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CUET-UG Physics Sample Paper-5

Duration: 1 Hour Maximum Marks: 250

Instructions

* This paper contains a total of 50 Multiple Choice Questions.

e Each correct answer carries +5 marks.

e Each incorrect answer carries -1 mark.

» No negative marking for unattempted questions.

J

Q1. A point charge ¢ is placed at a distance d/2 directly above the center of a square
of side d. What is the magnitude of the electric flux through the square?

(A) q/€
(B) g/4€
(C) q/6€
(D) Zero

Q2. Two parallel plate capacitors of capacitances C and 2C are connected in parallel
and charged to a potential difference V. The battery is then disconnected and
the region between the plates of the first capacitor is filled with a dielectric of

constant K. The new potential difference across the combination is:

(A) 25
(B)

(K+2)V
©) —=5—

(D) 3¥

Q3. An electric dipole is placed at an angle of 30° with an electric field of intensity
2 x 10° N/C. It experiences a torque equal to 4 Nm. If the dipole length is 2 cm,
the charge on the dipole is:

(A) 2 mC
(B) 5mC
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Q4. The energy stored in a capacitor of capacitance C and potential V is E. If the

Qs.

Qeo.

Q7.

voltage is increased to 2V, the new energy stored will be:

(A) 2E
(B) 4E
(C) E/2
(D) E/4

A spherical conductor of radius 10 cm has a charge of 3.2 x 1077 C distributed
uniformly on its surface. What is the electric field at a point 15 cm from the

center of the sphere?

(A) 1.28 x 10° N/C
(B) 1.28 x 10* N/C
(C) 1.44 x 10° N/C
(D) Zero

If n identical droplets, each of capacitance C and potential V, coalesce to form a

single large drop, the capacitance of the large drop is:
(A) nC

(B) n'/2C

(C) n'3C

(D) n?/3C

A capacitor is charged by a battery. The battery is removed and a dielectric slab

is inserted. Which of the following increases?

(A) Charge
(B) Potential Difference

(C) Energy stored
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Q8.

Q9.

Q10.

Ql11.

(D) Capacitance

The work done in rotating an electric dipole of dipole moment p in an electric
field E from stable equilibrium to unstable equilibrium is:

(A) pE

(B) 2pE

(C) -2pE

(D) Zero

When the temperature of a metallic conductor is increased, its resistance increases
because:

(A) Relaxation time increases

(B) Mass of electron increases

(C) Electron density decreases

(D) Relaxation time decreases

A cell of emf E and internal resistance r 1s connected across an external resistance

R. The maximum power is delivered to the external circuit when:

(A) R=r
(B) R=2r
(C) R=r/2
(D) R>r

The drift velocity of electrons in a copper wire of length L and connected to a V
volt battery is v4. If the length is doubled and the voltage is halved, the new drift
velocity will be:

(A) va/4

(B) va/2

(©) 2vq

(D) 4vq
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Q12. In a Wheatstone bridge, all four arms have equal resistance R. If the galvanometer
resistance is also R, the equivalent resistance of the combination as seen by the
battery is:

(A) R/4
(B) R/2
(O R
(D) 2R

Q13. Two cells of emf E, E; and internal resistances ry, r, are connected in parallel.

The equivalent emf of the combination is:

(A) E1 + E

Eri+E>r;
B) =

Eir+E>r
© =

(D) VE\E>

Q14. Kirchhoft’s second law (Loop rule) is based on the law of conservation of:

(A) Charge

(B) Momentum
(C) Mass

(D) Energy

Q1S5. A circular coil of radius R carries a current /. The magnetic field at the center is

B. At what distance from the center on the axis of the coil will the magnetic
field be B/8?

(A) V2R
(B) V3R
(C) 2R
(D) 3R

Q16. To convert a galvanometer into a voltmeter, one should connect a:
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Q17.

Q18.

Q19.

Q20.

(A) High resistance in series
(B) Low resistance in series
(C) High resistance in parallel

(D) Low resistance in parallel

A long solenoid has 1000 turns. When a current of 4 A flows through it,
the magnetic flux linked with each turn of the solenoid is 4 x 1073 Wb. The

self-inductance of the solenoid is:

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

Which of the following materials has a negative magnetic susceptibility?

(A) Ferromagnetic
(B) Paramagnetic
(C) Diamagnetic

(D) None of these

A charged particle moves through a magnetic field perpendicular to its direction.
Then:

(A) Kinetic energy changes but momentum is constant
(B) Both momentum and kinetic energy change
(C) Both momentum and kinetic energy are constant

(D) Momentum changes but kinetic energy is constant

The magnetic sensitivity of a moving coil galvanometer can be increased by:

(A) Increasing the number of turns

(B) Increasing the magnetic field
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Q21.

Q22.

Q23.

Q24.

(C) Increasing the area of the coil

(D) All of the above

A conducting rod of length / is rotated with angular velocity w about one of its
ends in a uniform magnetic field B perpendicular to the plane of rotation. The

induced emf is:
(A) Blw

(B) 1BlPw
(C) Bl*w

(D) 3Blw?

In an LCR series circuit, at resonance, the phase difference between current and

voltage is:
(A) n/2
(B) m/4
(C) Zero
D) n

Lenz’s Law is a consequence of the law of conservation of:
(A) Charge

(B) Energy

(C) Induced emf

(D) Momentum

The transformer works on the principle of:

(A) Self-induction
(B) Mutual induction
(C) Eddy currents
(D) None of these
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Q25.

Q26.

Q27.

Q28.

Q29.

In a series LCR circuit, the plot of current (/) versus angular frequency (w) is
shown. For two different circuits A and B, circuit A has a sharper peak than
circuit B. This implies that:

(A) Circuit A has a higher resistance than Circuit B.

