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contains 31 printed pages.

Q.P. Code given on the right hand side of
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the title page of the answer-book by the
candidate.

Please check that this question paper
contains 33 questions.

Please write down the Serial Number of
the question in the answer-book at the
given place before attempting it.

15 minute time has been allotted to read
this question paper. The question paper
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10.15 a.m. to 10.30 a.m., the candidates
will read the question paper only and
will not write any answer on the
answer-book during this period.
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General Instructions :

Read the following instructions carefully and follow them :

Q)
(ii)
(iii)
(iv)
(v)
(vi)
(vii)
(viit)
(ix)

(x)

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 =6-63 x 1034 Js
e=16x10"1C
Ug = 47 X 107" TmA™!
gg= 8854 x 10712 C2 N1 m2

1

TCSO

Mass of electron (m,) = 9-1 x 10731 kg

=9x 109N m? C2

Mass of neutron = 1-675 x 10727 kg
Mass of proton = 1-673 x 10727 kg
Avogadro’s number = 6-023 x 1023 per gram mole

Boltzmann constant = 1-38 x 10723 JK~1

~55/5/2~[] ANV 3 J P.T.O.
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SECTION A

The energy of an electron in an orbit in hydrogen atom is — 3-4 eV. Its
angular momentum in the orbit will be :

& ® 2
21 T
© - o
T 21

The momentum of a photon associated with a microwave of wavelength
4-:00 cm is :

(A) 166 x 10732 kg ms~1 (B) 1:83 x 1034 kg ms!
(C) 205 x 10734 kg ms! (D) 166 x 10734 kg ms™!

The radius of a nucleus of mass number 125 is

(A) 60fm
(B) 30fm
(C) 72fm
(D) 150 fm

The rms and the average value of an ac voltage V = V; sin ot volt over a

cycle respectively will be :

A — = B  —, =

© Yoo D Yy,

NG

A good diode checked by a multimeter should indicate :

(A)  high resistance in reverse bias and a low resistance in forward bias
(B)  high resistance in both forward bias and reverse bias

(C)  low resistance in both reverse bias and forward bias

(D)  high resistance in forward bias and low resistance in reverse bias

~55/5/2~[] ANV 5 J P.T.O.
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6. Two point charges — Q and Q are located at points (d, 0) and (0, d)
%
respectively, in x-y plane. The electric field E at the origin will be :

1 A 1 A
&) 2ag s @ L 2a 15
47'580 d 47’[?80 d
1 QA 2 1 Q A
(&) — (1= (D) —1-
47‘[80 d2 (1 J) 471?80 d2 ( 1 J)
7. An electron is moving with velocity voli\. If a uniform electric field
%

E =E, 3\ is set up in the region, the electron will :
(A) describe a circular path

(B)  describe a helical path

(C)  describe a parabolic path

(D)  continue moving without any deviation

8. A charged particle of mass m having kinetic energy K passes undeflected
— —
through a region with electric field E and magnetic field B acting

perpendicular to each other. The mass m of the particle will be :

KB? 2KB2
(A) — (B) 5
2E E
2KE?2 KE?
(C) 3 (D) —
B 2B
9. A rectangular loop of size 5 cm x 8 cm is lying in x-y plane in a uniform

— A
magnetic field B = (2:0 T) k. The total magnetic flux linked with the

loop is :
(A) 80 Wb (B) 16 Wb
(C) 8x102Wb (D) 8x 103 Wb

~55/5/2~[] ANV 7 J P.T.O.



B

10.  Igd FSH o de (w9 &9 61 g1 H ac (SeAred! g/ &9 Heiell fefafad 4 8
HH-HT HAT AT TS ?

(A)  ac S ST e & AT ATt 2 |

(B)  ac JIcedl & o STTEM! § 371 F&FT o Trel STl Fora ST Herar & |
(C)  ac i THeIRIAT o ATel Yt T Tk AT fohaT ST Hha1 & |

(D)  acHIWNTH HTSNEH L |

11. & (n = 1-5) § TR et ovaa foga-areeha @@ & TR & i
By = (2 x 1077 T) sin (ax + 15 x 1011 t)
FRR A DIRIDIN
SR x MA TR ANt Ths W | TRl o FTA R
(A)  05x103m™!
B) 6:0x102m!
(C) 75x102m™1

(D) 1-5x103m™1!

