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General Instructions

Read the following instructions very carefully and strictly follow them :
1. This question paper contains 34 questions. All questions are compulsory.
2. This question paper is divided into two parts Part A and Part B.

3. Part A is compulsory for all candidates.

4. Part B has two options. Candidates have to attempt only one of the given options.

Option I : Analysis of Financial Statements Option II : Computerised Accounting

5. Questions number 1 to 16 (Part A) and Questions number 27 to 30 (Part B) are

multiple choice questions. Each question carries 1 mark.

6. Questions number 17 to 20 (Part A) and Questions number 31 and 32 (Part B) are

short answer type questions. Each question carries 3 marks.

7. Questions number 21, 22 (Part A) and Question number 33 (Part B) are Long

answer type-I questions. Each question carries 4 marks.

8. Questions number 23 to 26 (Part A) and Question number 34 (Part B) are Long

answer type-II questions. Each question carries 6 marks.

9. There 1s no overall choice. However, an internal choice has been provided in few

questions in each of the parts.




1 Section-A

1. In the figure, curved lines represent equipotential surfaces. A charge (@ is moved
along different paths A, B, C, and D. The work done on the charge will be maximum

along the path:
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Correct Answer: (B) B

Solution: The work done on a charge (2 moving in an electric field is given by:

W =-QAV

Where AV is the potential difference. Work is maximum when the potential difference is
maximum.
Looking at the diagram, path B moves across the largest potential difference (from 25V to

10V) compared to the other paths. Therefore, the work done will be maximum along path B.

Quick Tip

The work done on a charge in an electric field depends on the potential difference be-
tween the starting and ending points. The larger the potential difference, the greater the
work done. In this case, the path with the maximum potential difference will have the

maximum work done.




2. The resistance of a wire of length . and radius r is R. Which one of the following
would provide a wire of the same material of resistance %?
(A) Using a wire of same radius and twice the length
(B) Using a wire of same radius and half length
(C) Using a wire of same length and twice the radius
(D) Using a wire of same length and half the radius
Correct Answer: (C) Using a wire of same length and twice the radius
Solution: The resistance of a wire is given by:
R = p%
Where L is the length of the wire, A is the cross-sectional area, and p is the resistivity of the
material.

The cross-sectional area A is given by:

A = mr?

For a wire of same material and length, resistance will be halved when the radius is doubled,
as resistance is inversely proportional to the square of the radius. Therefore, option (C) is

correct.

Quick Tip
The resistance of a wire depends on its length and cross-sectional area. To reduce the

resistance by half, you can increase the radius of the wire, as the resistance is inversely

proportional to the square of the radius.

3. A 1 cm segment of a wire lying along the x-axis carries a current of 0.6 A along the
+z direction. A magnetic field 5 = (0.4mT)j + (0.6 mT)#k is switched on in the region.
The force acting on the segment is:

(A) (20 + 3k) mN

(B) (~3j + 2k) uN



(C) (67 + 4k) mN
(D) (—4j + 6k) uN
Correct Answer: (B) (—3j + 2k) uN

Solution: The magnetic force on a current-carrying wire segment is given by:

F=ILxB
Where I is the current, L is the length vector of the wire, and B is the magnetic field.

Using the right-hand rule and calculating the cross product, we find the force acting on the

segment to be (—37 + 2k) uN.

To find the magnetic force on a current-carrying wire, use the formula F = IL x B, and

apply the right-hand rule to determine the direction of the force.

4. A circular coil of diameter 15 mm having 300 turns is placed in a magnetic field of 30
mT such that the plane of the coil is perpendicular to the direction of the magnetic field.
The magnetic field is reduced uniformly to zero in 20 ms and again increased uniformly
to 30 mT in 40 ms. If the emfs induced in the two time intervals are c; and <
respectively, then the value of ¢, /¢, is:
(A) 3
(B) 1
©2
(D) 4
Correct Answer: (B) 1
Solution: The induced emf is given by Faraday’s Law:

dd

— N
¢ dt

Where N is the number of turns, @ is the magnetic flux, and % is the rate of change of flux.
Since the number of turns and the change in magnetic field are the same for both intervals,

the ratio of the emfs g—; will be 1.



Quick Tip
Faraday’s Law tells us that the induced emf is proportional to the rate of change of the

magnetic flux. If the magnetic field change is the same, the induced emf will be the

same, regardless of the duration of the change.

5. You are required to design an air-filled solenoid of inductance 0.016 H having a
length 0.81 m and radius 0.02 m. The number of turns in the solenoid should be:
(A) 2592
(B) 2866
(C) 2976
(D) 3140
Correct Answer: (B) 2866
Solution: The inductance L of a solenoid is given by the formula:
N2A

L= o=

Where: - L is the inductance, - y is the permeability of free space, - N is the number of
turns, - A is the cross-sectional area of the solenoid, and - [ is the length of the solenoid.

Solving for N, we get:

o
oA

Substituting the given values, we find that the number of turns is approximately 2866.

Quick Tip

For solenoids, the inductance depends on the number of turns, the cross-sectional area,

and the length. Remember that the inductance increases with the square of the number

of turns, so use this formula to find the number of turns required for a given inductance.

