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CUET UG Physics Sample Paper - 12

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.

Q1. Two point charges +9¢ and +1e are kept at a distance of 16 cm from each other.

At what point between them is the electric field zero?

(A) 12 cm from +9e
(B) 12 cm from +1e
(C) 8 cm from +9¢
(D) 4 cm from +9e

Q2. A metal sphere of radius R is charged to a potential V. The electric field at the

center of the sphere is:

(A) V/R
(B) V/R*
(C) Zero
(D) 3V/R

Q3. A dielectric slab is inserted between the plates of an isolated charged capacitor.

Which of the following quantities remains unchanged?

(A) Capacitance

(B) Potential difference
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Q4.

Qs.

Qeo.

Q7.

(C) Stored energy
(D) Charge

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

electric field E from stable equilibrium to unstable equilibrium is:

(A) pE

(B) 2pE
(C) Zero
(D) -pE

The torque acting on a dipole of moment p placed in an electric field E is

maximum when the angle between p and E is:

(A) 0°
(B) 45°
(C) 90°
(D) 180°

Three capacitors of capacitance 3uF each are connected in a way that their

equivalent capacitance is 2uF. The combination is:

(A) All in series
(B) All in parallel
(C) Two in parallel, one in series with them

(D) Two in series, one in parallel with them

If the distance between the plates of a parallel plate capacitor is doubled, its

capacitance:

(A) Becomes half
(B) Becomes double
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Q8.

Q9.

Q10.

QIl.

(C) Becomes four times

(D) Remains same

The electric flux through a cube of side a enclosing a charge Q at its center is:

(A) Qe
(B) Q/6¢€
(C) 6Qa*/e
(D) Zero

The drift velocity v, of electrons in a conductor is related to the electric field E

as:

(A) vg < VE
(B) Vg & E
(C) vq o E?

(D) vg4 1s independent of E

A wire of resistance R is stretched to triple its original length. Its new resistance
will be:

(A) 3R
(B) R/3
(C) 9R
(D) R/9

Wheatstone bridge is most sensitive when the resistances of all four arms are:

(A) Very high
(B) Very low
(C) Of the same order
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(D) In the ratio 1:10

Q12. Two resistors Ry and R, (R| > R;) are connected in parallel. The equivalent

resistance R is:

(A) R> R, + R,

(B) Ri<R< R,
(C) R <R,

D) R=(Ri+R)/2

Q13. The internal resistance of a cell of emf 2 V is 0.1Q. It is connected to a resistance

of 3.9Q. The voltage across the terminals of the cell will be:

(A) 1.95V
(B) 2.0V
(C) 0.5V
(D) 1.9V

Q14. Which material is used for making standard resistors because of its low tempera-

ture coeflicient of resistance?

(A) Copper
(B) Aluminum
(C) Manganin
(D) Silicon

Q15. A moving charge produces:

(A) Only electric field
(B) Only magnetic field

(C) Both electric and magnetic fields
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Q1e.

Q17.

Q18.

Q19.

(D) Neither electric nor magnetic field

The magnetic field at the center of a circular current-carrying loop of radius R is

B. The field at a distance R from the center on the axis of the loop is:

(A) B/2
(B) B/4
(C) B/2\2
(D) B/8

Two parallel wires carrying currents in the same direction:

(A) Attract each other
(B) Repel each other
(C) Do not exert any force

(D) Rotate each other
The sensitivity of a moving coil galvanometer can be increased by:

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

(D) Decreasing the area of the coil
The magnetic susceptibility of a diamagnetic substance is:

(A) Small and positive
(B) Small and negative
(C) Large and positive
(D) Zero
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Q20.

Q21.

Q22.

Q23.

Q24.

The SI unit of magnetic pole strength is:

(A) Tesla

(B) Ampere-meter
(C) Ampere/meter
(D) Weber

The self-inductance of a solenoid is L. If the number of turns is doubled, keeping

the length and area constant, the new self-inductance is:

(A) 2L
(B) L/2
(C) 4L

(D) L/4

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

(A) Charge

(B) Momentum
(C) Energy

(D) Mass

In an AC circuit, the current leads the voltage by 7/2. The circuit element is:

(A) Pure resistor
(B) Pure inductor

(C) Pure capacitor

(D) Series LCR

The resonance frequency of a series LCR circuit is f. If the capacitance is made

4 times, the resonance frequency becomes:
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Q25.

Q26.

Q27.

Q28.

(A) 2f
B) f/2
©) 4f
D) f/4

A step-up transformer converts:

(A) Low voltage, low current to high voltage, high current
(B) High voltage, low current to low voltage, high current
(C) Low voltage, high current to high voltage, low current

(D) AC to DC
The average power dissipated in a pure inductor over one full AC cycle is:

(A) LI
(B) VI

(C) Zero
(D) I’R

The speed of electromagnetic waves in a medium of permittivity € and perme-

ability u is:

(A) 1/+ue
(B) e
(C) ue
(D) 1/ue

Electromagnetic waves are transverse in nature. This is evident by:

(A) Interference

(B) Diffraction
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(C) Polarization

(D) Reflection

Q29. 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
(©) +5D
(D) -5D

Q30. Critical angle for a medium is 30°. The refractive index of the medium is:

(A) 1.5
(B) 2.0
(C) 1.33
(D) 1.732

Q31. The phenomenon of "mirage" is due to:

(A) Total Internal Reflection
(B) Diffraction
(C) Scattering

(D) Double refraction

Q32. In Young’s Double Slit Experiment, if the distance between the slits is halved,
the fringe width:

(A) Becomes double
(B) Becomes half

(C) Becomes four times
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Q33.

Q34.

Q35.

Q36.

(D) Remains same

When light travels from one medium to another, which of the following does
NOT change?

(A) Velocity

(B) Wavelength
(C) Frequency
(D) Amplitude

The objective of an astronomical telescope has a large focal length and a large

aperture to:

(A) Increase magnification
(B) Increase resolving power

(C) Reduce spherical aberration

(D) Both A and B

A person cannot see objects clearly beyond 2 m. The power of the corrective

lens required is:

(A) +0.5D
(B) —0.5D
(C) +2D
(D) -2 D

For which color is the refractive index of glass maximum?

