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General Instructions :
Read the following instructions carefully and follow them :

(1)
(i1)
(iti)
(iv)
(v)
(vi)
(vit)
(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 =663 x 1073* Js
e=16x10"1C
Wo = 471 X 107" Tm AL
gg = 8854 x 10712 C2 N1 m~
1

4n80

=9x 107 N m? C2

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

13-55/3/2 3 P.T.O.
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SECTION A

1. An isolated conductor, with a cavity, has a net charge +Q. A point charge
+q is inside the cavity. The charges on the cavity wall and the outer
surface are respectively :

(A) 0andQ (B) —qand Q —q
(C) —-qandQ+q (D) 0and Q—q

2. A proton is taken from point P; to point Py, both located in an electric
field. The potentials at points P; and P, are — 5 V and + 5 V respectively.
Assuming that kinetic energies of the proton at points P; and P, are zero,

the work done on the proton is :

(A) -16x10"187J (B) 16 x 10718 J
(C)  Zero (D) 0-8 x 10718 J
3. A 2.0 cm segment of wire, carrying 5.0 A current in positive y-direction

lies along y-axis, as shown in the figure. The magnetic field at a point
(3 m, 4 m, 0) due to this segment (part of a circuit) is :

(A)  (0-12nT) ]
(B) -(0-10nT) j
(©) -(0-24nD) k
D) (02407 k

13-55/3/2 5 P.T.O.
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4, Two thin long parallel wires separated by a distance ‘a’ carry current ‘T
in opposite directions. The wires will :

2
(A)  Repel each other with a force ; of 5 » ber unit length.
na

2
(B)  Attract each other with a force = of 5 » ber unit length.
2ma

2
(C)  Attract each other with a force P;O—I , per unit length.
na

2
(D)  Repel each other with a force ; of , per unit length.
na

_)
5. A current carrying circular loop of magnetic moment M is suspended in
%
a vertical plane in an external magnetic field B such that its plane is
%
normal to B . The work done in rotating this loop by 45° about an axis

%
perpendicular to B is closest to :
(A) -0-3MB (B) 0.3MB
(C) -1.7MB (D) 1.7MB
6. The mutual inductance of two coils C; and C, is 20 mH. In coil Cq,

the current changes from 4 A to zero in 0-2 s. If the resistance of coil

C, is 4 Q, then the charge that flows through it per second will be :

(A) 4.0C (B) 15C
(C) 0.05C (D) 01C
7. Consider a solenoid of length /[ and area of cross-section A with fixed

number of turns. The self-inductance of the solenoid will increase if :
(A) both! and A are increased

(B) [is decreased and A is increased
(C) lisincreased and A is decreased
(D)  both !/ and A are decreased
13-55/3/2 7 P.T.O.
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10.

11.

Electromagnetic waves with frequency 1.0 x 1018 Hz are known as :
(A) Infrared rays (B)  Ultraviolet rays
(C) X-rays (D) Gamma rays

A proton and an alpha particle having equal velocities approach a target
nucleus. They come momentarily to rest and then reverse their
directions. The ratio of the distance of closest approach of the proton to
that of the alpha particle will be :

(A) B) 2

(C) D) 4

B N

The figure shows the variation of stopping potential V with frequency v
of incident radiation, for three materials M;, My, and M3 with work

functions ¢, ¢ and ¢4 respectively. Then :

Vo
N M ]. M2 M3

(A ¢1> 9> dg
B) b9 >d3>0;
(C)  d3>d9>dy
(D) ¢g >y >dg

An electron makes a transition from n = 2 level to n = 1 level in the Bohr
model of a hydrogen atom. Its period of revolution :

(A) increases by 87-5%
(B)  decreases by 87-5%
(C) increases by 43-75%
(D)  decreases by 43:75%

13-55/3/2 9 P.T.O.
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12. Si is doped with a pentavalent element. The energy required to set the
additional electron free is about :

(A)  0:01eV (B) 0-05eV
(C) 072eV (D) 11eV

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) Assertion (A) is false and Reason (R) is also false.

13. Assertion (A) : In a semiconductor, the electrons in the conduction band
have lesser energy than those in the valence band.

Reason (R): Donor energy level is just above the valence band in a

semiconductor.

14. Assertion (A) : Photoelectric effect demonstrates the particle nature of
light.

Reason (R): Photoelectric current is proportional to frequency of

incident radiation.

