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General Instructions

Read the following instructions very carefully and strictly follow them:
1. The Duration of test is 3 Hours.
2. This paper consists of 90 Questions.

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

Mathematics having 30 questions in each part of equal weightage..

4. Each part (subject) has two sections.
(1) Section-A: This section contains 20 multiple choice questions which have only
one correct answer. Each carries 4 marks for correct answer and —1 mark for

wrong answer..

5. (i1) Section-B: This section contains 10 questions. In Section-B, attempt any five
questions out of 10. The answer to each of the questions is a numerical value.
Each carries 4 marks for correct answer and —1 mark for wrong answer. For

Section-B, the answer should be rounded off to the nearest integer.




Physics

Section A

1: Eight equal drops of water are falling through air with a steady speed of 10 cm/s. If the drops
collapse, the new velocity is :-

(1) 10em/s

(2) 40cm/s

(3) 16cm/s

(4) 5em /s

Correct Answer: (2): 40 cm/s
Solution:
Step 1: Volume calculation-

The volume of a sphere is Provided that by:
V= —-mre.

For eight smaller spheres, the total volume is:

where R is the radius of the larger sphere.

Step 2: Radius calculation.

Equating the volumes:

Step 3: Velocity calculation.

The terminal velocity of a sphere moving through a fluid is Provided that by:

22

= %(pb - pair)a

where:

- r is the radius of the sphere,



- 1 1s the fluid’s viscosity,
- pp and p,;; are the densities of the sphere and the air, respectively.

From the equation, terminal velocity is proportional to the square of the radius:

V o 72,

Step 4: Ratio of velocities.

Using the proportionality:

= (%)
Vo \R/J

V1<7")21
Vo \2r/) 4

Substituting R = 2r:

Step 5: Evaluate V5.
Rewriting the ratio:

VQIV1><4.

Provided that V;, = 10 km/s:
Vo =10 x 4 = 40 km/s.

Conclusive Answer: The velocity V5 is 40 km/s.

Terminal velocity is reached when the gravitational force is balanced by the viscous

drag and buoyant force. It is proportional to the square of the radius of the drop.

2: Provided that below are two statements : One is labelled as Assertion A and the other is

labelled as Reason R.

Assertion A: A bar magnet dropped through a metallic cylindrical pipe takes more time to

come down compared to a non-magnetic bar with same geometry and mass.

Reason R: For the magnetic bar, Eddy currents are produced in the metallic pipe which op-

pose the motion of the magnetic bar.



In the light of the above statements, choose the correct answer from the options Provided that be-
low:
(1) A is true but R is false
(2) Both A and R are true but R is NOT the correct explanation of A
(3) A is false but R is true

(4) Both A and R are true and R is the correct explanation of A

Correct Answer: (4): Both A and R are true and R is the correct explanation of
Solution:

If a bar magnet falls through a metallic cylindrical pipe, its motion alters the magnetic flux, induc-
ing eddy currents in the pipe. According to Lenz’s law, these eddy currents generate a magnetic field
that opposes the magnet’s motion, exerting an upward force that slows its descent. As a result, the
bar magnet takes longer to reach the bottom compared to a non-magnetic bar of the same shape and
mass, which is unaffected by magnetic forces.

In contrast, a non-magnetic bar falling through the same pipe experiences only gravitational force
and air resistance. Since there are no eddy currents or opposing magnetic forces, it falls more quickly.

Therefore, both Assertion A and Reason R are correct, and Reason R appropriately explains As-

sertion A.

Lenz’s Law states that the induced current will flow in such a direction as to create a magnetic

field that opposes the change in the original magnetic flux.

3: A space ship of mass 2 x 10* kg is launched into a circular orbit close to the earth surface. The
additional velocity to be imparted to the space ship in the orbit to overcome the gravitational
pull will be (if ¢ = 10 m/s? and radius of earth = 6400 km):

(1) 7.9(v/2 — 1) km/s

(2) 7.4(v/2 — 1) km/s

(3) 11.2(v/2 — 1) km/s

(4) 8(v/2 — 1) km/s

Correct Answer: (4): 8(v/2 — 1) km/s

Solution:



Calculating AV using the Provided that formula-

Step 1: Formula for AV,
The change in velocity is Provided that by:

GM
AV === (V2-1),

where:
- (G is the gravitational constant,
- M is the mass of the central body (e.g., Earth),

- R is the radius of the orbit.

Step 2: Evaluate the expression.

GM GM
AV = = - R.
v \/ R \/ R? R

AV =14/g 2—1

is the acceleration due to gravity at the surface.

GM .

Rewrite the term R

Thus:

where g = GM

Step 3: Substitute numerical values.

Using the Provided that value for /g R:
AV = +/gR (V2 —1) =8000(v2 — 1) m/s.

Convert to km/s:
AV = 8(V2 — 1) kmis.

Conclusive Answer: AV = 8(1/2 — 1) km/s.

The escape velocity is /2 times the orbital velocity of a satellite close to the surface of a planet.

4: A projectile is projected at 30° from horizontal with initial velocity 40 ms—!. The velocity of
the projectile at ¢ = 2 s from the start will be :
(Provided that g = 10 m/s?)



