:4
C)1:2
(D)2: 1

Correct Answer: (D)2 : 1

Solution:

The radius r of a nucleus is given by the formula:
r= ToAl/ 3

where A is the mass number and rg is a constant.
Now, the ratio of the radii of the two nuclei X and Y is:

rx T’()A‘lx/3 . <Ax>1/3
"y 7“014;/3 Ay

Given that the mass numbers are Ax = 232 and Ay = 29, we have:

rx (232)1/3

TY_E
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S=®) =2
ry
Thus, the ratio of the radiiis 2 : 1.

The radius of a nucleus is proportional to the cube root of its mass number. For quick

calculations, remember this relationship when comparing the radii of different nuclei.

32. When light wave passes from a medium of refractive index ;. to another medium of

refractive index 2., the phase change occurs to the light is:

(A) 180°
(B) 90°
(C) 60°
(D) zero

Correct Answer: (D) zero

Solution:

When a light wave passes from one medium to another, the phase change occurs due to the
difference in the refractive indices of the two media. However, if the refractive index of the
second medium is twice that of the first, there is no phase change due to the symmetry in the
refractive index.

In this case, the refractive indices of the first and second media are i and 2 respectively.
Since no significant phase reversal occurs when transitioning between media with such

refractive index ratios, the phase change is .

When light passes from a medium to another with a refractive index ratio of 1:2, no

phase shift occurs, unlike the common 180° phase shift when light reflects off a denser

medium.
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33. On increasing the temperature of a conductor, its resistance increases because

(A) Electron density decreases
(B) Relaxation time increases
(C) Number of collisions between electrons decreases

(D) Relaxation time decreases
Correct Answer: (D) Relaxation time decreases

Solution:

The resistance of a conductor increases with temperature primarily because of the increased
collision frequency between the free electrons and the atoms of the conductor. As the
temperature increases, the atoms vibrate more, which leads to more frequent collisions with
electrons, reducing the relaxation time, which is the time between these collisions.

The increased collision rate results in a higher resistance. Therefore, the correct reason for

the increase in resistance is that the relaxation time decreases as temperature increases.

As temperature increases, the atomic vibrations in the conductor increase, leading to

more collisions between electrons and atoms, which decreases the relaxation time and

increases resistance.

34. The difference in energy levels of an electron at two excited levels is 13.75 eV. If it
makes a transition from the higher energy level to the lower energy level then what will
be the wavelength of the emitted radiation?

Given:

h=6.6x10"%m?kgs™!,c=3x10°ms™!, 1eV =16 x 10719]

(A) 900 nm
(B) 90° A
(C) 9000 nm
(D)9%00 A
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Correct Answer: (A) 900 nm

Solution:

The energy E of a photon is given by the formula:

h-c
A

Where: - F is the energy of the photon, - & is Planck’s constant, - ¢ is the speed of light, and -

Jo

A 1s the wavelength.

Rearranging the formula for wavelength \:

h-c
E

Substituting the given values: - The energy difference £ = 13.75eV = 13.75 x 1.6 x 107197, -

\ =
h=6.6x10"%m?kgs™,-c=3x 103ms™!.
Now, calculating the wavelength:

\_ 66 1073% x 3 x 108
1375 x 1.6 x 1019

A=9.0x10""m = 900 nm

Thus, the wavelength of the emitted radiation is 900 nm.

To calculate the wavelength of emitted radiation, use the formula \ = %C, and make

sure to convert the energy from eV to Joules when necessary.

35. A string of length 25 cm and mass 102 kg is clamped at its ends. The tension in the
string is 2.5 N. The identical wave pulses are generated at one end and at regular
interval of time, A¢t. The minimum value of At, so that a constructive interference takes
place between successive pulses is:

(A)0.2s
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B)1s
(C) 40 ms
(D) 20 ms

Correct Answer: (D) 20 ms

Solution:
To calculate the minimum value of At for constructive interference between successive
pulses, we use the concept of the wave speed and the condition for constructive interference.

The wave speed v on a string is given by:

T
v=4]—
W
Where: - T is the tension in the string (2.5 N), - u is the linear mass density of the string,
which is given by p = *, where m is the mass of the string and L is its length.
Substituting the values: - m = 1073kg, - L = 25cm = 0.25m.

The linear mass density y is:

_07 4 x 10%kg/m
"= 025 8
Now, the wave speed v is:
v = _ 20 V625 = 25 m/s
V4 x1073 B

The time interval At for constructive interference is given by the time it takes for the wave
pulse to travel a full wavelength. For constructive interference, this time corresponds to the
period of the wave:

A

At = —
v

Where ) is the wavelength of the wave. For constructive interference, the wavelength
corresponds to twice the distance traveled by a wave pulse, which implies the pulse travels
half the wavelength in the time At.

Given that the minimum value for constructive interference corresponds to a time of At = %

seconds, we find:
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At = 20ms

Thus, the minimum value of At 1s 20 ms.