(B) Circuit A has a higher Quality Factor (Q) than Circuit B.

(C) Circuit B is more selective than Circuit A.

(D) The bandwidth of Circuit A is greater than the bandwidth of Circuit B.

The core of a transformer is laminated to reduce:

(A) Copper loss

(B) Hysteresis loss
(C) Eddy current loss
(D) Flux leakage

The displacement current flows in the dielectric of a capacitor when the potential

difference across its plates:

(A) Is constant

(B) Is zero

(C) Is changing with time
(D) Is very high

Which part of the electromagnetic spectrum is used in satellite communication?

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

In Young’s Double Slit Experiment, if the distance between the slits is halved and

the distance between the slits and screen is doubled, the fringe width becomes:
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Q30.

Q31.

Q32.

Q33.

(A) Unchanged
(B) Halved
(C) Double
(D) Quadrupled

A convex lens of focal length 20 cm in air is immersed in water (n = 4/3). The
new focal length is: (Given ngjus5 = 1.5)

(A) 20 cm

(B) 40 cm

(C) 80 cm

(D) 10 cm

The magnifying power of an astronomical telescope in normal adjustment is 10
and the focal length of the objective is 100 cm. The focal length of the eyepiece
1S:

(A) 10 cm

(B) 1cm

(C) 110 cm

(D) 90 cm

For a given incident ray, if a plane mirror is rotated through an angle 6, the

reflected ray rotates through:
(A) 6

(B) 26

(C) 8/2

(D) 0

The critical angle for a medium with respect to air is 45°. The refractive index

of the medium is:

(A) 1.414
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(B) 1.732
(C) 2.0
(D) 1.5

Q34. In a single slit diffraction experiment, the width of the central maximum is:

(A) Directly proportional to wavelength
(B) Inversely proportional to wavelength
(C) Independent of wavelength

(D) Directly proportional to slit width

Q35. An object is placed at 10 cm from a convex mirror of focal length 15 cm. The
magnification is:
(A) 0.6
B) 1.5
© 1
(D) 0.4

Q36. Ray optics is valid when the size of the obstacle is:

(A) Much smaller than the wavelength of light
(B) Comparable to the wavelength of light
(C) Much larger than the wavelength of light

(D) Exactly equal to the wavelength

Q37. The phenomenon of polarization demonstrates that light is a:

(A) Longitudinal wave
(B) Transverse wave
(C) Matter wave

(D) Scalar wave
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Q38.

Q39.

Q40.

Q41.

Q42.

The de-Broglie wavelength of an electron accelerated through a potential

difference of 100 V is approximately:

(A) 1.23 A
(B) 12.3 A
(C) 0.123 A
(D) 123 A

In the photoelectric effect, the stopping potential depends on:

(A) Intensity of incident light
(B) Frequency of incident light
(C) Distance of source

(D) Surface area of the metal

If the momentum of a particle is doubled, its de-Broglie wavelength becomes:

(A) Double
(B) Half
(C) Four times

(D) Remains same

The threshold frequency for a certain metal is vo. When light of frequency 2vy is
incident, the maximum velocity of photoelectrons is v. If frequency is increased

to 5vp, the maximum velocity will be:

(A) 2v
(B) 5v
(C) 3v
(D) 4v

The ratio of the radii of the first three Bohr orbits is:
(A)1:2:3
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Q43.

Q44.

Q45.

Q46.

B)1:4:9
(C) 1:8:27
MD)y1:1:1

The binding energy per nucleon is maximum for the nucleus:

(A) “He
(B) 238U
(C) >°Fe
(D) °*H

If a radioactive sample has a half-life of 5 days, the fraction of the sample

remaining after 15 days is:

(A) 1/3
(B) 1/6
(C) 1/8
(D) 1/4

Energy levels of an atom are given as E1, E», E3... in increasing order. The
wavelength of photon emitted during transition from E3 to E; is A3; and from

E, to E; is A31. The wavelength for transition E3 to E» is:

(A) Az + A2

(B) A31 — 421
A31d21

(©) A21—431

(D) VA31421

In Bohr’s model of the hydrogen atom, the total energy of the electron in the n'”

orbit is E£,. The kinetic energy of the electron is:

(A) Eq
(B) 2E,
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(C) —E,
(D) —E,/2

Q47. In a p-n junction diode, the thickness of the depletion layer is of the order of:

(A) 1 cm
(B) 1 mm
(C) 10°m
(D) 10719 m

Q48. In a full-wave rectifier, if the input frequency is S0 Hz, the output ripple frequency
is:
(A) 50 Hz
(B) 100 Hz
(C) 25 Hz
(D) 200 Hz

Q49. Which of the following is used for voltage regulation?

(A) Photodiode
(B) LED

(C) Zener Diode
(D) Solar Cell

Q50. In an n-type semiconductor, the majority charge carriers are:

(A) Holes
(B) Electrons
(C) Protons
(D) Ions
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Detailed Solutions
Q1.

Concept: A point charge ¢ is placed at a distance d/2 directly above the center of a square of side

d. This setup can be analyzed using Gauss’s Law by constructing a symmetric Gaussian surface (a
cube) that encloses the charge.
Solution: Imagine a cube of side d such that the square of side d mentioned in the problem is its
base. If the charge ¢ is placed at a distance d/2 above the center of this base, the charge is located
exactly at the geometric center of the cube.
According to Gauss’s Law, the total electric flux ®,,,,; through a closed surface enclosing a charge
q is:

Diotal = = .

€0

A cube has 6 identical square faces. Due to the symmetry of the position of the charge (at the
center), the electric flux passing through each of the 6 faces must be equal. Therefore, the flux

D 4uare through the given square (one face of the cube) is:

Dioral
(Dsquarez tgm =6i€0.

This calculation assumes the charge is stationary and the medium is vacuum or air.

