SAMPLE PAPER -8
Class 12 - Physics
Time Allowed: 3 hours Maximum Marks: 70

General Instructions:

1. There are 35 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. All the sections
are compulsory.

3. Section A contains eighteen MCQ of 1 mark each, Section B contains seven questions of two marks each, Section
C contains five questions of three marks each, section D contains three long questions of five marks each and
Section E contains two case study based questions of 4 marks each.

4. There is no overall choice. However, an internal choice has been provided in section B, C, D and E. You have to
attempt only one of the choices in such questions.

5. Use of calculators is not allowed.

Section A

1.  Holeis [1]

a) Gap between valence band and conduction b) Particle similar to that of electron
band

¢) A vacancy created when an electron leaves a d) An anti-particle of electron.
covalent bond.

2. Four resistors are connected as shown in the following figure. A 6 V battery of negligible resistance is connected [1]

across terminals A and C. The potential difference across terminals B and D will be:

15Q 300

a) 1.5 volt b) 0 volt
c) 3 volt d) 2 volt
3. A concave mirror of focal length f in air is used in a medium of refractive index 2. What will be the focal length  [1]

of the mirror in the medium?

a) L b) 2f
2
c) 4f d) None of these
4. At 0 K temperature, a p-type semiconductor: [1]

a) does not have any charge carriers b) has few holes but no free electrons




¢) has few holes and few free electrons d) has equal number of holes and free electrons

5.  Ifin a parallel plate capacitor, which is connected to a battery, we fill dielectrics in the whole space of its plates, [1]

then which of the following increases?

a) Vand E b) Qand C
c)Qand V d) Eand C
6.  Consider two straight parallel conductors A and B separated by a distance x and carrying individuals currents ip  [1]

and ig respectively. If the two conductors attract each other, it indicates that:

a) the magnetic lines of induction are parallel b) the two currents are parallel in direction

¢) the two currents are anti-parallel in direction d) the magnetic lines of induction are parallel
to length of conductors

7. A coil having an area A is placed in a magnetic field which changes from By to 4B in time interval t. The emf [1]

induced in the coil will be:

3B, 44, B,
Y At b) =

4B, 34,B,
C) Auf d) t

8.  Energy E of a hydrogen atom with principal quantum number n is given by: E = - (13.6/ n?) eV. The energy of a [1]

photon ejected when the electron jumps from n = 3 state to n = 2 state of hydrogen is approximately:

a) 3.4 eV b) 0.85 eV
c) 1.5eV d) 1.9eV
9, By a monochromatic wave, we mean: [1]
a) a single ray of a single colour b) a wave having a single wavelength
c) a single ray d) many rays of a single colour

10.  The electrical potential on the surface of a sphere of radius r due to a charge 3 x 10 C is 500 V. The intensity [1]

of electric field 1 on the surface of the sphere is: [ﬁ =9 x 109Nﬂ120_2} (in NC1)

a) > 20 b) <10
c) between 10 and 20 d) <5

11.  The given circuit has two ideal diodes connected as shown in the figure below. The current flowing through the  [1]

resistance R; will be

a)25A b) 10.0 A
c)143A d) 3.13 A
12.  The diameter of the objective of a telescope is a, its magnifying power is m and wavelength of light is A. The [1]

resolving power of the telescope is:

a Am
a) 1.22xm ) 1.22a




13.

14.

15.

16.

17.

18.

19.
20.

21.

1.22) é
c) =% d) T2

The cathode of a photoelectric cell is changed such that the work function changes from W to Wy (W> > Wy).

If the currents before and after changes are [ and I, all other conditions remaining unchanged, then (assuming

hv > W),
a)l;=I b1 <Ip
Ol <h<2L 1>

A charge Q is kept at the centre of a circle of radius r. If permittivity of free space is €, then the work done in

carrying a charge q along the diameter of the circle will be:

q@)
o) b) zero
qQ d qQ
(47(5[]ErT) ) (27!'50)

The wavelength of light diminishes p times in the medium. A diver from inside water (¢ = 1.33) looks at an

object whose natural colour is green. He sees the object as:

a) Red b) Blue

c) Green d) Yellow

Assertion (A): Density of all the nuclei is same.