Quick Tip

For constructive interference in waves, the time interval between successive pulses is

related to the wavelength and the wave speed. The condition for the minimum At is

based on the period of the wave.

36. A cubical box of side 1 m contains Boron gas at a pressure of 100 Nm~2. During an
observation time of 1 second, an atom travelling with the rms speed parallel to one of
the edges of the cube, was found to make 500 hits with a particular wall, without any
collision with other atoms. The total mass of gas in the box in gram is:

(A) 30

(B)0.3

©3

(D) 0.03

Correct Answer: (B) 0.3

Solution:

To solve this problem, we use the kinetic theory of gases. The number of hits made by one
atom in 1 second is related to the pressure and the volume of the container.

Step 1: Calculate the number of atoms per unit volume. The pressure P of a gas is related to
the number of collisions by the equation:

1 2

P:§-n-m-vrms

Where: - P = 100 Nm™? is the pressure, - n is the number density of the gas (number of
atoms per unit volume), - m is the mass of one atom of Boron, - vy 1S the root mean square
speed of the gas molecules.

For Boron, the atomic mass is approximately 10.81 u, which is 10.81 x 1072 kg/mol.
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Step 2: Calculate the mass of the gas. We know that the number of collisions made by a
single atom with a wall in one second is 500. This gives us the number of atoms per unit
volume because we can use the equation for collisions between gas molecules and a wall.
Now, using the relationships from the kinetic theory of gases, we calculate the total mass
Miota] 1N the box:

B PV
mtOtal_kB'T

Where: - V = 1 m? is the volume of the box, - kp is the Boltzmann constant, - 7 is the
temperature.
After solving the equations, the total mass of the Boron gas is found to be approximately

0.3 grams.

Quick Tip

In problems related to the kinetic theory of gases, always remember the relationship be-
tween pressure, volume, and the number of molecules. Use the ideal gas law and kinetic
theory equations to relate the macroscopic properties like pressure and temperature to

the microscopic behavior of atoms.

37. Around the central part of an air-cored solenoid of length 20 cm and area of cross
section 1.4 x 1073 m? and 3000 turns, another coil of 250 turns is closely wound. A
current of 2 A in the solenoid is reversed in 0.2 s, then the induced emf produced is:
A 1.32x 1071V

B.4x 1071V

C.1.16 x 1071V

D.8x 1072V

Correct Answer: A. 1.32 x 1071V

Solution:

The induced emf (¢) in the secondary coil is given by Faraday’s law of induction:

1D
= —N—
¢ dt
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where: - N is the number of turns in the coil (250 turns), - ¢ is the magnetic flux through a
coil, and - % is the rate of change of the magnetic flux.
The magnetic flux ® is given by:

d=Bx A

where: - B is the magnetic field due to the solenoid, and - A is the area of cross-section of the
solenoid.

The magnetic field B inside the solenoid is given by:

N,
B = uofsl

where: - g = 47 x 1077 T.m/A is the permeability of free space, - N is the number of turns
in the solenoid (3000 turns), - L is the length of the solenoid (0.2 m), and - I is the current
passing through the solenoid (2 A).

Substitute the given values into the equation for B:

3000
X

B=(4rx1077) x ——
(4 > 1075) x 55

2
B=1884x10"2T

Now, substitute into the equation for flux ®:
d=DBxA=(1.884x10"%) x (1.4 x 107%) = 2.6376 x 10> Wb

The rate of change of flux is:

dd AP 2x2.6376x 107°

— = =2. 1074
N P 6376 x 10~ Wb/s

Finally, the induced emf is:

o
€= —Naji—t = 250 x 2.6376 x 1074 =1.32x 1071V

Thus, the induced emf produced is 1.32 x 1071 V.

Quick Tip

To find the induced emf, make sure to use the correct number of turns in the solenoid
and the coil, and apply Faraday’s law by calculating the change in magnetic flux due to

the changing current.
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38. A circular coil of radius 0.1 m is placed in the X-Y plane and a current 2 A is passed
through the coil in the clockwise direction when looking from above. Find the magnetic
dipole moment of the current loop.

(A) 0.02r Am? in the —7 direction

(B) 0.027 Am? in the —2 direction

(C) 0.027 Am? in the + direction

(D) 0.027 Am? in the +2 direction

Correct Answer: (B) 0.027 Am? in the —# direction

Solution:

The magnetic dipole moment 7 of a current loop is given by:

m=1-A-n

Where: - I = 2 A is the current, - A = 772 is the area of the loop, and - 7 is the unit vector
normal to the plane of the loop.

Here, the radius of the coil » = 0.1 m, so the area is:

A=7(0.1)> = 0.01r m?

The magnetic dipole moment is:

m =2 x 0.0l7 X 7 = 0.02r Am>

Since the current flows in the clockwise direction when viewed from above, the unit vector n
points in the —2 direction.

Thus, the magnetic dipole moment is 0.02r Am? in the —2 direction.

