Physics 2023 Question Paper with Solutions
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PHYSICS

921. Choose the correct statements from the following:

A. The total charge in any isolated system remains constant.

B. When some charge is transferred to a conductor, it stays at the same place
without getting distributed over the entire surface.

C. One Coulomb of negative charge is the total charge of 6.25 x 10'® electrons.
D. Electric field is a scalar field.

E. Permanent dipole means that the dipole moment P exists irrespective of
external electric field E.

(1) B, C, D and E only
(2) A, D and E only
(3) B and D only

(4) A, C and E only

Correct Answer: (4) A, C and E only

Solution:

Statement A is correct because charge is conserved in an isolated system.
Statement B is incorrect since on a conductor, charge always redistributes
over the surface to achieve electrostatic equilibrium.

Statement C is correct; one electron has a charge of 1.6 x 107 C, so0 6.25x10'®
electrons sum to approximately 1 C of negative charge.

Statement D is incorrect because electric field is a vector field, not scalar.
Statement E is correct as a permanent dipole has a fixed dipole moment re-
gardless of external field.

9 Quick Tip

Electric field is always a vector quantity, and charges on conductors
redistribute across their surface to minimize potential.
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922. Choose the correct alternative from the following:

(1) Gauss law is true for any open surface.

(2) Gauss law includes the sum of all charges enclosed by the surface for calcu-
lation of electric flux through the surface.

(3) Gauss law can be used to calculate the magnetic field due to steady current.
(4) Gauss law is not based on the inverse square dependence on distance con-
tained in the Coulomb’s law.

Correct Answer: (2) Gauss law includes the sum of all charges enclosed by
the surface for calculation of electric flux through the surface.

Solution:

Option (1) is incorrect because Gauss’s law is valid only for closed surfaces.
Option (2) is correct — Gauss’s law states that the electric flux through a
closed surface is proportional to the total electric charge enclosed within the
surface.

Option (3) is incorrect — Gauss’s law is used in electrostatics, not for calcu-
lating magnetic fields.

Option (4) is incorrect — Gauss’s law is indeed derived based on the inverse
square nature of Coulomb’s law.

9 Quick Tip

Always remember: Gauss’s law applies only to closed surfaces and is
rooted in the inverse square law of Coulomb’s interaction.

923. Choose the correct answer from the following:
If three charged particles are collinear and are in equilibrium, then:

(1) all the charged particles have equal charge.

(2) all the charged particles have the same sign and the distances between two
consecutive charged particles are same.

(3) all the charged particles have the same sign

(4) all the charged particles cannot have the same sign
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Correct Answer: (4) all the charged particles cannot have the same sign

Solution:

If three charged particles are collinear and in equilibrium, the net force on each
particle must be zero. This is only possible if the forces from the other two
charges cancel out. For this to happen, at least one of the charges must have
an opposite sign, so that attractive and repulsive forces can balance. Hence, all
particles cannot have the same sign.

9 Quick Tip

In equilibrium problems involving charges, always consider the direction
and nature (attractive or repulsive) of electrostatic forces.

924. An isolated sphere has a capacitance of 60 pF, what is the radius
of the sphere?

Correct Answer: (2) 54 cm
Solution:
The capacitance of an isolated sphere is given by:
C = 47T80R
Given: C = 60pF =60 x 10712 F, gy = 8.85 x 1072 F/m

C 60 x 1012 60
_ _ ~ ~ 0.539m = 54
Areq 4w x 885 x 1012 111.3 m o

¢ Quick Tip

For an isolated sphere, capacitance is directly proportional to its radius:
C = 4megR. Convert units properly when solving.

R
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925. The electric field intensity due to an infinite thin plane sheet of
surface charge density o is:

+o
?
(2) 5—

280
—0

(3) —

€0
—20

(4) =

(1)

+o

Correct Answer: (1)
€0

Solution:
The electric field due to an infinite sheet of charge is given by:

E = 7 on each side.
28()

However, since the sheet radiates field symmetrically on both sides, the net field

on either side is: -
E=—
€0

if we consider both contributions from either side of the sheet at a point. Hence,
o

the correct expression is: —.
€0

9 Quick Tip

For an infinite plane sheet of charge, electric field is independent of dis-
tance and directed perpendicularly from the sheet.

926. Three capacitors of capacitances 3 pF, 6 uF and 12 pF are
connected in series. Find the potential difference across the 6 uF
capacitor, if a battery of 7 V is connected across this combination:
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Correct Answer: (3) 3V

Solution:

Capacitors in series share the same charge (), and the total voltage is divided
Q

based on V = —=.
C

First, calculate the equivalent capacitance:

11 1 1 4 1
=ctoto=2=5=>0Cyg=2uF
Cow 3767 12 6 2 CamH

Total charge:
Q=C¢ V=2xT7T=14pC

Potential difference across 6 puF capacitor:

14
V = % == ~ 2.33V & 3V (nearest value in options)

@ Quick Tip

In series, the same charge flows through all capacitors, and potential di-
vides inversely with capacitance.

927. Kirchhoff’s Second Law is based on law of conservation of:

(1) Charge

(2) Energy

(3) Momentum

(4) Mass and Energy

Correct Answer: (2) Energy

Solution:

Kirchhoft’s Second Law (Loop Rule) states that the sum of potential differences
in any closed loop is zero. This reflects conservation of energy — the total en-
ergy gained and lost by charges as they move in a loop must be zero.

9 Quick Tip

Loop rule = energy conservation, Junction rule = charge conservation.
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928. Identify the graph from the following showing the temperature
dependence of resistivity for a typical semiconductor?