(1) Zero

(2) 20v/3 ms™!
(3) 40v/3 ms~!
(4) 20 ms~!

Correct Answer: (2): 20v/3 ms™!
Solution:
Step 1: Initial velocity components.
The initial velocity of the projectile is u = 40 ms™~*, and the angle of projection is 30°.

1. Horizontal velocity component (U,):
U, = ucos30° = 40 - cos 30° = 40 - ? =20v3ms™ ",
2. Vertical velocity component (U,):
U, = usin30° = 40 - sin 30° = 40 - % =20ms ™.
Step 2: Velocity after ¢t = 2s.
1. Horizontal velocity (V) remains constant because there is no horizontal acceleration:
V,=U, = 20v3ms L.
2. Vertical velocity (V}) is affected by gravity (¢ = 10ms™2):
V,=U,—gt=20-10-2=20—20=0ms"".

Step 3: Resultant velocity (V).

The resultant velocity is the vector sum of V,, and V;:

V=,/V2+V2

Substitute the values:

V = /(20v/3)2 + (0)2 = V00 -3 = V1200 = 20v/3ms .

Conclusive Answer: The velocity of the projectile after ¢ = 2s is 20v/3ms ™.

In projectile motion, the horizontal component of velocity remains constant, while the vertical

component changes due to gravity.




5: A plane electromagnetic wave of frequency 20 MHz propagates in free space along x-direction.
At a particular space and time, E= 6.6; v/m. What is B at this point?

(1) =22 x 1078k T

(2) —2.2x 1075 T

(3)2.2x 108k T

4)22x10°% T

Correct Answer: (3): 2.2 x 1078k T
Solution:
Provided that: £ = 6.6 V/m, frequency f = 20 MHz, and the wave propagates along the

x-direction.

Step 1: Evaluate the magnitude of B.

The magnitude of the magnetic field B is related to the magnitude of the electric field E by

5 _ 2]
5=
C

bl

where ¢ = 3 x 10® m/s is the speed of light in free space.

= 6.6

Bl=———=22x%x10"°%T.
Bl = 3510 %

Step 2: Determine the direction of B.
For an electromagnetic wave propagating in the direction C, the electric field E, magnetic field B, and
propagation direction C are mutually perpendicular, and follow the right-hand rule: ExB=C.In
this case, C is in the x-direction (%), and £ is in the y-direction (j'). Thus, B must be in the z-direction

(/2:) for the cross product to be in the x-direction. That is,
ixB=1i.
Only B being in the positive z-direction satisfies this:

Jx k=1

~

Step 3: Combine magnitude and direction. Combining the magnitude and direction, we get

B=(22x10%kT.



Conclusive Answer: 5 = 2.2 x 10~%k T.

In an electromagnetic wave, the electric and magnetic fields are perpendicular to each other

and to the direction of propagation.

6: A car P travelling at 20 ms~! sounds its horn at a frequency of 400 Hz. Another car Q is trav-
elling behind the first car in the same direction with a velocity 40 ms~!. The frequency heard
by the passenger of the car Q is approximately [Take, velocity of sound = 360 ms~!]

(1) 471H =z

(2) 514H =z

(3) 421H =

(4) 485H 2

Correct Answer: (3): 421 Hz
Solution:

Provided that: Velocity of car P, Vp = 20 ms™!, velocity of car Q, Vi = 40 ms™!, frequency of
the horn, f = 400 Hz, and velocity of sound, V, = 360 ms~!.

Step 1: Apply the Doppler effect formula. The apparent frequency f,,, heard by the passenger
in car Q when both cars are moving in the same direction is Provided that by:
=[] = il
Note that we use the negative of the velocities since both cars are moving in the same direction as the
sound wave. If the observer (car Q) is moving towards the source (car P) and the source is moving
away from the observer, then we take V positive and Vp negative. In this case, both are positive

because both are moving in the same direction.

Step 2: Substitute the Provided that values. Substituting the Provided that values into the

Doppler effect formula:

360 + 40 y 400
380 380

400
wop = | | x 400 = — x 400 = — x 400 ~ 421 Hz.
Joro {360 + 20 . X z

Conclusive Answer: The frequency heard by the passenger of car Q is approximately 421 Hz.



When the source and observer are moving in the same direction, the apparent frequency is

lower than the actual frequency if the source is moving faster than the observer.

7: A body of mass 500 g moves along x-axis such that its velocity varies with displacement x
according to the calculation v = 10/z m/s the force acting on the body is :-

(1) 25N

(2) 5N

(3) 166 N

(4) 125N

Correct Answer: (1): 25 N
Solution:

Provided that: Mass m = 500 g = 0.5 kg and velocity v = 10/x m/s.

Step 1: Find the acceleration.

Acceleration a is the rate of change of velocity with respect to time, which can be expressed as:

dv dv dz dv

~u @ w Va
We are Provided that v = 10,/z. Differentiating v with respect to z:

dv 5
dm—dx(lo\/‘)—me\/_ N

So, the acceleration is

=50 ms 2
Step 2: Evaluate the force-
Force F' is Provided that by Newton’s second law:
F =ma.
Substituting the Provided that values:

F'=0.5x50=25N.

Conclusive Answer: The force acting on the body is 25 N.