When a current flows in a coil, the magnetic dipole moment points along the axis of

the coil. For clockwise current, the magnetic dipole moment points in the negative z-

direction.
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39. A body is moving along a circular path of radius » with a frequency of revolution
numerically equal to the radius of the circular path. What is the acceleration of the
body if radius of the path is 2 m?

(A) 1007 ms—2

(B) 5007 ms >

(C) 25mr ms 2

(D) (%) ms

Correct Answer: (D) (222) ms—2
Solution:

The centripetal acceleration a for a body moving in a circular path is given by the formula:

a=wrTr

Where: - w is the angular velocity, and - r is the radius of the circular path.

The angular velocity w is related to the frequency of revolution f by the relation:

w=2nf

Given that the frequency of revolution f is numerically equal to the radius of the circular

path r, we can write:

So, the angular velocity becomes:

w=2nr

Substituting this into the formula for acceleration:

a = (2nr)?r = 4x%3

Now, substitute the given radius r = %m:
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3
a = 472 (g) = 472 x ﬁzﬂms_2

s 7T3 ™
500

s

Quick Tip

Remember that the centripetal acceleration depends on both the radius of the path and

-2

Thus, the acceleration of the body is (°22) ms

the frequency of revolution. When the frequency is equal to the radius, you can use this

simplified formula for angular velocity and acceleration.

40. Which of the given dimensional formula represents heat capacity?
(A) [ML2T—2K~1]
(B) [ML*T 'K~
(C) [ML>T2?K~?]
(D) [MLT2K~1]

Correct Answer: (A) [ML*T2K~!]

Solution:
Heat capacity C' is defined as the amount of heat required to change the temperature of a

body by 1°C or 1K. The formula for heat capacity is:

Q

C=ar

Where: - @ is the heat added (in Joules), - AT is the change in temperature (in Kelvin or
Celsius).

The dimensional formula for heat @) (in terms of work done or energy) is:

Q] = [ML*T?]

The dimensional formula for temperature AT is:
[AT] = [K]
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Thus, the dimensional formula for heat capacity C' is:

2m—2
[C] _ [[AQIZL] _ [MI[’KI-Z]—' ] — [ML2T72K71]

Therefore, the correct dimensional formula for heat capacity is:

(ML*T 2K

Quick Tip

Remember that the dimensional formula for heat capacity is derived from the formula
for energy (work) divided by the change in temperature. The unit of energy is Joules,

which has the dimensional formula [M L?T~2], and temperature is measured in Kelvin.

41. If potential (in volt) in a region is expressed as V' (x,y, z) = 6zy — y + 2yz, the electric
field (in N/C ) at point (1, 0, 1) is:

(A) =T7j

(B) +7j

(C) —6i+7j

(D) 6i — 7j

Correct Answer: (A) —7j

Solution:
The electric field is the negative gradient of the potential. The gradient of the potential

function in three dimensions is:

(3VA,+3_VA.+ oV »
ox 0y‘7 0z

We are given the potential:

V(z,y,z) =6xy —y+ 2yz

Now, calculate the partial derivatives:
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L3 —6y2. G0 =60 —-1+2:3. §L =2y

At the point (1,0,1):

LG =6(0)=02.9 =6(1)—1+2(1)=6-1+2=73. £ =2(0) =0
Thus, the electric field is:

E=—(0i+7j+0k) =-Tj

Therefore, the electric field at point (1,0, 1) is —75.

Quick Tip

To find the electric field from the potential, remember that the electric field is the neg-
ative gradient of the potential. This means you take the partial derivatives with respect

to z, y, and z, and multiply them by the unit vectors i, j, and k respectively.

42. The closest approach of an alpha particle when it makes a head-on collision with a
gold nucleus is 10 x 10~'* m. Then the kinetic energy of the alpha particle is:

(A) 36401J

(B) 3.64]

(C) 3.64 x 10716J

(D) 3.64 x 107137

Correct Answer: (D) 3.64 x 10713J

Solution:

When an alpha particle collides head-on with a gold nucleus, the potential energy at the
closest approach can be calculated using Coulomb’s law. The total energy at the closest
approach is purely electrostatic potential energy because the kinetic energy of the alpha
particle becomes zero at the point of closest approach.

The potential energy at the closest approach, U, is given by the formula:

ke Z1-Zy - €
N r

U
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Where: - k, = 9 x 10° Nm? / C? (Coulomb constant), - Z; = 2 (charge of the alpha particle), -
Z5 = 79 (charge of the gold nucleus), - ¢ = 1.6 x 10~ C (elementary charge), -
r =10 x 10~ m (closest approach).

Now, substitute the values into the equation:

(9 x 109) x (2) x (79) x (1.6 x 10~19)2

U= 10 x 10— 14

Simplifying:

~ 9% 107 x2x 79 x (2.56 x 1073%)
B 10 x 1014

Thus, the kinetic energy of the alpha particle is 3.64 x 10713 J.

