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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.

L J

Q1. A spherical conductor of radius R has a charge Q. The electric field and potential

at a point r < R from the center are:

(A E=0,V=0
— _ kO

B) E=0,V="=

(C) E=78.V="2

(D) E=%,v=0

Q2. Anelectric dipole is placed at an angle of 30° with an electric field of 2x 10° N/C.
It experiences a torque of 4 Nm. If the dipole length is 2 cm, the charge on the
dipole is:

(A) 2mC
(B) 5mC
(C) 7T uC
(D) 2 uC

Q3. A parallel plate capacitor is charged and then disconnected from the battery. If a

dielectric slab is inserted between the plates, which quantity remains constant?
(A) Potential difference
(B) Capacitance

(C) Stored energy
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Q4.

Qs.

Qe.

Q7.

(D) Charge

Three capacitors of 2uF, 3uF, and 6uF are connected in series. The equivalent

capacitance is:

(A) 11uF
(B) 1uF
(C) 0.5uF
(D) 6uF

The work done in rotating a dipole of dipole moment p in an electric field £

from stable equilibrium to unstable equilibrium is:
(A) pE

(B) 2pE

(C) Zero

(D) -pE

Applying Gauss’s Law to an infinite line of charge with density 4, the electric

field E at distance r varies as:
(A) 1/r

(B) 1/r?

(C) Independent of r

(D) r

A capacitor is charged by a battery. The energy stored is U. If the separation

between plates is doubled (battery remains connected), the new energy is:

(A) 2U
(B) U/2
(C) 4U
(D) U/4
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Q8.

Q9.

Q10.

Q11.

Q12.

The electric potential at a point on the equatorial line of an electric dipole is:

(A) Maximum
(B) Minimum
(C) Zero

(D) Infinity

If the temperature of a metallic conductor increases, its resistance increases
because:

(A) Drift velocity increases

(B) Relaxation time increases

(C) Relaxation time decreases

(D) Number density of electrons increases

In a Wheatstone bridge, the bridge is balanced when the resistances are P =
10Q2, O = 1092, R = 10Q. If the galvanometer and battery are interchanged, the
balance point:

(A) Changes

(B) Remains unchanged

(C) Depends on internal resistance

(D) Becomes zero

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

R. The maximum power is delivered to R when:

(A)R=r
(B) R =2r
(C) R — o
(D) R=0

The Kirchhoff’s Second Law (3} AV = 0) is based on the law of conservation of:
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Q13.

Ql4.

Q15.

Q16.

(A) Charge

(B) Momentum
(C) Energy

(D) Mass

Two cells of 1.5V and 2.0V with internal resistances 0.2€2 and 0.3€2 are connected
in parallel. The equivalent emf is:

(A) 1.7V

(B) 1.75V

(©) 1.5V

(D) 1.2V

The drift velocity v, varies with the applied electric field E as:

(A) vg < E
(B) vy « E?

(C) vg x VE
(D) vy < 1/E

A circular coil of radius R carries a current /. The magnetic field at the center is
B. At what distance on the axis will the field be B/8?

(A) RV3
(B) 2R
(C) 3R
(D) R/V3

To convert a galvanometer into a voltmeter, one should connect a:

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

(C) High resistance in parallel
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Q17.

Q18.

Q19.

Q20.

Q21.

(D) Low resistance in series

Which of the following materials has a negative magnetic susceptibility (y)?

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

(D) None of these

A charged particle enters a uniform magnetic field perpendicularly. The path

traced by the particle is:

(A) Helix

(B) Parabola
(C) Circle

(D) Straight line

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

(A) Increasing the number of turns
(B) Increasing the magnetic field
(C) Decreasing the torsional constant of the spring

(D) All of the above

Ampere’s Circuital Law is analogous to which law in electrostatics?

(A) Coulomb’s Law
(B) Gauss’s Law
(C) Lenz’s Law

(D) Faraday’s Law

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

voltage is:
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Q22.

Q23.

Q24.

Q25.

(A) /2
(B) 7

(C) Zero
(D) n/4

The core of a transformer is laminated to reduce:

(A) Copper loss

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

A metallic rod of length [ is rotated with angular frequency w in a uniform

magnetic field B. The induced emf between the ends is:
(A) BlPw

(B) 1BlPw

(C) 2Bl*w

(D) Blw

Lenz’s law is a consequence of the law of conservation of:

(A) Charge
(B) Mass
(C) Momentum

(D) Energy
The Quality Factor (Q-factor) of a series LCR circuit is given by:
(A) %

(B) %

Al= hlkﬁ\ﬁlgh\

e
=
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Q26.

Q27.

Q28.

Q29.

Q30.

(D) VLC

The peak value of an AC voltage is 300V. Its RMS value is approximately:

(A) 212V
(B) 300V
(C) 150V
(D) 424V

The displacement current arises due to:

(A) Flow of electrons
(B) Time-varying magnetic field
(C) Time-varying electric field

(D) Stationary charges

Which of the following EM waves has the shortest wavelength?
(A) UV rays

(B) Gamma rays

(C) X-rays

(D) Microwaves

A convex lens of focal length 20 cm is placed in contact with a concave lens of

focal length 25 cm. The power of the combination is:
(A) +1 D
(B) -1D
(C) +5D
(D) -5D

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

the distance to the screen is doubled, the fringe width becomes:
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Q31.