Answer: (C)

13 | Collegedunia | #Z&=H


https://www.collegedunia.com

CUET UG Sample Paper Physics

Q2.

Concept: Two capacitors are connected in parallel and charged. When the battery is disconnected,
the total charge on the system remains conserved. Inserting a dielectric into one capacitor changes
its capacitance, which redistribution of the charge and alters the common potential difference.

Solution: The initial equivalent capacitance of the parallel combination is:
Ceq =C+2C =3C.
The total charge Q stored in the system while connected to potential V is:
0 =C.qV =3CV.

When the battery is disconnected, this charge Q is trapped. After inserting a dielectric of constant
K into the first capacitor, its new capacitance becomes C’ = KC. The second capacitor remains
2C.

The new equivalent capacitance C,,, is:

C,y =KC+2C=C(K+2).

Since the total charge Q remains constant, the new potential difference V" is:

0 3¢V 3y
- C,, C(K+2) K+2

V/

This shows that the potential difference decreases as the total capacitance of the system increases

due to the dielectric.

Answer: (A)
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Q3.

Concept: An electric dipole in a uniform electric field experiences a torque that tends to align it
with the field. This torque 7 depends on the dipole moment p, the electric field intensity £, and
the angle 8 between them.

Solution: The torque 7 on an electric dipole is given by the formula:
7 =pEsinf

Since the dipole moment p is the product of the charge g and the dipole length [ (p = g X 1), we
can rewrite the formula as:

7= (gXxI)Esin6

Given values: 7 =4 Nm

E =2x10° N/C

6 =30° = sin30° =0.5
[=2cm=0.02m

Substituting these into the equation:

4=¢gx0.02% (2% 10°) x 0.5

4=¢gx0.02x10

4 =g %2000
-2 _2x103C=2mC
7= 2000 ~ e
The charge on the dipole is 2 mC.
Answer: (A)
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Q4.

Qs.

Concept: The electrostatic energy stored in a capacitor is the work done to charge it. It is stored in
the electric field between the plates and depends on the capacitance and the square of the potential
difference.

Solution: The energy E stored in a capacitor is given by the formula:

1
E=-CV?
2

If the capacitance C remains constant and the voltage is increased from V to V’ = 2V, the new
energy E’ becomes:
1 1
E'==C(V')?=5C(2V)?
SCV)? = 2C@2V)

1 1
E'=-C4V?) =4|-CV?
scav?) =4 (307

E' =4E

Thus, doubling the voltage quadruples the energy stored in the capacitor.

Answer: (B)

Concept: For a uniformly charged conducting sphere, the electric field at any point outside the
sphere (r > R) is calculated as if the entire charge g were concentrated at the center of the sphere.

Solution: The electric field E at a distance r from the center is given by:

-l 4
 dmeyr?

Given values: g =3.2x 1077 C
r=15cm=0.15m

_ 9 N2 /(2
Tne = 9 x 10° Nm~/C
Substituting the values:

_9x10”x3.2x1077
- (0.15)2

_ 28.8x 107
©0.0225

The electric field at 15 cm is 1.28 x 10° N/C.

Answer: (A)

=1.28 x 10° N/C
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Q6.

Q7.

Concept: When n small droplets coalesce, the total volume remains constant. Since the capacitance
of a spherical conductor is proportional to its radius (C = 4m€yR), finding the new radius allows
us to find the new capacitance.

Solution: Let r be the radius of a small drop and R be the radius of the large drop. Volume of n

small drops = Volume of 1 large drop:

3

4 4
n><§7l'r =§7TR3 — R=n'"3

r
The capacitance of a spherical drop is C = 4repr. For the large drop:
Clarge = 4m€gR = 47reo(n1/3r)

Crarge = n1/3(47r60r) =nl3C

The capacitance increases by a factor of n'/3.

Answer: (C)

Concept: When a battery is removed after charging a capacitor, the charge Q on the plates becomes
isolated and must remain constant. Inserting a dielectric slab increases the capacitance C.
Solution: Let the initial capacitance be Cp and charge be 0. When a dielectric of constant K is

inserted:
¢ Capacitance: Increases to C = KCy.
¢ Charge: Remains constant (Q = Q) because the battery is disconnected.
¢ Potential Difference: Decreases (V = Q/C = Qo/KCy = Vp/K).
. _Q_ 9% _
* Energy Stored: Decreases (U = 5= = we; = Uo /K).

Therefore, only the capacitance increases.

Answer: (D)
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Q8.

Q9.

Concept: The potential energy of a dipole in an electric field is given by U = —pE cos 8. The
work done by an external agent to rotate the dipole is equal to the change in its potential energy.
Solution: Stable equilibrium occurs when the dipole is aligned with the field (§; = 0°). Unstable

equilibrium occurs when it is anti-aligned (6, = 180°). The work done W is given by:
W =AU = Ufinal = Uinitial
W = (—pE cos 180°) — (—pE cos0°)

W = pE(cos0° — cos 180°)

Since cos 0° = 1 and cos 180° = —1:
W =pE(l-(-1)) =2pE.

Thus, the work done to rotate the dipole from stable to unstable equilibrium is 2pE.

Answer: (B)

Concept: The resistance of a conductor depends on the frequency of collisions between free
electrons and the lattice ions. This is quantified by the relaxation time (1), which is the average
time between successive collisions.

Solution: The resistivity p (and thus resistance R) of a metal is given by:

Recp=—
net

When the temperature of a metallic conductor increases, the thermal energy causes the metal
ions to vibrate with greater amplitude. This increases the probability of electrons colliding with
these ions. Consequently, the average time between collisions, known as the relaxation time (7),
decreases.

Since resistance is inversely proportional to relaxation time (R o 1/7), a decrease in 7 leads to an

increase in resistance.

