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Read the following instructions carefully and follow them :
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This question paper contains 33 questions. All questions are compulsory.
This question paper is divided into five sections — Sections A, B, C, D and E.

In Section A — Questions no. 1 to 16 are Multiple Choice type questions. Each question
carries 1 mark.

In Section B — Questions no. 17 to 21 are Very Short Answer type questions. Each
question carries 2 marks.

In Section C — Questions no. 22 to 28 are Short Answer type questions. Each question
carries 3 marks.

In Section D — Questions no. 29 and 30 are case study-based questions. Each question
carries 4 marks.

In Section E — Questions no. 31 to 33 are Long Answer type questions. Each question
carries 5 marks.

There is no overall choice given in the question paper. However, an internal choice has
been provided in few questions in all the Sections except Section A.

Kindly note that there is a separate question paper for Visually Impaired candidates.
Use of calculators is not allowed.
You may use the following values of physical constants wherever necessary :
c=3x10%m/s
h= 663 x 103*Js
e=16x10"17C
Up=4nx 1077 TmA™!

g0 =8854x 10712 C2 NI m™
1

47[80

Mass of electron (mg) = 9-1 x 103! kg

=9x10° Nm?C32

Mass of neutron = 1-675 x 1072/ kg

Mass of proton = 1-673 X 10727 kg

023

Avogadro’s number = 6-023 x 1 per gram mole

Boltzmann constant = 1-38 x 10_23 JK_1
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SECTION A

1. The relative magnetic permeability of a medium is 0.075. Its magnetic
susceptibility will be :
(A) 0925 (B) —-0925 (©) 1.075 (D) —-1.075

2. Two circular loops of areas A and 4A carry currents 21 and I respectively. The

magnetic fields at their centres will be in the ratio of :
(A) 3:1 B) 4:1 < 1:1 (D) 1:2

3. A conducting sphere of radius R is given a charge Q. Consider three points A, B
and C — A at the centre, B at a distance R/2 from the centre and C on the surface
of the sphere. The electric potentials at these points are such that :

(A)  Vp=Vp=V¢ (B) VaA=Vp# V¢

4. The capacitance of a parallel plate capacitor is 10 uF when the distance between
its plates is 8 cm. If the distance between the plates is halved, the capacitance will
become :
(A) 10pF (B) 15puF (C) 20pF (D) 40 pF

5. Isotones are nuclides having :

(A) same number of neutrons but different number of protons
(B)  same number of protons but different number of neutrons
(C)  same number of protons and also same number of neutrons

(D) different number of protons and also different number of neutrons

6. The magnetic field of an electromagnetic wave is represented as

B, = By sin (ky — wt). It means that the wave propagation direction and wave

vector k are respectively :

(A)  +zaxis, 2—:‘ (B) - zaxis, Tﬂ
(C) +yaxis 2n (D) —yaxis Ll
yaxis, & YA on

55/S/2 5 P.T.O.
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An inductor of resistance 5 Q and self-inductance 25 mH is connected across an
ac source of angular frequency 200 rad s~!. The phase angle between the voltage
and the current is :

(A) 30° (B) 45°

(©) 60° (D) 90°

Which of the following statements is correct for alpha particle scattering

experiment ?

(A)  For angle of scattering 6 ~ 0, the impact parameter is small.

(B)  For angle of scattering 6 = &, the impact parameter is large.

(C)  The number of alpha particles undergoing head-on collision is small.

(D)  The experiment provides an estimate of the upper limit to the size of target
atom.

The 1onisation energy of the hydrogen atom, in Bohr model, is :
(A) —-34eV (B) 34eV
(©) -136eV (D) 13-6eV

A point object is placed in air at a distance of 4R on the principal axis of a convex
spherical surface of radius of curvature R separating two mediums, air and glass.
As the object is moved towards the surface, the image formed is :

(A) always real

(B)  always virtual

(C)  first virtual and then real

(D) firstreal and then virtual

Which of the following statements is mot true for a p-n junction diode under
reverse bias ?