6. A voltage v = v sin(wt) applied to a circuit drives a current ; = i( sin(wt + ¢) in the

circuit. The average power consumed in the circuit over a cycle is:



(A) Zero

(B) igvg cos ¢

(C) foge

(D) 2 cos ¢

Correct Answer: (C) 20

Solution: The average power consumed in an AC circuit is given by:

T
Pavg:% /O o(D)i(t) dt

For a sinusoidal voltage and current, the average power is:

igvo
Pavg - T COS d)

Where ¢ is the phase difference between the voltage and the current. Hence, the correct

answer is 2.

Quick Tip

When working with AC circuits, remember that the average power over a cycle depends
on the amplitude of the voltage and current and their phase difference. For a purely

resistive circuit, the phase difference is zero, and the power is maximized.

7. Which one of the following correctly represents the change in wave characteristics
(all in vacuum) from microwaves to X-rays in the electromagnetic spectrum?

(A) Speed remains same, Wavelength decreases, Frequency remains same

(B) Speed remains same, Wavelength decreases, Frequency increases

(C) Speed increases, Wavelength increases, Frequency decreases

(D) Speed remains same, Wavelength increases, Frequency remains same

Correct Answer: (B) Speed remains same, Wavelength decreases, Frequency increases
Solution: In the electromagnetic spectrum, all waves travel at the same speed in vacuum,
which is the speed of light. As we move from microwaves to X-rays, the wavelength

decreases and the frequency increases.



Quick Tip
In the electromagnetic spectrum, the speed of light is constant in vacuum. As the wave-

length decreases, the frequency must increase to maintain the relationship ¢ = A\ f, where

c s the speed of light, ) is the wavelength, and f is the frequency.

8. The speed of light in two media ’1’ and ’2’ are v; and v, (v2 > v1) respectively. For a
ray of light to undergo total internal reflection at the interface of these two media, it

must be incident from:
1

U1

(A) medium ’1’ and at an angle greater than sin™

l\’l

(B) medium ’1” and at an angle greater than cos™! (
H

o)
)
)

SiE S5

(C) medium 2’ and at an angle greater than sin™

<

(D) medium "2’ and at an angle greater than cos™! ()

2

<

Correct Answer: (A) medium ’1” and at an angle greater than sin~' (%)
Solution: For total internal reflection to occur, the incident angle must exceed the critical
angle, which is given by:

U1

sinf, = —
v2

Thus, for total internal reflection, the angle of incidence must be greater than sin ! (z—;)
Since the light is traveling from medium 1 to medium 2, the correct condition is

0; > sin~! (g—;), where v; < vo.

Total internal reflection occurs when the incident angle exceeds the critical angle. The

critical angle depends on the ratio of the speeds of light in the two media.

9. A source produces monochromatic light of frequency 5.0 x 10'* Hz and the power
emitted is 3.31 mW. The number of photons emitted per second by the source, on an
average, is:

(A) 1016



(B) 10
(C) 101
(D) 1020
Correct Answer: (C) 10'°

Solution: The energy of one photon is given by:

E=hf

Where £ is Planck’s constant and f is the frequency of the light.

The number of photons emitted per second, n, is given by:

L_P_P
~ FE  hf
Substituting the given values:
3.31 x 1073

~ 1010

" T 6626 x 1031 x 5.0 x 1014

Thus, the number of photons emitted per second is 1010,

To calculate the number of photons emitted per second, use the relation n = %, where

P is the power, h is Planck’s constant, and f is the frequency of the light.

10. Which of the following figures correctly represent the shape of the curve of binding

energy per nucleon as a function of mass number?
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Correct Answer: (B)

Solution: The curve of binding energy per nucleon as a function of mass number shows a
peak around iron (Fe, mass number 56). This is because the binding energy per nucleon
increases with mass number up to iron and then decreases for heavier elements. The correct

curve is represented by option (B).

Quick Tip

The binding energy per nucleon increases with mass number up to iron (Fe) because

nuclear fusion releases energy, making nuclei more stable. After iron, nuclear fission

becomes more favorable, and binding energy per nucleon decreases.

11. When a p-n junction diode is forward biased, the barrier height and the depletion
layer width both increase.

(A) The barrier height and the depletion layer width both increase.

(B) The barrier height increases and the depletion layer width decreases.

(C) The barrier height and the depletion layer width both decrease.

(D) The barrier height decreases and the depletion layer width increases.

Correct Answer: (C) The barrier height and the depletion layer width both decrease.
Solution: When a p-n junction diode is forward biased, the barrier height decreases as the
external voltage opposes the built-in potential. This results in a decrease in the depletion

region width, allowing current to flow more easily through the junction.

Quick Tip

Forward biasing a p-n junction reduces the potential barrier, making it easier for charge
carriers to move across the junction. This results in a decrease in the depletion region

width and the barrier height.

13. Assertion (A): The potential energy of an electron revolving in any stationary orbit
in a hydrogen atom is positive.

Reason (R): The total energy of a charged particle is always positive.



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

(B) Both Assertion (A) and Reason (R) are true, but Reason (R) is not the correct
explanation of Assertion (A).

(C) Assertion (A) is true, but Reason (R) is false.

(D) Assertion (A) is false and Reason (R) is also false.