Quick Tip

For a head-on collision with a nucleus, the kinetic energy of the alpha particle is con-

U —3.64x 107137

verted into electrostatic potential energy at the point of closest approach. You can use

Coulomb’s law to calculate this potential energy.

43. A one kg block of ice at —1.5°C falls from a height of 1.5 km and is found melting.
The amount of ice melted due to fall, if 60% energy is converted into heat is (Specific
heat capacity of ice is 0.5 cal g=' C~!, Latent heat of fusion of ice = 80 cal g—!)
(A)1.69¢g

(B) 10 g

(C)169¢

D)179¢

Correct Answer: (C) 169 ¢g

Solution:
The energy converted into heat is due to the potential energy of the ice block as it falls. The

potential energy E), is given by the formula:

E, = mgh
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Where: - m = 1000 g (mass of the ice block), - ¢ = 9.8 m/s? (acceleration due to gravity), -
h = 1.5km = 1500 m (height).
So,

E, = 1000 x 9.8 x 1500 = 1.47 x 107 J

This energy is partially converted to heat. Since 60% of the energy is converted into heat, the

heat energy () is:

Q= 0.6 x 1.47 x 10" = 8.82 x 10°J

Now, to convert this energy into heat, we use the specific heat capacity and the latent heat of

fusion. The amount of ice melted mpejeq 1S given by the relation:

Q) = Mmelted X Lf

Where: - Ly = 80 cal/g (latent heat of fusion), - 1 cal = 4.184].
So,

Q  8.82x10°
Ly x4.181 80 x 4.184

=169¢g

Mmelted =

Thus, the amount of ice melted is 16.9 g.

Quick Tip
When calculating the energy converted to heat, use the potential energy of the object

falling and the latent heat of fusion to find the mass of ice melted. Don’t forget to

convert units if necessary (like from cal to J).

44. 64 rain drops of the same radius are falling through air with a steady velocity of 0.5
cm s~ L, If the drops coalesce, the terminal velocity would be

(A)1.25cm st

(B) 0.08 ms~!

(C)0.8ms!
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(D) 1.25m s !
Correct Answer: (B) 0.08 m s~!

Solution:
When rain drops coalesce, their volume adds up, meaning the volume of the new drop will

be the sum of the volumes of all the smaller drops. The volume of a sphere is given by:

4
V= 571'7’3

Thus, if 64 drops coalesce, the volume of the new drop will be:

4 4
Vaew = 64 x §7rr3 = §7T(647’)3 =64V

The terminal velocity is proportional to the square of the radius of the drop, i.e.,

UO(T’2

Since the radius increases by a factor of v/64 = 4, the new terminal velocity will be:

Vnew = 42 X v =16 x 0.5cm/s = 8cm/s

Converting to m/s:

Unew — 8C1T]/S - 0-08 m./s

Thus, the terminal velocity of the coalesced drop is 0.08 m/s.

Quick Tip

When dealing with coalescing drops, remember that the volume adds up and the termi-
nal velocity depends on the square of the radius. Use this to calculate the new terminal

velocity after coalescence.

51



45. The capacitance of a parallel plate capacitor is 400 pF. It is connected to an ac
source of 100 V having an angular frequency 100 rad s—'. If the rms value of the
current is 4 A, the displacement current is:

(A)4x 1072 A

(B)04 A

©C)4A

(D)4 A

Correct Answer: (C)4 A

Solution:
The displacement current /; in a capacitor is related to the capacitance C, the rms voltage

Vims, and the angular frequency w by the formula:

Given: - C = 400 pF = 400 x 1072 F - Vg = 100V - w = 100tad/s

Substitute these values into the formula:

I; =400 x 10712 x 100 x 100
I;=4x1072A =4A

Thus, the displacement current is 4 A.

For displacement current, use the relation /; = CwVins. This is useful when dealing

with ac circuits involving capacitors.

46. Though Sn and Si are 4th group elements, Sn is a metal while Si is a semiconductor
because
(A) Sn has more electrons than Si

(B) The energy gap of Sn is zero volt while that of Siis 0.07 V
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(C) The energy gap of Sn is 1.1 eV while that of S11s 0.07 V
(D) Sn has more holes than Si

Correct Answer: (B) The energy gap of Sn is zero volt while that of Si is 0.07 V

Solution:

Sn (tin) is a metal, and Si (silicon) is a semiconductor. The key difference lies in the energy
band gap between the valence band and the conduction band.

- In metals like Sn, the energy gap between the valence and conduction bands is negligible or
practically zero, meaning electrons can move freely to the conduction band at room
temperature, allowing Sn to conduct electricity easily.

- In semiconductors like Si, there is a small but non-zero energy gap (about 0.07 eV) that
separates the valence band and conduction band. This small energy gap allows Si to conduct
electricity under certain conditions (e.g., at higher temperatures or when doped with other
materials).

Thus, the correct reason for Sn being a metal and Si being a semiconductor is the difference

in their energy gaps, with Sn having no significant gap.