(A) Red
(B) Yellow
(C) Green
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Q37.

Q38.

Q39.

Q40.

(D) Violet

The secondary wavelets theory was proposed by:

(A) Newton
(B) Huygens
(C) Maxwell
(D) Fresnel

If the intensity of light incident on a metal surface is doubled, the number of

photoelectrons emitted:

(A) Becomes double
(B) Becomes four times

(C) Remains same

(D) Becomes half

The threshold wavelength for a metal is 1g. Light of wavelength 1 will produce

photoelectrons only if:

(A) 1> Ao

(B) 1< 4

(C) 1=2120/2

(D) Both B and C

The kinetic energy of a photo-electron is E when the wavelength of incident

light is A. If the wavelength is decreased, the kinetic energy:

(A) Increases
(B) Decreases

(C) Remains same
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(D) Becomes zero

Q41. The mass of a photon of frequency v is:

(A) hv/c
(B) hv/c?
(C) h/cv
(D) Zero (at rest)

Q42. The ratio of the speed of an electron in the first Bohr orbit to the speed of light is
roughly:

(A) 1/137
(B) 1/100
(C) 1/50
(D) 1/273

Q43. The energy required to excite an electron from n = 1 to n = 2 in a Hydrogen

atom 1s:

(A) 13.6 eV
(B) 3.4 eV

(C) 10.2 eV
(D) 1.51 eV

Q44. Which of the following has the highest penetrating power?

(A) a-rays
(B) p-rays
(C) y-rays
(D) X-rays
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Q45. Two nuclei have mass numbers in the ratio 1 : 8. The ratio of their nuclear radii

1S:

(A) 1:2
(B) 1:4
C)1:1
(D) 1:8

Q46. Nuclear fusion occurs at very high temperatures because:

(A) Nuclei move faster and collide
(B) Electrostatic repulsion must be overcome
(C) Binding energy increases

(D) It is an endothermic process

Q47. The forbidden energy gap in a conductor is:

(A) Large

(B) Very small
(C) Zero

(D) Infinite

Q48. In a p-n junction, the diffusion current is from:

(A) n-side to p-side
(B) p-side to n-side
(C) Both directions

(D) Dependent on bias

Q49. When a p-n junction is reverse biased, the barrier height:
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(A) Increases
(B) Decreases
(C) Remains same

(D) Becomes zero

Q50. To get an output ¥ = 1 from an AND gate, the inputs A and B must be:

(A)A=0,B=1
B)A=1,B=0
(C)A=1,B=1
(D) A=0,B=0
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Detailed Solutions
Ql.

Concept:

The point where the net electric field is zero between two like charges is called the neutral point.

The electric field E due to a point charge ¢ at a distance r is given by:

I ¢

F=__ 2
drey r?

To find the location where the net field is zero, we must set the magnitudes of the electric fields
produced by both charges equal to each other, as they will be acting in opposite directions between
the two positive charges.

Solution:

1. Let the two charges be g; = 9¢ and g, = le, separated by a distance r = 16 cm. 2. Suppose the
net electric field is zero at a distance x from the charge 9¢. 3. The distance of this point from the

charge le will be (16 — x). 4. Equating the magnitudes of the electric fields at this point:

1 9e 1 le

Amegx2  4mep (16 —x)2

5. Simplify the equation by canceling common terms:

9 1
22 (16 - x)2
6. Taking the square root on both sides:
31
x 16—x
7. Cross-multiplying to solve for x:
3(16 —x) =x

48 —3x =x = 4x =48
x=12cm

8. The point is 12 cm away from the +9e charge.
Final Answer: 12 cm from +9e

Answer: (A)
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Q2.

Q3.

Concept:

For a conducting sphere, whether hollow or solid, all the charges reside on the outer surface of
the conductor in electrostatic equilibrium. Inside a conductor, the net electric field is always zero
because the charges redistribute themselves to cancel any internal field.

Solution:

1. According to Gauss’s Law, the electric flux through a closed surface is proportional to the

enclosed charge:

%E’ . dA’ — denclosed
€

2. If we consider a spherical Gaussian surface inside the metal sphere (radius r < R), the charge
enclosed genciosed 15 zero because all charge is on the exterior surface. 3. Since the enclosed
charge is zero, the integral of the electric field over the Gaussian surface is zero, which implies
E = 0 at all points inside. 4. The center of the sphere is a point located inside the conductor. 5.
Therefore, the electric field at the center of the sphere is zero.

Final Answer: Zero

Answer: (C)

Concept:

When a capacitor is "isolated" after being charged, it means it is disconnected from the battery.
Consequently, the charge Q on the plates has no path to flow and must remain constant. The
introduction of a dielectric affects capacitance, potential, and energy.

Solution:

1. For an isolated capacitor, the charge Q is conserved and remains unchanged. 2. The capacitance
C of a capacitor with a dielectric constant k is given by C = kCy, where Cj is the capacitance in
a vacuum. Thus, capacitance increases. 3. The potential difference V is related to charge and
capacitance by V = Q/C. Since C increases and Q is constant, V must decrease (V = Vy/k).
4. The stored energy U = Q2/2C also decreases because the capacitance in the denominator
increases. 5. Therefore, among the choices provided, only the charge remains unchanged.

Final Answer: Charge

Answer: (D)
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Q4.

Concept:

The potential energy U of an electric dipole in a uniform electric field E is given by:
U=—-pEcost

where 6 is the angle between the dipole moment p and the electric field E. The work done W in
rotating a dipole is the change in its potential energy: W = Ufinai — Uinitiai-

Solution:

1. Stable equilibrium occurs when the dipole is aligned with the field, i.e., 8; = 0°.

Uinitial = —pE cos 0° = —pE
2. Unstable equilibrium occurs when the dipole is oriented opposite to the field, i.e., 8, = 180°.
Ufinal = —pE c0os 180° = —pE(-1) = +pE
3. The work done W is calculated as:
W = Ufinai — Uinitial

W = pE - (-pE)

4. Simplify the expression:
W =2pE

Final Answer: 2pE

Answer: (B)
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Qs.