Reason (R): Radius of nucleus is directly proportional to the cube root of mass number.

a) Both A and R are true and R is the correct b) Both A and R are true but R is not the
explanation of A. correct explanation of A.
¢) A is true but R is false. d) A is false but R is true.

Assertion (A): When cooking in microwave ovens, metal containers are used.

Reason (R): The energy of microwaves can be easily transferred to the food through metal.

a) Both A and R are true and R is the correct b) Both A and R are true but R is not the
explanation of A correct explanation of A.
c) A is true but R is false d) A is false but R is true.

Assertion (A): The net magnetic flux coming out of a closed surface is always zero.

Reason (R): Unlike poles of equal strength exist together.

a) Both A and R are true and R is the correct b) Both A and R are true but R is not the
explanation of A. correct explanation of A.
c) A is true but R is false. d) A is false but R is true.
Section B

The energy of a hole is higher, the farther below it is from the top of the valence band. Give reason.

In a head-on collision between an « - particle and a gold nucleus, the minimum distance of approach is 3.95 x

10~ m. Calculate the energy of the a-particle.

Show that the magnetic field B at a point in between the plates of a parallel-plate capacitor during charging is

EgpgT
2

% (symbols having usual meaning).
OR

Which of the following belong to the electromagnetic spectrum : a-rays, S-rays, cathode rays, X-rays, ultraviolet

(1]

(1]

(1]

(1]

(1]

(1]

[2]
(2]

[2]




22,

23.

24,

25.

26.

27

28.

rays, microwaves, ultrasonic waves, radiowaves, infrared rays? Arrange them in the order of increasing frequency.

A potential barrier of 0.60 V exists across a p-n junction, [2]

i. If the depletion region is 6.0 x 10”7 m thick, what is the intensity of the electric field in this region?

ii. If an electron with speed 5.0 x 10° ms™! approaches the p-n junction from the n-side, with what speed will it

enter the p-side?

In Fig. the potentials at points A and B are V 4 and Vg respectively. Calculate V 5 - Vg for the given [2]
arrangement.
+q A B T4

. e l

OR
A point charge q moves from a point P to a point S along the path PQRS in a uniform electric field E acting along
the positive direction of the X-axis. The coordinates of the points P, Q, R and S are (a, b, 0), (2a, 0, 0), (a, -b, 0) and
(0, 0, 0) respectively. Find the work done by the field in the process.

Monochromatic radiation of wavelength 640.2 nm (1nm = 10™m) from a neon lamp irradiates a photosensitive [2]
material made of caesium on tungsten. The stopping voltage is measured to be 0.54 V. The source is replaced by
an iron source and its 427.2 nm line irradiates the same photocell. Predict the new stopping voltage.
Give reasons for [2]

i. Lighter elements are better moderators for a nuclear reactor than heavier elements,

ii. Very high temperatures as those obtained in the interior of the sun are required for fusion reaction to take

place.
Section C

Using the postulates of Bohr's model of hydrogen atom, obtain an expression for the frequency of radiation [3]

emitted when the atom makes a transition from the higher energy state with quantum number n; to the lower
energy state with quantum number ng(ng <nj).

Consider a two-slit interference arrangements (Figure) such that the distance of the screen from the slits is half ~ [3]
the distance between the slits. Obtain the value of D in terms of A such that the first minima on the screen fall at

a distance D from the center O.

S.I. ..................... T, OP=x
P CoO=D
Source = =
g - SR n s e o §€C=C8 =D
B e s e T
| < Screen

The current through two inductors of self-inductance 12 mH and 30 mH is increasing with time at the same rate.  [3]
Draw graphs showing the variation of the

i. emf induced with the rate of change of current in each inductor.

ii. energy stored in each inductor with the current flowing through it.

iii. compare the energy stored in the coils, if the power dissipated in the coils is the same.
OR
i. Define self-inductance. Write its SI unit.

ii. A long solenoid with 15 turns per cm has a small loop of area 2.0 cm? placed inside the solenoid normal to its

axis. If the current carried by the solenoid changes steadily from 2.0 A to 4.0 A in 0.1 s, then what is the induced




29.

30.

31.

emf in the loop while the current is changing?

