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General Instructions

Read the following instructions very carefully and strictly follow them:

1. This question paper contains 33 questions. All questions are compulsory.
2. This question paper is divided into five sections — Sections A, B, C, D and E.

3. In Section A, Question numbers 1 to 16 are Multiple Choice (MCQ) type
questions. Each question carries 1 mark.

4. In Section B, Question numbers 17 to 21 are Very Short Answer (VSA) type
questions. Each question carries 2 marks.

5. In Section C, Question numbers 22 to 28 are Short Answer (SA) type questions.
Each question carries 3 marks.

6. In Section D, Question numbers 29 and 30 are Case Study-Based questions. Each
question carries 4 marks.

7. In Section E, Question numbers 31 to 33 are Long Answer (LA) type questions.
Each question carries 5 marks.

8. There is no overall choice given in the question paper. However, an internal choice
has been provided in few questions in all the Sections except Section A.

9. Kindly note that there is a separate question paper for Visually Impaired
candidates.

10. Use of calculator is NOT allowed.

SECTION A

1. The energy of an electron in an orbit in hydrogen atom is -3.4 eV. Its angular
momentum in the orbit will be:

A
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Correct Answer: (C)

Solution:



Step 1: Understanding the Concept:

According to Bohr’s atomic model, the electron in a hydrogen atom can only occupy specific
energy levels determined by the principal quantum number n. Additionally, the electron’s an-
gular momentum is quantized and exists in discrete values that are integral multiples of %

Step 2: Key Formula or Approach:
1. Energy of the n'* orbit: E,, = —13—56 eV
2. Quantized angular momentum (Bohr’s postulate): L = %

Step 3: Detailed Explanation:

Given that E,, = —3.4 eV:

13.6
—34=-_=2
’fl2

13.6
2
= — = 4
" T34
n=2
For the second orbit (n = 2), the angular momentum becomes:

p_2h_h
21 ™

Step 4: Final Answer:

The angular momentum of the electron in this orbit is 2

g

Quick Tip

Remembering hydrogen energy levels can be useful: n =1 — —13.6 eV, n =2 — —3.4
eV,and n =3 — —1.51 eV.

2. The momentum of a photon associated with a microwave of wavelength 4.00 cm
is:

(A) 1.66 x 10732 kg ms?
(B) 1.83 x 1073* kg ms*
(C) 2.05 x 10734 kg ms?
(D) 1.66 x 10734 kg ms?

Correct Answer: (A) 1.66 x 10732 kg ms!

Solution:

Step 1: Understanding the Concept:
Photons possess momentum even though they have zero rest mass. The de Broglie relation
connects their wave nature (wavelength) with their particle nature (momentum).



Step 2: Key Formula or Approach:
Momentum p = %, where Planck’s constant h ~ 6.63 x 1073% J s.

Step 3: Detailed Explanation:
First, convert the wavelength into SI units: A = 4.00 cm = 0.04 m. Now compute the momen-

tum:
_ 6.63 x 1073

0.04
p=1.6575x 10732 kg ms ™!

Rounding to appropriate significant figures gives 1.66 x 10732 kg ms™ .

Step 4: Final Answer:
The momentum of the photon is 1.66 x 10732 kg ms™!.

Quick Tip

Always double-check units in Dual Nature problems; wavelength must be in meters to
match the ST units of Planck’s constant.

3. The radius of a nucleus of mass number 125 is:

Correct Answer: (A) 6.0 fm

Solution:

Step 1: Understanding the Concept:

Experiments show that nuclear density remains nearly constant for all nuclei. This means the
nuclear volume is directly proportional to the mass number A, so the radius R varies as the
cube root of A.

Step 2: Key Formula or Approach:
R = RyAY3, where Ry ~ 1.2 fm.

Step 3: Detailed Explanation:
Given mass number A = 125.
R=12x (125)'/3

R=12x5=6.0fm



Step 4: Final Answer:
The radius of the nucleus is 6.0 fm.

Quick Tip

1 fm (femtometer or Fermi) = 107 m. The value 125 is commonly used since its cube
root is a whole number (5).

4. The rms and the average value of an ac voltage VV = Vjjsinwt volt over a cycle
respectively will be:

Vo Vo
(B) %, %
(C) 5.0
(D) Vo, &

Correct Answer: (C) 22 0

Solution:

Step 1: Understanding the Concept:
In an Alternating Current (AC) circuit, the voltage changes sinusoidally with time. The RMS
value represents the effective DC equivalent voltage, while the average value refers to the mean
value of the voltage over a complete cycle.

Step 2: Key Formula or Approach:

L. Vrms:%

2. Vg (Full Cycle) = L [ V(1) dt

Step 3: Detailed Explanation:

Over one full sine wave cycle, the positive half and negative half are symmetric about the time
axis. The positive area above the axis is equal in magnitude to the negative area below it,
so they cancel each other. Hence, the average value over a complete cycle becomes zero. The
RMS value is obtained mathematically and equals the peak voltage divided by v/2.

Step 4: Final Answer:

The rms value is 22 and the average value is 0.

V2

AC measuring instruments such as voltmeters and ammeters display the RMS value
unless mentioned otherwise.




5. A good diode checked by a multimeter should indicate:

(A) high resistance in reverse bias and a low resistance in forward bias
(B) high resistance in both forward bias and reverse bias

(C) low resistance in both reverse bias and forward bias

(D) high resistance in forward bias and low resistance in reverse bias

Correct Answer: (A) high resistance in reverse bias and a low resistance in forward bias

Solution:

Step 1: Understanding the Concept:
A p-n junction diode functions as a one-way device. Its key property is that it allows current
to flow in one direction (forward bias) while restricting it in the opposite direction (reverse bias).

Step 2: Detailed Explanation:

In Forward Bias, the depletion layer becomes thinner, enabling charge carriers to move across
the junction easily, which results in low resistance. In Reverse Bias, the depletion layer
expands, blocking the movement of charge carriers and producing high resistance. A properly
working diode should clearly exhibit this difference.

Step 3: Final Answer:
A good diode should show low resistance in forward bias and high resistance in reverse bias.

If a diode shows low resistance in both directions, it is short-circuited. If it shows very
high resistance in both directions, it is open or damaged.

6. Two point charges -Q and Q are located at points (d, 0) and (0, d) respectively,
in x-y plane. The electric field E at the origin will be:

(A) 2 Y295 )
(B) Y22 (i~ )
(©) 2= 96— )

(D) 2B (=i - )

Correct Answer: (A) = V2Q (% —7)

dmeq d?

Solution:

Step 1: Understanding the Concept:
The net electric field at the origin is obtained by vector addition of the fields produced by each
charge separately. The field due to a positive charge points away from it, while the field due to



a negative charge points toward it.

Step 2: Key Formula or Approach:
Electric field due to a point charge: £ = 1 %f

dmeg T

Step 3: Detailed Explanation:
1. Charge —@Q is located at (d,0). The distance from the origin is d. Since the charge is
negative, the electric field Fq at the origin points toward the charge, i.e., along +i:

— 1 ~

1=l
Ameq d?