Q32.

Q33.

Q34.

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

(D) Unchanged

The refractive index of glass is 1.5. The speed of light in glass is:
(A) 2 x 103 m/s

(B) 3 x 10% m/s

(C) 1.5 x 108 m/s

(D) 2.5 x 103 m/s

For a compound microscope, the intermediate image is:

(A) Virtual, erect, and magnified
(B) Real, inverted, and magnified
(C) Real, erect, and diminished

(D) Virtual, inverted, and magnified

The phenomenon of diffraction is observed when the size of the obstacle is:

(A) Much larger than the wavelength
(B) Comparable to the wavelength
(C) Very small compared to the wavelength

(D) Independent of wavelength

In Lens Maker’s Formula, if a lens is immersed in water (n = 1.33), its focal
length will:

(A) Decrease

(B) Increase

(C) Remain same

(D) Become zero
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Q3s.

Q36.

Q37.

Q38.

The Brewster’s angle i), for a medium of refractive index u is given by:

(A) tani, = u
(B) sini, = u
(C) cosi, = u
(D) coti, = u

An object is placed at the focus of a concave mirror. The image is formed at:

(A) Focus

(B) Center of curvature
(C) Infinity

(D) Pole

Total Internal Reflection occurs when light travels from:

(A) Rarer to denser medium, i > ¢
(B) Denser to rarer medium, i > ¢
(C) Rarer to denser medium, i < ¢

(D) Denser to rarer medium, i < ¢

The stopping potential in a photoelectric experiment depends on:

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

(D) Surface area of emitter

Q39. If the momentum of a particle is doubled, its de-Broglie wavelength becomes:

(A) 24
(B) 1/2
(C) 44
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Q40.

Q41.

Q42.

Q43.

Q44.

(D) 4/V2

According to Einstein’s photoelectric equation, the graph between maximum
kinetic energy and frequency is a:

(A) Hyperbola

(B) Parabola

(C) Straight line

(D) Circle

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

proportional to:

AV
(B) V2
(©) 1/VV
(D) VV

The radius of the n'" orbit in Bohr’s model is proportional to:
(A) n

(B) n*

©) 1/n

(D) 1/n?

In a nuclear fission reaction, the binding energy per nucleon of the products is:

(A) Higher than the reactant
(B) Lower than the reactant
(C) Equal to the reactant
(D) Zero

The energy of an electron in the ground state of hydrogen atom is —13.6 €V. The

energy in the second excited state (n = 3) is:
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(A) —3.4 €V
(B) —1.51 eV
(C) —6.8 eV
(D) —4.53 eV

Q45. Which series of the hydrogen spectrum lies in the visible region?
(A) Lyman
(B) Balmer
(C) Paschen
(D) Brackett

Q46. One Atomic Mass Unit (amu) is equivalent to energy of:

(A) 931.5 MeV
(B) 931.5 keV
(C) 1.6 x 107177
D) 1]

Q47. In a p-n junction, the diffusion current is from:

(A) p-side to n-side
(B) n-side to p-side
(C) Dependent on bias voltage

(D) Zero in unbiased state

Q48. A p-type semiconductor is:

(A) Positively charged
(B) Negatively charged
(C) Electrically neutral

(D) Charged depending on dopant concentration
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Q49. In a full-wave rectifier, if the input frequency is 50 Hz, the output ripple frequency

Q50.

1S:

(A) 50 Hz
(B) 100 Hz
(C) 25 Hz
(D) 0 Hz

The width of the depletion layer in a p-n junction:

(A) Increases with forward bias
(B) Decreases with reverse bias
(C) Increases with reverse bias

(D) Remains constant
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Detailed Solutions
Q1.

Concept: For a charged spherical conductor, the charge resides entirely on the outer surface.

Inside the conductor (r < R), the electric field is zero because no charge is enclosed. Since the
electric field E = —dV /dr, a zero electric field implies that the electric potential V is constant
throughout the interior and equal to the value at the surface.

Solution: 1. **Electric Field (E):** Applying Gauss’s Law for a Gaussian surface of radius
r < R, the enclosed charge ¢;,, = 0.

fﬁ-dﬁ:qﬂzo — E=0.
€0

2. **Electric Potential (V):** The potential at any point inside is the same as the potential on the

surface. The potential at the surface (r = R) is given by:

_kQ
R

14

Since E = 0 inside, no work is done in moving a charge from the surface to any point r < R,
meaning the potential remains %.

Thus, inside the conductor: £ =0and V = %.

Answer: (B)
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Q2.

Concept: The torque T experienced by an electric dipole of dipole moment p placed in a uniform

electric field E at an angle 6 is given by:
7 =pEsinf

The dipole moment is defined as p = g X 2/, where ¢ is the magnitude of the charge and 2/ is the
separation between the charges (dipole length).
Solution: Given: Torque 7 = 4 Nm Electric field E = 2 x 10° N/C Angle 6 = 30° Dipole length
2l =2cm =0.02m
Using the torque formula:

7=(gX2l)Esinf

4 = (g x0.02) x (2% 10°) x sin 30°

Since sin 30° = 0.5:
4=gx002x2x10°%x0.5

4=¢gx0.02% 10

4 = g x 2000
4
= —— =0.002
9= 3000 - 002€
Converting to millicoulombs:

g=2%x102C=2mC

Answer: (A)

Q3.