12.  BTESISH WA % SR HiSA § Hehl nall H&T H IR i §Q Siag sl Sl

BRISKICIECIEE

(A) n2% (B) n*

© 1% D &%
n n
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11.

12.

B

Which of the following statements is not true for electric energy in ac

form compared to that in dc form ?
(A)  Production of ac is economical.

(B) ac can be easily and efficiently converted from one voltage to the

other.
(C) accan be transmitted economically over long distances.

(D) acis less dangerous.

The magnetic field in a plane electromagnetic wave travelling in glass
(n = 1-5) is given by
By = (2 x 1077 T) sin (ax + 15 x 1011 t)
where x is in metres and t is in seconds. The value of o is :
(A)  05x103m™!
(B) 6:0x102m™!
(C) 75x102m™!

(D) 1-5x103m1!

The energy of an electron revolving in the nth orbit in Bohr model of

hydrogen atom is proportional to :

(A) 2 (B) n

=

(®)

=
S
|
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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) : 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.

14. Assertion (A) : Photoelectric effect is a spontaneous phenomenon.

Reason (R):  According to the wave picture of radiation, an electron
would take hours/days to absorb sufficient energy to
overcome the work function and come out from a metal
surface.

15. Assertion (A) : Induced emf produced in a coil will be more when the
magnetic flux linked with the coil is more.

Reason (R): Induced emf produced is directly proportional to the
magnetic flux.

16. Assertion (A) : In Young’s double-slit experiment, the fringe width for
dark and bright fringes is the same.
. . . AD

Reason (R): Fringe width is given by B = i where symbols have

their usual meanings.
~55/5/2~[] VAV 11 o P.T.O.
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17.

18.

19.

20.

21.

22,

SECTION B

Suppose a pure Si crystal has 5 x 1028 atoms per m3. It is doped with
5 x 1022 atoms per m3 of Arsenic. Calculate the majority and minority
carrier concentration in the doped silicon. (Given : n; = 1-5 x 1016 m=3)

In a Youngs double-slit experiment, two waves each of
intensity I superpose each other and produce an interference pattern.
Prove that the resultant intensities at maxima and minima are 4 I and
zero respectively.

(a)  An electric iron rated 2:2 kW, 220 V is operated at 110 V supply.
Find :
1) its resistance, and
(i1)  heat produced by it in 10 minutes.
OR

(b) A current of 4:0 A flows through a wire of length 1 m and
cross-sectional area 1:0 mm?2, when potential difference of 2 V is
applied across its ends.

Calculate the resistivity of the material of the wire.

A square loop of side 10 cm, free to rotate about a vertical axis coinciding
with its one arm, is initially held perpendicular to a uniform horizontal
magnetic field of 0-2 T. If it is rotated at the uniform speed of 60 rpm,
find the emf induced in the loop.

A point source, in air, is placed at a distance of 6 cm in front of a convex
spherical surface (n = 1'5 and radius of curvature = 24 cm). Find the
position and nature of the image formed.

SECTION C

(a)  Differentiate between inductive reactance, capacitive reactance

and impedance of an ac circuit.

(b)  An ideal inductor and an ideal capacitor are connected in series
across an ac voltage. Plot a graph showing variation of net
reactance of the circuit with frequency of the applied ac voltage.

B

3

~55/5/2~[] VAN 13 o P.T.O.
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23. Two parallel plate capacitors X and Y are connected in series to a 6 V
battery. They have the same plate area and same plate separation but
capacitor X has air between its plates, whereas capacitor Y contains a
material of dielectric constant 4.

(a)

(b)

24. (a)

(b)

Calculate the capacitances of X and Y, if the equivalent capacitance
of the combination of X and Y is 4 pF.