Concept:
When an electric dipole is placed in a uniform electric field, it experiences a torque 7 that tries to

align the dipole with the field. The magnitude of this torque is given by:
7 =pEsinf

where p is the dipole moment, E is the electric field, and 6 is the angle between them.

Solution:

1. The torque 7 is a function of the sine of the angle 6. 2. To find the maximum torque, we look
for the value of 0 that maximizes sin §. 3. The maximum value of the sine function is 1, which

occurs when the angle is 90° (or /2 radians). 4. Substituting sin 90° = 1 into the torque formula:
Tmax = PE(1) = pE

5. If 8 = 0° or 180°, sin # = 0 and the torque is zero. 6. Therefore, the torque is maximum when
the dipole is perpendicular to the electric field.
Final Answer: 90°

Answer: (C)
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Q6.

Concept:

The equivalent capacitance of a combination of capacitors depends on whether they are connected
in series or parallel. 1. In **series**, the reciprocal of the equivalent capacitance is the sum of
the reciprocals: C%q = CLI + CLZ 2. In **parallel**, the equivalent capacitance is the direct sum:
Ceq =C; + C.

Solution:

1. We have three identical capacitors, each with C = 3uF. We want an equivalent capacitance
Cher = 2uF. 2. Let’s test a combination: Two capacitors in parallel, and the third one in series

with that parallel pair. 3. First, calculate the parallel pair (C; and C5):
Cp, =Cy+Cy =3uF +3uF = 6uF

4. Now, connect the third capacitor (C3 = 3uF) in series with this C),:

1 1 1

1 1
= — 4+ — = — 4+ —
Cnet Cp C3 6 3

5. Finding a common denominator:

1 1+2 3
Crer 6 6

6. Therefore, Cy,.; = 2uF. 7. This matches our target value. Thus, the configuration is two in
parallel with one in series.
Final Answer: Two in parallel, one in series with them

Answer: (C)
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Q7.

Q8.

Concept:
The capacitance C of a parallel plate capacitor is determined by its physical dimensions and the

medium between the plates. The formula is:

€A
C=——
d
where € is the permittivity of free space, A is the area of each plate, and d is the distance between
the plates.
Solution:

1. From the formula C = %, we can see that capacitance is inversely proportional to the distance
between the plates (C o« 1/d). 2. Let the initial capacitance be C; = %. 3. The distance is
doubled, so the new distance d, = 2d;. 4. The new capacitance C, becomes:

C, = =
274, T 24,

5. Substituting the initial value:

1 ({eA C
C:—— = —
2 2(d1) 2

6. Therefore, doubling the distance causes the capacitance to become half of its original value.
Final Answer: Becomes half

Answer: (A)

Concept:
Gauss’s Law states that the total electric flux @ through any closed surface is equal to the net
charge Q enclosed by that surface divided by the permittivity of free space €p:

(I)E — Qenclosed
€0

Solution:

1. We are given a cube of side a with a charge Q placed at its center. 2. The cube is a closed
surface (a Gaussian surface). 3. According to Gauss’s Law, the total flux through the entire closed
surface depends only on the charge enclosed, not the shape or size of the surface. 4. Total flux

Dipral = E% 5. Note: If the question asked for the flux through one specific face of the cube, it
o

6ey
it is simply Q/ €.
Final Answer: Q/¢

Answer: (A)

would be due to symmetry, but since it asks for the flux through the cube (the whole surface),
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Q9.

Concept:
Drift velocity v is the average velocity that free electrons attain in a conductor due to an influencing
electric field E. The relationship is derived from the force experienced by the electron (F' = eE)
and the relaxation time (7).
Solution:
1. The acceleration a of an electron of mass m and charge e in an electric field E is:

F eE

a=—=
m m

2. The drift velocity is the product of acceleration and the average relaxation time 7 (the time

between collisions):

vd=aT=(—)E
m

3. The term <7 is known as mobility (u), which is constant for a given material at a specific
temperature. 4. Therefore, v, = uE, which implies that v is directly proportional to the electric
field E.

vg < E

Final Answer: v ; «< E

Answer: (B)
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Q10.

Q11.

Concept:
When a wire is stretched, its volume remains constant (V = A x [). If the length increases, the

cross-sectional area must decrease proportionally. The resistance of a wire is given by:

R= [
where p is the resistivity, [ is the length, and A is the area.
Solution:
1. Let the initial length be /1, area be A, and resistance be R = pi—‘l. 2. The wire is stretched to

triple its length, so [, = 3/;. 3. Since volume is constant (A;l; = Axl>):
I I Ay
A=A[—|=4|—]|=—
? l(b) 1(3h) 3

Rl _ 3L
25 P, TP @A)

4. The new resistance R; is:

5. Rearranging the terms:

9, T
A

Ry=p—=9 PA—1)=9R1

6. Stretching the wire to n times its length increases the resistance by n” times. Here 32 = 9.
Final Answer: 9R

Answer: (C)

Concept:

The sensitivity of a Wheatstone bridge refers to its ability to show a significant deflection in the
galvanometer for a very small change in the resistance of any of the arms. A bridge is most
sensitive when it is in a balanced or near-balanced state where the resistances are comparable.
Solution:

1. A Wheatstone bridge consists of four resistances P, Q, R, and S. The balance condition is
P/Q = R/S. 2. The deflection in the galvanometer depends on the change in potential across its
terminals. 3. If one resistance is much larger or much smaller than the others, a small fractional
change in that resistance produces a negligible change in the potential difference compared to
the total. 4. Mathematical analysis of the bridge sensitivity shows that the current through the
galvanometer (for a small unbalance) is maximum when all four resistances are equal or at least of
the same order of magnitude. 5. Therefore, to ensure the highest precision in measurement, we
choose resistances P, O, R, and S such that they are roughly the same.