Answer: (D)
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Q10.

QIL.

Concept: In a circuit with a source of em f E and internal resistance r, the power delivered to an
external load R varies with the value of R. The Maximum Power Transfer Theorem identifies the

condition for peak power output.

Solution: The current in the circuit is I = R’f:r . The power P delivered to the external resistance
R is:
2
P=I'R= ( ) R
R+r

To find the maximum power, we differentiate P with respect to R and set it to zero ( Z—Ig =0):

d_P=E2

dR

(R+7r)>=2R(R +7r)

(R+r) =0

This simplifies to:
(R+r)-2R=0 = R=r

Therefore, maximum power is delivered to the external circuit when the external resistance equals
the internal resistance of the cell.

Answer: (A)

Concept: Drift velocity (v4) is the average velocity attained by charged particles, such as electrons,
in a material due to an electric field. It depends on the mobility of the charge carriers and the
strength of the applied electric field.

Solution: The drift velocity is given by the relation:

vg = ME

where u is the mobility and F is the electric field. For a wire of length L connected to a potential

V, the electric field is E = V/L. Thus:
1%
Vd = #z

According to the problem, the new voltage is V’ = V /2 and the new length is L’ = 2L. The new
drift velocity v/, is:

’

4 V/2_1( V)

Va=HE =L T3 \MT
’ Vd
vd:?

The drift velocity becomes one-fourth of its original value.

Answer: (A)
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Q12.

Concept: A Wheatstone bridge is balanced when the product of the resistances in opposite arms
is equal. In this state, the potential difference across the galvanometer is zero, and no current flows
through it.
Solution: In the given bridge, all four arms have resistance R. The condition for balance is
R X R = R X R, which is satisfied. Therefore, the galvanometer (even with resistance R) can be
removed from the circuit analysis as it carries no current.
The circuit then consists of two parallel branches. Each branch contains two resistors of resistance
R connected in series:

Rpranch = R+ R =2R

The equivalent resistance R, of two 2R branches in parallel is:

+ = =
Ry 2R 2R 2R R

The equivalent resistance of the entire combination is R.

Answer: (C)
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Q13.

Q14.

Concept: When cells are connected in parallel, the equivalent em f is determined by the individual
em fs and their internal resistances. This is derived by applying Kirchhoff’s laws to the parallel
branches.

Solution: Consider two cells with em f's E1, E, and internal resistances r, r, connected in parallel.

The terminal potential difference V across the combination is the same for both branches:

E -V
r

V=E1—11r1 - 11=

E,-V
2

V:E2—12r2 e ]2:

The total current I = I1 + I:

Ei-V E,-V (Ei E 11
=14+ :(—1+—2)—V(—+—)
ry ra ry r ry ra

Rearranging to the form V = E.; — Ireq, we find E.y:

Q + 2 E1 r2+E2r1

E, . =2 no_ rra — Eiry + Eory
eq 1 1 ri+r
1 1 B LS r1 +r
T %) rr 1 2

This is the equivalent em f of the parallel combination.

Answer: (C)

Concept: Kirchhoff’s Second Law, also known as the Loop Rule, states that the algebraic sum
of the changes in potential around any closed loop in a circuit must be zero. This is a direct
consequence of the nature of the electrostatic field.

Solution: The electrostatic field is a conservative field. This means that the work done in moving
a charge around any closed path is zero. In a circuit, the potential difference between two points
represents the work done per unit charge.

When a charge is moved around a closed loop and returns to its starting point, the net change in its
potential energy must be zero. Therefore, the sum of all electromotive forces (em f's) and the sum

of potential drops (/R drops) across the resistors in that loop must satisfy:

dv=0

This principle ensures that energy is neither created nor destroyed as a charge traverses the circuit,

making the Loop Rule a statement of the **Law of Conservation of Energy**.

Answer: (D)
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Q1s.

Concept: The magnetic field produced by a circular current-carrying loop varies along its axis.
The field is maximum at the center and decreases as the distance from the center increases.
Solution: The magnetic field B,,;s at a distance x from the center of a coil of radius R is:

ol R?
2(R2 + x2)372

Baxis -

At the center (x = 0), the field B is:
g = Mol
2R

3/2
The relationship between them is B,y;s = B [R2R—+2xZ] . Given B, is = B/8:

R2 3/2

1
8 R? 4+ x2

Taking the cube root of both sides:
1 R?
2 R24+x2

R? + x* = 2R?> = x? = R* (Note: Re-evaluating the rationale provided in the prompt)

Correction based on prompt rationale: If 1/8 = [R?/(R* +x?)]3/2, then (1/8)%/3 = R2/(R? + x?).
1/4=R*/(R>+x?) = R*>+x*>=4R> = x>=3R> = x=V3R.

The distance is V3R.

Answer: (B)

Q16.

Concept: A galvanometer is a sensitive device that detects small currents. To use it as a voltmeter,
it must be modified so that it can be connected in parallel with a circuit component without drawing
significant current, which would alter the voltage being measured.

Solution: To ensure a voltmeter has a very high effective resistance, a **high resistance** (Rj,) is
connected in **series** with the galvanometer coil (G).

If V is the range of the voltmeter and I, is the current required for full-scale deflection of the

galvanometer, the required series resistance is calculated by Ohm’s Law:
14
V=I,(G+Rp) = Rh:I——G
g

Connecting a high resistance in series limits the current through the galvanometer and allows the

device to measure high potential differences while maintaining high input impedance.

Answer: (A)
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Q17.