Correct Answer: (C) Assertion (A) is true, but Reason (R) is false.

Solution: In a hydrogen atom, the potential energy U of the electron is negative due to the
attractive force between the electron and the nucleus. The total energy E of the electron is
the sum of kinetic energy and potential energy, and for a bound system, it is negative.

However, the assertion (A) incorrectly states that the potential energy is positive.

Quick Tip

In the Bohr model of the hydrogen atom, the potential energy of the electron is negative,
while the total energy (which is the sum of potential and kinetic energy) is also negative

for a bound system.

14. Assertion (A): We cannot form a p-n junction diode by taking a slab of a p-type
semiconductor and physically joining it to another slab of a n-type semiconductor.
Reason (R): In a p-type semiconductor n. > n;, while in a n-type semiconductor

ny >> Ne.

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

(B) Both Assertion (A) and Reason (R) are true, but Reason (R) is not the correct
explanation of Assertion (A).

(C) Assertion (A) is true, but Reason (R) is false.

(D) Assertion (A) is false and Reason (R) is also false.

Correct Answer: (C) Assertion (A) is true, but Reason (R) is false.

Solution: To form a p-n junction, we need to join a p-type semiconductor and an n-type

semiconductor. Assertion (A) is correct. However, the Reason (R) incorrectly states that the
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carrier concentrations are in the reverse order. In a p-type semiconductor, n; > n. because
holes dominate, and in an n-type semiconductor, n. > nj, where electrons dominate.

Therefore, Reason (R) is false.

Quick Tip
In p-type semiconductors, holes (absence of electrons) are the majority carriers, while

in n-type semiconductors, electrons are the majority carriers. This is crucial in forming

a p-n junction.

15. Assertion (A): The deflection in a galvanometer is directly proportional to the
current passing through it.

Reason (R): The coil of a galvanometer is suspended in a uniform radial magnetic field.
(A) Both Assertion (A) and Reason (R) are true and Reason (R) is the correct explanation of
Assertion (A).

(B) Both Assertion (A) and Reason (R) are true, but Reason (R) is not the correct
explanation of Assertion (A).

(C) Assertion (A) is true, but Reason (R) is false.

(D) Assertion (A) is false and Reason (R) is also false.

Correct Answer: (B) Both Assertion (A) and Reason (R) are true, but Reason (R) is not the
correct explanation of Assertion (A).

Solution: The assertion (A) is true because the deflection in a galvanometer is indeed
proportional to the current passing through it. However, the reason (R) is not a complete
explanation for Assertion (A). The coil of the galvanometer is suspended in a magnetic field,
but the deflection also depends on the strength of the current and the sensitivity of the

galvanometer, not just the magnetic field.

The deflection of a galvanometer is directly related to the current flowing through it, but

other factors like the number of turns in the coil and the magnetic field also play a role.

11



16. Assertion (A): It is difficult to move a magnet into a coil of large number of turns
when the circuit of the coil is closed.

Reason (R): The direction of induced current in a coil with its circuit closed, due to
motion of a magnet, is such that it opposes the cause.

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

(B) Both Assertion (A) and Reason (R) are true, but Reason (R) is not the correct
explanation of Assertion (A).

(C) Assertion (A) is true, but Reason (R) is false.

(D) Assertion (A) is false and Reason (R) is also false.

Correct Answer: (A) Both Assertion (A) and Reason (R) are true and Reason (R) is the
correct explanation of Assertion (A).

Solution: The assertion (A) is true because moving a magnet into a coil with a large number
of turns will induce an opposing current that resists the motion of the magnet. This is in
accordance with Lenz’s Law, which states that the induced current always opposes the

change causing it.

Lenz’s Law states that the direction of induced current in a coil will always oppose the

change in magnetic flux that caused it. This is why moving a magnet into a coil with a

closed circuit can be difficult.

17. Show that E = pj leads to Ohm’s law. Write a condition in which Ohm’s law is not
valid for a material.

Solution: The equation E = pj represents the relationship between electric field (E) and
current density (j) in a material, where p is the resistivity of the material. This is a form of
Ohm’s law.

For a material to follow Ohm’s law, the resistivity should be constant and independent of the
electric field. However, Ohm’s law is not valid for non-ohmic materials, where resistivity
varies with the electric field or current. This occurs in materials with nonlinear

characteristics, such as semiconductors or materials exhibiting superconductivity.

12



Ohm’s law, E = pj, is valid only for materials with a constant resistivity. In materials

where resistivity varies with current or electric field, Ohm’s law doesn’t hold.

18. (a) In a diffraction experiment, the slit is illuminated by light of wavelength 600 nm.
The first minimum of the pattern falls at ¢ = 30°. Calculate the width of the slit.

Solution: In a single-slit diffraction pattern, the condition for the first minimum is given by:

asinf = mA

Where: - a is the width of the slit, - 6 is the angle of the first minimum, - m is the order of the
minimum (for the first minimum, m = 1), - A is the wavelength of the light.
Substituting the given values: - A = 600 nm = 600 x 10~?m, - § = 30°.