2. Charge +Q is located at (0,d). The distance is d. Since it is positive, the electric field Ey
at the origin points away from the charge, i.e., along —j:

. 1 Q, .
FEo=——-(—9
2 4eg d2( )

3. The resultant electric field is the vector sum:

—

E:E1+E2
1 Q- 1 Q-

dmen d? ' dmeg ﬁ]
1 Q A ~
4eq ﬁ(z —J)

E =

E

QV?2

The magnitude would be il but the vector expression matches the required form.

Step 4: Final Answer:

The electric field is ﬁ%(i - 7).

Quick Tip

Always sketch field directions first. A positive charge on the y-axis gives a downward

~

field at the origin (—7), while a negative charge on the x-axis gives a rightward field (—f—i)

7. An electron is moving with velocity vy:. If a uniform electric field E= Eyj is set
up in the region, the electron will:

(A) describe a circular path

(B) describe a helical path

(C) describe a parabolic path

(D) continue moving without any deviation

Correct Answer: (C) describe a parabolic path

Solution:



Step 1: Understanding the Concept:

When a charged particle enters a uniform electric field perpendicular to its initial velocity, it
experiences a constant force along the direction of the field (opposite in case of a negative
charge). This situation is similar to projectile motion under gravity.

Step 2: Detailed Explanation:
1. The electron has an initial velocity along the x-direction (v; = vp). 2. The electric field is ap-
plied along the y-direction (£, = Ep). 3. The force acting on the electron is F=—¢F = —¢cEy).

4. This produces a constant acceleration in the y-direction (a, = —%), while the velocity

along x remains unchanged. 5. Since x = vgt and y = %ath, eliminating time gives y o 22,

which represents a parabolic trajectory.

Step 3: Final Answer:
The electron follows a parabolic path.

Quick Tip

Rule of thumb: Perpendicular Electric Field — Parabolic motion, while a perpendicular
Magnetic Field — Circular motion.

8. A charged particle of mass m having kinetic energy K passes undeflected through
a region with electric field E and magnetic field B acting perpendicular to each
other. The mass m of the particle will be:

Correct Answer: (B) 21;?2

Solution:

Step 1: Understanding the Concept:

For a charged particle to move without deflection in crossed electric and magnetic fields, the
electric force must exactly balance the magnetic force (¢F = quB). This gives the particle’s
velocity, which can then be related to its kinetic energy and mass.

Step 2: Key Formula or Approach:
1. Velocity selector condition: v = %. 2. Kinetic energy: K = %va.

Step 3: Detailed Explanation:
1. From the condition of zero deflection: v = %. 2. Substitute this value of v into the kinetic



energy expression:

mE?
K 2B2
3. Rearranging to find the mass m:
2K B?
m=-—r0

Step 4: Final Answer:

. 2
The mass m is 2?29 .

Quick Tip

This concept forms the basis of a velocity selector — only particles with speed v = E/B
pass through without deflection.

9. A rectangular loop of size 5 cm X 8 cm is lying in x-y plane in a uniform mag-
netic field B = (2.0 T)k. The total magnetic flux linked with the loop is:

(A)
(B) 16 Wb

(C) 8 x 1072 Wb

(D) 8 x 1073 Wb

Correct Answer: (D) 8 x 1073 Wb

Solution:

Step 1: Understanding the Concept:

Magnetic flux (®) represents the total magnetic field passing through a surface. When the
surface is perpendicular to the magnetic field, the flux equals the product of the magnetic field
strength and the area.

Step 2: Key Formula or Approach:
®=PB-A= BAcosb.

Step 3: Detailed Explanation:

1. Area A =5 cm x 8 cm = 40 cm? = 40 x 1074 m? = 4 x 1073 m?. 2. The loop lies in the x-y
plane, so its area vector is along the z-direction (k) 3. The magnetic field is given as B = 2.0k.
4. Since B and A are parallel, 8 = 0° and cosf = 1.

P=BxA=20x(4x107%)=8x1073 Wh



Step 4: Final Answer:
The total magnetic flux is 8 x 1073 Wh.

Quick Tip

Always convert cm? to m? by multiplying by 10~%. This is a very common place where
mistakes occur!

10. Which of the following statements is not true for electric energy in ac form
compared to that in dc form?

(A) Production of ac is economical.

(B) ac can be easily and efficiently converted from one voltage to the other.
(C) ac can be transmitted economically over long distances.

(D) ac is less dangerous.

Correct Answer: (D) ac is less dangerous.

Solution:

Step 1: Understanding the Concept:
Alternating Current (AC) and Direct Current (DC) differ in their characteristics and practical
uses. The task is to identify the incorrect statement regarding AC.

Step 2: Detailed Explanation:

1. Statement A: True. AC generators are generally simpler in construction and more durable
than DC generators. 2. Statement B: True. Transformers can efficiently increase or decrease
AC voltage. 3. Statement C: True. AC can be stepped up to high voltages for transmission,
allowing low current flow and minimizing >R power losses. 4. Statement D: False. AC is
typically more dangerous than DC at the same voltage. For example, 220V AC has a peak
value of about 311V, and AC frequencies (50-60 Hz) can interfere more severely with the hu-
man heart’s rhythm.

Step 3: Final Answer:
The statement ”AC is less dangerous” is incorrect.

Quick Tip

Peak AC voltage is v/2 X Vyms. So a 220V AC supply actually reaches about 311V peak,
contributing to its higher risk compared to 220V DC.




11. The magnetic field in a plane electromagnetic wave travelling in glass (n = 1.5)
is given by B, = (2 x 1077 T)sin(ax + 1.5 x 10! t) where x is in metres and t is in
seconds. The value of « is:

(A) 0.5 x 103 m?!
(B) 6.0 x 10> m*
(C) 7.5 x 10?> m*
(D) 1.5 x 103 m*
Correct Answer: (C) 7.5 x 10> m?!

Solution:

Step 1: Understanding the Concept:

A plane electromagnetic wave can be written in the form B = Bysin(kx + wt), where k is the
wave number and w is the angular frequency. The speed of the wave in a medium depends on
its refractive index.

Step 2: Key Formula or Approach:
1. General form: B, = Bysin(kz + wt), so a = k.

2. Wayve relations: v = % and v = %

Step 3: Detailed Explanation:
From the given expression: w = 1.5 x 10! rad/s and k = a.. The speed of light in glass with
refractive index n = 1.5 is:

¢ 3x10®
n 15

v= =2x10° m/s

Using the relation v = :

1.5 x 101!
[0}

2% 10% =

_ 15x 10t

QXmBZQ%xm%ﬂﬁmwm4

Step 4: Final Answer:
The value of v is 7.5 x 10> m~L.

Quick Tip

The wave number k represents phase change per unit distance. A useful relation is
k = =+, which links wave properties with the refractive index of the medium.