Concept: Self-inductance (L) is the property of a circuit where a change in current causes an
induced electromotive force. It relates the total magnetic flux linkage (®;,4;) to the current (/)
flowing through the inductor.
Solution: The total magnetic flux linkage in a solenoid with N turns, where ¢ is the flux through
a single turn, is given by:

Dioral = N¢

The relationship between total flux and self-inductance is:
D1 = L1 = N¢p=1LI

Given values: N = 1000 turns
¢ =4x1073 Wb
I=4A

Substituting these values into the equation:
1000 x (4x107%) = L x4

4=4L — L=1H

The self-inductance of the solenoid is 1 H.

Answer: (D)

Q18.

Concept: Magnetic susceptibility (x) measures how much a material will become magnetized in
an applied magnetic field. It is defined by the ratio of magnetization (M) to the applied magnetizing
field intensity (H).

Solution: Materials are classified based on their response to external magnetic fields:

* Diamagnetic: These materials develop a weak induced magnetization in a direction
opposite to the applied field. Therefore, y is small and negative.

* Paramagnetic: These develop a weak magnetization in the same direction as the field. y

is small and positive.

* Ferromagnetic: These develop strong magnetization in the direction of the field. y is large

and positive.

Since diamagnetic materials oppose the external field, they are the only materials with a negative

magnetic susceptibility.

Answer: (C)
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Q19.

Q20.

Concept: When a charged particle enters a magnetic field, it experiences the Lorentz force. The
nature of this force determines how the particle’s energy and state of motion change over time.
Solution: The magnetic force Fona charge ¢ moving with velocity v in a magnetic field Bis:

F = q(¥ x B)
This force is always perpendicular to the velocity (F L ¥). Because the force is perpendicular to
the displacement, the work done by the magnetic field on the charge is zero (W = / F-ds= 0).

* Kinetic Energy: Since no work is done, the speed remains constant, and thus the kinetic

energy is constant.

* Momentum: The force acts as a centripetal force, changing the direction of the velocity.
Since velocity is a vector, a change in direction means the velocity and momentum are

changing.

Answer: (D)

Concept: The sensitivity of a moving coil galvanometer refers to the deflection produced per unit
current. It depends on the construction parameters of the coil and the strength of the magnetic
field.

Solution: The deflection 6 of a galvanometer is given by the torque balance:

AB
NIAB =k = ?:NT

Where ? is the current sensitivity (/5). To increase I, one can:
* Increase N: Increase the number of turns in the coil.
* Increase A: Increase the area of the coil.
» Increase B: Use a stronger permanent magnet to increase the magnetic field.
* Decrease k: Use a suspension fiber with a smaller torsional constant.

Since all the provided options (turns, field, and area) lead to an increase in sensitivity, "All of the

above" is correct.

Answer: (D)
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Q21.

Concept: When a conductor moves through a magnetic field, an electromotive force (emf) is
induced across its ends. For a rotating rod, the linear velocity of different segments of the rod
varies with their distance from the axis of rotation.

Solution: Consider a small element of length dr at a distance r from the pivot. The linear velocity

of this element is v = wr. The motional emf de induced in this small element is:
de = Bvdr = B(wr)dr

To find the total induced emf € across the entire rod of length /, we integrate fromr = QO to r = [:

1 1
e=/ Ba)rdr=Ba)/ rdr
0 0

21! 1
€ = Bw [r_] = —Bwl?
0 2

The induced emf is %Blzw.

Answer: (B)

Q22.

Concept: In a series LCR circuit, resonance occurs when the inductive reactance (X;) and
capacitive reactance (X¢) are equal and opposite, effectively canceling each other out.

Solution: The phase angle ¢ between the voltage and current in an LCR circuit is given by:

X1 — Xc

t =
an ¢ R

At resonance, the condition X; = X is met. Substituting this into the formula:
0 o
tan ¢ = E = 0 fr—— ¢ = 0

Since the phase difference is zero, the current and voltage are in phase. The circuit behaves as a

purely resistive circuit, and the impedance is at its minimum value (Z = R).

Answer: (C)
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Q23.

Concept: Lenz’s Law provides the direction of an induced current. It states that the direction is
always such that it opposes the change in magnetic flux that produced it.

Solution: If the induced current did not oppose the change, it would aid the change, creating a
runaway effect where energy is created from nothing. This would violate the fundamental laws of
physics.

To produce an induced current, an external agent must do mechanical work to overcome the
magnetic repulsion (or attraction) caused by the induced field. This mechanical work is converted
into electrical energy. Thus, Lenz’s Law is a specific manifestation of the **Law of Conservation

of Energy™**.

Answer: (B)

Q24.

Concept: A transformer is a static device used to change the voltage levels of alternating current.
It consists of two coils (primary and secondary) wound around a common core.

Solution: When an alternating current flows through the primary coil, it creates a continuously
varying magnetic flux in the core. This varying flux passes through the secondary coil. According
to Faraday’s Law, this changing flux induces an emf in the secondary coil.

Because the induction occurs in one coil due to the change of current in a neighboring coil, the
underlying principle is **Mutual Induction**. Self-induction occurs within a single coil, while

eddy currents are a source of loss rather than the primary working principle.

Answer: (B)
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Q25.

Q26.

stored energy.
Solution: The Q-factor for a series LCR circuit is given by:

1 [L

C=x\c

Given values: R = 10Q
L=2mH=2x10"H
C=5uF=5x10"°F
Substituting the values:

2 x 10-3
X VO4x1m
5x105

=10 400——)(20 2
Q 10

The quality factor of the circuit is 2.

Answer: (A)

Concept: The Quality factor (Q-factor) measures the sharpness of resonance in a series LCR

circuit. A higher Q-factor indicates a sharper resonance and lower energy loss relative to the

through Joule heating (I>R).

layer of varnish or oxide.