9



When velocity is Provided that as a function of displacement, acceleration can be Evaluated

using a = vg—i.

8: The ratio of the de-Broglie wavelengths of proton and electron having same Kinetic energy:
(Assume m,, = m, x 1840)

(1)1:62

(2)1:30

(3)1:43

(4)2:43

Correct Answer: (3): 1:43
Solution:

Provided that: Proton and electron have the same kinetic energy, K, and m,, = 1840m..

Step 1: Recall the de-Broglie wavelength formula-
The de-Broglie wavelength ) is Provided that by

h
A=—,
p
where A is Planck’s constant and p is the momentum. Since kinetic energy K = %, we have
p = vV2mK. Therefore,
h
A= :
2mK

Step 2: Evaluate the ratio of wavelengths-

Let )\, and \. be the de-Broglie wavelengths of the proton and electron, respectively. Then

>

N
3
h~]
=
3
®

>/|h§>/

3

)

g

=
bS]

Since m, = 1840m., we have

A

. me 1 1 1
A V1840m. V1840 429~ 43

Conclusive Answer: The ratio of the de-Broglie wavelengths is approximately 1:43.
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For particles with the same kinetic energy, the de-Broglie wavelength is inversely proportional

to the square root of the mass.

9: If force (F), velocity (V) and time (T) are considered as fundamental physical quantity, then
dimensional formula of density will be :-

(1) FV =217

(2) FVAT—6

(3) FV 412

(4) P2y —=27°%

Correct Answer: (3): FV~4T~2
Solution:

Provided that: Force (F), velocity (V), and time (T) are fundamental quantities.

Step 1: Write the dimensional formula for density-

Let the dimensional formula for density p be
[p| = F*VYT*,
where x, y, and z are constants to be determined.

Step 2: Express the dimensions of fundamental quantities in terms of M, L, and T-

The dimensions of force, velocity, and time are:
[F] = [MLT™?), [V]=[LT™Y, [T]=]T).
The dimensions of density are [p] = [M L73].

Step 3: Substitute the dimensions and equate the powers-

Substituting the dimensions into the equation for [p]:
[ML™®] = [MLT?]*[LT~'JY[T)? = M*L*vT -2+,

Equating the powers of M, L, and T on both sides, we get the following system of equations:

=1
r+y=-3
—2r—-—y+z2z=0



Step 4: Solve the system of equations-

From the first equation, x = 1. Substituting into the second equation:
1+y=-3 = y=-—-4.
Substituting = 1 and y = —4 into the third equation:

21— (-4)+2=0 = 24+4+2=0 = z=-2.

Step 5: Write the dimensional formula for density. Substituting z = 1,y = —4, and 2 = —2:

[p| = F'V T2 = FV T2,

Conclusive Answer: The dimensional formula for density is F'V ~4T~2.

Dimensional analysis is a powerful tool for checking the correctness of equations and deriving

calculationships between physical quantities.

10: An electron is allowed to move with constant velocity along the axis of current carrying
straight solenoid.

A. The electron will experience magnetic force along the axis of the solenoid.
B. The electron will not experience magnetic force.

C. The electron will continue to move along the axis of the solenoid.

D. The electron will be accelerated along the axis of the solenoid.

E. The electron will follow parabolic path inside the solenoid.

Choose the correct answer from the options Provided that below:

(1) A and D only

(2) B, C and D only

(3) B and E only

(4) B and C only

Correct Answer: (4): B and C only
Solution:
Provided that: An electron moves with constant velocity along the axis of a current-carrying

solenoid.

12



Step 1: Recall the magnetic force formula. The magnetic force E, experienced by a charged

particle with charge ¢ moving with velocity ¢’ in a magnetic field B is Provided that by

—

E, =q(7 x B).

Step 2: Analyze the force on the electron. Inside a solenoid, the magnetic field is uniform and
directed along the axis of the solenoid. Since the electron is moving along the axis of the solenoid,
its velocity ¢/ is parallel to the magnetic field B. Therefore, the cross product ¥ x B is zero, and the

magnetic force on the electron is also zero:

E, =0.

Step 3: Determine the motion of the electron. Since the magnetic force on the electron is zero,
there is no net force acting on it in the direction perpendicular to its motion. Thus, the electron will
continue to move along the axis of the solenoid with constant velocity. It will not be accelerated or

follow a parabolic path.

Conclusive Answer: The electron will not experience magnetic force (B), and it will continue to

move along the axis of the solenoid (C).

A charged particle moving parallel or antiparallel to a magnetic field experiences no magnetic

force.

11: The Thermodynamic process, in which internal energy of the system remains constant is
(1) Isobaric

(2) Isochoric

(3) Adiabatic

(4) Isothermal

Correct Answer: (4): Isothermal
Solution:
Step 1: Recall the calculationship between internal energy and temperature-

The change in internal energy (AU) of a system is related to the change in temperature (A7") by
AU = nC,AT,

13



where n is the number of moles and C, is the molar specific heat at constant volume.

Step 2: Consider the isothermal process-

In an isothermal process, the temperature of the system remains constant. Therefore, AT = 0.

Step 3: Evaluate the change in internal energy-

Substituting AT = 0 into the equation for AU:
AU = nC,(0) = 0.
Step 4: Conclude about the internal energy-

Since AU = 0, the internal energy of the system remains constant in an isothermal process.