Calculate the potential difference across the plates of X and Y. 3

1) Write any two features of nuclear forces.

(ii)) If both the number of protons and the neutrons are
conserved in each nuclear reaction, in what way is mass
converted into energy (or vice versa) in a nuclear reaction ?
Explain. 3

OR

1) Draw the number of scattered particles versus the
scattering angle graph for scattering of alpha particles by a
thin foil. Write two important conclusions that can be drawn
from this plot.

(ii)  If Bohr’s quantization postulate (angular momentum = ﬂ)

2n
is a basic law of nature, it should be equally valid for the case
of planetary motion also. Why, then, do we never speak of
quantization of orbits of planets around the Sun ? Explain. 3

25. Photoemission of electrons occurs from a metal (¢, = 1:96 V) when light of

frequency 6-4 x 1014 Hz is incident on it. Calculate : 3

(a)
(b)
(c)

~55/5/2~[]

Energy of a photon in the incident light,
The maximum kinetic energy of the emitted electrons, and

The stopping potential.
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26.

27.

28.

Questions number 29 and 30 are Case Study-based questions. Read the following

Write the expression for the magnetic field due to a current element in
vector form. Consider a 1 cm segment of a wire, centered at the origin,
carryigg a current of 10 A in positive x-direction. Calculate the magnetic
field B at a point (1 m, 1 m, 0).

Differentiate between conduction current and displacement current. A
capacitor is connected across a source providing time-dependent current.
Explain how the total current at an instant is the sum of conduction
current and displacement current in the circuit at that instant.

What are de Broglie waves? Show that the wavelength of the
electromagnetic radiation is equal to the de Broglie wavelength of its
quantum (photon).

SECTION D

paragraphs and answer the questions that follow.

29.

~55/5/2~[] VAN 17 o P.T.O.

In a Young’s double-slit experiment, the two slits behave as coherent
sources. When coherent light waves superpose over each other they
create an interference pattern of successive bright and dark regions due
to constructive and destructive interference.

Two slits 2 mm apart are illuminated by a source of monochromatic light
and the interference pattern is observed on a screen 5-0 m away from the
slits as shown in the figure.

4(mm)
Light «— 50m 2
wavelength A 2.0
— | P 1'5
10
— T
—_— 2:0 mm 0
— L
—-10
s | -15
—-2-0
—25
-30
Screen

igelil

ﬁ-ﬂlﬂ

=



(i)

(i1)

(iii)

~55/5/2~[]

78 SARTRIOT SR SohTeT o fohr 7707 R e fRia R & 2
(A)  TIRTST ST TUT SehId I

(B) RIS Shl VT Jahfdl ol

(C) SRR 3 ITTIES TeH(d

(D) STohTeT shl qUT Yehicl Tel ST Fehfel a1 ohl

(F) T ST H SR eI T qUIeed & :

(A) 720 nm
(B) 590 nm
(C) 480 nm
(D) 364 nm

AT

@) W Y Afqehor e d Thar e 2 -

(A) 1:2 mm
(B)  02mm
(C) 42mm
(D) 6:8mm

forg P w, Siet safaereor et  wep faftm ffifa S 8, 1 safoercoenrt ot
& sfter gafae 2

(A) 81x107"m

B) 72x107"m

(C) 65x107"m

D) 6:0x10"m
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(1)

(i1)

(iii)

~55/5/2~[]

=
=
n[=]

2
What property of light does this interference experiment
demonstrate ? 1
(A) Wave nature of light
(B)  Particle nature of light
(C) Transverse nature of light
(D) Both wave nature and transverse nature of light
(a) The wavelength of light used in this experiment is : 1
(A) 720 nm
(B) 590 nm
(C) 480 nm
(D) 364 nm
OR
(b)  The fringe width in the interference pattern formed on the
screen 1is : 1
(A  12mm
(B) 02mm
(C) 42mm
(D) 6:8mm
The path difference between the two waves meeting at point P,
where there is a minimum in the interference pattern is : 1
(A) 81x107"m
B) 72x10"m
(C) 65x10"m
(D) 60x10""m
ANV 19 J P.T.O.
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(iv) ST SRINT 1 Uoh UH 59 o ofiaX fsanfeq fererm iar § fSeehn staadHie 1 ﬁmm}
Aferen 2, ket e - 1
(A)  E S
(B)  ¢erell ug S
(C) I <ier we STt
(D) foge Smem