Concept: When a capacitor is disconnected from a battery, it becomes an isolated system.
According to the law of conservation of charge, the charge Q on the plates has no path to leave or
increase; therefore, the total charge remains constant.

Solution: 1. **Charge (Q):** Since the battery is disconnected, no additional charge can be
supplied to or removed from the plates. Thus, Q remains **constant**. 2. **Capacitance
(C):** Inserting a dielectric slab of dielectric constant K increases the capacitance: C’ = KC. 3.
**Potential Difference (V):** Using the relation V = Q/C, since C increases and Q is constant,
the potential difference decreases: V' = V/K. 4. **Stored Energy (U):** Using U = 2Q_é since C
increases and Q is constant, the stored energy decreases: U’ = U/K.

Therefore, the only quantity that remains unchanged is the charge.

Answer: (D)
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Q4.

Qs.

Concept: For capacitors connected in series, the reciprocal of the equivalent capacitance C, is

the sum of the reciprocals of the individual capacitances. The formula is given by:

LN P I
Cqq C1 C G

Solution: Given: C; = 2uF, C; = 3uF, and C3 = 6uF. Substituting the values:

p—

1 3 N 2 N 1
Coqy 6 6 6
1
=—=1uF!
Ceq
Taking the reciprocal:
Ceq = 1uF
Answer: (B)

Concept: The potential energy U of an electric dipole in a uniform electric field is U = —pE cos 6.
1. **Stable Equilibrium:** Occurs when 6 = 0° (dipole parallel to E). 2. **Unstable
Equilibrium:** Occurs when 8 = 180° (dipole anti-parallel to £). The work done W by an external
agent is equal to the change in potential energy: W = U finar — Uinitial-

Solution: Initial state (Stable): 6; = 0°

Uinitial = —pE cos 0° = —pE
Final state (Unstable): 6, = 180°
Ufinai = —pE cos 180° = —pE(-1) = pE

Work done:
W= Ufinal = Uinitial

W = pE - (-pE) = 2pE

Answer: (B)
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Q6.

Concept: To find the electric field of an infinite line of charge using Gauss’s Law, we choose a
cylindrical Gaussian surface of radius » and length / coaxial with the line. The charge density A
represents charge per unit length.

Solution: According to Gauss’s Law:

fE'.’ . dA’ — denclosed
€

1. **Enclosed Charge:** For a cylinder of length /, the enclosed charge is genciosea = AL. 2.
#*Electric Flux:** The electric field E is radial. Flux through the two circular ends is zero because
Eis perpendicular to the area vector. Flux through the curved surface area (2zrl) is:

Al
EQ2nrl) = —
€0
3. **Solving for E:**
4
T 2neor
Since A, €y, and 27 are constants, the relationship is:
1
E « —
-
Answer: (A)

Q7.

Concept: The energy U stored in a capacitor is given by U = %C V2 when the potential difference
V is constant (battery remains connected). The capacitance C of a parallel plate capacitor is given
by C = %, where d is the separation between the plates.

Solution: 1. **Initial state:** Energy U = %C V2. 2. **Changes:** The separation d is doubled

(d’ = 2d). Since the battery remains connected, V remains constant. 3. **New Capacitance:**

, €A C
C =572
4. **New Energy:**
, 1, 1(C\ , 1(1_ ,
U 2CV —2(2)V —2(2CV)
U
U =—
2
Answer: (B)
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Q8.

Q9.

Q10.

Concept: The electric potential V at a point due to a charge g is V = kr—q. An electric dipole
consists of two equal and opposite charges, +g and —g. The equatorial line is the perpendicular
bisector of the axis joining the two charges.

Solution: Any point on the equatorial line is at an equal distance » from both the +¢ and —¢q

k(-q) _ _kq
r r

charges. 1. Potential due to +g: V| = k7q 2. Potential due to —g: V, =

The net potential V,,., at the point is the algebraic sum of the individual potentials:

k k
Vne,:V1+V2:—q+(——q):0

r r

Thus, the electric potential at any point on the equatorial line is always zero.

Answer: (C)

Concept: The resistance R of a metallic conductor is given by the formula:

"oz =) %

where 7 is the relaxation time (the average time between successive collisions of electrons).

Solution: When the temperature of a metallic conductor increases, the thermal energy causes the
ions in the lattice to vibrate with greater amplitude. This leads to more frequent collisions between
the free electrons and the ions. As a result, the **relaxation time (7) decreases**. Since resistance

is inversely proportional to relaxation time (R o« 1/7), the resistance of the conductor increases.

Answer: (C)

Concept: The balance condition for a Wheatstone bridge is 5 = %. This condition is derived

from Kirchhoff’s laws and depends on the ratios of the resistances in the arms of the bridge.

Solution: According to the **Conjugate Arms Theorem**, if the positions of the battery and
the galvanometer are interchanged in a balanced Wheatstone bridge, the bridge remains balanced.
The mathematical ratio that defines the balance does not change its validity; therefore, the balance

point remains **unchanged**.

Answer: (B)
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Q11.

Q12.