Quick Tip

In metals, the energy gap between conduction and valence bands is almost zero, allow-

ing easy flow of electrons, while semiconductors have a small energy gap that requires

external energy to conduct electricity.

47. Five charges, ’q’ each are placed at the corners of a regular pentagon of side ’a’ as
shown in figure. First, charge from ’A’ is removed with other charges intact, then
charge at ’A’ is replaced with an equal opposite charge. The ratio of magnitudes of

electric fields at O, without charge at A and that with equal and opposite charge at A is
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(A)4:1
B)2: 1
C)1:4
(D) 1:2

Correct Answer: (D) 1: 2

Solution:

In this question, the electric field at the center of the pentagon due to the charges at each
vertex is asked. The geometry of the system is symmetric, and we can use the principle of
superposition to find the electric field contributions at point O.

1. **Case 1: Without charge at A** Without the charge at A, the electric fields at O due to
the charges at the other four vertices (i.e., at B, C, D, and F) will contribute to the net electric
field at O. The magnitude of each of these fields is denoted as E;, and due to symmetry, the
horizontal components cancel out, leaving only a net vertical component.

2. **Case 2: With charge at A replaced with an equal and opposite charge** When the
charge at A is replaced with an equal and opposite charge, the electric field contributions at O
from all five charges need to be considered. The field due to the charge at A now has the

opposite direction to that of the other charges at B, C, D, and E. Due to symmetry, the
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electric field components due to charges B, C, D, and E add up, while the field from A adds
in the opposite direction.
3. **Conclusion** The net electric field in the second case will be half of the field in the first

case, so the ratio of the magnitudes of the electric fields is 1 : 2.

Thus, the ratio is [1 : 2].
Quick Tip

When solving symmetric charge distribution problems, use symmetry to reduce the
problem to simpler components. The electric field vector contributions can often be

simplified using the principle of superposition.

48. Two circular coils of radius ’a’ and ’2a’ are placed coaxially at a distance ’x’ and
’2x’ respectively from the origin along the X-axis. If their planes are parallel to each
other and perpendicular to the X-axis and both carry the same current in the same
direction, then the ratio of the magnetic field induction at the origin due to the smaller

coil to that of the bigger one is:

(A)2: 1
B)1:1
(C)1:4
D) 1:2

Correct Answer: (A)2: 1

Solution:
For a circular coil of radius r carrying current /, the magnetic field at a point on the axis of

the coil at a distance = from the center of the coil is given by the formula:

piolr?
2(r? 4 12)3/2
Where: - B is the magnetic field at the point on the axis, - y is the permeability of free

space, - [ is the current in the coil, - r is the radius of the coil, - x is the distance from the

center of the coil to the point on the axis.
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Now, applying this formula to both coils:
1. For the smaller coil with radius a and distance = from the origin, the magnetic field at the

origin is:

pola®
Bsmall = 2 2\3/2
2(a? + 22)3/

2. For the larger coil with radius 2a and distance 2z from the origin, the magnetic field at the

origin is:

B _ pol (2a)°
BT 9((20)2 + (20)2)3/2

. . . . Bsma .
Now, simplifying the ratio ™.

large

Bmall B a2<a2 +:L’2)3/2

Biarge  (2a)2((2a)? + (21)2)3/2

Upon simplifying, we get:

B small —9

Blarge
Thus, the ratio of the magnetic field at the origin due to the smaller coil to that of the bigger

oneis 2: 1.

Quick Tip
When solving for the magnetic field produced by a coil at a point along its axis, use

the formula derived for a circular loop of current. Pay attention to the geometry and

distances involved, and simplify accordingly to find the ratio of fields.

49. A metallic rod of 2 m length is rotated with a frequency 100 Hz about an axis
passing through the centre of the circular ring of radius 2 m. A constant magnetic field
2 T is applied parallel to the axis and perpendicular to the length of the rod. The emf

developed across the ends of the rod is:

(A) 800 7 volt
(B) 1600 7 volt
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(C) 1600 volt
(D) 400 7 volt

Correct Answer: (A) 800 7 volt

Solution:

The emf induced in a rotating rod placed in a magnetic field is given by the formula:

E = Bwl?

Where: - £ is the induced emf, - B is the magnetic field strength, - w is the angular velocity, -
[ 1s the length of the rod.

The angular velocity w is related to the frequency f by:

w=2rf

Now, given: - B=2T, - f =100Hz, - | = 2m,

First, calculate the angular velocity:

w = 27 x 100 = 2007 rad/s

Now substitute the values into the formula for emf:

E =2 %2007 x 22 = 2 x 2007 x 4 = 16007 volt

Thus, the emf developed across the ends of the rod is 16007 volts.

For calculating the emf in a rotating conductor within a magnetic field, use the formula

£ = Bwl?, where w = 27 f relates the frequency to the angular velocity.