(A)  The current is almost independent of the applied voltage.

(B)  Holes flow from p-side to n-side.

(C)  Electric field in the depletion region increases.

(D) n-side of the junction is connected to +ve terminal and p-side to —ve

terminal of the battery.

7 P.T.O.
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12.  The current sensitivity of a galvanometer does not depend on the :
(A)  magnetic field in which the coil is suspended.
(B)  current flowing in the coil.
(C)  torsional constant of the spring.

(D)  area of the coil.

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 from the codes (A), (B), (C) and (D) as given below.

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

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

(C)  Assertion (A) is true, but Reason (R) is false.
(D)  Both Assertion (A) and Reason (R) are false.
13.  Assertion (A) : Although the surfaces of a goggle lens are curved, it does not
have any power.

Reason (R) : In case of goggles, both the curved surfaces are curved on the

same side and have equal radii of curvature.

14.  Assertion (A) : Nuclear fission reactions are responsible for energy generation in

the Sun.

Reason (R) : Light nuclei fuse together in the nuclear fission reactions.

_)
15.  Assertion (A) : The current density ( J ) at a point in a conducting wire is in the

%
direction of electric field (E ) at that point.

Reason (R) : A conducting wire obeys Ohm’s law.

55/S/2 9 P.T.O.
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Assertion (A) :  The torque acting on a current carrying coil is maximum when it

is suspended in a radial magnetic field.

Reason (R) : The torque tends to rotate the coil on its own axis.

SECTION B

(a) A cell is connected across an external resistance 12 Q and supplies 0.25 A

current. When the external resistance is increased by 4 Q, the current

reduces to 0.2 A. Calculate (i) the emf, and (ii) the internal resistance, of

the cell. 2
OR

(b) Two point charges of 3 uC and 4 uC are kept in air at (0-3 m, 0) and

(0, 0.3 m) in x-y plane. Find the magnitude and direction of the net electric

field produced at the origin (0, 0). 2
Differentiate between magnetisation and the susceptibility of a material. What can
you say about the susceptibility of paramagnetic and diamagnetic materials ? 2
State Huygens principle. Using it draw a diagram showing the details of passage
of a plane wave from a denser into a rarer medium. 2
Name the impurity atoms which are doped in an intrinsic semiconductor to
convert it into (a) p-type, and (b) n-type semiconductor. Draw energy band
diagrams of p-type and n-type semiconductors at temperature T > 0 K. Mark the
donor and acceptor energy levels, showing the energy difference from the
respective bands. 2
A point light source rests on the bottom of a bucket filled with a liquid of
refractive index p = 1.25 up to height of 10 cm. Calculate :
(a) the critical angle for liquid-air interface
(b)  radius of circular light patch formed on the surface by light emerging from

the source. 2

11 P.T.O.
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SECTION C

%
22. A particle of mass m and charge q is moving in a magnetic field B with a

velocity V. Discuss, giving reasons, the shape of its trajectory when the angle

between v and E) is 3
(a 0°

(b)  90°

()  120°

23.  (a) A ray of light is incident on a surface separating air from a denser medium
A of refractive index p;. It is then made incident on the parallel surface of
another medium B of refractive index p, at the same angle of incidence. If
the angle of refraction in the two media are 30° and 35° respectively, then

in which one of the two media (A or B) will light travel faster and why ?

(b) The intensity of the two interfering waves in Young’s double slit

experiment is I, each. Find the intensity at a point on the screen where

path difference between the interfering waves is (i) %, and (i1) % 3

24.  In photoelectric effect experiment, show the variation of

(a) photocurrent with collector plate potential for a given surface for different
intensities of incident radiation. Do the curves meet at any point ? If so,
why ?