Final Answer: Of the same order

Answer: (C)
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Ql12.

Concept:
The equivalent resistance R of two resistors Ry and R, connected in parallel is given by the

formula:
1 1 1 R RiR;

_=s—t — = =
R R R Ri+R;

A fundamental property of parallel circuits is that the total resistance is always less than the

smallest individual resistance in the combination.

Solution:

1. Let’s take an example: R} = 10Q2 and R, = 5Q (where R| > R»). 2. Calculate the equivalent

resistance: G5 50
=05 15 00

3. Notice that 3.33Q is less than 5Q (R;) and also less than 10Q (R;). 4. Since R| > R, the

equivalent resistance R will always be smaller than R,. 5. This occurs because providing additional

paths for current flow effectively reduces the overall opposition to the current, resulting in a total
resistance lower than any single path’s resistance.
Final Answer: R < R,

Answer: (C)
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Q13.

Concept:
The terminal voltage V of a cell is the potential difference across its terminals when current /
is flowing through the circuit. It is related to the Electromotive Force (EMF) E and internal
resistance r by the equation:

V=E-Ir

The current [ in the circuit is determined by the total resistance (external R + internal r).
Solution:
1. Identify given values: £ =2V, r = 0.1Q, and R = 3.9Q. 2. Calculate the total resistance of
the circuit:

Riviai = R+r=39+0.1=4.0Q

3. Calculate the current I flowing through the circuit:

E 2
I = =-=05A
Rtotal 4

4. Now, calculate the terminal voltage V using either V. = IRorV = E — Ir. 5. Using V = IR:
V=05%x39=195V

6. UsingV =FE - Ir:
V=2-(05%x0.1)=2-0.05=195V

7. The potential drop inside the cell is 0.05 V, leaving 1.95 V available for the external circuit.
Final Answer: 1.95V

Answer: (A)
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Q14.

Q15.

Concept:

A standard resistor must maintain a nearly constant resistance despite changes in ambient
temperature. This requires the material to have two specific properties: 1. High resistivity (so the
resistor isn’t excessively long). 2. A very low temperature coefficient of resistance (@), meaning
its resistance changes very little with temperature.

Solution:

1. Metals like Copper and Aluminum have very high temperature coefficients, meaning their
resistance increases significantly as they heat up. 2. Silicon is a semiconductor whose resistance
actually decreases as temperature increases (negative «). 3. **Manganin** (an alloy of copper,
manganese, and nickel) and Constantan are specifically engineered for precision instruments. 4.
Manganin has an extremely low a (near zero) over a wide range of temperatures. 5. Therefore, it
is the ideal material for making standard resistance coils and bridge wires.

Final Answer: Manganin

Answer: (C)

Concept:

The fields associated with a charge depend on its state of motion: 1. A stationary charge (v = 0)
produces only an **Electric Field**. 2. A charge moving with constant velocity (v = constant)
produces both an **Electric Field** and a **Magnetic Field**. 3. An accelerating charge
produces electric and magnetic fields and also radiates energy (Electromagnetic Waves).
Solution:

1. Every charge, regardless of its motion, creates an electric field in the surrounding space due
to its existence as a point source of flux. 2. When the charge moves, it constitutes a current.
According to Oersted’s discovery and Ampere’s Law, a current always generates a magnetic field.
3. Therefore, a moving charge creates a magnetic field in addition to its inherent electric field.
4. This dual field nature is the foundation of electromagnetism and determines the Lorentz force
acting on other charges in the vicinity.

Final Answer: Both electric and magnetic fields

Answer: (C)
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Q16.

Concept:

The magnetic field produced by a circular current loop at its center is given by:

ol
Bienter = I;_R

The magnetic field at a point on the axis of the loop at a distance x from the center is:

pol R?
2(R? + x2)3/2

Baxis =
Solution:
1. We are given Bienrer = B. 2. We need to find the field at a distance x = R on the axis. 3.
Substitute x = R into the axial field formula:
ol R* tol R*

Baxis = =

2(R2 + R2)3/2 2(2R2)3/2

4. Simplify the denominator:
(2R2)3/2 — 23/2(R2)3/2 — 2\/§R3

5. So, the axial field becomes:

poIR®>  pol
2-2V2R3  4V2R

Baxis -

6. Express this in terms of Beepger:

B 1 fwol) B
axls—Z\/E R —2\/5
Final Answer: B/2V2
Answer: (C)
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Q17.

Concept:

According to Ampere’s Law and the right-hand grip rule, a current-carrying wire produces a
circular magnetic field. When another current-carrying wire is placed in this field, it experiences a
magnetic force (F = /LB sin6).

Solution:

1. Consider two parallel wires carrying currents /; and I, in the same direction. 2. The magnetic
field produced by the first wire at the location of the second wire is directed perpendicular to the
second wire (using the right-hand rule). 3. Applying Fleming’s Left-Hand Rule to the second
wire, the force on it is directed toward the first wire. 4. Similarly, the first wire experiences a force
toward the second wire. 5. Therefore, parallel currents flowing in the same direction **attract**
each other. 6. Conversely, antiparallel currents (opposite directions) repel each other.

Final Answer: Attract each other

Answer: (A)

Q18.

Concept:
The current sensitivity of a moving coil galvanometer is defined as the deflection (8) per unit

current (/). The formula for sensitivity is:

where N is the number of turns, B is the magnetic field, A is the area of the coil, and k is the
torsional constant of the suspension spring.

Solution:

1. To increase the sensitivity (make the needle move more for the same current), we can: - Increase
the number of turns (N). - Increase the strength of the magnetic field (B). - Increase the area of
the coil (A). - Decrease the spring constant (k) by using a more flexible material. 2. Looking at
the options: - Decreasing turns (Option A) decreases sensitivity. - Increasing the magnetic field
(Option B) **increases** sensitivity. - Increasing k (Option C) decreases sensitivity. - Decreasing
area (Option D) decreases sensitivity.

Final Answer: Increasing the magnetic field

Answer: (B)
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Q19.