A parallel plate capacitor made of circular plates each of radius R = 6.0 cm has a capacitance C = 100 pF. The [3]

capacitor is connected to a 230 V ac supply with an angular frequency of 300 rad 5!,

a. What is the rms value of the conduction current?

b. Is the conduction current equal to the displacement current?

c. Determine the amplitude of B at a point 3.0 cm from the axis between the plates.

OR

Name the type of EM waves having a wavelength range of 0.1 m to 1 mm. How are these waves generated? Write
their two uses.
A domain in ferromagnetic iron is in the form of a cube of side length 1xm. Estimate the number of iron atoms  [3]
in the domain and the maximum possible dipole moment and magnetization of the domain. The atomic mass of

iron is 55 g/mole and its density is 7.9 g/cm?. Assume that each iron atom has a dipole moment of 9.27 x 1024 A

m?.

Section D

a. Using Gauss' theorem, obtain an expression for the electric field intensity at a point at a distance r from an [5]

infinitely long uniformly charged straight wire.

b. An electric dipole AB consists of charges + 5 nC and separated by a distance of 2 x 103 m [Fig].

+
M ]
=L +i
of----e——a
+ A B

+

+

The dipole is placed near a long line charge having linear charge density 4.5x 104 Cm™!, such that the

negative charge is at a distance OA = 2-5 cm from the line charge. Find the force acting on the dipole.

OR
An electric field is a uniform, and in the positive x-direction for positive x, and uniform with the same magnitude but
in the negative x-direction for negative x. It is given that E =200 i N/C forx > 0 and E =200 7 N/C for x < 0. A
right circular cylinder of length 20 cm and radius 5 cm has its centre at the origin and its axis along the x-axis so that

one face is at x = +10 cm and the other is at x = -10 cm (Fig).
y

AS
5cm T

+E
E+«— [/\ —+E
o - — X
AS U AS i

x=-10em 20 em x=10 ¢cm

a. What is the net outward flux through each flat face?
b. What is the flux through the side of the cylinder?

c. What is the net outward flux through the cylinder?
d. What is the net charge inside the cylinder?




32.

33.

34,

i. Plot a graph to show variation of the angle of deviation as a function of angle of incidence for light passing
through a prism. Derive an expression for refractive index of the prism in terms of angle of minimum
deviation and angle of prism.

ii. A ray of light incident normally on one face of a right isosceles prism is totally reflected as shown in figure.

What must be the minimum value of refractive index of glass? Give relevant calculations.

OR

[5]

i. Draw a labelled ray diagram to obtain the real image formed by an astronomical telescope in normal adjustment

position. Define its magnifying power.
ii. You are given three lenses of power 0.5 D, 4D and 10 D to design a telescope.
a. Which lenses should be used as objective and eyepiece? Justify your answer.
b. Why is the aperture of the objective preferred to be large?
Eight identical resistors 'r', each are connected along the edges of a pyramid having square base ABCD as shown
in figure below. Calculate equivalent resistance between A and B. Solve the problem:
i. Without using Kirchhoff's laws

ii. By using Kirchhoff's laws.
0O

Section E
Read the text carefully and answer the questions:
A magpnetic field can be produced by moving, charges or electric currents. The basic equation governing the
magnetic field due to a current distribution is the Biot-Savart law. Finding the magnetic field resulting from a
current distribution involves the vector product, and is inherently a calculus problem when the distance from the
current to the field point is continuously changing. According to this law, the magnetic field at a point due to a

o I(dl x7)
4 3 :

Biot-Savart law has certain similarities as well as differences with Columb's law for electrostatic field e.g., there

current element of length dl carrying current I, at a distance r from the element is dB =

is an angle dependence in Biot-Savart law which is not present in the electrostatic case.
(i)  What is the direction of magnetic field d B at a distance r due to a current element Idl when current I

passes through a long conductor ?

(ii)  What happens to the magnetic field due to a current carrying wire if the distance of the point from the

current carrying wire is reduced to half?

(iii) Two long straight wires are set parallel to each other. Each carries a current i in the same direction and the

[5]

[4]




separation between them is 2r. What will be the intensity of the magnetic field midway between them?

— —

U I

L B -

OR

A long straight wire carries a current along the z-axis. What will be the magnetic field along the Z axis.