We can solve for a:

>~

2}
.
=

>

600 x 107 600 x 107°

— — 12 10 9m=12
sin 30° 0.5 00> 107 m m

For single-slit diffraction, the position of the first minimum is given by asinf = \. Use

this formula to calculate the slit width by rearranging it.

18. (b) In a Young’s double-slit experiment, two light waves, each of intensity 7,
interfere at a point, having a path difference % on the screen. Find the intensity at this
point.

Solution: In Young’s double-slit experiment, the intensity / at a point on the screen due to

two interfering waves is given by the formula:

I=1y(1+cosd)

13



Where I is the intensity of each wave, and ¢ is the phase difference between the waves. The

phase difference § can be related to the path difference Az by:

B 2w Ax
DY

Given that the path difference Ax = %, we can calculate 9:

o

2 (3) _m
S

Now, substituting into the intensity formula:

I=1, (1+COSZ> — I <1+§) — I <2+2\/§>

I =1y x 1.707

Thus, the intensity at this point is approximately 1.7071.

In interference problems, the intensity due to two waves is calculated using I =

Ip (1 + cosd), where ¢ is the phase difference corresponding to the path difference.

19. A spherical convex surface of radius of curvature R separates glass (refractive index
1.5) from air. Light from a point source placed in air at distance % from the surface
falls on it. Find the position and nature of the image formed.

Solution: The relation for the image formed by a spherical surface is given by the mirror

formula:

f v u

Where: - f is the focal length of the surface, - v is the image distance, - u is the object
distance.

For a spherical surface, the focal length f is related to the radius of curvature R by:

14



R

Given that the object is placed at a distance 5, we substitute u = —% (negative because the

object is in air) into the mirror equation:

~| =
S
=y

Substitute f = &:

2 1 2

R v R

Solving for v, we find that the image is formed at a distance v = %. The image is real,

inverted, and diminished.

When dealing with spherical mirrors, remember the mirror equation ; = 4 — 3, and the

focal length of a spherical surface is f = g, where R is the radius of curvature.

20. The energy of an electron in an orbit of Bohr hydrogen atom is -3.4 eV. Find its
angular momentum.
Solution: For a hydrogen atom, the energy of an electron in the n-th orbit is given by the

formula:

For n = 2, the energy is:

Now, the angular momentum L of an electron in the n-th orbit is given by:

L =nh

For n = 2, the angular momentum is:

15



L =2h=2x 1.0545718 x 10 3% J.s = 2.1091436 x 10~ 3*J-s

The energy of an electron in a Bohr orbit is inversely proportional to 2, and its angular

momentum is quantized as L = nh, where / is the reduced Planck’s constant.

21. A p-type Si semiconductor is made by doping an average of one dopant atom per

5 x 107 silicon atoms. If the number density of silicon atoms in the specimen is 5 x 10?8
atoms/m?, find the number of holes created per cubic centimetre in the specimen due to
doping. Also give one example of such dopants.

Solution: The number of dopant atoms per silicon atom is given as so the number of

_1
5x107°

dopant atoms per cubic metre is:

5% 10%8
Number of dopants per m® = ﬁ = 10%! dopants/m®

Since each dopant atom creates a hole in a p-type semiconductor, the number of holes

created per cubic centimetre is:

2
Number of holes per cm® = 10—06 = 10" holes/cm®

One example of a dopant is Boron (B), which is commonly used to create p-type

semiconductors.

Quick Tip
In p-type semiconductors, doping with an element like Boron creates holes by substitut-

ing a silicon atom with one less valence electron. The number of holes created is equal

to the number of dopant atoms.

22. (a) Two batteries of emf’s 3V & 6V and internal resistances (0.2 Q) & 0.4 () are

connected in parallel. This combination is connected to a 4 Q resistor. Find:

1. the equivalent emf of the combination

16



2. the equivalent internal resistance of the combination
3. the current drawn from the combination
Solution:

1. Equivalent emf:

The equivalent emf E., of two batteries connected in parallel is given by:

5o E1Ry + EoRy
“ Ri+ Ry

Where £ =3V, Es =6V, Ry = 0.21), and Ry = 0.4 2. Substituting these values:

3x04+6x02 12+12 24
cd 0.2+ 0.4 0.6 0.6

So, the equivalent emf of the combination is 4V'.

2. Equivalent internal resistance:

The equivalent internal resistance r., of the two batteries in parallel is given by:

1 1 1

_l_ -
req 1 Ro
Substituting Ry = 0.2 and Ry = 0.4

1 1
- = 4 =

1
=5+25="175
req 02 04 +

So,

1

3. Current drawn:

The total current drawn from the combination can be calculated using Ohm’s law:

By 4 4

] pu— = =
R+req 440133 4133

~ 0.968 A

17



i Ro+-Fo Ry
Ri+-R2

For parallel connected batteries, use the formulas E., = for the equivalent

emf and - = + + 1 for the equivalent internal resistance.
Teq | 2

22. (b) A conductor of length [ is connected across an ideal cell of emf . Keeping the
cell connected, the length of the conductor is increased to 2/ by gradually stretching it.
If R and R’ are initial and final values of resistance and v; and v/, are initial and final
values of drift velocity, find the relation between (i) ' and R and (ii) v, and v.
Solution:

(i) Relation between 1’ and R:

Resistance R of a conductor is given by:

l
Where p is the resistivity, [ is the length, and A is the cross-sectional area. When the length is

increased to 2/ and the conductor is stretched, the area A decreases. Assuming volume

remains constant:

A=

N[

Thus, the new resistance R’ will be:

21

g _— =
R=r1p

4R

(ii) Relation between v/, and v4:

The drift velocity v, is related to the electric field £ and the resistivity p by:
E

Vg = —
P

As the length increases, the electric field remains the same, and thus the drift velocity v/, will
also be proportional to the stretching of the conductor. Hence, v/, is half of vg:
Ud

I
'Ud—?
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Quick Tip
When stretching a conductor, its resistance increases by the square of the stretching

factor, and the drift velocity decreases proportionally because the cross-sectional area

decreases and the current density reduces.

22. (ii) When electrons drift in a conductor from lower to higher potential, does it mean
that all the ’free electrons’ of the conductor are moving in the same direction?
Solution: No, it does not mean that all the free electrons are moving in the same direction.
In a conductor, free electrons are constantly moving in random directions due to thermal
motion. However, when an electric field is applied, they experience a net drift in the direction
opposite to the electric field (from lower to higher potential). This drift is a superposition of

the random motion and the directed movement due to the applied electric field.

Quick Tip

In a conductor, the electrons undergo random thermal motion, but the applied electric

field causes a net drift in the opposite direction of the field. This results in a small drift

velocity while maintaining random thermal movement.

23. (a) Define magnetic moment of a current-carrying coil. Write its SI unit.

Solution: The magnetic moment M of a current-carrying coil is defined as:

M=IxA

Where: - I is the current flowing through the coil, - A is the area of the coil (perpendicular to
the magnetic field).

The SI unit of magnetic moment is:

M = Ampere x meter’ = A - m?

19



The magnetic moment is a vector quantity and its direction is perpendicular to the plane

of the coil. Its magnitude depends on the current and the area of the coil.

23. (b) A coil of 60 turns and area 1.5 x 107> m? carrying 2A current lies in a vertical
plane. It experiences a torque of 0.12 Nm when placed in a uniform horizontal magnetic
field. The torque acting on the coil changes to 0.05 Nm after the coil is rotated about its
diameter by 90° in the magnetic field. Find the magnitude of the magnetic field.

Solution: The torque 7 acting on a coil in a magnetic field is given by:

7=NIBAsinf

Where: - N is the number of turns, - [ is the current, - B is the magnetic field, - A is the area
of the coil, - 4 is the angle between the normal to the coil and the magnetic field.

For the initial torque:
0.12 =060 x 2 x 1.5 x 107 x B x sin(90°)
Solving for B:

B 0.12
T 60x2x1.5x10°3

=0.67T

Thus, the magnitude of the magnetic field is 0.67 T.

When calculating the torque on a current-carrying coil, use the formula 7 = N/BAsin 6,

where 6 = 90° gives the maximum torque.

24. Consider two long co-axial solenoids S; and S5, each of length [ > r; and r» (where
ro > r1). The number of turns per unit length are n; and n; respectively. Derive an
expression for the mutual inductance 1/, of solenoid S; with respect to solenoid Ss.

Show that Mo = Myo.

20



Solution: The mutual inductance M/;2 between two solenoids is given by the formula:

niny Al
[

Where: - n; and n9 are the number of turns per unit length in solenoids S; and S, - A is the

Mo = po

cross-sectional area of the solenoid, - [ is the length of the solenoids, - 1 is the permeability
of free space.
Since the mutual inductance depends on the geometry and the number of turns, it is

symmetric, So:

My = Mo

The mutual inductance between two solenoids is symmetric, meaning Mo = Mo;. This

1s because the magnetic field created by one solenoid induces the same flux in the other

solenoid.

25. (a) A parallel plate capacitor is charged by an ac source. Show that the sum of
conduction current (/.) and the displacement current (/;) has the same value at all
points of the circuit.

Solution: In an AC circuit with a capacitor, the conduction current /. is given by:

_dQ
Cdt

Where (@ is the charge on the plates of the capacitor. The displacement current [, is defined

I

as:

dE
I, = cgAZE
4= 0

Where E is the electric field between the plates of the capacitor, and A is the area of the
plates.
Since the current is related to the change in charge and electric field, the conduction current

I, and the displacement current /; are equal:
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I =1,

Hence, the sum of conduction current and displacement current is constant at all points of the

circuit.

Quick Tip

The displacement current is introduced to ensure that the continuity equation holds in
an AC circuit. It is equal to the conduction current in a capacitor and accounts for the

time-varying electric field between the plates.

25. (b) In case (a), is Kirchhoff’s first rule (junction rule) valid at each plate of the
capacitor? Explain.

Solution: Yes, Kirchhoff’s first rule (junction rule) is valid at each plate of the capacitor.
This is because the junction rule states that the sum of currents entering any junction must be
equal to the sum of currents leaving the junction. In the case of the capacitor, the conduction
current and the displacement current must be balanced, ensuring that the total current

entering the capacitor is equal to the total current leaving it.

Quick Tip

Kirchhoff’s first rule is based on the principle of conservation of charge. In a capacitor,
the displacement current ensures that the current is conserved even though no physical

current flows through the dielectric.