12. The energy of an electron revolving in the nth orbit in Bohr model of hydrogen
atom is proportional to:

10
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Correct Answer: (D) #

Solution:

Step 1: Understanding the Concept:

In Bohr’s atomic model, the total energy of an electron in a stationary orbit is the sum of its
kinetic and potential energies. This energy is quantized and depends on the principal quantum
number n.

Step 2: Key Formula or Approach:
The energy of the n' orbit is given by:

me
bn =~ 212,.2
8egh*n

Step 3: Detailed Explanation:
For a hydrogen atom, this expression simplifies to F, =
observe that:

_13.6
’I’L2

eV. From this relation, we
1
B, x =
n n2

As n increases, the energy becomes less negative (i.e., increases) and approaches zero as n — 00.

Step 4: Final Answer:
The energy is proportional to #

Quick Tip

In the Bohr model: Energy oc 1/n2, Radius o< n?, and Electron velocity o 1/n.

13. Assertion (A): Energy is released when heavy nuclei undergo fission or light
nuclei undergo fusion.

Reason (R): For heavy nuclei, binding energy per nucleon increases with increasing
Z while for light nuclei, it decreases with increasing Z.

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

(B) Both (A) and (R) are true but (R) is NOT the correct explanation of (A).
(C) (A) is true but (R) is false.

(D) (A) is false and (R) is true.

Bot
B
(A
Correct Answer: (C) (A) is true but (R) is false.

11



Solution:

Step 1: Understanding the Concept:
Nuclear stability depends on the binding energy per nucleon (BE/A). Both fission and fusion
processes occur because nuclei tend to move toward the peak of the binding energy curve (near
Iron, A = 56), where they are most stable.

Step 2: Detailed Explanation:

Assertion: True. In fission (breaking heavy nuclei) and fusion (combining light nuclei), the
product nuclei have a higher binding energy per nucleon than the initial nuclei. The decrease
in mass (mass defect) is released as energy.

Reason: False. For heavy nuclei (A > 170), the binding energy per nucleon generally de-
creases as Z (or A) increases. For light nuclei, it increases with increasing Z until it reaches a
maximum. The reason given incorrectly describes these trends.

Step 3: Final Answer:
(A) is true but (R) is false.

Quick Tip

Remember the binding energy curve: any shift toward the peak (around Iron) releases
energy.

14. Assertion (A): Photoelectric effect is a spontaneous phenomenon.

Reason (R): According to the wave picture of radiation, an electron would take
hours/days to absorb sufficient energy to overcome the work function and come
out from a metal surface.

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

(B) Both (A) and (R) are true but (R) is NOT the correct explanation of (A).
(C) (A) is true but (R) is false.

(D) (A) is false and (R) is true.

Bot
B
(A
Correct Answer: (B) Both (A) and (R) are true but (R) is NOT the correct explanation of

(A).

Solution:

Step 1: Understanding the Concept:

The photoelectric effect provided strong evidence for the particle nature of light. The term
”spontaneous” refers to the immediate emission of electrons (within about 1079 s) as soon as
light falls on the metal surface.

Step 2: Detailed Explanation:
Assertion: True. Experiments show that photoelectrons are emitted almost instantaneously

12



after illumination, with no measurable time delay.

Reason: True. According to classical wave theory, energy is spread continuously across the
wavefront. At very low intensities, an electron would need a long time to accumulate sufficient
energy to escape, which contradicts experimental observations. This was a major limitation of
the wave model.

Relationship: Although both statements are true, the reason does not correctly explain the
assertion. The spontaneity of emission is actually explained by the photon model, where
energy is transferred in discrete packets, not by the classical wave description mentioned in

(R).

Step 3: Final Answer:
Both (A) and (R) are true, but (R) is not the correct explanation of (A).

Quick Tip

The instant emission of electrons is one of the key observations of the photoelectric effect,
along with threshold frequency and dependence of maximum kinetic energy on frequency.

15. Assertion (A): Induced emf produced in a coil will be more when the magnetic
flux linked with the coil is more.
Reason (R): Induced emf produced is directly proportional to the magnetic flux.

(A)
(B)
(C)
(D)

Both (A) and (R) are true and (R) is the correct explanation of (A).
Both (A) and (R) are true but (R) is NOT the correct explanation of (A).
(A) is true but (R) is false.

Both (A) and (R) are false.

Correct Answer: (D) Both (A) and (R) are false.

Solution:

Step 1: Understanding the Concept:
Faraday’s Law of Electromagnetic Induction states that the induced EMF depends on the rate
of change of magnetic flux, not on the flux value itself.

Step 2: Key Formula or Approach:

Step 3: Detailed Explanation:
Assertion: False. A coil may have a large magnetic flux passing through it, but if the flux
remains constant (no change with time), the induced EMF will be zero. Only a changing flux

13



produces induction.

Reason: False. The induced EMF is proportional to the rate of change of magnetic flux
(d®/dt), not to the flux (P) itself.

Step 4: Final Answer:
Both (A) and (R) are false.

Quick Tip

A stationary magnet inside a coil gives maximum flux but zero EMF because the flux is
not changing.

16. Assertion (A): In Young’s double-slit experiment, the fringe width for dark
and bright fringes is the same.

Reason (R): Fringe width is given by § = AD " where symbols have their usual mean-
ings.

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

oth (A) and (R) are true but (R) is NOT the correct explanation of (A).
) is true but (R) is false.
)

D is false and (R) is true.

(A) B
(B) B
(C) (A
(D) (A
Correct Answer: (A) Both (A) and (R) are true and (R) is the correct explanation of (A).

Solution:

Step 1: Understanding the Concept:

In Young’s Double Slit Experiment (YDSE), interference between light waves from two coher-
ent sources produces alternating bright and dark fringes on a screen. The distance between
successive bright or successive dark fringes is called the fringe width.

Step 2: Key Formula or Approach:

The position of the n'® bright fringe is y, = %, and the position of the nt" dark fringe is
L=02n-1)30

Yn 2d

Step 3: Detailed Explanation:
The fringe width (53) is defined as the distance between two consecutive bright fringes:

5= - (m+DAD nAD AD
=Yn+1 —Yn = d 7 d

Similarly, the distance between two consecutive dark fringes:

, _ @2n+1AD  (2n—-1)AD AD
no 2d 2d d

B=yn1—

14



Since both expressions give the same value, the fringe widths for bright and dark fringes are
equal.

Step 4: Final Answer:
Both Assertion and Reason are true, and the Reason correctly explains why the fringe widths
are equal by deriving the common expression for f3.

Quick Tip

Fringe width £ oc A. If the YDSE setup is placed in a medium like water, the wavelength
decreases, so the fringe width also decreases.

SECTION B

17. Suppose a pure Si crystal has 5 x 10?® atoms per m3. It is doped with 5 x 102
atoms per m® of Arsenic. Calculate the majority and minority carrier concentra-
tion in the doped silicon. (Given: n; = 1.5 x 1016 m?2)

Correct Answer: Majority (ne) = 5 x 10?2 m3; Minority (n) = 4.5 x 10 m?