30. fomm@ fova (V) wd forpa &1 (E) Rer-forggfaehl sht 7cid fehe &9 € Helg, HehouTy
2 | forga &t w wfawr Tt & i s # foreft fow o fofg o v e it 58 e
T T AT S 2l &I LT &, Sefeh fore[a fovier weh sifest Tfir @ St smehrer
ferelt T 7w foig ox v w it goTg ATerT i Reerfast Fhoit =t sl shear @ | forga
&t 31 forgra fervrar wrefiepeont Er=_di:7qs‘r E =E, g0 wew i 8, s,
forera &t forera forwiar <l eoTTene SEUAT © | 36T ATeqd @ fof forega & wredt forvia ot
T # S0 st & 37 sHeRT afeHToT gt o wTet forse iei ST 3T % SIS BT € |
T & 9 oe & Foresh FRoT Uhieh AToRT Iea fave &) & Feaar fovia &
AR SR B & o &t fofgedt o st fonaiae 57 3T fofgett % st nforfier wahier
3Tt g TR 7w e ot frerfeor sRtaT 2 |

+

200V = 00lm e—>3x10’ ms-!

L.

€ 0:05m

v
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30.

(iv)  When the experiment is performed in a liquid of refractive index

greater than 1, then fringe pattern will :
(A) disappear

(B)  become blurred

(C)  be widened

(D)  be compressed

The electric potential (V) and electric field (E) are closely related concepts

in electrostatics. The electric field is a vector quantity that represents the

force per unit charge at a given point in space, whereas electric potential

is a scalar quantity that represents the potential energy per unit charge

at a given point in space. Electric field and electric potential are related
—-dVv

-
by the equations E, = 1 and E = Er?, i.e., electric field is the
r

negative gradient of the electric potential. This means that electric field

points in the direction of decreasing potential and its magnitude is the
rate of change of potential with distance. The electric field is the force
that drives a unit charge to move from higher potential region to lower
potential region and electric potential difference between the two points

determines the work done in moving a unit charge from one point to the

other point.
}.’
S j
200V = 001lm e—>3x10' ms-!
| /A
k

0:05m

N
v

=
=
n[E]

E
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I AT el T Tk I S & Teish ol ST 0-05 m I T &, x-y at |
Th-GHL o AHI TT 7T © | 2-378T % AR 3T offt=r A g 0-01 m 2 3N 3=
200 V o T foreld YaT & SISl T &, ST o § Se1iet 7121 © | §7 Q1 wiel o o o
T T IS gide afdstd: 3N qafid: 3 x 107 ms~! i =7l § T3 AT ® |
FOFZ I TR A AT el THTE i 3T sh SIT el ¢ |

() AFAEF AT E ¥ 1

(A) (2 x 102 Xj k

m

B) - (2 x 102 Xjf(
m

(C) (2 x10% Xj k
m

m

D) - (2 x 10% Xjf{

(i) Il o i o & |, Sl ford calol @ @ TIfd shidT R, SHFT A R ; 1
A) - (35x 10 ms?) k
B) (35 x 1015 ms2) k
(©)  (35x 103 ms2) ]
D) -(35x108ms?) i
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B

A pair of square conducting plates having sides of length 0-05 m are

arranged parallel to each other in x-y plane. They are 0-01 m apart along

z-axis and are connected to a 200 V power supply as shown in the figure.

An electron enters with a speed of 3 x 107 ms-1 horizontally and

symmetrically in the space between the two plates. Neglect the effect of

gravity on the electron.