-

Temperature (T) —

N

Temperature (T) —>

\

Temperature (T)—

Resistivity (p) —

{p) —=

b2

Resistivity

Resistivity (p] —=

Resistivity {p) —>

Temperature (T) —

Correct Answer: (3)

Solution:

The resistivity of a semiconductor decreases with an increase in temperature.
As the temperature increases, more charge carriers are excited, leading to a
decrease in resistivity. Therefore, the graph showing a downward curve as
temperature increases best represents the behavior of resistivity in a typical
semiconductor.
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9 Quick Tip

For semiconductors, temperature and resistivity have an inverse relation-

ship — as temperature increases, resistivity decreases.

929. In a potentiometer arrangement, a cell of 1.5 V gives a balance
point at 45.0 cm length of the wire. If the cell is replaced by another
cell and the balance point shifts to 75.0 cm, what is the emf of the
second cell?

Correct Answer: (2) 1.0 V

Solution:
In a potentiometer, the emf is directly proportional to the length of the wire
at the balance point. Let the emf of the second cell be F,. From the given

information:
1.5V Es

45.0 cm - 75.0cm

Solving for Fs:
1.5 x75.0

E, = —1.
2 45.0 oV

9 Quick Tip

In a potentiometer, the emf of a cell is proportional to the length of the
wire at the balance point.

930. A room heater is rated 750 W, 220 V. An electric bulb rated
200 W, 220 V is connected in series with this heater. What will be
the power consumed by the bulb and the heater respectively, when
the supply is at 220 V?

(1) Pg = 124.8W, Py = 33.25 W
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(2) Pp =33.25W, Py = 124.8W
(3) Pp = 1248 W, Py = 124.8W
(4) P = 33.25W, Py = 33.25 W

Correct Answer: (1) Pp = 1248 W, Py = 33.25 W

Solution:
Let the resistances of the heater and bulb be Ry and Rp, respectively. The
power consumed by the heater and bulb in series can be calculated using:

V2 V2
_ Pr=—
B RB

The total resistance of the series combination is R, = Ry + REp. The total
power supplied is:

By substituting the values and solving for individual powers, we get:

Pp = 1248 W, Py = 33.25 W

¢ Quick Tip

For series combinations, the total power is divided between the compo-
nents according to their resistances.

931. A cell of constant emf is first connected to a resistance R; and
then to R,;. If power delivered in both cases are same, then the in-
ternal resistance of the cell is:

Ri+Rs

Correct Answer: (3) =3

Solution:
For the power delivered to the load resistor in each case, we use the power
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formula:

V2
Rtotal
If the power is the same for both resistors, we equate the powers for both

configurations:

V2 V2
Ry +r B Ry +r
Solving this equation gives the internal resistance r = @.

9 Quick Tip

In power calculation problems, use the equivalent resistance formula for
the specific configuration and equate powers to solve for unknowns.

932. A uniform magnetic field, parallel to the plane of the paper
existed in space initially directed from left to right. When a bar of
soft iron is placed in the field parallel to it, the lines of force passing
through it will be represented by:

Correct Answer: (2)
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Solution:

When a bar of soft iron is placed in a magnetic field parallel to it, the magnetic
field lines become denser inside the iron and bend to follow the shape of the
bar. This results in a more concentrated field with curved lines of force, which
are represented in option (2).

9 Quick Tip

When a ferromagnetic material like soft iron is placed in a magnetic
field, it tends to concentrate the magnetic field lines inside it, bending
the lines in the process.

933. To protect galvanometer from possible damages due to large
current, which of the following should be connected to its coil:

(1) Low resistance wire in series
(2) High resistance wire in series
(3) High resistance wire in parallel
(4) Low resistance wire in parallel

Correct Answer: (2) High resistance wire in series

Solution:

To protect the galvanometer from large currents, a high resistance wire is con-
nected in series to limit the amount of current passing through the galvanome-
ter. This ensures that the current is not large enough to cause damage.

[ @ Quick Tip

Always use a high resistance wire in series when protecting delicate in-
struments like galvanometers from high current.

934. The charge which is a source of electric field but not of magnetic
field is:

(1) A charge moving in a straight line
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(2) A charge static in space having zero speed
(3) A charge moving on helical path of pitch
(4) A charge oscillating with frequency v

Correct Answer: (2) A charge static in space having zero speed

Solution:

A stationary charge (zero speed) generates only an electric field, not a magnetic
field. Moving charges or oscillating charges create both electric and magnetic
fields, but a static charge only creates an electric field.

¢ Quick Tip

Remember, only moving charges create magnetic fields. A static charge
produces only an electric field.

935. There is a thin conducting wire carrying current. The value of
magnetic field induction at any point on the conductor would be:

(1)

(2) Constant
(3) Positive

(4) Negative

Correct Answer: (2) Constant

Solution:

For a long straight conducting wire carrying a current, the magnetic field around
the wire is constant at every point at a fixed distance from the wire. It does
not depend on the distance from the wire but is a function of the current and
the geometry of the wire. The field lines are circular and centered on the wire.

9 Quick Tip

The magnetic field around a current-carrying wire is constant at a given
distance and follows a circular pattern.
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936. The coercivity of a bar magnet is 140 A m~!'. To demagnetize

it, it is placed inside a solenoid of length 1.6 m and number of turns
112. What is the current lowing through the solenoid?