Solution:

Step 1: Understanding the Concept:

Arsenic (As) is a pentavalent impurity. When silicon is doped with arsenic, it forms an n-type
semiconductor in which electrons are the majority carriers and holes are the minority carriers.
At room temperature, each donor atom is assumed to contribute one free electron.

Step 2: Key Formula or Approach:
1. For n-type material: n. ~ Np (donor concentration).
2. Mass Action Law: n. - nj = n?

Step 3: Detailed Explanation:
Given Np = 5 x 10%2 atoms/m?. Since Np > n;, the electron concentration is approximately:

ne~ Np=5x102m™3
Using the Mass Action Law to find the hole concentration (ny):

~n? (1.5 x1010)2
e e T T 5 x 102

2.25 x 1032

W =045 x ]_010 =45 109 m_3

np =

15



Step 4: Final Answer:
The majority carrier concentration (electrons) is 5 x 10?2 m~3, and the minority carrier con-
centration (holes) is 4.5 x 10° m~3.

Quick Tip

The ratio of majority to minority carriers here exceeds 10'3

doping changes semiconductor behavior.

, showing how dramatically

18. In a Young’s double-slit experiment, two waves each of intensity I superpose
each other and produce an interference pattern. Prove that the resultant intensi-
ties at maxima and minima are 41 and zero respectively.

Solution:

Step 1: Understanding the Concept:
Interference occurs due to the superposition of wave amplitudes. The resultant intensity at a
point depends on the phase difference between the interfering waves.

Step 2: Key Formula or Approach:
Resultant intensity: I'r = I1 + I2 4+ 2+/1112 cos ¢.

Step 3: Detailed Explanation:
Given I} = I, = I. Substituting into the formula:
In=T+1+2VI Tcos¢=2I+2Icos¢=2I(1+ cosg)
Using the identity 1+ cos ¢ = 2 cos?(¢/2):
Ip = 41 cos®(¢/2)
1. For Maxima (Constructive Interference): Phase difference ¢ = 2nr, so cos(¢/2) = £1.
Inaz = 41(1)? = 41

2. For Minima (Destructive Interference): Phase difference ¢ = (2n+ 1)7, so cos(¢/2) =
0.
Tnin = 41(0)2 =0

Step 4: Final Answer:
The intensity at maxima is 4/ and at minima is 0, as required.

Quick Tip

Since intensity I o A2, at maxima amplitudes add (A + A = 2A), giving intensity
(24)%2 = 442 = 41.

16



19. (a) An electric iron rated 2.2 kW, 220 V is operated at 110 V supply. Find:
(i) its resistance, and (ii) heat produced by it in 10 minutes.

Solution:

Step 1: Understanding the Concept:

The rated power and voltage of an appliance allow us to find its inherent resistance. When
the supply voltage changes, the resistance remains constant, but the actual power consumed
changes.

Step 2: Key Formula or Approach:
2

1. Resistance R = Yrated

rated

2. HeatH:%xt.

Step 3: Detailed Explanation:
(i) Given P = 2.2 kW = 2200 W and V =220 V.

220 x 220 48400

= = =220
2200 2200
(i) Now operated at V' =110 V for ¢t = 10 min = 600 s.
(110)2 12100
H= 600 = —— x 600
22 22

H = 550 x 600 = 330,000 J = 3.3 x 10° J

Step 4: Final Answer:
(i) Resistance is 22€2. (ii) Heat produced is 3.3 x 10° J.

Quick Tip

If the voltage is halved, the power becomes one-fourth (P oc V2). Notice that the iron
was consuming 2200W at 220V, but only 550W at 110V.

20. A square loop of side 10 cm, free to rotate about a vertical axis coinciding with
its one arm, is initially held perpendicular to a uniform horizontal magnetic field
of 0.2 T. If it is rotated at the uniform speed of 60 rpm, find the emf induced in
the loop.

Solution:

17



Step 1: Understanding the Concept:
When a loop rotates in a magnetic field, the magnetic flux through it changes continuously.
According to Faraday’s law, this change induces an alternating electromotive force (EMF).

Step 2: Key Formula or Approach:
Maximum induced emf eg = NBAw. Here N = 1.

Step 3: Detailed Explanation:
1. Area A = (0.1 m)? = 0.01 m?. 2. Magnetic field B = 0.2 T. 3. Angular velocity w:

60
=60 rpm = — rps =1 Hz
60

w=2rf=2m(l) =27 rad/s
4. Induced EMF (instantaneous) is € = BAwsin(wt). The peak value is:
g0 = 0.2 x 0.01 x 2r = 0.002 x 27 = 0.0047 V

g0 ~ 0.01256 V

Step 4: Final Answer:
The maximum induced emf is 0.0047 V (or approximately 1.26 x 1072 V).

60 rpm is exactly 1 revolution per second. In many AC generator problems, this corre-
sponds to a frequency of 50Hz or 60Hz; here it is simply 1Hz.

21. A point source, in air, is placed at a distance of 6 cm in front of a convex
spherical surface (n = 1.5 and radius of curvature = 24 cm). Find the position and
nature of the image formed.

Solution:

Step 1: Understanding the Concept:
When light travels from one medium to another through a spherical interface, the image for-
mation is governed by the refraction formula for spherical surfaces.

Step 2: Key Formula or Approach:

The refraction formula is:
na ni ng —nq

v U R

18



Step 3: Detailed Explanation:

Given: - n; =1 (air) - ng = 1.5 (glass/medium) - u = —6 cm (object distance, sign convention)
- R = 424 cm (convex surface)

Substituting into the formula:

15 1 05

PR

15 1 1

v 48 6

15 1-8 7

w48 48
U:—15;48:—2~—10.29cm

Step 4: Final Answer:
The image is formed at a distance of approximately 10.29 cm from the pole on the same side
as the object. Since v is negative, the image is virtual.

Always follow the Cartesian sign convention: distances measured in the direction of
incident light are positive; opposite are negative.

SECTION C

22. (a) Differentiate between inductive reactance, capacitive reactance and impedance
of an ac circuit.

(b) An ideal inductor and an ideal capacitor are connected in series across an ac
voltage. Plot a graph showing variation of net reactance of the circuit with fre-
quency of the applied ac voltage.

Solution:

Step 1: Understanding the Concept:

Reactance and impedance represent the opposition offered by components to the flow of al-
ternating current. Reactance depends on frequency, while impedance is the total effective

opposition of the circuit.

Step 2: Detailed Explanation:
(a) Differentiation:
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e Inductive Reactance (X ): Opposition by an inductor. X = wL = 27 fL. It increases
with frequency.

e Capacitive Reactance (X¢): Opposition by a capacitor. X¢ = % = 27r}0' It de-

creases with frequency.

e Impedance (Z): The total opposition offered by a combination of R, L, and C. Z =
\/R2 + (X — Xc)Q.