(b)  photocurrent with intensity of radiation incident on a surface keeping the
frequency and plate potential fixed. 3

55/S/2 13 P.T.O.
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25.  Two point charges of 10 pC and 20 pC are located at points (— 4 cm, 0, 0) and

A
(5 cm, 0, 0) respectively, in a region with electric field E = BX where
r

A =2 x 105 NC*!' m2 and Tis the position vector of the point under

consideration. Calculate the electrostatic potential energy of the system. 3

26. A current of 1 A flows through an inductor connected to a 200 V dc source. When

it is connected to 200 V, 50 Hz source, only 0.5 A current flows. Calculate the

self-inductance of the inductor. 3

27.  Two circular coils of radius R each and having equal number of turns N, carry
equal currents I in the same direction. They are placed coaxially at a distance

2\/5 R. Find the magnitude and direction of the net magnetic field produced at

the midpoint of the line joining their centres. 3

28. (a) The radius of a conducting wire AB uniformly decreases from its one end

A to another end B. It is connected across a battery. How will (i) electric
field, (i1) current density, and (iii) mobility of electrons change from end A

to end B ? Justify your answer in each case. 3

OR

(b)  Two large plane sheets P; and P, having charge densities + ¢ and -~ 3 o

respectively are arranged parallel to each other as shown in the figure. Find

%
the net electric field (E ) at points A, B and C. 3

P1 PZ

2

J

A A B L.
e ! r 2r r 2r

+c —-30

55/S/2 15 P.T.O.



Qs Yy

J¥ G 29 TAT 30 HH HETI-SATLING I3 € | FHEleiiaad Sig=esal &l 4g 1 14 1T 7Tq

Y91 & IR SHferT |

29.  ac %! dc H UREfdd T ol ITshaT i [SEaRT0T shed & T 3@ STsRAT ol i arelt Ifh
! feweit) Fed € | S forel) Tt Srite Wt ac e eeTenes erd=rsh wemar @ &t
I8 SIS AUTIRTF TfHT BT 1T R T SHE 9T Y1 aidt 2 | SkoTceh oTel=sh
$1 farfer §, srare vafefyren srafia 2 AT @ i el 1S a yaried &l ad § |
TH YN ac et ol fGBHR0T & STt @ | p-n €I SRATST o1 TN o7ef-a femehr

3R ol famermt o & & fora <7 wehaT 2 |
()  feuwuuiter O -0/ sos Smes/aHeT 2
P D2
™~ I~
(€ = 9
B1 32
(A) B, (B) %ad B,
(C) By 3R B, 3 (D) AdAB, IARTL B,
(i) (a) 3T o qol-a fowenrt aftaer quriar w2 | fefa atmey | € erte
Dlw?ﬁ“ﬁﬁ%:
V; \A
L\ A+
|
N\ . ) A/B\/C\/D
= @ %é % 0
N R VO
I/ID2
(A) A,D (B) A,C
(C) B,D (D) B,C
arraT

55/S/2 16



SECTION D

Questions number 29 and 30 are case study-based questions. Read the following paragraphs

and answer the questions that follow.

29.  The process of converting ac into dc is called rectification and the device used is
called a rectifier. When ac signal is fed to a junction diode during positive half
cycle, the diode is forward biased and current flows through it. During the
negative half cycle, the diode is reverse biased and it does not conduct. Thus the
ac signal is rectified. The p-n junction diodes can be used as half-wave and
full-wave rectifiers.

(1) Which bulb/bulbs will glow in the given circuit ? 1
0 102
™ ™~
(€ =ov 3
B, B,
(A) Bjonly (B) B, only
(C) Both B and B, (D)  Neither B nor B,

1) (a) A full-wave rectifier circuit is shown in the figure. The contribution
in output waveform from junction diode D is : 1

D
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30.