Concept: The power P delivered to an external resistance R by a cell of emf E and internal

2
P=1I°R= E R
R+r

resistance r is:

To find the maximum power, we use the Maximum Power Transfer Theorem.
Solution: By differentiating P with respect to R and setting it to zero (Z—g = 0), we find the

condition for maximum power:

E2R
(R+7r)?

d

_— = 2— =
R 0 = (R+r)>-2R(R+r)=0

Solving this gives R + r = 2R, or **R = r**_ Thus, maximum power is delivered when the

external resistance is equal to the internal resistance of the cell.

Answer: (A)

Concept: Kirchhoft’s Second Law, also known as the Loop Rule, states that the algebraic sum of
changes in potential around any closed loop in a circuit must be zero (3, AV = 0).

Solution: Electric potential is defined as the potential energy per unit charge. When a charge
moves around a closed loop and returns to its starting point, it must have the same potential energy
it started with. Therefore, the total work done by the electrostatic forces (or the total energy
supplied and consumed) must be zero. This directly demonstrates the **law of conservation of

energy**.

Answer: (C)
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Q13.

Concept: For two cells with emfs £, E; and internal resistances ry, o connected in parallel, the

equivalent emf E,, is given by the formula:

E B

| r2 Ery + Eory
Eeq =47 or Eeq = ——

L L L ry+r

ri rn

Solution: Given: E; = 1.5V, r; = 0.2Q and E, = 2.0V, r, = 0.3Q. Using the formula:

_ (1.5x0.3) +(2.0x0.2)

! 02+0.3
0.45 + 0.40
Eea =43
0.85
E.o =—=1.7V
£ 0.5
Answer: (A)

Q14.

Concept: Drift velocity (v4) is the average velocity attained by free electrons in a conductor due to
the influence of an external electric field. It is related to the acceleration produced by the electric
force acting on the electrons.

Solution: When an electric field E is applied, the force on an electron of charge e is F = eE. The

acceleration a is given by:
eE

m

a =

where m is the mass of the electron. The drift velocity is the product of this acceleration and the

relaxation time 7 (the average time between collisions):

et
Vg =art = (—)E
m

Since e, 7, and m are constant for a given material at a constant temperature, we find:
vg o< E

Thus, the drift velocity is directly proportional to the applied electric field.

Answer: (A)
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Q1s.

Concept: The magnetic field B,;s at a distance x on the axis of a circular coil of radius R carrying

current / is:
ol R?

2(R2 +x2)32

Baxis -

The magnetic field at the center (x = 0) is B = ’;—‘I){.

B
8 >

Solution: Given that B,,;; = &, we substitute the formulas:

2(RZ+x2)32 8

pol R? 1 (pol
2R

Canceling ”TOI from both sides:
R? 1
(R? +x2)3/2  8R

8R? = (R* +x7)?

Taking the cube root of both sides:
(2R)> = R* + x*

4R* = R* +x* = 3R? =x*

x=RV3
Answer: (A)

Q1e6.

Concept: A galvanometer is converted into a voltmeter to measure the potential difference across
a circuit element. A voltmeter must have a very high resistance so that it does not draw significant
current from the main circuit.

Solution: To increase the effective resistance of a galvanometer and enable it to measure higher
voltages without damage, a **high resistance** (called a multiplier) is connected in **series**
with the galvanometer coil. This ensures that the total resistance Ry = G + R is large enough to
limit the current /, to full-scale deflection for the desired voltage range.

Answer: (A)
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Q17.

Q18.

Q19.

Solution

Concept: Magnetic susceptibility (y) measures how a material becomes magnetized in an applied
magnetic field. It is defined as y = I/H. 1. **Paramagnetic/Ferromagnetic:** y is positive
(magnetization is in the direction of the field). 2. **Diamagnetic:** y is negative.

Solution: In **diamagnetic** materials, the induced magnetic moment is opposite to the direction
of the applied magnetic field. According to the definition y = y, —1, since the relative permeability
ur < 1 for diamagnets, the susceptibility y is **negative**.

Answer: (C)

Solution

Concept: When a charged particle of charge ¢ and velocity v enters a uniform magnetic field B, it
experiences a magnetic Lorentz force F= q(V x E). The magnitude is F = gvBsin 6.
Solution: If the particle enters perpendicularly (6 = 90°), the force is F = gvB. This force

mv2

is always perpendicular to the velocity of the particle, acting as a centripetal force (F. = =

Since the force changes the direction of the velocity but not its magnitude, the particle moves in a

**circle®** with a radius r = 21—5.
Answer: (C)
\ J

Solution

Concept: The current sensitivity of a moving coil galvanometer is defined as the deflection per
unit current (¢/7). It is given by the formula:

_ nAB

Si
k

where 7 is the number of turns, A is the area of the coil, B is the magnetic field, and & is the
torsional constant of the spring.

Solution: Based on the formula §; = #: 1. Increasing n increases sensitivity. 2. Increasing B
(using strong permanent magnets) increases sensitivity. 3. Decreasing k (using a more flexible
spring/suspension) increases sensitivity. Since all listed methods work, the correct option is **All
of the above™**.

Answer: (D)
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Q20.

Q21.

Q22.

Concept: Ampere’s Circuital Law relates the integrated magnetic field around a closed loop to the
electric current passing through the loop: 95 B-dl= pol.

