Section-A
I. A metal sheet is inserted between the plates of a parallel plate capacitor o
capacitance C. If the sheet partly occupies the space between the plates, the
capacitance:
(A) remains C
(B) becomes greater than C
(C) becomes less than C
(D) becomes zero
Correct Answer: (B) becomes greater than C -—(J)
Solution: When a metal sheet is inserted between the plates of a parallel plate capacitor. it
effectively reduces the distance between the plates. The capacitance of a parallel plate

capacitor is given by:

i

Where: - €' is the capacitance, - = is the permittivity of free space. - A is the area of the

=

plates, - o is the distance between the plates.

= R L Eocss - - - —

.-By inscriing a metal sheet between the plates. the effective distance d.g between the plates is
reduced. As a result, the capacitance increases because the capacitance is inversely
proportional to the distance between the plates.

The presence of the metal sheet increases the effective area for charge storage, and it also
allows the plates to store more charge for the same applied voltage, leading to an increase in
the overall capacitance.

Thus, the capacitance becomes greater than (.

nserting o dielectric material, such as a metal sheet, / e plates of a par:

Inserting a dielectric material, such as a metal sheet, between the plates of a parallel
plate capacitor decreases the effective distance between the plates and_increases the
capacitance. This happens because the metal sheet alters the electric held between the

plates, leading to more charge storage capability.

[



2' The clectrie field at point in a region is given by £ = o', where o is @ constant and
18 the distance of the point from the origin. The magnitude of potential of the point is:
(A) o

(B) o2

(C) 5%

(D) —u

Correct Answer: (A) 2 —( ':-)

Solution: We know that the electric field is the negative gradient of the potential:

E=-VV
The given electric field is:
i r
Y =
iz

Since the electric field is radial and only depends on r, we consider the radial component of
the electric field:

1

E: =t—

r '.r"j

The relationship between the electric field and the potential in one dimension 1s:

dV
B ===
T |"]1'||"
Substituting the given electric field:
| d\’
r— = ——
ye el
Now, we integrate both sides with respect to 1
— .__-—r-.—- - Ir_
V= —a r~—r

Integrating both sides:
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Where ( is the constant of integration. In the context of electrostatics, we usually set the

potential to zero at infinity, implying C' = (). Therefore:

F II.
Vir) ==
:
Thus, the maeni » al is ! ich i i
¢ magnitude of the potential is =, which is option (A),

A —— e

b= MUK 11D .
L = a— ]

When the eleetric field is given in terms of r, integrate it with respect to r to find the |

L electric field. |

potential. The negative sign indicates that the potential decreases in the direction of the

3. Four resistors, each of resistance R and a key K are connected as shown in the figure.

The equivalent resistance between points A and B when key K is open will be:

(A)4R

(B) <

€y 4
D)

Correct Answer: (D) 4 — (-?)

Solution:
When key K is open, we observe that the resistors form a combination of series and parallel

resistances. The two resistors connected between points A and £ are in parallel, and the

4
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vy resisiors are i|'|, SCIICs with this 1_1ilr111|(:| combination.

I - T v i H * 3
The two resistors between A and 3 are n parallel, so their equivalent resistance 18 given
h_’,-':
It

9

Rey -

2. This equivalent resistance is in series with the other resistor /f, so the total equivalent

resistance becomes:

——

Thus, the equivalent resistance between points A and B when key K is open is %,

= e —m
' When dealing with resistors in series and parallel, simplify the circuit step by step. |
| First. combine resistors in series or parallel, then combine the resulting resistances.

This method makes the problem easier to solve.
4. A charged particle gains a speed of 1% ms—" when accelerated from rest through a
potential difference of 10 kV. It enters a region of magnetic field of 0.4 T such that
= 3. The radius of the circular path described by it is:
(A)2.5cm
(B)3cm
(C) & cm
(D) 10 em

L 1)

Correct Answer: (B) 5 cm

Solution: When a charged particle moves in a magnetic field at a perpendicular angle 10 the

field. it follows a circular path. The radius r of this circular path is given by the formula:

IR
e — = T =
ql3

}_‘_:—

Where: - m is the mass of the particle, - v is the speed of the particle, - ¢ is the charge of the
particle, - [7 is the magnetic ficld strength.

We know the following: - The particle gains a speed v = 10%ms~—' after being accelerated

through a potential difference V' = [0kV = 10" V. - The magnetic field B = 01T, - The



: 2 fi -tric fi hich can
energy gained by the particle is equal to the work done by the electrc field, whic

expressed as;

| i
-Gmr“i =gV

he

From this equation, we can solve for m (mass of the particle) in terms of ¢ (charge of the

particle) and i

Substituting this expression for m into the formula for r:

2V .
(%) _a
gB  uB

Now. substitute the given values: - V =10V, - v = 10°ms !, - B = 04 T:

r

2 % 104 2 x 107

= = — ,_' —
%04 4RI Lvem=acm

Th_l.IE. the radius of the circular path described by the particle is 5 cm. Therefore, the correct

answer is option (B).

e == — R TS T—
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For a charged particle moving in a magnetic field perpendicular to the field, the radius |

. of the circular path can be found using the formula r — o> Where v is the velocity, ¢ is |

the charge, and £ is the magnetic field strength,

5. A current of ¥ A is maintained in a circular loop of radius 14 cm. The value of

dipole moment associated with the loop is:

(A)0.019 Am* . e e
(B)0.14 Am?

(C) 0.196 Am?

(D) 0.615 Am*

Correct Answer: (C) 0,196 Am?



1
Soluts
I . v . \ .
Mm: The magnetic dipole moment of a current-carrying loop is given by the formula:

p=1-A
WI]E e 2 - .
re: - I is the current flowing through the loop, - A is the area of the loop.

For a circular loop, the area A is given by:

v
A= ar*

Where r is the radius of the loop.
Given: - [ = WA -y = ldem =0.14m.

First. calculate the arca A:

A =7(0.14)? = 7 x 0.0196 = 0.0616 m*

Now. calculate the magnetic dipole moment:

10
p=1+A=—x0.0616=0.196 Am?

i
Thus, the dipole moment associated=with-the loop is 0.196 Am?, which is option (€,

R, lssEsSmsRTa TS s s
e e e B o et T ek e e e e il e ek e N i

To find the magnetic dipole moment of a current loop, use the fo

A is the area of the loop. For a circular loop, A = wr2.

rmula ¢ = I - A, where

—

6. The magnetic flux linked with a coil changes with time ! as ¢ = (8¢
t=-s§is

L 5t + 7), where {

is in seconds and ¢ is in Wh. The value of emf induced in the coil at

(A)32V
(B)37V
(C)64V
(D)69 V

Correct Answer: (D) 69V e (l)

Solution: The induced emf in a coil is given by Faraday’s law of electromagnetic induction,

which states that:



. r.Irl i}
eml e

= - = fl.'l‘. | - RN P T -.1]”1"
Where: - ¢ is the magnetic flux, - % is the rate of change of |

The given magnetic flux is:

QR RN i

To find the induced emf, we need to differentiate the flux with respect to time #:

L s iq:ﬁr'—' +5f +7)
dt dt
Differentiating each term:
do
— = 16f + 5
dt . .

Now. substitute ¢ = 4 seconds into this expression to find the induced emf at that time:

do

= 16(4) +5 =064 +5=G9V
il
S —— ——2 B
Thus, the induced emf in the coil at t = 45 is 69 V. Therefare. the correct answer is option
(D).
- T T r— —— = e o = T o T/ o B Ao s iTASTS 40 i

To find the induced emf, differentiate the magnetic flux with respect to ime. The in-

duced emf is equal to the rate of change of magnetic flux,

7. Which of the following rays coming from the Sun plays an important role in
maintaining the Earth’s warmth?
(A) Infrared rays

(B) ~ -ruy.s'

(C) UV rays

(D) Visible light rays

Correct Answer: (A) Infrared rays I Cj )



Solution: The Sun emits a wide range of electramagnetic radition, including visible light.
Ultravioler (L) oy, infrared rays. and others. However, infrared rays ane the primary
Fadution that contribiutes 1o the Earth's warmth.

= Infrared rays are absorbed by the Eanth and re-madiated ax heat, which is responsible for
maintaining the Earth’s temperature. Thes is often referred to as the greenhouse effect.

= While visible light contributes to illummation, and UV rays have other effects such as
causing sunburns, it is the infrared radiation that plays a key male in heating the Earth's
surface and atmosphene

Thus. the correct answer i option (AL Infrared rays.

™ R — " ea——

| Infrared rays. which are emitted by the Sun, are responsible for heating the Eanth’s
surface. These rays have longer wavelengths than wisible hight and are essential 1n
mantaning the Earth’s warmth through the greenhouse effect.

8. The dimensions of (;0) =, where « is permittivity and ;i is permeability of a medium,
e TeSetee—— = -

are:
(A) (MOLIT-Y
(B) [AfVL3T-2)
(C) |MLEAT=Y
(D) (AP LT
Correct Answer: (B) [MOL777)
To find the dimensions of (ue) ', we first need to understand the dimensions of permitivity

(r) and permeability (42) in a medium. The permittivity of free spuce is given by the formula:

—M

|
J —
._.:_..Iu e —

where ;1% the permenbility of free space and « s the speed of light, The dimensions of ¢ are

given as;

] = (Mt g




The permeability of free space is given by:

and its dimensions are:

[p] = [MLT 2477

Now, we can find the dimensions of the product jee:

€] = [MLT2A~2 % [ML3T1A% = [MPL T2 A%

Therefore, the dimensions of (ue) ! are the inverse of these dimensions:

(ue) ™t = [MPL2T24% = [L*T ¥

Thus, the dimensions of (pe) ™! are:

(L2772

Step by Step Solution:
Step 1: Identify the formulas for permittivity and permeability:

1 N
T P el

Step 2: Determine the dimensions of permittivity:
e = [M1L73T4 4%
Step 3: Determine the dimensions of permeability:
) = [MLT2A7?