Q20.

Concept:

Magnetic susceptibility (y,,) is a measure of how much a material will become magnetized in an
applied magnetic field. - Paramagnetic: Small and positive. - Ferromagnetic: Large and positive. -
Diamagnetic: Small and negative.

Solution:

1. Diamagnetism is a property of all materials where an applied magnetic field induces a weak
opposing magnetic field. 2. This is caused by the orbital motion of electrons changing in a way that
opposes the external flux (Lenz’s Law on an atomic scale). 3. Because the induced magnetization
is in the opposite direction to the applied field, the susceptibility is negative. 4. The effect is very
weak, so the value of y,, is small. 5. Therefore, the susceptibility of a diamagnetic substance is
small and negative.

Final Answer: Small and negative

Answer: (B)

Concept:

The magnetic pole strength () represents the strength of a magnetic pole (North or South). The
magnetic moment (M) of a bar magnet of length 2/ is given by M = m X 21.

Solution:

1. We know the SI unit of magnetic moment (M) is Ampere—meter2 (A m2). 2. From the relation

M = m X length:
Unit of M
Unitof m = ——
fLotm Unit of length
3. Substituting the units:
A 2
Unit of m = o =Am

4. Thus, the SI unit of magnetic pole strength is Ampere-meter. 5. Note: Ampere/meter is the unit
for magnetic intensity (H).
Final Answer: Ampere-meter

Answer: (B)
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Q21.

Q22.

Concept:

The self-inductance L of a long solenoid is given by the formula:
L= /J()I’lel

where n = N/ is the number of turns per unit length. Substituting n, the formula becomes:

N? HoN?A
L=puy—Al =
Ko~ ;

This shows that for a solenoid of fixed length / and area A, the inductance is directly proportional
to the square of the total number of turns (L o« N 2),

Solution:

1. Let the initial self-inductance be L; = %. 2. The number of turns is doubled, so N, = 2/N;.

3. The new self-inductance L, will be:

_ Ho(2N1)?A _ Ho(4NHA

L
2 I I

4. Factoring out the constants:

N?A
L2=4(“°l1 )=4L1

5. Therefore, doubling the number of turns increases the self-inductance by four times.

Final Answer: 4L

Answer: (C)

Concept:

Lenz’s Law states that the direction of an induced current is such that it creates a magnetic field
that opposes the change in magnetic flux that produced it. It is fundamentally a statement about
the energy required to create electrical power.

Solution:

1. To induce a current in a loop, work must be done against the magnetic forces (for example,
pushing a magnet into a coil). 2. The mechanical energy spent in moving the magnet is converted
into electrical energy in the coil. 3. If the induced current did not oppose the change, it would
create a field that attracts the magnet more strongly, creating energy out of nothing, which violates
the Law of Conservation of Energy. 4. Thus, Lenz’s Law ensures that the total energy of the
system is conserved by requiring an input of work to generate the induced EMF.

Final Answer: Energy

Answer: (C)
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Q23.

Q24.

Concept:

In AC circuits, the phase relationship between voltage (V) and current (/) depends on the
components present: - **Resistor:** V and I are in phase (¢ = 0). - **Inductor:** V leads I by
/2 (or I lags V). - **Capacitor:** [ leads V by 7 /2 (or V lags I).

Solution:

1. The question states that the current leads the voltage by 7r/2. 2. In a capacitor, the voltage across
the plates is proportional to the accumulated charge (V = Q/C). Because it takes time for charge
to build up, the voltage reaches its peak after the current has already peaked. 3. This result is
mathematically represented by the capacitive reactance X¢, where the current I = [y sin(wt + 7/2)
for a voltage V = Vjy sin(wt). 4. Therefore, the element must be a pure capacitor.

Final Answer: Pure capacitor

Answer: (C)

Concept:
The resonance frequency f of a series LCR circuit is the frequency at which the inductive reactance

and capacitive reactance cancel each other out (X; = X¢). Itis given by:

1
/= 27VLC

Solution:
1. From the formula, the frequency is inversely proportional to the square root of the capacitance

(f o« 1/V/C). 2. Let the initial frequency be f; = ﬁ 3. The new capacitance C; = 4Cj. 4.

1 1
f2 = =
2m\JL(4C;) 27 -2VIC

5. Comparing this to the original frequency:

The new frequency f; is:

ped(pl )
2_2 27TVLC1_2

6. Thus, making the capacitance 4 times reduces the resonance frequency to half its original value.
Final Answer: f/2

Answer: (B)

29 | Collegedunia |



https://www.collegedunia.com

CUET UG Sample Paper Physics

Q2s.
Solution
Concept:
A transformer is a static device that transfers electrical energy from one circuit to another through
electromagnetic induction. According to the principle of conservation of energy (assuming an
ideal transformer), the power input equals the power output (V,1,, = ViIy).
Solution:
1. A **step-up transformer** is designed to increase the voltage from the primary to the secondary
(Vs > V). 2. Based on the turns ratio formula “;—; = ]I\\,’—;, a step-up transformer has more turns in
the secondary coil (Ng > Nj,). 3. Because P = VI must remain constant, if the voltage increases,
the current must decrease proportionally (/; < I),). 4. Therefore, a step-up transformer converts
low voltage at a high current into high voltage at a low current.
Final Answer: Low voltage, high current to high voltage, low current
Answer: (C)
Q26.
Solution
Concept:
In a purely inductive AC circuit, the instantaneous power oscillates. The power at any instant is the
product of the instantaneous voltage (v = Vj sin wt) and instantaneous current (i = Iy sin(wt—m/2)).
The average power (P, 4) over a complete cycle is given by:
Pavg = VimsIrms cOS ¢
where ¢ is the phase angle between voltage and current.
Solution:
1. In a **purely inductive circuit**, the current lags behind the voltage by a phase angle of /2
(or 90°). 2. Therefore, the phase constant ¢ = 90°. 3. The power factor is cos ¢ = cos 90° = 0. 4.
Substituting this into the average power formula:
Pavg = Vimslrms X0=0
5. Physically, this happens because the inductor stores energy in its magnetic field during one half
of the cycle and returns the exact same amount of energy to the source during the next half. No net
energy is consumed as heat.
Final Answer: Zero
Answer: (C)
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Q27.