Solution: In electrostatics, **Gauss’s Law** relates the integrated electric field over a closed
surface to the enclosed charge: 93. E-dA = Eio. Both laws provide a simplified method to calculate
field strengths by exploiting symmetry, making Ampere’s Law the magnetostatic analogue of

Gauss’s Law.

Answer: (B)

Concept: In a series LCR circuit, the phase difference ¢ between the voltage and the current is

given by:
XL —Xc

R

where X;, is inductive reactance and X¢ is capacitive reactance. Resonance occurs when the

tan ¢ =
inductive reactance equals the capacitive reactance (X7, = X¢).
Solution: At resonance, since X; = X¢, the term (X — X¢) becomes zero.
0 5
tan¢:E:0 — ¢=O

This means that at resonance, the circuit behaves as a purely resistive circuit, and the current and

voltage are in the same phase. Therefore, the phase difference is **zero**.

Answer: (C)

Concept: A transformer works on the principle of mutual induction. As the magnetic flux changes
in the iron core, small circulating loops of electric current, known as **eddy currents**, are
induced within the bulk of the core material.

Solution: Eddy currents flow in paths that are perpendicular to the magnetic flux and cause
significant energy loss due to heating (IR loss). To minimize this, the core is not made of a
single solid block of iron; instead, it is built from thin sheets (laminations) of iron, each insulated
from the other by a layer of lacquer. This lamination increases the resistance of the path for eddy

currents, thereby reducing **eddy current loss**.

Answer: (C)
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Q23.

Concept: When a conductor moves in a magnetic field, an electromotive force (EMF) is induced
across its ends due to the change in magnetic flux linkage. For a rotating rod, different parts of the
rod have different linear velocities v = rw, where r is the distance from the pivot.

Solution: Consider a small element of length dr at a distance » from the center of rotation. The

motional EMF de induced in this element is:
de = Bvdr = B(rw) dr

To find the total induced EMF ¢ between the ends of the rod of length /, we integrate from r = 0

1
8=/ Bowr dr
0

tor =[:

&l
e=Bw|—
2 o
1
B = EBlzw
Answer: (B)

Q24.

Concept: Lenz’s law states that the direction of an induced current is always such that it opposes
the change in magnetic flux that produced it. This ensures that the system does not violate
fundamental physical principles regarding work and energy.

Solution: To induce an electric current in a circuit, an external agent must perform mechanical
work (for example, by pushing a magnet into a coil). This mechanical work is converted into
electrical energy.

If the induced current were to *support* the change in flux (attracting the magnet faster), the
kinetic energy and electrical energy would both increase simultaneously without any external
work, creating energy out of nothing. Since this is impossible, the law must act as a resistance to

the change, making it a direct consequence of the **law of conservation of energy**.

Answer: (D)
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Q25.

Q26.

Concept: The Quality Factor (Q-factor) of a series LCR circuit measures the sharpness of
resonance. It is defined as the ratio of the resonant frequency to the bandwidth, or the ratio of the
voltage across the inductor (or capacitor) to the applied voltage at resonance.

_ a)()L

0=%

where wg = ﬁ is the resonant angular frequency.

Solution: Substituting the expression for wy into the Q-factor formula:

1 L
°°Jic ®

1 L
0=—-

R VLVC

1L
C=zVec

This factor is dimensionless and indicates how "sharp" the resonance peak is; a higher Q-factor

means a narrower bandwidth.

Answer: (A)

Concept: For a sinusoidal alternating voltage, the Root Mean Square (RMS) value V., is related
to the peak value Vjy by the following relationship:

Vo

V2

This value represents the equivalent DC voltage that would produce the same heating effect.
Solution: Given the peak voltage Vy = 300V:

Vims =

300
Vims = —=
V2
Since V2 ~ 1.414:

300
Vims = Tz ~ 21213V

Rounding to the nearest whole number gives approximately 212V.

Answer: (A)
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Q27.

Q28.

Concept: Displacement current is a term appearing in Maxwell’s equations that is defined in terms
of the rate of change of electric displacement field. It was introduced by James Clerk Maxwell to
satisfy the continuity equation and to complete Ampere’s Circuital Law.

Solution: According to Maxwell’s modification of Ampere’s Law, a magnetic field can be
produced by both conduction current (/) and a changing electric flux (®g). The displacement

current /4 is given by:
dog

dt

This implies that /; exists in regions where the electric field is changing with time, such as in the

I;=¢

space between the plates of a capacitor during charging or discharging. Therefore, displacement

current arises due to a **time-varying electric field**.

Answer: (C)

Concept: The electromagnetic (EM) spectrum is classified by wavelength or frequency. From
longest wavelength to shortest, the order is: Radio waves, Microwaves, Infrared, Visible light,
Ultraviolet (UV), X-rays, and Gamma rays.

Solution: Wavelength (1) and frequency (f) are inversely proportional (¢ = fA4). 1. **Mi-
crowaves:** ~ 1073 mto 1 m 2. **UV rays:** ~ 1078 mto 4 x 1077 m 3. **X-rays:** ~ 10~ m
to 1078 m 4. **Gamma rays:** < 10~ m

Among the given options, **Gamma rays** have the highest frequency and therefore the **shortest

wavelength**.