Conclusive Answer: The thermodynamic process in which internal energy remains constant is

isothermal.

In an isothermal process, the temperature remains constant, leading to zero change in internal

energy.

12: In satellite communication, the uplink frequency band used is:
(1) 76 — 88 MHz

(2) 420 — 890 MHz

(3) 3.7 — 4.2 GHz

(4) 5.925 — 6.425 GHz

Correct Answer: (4): 5.925 - 6.425 GHz
Solution:

In satellite communication, the uplink frequency band is used for transmitting signals from an earth
station to a satellite. The downlink frequency band is used for transmitting signals from a satellite to
an earth station.

Uplink frequencies are generally higher than downlink frequencies to minimize interference.

A common standard for satellite communication uses the following frequency bands:

Uplink-
5.8-6.2 GHz

14



Downlink -

4-4.2 GHz

Option (4) falls within the standard uplink frequency band.

Conclusive Answer: The uplink frequency band used in satellite communication is 5.925 — 6.425

GHz.

Uplink frequencies are higher than downlink frequencies in satellite communication to reduce

interference.

13: The logic operations performed by the Provided that digital circuit is equivalent to:

_}W?

A w

(g —

:>7

(1) OR
(2) NAND
(3) NOR
(4) AND

Correct Answer: (4): AND
Solution:

Step 1: Interpret the first NAND gate-

The output of the first NAND gate (topmost) is A - B. Since there is a connection bridging across
from the inputs A and B to the lower NAND gate this lower NAND gate’s output is also A - B.

Step 2: Interpret the second NAND gate-

15



The second NAND gate (middle) takes the outputs of the first and third NAND gates as inputs.
Let X; and X5 be the outputs of the first and third NAND gates, respectively. Then, the output of
the second NAND gate is X, - X,. The output of the first NAND gate is A + B and the output of the
second NAND gate is AB. Hence the output of the second NAND gate becomes (A + B).(AB).

Step 3: Interpret the NOT gate-

The NOT gate inverts the output of the second NAND gate. Let X3 be the output of the sec-
ond NAND gate. Then the output Y of the NOT gate is X5. The output of the NOT gate is
(A+ B).(AB) = (A+ B).(AB).

Step 4: Evaluate the expression-

Using De Morgan’s theorem, we can Evaluate the expression for Y':

Y =(A+B)-AB

—~ A1 DB+ADB

=(A+ B)+ AB
=(A+B)(1+A)+ (A+ B)(B)
— A+ AB+ B+ AB
=A+AB+ AB+ B

— AB+ AB

= AB

=A-B

This is the logic for an AND gate.

Conclusive Answer: The Provided that digital circuit is equivalent to an AND gate.

De Morgan’s theorem is very useful in Evaluateing Boolean expressions. Remember to analyze

each gate separately and then combine the results.

14: The current flowing through R is:

16



1A
@1A
3)ZA
@5A

Correct Answer: (1): 3 A

Solution:

Step 1: Determine the equivalent resistance-

17



The total resistance in the circuit is Provided that as:

Req = 44)
Step 2: Evaluate the total current (7)-
Using Ohm’s law:
i V
— .
Substitute the Provided that values:
8
=-=2A
T

Step 3: Evaluate ;-

The current 7 is determined using the current division rule:

2x3
1 = .
YT 346
Evaluate:
6 2
—_—=ZA
"T973
Step 4: Evaluate i--
The current 75 is Provided that by:
_ 1
19 = El
Substitute ¢; = %:
2
=3 =-ZA
27973

Conclusive Answer:

2
i=2A =3 A b=gA

Symmetry in circuits can greatly Evaluate calculations. Look for identical resistances and

branches to Evaluate complex networks.

15: When vector A = 2i + 37 + 2k is subtracted from vector é, it gives a vector equal to 2.

Then the magnitude of vector 5 will be:

18



(1)3
2) V5
(3) V33
4 V6

Correct Answer: (3): v/33
Solution:

Provided that: A = 2; + 3j + 2k and B — A = 2j.

Step 1: Solve for vector B. We are Provided that

Adding A to both sides, we get

B=2j+A=2j+ (20+3)+2k) =2 +5) + 2k

Step 2: Evaluate the magnitude of B. The magnitude of vector B =i+ yJ + 2k is Provided
that by | B| = \/22 + y? + 22. Therefore,

Bl=V2+5 +2=4+25+4=1/33

Conclusive Answer: The magnitude of vector B is v/33.

Vector addition and subtraction are performed component-wise. The magnitude of a vector is

the square root of the sum of the squares of its components.

16: If V is the gravitational potential due to sphere of uniform density on it’s surface, then it’s
value at the center of sphere will be:-

() 3v

2V

(3) %

O

Correct Answer: (3): 2

19



Solution:
Step 1: Recall the gravitational potential at the surface. The gravitational potential V' at the

surface of a sphere of mass M and radius R is Provided that by

GM

V= .
R

Step 2: Recall the gravitational potential inside a uniform sphere. The gravitational potential

Veentre at a distance r from the center of a uniform sphere of mass M and radius R, where r < R, is

Provided that by
GM 9 9
At the center of the sphere, » = 0, so
GM 9 3GM
‘/centre - 2R3‘<3R ) — _—2R .