Step 4: Calculate the dimensions of theproductic:

(€] = [MLT 2A %] x [MTULT3TIA%) = (MOL 272 4Y)

Step 5: Find the dimensions of (jc) !
fpr_‘, ! =] |-1|l“|.|r.3‘j”_'2_-i_l'l[ s -1I|I.|IIII|-__JIIF -_ji
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To calculate the dimensions of a product or quotient of physical quantities, multiply or

divide their respective dimensions. For inverse quantities, simply invert the dimensions.

/

9. Which of the following electromagnetic waves has photons of largest momentum?
(A) X-rays
(B)Y AM radio waves
(C) Microwaves
(D) TV waves
Correct Answer: (A) X-rays — )
Solution: The momentum p of a photon is related to its energy £ by the formula:
F

=3
Where: - p is the photon’s momentum, - F is the energy of the photon, - ¢ is the speed of
light.

The energy of a photon is also related to its frequency v by:

E=hv

Where I is Planck’s constant. Combining the two equations, we get the momentum of a
photon as:
his

p=—
=

Since the frequency i is directly proportional to the photon's momentum, the wave with the
highest frequency will have the highest momentum.

- X-rays have the highest frequency among, the options listed ( compared 10-AM radio waves,
microwaves, and TV waves). - Therefore, X-rays have the photons with the largest
momentum.

Thus, the correct answer is option (A), X-rays.



A : its frequency. Since X-rays have
The momentum of a photon is directly proportional to its frequency. S
|

the highest frequency, their photons carry the largest momentum. _ ]

10. A compound microscope has an objective and an eyepiece of focal lengths f; and [,
respectively. To obtain a large magnification of a small object, the m icroscope should
have:

(A) fyand f small, and f, > f,

(B) fo and f. small, and f, > f.

(C) fo and f large, and f, > f,

(D) fi and f, large, and f; > fis

Correct Answer: (A) f; and f, small, and f, > f, - {‘])

Solution: The magnification M of a compound microscope is given by the formula:

1/ — angular magnification of the eyepiece magnification of the objective

1
~ The magnification of the objective is given by:
D
Jll.'rfﬁ e
fo

Where: - D is the least distance of distinet vision (usually taken as 25 cm). - fj 1s the foecal
length of the objective lens.
The magnification of the eyepiece is given by:
1)
.I'l“rr = —

1
Where f, is the focul length of the eyepiece.
To achieve large magnification. botl Juand [, should be small. The objective lens’s focal
length f; should be smull (o produce a larger magnilication, and the eyepiece’s focal length
[ should be slightly larger than o, sinee the eyepiece is used (o magnify the image formed

by the objective,



hus; 1o ohain 4 larze magnification, the microscope should have both f; and f. small, and

le = fy. Therefore, the correct answer is option (A).

- e . = ks o |

TNy ; 4 - - T
. a - | I. | 5 L
F L = - A = |

.

For a compound microscope, smaller focal lengths of the objective and eyepiece lead Lo
greater magnification. A larger focal length for the eyepiece compared to the objective

ensures un efficient formation ol a magmiied image.

11. Two coherent light waves, each having amplitude *a’, superpose to produce an
interference pattern on a screen. The intensity of light as seen on the screen varies
between:

(A) 0 and 247

(B) 0 and 4a*

(C) a* and 20°

(D) 2a° and 4a*

Correct Answer: (B) 0 and 4a° B (‘ )

Solution: In interference, the intensity of light varies depending on the phase difference

between the two coherent waves. The intensity of the resulting wave is given by the formula:

I =11+ Iz + 24/ 1115 cos(d)
Where: - [, and I, are the intensities of the individual waves, - ¢ is the phase difference

between the waves.

For waves with equal amplitude a, the intensity of each wave is proportional to the square of

the amplitude:

Thus, the total intensity becomes:

I = 2a* + 2a” cos(¢)

Now, the intensity varies with the phase difference . The maximum intensity occurs when

13



el el = |
— - . e urs when cos(i)
cos( o) = 1 (constructive interference), and the mimmuim intensity occ

(destructive interference),

- For maximum intensity (constructive interference):

a 4] v
Fopan = 205+ 2a” = lir

- For minimum intensity (destructive interference);
T = 2% — 2a% = 1)

Thus, the intensity of light varics between 0 and 44, which corresponds to option { BJ.

ey == ® et

‘ The intensity in an interference pattern depends on the phase difference between the
waves. Constructive interference leads to maximum intensity, while destructive inter-

ference leads to minimum intensity.

12. The Kinetic energy of an alpha particle is four times the kinetic energy of a proton.

The ratio ('i: ) of de Broglic wavelengths associated with them willbe:
(A) 15

(B) 1

(C)

(D)

Correct Answer: (C) !

Bt Ml

()

Solution: The de Broglie wavelength A of a particle is related to its momentum p by the

equation:

ool
'_U

Where: - lias-Planck’s constant, - p is the momentum-ofthe partiele.

Momentum is related to the kinetic energy IV and mass i by the equation:

Thus, the momentum can be expressed as:




= \fﬁraffx'

The de Broglie wavelength then becomes:

Il
V2mi

Now, we are told that the kinetic energy of the alpha particle is four times that of the proton:

A=

Ko = 4K,

The ratio of the de Broglie wavelengths is:

= B
a _ _.'.‘.-"21'?1.1 R

}LI‘ I

A 2y,

S

Simplifying this expression:

AV 2mp K, mpRG
"11-’ V EH'IIIF"FII - \-"ﬁ“rlrrrr

Since the mass of the alpha particle is four times that of the proton m,, = 4n,, and

K, =1k, we get:

Ao \fAmy 4Ky \/16muKy 4

Thus, the ratio of the de Broglie wavelengths is §. Therefore, the correct answer is option

(C).

Aa AT Kp vipRy 1

' The de Broglie wavelength is inversely proportional to the momentum of the particle.
Since the kinetic energy is proportional to the square of the momentum, the de Broglie

wavelength will be smaller for particles with higher kinetic energy.

13. Two statements are given, one labelled Assertion (A) and the other labelled Reason
(R). Select the correct answer from the codes (A), (B), (C), and (D) as given below.

Assertion (A): The impurities in p-type St are not pentavalent atoms.

15



Reason (R): The hole density in the valence band in a p-type semiconductor is almost equal

to the acceptor density.

(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) Both Assertion (A) and Reason (R) are false.

Correct Answer: (B) Both Assertion (A) and Reason (R) are true, but Reason (R) 15 not the

correct explanation of Assertion (A), ( :,)

Solution: - Assertion (A): In p-type semiconductors, the majority charge carriers are holes.
which are created by doping with trivalent elements (such as boron). not pentavalenl
elements. Pentavalent elements (like phosphorus) are used in n-type semiconductors to
provide extra electrons. Therefore, the assertion that impurities in p-type Si are not
pentavalent atoms is true.

- Reason (R} In p-type semiconductors, the acceptor atoms (such as boron) create holes in
the valence band. The number of holes generated is approximately equal to the number of
dcceptor atoms, leading to the conclusion that the hole density is almost equal to the acceptor
density. Hence, Reason (R) is also true,

However, Reason (R) does not explain Assertion (A) directly because the hole density in
p-type semiconductors being equal to the acceptor density is not related to whether the
dopant is pentavalent or trivalent. The assertion is about the type of dopant (trivalent for
p-type), while the reason is a property of the hole density in p-type materials.

Thus, the correct answer is option (B): Both Assertion (A) and Reason (R) are true, but

Reason (R) is not the correct explanation of Assertion (A),

In semiconductors, p-type doping involves adding trivalent elements (like boron), while
n-lype doping involves pentavalent elements (like phosphorus). The hole density in p-

I}JI]E Hﬁmiﬂﬂﬂdu{_‘[ﬂfﬂ h’-;, ncu["l}" I;,'!LJUL:I.I Lo the :.lL'L'C[Tmr d{.‘"ﬁi{}',
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14, T'wo statements are given, one labelled Assertion (A) and the other labelled Reason
(R). Select the correct answer from the codes (A), (B), (C) and (D) as given below.
Assertion (A): During the formation of a nucleus, the mass defect produced is the source ol
the binding energy of the nucleus.

Reason (R): For all nuclei. the value of binding energy per nucleon increases with mass

number.

(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) Both Assertion (A) and Reason (R) are false.

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

Solution: - Assertion (A): The mass defect in the formation of a nucleus is indeed the source
“of the binding energy. The mass defect refers to the difference between the mass of the
nucleus and the sum of the masses of the individual nucleons. This missing mass 1s
converted into binding energy according to Einstein’s equation £ = Amc®. Therefore,
Assertion (A) 1s true.

- Reason (R): The binding energy per nucleon does not continuously increase with mass
number for all nuclei. While it does increase with mass number for light nuclei, it reaches a
maximum value for medium-sized nuclei (around iron-56) and then decreases for heavier
nuclei. Thus, Reason (R) is false because the binding energy per nucleon does not increase

for all nuclei.

Therefore, the correct answer is option (C): Assertion (A) is true, but Reason (R) is false.

The binding energy per nucleon increases with mass number for light nuclel. but it

reaches a peak for medium-sized nuclei like iron. For heavier nuclei, the binding enerey

per nucleon decreases.



15. Two statements are given, one labelled Assertion ( A) and the other labelled Reason
(R). Select the correct answer from the codes (A), (B), (C), and (D) as given helow.

Two statements are given, one labelled Assertion (A) and the other labelled Reason (R).
Select the correct answer from the codes (A), (B), (C) and (D) as given below.