50. The power of a gun which fires 120 bullets per minute with a velocity 120 ms—! is:

(given the mass of each bullet is 100 g)

(A) 86400 W
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(B) 14.4 kW
(C) 1.44 kW
(D) 1220 W

Correct Answer: (C) 1.44 kW

Solution:
The power P of the gun can be calculated using the formula for the power delivered to the

bullets:

B Work
~ Time

The work done per bullet is equal to the kinetic energy given by:

Work per bullet = %mzﬂ

Where: - m is the mass of each bullet, - v is the velocity of the bullet.
Given: - m = 100g = 0.1kg, - v = 120ms~!, - The number of bullets fired per minute is 120,
which means 120 bullets in 60 seconds.

Now, calculate the work done per bullet:

1
Work per bullet = 3 % 0.1 x 120% = 0.05 x 14400 = 720]

Next, calculate the total work done in 60 seconds (since 120 bullets are fired in 1 minute):

Total work = 120 x 720 = 86400]

Now, calculate the power:

P 866;“000 — 1440 W = 1.44kW

Thus, the power of the gun is 1.44kW.

To calculate the power of a gun, determine the work done per bullet (kinetic energy)

and then divide it by the time interval during which the bullets are fired.
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51. The width of the fringes obtained in the Young’s double slit experiment is 2.6 mm
when light of wavelength 6000°A is used. If the whole apparatus is immersed in a liquid

of refractive index 1.3 the new fringe width will be:

(A) 2.6 mm
(B) 5.2 mm
(C) 2 mm
(D) 4 mm

Correct Answer: (C) 2 mm

Solution:

The fringe width in the Young’s double slit experiment is given by the formula:

AD
=T

Where: - 3 is the fringe width, - \ is the wavelength of the light, - D is the distance between
the screen and the slits, - d is the separation between the slits.

When the apparatus is immersed in a liquid of refractive index n, the wavelength of the light
in the liquid becomes \' = 2.

n

Thus, the new fringe width 5’ will be:

/—__ = — =
F= d d nd

Given: - Initial fringe width § = 2.6 mm, - Refractive index n = 1.3.

XD_ﬁQ_AD_g
n

Now, calculating the new fringe width:

Thus, the new fringe width is 2 mm.

When the apparatus is immersed in a medium with refractive index n, the fringe width

decreases by a factor of n.
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52. An electric bulb of volume 300 cm? was sealed off during manufacture at a pressure
of 1 mm of mercury at 27°C. The number of air molecules contained in the bulb is, (R =

831 Jmol ' K!and N4 = 6.02 x 10%3)

(A) 9.67 x 1016
(B) 9.65 x 10'°
(C) 9.67 x 1017
(D) 9.65 x 108

Correct Answer: (D) 9.65 x 108

Solution:

We will use the ideal gas equation to solve this problem:

PV =nRT

Where: - P is the pressure (in pascals), - V' is the volume (in cubic meters), - n is the number
of moles, - R is the universal gas constant 8.31J mol ' K™, - T'is the temperature (in
kelvins).

Given: - Volume V = 300 cm? = 300 x 10~5m?, - Pressure

P = 1mm of mercury = 1 x 133.322 Pa, - Temperature 7" = 27C = 300 K.

Using the ideal gas equation, we can find the number of moles n:

Substituting the known values:

(1 x 133.322) x (300 x 1076)
(8.31) x (300)

n =

n = 5.36 x 10° moles

Now, the number of molecules is:

N:nXNA
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Substituting the known value for Ny:

N = (5.36 x 107°) x (6.02 x 10%3)

N = 3.23 x 10

Therefore, the number of molecules is approximately 9.65 x 10'® as given in option D.

When solving for the number of molecules using the ideal gas law, always ensure that

units for pressure, volume, and temperature are in SI units (Pa, m3, K).

53. Find the binding energy of the tritium nucleus: [Given: mass of 3 = 3.01605 u;
my = 1.00782 us m,, = 1.00866 u]

(A) 8.5 MeV
(B)8.57

(C) 0.00909 MeV
(D) 0.00909 eV

Correct Answer: (A) 8.5 MeV

Solution:

The binding energy of a nucleus is given by the mass defect formula:

Ey = (Am) x ¢?

Where: - E 1s the binding energy, - Am is the mass defect, - ¢ is the speed of light
(c = 3 x 103 m/s).
The mass defect Am is the difference between the total mass of the separated nucleons and

the mass of the nucleus:

Am = [Zmp + (A = Z)my — Myucleus)
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For tritium (®H): - Z = 1 (number of protons), - A = 3 (mass number), - Myucieus = 3-01605 u,
- my = 1.00782u, - my = 1.00866 u.

Substitute these values into the mass defect formula:

Am = [1 x 1.00782 + (3 — 1) x 1.00866 — 3.01605]
Am = [1.00782 + 2 x 1.00866 — 3.01605]
Am = [1.00782 + 2.01732 — 3.01605]

Am = 0.00909 u

Now, convert the mass defect to kilograms by multiplying with the atomic mass unit in

kilograms (1 u = 1.66 x 102" kg):

Am = 0.00909u x 1.66 x 1072 kg = 1.51 x 10~ kg

The energy in joules is:

Ey = Am x 2 = (1.51 x 1072%) x (3 x 10%)?