35.  Read the text carefully and answer the questions:

Let a source of alternating e.m.f. E = E( sin wt be connected to a circuit containing a pure inductance L. If I is
the value of instantaneous current in the circuit, then I = I sin (wt - %) . The inductive reactance limits the

current in a purely inductive circuit and is given by X;, = wL.

L
——— OO

%

\Z/

(i) A 100 hertz a.c. is flowing in a 14 mH coil. What will be the reactance in the coil?

(ii)  In an inductive circuit, by what value of phase angle does alternating current lags behind e.m.f.?

(iii) How much inductance should be connected to 200 V, 50 Hz a.c. supply so that a maximum current of 0.9
A flows through it?

OR

What will be the maximum value of current when the inductance of 2 H is connected to 150 volts, 50 Hz

supply?

[4]
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Solution
SAMPLE PAPER - 8
Class 12 - Physics

Section A

(c) A vacancy created when an electron leaves a covalent bond.
Explanation: A hole is the absence of an electron in a particular place in an atom.

(b) 0 volt
Explanation: The given figure is a circuit of balanced Wheatstone bridge as shown in the figure.
Point B and D would be at the same potential. i.e. VB = VD = 0 volt

B
5Q 15Q
A C
10Q 0
D
6V

(d) None of these
Explanation: The focal length of a mirror is independent of the medium from which the light is incident. So, it remains equal
to f.

(b) has few holes but no free electrons
Explanation: We know that at 0 K temperature, a pure semiconductor behaves as an insulator because it has a few holes in its
valence band. But there is no free electron in this state.

(b)Qand C
Explanation: By using,
e EO{:A and q=CV

(b) the two currents are parallel in direction
Explanation: If two straight parallel conductors carrying currents attract each other, the two currents are in the same direction.

AgB,
(@) =2
jom: o= _dB 5 _ 5 dB
Explanation: e = e
N 4By—By] _ 348y
o[ ] = 24
(d)1.9eV
Explanation: AE = E; - E,
~13.6 |, 13.6
=g T8
= 1. L
=13.6 [4 9]
eV=19eV

(b) a wave having a single wavelength
Explanation: Monochromatic wave means a single wavelength, not a single colour.

(b) <10

Explanation: Given that; ?150 . % =500
(9 x 109)(3 x 107%)

500

. -V __ 250
E-—7—? <10

orr=




11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

(@25A
Explanation: D is reverse biased and D, is forward biased. D; blocks current. Hence, Current will flow through 10 V cell,
R], D2 and R3.

. - E

A= Ry +Ry
__lv_ _
To(2+2)0 S

£}

@) o5
Explanation:
@l =1

Explanation: Photoelectric current o< Intensity of incident radiation. So long as the frequency of incident radiation is greater

than the threshold frequency, the photocurrent remains the same.
Therefore, I} = I,.

(b) zero
Explanation: zero

(b) Blue
Explanation: We know that on entering the water, the wavelength decreases. Hence, the green colour appears blue.

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

(d) A is false but R is true.

Explanation: The atoms of the metallic container are set into forced vibrations by the microwaves. Hence, the energy of the
microwaves is not efficiently transferred to the metallic contain. Hence food in metallic containers cannot be cooked in a
microwave oven. Normally in a microwave oven, the energy of waves is transferred to the kinetic energy of the molecules. This
raises the temperature of any food.

(a) Both A and R are true and R is the correct explanation of A.
Explanation: The assertion is Gauss's theorem in magnetism. A magnet has always two equal and opposite poles. Monopoles
do not exist.

Section B
Imagine an electron being removed from the filled valence band to the bottom of the conduction band. This removal creates a
vacancy or a hole in the valence band. Clearly, it requires more energy to remove an electron that is farther from the top of the
valence band. Thus a valence hole state, farther from the top of the valence band, has higher energy just as a conduction electron
farther from the bottom of the conduction band has higher energy.
opzer | 2x9x10°x70x (1.6x10719)°

K = = = MeV =6 MeV
5y 3.95x 104 x1.6x10™

Let the assume I4 be the displacement current in the region between two plates of parallel plate capacitor, in the figure.

