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General Instructions:

1. Allquestions are compulsory. There are 33 questions in all.

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

3. Section A contains sixteen questions, twelve multiple choice questions and four assertion reasoning questions
of 1 mark each, Section B has five questions of two mark each, Section C contains seven questions of 3 marks
each, Section D contains two case study-based questions of 4 marks each and Section E contains three long
answer questions of 5 marks each.

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

5. Use of calculators is not allowed.

You may use the following values of physical constants wherever necessary.
c=3X108m/s

h=6.6 X103 Js

e=16X101C

Mass of electron=9.1 X 10-3! kg

Mass of neutron = 1.675 X 10?7 kg

Mass of proton = 1.673 X 10-2 kg

Ho=4mx107TmA

g0 = 8.854 x 102 C 2N-'m-?

SECTION A

An electric dipole of length 2 cm is placed at an angle of 60° with an electric field 4 x 10 5N/C. If the  (1mark)
dipole experiences a torque of 8 V3 Nm, the magnitude of either of the charge of the dipole is

(a) 4uC
(b) 7pC
(c) 8mC
(d)

A battery supplies 0.5 A current through a 12 Q resistor and 0.25 A current through a 25 Q resistor ~ (1mark)
when connected one by one. The internal resistance of the battery is
(@) 2Q
(b) 1.2Q
(c) 1Q
(d) 050




bridge. The null pointis obtained (1mark)

Resistances 10 0 and R Q are connected in the two gaps ofa metert T b connectst o e

at 60 cm on the meter scale from the zero end. The resistance tha
R so that the null point is at the mid-point of the wire is

(@) 10Q

(b) 10/3 Q

(c) 1014 Q

(d) 3/10Q
The voltage current variation of two metallic wires X and Y at a constant temperature are shown (1mark)
below. If the wires have same length and same diameter, infer which is most suitable for making
(i) standard resistance (ii) connecting wires, respectively.

4 X

—V > .

(a) Material X for standard resistance and Y for connecting wires.
(b) Material Y for standard resistance and X for connecting wires.
(c) Material X for both standard resistance and connecting wires.
(d) Material Y for both standard resistance and connecting wires.

A freely suspended magnetic dipole is aligned along the magnetic meridian. Four points A, B, C (1mark)
and D are located at equal distances from the center of the magnetic dipole towards the
north, east, south, and west of the dipole respectively. Read the statements given below carefully.

i. Direction of the magnetic field due to the dipole is same at A and C.
i Direction of the magnetic field due to the dipole is same at A and D.
ii. Direction of the magnetic field due to the dipole is opposite at B and D.

iv. Direction of the magnetic field due to the dipole is opposite at C and D.

V. Direction of the magnetic field due to the dipole is same at B and D.

vi. Direction of the magnetic field due to the dipole is opposite at A and C.
Select the correct option.

(a) Statements (iii) & (vi) are correct
(b) Statements (iv) & (v) are correct
(c) Statements (i), (ii) & (iii) are correct
(d) Statements (i), (iv) & (v) are correct

A constant current is flowing through a solenoid. An iron rod is inserted in the solenoid along its axis.  (1mark)
Which of the following quantities will not increase?

(a) The magnetic field at the centre.

(b) The magnetic flux linked with the solenoid.

(c) The rate of heating. ‘

(d) The self-inductance of the solenoid.
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1.

A metallic rod of length ‘L ;
and the other eng atgtheLcils rotated with angular frequency ‘w’ with one end hinged at the center

) rcumference of a circular metallic ring of radius ‘L' i i
through its center and perpendicular to the plane of the ring. ’ SRS FESE

The correct equation for induced emf between the center and the metallic ring is
(a) BL w2
(b) ¥2 BL w?
(c)BL2w
(d) 2BL2w

Two coils have a mutual inductance of 0.005 H. The current changes in the first coil according to the
equation | = losin wt, where lo= 10 A and w = 100 1 rad / s. The maximum value of the emf induced
in the second coil is
(@ 2wV
(b) 5wV
(c) mV
(d) 4wV
In the wave picture of light, the intensity | of light is related to the amplitude A of the wave as:
(@) la A2
(b) la A
(c) laA?
(d) la 1/A2

In an interference experiment, third bright fringe is obtained at a point on the screen with a light of
700 nm. What should be the wavelength of the light source in order to obtain the fifth bright fringe
at the same point? "

(a) 420 nm

(b) 750 nm

(c) 630 nm

(d) 500 nm

In the Young'’s double-slit experiment, the screen is moved away from the plane of the slits. What
will be its effect on the following?