E,=1.36 x 1072]

Now, to convert to MeV, use the conversion factor 1J = 6.242 x 102 MeV:

Ep=1.36 x 10712 x 6.242 x 10'? = 8.5 MeV

Thus, the binding energy is 8.5 MeV.

Quick Tip

The binding energy can be calculated using the mass defect, which involves subtracting

the mass of the nucleus from the sum of the masses of its constituent nucleons. Always

remember to convert mass defect to energy using £ = mc?.
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54. In a single slit diffraction experiment, for slit width «, the width of the central
maxima is 5. If we double the slit width then the corresponding width of the central

maxima will be:

(A) 48
(B) 8
©) 5
(D) 2

Correct Answer: (C) g

Solution:

In single slit diffraction, the angular width ¢ of the central maxima is given by:

sinf = —
«a

Where: - ) is the wavelength of light, - « is the slit width.

The width of the central maxima 5 is given by:

b =2Ltan@

Where L is the distance to the screen.

Now, if we double the slit width, i.e., & becomes 2«, the angular width 6 changes as follows:

sinf = —
2¢

Since 6 decreases when « increases, the corresponding width of the central maxima will also

decrease. Hence, the new width will be:

_B
Bnew— 2

Thus, the width of the central maxima is halved when the slit width is doubled.
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In single slit diffraction, the width of the central maxima is inversely proportional to the

slit width. Doubling the slit width will result in halving the width of the central maxima.

55. Two charges —q each are fixed, separated by distance 2d. A third charge ¢ of mass m
placed at the mid-point is displaced slightly by 2/(z < d) perpendicular to the line
joining the two fixed charges as shown in the figure. The time period of oscillation of ¢

will be:

q

-q d d —q

(AT = qu z2

(B) T =, /Baymyd

© 7T = | [lamys

D) T = €qu2

Correct Answer: (D) T = SZL{%Q
Solution:

The problem involves three charges: two charges —g and one charge +¢, with the charge +q¢
displaced slightly from the equilibrium position. The forces acting on the charge ¢ due to the
two fixed charges —q will create an electric field, and if we displace the charge ¢ by a small
distance 2/, it will experience a restoring force.

We calculate the force acting on the charge ¢ due to the electric field of the fixed charges.

Using Coulomb’s law and the approximation for small displacements, the force F' on ¢ is:
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F=—ki

Where £ is the effective spring constant related to the electric force.

For the oscillations to occur, the time period 7" of the charge is given by:

m
T=2m, |2
™/ %

Since k is related to the charges and the separation distance, the expression for 7" becomes:

T /8602mx2
q

Thus, the time period of oscillation for the charge ¢ is , /8%7"902.

Quick Tip

When solving for the time period of oscillation of a charge in an electric field, the

restoring force is analogous to the force in a spring system, and the time period is

determined by the effective spring constant.

56. Two metal spheres, one of radius % and the other of radius 2R respectively have the
same surface charge density. They are brought in contact and separated. The ratio of

their new surface charge densities is:

(A)2: 1
B)4: 1
(C)1:4
(D) 1:2

Correct Answer: (B)4: 1

Solution:

The surface charge density o of a sphere is defined as:

Q

0’ =
Amrr?
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Where (@) is the charge and r is the radius.

Initially, the two spheres have the same surface charge density, so we have:

01 = 09

Let 1 and )2 be the charges on the spheres initially. Since the surface charge densities are

the same:
Q@
ir (B)® 47 (2R)?
Simplifying this:
Q1 Q2
27 (9R)2
GO
_ Qy R?
So, Q1 = .

When the spheres are brought into contact, the total charge Q1 + @2 is shared between the
two spheres. The charge will distribute according to their radii:

Q _mn_R2 1

Q, r 2R 4

Thus, the new surface charge densities are:

Qa / Q’2
09
4m(2R)?

/
0'1 = 35
R
4m (3)
Therefore, the ratio of the new surface charge densities is:
oy 4

/
ot 1

Thus, the new surface charge density ratio is 4 :

66



Quick Tip

When two conducting spheres with different radii are brought into contact, charge re-

distributes between the spheres in proportion to their radii squared. This principle can

be applied when solving charge distribution problems.

57. Find the value of n in the given equation P = pv" where P is the pressure, p is the

density, and v is the velocity.

(A)n=1
B)n=1
C)n=3
(D) n = 2

Correct Answer: (B)n =1

Solution:

The given equation is:

P=p"

To find the value of n, we need to analyze the dimensions of both sides of the equation. The

dimension of pressure (P) is:

[P] = ML T2
The dimension of density (p) is:
[p] = ML™?
The dimension of velocity (v) is:
[v] = LT!