Step 3: Express the potential at the center in terms of the potential at the surface. We are

Provided that that the potential at the surface is V' = —GTM. Therefore,
3GM 3 GM 3

‘/cenre:_ == —— ) ==V
t 2R 2 ( R ) 2

Conclusive Answer: The gravitational potential at the center of the sphere is %

The gravitational potential inside a uniform sphere is not inversely proportional to the distance

from the center, unlike the potential outside the sphere.

17: The root mean square speed of molecules of nitrogen gas at 27°C is approximately : (Pro-
vided that mass of a nitrogen molecule = 4.6 x 1072° kg and take Boltzmann constant kp =
1.4 x 1072 JK ™)

(1) 1260 m/s

(2) 91 m/s

(3) 523 m/s

(4) 27.4 m/s

Correct Answer: (3): 523 m/s

20



Solution:
Provided that: Temperature 7' = 27°C = 300 K, mass of a nitrogen molecule m = 4.6 x 10726

kg, and Boltzmann constant kp = 1.4 x 10723 JK~!.

Step 1: Recall the formula for root mean square speed. The root mean square (rms) speed Vi

of gas molecules is Provided that by

3RT  [3RT  [3ksT

V;ms = - - 5
Mw mNA m

where R is the universal gas constant, 7" is the temperature in Kelvin, M,, is the molar mass, m is the

mass of one molecule, N4 is Avogadro’s number, and kg = N_Fi is the Boltzmann constant.

Step 2: Substitute the Provided that values. Substituting the Provided that values into the
formula:

o \/3 X 14 x 102 x 300 \/3 X 14 x 3 x 10231211 \/12.6 x 1021427
ms — 4.6 x 10—26 B 4.6 x 10—26 N 4.6

12.6 x 106
_ \/4—2 — V273 % 10° = v/27.39 x 10* ~ 5.23 x 10% = 523 m/s.

Conclusive Answer: The root mean square speed of nitrogen molecules is approximately 523

m/s.

The root mean square speed is directly proportional to the square root of the temperature and

inversely proportional to the square root of the molecular mass.

18: The energy of He™ ion in its first excited state is, (The ground state energy for the Hydrogen
atom is —13.6 eV):

(1) —13.6 eV
(2) —54.4 eV
(3) —27.2 eV
(4) —3.4eV

Correct Answer: (1): —13.6 eV
Solution:

Solution:

21



Step 1: Formula for energy levels.

The energy of an electron in a hydrogen-like atom is Provided that by:

13.622
E=- ( ) eV,

n2

where: - Z is the atomic number, - n is the principal quantum number (energy level), - 13.6 eV is the

ground state energy of the hydrogen atom.

Step 2: First excited state (n = 2).

For the first excited state, the principal quantum number is:
n=2.

Substitute 7 = 2 into the energy formula:

Evaluate:

Step 3: For Z = 1 (hydrogen atom).

Substitute Z = 1 into the equation:

Conclusive Answer:

The energy of the electron in the first excited state is:

E =—-13.6eV.

The energy levels of hydrogen-like atoms are proportional to Z2 and inversely proportional to

n?.

19: When one light ray is reflected from a plane mirror with 30° angle of reflection, the angle of
deviation of the ray after reflection is:

(1) 140°

(2) 130°
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(3) 120°
(4) 110°

Correct Answer: (3): 120°
Solution:

Provided that: Angle of reflection » = 30°.

Step 1: Recall the law of reflection. According to the law of reflection, the angle of incidence (7)

is equal to the angle of reflection (r). Therefore, ¢ = r = 30°.

Step 2: Determine the angle of deviation. The angle of deviation (9) is the angle between the

incident ray and the reflected ray. It is Provided that by:
0 = 180° — 2¢ = 180° — 2r.
Since r = 30°, 6 = 180 — 2(30) = 180 — 60 = 120°.
Step 3: Evaluate the angle of deviation. Substituting : = 30°:

9 = 180° — 2(30°) = 180° — 60° = 120°.

Conclusive Answer: The angle of deviation is 120°.

The angle of deviation for reflection from a plane mirror is twice the glancing angle (comple-

ment of the angle of incidence).

20: A capacitor of capacitance C is charge to a potential V. The flux of the electric field through
a closed surface enclosing the positive plate of the capacitor is :
(1) Zero
2 <

20V
(3) 2

cv
4 5
Correct Answer: (2): CE—OV

Solution:
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Provided that: Capacitance C' and potential difference V.

Step 1: Recall Gauss’s law. Gauss’s law states that the electric flux ® through a closed surface is

equal to the enclosed charge ¢ divided by the permittivity of free space ¢y:

d=—.
€0
Step 2: Relate charge, capacitance, and potential difference. The charge ¢ on a capacitor is

related to its capacitance C' and the potential difference V' across it by

q=CV.

Step 3: Evaluate the electric flux. Substituting ¢ = C'V' into Gauss’s law:
cv

) .
€0

cv

Conclusive Answer: The flux of the electric field through the closed surface is =~

Gauss’s law relates the electric flux through a closed surface to the net charge enclosed by

the surface. Remember the calculationship between charge, capacitance, and voltage for a

capacitor: ) = CV.