(1)

(ii)

~55/5/2~[]

%
The electric field E in the region between the plates is : 1

(A) (2 x 102 Xj k
m

B) - (2 x 102 Xjf{
m

(C) (2 x10% Xj k
m

D) - (2 x10% Xjf{
m

In the region between the plates, the electron moves with an

acceleration & given by : 1
A
(A) —(35x10¥% ms?) k
A
(B) (35x10¥ ms2) k
A
(C) (35x1018 ms2) i

N
(D) —(35x10183ms2) i
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(iii) (F) T2 T o & W T § TAF A FRT T 7T T S ©
(A) 90x109s (B) 167x1078s
(C) 167x109s (D) 2:17x109s
AT
(@) Tl o S o & H Il H Solag i ol SHea e forum
(A) 10 mm (B) 49 mm
(C)  59mm (D) 3:0 mm

(iv)

31. (%)

Q1 W o sitel Setergid g SFiRad wor fwfetfiad # & shi-ar 8 2

b
B
: d
e a
A 005 m
c
(A) a B) b
) ¢ D) d

(1)

Qe g

I3 ATAHRR U STl 13T I TS a T 1SS b & 3R oo

N

T I SeTfed €1 Tat & foheft <arehir & B @ webr v 2 6 g
FAERm A &7 B R ¥ o 10T S ¥ | T I S
HETIT Y, TR o o[ W T Tl S, T = m B dare,
aﬁn?(ﬂz)ﬂfrwgwsﬁzr%gawaﬁ%l
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(iii)

(iv)

31. (a)

~55/5/2~[]

[=12 [
i
(a)  Time interval during which an electron moves through the
region between the plates is : 1
(A) 90x109s (B) 167x1078s
(C) 167x109s (D) 217x109s
OR
(b) The vertical displacement of the electron which travels
through the region between the plates is : 1
(A) 10 mm (B) 49 mm
(C©) 59 mm (D) 3:0 mm
Which one of the following is the path traced by the electron in
between the two plates ? 1
B b
¢ d
e a
A 005 m
c
A a B) b
C) ¢ (D) d
SECTION E
1) A rectangular loop of sides a and b carrying current I is
— —
placed in a magnetic field B such that its area vector A
%
makes an angle 6 with B . With the help of a suitable
diagram, show that the torque T acting on the loop is given
> > 2 — .. -
by © = m x B, where m (=1 A) is the magnetic dipole
moment of the loop.
VAN 25 ] P.T.O.
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(i1)

(1)

(i1)

100 U wdf (%J em TrsaT Y Uk IR et SreH 5-0 A st g
YaTfed & T 7, 2-0 T o forelt Toram st Jraehia & # Sreataa:
TeH T3 8 | & ol o Fheelt & wwae 98 W Elie e sfies @ 30°
1 10T ST @ | TRkt SIS :

W) e e g s,

(I) 39 SRk SA-3ATE HT TRATT ST el i I 8 Uk o
T 50 T T ST ATt B |

YT

TFTE L T S-S &6 A TS T el W A A F
& fou =i gea=1 ifsg, fad aw 1 yanfea & @ @ o @
%ﬁsﬁaéﬂ_ﬁﬁr@w%l

#E dr & o 2.0 A amr venfed & @ R, 3@ Tk 9T I 9 AR
90° T HIgTH B (050 T) k o THEHT relchid &1 H 1T T R,
ST o | ST TRIT R | AR 9 AT ST A oA oh TRHTIT hT Tiehel
i |

X X X
v 20 cm

y
v
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(b)

~55/5/2~[]

(i1)

(i)

(i1)

A circular coil of 100 turns and radius (Ej cm carrying

N

current of 5:0 A is suspended vertically in a wuniform
horizontal magnetic field of 2:0 T. The field makes an angle

30° with the normal to the coil. Calculate :

D the magnetic dipole moment of the coil, and

(I) the magnitude of the counter torque that must be

applied to prevent the coil from turning.