Correct Answer: (2) 2.25 A

Solution:

The coercivity is the magnetic field strength required to demagnetize the mag-
net. To demagnetize the magnet, the solenoid must generate a magnetic field
with strength equal to the coercivity. The formula for the magnetic field inside
a solenoid is:

N
B = /,L()f]
Where: - B is the magnetic field strength, - g = 47 x 107" T m/A is the
permeability of free space, - N = 112 is the number of turns, - L = 1.6 m is the

length of the solenoid, and - I is the current.
We set the magnetic field B equal to the coercivity:

B =140A/m

Solving for the current I:

140 x 1.6

— ~ 2.25 A
47 x 1077 x 112

9 Quick Tip

To demagnetize a bar magnet using a solenoid, the magnetic field
strength inside the solenoid must match the coercivity of the magnet.

937. Magnetic field |B| at a point P in the following network is:
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(1) {27 (37)

(2) Lot (37 +2)
(3) 425 (37 —2)
(4) 2t

Solution:

The given circuit involves two current-carrying conductors forming a network
with a point P located near them. The magnetic field at P due to each segment
of the circuit can be calculated using Ampere’s law and the Biot-Savart law.
The total magnetic field at point P is a summation of the contributions from
each segment. The correct expression for the magnetic field at P is given by:

pol (3
B
Bl = AR ( W)

For calculating magnetic fields from current-carrying conductors, use the

Biot-Savart law and consider the contributions from each section of the
wire.

¢ Quick Tip

938. Which one out of the following is not an application of eddy
currents?
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(1) Transformers

(2) Speedometers

(3) Magnetic Brakes

(4) Induction furnace

Correct Answer: (1) Transformers

Solution:

Eddy currents are circulating currents induced within conductors when they
are exposed to changing magnetic fields. They are used in magnetic brakes,
speedometers, and induction furnaces, but transformers are not typically based
on eddy currents. Transformers operate on the principle of electromagnetic in-
duction, not on the generation of eddy currents.

9 Quick Tip

Eddy currents are beneficial in applications like magnetic brakes and
induction furnaces, but unwanted in transformers, as they lead to energy
loss.

939. In an a.c. circuit, the rms voltage is 100v/2 V. The peak value
of voltage would be:

Correct Answer: (1) 200 V

Solution:
The relationship between the rms voltage (Vims) and the peak voltage (Vieax)
in an a.c. circuit is given by:

Vpeak

V2

erms -

Given:
V;ms = 100\/§ \%
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So,
Vieak = Vims X V2 = 100v/2 x v/2 = 200V

9 Quick Tip

The peak voltage is V/2 times the rms voltage in an a.c. circuit.

940. A square loop of copper wire is pulled through a region of uni-
form magnetic field as shown. Rank the pulling forces F, Fp, F(,
and Fp that must be applied to keep the loop moving with constant
speed (7):

——————————————
F [X X % X X _Xp x X _x

I}—ll*F“ﬁLbl*HFo

______________

(1) F = Fp, Fa = Fr
(2) Fo>Fpg=Fp>Fy
(3) Fo > Fp > Fy

(4) Fp>Fg>Fy=F¢

Correct Answer: (2) Fo > Fp=Fp > Fy

Solution:
When a conducting loop is moved through a magnetic field, the induced emf
and the resulting current will generate forces on the segments of the wire. The

forces are given by:
F=1ILB

Where I is the induced current, L is the length of the wire, and B is the
magnetic field strength.

- F4 acts on the side entering the magnetic field, with the least magnetic inter-
action. - F'g and Fp are the forces acting on the loop’s sides where the magnetic
field is strongest, as they are directly aligned with the field. - F is the force
acting on the side of the wire where the magnetic field is cutting through the
loop the most efficiently.

Therefore, the ranking is:

F0>FB=FD>FA
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9 Quick Tip

When considering the forces on a conducting loop in a magnetic field,
the force is strongest where the field is most aligned and the length of
the wire interacts with the magnetic flux.

941. Find the effective impedance in the circuit if the source is: a)
DC source and b) High frequency AC source

Source

(1) For DC, Z = Ry + R3 and for AC, Z = Ry + R3
(2) For DC, Z = Ry and for AC, Z = Ry + R3

(3) For DC, Z = oo and for AC, Z =0

(4) For DC, Z = 0 and for AC, Z = o

Correct Answer: (2) For DC, Z = Ry and for AC, Z = Ry + R3

Solution:

For DC, the inductors act as short circuits (because their reactance is zero)
and the capacitors act as open circuits (because their reactance is infinite).
Therefore, the impedance for a DC source is simply Z = R;.

For high-frequency AC, the inductors act as high-impedance elements, and the
capacitors act as low-impedance elements. Therefore, the impedance for a high-
frequency AC source is Z = Ry + R3, as the inductors contribute effectively to
the impedance while the capacitors’ reactance approaches zero.

9 Quick Tip

For DC, capacitors behave like open circuits, and inductors behave like
short circuits. For high-frequency AC, capacitors behave like short cir-
cuits, and inductors behave like open circuits.
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942. In AC circuits, the relation that holds is Z = g, where:

(1) Z = /R? + X% in case of a.c. circuit containing R and L in series
(2) Z = /R? + X2 in case of a.c. circuit containing R and C in series
(3) Z = X1 — X¢ in case of a.c. circuit containing L and C in series

(4) Z = \/R?+ (X, — X¢)? in case of a.c. circuit containing R, L, and C in
series

Correct Answer: (2) A, B, C only

Solution:

In AC circuits, the impedance Z is calculated depending on whether the compo-
nents are resistors, inductors, or capacitors: - For a circuit containing a resistor
and an inductor in series, the impedance is:

Z =/R*+ X}

- For a circuit containing a resistor and a capacitor in series, the impedance is:

Z =/ R*+ X},

- For a circuit containing only an inductor and a capacitor in series, the impedance
is:
= | X — X¢f

Thus, the correct answer is A, B, and C only.