Section B

21: A coil has an inductance of 2H and resistance of 4¢). A 10 V is applied across the coil. The
energy stored in the magnetic field after the current has built up to its equilibrium value will be

__x107%].

Correct Answer: 625
Solution:

Provided that: Inductance L = 2 H, resistance R = 4(), and applied voltage V' = 10 V.

Step 1: Analyze the circuit at steady state. At steady state, the inductor acts as a short circuit,
meaning it has zero resistance. The circuit effectively becomes a simple resistor connected to the

voltage source.

24



(0,0) to[batteryl, 1=10V] (0,2) to[L, I=2H] (2,2) to[R, 1=42] (4,2) — (4,0) — (0,0) ; = at steady
state (0,0) to[batteryl, 1=10V] (0,2) to[R, 1=42] (2,2) — (2,0) — (0,0) ;

Step 2: Evaluate the current at steady state. Using Ohm’s law, the current / through the resistor

at steady state is

10

5
I=—=—=-=25A.
4 2

=<

Step 3: Evaluate the energy stored in the magnetic field. The energy F stored in the magnetic

field of an inductor is Provided that by
1

E=_-LI"
2
Substituting the Provided that values:
1 5\° 25
E=-x2x (=] ===625]J=625x 10" 1].
2>< X(Q) 1 6.25J =625 x 1077

Conclusive Answer: The energy stored in the magnetic field is 625 x 1072 J.

At steady state, an inductor in a DC circuit acts as a short circuit. The energy stored in an

inductor’s magnetic field is Provided that by £ = %LI 2,

22: A metallic cube of side 15 cm moving along y-axis at a uniform velocity of 2 ms~!. In a
region of uniform magnetic field of magnitude 0.5T directed along z-axis. In equilibrium the
potential difference between the faces of higher and lower potential developed because of the

motion through the field will be _____ mV.

(0,0,0) — (2,0,0) — (2,2,0) — (0,2,0) — cycle; (0,0,2) — (2,0,2) — (2,2,2) — (0,2,2) — cycle; (0,0,0) —
(0,0,2); (2,0,0) — (2,0,2); (2,2,0) — (2,2,2); (0,2,0) — (0,2,2); [-¢] (2,2,0) — (3,2,0) node[anchor=west]
x; [-¢] (0,2,0) — (0,3,0) node[anchor=south] y; [-;] (0,0,0) — (0,0,3) node[anchor=east] z; [-(]
(0.5,2.5,0) — (0.5,3,0) node[anchor=south west] v; [-;] (0,0,1.5) — (0.5,0,1.5) node[anchor=north

east] B ;

Correct Answer: 150

Solution:
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Provided that: Side of the cube [ = 15 cm = 0.15 m, velocity v = 2} ms~!, and magnetic field
B=05kT.

Step 1: Determine the induced EMF. The induced electromotive force (EMF) or potential dif-

ference V' across the faces of the cube due to its motion in the magnetic field is Provided that by
V = Blw,

where B is the magnetic field strength, [ is the length of the side perpendicular to both the velocity

and magnetic field, and v is the velocity.

Step 2: Substitute the Provided that values. Substituting the Provided that values:

V =(0.5T)(0.15m)(2ms ') =0.15V = 150 mV.

Conclusive Answer: The potential difference developed between the faces is 150 mV.

Motional EMF is induced when a conductor moves through a magnetic field. The induced

EMF is Provided that by V' = Blv, where [ is the length of the conductor perpendicular to both

the velocity and the magnetic field.

23: In the Provided that circuit, C), = 2 uF, Cy, = 0.2 uF, C5 = 2 uF, Cy = 4 uF, C5 = 2 uF,
Cs = 2 pF. The charge stored on capacitor C;is ____ uC.

(0,0) to[battery1, I=10V] (0,2) to[C, 1=C1] (2,2) to[C, 1=C5] (4,2) to[C, 1=C4] (4,0) to[C, 1=C5] (2,0)
to[C, 1=C;] (0,0) (2,0) to[C, I=C5] (2,2) ;

Correct Answer: 4
Solution:

We are tasked with calculating the equivalent capacitance and charges in the Provided that circuit.

Step 1: Equivalent capacitance of the circuit.

The total equivalent capacitance of the circuit is Provided that as:

Ceq = 0.5 uF.
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Step 2: Total charge (Q)) in the circuit.

The total charge stored in the circuit can be Evaluated using the formula:
Q = Ceq . ‘/7

where: - C is the equivalent capacitance, - V' = 10V is the applied voltage.

Substitute the Provided that values:

Q=0.5-10=5uC.

Step 3: Charge redistribution (QQ’).

The charge on a specific branch of the circuit is Evaluated using the charge division formula. For the

Provided that branch:
QI — Q : 02
Cy+Cy
Substitute ) = 5 uC, Cy = 0.8 uF, and Cg = 0.2 uF:
5-0.8
, —_—
@ = 0.8+0.2
Evaluate:
4

Conclusive Answer:

Cog =0.5uF, Q=5uC, Q =4uC.

Capacitors in series store the same charge, while capacitors in parallel have the same voltage

across them.