Answer: (C)

Concept: A varying magnetic flux in the core of a transformer induces circulating currents within
the bulk of the iron core itself. These are known as eddy currents, which lead to energy loss

Solution: To minimize these losses, the core is not made of a single solid block of iron. Instead, it

is constructed from thin sheets (laminations) of soft iron, each insulated from the other by a thin

These laminations are oriented parallel to the magnetic field. By doing so, the large continuous
paths for eddy currents are broken into many smaller loops. This significantly increases the
effective resistance of the paths, thereby reducing the magnitude of the eddy currents and the
associated heat dissipation. Thus, lamination is used to reduce **eddy current loss**.
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Q27.

Q28.

Concept: Displacement current is a quantity appearing in Maxwell’s equations that is defined in
terms of the rate of change of the electric displacement field. It explains how a magnetic field can
be produced between the plates of a capacitor where no conduction current flows.

Solution: The displacement current /; is given by the formula:

d®g
dt

I;=¢

where @ is the electric flux. In a parallel plate capacitor, the electric flux is related to the potential
difference V across the plates. If V is constant, the electric field is constant, and ‘%E = (0, meaning
no displacement current flows.

Displacement current only exists when the electric field (and consequently the potential difference)
is **changing with time**. This ensures the continuity of current through the circuit during the

charging or discharging of a capacitor.

Answer: (C)

Concept: Communication with satellites requires electromagnetic waves that can penetrate the
Earth’s atmosphere and ionosphere without significant reflection, refraction, or absorption.
Solution: The ionosphere reflects many low-frequency radio waves back to Earth (which is useful
for ground-based long-distance radio). However, for satellite communication, waves must pass
through this layer.

**Microwaves** (specifically in the GHz range) are used because:
* They have high frequencies that allow them to pass through the ionosphere.
* They can be transmitted as narrow, concentrated beams (Line-of-Sight communication).
* They carry more data compared to lower-frequency radio waves.

Infrared and Ultraviolet are heavily absorbed or scattered by the atmosphere, making them
unsuitable for this purpose.

Answer: (B)
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Q29.

Concept: In Young’s Double Slit Experiment, the fringe width () is the distance between two
consecutive bright or dark fringes. It depends on the wavelength of light used and the geometry of
the experimental setup.

Solution: The formula for fringe width is:

where D is the distance to the screen and d is the separation between the slits. According to the

problem:
* New distance to screen D’ = 2D
e New slit separation d’ = d/2

Substituting these into the formula for the new fringe width 8’:

,_A2D) _ (aAD) _
F= d/2 ‘4(51)‘4/3

Therefore, the fringe width becomes **quadrupled®*.

Answer: (D)
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Q30.

Concept: The focal length of a lens depends on the refractive index of the lens material relative to

the surrounding medium. This relationship is described by the Lens Maker’s Formula.

30. Calculation for question:
. _ e Lens (ng = 1.5)
I.LENSINAIR (n,=1.0)  Ar(n,=10)
Fa
ng: Glass index Focal length f, = 20 cm
n,,: Water index 1 _ng—n, >((1 1 )
G

Ry, Ry: Radii of curvature Ny ?1 B sz

1. LENS IN WATER (n,, = 4/3) ng=15  Water (n, = 4/3) Cal;:ulation: g
> th S8 g
F f, ngln, -1
T oo (D=

20 15/%-1
New Focal length f,, = ? f, 05

l_ng_"wx(lAl) 20 0.125
Ry Ry) |f,=4x20cm=80cm

fw My

Solution: The Lens Maker’s Formula is % = (Z—f - 1)(RlI - Rlz). In air (n; = 1):

1 1 1
= = - DK — =(1.5-1K K=—
7 (ng = DK = 5 = K = 10

L (" N\e- (12 _{|L
f_w_(nl 1)K‘(4/3 1)10

L_(45 )L _(os5)1 _1
fo \ 4 10 \ 4 /10 80

fiw =80 cm

In water (n; = 4/3):

The focal length increases to 80 cm when immersed in water.

Answer: (C)
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Q31.

Q32.

Solution
Concept: An astronomical telescope in normal adjustment has the final image formed at infinity.
In this state, the distance between the objective and the eyepiece is the sum of their focal lengths.
Solution: The magnifying power M of an astronomical telescope in normal adjustment is given
by the ratio of the focal length of the objective (f,) to the focal length of the eyepiece (fe):
M=l
Je
Given values: M = 10
fo =100 cm
Substituting these into the formula:
100
10 =
Je
100
fg = 1—0 =10cm
The focal length of the eyepiece is 10 cm.
Answer: (A)

Concept: When a plane mirror is rotated, the normal to the mirror also rotates by the same angle.
This changes the angle of incidence for a fixed incident ray, which in turn affects the angle of
reflection.

Solution: Suppose a ray is incident at an angle i with the normal. The angle between the incident
ray and reflected ray is 2i. If the mirror is rotated by an angle 6, the normal also rotates by 6.

(a) The new angle of incidence becomes i + 6.
(b) According to the laws of reflection, the new angle of reflection is also i + 6.
(c) The total angle between the incident ray and the new reflected ray is 2(i + 8) = 2i + 26.

The change in the direction of the reflected ray is (2i + 26) — 2i = 26. Thus, the reflected ray
rotates through an angle 26.

Answer: (B)
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Q33.

Q34.

Concept: The critical angle is the angle of incidence in a denser medium for which the angle
of refraction in the rarer medium is 90°. It is a key parameter in understanding Total Internal
Reflection.

Solution: The relationship between the refractive index u of a medium and its critical angle C

(with respect to air) is:

1
H=inc
. . _ ° . o_ 1
Given: C = 45° — sin45° = -
Substituting the value:
1
p=——=V2
1/v2

Since V2 ~ 1.414, the refractive index of the medium is 1.414.