15. Assertion (A) : A proton and an electron enter a uniform magnetic field
%
B with the same momentum 5) such that 5) is
%
perpendicular to B . They describe circular paths of the

same radius.

Reason (R): In a magnetic field, orbital radius r is equal to %

q
13-55/3/2 11 P.T.O.
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16.

17.

18.

19.

20.

21.

13-55/3/2 13 P.T.O.

Assertion (A) : A convex lens, when immersed in a liquid, disappears.

Reason (R): The refractive indices of material of the lens and the

liquid are equal.

SECTION B

(a) What is meant by ‘relaxation time’ of free electrons in a conductor ?
Show that the resistance of a conductor can be expressed by

m!

R = — > where symbols have their usual meanings.
ne“t A

OR
(b) Draw the circuit diagram of a Wheatstone bridge. Obtain the

condition when no current flows through the galvanometer in it.

The magnifying power of an astronomical telescope is 24. In normal
adjustment, distance between its two lenses is 150 cm. Find the focal

length of the objective lens.

Write two points of difference between interference and diffraction of

light.

Light of wavelength 500 nm is incident on caesium metal (work function
2:14 eV) and photoemission of electrons occurs. Calculate the (i) kinetic
energy (in eV) of the fastest electrons and (ii) stopping potential for this
situation. (Take hc = 1240 eV.nm)

Suppose a pure Si crystal has 5 x 1028 atoms m=3. It is doped by 1 ppm
concentration of boron. Calculate the concentration of holes and

electrons, given that n; = 1-5 x 1016 m=3, Is the doped crystal n-type or
p-type ?



22,

23.

24.

wus

3G 9.9, 9 (emf) E T AN IR r Sl i sl 3IR@ H T
e fopelt uftuy & Terg 8 | Foit (K) o Gl &F W dlceHIX 1 IS
10-0 V 1 UHIX 1 UTeelTeh I UERR B | 9RUY & g W dieeHIet
IS 6-0 V AT THIST 1 UIeaITeh 2:0 AR | Iiehierd hifmg :

(%) &b &1 fa.a1. 96 (emf),
(@) st &1 rwafes gfaqe (r), 99

(1)  «Te gfalY (R) |

I
i : | E T i 1
<1 L <
W
IETa
V)
®
ANV ()
R K

STPA A I PR STAAEHR T Y 4 [ TR & @ 2, e v
e &7 B H O & | ST A I GEEdl & 6w W HE w0 A
FA-3T01 o T afesr €9 # A9k Fead HiT |

Toret ac gftwy <hY gfdard 3R Sfaemen o = faves hifvu | a8 ewist for foreh
acqﬁwﬁ%ﬁmﬁwﬁaﬁémﬁﬁ Wqﬁﬁ% |

13-55/3/2 14



22,

23.

24.

SECTION C

A battery of unknown emf E and internal resistance r is connected in a
circuit as shown in the figure. When the key (K) is open, the voltmeter
reads 10-0 V and ammeter reads 0 A. In the closed circuit, the voltmeter

reads 6:0 V and ammeter reads 2-:0 A. Calculate : 3

(a) emf of the battery,
(b) internal resistance of the battery (r), and

(¢) external resistance (R).

A-

AF

:
_@

=
~

9
A rectangular loop of area A , carrying current I, is placed in a uniform
9
magnetic field B . With the help of a suitable diagram, derive an

expression, in vector form, for the torque acting on the loop. 3

Distinguish between reactance and impedance of an ac circuit. Show that

an ideal inductor in an ac circuit does not dissipate any power. 3

13-55/3/2 15 P.T.O.
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25. The electric field in an electromagnetic wave in vacuum is given by :

(a)
(b)
(c)

%
E = (6:3 N/C) [cos (1-5 rad/m) y + (4-5 x 108 rad/s) t] 1
Find the wavelength and frequency of the wave.

What is the amplitude of the magnetic field of the wave ?

Write an expression for the magnetic field of this wave. 3

26. Explain the origin of the spectral lines of hydrogen atom using Bohr’s

theory. Draw the energy level diagram of hydrogen atom showing its

various spectral series. 3

27. (a)

(b)

28. (a)

(b)

13-55/3/2

Define atomic mass unit (u).