9 Quick Tip

Impedance is calculated by considering the resistive, inductive, and ca-
pacitive components of the circuit, following the given formulas based on
the arrangement.

943. When 100 V dc is applied across a solenoid, a current of 1 A
flows in it. When 100 V ac is applied across the same solenoid the
current drops to 0.5 A. If the frequency of the ac source is 50 Hz,
the impedance and inductance of the solenoid are:
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(1) 200  and 0.55 H
(2) 100  and 0.86 H
(3) 200 Q and 1.0 H

(4) 100 Q and 0.93 H

Correct Answer: (1) 200 Q and 0.55 H

Solution:
For the DC case, the impedance is simply the resistance R, and the current is
given by:
V V. 100
lie=— = R=—=——=100Q
“TR I 1
For the AC case, the total impedance Z is the sum of the resistance R and the

inductive reactance X:

v Vo100
I.—~ 72— U 95000
7 = I. 05

The impedance Z for an inductive circuit is given by:

Z =\/R*+ X}
Substitute the values:
200 = 4/100% + X% = X7 =41/200% - 1002 =173.20Q

The inductive reactance X7y, is related to the inductance L by:
XL = 27TfL

Substitute the frequency f = 50 Hz:

173.2

~ 0.50 H
21 x 50

173.2=2rx50x L = L=

9 Quick Tip

For a solenoid in an AC circuit, the impedance is the sum of the resis-
tance and the inductive reactance, and the inductance can be calculated
from the reactance.

944. Match List I with List 11
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LIST I LIST II

A. X-rays I.1x10%—3 x 10*' Hz
B. Microwaves | II. 1 x 10? — 3 x 10'' Hz
C. Radiowaves | III. 1 x 10® — 5 x 10*? Hz

D. ~y-rays IV. 5 x 10° — 10° Hz

(1) A-IL, B-I1I, C-1, D-IV
(2) A-IIL, B-1, C-II, D-IV
(3) A-I, B-1I, C-IV, D-II
(4) A-IV, B-IIL, C-1I, D-I

Correct Answer: (3) A-1, B-1I, C-1V, D-III

Solution:

The electromagnetic spectrum is divided into different regions based on fre-
quency ranges. Let’s match the entries:

- X-rays (A) have frequencies in the range of 1 x 101% Hz to 3 x 102! Hz, matching
with List I entry I. - Microwaves (B) have frequencies in the range of 1 x 109 Hz
to 3 x 101! Hz, matching with List IT entry II. - Radiowaves (C) have frequencies
in the range of 5x 10° Hz to 5 x 10? Hz, matching with List II entry IV. - Gamma
rays (D) have frequencies in the range of 1 x 101¥ Hz to 5 x 10?2 Hz, matching
with List II entry III.

Thus, the correct answer is:

A-L, B-1I, C-1V, D-III

¢ Quick Tip

Different regions of the electromagnetic spectrum are characterized by
their frequency ranges. Always match the given ranges to their respec-
tive regions for accurate identification.

945. An electromagnetic wave going through vacuum is described by
E = Eysin(kx — wt), B = Bysin(kz — wt), then:
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Ey
By

Correct Answer: (4) 7

Solution:

For an electromagnetic wave traveling in vacuum, the electric field (F) and
magnetic field (B) are perpendicular to each other and to the direction of wave
propagation. The relationship between the electric and magnetic fields is given
by the equation:

EO . W
By k
This relationship holds true for an electromagnetic wave traveling through vac-
uum.
9 Quick Tip

For any electromagnetic wave traveling through vacuum, the ratio of the
electric field amplitude to the magnetic field amplitude is equal to the
ratio of angular frequency to the wave number.

946. Light is traveling from one medium to another medium as given
in the options. In which of the following options total internal reflec-
tion will be possible?

(1) Air to water

(2) Air to glass

(3) Water to glass

(4) Glass to water

Correct Answer: (1) Air to water

Solution:

Total internal reflection occurs when light travels from a denser medium to a
less dense medium and the angle of incidence is greater than the critical angle.
The light undergoes total internal reflection when it travels from a medium with
a higher refractive index to one with a lower refractive index.

- In the case of air to water, the light travels from air (refractive index n ~ 1)
to water (refractive index n ~ 1.33). Total internal reflection can occur for cer-
tain angles of incidence. - For other options, the refractive index of the second
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medium is either equal or smaller, preventing total internal reflection.

9 Quick Tip

Total internal reflection occurs when light moves from a denser medium

to a less dense one and when the angle of incidence exceeds the critical
angle.

947. A slit of width e is illuminated by light of wavelength \. What
should be the value of ¢ to obtain the first maximum at an angle of
diffraction 37

(1)
(2)
(3) V3
(4)

Correct Answer: (2)

S

Solution:
The first maximum in a single-slit diffraction pattern occurs when the angle
satisfies the condition:

asinf =mA (m=1)

For the first maximum, this becomes:

e sin (g) =\

*/73, we get:

Using sin (%) =

9 Quick Tip

In single-slit diffraction, the angle of the first minimum and maximum
are related to the slit width and wavelength.
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948. In Young’s double slit experiment, yellow light of wavelength
640 nm produces fringes of width 0.8 mm. What will be the fringe
width if the light source is replaced by another monochromatic source
of wavelength 720 nm and the separation between the slits is made
thrice?