Concept:

James Clerk Maxwell showed that electromagnetic waves travel through a vacuum at the speed
of light ¢ = 1/4/uo€p. When these waves travel through a material medium, their speed (v) is
reduced depending on the electrical and magnetic properties of that medium.

Solution:

1. The permittivity (¢) of a medium describes its ability to store electrical energy in an electric
field. 2. The permeability (u) of a medium describes its ability to support the formation of a
magnetic field. 3. According to Maxwell’s equations, the velocity of an electromagnetic wave in

any medium is given by the inverse square root of the product of these two properties:

1

Ve

4. In a vacuum, where u = pg and € = ¢, the speed is approximately 3 x 10® m/s. In a denser
medium, the product ue is larger, resulting in a slower speed.
Final Answer: 1/+/i€

Answer: (A)

Q28.

Concept:

Electromagnetic waves consist of oscillating electric and magnetic fields that are perpendicular
to each other and perpendicular to the direction of wave propagation. Waves are classified as
"transverse" if the oscillations are perpendicular to the direction of travel.

Solution:

1. **Interference** and **Diffraction** are phenomena that demonstrate the wave nature of light,
but they occur in both longitudinal waves (like sound) and transverse waves. 2. **Reflection** is
a general property of waves and particles alike. 3. **Polarization** is a phenomenon where the
oscillations of the wave are restricted to a single plane. 4. Only transverse waves can be polarized
because longitudinal waves oscillate along the direction of travel, leaving no "sideways" plane
to filter. 5. Therefore, the fact that light and other EM waves can be polarized proves they are
transverse in nature.

Final Answer: Polarization

Answer: (C)
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Q29.

Concept:
When two thin lenses are placed in contact, the total power (P) of the combination is the algebraic

sum of the individual powers of the lenses:
P=P +P

The power of a lens is the reciprocal of its focal length in meters (P = 1/f). Convex lenses have
positive power, and concave lenses have negative power.

Solution:

1. Calculate the power of the convex lens (f; = +20 cm = +0.2 m):

P = =+5D

1
0.2
2. Calculate the power of the concave lens (f; = =25 cm = —0.25 m):

1
Py=—— =-4D
272025

3. Find the total power of the combination:
P=P;+P,=+5D+ (-4D)

4. Result:
P=+1D

5. The positive sign indicates that the combination behaves like a weak convex lens.
Final Answer: +1 D

Answer: (A)
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Q30.

Q31.

Concept:
The critical angle (i) is the angle of incidence in a denser medium for which the angle of refraction
in the rarer medium is 90°. It is related to the refractive index () of the denser medium (relative

to air) by the formula:
1

sini.

Solution:
1. Given the critical angle i. = 30°. 2. Substitute the value into the relationship formula:

1
sin 30°

M=

3. We know that sin 30° = 0.5 or 1/2. 4. Therefore:

1
=—=20
=11
5. A refractive index of 2.0 suggests a very optically dense material (for context, diamond has a
refractive index of about 2.42 and a smaller critical angle of ~ 24.4°).

Final Answer: 2.0

Answer: (B)

Concept:

A mirage is an optical illusion often observed in deserts or on hot tar roads. It occurs due to the
refractive index gradient of air layers near the surface, caused by intense heating of the ground.
Solution:

1. The air near the hot ground becomes hotter and less dense than the air above it. As a result, the
refractive index increases with height. 2. A ray of light coming from a distant object (like a tree or
the sky) travels from a denser layer to a rarer layer, bending away from the normal. 3. As the ray
continues to descend, the angle of incidence increases. Eventually, the angle of incidence exceeds
the **critical angle** for the interface between two layers. 4. At this point, the light undergoies
**Total Internal Reflection (TIR)** and begins to travel upward. 5. To an observer, the reflected
ray appears to come from below the ground, creating an inverted image that looks like a reflection
in a pool of water.

Final Answer: Total Internal Reflection

Answer: (A)
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Q32.

Q33.

Concept:
In Young’s Double Slit Experiment (YDSE), the fringe width (f) is the distance between two

consecutive bright or dark fringes. The formula for fringe width is:

- AD
- d
where A is the wavelength, D is the distance to the screen, and d is the separation between the two
slits.
Solution:

1. From the formula, the fringe width is inversely proportional to the slit separation (d):
s 1
OC —_—
d

2. Let the initial fringe width be 8 = %. 3. The distance between the slits is halved, so the new

separation dy = d; /2. 4. The new fringe width 8, becomes:

5 AD (/ID )

“ (/2 T\
5. Therefore, B, = 23;. 6. Halving the slit separation causes the interference pattern to spread out,

making the fringes twice as wide.

Final Answer: Becomes double

Answer: (A)

Concept:

When a light wave crosses the boundary between two media (refraction), its physical properties
change based on the interaction with the atoms of the medium.

Solution:

1. The **velocity** of light (v) changes because it depends on the refractive index of the medium
(v = ¢/u). 2. The **wavelength** (1) changes because it is proportional to velocity (1 = v/ f).
In a denser medium, the wavelength shortens. 3. The **amplitude** may change due to partial
reflection and absorption at the interface. 4. The **frequency** (f) is determined solely by
the source of the light. As the wave passes through a medium, the atoms oscillate at the same
frequency as the incident wave and re-emit it. Thus, the number of oscillations per second remains
constant.

Final Answer: Frequency

Answer: (C)
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Q34.

Q3s.

Concept:

An astronomical telescope consists of an objective lens and an eyepiece. The objective lens is the
one that first collects light from a distant celestial object.