The magnetic field at a point between two plates of capacitor at a perpendicular distance r from the axis of plates is given by
21 d dig
‘Bz—“CI d—'“_o I —#—UXE[} i [','Id:m qu]

A 2nr 0T Omp dt dt
_ HMf0 4 2\ _ HMofo _ 2 dE
= 8= 2rr dt (E’?TT‘ ) 2 wr dt
EpTr Pt .
= B= %Tu% " ¢ = Emr?| this is the required result.

OR
Arranged in the order of their increasing frequency, the following radiations belong to the electromagnetic spectrum :
Raidowaves, infrared rays, visible light, ultraviolet rays, X-rays and A-rays.

Electric field, E = & = —60
d  §.0x1077

=1.0 x 105 vm™!
Let vq = velocity of the electron when enters the depletion layer. V5 be the velocity of the electron emerging out of the depletion

layer. Barrier voltage,




V =0.60V, v; = 5.0 x 10° m/s According to Principle of conservation of energy
%mvf =eV + %mvg
| 2
or 3 x (9.1 x 107*) x (5.0 x 10°)
=(16 x 1079 x 0.6+ 3 x (9.1 x 1073) x 02
or 1.375 x 10719=0.96 x 10719 + 4.55 x 1073142
On solving, we get,
v2=1.975 x 10° ms™!
23. The net potential at A due to the two charges is

Vi =L L, 3
A= dmeg | T z+y | dmeg  z(z+y)

The net potential at B due to the two charges is

— L |z 4 _ _ _1 L]
Vg = dmey |::I=+y $:| T dmey + z(z+y)
A . _ 1 _lw
2 'VA Vg = drey  z(z+ty)
OR

As the electric field is a conservative field, so the work done depends only on the initial and final points.

y

P i
e .
ey ) -
A&

Y

Displacement of charge q,

—

PS=(0,0,0)-(a, b, 0)

=(0—a)i+(0—b)j+ (0—-0)k=—ai —bj

Force on charge q,

F=gE=qEi

L — a ; "

W=F.PS=qFEi - (—ai —bj)=—qFa
24. Here, for neon lamp,

A = 640.2nm = 640.2 x 10 'm

V = 0.54 Volt

As, eV) = i—f — o

eVa = 2 — ¢y

Thus, eVs — eV; = he [i - l]

Ag A1

o kel L
B—W=% |:Az A }

= hel 1 1
V‘:Z - Vl + € [Az Al
Vo = 0.54 4 8:63x10 *x3x10° [ 1 _ 1 }

2 . 1.6x10-19 427.2x107%  640.2x10°

=0.54 + 0.97
Vy=151V

25. i. The nucleus of a lighter element contains a relatively larger number of protons. When fast neutrons are passed through such an
element, they make elastic collisions with their protons, which have smaller velocities. After few interactions, the final

velocities of the neutrons become equal to the low velocities of protons and hence they get slowed down.
ii. To overcome coulomb repulsion, the fusing nuclei are given enough thermal energy by raising their temperature to 106 - 107
K. Such a high temperature is available in the interior of the sun.
Section C
26. Let an electron revolves around the nucleus of hydrogen atom. The necessary centripetal force is provided by electrostatic force of
attraction.




27,

o e, m
Nucleus
mv’ ke? ke?
=—=r=—=— 1
r r? mu? @

By Bohr's second postulates,
mur = nh/2% where,n=1, 2, 3....

r=nh/2rmu .........(ii)
On comparing Eqgs. (i) and (ii), we get
ke? _ _nh p — 2mke?
mul 2mmuy nh
Substituting in Eq. (ii), we get
9.2
= B (ill)

Now, kinetic energy of electron
KE = 1/2mv® = ke? /2r
Also, potential energy, PE= - ke? /2r

Energy of electron in n'M orbit,

E. — k& _ ke dr’mke
2r 2 , n2p?
2 mkel :
= Fk,= —W Siiveenies(1¥)
2,12 4
where, R = % = B, =— —T;C T )

where,n =1, 2, 3....
Forn=n; = E, x L

E, =& and B, = — &<
i

By Bohr's postulates,

Eny — En, = hv = Rhe [1/n} - 1/n}| = hw

v=Re [n/nf - Ifnﬂ

This is required expression for frequency associated with photon.
According to 8

d =D (Given) ...(i)

D= 2d (Given) ...(ii)

d=2D

Path difference at P = S,P - S|P

Path difference p = \/ D2 (a‘: + = \/ D? 4 %
Substitute the value of d and x from (1) and (ii)

o \/ D? L \/ D2 1 D)?