Answer: (B)
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Q29.

Concept: The power P of a lens is the reciprocal of its focal length f (in meters), given by
P =1/ f. For a combination of thin lenses in contact, the total power P, is the algebraic sum of
the powers of the individual lenses:

Peq =P+ P

By convention, the focal length of a convex (converging) lens is positive, while that of a concave
(diverging) lens is negative.

Solution: 1. **Power of the convex lens (P1):** Given f] = 20 cm = 0.2 m.

1 1
Pi=—=—=45D
T A 2
2. **Power of the concave lens (P,):** Given f, = —25 cm = —0.25 m.
1 1
Ph=—=——=-4D
2T/ T 2025

3. **Power of the combination (P ):**
Pey=P1+P,=+5D+(-4D)=+1D

The positive sign indicates that the combination behaves as a converging lens.

Answer: (A)

26 | Collegedunia |



https://www.collegedunia.com

CUET UG Sample Paper Physics

Q30.

Q31.

Concept: The fringe width () in Young’s Double Slit Experiment (YDSE) is the distance between
two consecutive bright or dark fringes. It is given by the formula:

_AD

F=3

where:
* A is the wavelength of the light used.
* D is the distance between the slits and the screen.
* d is the distance between the two slits.

Solution: Let the initial fringe width be g = %. According to the problem: 1. The distance
between slits is halved: d’ = % 2. The distance to the screen is doubled: D’ = 2D

The new fringe width g’ is:
_AD" _A(2D)

)

(2
7=+

B =4p
Thus, the fringe width becomes four times its original value.

Answer: (B)

ﬁ’

Concept: The refractive index n of a medium is defined as the ratio of the speed of light in a

vacuum c to the speed of light in that medium v. The formula is:
c
n=-
v

where ¢ ~ 3 x 10® m/s.
Solution: Given: Refractive index of glass, n = 1.5 Speed of light in vacuum, ¢ = 3 x 10® m/s

Rearranging the formula to solve for v:

v=—
n
3 x 108
vy =
1.5
v=2x10°m/s

Thus, the speed of light in glass is 2 x 10% m/s.
Answer: (A)
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Q32.

Concept: A compound microscope consists of two converging lenses: the objective and the
eyepiece. The object is placed just beyond the principal focus (f,) of the objective lens.
Solution: 1. **Objective Lens:** The objective lens forms the first image (intermediate image).
Since the object is placed between f,, and 2 f;,, the image formed is **real, inverted, and magnified**.
2. **Eyepiece Lens:** This intermediate image then acts as the object for the eyepiece. The
eyepiece is positioned such that this intermediate image falls within its focal length ( f.), eventually
producing a final virtual image.

Therefore, the intermediate image specifically is characterized as being **real, inverted, and

magnified**.

Answer: (B)

Q33.

Concept: Diffraction is the bending of waves around the corners of an obstacle or through an
aperture into the region of geometrical shadow of the obstacle/aperture. The degree of bending
depends on the relative size of the wavelength of the wave compared to the size of the opening or
obstacle.

Solution: The amount of diffraction becomes significant only when the size of the obstacle or
aperture (a) is of the same order of magnitude as the wavelength (1) of the incident wave. 1. If
a > A, the light travels in a straight line and no significant diffraction is observed. 2. If a = A,
the wave effectively "feels" the obstacle and spreads out into the shadow region. 3. If a <« A, the
obstacle is too small to significantly obstruct the wave front in a detectable diffraction pattern.
Therefore, for the phenomenon of diffraction to be clearly observed, the size of the obstacle must

be **comparable to the wavelength**.

Answer: (B)
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Q34.

Q3s.

Concept: The focal length f of a lens is given by the Lens Maker’s Formula:

1_(nlens 1)(1 1)

f Nmedium Ry Ry

where 1., 18 the refractive index of the lens material and 7,,,04ium 1S the refractive index of the
surrounding medium.

Solution: When a lens (typically glass, n = 1.5) is moved from air (n = 1) to water (n ~ 1.33): 1.

In air, the term is ("Tg — 1. 2. In water, the term is (% —1J.

Since 1.33 > 1, the ratio % is smaller than nTg This means the value of (n:i’ﬁ - 1) decreases
when the lens is immersed in water. Because % is directly proportional to this term, % decreases,
which implies that the **focal length f increases**.

In general, the focal length of a glass lens in water is approximately four times its focal length in

air.

Answer: (B)

Concept: Brewster’s Law states that for a specific angle of incidence, called the Brewster’s angle
(ip), the reflected light is completely plane-polarized. This occurs when the reflected ray and the
refracted ray are perpendicular to each other (90°).
Solution: According to Snell’s law: o

sini,

sinr
When the angle between reflected and refracted rays is 90°, we have i, + r = 90°, or r = 90° —i,.
Substituting this into Snell’s law:
sini, sini,

H= sin(90° —i,) - cosip

U =tani,

Therefore, the refractive index of the medium is equal to the tangent of the Brewster’s angle.

Answer: (A)
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Q36.