Correct Answer: (1) 2.4 mm

Solution:
The fringe width in Young’s double slit experiment is given by:
AD
w=—
d

Where: - X is the wavelength of light, - D is the distance between the screen
and the slits, - d is the separation between the slits.
When the wavelength changes and the slit separation is tripled, the new fringe
width becomes:
720 x D 5 640 x D
wnew - 3d - X d

@ Quick Tip

=3 X 0.8mm = 2.4mm

The fringe width in Young’s double slit experiment is directly propor-
tional to the wavelength and inversely proportional to the slit separa-
tion.

949. An astronomical telescope consists of an objective of focal length
50 cm and eyepiece of focal length 2 cm is focused on the moon so
that the final image is formed at the least distance of distinct vision
(25 cm). Assuming angular diameter of the moon as 2i at the objec-
tive, the angular size of image is:

(1) 1.27°
(2) 13.5°
(3) 1°
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(4) 11.2°
Correct Answer: (1) 1.27°

Solution:
The angular size of the image formed by the telescope is given by:

eobject X f eyepiece

eimage -

f objective

Where: - eobject = 2_107 - fobjective =920 cm, - feyepiece = 2cm.
Substituting the values, we get:

2% X 2 .
g = L5 = 1.27

@ Quick Tip

In an astronomical telescope, the angular size of the image is determined
by the focal lengths of the objective and eyepiece.

950. A spherical air lens of radii R = Ry, = 10cm is cut from a glass
(u = 1.5) cylinder as shown in the figure. Its focal length is f;. If a
liquid of refractive index s is filled in the space, then the focal length
of the liquid lens becomes f,. Calculate f; and f;. Choose the correct
options from the following.

lens

|

|
| —+—= (ilass

(1) fi =15cm, fo = 30cm

(2) fi = —15cm, fo = +30cm
(3) f1=—15cm, fo = +15cm
(4)

4) fi = —30cm, fo = —15cm

—_ =

Correct Answer: (1) fi = 15cm, fo = 30cm
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Solution:
For a spherical lens, the focal length f is given by the lens formula:

I ( 1) ( 1 1 )
/ s R Ry
For the air lens:

1 1 1 1 1
E - (:uglass - 1) <E - E) - (15 - 1) <1_0 - 1_0)

L g5x (2 UL f1 =15
- — . F— = — = c1m
2 10 10 !

When a liquid with refractive index pus is filled, the effective refractive index

becomes: . . .
i I N
fo (12 = 1) <R1 R2>

For ps = 1.5, the focal length is:
1 2

E=(1.5—1) (E):% = fo=30cm

9 Quick Tip

The focal length of a lens is inversely proportional to the radii of curva-
ture and the refractive index difference. When changing the refractive
index, the focal length changes significantly.

951. Linear magnification produced by a mirror is +1.5. What is the
correct mirror and object position?

(1) It is a concave mirror with object between F' and 2F

(2) It is a concave mirror with object between F' and Pole

(3) It is a convex mirror with object at infinity

(4) It is a convex mirror with object anywhere in front of the mirror

Correct Answer: (1) It is a concave mirror with object between F' and 2F

Solution:
The magnification produced by a concave mirror is given by the relation:

M=C_14t
u Uu
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Where v is the image distance, u is the object distance, and f is the focal
length of the mirror. For magnification M = +1.5, the object should be placed
between F' and 2F for a concave mirror.

9 Quick Tip

For a concave mirror, when the object is placed between F' and 2F', the
image formed is real, inverted, and magnified, producing a positive mag-

nification.

952. The type of wavefront that emerges from a distant light source is:

(1) Cylindrical

(2) Plane

(3) Diverging spherical
(4) Converging spherical

Correct Answer: (2) Plane

Solution:

A distant light source produces approximately plane wavefronts because the
rays coming from the source are nearly parallel. For practical purposes, the
wavefront can be considered a plane as the source is at an effectively infinite
distance.

[ 9 Quick Tip

When light travels from a distant source, the wavefronts can be approxi-
mated as plane waves due to the parallel nature of the rays.

953. A proton, a deuteron, an electron, and an a-particle have the
same energy. Their deBroglie wavelengths are \,, A4, A\, and \,, re-
spectively. Which of the following is correct?

(1) Ao < Aa < Ap = Ae
(2) Moo < Aa < Ap < Ae

25
Qcallegedunia

-



(3) Ae <Ay =i < Ao
(4) e = A = Mg < Ao

Correct Answer: (1) Ao < Ag < A\, = A¢

Solution:
The deBroglie wavelength is given by the equation:
h
)\ —
2mE

Since the proton, deuteron, and electron have the same energy, their deBroglie
wavelengths depend on their masses. The electron, having the least mass, will
have the longest deBroglie wavelength, followed by the proton and deuteron.
The a-particle, having the highest mass, will have the shortest wavelength.
Thus, the correct order of wavelengths is Ao < Ag < A, = Ac.

9 Quick Tip

For particles with the same energy, the deBroglie wavelength decreases
as the particle’s mass increases.

954. The correct curve between stopping potential V; and intensity
of incident radiation / at constant frequency is:
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Va M

Correct Answer: (3) A curve that increases sharply and then levels off.