— 5T — r

p=D(v5-1)

The path difference for nth dark fringe from central maxima O is (2n — 1)%

-, For 1st minima p = %

Put the value of p in (iii)
D{\/E -1)
o T
Rationalizing the denominator, we get,
A B (2236+1)5 3236

- 2(ﬁ—1) WB+l)  2x(5-1) 2x4
= 3280\ = 0.404)




28.Here, L} = 12mH = 12 x 103H
L, = 30mH = 30 x 103H
i. As current is increasing at the same rate (i—f ), e.m.f. induced opposes the increase.
S . ~3¢dl
€1 —LlE— 125 13 (E)
er =Ly i =30 x 107%(4)
The variation of either d% is as shown in fig.
. Energy stored E = %LI =

=N

i
For given L, E 12, therefore, the variation of energy stored with the current is as shown in fig.

Power dissipated,

_dE _ d 1
P= _dc(2L12)

= LIjI—I = (%) I =e.]l =const.

As ey > €
S.e2 > e
.'.12 < f]

lr.12 .
LB _3Bh () a0 (12)?
'Ei—'lLlIiz Lo\n/) 12
5 2

|

_ 122 _
— 30 2 0.4
y
i
0o x
— dlidt
8
y' ez
E; £
s /)
@T ,//
=
o 1

OR

-

. When the current in a coil is changed, a back emf is induced in the same coil. This phenomenon is called self-induction. And
self-inductance is the magnetic flux linked with the coil when a unit current flows through it. If L is self-inductance of coil,
then net magnetic flux,

NpxI=N¢=LI = L=-=t

The SI unit of self-inductance is Henry (H).
N1 Np A

ii. Mutual inductance of solenoid coil system, M = ;

Here, N; =15, N, = 1,/ = lem = 10 ’m

A=2cm? =2 x 10 *m?
M= drx10 T x15x1x2x 104
T 10-2

= 1207 x 10 H

Induced emf in the loop,
lea| = Mf—t =1207 x 10?7 x
=120 x3.14 x 107% x =
= 7.5 x 1075V = 7.5uV
29. a.Here,a=6.0cm
C =100 pF = 100 x 10" *F
w = 300 rads !
Ems = 230V
Iy = 222 = e — B X wC

Xo 1

w0

(4-2)
0.1




2 Lms = 230 x 300 x 100 x 1012
=6.9x10%4=6.9u4
b. I=1Ip whether I is steady d.c. or a.c. This is shown below:

»
Ip =g =28 — ) L(BA) (- ¢ = EA)

_ o pdE
Orlp —E‘[}A &t

= (2x) (- F= 2= 25)

1 d@ aQ
ID_SUAX_AE E—I
c. We know that,
. W 28
T g P

This formula goes through even if Iy (and therefore B) oscillates in time. The formula shows that they oscillate in phase. Since

Ip =1, we have

HorT

2nR?

If I = I, the maximum value of current, then amplitude of B = maximum value of B
pord /2 Lrms

_ Homtig Moty ('-'quﬂrms)

27 R? arR?
_ 4rx 1077 x0.03% /2% 6.9x 1076

2% 3.14 (0.06)%
=1.63 x 10°UT

OR

[aR

. Microwaves: Wavelength 10%m - 107'm, frequency 1013 Hz - 10% Hz

ii. Generation: Microwaves are produced by valves like magnetron, using a maser or Klystron valve. They are detected with
crystal detectors, Point contact diodes or solid-state diodes.

iii. Uses:

a. Used in radar

b. Used in telemetry

c. Used in electron spin resonance studies

d. Used in microwave ovens for heating food

30. The volume of the cubic domain is
V=010%m)?}=10"8m3=1012 cm3
Its mass is volume x density =7.9 g em3 x 1012 cm=7.9 x 10‘12g

It is given that Avagadro number (6.023 X 1023) of iron atoms have a mass of 55 g. Hence, the number of atoms in the domain is

N — 7.9x10712x6.023x10%
55

=8.65 x 10'° atoms

The maximum possible dipole moment m,, is achieved for the (unrealistic) case when all the atomic moments are perfectly
aligned.