Concept: The position of an image formed by a spherical mirror can be determined using the

mirror formula:
1 1 1

f v u
where f is focal length, v is image distance, and u is object distance.
Solution: For a concave mirror, when an object is placed at the focus, u = f. Substituting this

into the mirror formula:

Since the rays emerging from the object at the focus become parallel to the principal axis after

reflection, they meet at **infinity**. The resulting image is highly magnified, real, and inverted.

Answer: (C)

Q37.

Concept: Total Internal Reflection (TIR) is an optical phenomenon that occurs when a ray of light
strikes a medium boundary at an angle larger than a particular critical angle with respect to the
normal to the surface.

Solution: For Total Internal Reflection to occur, two specific conditions must be satisfied: 1.
**Direction of light:** Light must travel from an optically **denser medium** (higher refractive
index) towards an optically **rarer medium** (lower refractive index). 2. **Angle of incidence:**
The angle of incidence (i) in the denser medium must be **greater than the critical angle** (c) for
the given pair of media.

If i < ¢, the light is refracted into the rarer medium. At i = c, the light grazes the boundary. When
i > c, the light is completely reflected back into the denser medium.

Answer: (B)
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Q38.

Concept: According to Einstein’s photoelectric equation, the maximum kinetic energy of emitted
photoelectrons is given by:
Knax = hv — @9

where hv is the energy of the incident photon and @ is the work function of the metal. The
stopping potential (Vy) is the negative potential required to stop the fastest moving electrons,
related by K,qx = eVp.

Solution: Substituting for K,,,,, we get:

h o
eV0=hv—<I>0 - V()=—V——O
e e

This equation shows that the stopping potential (V) depends linearly on the **frequency** (v)
of the incident light. It is independent of the intensity of light, which only affects the number of

photoelectrons (photocurrent) and not their individual energy.

Answer: (B)

Q39.

Concept: The de-Broglie hypothesis states that every moving particle has an associated wave
nature. The wavelength (1) of this wave is inversely proportional to the momentum (p) of the
particle:
h

A=—
p
where £ is Planck’s constant.
Solution: Let the initial wavelength be A = %. If the momentum is doubled, the new momentum
becomes p’ = 2p. The new de-Broglie wavelength A is:

h h
/l, = - = —
p 2p
P 1 (h) 4
“2\p) 2
Thus, if the momentum is doubled, the de-Broglie wavelength becomes **half** of its original
value.
Answer: (B)
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Q40.

Concept: Einstein’s photoelectric equation relates the maximum kinetic energy (K, ) of emitted

electrons to the frequency (v) of incident radiation:
Kinax = hv — @

where £ is Planck’s constant and @ is the work function of the metal.
Solution: The equation K,;,,x = hv — @ follows the mathematical form of a linear equation:

y=mx+c

In this case:
* vy = K,uax (plotted on the vertical axis)
e x = v (plotted on the horizontal axis)
* m = h (the slope of the line, which is constant and universal)
e ¢ = —@ (the y-intercept)

Since the relationship is linear, the graph between maximum kinetic energy and frequency is a
**straight line**. The point where the line intersects the frequency axis is known as the threshold

frequency (vy).

Answer: (C)
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Q41.

Concept: When an electron of charge e and mass m is accelerated from rest through a potential

difference V, it gains kinetic energy (K) equal to the work done on it by the electric field:
K =¢eV

The de-Broglie wavelength A is related to kinetic energy by the formula:

2meV

Since h (Planck’s constant), m (mass of electron), and e (charge of electron) are all constants, we

can write:

__ constant

W
Therefore, the de-Broglie wavelength is inversely proportional to the square root of the accelerating
potential:

A L

VW

For an electron, this relationship is often simplified to 4 = L‘/g A.
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Q42.

Concept: In Bohr’s model of the hydrogen atom, the radius of the electron’s orbit is determined
by the balance between the electrostatic force of attraction and the centripetal force, subject to the
quantization of angular momentum:

mvr = —

2n
Solution: By solving the equations for the force balance and angular momentum quantization, the

expression for the radius r,, of the n' orbit is derived as:

n*hey
r = ——
" rmZe?

where:
* nis the principal quantum number.
e his Planck’s constant.
* ¢ is the permittivity of free space.
* m is the mass of the electron.
e Z is the atomic number.
* ¢ is the elementary charge.
From this expression, it is evident that for a given atom (constant Z):

rp o n?

This means that as the orbit number increases, the radius increases quadratically (e.g., the second

orbit is four times larger than the first).

Answer: (B)
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Q43.

Q44.

Concept: Nuclear fission is the process where a heavy nucleus splits into two or more smaller,
more stable nuclei. For a nuclear reaction to release energy (exothermic), the system must move
toward a state of higher stability. Stability in nuclei is measured by the **binding energy per
nucleon®** (AEp,,).

Solution: In the binding energy curve, heavy nuclei (like Uranium) have a lower binding energy
per nucleon compared to middle-mass nuclei (like Barium or Krypton). 1. When a heavy nucleus
undergoes fission, the resulting fragments (products) are closer to the peak of the binding energy
curve (near Iron, A = 56). 2. Because the products are more tightly bound and more stable, their
**binding energy per nucleon is higher** than that of the original reactant nucleus. The difference
in binding energy is released as the kinetic energy of the fragments and radiation.