27. (a) Draw a plot of frequency v of incident radiation as a function of stopping
potential 1}, for a given photoemissive material. What information can be obtained
from the value of the intercept on the stopping potential axis?

Solution: The plot of frequency v versus stopping potential j is a straight line with slope
h/e and intercept —%, where: - h is Planck’s constant, - e is the charge of the electron, - ¢ is
the work function of the material.

The intercept on the Vj-axis gives the value of —%, which can be used to determine the work
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function of the material. The slope of the graph provides the value of Planck’s constant h.

Quick Tip

The plot of stopping potential 1 vs frequency v provides important information about
the work function and Planck’s constant. The slope is related to i /e, and the intercept

gives the work function.

27. (b) Calculate: (i) the momentum and (ii) de Broglie wavelength of an electron with
kinetic energy of 80 eV.
Solution: (i) The momentum p of the electron can be calculated using the relation between

kinetic energy and momentum:

Solving for p:

p=4/2mK.E.

Where: - m, = 9.11 x 103! kg (mass of the electron), - K.E. = 80eV = 80 x 1.602 x 107197,

Substituting the values:

p=12x9.11 x 10731 x 80 x 1.602 x 10-19 = 4.4 x 10~ 2* kg-m/s

(i1) The de Broglie wavelength X is given by:

A= —
p

Where h = 6.626 x 10734 J-s. Substituting the values:

6626 x 1073

= 44><—10_24 =1.5x 10_10m

Thus, the de Broglie wavelength is 1.5 x 1071 m.
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The de Broglie wavelength of a particle is inversely proportional to its momentum. Use

the relation A = % to calculate the wavelength from momentum, and p = v/2m.K.FE. to

find the momentum.

28. (a) Define Mass defect’ and ’Binding energy’ of a nucleus. Describe ’Fission
process’ on the basis of binding energy per nucleon.

Solution: - Mass defect: The mass defect of a nucleus is the difference between the mass of
the completely assembled nucleus and the sum of the masses of the individual protons and
neutrons that make it up. This difference in mass is converted into binding energy according
to Einstein’s equation E = mc?.

- Binding energy: The binding energy of a nucleus is the energy required to separate a
nucleus into its individual protons and neutrons. It is related to the mass defect and provides
a measure of the stability of the nucleus.

- Fission process: Fission is the process in which a heavy nucleus splits into two lighter
nuclei, releasing a significant amount of energy. The binding energy per nucleon increases as

the nucleus splits, and this release of energy is due to the difference in binding energy

between the fission products and the original nucleus.

Quick Tip

In the fission process, energy is released because the binding energy per nucleon of the
resulting smaller nuclei is higher than that of the original large nucleus. The mass defect

is directly related to this released energy.

28. (b) A deuteron contains a proton and a neutron and has a mass of 2.013553 u.
Calculate the mass defect for it in u and its energy equivalence in MeV. m, = 1.007277 v,
my = 1.008665 u, and 1u = 931.5 MeV/c?.

Solution: The mass defect Am is the difference between the total mass of the individual

nucleons and the mass of the deuteron:
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Am = (mp + mn) — Mdeuteron

Substituting the values:

Am = (1.007277 + 1.008665) — 2.013553 = 0.002389 u

Now, the energy equivalence £ of the mass defect is given by:

E = Am x 931.5MeV/c?

Substituting the mass defect:

E =0.002389 x 931.5 = 2.226 MeV

Thus, the mass defect is 0.002389 u, and the energy equivalence is 2.226 MeV.

Quick Tip

The mass defect is the difference between the sum of the masses of individual nucleons
and the actual mass of the nucleus. This difference is converted to energy using £ =

Am x 931.5MeV/c?.

29. A thin lens is a transparent optical medium bounded by two surfaces, at least one of
which should be spherical. Applying the formula for image formation by a single
spherical surface successively at the two surfaces of a lens, one can obtain the ’lens
maker formula’ and then the ’lens formula’. A lens has two foci — called ’first focal

point’ and ’second focal point’ of the lens, one on each side.
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Convex
Lens

Plate on Hidden
Bido of Dox

Light Box
with Plate

Solution: The arrangement involves a convex lens with the following setup: - A light box
with a plate is placed such that the rays are incident on the lens.

- The convex lens focuses light onto a screen, where the image can be observed. - The
distance between the lens and the screen is adjustable, so that the image formation is studied
for different object distances.

- The lens has two focal points: one on each side.

- The convex lens focuses light rays to a point on the screen.

- The ’first focal point’ and ’second focal point’ are the points where parallel rays of light

either converge or diverge after passing through the lens.

In a convex lens, the image formed is real and inverted when the object is beyond the

focal length. The image is virtual and upright when the object is within the focal length.

30. A circuit consisting of a capacitor C, a resistor of resistance R, and an ideal battery

of emf V, as shown in the figure, is known as an RC series circuit.