Solution:

1. **Aperture:** A large aperture (diameter) allows the lens to collect more light from faint distant
stars, which increases the brightness of the image. More importantly, it increases the **resolving
power** (R.P. «c D/Q), allowing the user to distinguish between two close stars. 2. **Focal
Length:** The magnification of a telescope in normal adjustment is M = f,/f,. To achieve
high **magnification**, the focal length of the objective (f,) should be as large as possible. 3.
Therefore, both high magnification and high resolving power are primary reasons for using a large
objective lens.

Final Answer: Both A and B

Answer: (D)

Concept:

A person who cannot see objects clearly beyond a certain distance is suffering from **Myopia**
(near-sightedness). To correct this, the far point must be moved back to infinity using a diverging
(concave) lens.

Solution:

1. For a myopic eye, the lens must form an image of an object at infinity (# = —oco) at the person’s

1_ 1.

actual far point (v = —2 m). 2. Using the lens formula % =54

14 1

fo2 -e
3. Since 1/00 = 0:

1

~=-05m™"!

f

4. Power (P) is defined as 1/ f (when f is in meters):
P=-05D

5. The negative sign confirms that a concave lens is required.
Final Answer: —0.5 D

Answer: (B)
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Q36.

Concept:
The refractive index (u) of a material like glass is not a constant for all wavelengths of light; it

varies with the color of light. According to Cauchy’s formula:

B C
u=A+ = + = +...
This shows that the refractive index is inversely related to the wavelength (1).
Solution:
1. In the visible spectrum (VIBGYOR), red light has the longest wavelength (4,-.4) and violet light
has the shortest wavelength (1,;07¢7). 2. Since p oc 1/ A2, the medium will have a higher refractive

index for shorter wavelengths. 3. Therefore:

Aviolet < Adred = Mvioler > Mred

4. This variation is why a glass prism deviates violet light more than red light, causing the
dispersion of white light into a spectrum.
Final Answer: Violet

Answer: (D)

Q37.

Concept:

Wave optics deals with light as a wave phenomenon. To explain how waves propagate through a
medium, Christiaan Huygens proposed a geometrical construction.

Solution:

1. According to **Huygens’ Principle**: - Every point on a given wavefront acts as a source
of new disturbance. - These points emit spherical "secondary wavelets" that spread out in all
directions with the speed of the wave. - The new wavefront at a later time is the common envelope
(tangent) to all these secondary wavelets. 2. This theory successfully explained the laws of
reflection and refraction, though it initially struggled with the concept of linear propagation until
Fresnel refined it.

Final Answer: Huygens

Answer: (B)
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Q38.

Q39.

Concept:

The photoelectric effect describes the emission of electrons when light shines on a metal. According
to the photon theory of light: 1. Each photon interacts with a single electron. 2. The number of
photons is proportional to the **intensity** of light. 3. The energy of each photon depends on the
**frequency** of light (E = hv).

Solution:

1. If the frequency of light is above the threshold frequency, photoemission occurs. 2. Doubling
the intensity of light means doubling the number of photons striking the metal surface per unit
area per unit time. 3. Since each photon can eject one electron, doubling the number of incident
photons will result in doubling the number of photoelectrons emitted. 4. Note: The kinetic energy
of the electrons remains the same because the energy per photon hasn’t changed.

Final Answer: Becomes double

Answer: (A)

Concept:
The photoelectric effect only occurs when the energy of the incident photons (E = hc/A) is greater
than or equal to the work function (¢ = hc/p) of the metal.
Solution:
1. For emission to happen, we require £ > ¢. 2. In terms of wavelength:
hc _ hce
— 2 —
A A

3. Since A is in the denominator, this inequality simplifies to:

A< Ay

4. This means the incident wavelength must be shorter than or equal to the threshold wavelength.
5. In the options provided: - Option B (1 < Ag) satisfies the condition. - Option C (1 = A/2) also
satisfies the condition because 1y/2 < Ag. - Thus, both B and C are correct scenarios for emission.
Final Answer: Both B and C

Answer: (D)
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Q40.

Q41.

Concept:
Einstein’s Photoelectric Equation relates the maximum kinetic energy (K,,4) of a photoelectron

to the incident wavelength (1):
h

c
Kmax = i ¢

where £ is Planck’s constant, c¢ is the speed of light, and ¢ is the work function.

Solution:

1. From the equation, K, is inversely related to 4. 2. As the wavelength A decreases, the energy

of the incident photon (Ac¢/A) increases. 3. Since the work function ¢ of the metal is a constant

value, the difference (hc/A — ¢) will increase. 4. Therefore, decreasing the wavelength of incident

light provides more energy to the electrons, resulting in an increase in their maximum kinetic

energy.

Final Answer: Increases

Answer: (A)

Concept:
The mass of a photon is a relativistic concept. According to Einstein’s mass-energy equivalence
E = mc? and the Planck-Einstein relation E = hv, we can relate the energy of a photon to its
"equivalent” or "moving" mass.
Solution:
1. The energy of a photon is given by:

E=hy

2. According to relativity, the energy is also:

E = mc?
3. Equating the two expressions:
mc? = hy
4. Solving for the moving mass m:
hv
m=—
.

5. Note: A photon has zero rest mass, but it possesses momentum and equivalent mass because it
is always in motion at speed c. In terms of wavelength, since v = ¢/A, the mass is also m = h/cA.
Final Answer: hv/c?

Answer: (B)
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Q42.
Solution
Concept:
In the Bohr model of the Hydrogen atom, the speed of an electron in the n'” orbit is given by:
Ze?
Vv, =
" 2eonh
For Hydrogen, Z = 1 and for the first orbit, n = 1.
Solution:
1. The expression for speed in the first orbit is:
o2
=
! 260h
2. The ratio of this speed to the speed of light c is a dimensionless constant known as the **Fine
Structure Constant™* (a):
2
Vi e
ax=—=
c  2ehc
3. Substituting the physical constants (e = 1.6 X 1071° C, ¢y = 8.85 x 107> F/m, h = 6.63 x
107* Js, ¢ = 3 x 10% m/s):
1
T 137
4. Therefore, the electron moves at approximately 1/137 times the speed of light in its ground
state.
Final Answer: 1/137
Answer: (A)
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Q43.