Assertion (A): The Balmer series in the hydrogen atom spectrum is formed when the
electron jumps from a higher energy state to the ground state.

Reason (R): In Bolr's model of the hydrogen atom, the electron can Jump between

successive orbits only.

(A) Both Assertion (A) and Reason (R) are true, and Reason (R) 1s 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) Both Assertion (A) and Reason (R) are false,
Correct Answer: (D) Both Assertion (A).and Reason (R) are false. "'(J )

Solution: - Assertion (A): The Balmer series in the hydrogen atom spectrum is formed when
the electron transitions from a higher encrgy state to the n = 2 energy level. not necessarily
the ground state. This is because the Balmer series corresponds to transitions where the final
state 15 n = 2, not n = 1, Therefore, Assertion (A) is false.

- Reason (R): In Bohr's model of the hydrogen atom, the electron can indeed jump between
any two allowed orbits, not just successive orbits, The electron can jump between any two
levels, provided that the energy difference matches the energy of the emitted or absorbed

photon. Therefore, Reason (R) is also false.

Thus, both Assertion (A) and Reason (R) are false, and the correct answer is option (D).

' In the Bohr model of the hydrogen atom, the electron can jump between any two orbits,

and the Balmer series corresponds to transitions where the final state is n = 2, not the

ground state n = 1.
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0. Assertion (A): In Rutherford's alpha particle scatterino experiment, the presence ol only
few alpha particles at angle of scattering = led him to the discovery of the nucleus.
Reason (R): The size of the nucleus is approximately 10~" times the size of an atom and

therefore only few alpha particles are rebounded.

(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) Both Assertion (A) and Reason (R) are false.

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

correct explanation of Assertion (A). — ['} )

Solution: - Assertion (A): In Rutherford’s alpha particle scattering experiment. he observed
that most of the alpha particles passed through the gold foil, but a few were deflected at very
large angles, some even rebounding. This led him to conclude that most of the atom is empty
space, with a small, dense nucleus at its center. This observation was crucial in the discovery
of the atomic nucleus. Hence, Assertion (A) 1s true,

- Reason (R): The reason for only a few alpha particles being deflected at large angles is that
the nucleus is extremely small compared to the overall size of the atom. The nucleus is about
107 times the size of the atom, so most of the alpha particles pass through the empty space
around the nucleus, and only a few collide with the dense nucleus, leading to large angle
scattering or rebound. Therefore, Reason (R) is also true and correctly explains Assertion
(A).

Thus, the correct answer is option (A): Both Assertion (A) and Reason (R) are true, and

Reason (R) is the correct explanation of Assertion (A).

19



sy . _ : g alph: icles at
In Rutherford’s alpha particle scattering experiment, the deflection of alpha part

I . . \ : ; ; size of
large angles provided evidence of the existence of a dense nucleus. The small .

the nucleus explains why only a few alpha particles were deflected significantly.

Section-B

17. The threshold frequency for a given metal is 3.6 »x 10" Hz. If monochromatic
radiations of frequency 6.8 x 10" Hz are incident on this metal, find the cut-off
potential for the photoelectrons.

- Threshold frequency, 14, = 3.6 x 101 Hz

- Frequency of incident radiation, v = 6.8 x 10'4 Hz

- Planck’s constant, h = 6.63 x 10734] . 5

- Charge of the electron, e = 1.6 x 10719 C

Solution: According to Einstein’s photoelectric equation:

Kmax = v —wp)

Where Ky is the maximum kinetic energy of the photoelectrons.

The kinetic energy of the photoelectrons is related to the cut-off potential Vewt-oit by:

j‘{m“ — l"V.:ul-an'
Therefore, we can write:

Vo

t:k':_;u[_”ﬁ' — I'rflllll‘l - f"”]

Tllb.i;liluuﬁg'lhe given values:

hit — ) —_ 1‘?

i

H cut-alf =

Substitute h = 6.63 x 107 J .5, 0= 1.6 x 107C, v = 6.8 x 10" Hz, and 1y = 3.6 x 10 Hy-

20



(6.63 x 107 % (6.8 x 10M — 3.6 % 10M)

1._ -off ~ - 1
yE=5il 1.6 x 10— /2*
v 6.63 x 1073 x 3.2 % 10!
cutolt = 1.G % 1019
2.12 % 10719 — 1]
AP o B [
ewoll = T g~ 13V =

Thus, the cut-off potential for the photoelectrons is 1.33 V.
w 1
The cut-off potential is obtained from the difference between the frequency of the inci-

i dent light and the threshold frequency. The greater the frequency difference, the higher

the energy of the emitted photoelectrons.

18. (a) A point object is placed in air at a distance £ in front of a convex surface of
radius of curvature 77, separating air from a medium of refractive index n (where

1 < 1. Find the nature and position of the image formed.

Solution:

The focal length f of a spherical surface separating two media is given by the formula:

ng — N1 Tia
f R

where: - ny = n (refractive index of the medium), - n; = 1 (refractive index of air), - B is the

radius of curvature of the convex surface.

Substituting the values:

Now, using the mirror equation:



| B

f H 1
- ! [ ' i 3 ' e need to find).
Where: -« = _':{iEi (objeet distance), - ¢ is the image distance (which we nced
Substituting « — — % and f = et
) 1~
I L. 3
T T
n—|
Solving {or 1
/
Rin—1) 9 -
”
3n—4

Thus. the position of the image is given by:

Ein-1)
an—4

This gives the image position based on the refractive index n and the radius of curvature £,

V=

In problems mvolving spherical surfaces, always apply the mirror equation carefully,
and remember to use the sign convention for distances. The focal length for a spherical

surface separating two media can be derived using the lens maker’s formula.

(h) In Young’s double slit experimental set-up, the intensity of the central maximum is
fy. Calculate the intensity at a point where the path difference between two interfering

waves is )j‘

Solution:
The intensity in Young’s double slit experiment is given by:

A e
(V) g

/ lyros® A

Where: - [y is the intensity of the central maxinun, - A is the path difference between the
two waves, - A is the wavelength of the light.

Giiven that the path difference Ay — 1. we substitute this into the cquation:
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Pt |
I = fuf'uﬂz (“ I '{) — '/
}I. 2—-—-"'"

Simp]if}-ing:

Since cos {%) = =, we gel:

i
(=

1=

1n* Iy
r=H(5) =4

Thus, the intensity at the point where the path difference is % is:

;:I_" f/i?.-—r
1

8
1

| In Young's double slit experiment, the intensity at any point depends on the path differ-
ence between the two waves. If the path difference is a fraction of the wavelength, the

: a \ - . o |
.I intensity can be calculated using the formula [ = Iy cos™ q%)

19. A voltmeter of resistance 1000 Q can measure up to 25 V. How will you convert it so

that it can read up to 250 V?

Solution:

To convert the voltmeter so that it can measure up to 250 V, we use a series resistor.

Let the series resistance be /., and the total resistance should be such that the voltmeter can
measure 250 V when the original meter reads 25 V.

Using the formula for voltage division:

. ‘; EI'l'lls!I.-:r 1/
1.-" o = 1 finz ] e
e R Rionge =T 22—

Where: - View is the new voltage range (250 V), - Vi 18 the original maximum voltage (25

V). = Feer 18 the resistance of the voltmeter (1000 ).
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We can rearrange the lormula to solve lor fg:

250 1000 v
25 1000 + . 1~
Simplifying:
1000

1000 + A,
Now, solve for I'.:

'I
10(1000 + Hg) = 1000 /1,.
10000 + 108, = 1000
10R; = 1000 — 10000 = 9000

\
R, = QDDIJ £l , >

Thus. the required series resistance is 9000 ().

- ———

-

B e b R B e e Sl e e e e

aam S B I

e i e e gl e S TraCeh s S

To extend the mltagt, range of a voltmeter, a series resistor is used. The ‘r-lI'LlL of the

series resistor is calculated by the voltage division rule. Make sure to use a resistor with

appropriate power rating to avoid overheating.

= e

H 3 & & " 1 iTo] H 2'1-'-1 ] " E A0 i
20. When a neutron collides with 21U, the nucleus gives 21"Xe and }!Sr as fission
products, and (wo neutrons are cjected. Caleulate the mass defe

wi tre ¢t and the energy
released (in MeV) in the process. Given: o - -

235 YT F ¢
misz U) = 235.00393u.  m(}'Xe) = 130.92164u,  m(MSr) = 93.91536 u. m(in) = 1.00866 .

I u=931 MeV/c?



Solution: [n this fission process, the total mass before and after the reaction changes. The

lotal muass defect Am is the difference between the mass of the fission products and the initial

Miss,

Am = m(Initial mass) — mm(Final mass)

The initial mass is the mass of the 71U nucleus plus the mass of the neutron:

Minitial = m{ﬁ%ﬁUj +”7-{{11”-}

Substituting the given values:

Minitial = 235.04393 + 1.00866 = 236.05250 u I,

The final mass is the mass of the fission products (the }{"Xe and 1Sr nuclei) plus the mass

of the two neutrons:

Winal = m{;gjﬂ}{e] + m[?ﬂSr] +2 % m.{[_lm} I S

Substituting the given values:

Miinal = 139.92164 + 93.91536 + 2 x 1.00866 = 235.85432u

Now, the mass defect is:

Am = 236.05259 — 235.85432 = 0.19827 u Vo

To find the energy released, we use the equivalence £ = Am x 931 MeV /¢2:

[5 = 0,19827 x 931 = 184.50 MeV Vo

Thus, the-energy released in the process is| 18459 |MeV.



) L .. e o o X initial nu-
The mass defect in a nuclear reaction is the difference in mass between the | |
[

H FE LA = . 1 " 2 in[ﬂ
-| cleus and the sum of the masses of the products. This mass defect 1s converted
Am = 931 MeV /%

energy. which can be calculated using the equation /2

21. The resistance of a wire at 25°C is 10.0 12, When heated to 125°C, its resistance
becomes 10.5 £2. Find (i) the temperature coefficient of resistance of the wire, and (ii)

the resistance of the wire at 425°C.