Answer: (A)

Concept: In Fraunhofer diffraction at a single slit, light spreads out after passing through the slit.
The central part of the pattern is a bright region known as the central maximum.
Solution: The angular position of the first minima on either side of the center is given by

asin@ = A. For small angles, 6 ~ 1/a. The total angular width of the central maximum is 26:

24
Wangular =
a

Where A is the wavelength and a is the slit width. From this formula, it is clear that:
¢ The width is directly proportional to the wavelength (1).
* The width is inversely proportional to the slit width (a).

If the wavelength increases (e.g., switching from blue to red light), the central maximum becomes

wider.

Answer: (A)
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Q3s.

Q36.

Concept: A convex mirror always forms a virtual, erect, and diminished image of a real object.
Magnification () is the ratio of the image height to object height, or the negative ratio of image
distance to object distance.

Solution: Using the mirror formula: % + % = % Given: u = —10 cm (Object distance is always
negative)

f = +15 cm (Focal length of convex mirror is positive)

1 1 1 1 L_1 1
v f wu 15 -10 15 10
l——2-'-3—i:> =6cm
v 30 30 '

The magnification m is:

V 6
=——=——— =06
T

Since m < 1, the image is diminished, which is a characteristic of convex mirrors.

Answer: (A)

Concept: Ray optics (geometrical optics) is an approximation that assumes light travels in straight
lines. This approximation holds true only under specific conditions relative to the wave nature of
light.

Solution: Light is an electromagnetic wave. When light encounters an obstacle or an aperture,
it tends to bend around corners, a phenomenon known as diffraction. The degree of diffraction
depends on the ratio of the wavelength (A) to the size of the obstacle (a).

If a = A or a < 4, diffraction effects are dominant, and wave optics must be used. However, if the
size of the obstacle is **much larger than the wavelength** (a > 1), the bending is negligible.
In this limit, light can be modeled as rays traveling in rectilinear paths. This is why ray optics is
sufficient for macroscopic objects like lenses and mirrors but fails for microscopic structures.

Answer: (C)
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Q37.

Concept: Polarization is a property applying to transverse waves that specifies the geometrical
orientation of the oscillations. It serves as a definitive test to distinguish between different types of
wave motion.

Solution: In a longitudinal wave (like sound), vibrations occur parallel to the direction of energy
transfer. Such waves cannot be polarized because their oscillation has only one possible direction.
In a **transverse wave**, vibrations occur in a plane perpendicular to the direction of propagation.
Light consists of oscillating electric and magnetic fields perpendicular to the direction of travel.
Since these oscillations can be restricted to a single plane (linear polarization) or change direction

(circular/elliptical polarization), the fact that light can be polarized proves it is a transverse wave.

Answer: (B)

Q38.

Concept: According to de-Broglie’s hypothesis, moving particles exhibit wave-like properties.
For an electron accelerated from rest through a potential difference V, its wavelength can be
calculated using its kinetic energy.

Solution: The de-Broglie wavelength A is given by A = %. For an electron, p = V2mK = \2meV.
Substituting the constants for an electron:

12.27 .
A=——A
W
Given: V =100 V
Substituting the value:

A= 1227 1227 o A~103A

V100 10

The de-Broglie wavelength of the electron is approximately 1.23 A.

Answer: (A)
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Q39.

Concept: In the photoelectric effect, the stopping potential (V) is the minimum negative potential
applied to the anode to stop the most energetic photoelectrons from reaching it.
Solution: According to Einstein’s photoelectric equation:

Kpax =eVs=hv—¢

where hv is the energy of the incident photon and ¢ is the work function of the metal. From the

e (2)o-2

e e

equation, Vj is given by:

This shows that V depends linearly on the **frequency (v) of the incident light**. It is independent
of the intensity of light, as intensity only affects the number of photoelectrons emitted per second

(photocurrent), not their individual maximum kinetic energies.

Answer: (B)

Q40.

Concept: The de-Broglie relation establishes a fundamental link between the particle-like property
(momentum) and the wave-like property (wavelength) of matter.

Solution: The de-Broglie wavelength A is inversely proportional to the momentum p of the
particle:

A=—
p

If the momentum is doubled (p” = 2p), the new wavelength A’ becomes:

h h
/l,:—,:—
p 2p
, 1(h) 2
2\p) 2

Therefore, doubling the momentum causes the de-Broglie wavelength to become **half** of its

original value.

Answer: (B)
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Q41.

Q42.

Concept: According to Einstein’s photoelectric equation, the maximum kinetic energy of an
emitted photoelectron is the difference between the energy of the incident photon and the work
function of the metal (K,,,,x = hv — hvg).

Solution: Let m be the mass and v be the maximum velocity. Case 1: Incident frequency is 2vy.

1
K, = Emv2 = h(2vy) — hvg = hvy  — (i)

Case 2: Incident frequency is 5vq. Let the new velocity be v’.
1 "2 ag
K, = Em(v )° = h(5vy) — hvy = 4hvy — (ii)

Dividing equation (ii) by equation (i):

1 "2 AV
m(v 4h
21(): Vo=(v2) 4
3mv? hvg v
Taking the square root of both sides:
Yoo — v=0m
The maximum velocity will be 2v.
Answer: (A)

Concept: In the Bohr model of the hydrogen atom, the electron revolves around the nucleus in
specific quantized orbits. The radius of these orbits depends on the principal quantum number #.
Solution: The radius , of the n' permitted orbit is given by the expression:

n*h%ey
Tn =

nme?

From this, we can see that r,, « n2. To find the ratio of the radii of the first three orbits
(n=1,n=2,n=3):
riiryiry=1%2:22:3?
ri:rp:r3=1:4:9

The radii increase quadratically with the orbit number.

Answer: (B)
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Q43.

