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SECTION – A

[16 × 1 = 16 marks]

Q. 1. A uniform electric field pointing in

positive X-direction exists in a region. Let

A be the origin, B be the point on the X-

axis at x = + 1 cm and C be the point on

the Y-axis at y = + 1 cm. Then the potential

at points A, B and C satisfy :

(a) V
A
 < V

B
(b) V

A
 > V

B

(c) V
A
 < V

C
(d) V

A
 > V

C
.

Ans. (b)

The situation is as shown.

C

A B
E

CLASS – 12th

PHYSICS

Time Allowed : 3 Hours Maximum Marks : 70

General Instructions :
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(3) All the sections are compulsory.

(4) Section A contains sixteen questions, twelve MCQ and four Assertion Reasoning based of 1

mark each, Section B contains five questions of two marks each, Section C contains seven

questions of three marks each, Section D contains two case study-based questions of four marks

each and Section E contains three long answer questions of five marks each.

(5) There is no overall choice. However, an internal choice has been provided in one question in Section B,

one question in Section C, one question in each CBQ in Section D and all three questions in Section E.

You have to attempt only one of the choices in such questions.

(6) Use of calculators is not allowed.

(7) You may use the following values of physical constants where ever necessary

(i) c = 3 × 108 m s–1

(ii) m
e
 = 9 × 10–31 kg

(iii) m
p
 = 1.675 × 10–27 kg

(iv) e = 1.6 × 10–19 C

(v) μ
0
 = 4π × 10–7 T,

(vi) h = 6.63 × 10–34 J s–1,

(vii) ε
0
 = 8.854 × 10–12 C2 N–1 m–2

(viii) Avogadro’s number = 6.023 × 1023 per gram mole

Sample Question Paper—2025 (Solved)
(Issued by Central Board of Secondary Education, New Delhi)

The electric potential decreases in the

direction of the electric field. Therefore

V
A
 = V

C
 and V

A
 > V

B
.

Q. 2. A conducting wire connects two charged

conducting spheres such that they attain

equilibrium with respect to each other.

The distance of separation between the

two spheres is very large as compared

to either of their radii. The ratio of the

magnitudes of the electric fields at the

surfaces of the two spheres is :

(a) 1

2

r

r

(b) 2

1

r

r

(c)

2

2

2

1

r

r

(d)

2

1

2

2

r

r

.
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Ans. (b) When equilibrium is attained,

The potential on the surface of bigger sphere

= the potential at the surface of the smaller

sphere

Therefore

1 2 1 1

1 2 2 2

k kq q q r

r r q r
= ⇒ =

Hence electric field will be

2 2 2

1 1 2 1 2 1 2 2

2 2 2
2 2 2 2 11 1 1

E k

E k

q r q r r r r

q q r rr r r

= × = × = × = .

Q. 3. A long straight wire of circular cross

section of radius ‘a’ carries a steady

current I. The current is uniformly

distributed across its cross section. The

ratio of magnitude of the magnetic field

at a point a/2 above the surface of wire

to that of a point a/2 below its surface

is :

(a) 4 : 1 (b) 1 : 1

(c) 4 : 3 (d) 3 : 4.

Ans. (c)

The diagram of the situation is as shown.

P2

P1 a/2

(a + a/2)

a

I

At P
2
, B

2
 = 

μ μ
=

π⎛ ⎞π ⎜ ⎟⎝ ⎠

0 0I I

3 3
2

2

a a

At P
1
, B

1
 = 

μ μ
=

π π

0 0(I / 4) I

2 ( / 2) 4a a

∴

μ⎛ ⎞
⎜ ⎟⎝ ⎠π=
μ⎛ ⎞

⎜ ⎟⎝ ⎠π

0

2

01

I

B 3

IB

4

a

a

 ⇒ =

2

1

B 4

B 3
.

Q. 4. The diffraction effect can be observed

in :

(a) sound waves only

(b) light waves only

(c) ultrasonic waves only

(d) sound waves as well as light waves.

Ans. (d) sound waves as well as light waves.

Q. 5. A capacitor consists of two parallel

plates, with an area of cross-section of

0.001 m2, separated by a distance of

0.0001 m. If the voltage, across the plates

varies at the rate of 108 V s–1, then the

value of displacement current through

the capacitor is :

(a) 8.85 × 10–3 A (b) 8.85 × 10–4 A

(c) 7.85 × 10–3 A (d) 9.85 × 10–3 A.

Ans. (a)

Displacement current through a capacitor

connected to time varying current is given as,

I
D
 = ε

O 

φEd

dt

φ
E
 = EA = VA/d

Therefore,

I
D
 = ε

O 

oE Ad dV

dt dtd

εφ
= ×

    = 
−

× ×

×

12
88.8 10 0.001

10
0.0001

I
D
 = 8.85 × 10–3 A.

Q. 6. In a series LCR circuit, the voltage

across the resistance, capacitance and

inductance is 10 V each. If the

capacitance is short circuited the voltage

across the inductance will be :

(a) 10 V (b) 10 2  V

(c)
10

2
 V (d) 20 V.

Ans. (c)

When all the components are connected

I R = I X
C
 = I X

L
 = 10 V

In series current is same, therefore

R = X
C
 = X

L

The circuit is in resonance, therefore

Z = R

V
S
 = I Z = I R = 10 V

So, the source voltage is also 10 V

When the capacitor is short circuited then

Z = ( )
22 2 2

LR X R R R 2+ = + =  ohm

Hence

V
L
 = I X

L
 = 

V

Z
 × R = 

10

R 2
 × R = 

10

2
 V
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Q. 7. Correct match of column I with column

II is :

C-I (Waves) C-II

Production

(1) Infra Red (P) Rapid vibration of

electrons in aerials.

(2) Radio (Q) Electrons in atoms emit

light when the move from

higher energy level to

lower energy level.

(3) Light (R) Klystron valve

(4) Microwave (S) Vibration of atoms and

molecules.

(a) 1-P, 2-R, 3-S, 4-Q

(b) 1-S, 2-P, 3-Q, 4-R

(c) 1-Q, 2-P, 3-S, 4-R

(d) 1-S, 2-R, 3-P, 4-Q.

Ans. (b)

Q. 8. The distance of closest approach of an

alpha particle is d when it moves with a

speed V towards a nucleus. Another

alpha particle is projected with higher

energy such that the new distance of the

closest approach is d/2. What is the speed

of projection of the alpha particle in this

case ?

(a) V / 2 (b) 2 V

(c) 2 V (d) 4 V.

Ans. (b)

The distance of closest approach is given by

d = 
2 2

2K

1 2Ze 1 2Ze

14 E 4
V

2

o o m

=

πε πε

Therefore d ∝ 2

1

V

Now d
1
 = d and d

2
 = d/2, also V

1
 = V and

V
2
 = ?

Hence

2

1 2

2
2 1

d V

d V
=  ⇒ V

2
 = V

1

1

2

V 2V
/2

d d

d d
= = .

Q. 9. A point object is placed at the centre of

a glass sphere of radius 6 cm and

refractive index 1.5. The distance of

virtual image from the surface of the

sphere is :

(a) 2 cm (b) 4 cm

(c) 6 cm (d) 12 cm.

Ans. (c)

The diagram is as shown.

u = 6 cm

R = 6 cm

v = ?

PI
O

n =1.51

n =12

Distances to be measured from the pole P.

Given n
2
 = 1, n

1
 = 1.5, R = – 6 cm, u = – 6 cm

Using the equation for object lies in the denser

medium

2 1 2 1n n n n

v u R

−

− =

1 1.5 1 1.5

v 6 6

−

− =

− −

1 3 1 1

v 12 12 6
= − + = −

v = – 6 cm.

Q. 10. Colours observed on a CD (Compact

Disk) is due to :

(a) Reflection (b) Diffraction

(c) Dispersion (d) Absorption.

Ans. (b)

This is due to the diffraction taking place

between the very fine lines on the CD.

Q. 11. The number of electrons made available

for conduction by dopant atoms depends

strongly upon :

(a) doping level

(b) increase in ambient temperature

(c) energy gap

(d) options (a) and (b) both.

Ans. (a)

More the doping, more are the number of

electrons available.

Q. 12. If copper wire is stretched to make its

radius decrease by 0.1%, then the

percentage change in its resistance is

approximately.
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(a) – 0.4% (b) +0.8%

(c) +0.4% (d) +0.2%.

Ans. (c)

When a wire is stretched its volume remains

constant-

R = ρL/A

R = 
2 2 4

L A V V

A A A r

ρ ρ ρ
× = =

π
 ⇒ R ∝ 4

1

r

Hence, 
dR

4
R

dr

r
=  = 4 × 0.1 = 0.4 %

Resistance of wire is increased by 0.4 percent.

For Questions 13 to 16, two statements are

given–one labelled Assertion (A) and other

labelled Reason (R). Select the correct answer

to these questions from the options as given

below.

(a) If both Assertion and Reason are true and

Reason is the correct explanation of Assertion.

(b) If both Assertion and Reason are true but

Reason is not the correct explanation of

Assertion.

(c) If Assertion is true but Reason is false.

(d) If both Assertion and Reason are false.

Q. 13. Assertion (A) : On increasing the current

sensitivity of a galvanometer by increasing

the number of turns may not necessarily

increase its voltage sensitivity.

Reason (R) : The resistance of the coil of the

galvanometer increases on increasing the

number of turns.

Ans. (a)

The voltage sensitivity is given by

V

θ
 = 

current sensitivity

R

When we increase current sensitivity by

increasing the number of turns, then

resistance of coil also increases.

So increasing current sensitivity does not

necessarily imply that voltage sensitivity will

increase. As the voltage sensitivity is given

by 
V

θ
 = 

current sensitivity

R

∴ if current sensitivity increases and R also

increases by different amounts, then voltage

sensitivity may increase or decrease.

Q. 14. Assertion (A) : In a hydrogen atom, there is

only one electron but its emission spectrum

shows many lines.

Reason (R) : In a given sample of hydrogen

there are many atoms each containing one

electron; hence many electrons in different

atoms may be in different orbits so many

transitions from higher to lower orbits are

possible.

Ans. (a)

Electrons in different orbits will give out

radiation of different frequencies when they

fall into lower energy levels.

Q. 15. Assertion (A) : Nuclei having mass number

about 60 are least stable.

Reason (R) : When two more light nuclei are

combined into a heavier nucleus then the

binding energy per nucleon will decrease.

Ans. (d)

Nuclei having mass number 60 are more

stable. When two smaller nuclei fuse the

binding energy per nucleon increase.

Q. 16. Assertion (A) : de Broglie’s wavelength of a

freely falling body keeps decreasing with time.

Reason (R) : The momentum of the freely

falling body increases with time.

Ans. (a)

De-Broglie wavelength is given by λ = 
h

p

where p is the momentum. When a body falls

its velocity and hence its momentum keeps

on increasing. Thus, de-Broglie wavelength

will keep on falling.

SECTION – B

[5 × 2 = 10 marks]

Q. 17. A platinum surface having work function
5.63 eV is illuminated by a mono-
chromatic  source of 1.6 × 1015 Hz. What
will be the minimum wavelength
associated with the ejected electron ?

Ans. Given φ = 5.63 eV = 5.63 × 1.6 × 10–19 J,
ν = 1.6 × 1015 Hz, λ = ?
We know that

E = hν – φ = 
hc

λ

Hence

λ = 
hc

hν − φ
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= 
34 8

34 15 19

6.63 10 3 10

6.63 10 1.6 10 5.63 1.6 10

−

− −

× × ×

× × × − × ×

Or λ = 12.7 × 10–7 m.
Q. 18. (I) In Young’s double-slit experiment

using monochromatic light of
wavelength λ, the intensities of two
sources is I. What is the intensity of light
at a point where path difference between
wavefront is λ/4 ?

OR

(II) A beam of light consisting of two
wavelengths, 4000 Å and 6000 Å, is used
to obtain interference fringes in a
Young’s double-slit experiment. What is
the least distance from the central
maximum where the dark fringe is
obtained ? (d = 10 mm, D = 1 m These
values are not given in the question)

Ans. (I) x = λ/4, therefore phase difference will be

φ = 
2

4 2

π λ π
× =

λ

Given I
1
 = I

2
 = I

Using the expression

I
R
 = I

1
 + I

2
 + 2 1 2I I  cos φ = I + I + 2 2

I

cos
2

π

 = 21

OR

(II) Given λ
1
 = 4000 × 10–10 = 4 × 10–7 m

and λ
2
 = 6000 × 10–10 = 6 × 10–7 m

Distance of dark fringe from the central
maxima

y = (2n + 1)
D

2d

λ

For first dark fringe n = 0, therefore distance
of first dark fringe

y = 
D

2d

λ

For λ
1
 = 4000 Å = 4 × 10–7 m, the distance of

the first dark fringe is

y
1
 = 1

D

2d

λ
 = 

7

2

1 4 10

2 10

−

−

× ×

×

 = 2 × 10–5 m

For λ
2
 = 6000 Å = 6 × 10–7 m, the distance of

the first dark fringe is

y
1
 = 1

D

2d

λ
 = 

7

2

1 6 10

2 10

−

−

× ×

×

 = 3 × 10–5 m

The first dark fringes will coincide at a point
distance equal to the LCM of y

1
 and y

2

= 6 × 10–5 m.
Q. 19. P and Q are two identical charged

particles each of mass 4 × 10–26 kg and
charge 4.8 × 10–19 C each moving with the
same speed of 2.4 × 105 m s–1 as shown in
the figure. The two particles are
equidistant (0.5 m) from the vertical Y-
axis. At some instant, a magnetic field B
is switched on so that the two particles
undergo head-on collision.

+

+
P

1m

Y

Q X

Find—
(I) the direction of the magnetic field and
(II) the magnitude of the magnetic field
applied in the region.

Ans. Given m
1
 = m

2
 = 4 × 10–26 kg,

q
1
 = q

2
 = 4.8 × 10–19 C, v = 2.4 × 105 m s–1

(I) The particles P and Q are equidistant (0.5
m) from the vertical Y-axis. This means that
the magnetic field must be directed along the
X-axis, perpendicular to the line connecting
the two particles, in order to cause a head-on
collision i.e., perpendicular and into the plane
of the paper.
(II) For a head-on collision to take place, the
radius of the path of each particle should be
equal to 0.5 m.
Now the radius of the circular path followed
by the two particles will be

r = 
mv

Bq
 ⇒ B = 

mv

Bq

Or B = 
26 5

19

4 10 2.4 10

0.5 4.8 10

−

−

× × ×

× ×

 = 0.04 T.

Q. 20. Binding energy per nucleon vs mass
number curve for nuclei is shown in the
figure. W, X, Y and Z are four nuclei
indicated on the curve. Identify which
of the following nuclei is most likely to
undergo
(i) Nuclear Fission
(ii) Nulear Fusion.
Justify your answer.
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8.5
8.0

7.5

5.0
B.E.

A (MeV) Z

Y
X

W

30 60 90 190
A

Ans. (i) Nuclear fission – W
Reason: As W has binding energy per nucleon
less than Y and X and nucleus is larger. Its
binding energy per nucleon is also small, thus
it will split into smaller nuclei to increase its
binding energy per nucleon and in the process
become stable.
(ii) Nuclear fusion – Z
Reason: As Z has binding energy per nucleon
more than Y and X and nucleus is smaller.
Also its binding energy per nucleon is small.
Thus to stabilize itself it fuses to increase its
binding energy per nucleon.

Q. 21. What should be the radius ‘r’ of nearest
possible orbits of satellite to mass ‘m’
revolving around the planet of mass ‘M’
as per Bohr Postulates in terms of m, M,
G, h where G is Gravitational constant
and h is Planck’s constant.

Ans. By Bohr’s theory the angular momentum of
an electron is given by

L = mvr = 
2

nh

π

...(i)

Or v2 = 
2

2

nh

mr

⎛ ⎞
⎜ ⎟⎝ ⎠π

...(ii)

For the satellite to move in an orbit around
the earth, the gravitational force of attraction
between the earth and the satellite provides
the necessary centripetal force, therefore we
have

2

2

mv GMm

r r
=  or

v2 = 
GM

r
...(iii)

Or r = 
2 2

2 2

n h

4 m GMπ

.

SECTION – C

[7 × 3 = 21 marks]

Q. 22. (I) Identify the circuit elements X and Y
as shown in the given block diagram and
draw the output waveforms of X and Y.

D.C. ApplianceX Y

(II) If the centre tapping is shifted
towards Diode D

1
 as shown in the

diagram, draw the output waveform of
the given circuit.

Transformer
Diode 1(D )1

A

B

Centre
Tap

Diode 2(D )2
RL Output

X

Y

Ans. (I) X = Full wave rectifier
Y = Filter circuit
Output waveform of X

Due to Due to Due to Due to
D1 D1D2 D2

O
ut

pu
t w

av
ef

or
m

Output waveform of Y

O
ut

pu
t w

ith
ca

pa
ci

to
r

in
pu

t f
ilt

er

(II) If the centre tap is shifted towards D
1
,

the output of D
1
 will decrease, as less ac

voltage will be fed to it.

Due to Due to Due to Due to
D1 D2

D2 D1

O
ut

pu
t w

av
ef

or
m
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Q. 23. Find the expression for the capacitance
of a parallel place capacitor of plate area
A and plate separation d when (I) a
dielectric slab of thickness t and (II) a
metallic slab of thickness t, where (t<d)
are introduced one by one between the
plates of the capacitor. In which case
would the capacitance be more and why?

Ans. (I) Let t be the thickness of the dielectric such
that t < d, where d is the distance between
the plates.
Now net electric field between the plates is

E = E
0
 – E

i
. ...(1)

But 0E

E
 = K, therefore 0E

K
 = E ...(2)

Now electric potential difference between the
two plates is
V = (field outside the dielectric × distance of
this field) + (field within the dielectric ×
thickness of the dielectric)
V = E

0
 (d – t) + Et = E

0
 (d – t) + E

0
 t / K

= E
0
 (d – t + t / K) ...(3)

But E
0
 = 

0 0

Q

A

σ

=

ε ε

, therefore

V = 
0

Q ( / )

A

d t t K× − +

ε
...(4)

Therefore

C = 
Q

V
 = Q × 

0A

Q ( / )d t t K

ε

× − +
 = 

0A

( / )d t t K

ε

− +

or C = 0A

1
1d t

K

ε
⎛ ⎞+ −⎜ ⎟⎝ ⎠

...(5)

+ + + + +

++++++

– – – – – –

E0

E= E0 – EP 

–––––

EP d t

+

–

Q

QP

QP+

Dielectric

slab

– Q
–

(II) For a mettallic slab K = ∞
Therefore, we have

C = 0 0A A

1 d t
1d t

ε ε
=

−⎛ ⎞+ −⎜ ⎟⎝ ⎠∞

It is more in case of a metallic slab.

Q. 24. (I) Draw a ray diagram for the formation
of image by a Cassegrain telescope.
(II) Why these types of telescopes are
preferred over refracting type
telescopes. (Write 2 points)

Ans. (I) The ray diagram is as shown.

Secondary
mirror

Objective
mirror

Eyepiece

(II) (i) No chromatic aberration: Because
reflected light doesn’t disperse by wavelength,
reflecting telescopes don’t suffer from
chromatic aberration, which is the appearance
of coloured fringes around stars.
(ii) Shorter tube: For the same diameter,
reflecting telescopes have shorter tubes than
refracting telescopes, which reduces the cost
of the tube.
(iii) Easter to build : Large mirros are easier
and cheaper to build than large lenses.
(iv) Easier to mount : The back of the mirror
can be used to attach to the mount.
(v) Less mechanical support : Because mirrors
weigh less than lenses, reflecting telescopes
require less mechanical support.
(vi) Spherical aberration can be minimized :
Parabolic mirrors can be used to minimize
spherical aberration.
(vii) Only one-side of the objective needs to
the perfect: Because light reflects off the
objective instead of passing through it, only
one side of the objective needs to be perfect.
(Any two)

Q. 25. (I) Draw the energy bank diagram for P-
type semiconductor at (i) T = 0 K and (ii)
room temperature.
(II) In the given diagram considering an
ideal diode, in which condition will the
bulb glow
(a) when the switch is open
(b) when the switch is closed.

(Switch)

(Bulb)

Cell
+ –

Justify your answer.
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Ans. (I) The ray diagrams are as shown.
(i) At T = 0 K

Ev

Eg

Ec

E
le

ct
ro

n 
e

ne
rg

y

(ii) At room temperature

Eg

Ev

Ec

EA

0.01 - 0.05 eV

(II) When switch is open, there will be no
current through the diode. The entire current
will pass through the bulb. When switch is
closed, diode will be forward biased and
current will by-pass the bulb.

Q. 26. A boy is holding a smooth, hollow and
non-conducting pipe vertically with
charged spherical ball of mass 10 g
carrying a charge of +10 mC inside it,
which is free to move along the axis of
the pipe. The boy is moving the pipe from
East to West direction in the presence
of magnetic field of 2 T. With what
minimum velocity, should the boy move
the pipe such that the ball does not move
along the axis ? Also, determine the
direction of the magnetic field.

Ans. Given
B = 2 T, q = 10 mC = 10 × 10–3 C = 10–2 C,
m = 10–2 kg, g = 9.8 m s–2,
The magnetic force on the ball is given by
F

m
 = Bqv sin θ

For the ball to remain stationary, the
magnetic force must balance the gravitational
force:
F

g
 = mg

In equilibrium
F

m
 = F

g

B q v sinθ = m g

Or v = 
mg

Bq sinθ

For minimum velocity sin θ should be
maximum i.e., sin θ = 1

Therefore, v = 
2

2

mg 10 9.8

Bq 2 10

−

−

×
=

×

 = 4.9 m s–1

As the magnetic force will act upwards, then
by Fleming’s left hand rule the magnetic field
will be from South to North.

Q. 27. A light ray entering a right-angled prism
undergoes refraction at the face AC as
shown in Fig. 1.
(I) What is the refractive index of the
material of the prism in Fig. 1 ?

A

B
C

45°

(II) (a) If the side AC of the above prism
is now surrounded by a liquid of

refractive index 
2

3
 as shown in Fig. 2,

determine if the light ray continues to
graze along the interface AC or
undergoes total internal reflection or
undergoes refraction into the liquid.

A

B

C

45°

Liquid

n = 2
3

(b) Draw the ray diagram to represent
the path followed by the incident ray
with the corresponding angle values.

(Given, sin–1 
⎛ ⎞
⎜ ⎟⎝ ⎠

2

3
 = 54.6°).

Ans. (I) Since, the light ray enters perpendicular
to the face AB, the angle of incidence on face
AC will be 45° because the prism is a right
angled isosceles prism.
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Thus, i
c
 = 45° as the ray grazes the side AC

Now for face AC

sin i
C
 = 

1

n
 ⇒ n = 

C

1 1

sin sin45i
=

°

 = 2

(ii) (a) In fig 2, the face AC is surrounded by

a liquid of refractive index 
2

3
 therefore, this

will change the refractive index of the prism.
The new refractive index will become

L
n

g
 = 

a g

a L

n 2 3

n 2/ 3 2
= =

Hence, the critical angle now becomes

sini
C
 = 

L g

1

n
 ⇒ sini

C
 = 

2

3
 ⇒ i

C
 = sin–1

2

3

⎛ ⎞
⎜ ⎟⎝ ⎠

= 54.6°
Since, the angle of incidence on the surface
AC is 45°, which is less than the critical angle
for the given pair of media (glass and the
liquid), the ray neither undergoes grazing
along surface AC, nor does it suffer total
internal reflection.
Instead the ray will undergo refraction at the
surface AC and pass into the liquid.
For refracting interface AC, by Snell’s law we
have

a
n

g
 sin i = 

a
n

L
 sin r

2  × sin 45° = 
2

3
 × sin r ⇒ sin r = 

3

2

Or r = 60°
The ray diagram is as shown.

A

B

C

45°

Liquid

n = 2
3

45°

60°

a g n  =  2

Q. 28. (I) State Gauss’s theorem in
electrostatics. Using this theorem, derive
an expression for the electric field due
to an infinitely long straight wire of
linear charge density λ.

Or

(II) (a) Define electric flux and write its
SI unit.

(b) Use Gauss’s law to obtain the
expression for the electric field due to a
uniformly charged infinite plane sheet
of charge.

Ans. (I) It states, “The net electric flux through

any Gaussian surface is equal to 
0

1

ε
 times

the net electric charge enclosed by the surface

Mathematically, φ = 
0

E.dA
en

q
=

ε

⌠
⎮
⌡

�� ���

�

Consider an infinitely long, thin wire charged
+ vely and having uniform linear charge
density λ. Draw a circular cylinder of radius r
and arbitrary length l coaxial with the rod as
shown Fig. Then this circular cylinder is our
Gaussian surface. Since the Gaussin surface
must be closed, the two end caps are part of
the Gaussian surface.

+ + + + + + + + + + + + + + +

E

E

dsP

rds

ds

E

X�
X

For the cylinderical part of the Gaussian

surface, E
��

 is constant in magnitude and
perpendicular to the surface at each point.
Furthermore, the flux through the ends of the

Gaussian cylinder is zero since E
��

 is parallel
to these surfaces, i.e., there is no normal
component of electric field at these faces.
Therefore, by the definition of electric flux we
have

φ = E × A ...(1)
where A is the curved surface area of the
cylinder
or φ = E × 2πrL ...(2)
By Gauss’s law the electric flux is given by

φ = 
0 0

Lq λ
=

ε ε
...(3)

From equation 2 and 3 we have

E × 2πrL = 
0

Lλ

ε
...(4)

or E = 
0

2
2

k
r r

λ λ
=

πε
...(5)
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(II) (a) It is defined as the total number of
electric field lines crossing a given area. The
electric flux can be found by multiplying the
component of electric field in the direction of
the area vector (or perpendicular to the area)
with the area of the closed surface. Its SI unit
is N m2 C–1.
(b) Let σ be the uniform surface charge density
i.e. the charge per unit surface area of an
infinite plane sheet of charge. From
symmetry, the electric field is perpendicular
to the plane of the sheet, and that the

direction of E
��

 on one side of the plane must
be opposite to its direction on the other side
as shown in figure. Let us choose a Gaussian
surface in the form of a cylinder with the ends
of area A. The charged sheet ABCD passes
through the middle of the cylinder’s length,
so that the cylinder’s ends are equidistant
from the sheet. The electric field has a normal
component at each end of the cylinder and no
normal component along the curved surface
of the cylinder. As a result the electric flux is
linked with only the result, the electric flux
is linked with only the ends and not the
curved surface.

+ + + + +

+ + + + +

+ + + + +

+ + + + +

r r
P dA
E

E

dA

Therefore, by the definition of electric flux,
the flux linked with the Gaussian surface is
given by
φ = EA + EA = 2EA ...(1)
But by Gauss’s law

φ = 
0 0

q Aσ
=

ε ε

...(2)

From equations 1 and 2 we have

2EA = 
0

Aσ

ε

...(3)

E = 
02

σ

ε

...(4)

This gives the electric field due to an infinite
plane sheet of charge.

SECTION – D

[2 × 4 = 08 marks]

Q. 29. Case Study Based Question :

Motion of Charge in Magnetic Field
An electron with speed v

O
 < < c moves in a

circle of radius r
O
 in a uniform magnetic field.

This electron is able to traverse a circular path
as the magnetic force acting on the electron
is perpendicular to both v

O
 and B as shown in

the figure. This force continuously deflects the
particle sideways without changing its speed
and the particle will move along a circle
perpendicular to the field. The time required
for one revolution of the electron is T

O
.

× × × × × × ×
× × × × × × ×
× × × × × ×
× × × × × × ×
× × × × × ×
× × × × × × ×
× × × × × × ×
× × × × × × ×
× × × × × × ×

q

F
F

q

v0

B

(i) If the speed of the electron is now

doubled to 2v
O
. The radius of the circle

will change to

(a) 4r
O

(b) 2r
O

(c) r
O

(d) r
O
/2.

Ans. (b)
The radius of the circular loop is given by

r = 
mv

Bq
, if v is doubled r also doubles.

(ii) If v = 2v
O
, then the time required for one

revolution of the electron (T
O
) will

change to

(a) 4 T
O

(b) 2 T
O

(c) T
O

(d) T
O
/2.

Ans. (c)

T = o

o

2 (2r )2 r

v 2v

ππ

=  = T
O

(iii) A charged particle is projected in a

magnetic field 
∧ ∧→

= + ×
2B (2 4 ) 10 Ti j . The

acceleration of the particle is found to

be 
∧ ∧→

−
= +

2( 2 )msa xi j . Find the value of x.

(a) 4 m s–2 (b) –4 m s–2

(c) –2 m s–2 (d) 2 m s–2.
Ans. Incomplete question

(iv) If the given electron has a velocity not

perpendicular to B, then trajectory of

the electron is :
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(a) straight line (b) circular
(c) helical (d) zig-zag.

Ans. (c)
If the electron enters a magnetic field at any
other angle rather than 0°, 180° or 90° it will
follow a helical path.

Or

If this electron of charge (e) is moving parallel
to uniform magnetic field with constant velocity
v, the force acting on the electron is :
(a) Bev (b) Be/v (c) B/ev (d) Zero.

Ans. (d)
Force acting on the electron
F = Bev sin θ

Here θ = 0°
Therefore
F = 0.

Q. 30. Case Study Based Question :

Photoelectric effect

It is the phenomenon of emission of electrons
from a metallic surface when light of a
suitable frequency is incident on it. The
emitted electrons are called photoelectrons.
Nearly all metals exhibits this effect with
ultravoilet light but alkali metals like lithium,
sodium, potassium, caesium etc. show this
effect even with visible light. It is an
instantaneous process i.e. photoelectrons are
emitted as soon as the light is incident on the
metal surface. The number of photoelectrons
emitted per second is directly proportional to
the intensity of the incident radiation.
The maximum kinetic energy of the
photoelectrons emitted from a given metal
surface is independent of the intensity of the
incident light and depends only on the
frequency of the incident light. For a given
metal surface, there is a certain minimum
value of the frequency of the incident light
below which emission of photoelectrons does
not occur.

(i) In a photoelectric experiment plate

current is plotted against anode

potential.

C
B

A

V

I

(a) A and B will have same intensities while B
and C will have different frequencies.

(b) B and C will have different intensities while
A and B will have different frequencies.

(c) A and B will have different intensities while
B and C will have equal frequencies.

(d) B and C will have equal intensities while A
and B will have same frequencies.

Ans. (d)
For same intensity, photoelectric current will
be same and for same frequency stopping
potential will be same.

(ii) Photoelectrons are emitted when a zinc

plate is

(a) Heated (b) hammered
(c) Irradiated by ultraviolet light
(d) subjected to a high pressure

Ans. (c)
The frequency of the incident radiation should
be higher than the threshold frequency of the
given metal.

(iii) The threshold frequency for

photoelectric effect on sodium

corresponds to a wavelength of 500 nm.

Its work function is about.

(a) 4 × 10–19 J (b) 1 J
(c) 2 × 10–19 J (d) 3 × 10–19 J.

Ans. (a)

φ = 
34 8

9

hc 6.63 10 3 10

500 10

−

−

× × ×
=

λ ×
 = 4 × 10–19 Js

(iv) The maximum kinetic energy of

photoelectrons emittted from a surface

when photons of energy 6 eV fall on it is

4 eV. The stopping potential is :

(a) 2 V (b) 4 V

(c) 6 V (d) 10 V.

Ans. K = eV
O
 = 4 eV

Therefore V
O
 = 4 V

Or

The minimum energy required to remove

an electron from a substance is called

its

(a) work function

(b) kinetic energy

(c) stopping potential

(d) potential energy.

Ans. (a)
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SECTION – E

[3 × 5 = 15 marks]

Q. 31. (I) (a) Write two limitations of Ohm’s law.

Plot their I-V characteristics.

(b) A heating element connected across

a battery of 100 V having an internal

resistance of 1 Ω draws an initial current

of 10 A at room temperature 20.0° which

settles after a few seconds to a steady

value. What is the power consumed by

battery itself after the steady

temperature of 320.0 °C is attained ?

Temperature coefficient of resistance

averaged over the temperature range

involved is 3.70 × 10–4 –1C°.

Or

(II) (a) Using Kirchhoff’s laws obtain the

equation of the balanced state in

Wheatstone bridge.

(b) A wire of uniform cross-section and

resistance of 12 ohm is bent in the shape

of circle as shown in the figure. A

resistance of 10 ohms is connected to

diametrically opposite ends C and D. A

battery of emf 8V is connected between

A and B. Determine the current flowing

through arm AD.

60° 60°

O 10 Ω

A B

D

8V

C

Ans. (I) (a) The limitations are
(i) The relation between V and I depends
upon the sign of V (Graph 1)
(ii) The relation between V and I is not unique
i.e., there is more than one value of V for the
same value of current I. (Graph 2)

I

1.5
mA

0.2–2
I
Aμ

Graph 1

V

Non-linear
region region

Negative
resistance

Ohm's
law
obeyed

Voltage V (V)

C
ur

re
nt

  
(m

A
)

I

Graph 2

(b) Given V = 100 V, r = 1 Ω, I
20

 = 10 A,
T

O
 = 20.0 °C, T = 320.0 °C

α = 3.70 × 10–4 °C–1

At room temperature 20.0 °C, current is
given by

I
20

 = 
o

R r

ε

+

Therefore,

R
O
 = 

20I

ε

 – r = 
100

10
 – 1 = 9 Ω

Now change in temperature
320 – 20 = 300 °C
Therefore R at 320.0 °C
R = R

O
 (1 + α∆T)

Or R = 9(1 + 3.7 × 10–4 × 300)
R = 10 ohm
Hence power consumed by the battery
P = I2 R

P = 
2 2

100

R 10 1
r

r

ε⎛ ⎞ ⎛ ⎞× =⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠+ +
 × 1 = 82.64 W

Or

(II) (a) The Wheatstone bridge and the current
distribution is as shown.

Now applying Kirchhoff’s loop rule to the
closed loop ABDA we have

G
A C

S
R

I – I  + I1 g

I – I  1

K  G

D
I I

 I  – I1 g

 Ig
 I  1

Q

P

B

E K  B
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– I
1
P – I

g
G + (I – I

1
) R = 0 ...(1)

Again applying Kirchhoff’s loop rule to closed
loop BCDB we have
– (I

1
 – I

g
) Q + (I – I

1
 + I

g
) X + I

g
G = 0 ...(2)

The value of P, Q, R and X are so adjusted
that the galvanometer gives zero deflection.
This means that both B and D will be at the
same potential and hence no current will flow
through the galvanometer. i.e., I

g
 = 0. In this

situation, the Wheatstone bridge is said to be
balanced. Putting I

g
 = 0 in equations 1 and 2

we have
– I

1
P + (I – I

1
) R = 0 ...(3)

and – I
1
Q + (I – I

1
) X = 0 ...(4)

Rewriting the above two equations we have
I

1
P = (I – I

1
) R ...(5)

and I
1
Q = (I – I

1
) X ...(6)

 Dividing the above equations we have

P R
=

Q X
...(7)

The above expression gives the condition for
the balance of a Wheatstone bridge.
(b) The circuit is a balanced Wheatstone
bridge and is redrawn as shown.