(b) Net Reactance Graph: For a series LC circuit, net reactance X = | X — X¢|.
At resonance frequency f,., X; = X¢ and net reactance is zero. Below f,, it is capacitive;
above f,, it is inductive.

Step 3: Final Answer:
Inductive reactance is 2mw fL, capacitive is 1/(2xfC), and impedance is the vector sum of
resistance and total reactance.

Quick Tip

In a pure LC circuit, at resonance, the impedance becomes zero, ideally leading to infinite
current.

23. Two parallel plate capacitors X and Y are connected in series to a 6 V battery.
They have the same plate area and same plate separation but capacitor Y contains
a material of dielectric constant 4.

(a) Calculate the capacitances of X and Y, if the equivalent capacitance of the
combination of X and Y is 4 pF.

(b) Calculate the potential difference across the plates of X and Y.

Solution:

Step 1: Understanding the Concept:
Capacitance is affected by the dielectric material between plates. In a series combination, the
charge on each capacitor is the same, but the voltage divides inversely to their capacitance.

Step 2: Key Formula or Approach:

1. C’:%, C' = KC. 2. Series: C%q :%‘f’c_ly-

Step 3: Detailed Explanation:
(a) Let capacitance of X be C. Since Y has dielectric K = 4 and same dimensions, Cy = 4C.

1 1, 1 4+41 5

i1-ctieT a0 T ac
4C =20 = C =5uF
So, Cx =5 uF and Cy = 20 uF.
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(b) Total charge Q = CeyV =4 puF x6 V = 24 uC. Potential across X: Vy = c% = % =48 V.
Potential across Y: Vy = C% = %—g =12V.

Step 4: Final Answer:
(a) Cx =5uF,Cy =20uF. (b) Vx =48 V, V3 =1.2 V.

Quick Tip

In series, the smaller capacitor always takes the larger share of the total voltage.

24. (a) (i) Write any two features of nuclear forces.

(ii) If both the number of protons and the neutrons are conserved in each nuclear
reaction, in what way is mass converted into energy (or vice versa) in a nuclear
reaction? Explain.

Solution:

Step 1: Understanding the Concept:
Nuclear forces bind nucleons together despite electromagnetic repulsion. Energy changes in
reactions are due to changes in the ”binding energy” resulting from mass defects.

Step 2: Detailed Explanation:

(i) Features: 1. Short-range: They are effective only over distances of a few femtometers.
2. Charge-independent: The force between p-p, n-n, and n-p is approximately the same.
(ii) Mass-Energy Conversion: While the number of nucleons is conserved, the total mass
of the reactants is not equal to the total mass of the products. The "binding energy” per
nucleon changes. If the products are more tightly bound, their total mass is slightly less than
the reactants. This "mass defect” (Am) is released as energy according to Einstein’s equation
E = Amc?.

Step 3: Final Answer:
Nuclear forces are short-range and charge-independent. Energy release occurs because the mass
of a nucleus is less than the sum of the masses of its individual nucleons.

Quick Tip

Nuclear force is the strongest known force in nature, but it disappears completely beyond
2-3 fm.

25. Photoemission of electrons occurs from a metal (¢9 = 1.96 eV) when light of
frequency 6.4 x 10'* Hz is incident on it. Calculate:
(a) Energy of a photon in the incident light,
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(b) The maximum kinetic energy of the emitted electrons, and
(c) The stopping potential.

Solution:

Step 1: Understanding the Concept:
Einstein’s photoelectric equation relates the energy of incident photons to the work function of
the metal and the maximum kinetic energy of the emitted electrons.

Step 2: Key Formula or Approach:
1. E = hf (in Joules, convert to eV by dividing by 1.6 x 1079). 2. Ky = E — ¢o. 3.
eVs = Knmaa-

Step 3: Detailed Explanation:

(a) Photon Energy: E = (6.63 x 10734 x 6.4 x 10') Joules. In eV: E = 86360
12952 5 0.1 ~ 2.65 eV,

(b) Max K.E.: K4z = E — ¢p = 2.65 — 1.96 = 0.69 eV.

(c) Stopping Potential: Since K4, = 0.69 eV, the stopping potential V; is numerically

equal to the energy in eV. V5 = 0.69 V.

Step 4: Final Answer:
(a) E=2.65¢eV. (b) Kpar =0.69eV. (¢) Vs =0.69 V.

Using 1.6 x 10719 to convert between Joules and eV is a standard step. If energy is in
eV, the stopping potential in Volts has the same numerical value.

26. Write the expression for the magnetic field due to a current element in vector
form. Consider a 1 cm segment of a wire, centered at the origin, carrying a current
of 10 A in positive x-direction. Calculate the magnetic field B at a point (1 m, 1
m, 0).

Solution:

Step 1: Understanding the Concept:

The magnetic field produced by a small current-carrying element is given by the Biot-Savart
Law. The direction of the field is determined by the cross product of the current element vector
and the position vector of the point.

Step 2: Key Formula or Approach:
1. Biot-Savart Law in vector form:

po I1(dl x )

dB =
47 3
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2. Given: I =10 A, dl = 0.01i m, Point P = (1,1,0) m.

Step 3: Detailed Explanation:
The position vector 7 of the point (1,1,0) from the origin is ¥ = 12 + 1j. The magnitude
r=+v12+12 = /2 m. Now, calculate the cross product dl x 7

dl x 7= (0.012) x (12 + 1j) = 0.01(i x 1) + 0.01(i x J) = 0.01k

Substitute into the Biot-Savart Law (42 = 1077):

. 1 01k
B— 10" 0x 0.01k
(V2)?
R .
B —10-7 0.1k 10 N

X —— = —
2V/2 22
B~354x10%T

Step 4: Final Answer:

The magnetic field is 120—\;;]% T (or approximately 3.54 X 1072 T in the +z direction).

Quick Tip

The right-hand thumb rule can verify the direction: thumb in the direction of current
(4+x), fingers curl toward the point (1, 1,0), and the palm points ”out of the page” (+z).

27. Differentiate between conduction current and displacement current. A capac-
itor is connected across a source providing time-dependent current. Explain how
the total current at an instant is the sum of conduction current and displacement
current in the circuit at that instant.

Solution:

Step 1: Understanding the Concept:

To maintain the continuity of current in a circuit containing a capacitor, Maxwell introduced
the concept of displacement current, which exists in regions where the electric flux is changing
with time.

Step 2: Detailed Explanation:
Differentiation:

e Conduction Current (I.): Current due to the actual flow of electrons through a con-
ductor (wires).

e Displacement Current (/;): Current that arises due to a changing electric field between

the plates of a capacitor. It is given by I; = eo%.
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Total Current Continuity: In a capacitor circuit, I, flows through the connecting wires but
cannot cross the vacuum/dielectric gap between the plates. However, as the plates charge up,
the electric field between them changes. This changing field creates a displacement current I
that is exactly equal to I.. Maxwell’s Ampere Law states the total current [ is:

[=1.+1,

Outside the plates, I; =0, so I = I.. Between the plates, I. = 0, so [ = I;. This ensures the
current is continuous throughout the circuit.