(i) Angular separation of the fringes.

(ii) Fringe-width

Choose the correct option:
(a) Both (i) and (ii) remain constant
(b) (i) remains constant, but (ii) decreases
(c) (i) remains constant, but (ii) increases
(d) Both (i) and (ii) increase.

(1mark)

(1mark)

(1mark)

(1mark)

(1mark)
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(Imark)

The electromagnetic waves used to purify water are
(@) infrared rays
() ultraviolet rays
(€) Xrays
(d) gamma rays
The fallowing questions (Q Nos 13 to 16) consist of two statements @ach, printed as Assertion and
Reason. While answering these questions You are requined to choase any one of the fallowing

responses . ‘
a  IFboth Assertion and Reason are true and Reason is the correct explanation of the

Agserton,
b 1 both Assertion and Reason are true but Reason is not the cormect axplanation of the

Asserton
¢ If Assertion 18 true but Reason is false
d. I both Assertion and Reason are false.
e, [f Asserton it false but Reason is true.

Assertion (A): For a Gaussian surface through which the net flux is zero, the net charge inside the

surtace i§ rer0 »
Reason (R): The number of field Iines entenng is equal 1o the number of Anes exiting the surface.

(1mark)

Assertion (A): Without disconnecting the battery, when the plates of the capacitor, of capacitance  (1mark)

C. are separated apart 0 a larger distance of separation, the charge stored on the plates will

increase
Reason (R): The capacitance of the capacitor will ingrease, when distance between the plates i

'n\w

Assertion (A): Greater average Power i consumed by the resistor-only ac cireuit than by the (Ymark)

resisior-inductor (RL) serres combination in the same ac aireuit.
Reason (R): For the same ac circu, the R-L reactance & less than resistance offered 1o the current

Aow

Assertion (A): The energy of a charged particie moving in a magnetie field does not change.
Reason (R): iz because the work done by the magnetic force on the charge moving in a magnetic

fokl & Zer

{(mark)

SECTION B

Estmate the average dnft speed 0F Conduction electrons in a copper wire of crosssectional area (2 marks)
10X 10 m? carrying current of 1.8 AL Assume the density of conduction alectrons to be
9x 10 ¥ m

A norzontal straght wre 10 m lang extending from east 1o west is falling with a speed of S s, at  (1+1=

noht angies 1 the honzontal component of the earth's magnetie field, 0.30 x 10<Wbm ¢
(a) What s the mstantanous vake of the induced emfin the wire?
(D) What is the crrecton of the emf?

OR

2 marks)
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20.

21

(2 marks)

Given two coplanar and concentric loops 1 and 2 as shown.

er loop 1. If the resistance of the loop is

ge(3+2)Vis applied to the larg
duced in the smaller loop.

A time varying volta
Ri=10 QandRz2=1Q, then determine the currentin
An a.c voltage V = Vo sin wtis applied to a series combination of a resistor R and an element X. (0.5+1.5=
The instantaneous current in the circuit s | = lo sin (wt + T/4). 2 marks)
(a) Identify the element X.
(b) How is the reactance of the element X related to R? Support your answer with necessary

hown (1+1=

ries to the a.c mains as S

hange in the brightness ofthe 2 marks)

calculation.
b B are connected in se

brightness. Predict the C

A capacitor C, a variable resistor R and a bul
lates of the capacitor, keeping R constant.

in the figure below. The bulb glows with some
bulb when

(a) a dielectric slab is introduced between the p
(b) the resistance R is increased keeping the same capacitance.