26



= —

v

(i) As soon as the circuit is completed by closing key S; (keeping S open), charges begin to
flow between the capacitor plates and the battery terminals. The charge on the capacitor
increases and consequently the potential difference V- across the capacitor also increases
with time. When this potential difference equals the potential difference across the battery,
the capacitor is fully charged () = CV'). During this process of charging, the charge ¢ on the

capacitor changes with time as:

q=Q<1—eRtC)

The charging current can be obtained by differentiating ¢ and using:

Consider the case when R = 20k}, C' =500 uF,and V' =10 V.

(1) The final charge on the capacitor, when key S is closed and S5 1s open, is:

Q=CxV=500x10"%%x10=5mC
So, the final charge on the capacitor is 5mC.

(1) For sufficient time the key S; is closed and S 1s open. What is the final charge on the

capacitor?

The final charge will be:
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Q=CxV=500x10"%x%x10=5mC
The final charge on the capacitor is 5 mC.

(ii1) The dimensional formula for RC' is:

Dimensional formula for RC = [M] [L2T_3A_2]

Thus, the dimensional formula for RC is [M] [L2T_3A_2].

(iv) The key 5; is closed and S5 is open. The value of current through the resistor after 5

seconds i1s:

[—Ke*% ——10
"R 20 x 103

5
e 20x103x500x10—6

Substituting the values:

I =0.5mA

So, the current through the resistor after 5 seconds is 0.5 mA.

(v) The key S is closed and S5 is open. The initial value of current in the resistor is:

% 10
=Y Y  _s5mA
R 20x1  0om

So, the initial current through the resistor is 0.5 mA.

In an RC circuit, the charging current follows an exponential decay given by [ = %e‘ﬁ.

The time constant 7 = RC' determines how quickly the capacitor charges.

31. (i) What are coherent sources? Why are they necessary for observing a sustained

interference pattern?
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Solution: Coherent sources are sources of light or waves that emit waves with a constant
phase relationship over time. This means the phase difference between the waves remains
constant or changes in a predictable way.

Coherent sources are necessary for observing a sustained interference pattern because
interference occurs due to the superposition of waves. If the sources are not coherent, the
phase difference between the waves will change randomly over time, leading to a rapidly

fluctuating interference pattern which cannot be sustained.

Quick Tip

For sustained interference patterns, the sources must be coherent, meaning they have a

constant phase difference. Coherent sources allow the formation of stable interference

fringes.

31. (ii) Lights from two independent sources are not coherent. Explain.

Solution: Two light sources are said to be incoherent or not coherent when there is no
constant phase relationship between them. In other words, the phase difference between the
two sources changes randomly over time. This causes the interference pattern to be unstable,
and the maxima and minima of the pattern to fluctuate, making it impossible to maintain a

sustained pattern.

Quick Tip

For stable interference patterns, the sources must have a fixed phase relationship, which
1s characteristic of coherent sources. Incoherent sources do not have this fixed phase,

leading to unstable interference.

31. (ii) (1) Two slits 0.1 m apart are arranged 1.20 m from a screen. Light of wavelength
600 nm from a distant source is incident on the slits. How far apart will adjacent bright
interference fringes be on the screen?

Solution: The distance between adjacent bright fringes (fringe width) in a double-slit

interference pattern is given by the formula:
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Y7
Where: - y is the distance between adjacent bright fringes, - \ is the wavelength of light, - D

is the distance between the slits and the screen, - d is the separation between the slits.

Substituting the given values: - A = 600nm = 600 x 107°m, - D = 1.20m, - d = 0.1 m.

600 x 107 x 1.20

y = 1 =72x107°m = 7.2mm

Thus, the adjacent bright interference fringes will be 7.2 mm apart.

Quick Tip

The fringe width is directly proportional to the wavelength and the distance to the
screen, and inversely proportional to the slit separation. Use the formula y = % to

find the fringe separation.

31. (ii) (2) Find the angular width (in degree) of the first bright fringe.
Solution: The angular width 6 of the first bright fringe is given by:

A
0 =—
d
Substituting the given values:
600 x 1077 .
0 = PO 6 x 1072 radians
0.1
To convert to degrees:
180
0=6x103 x — ~0.34°
v

Thus, the angular width of the first bright fringe is approximately 0.34°.

The angular width of the first bright fringe is calculated using the formula 6 = %. Re-

member to convert the result from radians to degrees if needed.
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31. (b) (i) OR A beam of light coming from a distant source is refracted by a spherical
glass ball (refractive index 1.5) of radius 15 cm. Draw the ray diagram and obtain the
position of the final image formed.

Solution: The ray diagram for the light passing through the spherical glass ball is shown

below:

Mormal
Incident Ray 4 A —
e |
& .r:"xh_‘hﬂefrar.ted Ray ™ .
. - -
Final Qutgoing Ray  / T—
S
Marmal

Explanation: - The light ray enters the spherical glass ball and gets refracted. - The refractive
index n = 1.5 and radius » = 15 cm. - Using the lens formula and refractive index, we can
calculate the position of the image formed by the spherical ball.

For a spherical ball, the image formation is complex because it involves both refraction at the
spherical surface and the curvature of the ball. A detailed calculation can be made using the

formula for refraction at a curved surface and the lens-maker’s formula.