Solution:

The temperature dependence of the resistance of a conductor is given by the formula:

I'Eﬁ = Rg}{] T r’I{f- -—— f.'”” )2..--'

Where: - Ry is the resistance at temperature t, - Ry is the resistance at a reference
temperature fy. - a is the temperature coefficient of resistance, - { is the temperature at which
the resistance is measured, - .15 the reference temperature. H—

Given: - I2y = 10.09 (resistance at 25°C), - Rys5 = 10.5Q (resistance at 125°C), - tg = 25C. -
bi=1250

(1) To find the temperature coefficient of resistance «:

Using the formula:

Ry = Ru.,:l | r'r[lﬂﬂ = 25)} = r./z,..-

Substitute the known values:

10.65 = 10.0[1 + af 100}

Emplif_'}*ing:

LD = 1+ 1000

Solving for «:
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100 = (105

RAH
= — (0, 0005 per?C
T P

Thus, the temperature coefficient of resistance is o = 0.00045 per”C.

(ii) To find the resistance of the wire at 425°C, use the formula again:

Rias = Ry|l + (425 — 20)]

Substitute the known values:

1
Razs = 10.0[1 + 0.0005(425 — 25)] s
Ryas = lﬂ.ﬁll + 0.0005 = 4:[][}]

S Ryos = 10.0[1 + 0.2} ==

\/
Riss = 100 x 1.2 =12.0Q -

Thus. the resistance of the wire at 425°C 1s 12.012.

To calculate the resistance at a different temperature, use the formula £ = Ro[l +a{t — |

to)], where « is the temperature coefficient of resistance. This formula assumes the |

material's temperature coefficient is constant over the given temperature range.

Section-B



i ;emi . and insulators
22. (a) Draw the energy-band diagram for conductors, semiconductors,

i i i i ym
at T = 0 K. How is an electron-hole pair formed in a semiconductor at roc

temperature?

Solution:

‘H{,Lr

CONDLUCTORS

:1[-,"'.!||.'L_}\['|I CTORS h I:m LT

AL T = 0K, the energy bands for conductors, semiconductors, and insulators can be
described as follows: J
- Conductors: In conductors, the conduction band overlaps with the valence band, meaning } 4
electrons can freely move in the material, allowing electrical conduction even at absolute

zero lemperature,

small energy gap (band gap) between the valence band and the conduction band, At T — 0 K.

no electrons are in the conduction band. "/

- Insulators: In insulators, the band gap between the valence band and conduction band is
large, and electrons cannot move to the conduction band at 7' = 0 K, preventing conduction,
At room temperature {(above 0 K), thermal energy excites some electrons from the valence
band to the conduction band, leaving behind holes in the valence band. This creates }/
electron-hole pairs. These electron-hole pairs are responsible for electrical conduction in LF

semiconductors,
Energy Band Diagram at T =0 K:
Conductors:  No band gap, conduction and valence bands overlap.

Semiconductors:  Small band gap, electrons at absolute zero fill the valence band, conduction band |

Insulators:  Large band gap, electrons are in the valence band.
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In semiconductors, at room temperature, the thermal energy excites some electrons from
the valence band to the conduction band, leaving behind holes. This forms electron-hole

pairs, which contribute to electrical conduction.

(b) Carbon and silicon both are members of the IV group of the periodic table and have
the same lattice structure. Carbon is an insulator whereas silicon is a semiconductor.

Explain.

Solution:

While both carbon and silicon are in the same group of the periodic table and have similar

lattice structures, their electrical properties differ significantly.

- Carbon: In diamond (a form of carbon), the atoms are bonded in a three-dimensional lattice
where each carbon atom forms four covalent bonds. This results in a large band gap between { ]
the valence band and the conduction band. The large band gap prevents electrons from gasily &
moving to the conduction band, making diamond an insulator.

_Silicon: Silicon also forms 4 similar covalent lattice, but the band gap between the valence

hand and conduction band is smaller compared to carbon. At room temperature, some

electrons in silicon can gain enough energy to move into the conduction band, making it a
semiconductor.

Thus, the main difference between carbon and silicon is the band gap: carbon has a large

band gap (insulator), while silicon has a smaller band gap, allowing it to conduct electricity

under certain conditions (semiconductor).

The electrical propertics of a material depend largely on the size of its band gap. Ma-
terials with Tirge band gaps are insulators, while those with small band gaps are semi- |

conductors, ,

23. A parallel plate capacitor has plate area A and plate separation . Half of the space

29



o . : i . e " in two ways as shown
between the plates is filled with a material of diclectric constant /7 in t ay

. . anact in the two cases.
in the figure. Find the values of the capacitance of the capacitors in tl

N

-
—_ o
P

(it

Solution:
For a parallel plate capacitor, the capacitance ' is given by:

{"[].’1
d
is the permittivity of free space, - A is the area of the plates, - d is the separation

C =

where: - ¢,
between the plates.
When & dielectric is inserted between the plates, the capacitance increases by a factor of K,

the dielectric constant, The cases can be analyzed as follows:
= e ———— === =
Case (a) In this case, the capacitor is filled with the dielectric constant /" in half of the space

between the plates. We treat the capacitor as two capacitors in series, one filled with the

dielectric and the other without it,

- The first capacitor has a dielectric material with constant K and a distance of 5. - The
second capacitor has no dielectric material and also has a distance of ¢,

The capacitance of the first capacitor is:

KeAd  2Ke4 My
o2 T 4

The capacitance of the second capacitor is:

r||.'l '.:Ir'||.'i '1.
b a2 T
f.I'IfJ i )

Since the capacitors are in series. the total capacitance is:

s



hnh&lituting the values of ) and C'y:

L. .1 1
C = WA T
il i
Simplifying;
| il il

= |-
thn."l '..Jfrn."‘i

{ 1
T : (__.- I E)
.Zruzi I

i

0] =

Thus, the total capacitance is:

r.rzzf{]z'l( e ) ‘/2__.

d K+ 1

Case (b) Tn this case. the entire space between the plates is filled with the dielectric material

with dielectric constant K. The capacitance is simply:

KA |
sl

7] [

When dielectric materials are inserted between the plates of a capacitor, the capacitance

increases. For a parallel plate capacitor with different dielectric materials, we can use

series and paralle] combinations depending on the geometry of the dielectric placement.

24. In Young’s double slit experiment, the separation between the two slits is 1.0 mm
and the screen is 1.0 m away from the slits. A beam of light consisting of two

wavelengths, 500 nm and 600 nm, is used to obtain interference fringes. Calculate:

(a) The distance between the first maxima for the two wavelengths.

Solution:

In Young's double slit experiment, the distance between the maxima is given by the formula:
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l/L

Where: - g, is the distance between the ™ maxima and the central maximum, - m is the

Al
Vo=~
ol

order of the maxima (for first maxima. 1 — 1), - A is the wavelength of the light, - [7'is the
distance between the slits and the screen. - o is the separation between the slits.

For the two wavelengths:

= A =300nm = 500 x 10 "m, - Ay GOOAmM = 600 % 10" m, - D — 1.0m, -
d=1.0mm= 1.0 x 10 3 m.
The distance between the first maxima for the two wavelengths:
For Ay = 500 nm:
1 x 500 %1079 x 1.0 . J}
- =50% 107 'm = 0.5mm 2

1 ~
vl 1.0 x 10-2

For \s = 600 nm:

1% 600 x 1079 x 1.0 3
Y = 10 x 103 =6.0x 10 "m = 0.6 mm

The distance between the first maxima for the two wavelengths is;

ﬁyzw—:.-;1=D.ﬁmm-ﬂ.5mm=ﬂ.lmm 1/2,._

Thus, the distance between the first maxima for the two wavelengths is 0.1 mm.

(b) The least distance from the central maximum, where the bright fringes due to both

the wavelengths coincide.

Solution:
For the bright fringes to coincide, the path difference for the two wavelengths must be an

integer multiple of both wavelengths. This condition occurs when the path difference is
equakto the least common multiple (LCM) of the-wavelengths.
The condition for constructive interference is:
Ay=mA =ni v
2

Wherc m and y yre inteceers,

ad
I~



To R TS (et G : : -

ind the least distance where both wavelengths give bright fringes at the same position, W
Need to find the least common multiple (LCM) of the two wavelengths
The LCM of 500 nm and 600 nm is 3000 nm, which corresponds to the first coincidence.

Now, using the formula for the distance between frin ges:

IRy S
_.r-f_

Substituting for A — 3000nm = 3.0 = 10" m, D = Lom,andd 102 10 *me

i

_1x 30 x 10 By 1.0
IS 10 x 108

Thus, the least distance from the central maximum where the bright fringes due to both

= 3.0 % 107%m=3%.0mm [

wavelengths coincide is 3.0 mm.

In Young's double slit experiment, the separation between maxima for different wave-
lengths is directly proportional to the wavelength. The least distance where the bright

fringes coincide is obtained when the path difference is a multiple of both wavelengths.

25. Differentiate between half-wave and full-wave rectification. With the help of a
circuit diagram, explain the working of a full-wave rectifier.

Solution:

Difference between Half-Wave and Full-Wave Rectification: ( A‘U fw 0 ik m q
%

- Number of Diodes: Half-Wave Rectifier uses | diode, while Full-Wave Rectifieruses 2 /5

diodes. 4
- Operation: In Half-Wave Rectification, conduction oceurs during one half cycle of the AC |
input, whereas Full-Wave Rectification uses both positive and negative half cycles for /!
conduction. - =

- Efficiency: Half-Wave Rectification has a lower efficiency ol 40.6%, while Full-Wave

Rectification has a higher efficiency of 81.2%.
- Output: Half-Wave Rectification produces pulsating DC with gaps, whereas Full-Wave

Rectification produces smooth DC with no gaps.
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- Peak Inverse Voltage: In Half-Wave Rectification, the peak inverse voltage is higher.
whereas it is lower in Full-Wave Rectification.