Thus,

Mumax = (8.65 x 101%) x (9.27 x 10~ 24)

=8.0 x 107" Am?

The maximum intensity of magnetization is given by ;-
- Moz
Mmax Domain volume

=8.0 x 1013 Am210718 m3

=8.0 x 10° Am™!
Section D
31. a. Consider a thin infinitely long straight line charge having a uniform linear charge density A placed along YY'. Draw a
cylindrical surface of radius r and length | about the line charge as its axis.
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If E is the magnitude of electric field at point P, then electric flux through the gaussian surface is given by
¢ = E x area of the curved surface of a cylinder of cylinder radius r and length |
or
¢=Ex2nrl
According to Gauss' theorem, we have ¢ = %

Now, charge enclosed by the gaussian surface, q= X 1
p=2

Thus,

Ex2nri=2

&)
oE=-21-2
2megg T

. Electric field at a distance r from the line charge,

E=-L .2

2meg T

To calculate force on charge -q at point A:

Here, OA =2-5cm=2-5 x 102 m
Electric field at point A,
E, 1 4.5%10~4

T 2rx8.854x10712 7 2.5x1072
=3-24 x 108 NC!
Force on charge - q at point A, F{ =qE{ =5 % 1079 x 3-24 x 108 =1.62 N (towards the line charge)

To calculate force on charge +q at point B:

Here, OB =25 x 102+2 x 10°=2.7 x 10%m
Electric field at point B,

—4
B = 1 « A5x10
® 21 % 8.854x 1012 2.7x10°2
=3 x 108 Nc!

Force on charge + q at point B,
Fy=qE;=5x 109 x 3 x 108 = 1.5 N (away from the line charge)
Hence, net force on electric dipole,
F=F;-F;=1.62-1.5=0-12 N (towards the line charge)
OR
. We can see from the figure that on the left face E and AS are parallel. 1 = 20 cm, r = 5 cm = 0.05m. Therefore, the outward

flux is
¢, =E-AS=—200i - AS
= +200 AS, since i - AS = -AS
=+200 x m(0.05)2 =+ 1.57 Nm?C’!
On the right face, E and AS are parallel and therefore
¢r=E-AS =+157Nm?CL.
. For any point on the side of the cylinder E is perpendicular to AS and hence E.AS = 0. This is because when dot prdouct is
solved they involve cos and the angle between E and ds is 90 degree and cos 90 = 0. Therefore, the flux out of the side of the
cylinder is zero.
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c. Net outward flux through the cylinder

¢=157+157+0=3.14 Nm? C’!
d. The net charge within the cylinder can be found by using Gauss’s law which gives

q=6,¢
=3.14 x 8.854 x 1012 ¢C
=278 x 10711 C

4

Angle of deviation
-

0 i i I"g

Angle of incidence
If the angle of incidence is increased gradually, then the angle of deviation first decreases, attains a minimum value (4,, ) and
then again starts increasing. When angle of deviation is minimum, the prism is said to be placed in the minimum deviation
position. There is only one angle of incidence for which the angle of deviation is minimum.
When § = 6, [prism in minimum deviation position]

e=iandr,=r;=r

From (i), we getr+r=A
r:é

2
Also, we have
A+d=i+e
Substituting § = d,,, and e = i,
A+, =i+i
. (Atdm)
==

= SN 1

sinr
‘ A+dm )
sin

&

()

ii.

We know that light incident normally on one face of a right isosceles prism is totally reflected.

= -
IS (Total Internal Reflection)

C is that critical angle, which is 45°.
s 1 . s
H= s = -\/j =141
So, the minimum value of the refractive index of the glass is 1.41.
OR

i. In astronomical telescope for normal adjustment, final image is formed at infinity and it is virtual.
The labelled ray diagram to obtain one of the real image formed by the astronomical telescope is shown below:
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Magnifying p{.Jwer is defined a.s t_he r.::ltio D-f the angle- sﬁbtended at the eye by the focal image as seen through the telescope to
the angle subtended at the eye by the object seen directly, when both the image and the object lies at infinity.