OR

%
Derive an expression for the force F acting on a conductor
of length L. and area of cross-section A carrying current I

_>
and placed in a magnetic field B .

A part of a wire carrying 2:0 A current and bent at 90° at
two points is placed in a region of uniform magnetic field
%

B =-(050T) ﬁ, as shown in the figure. Calculate the

magnitude of the net force acting on the wire.

X X X X X X

X X X x A
v 20 cm
xX

X x X x X

£ 4
v
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(ii)

(1)

(i1)

(1)

THA TN T U EHiR RS a’ =iers i Thd i W
Afiretaed smfaa € 3R foada fed =i fafel @ D gt @ we ™
Siferet fera ST & | ST HiTT

(D)  foada ¥ 0 stearsi va fAfeast &1 o=, qen

(II)  Sfeasi 1 §E&AT (n) § 9hg AT Ie ATIHIF qoict T erdm
ST e |

Tefert & o SafeRtor Yo ud Toha-fert @ o forared et o sffer Sfa o
13 a1 forg foflag |

HYAT

T FotoT ST 1 HETIdT ¥, Tk YEHaRll shl ETaT U Hrifafer s
U ShiferT |

(1) et SacT <9 o T £ U 2f o sffer T fopedt fofer =T ameafareh
gfdfeer, gfdfse sht AafEafd W /@ 7T U We W 3@ ST FehdT
¥ | I TeT ger <, f . 39 srafkufa § anft oft wfafesr formm
3 7 = it |

(I) ¥HaA Td 3 U foiel o ATt Siifei a1 € | /1 %5
uftfearfaat & s arfoss gfafse oft sAQ ST o & 2 =
HIT |

e T oh Hfer T ST Fea~T T |
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32. (a)

(b)

33. (a)

~55/5/2~[]

(i)

(ii)

(1)

(i1)

(1)

B
ﬁﬁ-ﬂlil

A parallel beam of monochromatic light falls normally on a
single slit of width ‘@’ and a diffraction pattern is observed

on a screen placed at distance D from the slits. Explain :

D the formation of maxima and minima in the

diffraction pattern, and

(II) why the maxima go on becoming weaker and weaker

with its increasing number (n).

Write any two points of difference between interference
pattern due to double-slit and diffraction pattern due to

single-slit. 5

OR

With the help of a ray diagram, describe the construction

and working of a compound microscope.

(I)  The real image of an object placed between f and 2f
from a convex lens can be seen on a screen placed at
the image location. If the screen is removed, is the

image still there ? Explain.

(II) Plane and convex mirrors produce virtual images of
objects. Can they produce real images under some

circumstances ? Explain. 5

Derive the condition for which a Wheatstone Bridge is

balanced.
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i) fo=r o Twiw g ooy # e @ A 3O WK W OUW 3
Hifer | 5

20 Q

12 Q

@) () S SR A FITEI-FE ST 1 T SRR AT @ | =rere o

%
T &I & ST T@T STTT & ST Sl o vd(|;>d| - elEl g

m

IR B B, (STET Tdflent o a3 arar=r 37 ) | ev1isu foh <imere &

2
veTeh i TR 6 = 2 1§
m

(i)  forelt orq % a1 gy 20°C W 1-05 Q & 3R 100°C W 1-38 Q
| 39 9T 1 19 SRITEehaT Tuieh J1d shiieTg | 5
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(ii)

() @

(ii)

~55/5/2~[]

Determine the current in 3 Q branch of a Wheatstone Bridge

in the circuit shown in the figure.

20 Q 20

AN

3Q

4

12 Q 1Q

6V
Il

OR

Consider a cylindrical conductor of length / and area of
cross-section A. Current I is maintained in the conductor

E
elE| ), (where

_>
and electrons drift with velocity vy (| vq | =

symbols have their usual meanings). Show that the
conductivity o of the material of the conductor is given by

1’162

c=—171
m

The resistance of a metal wire at 20°C is 1:05 Q and at
100°C is 1-38 Q. Determine the temperature coefficient of

resistivity of this metal.
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