Working of a Full-Wave Rectifier:
A full-wave rectifier consists of two diodes arranged in a bridge configuration. When an

alternating current (AC) signal is applied to the input of the rectifier, both positive and
negative cycles of the AC signal are used [or rectification. During the positive half cycle, one j
diode conducts and the current flows through the load resistor in one direction, while during

the negative half cycle, the other diode conducts and the current flows in the same direction

through the load resistor.

Full-wave rectifiers are more efficient than half-wave rectifiers as they use both halves

ol the input AC waveform.
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26. An electron of mass i and charge —¢ i revolving anticlockwise around the nucleus

of an alom.

(a) Obtain the expression for the magnetic dipole moment y1of the atom.

Solution:

The magnetic dipole moment y due to the revolving electron iy given by:

p=1rI-A
Where: - [ is the current associated with the moving clectron, - A is the area enclosed by the

orbit of the electron.
Step 1: Current due to the electron The electron is moving in a circular orbit, so the current is
defined as the charge passing through a point per unit time. The time period T of the

electron’s revolution is the time it takes to complete one full revolution around the nucleus.

The frequency of the electron is:

= 1}2,

-z o T - - 4

where: - v is the velocity of the electron, - r is the radius of the orbit.

The current 7 is given by:

e ey 1}1__
2ar

Srr T

f:

[
/iy
Step 2: Area enclosed by the orbit The area A enclosed by the electron’s orbit is the area of a

circle:

b ]
A=are

Step 3: Magnetic dipole moment Now, the magnetic dipole moment is:

; |
d= A (l)-[.n-'—'} il /2

2nr 2

Thus, the expression for the magnetic dipole moment of the atom 1s:

A r; l)z.-
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(b) If I is the angular momentum of the clectron, show that ji = — (2{'5} L

Solution:

The angular momentum of the electron [; is given by:

L. e Vi..-

Now, substitute »+ from this equation into the expression for the magnetic dipole moment:

enr 2 [ ] & f V
it = —(— = —— o \r) = —— - [, 3
f 2 2m 2m
Thus. we have shown that:
2 & o
b=———"21_
2m

) i

| = x . = i, e S R =— AET

In the case of an elentmn moving in a circular orbit, the magnetic dipole moment is
proportional to the angular momentum of the electron. The negative sign indicates tha[

the direction of the magnetic dipole moment is opposite to the direction of the Etl'l'!’ll]'ll‘

momentum due to the negative charge of the electron.

27. A rectangular glass slab ABCD (refractive index 1.5) is surrounded by a
transparent liquid (refractive index 1.25) as shown in the figure. A ray of light is
incident on face AB at an angle i such that it is refracted out grazing the face AD. Find

the value of angle /.
1 F

.-15__ |_H'} k- ] )

—

e ——



Solution:

We use Snell’s law to solve this problem, which relates the angle of incidence and refraction

between two media:

sy = g sin fy j/L'

Where: - 1y and ns are the refractive indices of the two media, - 0 is the angle of incidence
in the first medium, - f is the angle of refraction in the second medium.

Step 1: Conditions for Grazing Refraction At the glass-liquid interface, the ray is refracted
out grazing the face AD, meaning the angle of refraction at the glass-liquid interface must be
a0°.

Step 2: Using Snell’s Law at the Glass-Liquid Interface - The refractive index of glass is 1
Ngtass = 1.3, - The refractive index of the liquid 18 nyquq = 1.25, - The angle of refraction

Ay = 90°.

Using Snell’s Law at the interface:

. i |
Ttolass SIN i = flliquid sin 90° / o
I —————— T 1 - e —
. !
1.5s8ini = 1.25 /2
R
St = ——
1.5
S B
smt = G Vg__

1

Step 3: Calculating the Angle Now, calculate the angle of incidence i:

/
i sin l(r) == 5, 441° 2-

Thus, the angle of incidence ¢ = 56417,
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. ; i i s AT 1 used to
For grazing refraction, the angle of refraction is 90°, and Snell’s law can be

determine the angle of incidence in the first medium.

28. (a) Two small solid metal balls A and B of radii 1t and 2/? having charge densities 2
and 3 respectively are kept far apart. Find the charge densities on A and B after they

are connected by a conducting wire.

Solution:

Let the charge densities on balls A and B before connecting by the wire be 74 and 75, and
after connecting the wire, let the charge densities be o'y and o'
The nitial charge densities are given as: - On ball A: 04 = 2-On ball B: 5 — 3

Step I: Initial Charges on Balls The charge on a spherical ball is given by the formula:

Q=0 A=0c-dnr’

Where: - 7 is the radius.of the ball. - ¢ is the surface charge density. - 4 = 4702 is the surfuce
area of the ball.
Thus, the initial charges on A and B are:
For ball A:
Qa=04-47R* = 2. 47 R* = 872

|
/s
For ball B:

Qp =0p-47(2R)* =3 4n(4R?) = 487 >
Step 2: Total Charge and Conservation of Charge When the balls are connected by a
conducting wire, they will share charge until they reach the same potential. Since the

potentials on the balls must be the same, we use the formula for the potential on a spherical
ball:
=2
"

Where: - I is Coulomb’s constant, - (2 is the charge on the ball, - r is the radius of the ball.
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Let the charges on balls A and B after the connection be ¢y and Q. Since the potentials

must be the same:

kQy  RQ
k- on

Simplifyving:

| 1
Q= Ergj., /2.

Step 3: Total Charge After Connection The total charge before the balls were connected is:

- r ’ . o !
Quowt = QA + Qp = 8w R? + 487 R = 567112 /s
Since charge is conserved. after the balls are connected, the total charge is the sum of the

charges on the two balls:

Q4+ Q'y = 567 R?

Using the relation @', = 1@, we substitute into the above equation:

e = =SS s — e

1 .
5Qp+Qp = 56m R L
3
EQ:B = 56 R

. 2 .
Qg = 3 56 R? = 3733 R*
Thus, the charge on ball B is (), = 37.33r ™.
Now, using Q', = Q'

|

(s = = 37337 = 18.6Tn R -
Step 4: Final Charge Densities Finully, the charge densities on A and B are given by:
For ball A:
()’ |8.GTm I '
gl = —tl : 7 a_
A b [1? b 2 0 /
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For ball B:
J

_ (' e i i }?--*

B RRE T (6

= g = TP P - F.:-' VT o=
Thus, the charge densities alter the balls are connected by the wire are: - @y 167

r

oy =233

4]

When two conductors are connected by a wire, the final charge densities are determined
by the conservation of charge and the condition that the potentials on both spheres are
equal. The radius of the spheres plays a crucial role in determining the final charge

densities.

28. (b} Two infinitely long straight wires ‘1’ and ‘2’ are placed « distance apart, parallel
to each other, as shown in the figure. They are uniformly charged having charge
densities )\ and — ”: respectively. Locate the position of the point from wire 1’ at which
the net electric field is zero and identify the region in which it lies.

1 2

Region| Region | Region
A B3 (

— il —3j

Solution:

A4



We are given two infinite straight wires with charge densities: - Wire |: Charge density A -
Wire 2: Charge density —3.
We need to find the position of the point from wire | where the net electric field is zero.
Step 1: Electric Fields Due to Infinite Wires The electric field at a distance r from an
infinitely long charged wire with charge density A is given by:

|
- /2

v

| T =s

Where: - k. is Coulomb's constant, - A is the charge density of the wire, - r is the distance

from the wire.

For wire 1 (charge density A), the electric field at a point at a distance = from wire 1 is:

_ 2he) Yy

For wire 2 (charge density — 3"} the electric field at a distance (d — x) from wire 2 is:

4

A |
N e ) e
- d—x d—zx

Step 2: Condition for Zero Electric-Field-For the electric field to be zero at some point, the
magnitudes of the electric fields due to the two wires must be equal and opposite in direction.

Thus, we set the magnitudes of £ and E» equal:

2k EeA f/
= 2-
T d—mx
Simplifying:
2 1,
r d-—m
Cross-multiply:
Ad —a) = a -
2d — 2r =2

4]



Pl = Ax

)
2d Ib
ip— -
3
. . o of 20 from wire 1.
Thus. the point where the electric field is zero is at a distance ol 5 from wire
=" i i - W 1ine il ich is the region )

Step 3: Identifying the Region - The distance a = 7 lies in Region B, whic & Vs

: . ] : =2 s alenirie field is zero lies in Region B.
hetween the two wires. - Therefore, the point where the electric field is zer g

' = H &
& et ; B e s il S Rl B8

' The clectric field due to an infinite charged wire decreases with distance from the wire.
l For two wires with opposite charges, the electric fields will cancel each other out at a

point where the magnitudes are equal but opposite in direction.

Section-D

29. Read the following paragraphsand-answer the questions that follow. IR
A galvanometer is an instrument used to show the direction and strength of the current

passing through it. In a galvanometer, a coil placed in a magnetic field experiences a torque
and hence gets deflected when a current passes through it. The name 1s derived from the
surname of Italian scientist L. Galvani, who in 1791 discovered that electric current makes a
dead frog’s leg jerk. A spring attached to the coil provides a counter torque,

In equilibrium, the deflecting torque is balanced by the restoring torque of the spring, and we

have:

NBAL = b

where
* N is the total number of turns in the coil
* Ais the arca of cross-section of each turn
* [3 15 the radial magnetic field
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* It is the torsional constant of the spring

* ¢ is the angular deflection of the coil

As the current ([,) which produces full scale deflection in the galvanometer 15 very small, the

ealvanometer cannot as such be used to measure current in electric circuits, A small

resistance. called shunt, of a suitable value is connected with the galvanometer to convert 1l

into an ammeter of desired range. By using a higher resistance, a galvanometer can also be
converted into a voltmeter.