8V

A B
10Ω

C 4Ω4Ω

2Ω 2ΩD

Here R
AC

 = R
BC

R
AD

 = R
BD

Now R
DAC

 = R
DBC

 = 12/2 = 6 Ω
Now resistance

R
AD

 = R
BD

 = R
DAC

 × DACR60 6

180 3 3
= =  = 2 Ω

Therefore resistance
R

AC
 = R

BC
 = R

DAC
 – R

AD
 = 6 – 2 = 4 Ω

The Wheatstone bridge is in the balance state.
Therefore, it reduces to

8V

A B

C 4Ω4Ω

2Ω 2ΩD

Now R
ADB

 = 2 + 2 = 4 Ω
Therefore current through arm AD = current
through arm ADB
I = V/R

ADB
 = 8/4 = 2 A

Q. 32. (I) Explain briefly, with the help of a

labelled diagram, the basic principle of

the working of an ac generator. In an ac

generator, coil of N turns and area A is

rotated at an angular velocity ω in a

uniform magnetic field B. Derive an

expression for the instantaneous value

of the emf induced in coil. What is the

source of energy generation in this

device ?

Or

(II) (a) With the help of a diagram,

explain the principle of a device which

changes a low ac voltage into a high

voltage. Deduce the expression for the

ratio of secondary voltage to the primary

voltage in term of the ratio of the

number of turns of primary and

secondary winding. For an ideal

tranformer, obtain the ratio of primary

and secondary currents in terms of the

ratio of the voltages in the secondary and

primary coils.

(b) Write any two sources of the energy

losses, which occur in actual

transformers.

(c) A step-up transformer converts a low

input voltage into a high output voltage.

Does it violate law of conservation of

energy ? Explain.

Ans. (I) Principle : It is based on the principle of
electromagnetic induction. When a coil is
rotated about an axis perpendicular to the
direction of uniform magnetic field, an induced
emf is produced across it.
A labelled diagram of an ac generator is shown
below.

AxleCoil

SN

Alternating emf
Slip
rings

Carbon
brushes
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Stage 1
The plane of

the armature is
perpendicular

to the magnetic
field

R

Stage 2
When the armature
rotates through 90°

the plane of the
armature is paralled to

magnetic field

Stage 3
armature

after a
rotation of

180°

180°90°

Q

PRQ

B S

A 
R

SA 
R

Q

A P

S
B

N

Induced
emf

time0

O T/4 T/2 3T/4

Stage 4
Armature after

a rotation of
270°

Stage 5
Armature after

rotating through
360°

Direction of
Magnetic

field

270° 360°

R

R

Q S
Q

S P PA 

B A 

S N N N NS S S
S

Suppose at time t = 0, the plane of the loop is
perpendicular to B. As the loop rotates from
position t = 0 to position t = T / 2, the induced
emf changes from zero to maximum value and
then becomes zero again as shown in the
diagram. For angles 0° and 180° the
instantaneous rate of magnetic flux is zero,
hence induced emf is zero. As the loop moves
from position t = T / 2 to position t = T, the
emf again changes from zero to maximum
value and then again becomes zero. But this
time it reverses its direction. For angle 90°
and 270° maximum magnetic flux is linked
with the coil hence the emf is a maximum.
Thus the output of the ac generator varies
sinusoidally with time. The induced emf does
not depend upon the shape of the loop, but
depends only upon the area of the loop.
Consider an armature of the ac generator
having n turns and placed in a uniform
magnetic field B.
Suppose at any instant t the normal to the
plane of the coil makes an angle θ with the
direction of the magnetic field. If ω is the
uniform angular velocity with which, the coil
rotates then θ = ωt.
The flux through the loop equals its area A
multiplied by B⊥ = B cos θ, the component of
magnetic field B perpendicular to the area,
hence
φ = n B A cos φ = n B A cos ω t ...(1)
where n is the number of turns in the
armature.
By Faraday’s flux rule,

ε = – 
d d

d t d t

φ
= −  n B A cos ω t

= – n B A d

dφ
 cos ω t = – n B A (– ω sin ω

t)
...(2)

or ε = n B A ω sin ω t
The induced emf is maximum when sin ωt =
maximum = 1, therefore the maximum
induced emf is given by ε

0
 = n B A ω ...(3)

The current in the external load is given by

i = o
 sin t

R

ε ω

 = i
O
 sin ωt

Here i
O
 is the peak value of the current

Or

(II) (a) The device is a transformer.
The diagram is a shown.

It works on the principle of mutual induction
i.e., whenever magnetic flux linked with the
primary changes, an emf is induced in the
secondary coil.
Let the resistance of the windings be neglected
and let us assume that all the magnetic field
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lines be confined to the iron core. As such at
any time, the magnetic flux φ is same in each
turn of the primary and secondary windings.
Let N

P
 be the number of turns in primary

and N
S
 be the number of turns in the

secondary. When the magnetic flux changes,
because of the changing currents in the two
coils, the resulting induced emf’s across the
primary and the secondary are

ε
P
 = – N

P 

d 

d t

φ
 and ε

S
 = – N

S
 

d 

d t

φ
...(1)

The flux per turn φ is the same in both the
primary and the secondary so equation 1
shows that the induced emf per turn in the
same in each. The ratio of the primary emf ε

S

is therefore equal at any instant to the ratio
of the primary to secondary turns;

p p

s s

N

N

ε

=

ε
...(2)

Since ε
P
 and ε

S
 both oscillate with the same

frequency as the ac source, therefore equation
2 also gives the ratio of the amplitudes or of
the rms values of the induced emf’s. If the
windings have zero resistance, the induced
emf’s ε

P
 and ε

S
 are equal to the terminal

voltages across the primary and the secondary
respectively; hence

p p

s s

V N

V N
= ...(3)

By choosing the appropriate turns ratio

s

p

N
,

N
r=  called transformation ratio, we can

obtain any desired secondary voltage from a
given primary voltage.
If there are no energy losses in the process of
transformation then
instantaneous output power = instantaneous
input power or

V
S
 I

S
 = V

P
 I

P

or p s

s p

V I

V I
= ...(4)

from equation (3) and (4)

we have
ps s

p p s

IV N

V N I
= =  = r ...(5)

(b) The two sources of energy losses are eddy
current losses and flux leakage losses.

(c) There is no violation of the principle of
the conservation of energy in the step up
transformer. When output voltage increases
the output current decreases automatically
keeping the power the same.

Q. 33. (I) (a) A giant refracting telescope at an

observatory has an objective lens of focal

length 15 m. If an eyepiece of focal length

1.0 cm is used, what is angular

magnification of the telescope is normal

adjustment ?

(b) If this telescope is used to view the

moon, what is the diameter of the image of

the moon formed by the objective lens ?

The diameter of the moon is 3.48 × 106 m,

and the radius of lunar orbit is 3.8 × 108 m.

Or

(II) A compound microscope consists of

an objective lens of focal length 2.0 cm

and an eyepiece of focal length 6.25 cm

separately by a distance of 15 cm. How

far from the objective should an object

be placed in order to obtain the final

image at

(a) the least distance of distinct vision

(25 cm) and

(b) infinity ?

What is the magnifying power of the

microscope in each case ?

Ans. (I) (a) Given f
0
 = 15 m, f

e
 = 10 cm = 0.01 m,

M = ?
Dm = 3.48 × 106 m, r = 3.8 × 108 m,

Using M = 0

e

15

0.01

f

f
=  = 1500

Angle subtended by moon at the objective of
the telescope

α = 
6

m

8

D 3.48 10

3.8 10r

×
=

×

Therefore angle subtended by the image

β = M × α = 1500 × 
6

8

3.48 10

3.8 10

×

×

(b) If I be the linear size of the image then

I = β × f
e
 = 

6

8

3.48 10 1500

3.8 10

× ×

×

 × 0.01

= 13.7 × 10–2 m
Or I = 13.7 cm.
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Or

Given f
0
 = 2.0 cm, f

e
 = 6.25 cm, L = 15 cm,

u
O
 = ?, v

e
 = – 25 cm, u

e
 = ?

Using the formula 
1 1 1 1 1 1

  
f v u u v f

or= − = −

we have 
e

1 1 1 1

u 25 6.25 5
= − = −  or u

e
 = – 5 cm

Hence v
0
 = L – u

e
 = 15 – 5 = 10 cm

Now applying lens formula for objective lens

we have 
0 0 0

1 1 1 1 1 1
  

f v u u v f
or= − = −

Or 
0

1 1 1 1 5 4

u 10 2 10 10

−

= − = =  or

u
0
 = – 2.5 cm

Now M = – 0

0 e

v D 10 25
1 1

u f 2.5 6.25

⎛ ⎞ ⎛ ⎞+ = − +⎜ ⎟⎜ ⎟ ⎝ ⎠−⎝ ⎠
 = 20

(b) When the final image is formed at infinity.
v

e
 = ∞, u

e
 = ?

Using the formula 
1 1 1 1 1 1

  
f v u u v f

or= − = −

we have 
0

1 1 1 1

u 6.25 6.25
= − = −

∞

 or u
e
 = – 6.25

cm
Hence v

0
 = L – u

e
 = 15 – 6.25 = 8.75 cm

Now applying lens formula for objective lens

we have 
0 0 0

1 1 1 1 1 1
  

f v u u v f
or= − = −

Or 
0

1 1 1 2 8.75 6.75

u 8.25 2 17.5 17.5

−

= − = = −

or u
0
 = – 2.59 cm

Now M = 0

0 0

v D 8.75 25

u f -2.59 6.25

⎛ ⎞× = − ⎜ ⎟⎝ ⎠  = 13.5
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Time allowed : 3 hours Maximum Marks : 70

General Instructions :

(1) There are 33 questions in all. All questions are compulsory.

(2) This question paper has five sections: Section A, Section B, Section C, Section D and Section E.

(3) All the sections are compulsory.

(4) Section A contains sixteen questions, twelve MCQ and four Assertion Reasoning based of
1 mark each, Section B contains five questions of two marks each, Section C contains seven
questions of three marks each, Section D contains two case study-based questions of four marks
each and Section E contains three long answer questions of five marks each.

(5) There is no overall choice. However, an internal choice has been provided in one question in Section B,
one question in Section C, one question in each CBQ in Section D and all three questions in Section E.
You have to attempt only one of the choices in such questions.

(6) Use of calculators is not allowed.

(7) You may use the following values of physical constants where ever necessary

(i) c = 3 × 108 m s–1

(ii) m
e
 = 9 × 10–31 kg

(iii) m
p
 = 1.675 × 10–27 kg

(iv) e = 1.6 × 10–19 C

(v) μ
0
 = 4π × 10–7 T,

(vi) h = 6.63 × 10–34 J s–1,

(vii) ε
0
 = 8.854 × 10–12 C2 N–1 m–2

(viii) Avogadro’s number = 6.023 × 1023 per gram mole

SECTION – A

Q. 1. Two charged spheres are separated by
2 mm. Which of the following would yield
the greatest attractive force ?
(a) + 2q and – 2q (b) + 2q and + 2q

(c) – 2q and – 2q (d) – 1q and – 4q.
Ans. (a) + 2q and – 2q.

2024–25
Solved

PHYSICS
CLASS-12th

Holy Faith New Style Sample Paper—1
(Based on the Latest Design & Syllabus issued by C.B.S.E.)

Q. 2. The electric potential on the axis of an
electric dipole at a distance ‘r’ from its
centre is V. Then the potential at a point
at the same distance on its equatorial line
will be :
(a) 2V (b) – V
(c) V/2 (d) Zero.

Ans. (d) Zero.

MODEL ANSWERSMODEL ANSWERSMODEL ANSWERSMODEL ANSWERSMODEL ANSWERS
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Q. 3. By increasing the temperature, the
specific resistance of a conductor and
semiconductor :
(a) increases for both
(b) decreases for both
(c) increases, decreases
(d) decreases for both.

Ans. (c) increases, decreases.
Q. 4. Biot-Savart law indicates that the moving

electrons (velocity v) produce a magnetic
field B such that :
(a) B ⊥ v (b) B || v
(c) it obeys the inverse cube law
(d) it is along the line-joining the electron and
point of observation.

Ans. (a) B ⊥ v
Q. 5. The strength of the magnetic field at the

centre of the circular coil is :

R

(a)
⎛ ⎞μ

−⎜ ⎟
π⎝ ⎠

0
I 1
1

R
(b)

μ

π

0
I

R

(c)
⎛ ⎞μ

−⎜ ⎟
π⎝ ⎠

0
I 1
1

2R
(d)

⎛ ⎞μ
+⎜ ⎟

π⎝ ⎠
0
I 1
1

2R

Ans. (c)
⎛ ⎞μ

−⎜ ⎟
π⎝ ⎠

0
I 1
1

2R
.

Q. 6. A wire of length L has a magnetic moment
M. It is then bent into a semi-circular arc.
The now magnetic moment is :
(a) M (b) ML
(c) 2Mπ (d) Mπ

Ans. (c) 2Mπ.
Q. 7. The current flows from A to B is

increasing as shown in the figure. The
direction of the induced current in the
loop is :

A B

(a) clockwise (b) anticlockwise
(c) straight line
(d) no induced e.m.f. produced.

Ans. (a) clockwise.

Q. 8. Which of the following statement is NOT
true about the properties of
electromagnetic waves ?
(a) These waves do not require any material

medium for their propagation
(b) Both electric and magnetic field vectors

attain the maxima and minima at the
same time.

(c) The energy in an electromagnetic wave is
divided equally between electric and
magnetic fields

(d) Both electric and magnetic field vectors are
parallel to each other.

Ans. (d) Both electric and magnetic field vectors are
parallel to each other.

Q. 9. A coil of metal wire is kept stationary in
a non-uniform magnetic field :

(a) An emf and current both are induced in
the coil

(b) Current but not EMF is induced in the coil
(c) An emf but not current is induced in the

coil
(d) Neither an EMF nor current is induced in

the coil.
Ans. (d) Neither an EMF nor current is induced in

the coil.
Q. 10. The magnifying power of an astronomical

telescope is 8 and the distance between
the two lenses in 54 cm. The focal length
of eye lens and objective lens will be
respectively :
(a) 6 cm and 48 cm (b) 48 cm and 6 cm
(c) 8 cm and 64 cm (d) 64 cm and 8 cm.

Ans. (a) 6 cm and 48 cm
Q. 11. Find the incorrect statements(s) about

the photoelectric effect
(a) There is no significant time delay between

the absorption of a suitable radiation and
the emission of electrons

(b) Einstein analysis gives a threshold
frequency above which no electron can be
emitted

(c) The maximum kinetic energy of the
emitted photoelectrons is proportional to
the frequency of incident radiation

(d) The maximum kinetic energy of electrons
does not depend on the intensity of
radiation.
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Ans. (b) Einstein analysis gives a threshold
frequency above which no electron can be
emitted.

Q. 12. A set of atoms in an excited state decay.
(a) in general, to any of the states with lower

energy
(b) into a lower state only when excited by an

external electric field
(c) all together simultaneously into a lower

state
(d) to emit photons only when they collide.

Ans. (a) in general, to any of the states with lower
energy.

Question number 13 to 16 are Assertion (A) and
Reason (R) type questions.
Two statements are given-one labelled Assertion
(A) and the other labelled Reason (R). Select the
correct answer to these questions from the codes
(a), (b), (c) and (d) as given below.

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

(b) Both (A) and (R) are true and (R) is NOT the
correct explanation of (A)

(c) (A) is true but (R) is false
(d) (A) is false and (R) is also false.

Q. 13. Assertion (A) : A pure semiconductor has
negative temperature coefficient of resistance.
Reason (R) : In a semiconductor on raising
the temperature, more charge carriers are
released, conductance increases and resistance
decreases.

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

Q. 14. Assertion (A) : According to Huygen’s
principle, no backward wave-front is possible.
Reason (R) : Amplitude of the secondary
wavelet is proportional to (1 + cos θ) where θ is
the angle between the ray at the point of
consideration and the direction of the secondary
wavelet.

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

Q. 15. Assertion (A) : In process of photoelectric
emission, all emitted electrons do not have the
same kinetic energy.
Reason (R) : If radiation falling on the
photosensitive surface of metal consists of

different wavelengths then energy acquired by
electrons absorbing photons of different
wavelengths shall be different.

Ans. (b) Both (A) and (R) are true and (R) is NOT
the correct explanation of (A).

Q. 16. Assertion : The change in potential energy of
a two-charge system is independent of the
choice of zero potential energy reference.
Reason : The potential energy of a charge may
decrease when it moves opposite to an electric
field.

Ans. (b) Both (A) and (R) are true and (R) is NOT
the correct explanation of (A)

SECTION – B

Q. 17. Draw a sketch of a plane electromagnetic
wave propagating along the z-direction.
Depict clearly the directions of electric
and magnetic fields varying sinusoidally
with z.

Ans. The sketch is as shown below :

c

y

x B

E

z

Q. 18. A uniform magnetic field gets modified as
shown below when two specimens X and
Y are placed in it.

X Y

(i) Identify the two specimens X and Y.
(ii) State the reason for the behaviour of

the field lines in X and Y.
Ans. (i) X is a diamagnetic substance and Y is a

paramagnetic/ferromagnetic substance.
(ii) This is because the permeability of a

diamagnetic substance is less than one and
that of a paramagnetic/ferromagnetic
substance is greater than one.

Q. 19. Draw a plot of the potential energy of a
pair of nucleons as a function of their
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separation. Write two important
conclusions that you can draw regarding
the nature of nuclear forces.

Ans. The plot is as shown.

1 2 3
r (fm)

r
°

–100

100

0

P
ot

en
tia

l e
ne

rg
y 

(M
eV

)

(i) It shows that the nuclear force is a
saturated force.

(ii) It shows that for distances larger than 0.8
fm the force is attractive and is repulsive
if the distance is less than this.

Or

Draw a plot of the binding energy per
nucleon as a function of mass number for
a large number of nuclei 2 ≤ ≤ ≤ ≤ ≤ A ≤ ≤ ≤ ≤ ≤ 240. How
do you explain the constancy of binding
energy per nucleon in the range 30 < A <
170 using the, property that nuclear force
is short-ranged ?

Ans. The graph is as shown below.

      

E /AB (MeV/nucleon)

9

8

7

6

5

4

3

2

1
H2

1

He2
4

C6
12

62
28Ni

U238
92

50 100 150 200 250
A

Consider a particular nucleon inside a
sufficiently large nucleus. It will be under the
influence of only some of its neighbours, which
come within the range of the nuclear force. If
any other nucleon is at a distance more than
the range of the nuclear force from the
particular nucleon it will have no influence on

the binding energy of the nucleon under
consideration. If we increase A by adding
nucleons they will not change the binding
energy of a nuclei inside. Since most of the
nucleons in a large nucleus reside inside and
not on the surface, the change in binding energy
per nuclei would be small. The binding energy
per nucleon is thus constant.

Q. 20. A biconvex lens made of a transparent
material of refractive index 1.25 is
immersed in water of refractive index
1.33. Will the lens behave as a converging
or a diverging lens ? Justify your answer.

Ans. We know that

1

f
=

⎛ ⎞μ
⎜ ⎟−⎜ ⎟μ⎝ ⎠

1
m

w

⎛ ⎞
⎜ ⎟−⎜ ⎟
⎝ ⎠1 2

1 1

R R

1

f
=

⎛ ⎞
⎜ ⎟μ− −⎜ ⎟
⎝ ⎠1 2

1 1
( 1)

R R

µ

µ

m

w

= =

1.25
0.98

1.33

The value of µ−( 1) is negative and ‘f’ will be
negative. So it will behave like a diverging lens.

Q. 21. The diagram below shows a piece of pure
semiconductor S in series with a variable
resistor R and a source of constant
voltage V. Would you increase or decrease
the value of R to keep the reading of
ammeter (A) constant when semi-
conductor S is heated ? Give reason.

A+ –

+ –
S

R

Ans. When a semiconductor is heated, its resistance
decreases. As a result, the total resistance of
the circuit will decrease. In order to maintain
constant current flow the total resistance of the
circuit must remain constant. Hence, the
external resistance has to be increased to
compensate for the decrease of resistance of
the semiconductor.
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SECTION – C

Q. 22. A ray PQ incident on the refracting face
BA is refracted in the prism BAC as shown
in the figure and emerges from the other
refracting face AC as RS such that AQ =
AR. If the angle of prism A = 60° and
refractive index of material of prism is

3,      calculate angle θθθθθ

Q

P

A

R

B C

S

Ans. Here As AQ = AR, therefore QR is parallel to
BC, hence prism is in minimum deviation
position.

A = 60°, θ= = =?, 3
m

d n

Using n = 

⎛ ⎞+ δ
⎜ ⎟⎜ ⎟
⎝ ⎠

⎛ ⎞
⎜ ⎟
⎝ ⎠

A
sin

2

A
sin

2

m

 Or

3 = 

⎛ ⎞+ δ
⎜ ⎟⎜ ⎟
⎝ ⎠

⎛ ⎞
⎜ ⎟
⎝ ⎠

60
sin

2

60
sin

2

m

 = 

⎛ ⎞+ δ
⎜ ⎟⎜ ⎟
⎝ ⎠

60
sin

2

sin30

m

or 
3

2
 = 

⎛ ⎞+δ
⎜ ⎟⎜ ⎟
⎝ ⎠

60
sin

2

m

Solving θ  = 60°
Q. 23. (a) A uniformly charged large plane sheet

has charge density σσσσσ = (1/18πππππ) × 10–15

C m –2. Find the electric field at point A
which is 50 cm from the sheet.
(b) Consider a straight line with three
points P, Q and R, placed 50 cm from the
charged sheet onthe right side as shown
in the figure. At which of these points,
does the magnitude of the electric field
due to the sheet remain the same as that
at point A and why ?

Ans. (a) The electric field is given by

E =
σ

ε
0

2
 = 

−

−

π× × ×

15

12

10

18 2 8.854 10

E = 10– 6 N C1 away from the sheet.
(b) At Point Q : Because at 50 cm, the charge
sheet acts as a finite sheet and thus the
magnitude remains the same towards the
middle region of the planar sheet.

Q. 24. A particle of charge ‘q’ and mass ‘m’,
moving with velocity 

→

υ      subjected to a
uniform magnetic field B perpendicular
to its velocity. Show that the particle
describes a circular path. Obtain
expression for the radius of the circular
path of the particle.

Ans. If the angle between υ and B is 90° then the
force is given by F = q v B. This force is
perpendicular to both the velocity vector and
the magnetic field vector, hence the particle
will move in a circular path with a constant

speed 
→

v  (though directions of 
→

F  and 
→

v  will
change from point to point, but their magnitude
will remain same). The necessary centripetal
force for circular motion will be provided by
the Lorentz magnetic force. Let m be the mass
of the charged particle and r the radius of the
circular path, then the necessary centripetal
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force is given by 
2

.

mv

r

 Hence for the circular

motion of the charged particle we have :

2
mv

r

 = q v B or r = 
B

mv

q

Q. 25. An alternating voltage of 220 V is applied
across a device X, a current of 0.25 A flows,
which lags behind the applied voltage in
phase by πππππ/2 radian. If the same voltage
is applied across another device Y, the
same current flows but now it is in phase
with the applied voltage.

(i) Name the devices X and Y
(ii) Calculate the current flowing in the

circuit when the same voltage is
applied across the series
combination of X and Y.

Ans. Device X = Inductor
Device Y = Resistor
Given I = 0.25 A, V = 220 V, X

L
 = ? , R = ? ,  I = ?

Now X
L
 and R are equal and are given by

X
L

 = R = 
220

0.25
 = Ω880

Hence impedance of the circuit

Z = 2 2

L
R + X  = 22 (880)  = Ω1244.5

Therefore current through the combination is

I = 
V

Z
 = 

220

1244.5
 = 0.177 A.

Q. 26. Figure (a), (b) and (c) show three ac circuit
in which equal currents are flowing. If the
frequency of emf be increased, how will
the current be affected in these circuits ?
Give reason for your answer.

RL

E E E

C

(a) (b) (c)

Ans. There will be no change in the current in figure
b as the resistance of the resistor does not
depend upon the frequency of the applied ac.
The reactance of the inductor in figure a is given
by X

L
 = 2pfL. An increase in frequency increases

the value of inductive reactance. This decreases
the current through the circuit.

The reactance of the capacitor in figure c is

given by X
C

 = =

ω π

1 1

C 2 Cf
. An increase in

frequency decreases the value of capacitive
reactance. This increases the current through
the circuit.

Or

In a step-up voltage transformer, explain
giving reasons, the following facts :
(a) The output current is less than the

input current.
(b) The iron core is laminated.
(c) The input power is more than the

output power.
Ans. (a) A transformer does not transform the

power. In an ideal transformer the input
and the output power is same. Since P = V
I , therefore in a step-up transformer when
the voltage is increased the current
decrease accordingly.

(b) This is done to reduce the losses due to
eddy currents.

(c) The practical transformers are not ideal.
Hence the output power is less than the
input power due to various losses.

Q. 27. Light of intensity ‘I’ and frequency ‘υυυυυ’ is
incident on a photosensitive surface and
causes photoelectric emission. What will
be the effect on anode current when

(i) the intensity of light is gradually
increased.

(ii) the frequency of incident radiation
is increased, and

(iii) the anode potential is increased ? In
each case, all other factors remain
the same.

Explain, giving justification in each case.
Ans. (i) Anode current will increase with increase

of intensity as more the intensity of light,
more is the number of photons and hence
more number of photoelectrons are
ejected.

(ii) No effect as frequency of light affects the
maximum K.E. of the emitted
photoelectrons.

(iii) Anode current will increase with anode
potential as more anode potential will
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accelerate the electrons more till it attains
a saturation value and get them collected
at the anode at a faster rate.

Or

Find the ratio of the de Broglie
wavelengths associated with an alpha
particle and a proton, if both
(a) have the same speeds,
(b) have the same kinetic energy
(c) are accelerated through the same

potential difference.
Ans. Let m be the mass of the proton and e the

charge on it. Then the mass of alpha particle
m

a
= 4 m and q

a
 = 2e

(a) The de-Broglie wavelength of a particle of
mass m moving with a velocity v is given
by

λ  = 
h

mv

α
λ

λ
P

 = 
υ

×
P

a

mh

m v h
 = 

P

a

m

m
 = 

4

m

m

 = 
1

4

(b) The de-Broglie wavelength of a particle of
mass m moving with a kinetic energy K is
given by

λ  = 
2 K

h

m

λ

λ
P

a  = 
2 K

a

h

m
 × P

2 Km

h
 = 

P

a

m

m
 =

4

m

m

 = 
1

2

(c) The de-Broglie wavelength of a particle of
mass m accelerated through the same
potential difference V is given by

λ = 
2 V

h

mq

λ

λ
P

a = 
2 V

a a

h

m q
×

P P
2 Vm q

h
=

×

×4 2

m e

m e

= 
1

2 2

Q. 28. The photon emitted during the de-
excitation from the 1st excited level to the

ground state of hydrogen atom is used to
irradiate a photo cathode of a photocell,
in which stopping potential of 5V is used.
Calculate the work function of the
cathode used.

Ans. The energy of the photon is given by
E = hν = – 3.4 – (– 13.6) = 10.2 eV
Now stopping potential, V

0
 = 5 V, hence

eV
0
 = 5 eV

Now using the equation = ν−0Ve h φ   we have
5 = 10.2 – φ

Or φ = 10.2 – 5 = 5.2 eV

SECTION – D

Questions number 29 to 30 are case study-based
questions.

Read the following paragraph and answer
the questions.

Q. 29. A number of optical devices and
instruments have been designed and
developed such as periscope, binoculars,
microscopes and telescopes utilising the
reflecting and refracting properties of
mirrors, lenses and prisms. Most of them
are in common use. Our knowledge about
the formation of images by the mirrors
and lenses is the basic requirement for
understanding the working of these
devices.

(i) An astronomical telescope of magnifying
power 7 consists of the two thin lenses
40 cm apart, in normal adjustment. The
focal lengths of the lenses are :

(a) 5 cm, 35 cm (b) 7 cm, 35 cm
(c) 17 cm, 35 cm (d) 5 cm, 30 cm.

Ans. (a)
M = f

o
 / f

e
 = 7

f
o
 = 7 f

e

In normal adjustment distance between lenses
L = f

o
 + f

e
 = 40

Or 7 f
e
 + f

e
 = 40

Or
f
e
 = 40/8 = 5 cm

f
o
 = 7 f

e
 = 7 × 5 = 35 cm.

Or

An astronomical telescope has a
magnifying power of 10 D. In normal
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adjustment, distance between the
objective and eyepiece is 22 cm. The focal
length of objective lens is :

(a) 25 cm (b) 10 cm
(c) 15 cm (d) 20 cm.

Ans. (d) M = 10, L = 22 cm
As m = f

o
 / f

e
, 10 = f

e
 / f

o

f
o
 = 10 f

e

Also L = f
o
 + f

e
 = 22

10 f
e
 + f

e
 = 22

f
e
 = 22/11 = 2 cm

f
o
 = 10 f

e
 = 10 × 2 = 20 cm.

(ii) In astronomical telescope compare to
eyepiece, objective lens has

(a) negative focal length
(b) zero focal length
(c) small focal length
(d) large focal length.

Ans. (d)
Objective has a large focal length.

(iii) To see stars, we use

(a) compound microscope
(b) simple microscope
(c) Endoscope
(d) astronomical telescope.

Ans. (d)
Astronomical telescope is used to see stars.

Or

For large magnifying power of
astronomical telescope.
(a) f

o
 < < f

e
(b) f

o
 = f

e

(c) f
o
 >> f

e
(d) none of these.

Ans. (c)
f
o
 > > f

e
.

Q. 30. A p-n junction is the key to all
semiconductor devices. When such a
junction is made, a depletion layer is
formed consisting of immobile ion-cores
devoid of their electrons or holes. This is
responsible for a junction potential barrier.
By changing the external applied voltage,
junction barrier can be changed. In
forward bias, the barrier is decreased while
the barrier increases in reverse bias.
Hence, the forward bias current is more
(mA) while it is very small (μμμμμA) in reverse

biased junction diode. The given figure
shows a germanium semiconductor device.

D E

(–) (+)

C F

A B

Electrons Holes

(i) The section A represents in the diagram ?
(a) P-type (b) N-type
(c) Intrinsic semiconductor
(d) None of these.

Ans. (b)
As the majority carriers are electrons.

(ii) The biasing, shown in the diagram, is
(a) Forward bias (b) Reverse bias
(c) Both A and B (d) No biasing.

Ans. (b)
N-type is connected to the negative and P-type
to the positive.

(iii) When a forward bias is applied to a p-n
junction, it
(a) raises the potential barrier
(b) reduces the majority carrier current to zero
(c) lowers the potential barrier
(d) None of these.

Ans. (c)
The forward bias opposes the potential barrier.

Or

In which of the following figures, the pn
diode is reverse biased ?

(a)
–12V

R

–5V

(b)

–10V

R

(c)
R

+5V (d) +10V

R+5V

.

Ans. (c)
P-type is connected to a lower potential.

(iv) What is the current through the ideal
diode shown in the figure ?

3.2 V 3 V100 �
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(a) 2 mA (b) 2 A
(c) 3 mA (d) 3.2 mA.

Ans. (a)

I = 
−(3.2 3)

100
 = 2 × 10 –3 A.

SECTION – E

Q. 31. Using Gauss’s law, obtain expressions for

the electric field (i) inside, and (ii) outside

a positively charged spherical shell.

(b) Show graphically variation of the

electric field as a function of the distance

r from the centre of the sphere.

(c) A square plane sheet of side 10 cm is
inclined at an angle of 30° with the
direction of a uniform electric field of 200
NC–1. Calculate the electric flux passing
through the sheet.

Ans. Case 1. At a point outside the spherical shell
In order to find the electric field at a point P
outside the shell let us consider a Gaussian
surface in the form of a sphere of radius r

( r >> R ) .

Gaussian surface

Surface charge
density � P

R
r

O

Surface charge
density �

Gaussian 
surface

R
O

r
P

     (a)         (b)
By symmetry we find that the electric field acts
radically outwards and has a normal
component at all points on the Gaussian
sphere. Therefore by definition of electric flux
we have
φ = E × A where A is the surface area of the
Gaussian sphere therefore
φ = E × 4πr2    ...(1)
But by Gauss’s law

φ  =  
ε
0

Q
 = 

σ

ε
0

A
 = 

σ× π

ε

2

0

4 R
...(2)

from equations 1 and 2 it follows that

× π
2

E 4 r  = 
ε
0

Q
 or × π

2
E 4 r  = 

σ× π

ε

2

0

4 R
 ...(3)

or  E = 
πε

2

0

1 Q

4 r

 and E = 
σ

ε

2

2

0

R

r

...(4)

It follows from equation 4 that the electric field
due to a spherical shell outside it is same as
that due to a point charge. Therefore for points
lying outside the spherical shell the shell
behaves as if the entire charge is concentrated
at the centre.
CASE 2: At a point on the spherical shell
In this case the Gaussian surface will have the
same radius as that of the shell. Therefore R
can replace r in equation 4.

Hence E = 
πε

2

0

1 Q

4 R
 and 

σ

=

ε
0

E

CASE 3: At a point inside the spherical
shell
In this case the Gaussian surface drawn inside
the shell does not enclose any charge hence

× π
2

E 4 r  = 
θ

ε
0

 or E = 0

(b)    

+ +
+

+
+++

+
+
+

+

inside

R
E = 0

E 

Parts of Gaussian surfaces

E

E(R) = 1 q
R2

E =
1 q

r 2

E(R)/4
E(R)/9

R 2R 3R
E = 0

O
r

(c) Given 
r = 10 cm = 0.1m
Electric field ‘E’ = 200 N C– 1

The angle between the sheet and electric field
30o

The angle between the electric field and normal
to the plane sheet q = 90 – 30 = 60o

Electric flux  φ = EA cos θ
φ = 200 × (0.1)2 × cos 60o = 1 N m2 C– 1

Or

(i) Obtain an expression for the
potential energy of an electric dipole
placed in a uniform electric field.
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(ii) Three capacitors of capacitance C
1
,

C
2
 and C

3
 are connected in series to

a source of V volt. Show that the total
energy stored in the combination, of
capacitors is equal to sum of the
energy stored in individual
capacitors.

(iii) A capacitor of capacitance C is
connected across a battery. After
charging the battery is disconnected
and the separation between the
plates is doubled. How will (i) the
capacitance of the capacitor, and (ii)
and electric field between the plates
be affected ? Justify your answer.

Ans. (i) The torque acting on the dipole in a
uniform electric field tends to align it in
the direction of the electric field. If the
dipole is moved against this torque, work
will have to be done. This work is stored
in the dipole as its potential energy. If q
is the angle between the dipole moment
and the electric field, then the torque
acting on the dipole is given by

r = pE sin θ .....(1)
Suppose the dipole is rotated through an
infinitesimally small angle dθ against the
torque then the small work done is
dW= r dθ = pE sin θ dθ ......( 2 )
The net work done in rotating the dipole
from its initial position θ

1
 to its final

position θ
2
 is given by

W = 

θ

θ

θ

θ

θ θ= − θ
⌠
⎮
⌡

2

2

1

1

Esin E| cos |p d p

or W = pE ( cos θ
1
 – cos θ

2
) .....(3)

This work done is stored in the dipole in
the form of its potential energy. Hence

U = pE ( cos θ
1
 – cos θ

2
 ) .....(4)

(ii) Suppose three capacitors of capacitances
C

1
, C

2
 and C

3
 are connected in series, then

1

C
 = + +

1 2 3

1 1 1

C C C

Since in series the charge on each
capacitor is same therefore the energy
stored in the parallel combination is

U = 
⎛ ⎞
⎜ ⎟+ +⎜ ⎟
⎝ ⎠1 2 3

1 1 1 1

2 C C C
Q

2

    = 
2 2 2

1 2 3

1 Q 1 Q 1 Q
+ +

2 C 2 C 2 C

or U = U
1
 + U

2
 +U

3

(iii) (a) The capacitance of a capacitor is given
by

C = 
ε
0
A

d

As d is doubled, therefore the
capacitance will become half.