PR

Maing
State Huygens Principles of wave theory of light. (2 marks)
OR
(1+1=
2 marks)

What s the shape of the wavefront in each of the following cases:

(a) nght diverg(ng from a point source.
(b) Light emerging out of a convex lens when a paint source is placed at its focus

Draw diagrams to depict the same in each case.



SECTIONC
: . 2 (1.5%2=
22, Given a uniformly charged plane sheet of surface charge density 0 = 2x10" Clm| ft side 3 marks)
(a) Find the electric field intensity at a point A, 5 mm away from the sheeton the left sice. the right
(b) A straight line with three points X, Y & Z placed 50 cm away from the charged sheeton A' gn d
side. Atwhich of these points, the field due to the sheet remains the same as that of point A @

why?

/-/j :
- '/ .“

lou D RERe. -

R

OR
(2¥1=
3 marks)

20
(a) Find a location along the straight line joining the two charges, where if a positive charge qais

placed, it experiences a zero-resultant force.
(b) Will the resultant force on qs placed at the location of part (a) still be zero, if it is negatively

charged? Explain.
(1.5x2=

-q and q are placed at the vertices A, B, C and D of a square of side 2a
3marks)

23.  Four electric charges g, -q,
as shown in the figure.
A 2a B

q q

D C
q q

(a) Calculate the electrostatic potential energy of the arrangement.
(b) Calculate the electric potential at point P mid-way between the charges +q and +q.

OR

Three charges —q, Q and —q are placed at equal distances on a straight line. If the potential
f these charges is zero, then infer the ratio Q:q.

6

(a)
energy of the system 0
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25

26

27

s the electric potential

(b) A proton is released from rest n a uniform electrc field. Infer oW doe
energy of the proton change in this scenario. Justify your answer:
(1x3 =
3marks)

perature.

Account for the following: ith rise in tem
decreases W ted in series and

(a) Drift velocity of free electrons in a conductor )
(b) When Nichrome and Copper wires of the same lengthhancti Ejad'us are connec
then current is passed through them, Nichrome gets more eated. .
() Constantan and Manganin are most preferred materials for making standard resistance.

m magnetic field  (2+1=

' i ircular paths in a unifor \
Two charges A and B, each having a velocity of v, traverse Ci p 2 \

as shown below.
X XA X B
X X\ X =
<« Path of B
X X
Path of A
X \ X X4 X
X X

(a) Compare the charge-to-mass ratio of the two particles A and B. Show the necessary mathematical

calculations. . .
(b) Which of the two particles is likely to be a proton if the other is an alpha particle? Give reason.

With the help of neat diagram, illustrate how the magnetic field lines will modify themselves when (1x3 = :
3 marks

(i) a diamagnetic

(i) a paramagnetic and

(iii) a ferromagnetic material, have been placed in the field.

Further relate the behavior of magnetic field lines to their relative magnetic permeability.

om0 |

(a) Name the parts of the electromagnetic spectrum which are (1.5x2 =
(i 3 marks)

i) also known as ‘heat waves'
(ii) absorbed by ozone layer in the atmosphere

(iii) used in radar communication

(b)The diagrams below show the electric and magnetic field components of an electromagnetic
wave at a certain time and location.

[———'E — il - ]
i E
Fig! Fight
Ee— o
8 ’ €

Which of these electromagnetic waves are travelling towards you? Justify your answer

7
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29,

hof (1x3=
ble-slit experiment get affected due to eac 3 i)
ouble-

. . Y na's d
How does the interference fringes in a Young " each case.

the following operations? Give reason for your answer [
(@) Width of the slits are doubled. ) source of longer
(b) The (monochromatic) source is replaced by another (monochromatIC)
wavelength.
(c) Separation between the slits is increased.
SECTION D
(1x4=4
marks)

Read the passage given below and answer the questions that follow:

. all
A parallel plate capacitor consists of two large plane parallel conducting plates separated by asm
distance.
Surface I Arca A
charge density o J

7|
|

Surface
_ chargedensity-o0

We first take the intervening medium between the plates to be vacuum. Let A be the area of each
plate and d the separation between them. Plate 1 has surface charge density o = Q/A and plate 2
has a surface charge density —a. The direction of electric field is from the positive to the negative
plate. Thus, the electric field is localized between the two plates and is uniform throughout. (Source:

NCERT Textbook of Physics, Part 1, Class XII)

(i) Two protons A and B are placed between the plates of a parallel plate capacitor charged to a
potential difference V as shown in the figure. '

oB

t + 4+ 4+ 4+ 4
|

oA .

Which of the following statements is true?
|. Both the protons experience the same force.
II. Potential energy of A is greater than potential energy of B.

IIl. Both A and B have the same potential energy.
IV. A experiences more force than B.

Choose the correct option:

(a) Statements | and Ill are true.

(b) Statements Il, Il and IV are true.
(c) Statements I, lll and IV are true.

)
(d) Statements | and Il are true.

e,




30.

electric between the plates is C. Itis half

(ii) The capacitance of a parallel capacitor without any di ;
filed with a dielectric medium of K = 4 as shown in fig (A) and then as in fig(B).

(A)

The new capacitance in fig (A) and (B) are respectively:
(@52CinAand8/5CinB
(b)8/5CinAand52CinB

(c)58CinAand5CinB

(d5CinAand5/8CinB

(iii) The total polarization of a material is the

(a) product of all types of polarization
(b) sum of all types of polarization

(c) orientation directions of the dipoles
(d) total dipole moments in the material

)

(iv) A parallel plate capacitor C with a dielectric in between the plates is charged to a potential V by
connecting it to battery. The capacitor is then isolated. If the dielectric is withdrawn from the capacitor

then
(I) the stored energy of the capacitor increases.

() charge on the capacitor increases.
(Ill) voltage of the capacitor increases
(IV) the capacitance increases.

The correct options are
(a) only |

(b) (1) and (IV)

(c) (1) and (11

(d) () and (1V)

Read the passage given below and answer the questions that follow: (1x4=4
. _ marks)
offices is a voltage that varies like a sine function with

The electric mains supply in our homes and
and the current driven by itin a circuit

'time. Such a voltage is called alternating voltage (a.c voltage)
Is called the alternating current (a.c current). Today,

reacting to a.c in a particular way. The phase relation between the ¢
| urrent
of these components is represented by phasor diagrams. (Source; NCER?%@%&E’O}%‘;\“QT‘ each
ysics,

Part 1, Class XI)



ies resonate with an a.C-
cuit resonates ata

(i) A5 Q resistor, a 5 mH inductor and a 5 uF capacitor, joined in ser
tes at a frequency W2

source of frequency wo. If only the resistance is changed to 10 . the C';
frequency wi. If only the inductor is changed to 20 mH, the circuit reson 7
Which is the option that gives the ratio wi/wz correctly from the following*

(@) 0.5
(b) 1
(c)2
(d) 4

(ii) Three electrical circuits 1, 2 and 3 having a.c. sources of variable frequency are shown in figure
below. Initially the currents flowing in each of these is same. If the frequency of the applied a.c.

- sources is increased, how will the current flowing in these circuits be affected?

2. 3,

S

N\

~ A
N ./
l E

(D

X

) Circuit 1- increases, Circuit 2 — remains same, Circuit 3- decreases.
) Circuit 1- decreases, Circuit 2 — remains same, Circuit 3- increases.
) Circuit 1- increases, Circuit 2 — decreases, Circuit 3- remains same.
) Circuit 1- remains same, Circuit 2 — decreases, Circuit 3 — increases.