(i) The value of the current sensitivity of a galvanometer is given by:

r F‘.
(A) x93
{.B\I _-\-‘a'f.-i
() l'ﬂ-l
LN B
(DyE42

Correct Answer: (B) ~5= ‘"“TBA (1)

Solution: The current xensumty of a galvanometer is defined as 1]1:: deﬂ;.-:nun produced per

e — = z

unit current, and the expression for it is:

— NEA
Current Sensitivity = ==

Where: - | is a constant that depends on the galvanometer, - N is the number of turns in the
coil. - 17 is the magnetic field, - A is the area of the coil.

Thus, the correct option is lfid

The current sensitivity of a galvanometer indicates how much deflection occurs per unit
current. It is directly proportional to the number of turns of the coil, the magnetic field

strength, and the arca of the coil.
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(i) A galvanometer of resistance 6 ©2 shows full scale deflection for a current of 0.2 A.

The value of shunt to be used with this galvanometer to convert it into an ammeter of

range (0 -5 A) is:

(A)0.25 0
(B) 0.30
(C) 0.50 ©
(D) 6.0 0

— )

Correct Answer: (A)0.25 O

Solution:
To convert a galvanometer into an ammeter, a shunt resistor is connected in parallel with the

galvanometer. The value of the shunt resistor is calculated using the following formula:
I Ve
max =
Ity

Where: - I, is the full-scale current for the ammeter, - Vg is the voltage across the

calvanometer-at-full-seale:~ A, is the resistance of the galvanometers-===

For a galvanometer with resistance fty = 641 and full-scale deflection current [ = 0.2 4, the

voltage across the galvanometer is:

Ve=1I By =02x6=12V

Now, to convert this galvanometer into an ammeter of range (0 — 5 A), the voltage across the

galvanometer must remain the same, and the current that passes through the shunt resistor

should be:

oy
fppax = 9 A

The current through the shunt resistor, /,, will be:

Iy = lpax —Ig =9—02=484

The value of the shunt resistor 7 can be calculated using Ohm’s law:
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Thus. the value of the shunt resistor is (.25 €0,

| Quick Tip AT

[_. -‘.-I =S - - = |.--.|.|l--——-‘"'h._.- - -

To convert a galvanometer into an ammeter, the shunt resistor is used to bypass the
excess current. The value of the shunt is determined based on the maximum current Lo

be measured and the full-scale deflection current of the galvanometer.

(iii) The value of resistance of the ammeter in case (ii) will be:

(A) 0,20 ©2
(B) 0.24 ¢
(C)6.00

(D) 6250

Correct Answer: (B) 0.24 Q e e 1) )

Solution: In part (ii), we calculated the value of the shunt resistor to be (.25 2. Now, we
need to calculate the total resistance of the ammeter, which consists of the galvanometer
resistance and the shunt resistor in parallel.

The total resistance Ry of the ammeter is given by the parallel combination of the

galvanometer resistance 2, and the shunt resistance Hs:

1 1 1

R B B

Substituting the values 17, = G$2 and 7y = 0,254k




I\ al % = (1.24 0

Thus. the total resistance of the ammeter is (.24 ¢,

I When combining resistors in parallel, the total resistance is always less than the smallest
individual resistance. For an ammeter, the total resistance is determined by the parallel

| combination of the galvanometer resistance and the shunt resistor. |

S

(iv)(a) A galvanometer is converted into a voltmeter of range (0 — V) by connecting with
it, a resistance 7). If 17 is replaced by 75, the range becomes (0 — 2 V). The resistance

of the galvanometer is:

(A) R> — 21,
(BY 2 — Ry
l'C:I'.f'ﬁ + Ha =

(D) Ry — 2R»
= [‘|)

Correct Answer: (C) By + R

Solution:
The resistance of a galvanometer is f2,, and to convert it into a voltmeter, we add a series

resistance. The range of the voltmeter is given by:

V=1, (By+R)

Where: - | is the range ol the volumeter, - /,, is the current at full scale deflection for the
galvanometer, - 17, is the resistance-of the galvanometer, - [i is the series resistance added.
For range (0 - 1, the series resistance is 7y, so the total resistance is 2, + /). For range
0 — 2V, the series resistance is /12, so the total resistance is B, + 1.

Since the voltage is doubled when /¢ is replaced by Iy, we have:
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Ry + Ha
fE'.H + I

Solving for R,:

Ry + Ra=2(R, + 1)
Ry + By =20, + 21

Ry = Ry + 2R,

Thus. the resistance of the galvanometer is:

HE;, = Rs —2H;

Therefore. the correct answer 1s iy — 2H;.

— S e e L Sl il sl

When converting a galvanometer into a voltmeter, the series resistance affects the range.
The relationship between the resistance and the range is linear, and the resistance of the

galvanometer can be derived from the change in the series resistance.

OR.
(b) A current of 5 mA flows through a galvanometer. Its coil has 100 turns, each of area

of cross-section 18 cm? and is suspended in a magnetic field of 0.20 T. The deflecting

torque acting on the coil will be:

(A) 3.6 % 107" Nm_
(B) 1.8 x 107" Nm
{C)2.4 % 10" Nm
(D) 1.2 x 107! Nm

Correct Answer: (B) 1.8 x 107" Nm ~(
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Solution:

The deflecting torque T on a coil in a magnetic field is given by the formula:

T =nBAS

Where: - n is the number of turns, - 13 is the magnetic field strength, - A is the area of the

coil, - I is the current flowing through the coil.

o g . : 1 0
Substituting the given values: - n = 100, - B = 0.20T, - A = 18cm? = 18 » 1 "m?, -
I=5mA =5x 107%A,

The torque 1s:

T=100%020x%x18 x 1074 % 5 % 10~

T=18x%10"*Nm

Thus, the deflecting torque acting on the coil is 1.8 x 10~4 Nm.

The deflecting torque on a coil in a magnetic field depends on the number of turns. the
magnetic field strength, the area of the coil, and the current flowing through it. The

formula "= nBAI is used 1o calculate the torque.

30. Read the following paragraphs and answer the questions that follow.

Einstein explained the photoelectric effect on the basis of Planck’s quantum theory, where
light travels in the form of small bundles of energy called photons. The encrgy of each
photon is /i, where i is the frequency of incident light and / is Planck’s constant. The
number of photons in a beam of light determines the intensity of the incident light. A photon
incident on a metal surface transfers its total energy A 1o a free eleciron in the metal. A part
of this energy is used in ¢jecting the electron from the metal and is called its work function.
The rest of the energy is carried by the ejected clectron us its kinetic energy.

(i) Which of the following graphs shows the variation of photoelectric current / with the

intensity of light?
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Correct Answer: (A) Linear increase of current with intensity

Solution:

In the photoelectric effect, when light of frequency higher than the threshold frequency is
incident on the metal surface, photoelectrons are ejected. The number of photoelectrons
emitted is directly proportional to the intensity of light because intensity represents the
number of photons striking the surface per unit time.

The photoelectric current [ is proportional to the number of photoelectrons emitted, which in
turn is directly proportional to the intensity of light.

Thus, the graph of photoelectric current I with intensity of light is a straight line, as shown in

Gpoon (M) R

B is - T NN e :
= g & I £ . = = E - .n-u'-i..".l't.-'---'-_—:;ﬁ:-
P P M= I SO T WM -RCs 3. - Bl S

T

In the photoelectric effect, the intensity of light determines the number of photons and

ke b O bl

thus the number of ejected electrons, leading to a linear increase in the photoelectric

current with the intensity,

(ii) When the frequency of the incident light is increased without changing its intensity,

the saturation current:

(A) increases linearly
(B) decreases
(C) increases non-linearly

(D) remains the same

Correct Answer: (D) remains the same Bt (‘, )
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Solution:

In the photoelectric effect, the saturation current depends on the number of photoelectrons

emitted. which is determined by the intensity of the light. The saturation current I8
independent of the frequency of the incident light, as long as the frequency is above the

threshold frequency required to eject electrons,

When the frequency of the light is increased (above the threshold frequency) without
changing its intensity, the energy of each photon increases, but the number of photons (and
hence the number of ejected electrons) remains the same because the intensity (which 1s
related to the number of photons) is unchanged. As a result, the saturation current remains

the same.
Thus. the correct answer is (D); The saturation current remains the same.

The saturation current in the photoelectric effect depends on the intensity of light, not
its frequency. Increasing the frequency (above the threshold frequency) does not change

the saturation current, but increases the energy of each emitted photon.