(b) The electric field is given by the

expression E = 
σ

=

ε ε
0 0

.
A

q
 This

remains same as there is no change
in charge and area of the plates.

Q. 32. (a) Why do the free electrons’, in a metal
wire, flowing by themselves’, not
cause any current flow in the wire ?
Define ‘drift velocity’ and obtain an
expression for the current flowing in
a wire, in terms of the drift velocity’
of the free electrons.

(b) Use the above expression to show that
the resistivity’, of the material of a
wire is inversely proportional to the
relaxation time’ for the free electrons
in the metal.

Ans. (a) The free electrons, in a metal, (flowing by
themselves), have random distribution of
their velocities. Hence the net charge
crossing any cross section, in a unit time,
is zero.
The ‘drift velocity ‘equals the average (time
dependent) velocity acquired by free
electrons, under the action of an applied
(external) electric field. We have, for an
applied electric field

→

a  = 

→

=−

F Ee

m m

Therefore

→

υ
d

 = 

→⎛ ⎞
⎜ ⎟

− τ⎜ ⎟
⎜ ⎟
⎝ ⎠

Ee

m

Where τ is the average relaxation time.
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(b) Let n be the electrons per unit volume in
the conductor. Here n is called the number
density of electrons. Assume that all
electrons move with the same drift velocity
v

d
. In a time interval dt, each electron

moves a distance v
d
dt. Now the volume of

the cylinder covered by the electrons in time
dt is

V = A v
d
dt .....( 1 )

and the number of electrons in this volume
are N  =   nV  = nA v

d
dt .....( 2 )

If e is the charge on the electron, then
charge flowing through the conductor in
small time dt is

dQ  =  e (nA v
d
dt ) ......( 3 )

hence the current through the conductor is

I = =

Q
A

d

d
n ev

dt

Because of the drift, we can write

Or I = enA
⎛ ⎞τ τ

=⎜ ⎟
⎝ ⎠

2
E AEe ne

m m

But I = JA hence

JA = 
τ

2
AEne

m

 ⇒  J = 
τ

2
Ene

m

But J = σ =
ρ

E
E

Hence 
τ

=
ρ

2
E Ene

m

 ⇒  σ  = 
τ

2

m

ne

Or

(a) Plot a graph showing the variation of
current density (i) versus the electric
field (E) for two conductors of
different materials. What information
from this plot regarding the
properties of the conducting
material, can be obtained which can
be used to select suitable materials for
use in making (i) standard resistance
and (ii) connecting wires in electric
circuits ?

(b) Figure shows a plot of current ‘I’
flowing through the cross-section of
a wire versus the time ‘t’. Use the plot
to find the charge flowing in 10s
through the wire.

5

10
1(A)

0 5 10 t(s)

Ans. (a) We know that J = σE
Therefore the graph between J and E will
be a straight line passing through the origin.
This is as shown

A

B

EO

j

The slope of the graph  = conductivity (σ)
Hence material with less slope (smaller
conductivity) is used for making standard
resistors and material with greater slope
(higher conductivity) for making
connecting wires.

(b) The area under the I-t curve gives the
value of charge

Q = 
1

2
 × 5 × 5 + (10 – 5) × 5

= 12.5 + 25 = 37.5 C
Q. 33. (a) Define a wavefront. How is it different

from a ray?
(b) Depict the shape of a wavefront in
each of the following cases.
(i) Light diverging from a point source.
(ii) Light emerging out of a convex lens
when a point source is placed at its fo-
cus.
(iii)Using Huygen’s construction of sec-
ondary wavelets, draw a diagram show-
ing the passage of a plane wavefront from
a denser into a rarer medium.

OR
(a) Draw a ray diagram to show the im-
age formation by a combination of two
thin convex lenses in contact. Obtain the
expression for the power of this combi-
nation in terms of the focal lengths of the
lenses.
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(b) A ray of light passing from air through
an equilateral glass prism undergoes
minimum deviation when the angle of in-
cidence is 3/4th of the angle of prism. Cal-
culate the speed of light in the prism.

Ans. (a) A wave front is defined as the locus of all
adjacent points at which the phase of vibration
of a physical quantity associated with the wave
is the same. It is in two dimension while a ray
is in one dimension.

(b) (i)

(ii)

The diagram is as shown

OR
(a) Consider two lenses A and B of focal length
f1 and f2 placed in contact with each other. Let
the object be placed at a point O beyond the fo-
cus of the first lens L1 as shown.

The first lens L1 produces an image at I1. Since
image I1 is real, it serves as a virtual object for
the second lens L2, producing the final image at
I. Since the lenses are thin, we assume the opti-
cal centres of the lenses to be coincident. Let
this central point be denoted by P.
For the image formed by the first lens L1, we
get

1 1

1 1 1
–

v u f
= ...(i)

For the image formed by the second lens L2,
we get

1 2

1 1 1
–

v v f
=  ...(ii)

Adding equations (i) and (ii) we have

1 2

1 1 1 1

v u f f
− = +   ...(iii)

If the two lens-system is regarded as equiva-
lent to a single lens of focal length f, we have

 
1 1 1

–
v u f

=  ...(iv)

Therefore form equations (iii) and (iv) we get

1 2

1 1 1

f f f
= +  or P = P

1
 + P

2

 (b) Given A = 600, i = ¾ × 60=450  c = 3 ×108 m s -1,
Now ?m = 2i – A = 90 – 60 = 300

Using the formula

mA +
sin

2
A

sin
2

c

v

⎡ ⎤δ
⎢ ⎥⎣ ⎦

μ= =
⎛ ⎞
⎜ ⎟
⎝ ⎠

 we have

sin 45

sin 30

c
or

v
=

8 8 –1sin 30
3 10 2.12 10 ms

sin 45
v = × × = ×
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SECTION – A

Q. 1. Each of the two-point charges is doubled
and the distance between them is halved.
Now the force of interaction between
them becomes n times, where n is :
(a) 4 (b) 1 (c) 18      (d) 16.

Ans. (d) 16.
Q. 2. If a unit positive charge is taken from one

point to another over an equipotential
surface, then :
(a) work is done on the charge.
(b) work is done by the charge.
(c) work done is constant.
(d) no work is done.

Ans. (d) no work is done.
Q. 3. The temperature (T) dependence of

resistivity of materials A and material B
is represented by fig (i) and fig (ii)
respectively. Material A and material B
are :

P P

T T

      Fig. (i)              Fig. (ii)
(a) material A is copper and material B is

germanium
(b) material A is germanium and material B

is copper
(c) material A is nichrome and material B is

germanium
(d) material A is copper and material B is

nichrome
Ans. (b) material A is germanium and material B

is copper

Q. 4. An electron is projected with uniform
velocity along the axis of a current
carrying long solenoid. Which of the
following is true ?
(a) The electron will be accelerated along the

axis.
(b) The electron path will be circular about

the axis.
(c) The electron will experience a force at 45°

to the axis and hence execute a helical
path.

(d) The electron will continue to move with
uniform velocity along the axis of the
solenoid.

Ans. (d) The electron will continue to move with
uniform velocity along the axis of the
solenoid.

Q. 5. A moving coil galvanometer can be
converted into an ammeter by :
(a) introducing a resistance of large value in

series.
(b) introducing a resistance of small value in

parallel.
(c) introducing a resistance of small value in

series
(d) introducing a resistance of large value in

parallel.
Ans. (b) introducing a resistance of small value in

parallel.
Q. 6. If the magnetizing field on a ferro-

magnetic material is increased, its
permeability :
(a) decreases (b) increases
(c) remains unchanged
(d) first decreases and then increases

Ans. (a) decreases
13
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Q. 7. An electrical element X when connected
to an alternating voltage source has
current through it leading the voltage by

π

2
 radian. Element X is :

(a) Capacitor (b) Resistor
(c) Inductor
(d) Series LR circuit.

Ans. (a) Capacitor.
Q. 8. During the propagation of electro-

magnetic waves in a medium
(a) Electric  energy  density is double of the

magnetic energy density. 
(b) Electric  energy density is half of the

magnetic energy density. 
(c) Electric  energy  density is equal to the

magnetic energy density. 
(d) Both electric and magnetic energy

densities are zero. 
Ans. (c) Electric energy density is equal to the

magnetic energy density. 
Q. 9. Which of the following statement is

correct ?
(a) The induced EMF is not the direction

opposing the change in magnetic flux so
as to oppose the cause which produces it

(b) Relative motion between coil and magnet
produces change in magnetic flux.

(c) Emf is induced only if the magnet is moved
toward the coil

(d) Emf is induced only if the coil is moved
toward the coil

Ans. (b) Relative motion between coil and magnet
produces change in magnetic flux.

Q. 10. A convex lens of focal length 40 cm is in
contact with a concave lens of focal length
25 cm. The power of the combination is :
(a) – 1.5 D (b) – 6.5 D
(c) + 6.5 D (d) + 6.67 D

Ans. (a) – 1.5 D.
Q. 11. The maximum kinetic energy of the

photoelectrons depends only on :
(a) potential (b) frequency
(c) incident angle (d) intensity

Ans. (b) frequency.

Q. 12. The radius of the innermost electron orbit
of a hydrogen atom is 5.3 × 10–11 m. The
radius of the n = 3 orbit is :

(a) 1.01 × 10–10 m (b) 1.59 × 10–10  m

(c) 2.12 × 10–10 m (d) 4.77 × 10–10 m

Ans. (d) 4.77 × 10–10 m

Questions number 13 to 16 are Assertion (A) and
Reason (R) type questions.

Two statements are given-one labelled Assertion
(A) and the other labelled Reason (R). Select the
correct answer to these questions from the codes
(a), (b), (c) and (d) as given below.

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

(b) Both (A) and (R) are true and (R) is NOT the
correct explanation of (A)

(c) (A) is true but (R) is false

(d) (A) is false and (R) is also false.

Q. 13. Assertion (A) : Silicon is preferred over
germanium for making semiconductor devices.

Reason (R) : The energy gap in germanium is
more than the energy gap in silicon.

Ans. (c) (A) is true but (R) is false

Q. 14. Assertion (A) : No interference pattern is
detected when two coherent sources are
infinitely close to each other.

Reason (R) : The fringe width is inversely
proportional to the distance between the two
sources.

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

Q. 15. Assertion (A) : The photoelectrons produced
by a monochromatic light beam incident on a
metal surface have a spread in their kinetic
energies.

Reason (R) : The work function of the metal
is its characteristics property.

Ans. (b) Both (A) and (R) are true and (R) is NOT
the correct explanation of (A).

Q. 16. Assertion : When a current flows in the coil of
a transformer, then its core becomes hot.

Reason : The core of a transformer is made of
iron.

Ans. (b) Both (A) and (R) are true and (R) is NOT
the correct explanation of (A).
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SECTION – B

Q. 17. An e.m. wave is travelling in a medium

with a velocity = υ
^
i . The electric field

oscillations, of this e.m. wave, are along
the y-axis.
(a) Identify the direction in which the

magnetic field oscillations are taking
place, of the e.m. wave.

(b) How are the magnitudes of the
electric and magnetic fields in the
electromagnetic wave related to each
other ?

Ans. (a) The magnetic field oscillations are taking
place along the Z-axis.

(b) =

0

0

E

B
c .

Q. 18. The susceptibility of a magnetic material
is –0.085. Identify the magnetic type of the
material. A specimen of this material is
kept in a non-uniform magnetic field.
Draw the modified field pattern.

Ans. The material is a diamagnetic material as
diamagnetic materials have negative
susceptibility. The modified field pattern is as
shown below.

B0

B0B <
Diamagnetics

Q. 19. In the Geiger-Marsden experiment, an ααααα-
particle of 5.12 MeV energy approaches a
gold target (Z = 79), comes momentarily
to rest and then reverses its direction.
Find the distance of closest approach of
a-particle to the target nucleus.

Ans. The equation of distance of closest approach is

r
0

= = ×
πε

2 2

0 K

2 Z 1 2Z

E 4 E
k

k e e

r
0

= 9 × 109 × 
−

−

× × ×

× ×

19 2

13

2 79 (1.6 10 )

5.12 1.6 10

= 4.44 × 10 –14 m.

(i) It shows that the nuclear force is a
saturated force.

(ii) It shows that for distances larger than 0.8
fm the force is attractive and is repulsive
if the distance is less than this.

Or

Draw the plot of the binding energy per
nucleon as a function of mass number for
different nuclei. The nuclei lying at the
middle flat portion of the curve are more
stable. Explain.

Ans. The plot is an shown below.
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It is because their binding energy per nucleon
is high and almost constant.

Q. 20. Draw a labelled ray diagram of a
reflecting telescope. Mention its two
advantages over the refracting telescope.

Ans. The ray diagram is as shown.

T1

T2

OBJECTIVE EYE PIECE

M
45°

(a) Less chromatic aberration in a mirror.
(b) A mirror can be made which has a much

larger size than a lens, thus high resolving
power and light gathering power.

Q. 21. In the circuit diagram shown below two
p-n junction diodes D

1
 and D

2
 are

connected with a resistance R and a dc
battery E as shown. Redraw the diagram
and indicate the direction of flow of
appreciable current in the circuit. Justify
your answer.
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R

n p

p n

D1

D2

E

Ans. The redrawn diagram showing the flow of
appreciable current is as shown below.

p

p n

n

R

E

D1

D2

Here diode D
2
 is forward biased hence it conducts.

Therefore, an appreciable current will pass
through it. However, diode D

1
 is reverse biased,

hence negligible current will flow through it.

OR

In the following diagrams, indicate which
of the diodes are forward biased and which
are reverse biased.

+5 V

+7 V
+2V

(a) (b)

–5 V

–12 V –10 V

(c) (d)
Ans. (a) Forward biased. (b) Reverse biased

(c) Forward biased. (d) Reverse biased.

SECTION – C

Q. 22. (i) Define refracive index of a medium.
(ii) In the following ray diagram, calculate
the speed of light in the liquid of unknown
refractive index.

30 cm

40 cm Liquid

Ans. (i) It is defined as the ratio of speed of lightin
vacuum to the speed of light in the given
medium.
(ii) The speed of light can be found by using
the formula

v

c

 =  
sin

sin

i

r
 or v = ×

sin

sin

i
c

r

From the diagram we find that

30 cm r = 90°

Liquid

90°

i

i
40 cm

sin i = 
+

2 2

30

(30) (40)
 = 

3

5
 and r = 90°

Therefore we have

v = × ×
8

3 /5
3 10

1
 = 1.8 × 108 m s –1

Q. 23. A hollow conducting sphere of inner
radius r

1
 and outer radius r

2
 has a charge

Q on its surface. A point charge -q is also
placed at the centre of the sphere.
(a) What is the surface charge density on
the (i) inner and (ii) outer surface of the
sphere ?

Ans. The – q charge will induce a charge + q on the
inner surface and – q on the outer surface of
the sphere. Therefore total charge on the inner
surface is + q

Now surface charge density on the inner surface
is

σ
i
 = 

Total charge on inner surface

Area of inner surface
 = 

+

π
2

1
4

q

r

A charge – q is induced on the outer surface,
therefore net charge on the outer surface is
(Q – q)
Now surface charge density on the outer surface
is
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σ
0

 = 
Total charge on inner surface

Area of inner surface
 = 

π
2

2

Q –

4

q

r

Q. 24. The figure shows a circular loop
connected to a battery. The arc ACB of
length l

1
 carries a current I

1
 and arc ADB

of length l
2
 carries a current I

2
. Show that

the net magnetic field at the centre of the
loop is zero.

l2

l1

C
I1

I2

O A

D

B

Ans. Let resistance of the part ACB be R
1
 and that

of part ADB be R
2
. Since these are connected

in parallel, therefore we have
I

1
R

1
 = I

2
R

2

Or
ρ

1 1
I I

A
 = 

ρ
2 2
I I

A

Or  I
1
l

1
 = I

2
l

2

Now the magnetic field at the centre of an arc

of length is B = 
μ θ

π

0
I

2 2r

Hence B
1

 =
μ

π

0 1 1
I I

2 2r r

 = 
μ

π

0 1 1

2

I I

4 r

and B
2

 =
μ

π

0 2 2
I I

2 2r r

 = 
μ

π

0 2 2

2

I I

4 r

and B
2

 =
μ

π

0 2 0
I I

2 2r r

 = 
μ

π

0 2 2

2

I I

4 r

From the above expression we have B
1
 = B

2

By right hand thumb rule the two fields are
oppositely directed hence they will cancel out.
Thus, B

1
 + B

2
 = 0

Q. 25. Sketch the change in flux, emf and force
when a conducting rod PQ of resistance
R and length l moves freely to and fro
between A and C with speed v on a
rectangular conductor placed in uniform
magnetic field as shown in the figure.

B

P

Q

C
x = 0 x = b x = 2b

A

l

Ans. The sketch is as shown below.

Blb

F
lu

x

Blυ

E
M

F
F

or
ce

r

r

OUTWARD INWARD

x=0 x=b x=2b x=b x=0

Q. 26. (a) An ac circuit as shown in the figure
has an inductor of inductance L and
a resistor of resistance R connected
in series. Using the phasor diagram,
explain why the voltage in the circuit
will lead the current in phase.

(b) The potential difference across the
resistor is 160 V and that across the
inductor is 120 V. Find the effective
value of the applied voltage. If the
effective current in the circuit be 1.0
A, calculate the total impedance of the
circuit.

(c) What will be the potential difference
in the circuit when direct current is
passed through the circuit ?

R L

VR VL

ε = ε
0
 sin ωt
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Ans. (a) When ac passes through a resistor voltage
and current are in phase. When ac flows
through an inductor voltage leads current
by a phase angle of π/2. The phasor
diagram is as shown.

VL VRY

I

wt

xO

Or

Hence resultant voltage in the circuit will
lead V

R
 and therefore the current in the

circuit.
(b) Let V be the effective potential difference

across L-R circuit, therefore

V = 2 2

R L
V + V  = +

2 2(160) (120)

= 200 V
Therefore impedance of the circuit

Z =  = Ω
V 200

= 200
I I

For dc V
L
 = 0, therefore

Potential difference in the circuit V
R

= potential difference across resistor
= 160 V

OR

An ac circuit consists of a series
combination of circuit elements X and Y.
The current is ahead of the voltage in
phase by πππππ/4. If element X is a pure resistor
of 100 ΩΩΩΩΩ,
(a) name the circuit element Y.
(b) calculate the rms value of current, if

rms value of voltage is 141 V.
(c) What will happen if the ac source is

replaced by a dc source ?
Ans. Y is a capacitor.

Phase angle π/4, also φ=
R

cos
Z

⇒ Z = 
φ

R

cos
 = =

π

R 100

cos ( / 4) 1 / 2

I
rms

=
 

rms
V

Z
=

 

141

141.4  
≅1A

The current becomes zero.

Q. 27. (a) Draw a graph showing the variation
of photoelectric current with
collector plate potential for two
different frequencies (v

1
 > v

2
) of the

incident radiation.
(b) Write Einstein’s photoelectric

equation. Explain two features of
photoelectric effect which cannot be
explained by wave theory of light.

Ans. (a) The graph is as shown.

Photoelectric
current

Saturation current

Collector plate potential

Retarding potential

0

v  > v1 2

–V01 –V02

v  1
v2

(b) Einstein’s photoelectric equation is
K

max
 = hν − φ

0

Two Factors:
(i) Maximum KE of emitted photoelectrons

is independent of the intensity of incident
radiation

(ii) There is a threshold frequency below
which photo electrons are not emitted.

Or

Light of frequency v is incident on a
photosensitive surface. A graph of the
square of the maximum speed of the
electrons (V2

max
) vs. v is obtained as shown

in the figure. Using Einstein’s photo-
electric equation, obtain expressions for
(i) Planck’ s constant (ii) work function
of the given photosensitive material in
terms of parameters l, n and mass of the
electron m.

V2
max

O

l

n

Ans. Einstein’s photoelectric equation 

E
max

 = 2

max 0

1
( )

2
m hν = ν− ν
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Or 2

max
v  = 

⎛ ⎞ φ
ν−⎜ ⎟

⎝ ⎠
0

22h

m m

Thus the graph is a straight line.
Clearly

(i) slope of graph = 
2h

m
 = ⇒ =

1

2

ml
h

n n

Intercept on the v2

max
 axis is 

φ
0

2

m

 = l

0
⇒ φ =

2

ml

Q. 28. Find the frequency of light that ejects
electrons from a metal surface, fully
stopped by a retarding potential of 3.3 V.
If photoelectric emission begins in this
metal at a frequency of 8 × 1014 Hz,
calculate the work function (in eV) for this
metal.

Ans. Work function is given by w
0 
= 0hν

ω
0

 = 
−

−

× × ×

×

34 14

19

6.63 10 8 10

1.6 10
 = 3.315 eV

Now using the expression

eV
0
 = 0h wν−

We have

ν  = 
+ω

0 0
Ve

h
 = 

−

−

+ × ×

×

19

34

(3.3 3.315) 1.6 10

6.63 10

ν = 1.596 × 10
15

 Hz

SECTION – D

Questions number 24 to 30 are case study based
questions.
Read the following paragraphs and answer the
questions.

Q. 29.

Diamond

Critical angle

AirTotal
reflection

The total internal reflection of the light
is used in polishing diamonds to create a

sparking brilliance. By polishing the
diamond with specific cuts, it is adjusted
the most of the light rays approaching the
surface are incident with an angle of
incidence more than critical angle. Hence,
they suffer multiple reflections and
ultimately come out of diamond from the
top. This gives the diamond a sparking
brilliance.

(i) Light cannot easily escape a diamond
without multiple internal reflections.
This is because :
(a) Its critical angle with reference to air is

too large
(b) Its critical angle with reference to air is

too small
(c) The diamond is transparent
(d) Rays always enter at angle greater than

critical angle.
Ans. (b) A diamond cannot easily allow light to

escape, as its critical angle with respect to air
is very small. This allows for multiple total
internal reflections.

(ii) The critical angle for a diamond is 24.4o.
Then its refractive index is :
(a) 2.42 (b) 0.413
(c) 1 (d) 1.413.

Ans. (a)

n =  
C

1

sin i
 = 

1

sin24.4°
 = =

1
2.42

0.413

(iii) The basic reason for the extraordinary
sparkle of suitably cut diamond is that
(a) It has low refractive index
(b) It has high transparency
(c) It has high refractive index is very hard
(d) It is very hard.

Ans. (c)
(iv) A diamond is immersed in a liquid with a

refractive index greater than water. Then
the critical angle for total internal
reflection will :
(a) will depend on the nature of the liquid
(b) decrease
(c) remains the same
(d) increase.

Ans. (d)
This is because the effective refractive index
of diamond decreases.
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Or

A diamond is immersed in a liquid with a
refractive index greater than water. What
happens to the critical angle for total
internal reflection ?

Ans. (d)

n = 
C

1

sin i
 ⇒ sin i

C
 = 

1

n

Or

The following diagram shows same
diamond cut in two different shapes.

The brilliance of diamond in the second
dimond will be :
(a) less than the first (b) greater than first
(c) same as first
(d) will depend on the intensity of light.

Ans. (a)
Q. 30. Read the following paragraph and answer

the questions
LED is a heavily doped P-N junction
which under forward bias emits
spontaneous radiation. When it is forward
biased, due to recombination of holes and
electrons at the junction, energy is
released in the form of photons. In the
case of Si and Ge diode, the energy
released in recombination lies in the
infrared region. LEDs that can emit red,
yellow, orange, green and blue light are
commercially available. The semi-
conductor used for fabrication of visible
LEDs must at least have a band gap of 1.8
eV. The compound semiconductor
Gallium Arsenide –Phosphide is used for
making LEDs of different colours.

(i) A light-emitting diode (LED) converts
(a) optical signal into thermal energy
(b) thermal energy into electrical signal
(c) electrical current into optical signal
(d) sound energy into optical signal.

Ans. (c)
It converts electrical energy into light energy.

(ii) The colour of the emitted light from the
P-N junction made of GaAsP is :
(a) red or yellow (b) far infrared
(c) near infrared (d) ultraviolet.

Ans. (a)
(iii) Which of the following statements about

LED is INCORRECT ?
(a) It needs small power for operation
(b) It emits light
(c) It uses materials like gallium and arsenide
(d) It uses materials like silicon and

germanium.
Ans. (d)
(iv) The basic material for fabrication of an

LED is :
(a) gallium arsenide
(b) gallium arsenide phosphide
(c) indium antimonide
(d) indium antimonide phosphide.

Ans. (b)
Or

The energy gap for an LED should be
(a) 1 eV (b) 0.7 eV
(c) 1.8 eV (d) 2 eV.

Ans. (c)

SECTION – E

Q. 31. (i) (A) Why does the electric field inside
a dielectric slab decrease when
kept in an external electric field ?

(B) Derive an expression for the
capacitance of a parallel plate
capacitor filled with a medium
of dielectric constant K.

(ii) A charge q = 2 mC is placed at the
centre of a sphere of radius 20 cm.
What is the amount of work done in
moving 4 mC from one point to
another point on its surface ?

(iii) Write a relation for polarisation of
a dielectric in the presence of an
external electric field.

Ans. (i) (A) A dielectric material gets polarized
when it placed in an electric
field. The field produced due to the
polarization of material minimizes
the effect of external field. Hence, the
electric field inside a dielectric
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decreases when it is placed in an
external electric field.

(B) Suppose that when the capacitor is
connected to a battery, electric field
of strength E

0
 is produced between

the two plates of the capacitor.
Further, suppose that when
dielectric slab of thickness t (t < d) is
introduced between the two plates of
the capacitor as shown in figure, the
electric field reduces to E due to
polarisation of the dielectric.

DIELECTRIC SLAB
BA

+

+

+

+

+

+

+ +

+

+
+

+

+

+ –

–

–

–
–

–

–

–

–

–
–

–

–

–

E=E –0
P

t
d

Therefore between the two plates of the
capacitor; over a distance t, the strength of the
electric field is E and over the remaining distance
(d-t) the strength is E

0
. If V is the potential

between the plates of the capacitor, then
V= Et + E

0
 (d – t) ...(1)

Since E = E
0
/K where K is the dielectric constant,

therefore the above equation becomes

V = 
⎛ ⎞

+ − = − +⎜ ⎟
⎝ ⎠

0

0 0

E
E ( ) E

K K

t
t d t d t ...(2)

The electric field between the plates of the
capacitor is given by

E
0
 = σ / e

0
 = Q/ A e

0
...(3)

Hence the potential between the two plates
becomes

V = 
⎛ ⎞

− +⎜ ⎟
⎝ ⎠0

E
K

t
d t  = 

⎛ ⎞
− +⎜ ⎟

ε ⎝ ⎠
0

Q

A K

t
d t ...(4)

Hence the capacitance of the parallel plate
capacitor is given by

C = 
Q

V
 = 

⎛ ⎞
− +⎜ ⎟

ε ⎝ ⎠
0

Q

Q

A K

t
d t

 = 
ε

− −

0
A

(1 1/K)d t

When t = d then we have

C = 
ε
0

K A

d

(ii) The surface of the sphere is an
equipotential surface, therefore the work
done will be zero.

(iii)
→ →

= χP E
e

Or

(a) Consider a system of two parallel metal
plates of area ‘A’, each placed at a
separation ‘d’ in air. Derive the
expression for the capacitance of this
parallel plate capacitor.

(b) If the two plates of the capacitor have
+ q and -q charges, respectively, find
the force experienced by the negative
plate due to the positive plate.

(c) A network of four capacitors each of
capacitance 12 mF is connected to a
battery as shown in the figure. Find the
total charge stored in the network.

C1

C2
C3

C4

100 V

Ans. (a) Suppose Q is the charge on the capacitor,
and  is the uniform surface charge density
on each plate as shown in figure. Therefore
by Gauss’s theorem the electric field
between the plates of the capacitor
(neglecting fringing of electric field at the
edges) is given by

   

A B

d

   

++
++
++
++
++
++
++
++

A B

(a) (b)
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E = 
σ

=

ε ε
0 0

Q

A
...(1)

The field is uniform, and the distance
between the plates is  d, so the potential
difference between the two plates is

V = Ed = 
ε
0

1 Q

A

d
...(2)

Therefore by the definition of capacitance
we have

C = 
Q

V
 = 

ε
0
A

d
...(3)

This gives the capacitance of a parallel
plate capacitor with vacuum between
plates.

(b) In a capacitor as the plates carry equal and
opposite charges, there exists a force of
attraction between the plates. To calculate
this force we use the fact that the electric
field is conservative and in a conservative

field F = −
Ud

dx
. In the case of a parallel

plate capacitor

U = =

ε

2 2

0

1 1

2 C 2 A

q q x
 since C = 

ε
0
A

x

Therefore F = 
⎛ ⎞
⎜ ⎟− ⎜ ⎟ε⎝ ⎠

2

0

1 Q

2 A

d
x

dx
 = −

ε

2

0

1 Q

2 A

= −
1
QE

2
 where 

σ

=

ε ε
0 0

Q

A = E the electric

field between the plates of the capacitor.
The negative sign shows the attractive
nature of the force.

(c) Capacitors C
2
, C

3
 and C

4
 are in series,

hence net capacitance is

1

C
s

 = 
1 2 3

1 1 1
+ +

C C C
 = 

1

12
+

1

12
+

1

12
 = 

1

4

Therefore C
S
 = 4 mF

Now this is in parallel with the capacitor
C

1
, hence net capacitance

C
P
 = C

S
 + C

1
 = 4 + 12 = 16 mF

Hence total charge stored in the network

Q = CV = 16 ×10– 6 × 100 = 16×10-4 C

Q. 32. (a) The potential difference applied
across a given resistor is altered so
that the heat produced per second
increases by a factor of 9. By what
factor does the applied potential
difference change ?

(b) In the figure shown, an ammeter A
and a resistor of 4 W are connected
to the terminals of the source. The
emf of the source is 12 V having an
internal resistance of 2 W. Calculate
the voltmeter and ammeter
readings.

12 V
A

V

Ans. (a) The heat produce across a resistor is given

by H = 
2

V

R
t

H
1
 = H, H

2
 = 9H, V

1
 = V, V

2
 = ?

2

1

H

H
 = 

2

2

2

1

V

V
 or 

2

1

V

V
 = 

2

1

H

H
 = =

9H
3

H

Therefore V
2
 = 3 V

1

(b) Given E = 12 V, r = 2 W, R = 4 W,

Now total resistance in the circuit,

R
T
 = r + R = 2 + 4 = 6Ω

Hence current in the circuit and through
the ammeter is

I = 
+

E

Rr
 = =

12
2A

6

Now reading of voltmeter
V = E – Ir = 12 – 2 × 2 = 8 V

Or

Two cells of emfs e
1
 and e

2
 and internal

resistances r
1
 and r

2
 respectively are

connected in parallel. Obtain expressions
for the equivalent.
(i) resistance and
(ii) emf of the combination

Ans. Consider a parallel combination of the cells
(Fig.).
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I1 I1

II B1

B2

r1

I2
I2r2

I
1
 and I

2

–

 
are the currents leaving the positive

electrodes of the cells. At point B
1
, I

1
 and I

2

flow in whereas current I flows out. Therefore,
we have

                                I = I
1 
+ I

2
....(1)

Let V(B
1
) and V(B

2
) be the potentials at B

1
 and

B
2
, respectively.

Then, considering the first cell, the potential
difference across its terminals is V(B

1
) – V(B

2
).

Hence, from eq V = E – Ir we have

V= V(B
1
) – V(B

2
) = E

1
 – I

1
r

1
....(2)

Points B
1
 and B

2
 are connected exactly

similarly to the second cell. Hence considering
the second cell, we also have

V = V(B
1
) – V(B

2
)= E

2
 –I

2
r

2
....(3)

Combining equations 1, 2 and 3 we have

I = 
− −

+
1 2

1 2

E V E V

r r

= 
⎛ ⎞
⎜ ⎟+⎜ ⎟
⎝ ⎠

1 2

1 2

E E

r r

⎛ ⎞
⎜ ⎟− +⎜ ⎟
⎝ ⎠1 2

1 1
V

r r
....(4)

Solving for V we have

V = 
+

+

1 2 2 1

1 2

E Er r

r r

r r

r r
1 2

1 2

– I

+
....(5)

If we want to replace the combination by a
single cell, between B

1
 and B

2
, of emf E

eq
 and

internal resistance r
eq

 we would have

V = E
eq

 – Ir
eq

....(6)

From 5 and 6 we have

E
eq

 – Ir
eq

 = 
+

+

1 2 2 1

1 2

E Er r

r r

−
+

1 2

1 2

I
r r

r r

Hence we have

 and r
eq

 = 
+

1 2

1 2

r r

r r
....(7)

Q. 33. (a) Explain with reason, how the power
of a diverging lens changes when (i)
it is kept in a medium of refractive
index greater than that of the lens. (ii)
Incident red light is replaced by violet
light.

(b) Three lenses L
1
, L

2
, and L

3
 each of

focal length 30 cm are placed
coaxially as shown in the figure. An
object is held at 60 cm from the optic
centre of L

1
. The final image is formed

at the focus of L
3
. Calculate the

separation between (i) L
1
 and L

2
 and

(ii) L
2
 and L

3

Or

(a) Deduce the expression, by drawing a
suitable ray diagram, for the
refractive index of a triangular glass
prism in terms of the angle of
minimum deviation (D) and the angle
of prism (A).

Draw a plot showing the variation of
the angle of deviation with the angle
of incidence.

(b) Calculate the value of the angle of
incidence when a ray of light incident
on one face of an equilateral glass
prism produces the emergent ray,
which just grazes along the adjacent
face. Refractive index of the prism is
2.

Ans. (a) (i) The power of a diverging lens is given

by the expression P = (n – 1)
1 2

1 1

R R

⎛ ⎞
−⎜ ⎟⎝ ⎠

. If

the medium is changed the power of the
lens decreases as its focal length increases.

(ii) We know that f ∝ λ, therefore a decrease
in the wavelength from red to violet
decreases the focal length and increases
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the power of the lens.

(b) Given f
1
 = f

2
 = f

3
 = 30 cm

For lens L
1
, u

1
 = 60 cm = 2f

1
, therefore the

image will be formed at 2f on the other
side of the lens L

1
.

Since the final image for lens L
3
 is formed

at the focus, therefore the rays of light
falling on lens L

3
 should come from

infinity. This is possible if the image of L
1

lies at the focus of L
2
.

Thus distance L
1
L

2
 = 60 + 30 = 90 cm

Also distance L
2
L

3
 can have any value as

the rays between L
2
 and L

3
 will be parallel.

Consider a cross section XYZ of a prism
as shown in figure.