55/S/2

(iii)

(iv)

(b) Tt oref-aqi el T Frfq BT © -
(A) o Sftfert o1 wanfefymn (B) TRl R Had
(C) 3fHehr & T wRiefITn (D) TRl 3R FFad

p-n T SRS # p-Teteh W 3TN n-FeTeh T TGEEAH ST ShusT: B ;

(A) IAFRM, TAFH (B) 3IAHH, BIA
(C) B, B (D) T, T

Ffe HY-qET femahRT T SR 50 Hz 2, T qUi-aiT fSuehidt 3 A1 gt -
(A) 25Hz (B) 50 Hz

(C) 100 Hz (D) 200 Hz

faerat Y, =ITe 9% St & steraT reehia, stfierafores forreer 3ok fga atmet @
&, it wieer Tivwed € | o g grr guferd &1 wH STk st e forega foga =t
fomfor e €, STafeh 1S emraTel Tt ek ey i wifd e e @ | fea
TS5 AT =T A forga-& ST & | foreft smer fergga-gm o ferq fopw ST W
forer fegrar sret-31mepot oht STpva R § |

(1)

31 e forea fggat anr, ot Wl fga gt d s qerfera 3t sttt — q AR
+ q ¥ ST €, x-y T H 39 FohR AR TR T @ o 3o SRoTmeT 7e-forg
O T E T &A1= shHRT: forgat (d, 0) A (0, d) W feora & | 5 Ty o1 et
ELCEIUEE

A —qd(i+)) B) qd(i+7)
© qd(i-7) D) qd(j-1)

18



(b) The output in a half-wave rectifier is : 1
(A) unidirectional without ripple (B) steady and continuous

(C) unidirectional with ripple (D) steady but discontinuous

(i) In a p-n junction diode, the majority charge carriers on p-side and on

n-side are, respectively : 1
(A) electrons, electrons (B) electrons, holes
(C)  holes, holes (D) holes, electrons

(iv)  If the frequency of the half-wave rectifier is 50 Hz, the frequency of

full-wave rectifier is : 1
(A) 25Hz (B) 50Hz
(©) 100 Hz (D) 200 Hz

30. Dipoles, whether electric or magnetic, are characterised by their dipole moments,
which are vector quantities. Two equal and opposite charges separated by a small
distance constitute an electric dipole, while a current carrying loop behaves as a
magnetic dipole. Electric dipoles create electric fields around them. Electric

dipoles experience a torque when placed in an external electric field.

(1) Two identical electric dipoles, each consisting of charges —q and +q
separated by distance d, are arranged in x-y plane such that their negative

charges lie at the origin O and positive charges lie at points (d, 0) and

(0, d) respectively. The net dipole moment of the system is : 1
AN A A
(A)  —qd(i+]) B) qd(i+]j)
AA AA
©  qd(i-j) (D) qd(j-1)
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(ii)

(iii)

(iv)

2a 30 W quferd qoT — q AR + q A & 5 el gy & o g
r (>>a) % (1) Torelt formg ST 3ueh 37e1 ot feerd €, T (2) Toreft forg St fergerclar
qa R a2, T forera-&r o afemor sheen: B SR E, B 1 a9 (ﬂj g
E,

1

1
A - B) - © 2 (D) 4
4 2

5.0 x 108 Cm Toga st =1 1 forera fogar forelt U@t wawn o T @ Sfef foreft
i T T o forerd- A 1 9RO 1.0 x 103 N/C & | 36 &0 e e B
i1 f st p U T 30° 2 | 36 &7 ¥l T T Sied-SATl <61 AheAror
2

(A)  2.5x10 Nm (B) 5.0 x 10> Nm

(C) 1.0x10"*Nm (D) 2.0 x 10~ ®Nm

(a)  TTEEISH T H g s (et e % TR ST = v @ e
=T SRTHTL T H TTEHAT 7 8T © | $6 S o Jrarshd Ty Al

T qRETT R
(A) devr (B) 2evr
© Lo O Lo
2 4
TeraT

(b) ¥ 5.0 cm 3 IHR T H 2.0 A T U1 YaTied &1 @ & | 39 T &

Helg, Frerehid TSy SATE0] oh1 GRATT @

(A)  1.0x 103 Am? (B) 5.0 x 1073 Am?