Answer: (A)

Concept: According to Bohr’s model, the energy of an electron in the n'" orbit of a hydrogen

atom is given by:
E;
E,=—
n n2

where E is the energy of the ground state (—13.6 €V) and # is the principal quantum number.
Solution: The question asks for the energy in the **second excited state**. It is important to

identify the correct value of n:
* Ground state: n =1
* First excited state: n = 2
* Second excited state: n = 3

Substituting n = 3 into the formula:

-13.6 -13.6
E = = —
Y 9
E;~—-151eV
Answer: (B)
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Q45.

Concept: The hydrogen spectrum consists of several series of spectral lines produced by electron
transitions between different energy levels. These series are named based on the lower energy
level (n ) to which the electron drops.

Solution: Each series corresponds to a specific region of the electromagnetic spectrum:
* Lyman series (ny = 1): Ultraviolet region.
* Balmer series (ny = 2): Visible region (with some lines in the near-UV).
* Paschen series (ny = 3): Infrared region.
* Brackett series (ny = 4): Infrared region.
* Pfund series (ny = 5): Far-infrared region.

Because the transitions to the second energy level (n = 2) involve energy changes that correspond
to wavelengths between approximately 400 nm and 700 nm, the **Balmer series** is the only one

visible to the human eye.

Answer: (B)

Q46.

Concept: The relationship between mass and energy is given by Einstein’s mass-energy equivalence
formula:

E = mc?

One atomic mass unit (1 u) is defined as %th the mass of a Carbon-12 atom, which is approximately
1.66 x 1077 kg.
Solution: To find the energy equivalent in Joules:

E = (1.6605 x 10727 kg) x (2.9979 x 10® m/s)? ~ 1.492 x 10710 J

To convert this energy into Mega electron-volts (MeV), we use the conversion factor 1 eV =

1.602 x 10719 J:

1.492 x 10°10g
E; - ~ 931.5 MeV
inMeV = 77000 % 10-13 J/MeV ¢

Therefore, 1 amu is equivalent to approximately 931.5 MeV of energy.

Answer: (A)
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Q47.

Q48.

Concept: Diffusion current is the flow of charge carriers from a region of higher concentration to
a region of lower concentration. In a p-n junction, there is a significant concentration gradient of
holes and electrons across the junction.

Solution:

* The p-side has a high concentration of holes (majority carriers).
* The n-side has a high concentration of electrons (majority carriers).

Due to this gradient, holes diffuse from the p-side to the n-side, and electrons diffuse from the
n-side to the p-side. Since the direction of conventional current is defined by the flow of positive
charge (or opposite to the flow of negative charge), both movements contribute to a current flowing
from the p-side to the n-side.

This diffusion current exists even in an unbiased state, though it is eventually balanced by the drift

current once the depletion region and its associated electric field are established.

Answer: (A)

Concept: A p-type semiconductor is created by doping an intrinsic semiconductor (like Silicon)
with trivalent impurity atoms (like Aluminum or Boron). While the term "p-type" refers to the
"positive" holes that act as majority charge carriers, the electrical state of the material depends on
the total balance of protons and electrons.

Solution: To determine the net charge, we look at the components:
(a) The host semiconductor atoms (e.g., Silicon) are electrically neutral.
(b) The dopant impurity atoms (e.g., Aluminum) are electrically neutral before they are added.

(c) When a trivalent atom replaces a tetravalent atom in the lattice, it creates a "hole." However,
the total number of protons in the nuclei of all atoms in the crystal remains exactly equal to

the total number of orbiting electrons.

Even though holes are positive charge carriers and can move, they are balanced by the fixed
negative ions (the dopant atoms that have accepted an electron). Therefore, the bulk material

remains **electrically neutral **.

Answer: (C)
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Q49.

Concept: A rectifier converts alternating current (AC), which periodically reverses direction, to
direct current (DC), which flows in only one direction. In a full-wave rectifier, both the positive
and negative half-cycles of the input AC are converted into positive pulses at the output.
Solution: Let the input frequency be f. The time period of one full input cycleis 7 = 1/ f.

 In a half-wave rectifier, only one pulse appears at the output for every one cycle of input.
Thus, four = fin-

* Inafull-wave rectifier, the negative half-cycle is "flipped" to become positive. Consequently,
for every single cycle of input AC, there are two pulses in the output DC.

The output repeats its pattern twice as fast as the input. Therefore, the output ripple frequency (f”)
is:

=2 fu

Given f;;, = 50 Hz:
f'=2x50=100Hz

Answer: (B)

Q50.

Concept: The depletion layer is a region at the interface of a p-n junction where mobile charge
carriers (electrons and holes) have recombined, leaving behind immobile ionized dopant atoms.
The width of this layer is sensitive to the external potential (bias) applied across the junction.

Solution: The change in width depends on the direction of the applied electric field relative to the

built-in potential:

* Forward Bias: The positive terminal is connected to the p-side and the negative to the
n-side. This pushes majority carriers toward the junction, neutralizing some of the ions and

decreasing the depletion layer width.

* Reverse Bias: The positive terminal is connected to the n-side and the negative to the
p-side. This pulls majority carriers (holes on p-side, electrons on n-side) away from the
junction. As more carriers are pulled away, more immobile ions are exposed, effectively

increasing the width of the depletion layer.

Therefore, the depletion layer width increases when a reverse bias is applied.

Answer: (C)
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