As seen from figure  we have in triangle
QDR that ∠DQR = i – r

1
 and ∠DRQ = e –

r
2
, Therefore from triangle QDR we have

δ = ∠DQR + ∠DRQ = (i – r
1
) + (e – r

2
)

or δ = (i + e) – (r
1
 + r

2
) ...(1)

Now from the quadrilateral XQER, we
have

A + E = 1800 ...(2)

In triangle QER we have

r
1
 + r

2
 + E = 1800 ...(3)

From equations 2 and 3 we have

                   A = r
1
 + r

2
...(4)

Substituting in equation 1 we have

δ = i + e – A    or   i + e = A + δ ...(5)

In this position the ray of light passes
symmetrically through the prism i.e., the
refracted ray QR is parallel to the base of
the prism. In this position the angle of
incidence is equal to the angle of
emergence i.e. i = e. Also in this position
the angle of refraction at the faces of the
prism are equal i.e. r

1
 = r

2
.

Substituting these values in equations 4
and 5 we have

A = r
1
 + r

2
 = r + r  = 2r

or     r = A / 2 ...(6)

and i + i = A + δ
m
 or

2i = A + δ
m
  or  i = 

2

m
A + δ

...(7)

substituting for i and r in the expression
for Snell's law we have

m = 
sin

sin 2

Asin
sin

2

m
A

i

r

+ δ⎡ ⎤
⎢ ⎥⎣ ⎦=

⎛ ⎞
⎜ ⎟⎝ ⎠

The graph is as shown

(b) The diagram is as shown.

a
n

g
 = 

1 1

sin sin
2

sin sin

i i

r r
⇒ =  and

g
n

a
 = 2

2

sin 1
sin

90 2

r

r⇒ =
°

Therefore r
2
 = 45°

Now A = r
1
 + r

2
, therefore

r
1
 = A – r

2
 = 60 – 45 = 15°

sin
2 sin 2 sin15

sin15

i
i= ⇒ = × °

°

= 1.414 × 0.258 = 0.365

i = 21.4°
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SECTION – A

Q. 1. Two charged spheres are separated by
2 mm. Which of the following would yield
the greatest attractive force ?
(a) + 2q and – 2q (b) + 2q and + 2q

(c) – 2q and – 2q (d) – 1q and – 4q.
Ans. (a) + 2q and – 2q.
Q. 2. By increasing the temperature, the

specific resistance of a conductor and
semiconductor :
(a) increases for both
(b) decreases for both
(c) increases, decreases
(d) decreases for both

Ans. (c) increases, decreases.
Q. 3. Two wires A and B, of the same material

having length in the ratio 1 : 2 and
diameter in the ratio 2 : 3 are connected
in series with a battery. The ratio of the
potential differences (VA / VB) across the
two wires respectively is :
(a) 1/3 (b) 3/4
(c) 4/5 (d) 9/8.

Ans. (d) 9/8.
Q. 4. A long straight wire in the horizontal

plane carries a current of 15 A in north
to south direction. The magnitude and
direction of magnetic field at a point
2.5 m east of the wire respectively are :
(a) 1.2 T, vertically upward
(b) 1.2 T, vertically downward
(c) 0.6 T, vertically upward
(d) 0.6 T, vertically downward

Ans. (a) 1.2 T, vertically upward.

Q. 5. Lenz’s law is the consequence of the law
of conservation of:
(a) energy (b) charge
(c) mass (d) momentum

Ans. (a) energy.
Q. 6. The current flows from A to B is

increasing as shown in the figure. The
direction of the induced current in the
loop is :

A B

(a) clockwise (b) anticlockwise.
(c) straight line
(d) no induced e.m.f. produced.

Ans. (a) clockwise.
Q. 7. Which of the following statement is NOT

true about the properties of
electromagnetic waves ?
(a) These waves do not require any material

medium for their propagation
(b) Both electric and magnetic field vectors

attain the maxima and minima at the
same time

(c) The energy in an electromagnetic wave is
divided equally between electric and
magnetic fields

(d) Both electric and magnetic field vectors
are parallel to each other.

Ans. (d) Both electric and magnetic field vectors
are parallel to each other.

Q. 8. Find the incorrect statement (s) about the
photoelectric effect.
(a) There is no significant time delay between

the absorption of a suitable radiation and
the emission of electrons

25
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(b) Einstein analysis gives a threshold
frequency above which no electron can be
emitted

(c) The maximum kinetic energy of the
emitted photoelectrons is proportional to
the frequency of incident radiation

(d) The maximum kinetic energy of electrons
does not depend on the intensity of
radiation.

Ans. (b) Einstein analysis gives a threshold
frequency above which no electron can be
emitted

Q. 9. The work function for a certain metal is
4.2 eV. Will this metal give photoelectric
emission for incident radiation of
wavelength 330 nm ?
(a) No (b) Yes
(c) Depends upon the metal
(d) Incomplete data.

Ans. (a) No.
Q. 10. A set of atoms in an excited state decay :

(a) in general, to any of the states with lower
energy

(b) into a lower state only when excited by
an external electric field

(c) all together simultaneously into a lower
state

(d) to emit photons only when they collide.
Ans. (a) in general, to any of the states with

lower energy.
Q. 11. The conductivity of a semiconductor

increases with increase in temperature
because :
(a) number density of free current carriers

increases.
(b) relaxation time increases.
(c) both number of charge carriers and

relaxation time increase.
(d) Number density of current carrier

increases, relaxation time decreases but
effect of decrease in relation time is much
less that the increase in the number
density of charge carriers.

Ans. (d) Number density of current carrier
increases, relaxation time decreases but
effect of decrease in relation time is much

less that the increase in the number
density of charge carriers.

Q. 12. Hole is :
(a) an anti-particle of electron
(b) a vacancy created when an electron leaves

a covalent bond
(c) absence of free electrons
(d) an artificially created particle.

Ans. (b) a vacancy created when an electron leaves
a covalent bond.

Questions number 13 to 16 are Assertion (A) and
Reason (R) type questions
Two statements are given-one labelled Assertion
(A) and the other labelled Reason (R). Select the
correct answer to these questions from the codes
(a), (b), (c) and (d) as given below.

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

(b) Both (A) and (R) are true and (R) is NOT the
correct explanation of (A)

(c) (A) is true but (R) is false
(d) (A) is false and (R) is also false.

Q. 13. Assertion (A) : A pure semiconductor has
negative temperature coefficient of
resistance.
Reason (R) : In a semiconductor on raising
the temperature, more charge carriers are
released, conductance increases and resistance
decreases.

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

Q. 14. Assertion (A) : The energy of a charged
particle moving in a magnetic field does not
change.
Reason (R) : Magnetic field does not do any
work.

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

Q. 15. Assertion (A) : In process of photoelectric
emission, all emitted electrons do not have the
same kinetic energy.
Reason (R) : If radiation falling on the photo-
sensitive surface of metal consists of different
wavelengths then energy acquired by electrons
absorbing photons of different wavelengths
shall be different.
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Ans. (b) Both (A) and (R) are true and (R) is NOT
the correct explanation of (A).

Q. 16. Assertion (A) : A pure semiconductor has
negative temperature coefficient of resistance.
Reason (R) : In a semiconductor on raising
the temperature, more charge carriers are
released, conductance increases and resistance
decreases.

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

SECTION – B

Q. 17. Draw electric field lines due to
(i) two similar charges, (ii) two opposite
charges, separated by a small distance.

Ans. (i) The diagram is as shown.

(ii) The diagram is as shown.

Q. 18. The diagram shows a piece of pure
semiconductor, S in series with a variable
resistor R, and a source of constant
voltageV. Would you increase or decrease
the value of R to keep the reading of
ammeter (A) constant when semi
conductor S is heated ? Give reason.

A

V

R

Ans. Here R is connected in series to the
semiconductor. As the temperature of
semiconductor S increases, its resistivity
decreases. As a result, the circuit resistance
decreases and current increases. To keep the
reading of ammeter (A) constant, i.e. the same
current, the value of R has to be increased.

Q. 19. A uniform magnetic field gets modified
as shown below when two specimens X
and Y are placed in it.

X Y

(i) Identify the two specimens X and Y.
(ii) State the reason for the behaviour of

the field lines in X and Y.
OR

Increasing the current sensitivity may
not necessarily increase the voltage
sensitivity of a galvanometer. Justify.

Ans. (i) X is a diamagnetic substance and Y is a
paramagnetic/ferromagnetic substance.

(ii) This is because the permeability of a
diamagnetic substance is less than one
and that of a paramagnetic/ferromagnetic
substance is greater than one.

OR

Voltage and current sensitivities are related

as VS = 
CS

R
. An increase in current sensitivity

may lead to an increase in the resistance of
the coil. Thus the factor C.S/R may not be
affected

Q. 20. A proton and an alpha particle having the
same kinetic energy are in turn allowedto
pass through a uniform magnetic field
perpendicular to their direction of
motion. Compare the radii of the paths
of the proton and the alpha particle.

Ans. Given E
α
 = E

p
,m

a 
=  4m

p 
, q

α=
  2q

P
, B is same for

both. Now the radius of the path followed is
given by the expression

r = 
v 2 E

B B

m m

q q
=
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Therefore

P P P

P PP

4
1

2P

mr q m q

r q m qm
αα

α

= × = × =

Q. 21. A rectangular loop and circular loop are
moving out of a uniform magnetic field
region with a constant velocity v as shown
in the figure. In which loop do you expect
the induced emf to be constant during the
passage out of the field region ? The field
is normal to the loops.

V V

Ans. It is expected that the induced emf will be
constant in the rectangular coil. In case of the
rectangular coil, when pulled out of the
magnetic field, the rate of change of magnetic
flux will be constant because rate of change of
area is constant. This is not so in the case of
the circular coil.

SECTION – C

Q. 22. Draw a sketch of a plane electromagnetic
wave propagating along the z-direction.
Depict clearly the directions of electric
and magnetic fields varying sinusoidally
with z.

OR

Identify the part of the electromagnetic
spectrum used in (i) radar and (ii) eye
surgery. Write their frequency range.

Ans. The sketch is as shown below.

c

y

x B

E

z

OR

Microwaves : Frequency range (1010 to 1012 Hz)
Ultraviolet rays : Frequency range (1015 to
1017 Hz)

Q. 23. The figure shows a plot of 
1

V
 (V is the

accelerating potential) versus the de
Broglie wavelength λ in case of two
particles having the same charge q but
different masses m

1
 and m

2
. Which line A

or B represents the particle of greater
mass ? Why?

A

B

O

1
V

λ

Ans. We know that λ=
2 V

h

mq

Now slope of graph is

= ∝
λ

1 2 V
 slope

V

mq
m

h
⇒

More the mass more is the slope. Therefore,
mass of A is greater than mass of B

Q. 24. Calculate the de Broglie wavelength
associated with the electron revolving in
the first excited state of hydrogen atom.
The ground state energy of the hydrogen
atom is 13.6 eV.

Ans. The de Broglie wavelength is given by
2πr

n
 = nλ

In the first excited state, n = 2 and
r

1
= 4 × 0.53 Å = 2.12 Å,

Therefore,
λ

1
= (2 × 3.14 × 2.12)/2 = 6.66 Å

Q. 25. (a) Differentiate between electrical
resistance and resistivity of a
conductor.

(b) Two metallic rods, each of length L,
area of cross A

1
 and A

2
, having

resistivitiesr ρ
1 

and ρ
2 

are connected
in parallel across a d.c. battery. Obtain
the expression for the effective
resistivity of this combination.

Ans. (a) Resistance : It is the opposition offered
to the flow of current by a resistor.



PHYSICS 12th 29

K

C

K

C

Resistivity: The resistance per unit
length of the conductor.

(b) Let  ρ be the effective resistivity. Let R
1
,

R
2
 and R

P
 be the respective resistances.

Since they are connected in parallel, we
have

=
+

1 2

P

1 2

R R
R

R R

Where = =

1 2

1 2

1 2

L L
R ,R  

A A

ρ ρ
=

+
P

1 2

L
R ,

A A

ρ

Substituting in the equation for R
P
 and

solving we have

=
+

1 2 1 2

1 2 2 1

p (A A )

A A

ρ
ρ

ρ ρ

Q. 26. (a) Write the expression for the magnetic
force acting on a charged particle
moving with velocity v in the
presence of magnetic field B.

(b) A neutron, an electron and an alpha
particle moving with equal velocities
enter a uniform magnetic field going
into the plane of the paper as shown.

× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×

α

n

e

Trace their paths in the field and
justify your answer.

Ans. (a) ( )→ →
→

= ×F Bq v

(b) The paths are as shown.

× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×

α

e

n

The radius of the circular path travelled
by each particle is given by the expression

r = 
B

mv

q
 since B and v is same therefore

r ∝ 
m

q
. Since neutron does not have a

charge, therefore it passes straight
without deflection. The ratio m/q for alpha
particle is greater for an electron therefore
its path will be less curved. Also by
Fleming’s left-hand rule, the alpha particle
and the electron will experience a force in
the direction as shown.

Q. 27. (a) In a single-slit diffraction pattern,
how does the angular width of the
central maximum vary, when

(i) aperture of slit is increased ?
(ii) distance between the slit and the

screen is decreased ?
Justify your answer in each
case.

(b) How is the diffraction pattern
different from the interference
pattern obtained in Young’s double-
slit experiment ?

Ans. (a) The angular width of the central maxima
in a single-slit diffraction pattern is given

by 2θ = 
λ2

a

 where λ is the wave length of

light and ‘a’ the slit width.
(i) When the aperture of the slits

increased the angular width
decreases.

(ii) When the distance between the slit
and the screen is decreased, the
angular width will remain the same
but the linear width will increase.

Q. 28. A ray PQ incident on the refracting face
BA is refracted in the prism BAC as
shown in the figure and emerges from the
other refracting face AC as RS such that
AQ = AR. If the angle of prism A = 600 and
refractive index of material of prism is
3,  calculate angle θ.

Q

P

A

R

B C

S
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OR

Calculate the value of the angle of
incidence when a ray of light incident on
one face of an equilateral glass prism
produces the emergent ray, which just
grazes along the adjacent face. Refractive
index of the prism is 2.

Ans. Here AQ = AR, therefore QR is parallel to BC,
hence prism is in minimum deviation position
A = 600, ? = d

m
= ?, n = 3

Using n = 

⎛ ⎞+δ
⎜ ⎟
⎝ ⎠

⎛ ⎞
⎜ ⎟
⎝ ⎠

A
sin

2

A
sin

2

m

Or 3  = 

⎛ ⎞ ⎛ ⎞+δ +δ
⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

=
⎛ ⎞
⎜ ⎟
⎝ ⎠

60 60
sin sin

2 2

60 sin30
sin

2

m m

or 
⎛ ⎞+δ
⎜ ⎟=
⎝ ⎠

603
sin

2 2

m

Solving θ = 600.

OR

The diagram is as shown

r1 r2

AIR

i

GLASS
B C

A

= ⇒ =

1 1

sin sin
2

sin sina g

i i
n

r r

and = ⇒ =
2

0 2

sin 1
sin

2sin90
g a

r

n r

Therefore r
2
 = 45°

Now A = r
1
 + r

2
, therefore

r
1
 = A – r

2
 = 60° – 45° = 15°

= ⇒ = × °
°

sin
2 sin 2 sin15

sin15

i
i

= 1.414 × 0.258 = 0.365
i = 21.40°

SECTION – D

Questions number 29 to 30 are case study based
questions
Q. 29. Rhea was watching her favourite TV

programme Monk. Suddenly the picture
started shaking on the TV screen. She
asked her elder brother to check the dish
antenna. Her brother found nothing
wrong with the antenna. A little later,
Rhea again noticed the same problem on
the TV screen. At the same time, she
heard the sound of a low flying aircraft
passing over their house. She asked her
brother again. Her brother being a
Physics student explained the cause of
shaking the picture on the TV screen
when aircraft passes overhead.

(i) Why does the picture started shaking
when a low flying aircraft passes over-
head ?
(a) Due to Interference
(b) Due to reflection
(c) Due to refraction
(d) Due to polarisation

Ans. (a) Due to Interference.
(ii) The main principle used in interference

is :
(a) Heisenberg’s Uncertainty principle
(b) Superposition principle
(c) Quantum Mechanics
(d) Fermi Principle.

Ans. (b) Superposition Princple.
Interference is based on superposition principle

(iii) When two waves of same amplitude add
constructively, the intensity becomes :
(a) double (b) half
(c) four times (d) one-fourth.

Ans. (c) four times.
(iv) The shape of the fringes observed in

interference is :
(a) straight (b) circular
(c) hyperbolic (d) elliptical.

Ans. (c) The fringes observed in an interference
pattern are hyperbolic in shape. When the
distance between the slits and the screen
is large, they appear almost straight.
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Or

Which of the following incident light
wavefronts is most suitable for observing
a single slit diffraction pattern?
(a) Either a cylinderical wavefront or a

spherical wavefront
(b) Cylinderical wavefront only
(c) Plane wavefront only
(d) Spherical wavefront.

Ans. (c) Plane wavefront.
Q. 30. When the diode is forward biased, It is

found that beyond forward voltage
V = V

K
 called knee voltage, the

conductivity is very high. At this value
of biasing for p-n junction, the potential
barrier is overcome and the current
increases rapidly with increase in
forward voltage. When the diode is
reverse biased, the reverse bias voltage
produces a very small current about a
few micro ampere, which almost remains
constant with bias. This small current is
reverse saturation current.

(i) In which of the following figure, the p-n
diode is forward biased ?

(a) (a), (b) and (d) (b) (c) and (a)
(c) (b) and (d) (d) (c) only.

Ans. (b)
(ii) Based on the V-I characteristics of the

diode, we can classify diode as
(a) bi-directional device (b) ohmic device
(c) non-ohmic device (d) passive element.

Ans. (c)
(iii) The V-I characteristic of a diode is as

shown in the figure. The ratio of forward
to reverse bias resistance is :

(a) 100 (b) 106

(c) 10 (d) 10–6.
Ans. (d)

Forward bias resistance

R
P
 = 

3

V 0.8 0.7
10 

I (20 10) 10−

∆ −
= × Ω

∆ − ×

Reverse biased resistence

R
R
 = 7

6

V 10
10  

I 1 10
−

∆
= × Ω

∆ ×

Ratio of forward to reverse resistance is

P 6

7
R

R 10
10

R 10

−

= = .

(iv) In the case of forward biasing of a p-n
junction diode, which one of the following
figures correctly depicts the direction of
conventional current (indicated by an
arrow mark?)

Ans. (b) R = 15 Ω, L = 3.5 H, C = 30 μF.
OR

Two identical pn junctions can be
connected in series by three different
methods as shown in the figure. If the
potential difference in the junctions is
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the same, then the correct connections
will be :

+ –

1

P N N P

+ –

2

P N P N

+ –

3

N P N P

(a) in the circuits (1) and (2)
(b) in the circuits (2) and (3)
(c) in the circuits (1) and (3)
(d) only in the circuit (1).

Ans. (b)

SECTION – E

Q. 31. Using Gauss’ law, obtain expressions for
the electric field (i) inside, and (ii) outside
a positively charged spherical shell.

(b) Show graphically variation of the
electric field as a function of the distance
r from the centre of the sphere.

(c) A square plane sheet of side 10 cm is
inclined at an angle of 30° with the
direction of a uniform electric field of 200
N C–1. Calculate the electric flux passing
through the sheet.

OR

(i) Obtain an expression for the potential
energy of an electric dipole placed in a
uniform electric field.

(ii) Three capacitors of capacitance C
1
, C

2

and C
3 
are connected in series to a source

of V volt. Show that the total energy
stored in the combination, of capacitors
is equal to sum of the energy stored in
individual capacitors.

(iii) A capacitor of capacitance C is
connected across a battery. After
charging, the battery is disconnected and
the separation between the plates is
doubled. How will (i) the capacitance of
the capacitor, and (ii) the electric field
between the plates be affected ? Justify
your answer.

Ans. At a Point outside the spherical shell
In order to find the electric field at a point P
outside the shell let us consider a Gaussian
surface in the form of a sphere of radius r

( r >> R ) .

Gaussian surface

P

R
r

O

Gaussian 
surface

R
O

r
P

     (a)         (b)
By symmetry we find that the electric field acts
radically outwards and has a normal component
at all points on the Gaussian sphere. Therefore
by definition of electric flux we have
= E × A where A is the surface area of the
Gaussian sphere therefore
= E × 4r2 ...(1)
But by Gauss’s law

φ = 
σ σ× π

= =
ε ε ε

2

0 0 0

Q A 4 R
...(2)

from equation 1 and 2 it follows that

E = 4πr
2

 = 
ε
0

Q
 or E × 4πr

2

 = 
σ× π

ε

2

0

4 R
...(3)

or  E = 
πε

2
0

1 Q

4 r

 and E = 
σ

ε

2

2

0

R

r

...(4)

It follows from equation 4 that the electric field
due to a spherical shell outside it is same as that
due to a point charge. Therefore for points lying
outside the spherical shell the shell behaves as
if the entire charge is concentrated at the centre.
CASE 2 : At a point on the spherical shell
In this case the Gaussian surface will have the
same radius as that of the shell. Therefore R
can replace r in equation 4.

Hence E = 
πε

2
0

1 Q

4 R
  and 

σ

=

ε
0

E

CASE 3: At the point inside the spherical
shell.
In this case the Gaussian surface drawn inside
the shell does not enclose any charge hence
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E × 4πr2 = 
ε
0

0
  or  E = 0

+ +
+

+
+++

+
+
+

+

inside

R
E = 0

E 

Parts of Gaussian surfaces

E

E(R) = 1 q
R2

E =
1 q

r 2

E(R)/4
E(R)/9

R 2R 3R
E = 0

O
r

(c) Given
r = 10 cm = 0.1m
Electric field ‘E’ = 200 N C–1

The angle between the sheet and electric
field 30o

The angle between the electric field and
normal to the plane sheet θ = 90 – 30 = 60o

Electric flux  φ = EA cos θ
φ = 200 × (0.1)2 × cos 60o = 1 N m2 C–1

OR

(i) The torque acting on the dipole in a
uniform electric field tends to align it in
the direction of the electric field. If the
dipole is moved against this torque, work
will have to be done. This work is stored
in the dipole as its potential energy. If
is the angle between the dipole moment
and the electric field, then the torque
acting on the dipole is given by
τ = pE sin θ ...(1)

Suppose the dipole is rotated through an
infinitesimally small angle dθ against the
torque then the small work done is

dW= τ dθ = pE sin θ dθ ...( 2 )
The net work done in rotating the dipole
from its initial position θ

1
 to its final position

θ
2 
is given by

W = = −

⌠
⎮
⌡

2

2

1

1

Esin E cosp d p

θ

θ

θ

θ

θ θ θ

or W = pE (cos θ
1
 – cos θ

2
) ...(3)

This work done is stored in the dipole in the
form of its potential energy. Hence
U = pE( cos θ

1
 – cos θ

2
 ) ...(4)

(ii) Suppose three capacitors of capacitances
C

1
, C

2
 and C

3 
are connected in series, then

= + +

1 2 3

1 1 1 1

C C C C

Since in series the charge on each capacitor
is same therefore the energy stored in the
parallel combination is

⎛ ⎞
= + + = + +⎜ ⎟⎜ ⎟

⎝ ⎠

2 2 22

1 2 3 1 2 3

1 1 1 1 1 1 1
U Q

2 C C C 2 C 2 C 2 C

θ θ θ

or  U = U
1
 + U

2
 +U

3

(iii) (a) The capacitance of a capacitor is

given by 
ε

=
o
A

C
d

As d is doubled, therefore the capacitance
will become half.
(b) The electric field is given by the

expression 
σ

= =

ε ε
o

E
A

o

q
. This remains

same as there is no change in charge and
area of the plates.

Q. 32. (a) Define a wavefront. How is it
different from a ray ?

(b) Depict the shape of a wavefront in
each of the following cases.
(i) Light diverging from a point source.
(ii) Light emerging out of a convex lens
when a point source is placed at its focus.
(iii) Using Huygen’s construction of
secondary wavelets, draw a diagram
showing the passage of a plane wavefront
from a denser into a rarer medium.

OR

(a) Draw a ray diagram to show the image
formation by a combination of two thin
convex lenses in contact. Obtain the
expression for the power of this
combination in terms of the focal lengths
of the lenses.
(b) A ray of light passing from air through
an equilateral glass prism undergoes
minimum deviation when the angle of
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incidence is 3/4th of the angle of prism.
Calculate the speed of light in the prism.

Ans. (a) A wave front is defined as the locus of all
adjacent points at which the phase of vibration
of a physical quantity associated with the wave
is the same. It is in two dimesion while a ray is
in one dimension.
(b) (i)

Ray

Wavefront

(ii) F
Refracted
wavefront

(iii) This diagram is as shown

B

Cr
i

i

E

AMedium 2

r

>
Refracted wavefront

Medium 1

Incident wavefront

OR

(a) Consider two lenses A and B of focal length
f
1
 and f

2
 placed in contact with each other.

Let the object be placed at a point O beyond
the focus of the first lens L

1
 as shown.

L1 L2

O P I I1v

u v1

The first lens L
1
 produces an image at I

1
.

Since image I
1
 is real, it serves as a virtual

object for the second lens L
2
, producing the

final image at I. Since the lenses are thin,
we assume the optical centres of the lenses

to be coincident. Let this central point be
denoted by P.
For the image formed by the first lens L

1
,

we get

− =

1 1

1 1 1

v u f
...(i)

For the image formed by the second lens
L

2
, we get

− =

1 2

1 1 1

v v f
...(ii)

Adding equations (i) and (ii) we have

− = +

1 2

1 1 1 1

v u f f
...(iii)

If the two lens-system is regarded as
equivalent to a single lens of focal length
f, we have

− =

2

1 1 1

v u f
...(iv)

Therefore from equations (iii) and (iv) we
get

= +

1 2

1 1 1

f f f
 or P = P

1
 + P

2

(b) Given A = 600, i = ¾ × 60 = 45° c = 3 ×108 m
s–1, Now 

m
 = 2i – A = 90 – 60 = 30°

Using the formula

⎡ ⎤+δ
⎢ ⎥⎣ ⎦

= =
⎛ ⎞
⎜ ⎟
⎝ ⎠

A
sin

c 2

Av
sin

2

m

µ  we have

=

c sin45

v sin30
 or

v = 3 × 108 × 
sin30

sin45
 = 2.12 × 108 m s–1

Q. 33. State Faraday’s law of electromagnetic
induction.
Figure shows a rectangular conductor
PQRS in which the conductor PQ is free
to move in a uniform magnetic field B
perpendicular to the plane of the paper.
The field extends from x = 0 to x = b and
is zero for x > b. Assume that only the arm
PQ possesses resistance r. When the arm
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PQ is pulled outward from x = 0 to x = 2b
and is then moved backward to x = 0 with

constant speed v, obtain the expressions

for the flux and the induced emf. Sketch

the variations of these quantities with

distance 0 ? x ? 2b.

OR
Draw a schematic diagram of a step-up
transformer. Explain its working
principle. Deduce the expression for the
secondary to primary voltage in terms of
the number of turns in the two coils. In
an ideal transformer, how is this ratio
related to the currents in the two coils?

How is the transformer used in large
scale transmission and distribution of
electrical energy over long distances?

Ans. Faraday’s law of electromagnetic induction
states that

The magnitude of the induced emf in a circuit
is equal to the time rate of change of magnetic
flux through the circuit.

Let us first consider the forward motion from
x = 0 to x = 2b

The flux φB linked with the cirtuit SPQR is

φB = Blx 0 ≤  x ≤  b

     = Blb b ≤  x < 2b

The induced emf is,

ε = – B B/
dt

d
v

φ
=−

0 ≤  x ≤  b = 0

b ≤  x < 2b

When the induced emf is non zero the current I
is (in magnitude)

I= ε/r = B l v/ r

The variation of flux and emf with distance is
as shown below.

OR
The schematic diagram is as shown

Principle: It works on the principle of mutual
inductance i.e., whenever the magnetic flux
linked with a coil changes an induced emf is pro-
duced in the neighbouring coil.
Expression: The ac source causes an alternat-
ing current in the primary, which sets up an al-
ternating flux in the core; this induces an emf
in each winding of the secondary, in accordance
with Faraday’s law. The induced emf in the sec-
ondary gives rise to an alternating current in
the secondary, and this delivers energy to the
device to which the secondary is connected.

At any time the magnetic flux ? is same in each
turn of the primary and secondary windings. Let
Np be the number of turns in primary and Ns
be the number of turns in the secondary. When
the magnetic flux changes, because of the chang-
ing currents in the two coils, the resulting in-
duced emf’s across the primary and the second-
ary are

pN
dtp
d φ

ε =−  and sN
dts
d φ

ε =− — ( 1 )



K

C

K

C

HOLY FAITH ROCKET (CBSE)36

The ratio of the primary emf ?P to the second-
ary emf ?S is equal at any instant to the ratio of
the primary to secondary turns;

                            
p

s

N

N
p

s

ε
=

ε            — ( 2 )

But ?s = Vs and ?p = Vp

p p

s s

V N

V N
=

Therefore we have
If the transformer is ideal then
output power = input power   or   IPVP = ISVS

Hence   
p s

s p

V I

V I
=

Hence  
p p s

s s p

V N I

V N I
= =

The large scale transmission and distribution
of electrical energy over long distances is done
with the use of transformers. The voltage out-
put of the generator is stepped-up. It is then
transmitted over long distances to an area sub-
station near the consumers. There the voltage
is stepped down. It is further stepped down at
distributing sub-stations and utility poles before
a power supply of 240 V reaches our homes.
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CLASS – 12th

PHYSICS (Theory)

Time allowed : 3 hours Maximum Marks : 70

General Instructions : Same as in MTP – 1SECTION – A

SECTION – A

Q. 1. If a charge is moved against a coulomb
force of an electric field, then the :
(a) the intensity of the electric field increases
(b) the intensity of the electric field decreases
(c) Work is done by the electric field
(d) Work is done by the external source.

Ans. (d) Work is done by the external source.
Q. 2. The capacity of a parallel plate capacitor

is C
0
. If a dielectric of relative

permittivity ε
r
 and thickness equal to

one-fourth the plate separation is placed
between the plates, then its capacity
becomes C. The  value of C/C

o
 will be :

(a)
5

4 +1
r

r

ε

ε

(b)
4

4 +1
r

r

ε

ε

(c)
3

2 +1
r

r

ε

ε

(d)
2

+1
r

r

ε

ε

.

Ans. (b)
4

4 +1
r

r

ε

ε

.

Q. 3. Infinity resistance in a resistance box
has :
(a) a resistance of 105 Ω
(b) a resistance of 107 Ω

(c) a resistance of infinite ohm
(d) a gap only.

Ans. (d) a gap only.
Q. 4. A long straight wire in the horizontal plane

carries a current of 15 A in the north-to-
south direction. The magnitude and
direction of the magnetic field at a point
2.5 m east of the wire respectively are :

(a) 1.2 T, vertically upward
(b) 1.2 T, vertically downward
(c) 0.6 T, vertically upward
(d) 0.6 T, vertically downward

Ans. (a) 1.2 T, vertically upward
Q. 5. An electron is projected with velocity v

along the axis of a current carrying long

solenoid. Which one of the following

statements is true ?

(a) The path of the electron will be circular
about the axis

(b) The electron will be accelerated along the
axis

(c) The path of the electron will be helical
(d) The electron will continue to move with

the same velocity v  along the axis of the
solenoid.

Ans. (d) The electron will continue to move with
the same velocity v  along the axis of the
solenoid.

Q. 6. The work done in turning a magnet of

magnetic moment M by an angle of 90o

from the meridian, is n times the

corresponding work done to turn it

through an angle of 60. The value of n is

given by

(a) 2 (b) 1
(c) 1/2 (d) 1/4

Ans. (a) 2.
Q. 7. Lenz’s law is the consequence of the law

of conservation of :

(a) energy (b) charge
(c) mass (d) momentum.

Ans. (a) energy.
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Q. 8. If 
→

E  and 
→

B  represent electric and

magnetic field vectors of the

electromagnetic wave, the direction of

propagation of electromagnetic wave is
along :

(a) E
→

(b) B
→

(c) B
→

 × E
→

(d) E
→

 × B
→

.

Ans. (d) E
→

 × B
→

.
Q. 9. The magnetic flux linked with a coil is

given by φφφφφ = 5t2 + 3t + 16, where φφφφφ is in
weber and t in seconds. The induced emf
in the coil at t = 5 s will be :
(a) 53 V (b) 43 V
(c) 10 V (d) 6 V.

Ans. (a) 53 V.
Q. 10. The time required for the light to pass

through a glass slab (μ = 1.5) of thickness
4 mm is (c = 3 ×108 m s–1, speed of light in
free space)
(a) 2 ×10–5 s (b) 2 ×1011  s
(c) 2 × 10–11 s (d) 10–11 s.

Ans. (c) 2 × 10–11 s.
Q. 11. The photoelectric cut-off voltage in a

certain experiment is 1.5 V. What is the
maximum kinetic energy of photo
electrons emitted ?
(a) 2.4 ×10–10 J (b) 4.2 ×10–10 J
(c) 2.4 ×10–19 J (d) 4.2 ×10–19 J.

Ans. (c) 2.4 ×10–19 J.
Q. 12. The Bohr model for the spectra of an H-

atom :
(a) will not be applicable to hydrogen in the

molecular form
(b) will be applicable as it is for a He-atom
(c) is valid only at room temperature
(d) predicts continuous as well as discrete

spectral lines.
Ans. (a) will not be applicable to hydrogen in the

molecular form.
Questions number 13 to 16 are Assertion (A) and
Reason (R) type questions
Two statements are given-one labelled Assertion
(A) and the other labelled Reason (R). Select the
correct answer to these questions from the codes
(a), (b), (c) and (d) as given below.

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

(b) Both (A) and (R) are true and (R) is NOT the
correct explanation of (A)

(c) (A) is true but (R) is false
(d) (A) is false and (R) is also false.

Q. 13. Assertion (A) : At a fixed temperature, silicon
will have minimum conductivity, when it has
smaller acceptor doping.
Reason (R) : The conductivity of an intrinsic
semiconductor is slightly higher than that of
a lightly doped p-type.

Ans. (c) (A) is true but (R) is false.
Q. 14. Assertion (A) : White light falls on a double

slit, with one slit covered by a green filter. The
bright fringes observed are of green colour.
Reason (R) : The fringes observed are
coloured.

Ans. (c) (A) is true but (R) is false.
Q. 15. Assertion (A) : Stopping potential is a

measure of the maximum kinetic energy of
photoelectrons.
Reason (R) : W = eV

o
 = KE

max

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

Q. 16. Assertion (A) : Sparks sometimes occur when
an electric iron is switched off.
Reason (R) : Sparks are caused by the
substantial self-induced emf in the circuit
when the electric iron is turned off.

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

SECTION – B

Q. 17. (a) Identify the part of the
electromagnetic spectrum used in
(i) radar and (ii) eye surgery. Write their
frequency range.

Ans. (i) Microwaves :
 Frequency range (1010 to 1012 Hz)
(ii) Ultraviolet rays:
Frequency range (1015 to 1017 Hz).

Q. 18. (a) Define the term magnetic
susceptibility and write its relation
in terms of relative magnetic
permeability.
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(b) Two magnetic materials A and B have
relative magnetic permeabilities of
0.96 and 500. Identify the magnetic
materials A and B.

Ans. (a) It refers to the ease with which a
substance can be magnetized. It is defined
as the ratio of intensity of magnetisation
to the magnetising field. The required
relation is μ

r
 = 1 +  χ

m
.

(b) A : Paramagnetic, B: Ferromagnetic
Q. 19. Write the short comings of Rutherford

atomic model. Explain how these were
overcome by the postulates of Bohr’s
atomic model.