(C)  1.0x 1072 Am? (D) 5.0 x 1072 Am?
20
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(ii)

(iii)

(iv)

E, and E, are magnitudes of electric field due to a dipole, consisting of

charges —q and +q separated by distance 2a, at points r (>> a) (1) on its

E
axis, and (2) on equatorial plane, respectively. Then [E_lj I
2

1 1
A - B) - € 2 (D) 4
4 2

An electric dipole of dipole moment 5.0 x 1078 Cm is placed in a region
where an electric field of magnitude 1.0 x 103 N/C acts at a given instant.
At that instant the electric field E) is inclined at an angle of 30° to dipole
moment F) The magnitude of torque acting on the dipole, at that instant
is :

(A) 2.5%x10° Nm (B) 5.0x 10> Nm

(C) 1.0x1074Nm (D) 2.0x 1079 Nm

(a) An electron is revolving with speed v around the proton in a
hydrogen atom, in a circular orbit of radius r. The magnitude of
magnetic dipole moment of the electron is :

(A) 4devr (B) 2evr
1 1
(©) — evr (D) —evr
2 4
OR

(b) A square loop of side 5.0 cm carries a current of 2.0 A. The
magnitude of magnetic dipole moment associated with the loop is :

(A)  1.0x 103 Am? (B) 5.0 x 1073 Am?

(C) 1.0x 102 Am? (D) 5.0 x 1072 Am?

21 P.T.O.



3. (a)

(b)

55/S/2

(ii)

(1)

(ii)

Qs

JHifeRd NG hl TE™dr ¥ Tl ac SIfFT i swrdfafr i s
Fifo | forelt &1or «¢* W T forar st (emf) & forg =i e Hifsiw |

IS v, ©teT &fast aR X'X o Tar § 91 3699 3.0 A 9T Yared
W | A § i STER 39 R X'X % U IS SRR 99
MNPS, el ofsit 2 welg 10 cm & o7 fS6@ 1.0 A 9 Yerrfed &

W R, W12 | 39 IR & HRU IR T A T 42 Jrehid ot
geaTor S fewm sma ifsre |

X« 3A

<
N
=

S

>\(

1

AYAT

TS o forgd-Srarehi SToT o Toremt o1 Soce HIT qem o &
1 3w fAflaw | forelt pueedt & w@-Sene o oy Sesht sanfidia
HTET QAT HTEHH i FFIeherdT o Yal H ssfeh ITH shiferg |

forelt 220 v o1 R ST 6 ac AR % @rer Aoft § € 20 Q A
iR, 80 pF ST LTI TT 50 mH T ST S © | ST SATfd Al
SR 3@ T fi g (THfeh) AN F T 2, @1 afehiad
EAIELE

(1) St S rofrer st

() Uty Y gfqerer
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3. (a)

(b)

55/S/2

(1)

(ii)

(ii)

SECTIONE

With the help of a labelled diagram, explain the working of an ac
generator. Obtain the expression for the emf induced at an instant
‘1.

A long, straight horizontal wire X'X is held stationary and carries a
current of 3.0 A. A square loop MNPS of side 10 cm, carrying a
current of 1.0 A is kept near the wire X'X as shown in the figure.
Find the magnitude and direction of the net magnetic force acting
on the loop due to the wire.

, 3A
X — =~ X

>\(

1
OR

State Faraday’s law of electromagnetic induction and mention the
utility of Lenz’s law. Obtain an expression for self-inductance of a

coil in terms of its geometry and permeability of the medium.