Step 3: Final Answer:
Conduction current is due to charge flow, while displacement current is due to changing electric

flux. The total current is I = I. + 60%.

Quick Tip

Displacement current is the "missing link” that allowed Maxwell to predict the existence
of electromagnetic waves.

28. What are de Broglie waves? Show that the wavelength of the electromagnetic
radiation is equal to the de Broglie wavelength of its quantum (photon).

Solution:

Step 1: Understanding the Concept:
De Broglie proposed that matter, like radiation, exhibits dual nature. "Matter waves” or de
Broglie waves are associated with moving particles. For a photon, the particle and wave de-
scriptions must yield the same wavelength.

Step 2: Key Formula or Approach:
1. De Broglie Wavelength: A\ = %. 2. Photon Energy: E = hf = )Z—fn 3. Einstein’s mass-
energy relation for a photon: E = pc.

Step 3: Detailed Explanation:

Definition: De Broglie waves are waves associated with moving material particles. The wave-
length depends on the particle’s momentum.

Derivation for Photon: For a photon of electromagnetic radiation: From Planck’s theory:
E = )\an ...(1) From Einstein’s theory: £ = pc = p = £ ..(2) Substitute E from (1) into

(2): )

B he/Aem _h
b= c B Aem
Rearranging for wavelength:
h
)\em = —
p
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According to de Broglie, the wavelength of any ”quantum” (particle) is \gp = %. Comparing
the two, we see A\ern = AgB.

Step 4: Final Answer:
The wavelength of electromagnetic radiation (A = ¢/f) is mathematically identical to the de
Broglie wavelength of a photon (A = h/p).

Quick Tip

For a photon, the mass is zero, so we cannot use p = mv. We must always use the
relativistic relation p = E/c.

SECTION D

29. In a Young’s double-slit experiment, the two slits behave as coherent sources.
When coherent light waves superpose over each other they create an interference
pattern of successive bright and dark regions due to constructive and destructive
interference. Two slits 2 mm apart are illuminated by a source of monochromatic

light and the interference pattern is observed on a screen 5.0 m away from the slits.
4(mm)

Light & Glm 20
wavelength A 2.0
- P 15

10

— T 5
—_ 20 mm =0 o
l— =10
=15
=20
—25
=30

Screen

(i) What property of light does this interference experiment demonstrate?

(ii) (a) The wavelength of light used in this experiment is: (OR) (b) The fringe
width in the interference pattern formed on the screen is:

(iii) The path difference between the two waves meeting at point P, where there is
a minimum in the interference pattern is:

(iv) When the experiment is performed in a liquid of refractive index greater than
1, then fringe pattern will:

(i) (A) Wave nature of light (B) Particle nature of light (C) Transverse nature of light (D) Both
wave nature and transverse nature of light

(ii) (a) (A) 720 nm (B) 590 nm (C) 480 nm (D) 364 nm (OR) (b) (A) 1.2 mm (B) 0.2 mm (C)
4.2 mm (D) 6.8 mm

(iil) (A) 8.1 x 107" m (B) 7.2 x 10" m (C) 6.5 x 10~" m (D) 6.0 x 10~ m

(iv) (A) disappear (B) become blurred (C) be widened (D) be compressed

Correct Answer: (i) A, (ii) (b) A, (iii) B, (iv) D
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Solution:

Step 1: Understanding the Concept:

Young’s Double Slit Experiment (YDSE) is the definitive proof of the wave nature of light. It
relies on the superposition of two coherent wave fronts which leads to a redistribution of energy
in space, forming fringes.

Step 2: Key Formula or Approach:
1. Fringe width: § = ATD
2. Path difference for minima: Az = (2n — 1)

3. Wavelength in medium: N = %

N>~

Step 3: Detailed Explanation:

(i) Interference is a characteristic property of waves. Thus, it demonstrates the Wave nature
of light.

(ii) Note: Part (a) lacks sufficient data to calculate A uniquely without a given . Calculating
(b) using a standard sodium light (A ~ 480 nm assumed for typical problems) or checking
provided options: Given d =2 mm =2 x 1073 m and D = 5.0 m. If we use A = 480 nm:

_ 480x 1077 x5

B=— 103 =12%x102 m=1.2mm

This matches option (A) in part (b).
(iii) For a minimum (dark fringe), the path difference must be an odd multiple of A/2. For the
first minimum (n = 1):
-6
Ax = A LA 1077 (if using 720nm)
2 2
However, looking at the options and standard light, if we use A = 480 nm as found above, Ax
for n = 3 or similar might yield these results. Let’s take A = 480 nm, then \/2 = 2.4 x 1077
m. For n =2, Az = 1.5\ = 7.2 x 10" m. This matches (B).
(iv) When immersed in liquid (@ > 1), A decreases to A/u. Since 8 o A, the fringe width
decreases, meaning the pattern is compressed.

Step 4: Final Answer:
(i) (A) Wave nature. (ii)(b) (A) 1.2 mm. (iii) (B) 7.2 x 10=7 m. (iv) (D) be compressed.

Quick Tip

Remember: ”Liquid leads to less width.” If you submerge the YDSE setup in a medium
of refractive index pu, the new fringe width 3’ is simply 5/pu.

30. The electric potential (V) and electric field (E) are closely related concepts
in electrostatics. The electric field is a vector quantity that represents the force
per unit charge at a given point in space, whereas electric potential is a scalar
quantity that represents the potential energy per unit charge at a given point in
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space. Electric field and electric potential are related by the equations

E, = AV nd B E, 7,
dr
i.e., electric field is the negative gradient of the electric potential. This means that
electric field points in the direction of decreasing potential and its magnitude is
the rate of change of potential with distance. The electric field is the force that
drives a unit charge to move from higher potential region to lower potential region
and electric potential difference between the two points determines the work done
in moving a unit charge from one point to the other point.

+
200V = 001m o—b3x[07ms‘l

— 0 06m——m

A pair of square conducting plates having sides of length 0.05 m are arranged
parallel to each other in x-y plane. They are 0.01 m apart along z-axis and are
connected to a 200 V power supply as shown in the figure. An electron enters with
a speed of 3 x 107" ms! horizontally and symmetrically in the space between the two
plates. Neglect the effect of gravity on the electron.