OR

Calculate the orbital period of the
electron in the first excited state of
hydrogen atom.

Ans. (a) Rutherford’s model cannot explain the
stability of the nucleus.

(b) The spectra of the atom is continuous.But
in fact an atom has line spectra.Thus
Rutherford’s model fails to explain the line
spectra of the atom. According to Bohr,
as long as electron revolves in its
stationary orbit, it does not radiate
energy.  According to Bohr, energy is
emitted by an electron as it moves from a
higher to a lower energy level.

OR

First excited state n = 2, T = ?

T = 
2 2

2 4 2
0

2  1
 where 

44   

r n h
k

m e k

π

= =

υ πεπ

Substituting the values, we have

T = 
3 34 3

2 31 19 4 9 2

(2) (6.6 10 )

4 (3.14) 9.1 10 (1.6 10 ) (9 10 )

−

− −

×

× × × × × × ×

T = 1.22 × 10–15 s
Q. 20. A biconvex lens made of a transparent

material of refractive index 1.25 is
immersed in water of refractive index
1.33. Will the lens behave as a conver-
ging or a diverging lens ? Justify your
answer.

Ans. It will behave as a concave lens. This is because
the focal length of the lens will become
negative in accordance with the formula

1 2

1 1 1
( 1)

R R
n

f

⎛ ⎞
= − −⎜ ⎟⎜ ⎟

⎝ ⎠
 here n will be negative.

Q. 21. The graph of the potential barrier versus
the width of the depletion region for an
unbiased diode is shown in graph A. In
comparison to A, graphs B and C are
obtained after biasing the diode in
different ways . Identify the type of biasing
in B and C and justify your answer.
‘A’ ‘B’ ‘C’

V( )x

x

 
V( )x

x

V( )x

x

OR

Explain the two processes involved in the
formation of a pn junction.

Ans. In B, reverse biasing, because the potential
barrier increases.
In C, forward biasing as the potential barrier
decrease.

OR

The two processes are
(i) Diffusion
(ii) Drift
Diffusion : The holes diffuse from the p-side
to the n-side and electrons diffuse from the n-
side to the p-side.
Drift : The motion of the charge carriers on
the application of an electric field, which
results in the drifting of holes along the
direction of electric field and the electrons
opposite to the direction of electric field.

SECTION – C

Q. 22. An electrostatic field line is a continuous
curve. That is, a field line cannot have
sudden breaks. Why not ?

Ans. Electric field is a continuous field and it exists
at all points around a charge distribution.
Hence an electrostatic field line is a continuous
curve and cannot have sudden breaks.

Q. 23. The susceptibility of a magnetic material
is 0.9853. Identify the type of the magnetic
material. Draw the modification of field
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pattern on keeping a piece of this
material in a uniform magnetic field.

Ans. The susceptibility has a small positive value.
Therefore, it is a paramagnetic substance. The
pattern is as shown.

B0
B > B0

Paramagnetics

Q. 24. A rectangular frame of wire is placed in
a uniform magnetic field directed
outwards,normal to the paper. AB is
connected to a spring which is stretched
to A′B′ and then released at time t  0.
Explain qualitatively how induced emf in
the coil would vary with time. (Neglect
damping of oscillations of spring)

AC

D
B

Ans. As the spring is released AB is pulled out of
the field. This increases the area of the loop
inside the magnetic field. This increases flux
and hence an induced emf is produced. The
portion AB does not stop at AB but moves
outwards. Now the spring will push AB
inwards. This will decrease the area of the loop
thereby decreasing the induced emf. This
continues and hence the emf increases and
decreases periodically.

Q. 25. Study the circuits (a) and (b) shown in
figure and answer the following
questions.

R R C L

(a) (b)

(a) Under which conditions would the
rms currents in the two circuits be
the same ?

(b) Can the rms current in circuit (b) be
larger than that in (a) ?

OR

A device ‘X’ is connected to an AC source.
The variation of voltage, current and
power in one complete cycle is shown in
figure.
(a) Which curve shows power consump-

tion over a full cycle ?
(b) What is the average power

consumption over a cycle ?
(c) Identify the device ‘X’.

V
,I

,P

C

A

B

t

Ans. (a)  This will happen when the impedance of
both the circuits is same, i.e. R. This is
possible when circuit (b) is in resonance.

(b) No, because in circuit (b)

I
rms

 = 
rms

2 2
L C

V V

Z R (X X )

rms
=

+ −

Z cannot be less than R.
OR

(a) A
(b) Zero
(c) Capacitor.

Q. 26. For the light of wavelength 400 nm
incident on the cathode of a photocell, the
stopping potential is 6 V. If the
wavelength of incident light is increased
to 600 nm, calculate the new stopping
potential. (Take h = 4.14 × 10-15 eV. s)

Ans. Given λ
1
 = 400 nm , V

o1
 = 6 V,

λ
2
 = 600 nm,  V

o2
 = ?

We know that

o 0V
hc

e = −
λ

φ
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Or o1 o
1

eV
hc

= −φ
λ

...(i)

o2 o
2

V
hc

e = −φ
λ ...(ii)

Subtracting (ii) from (i) we have

( )o1 o2
1 2

1 1
V Ve hc

⎛ ⎞
− = −⎜ ⎟⎜ ⎟λ λ⎝ ⎠

⇒ ( )o1 o2
1 2

1 1
V V

hc
e

e

⎛ ⎞
− = −⎜ ⎟⎜ ⎟λ λ⎝ ⎠

(V
o1

 – V
o2

) = 4.14 × 10–15 × 3 × 108

9 9

1 1

400 10 600 10− −

⎛ ⎞
−⎜ ⎟

⎝ ⎠× ×

Or 6 – V
02

 = 1.03
V

o2
 = 6 – 1.03 = 4.97 V.

Q. 27. A compound microscope consists of an
objective lens of focal length 2 cm and an
eye piece of focal length 6.25 cm
separated by a distance of 15 cm. How far
from the objective should an object be
placed in order to obtain the final image
at the least distance of distinct vision
(25 cm) ? Calculate the magnifying power
of the microscope.

Ans. Given f
0
 = 2.0 cm, f = 6.25 cm, L = 15 cm,

u
o
 = ?, v

e
 = – 25 cm, u

e
 = ?

Using the formula 
1 1 1 1 1 1

or
f v u u v f
= − = −

 we

have 
1 1 1 1

25 6.25 5eu
= − =  or u

e
 = – 5 cm

Hence v
0
 = L – u

e
 = 15 – 5 = 10 cm

Now applying lens formula for objective lens

we have 
0 0 0

1 1 1 1 1 1
or

f v u u v f
= − = −

Or 
0

1 1 1 1 5 4

10 2 10 10u

−

= − = =  or u
0
 = – 2.5 cm

Now M = 0

0 0

D 10 25
1 1

2.5 6.25

v

u f

⎛ ⎞ ⎛ ⎞
⎜ ⎟+ =− +⎜ ⎟⎜ ⎟ ⎝ ⎠−⎝ ⎠

 = 20

Q. 28. Draw a ray diagram of an astronomical
refracting telescope in normal
adjustment. Obtain an expression for its
magnifying power. How can we increase
the magnifying power of the telescope?

Ans. The ray diagram is as shown.

Objective
Rays from a
distant object Eye-piece

α
α

β

B′

Α′

h′

f2f1

The object subtends an angle α at the objective
and would subtend essentially the same angle
at the unaided eye. Also, since the observers’
eye is placed just to the right of the focal point
F

2
, the angle subtended at the eye by the final

image is very nearly equal to the angle β.
Therefore,

M = 
β α
=

α β

tan

tan
...(1)

From right triangles ABC and ABC′ as shown
in figure, we have

tan α = 
′

=

0

AB

CB

h

f
 and tan β = 

− ′

=

′

AB

C A
e

h

f

substituting the above two equations in

equation 1, we have M = 
β − ′
= × =

α − ′
0 0

e e

f fh

f h f

The magnifying power can be increased by
taking an objective of higher focal length and
an eyepiece of lower focal length

SECTION – D

Questions number 29 to 30 are case study based
questions
Q. 29. If double slit apparatus is immersed in a liquid

of refractive index, n the wavelength of light
reduces to λ' and fringe width reduces to
β′ = β/n The given figure shows a double-slit
experiment in which coherent monochromatic
light of wavelength λ, from a distant source is
incident upon the two slits, each of width
w(w >> λ) and the interference pattern is
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viewed on a distant screen. A thin piece of glass
of thickness and refractive index n is placed
between one of the silts and the screen,
perpendicular to the light path.

(i) In Young’s double slit interference
pattern, the fringe width
(a) can be changed only by changing the

wavelength of incident light
(b) can be changed only by changing the

separation between the two slits
(c) can be changed either by changing the

wavelength or by changing the separation
between two sources.

(d) is a universal constant and hence cannot
be changed.

Ans. (c) In Young's double slit experiment the
fringe width is β = Dλ/d where D is the
distance of the slits from the screen, d is
the separation of the slits and λ, the
wavelength. Therefore, the fringe width
β can be changed either by changing the
separation between the sources or the
distance of the screen from the  source.

Or

In Young's double slit experiment, a third slit
is made in between the double slits then
(a) fringes of unequal width are formed
(b) contrast between bright and dark fringes

is reduced
(c) intensity of fringes totally disappears
(d) only bright light is observed on the screen.

Ans. (b) Contrast between the bright and dark
fringes will be reduced. This is because
light now passes through three slits
instead of two, which reduces the contrast.

(ii) If the width w of one of the slits is
increased to 2w, the amplitude light, due
to the slit will become :
(a) 1.5 a (b) a/2
(c) 2a (d) no change.

Ans. (c) As the width of one of the slits is increased
to 2w, the amplitude due to slit becomes
2a.

(iii) The fringe width observed in Young’s
double slit experiment is βββββ . If the
frequency of the source is doubled, the
fringe width will become :
(a) 2β (b) β
(c) β/2 (d) None of these.

Ans. (c) β = 
D

d

λ
 ⇒ β ∝ λ ∝ 

1

ν
(iv) In Young’s double-slit experiment, using

sodium light λλλλλ = 5898 Å, 85 fringes are
seen. If another colour (λλλλλ = 5461 Å) is used
then find the number of fringes.
(a) 62 (b) 91
(c) 99 (d) 85.

Ans. (b)

Q. 30. Semiconductors may exist as elemental
semiconductors and also compound
semiconductors. Si and Ge are elemental
semiconductor and CdS, GaAs, CdSe,
anthracene, polypyrrole etc. are the compound
semiconductors. Each electron in an atom has
different energy level and such different energy
levels continuing forms the band of energy
called as energy bands. Those energy bands,
which have energy levels of valence electrons,
is called as valence band and the energy band
which is present above the valence band is
called as conduction band. Based on energy
bands materials are also defined as metals,
semiconductors and insulators. In case of
metals, conduction band and valence band
overlaps with each other due to which electrons
are easily available for conduction. In
semiconductors, there is a small energy gap
between conduction band and valence band
and if we give some external energy then
electron from valence band goes to conduction
band  due to which conduction will be possible.
These semiconductors are classified as
intrinsic semiconductors and extrinsic
semiconductors also. Intrinsic semiconductors
are those semiconductors, which exist, in pure
form. The semiconductors doped with some
impurity in order to increase its conductivity
are called as extrinsic semiconductors. Two
types of dopants are used they are trivalent
impurity and pentavalent impurity also. The



PHYSICS 12th 43

K

C

K

C

extrinsic semiconductors doped with
pentavalent impurity like Arsenic, Antimony,
Phosphorus etc are called as n - type
semiconductors. In n type semiconductors,
electrons are the majority charge carriers and
holes are the minority charge carriers. When
trivalent impurity is like Indium, Boron,
Aluminium etc. are added to extrinsic
semiconductors then p type semiconductors
will be formed. In p type semiconductors holes
are majority charge carriers and electrons are
the minority charge carriers.

(i) In case of p-type semiconductors _______

(a) n
h
 < < n

e
(b) n

h
 = n

e

(c) n
h
 > > n

e
(d) n

h
 = n

e
 = 0

Ans. (c)
There are more holes than electrons in a p-
type semiconductor.

(ii) At T = 0 K an intrinsic semiconductor
behaves like

(a) conductor (b) metal

(c) non metal (d) insulator.
Ans. (d)

It does not conduct.

(iii) If the energy band gap E
g
 > 3 eV then such

materials are called as :

(a) conductors (b) semiconductors

(c) insulators (d) superconductors.
Ans. (c)

OR

The forbidden gap (approximately) in the
energy bands of germanium at room
temperature is :

(a) 1.1 eV (b) 0.1 eV

(c) 0.67 eV (d) 6.7 eV.
Ans. (c)

(iv) The energy band diagrams for
semiconductor samples of silicon are as
shown. We can assert that :

(a) Sample X is undoped while samples Y and
Z are doped with third group and fifth
group impurities respectively

(b) Sample X is undoped while samples Y and
Z have been doped with fifth group
impurities.

(c) Sample X has been doped with equal
amounts of third group and fifth group
impurities.

(d) Sample X is undoped while samples Y and Z
are doped with fifth group and third group
impurities respectively.

Ans. (d)

SECTION – E

Q. 31. (a) Distinguish with the help of a
suitable diagram, the difference in
the behaviour of a conductor and a
dielectric placed in an external
electric field. How does polarized
dielectric modify the original
external field’ ?

(b) A capacitor of capacitance C is
charged fully by connecting it to a
battery of emf E. It is then
disconnected from the battery. If the
separation between the plates of the
capacitor is now doubled, how will
the following change’ ?

(i) charge stored by the capacitor.
(ii) field strength between the

plates.
(iii) energy stored by the capacitor.

Justify your answer in each case.
OR

(a) Explain why, for any charge
configuration the equipotential
surface through a point is normal to
the electric field at that point.
Draw a sketch of equipotential
surfaces due to a single charge (-q),
depicting the electric field lines due
to the charge.

(b) Obtain an expression for the work
done to dissociate the system of three
charges placed at the vertices of an
equilateral triangle of side ‘a as
shown below.
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q

a a

– 4q + 2qa

Ans. (a) When a conductor is placed in an external
electric field. The free charge carriers
move and charge distribution in the
conductor adjusts itself in such a way that
the electric field due to induced charges
opposes the external field within the
conductor. This happens until, in the
static situation, the two fields cancel each
other and the net electro static field in the
conductor is zero.
In a dielectric, this free movement of
charges is not possible. It turns out that
the external field induces dipole moment
by stretching or re-orienting molecules of
the dielectric. The collective effect of all
the molecular dipole moments is net
charges on the surface of the dielectric
which produce a field that opposes the
external field. Unlike in a conductor,
however, the opposing field so induced
does not exactly cancel the external field.
It only reduces it. The extent of the effect
depends on the nature of the dielectric.
This is diagrammatically shown as under.

+ +
+
+
+

++

Eo

Eo

Eo + Ein = 0

Ein
Eo

Conductor

+ +
+
+
+

++

Eo

Eo

Ein
Eo

Dielectric

(b) (i) Charge does not depend upon the
distance between plates, therefore there
is no change in it.

(ii) Now C = 0A

d

ε

 as d is doubled

capacitance becomes half.
Thus potential V = Q/C becomes double.
Now E = 2V

0
/2d = V

0
/d remains same.

(iii) Now U = 
1

2
CV2 as C becomes half

and V is doubled, U becomes 2 times.
OR

(a) We know that work done in moving a
charge over an equipotential surface is

zero. Therefore W = . 0E dl
→ →

=

⌠
⎮
⌡

 or E dl
→ →

⊥

Now dl represents an equipotential
surface therefore electric field is
perpendicular to the equipotential
surface.
The diagram is as shown.

q < 0

Let q
1
 = q, q

2
 = – 4q and q

3
 = + 2q, then

(b) U
i
 = 1 3 2 31 2

o 12 13 23

1

4

q q q qq q

r r r

⎛ ⎞
⎜ ⎟+ +⎜ ⎟πε ⎝ ⎠

U
i
 = 

0

1 4 2 4 2

4

q q q q q q

a a a

⎛ ⎞×− ×+ − ×+
⎜ ⎟+ +
⎝ ⎠πε

= ( )
2

2 2 2

0 0

1 1 10
4 2 8

4 4

q
q q q

a a
− + − =−

πε πε

U
r
 = 0

Therefore W = U
f
 – U

i

= 
2 2

0 0

1 10 1 10
0

4 4

q q

a a

⎛ ⎞
⎜ ⎟− − =−⎜ ⎟πε πε⎝ ⎠

.

Q. 32. (a) Can the interference pattern be
produced by two independent
monochromatic sources of light ?
Explain.
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(b) The intensity at the central maximum
(O) in a Young’s double slit
experimental set-up shown in the
figure is I

0
. If the distance OP equals

one-third of the fringe width of the
pattern, show that the intensity at
point P, would equal I

0
/4

D O

P

x

S d
S1

S2

(c) In Young’s double slit experiment,
the slits are separated by 0.5 mm and
screen is placed 1.0 m away from the
slit. It is found that the 5th bright
fringe is at a distance of 4.13 mm from
the 2nd dark fringe. Find the
wavelength of light used.

OR

(a) Derive the relation a sin θ = λ for the
first minimum of the diffraction
pattern produced due to a single slit
of width ‘a’ using light of wavelength
λ.

(b) State with reason, how the linear
width of central maximum will be
affected if (i) monochromatic yellow
light is replaced with red light, and
(ii) distance between the slit and the
screen is increased.

(c) Using the monochromatic light of
same wavelength in the experimental
set-up of the diffraction pattern as
well as in the interference pattern
where the slit separation is 1 mm, 10
interference fringes are found to be
within the central maximum of the
diffraction pattern. Determine the
width of the single slit, if the screen
is kept at the same distance from the
slit in the two cases.

Ans. (a) No, a sustained interference will not be
obtained. This is because light waves
emitted from a source undergoes abrupt
phase changes in times of the order of
10–8 s. so light from two independent
sources will not have a fixed phase
relation and will be incoherent.

(b) Given x = β/3, path difference λ/3
Phase difference 2π/3

Using the expression I = I
0
 cos2 

2

φ
 we have

I = I
0
 cos2 2

3 2

⎛ ⎞π
⎜ ⎟
⎝ ⎠×

 = I
0
 cos2 0I

3 4

⎛ ⎞π
⎜ ⎟=
⎝ ⎠

(c) Given d = 0.5 mm, D = 1.0 m
x = y

5B
 – y

2D
 = 4.13 × 10–3

Now

x = 
5 D 3 D 7 D 2

2 2 7D

xd

d d d

λ λ λ
− = =⇒ λ

λ = 
3 32 4.13 10 0.5 10

7×1

− −

× × × ×

   = 0.59 × 10–6 m
λ = 590 nm

OR

(a) Consider the diagram shown.

From S

To P

To CQ M2

M1
M
M2

L

N

From the diagram the path difference
between the waves from L to N =  a sin θ
When first minima is obtained at P then
the path difference is λ.
This has been obtained by imagining that
the slit is dividied into two halves.
Wavelets from the first half interefere
with a corresponding wavelength from the
second half. As they have a path difference
λ/2, therefore they interfere destructively
to give rise to a minima.
Hence condition for first minima
λ = a sin θ

(b) β
cm

 = 
2 D

d

λ

(i) Increases
(ii) Increases.

(c) Given 10
D D

2 0.2mm
5

d
a

d a

λ λ
= = =⇒ .
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Q. 33. State the working of a.c. generator with
the help of a labelled diagram.
The coil of an a.c. genertor having N
turns, each of area A. is rotated with a
constant angular velocity (i). Deduce the
expression for the alternating e.m.f. gen-
erated in the coil.
What is the source of energy generation
in this device?

OR

(a) Show that in an a.c. circuit containing
a pure inductor, the voltage is ahead of
current by πππππ/2 in phase.
(b) A horizontal straight wire of length L
extending from east to west is falling with
speed v at right angles to the horizontal
component of Earth’s magnetic field B.
(i) Write the expression for the
instantaneous value of the e.m.f. induced
in the wire.
(ii) What is the direction of the e.m.f. ?
(iii) Which end of the wire is at the higher
potential ?

Ans.  (i) The labelled diagram is as shown

Working : When a coil (armature) rotates inside a
uniform magnetic field, magnetic fjux linked with the
coil changes w.r.t. time. This produces an e.m.f
according to Faraday’s Law. For first half of the
rotation to Faraday’s Law. For first half of the rotation
the current will be from one end (first ring) to the other
end (second ring). For Second half of the rotation it is
in oppsite sense.

(b) Consider an armature of the ac generator having
n turns and placed in a uniform magnetic field B.

Suppose at any instant t the normal to the plane of
the coil makes an angle θ with the direction of the
magnetic field. If ω is the uniform angular velocity
with which, the coil rotates then θ = ωt.The flux
through the loop equals its area A multiplied by
B

1
 = B cos θ, the components of magnetic field B

perpendicular to the area, hence
φ = n B A cos φ= n B A cos ω t ... (1)

Where is the number of turns in the armature. By
Faraday’s flux rule,

– –
d d

n
dt dt

φε = =  B A cos ω t

= –n B A 
d

dφ cos ω t = –n B A (– ω sin ω t) ... (2)

Or ε =  n B A sin ω t
The induced emf is maximum when = sin ω t =

maximum = 1, therefore the maximum induced emf is
given by  ε

0 
=  n B A ω Sin ω t ...(3)

Or ε =   ε
0
 sin ω t

The source of energy generation in the coil is
mechanical energy.

OR

(a) Consider an ac circuit consisting of a pure
inductor connected to the terminals of an ac source.
Let the instantaneous value of the ac source be

                            V= V
m
  sin ω t ... ( 1 )

Let v
L
 be the instantaneous voltage drop across the

inductor, then Kirchoff’s loop rule when applied to the

circuit gives  ρ +  V
L
 = 0

Or v – L 
di

dt
= 0 ... (2) Since

V
L
 = – L 

di

dt
Using equations 1 and 2 we have

L 
di

dt
= V

m 
 sin ω t . ...(3)

Or di = 
mV

L
sin ω t ....(4)

Integrating the above equation we have

mV
di =  sin  t dt

L
ω∫ ∫ ...( 5 )

or L
V

cos I cos
L
m

mi t t=− ω =− ω
ω

...( 6 )

where 
m

m

V
 = I

 Lω , ωL = X
L
 has the dimensions of

resistance and is called the inductive reactance of the
circuit.

Now ( )2cos  t = - sin  t - πω ω  in equation 6 we have

( )2L m I  = I sin  t - πω

...( 7 )
Comparing equation 1 with equation 7 clearly

shows that the current is lags voltage by 

2
π

 radian
or 900.
(b) (i) ε = BLv (ii) west to east (iii)East.
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CLASS – 12th

PHYSICS (Theory)

Time allowed : 3 hours Maximum Marks : 70

General Instructions : Same as in MTP – 1SECTION – A

SECTION – A

Q. 1. A charge particle is placed between the
plates of a charged parallel plate
capacitor. It experiences a force F. If one
of the plates is removed, the force on the
charge particle becomes :
(a) F (b) 2F (c) F/2      (d) Zero.

Ans. (c) F/2.
Q. 2. A cell of emf (E) and internal resistance r

is connected across a variable external
resistance R. The graph of terminal
potential difference V as a function of R
is :

(a) V

E

O R

(b) V

E

O R

(c)
V

E

O R

(d)
V

E

O R

Ans. (b) V

E

O R

Q. 3. The potential difference applied across
a given conductor is doubled. The
mobility of the electrons in the
conductor :
(a) is doubled
(b) is halved
(c) remains unchanged
(d) becomes four times.

Ans. (b) is halved.

Q. 4. A circular loop of radius r, carrying a
current I lies in y-z plane with its centre
at the origin. The net magnetic flux
through the loop is
(a) directly proportional to r
(b) zero
(c) inversely proportional to r
(d) directly proportional to I.

Ans. (b) zero.
Q. 5. A capacitor and an inductor are

connected in two different ac circuits
with a bulb glowing in each circuit. The
bulb glows more brightly when:
(a) the number of turns in the inductor is

increased
(b) the separation between the plates of the

capacitor is increased
(c) an iron rod is introduced into the inductor
(d) a dielectric is introduced into the gap

between the plates of the capacitor.
Ans. (d) a dielectric is introduced into the gap

between the plates of the capacitor.
Q. 6. A pure inductor of 318 mH and a pure

resistor of 75 Ω are connected in series
to an ac source of 50 Hz. The voltage
across 75 Ω resistor is found to be 150 V.
The source voltage is :
(a) 150 V (b) 175 V
(c) 220 V (d) 250 V.

Ans. (d) 250 V.
Q. 7. Rank the following radiations according

to their associated energies, greatest
first.
I. Yellow light from a sodium lamp.
II. γ - rays emitted by a radioactive nucleus.
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III. Radio waves emitted by the antenna.
IV. Microwaves beam emitted by radar.
(a) II, I, IV, III (b) I, II, III, IV
(c) III, IV, I, II (d) I, II, IV, III.

Ans. (a) II, I, IV, III.
Q. 8. The maximum kinetic energy of the

photoelectrons depends only on :
(a) potential (b) frequency
(c) incident angle (d) pressure.

Ans. (b) frequency.
Q. 9. A particle is dropped from a height H. The

de-Broglie wavelength of the particle as
a function of height is proportional to :
(a) H (b) H1/2

(c) H0 (d) H-1/2.
Ans. (d) H-1/2.

Q. 10. As one consider orbits with higher values
of n in a hydrogen atom, the electric
potential energy of the atom :
(a) decreases (b) increases
(c) remains the same (d) does not increase

Ans. (b) increases.
Q. 11. For the depletion region of a diode which

one is incorrect ?
(a) there are no mobile charges
(b) equal number of holes and electrons exist,

making the region neutral.
(c) recombination of holes and electrons has

taken place.
(d) immobile charged ions exist.

Ans. (a) there are no mobile charges.
Q. 12. In an n-type silicon, which of the

following Assertions true :
(a) Electrons are majority carriers and

trivalent atoms are the dopants.
(b) Electrons are minority carriers and

pentavalent atoms are the dopants.
(c) Holes are minority carriers and

pentavalent atoms are the dopants.
(d) Holes are majority carriers and trivalent

atoms are the dopants.
Ans. (c) Holes are minority carriers and

pentavalent atoms are the dopants.
Questions number 13 to 16 are Assertion (A) and
Reason (R) type questions.
Two statements are given-one labelled Assertion
(A) and the other labelled Reason (R). Select the
correct answer to these questions from the codes
(a), (b), (c) and (d) as given below.

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

(b) Both (A) and (R) are true and (R) is NOT the
correct explanation of (A)

(c) (A) is true but (R) is false
(d) (A) is false and (R) is also false.

Q. 13. Assertion (A) : Ohm’s Law is not valid, if
current depends on voltage non-linearly.
Reason (R) : Ohm’s Law is a fundamental
Law of nature.

Ans. (b) Both (A) and (R) are true and (R) is NOT
the correct explanation of (A).

Q. 14. Assertion (A) : When a charged particle
moves with velocity V

→

 in a magnetic field B
→

,
the force on the particle does no work.
Reason (R) : The magnetic force is
perpendicular to the velocity of the particle.

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

Q. 15. Assertion (A) : Energy is released when heavy
nuclei undergo fission or light nuclei undergo
fusion.
Reason (R) : For heavy nuclei, binding energy
per nucleon increases with increasing Z while
for light nuclei it decreases with increasing Z.

Ans. (b) Both (A) and (R) are true and (R) is NOT
the correct explanation of (A).

Q. 16. Assertion : Electron has higher mobility than
hole in a semiconductor.
Reason : The mass of electron is less than
the mass of the hole.

Ans. (a) Both (A) and (R) are true and (R) is NOT
the correct explanation of (A).

SECTION – B

Q. 17. (a) Electric field inside a conductor is
zero. Explain.

(b) The electric field due to a point
charge at any point near it is given

as E = 
0

E
Lt

qq→
. What is the physical

significance of this limit ?

Ans. (a)  By Gauss’s Theorem 
o

q
E.dS=

ε

⌠
⎮
⌡

�� �

�
. Since

there is no charge inside a conductor,
therefore in accordance with the above
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equation the electric field inside the
conductor is zero.

(b) It indicates that the test charge should
be infinite simally small so that it maynot
disturb the electric field of source charge.

Q. 18. The circuit shown in the diagram
contains a battery ‘B’, a rheostat ‘Rh’ and
identical lamps P and Q. What will
happen to the brightness of the lamps if
the resistance through the rheostat is
increased ? Give reason.

Ans. The sum of the potential drops across lamps
P and Q is constant (equal to the battery
voltage). As the resistance through the
rheostat is increased, the resistance of the
parallel combination and hence the total
resistance increase. This decreases the current
in the whole circuit. This will decrease the
brightness of lamp P. However, the brightness
of lamp Q increases because its resistance does
not change, while the potential difference
across it increases due to the decrease in
potential difference across P.

Q. 19. A coil of ‘N’ turns and radius ‘R’ carries a
current ‘I’. It is unwound and rewound
to make a square coil of side ‘a’ having
same number of turns (N). Keeping the
current ‘I’ same, and the ratio of the
magnetic moments of the square coil and
the circular coil.

Ans. The magnetic moment of a current loop is given
by the relation M = nIA
For the circular loop M

C
 = NIπR2 …(1)

Now when the coil is unwound and rewound
to make a square coil, then
2πR = 4a     or    a = π /2
Hence magnetic moment of the square coil is
M

S
= NI a2 = NI (πR/2)2 = NI π2 R/4 …(2)

From 1 and 2 we have

π π

= =

π

2 2
S

2
C

M NI R /4

M 4NI R

Q. 20. Two wires of equal length are bent in the
form of two loops. One of the loops is
square shaped and the other is circular.
These are suspended in a uniform
magnetic field and the same current is
passed through them. Which loop will
experience a greater torque? Give
reasons.

OR

A straight wire of length L carrying a
current I, stays suspended horizontally
in mid-air in a region where there is a
uniform magnetic field B. The linear mass
density of the wire is l. Obtain the
magnitude and direction of the magnetic
field.

Ans. Torque experienced by a current-carrying loop
placed in a uniform magnetic field is given by
the expression BInA. In other words, torque
is directly proportional to the area of the loop.
Since a circular wire has more area than a
square wire for the same dimension, therefore
the circular wire experiences more torque than
the square wire.

OR

The magnetic force acting on the straight wire
balances the weight of the wire. Therefore, in
equilibrium we have
Mg = BIL, here M = L λ, therefore we have
L λ g  =BIL or B  = λ/I g

Q. 21. In the given diagram coil Bis connected
to a low voltage bulb L and placed
parallel to another coil A as shown.
Explain the following observations
(i) Bulb lights, and (ii) Bulb gets dimmer
if coil B is moved upwards.

Ac
source A

BL
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Ans. (i) When ac is applied across coil A an
induced emf is produced in coil B due to
mutual induction between the two coils.
This makes the lamp light up.

(ii) When coil B is moved upwards the mutual
induction and have induced emf in coil B
dereases. This makes the lamp dimmer.

SECTION – C

Q. 22. (a) (i) Arrange the following electro
magnetic radiations in the ascending
order of their frequencies: X-rays,
microwaves, gamma rays, radio
waves

(ii) Write one uses of any two of these
radiations.

OR

(b) Name the electromagnetic waves
which are produced by the following:

(i) Radioactive decays of the nucleus
(ii) Welding arcs
(iii) Hot bodies
Write one use of each of these waves.

Ans. (i) Radio waves < Microwaves < X-rays
< gamma rays

(ii) Microwaves : communication
X-rays : Medical diagnoses

OR

(i) Gamma rays
(ii) UV  rays

(iii) Infrared rays
Gamma rays: These are used in medicine to
destroy cancer cells.
UV rays: UV lamps are used to kill germs in
water purifiers.
Infrared rays: These are used in remote
switches of household electronic systems.

Q. 23. A proton and an electron have same
kinetic energy. Which one has greater de-
Broglie wavelength and why?

Ans. The de-Broglie wavelength is given by the

expression λ=
2mE

h
; since E is same,

therefore λ∝
1

m
. An electron has less mass

than a proton; therefore it has a greater de-
Broglie wavelength than a proton.

Q. 24. The work function, for a given
photosensitive surface, equals 2.5 eV.
When light of frequency falls on this
surface, the emitted photoelectrons are
completely stopped by applying a
retarding potential of 4.1 V. What is the
value of ?

Ans. Given ω
0
 = 2.5 eV, V

0
 = 4.1 V, ?

Using the relation
eV

0
 = hv – ω

0

we have

v = 
−

−

+ + × ×

=

×

19

0 0

34

eV (4.1 2.5) 1.6 10

6.6 10h

ω

= 3.88 × 10
14

 Hz
Q. 25. Plot a graph showing the variation of

current density (J) versus the electric
field (E) for two conductors of different
materials. What information from this
plot regarding the properties of the
conducting material, can be obtained
which can be used to select suitable
materials for use in making (i) standard
resistance and  (ii) connecting wires in
electric circuits?
Electrondrift speed is estimated to be of
the order of mm s–1. Yet large current of
the order of few amperes can be set up in
the wire. Explain briefly.

Ans. We know that J = σ E
Therefore, the graph between J and E will be
a straight line passing through the origin.
This is as shown.

A

B

E

A

O

The slope of the graph conductivity (σ).
Hencematerial with less slope (smaller
conductivity) is used for making standard
resistors and material with greater slope
(higher conductivity) for making connecting
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wires. Large current can be set up in the wire
because the electron number density is
enormous, 1029 m-3

Q. 26. A neutron, a proton, an electron and ana
-particle enter a region of constant
magnetic field with equal velocities. The
magnetic field is along the inward normal
to the plane of the paper. The tracks of
the particles are labelled in figure. Relate
the tracks to the four particles. Justify
your answer.

C

D
A

B

Ans. (i) For a neutron, q = 0, soF = qv B sin θ = 0.
That is, a neutron goes undeflected through
the magnetic field. Therefore, the track C
corresponds to neutron.
(ii) According to Fleming’s left-hand rule, a
negatively charged particle such asan electron
will be deflected towards right. Therefore, the
track D corresponds toan electron.
(iii) According to Fleming’s left-handrule, a
positively charged particlesuch as an α-particle
or a proton will be deflected towards left. Its
radii ofcurvature is given by the expression

r = 
mv

Bq
. Now for a proton and analpha

particle, we have. Thus, the track B
corresponds to an-α particle, and track A to a
proton.

Q. 27. Define the term, “refractive index” of a
medium. Verify Snell’s law of refraction
when a plane wavefront is propagating
from a denser to a rarer medium.

Ans. The refractive index of medium 2, w.r.t.
medium 1 equals the ratio of the sine of angle
of incidence (in medium 1) to the sine of angle
of refraction (in medium 2).

The diagram is as shown.

From diagram

sin i = 
τ

=
1

vBC

AC AC

and sin r = 
τ

=
2

vAE

AC AC

Therefore =

1

2

sin 

sin 

vi

r v
= n

12

Q. 28. Yellow light (6000 Å) illuminates a single-
slit of width 1 × 10–4 m. Calculate
(a) the distance between the two dark
lines on either side of the central
maximum, when the diffraction pattern
is viewed on a screen kept 1.5 m away
from the slit;
(b) the angular spread of the first
diffraction minimum.

OR

A prism is made of glass of unknown
refractive index. A parallel beam of light
is incident on a face of the prism. By
rotating the prism, the angle of minimum
deviation is measured to be 40°. What is
the refractive index of the material of  the
prism ? If the prism is placed in water
(refractive index 1.33), predict the new
angle of minimum deviation of a parallel
beam of light. The refracting angle of the
prism is 60°.