Concept:

The energy of an electron in the n’" orbit of a Hydrogen atom is given by:

B = —% eV
n
The excitation energy required to move an electron from a lower state n; to a higher state n, is
AE =E,, — E,,.
Solution:
1. Energy of the ground state (n = 1):

13.6
El = —7 = —136 V
2. Energy of the first excited state (n = 2):
13.6 13.6
E2 = —7 = —T =-34¢eV

3. The energy required for excitation is the difference:
AE =E, - E; =-34-(-13.6)

4. Calculate the result:
AE =13.6-3.4=10.2¢eV

5. This energy must be supplied by an incident photon or through electron collision.
Final Answer: 10.2 eV

Answer: (C)
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Q44.

Q45.

Concept:

Penetrating power refers to the ability of radiation to pass through matter. It is generally inversely
related to the mass and charge of the radiation particles/waves.

Solution:

1. **Alpha rays (a):** These are helium nuclei (+2e charge, heavy mass). They interact strongly
with matter and are stopped by a sheet of paper. 2. **Beta rays (8):** These are fast-moving
electrons (—1e charge, small mass). They have more penetration than alpha rays but can be
stopped by a few millimeters of aluminum. 3. **Gamma rays (y):** These are high-energy
electromagnetic waves with no mass and no charge. Because they are neutral and travel at the
speed of light, they interact much less frequently with matter. 4. Consequently, gamma rays have
the highest penetrating power, requiring several centimeters of lead or meters of concrete to be
shielded effectively.

Final Answer: y-rays

Answer: (C)

Concept:
The radius R of a nucleus is related to its mass number A by the empirical relation:

R = RyA'3

where Ry is a constant approximately equal to 1.2 fm.
Solution:
1. We are given the ratio of mass numbers A; : Ay = 1 : 8. 2. The radius of the first nucleus is
R, = RO(A1)1/3. 3. The radius of the second nucleus is R, = RO(A2)1/3. 4. The ratio of their
radii is:

R

B A 1/3
R, \A,

R, (1)

2-()
6. Since 8 = 23, the cube root of 1/81is 1/2. 7. Thus, Ry : R, = 1 : 2.
Final Answer: 1:2

Answer: (A)

5. Substitute the given ratio:
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Q46.

Concept:

Nuclear fusion is the process of combining two light nuclei to form a heavier nucleus, releasing a
vast amount of energy. However, all nuclei are positively charged because they contain protons.
Solution:

1. According to Coulomb’s Law, like charges repel each other. When two nuclei approach, they
experience a very strong electrostatic force of repulsion. 2. For fusion to occur, the nuclei must
get close enough (within ~ 10™1> m) for the attractive strong nuclear force to take over and bind
them together. 3. This requires the nuclei to have extremely high kinetic energy to overcome
the "Coulomb barrier." 4. Temperature is a measure of the average kinetic energy of particles
(KE = %kT). 5. Therefore, temperatures on the order of millions of degrees (like in the core of
the Sun) are necessary to give the nuclei enough speed to collide and fuse despite their mutual
repulsion.

Final Answer: Electrostatic repulsion must be overcome

Answer: (B)

Q47.

Concept:

Band Theory of Solids classifies materials based on the energy gap (E,) between the valence
band (filled with electrons) and the conduction band (where electrons can move freely to conduct
current).

Solution:

1. In **insulators**, the energy gap is very large (> 3 e€V), making it nearly impossible for
electrons to jump to the conduction band. 2. In **semiconductors**, the energy gap is small
(~ 1 eV), allowing some electrons to jump when thermally excited. 3. In **conductors** (metals),
the valence band and the conduction band actually overlap, or the valence band is only partially
filled. 4. Because they overlap, there is no "forbidden" region that an electron must cross to
become a charge carrier. 5. Therefore, the forbidden energy gap in a conductor is zero, leading to
high electrical conductivity even at low temperatures.

Final Answer: Zero

Answer: (C)
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Q48.

Concept:

In a p-n junction, two types of currents exist: diffusion current and drift current. Diffusion current
is caused by the concentration gradient of charge carriers across the junction.

Solution:

1. In the **p-side**, the concentration of holes (majority carriers) is very high. 2. In the
**p-side**, the concentration of electrons (majority carriers) is very high. 3. Due to these
gradients, holes naturally want to move from the p-side to the n-side, and electrons want to move
from the n-side to the p-side. 4. By convention, the direction of electric current is the direction
of the flow of positive charge (holes). 5. Therefore, since holes are diffusing from p — n, the
resulting diffusion current is directed from the p-side to the n-side.

Final Answer: p-side to n-side

Answer: (B)

Q49.

Concept:

The "barrier height" or built-in potential of a p-n junction is the potential difference created by
the depletion layer that opposes the further diffusion of majority carriers. The bias applied to the
junction modifies this barrier.

Solution:

1. In **reverse bias**, the positive terminal of the battery is connected to the n-side and the
negative terminal to the p-side. 2. This arrangement pulls majority carriers (electrons in n, holes
in p) away from the junction. 3. As a result, the width of the depletion layer increases, as more
immobile ions are exposed. 4. Since the depletion layer is responsible for the barrier, an increase in
its width and the strength of its internal field means the effective potential barrier height increases.
5. This makes it even harder for majority carriers to cross the junction, effectively stopping current
flow.

Final Answer: Increases

Answer: (A)
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Q50.
Solution
Concept:
An AND gate is a basic digital logic gate that implements logical conjunction. It follows a specific
truth table where the output depends on the state of all its inputs.
Solution:
1. The logical operation of an AND gate can be expressed as Y = A - B. 2. The output Y is
"High" (1) if and only if all the inputs are "High" (1). 3. Truth table for a 2-input AND gate: -
fA=0,B=0 = Y=0-IfA=0,B=1 = Y=0-fA=1,B=0 = Y =0-1If
A=1,B=1 = Y =1 4. To obtain an output of 1, both input A and input B must be at logic
level 1.
Final Answer: A=1,B=1
Answer: (C)
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