Quick Tip

When light passes through a spherical lens, both the curvature of the surface and the
refractive index of the material affect the image formation. The lens-maker’s formula

can be used to find the focal length and hence the image position.
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31.(b) (ii) Define a wavefront. An incident plane wave falls on a convex lens and gets
refracted through it. Draw a diagram to show the incident and refracted wavefront.
Solution: A wavefront is the locus of points that are in the same phase of vibration. In
simpler terms, it is the surface of constant phase where all points on the wavefront are at the
same distance from the source.

In the case of an incident plane wave falling on a convex lens, the wavefront bends (refracts)
as it passes through the lens. The convex lens converges parallel rays of light, changing the
wavefront’s shape.

The diagram below shows the incident and refracted wavefronts:

Lens . Refracted wave fromt

>
v
——

2
L 3

\ Incident wavefront

Explanation: - The incident plane wavefronts are straight lines. - After passing through the

convex lens, the wavefronts converge to a point (focus), becoming spherical in shape.

Quick Tip

A plane wavefront becomes spherical after passing through a convex lens because the

lens converges the rays of light to a point. This property is crucial in understanding how

lenses focus light.

31. (ii) A beam of light coming from a distant source is refracted by a spherical glass
ball (refractive index 1.5) of radius 15 cm. Draw the ray diagram and obtain the
position of the final image formed.

Solution: When light from a distant source strikes a spherical glass ball, it undergoes
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refraction at both surfaces of the ball. The spherical surface will cause the light rays to bend
inward, and the refracted rays will converge to form an image.
Here is the ray diagram showing the process:

Objective lens

Explanation: - The light rays are incident on the spherical glass ball and refract at the first
surface, moving towards the center of the ball. - The rays refract again at the second surface
as they exit the ball. - The image formed is real and inverted, and its position can be
determined by applying the lens formula.

For a spherical glass ball, the effective focal length f is related to the radius r of the sphere

and the refractive index n by the formula:

-uen()

Substituting the values: - n = 1.5, - » = 15¢cm,

Thus, the focal length f = 15cm.
For a distant source, the image will form at the focal point, and the position of the final

image will be at a distance of 15 cm from the center of the ball.

Quick Tip

For spherical lenses or spherical glass balls, use the formula ; = (n—1) (%) to determine
the focal length. The focal length helps in locating the image position for a distant

object.

32. (i) Two point charges 5 C and —1 ;C are placed at points (—3 cm, 0,0) and
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(3cem, 0,0) respectively. An external electric field E = %f- where A = 3 x 10° V/m is
switched on in the region. Calculate the change in electrostatic energy of the system due
to the electric field.

Solution: The electrostatic potential energy of a system of point charges is given by:

_ 1N
4deq 4
1

U

=

Where: - ¢; and ¢; are the charges, - 7;; is the distance between the charges, -

€0 = 8.854 x 10712C?/N-m? is the permittivity of free space.

In the presence of an external electric field, the potential energy of the system changes due to
the interaction of the charges with the field. The change in electrostatic potential energy AU

due to the external electric field can be found by calculating the work done by the electric

field:

AU =F-d

Where F is the force on the charges due to the field, and d is the displacement.
The field is acting symmetrically on the two charges, and the displacement for each charge
depends on the direction of the electric field. The total work done can be computed using the

above formula and the given field strength.

Quick Tip
When an electric field is applied, it changes the potential energy of a charge distribution.

The change in energy is related to the work done by the field on the charges. Use the

formula AU = F - d to calculate the change in energy.

32. (ii) (1) A system of two conductors is placed in air and they have net charge of

+80 C and —80 uC which causes a potential difference of 16 V between them. Find the
capacitance of the system.

Solution: The capacitance C' of the system is related to the charge @) and the potential

difference V' by the formula:
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Substituting the given values:

~ 80x107°
16

Thus, the capacitance of the system is 5 pF.

C =5x10°F=5uF

The capacitance of a system is given by C' = % where () is the total charge and V' is the

potential difference. Ensure that the units are consistent when calculating.

32. (ii) (2) If the air between the capacitor is replaced by a dielectric medium of
dielectric constant 3, what will be the potential difference between the two conductors?

Solution: The capacitance of the system with the dielectric material is given by:

C'=KC

Where: - C’ is the new capacitance with the dielectric, - K = 3 is the dielectric constant, -
C' = 5 uF is the initial capacitance.

Thus:

C'=3x5uF =15uF

Now, the potential difference 1 is related to the charge and the capacitance by:

Substituting the values:

,  80x107°

B0 Y

Thus, the new potential difference between the conductors is 5.33 V.
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Quick Tip
When a dielectric material is inserted between the conductors, the capacitance increases

by a factor of the dielectric constant K. The potential difference decreases because the

capacitance increases.

32. (ii) (3) If the charges on two conductors are changed to +160 xC' and —160 .C, will
the capacitance of the system change? Give reason for your answer.

Solution: The capacitance of the system depends on the geometry of the conductors and the
dielectric material between them, not on the charge. Therefore, changing the charges does
not affect the capacitance. The capacitance remains the same unless the dielectric material or

the distance between the conductors is altered.

C:V

Since the capacitance is independent of the charge, the capacitance remains unchanged when

the charges are changed.

Capacitance depends on the geometry of the conductors and the dielectric constant of

the material between them. The charge on the conductors does not affect the capaci-

tance.
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