A resistance of 20 Q, a capacitance of 80 uF and an inductor of
50 mH are connected in series. This combination is connected
across a 220 V ac supply of variable frequency. When the
frequency of supply equals the natural frequency of the circuit,

calculate :
(1)  angular frequency of supply

(2) impedance of the circuit
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32. (a)

(b)

55/S/2

(ii)

(1)

(ii)

Torell TTTefr gUelt o STMgyaeh qoT SR =l sl STfWehed T id
Go fot &1 9 STl shi A1 | 1@ a1 @ 2 fohell el shi i
T o fore 30 feufa & =istes e Shifve S9 3ifaq gfdfors s=a ™
AT R |

TS TS Tortur forelt wreTg PrysiTenit firsH o Teh Weteh TT 45° o whI00
T AT Ll & ST TS0 & FHIHA: TSI @ | Tienferd hifs :

(1)  Tsu g Sca ferre o
) o0 % ueref 1 "adais

AT

Toh T3t o forad e o garor o foru forefl W Tomamerarta =1 9ot
ST |

= faw g ST § R SITER 1S FHIS o (3Tdadie 1.50) foret
U U7 o Tereh O et 5o o1 R o WFh H 1T © | IS BT 8
TSTahT 1ok i o e 3187 W 2, 3787 % AF(G ST T FT 36
SRR FHTANTST 31 STt & o G5 31 1eh 1 3T fciforrar g3 ot feufa
TE S | T § g3 A A T 45.0 em TS ST § | S 5T A
FTHL T SRINT Sh eI ToFaT ST @, 1 7% 38 30.0 em TS ST & | 5
T ST JTd hITT |

P —

',///,I'”IIII" "III,/M



32. (a) (1) What are the two main considerations for designing the objective
and eyepiece lenses of an astronomical telescope ? Obtain the
expression for magnifying power of the telescope when the final

image is formed at infinity.

(i1) A ray of light is incident at an angle of 45° at one face of an
equilateral triangular prism and passes symmetrically through the

prism. Calculate :

(1)  the angle of deviation produced by the prism

(2) the refractive index of the material of the prism 5
OR
(b) (1) Describe a simple activity to observe diffraction pattern due to a

single slit.

(i)  The figure below shows an equiconvex lens (of refractive index
1.50) in contact with a liquid layer on top of a plane mirror. A small
needle with its tip on the principal axis is moved along the axis
until its inverted image is found at the position of the needle. The
distance of the needle from the lens is measured to be 45.0 cm.
When the liquid is removed and the experiment is repeated, the new

distance is 30.0 cm. Find the refractive index of the liquid. 5

P —

',///,II'IIII" 'Illlllﬂ
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33.

55/S/2

(a)

(b)

(1)

(ii)

(1)

(ii)

5T 0l fohe FEd § ? SeIH m qYT 3TEN q o feRell st @i TRt
fovarar v g0 form @ cafea forar man 2 | 3@ %01 9 geg @ St
qaTeed o foru sisteh aTw hifsTe |

3315 mW ffq oftk < ferelt &1d g7 5.0 x 1014 Hz safa
Teharufl ThTST Icq—T foram T 2 | uftensfera hifsie

(1) 39 I G0 H BIEH 6 FHsil

(2) G g 9T BeRUE ScfSid Wil shl T

AT
I % HARTRIA! T Jeoi@ hITST qAT ETFGISH TWHTY] o SR o HiSA H
Nl & % FAFE 1 Holl oh (7T Tk Fq= hiToIg |
1§C =1 i =YfrAAT see St 1 (MeV H) Tite i |
ﬁ'EITTI'QT%:

m ( 1gc) — 12.000000 u

m ( (1)11) —~ 1.008665 u
1
m ( 1H) = 1.007825 u
26



33. (a) (1) What are matter waves ? A particle of mass m and charge q is
accelerated from rest through a potential difference V. Obtain an
expression for de Broglie wavelength associated with the particle.

(i)  Monochromatic light of frequency 5.0 x 1014 Hz is produced by a
source of power output 3.315 mW. Calculate :

(1)  energy of the photon in the beam

(2)  number of photons emitted per second by the source 5
OR
(b) () State Bohr’s postulates and derive an expression for the energy of

electron in nth orbit in Bohr’s model of hydrogen atom.
.. .- . 12
(i1)  Calculate binding energy per nucleon (in MeV) of 6C . 5

Given :

m ( 1gC) =12.000000 u

1n
0

1
( 1H) =1.007825u

1.008665 u

m
m
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