Ans. Given 6000 Å, d =10-4 m, 2β = ?, D= 2.5 m,
θ = ?
(a) Using the expression

β = 
−

−

× × ×

=

×

10

4

2D 2 2.5 6000 10

d 1 10

λ
 = 3 × 10

–2

 m
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(b) θ = 
−

−

×

=

×

10

4

6000 10

d 1 10

λ
= 6 × 10

–3

 rad

OR

Given that δ
m
 = 40°, 

a
μ

g
 = ?, 

a
μ

w
 = 1.33, A = 60°

Using the relation

a
μ

g
  = 

⎛ ⎞ ⎛ ⎞+δ +
⎜ ⎟ ⎜ ⎟

°⎝ ⎠ ⎝ ⎠
− = =

°

A 60 40
sin sin

sin50 0.76602 2

A 60 sin30 0.5000
sin sin

2 2

m

= 1.53
Now when the prism is placed in water we have

w
μ

g
  = 

⎛ ⎞+
⎜ ⎟
⎝ ⎠

−

A
sin

2

A
sin

2

m

a g

a w

δ
μ

μ

⎛ ⎞ ⎛ ⎞+ +
⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

= =

60° 60°
sin sin

1.53 2 2

60°1.33 0.5
sin

2

m m
δ δ

Solving for δ
m

 we have δ
m

 = 10°.

SECTION – D

Questions number 29 to 30 are case study based
questions.

Q. 29. The British physicist Thomas Young
explained the interference of light using
the principle of superposition of waves.
He observed the interference pattern on
the screen, in his experimental set-up,
known now as Young’s double slit
experiment. The two slits S

1
 and S

2
were

illuminated by light from a slit S. The
interference pattern consists of dark and
bright bands of light. Such bands are
called fringes. The distance between two
consecutive bright and dark fringes is
called fringe’ width.

(i) If the screen is moved closer to the plane
of slits S

1
 and S

2
, then the fringe width:

(a) will decrease, but the intensity of bright
fringe remains the same.

(b) will increase, but the intensity of bright
fringe decreases.

(c) will decrease, but the intensity of bright
fringe increases.

(d) and the intensity both remain the same.

Ans. (c) will decrease, but the intensity of bright
fringe increases.

This is because 
D

d

λ
β = . As D decreases

β decreases. Also 
2

1
1

D
∝

(ii) What will happen to the pattern on the
screen, when the two slits S

1
 and S

2 
are

replaced by two independent but
identical sources?
(a) The intensity of pattern will increase
(b) The intensity of pattern will decrease
(c) The number of fringes will become double
(d) No pattern will be observed on the screen.

Ans. (d) No pattern will be observed on the screen.
There will be general illumination on the
screen

(iii) Two sources of light are said to be
coherent, when both emit light waves of
(a) same amplitude and have a varying phase

difference
(b) same wavelength and a constant phase

difference
(c) different wavelengths and same intensity
(d) different wavelengths and a constant

phase difference.
Ans. (b) same wavelength and a constant phase

difference.
Sources should can’t same wavelengths
having zero or constant phase difference.

(iv) The fringe width in a Young’s double slit
experiment is β ?’. If the whole set-up is
immersed in a liquid of refractive index
‘μ’, then the new fringe width will be:
(a) β (b) βμ

(c)
β

μ
(d)

2
.

β

μ

Ans. (c) Fringe width will decrease and become 
1

μ

of the original fringe width.
OR

The total path difference between two
waves meeting at points P

1 
and P

2
 on the

screen are 
3

2

λ⎛ ⎞
⎜ ⎟⎝ ⎠

 and 2λ respectively.
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Then :
(a) bright fringes are formed at both points.
(b) dark fringes are formed at both points.
(c) a bright fringe is formed at P

1
 and a dark

fringe is formed at P
2
.

(d) a bright fringe is formed at P
2
 and a dark

fringe is formed at P
1
.

Ans. (d) For bright fringes, path difference = even
multiple of λ
For dark fringes, path difference odd
multiple of λ.

Q. 30. A rectifier is an arrangement which
converts AC into pulsating DC. It is of the
following types:
(i) Half-wave rectifier, (ii) Full-wave
rectifier and (iii) Bridge rectifier. A
bridge rectifier comprises 4 diodes. An
AC supply of + 10, –10 V, 50 Hz frequency
and a resistance of 10 W are applied
across it. A CRO (cathode ray
oscilloscope) is used to note the AC input
and DC output. The efficiency of this
circuit is measured to be 81.2%.

D1 D2

D4 D3

DC output

The form factor is worked out as

form factor = 
rms value of output

average value of output

The peak factor is worked out as 
2 2

π

 = 1.1

Peak factor = o

0

Vpeak value of output

rms value of output V / 2
=

= 2
Using the above information and concepts of
semiconductor devices, answer the following
questions:

(i) A bridge rectifier consists of :
(a) 1 diode (b) 2 diodes

(c) 3 diodes (d) 4 diodes.
Ans. (d) 4 diodes.

(ii) The efficiency of a rectifier is given by :
(a) DC output current/AC input current
(b) AC output current/DC input current
(c) DC output power/AC input power
(d) AC input power/DC input power.

Ans. (c) DC output power/AC input power.
(iii) A large form factor means :

(a) that power loss is small
(b) that power loss is large
(c) that waveforms of input and output are

same
(d) high waveform distortion.

Ans. (d) high waveform distortion.
(iv) A diode rectifier without a filter circuit

gives :
(a) pure DC output
(b) ripples in the output
(c) full sine wave output
(d) none of these.

Ans. (b) ripples in the output.
OR

(iv) The efficiency of a bridge rectifier is :
(a) 40.1% (b) 80.2%
(c) 100% (d) none of the above.

Ans. (b) 80.2%.

SECTION – E

Q. 31. (a) Define electric flux. Is it a scalar or a
vector quantity ?

d

q

d/2

d

A point charge q is at a distance of d/2
directly above the centre of a square of
side d, as shown in the figure. Use Gauss’
law to obtain the expression for the
electric flux through the square.
(b) If the point charge is now moved to a
distance ‘d’ from the centre of the square
and the side of the square is doubled,
explain how the electric flux will be
affected.
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OR

(a) Use Gauss’ law to derive the
expression for the electric field (E) due
to a straight uniformly charged infinite
line of charge density λ C m-1.
(b) Draw a graph to show the variation
of E with perpendicular distance r from
the line of charge.
(c) Find the work done in bringing a
charge q from perpendicular distance r

1

to r
2
 (r

2 
> r

1
).

Ans. (a) Electric flux through a given surface is
defined as the dot product of electric field and
area vector over that surface.
It is a scalar quantity
Constructing a cube of side “d” so that charge
„q” gets placed within of this cube (Gaussian
surface)
According to Gauss’s law the Electric flux

0

q
φ =

ε

q d

d

This is the total flux through all the six faces
of the cube.
Hence electric flux through the square

0

1 q

6
φ =

ε

(b) If the charge is moved to a distance d and
the side of the square is doubled the cube will
be constructed to have a side 2d but the total
charge enclosed in it will remain the same.
Hence the total flux through the cube and
therefore the flux through the square will
remain the same as before.

OR

(a) To calculate the electric field, imagine a
cylindrical Gaussian surface, since the field is
everywhere radial, flux through two ends of
the cylindrical Gaussian surface is zero.
At cylindrical part of the surface electric field
E is normal to the surface at every point and
its magnitude is constant.

Therefore flux through the Gaussian surface.
= Flux through the curved cylindrical part of
the surface.
= E × 2πrL ...(i)
Applying Gauss’s Law
The flux is given by

0 0

q Lλ
φ = =

ε ε
...(ii)

From eqn (i) and (ii) we have

0 0

L
E 2 rL E

2 r

λ λ
× π = ⇒ =

ε πε

(b) The required graph is

r

|E|
→

(c) Work done in moving the charge “q”.
Through a small displacement ‘dr’

dW = F.dr qF .dr
→ →

→

=

dW = qEdr cos 0 = qEdr

Hence work done in moving the charge from
r

1
 to r

2
( r

2
> r

1
)

W = 

2

1

0 0

qdr q

2 r 2

r

r

λ λ
=

πε πε

⌠⎮
⌡

[In r
2
 – In r

1
]

W = 2

0 1

q
In

2

r

r

⎡ ⎤λ
⎢ ⎥

πε ⎣ ⎦

Q. 32. (a) Draw a ray diagram to show image
formation when the concave mirror
produces a real, inverted and
magnified image of the object.

(b) Obtain the mirror formula and write
the expression for the linear magni-
fication.

(c) Explain two advantages of a ref-
lecting telescope over a refracting
telescope.

OR

(a) Define a wavefront. Using Huygens’
Principle, verify the laws of reflection
at a plane surface.
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(b) In a single slit diffraction experiment,
the width of the slit is made double
the original width. How does this
affect the size and intensity of the
central diffraction band? Explain.

(c) When a tiny circular obstacle is placed
in the path of light from a distant
source, a bright spot is seen at the
centre of the obstacle. Explain why.

Ans. (a)  The ray diagram is as shown

B
M

P
BB

A
A¢

B¢

q

f
u

v

qC

(b) In the above figure
∆ BAP and ∆B ‘A’ P are similar

⇒ 
BA

B'A'

PA

PA
=

¢
...(i)

similarly, ∆ MNF and ∆B ‘A’ F are similar

⇒ 
MN

B'A'

NF

FA
=

¢
...(ii)

As MN = BA
NF ≈ PF
FA’ = PA’ – PF
∴ equation (ii) takes the following form

' '

BA PF

B A PA PF
=

¢ -
...(iii)

Using equation (i) and (iii)

PA PF

PA PA PF
=

¢ ¢ -

For the given figure, as per the sign
convention,
PA = – u
PA’ = – v
PF = – f

⇒ 
( )

u f

v v f

- -

=

- - - -

u f

v v f
=

-

uv – uf = vf
Dividing each term by uvf, we get

1 1 1

f v u
- =

1 1 1

f v u
fi = +

Linear magnification = – ν

u
, (alternatively

m = 1

0

h

h
)

(c) Advantages of reflecting telescope over
refracting telescope
(i) Mechanical support is easier
(ii) Magnifying power is large
(iii) Resolving power is large
(iv) Spherical aberration is reduced
(v) Free from chromatic aberration

OR

(a) The wave front is the locii of all points
that are in the same phase

Incident
wavefront

Reflected
wavefrontB

N
ri

i

E

A
M

C

Let speed of the wave in the medium be „υ'
Let the time taken by the wave front, to
advance from point B to point C is ‘τ’
Hence BC = υ τ
Let CE represent the reflected wave front
Distance AE = υ τ = BC
∆ AEC and ∆ are congruent
∴ ∠BAC = ∠ ECA
⇒ ∠i = ∠r

(b) Size of central maxima reduces to half,
(Size of central maxima = 2λD/a)
Intensity increases.
This is because the amount of light, entering
the slit, has increased and the area, over which
it falls, decreases.
(c) This is because of diffraction of light. Light
gets diffracted by the tiny circular obstacle and



K

C

K

C

HOLY FAITH ROCKET (CBSE)56

reaches the centre of the shadow of the
obstacle.

Q. 33. (a) Using postulates of Bohr's theory of
hydrogen atom, show that

(i) the radii of orbits increases as n2,
and

(ii) the total energy of the electron
increases as 1/n2, where n is the
principal quantum number of the
atom.

(b) Calculate the wavelength of H
2
 line

in Balmer series of hydrogen atom,
given Rydberg constant R = 1.097
× 107 m–1.

Or

(a) Consider the D-T reaction (deuterium
tritium fusion) given by the equation:

2 3 4

1 1 2
H+ H+ H+n

Calculate the energy released in MeV
in this reaction from the data: m(n)
= 1.008665 u  m(2H) = 2.014102 u, m (3H)
= 3.016049 u, m (4He) = 4.002603 u

(b) Explain, giving necessary reactions,
how energy is released during
(i) fission and (ii) fusion.

Ans. (a) (i) Let us consider a mechanical model of
the hydrogen atom as shown in the figure.

This atom consists of a single electron with
mass m and charge – e revolving around a
single proton of charge + e. As the electron
revolves around the nucleus the
electrostatic force of attraction between
the electron and the proton provides the
necessary centripetal force. Therefore we
have

2 2

2

e
k

nn

m

rr

υ

= ...(1)  or

υ
2

2
e

k

n

m

r

= ...(2)

By Bohr's quantization condition we have

m υ r = 
2

nh

π

or υ  = 
2

n

nh

mrπ

...(3)

substituting equation 3 in equation 2 we have

22
e

k
2

n n

nh
m

r mr

⎛ ⎞
= ⎜ ⎟π⎝ ⎠

...(4)

Solving for r we have 
2 2

2 2

 

4   
n

n h
r

m e k
=

π

...(5)

This gives the radius of the nth orbit of the
hydrogen atom which shows that r α n2

(ii) The total energy possessed by an electron
in the nth orbit of the hydrogen atom is given
by

E = T + U ...(1)

i.e., the sum of its kinetic and electrostatic
potential energies.

An electron of mass m moving around the
nucleus with an orbital velocity v has a kinetic
energy given by

K.E = 
2

2
1 1  

2 2

k e
m

r
υ = ...(2)

Now the potential energy of the electron at a
distance r from the nucleus is given by

PE = potential due to the nucleus at a distance
r × charge on the electron = V × – e ...(3)

Now the potential at a distance r from the
nucleus having a charge e is given by

V = k
e

r

...(4)

substituting in equation 2 we have

P.E = V × – e = – k
2
e

r

...(5)

Substituting equations 2 and 5 in equation 1
we have
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E = K.E. + P.E. = 
2 2 2

1 1

2 2

ke ke ke

r r r
− = − ...(6)

But the radius of the nth orbit is given by

r
n
 = 

2 2

2 2
4

n h

me kπ

...(7)

substituting in equation 6 we have

E = –
2 4 2

2 2

2 me k

n h

π

...(7)

This gives the expression for the energy
possessed by the electron in the nth orbit of
the hydrogen atom which shows that

(b) For H
2
 line in Balmer series n

1
 = 2 and n

2
 = 3

1

λ
= 1.097 × 107

1 1

4 9

⎡ ⎤
−⎢ ⎥⎣ ⎦

 = 1.097 × 107 × 
5

36

Or λ = 656.3 nm

OR

(a) The net reaction is 2 3 4

1 1 2
H H H n Q+ + + +

Now energy released in the reaction

Q = ( ) ( ) ( )2 3 4 2

1 1 2
H H He

N N N n
m m m m c
⎡ ⎤+ − −⎣ ⎦

Adding and subtracting 2 m
e
, we get

Q = ( )( ) ( )( )2 3

1 1 e
H He+m

N e N
m m m

⎡ ⎤+ +
⎣ ⎦

– ( )4 2

2
He 2

N e n
m m m c
⎡ ⎤+ −⎣ ⎦

Q = ( ) ( ) ( )2 3 4 2

1 1 2
H H He

n
m m m m c
⎡ ⎤+ − −⎣ ⎦

= [2.014102 + 3.016049 - 4.002603 -1.008665]
× 931.5 MeV

= 0.018883 × 931 MeV = 17.58 MeV.

(b) Nuclear Fission : It is a process in which
a heavy nucleus splits up into two lighter
nuclei of nearly equal masses. It is found
that the sum of the masses of the products
nuclei and particles is less than the sum
of the masses of the reactants i.e., there is
some mass defect. This mass defect
appears as energy. One such fission
reaction is given below:

235 1 236 * 141 92 1

92 0 92 56 36 0
U U Ba Kr 3 n energyn+ → → + + +

The Q value of the above reaction is about
200 MeV. The sum of the masses of Ba,
Kr and 3 neutrons is less than the sum of
the masses of U and one neutron.
Nuclear Fusion : It is the process in
which two lighter nuclei combine together
to form a heavy nucleus. For fusion very
high temperature of I is required. One
such fusion reaction is given below:

2 2 4

1 1 2
H H He 24 MeV→+ − +

The Q value of this nuclear reaction is 24
MeV. It is the energy equivalent of the
mass defect in the above reaction. The
energy released per fusion is much less
than in fusion but the energy released per
unit mass is much greater than that
released in fission.
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General Instructions : Same as in MTP – 1SECTION – A

SECTION – A

Q.1. An electric dipole placed in a non-
uniform electric field will experience :
(a) only a force
(b) only a torque
(c) both force and torque
(d) neither force nor torque.

Ans. (c) both force and torque.
Q. 2. Two wires A and B, of the same material

having length in the ratio 1 : 2 and
diameter in the ratio 2 : 3 are connected
in series with a battery. The ratio of the
potential differences (V

A
 / V

B
) across the

two wires respectively is :

(a) (b)

(c) (d)

Ans. (d) .

Q. 3. A battery of 15 V and negligible internal
resistance is connected across a 50 ΩΩΩΩΩ

resistor. The amount of energy dissipated
as heat in the resistor in one minute is :
(a) 122 J (b) 270 J
(c) 420 J (d) 720 J

Ans. (b) 270 J.
Q. 4. Two electrons of charge ‘e’ each move in

the same circular path of radius ‘r’ with
a constant speed ‘υυυυυ’ each. The magnetic
moment associated with the motion of
these electrons is :
(a) evr (b) evr/2

(c) ev (d)
π
2 3

4 r e

v

.

Ans.  (b) evr/2.
Q. 5. A metal plate is getting heated. Which one

of following statements is incorrect ?
(a) It is placed in a space varying magnetic
field that does not vary with time.
(b) A direct current is passing through the
plate.
(c) An alternating current is passing through
the plate.
(d) It is placed in a time varying magnetic
field.

Ans.  (a) It is placed in a space varying magnetic
field that does not vary with time.

Q. 6. The emf induced in a 10 H inductor in
which current changes from 11 A to 2 A
in 9 ××××× 10–1  s is :
(a) 104  V (b) 103 V
(c) 102 V (d) 10 V

Ans. (c) 102 V.
Q. 7. The frequencies of X-rays, γγγγγ-rays and

ultraviolet rays are respectively a, b and
c. Then :
(a) a < b, b < c (b) a > b, b > c

(c) a > b, b > a (d) a < b, b > c

Ans: (d) a < b, b > c

Q. 8. The de Broglie wavelength of a photon is
twice the de Broglie wavelength of an
electron. The speed of the electron is

v
e
 = 

c

100
 then :

(a) 
−

=

4
E

10
E

e

p

(b)
−

=

2
E

10
E

e

p
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(c) 
−

=

2
10

e

e

p

m c
(d)

−

=

4
10

e

e

p

m c
.

Ans. (b, c).
Q. 9. The de-Broglie wavelength of a proton

(charge = 1.6 × 10– 19 C, m = 1.6 × 10– 27 kg)
accelerated through a potential
difference of 1kV is :
(a) 600 A0 (b) 0.9 × 10– 12  m
(c) 7 A0 (d) 0.9 nm

Ans. (b) 0.9 × 10– 12  m
Q. 10. Paschen series of atomic spectrum of

hydrogen gas lies in :
(a) Infrared region
(b) Ultraviolet region
(c) Visible region
(d) Partly in ultraviolet and partly in visible

region
Ans. (a) Infrared region.

Q. 11. In an p-type silicon, which of the
following Assertions true:
(a) Electrons are majority carriers and

trivalent atoms are the dopants.
(b) Electrons are minority carriers and

pentavalent atoms are the dopants.
(c) Holes are minority carriers and

pentavalent atoms are the dopants.
(d) Holes are majority carriers and trivalent

atoms are the dopants.
Ans. (d) Holes are majority carriers and trivalent

atoms are the dopants.
Q. 12. In an unbiased p-n junction, holes diffuse

from the p-region to n-region because :
(a) free electrons in the n-region attract them.
(b) they move across the junction by the

potential difference.
(c) hole concentration in p-region is more as

compared to n-region.
(d) All the above.

Ans. (c) hole concentration in p-region is more as
compared to n-region.

Question number 13 to 16 are Assertion
(A) and Reason (R) type questions. Two
statements are given-one labelled
Assertion (A) and the other labelled
Reason (R). Select the correct answer to
these questions from the codes (a), (b), (c)
and (d) as given below.

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

(b) Both (A) and (R) are true and (R) is NOT
the correct explanation of (A)

(c) (A) is true but (R) is false
(d) (A) is false and (R) is also false.

Q. 13. Assertion (A) : The temperature coefficient
of resistance is positive for metals and negative
for semi-conductors.
Reason (R) : The charge carriers in metals
are negatively charged whereas in
semiconductors they are positively charged.

Ans. (c) (A) is true but (R) is false.
Q. 14. Assertion: When a bar of copper, is placed, in

an external magnetic field, the field lines get
concentrated inside the bar.
Reason: Copper is a paramagnetic substance.

Ans. (d) (A) is false and (R) is also false.
Q. 15. Assertion : Neutrons penetrate matter more

readily as compared to protons.
Reason : Neutrons have no charge while a
proton has a charge.

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

Q. 16. Assertion : A p-type semiconductor is a
positive type crystal.
Reason : A p- type semiconductor is an
uncharged crystal.

Ans. (d) (A) is false and (R) is also false.

SECTION – B

Q. 17. Define electric line of force and give its
two important properties.

Ans. It is a line straight or curved, a tangent to
which at any point gives the direction of the
electric field at that point.
(a) No two-field lines can cross, because at

the point of intersection two tangents can
be drawn giving two directions of electric
field, which is not possible.

(b) The field lines are always perpendicular
to the surface of a charged conductor.

Q. 18. The voltage-current variation of two
metallic wires X and Y at constant
temperature is shown below. Assuming
that the wires have the same length and
the same diameter, explain which of the
two wires will have larger resistivity.
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X

Y

O
V

I

Ans. From the graph, we find that the slope of graph
X > slope of graph Y. Thus, conductance of  X
is more than that of Y. In other words,
resistance of Y is more than that of  X. Hence
for the same L and A, wire Y will have larger
resistivity.

Q. 19. Two identical specimens of magnetic
materials nickel and antimony are kept
in a non-uniform magnetic field. Draw
the modification in the field lines in each
case. Justify your answer.

OR

The susceptibility of a magnetic material
is 2.6  10– 5. Identify the type of magnetic
material and state its two properties.

Ans. Nickel is ferromagnetic, antimony is
diamagnetic. Therefore, they will show the
behaviour as shown in the following figures.

B0

B < B0

B < B0

B0

Diamagnetic

Paramagnetics

OR

Diamagnetic :
(i) Very small and negative susceptibility

(ii) Permeability is less than one.
Q. 20. A short bar magnet placed with its axis

at 30º with a uniform external magnetic
field of 0.25 T experiences a torque of
magnitude equal to 4.5  ×10–2 J. What is
the magnitude of magnetic moment of the
magnet ?

Ans. Given θ = 30º, B = 0.25 T,  τ = 4.5 × 10–2 J, M  ?
Using the expression τ = MB sin  we have

M =
Bsin

τ

θ
 = 

−

×

× °

2
4.5 10

0.25 sin30
 = 0.36 JT –1

Q. 21. Explain the principle on which the metal
detector is used at airports for security
reasons.

Ans. The metal detectors used in airport security
checkpoints operate by detecting eddy currents
induced in metallic objects.  The detector
generates an alternating magnetic field. This
induces eddy currents in the conduction object
carried through the detector. The eddy
currents in turn produce an alternating
magnetic field. This field induces a current in
the detectors receiver coil.

SECTION – C

Q. 22. What does an electromagnetic wave
consist of ? On what factors does its
velocity in vacuum depend ?

OR

The charge on a parallel plate capacitor
varies as q  = q

0
 cos 2πvt. The plates are

very large and close together (area A,
separation d). Neglecting the edge effects,
and the displacement current through
the capacitor.

Ans. An electromagnetic wave consists of electric
and magnetic fields varying both in space and
time. The two fields are perpendicular to each
other and to the direction of propagation of
the wave. The velocity of electromagnetic wave
in vacuum depends upon the values of its
absolute permittivity and permeability.

OR

The displacement current is equal to the
conventional current; therefore we have

i
C

 = i
D

 = 
dq

dt
 = 

d

dt
0( cos )q vtπ  = – 2πq

0
v = sin

2πvt.
Q. 23. The de-Broglie wavelength associated

with an electron accelerated through a
potential difference V is 1 V. What will
be its wavelength when accelerating
potential is increased to 4 V ?

Ans. The de-Broglie wavelength is inversely
proportional to the square root of potential,

therefore 
λ

=
λ

2

1

V

4V
 = 

1
.

2
Thus, wavelength

will become half of its previous value.
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Q. 24. Find the frequency of light, which ejects
electrons from a metal surface, fully
stopped by a retarding potential of 3.3 V.
If photoelectric emission begins in this
metal at a frequency of 8 × 1014 Hz,
calculate the work function (in eV) for
this metal.

Ans. Work function is given by w
0 

= hn
0

ω0  = 
−

−

× × ×

×

34 14

19

6.63 10 8 10

1.6 10
 = =3.315 Ve

Now using the expression
eV

0
 = hν ω

0

We have

ν = 
+ω0 0Ve

h
 = 

−

−

+ × ×

×

19

14

(3.3 3.315) 1.6 10

6.63 10

ν = 1.596 × 1015 Hz

Q. 25. Draw a plot showing the variation of
resistivity of a (i) conductor and
(ii) semiconductor, with the increase in
temperature.
How does one explain this behaviour in
terms of number density of charge
carriers and the relaxation time ?

Ans. The plots are as shown.

0 50 100 150
Temperature T(K) →

R
es

is
tiv

ity
 p

 (
10

 
cm

)
–8

Ω
 

0.4

0.2

ρ

T

With rise in temperature the average
relaxation time for a conductor decreases and

resistivity increases, while for a semiconductor
the number density of charge carriers
increases, hence the resistivity decreases.

Q. 26. A point charge q is moving with a speed
v perpendicular to a magnetic field B as
shown in the figure. Explain what should
be the magnitude and direction of the
applied electric field so that net force
acting on the charge is zero.

Y

O
X

E+q

Ans. By Fleming’s left-hand rule, the magnetic force
F

m
 = qvB acts in the downward direction. An

electric field E applied in the upward or
positive Y-direction will exert an upward force
F

e
 = qE. The two forces act opposite to each

other. The net force on the charge q will be
zero if F

e
 = F

m
 or qE = qvB or E = vB.

Q. 27. (a) Why are coherent sources necessary
to produce a sustained interference
pattern ?

(b) In Young’s double-slit experiment
using monochromatic light of
wavelength screen where path
difference is λλλλλ, is K units. Find out
the intensity of light at a point where
path difference is λλλλλ/3.

Ans. (a) Interference will be sustained if there is a
constant phase difference between the two
interfering waves. This is possible if the
two waves are coherent.

(b) Intensity at any point on the screen

I = I
1
 + I

2
 + φ

1 2
2 I I cos

Let I
0
 be the intensity of either source,

then I
1
 = I= I

0

When path difference, ∆x,= λ, φ – 2π
Therefore,

I = 2

04I cos
2

φ
 = 4I

0
 =

2

0cos 4I = Kπ
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When the path difference, ∆x = l/3, φ = 2p/3
Therefore,

I = 4I
0

2
cos

2

φ
 = 4I

0
cos2

2

3

π

 = 4I
0
 × 

1

4
 = I

0

= 
K

4

Q. 28. Laser light of wavelength 630 nm incident
on a pair of slits produces an interference
pattern in which the bright fringes are
separated by 7.2 mm. Calculate the
wavelength of another source of laser
light which produces interference fringes
separated by 8.1 mm using same pair of
slits.

OR

Calculate the value of the angle of
incidence when a ray of light incident on
one face of an equilateral glass prism
produces the emergent ray, which just
grazes along the adjacent face. Refractive
index of the prism is 2 .

Ans. Given λ = 630 nm, β
1
 = 7.2 mm, β

2
 = 8.1 mm,

λ
2
= ?

We know that 
D

=
d

λ
β  for same value of D and

d we have

β ∝ λ

Therefore

2

2

β

λ =
1

1

β

λ  ⇒  
2

2 1

1

β
λ = × λ

β
 = ×

8.1
630

7.2
 =

708.75 nm
OR

A

air
C

glass

B

air

i r1 r2

a gn  = 
1

sin

sin

i

r
 ⇒  2  = 

1

sin

sin

i

r

and g an  = 
°

2
sin

sin90

r

 ⇒  
1

2
 = sin r

2

Therefore r
2
 = 45°

Now A = r
1
 + r

2
, therefore

r
1
 = A – r

2
 = 60° – 45° = 15°

2  = 
sin

sin15

i

′′

⇒  sin i = 2 × sin 15’’

= 1.414 × 0.258 = 0.365.
i = 21.40°

SECTION – D

Questions number 29 to 30 are case study-
based questions

Q. 29. A ray of light travels from a denser to a rarer
medium. After refraction, it bends away from
the normal. When we keep increasing the
angle of incidence, the angle of refraction also
increases till the refracted ray grazes along
the interface of two media. The angle of
incidence for which it happens is called the
critical angle. If the angle of incidence is
increased further, the ray will not emerge and
it will be reflected back in the denser medium.
This phenomenon is called total internal
reflection of light.

(i) A ray of light travels from a medium into
water at an angle of incidence of 18°. The
refractive index of the medium is more
than that of water and the critical angle
for the interface between the two media
is 20°. Which one of the following figures
best represents the correct path of the
ray of light ?
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Ans. (a) .

(ii) A point source of light is placed at the
bottom of a tank filled with water of
refractive index, to a depth d. The area
of the surface of water through which
light from the source can emerge is :

· (a)
π

μ −

2

22 ( 1)

d

(b)
2

2( 1)

dπ

μ −

(c ) 
π

μ −

2

22 ( 1)

d

(d)
π

μ −

2

2

2

( 1)

d

.

Ans. (b)
2

2( 1)

dπ

μ −
.

(iii) For which of the following media, with
respect to air, is the value of critical angle
maximum ?
(a) Crown glass (b) Flint glass
(c) Water (d) Diamond

Ans. (c ) Water.
(iv) The critical angle for a pair of two media

A and B of refractive indices 2.0 and 1.0
respectively is :
(a) 0 (b) 30
(c) 45 (d) 60

Ans. (b) 30.
OR

(iv) The critical angle of a pair of medium and
air is 300. The speed of light in the
medium is :
(a) 1 × 108 ms –1 (b) 1.5 × 108 ms–1

(c) 2.2 × 108 ms –1 (d) 2.8 × 108 ms–1

Ans. (b) 1.5 × 108 ms–1.
Q. 30. When p side of p-n junction is connected to

positive terminal of battery and n side of p-n
junction is connected to negative terminal of
battery then the p-n junction is said to be in
forward bias mode or forward biased. When p
side of p-n junction is connected to negative
terminal of battery and n side of p-n junction is
connected to positive terminal of battery then

the p-n junction is said to be reverse biased.
The diode used to rectify an ac voltage is called
as rectifier. Zener diode is also a p-n junction
diode which works in reverse bias condition and
used as voltage regulator. Also, p-n junction
diodes are used in solar cells which is used to
convert light energy into electrical energy. Light
emitting diodes are also p-n junction diodes,
which are used to produce light.

(i) Zener diode and photodiode work in the :
(a) forward bias mode
(b) reverse bias mode
(c) both (a) and (b)
(d) none.

Ans. (b) reverse bias mode.
(ii) The semiconductors, which are used to

make visible LEDs, must have a band gap
of :
(a) 3 eV (b) 0 eV
(c) 1.8 eV (d) 5 eV.

Ans. (c) 1.8 eV.
(iii) The rectifier in which the rectified output

is only for half of the input AC wave is :
(a) Full wave rectifier
(b) Half wave rectifier
(c) Transformer
(d) Bridge rectifier.

Ans. (b) Half wave rectifier.
(iv) Which of the following is a characteristic

of a reverse-biased p-n junction ?
(a) Very narrow depletion region
(b) Large current flow
(c) Almost no current
(d) Very low resistance

Ans. (c) Almost no current.
OR

In forward biased pn junction, if the
forward biased in increased, then
(a) Circuit resistance increase
(b) Current through pn junction increases
(c) Current through pn junction decreases
(d) None of the above.

Ans. (b) Current through pn junction increases.

SECTION – E

Q. 31. Two-point charges q and -q are located
at points (0, 0, – a) and (0, 0, a)
respectively.
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(a) Find the electrostatic potential at
(0, 0, z) and (x, y, 0)

(b) How much work is done in moving a
small test charge from the point (5,
0, 0) to (– 7, 0, 0) along the x-axis ?

(c) How would your answer change if the
path of the test charge between the
same points is not along the x-axis but
along any other random path ?

(d) If the above point charges are now
placed in the same positions in a
uniform external electric field, what
would be the potential energy of the
charge system in its orientation of
unstable equilibrium ? Justify your
answer in each case.

OR

A capacitor of capacitance C
1
 is charged

to a potential V
1
 while another capacitor

of capacitance C
2
 is charged to a potential

difference V
2
. The capacitors are now

disconnected from their respective
charging batteries and connected in
parallel to each other.
(a) Find the total energy stored in the

two capacitors before they are
connected.

(b) Find the total energy stored in the
parallel combination of the two
capacitors.

(c) Explain the reason for the difference
of energy in parallel combination in
comparison to the total energy before
they are connected.

Ans. The given system is an electric dipole
Given dipole length 2a, therefore dipole
moment is p = q 2a

(a) For given dipole, point (0, 0, z) lies on the axial
line at a distance z from the midpoint of dipole.

Hence V = 
−

2 2( )

p
k

z a

The point (x, y, 0) lies at the equatorial line of
dipole and hence electric potential at this point
is zero.
when r/a >> 1 or r >> a for a dipole we have

2

1
∝V

r

(b) As the motion of test charge from the point
(5, 0, 0) to (– 7, 0, 0) is along x-axis and electric
potential is only along z-axis, hence work done
= 0.

(c) The answer does not change because the
electric field is a conservative field and the
work done simply depends on the position of
initial and final points only.

(d) PE = pE
OR

When two capacitors having different
capacitance’s C

1
 and C

2
 and different

potentials V
1
 and V

2
 are joined with the help

of a wire, charge flows from a conductor at high
potential to the conductor at low potential till
they attain a common potential. (V).

(a) Energy stored when the capacitors are not
connected

U
1

= 2 2

1 1 2 2

1 1
C V + C V

2 2
.....(1)

(b) When the capacitors are connected in parallel
then the net capacitance of the combination is
C = C

1
 + C

2
, therefore the common potential

is

V = 
total charge

total capacitance
 = 1 1 2 2

1 2

C V +C V

C +C
  ...(2)

Hence energy stored in the parallel
combination

U
2
 = 1 2

1
(C + C )

2
V2U

2

= 1 2

1
(C +C )

2
 
⎡ ⎤
⎢ ⎥
⎣ ⎦

2

1 2 2 2

1 2

C V + C V

C + C
...(3)

Subtracting equation 3 from equation 1 we
have

U
1
 – U

2

= 2 2

1 1 2 2

1
(C V + C V )

2

1
–
2

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎝ ⎠

2

1 1 2 2

1 2

(C V + C V )

C + V  or

= 
1 2

1

2 (C + C )
 [(C

1
 + C

2
) 2

1 1 2 2
– (C V + C V ) ]

 and finally,

U
1
 – U

2 
= 1 2

1 2

C C

2 (C + C )
 2

1 2
(V – V ) ...(4)
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Clearly U
1 

– U
2
  > 0, thus there is always a

loss of energy when two capacitors are
connected in parallel. This is because when
connection is made energy is lost in terms of
sparking and heat produced during connection.