(iii) Which of the following graphs can be used to obtain the value of Planck’s constant?
(A) Photocurrent versus Intensity of incident light

(B) Photocurrent versus Frequency of incident light

(C) Cut-off potential versus Frequency of incident light

(D) Cut-off potential versus Intensity of incident light

Correct Answer: (C) Cut-off potential versus Frequency of incident light —_ rl)

Solution:

According to Einstein’s photoelectric equation:

J".J'A. — hf — i)

Where: - ), is the kinetic energy of the emitted electrons, - /i is Planck’s constant, - f is the

frequency of the incident light, - ¢ is the work lunction of the material,
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The cut-off potential Vo is related to the maximum kinetic energy by:

Er = eV

is prnpur‘nimml to the frequency of the incident light. The graph of

Thus, the cut-off potential
e slope of this line

Vo (cut-off pntentinl‘} versus [ ( frequency) will be a straight line, and th

will give the value of Planck’s constant /i.

m ! — -

To determine Planck’s constant experimentally, a graph of cut-off potential versus fre-

es Planck’s constant.

e —

quency of incident light can be plotted. The slope of this graph giv
L

(iv)(a) Red light, yellow light, and blue light of the same intensity are incident on a

metal surface successively. (g, Ky, and K g represent the maximum Kkinetic energy of

photoelectrons respectively, then:

l,_,—"'\._] _I‘_s_-h- = j'!:]' = ..HB E———
(B) Ky = Kp > Kp
(C) Kg = Ky = K

(D) Kg > K > Ky

—(1)

Correct Answer: (C) K > Ky > Kg

Solution:

According to Einstein’s photoelectric equation:

Kiax = v — @
where Iy 18 the maximum Kinetic energy of the emitted photoelectrons, ft is-Planck’s
constant. ¢ is the frequency of the incident light, and ¢ is the work function of the metal.
Since the intensity of the light is the same for all three colors. the only factor influencing the
kinetic energy is the frequency of the incident light. The energy of a photon is given by

5= hw, 80:



- Red light has the lowest frequency, hence the lowest energy per photon, and thus the lowest
kinetic energy of the emitted electrons. - Yellow light has a higher frequency and energy per
photon compared to red, so the kinetic energy will be higher than for red. - Blue light has the
highest frequency and energy per photon, so the kinetic energy of the emitted photoelectrons

will be the highest.

Thus, the kinetic energies follow the order:

ﬂ-;j b, 1'.‘1-}' - f‘v._lr,-
Therefore. the correct answer is (C): Kp > Ky > Kp.

Wik Tin e e e
ECiCs gk SRS Ao e .

| The kinetic energy of photoelectrons increases with the frequency of the incident light,
provided the light has energy above the work function of the material. Higher frequency

light (blue) leads to higher kinetic energy than lower frequency light (red).

(b) Which of the following metals exhibits photoelectric effect with visible light?
(A) Caesium

(B) Zinc

(C) Cadmium

(D) Magnesium

Correct Answer: (A) Caesium _ rJ)

Solution:
Among the given metals, #*Caesjum#*# (option A) exhibits the photoelectric effect with
visible light. The work function of cesium is low enough that visible light has sufficient

energy to dislodge electrons from its surface,

For the other metals listed (Zine, Cadmium, and Magnesium), the work function is hieher
than that of visible light, so they do not exhibit the photoelectric effect with visible light.

Therelore, the correct answer 15 **Caesium™®.



Caesium has the lowest work function of the metals listed, which allows it to exhibil
the photoelectric effect with visible light. The photoelectric effect is observed when

the energy of the incident photons is greater than or equal 1o the work function of the

material. . |

 S— I 7 ar =
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31. (a)(i) Three batteries E1, E2, and E3 of emfs and internal resistances (4V,20,(2Y,
4 0) and (6 V, 2 ) respectively are connected as shown in the figure. Find the values of

the currents passing through batteries E1, E2, and E3.

£
|

——

=
N

-

e

R

Solution:

Let’s denote the current flowing through the batteries as Iy, o, and I3, We will use

Kirchhoff's Laws to solve for the currents in the circuit.

Step 1: Assign direction to the currents,

Assume the directions of the currents as shown in the figure.

Step 2: Apply Kirchhoff’s Voltage Law (KVL),
For battery E1. the loop equation is:

By — LRy — Loty =0 — N
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For battery E2:

-/
Eo — [olls — 1Ry = () /2-—-

For battery E3;
oy = Infty = () = VL
Substitute the values of £y — 4V, [y = 2V, By = 6V, and the resistances [t} = 2 (L.

Ity = 49, Ry = 28} into the equations.

Step 3: Solve the system of equations.

We now have a system of linear equations. Solving them will give the values of [y, /2. and [

The values of the currents passing through the batteries are:

Iy = Value of current through battery E1 (A4 - "Zg__

—
(4) /o

I» = Value of current through battery E2

I3 = Value of current through battery E3  (A) — ! / 5

Kirchhoff’s Voltage Law (KVL) states that the sum of all voltage drops (or rises) in a

closed loop must be zero. Use this law to solve for the unknown currents in the circuit. |

31. (ii) The ends of six wires, each of resistance R (= 10 Q) are joined as shown in the
figure. The points A and B of the arrangement are connected in a circuit. Find the

value of the effective resistance offered by it to the circuit.




ﬁ
Solution:
he given circuit is a symmetric triangle, where each side has a resistance of K. We need to

lind the effective resistance between points A and B,

Step 1: Resistors in Series

Each set of two resistors in series will give:

|
Ir?L'l.l] =19 4 It = @R = /1..-

Step 2: Resistors in Parallel

The three 217 resistors are now in parallel. Using the formula for resistors in parallel:

G111 3 0 ]

Req 2R 2R 2R 2R =
Thus. the effective resistance is:

2R
Req = - — /2
Step 3: Substituting the value of 17
Given that R = 102, we have: _
= Ry 2 % i'l:l = ———

— e —— e = — - T

-
e e — i -

e —a L - R Sl o W S T

In symmetric circuits, identify series and parallel combinations systematically to sim-

plify the network step by step.

31. (b) (i) Current I (= 1 A) is passing through a copper rod (n = 3.5 x 102 m~*) of

varying cross-sections as shown in the figure. The areas of cross-section at points A and

B along its length are 1.0 < 10" 7m? and 2.0 x 10" m” respectively. Calculate: _—

s --;-;"F__F_-..'rrlx'.

e —_— ".:f.: |
L0 n
\ L) A/

o

I3
(1) the ratio of electric ficlds at points A and B.
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(11) the drift velocity of free electrons al point B.

Solution:
Let the current 7 = 1 A pass through the copper rod. The clectric field £ and drift velocity vy

are related to the current by:

! = nAeuy
where: - n is the number of free electrons per unit volume, - A is the cross-sectional area, - ¢
is the charge of an electron, - 1 1s the drift velocity.
Also. the electric field E is related to the drift velocity by:

\
E=pf ;2”

where p 1s the resistivity of the material and J is the current density.
Now, the drift velocity and electric field are inversely proportional to the area of

cross-section, meaning the electric field at point A and point B can be compared as:

E_,-], . f’jiﬂ z=zz e
EH B "'qﬂ ;/l'_

Substituting the areas:

Eq _20x1077
Eg 1.0 x 107

Thus. the ratio of electric fields at points A and B is:

Erfi
By - ~ o

Now, to calculate the drift velocity at point B, we can use the equation:

I V&.f

i ;
il 'H.'Lr,!i'

Substituting the given values:

2= 3.7 = 107 m/s Vz__

!
VB = g TP x 2.0 % 10 7 % 1,6 % 1019

Thus, the drift velocity at point B is:



Uy = 3.7 2 107 ' mis

—r— . EE— s - = g ey

@
In problems involving current through varying cross-sections, use the relationship be- |
tween current. drift velocity, and electric ficld to solve for quantities of interest. Re-

member that the electric field 1s inversely proportional to the cross-sectional area.

31. (ii) Two point charges q; = 16 uC and gz = 1 pd’ are placed at points 7} = (3m): and

7 = (4m);. Find the net electric field E at point ¥ = (3m)i + (41m);.

Solution:
We are given two point charges and we need to find the net electric field at a point 7 = 3+ 4
due to the two charges.

The electric field due to a point charge is given by Coulomb’s law:

== B - ——————

-t 1 !
E —_ — ]-: }L'
dweg T

e T e

| =

[ ]

where: - ¢ is the charge, - r is the distance from the charge to the point of interest, - is the
unit vector pointing from the charge to the point, - o is the permittivity of free space

gg = 8.85 ¥ 10-12C% /N - m?.

Electric field due to q; at point 77

First. calculate the distance r, between gy and point 7' Since gy is at (3, 0) and point 7'is at
(3.4):

rp= 2 (3=3)7+ (1—0)2=ViG=4m 1/21.

Next. find the unit vector ry:
P (3i+47) — (31

™ 4 = ,/"f

Now. using Coulomb’s law for q;:




” L n | 16 = 1" L6 ﬂ“—j F/tr

5 — ] — . ] =
: darsg r'f | lwey (4)* 'll (e

Electric field due to ¢ at point i

Similarly, calculate the distance ry between gy and point
b e o 32— 40 =4 1}
re = (3 —0)%+ (4 - 4) 0 =3m l-’

Find the unit vector 1

P

2

_ T @Biddg) - (0itdy) % ‘/L)
= = .

s K}

Now, using Coulomb’s law for ¢:

4 1 1 1x1075. 1x107Y. )
2 = - F"?"'Fz R —-——-:_j-_.f_ T — -u_— 1 }Lf
drep 1l dweg  (3)2 Bmreq

Net electric field at point 7

The total electric field £ at point # is the vector sum of E) and Ey:

R TIRESICRNE (1700 | e, AR I [ ) |
E=FE+F= i
: 3 Iﬁﬂ'En i) QJTE{] ' /' e

Thus. the net electric field at point 7 is:

+ 1x107%, 16 x1076.
b= — P+ . 7
Omeg 1Geg

¢ 1
When calculating the net electric field from multiple charges. calculate the electric field |
due to each charge separately and then combine the results vectorially. taking care of |

the direction.

32. (i) Define self-inductance of a coil. Derive the expression for the energy required to

build up a current / in a coil of self-inductance /..
Solution:
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Sel-inductance of a coil 1s a property of the coil that describes its ability to oppose changes

M current lowing through it When a current J flows through a coil, it creates 4 mag_nctic / )
Aux. The self-inductance I is defined as the ratio of the induced emf (electromotive force) in

the coil to the rate of change of current. Mathematically, it is given by:

[ Nl
I

where: - V is the number of turns in the coil, - @ is the magnetic flux through each turn, - [ 15
the current flowing through the coil.