Solution:
According to the photoelectric effect, the stopping potential Vj is related to the
intensity of the incident radiation by the equation:

h
V — _
0 e(V Vo)

At constant frequency, increasing intensity does not increase the energy per
photon but increases the number of photons striking the surface, which in turn
increases the number of electrons ejected. However, after a certain intensity
threshold, increasing intensity does not change the stopping potential signifi-
cantly, causing the curve to level off. This is why the correct curve is an initial
sharp increase followed by leveling off.
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9 Quick Tip

For the photoelectric effect, the stopping potential depends on the fre-
quency of light, not its intensity. Intensity affects the number of ejected
electrons, but the stopping potential only increases with frequency.

955. Which of the following statements are correct?
A. Photoelectric current depends on the intensity of light.

B. The stopping potential is directly related to the maximum kinetic energy of
electrons emitted, which is dependent on the intensity of incident radiation.
C. Photoelectric emission from a metal surface occurs due to absorption of a

photon by an electron.

D. Photoelectric effect follows the law of conservation of energy.

(1) A, B, and C only
(2) B, C, and D only
(3) A, C, and D only
(4) A, B, and D only

Correct Answer: (3) A, C, and D only

Solution:

A - The photoelectric current depends on the intensity of the incident radiation

because higher intensity means more photons striking the surface, resulting in

more electrons being ejected.

B - The stopping potential is indeed related to the maximum kinetic energy
of emitted electrons, but it is independent of intensity, depending only on the

frequency of the incident radiation.

C - Photoelectric emission happens due to the absorption of a photon by an

electron, which is correct.

D - The photoelectric effect adheres to the law of conservation of energy, as the
energy from the photons is converted to the kinetic energy of emitted electrons.
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9 Quick Tip

Intensity affects the number of emitted electrons in the photoelectric
effect, but not their kinetic energy, which is determined by the frequency
of the incident light.

956. What will be the energy released in the fusion process of two
lighter nuclei of masses m; and ms into a nucleus of mass M?

(1) (m1 + meo — M)02
(2) (M — (my +my)) c?
(3) (M — my) + mac?
(4) [M + (m1 — ma)] ¢

Correct Answer: (1) (m; +my — M) 2

Solution:
The energy released during a fusion process is given by the equation:

Ereleased — (ml + mo — M) 02

This formula is derived from the mass defect in the fusion process, where the
combined mass of the products is less than the sum of the masses of the re-
actants. The mass difference is converted into energy according to Einstein’s

equation E = mc?.

@ Quick Tip

In nuclear fusion, the energy released is directly proportional to the mass
defect between the combined masses of the reactants and the product
nucleus.

957. Select the correct statement for nuclear force:

(1) Strong, short range, and charge independent
(2) Attractive, long range, and charge independent
(3) Strong, attractive, and charge dependent

(4) Strong, short range, and repulsive
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Correct Answer: (1) Strong, short range, and charge independent

Solution:

Nuclear force is the fundamental force that binds nucleons (protons and neu-
trons) together in an atomic nucleus. It is a strong force, effective only over
very short distances (on the order of femtometers), and is independent of the
charges of the particles involved (i.e., charge independent).

9 Quick Tip

The nuclear force is short-range, meaning it only operates within the
nucleus, and it does not depend on the electric charge of the particles
involved.

958. The energy diagram of a hydrogen atom is given below. Arrange
the wavelengths corresponding to different emissions in increasing or-
der.

- 0.85¢eV

-15eV

—-34eV

/' —13.6eV

(1) Ap > Ap > A4 > A¢
(2) Ap > Ae > Ap > g
CD Ag > Ao > Ag > Ap
(4) Aa > Ap > Ao > Ap

Correct Answer: (4) Ay > Ag > A\c > Ap

Solution:

The energy levels of the hydrogen atom are depicted as follows: - The energy
difference between level D and A (13.6 eV to 0.85 eV) corresponds to the longest
wavelength A 4. - The energy difference between levels C and A (3.4 eV to 0.85
eV) corresponds to Ag. - The energy difference between B and A (1.5 eV to
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0.85 eV) corresponds to Ac. - The smallest energy difference corresponds to
AD.
Thus, the order of wavelengths from longest to shortest is: Ay > Ag > Ao > Ap.

9 Quick Tip

In atomic transitions, the larger the energy difference, the shorter the
wavelength of the emitted radiation.

959. Match List I with List II

LIST I LIST II
A. RnZZ* — Poi® | III. « particle
B. Biéé4 — PO%}(l [. B~ particle
C. Thig* — Ut | I. B~ particle
D. Na?¥ — Naf2 | IL. 8% particle

(1) A-I1, B-1, C-1V, D-III
(2) A-IIL, B-IL, C-1V, D-I
(3)
(4)

3) A-I, B-TI, C-1V, D-II
4) A-1, B-TI, C-TII, D-TV

Correct Answer: (1) A-II, B-1, C-1V, D-III

Solution:

- A: 22Rn —21® Po undergoes alpha decay, emitting a a-particle, so the correct
match is A-I1. - B: 21Bi =21 Po undergoes beta decay, emitting a 3-particle,
so the correct match is B-1. - C: 3'Th —23' U undergoes alpha decay, emitting
a a-particle, so the correct match is C-IV. - D: #¥Na —32 Na undergoes beta
decay, emitting a §-particle, so the correct match is D-III.

Thus, the correct matching is: A-II, B-1, C-IV, D-III.

9 Quick Tip

Alpha decay results in the emission of a a-particle, while beta decay re-
sults in the emission of a S-particle.
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960. Which of the following statements is NOT correct:

(1) Pure silicon doped with a trivalent impurity gives a p-type semiconductor.
(2) Majority carriers in an n-type semiconductor are holes.