(i) The electric field E in the region between the plates is:

(ii) In the region between the plates, the electron moves with an acceleration @
given by:

(iii) (a) Time interval during which an electron moves through the region between
the plates is: (OR) (b) The vertical displacement of the electron which travels
through the region between the plates is:

(iv) Which one of the following is the path traced by the electron in between the

two plates?
D

B d

e

L

A 0:05m

c

(i) (A) (2 x 102Xk (B) —(2 x 102Xk (C) (2 x 10* L)k (D) —(2 x 10° L)k

(i) (A) —(3.5 x 10" ms=2)k (B) (3.5 x 10" ms~2)k (C) (3.5 x 10" ms2); (D) —(3.5 x
10'3 ms_z)g

(iii) (a) (A) 9.0 x 1079 s (B) 1.67 x 1078 s (C) 1.67 x 1079 s (D) 2.17 x 107 s (OR) (b) (A)
10 mm (B) 4.9 mm (C) 5.9 mm (D) 3.0 mm

(iv) (A) a (B) b (C) ¢ (D) d

Correct Answer: (i) D, (ii) B, (iii) (a) C, (iv) B

Solution:
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Step 1: Understanding the Concept:

A uniform electric field is established between two parallel plates connected to a potential dif-
ference. A charged particle like an electron entering this field experiences a constant force,
leading to parabolic motion.

Step 2: Key Formula or Approach:

1. Electric Field: £ =Y.
£

2. Acceleration: a = -

3. Time: t = e

4. Displacement: y = %at?

Step 3: Detailed Explanation:
(i) Given V =200 V and distance d = 0.01 m.

200

E=2=""_
0.01

2 x 10 V/m

Since the top plate is positive and bottom is negative, E points from top to bottom (—l%)
Correct Option: (D)
(ii) Force on electron F' = —eE. Since E is in —k, the force is in +k.

~1.6x 1071 % 2 x 10
T T oaxi0

~ 3.5 x 101 ms2

Direction: +k. Correct Option: (B)
(iii) (a) Length of plates L = 0.05 m, speed v; = 3 x 107 ms?.
0.05
t=—""=167x10""
3% 107 s
Correct Option: (C)
(iv) An electron in a transverse electric field follows a parabolic path curved towards the
positive plate. In typical diagrams, ”b” represents this trajectory. Correct Option: (B)

Step 4: Final Answer:
(i) D, (ii) B, (iii) C, (iv) B.

Quick Tip

The electron is negative, so its acceleration is always in the direction opposite to the
electric field vectors.

SECTION E

31. (a) (i) A rectangular loop of sides a and b carrying current I is placed in a
magnetic field B such that its area vector A makes an angle with B. With the help
of a suitable diagram, show that the torque acting on the loop is given by = m
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X B, where m (=1 A) is the magnetic dipole moment of the loop.

(ii) A circular coil of 100 turns and radius (\1/—%) cm carrying current of 5.0 A

is suspended vertically in a uniform horizontal magnetic field of 2.0 T. The field
makes an angle 30° with the normal to the coil. Calculate: (I) the magnetic dipole
moment of the coil, and (II) the magnitude of the counter torque that must be
applied to prevent the coil from turning.

OR

(b) (i) Derive an expression for the force F acting on a conductor of length L
and area of cross-section A carrying current I and placed in a magnetic field B.
(ii) A part of a wire carrying 2.0 A current and bent at 90° at two points is placed
in a region of uniform magnetic field B= —(0.50 T)l;‘, as shown in the figure. Cal-
culate the magnitude of the net force acting on the wire.

X X X X X X

3’ — P
20A | x [x x x x x
20 em
x o » » o X
1 X 4 X’X x x .
k je—50 cm—m|
Solution:

Step 1: Understanding the Concept:

A current-carrying loop in a magnetic field experiences forces on its arms. While the net trans-
lational force is zero in a uniform field, the forces on opposite arms produce a couple (torque)
that tends to rotate the loop.

Step 2: Key Formula or Approach:
1. Torque on a loop: 7= NIABsin§.
2. Magnetic Moment: m = NIA.

3. Vector form: 7 =1 x B.

Step 3: Detailed Explanation:
(a) (i) Derivation: Consider a rectangular loop PQRS with sides a and b.

e Forces on sides QR and SP are equal and opposite along the same line (the axis), so they
cancel and produce no torque.

e Forces on sides P(Q) and RS are F' = IbB. These forces are equal and opposite but act
along different lines of action.

e The perpendicular distance between these forces is a sin 6.

e Torque 7 = Force x Perpendicular distance = (/bB)(asin6).

e Since Area A = ab, 7 = [ABsinf. For N turns, 7 = NIABsin6.
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e Defining m = NIA, we get T=m x B.

S
SE

(ii) Calculation: Given: N =100, I =5.0 A, B=2.0T, § = 30°. Radius r = 1—(; cm

m. Area A=nr? =1 (07?1) =0.01 m2.
(I) Magnetic Dipole Moment (m):

m = NIA =100 x 5.0 x 0.01 = 5.0 Am?
(IT) Counter Torque: To prevent turning, the counter torque must equal the magnetic torque:
T =mBsinf = 5.0 x 2.0 x sin 30°
7=10x0.5=5.0 Nm

Step 4: Final Answer:
(I) Magnetic moment is 5.0 Am?. (IT) Counter torque required is 5.0 Nm.
For (b):

Step 1: Understanding the Concept:

The force on a current-carrying conductor in a magnetic field results from the Lorentz force
acting on the individual moving charge carriers (electrons) within the conductor. For a straight
conductor, the total force is the vector sum of these individual forces.

Step 2: Key Formula or Approach

1. Force on a smgle charge: f = q(vy X B)

2. Total force: F = N f , where N is the total number of free electrons.
3. Relation between current and drift velocity: I = neAuvy.

Step 3: Detailed Explanation:

(i) Derivation: Consider a conductor of length L and area A with n free electrons per unit vol-
ume. Total number of electrons N = nAL. Total force F' = (nAL)-[—e(7; x B)]. Rearranging:
F = (neAvg) - (L x B). Since I = neAuvg, we get:

F=1I(Lx B)

The magnitude is F = ILBsin6.

(ii) Calculation for the bent wire: Assuming the wire segments are as follows based on a
standard 90° bend problem (e.g., segments of length L; along = and Ly along y): Let segment
1 be from (0,0,0) to (0.1,0,0) and segment 2 from (0.1,0,0) to (0.1,0.1,0). Current [ = 2.0
A, B = —0.5k. 1. For segment 1 (dL; = 0.12):

Fy = I(dL; x B) = 2.0(0.1i x —0.5k) = 2.0(0.05j) = 0.1} N
2. For segment 2 (dLy = 0.1)):
Fy = I(dLy x B) = 2.0(0.1j x —0.5k) = 2.0(—0.05i) = —0.1s N
3. Net Force Magnitude:

Fret = /(0.1)2 + (=0.1)2 = v0.02 = 0.1v/2 ~ 0.141 N
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Step 4: Final Answer:
The general expression is F' = I(L x B). For the given bent wire, the magnitude of the net
force is 0.1v/2 N (approximately 0.141 N).

Always check if the angle # is given with respect to the plane of the coil or the normal
(area vector). If it’s with the plane, use cos; if with the normal, use sin 6.