24: A nucleus disintegrates into two nuclear parts, in such a way that ratio of their nuclear sizes

is 1 : 21/3, Their respective speed have a ratio of n : 1. The value of n is

Correct Answer: 2

Solution:

Provided that: Ratio of nuclear sizes is 7 : 7o = 1 : 2}/3 and ratio of speedsis V) : Vo =n : 1.
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Step 1: Apply conservation of linear momentum. Since the nucleus disintegrates into two parts,
the total momentum before disintegration must be equal to the total momentum after disintegration.
Assuming the initial nucleus is at rest, the total initial momentum is zero. Thus, the momenta of the
two parts after disintegration must be equal and opposite. Let m; and m, be the masses of the two
parts, and V) and V5 be their respective speeds. Then by the law of conservation of linear momentum
(LCM),

mi Vi = maVhs.

Thus,
Vi )

72 B ml.
Step 2: Relate mass and radius. Assuming the two nuclear parts have the same density, their

masses are proportional to the cubes of their radii:

3 3
mo 7’2 T2
my 7 r )

We are Provided that 22 = 21/3 50

Step 3: Find the ratio of velocities.

Therefore,
3 1\ 3
Vi Mo (T2 o 23 —9
‘/2 N mq N T1 N 1 T
Since % = 1, wehaven = 2.

Conclusive Answer: The value of n is 2.

In nuclear disintegration problems, apply conservation of linear momentum and the calcula-

tionship between mass and radius (or volume) assuming uniform density.

25: The surface tension of soap solution is 3.5 x 1072 Nm~!. The amount of work done required

to increase the radius of soap bubble from 10 cm to 20 cmis ____ x107*]J. (take 7 = 22 /7)

Correct Answer: 264
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Solution:
Provided that: Surface tension S = 3.5 x 10~2 N/m, initial radius 7; = 10 cm = 0.1 m, and final

radius 7y = 20 cm = 0.2 m.

Step 1: Recall the formula for work done. The work done (W) in increasing the surface area of
a soap bubble is Provided that by
W =AU = S x AA,

where S is the surface tension and A A is the change in surface area.

Step 2: Evaluate the change in surface area. A soap bubble has two surfaces (inner and outer).

The initial surface area A; and final surface area A are Provided that by:
Ai=2x4mr] and Ay =2 x 4mr.
The change in surface area is

AA=Ay— Ay =2x4n(r; —r}) =8x(r} —r}).

)

Step 3: Evaluate the work done. Substituting the values into the formula for work done:

W=258xAA=5x8r(r;—r})

22

=35x107? x 8 x = X (0.22 —0.1%)
. 22

=35 x 107 x 8 x — x (0.04 — 0.01)

292
:3.5><10_2><8><7><0.03

_3.5><8><22><3><10‘2><10‘2
N 7

=264 x 1074 7.

Conclusive Answer: The work done is 264 x 104 J.

The work done in changing the surface area of a liquid is Provided that by the product of surface

tension and the change in surface area. Remember a soap bubble has two surfaces.

26: A circular plate is rotating horizontal plane, about an axis passing through its center per-

pendicular to the plate, with an angular velocity w. A person sits at the center having two
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dumbbells in his hands. When he stretches out his hands, the moment of inertia of the system

becomes triple. If E be the initial Kinetic energy of the system, then final Kinetic energy will be
Z. The value of x is

Correct Answer: 3

Solution:

Provided that: Initial angular velocity w; = w, initial moment of inertia Iy = [, final moment of
inertia /o = 31, and initial kinetic energy F.

Step 1: Apply conservation of angular momentum. Since there is no external torque acting on
the system, the angular momentum is conserved. Thus,

Liw, = ]2w2,

where ws 1s the final angular velocity. We have [yw = 3ywa, SO

Wy =

v
3

Step 2: Evaluate the initial kinetic energy. The initial kinetic energy F is Provided that by

1 1
E = 5[1&]% = —I()wQ.

2

Step 3: Evaluate the final kinetic energy. The final kinetic energy £y is Provided that by

1 1 2 2 1/1 E
By = 51} = 5(31) (%") = 5 X3l x Y Lw? < >

3

= — —]0&)2
9 6 3\ 2

Step 4: Find the value of x. We are Provided that that the final kinetic energy is % Comparing
this with our result £y = £, we find 2 = 3.

Conclusive Answer: The value of x is 3.

When no external torque acts on a rotating system, angular momentum is conserved. Stretching

out the arms increases the moment of inertia and decreases the angular velocity.
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27: A block of mass 5 kg starting from rest pulled up on a smooth incline plane making an
angle of 30° with horizontal with an affective acceleration of 1 ms—2. The power delivered by
the pulling force at { = 10 s from the startsis _____ W. [use g = 10 ms—?] (Evaluate the nearest

integer value)
Correct Answer: 300

Solution:
Provided that: Mass m = 5 kg, angle of incline # = 30°, acceleration a = 1 m/s?, time t = 10 s,

and g = 10 m/s?. Initial velocity u = 0 since the block starts from rest.
(0,0) — (4,0); (0,0) — (30:3); (1,0) arc (0:30:1) node[midway,right] 30°; [fill=white] (30:1.5) —
++(0.3,0) — ++(-30:0.3) — ++(-0.3,0) — cycle; [-¢] (0,0) — (30:2) node[midway,above left] mg sin 30;

Step 1: Resolve forces and find pulling force The forces acting on the block along the incline
are the pulling force F' (upwards), the component of the weight mg sin # (downwards), and the force

causing the acceleration ma (upwards). Applying Newton’s second law along the incline:
F —mgsinf = ma.
Substituting the Provided that values:
F —5x10xsin30° =5 x 1.
F—5><10><%:5 — ['—-25=5.