Q. 32. (a) Draw a labelled ray diagram of
compound microscope, when final
image forms at the least distance of
distinct vision.

(b) Why is its objective of short focal
length and of short aperture,
compared to its eyepiece ? Explain.

(c) The focal length of the objective is 4
cm while that of eyepiece is 10 cm.
The object is placed at a distance of 6
cm from the objective lens.

(i) Calculate the magnifying power of
the compound microscope, if its final
image is formed at the near point.

(ii) Also calculate length of the
compound microscope.

OR
(a) With the help of a labelled ray

diagram, explain the construction
and working of a Cassegrainian
reflecting telescope.

(b) An amateur astronomer wishes to
estimate roughly the size of the Sun
using his crude telescope consisting
of an objective lens of focal length 200
cm and an eyepiece of focal length 10
cm. By adjusting the distance of the
eyepiece from the objective, he
obtains an image of the Sun on a
screen 40 cm behind the eyepiece.
The diameter of the Sun’s image is
measured to be 6·0 cm. Estimate the
Sun’s size, given that the average
Earth-Sun distance is 1·5 × 1011 m.

 Ans. (a) The diagram is as shown.

Objective
Eye-piece

Fr
om

ob
je

ct
 a

t

C

A′′ A′

B′
C′

B′′

α

α

β

D
fe

(b) The magnifying power of compound
microscope

m = m
0
 × m

e
 = 

0

L D
1

e
f f

⎛ ⎞
⎜ ⎟+
⎝ ⎠

To have high magnifying power and high
resolution, the focal length of the objective
and itsaperture should be short.
Focal length of eyepiece is comparatively
greater than the objective so that image
formed by objective lens may form within
the focal length of eyepiece and the final
magnified image may be formed.
Aperture in short for higher resolution.

(c) Given u
o
 = – 6 cm

For objective lens we have

0

1

f
 = −

0 0

1 1

v u

Or 
0

1

v

 = +

0 0

1 1

f u
 = +

−

1 1

4 6
 = 

1

12

v
0
 = 12 cm

Since for eye piece v
e
 = D = – 25 cm

1

e
u

= −

1 1

e e
v f

 = 
−

1

25
−

1

10

u
e
 = – 7.14 cm

(i) For magnifying power of compound
microscope we have

m = 
⎛ ⎞
⎜ ⎟+
⎝ ⎠

0

0

D
1

e

v

u f
 = 

⎛ ⎞
+⎜ ⎟

⎝ ⎠

12 25
1

6 10
 = 7

(ii) Length of the compound microscope
L = v

o
 + u

e
 = 12 + 7.14 = 19.14 cm

OR

(a) It consists of a large concave (primary)
parabolic mirror having a hole in its
centre. There is a small convex
(secondary) mirror near the focus of
concave mirror.  Eye piece is placed near
the hole of the concave mirror.
The parallel rays from distance object are
reflected by the large concave mirror.
These rays fall on the convex mirror
which reflects these rays outside the
hole. The final magnified image in formed
at infinity.
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The diagram is as shown.

Secondary
mirror

Objective
mirror

Eyepiece

(b) For the eye piece

1

e
u

= −

1 1

e e
v f

 = −

1 1

40 10
 = 

3

40

u
e
 = 40/3 cm

Magnification produced by the eye piece is

m
e
 = 

e

e

v

u
 = 

40

40 /3
 = 3

Diameter of the image formed by the objective
is
D = 6/3 = 2 cm
If D is the diameter of the Sun then the angle
subtended y it on the objective will be

α  = 
×

11

D

1.5 10
rad

Now
Angle subtended by the image at the objective
= angle subtended by the sun

α  = 
0

size of image

f
 = 

2

200
 = 

1

100
rad

Therefore

×
11

D

1.5 10
 = 

1

100

D = 1.5 × 109 m

Q 33. (a) Write the expression for the force 
→
F ,

acting on a charged particle of charge ‘q’,
moving with a velocity  in the presence of

both electric field 
→
E  and magnetic field 

→
B .

Obtain the condition under which the
particle moves undeflected through the
fields.
(b) A rectangular loop of size l × b carrying
a steady current I is placed in a uniform

magnetic field 
→
B . Prove that the torque

acting on the loop is given by → → →
τ = ×m B ,

where 
→
m  is the magnetic moment of the

loop.

OR

(a) Explain, giving reasons, the basic
difference in converting a galvanometer
into (i) a voltmeter and (ii) an ammeter.
(b) Two long straight parallel conductors
carrying steady currents I1 and I2 are
separated by a distance ‘d’. Explain briefly,
with the help of a suitable diagram, how
the magnetic field due to one conductor
acts on the other. Hence deduce the
expression for the force acting between the
two conductors. Mention the nature of this
force.

Ans. (a) The required expression is

F E ( B)q q
→ → → →

= + υ ×

The particle will move undeflected if the force
acting on it due to the electric field balances the
force acting on it due to the magnetic field. Thus
qE = Bqv    or v = E/B
(b) Figure shows a rectangular loop of wire with
length ‘l’ and breadth ‘b’. A line perpendicular
to the plane of the loop (i.e., a normal to the
plane) makes an angle φ with the direction of
the magnetic field B, and the loop carries a
current I as shown.  Let the forces acting on the
various sides of the loop be

1 2 3F , F , F and F4
→ → → →

as shown. It follows from the expression for the
force experienced by a conductor in a magnetic
field that force on arm AB is ...( 1 )
F

1
 = F

2
 = IbB sin (90 – θ) = Ib cos θ

Since these two forces are equal and opposite
and have the same line of action therefore they
cancel out each other’s effect and their resultant
effect on the coil is zero.
Both forces F3 and F4 make an angle of 900 with
the direction of the magnetic field. Therefore in
magnitude these forces are given by
                         F3= F4 = IlB sin 900 ...( 2 )
The lines of action of both these forces are
perpendicular to the plane of the paper.
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The total force on the loop is zero, because the
forces on opposite sides cancel out in pairs. The
net force on a current loop in a uniform magnetic
field is zero. However the net torque is not
generally zero. The two forces F1 and F2 lie
along the same line and so give rise to zero net
torque. The two forces F3 and F4 lie along,
different lines and each gives rise to a torque
about the X-axis. The two torques produce a
resultant torque in + X direction. The arm of
the couple (perpendicular distance between the
lines of action of the two forces) from the figure
is given by

                    Arm of couple  = b sin φ ...( 3 )
Therefore by the definition of torque we have
Torque  = either force × arm of couple   ...(4)
Using equations 2, 3 and 4 we have

                        Torque = I B l × b sin φ
But   l × b = A , area of the coil , therefore

τ = IBA sin φ
But  IA = m, magnetic dipole moment , therefore
we have
τ = mB sin φ

Hence Bm
→ → →
τ = ×

OR

 (i) A voltmeter is always connected in parallel with
the section of the circuit whose potential
difference has to be measured. Further it must
draw a small current, otherwise the voltage
measurement will disturb the original setup by
an amount which is very large. Thus a large
resistance is connected to the galvanometer in
series so as to minimise this effect.

 (ii) An ammeter measures current and is to be
connected in series in a circuit. A galvanometer
has a large resistance, therefore a shunt is
connected to it in order to decrease its resistance
such that the current in the circuit is not altered.
The pattern of magnetic field around them is as
shown ahead.

Consider two straight, parallel, long current
carrying conductors AB and CD carrying
currents I

1
 and I

2
,respectively. Let ‘d’ be the

distance between the two as shown.

Now magnetic field B2 developed at a point Q
on conductor CD due to current I1 flowing in
conductor AB is ...(1)

0 1IB
2 d

μ
=

π
By right hand rule magnetic field B2 acts normal
to the plane of the paper and directed inward.
Thus, conductor CD carrying current I2 is in a
magnetic field which is perpendicular to its
length.
Therefore, force experienced by conductor CD
due to magnetic field B2 is
F2 = B2 I2 L, …(2)
where L is the length of the second conductor.

Substituting for B2 in equation 2 we have

0 1 221 I I LF

L 2 d

μ
=

π
 or force per unit length is

0 1 221 I IF

L 2 d

μ
=

π
In accordance with Fleming’s left hand rule this
force is directed towards the conductor AB.
Similarly, the force on conductor AB due to
current in CD can be found which is

0 1 212 I IF

L 2 d

μ
=

π
 and is directed towards CD.
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SECTION – A

Q. 1. Let F
1
 be the magnitude of the force

between two small spheres, charged to a

constant potential in free space and F
2

be the magnitude of the force between

them in a medium of dielectric constant

k. Then (F
1
/ F

2
) is :

(a)
1

k
(b) k (c) k2      (d)

2

1

k
.

Ans. (b) k.

Q. 2. Two students A and B calculate the

charge flowing through a circuit. A

concludes that 300 C of charge flows in 1

minute. B concludes that 3·125 × 1019

electrons flow in 1 second. If the current

measured in the circuit is 5 A, then the

correct calculation is done by :

(a) A (b) B

(c) both A and B (d) neither A nor B.

Ans. (c) both A and B.

Q. 3. The resistances of two wires having same

length and same area of cross-section are

2 Ω and 8 Ω respectively. If the resistivity

of 2 Ω wire is 2·65 × 10–8 
Ω-m then the

resistivity of 8 Ω wire is :

(a) material A is copper and material B is ger-

manium

(a) 10·60 × 10–8 Ω-m (b) 8·32 × 10–8 Ω-m

(c) 7·61 × 10–8 Ω-m    (d) 5·45 × 10–8 Ω-m.

Ans. (a) 10·60 × 10–8 Ω-m.

Q. 4. An electron with velocity 
x y
i j
∧ ∧→ ⎛ ⎞

⎜ ⎟ν = ν + ν⎝ ⎠

moves through a magnetic field

B B B
x y
i j

→ ∧ ∧⎛ ⎞
⎜ ⎟= −⎝ ⎠ . The force F

→

 on the

electron is : (e is the magnitude of its

charge)

(a) ( )B B
x y y x

e k
∧

− ν − ν (b) ( )B B
x y y x

e k
∧

ν − ν

(c) ( )B B
x y y x

e k
∧

− ν + ν (d) ( )B B
x y y x

e k
∧

ν + ν .

Ans. (d) ( )B B
x y y x

e k
∧

ν + ν .

Q. 5. A pure inductor of 318 mH and a pure

resistor of 75 Ω are connected in series

to an ac source of 50 Hz. The voltage

across 75 Ω resistor is found to be 150 V.

The source voltage is :

(a) 150 V (b) 175 V

(c) 220 V (d) 250 V.

Ans. (d) 250 V.

Q. 6. Lenz’s law is the consequence of the law

of conservation of :

(a) energy (b) charge

(c) mass (d) momentum.

Ans. (a) energy.

Q. 7. An electromagnetic wave is propagating

along Y-axis. Then :

(a) Oscillating electric field is along X-axis and

oscillating magnetic field is along Y-axis

(b) Oscillating electric field is along Z-axis and

oscillating magnetic field is along X-axis

(c) Both oscillating electric and magnetic

fields are along Y-axis, but phase

difference between them is 90º

(d) Both oscillating electric and magnetic

fields are mutually perpendicular in

arbitrary directions.
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Ans. (b) Oscillating electric field is along Z-axis

and oscillating magnetic field is along X-

axis.

Q. 8. Photons absorbed in a matter are

converted to heat. A source emitting n

photon/sec of frequency n is used to

convert 1 kg of ice at 0°C to water at 0° C.

Then, for time T for the conversion which

statement is incorrect

(a) decreases with increasing n with n fixed

(b) decreases with n fixed, n increasing

(c) remains constant with n and n changing

such that n = constant

(d) increases when the product n n increases.

Ans. (d) increases when the product n n increases.

Q. 9. The photoelectric cut-off voltage in a

certain experiment is 1.5 V. What is the

maximum kinetic energy of photo-

electrons emitted ?

(a) 2.4 ×10–10 J (b) 4.2 ×10–10 J

(c) 2.4 ×10–19 J (d) 4.2 ×10–19 J.

Ans. (c) 2.4 ×10–19 J.

Q. 10. Taking the Bohr radius as a
0
 = 53 pm, the

radius of Li++ ion in its ground state, on

the basis of Bohr’s model, will be about :

(a) 53 pm (b) 27 pm

(c) 18 pm (d) 13 pm.

Ans. (c) 18 pm.

Q. 11. In a p-n junction diode, change in

temperature due to heating :

(a) Affects only reverse resistance

(b) Affects only forward resistance

(c) Does not affect resistance of p-n junction

(d) affects the overall V – I characteristics of

p-n junction.

Ans. (d) affects the overall V – I characteristics of

p-n junction.

Q. 12. Which one of the following represents

forward bias diode ?

(a)
R –3V– 4V

(b)
R– 2V + 2V

(c)
R3V 5V

(d) R0V –2V .

Ans. (d) R0V –2V .

Questions number 13 to 16 are Assertion (A) and

Reason (R) type questions.

Two statements are given-one labelled Assertion

(A) and the other labelled Reason (R). Select the

correct answer to these questions from the codes

(a), (b), (c) and (d) as given below.

(a) Both (A) and (R) are true and (R) is the correct

explanation of (A)

(b) Both (A) and (R) are true and (R) is not the

correct explanation of (A)

(c) (A) is true but (R) is false

(d) (A) is false and (R) is also false.

Q. 13. Assertion (A) : Material used in the

construction of a standard resistor is

constantan or manganin.

Reason (R) : Temperature coefficient of

constantan is very small.

Ans. (a) Both (A) and (R) are true and (R) is the

correct explanation of (A).

Q. 14. Assertion (A) : A bar magnet experiences a

torque when placed in a magnetic field.

Reason (R) : A bar magnet exerts a torque on

itself due to its own magnetic field.

Ans. (c) (A) is true but (R) is false.

Q. 15. Assertion (A) : Balmer series lies in the visible

region of electromagnetic spectrum.

Reason (R) : For Balmer series

2 2

1

1 1 1
R

2 n

⎛ ⎞
= −⎜ ⎟λ ⎝ ⎠

 where n
i
 = 3, 4, 5,.....

Ans. (b) Both (A) and (R) are true and (R) is not

the correct explanation of (A).

Q. 16. Assertion : Electron has higher mobility than

hole in a semiconductor.

Reason : The mass of electron is less than the

mass of the hole.

Ans. (a) Both (A) and (R) are true and (R) is the

correct explanation of (A).

SECTION – B

Q. 17. A parallel plate capacitor with air

between the plates is charged. A

dielectric is inserted between the plates.

What will happen to its electrostatic

potential ? Give reasons for your answer.
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Ans. When the capacitor is charged, the charge on

it remains the same. Let this charge be Q. On

the insertion of a dielectric constant K, the

capacitance becomes C = K C
0
. Now we know

that C = Q/V or V = Q/C. Since charge remains

constant, 
1

V
C

∝ . As C increases, there is a

decrease in the potential between the plates.

Q. 18. The electron drift arises due to the force

experienced by electrons in the electric

field inside the conductor but force

should cause acceleration. Why then do

the electrons acquire a steady average

drift speed ?

Ans. Each free electron does accelerate, increasing

its drift speed until it collides with a positive

ion of the metal. It loses its drift speed after

collision but starts to accelerate and increases

its drift speed again only to suffer a collision

again and so on. On the average, therefore,

electrons acquire only a drift speed.

Q. 19. Which one of the two, an ammeter or a

milliammeter, has a higher resistance

and why ?

OR

Define current sensitivity and voltage

sensitivity of a galvanometer.

Ans. The shunt required to convert a galvanometer

into an ammeter or a milliammeter is given

by the expression 

g

I G

S
I I

g
=

−

, where G is

galvanometer resistance, I total current

through G and S, and I
g
 galvanometer current.

Incase of milliammeter, I is small. Therefore

S
milliammeter

>S
ammeter

. Hence, resistance of a

milliammeter is greater than that of an

ammeter.

OR

Current Sensitivity :  The current sensitivity

of the galvanometer is the deflection produced

in the galvanometer per unit current.

Voltage sensitivity : The voltage sensitivity

of the galvanometer is the deflection produced

in the galvanometer when unit voltage is

applied across it.

Q. 20. An ammeter of resistance 0.80 Ω can

measure current up to 1.0 A. What must

be the value of shunt resistance to enable

the ammeter to measure current up to 5.0

A ?

Ans. Given G = 0.80 Ω , I
g
 = 1.0 A, I =  5.0 A, S =  ?

Using the expression

g

g

I G 1 0.8
S 0.2 

I I 5 1

×
= = = Ω

− −
.

Q. 21. A square loop MNOP of side 20 cm is

placed horizontally in a uniform

magnetic field acting vertically

downwards as shown in the figure. The

loop is pulled with a constant velocity of

20 cm s–1 till it goes out of the field.

M
20 cm

P O

1 m

N

V

Plot a graph showing the variation of magnetic

flux and induced emf as a function of time.

Ans. The graphs are as shown.

(second)

O
t54

O
4 5 t

(second)

SECTION – C

Q. 22. A variable frequency AC source is

connected to a capacitor. How will the

displacement current change with

decrease in frequency ?

OR

The electric field of an electromagnetic

wave is represented as E
x
 = E

o
 sin

(ωt + kz). Now answer the following

questions.
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(i) In which direction is the wave

propagating ?

(ii) In which direction does the magnetic

field oscillate ?

Ans. On decreasing the frequency, reactance

X
C

 =  1/ 2πfC will increase which will lead to

decrease in conduction current. In this case

I
D

 = I
C

; hence displacement current will

decrease.

OR

(i) The wave is propagating along the z-axis.

(ii) The magnetic field is along the y-axis.

Q. 23. The given graphs show the variation of

photoelectric current (I) with the applied

voltage (V) for two different materials

and for two different intensities of the

incident radiations. Identify the pairs of

curves that correspond to different

materials but same intensity of incident

radiations.

3
1

4
2

V

l

Ans. Pairs 1–2 and 3–4.

Q. 24. Light of frequency 7.21 × 1014  Hz is

incident on a metal surface. Electrons

with a maximum speed of 6.0 × 105 m s-1

are ejected from the surface. What is the

threshold frequency for photoemission of

electrons ?

Ans. Given n = 7.21× 1014 Hz, υ =  6.0 × 105 m s–1,

υ
o
 = ?

Using the relation

h (υ – υ
o
) = ½ mv2

We have

υ
o
 = 

2 31 5 2

14

34

9.1 10 (6 10 )
7.21 10

2 2 6.63 10

mv

h

−

−

× × ×

υ− = × −

× ×

υ
o
 = 4.73 × 1014 Hz.

Q. 25. Two identical cells of emf 1.5 V each

joined in parallel supply energy to an

external circuit consisting of two

resistances of 7 Ω each joined in parallel.

A very high resistance voltmeter reads

the terminal voltage of cells to be 1.4 V.

Calculate the internal resistance of each

cell.

Ans. Given ε = 1.5 V as they are in parallel, V = 1.4 V,

R
1
 = R

2
 = 7 ohm,

Let r be the internal resistance of each cell.

Hence net internal resistance = r
N

 = r/2

Net external resistance R
N

 = R/2 = 7/2

= 3.5 ohm

Now r
N

 = 
( ) ( )

N
V R 1.5 1.4 3.5

V 1.4

ε − − ×

=  = 0.25 Ω

Hence r = 2r
N

 = 2 × 0.25 = 0.5 ohm.

Q. 26. You are given three circuit elements X, Y

and Z. When the element X is connected

across an a.c. source of a given voltage, the

current and the voltage are in the same

phase. When the element Y is connected in

series with X across the source, voltage is

ahead of the current in phase by π/4. But

the current is ahead of the voltage in phase

by π/4 when Z is connected in series with X

across the source. Identify the circuit

elements X, Y and Z.

When all the three elements are

connected in series across the same

source, determine the impedance of the

circuit.

Draw a plot of the current versus the

frequency of applied source and mention

the significance of this plot.

Ans.  X – Resistor, Y – Inductor, Z – Capacitor

The voltages across the various elements are

drawn as shown in figure below.

VR Im

Vm

VL

V –L VC

VC
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From the diagram we observe that the vector

sum of the voltage amplitudes V
R

 , V
L 

and

V
C 

equals a phasor whose length is the

maximum applied voltage υ
m

, where the

phasor v
m

 makes an angle φ with the current

phasor I
m

. Since the voltage phasors V
L
 and

V
C

 are in opposite direction therefore, a

difference phasor (V
L
 – V

C
) is drawn which is

perpendicular to the phasor V
R

. Adding

vectorially we have

V
m

 = ( )+ −
22

R L C
V V V

= ( ) ( )2 2

L C
I R I X I X
m m m

+ − ...(1)

or ( )+ −
22

L C
R X X ...(2)

where X
L
 = ω L and X

C
 = 1/ωC, therefore we

can express the maximum current as

I
m

 = 

( )22

L C

V

R X X

m

+ −

...( 3)

The impedance Z of the circuit is defined as

Z = ( )+ −
22

L C
R X X

The plot is as shown.

1.0 1.5 2.00.5
0.0

0.5

1.0

(i)

(ii)I
, A

m

ω0

Significance, at ω = ω
0
 (resonance frequency)

current is maximum.

Q. 27. (i) Derive Snell’s law on the basis of

Huygen’s wave theory when light is

travelling from a denser to a rarer

medium.

(ii) Draw the sketches to differentiate

between plane wavefront and

spherical wavefront.

Ans. (i) The ray diagram is as shown.

B

Cr
i

i

E

AMedium 2

r

>
Refracted wavefront

Medium 1

Incident wavefront

Now sin i = 
BC

AC
 and sin r = 

AE

AC

Or 1 1 2

2 2 1

sin BC AC BC

sin AC AE AE

ni

r n

υ τ υ

= × = = = =
υ τ υ

Or =

2

1

sin

sin

ni

r n

Or n2 sin r = n1 sin i

which is Snell’s law.

(ii) Spherical wavefront and Plane wavefront.

Q. 28. (i) A screen is placed at a distance of

100 cm from an object. The image of

the object is formed on the screen by

a convex lens for two different

locations of the lens separated by

20 cm. Calculate the focal length of

the lens used.

(ii) A converging lens is kept coaxially in

contact with a diverging lens - both

the lenses being of equal focal length.
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What is the focal length of the

combination ?

OR

(a) A small telescope has an objective

lens of focal length 140 cm and an eye

piece of focal length 5.0 cm. Find the

magnifying power of the telescope for

viewing distant objects when

(i) the telescope is in normal adjustment

and

(ii) the final image is formed at the least

distance of distinct vision.

(b) Also find the separation between the

objective and the eye piece.

Ans. Given u + v = 100 or v = 100 – u

Using lens formula = −

1 1 1

f v u
 we have

(i) = − = +
− − −

1 1 1 1 1

(100 ) (100 )f u u u u
...(1)

(ii) = − = +
− − + − +

1 1 1 1 1

(80 ) ( 20) (80 ) 20f u u u u

...(2)

Solving 1 and 2 we have

u = – 40 cm.

Hence using 1 we have

= − = +
− −

1 1 1 1 1

(100 40) 40 60 40f

Or f = 24 cm

(i) Infinity, = + =
−

1 2

1 1 1
0

f f f

OR

Given f
0
 = 140 cm, f

ee
 = 5.0 cm

(i) M = f
0
 / f

3
 = 140 / 5 = 28

(ii) For distance of least vision we have

M = 
⎛ ⎞
⎜ ⎟+
⎝ ⎠

0
1

D

e

e

f f

f

= 
⎛ ⎞
⎜ ⎟+
⎝ ⎠

140 5
1

5 25
 = 28 × 1.2 = 33.6

(iii) In normal adjustment

L = f
0
 + f

e
 = 140 + 5 = 145 cm

SECTION – D

Questions number 29 to 30 are case study based

questions.

Read the following paragraph and answer the

questions.

Q. 29. A prism is a solid transparent medium

bounded by three rectangular faces with a

triangular base and a top. A ray of light

incident at angle i on one face of a prism suffers

two refractions on passing through a prism.

Hence, it deviates through a certain angle δ

from its original path. The angle of deviation

becomes minimum (δ = δ
m

) for a certain value

of angle i. In such a condition, the refracted

ray inside the prism becomes parallel to its

base. An expression for refractive index μ of

the material of the prism can be obtained in

terms of angle A and angle δ
m

.

(i) A graph is plotted between the angle of

deviation (δ) and angle of incidence (i) for

a prism. The nearly correct graph is :

Ans. (c)

(ii) For a prism of small angle A, with angle

of minimum deviation δm, the refractive

index μμμμμ of its material can be written as.

(a) μ = 1 + δ
m

/A (b) μ = 

+ δ⎛ ⎞
⎜ ⎟⎝ ⎠sin

2

A /2

m
A

(c) μ = 
1

sin A
(d) cannot be found.

Ans. (a) We know that μ = 

⎛ ⎞+δ
⎜ ⎟
⎝ ⎠

A
sin

2

A /2

m

For small angle, we have sin θ , therefore we

have

μ = 

⎛ ⎞+δ
⎜ ⎟
⎝ ⎠

A

2

A /2

m
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μ = 
+δ δ

= +
A

1
A A

m m .

(c) A ray of light passes through an

equilateral prism such that both the

angle of incidence and the angle of

emergence are equal to the angle of prism

A. Find the refractive index of the

material of the prism, in terms of A.

(a) cot (A/2) (b) 2cos(A/2)

(c) tan (A/2) (d) sin (A/2).

Ans. (b) i + e = A, Now = r
1
 + π

2
 = 2r

r = A/2

μ = =

sin sin A

sin sin A / 2

i

r

μ = 
2sin(A /2)cos(A /2)

sin(A /2)
 = 2 cos (A / 2)

OR

A ray of light passes through a prism of

angle 75°, as shown in the figure. The

refractive index of the material of the

prism, with respect to its surrounding is

2  the angle of incidence i will be :

75°

i

2

(a) 45° (b) 60°

(c) 30° (d) 75°.

Ans. (b) Now 2
sinsin

2 2
sin sin90

ri

r
= = =

°

sin r
2
 = 

1

2
 or r

2
 = 45°

Now r
1
 + r

2
 = A or r

1
 + 45° = 75°

Or r
1
 = 30°

=

°

sin
2

sin30

i
 or sin i = × =

1 1
2

2 2

Hence i = 45°.

(d) The refractive index of prism is μμμμμ = 3

and the ratio of the angle of minimum

deviation to the angle of prism is one. The

value of angle of prism is :

(a) 30° (b) 60°

(c) 45° (d) Insufficient data.

Ans. (b) 60°.

Q. 30. The belief before the nineteenth century was

that magnetic properties of substances were

confined to a few substances only viz. iron,

nickel and cobalt. Madame Curie and Michael

Faraday discovered that all the materials in

the universe are magnetic to some extent. They

classified these substances into three

categories: Diamagnetic, substances feebly

repelled by a magnet, paramagnetic,

substances feebly attracted by a magnet and

ferromagnetic, substances strongly attracted

by a magnet. According to the theory of

magnetism, the magnetic property of a

substance is due to circulating electrons in the

atoms. Each electron has a magnetic moment

in a direction perpendicular to the plane of

circulation. In magnetic materials all these

magnetic moments due to the orbital and spin

motion of all the electrons in any atom, add

up vectorially add to produce a  resultant

magnetic moment. The magnitude and

direction of the resultant magnetic moment is

responsible for the behaviour of the materials.

For diamagnetic substances susceptibility (χ
m

)

is small and negative for paramagnetic

substances susceptibility (χ
m

) is small and

positive and for ferromagnetic substances

susceptibility (χ
m

) is positive and large.

Based on the passage and your

knowledge of Magnetism answer any four

of the following questions.

(i) The universal (or inherent) property

among all substances is ;

(a) diamagnetism (b) paramagnetism

(c) ferromagnetism (d) both (a) & (b).

Ans. (a) diamagnetism.

(ii) When a bar placed near a strong

magnetic field is repelled by it. The

substance is :

(a) diamagnetic (b) ferromagnetic

(c) Paramagnetic

(d) anti-ferromagnetic.

Ans. (a) diamagnetic.
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(iii) Magnetic susceptibility of a diamagnetic

substance :

(a) decreases with temperature

(b) is not affected by temperature

(c) increases with temperature

(d) first increases then decreases with

temperature.

Ans. (b) is not affected by temperature.

(iv) For a paramagnetic material, magnetic

susceptibility χ
m

 is related to the

absolute temperature as :

(a) χ
m

 ∝ T (b)
2

1

T
m

χ ∝

(c)
1

Tm
χ ∝

(d) χ
m

 is independent of temperature.

Ans. (c)
1

Tm
χ ∝ .

OR

(iv) A substance has susceptibility of – 0.025.

The substance is :

(a) diamagnetic (b) paramagnetic

(c) ferromagnetic (d) superconductor.

Ans. (a) diamagnetic.

SECTION – E

Q. 31. (a) Define electric dipole moment. Is it

a scalar or a vector ? Derive the

expression for the electric field of a

dipole at a point on the equatorial

plane of the dipole.

(b) Draw the equipotential surfaces due

to an electric dipole. Locate the

points where the potential due to the

dipole is zero.

OR

Using Gauss’ law deduce the expression

for the electric field due to a uniformly

charged spherical conducting shell of

radius R at a point (i) outside and

(ii) inside the shell.

Plot a graph showing variation of electric

field as a function of r > R and r < R.

(r being the distance from the centre of

the shell)

Ans. (a) It is defined as the product of the

magnitude of either of the two charges

and the distance between them. It is a

vector quantity having direction from the

– ve to the + ve charge.

Consider an electric dipole consisting of

charges –q and +q separated by a distance

2a as shown in figure below.  Let the point

of observation P lie on the right bisector

of the dipole AB at a distance r from its

midpoint O. Let E
A

 and E
B

 be the electric

field intensities at point P due to charges

at A and B respectively.

The two electric fields have magnitudes

E
A

 = 
( )πε +

2 2
0

1

4

q

r d
...(1)

in the direction of AP

E
B

 = 
( )πε +

2 2
0

1

4

q

r d
...(2)

in the direction of PB

The two fields are equal in magnitude, but

have different directions. Resolving the

two fields E
A 

& E
B

 into their rectangular

components i.e. perpendicular to and

parallel to AB. The components

perpendicular to AB i.e E
A

 sin θ and E
B

sin θ being equal and opposite cancel out

each other while the components parallel

to AB i.e. E
A

 cos θ and E
B

 cos θ being in

the same direction add up as shown in the

Fig. Hence the resultant electric field at

point P is given by

E = E
A

 cos θ + E
B

 cos θ

= 2E
A

 cos θ = 
( )πε +

2 2
0

1 2

4

q

r d
cos θ  ...(3)

EP

EA

EB

B

–qa
O

r

a+q

A
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E = 
( ) ( )

3 3
2 2 2 22 20 0

1 2 1 P

4 4

qd

r d r d

=
πε πε

+ +

∵ cos θ = 
( )+

¼
2 2

a

r d

 and q 2d = p

(b) The equipotential surfaces are as shown.
Zero potential
Equitorial line

_ +

The zero potential points lie on the

equatorial line.

OR

Consider a thin spherical shell of radius

R and centre at O. Let σ be the uniform

surface charge density (charge per unit

surface area) and q be the total charge on

it .The charge distribution is spherically

symmetric. Three cases arise

(i) At a point outside the spherical shell

In order to find the electric field at a point

P outside the shell let us consider a

Gaussian surface in the form of a sphere

of radius r (r >> R ).

Gaussian surface

P

R
r

O

Gaussian 
surface

R
O

r
P

     (a)        (b)

By symmetry we find that the electric

field acts radically outwards and has a

normal component at all points on the

Gaussian sphere. Therefore by definition

of electric flux we have

φ = E × A where A is the surface area of

the Gaussian sphere therefore

φ = E × 4πr2 ...(1)

But by Gauss’s law

φ = 
σ σ× π

= =
ε ε ε

2

0 0 0

Q A 4 R
...(2)

from equation 1 and 2 it follows that

E × 4πr2 = 
σ× π

ε

2

0

4 R
...(3)

or
σ

=

ε

2

2

0

R
E

r

...(4)

(ii) At a point inside the spherical shell

In this case, the Gaussian surface drawn

inside the shell does not enclose any

charge hence

E × 4πr2 or E = 0

The graph is as shown.

+ +
+

+
+++

+
+
+

+

inside

R
E = 0

E

E(R) = 1 q

R2

E =
1 q

r 2

R 2R 3R
E = 0

O
r

Q. 32. (a) A point object is placed in front of a

double convex lens (of refractive

index n = n
2
/n

1
 with respect to air)

with its spherical faces of radii of

curvature R
1
 and R

2
. Show the path

of rays due to refraction at first and

subsequently at the second surface

to obtain the formation of the real

image of the object.

Hence obtain the lens-maker’s

formula for a thin lens.

(b) A double convex lens having both

faces of the same radius of curvature

has refractive index 1.55. Find out the

radius of curvature of the lens

required to get the focal length of

20 cm.

OR
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(a) Draw a labelled ray diagram showing

the image formation of a distant

object by a refracting telescope.

Deduce the expression for its

magnifying power when the final

image is formed at infinity.

(b) The sum of focal lengths of the two

lenses of a refracting telescope is

105 cm. The focal length of one lens

is 20 times that of the other.

Determine the total magnification of

the telescope when the final image is

formed at infinity.

Ans. (a) The diagram is as shown.

O C2 C1P2P1

A1 A2

C

u

v

I I1

n1 n2 n1

Let C be the optical centre of the lens. Suppose

an object is placed at O at a distance ‘u’ from

the pole P
1
 of the surface XP

1
Y This surface

forms the real image of O at I
1
 (if we assume

the material of the lens extends beyond the

face XP
1
Y). Hence for refraction at the

spherical surface XP
1
Y, we have

−

+ =
2 1 2 1

1 1 1 1 1
P I P O P C

n n n n

 or  
−

+ =
2 1 2 1

1 1
CI CO CC

n n n n

...(1)

The approximations are taken because the lens

is thin.

Consider the second surface XP
2
Y. Actually,

the material of the lens does not extend beyond

XP
1
Y. Therefore, before the refracted ray from

A
1
 could meet the principal axis, it will suffer

refraction at point A
2
 on the second face XP

2
Y

and the light ray will finally meet the principal

axis at I. Such that I is the final image. Thus

point I is the real image of the virtual object

I
1
.  Hence for refraction at the surface XP

2
Y

we have

−

− =

1 2 2 1

2 2 1 2 2
P I P I P C

n n n n

 or − =

1 2 2

1 2
CI CI CC

n n n

...(2)

Adding equations 1 and 2 we have

2 1 1 2 2 1 2 1

1 1 1 2
CI CO CI CI CC CC

n n n n n n n n− −

+ + − = + ... (3)

or we have

1 1

2 1

1 2

1 1
( )

CO CI CC CC

n n

n n

⎛ ⎞
+ = − +⎜ ⎟⎜ ⎟

⎝ ⎠
...(4)

Using sign conventions i.e.