(a
(b
(c
(d
(iii) If the reading of the voltmeter V1 is 40 V, then the reading of voltmeter V2 is
W)
&/

———yrmr—{

@\
W

(-

~

\V/j
50V2 sin ot

10
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32.

of circuit

' - ower factor
(iv) Given below are two electrical circuits A and B. Evaluate the ratio of the p

B to that of circuit A.
= R *%=R
X =3R R X.=3R ']
A -~ - B o
(a) 172
(b) V2
(c)4
(d) 2
SECTIONE
(3+2=5
marks)

(a) Using Gauss theorem, deduce an expression for the electric field intensity due to an infinitely
long straight wire of linear charge density A.

(b) Two-point charges q o =3 uC and q s = -3 uC are located 20 cm apart in vacuum.

(i) What is the electric field at the midpoint O of the line AB joining the two_ chaf_ges'? T .
(i) If a negative test charge of magnitude 1.5 x 10 C is placed at this point, what is the for

experienced by the test charge?
OR

(a) Derive an expression for the electric field intensity due to an electric dipole at an axial point.

(b) A system has two charges q a = 2.5 x 10 -7 C and g8 =-2.5x107C located at points
A:(0,0,-15 cm) and B: (0,0, +15 cm), respectively.

(1) Calculate the electric dipole moment of the system.
(ii) If the dipole is placed in an external electric field of magnitude 104 (j) N/C, such that the angle

between the dipole moment and the field is 60°, how much work needs to done in order to align it in
stable equilibrium position?
(a) A circular coil of 20 turns and radius 10 cm is placed in uniform ma

to the plane of the coil. If the current in the coil is 5 A, whatis the

(i) total torque on the coil

(ii) total force on the coil
(iii) average force on each electron in the coil due to the magnetic field? (Given n = 10 29 m-3 and

area =10 - m2)
(b) Account for the following:

(l) An ammeter has low resistance and high current carrying capacity.
(i) When a square and a circular shaped loop of same area ang carrying the same current are

Suspended in a magnetic field, they experience equal torque.

OR

(a) A straight horizontal conducting rod of len
_ : gth 0.45 m and mas '
wires atits ends. A current of 5.0 A is set up in the rod through this\(/)ir%és >SReted by two verical

11

gnetic field of 0.10 T normal . (3+2=5
marks)



(i) What magnetic field should be setup normal to the conductor in order that the tension in the wires
is zero? |
current Is reversed keeping the

(i) What will be the total tension in the wires if the direction of
magnetic field same as before? (Ignore the mass of the wires) (g = 9.8 ms?)

(b) Account for the following:

(i) A small current carrying coil held in a uniform magnetic field orients itself such that plane of the
coil is perpendicular to the direction of magnetic field.

(i) Pole pieces of the magnet in a moving coil galvanometer are made concave.

north and the south poles of two

p by using very strong magnets?
gnetic field.

(a) A closed loop s held stationary in a magnetic field between the (1+2+2=5
permanent magnets held fixed. Can current be generated in the loo marks)
(b) A square loop of a single turn is placed with its plane perpendicular to a uniform ma

The magnetic flux through the square loop is 0.002 Wb. If the square loop is now reshaped into a
circular loop, calculate the flux through the circular loop.

(c)A circular ring of 50 turns and diameter 0.2 m is placed in a uni
ring is rotated about its diameter at a frequency of 60 Hz. Calculate the maximum

form magnetic field of 0.4 T. The
induced emfin the

ring.
OR
(a) Figure below shows planar loops of different shapes moving out of or into a region of a magnetic  (3+2=5
lane of the loop away from the reader. Infer the direction of marks)

field which is directed normal to the p
induced current in each loop. Justify your answer in each case.

d
a x x x k3 »
ke
(o)} ) £ x x n =
b a
P x % x x x I>F—>

out of a uniform magnetic field region to a
n the figure below. In which loop do you

(b) A rectangular loop and a circular loop are moving
t of the field region? The field is

field-free region with a constant velocity v as shown |
nt during the passage ou

expect the induced emf to be consta
normal to the loops. Justify your answer.

X X X X X X X__X X( X

x X x X| X X X (X 4 >
x |x X X] X X \X X X

Xx X X X X X X XX X
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