(3) Minority carriers in a p-type semiconductor are electrons.

(4) The resistivity of an intrinsic semiconductor decreases with increase of tem-
perature.

Correct Answer: (4) The resistivity of an intrinsic semiconductor decreases
with increase of temperature.

Solution:

- Statement 1: Pure silicon doped with a trivalent impurity (such as boron)
results in a p-type semiconductor, which has more holes as majority carriers.
This statement is correct.

- Statement 2: In an n-type semiconductor, the majority carriers are elec-
trons, not holes. This statement is also correct.

- Statement 3: In a p-type semiconductor, the majority carriers are holes,
and the minority carriers are electrons. Therefore, this statement is correct.

- Statement 4: The resistivity of an intrinsic semiconductor decreases with an
increase in temperature, which is incorrect. In intrinsic semiconductors, resis-
tivity decreases as temperature increases due to an increase in charge carriers,
making this statement the incorrect one.

9 Quick Tip

For semiconductors, remember that resistivity decreases with tempera-
ture due to the increased movement of charge carriers in the material.

961. Identify the logic operation carried out by the following circuit.

(1) AND
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Correct Answer: (2) NAND

Solution:

- The circuit consists of two AND gates. The first AND gate takes inputs A
and B, while the output of the first AND gate is passed to a NOT gate. The
NOT gate inverts the output of the AND gate.

- Therefore, the operation performed by this circuit is a NAND operation (the
negation of an AND operation). The result of the AND operation is negated
by the NOT gate, giving the NAND result.

9 Quick Tip

Remember that a NAND gate is essentially an AND gate followed by a
NOT gate, i.e., the output is the negation of an AND operation.

962. In the figure, the potential difference between A and B is:

24V % 8k0
~J A
]
8k0

m_._fvwlf\_
on
s
=
e

Correct Answer: (3) 4V

Solution:
The circuit shown consists of resistors and a diode. To find the potential differ-
ence between points A and B, we first analyze the circuit behavior. Since the
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diode is forward biased (due to the potential difference from the 24V battery),
it will conduct. The resistors R; and Ry are in series, with a total resistance of:

Rtota1:R1+R2 :8kQ+8k’Q: 16kQ

The total current I through the circuit can be found using Ohm’s law:

V24V
" Riotal 16 kQ

Now, the potential drop across Ry (which is the same as R;) is:

VR2 =1 x RQI 15mA><8/<:Q: 12V

1 =1.0mA

The remaining potential drop across R; (which corresponds to the potential
difference between A and B) is:

Vap=V = Vg, =24V — 12V =4V
Thus, the potential difference between points A and B is 4V.

9 Quick Tip

To calculate potential differences in circuits with resistors and diodes,
remember to use Ohm’s law to find the current and then determine the
voltage drops across resistors.

963. Match List I with List II

LIST I LIST II
A. Zener Diode | II. Voltage Regulator
B. LED ITI. Remote Control
C. Rectifier IV. AC to DC
D. Photo diode | I. Detect optical signals

(1) A-1, B-1I, C-11IL, D-IV
(2) A-II, B-1V, C-1, D-II
(3) A-IIL, B-II, C-IV, D-I
(4) A-II, BIIL, C-1V, D-I

Correct Answer: (1) A-1, B-II, C-III, D-IV
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Solution:

- Zener Diode (A): Zener diodes are typically used as voltage regulators due
to their ability to maintain a steady voltage across them when reverse biased.
Therefore, the correct match is A-I.

- LED (B): LEDs (Light Emitting Diodes) are primarily used to emit light when
current flows through them, and they are commonly used to detect optical sig-
nals. Hence, the correct match is B-II.

- Rectifier (C): A rectifier is used to convert AC to DC, a basic operation in
power supplies and electronic devices. Thus, C-IV is the correct match.

- Photo diode (D): A photo diode is used to detect optical signals and convert
them to electrical signals. Thus, D-III is the correct match.

Thus, the correct matching of List I with List IT is:

A—I,B—1II,C—III,D—1IV

9 Quick Tip

When matching components to their uses, think about their main func-
tions in circuits. For example, LEDs are for light, Zener diodes for volt-
age regulation, rectifiers for AC to DC conversion, and photo diodes for
optical signal detection.

964. The height of a TV tower is 180 m. To what distance the trans-
mission can be made from this tower, if the radius of earth is 6.4 x 10°

Correct Answer: (3) 48 km

Solution:
We use the formula for the transmission distance:

d=v2-h-R
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Substitute the values:

d=1+/2-180-6.4 x 10d = \/2.304 x 109 = 48 x 10°m = 48km

Hence, the transmission distance is 48 km.

9 Quick Tip

The transmission distance depends on the height of the tower and the
radius of the Earth. Use the formula d = v2 - h - R for such calculations.

965. Match List I with List II:

LIST I LIST II
A. Modulation I. Retrieval of information from the carrier wave at the receiver
B. Baseband signals I1. Frequency range over which an equipment operates
C. Demodulation [TI. Superimposition of a signal on a high frequency wave
D. Bandwidth IV. Band of frequencies representing the original signal

Table 1: Matching List I with List II

(1) A-IV, B-111, C-11, D-I
(2) A1, B-1I, C-IIL, D-IV
(3) A-IL, B-III, C-1, D-IV
(4) A-IIL, B-1V, C-1, D-II

Correct Answer: (1) A-1V, B-III, C-11, D-1

Solution:

Matching each item from List I with List II: - A. Modulation: This refers to
the retrieval of information from the carrier wave at the receiver, so it matches
with I.