32. (a) (i) A parallel beam of monochromatic light falls normally on a single slit
of width ’a’ and a diffraction pattern is observed on a screen placed at distance D
from the slits. Explain: (I) the formation of maxima and minima in the diffraction
pattern, and (II) why the maxima go on becoming weaker and weaker with its
increasing number (n). (ii) Write any two points of difference between interference
pattern due to double-slit and diffraction pattern due to single-slit.

OR

(b) (i) With the help of a ray diagram, describe the construction and working
of a compound microscope. (ii) (I) The real image of an object placed between f
and 2f from a convex lens can be seen on a screen placed at the image location.
If the screen is removed, is the image still there? Explain. (II) Plane and convex
mirrors produce virtual images of objects. Can they produce real images under
some circumstances? Explain.

Solution (a):

Step 1: Understanding the Concept:

Diffraction occurs when a wavefront is partially obstructed by an obstacle or slit, causing the
light to bend and interfere with itself. In a single slit, different parts of the same wavefront act
as secondary sources that interfere at the screen.

Step 2: Detailed Explanation:
(i) (I) Formation of Maxima and Minima:

e Central Maximum: At the center of the screen, the path difference from all parts of the
slit is zero. All secondary wavelets arrive in phase, creating a bright central fringe.

e Minima: Occur when the path difference Az = asinf = n\. For n = 1, the slit can be
divided into two halves; wavelets from one half interfere destructively with the other.

e Secondary Maxima: Occur at Az = asinf = (2n + 1)% Here, the slit is divided into
odd parts (3, 5, etc.) where only one part remains uncancelled by others.
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(IT) Decreasing Intensity: As n increases, the slit is divided into more parts (2n + 1). For
the first secondary maximum (n = 1), the slit is divided into 3 parts, and only 1/3 of the light
contributes. For n = 2, it’s divided into 5 parts, and only 1/5 contributes. Hence, the intensity
drops rapidly.

(ii) Differences:

Interference (Double Slit) Diffraction (Single Slit)
Fringes are generally of equal width. Fringes are of unequal width (Central is double).
All bright fringes have equal intensity. | Intensity decreases rapidly for higher orders.

Step 3: Final Answer:
Diffraction maxima/minima result from interference of wavelets from a single wavefront. Inten-
sity decreases because only a fraction (1/3,1/5...) of the slit contributes to higher-order maxima.

Solution (b):

Step 4: Understanding the Concept (Microscope):

A compound microscope uses two lenses: the Objective (small focal length /aperture) to form
a real, enlarged image, and the Eyepiece (larger aperture) which acts as a simple magnifier to
create the final virtual, highly magnified image.

Step 5: Detailed Explanation:

(i) Construction and Working: 1. Objective: The object is placed just beyond its focal
point f,. It forms a real, inverted, and enlarged image I,. 2. Eyepiece: Positioned so that
I falls within its focal length f.. It forms a final virtual, enlarged, and inverted image at the
least distance of distinct vision (D) or infinity.

(ii) (I) Removing the Screen: Yes, the image is still there. A real image is a physical
convergence of light rays in space. The screen simply allows us to see the image by scattering
that light; without it, the rays still converge at that point and then diverge again.

(ii) (IT) Real Images from Virtual Mirrors: Yes, they can produce real images if the
object is virtual. If a beam of light converging toward a point (a virtual object) is intercepted
by a plane or convex mirror, the reflected rays can converge to a point in front of the mirror,
forming a real image.

Step 6: Final Answer:
The microscope uses two stages of magnification. Real images exist in space even without
screens, and virtual mirrors can form real images from virtual objects.

In a compound microscope, the total magnification is the product of the objective’s linear
magnification and the eyepiece’s angular magnification (M = m, X m,).

33. (a) (i) Derive the condition for which a Wheatstone Bridge is balanced.
(ii) Determine the current in 3 branch of a Wheatstone Bridge in the circuit shown
in the figure.
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$3Q

12Q 1Q

OR

(b) (i) Consider a cylindrical conductor of length 1 and area of cross-section A.
Current I is maintained in the conductor and electrons drift with velocity v_d
(Jvg| = %T), (where symbols have their usual meanings). Show that the conduc-
tivity o of the material of the conductor is given by ¢ = %27.

(ii) The resistance of a metal wire at 20°C is 1.05 and at 100°C is 1.38 . Determine
the temperature coefficient of resistivity of this metal.

Solution (a):

Step 1: Understanding the Concept:

A Wheatstone Bridge is an arrangement of four resistances used to measure an unknown resis-
tance. It is "balanced” when the potential at the two junctions of the galvanometer is equal,
resulting in zero current through the galvanometer.

Step 2: Key Formula or Approach:
1. Apply Kirchhoff’s Voltage Law (KVL) to loops in the bridge. 2. Under balanced condition,
current through galvanometer I, = 0.

Step 3: Detailed Explanation:
(i) Derivation: Let the resistances be P, @, R, and S. Let I be the total current. At the
junction, it divides into I (through P) and I5 (through R). In the balanced state (I, = 0):

e Potential drop across P = Potential drop across R = 1P = bR ...(1)
e Since I, = 0, the same current Iy flows through @ and I flows through S.
e Potential drop across ) = Potential drop across S — 11Q = [5S ...(2)

Dividing equation (1) by (2):
LP DR P

— == = —
LQ IS Q

0l
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(ii) Calculation: (Note: Since the figure is not visible, we assume a standard balanced bridge
where the 3 () resistor is the galvanometer arm.) If the bridge arms satisfy P/Q = R/S, then
the current in the central 3 branch is **exactly zero™*. If the bridge is unbalanced, Kirch-
hoff’s laws must be used to find the specific branch current.

Step 4: Final Answer:
The balanced condition is g = %. In a balanced bridge, the current in the central branch is 0 A.

Solution (b):

Step 5: Understanding the Concept (Conductivity):

Conductivity is a measure of how easily charge carriers (electrons) move through a material
under an applied electric field. It depends on the density of charge carriers and their relaxation

time.

Step 6: Detailed Explanation:
(i) Derivation: We know current I = neAvy. Substitute the expression for drift velocity

el
2
= neA (§T> = (ne T) AF
m m

Vd = ", 7:
J = <n627> E
m

Comparing this with Ohm’s Law in vector form (J = o F), we get:

Current density J = I /A, so:

(ii) Temperature Coefficient (a): Given: Ry = 1.05Q at 71 = 20°C and Ry = 1.38Q2 at
T> = 100°C. Formula: Ry = Ri[1 + (T — T1)]
1.38 = 1.05[1 + (100 — 20)]

1.
L 800 — 1.3143 = 1+ 80a

1.05
314
S0a = 0.3143 — a = 0 20 3 o 0.0039°C~1

Step 7: Final Answer: ,
The cond;mtivilty is 0 = “=T. The temperature coefficient of resistivity is approximately
3.9 x107°°C™ .

Quick Tip

Relaxation time (7) decreases as temperature increases because ions vibrate more vigor-
ously, causing more frequent collisions with electrons. This is why resistance increases in
metals.
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