ii. a. We know the objective lens of a telescope should have larger focal length and eyepiece lens should have smaller focal
length. And focal length is inverse of power, so lens of power (P = 1/f).
Thus, 10D can be used as eyepiece and lens of power 0.5 D can be used as objective lens.
b. The objective lens of a telescope should have larger aperture, in order to form bright image of distant objects, so that it can
gather sufficient light rays from the distant objects.

i. Without using Kirchhoff's laws
Consider a battery connected between A and B. The circuit now has a plane of symmetry. This plane of symmetry passes
through the mid-points of AB and CD and the vertex O. So, the currents are same in (i) AO and OB (ii) DO and OC. Now, OA

and OB can be treated as a series combination which gives resistance 25. Also DO and OC are in series combination. This
x
3r
This gives % + 2ri.e. %. Now, %, resistor AB and combination of AO and BO i.e. 2r are in parallel. If R is the equivalent

gives 2r. It is in parallel with DC. This gives a resistance of %’:% or = % . This is in series with resistances AD and CB.

resistance, then
1 3 1, 1 _ 3+8+4 15
R_81-+r+2r_ 8  8r

Br
R=1%
ii. By using Kirchhoff's laws
Using Kirchhoff's second law in loop DOCD, we get
Algr-Igr+ (Ip - 13) =0
or, -3l3r + Irr =0
or Iy = %2 (i)
Again, using Kirchhoff's second law to loop AOBA, we get
-Ilf- Ilf‘" (I-II -12}r= 0

or 3I; + I, = 1 ...(ii)

Considering loop ADCBA, we get
-121' - (12 - 13)1' = ].2[' + (I ™ Il - 12)1‘ =0

orlr-ILir-4lhr+1I3r=0

orT=I +4)-lyor I =T + 4l — 2

Q

Using equation (i),
I= Il o %Iﬁ




Using equation (ii),

3Sh+L=I+ %IQ or I = %Il

From equation (ii),

I=3hL+3L =25

Considering circuit ABEA,

E-(I-1;-Ip)r=0

orE=(I-1;-Iyr

= (%Il = = %Il) r

or E = 2Iyr

If R is the total resistance then E = 1r

o E=2LNLR

2Iyr = 21, R(from (iif)

14—5R= 2r or R= '3—;

Section E
34. Read the text carefully and answer the questions:

A magnetic field can be produced by moving, charges or electric currents. The basic equation governing the magnetic field due to
a current distribution is the Biot-Savart law. Finding the magnetic field resulting from a current distribution involves the vector
product, and is inherently a calculus problem when the distance from the current to the field point is continuously changing.

According to this law, the magnetic field at a point due to a current element of length dl carrying current 1, at a distance r from the
o I(dl x)

4 3

Biot-Savart law has certain similarities as well as differences with Columb's law for electrostatic field e.g., there is an angle

element is dB =

dependence in Biot-Savart law which is not present in the electrostatic case.
(i) perpendicular to both dl and 7
According to Biot-Savart's law, the magnetic induction due to a current element is given by

5 Mo Idi xr
dB = e
—

this is perpendicular to both dl and 7

(ii) decreases as Lz, so it becomes 4 times.
¥

From Biot-savart's law
dB=22M ;0 dBox L
dr 2 r2

(iii)it will become zero
L R
OR
The magnetic fields along the current current carrying wire is zero.
35. Read the text carefully and answer the questions:
Let a source of alternating e.m.f. E = Eg sin wt be connected to a circuit containing a pure inductance L. If 1 is the value of
instantaneous current in the circuit, then I = I sin (wt — %) . The inductive reactance limits the current in a purely inductive

circuit and is given by X[ = wL.

L
——— 0000

()
(i) Inductive reactance,
X; =wL =2mvL =27 x 100 x 14 x 1073
X, =8.81

(1) 1n an inductor voltage leads the current by = or current lags the voltage by Z or by 90°.
2 2




(iii)The current in the inductor coil is given by

_ Ea 2By
Ip=— = ~—
Xz 2muL
E,
g VIE, _  1.414x200 -1H

T wUly | 2x3.14x50%x0.9

OR
Inductive reactance,
X, =wL=2mvL =2 x 3.14 x 50 x 2=628 ()

s V2x By V2% 150
Ip= Xr = —

=5 =
=% =1 —— =0337A