F =30N.
Step 2: Evaluate the velocity. Using the first equation of motion:

v =u+ at,

where v is the final velocity, w is the initial velocity, a is the acceleration, and ¢ is the time. Substituting

u=0,a=1m/s?,andt = 10 s:
v=04+1x10 =10 m/s.
Step 3: Evaluate the power. Power P is the rate at which work is done, which is Provided that

by the product of force and velocity:
P = Fu.
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Substituting /' = 30 N and v = 10 m/s:

P =30 x 10 =300 W.

Conclusive Answer: The power delivered by the pulling force is 300 W.

Power is the rate of doing work. For constant force and velocity along the direction of the

force, it can be Evaluated as the product of force and velocity.

28: As shown in the figure, a plane mirror is fixed at a height of 50 cm from the bottom of tank
containing water (; = 3). The height of water in the tank is 8 cm. A small bulb is placed at the

bottom of the water tank. The distance of image of the bulb formed by mirror from the bottom

of the tank is _____ cm.
(NERNEEEREN)
50cm
“L‘me-:f ESTiTIIizIor l
| '.::;'.::'.'..J

Correct Answer: 98

Solution:
Step 1: Apparent depth of O.

The calculationship between the apparent depth and real depth in a medium is Provided that by:
Real depth
Apparent depth = H,
!
where: - Real depth = d = 8cm, - = 4/3 is the refractive index of the medium.

Substitute the values:

d
Apparent depth of O = — = 6cm.

TRVE

Step 2: Distance between O and /.

1. The total real depth of the liquid column is:

Real depth = 42 cm.
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2. The refracted depth:
8
Apparent shift = 1 3 =6cm.

The distance between O and [, is Evaluated as:

Distance between O and [y = 48 + 50 = 98 cm.
Conclusive Answer:

Apparent depth of O = 6cm,  Distance between O and I, = 98 cm.

When dealing with apparent depth, remember that the object appears closer to the surface than

its actual depth. The image formed by a plane mirror is at the same distance behind the mirror

as the object is in front of the mirror.

29: Two identical cells each of emf 1.5 V are connected in series across a 10 ) resistance. An
ideal voltmeter connected across 10 €2 resistance reads 1.5 V. The internal resistance of each cell

is____ Q.
Correct Answer: 5

Solution:
Provided that: EMF of each cell ¢ = 1.5V, external resistance R = 10 (2, and voltmeter reading

across the external resistance Vz = 1.5 V.

Step 1: Evaluate the current in the circuit. Let » be the internal resistance of each cell. Since
the cells are connected in series, the total EMF is 2¢ = 2 x 1.5 = 3V, and the total internal resistance
is 2r. The current [ in the circuit is Provided that by

2e
I = .
R+ 2r

The voltmeter reads the potential difference across the 10 €2 resistor, whichis Vy = IR = 1.5 V.

Therefore,

Ve 1.5
I =—=—=0.15A.
R 10
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Step 2: Solve for the internal resistance. Substituting / = 0.15 A and 2¢ = 3 V:
3
1042
3
0.15
2r =20 —10 = 10.
10

=5 =

0.15

10 4 2r = = 20.

T 5 Q.

Conclusive Answer: The internal resistance of each cell is 5 €.

When cells are connected in series, their EMFs add up, and so do their internal resistances.

30: A wire of density 8 x 10° kg/m? is stretched between two clamps 0.5 m apart. The extension
developed in the wire is 3.2 x 107* m. If Y = 8 x 10'° N/m?, the fundamental frequency of

vibration in the wire will be _____ Hz.
Correct Answer: 80

Solution:
Step 1: Formula for frequency.

The frequency of a vibrating string is Provided that by:

1 /T
f_?é\/;7

where: - £ is the length of the string, - 71" is the tension in the string, - j is the linear mass density of

the string.

Step 2: Substitute tension in terms of Young’s modulus.

The tension 7" can be expressed in terms of Young’s modulus Y as:

Al

T—=Y A -—
g?

where: - Y is Young’s modulus, - A is the cross-sectional area of the string, - A{ is the extension of

the string, - ¢ is the original length of the string.
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Substituting for 7" in the frequency formula:

Step 3: Substitute the Provided that values.

Substitute the numerical values:

s 1 ¢8x1mm32x104

T 92.05 8% 103-0.5

Evaluate the terms:

1¢8x1®“32x1&4

=7 4% 107

1
f = V6400,

Step 4: Evaluate the frequency.
Evaluate:

# = /6400 = 80 Hz.

Conclusive Answer:

The frequency of the vibrating string is:

f =80Hz.

The fundamental frequency of a stretched wire depends on its length, tension, and mass per

unit length. Young’s modulus relates stress and strain in the wire.
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