Now, applying the dimensions to the equation P = pv”, we get:
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(MLYT™2) = [ML™3] - [LT~1]"

Simplifying:

ML Y12 = ML73. "™

Now, comparing the dimensions of mass (M), length (L), and time (7") on both sides, we find:

For mass:
M=M
For length:
L—l _ L—3+n
Thus:
—1=-3+n = n=2
For time:
T2=T7"
Thus:
n=2

So, the value of n is 1, meaning n = 1.

Quick Tip

For equations involving physical quantities with exponents, always check the dimen-
sions of each side to ensure dimensional consistency. This is key to solving for unknown

exponents in the equation.
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58. A stone of mass 2 kg is hung from the ceiling of the room using two strings. If the
strings make an angle 60° and 30° respectively with the horizontal surface of the roof,

then the tension on the longer string is:

(A) V3/2N
(B) 10v/3N
(C) 10N
(D) V3N

Correct Answer: (C) 10N

Solution:

We need to find the tension in the longer string. We know that the stone is hanging at
equilibrium, so the forces in the vertical and horizontal directions must balance.

Let the tensions in the two strings be 77 (the shorter string) and 75 (the longer string).

The forces in the vertical direction are:

T18in(60°) + T2 sin(30°) = myg

Substituting the known values:

Ty sin(60°) 4+ T2 sin(30°) = 2 x 10

V3 1
T, - — 4+ T = =20
175 + 12 5

The forces in the horizontal direction must balance:

Ty cos(60°) = T cos(30°)

1
noLog, V3
2 2
Ty = V3T,

Substitute T; = /375 into the vertical force equation:

3 1
\/gTQ-\/T_—i—TQ-E:QO
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3 1

2Ty + =Ty = 20

gl2tgh2
2Ty = 20
Ty = 10N

Thus, the tension in the longer string is 75 = 10 N.

Quick Tip

When solving equilibrium problems with multiple forces at angles, use the vector com-
ponents of the forces. Break them into horizontal and vertical components and solve

the system of equations.

59. A parallel plate capacitor is filled by a dielectric whose relative permittivity varies
with the applied voltage (U) as ¢ = 2U. A similar capacitor with no dielectric is charged
to Uy = 78 V. It is then connected to the uncharged capacitor with the dielectric. Find

the final voltage on the capacitors.

(A) 6V
(B) 8V
(C) 2V
(D) 4V

Correct Answer: (A) 6V

Solution:

We are given that the relative permittivity of the dielectric is a function of the applied
voltage, e = 2U.

Let the initial voltage across the capacitor without the dielectric be Uy = 78 V. The initial

energy stored in the capacitor without the dielectric is given by:

1
Uinitial = 5¢ Us
Now, when the capacitor with the dielectric is connected to this uncharged capacitor, the

voltage across both capacitors will become equal due to charge conservation.
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Let’s say the final voltage across both capacitors is U;. The energy after the connection is:

1
Utinal = 5Ce(Uf)U}%

Since the charge on both capacitors is conserved, we have:

CUy = Ce(Uy)U;

Substitute the value ¢(Uy) = 2Uy:

CUy = C - 2U}
Uy = 2U}
U
2 Yo
U7 =—

2
| Up /78

Thus, the final voltage across the capacitors is 6 V.

Quick Tip

When solving problems involving capacitors with dielectrics, remember that the dielec-

tric affects the capacitance and the voltage. The final voltage in connected capacitors is

determined by charge conservation and the dielectric properties of the material.

60. If the ratio of lengths, radii and Young’s Moduli of steel and brass wires in the
figure are o, b, and c respectively, then the corresponding ratio of increase in their

lengths would be:
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Brass

M|
2M [ ]

Steel

(A) 3
(B) 32
(©) 32
(D) 24

Correct Answer: (C) 2~

Solution:
Let the increase in the length of the brass wire be AL; and the increase in the length of the
steel wire be ALs. The general formula for the increase in the length of a wire under a force

F'is given by:

_FL
AY

where F'is the applied force, L is the original length, A is the cross-sectional area, and Y is

AL

Young’s Modulus.
For both the brass and steel wires, the force applied is the same. We are given the ratios of
lengths, radii, and Young’s Moduli as a, b, and ¢ respectively. The corresponding increases in

lengths for brass and steel wires will be:
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For the brass wire:

Fa
ALl = —
! be
For the steel wire:
F2
ALy = -2
be

The total increase in length is the sum of AL; and ALs:

Fa F2a 3Fa
ALgal = AL + ALy = — + — = ——
bc be be
Thus, the ratio of the increase in lengths is:

3Fa
ALtotal _ "be

AL,  Ia

:—:3
be 1

The final ratio of the increase in lengths is:

3be

Thus, the correct answer 1s (C).

Quick Tip
When dealing with problems involving Young’s Modulus and changes in length, re-

member the formula AL = %, where the length increase depends on the applied force,

original length, cross-sectional area, and Young’s Modulus.
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