Concept: Binding energy per nucleon (BE/A) is a measure of the stability of a nucleus. A higher
value indicates that the nucleons are more tightly bound and the nucleus is more stable.
Solution: When plotting the binding energy per nucleon against the mass number (A), the curve
rises sharply for light nuclei, reaches a maximum, and then gradually decreases for very heavy
nuclei.

The maximum value of the binding energy per nucleon is approximately 8.8 MeV and occurs for
##[ron-56** (*°Fe). This makes Iron one of the most stable elements in the universe. Nuclei with
lower mass numbers can undergo fusion, and nuclei with higher mass numbers can undergo fission

to move toward this peak of stability.

Answer: (C)

Q44.

Concept: Radioactive decay follows an exponential law. The half-life (77,,) is the time required
for half of the radioactive nuclei in a sample to decay.

Solution: The fraction of the sample remaining after n half-lives is given by:
n
Fraction remaining = (E)

First, calculate the number of half-lives () that have passed in 15 days:

_ Total time B 15

= Halflfe =5 >

Now, substitute n into the fraction formula:

3
1 1
Fraction= -] =<
raction (2) 3

After 15 days, 1/8 of the original sample will remain.

Answer: (C)
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Q45.

Concept: When an electron transitions between energy levels, it emits a photon with energy equal
to the difference between the levels (E = hv = hc/A).
Solution: The energy of the transition from E3 to E; is the difference between the energies of the

transitions E3 — E; and E, — E;:

E3p = E31 — Ey
Substituting E = hc/A:

hc _ he he

Az Az A

Dividing by hc:
1 _ 1 1 _ Ar1 — A31
Az Az An A31421
Inverting both sides:
Asy = A31421
A1 — 431

This represents the wavelength for the transition between the two higher energy states.
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Q46.

Concept: In the Bohr model, the electron is held in orbit by the electrostatic force of attraction.

Its total energy (E,) is the sum of its kinetic energy (K E) and potential energy (PE).

Bohr Model

v = electromagnetic energy

=) Electron # Proton [ Neutron

Solution: For an electron in a stable circular orbit of radius r, the centripetal force is provided by
the Coulomb force:

mv?  ke? ,  ke?
_ = —2 - my- = —
r r
The Kinetic Energy is:
KE 1, ke?
=-—mv- = —
2 2r

The Potential Energy (due to conservative field) is:

k 2
PE = ¢
r
The Total Energy E,, is:
ke?>  ke? ke?
E,=KE+PE=— -2 =%
2r r 2r

Comparing these expressions, we see that £, = —KE. Therefore, the kinetic energy is:
KE = -E,

Since E,, is always negative for a bound electron, K E will be positive.

Answer: (C)
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Q47.

Q48.

Concept: A depletion layer is a region in a p-n junction where mobile charge carriers (electrons
and holes) have diffused across the junction and recombined, leaving behind immobile ionized
donor and acceptor atoms.

Solution: The thickness of this layer depends on the doping concentration of the p and n regions.
However, for a standard silicon or germanium p-n junction diode, the depletion width is extremely
small.

Typically, the thickness is on the order of a few tenths of a micrometer to a micrometer. In scientific
notation, this corresponds to **10~% m**, This narrow region creates the built-in potential barrier

that prevents further diffusion of charge carriers under unbiased conditions.

Answer: (C)

Concept: Rectification is the process of converting alternating current (AC) to direct current (DC).
A full-wave rectifier utilizes both the positive and negative half-cycles of the input AC.

Solution: In a half-wave rectifier, only one pulse appears for every one cycle of input, so fou; = fin.
In a **full-wave rectifier**, the negative half-cycle is "flipped" so that it also becomes a positive
pulse in the output. Consequently, for every one full cycle of the AC input, there are two pulses
(ripples) in the output.

fripple =2X ﬁ'nput

Given an input frequency of 50 Hz:
Srippte =2 x50 Hz = 100 Hz

The output ripple frequency is 100 Hz.

Answer: (B)
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Q49.

Concept: A voltage regulator is a circuit that maintains a constant output voltage regardless of
changes in the input voltage or the load current. This requires a component that can maintain a
constant voltage across itself while handling varying currents.

Solution: A **Zener diode** is heavily doped to have a sharp and stable breakdown voltage,

known as the Zener voltage (V). When operated in the reverse breakdown region:
» The voltage across the diode remains almost constant at V.
* It can conduct a wide range of currents without changing this voltage.

Photodiodes are used for light detection, LEDs for light emission, and Solar Cells for energy

conversion. None of those exhibit the specific breakdown characteristics required for regulation.

Answer: (C)

Q50.

Concept: Doping is the intentional addition of impurities to an intrinsic semiconductor to change
its electrical properties. The type of impurity determines which charge carrier becomes dominant.

CARRIER TYPES IN n-TYPE SEMICONDUCTOR
MAJORITY CARRIERS: ELECTRONS MINORITY CARRIERS: HOLES

Conduction Band n-Type Material is

electrically neutral.

Extra electrons
come from Donor
Impurities (like As),
but don't add

net charge.

Trace holes are
thermally generated.

Carrier Density

Valence Band

Energy Level

Electrons Electron-Hole Pair,

Thermal Generation

r

© Free Electron

) Key:
O silicon Atom Higher ‘ Negligible @ Hole
© Arsenic Atom Current Flow [} Current Flow | @ Trace Free Electron
¢ Electron and Hole Pair O+ I| =

Electrons Holes - (trace amount)

Solution: An **n-type** (negative-type) semiconductor is created by adding pentavalent impurities

(like Phosphorus or Arsenic) to a tetravalent semiconductor (like Silicon).
» Each impurity atom donates one extra electron to the conduction band.

» This significantly increases the concentration of free electrons (n,.) relative to the concentra-
tion of holes (n;,).

Because n, > ny, the **electrons** are the majority charge carriers, while holes are the minority

carriers.

Answer: (B)
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