CO = – u, CI = + v, CC
1
 = + R

1
 and CC

2
 = – R

2

The above equation becomes

1 1

2 1

1 2

1 1
( )

+R R

n n

n n

u v

⎛ ⎞
+ = − +⎜ ⎟⎜ ⎟− + −⎝ ⎠

...(5)

or 2

1 1 2

1 1 1 1
1

+R R

n

u v n

⎛ ⎞⎛ ⎞
⎜ ⎟+ = − +⎜ ⎟⎜ ⎟⎜ ⎟− + −⎝ ⎠⎝ ⎠

...(6)

But n
2
 / n

1
 = n, the absolute refractive index of

the material of the lens, therefore the above

equation takes the form

( )

1 2

1 1 1 1
1

R R
n

v u

⎛ ⎞
− = − −⎜ ⎟⎜ ⎟

⎝ ⎠

But by lens formula we have 
1 1 1

v u f
− =

Therefore, from the above two equations we

have

1 2

1 1 1
( 1)

R R
n

f

⎛ ⎞
= − −⎜ ⎟⎜ ⎟

⎝ ⎠
...(7)

This is the Lens maker’s equation or formula

(b) Given R
1
 = R

2
 = R, f = 20 cm, n = 1.55

Using the expression 
1 2

1 1 1
( 1)

R R
n

f

⎛ ⎞
= − −⎜ ⎟⎜ ⎟

⎝ ⎠

We have

1 2
(1.55 1)

20 R

⎛ ⎞
⎜ ⎟= −
⎝ ⎠

Solving for R we have

R = 22 cm



K

C

K

C

HOLY FAITH ROCKET (CBSE)78

OR

(a) The diagram is as shown.

Objective

f0 f0

From

B′

Eye Piece

C

From right triangle ABC and ABC′ as shown

in figure, we have

tan α = 
0

AB

CB

h

f

−

=  and tan β = 
AB

C A
e

h

f

−

=

′

From the above we have

we have M = 0 0

e e

f fh

f h f

β

α

-

= ¥ =

-

(b) L = 105 cm, f
0
 = 20 f

e
,

Now L = f
0
 + f

e
 = 21 f

e

Or f
e
 = 105/21 = 5 cm

Hence f
0
 = 20 × f

e
 20 × 5 = 100 cm

Hence M = f
0
/f

e
 = 100/5 = 20

Q. 33. (a) Explain briefly with the help of a

labelled diagram, the principle and

working of a moving coil

galvanometer.

(b) Define the term 'current sensitivity'

of a galvanometer. How is it that

increasing current sensitivity may

not necessarily increase its voltage

sensitivity? Explain.

Or

(a) State Biot - Savart law. Deduce the

expression for the magnetic field due

to a circular current carrying loop at

a point lying on its axis.

(b) Two long parallel wires carry

currents I
1
 and I

2
 flowing in the same

direction. When a third current

carrying wire is placed parallel and

coplanar in between the two, find the

condition when the third wire would

experience no force due to these two

wires.

Ans. (a) It is an instrument used to detect weak

currents in a circuit.

Principle : It is based on the principle

that, whenever a loop carrying current is

placed in a magnetic field, it experiences

a torque, which tends to rotate it.

Working : When the closed loop is suspended

in the magnetic field, it experiences a torque,

which tends to rotate it along a vertical axis.

This torque, called the deflecting torque, is

given by

τ
d
 = B I n A ...(1)

As a result of this torque the coil gets deflected.

This produces a twist in the suspension wire,

due to which the coil is acted upon by another

torque called restoring torque. This torque

tends to take the coil back to its original

position. If 'C' is the restoring torque per unit

angular twist and  is the angle through which

the wire has deflected then the restoring torque

is given by

τ
r
 = C θ ...(2)

The closed loop is twisted till the restoring

torque becomes equal to the deflecting torque.
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Therefore, in equilibrium, from equations 1 and

2 we have

B I n A = C θ

I
C

l
n B A

= θ ...(3)

(b) Current Sensitivity:  The current

sensitivity of the galvanometer is the

deflection produced in the galvanometer

per unit current.

Voltage and current sensitivities are

related as

VS = 
CS

R
.

An increase in current sensitivity may lead

to an increase in the resistance of the coil.

Thus the factor CS/R may not be affected.

OR

Biot Savart's law states that for a small

current element 
( )

0

2

I dL
dB

4

r

r

μ ×
=

π

����
�

Consider a circular loop of wire of radius

R located in the YZ plane and carrying a

steady current I as shown in figure below.

Let us calculate the magnetic field at an

axial point P a distance x from the centre

of the loop. From the figure it is clear that

any element dL is perpendicular to r� ,

furthermore all the elements around the

loop are at the same distance r from P,

where r2 = x2 + R2. Hence by Biot Savart's

law the magnetic field at point P due to

the current element dL is given by

( )
0 0

2 2 2

I dL I dL
dB

4 4 R

r

r x

μ μ×
= =

π π +

����
�

...(1)

The direction of the magnetic field dB due

to the element dL is perpendicular to the

plane formed by r�  and dL as shown in

figure above. The vector dB can be resolved

into components dB
x
 along the X axis and

dBy which is perpendicular to the X-axis.

When the components perpendicular to

the X-axis are assumed over the whole

loop, the result is zero. That is, by

symmetry any element on one side of the

loop will set up a perpendicular component

that cancels the component set up by an

element diametrically opposite it.

Therefore it is obvious that the resultant

magnetic field at P will be along the X-

axis. This result can be obtained by

integrating the components dB
x
 = dB cos

θ. Therefore, we have

B = � �

0

2 2

I dLcos
dBcos

4 Rx

μ θ
θ =

π +

⌠ ⌠⎮ ⎮
⌡ ⌡

...(2)

where the integral is to be taken over the

entire loop since θ, x and R are constants

for all elements of the loop and since

cos θ = 
2 2

R

Rx +

 therefore, we have

B = 

( ) ( )

2

0 0

3 3
2 2 2 22 2

IR IR

4 R 2 R

dL

x x

μ μ
=

π + +

⌠⎮
⌡�

(b) Two current carrying wires carrying

current in the same direction attract and

those carrying current in the opposite

direction repel. The current in the third

wire at the center should be opposite to

the current in the two wires.

The conditions should be

(i) The centre wire should carry current

in the opposite direction to the two wires

and

(ii) The centre wire should be closer to the

wire carrying lesser current.
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SECTION – A

Q. 1. A charge Q is placed at the centre of the

line joining two charges q and q. The

system of the three charges will be in

equilibrium if Q is :

(a)
3

q
+ (b)

3

q
−

(c)
4

q
+ (d)

4

q
− .

Ans. (d)
4

q
− .

Q. 2. The given figure shows I – V graph of a

copper wire whose length and area of

cross-section are L and A respectively.

The slope of this curve becomes :

V

I

(a) less if the length of the wire is increased

(b) more if the length of the wire is increased

(c) more if a wire of steel of same dimension

is used

(d) more if the temperature of wire is

increased

Ans. (a) less if the length of the wire is increased.

Q. 3. When a potential difference V is applied

across a conductor at temperature T, the

drift velocity of the electrons is

proportional to :

(a) T (b) T

(c) V (d) V.

Ans. (c) V.

Q. 4. A diamagnetic substance is brought near

the north or South Pole of a bar magnet.

It will be :

(a) repelled by both the poles

(b) attracted by both the poles

(c) repelled by the north pole and attracted

by the south pole

(d) attracted by the north pole and repelled

by the south pole.

Ans. (a) repelled by both the poles.

Q. 5. In an ac circuit the applied voltage and

resultant current are E = E
o
 sin ωt and

I = I
o
 sin (ωt + π/2) respectively. The

average power consumed in the circuit

is :

(a) E
o
I
o

(b) o o
E I

2

(c)
o o

E I

2
(d) zero.

Ans. (d) zero.

Q. 6. In a series LCR circuit, at resonance the

current is equal to :

(a) V/R (b) V/ X
C

(c)
L C

V

X ~ X
(d)

( )
22

L C

V

R + X ~ X

.

Ans. (a) V/R.

Q. 7. In electromagnetic wave the phase

difference between electric and magnetic

field vectors E
→

 and B
→

 is :

80
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(a) 0 (b) π/2

(c) π (d) π/4.

Ans. (a) 0.

Q. 8. In an experiment on photoelectric effect,

the slope of the cut-off voltage versus

frequency of incident light is found to be

4.12 × 10–15  V s. The value of Planck’s

constant is :

(a) 6.59 ×10–34 J s (b) 6.59 ×10–31 J s

(c) 9.31 ×10–31 J s (d) 1.6 ×10–19 J s.

Ans. (a) 6.59 ×10–34 J s.

Q. 9. The threshold frequency for a certain

metal is 3.3 × 1014 Hz. If light of frequency

8.2×1014 Hz is incident on the metal,

predict the cut-off voltage for the

photoelectric emission.

(a) 0.203 V (b) 2.03 V

(c) 20.3 V (d) 0.0203 V.

Ans. (b) 2.03 V.

Q. 10. The simple Bohr model cannot be directly

applied to calculate the energy levels of

an atom with many electrons. This is

because

(a) of the electrons not being subject to a

central force

(b) of the electrons colliding with each other

(c) of screening effects

(d) the force between the nucleus and an

electron will no longer be given by

Coulomb’s law.

Ans. (a) of the electrons not being subject to a

central force.

Q. 11. In the given circuit, all diodes are ideal.

The current through battery is :

5ΩD1

D2 3Ω
3Ω

20V

2Ω

(a) 2 A (b) 1 A

(c) 3 A (d) 4 A.

Ans. (a) 2 A.

Q. 12. To reduce the ripples in a rectifier circuit

with capacitor filter which one is false ?

(a) R
L
 should be increased

(b) input frequency should be decreased

(c) input frequency should be increased

(d) capacitors with high capacitance should

be used.

Ans. (b) input frequency should be decreased.

Questions number 13 to 16 are Assertion (A) and

Reason (R) type questions

Two statements are given-one labelled Assertion

(A) and the other labelled Reason (R). Select the

correct answer to these questions from the codes

(a), (b), (c) and (d) as given below.

(a) Both (A) and (R) are true and (R) is the correct

explanation of (A)

(b) Both (A) and (R) are true and (R) is NOT the

correct explanation of (A)

(c) (A) is true but (R) is false

(d) (A) is false and (R) is also false.

Q. 13. Assertion (A) : Heater wire must have high

resistance and high melting point.

Reason (R) : If resistance is high, the electric

conductivity will be less.

Ans. (b) Both (A) and (R) are true and (R) is NOT

the correct explanation of (A).

Q. 14. Assertion (A) : For making permanent

magnets steel is preferred over soft iron.

Reason (R) : As retentivity of steel is smaller.

Ans. (b) Both (A) and (R) are true and (R) is NOT

the correct explanation of (A).

Q. 15. Assertion (A) : An electron in hydrogen atom

passes from n = 4 to n = 1 level.  The maximum

number of photons that can be emitted is 6.

Reason (R) : No. of photons emitted can never

be more than 5.

Ans. (c) (A) is true but (R) is false.

Q. 16. Assertion (A) : An N- type semiconductor has

a large number of electrons but still it is

electrically neutral.

Reason (R) : An N-type semiconductor is

obtained by doping an intrinsic semiconductor

with a pentavalent impurity.

Ans. (b) Both (A) and (R) are true and (R) is NOT

the correct explanation of (A).

SECTION – B

Q. 17. The given graph shows variation of

charge ‘q’ versus potential difference ‘V

for two capacitors C
1
(Q) and C

2
(P). Both
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the capacitors have same plate

separation but plate area of C
2
 is greater

than that of C
1
. Which line (A or B)

corresponds to C
1
 and why ?

Q

P

V

q

Ans. Now C = ε
0
A/d, since area for C

2
 is more,

therefore capacitance of C
2
 is more. From the

graph greater the slope greater is the

capacitance, therefore, graph Q belongs to

capacitor C
2
. While graph P belongs to

capacitance C
1
.

Q. 18. Are the paths of electrons straight lines

between successive collisions (with the

positive ions of the metal) in the

(i) absence of electric field and (ii)

presence of electric field ?

Ans. In the absence of electric field, the paths are

straight lines. In the presence of electric field,

the paths are, in general, curved.

Q. 19. You are given a low resistance R
1
, a high

resistance R
2
 and a moving coil

galvanometer. Suggest how you would

use these to have an instrument that will

be able to measure (i) current and

(ii) potential differences.

OR

What is meant by the current sensitivity

of a moving coil galvanometer ? On what

factors does it depend ?

Ans. (i) For measuring current, we need an

ammeter. An ammeter is formed by

connecting a low resistance in parallel

with the galvanometer. Therefore

resistance R
1
 should be connected in

parallel with the galvanometer to measure

current.

(ii) For measuring potential differences, we

need a voltmeter. A voltmeter is formed

by connecting a high resistance in series

with the galvanometer. Therefore

resistance R
2
 should  be connected in

series with the galvanometer to measure

potential differences.

OR

Current sensitivity of a moving coil

galvanometer is defined as the deflection

produced in the galvanometer per unit current

passed through it. It is given by C.S=

deflection/current = NBA/k

From the above relation, it is clear that current

sensitivity of a galvanometer depends on

(i) number of turns N in the coil

(ii) magnetic field B

(iii) area A of the coil and

(iv) the restoring torque per unit twist, i.e. k.

Q. 20. Calculate the value of resistance needed

to convert a galvanometer of resistance

120 Ω, which gives a full-scale deflection

for a current of 5 mA, into a voltmeter of

0 – 50 V range.

Ans. Given G = 120 Ω , Ig =  5 ×10–3 A, V =  50 V,

R = ?

Using the relation R = 
g

V

I
 – G

we have R = 
g

V

I
– G = 

−

×
3

50

5 10
– 120 = 9880 Ω

Q. 21. Devices A and B are connected

independently to a variable frequency

alternating voltage source as shown. The

current in A is ahead of the applied

voltage, whereas it lags behind the

voltage in B.

EE

A B

(i) Identify the devices A and B.

(ii) How will the current in each of these

devices change on decreasing the

frequency of the applied voltage ?

Give reason to support your answer

in each case.

Ans. (i) Device A is a capacitor. Device B is an

inductor.
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(ii) For a capacitor I = 
C

V

X
 = V2πfC

When the frequency is decreased, the current

through the circuit will decrease.

For an inductor I = 
L

V V

X 2 fL
=

π

When the frequency is decreased, the current

through the circuit will increase.

SECTION – C

Q. 22. Gamma rays and radio waves travel with

the same velocity in free space.

Distinguish between them in terms of

their origin and the main application.

OR

Identify the electromagnetic waves

whose wavelengths vary as

(a) 10–12 m < λ < 10–8 m

(b) 10–3 m < λ < 10–1 m

Write one of their uses.

Ans. The distinction

Gamma rays Radio waves

Emitted by a Produced by

nucleus electronic circuit

Cancer treatment communication

OR

(a) X-rays: study of crystal structure

(b) Microwaves: radar and communication

Q. 23. Electrons are emitted from a

photosensitive surface when it is

illuminated by green light, but electron

emission does not take place by yellow

light. Will the electrons be emitted when

the surface is illuminated by (a) red light

and (b) blue light ?

Ans. (a) No electron will be emitted when

illuminated by red light.

(b) Electron emission takes place with blue

light.

Q. 24. The KE of a beam of electrons,

accelerated through a potential V, equals

the energy of a photon of wavelength 5460

nm. Find the de Broglie wavelength

associated with this beam of electrons.

Ans. The de-Broglie wavelength is given by

h

2 Em

λ =

Now E = 

34 8

9

hc 6.6 10 3 10

5460 10

−

−

× × ×
=

λ ×

= 3.6 × 10–20 J

34

31 20

h 6.6 10

2 E 2 9.1 10 3.6 10m

−

− −

×
λ = =

× × × ×

λ = 2.58 × 10–9 m = 2.58 nm

Q. 25. Plot a graph showing the variation of

current density (j) versus the electric

field (E) for two conductors of different

materials. What information from this

plot regarding the properties of the

conducting material, can be obtained

which can be used to select suitable

materials for use in making (i) standard

resistance and (ii) connecting wires in

electric circuits ?

Electron drift speed is estimated to be of

the order of mm s–1. Yet large current of

the order of few amperes can be set up in

the wire. Explain briefly.

Ans. We know that J = σE

Therefore, the graph between J and E will be

a straight line passing through the origin.

This is as shown

A

B

EO

j

The slope of the graph = conductivity (σ)

Hence, material with less slope (smaller

conductivity) is used for making standard

resistors and material with greater slope

(higher conductivity) for making connecting

wires.

It is due to the reason that the electron number

density is enormous, 1029 m–3.

Q. 26. State Ampere’s circuital law. Use this law

to find magnetic field due to straight
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Using the expression

( ) ( )
1 2

1 1 1 2
1 1

R R Rf

⎛ ⎞ ⎛ ⎞
= μ − − = μ − ⎜ ⎟⎜ ⎟ ⎝ ⎠⎝ ⎠

or R = (μ – 1) 2f = (1.55 – 1) 2 × 20 = 22 cm

OR

Given f
1
 = f

2
 = f

3
 = 30 cm

For lens L
1
, u

1
 = 60 cm = 2f

1
, therefore the

image will be formed at 2f on the other side of

the lens L
1
.

Since the final image for lens L
3
 is formed at

the focus, therefore the rays of light falling on

lens L
3
 should come from infinity. This is

possible if the image of L
1
 lies at the focus of

L
2

Thus distance L
1
L

2
 = 60 + 30 = 90 cm

Also distance L
2
L

3
 can have any value as the

rays between L
2
 and L

3
 will be parallel.

SECTION – D

Questions number 29 to 30 are case study based

questions

Q. 29. The British physicist Thomas Young

explained the interference of light using

the principle of superposition of waves.

He observed the interference pattern on

the screen, in his experimental set-up,

known now as Young’s double slit

experiment. The two slits S
1
 and S

2
 were

illuminated by light from a slit S. The

interference pattern consists of dark and

bright bands of light. Such bands are

called fringes. The distance between two

consecutive bright and dark fringes is

called fringe’ width.

(i) If the screen is moved closer to the plane

of slits S
1
 and S

2
, then the fringe width :

(a) will decrease, but the intensity of bright

fringe remains the same

(b) will increase, but the intensity of bright

fringe decreases

(c) will decrease, but the intensity of bright

fringe increases

(d) and the intensity both remain the same.

Ans. (c) will decrease, but the intensity of bright

fringe increases.

(ii) What will happen to the pattern on the

screen, when the two slits S
1
 and S

2
 are

replaced by two independent but

identical sources ?

(a) The intensity of pattern will increase

(b) The intensity of pattern will decrease

(c) The number of fringes will become double

(d) No pattern will be observed on the screen.

Ans. (d) No pattern will be observed on the screen.

(iii) Two sources of light are said to be

coherent, when both emit light waves of :

(a) same amplitude and have a varying phase

difference

(b) same wavelength and a constant phase

difference

(c) different wavelengths and same intensity

(d) different wavelengths and a constant

phase difference.

Ans. (b) same wavelength and a constant phase

difference.

(iv) The fringe width in a Young’s double slit

experiment is ‘β’. If the whole set-up is

immersed in a liquid of refractive index

‘μ’, then the new fringe width will be :

(a) β (b) βμ

(c)
β

μ
(d)

2

β

μ
.

Ans. (c)
β

μ
.

OR

The total path difference between two

waves meeting at points P
1 

and P
2
 on the

screen are 
3

2

λ⎛ ⎞
⎜ ⎟⎝ ⎠  and 2l respectively.

Then :

(a) bright fringes are formed at both points.

(b) dark fringes are formed at both points

(c) a bright fringe is formed at P
1
 and a dark

fringe is formed at P
2

(d) a bright fringe is formed at P
2
 and a dark

fringe is formed at P
1

Ans. (d) a bright fringe is formed at P
2
 and a dark

fringe is formed at P
1
.
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Q. 30. When p side of p-n junction is connected to

positive terminal of battery and n side of p-n

junction is connected to negative terminal of

battery then the p-n junction is said to be in

forward bias mode or forward biased. In

addition, when p side of p-n junction is

connected to negative terminal of battery and

n side of p-n junction is connected to positive

terminal of battery then the p-n junction is said

to be in reverse bias mode or reverse biased.

The diode used to rectify an AC voltage is

called as rectifier.  Zener diode is also a p-n

junction diode, which works in reverse bias

condition and used as voltage regulator. In

addition, p-n junction diodes are used in solar

cells, which is used to convert light energy into

electrical energy. Light emitting diodes are

also p-n junction diodes, which are used to

produce light.

(i) Zener diode and photodiode works in the

................. .

(a) forward bias mode

(b) reverse bias mode

(c) both (a) and (b)

(d) none.

Ans. (b) reverse bias mode.

(ii) The semiconductor which are used to

make visible LEDs must have band gap

of ............... .

(a) 3 eV (b) 0 eV

(c) 1.8 eV (d) 5 eV.

Ans. (c) 1.8 eV.

(iii) The rectifier in which the rectified

output is only for half of the input AC

wave is called as ............ .

(a) Full wave rectifier

(b) Half wave rectifier

(c) Transformer

(d) Bridge rectifier.

Ans. (b) Half wave rectifier.

(iv) What is dynamic resistance ?

(a) The ratio of small change in voltage ΔV

to a small change in current ΔI

(b) The ratio of small change in current ΔI to

a small change in voltage ΔV

(c) The product of small change in voltage ΔV

and a small change in current ΔI

(d) Cannot be defined.

Ans. (a) The ratio of small change in voltage ΔV

to a small change in current ΔI.

Or

What is barrier potential ?

(a) The electric potential required to restrict

the movement of electron from n-side to

p-side across p-n junction

(b) A fictitious battery with positive on the p

side and negative on the n side

(c) The electric potential required to restrict

the movement of holes from n-side to p-

side across p-n junction

(d) None of these

Ans. (a) The electric potential required to restrict

the movement of electron from n-side to

p-side across p-n junction.

OR

(iv) How can you increase the magnetic field

inside a toroid ?

(a) by increasing the radius

(b) by decreasing the current

(c) by introducing a soft iron core inside a

toroid

(d) by decreasing the total number of turns.

Ans. (c) by introducing a soft iron core inside a

toroid.

SECTION – E

Q. 31. (a) Obtain the expression for the

potential due to an electric dipole of

dipole moment p at a point ‘x’ on the

axial line.

(b) Two identical capacitors of plate

dimensions: l × b and plate

separation d have dielectric slabs

filled in between the space of the

plates as shown in the figures.

l
b

d K

l
b

d K1 K2

l/2 l/2

Obtain the relation between the

dielectric constants K, K
1
 and K

2
.

OR
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(a) Distinguish with the help of a

suitable diagram, the difference in

the behaviour of a conductor and a

dielectric placed in an external

electric field. How does polarized

dielectric modify the original

external field’ ?

(b) A capacitor of capacitance C is

charged fully by connecting it to a

battery of emf E. It is then

disconnected from the battery. If the

separation between the plates of the

capacitor is now doubled, how will

the following change’ ?

(i) charge stored by the capacitor.

(ii) field strength between the plates.

(iii) energy stored by the capacitor.

Justify your answer in each case.

Ans. (a) Consider an electric dipole of length 2a

and having charges +q and – q. Let us find

the potential on the axial line at point P

at a distance OP = x from the centre of

the dipole.

a
O

a

–q +q P

x

Now potential at point P is

V = 
0 0

1 1

4 4

q q

x a x a

−

+

πε − πε +

Or V = 
2 2

0 0

1 1 2

4 4 ( )

q q a

x a x a x a

⎛ ⎞ ⎛ ⎞
− =⎜ ⎟ ⎜ ⎟⎝ ⎠πε − + πε ⎝ ⎠−

V = 
( )2 2

0
4

p

x aπε −

(b) When there is no dielectric then

C = 
0
lb

d

ε

For the first capacitor

C′ = 0
K lb

d

ε

 = KC

The second case is a case of two capacitors

connected in parallel, therefore

C
1
 = 

1 0

2

K lb

d

ε

 and C
2
 = 

2 0

2

K lb

d

ε

These two are connected in parallel,

therefore we have

C′′ = C
1
 + C

2
 = C

1
 = 1 0

2

K lb

d

ε

+ 2 0

2

K lb

d

ε

= C 1 2

2

K K+⎛ ⎞
⎜ ⎟⎝ ⎠

If the capacitance in each case be same,

then K = 
1 2

2

K K+⎛ ⎞
⎜ ⎟⎝ ⎠

OR

(a) When a conductor is placed in an external

electric field. The free charge carriers

move and charge distribution in the

conductor adjusts itself in such a way that

the electric field due to induced charges

opposes the external field within the

conductor. This happens until, in the static

situation, the two fields cancel each other

and the net electrostatic field in the

conductor is zero.

In a dielectric, this free movement of

charges is not possible. It turns out that

the external field induces dipole moment

by stretching or re-orienting molecules of

the dielectric. The collective effect of all

the molecular dipole moments is net

charges on the surface of the dielectric

which produce a field that opposes the

external field.  Unlike in a conductor,

however, the opposing field so induced

does not exactly cancel the external field.

It only reduces it. The extent of the effect

depends on the nature of the dielectric.

This is diagrammatically shown as under.

+ +
+
+
+

++

Eo

Eo

Eo + Ein = 0

Ein
Eo

Conductor

+ +
+
+
+

++

Eo

Eo

Eo + Ein  0¹

Ein
Eo

Dielectric
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(b) (i) Charge does not depend upon the

distance between plates, therefore there

is no change in it.

(ii) Now 0
A

C
d

ε

=  as d is doubled

capacitance becomes half.

Thus potential V = Q/C  becomes double.

Now E = V/d = 2V
0
/2d = V

0
/d  remains

same.

(iii) Now 2
1

U CV
2

=  as C becomes half

and V is doubled, U becomes 2 times.

Q. 32. (a) Two thin convex lenses L
1
 and L

2
 of

focal lengths f
1
 and f

2
 respectively,

are placed coaxially in contact. An

object is placed at a point beyond the

focus of lens L
1
. Draw a ray diagram

to show the image formation by the

combination and hence derive the

expression for the focal length of the

combined system.

(b) A ray PQ incident on the face AB of a

prism ABC, as shown in the figure,

emerges from the face AC such that

AQ = AR.

A

R

CB

Q

P

Draw the ray diagram showing the

passage of the ray through the prism. If

the angle of the prism is 60° and

refractive index of the material of the

prism is 3 , determine the values of

angle of incidence and angle of deviation.

OR

(a) Draw a ray diagram showing the

image formation by a compound

microscope. Obtain expression for

total magnification when the image

is formed at infinity.

(b) How does the resolving power of a

compound microscope get affected,

when

(i) focal length of the objective is

decreased.

(ii) the wavelength of light is

increased ? Give reasons to justify

your answer.

Ans. (a) A wave front is defined as the locus of all

adjacent points at which the phase of

vibration of a physical quantity associated

with the wave is the same. It is in two

dimesion while a ray is in one dimension.

L1 L2

O

u v1

P I I1v

The first lens L
1
 produces an image at I

1
. Since

image I
1
 is real, it serves as a virtual object

for the second lens L
2
, producing the final

image at I. Since the lenses are thin, we

assume the optical centres of the lenses to be

coincident. Let this central point be denoted

by P.

For the image formed by the first lens L
1
, we

get

1 1

1 1 1

v u f
− = ...(i)

For the image formed by the second lens L
2
,

we get

1 1

1 1 1

v v f
− = ...(ii)

Adding equations (i) and (ii) we have

1 2

1 1 1 1

v u f f
− = + ...(iii)

If the two lens-system is regarded as equivalent

to a single lens of focal length f, we have

1 1 1

v u f
− = ...(iv)

Therefore form equations (iii) and (iv) we get

1 2

1 1 1

f f f
= +
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(b) The ray diagram is as shown

A

R

CB

Q

P S

The prism, in this situation, is in the minimum

deviation position, therefore we have

A 60
30

2 2
r= = = °

Hence n = 
sin sin

3
sin sin30

i i

r
= =

°

This gives i = 600

Hence from

A D

2

m
i

+

=  we have

D
m

 = 2i – A = 2 × 60 – 60 = 600

OR

(a) The ray diagram is as shown.

Eyepiece

E

fef0u

Objective

FeB O

F0

A

h

M = M
e
 × M

0
 = 0

0 0

v D L D

u
e e
f f f

⎛ ⎞ ⎛ ⎞
× = ×⎜ ⎟ ⎜ ⎟⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

(b) The resolving power of a microscope is

given by the expression RP = 
2 sinn θ

λ

(i) There is no effect of the increase in the

focal length of the objective on the

resolving power of the microscope.

(ii) If the wavelength of the incident light is

increased, the resolving power of the

microscope also decreases.

Q. 33. (a) Using Biot - Savart's law, derive the

expression for the magnetic field in

the vector form at a point on the axis

of a circular current loop.

(b) What does a toroid consist of ? Find

out the expression for the magnetic

field inside a toroid for N turns of the

coil having the average radius r and

carrying a current I. Show that the

magnetic field in the open space

inside and exterior to the toroid is

zero.

Or

A metallic rod of length l and resistance

R is rotated with a frequency ννννν, with one

end hinged at the centre and the other

end at the circumference of a circular

metallic ring of radius R, about an axis

passing through the centre and

perpendicular to the plane of the ring. A

constant and uniform magnetic field B

parallel to the axis is present everywhere.

(a) Derive the expression for the induced

emf and the current in the rod.

(b) Due to the presence of the current in

the rod and of the magnetic field, find

the expression for the magnitude and

direction of the force acting on this rod.

(c) Hence obtain the expression, for the

power required to rotate the rod.

Ans. (a) Consider a circular loop of wire of radius

R located in the YZ plane and carrying a

steady current I as shown in figure below.

Let us calculate the magnetic field at an

axial point P a distance x from the centre

of the loop. From the figure it is clear that
any element dL is perpendicular to r� ,
furthermore all the elements around the
loop are at the same distance r from P,
where r2 = x2 + R2. Hence by Biot Savart's
law the magnetic field at point P due to

the current element dL is given by

( )
0 0

2 2 2

I dL I dL
dB

4 4 R

r

r x

μ μ×
= =

π π +

����
�

...(1)



K

C

K

C

HOLY FAITH ROCKET (CBSE)90

The direction of the magnetic field dB due to

the element dL is perpendicular to the plane

formed by r�  and dL as shown in figure above.

The vector dB can be resolved into components

dB
x
 along the X axis and dBy which is

perpendicular to the X-axis. When the

components perpendicular to the X-axis are

assumed over the whole loop, the result is zero.

That is, by symmetry any element on one side

of the loop will set up a perpendicular

component that cancels the component set up

by an element diametrically opposite it.

Therefore it is obvious that the resultant

magnetic field at P will be along the X-axis.

This result can be obtained by integrating the

components dB
x
 = dB cos θ. Therefore, we have

B = � �

0

2 2

I dLcos
dBcos

4 Rx

μ θ
θ =

π +

⌠ ⌠⎮ ⎮
⌡ ⌡

...(2)

where the integral is to be taken over the entire

loop since θ, x and R are constants for all

elements of the loop and since cos θ = 
2 2

R

Rx +

therefore, we have

B = 

( ) ( )

2

0 0

3 3
2 2 2 22 2

IR IR

4 R 2 R

dL i

x x

∧μ μ
=

π + +

⌠⎮
⌡�

(b) A toroid is a hollow circular ring on which

a large number of turns of a wire are

closely wound.

Consider the magnetic field at S as shown

in the figure. We find, L = 2πr.

The current enclosed I is (for N turns of

toroidal coil) N I.

Therefore

B (2pr) = μ
0
 NI

Or B = 0
NI

2 r

μ

π
.

Let the magnetic field along loop 1 be B
1

in magnitude. Then in Ampere's circuital

law, L = 2πr
1

However, the loop encloses no current, so

I
e
 = 0. Thus,

B
1
 (2πr) = μ

0
 (0),  or  B

1
 = O

Thus, the magnetic field at any point P in

the open space inside the toroid is zero.

We shall now show that magnetic field at

Q is likewise zero. Let the magnetic field

along loop 3 be B
3
. Once again from

Ampere's law L = 2πr

However, from the sectional cut, we see

that the current coming out of the plane

of the paper is cancelled  exactly by the

current going into it. Thus, I
e
= 0, and

B  = 0.

OR

As the rod is rotated, free electrons in the

rod move towards the outer end due to

Lorentz force and get distributed over the

ring. Thus, the resulting separation of

charges produces an emf across the ends

of the rod. At a certain value of emf, there

is no more flow of electrons and a steady

state is reached. Now the magnitude of the

emf generated across a length dl of the rod

as it moves at right angles to the magnetic

field is given by

dε = B v dl. Hence,

ε = 

1 1
2

0 0

1
Bv dl = B ldl l

2
Bω = ω

⌠ ⌠⎮ ⎮
⌡ ⌡

(b) Now force experienced by the rod  F = BIl

Or F = 
2 3

B
B
R 2R

l
l

ε ω

= . It is directed

perpendicular to both the magnetic field

and the current induced in the rod.

(c) P = 

2 2
B

R 2R

lε ω

= .
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𝜙𝐸 = 𝐸𝐴 =
𝑞
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𝑞
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∴

𝐼𝐷 = 𝜀0
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] =
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1

𝑣0
−

1

𝑢0
=

1

𝑓0

∴
1

𝑣0
=

1

𝑓0
+

1

𝑢0
=

1

0.8
−

1

0.9

=
0.9 − 0.8

0.9 × 0.8
=

0.1

0.8 × 0.9
𝑣0 =

0.8×0.9

0.1
= 7.2 𝑐𝑚

𝑓𝑒 = 2.5 𝑣𝑒 = −𝐷 = −25 𝑢𝑒 = 

∴
1

𝑢𝑒
=

1

𝑣𝑒
−

1

𝑓𝑒
= −

1

25
−

1

2.5
=

−1−10

25
=

−11

25

𝑢𝑒 = −
25

11
= −2.27𝑐𝑚

m = m0 × me =
𝑣0

|𝑢0|
(1 +

𝐷

𝑓𝑒
)

=
7.2

0.9
(1 +

25

2.5
) = 88

 
1

𝑣
−

1

𝑢
=

1

𝑓
∴

1

𝑣
−

1

12
=

1

20
1

𝑣
=

1

20
+

1

12
=

3+5

60
=

8

60

𝑣 =
15

2
= 7.5 𝑐𝑚 

1

𝑣
=

1

𝑓
+

1

𝑢
=

1

−16
+

1

12
=

−3+4

48
=

1

48
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𝛥𝑙 = 𝛥𝑥𝑖̂

𝛥𝑥

𝛥𝑥

𝜃

𝑑𝐵 =
𝜇0

4𝜋

𝐼𝑑𝑙sin𝜃

𝑟2

=
10−7 × 10 × 10−2 × sin90°

(0.5)2

= 4 × 10−8

𝑑𝐵⃗⃗⃗⃗⃗⃗

𝑑𝑙⃗⃗⃗⃗ × 𝑟



 

𝑑𝑙⃗⃗⃗⃗ × 𝑟 = 𝛥𝑥𝑖̂ × 𝑦𝑗̂ = 𝛥𝑥𝑦(𝑖̂ × 𝑗̂) = 𝛥𝑥𝑦�̂�

𝑑𝐵⃗⃗⃗⃗⃗⃗

  





 λ
h

mv
=

h

√2mK
6.63×10−34

√(2×9.1×10−31×3.4×1.6×10−19)
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2
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𝐴
2
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2
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60°

2

=
 sin 50𝑜

𝑠𝑖𝑛 30o
=

0.7660

0.5000
= 1.532

𝜇𝑔
=
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𝑟

ℎ
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