Now. let’s derive the expression for the energy required to build up a current / in a coll of
self-inductance L.

Energy required to build up a current:

The work W required to increase the current I by an infinitesimal amount df in the coil s

aiven by the product of the induced emf & and the infinitesimal current change AI:

dW =& -df _— U
2
From Faraday's law. the induced eml is: PR
il e l/
“=mlg 2
Substituting this in the above equation:
il
W =—-L—-dl
(i Ldf
Since 1 /di is the rate of change of current, we need to integrate to find the total work
required to build up the current from O to 1.
The total work done (or energy) to establish the current is:
i
1
W= / L Edl . /;_
S
Solving the integral:
W =-LI" —
; o
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Thus. the energy required to build up a current / in a coil of self-inductance L 15:

= —
W = - [LJ?
2 .

This is the expression for the enerey stored in the magnetic field of the coil as the current

Increases.

Ot
| The energy required to build up a current in a coil is proportional to the square of the

current and the selt-inductance. This energy is stored as magnetic potential energy in

the coil.

32. (ii) The currents passing through two inductors of self-inductances 10 mI and 20
mH increase with time at the same rate. Draw graphs showing the variation of’
(I) The magnitude of emf induced with the rate of change of current in each inductor:

Since the induced emf £ in an inductor is related to the rate of change of current % by the

formula: IR

df
= [—
& dt

where L is the inductance of the inductor. Since the currents in both inductors increase with
the same rate, the emf is proportional to the inductance. Therefore, for an inductor with a
larger inductance, the induced emf will be higher for the same rate of change of current.
Thus, the graph will show the emf being proportional to L, with the emf being twice as large

for the inductor with self-inductance of 20 mH compared to 10 mH.
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(1)

di/dt
—— L 3
(II) The energy stored in each inductor with the current flowing through it:

The energy stored in an inductor is given by:

o
W= _LI?
S LI

where 1 is the energy, L is the inductance, and I is the current. Since the inductance of the
second inductor is twice that of the first, for the same current, the energy stored in the second

iductor will be twice the energy stored in the first one.
Thus, the graph will show a quadratic relationship between carrent and energy stored, The

curve for the inductor with larger inductance will be higher by a factor of 2 for the same

current.

3

(1)
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: . i i : . ‘hanee of current
The induced emf in an inductor is directly proportional to the rate ol chang

[

. . i T yrtional to the
| (4F) and the inductance (L). The energy stored in an inductor is proportional

square of the current (/%) and the inductance (1).

32. (b) (i) Define the term mutual inductance. Deduce the expression for the mutual

inductance of two long coaxial solenoids of the same length having different radii and

different number of turns.

Solution:
Mutual inductance M between two coils is the property of the system that quantifies how

much the magnetic flux produced by one coil links with the second coil. It is defined as the ﬂ)
ratio of the induced emf in coil 2 to the rate of change of current in coil 1.

The mutual inductance between two coaxial solenoids can be derived as follows:

Let: - N} be the number of turns of the first solenoid, - Ny be the number of turns of the

second solenoid. - L be the length of each solenoid, - 7 be the radius of the first solenoid. -

5 be the radius of the second solenoid, - 4 be the permeability of the material inside the

solenoids.
The magnetic field produced by the first solenoid inside it is given by Ampere's Law:

B o ﬁ.h"h'rjf]'
7

The flux linkage of the second solenoid is:

Py =By - Ay
where Ay is the cross-sectional area of the second solenoid, given by .1, = 7 R3.
Thus, the flux linkage becomes:

hYi 12 - ’/
by — _m\u;[?rflg 0.

The induced emf in the second solenoid is:



fri.f_[l-_';

&y = =N,
. g el _fjl—

The mutual inductance M is then defined as;

Ey |
M=
dh i /2
Substituting for £
NN .|IE -
s wfﬂz )5

This is the expression for the mutual inductance between two coaxial solenoids.

Mutual inductance quantifies the relationship between two coils and is directly propor-

tional to the number of turns in each coil and the cross-sectional area of the second coil.

- ———

32. (b) (i) The current through an inductor is uniformly increased from zero to 2 A in

S aET TE——

40 s. An emf of 5 mV is induced during this period. Find the flux linked with the
inductor at t = 10 s.
Solution:
We know the emf induced in an inductor is given by:
\
dI bs

W e
¢ dt

where [ is the inductance of the inductor, [ is the current, and % is the rate of change of
current.

The current increases uniformly from 0 to 2 A in 40 seconds, so the rate of change of current
18 _ ==

dil  2ZA

)
= (.05 Als
il s

Substituting this into the equation for emf:



E=Lx0.00

Given that the induced emfis S mV or 5 x 109 V. we can solve for L

Bx 107 = L % 0.05

5 10

Ei= =10""H=0.1H I’/z,,

(.05

Now, the flux @ linked with the inductor at any time ¢ is given by:

=[x T
Att = 10 s, the current is:
2
fz—A—xIUs-—[].EﬁA I/g,..
40 s
Thus, the flux at# = 10s is:
® =01 x0.5=0.05Wh Vs

The flux linked with an inductor is the product of the inductance and the current lowing

through it. The induced emf is proportional to the rate of change of current.

33. (a) (i) Draw a ray diagram of a reflecting telescope (Cassegrain) and explain the
formation of the image. State two important advantages that a reflecting telescope has
over a refracting telescope.
Solution: o -

A reflecting telescope uses mirrors to gather and focus light. The Cassegrain type has two
MITOrs: a primary concave mirror and a secondary convex mirror. The primary mirror
collects light from distant objects, and the secondary mirror reflects the 1 ght to an eyepicce

Jocated at the focal point of the primary mirror.
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[n the diagram: - The rays [rom a distant object are reflected by the concave primary mirror.
- The reflected rays converge at the focus of the primary mirror, and the secondary convex
mirror reflects these rays towards the eyepiece. - The eyepiece focuses the rays into a clear

image.

I. No chromatic aberration: Reflecting telescopes use mirrors instead of lenses, so they
don’t suffer from chromatic aberration. which causes color distortion in refracting

telescopes.

2. Larger apertures: Reflecting telescopes can have much larger apertures than refracting

telescopes, allowing them to collect more light and observe fainter objects.

;.

(ML B uJ ey i = — e

In reflecting telescopes, mirrors are used instead of lenses. This helps avoid chromatic

aberration and allows for larger apertures.

33. (a) (1i)
In a refracting telescope, the focal length of the objective is 50 times the focal length of

the eyepiece. When the final image is formed at infinity, the length of the tube is 102 cm.,
Find the focal lengths of the two lenses.

Solution:

We know that the total length of the telescope tube is the sum of the focal lengths of the
objective lens and the eyepiece lens. Let: - f, be the focal length of the objective lens, - f be

the focal length of the eyepiece lens.



We are given:

o =501
and ”L_
Lot fa=100¢M
Substituting f, = 50, into the second equation:
80fo + i = 102
51 £ = 102
)2
fe= H =2cm 1) 5
o
Now, using f, = 50 f.:
fo="50%2=100cm 15

Thus. the focal lengths of the two lenses are: - f, = 100¢cm (objective lens), - /. = 2cm

(evepiece lens).

e — o v —— —

the sum of the focal lengths of the

In a refracting telescope, the total tube length is
objective and eyepiece lenses. If the objective’s focal length is 50 times the evepiece’s

focal length, you can use this relationship to find the focal lengths.

OR,

33. (b) (i) Write any two advantages of a compound microscope over a simple
microscope. Draw a ray diagram for the image formation at the near point by a
compound microscope and explain it.

Solution:

A compound microscope consists of two lenses: the objective lens and the eyepiece lens.

The objective lens forms a real, inverted image of the object at a short distance., which is
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Urther magnified by the eyepiece to form the final image. The advantages of a compound

Mmicroscope over a simple microscope are:

I. Higher magnification: A compound microscope has two lenses working together
| Vo

(objective and eyepicee), providing much higher magnification than a simple

microscope (which typically uses only one lens).

2. Improved clarity and resolution: Due to the multiple lenses, a compound microscope !/‘.1-—

offers better resolution and can focus on much smaller details compared 10 a simple

microscope.

— 1)

less than the focal length of the objective

In the diagram: - The object is placed at a distance

lens. causing it to form an intermediate real image. - This intermediate image acts as an / I )

object for the eyepiece lens, which further magnifies the image, and it is viewed at the near

point.

A compound microscope offers higher magn ification and better resolution by using two
i lenses to form and further magnify the image.

33. (b) (ii) A thin plano-concave lens with its curved face of radius of curvature Ris

made of glass of refractive index ;. Itis placed coaxially in contact with a thin
ain the power of

equiconvex lens of same radius of curvature of refractive index 1. Obt

the combination lens.

Solution:
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For a combination of lenses in contact, the effective power # is the sum of the powers of the

individual lenses:

— a_
P::I't'c::rwu i”] + Ip.‘»: 'I’

where P 1s the power of the plano-concave lens and Iy is the power of the equiconvex lens.

The power /” of a lens is given hy:

1
=
f

where [ is the focal length of the lens. For a plano-concave lens with radius of curvature 7

and refractive index n;:

R "f b
h R
For the equiconvex lens with radius of curvature R and refractive index rig:

I ng—1 Jf‘-!

L R
Now, the total power of the combination is:

1 1 m=1 na-1

FE'. ective = 5~ Fapo— =
ffect fl ,.FE I i *f n

n— 1)+ (ng —1
Puﬂﬂct'l\ft :{ 1 }R(”z j

Thus, the effective power of the combination is:

{1y +na — 2)
jrTut'!'azr:l:j'wu = —H ' = Y 2

- The total power of 4 combination of lenses in contact 15 the sum of the mdividual pew-
ers, and for curved surfaces, the focal length depends on the radius of curvature and the

refractive index.,
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