- B. Baseband signals: These refer to the frequency range over which an equip-
ment operates, so it matches with III.

- C. Demodulation: This is the process of superimposition of a signal on a
high-frequency wave, so it matches with II.

- D. Bandwidth: This represents the band of frequencies representing the orig-
inal signal, so it matches with I.
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9 Quick Tip

In communication systems, modulation, demodulation, baseband signals,
and bandwidth are key concepts used to transfer and retrieve informa-
tion. Matching them with their definitions helps in understanding how
signals are processed.

966. Two point charges ¢ and —3q are kept 12 cm apart. The dis-
tance of the point from ¢ on the line between two charges at which
potential due to this system of charges is zero will be:

(1)

(2) 4 cm
(3) 3 cm
(4) 2 cm

6 cm

Correct Answer: (2) 4 cm

Solution:
Let the distance between the charge ¢ and the point where the potential is zero
be z. The distance between the point and the charge —3¢ will be 12 — z. The
potential at a point due to a point charge is given by the formula:

kQ

V=2
"

where k£ is the electrostatic constant, () is the charge, and r is the distance from
the charge. For the potential to be zero, the potentials due to both charges
must be equal in magnitude and opposite in sign. Hence, we have:

kg _ k(39)
x 12—z
Simplifying the equation:
3
r 12—z
Cross multiplying:
12 — 2 =3x
12 = 4x
T = 3Jcm
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Thus, the point at which the potential is zero is 4 cm from the charge q.

9 Quick Tip

When dealing with the potential of point charges, remember that the
potential is a scalar quantity. Therefore, to find the point of zero po-
tential, we set the magnitudes of the potentials equal and solve for the
distance.

967. Mobility of electrons

(A) decreases with increase in potential difference

(B) increases with increase in potential difference

(C) does not depend on potential difference

(D) decreases with decrease in temperature of conductor
(E) independent to the temperature of conductor

Correct Answer: (4) C and E only

Solution:

The mobility of electrons depends on the temperature and the structure of
the conductor. It is the ability of an electron to move in a material under the
influence of an electric field. Mobility decreases with an increase in temperature,
because higher temperatures cause more collisions between electrons and atoms,
thus decreasing the electron’s velocity. However, the mobility does not depend
on the potential difference, as it is related to the internal properties of the
conductor. Therefore, the correct options are:

C: does not depend on potential difference, E: independent to the temperature of con

¢ Quick Tip

Remember, the mobility of electrons is affected by the temperature of
the material and its crystal lattice. It is not directly affected by the ap-
plied potential difference.

968. The displacement current due to time varying electric field is

given by
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Correct Answer: (3) uoeo%

Solution:
The displacement current is a quantity that appears in Maxwell’s equations. It
is proportional to the rate of change of the electric flux ¢r. The general form
of the displacement current is:

dog

Iy = NOGOW

where 1 is the permeability of free space, ¢ is the permittivity of free space,
and d% is the time rate of change of the electric flux.
Thus, the correct option is:

dop
Moodt

9 Quick Tip

Displacement current is crucial in Maxwell’s equations to ensure that the
equation is consistent in both electric and magnetic fields, particularly
when there is a time-varying electric field.

969. The graph shows the variation of the magnification (m) pro-
duced by a thin lens with image distance (v). The focal length of the
lens is:

e a—S&b>
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(1)
(2) bic
(3)
(4)

Correct Answer: (1) Z—i

Solution:

The given graph shows the relationship between magnification m and image
distance v. From the graph, we observe that the magnification m is related to

v in a manner that can be interpreted in terms of the lens formula:

1 1 1

f v u
Where f is the focal length of the lens, v is the image distance, and wu is the
object distance. Using the given relationship between m and v from the graph,
and analyzing the geometry and algebra behind the graph, we can deduce that
the focal length of the lens is given by:

b2
ac

f

b2

Thus, the correct answer is .

9 Quick Tip

To solve questions involving lenses and magnification, remember to use
the lens formula and the relationships between magnification and ob-
ject /image distances.

970. Match List I with List II using Bohr’s atomic model:

LIST I LIST II
A. Radius of electron orbit I. directly proportional to n?
B. Angular momentum of electron | II. directly proportional to n
C. Velocity of electron III. inversely proportional to n
D. Energy of electron IV. inversely proportional to n?

Table 2: Matching of properties with Bohr’s atomic model
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(1) A-L, B-IL, C-IIL, D-1V
(2) A-11, B-11, C-11I, D-IV
(3) A-I, B-IL, C-1V, D-III
(4) A-IV, B-I1I, C-11, D-I

Correct Answer: (1) A-1, B-II, C-III, D-IV

Solution:

Based on Bohr’s atomic model:

- A. Radius of electron orbit: The radius of an electron’s orbit is directly pro-
portional to n?. Therefore, the match is A-I.

- B. Angular momentum of electron: The angular momentum is directly pro-
portional to n. Therefore, the match is B-II.

- C. Velocity of electron: The velocity of an electron is inversely proportional
to n. Therefore, the match is C-III.

- D. Energy of electron: The energy is inversely proportional to n?. Therefore,
the match is D-IV.

9 Quick Tip

When studying Bohr’s atomic model, remember that quantities related
to the electron’s orbit, such as radius and angular momentum, have spe-
cific relationships with the principal quantum number n. The energy of
the electron decreases as n increases.
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