Calculate the energy required to separate a deuteron into its

constituent parts (a proton and a neutron). Given : 3
m(D) = 2.014102 u
myy = 1.007825 u

m_ = 1-008665 u

Draw the circuit diagrams for obtaining the V — I characteristics of
a p-n junction diode. Explain briefly the salient features of the

V — I characteristics in (i) forward biasing, and (ii) reverse biasing. 3
OR

On the basis of energy band diagrams, distinguish between (i) an

insulator, (i1) a semiconductor, and (ii1) a conductor. 3

17 P.T.O.
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SECTION D
Case Study Based Questions

Questions number 29 and 30 are case study based questions. Read the following
paragraphs and answer the questions that follow.

29. The figure shows four pairs of parallel identical conducting plates,
separated by the same distance 2-0 cm and arranged perpendicular to
x-axis. The electric potential of each plate is mentioned. The electric field
between a pair of plates is uniform and normal to the plates.

=70V -50V -50V +150V -20V 4200V -100V —400V lé

I II 111
—> A
(1) For which pair of the plates is the electric field E along i ? 1
(A) I (B) 1II
(C) III D) IV

(i1))  An electron is released midway between the plates of pair IV. It
will : 1

(A) move along 1 at constant speed
(B) move along ~1 at constant speed
(C) accelerate along h

(D) accelerate along ~4

(iii) Let V( be the potential at the left plate of any set, taken to be at
x = 0 m. Then potential V at any point (0 < x < 2 cm) between the

plates of that set can be expressed as : 1
(A) V=Vy+ax (B) V=Vg+ax?
(C) V=Vy+axl? (D) V=Vy+ax3?2

where o is a constant, positive or negative.
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30.

(iv) (%) T oo gfgersti & el I, 11, 111 3R IV & i foga &= &
IR A B, Eo, Eg 3 E, 2 | 19 :

(A) E{>Eo>E3>E, (B) Eg>E >E;>E,
(C) E 4>Eg>Eg>E (D) Eg>Eg>E,>E,;
AT

(@) e soiag@ 1 B2 1<l grRff ufgewt @ S & arff ufgem 6
IR g&Ifd foram o 2 | 98 S ufgem W form # o1 S B |
o = 9 38 vaifua foman mn o 97 & o
(e/m =1.76 x 1011 C/kg =if@)
(A) 1.3 x 10° m/s (B) 2.6 x 108 m/s

(C) 6-5x 10% m/s (D) 5.2 x107 m/s

fada i safqemor ferean aftgead 8 S wes @1y gedt 8 | faada wHh
qitareT 8 Ty ehtet ser o hivn (SNT) T ehdT B, Seich YehI9T o ST
T qUN o GASE T Teh 931 0T 92 99dT 8 | SRl o [ hH-H-hH faadH
LA S qUIN BT BT TS g | Ad: fada fomr =afaeor & @ oo g,
Seifer safdentor fomT faads & @1 &1 Tehar ? |

forelt sumesft uqrd ® g et 2, S0 g il TisiE 2 um ® 1 3 =
H 6 um 7, TANAT T TIC 450 nm o THATT TR 1 AFIE]. AT

HUHL T T TIh SATqehol AR foaa de Jred g & |

(1)  fagdd Ued o a0 & Hod MY & HR 4 I Al TS

Sfiat < g anf
(A) 2 (B) 3
(C) 4 (D) 6
(i) il & &= & g w1 FEE TEd g At fafa i wter @ T S,
ql S ITed STl o ST bl &A1 BT
A 1 B) 2
(C) 3 (D) 4
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(iv) (a) Let Eq, E,, E5 and E, be the magnitudes of the electric field

between the pairs of plates, I, II, III and IV respectively.
Then : 1

(A) E{>Ey>Eg3>E, (B) Eg>E,>E;>E,
(C) E4>E3>E2>E1 (D) E2>E3>E4>E1

OR

(b)  An electron is projected from the right plate of set I directly
towards its left plate. It just comes to rest at the plate. The
speed with which it was projected is about :

(Take (e/m) =1-76 x 1011 C/kg) 1
(A) 1.3 x 105 m/s (B) 2-6 x 106 m/s
(C) 6.5x10°m/s (D) 5.2 x 107 m/s

30. Diffraction and interference are closely related phenomena that occur
together. Diffraction is the phenomenon of bending of light around the
edges of the obstacle, while interference is the combination of waves that
results in a new wave pattern. In order to get interference, there must be
at least two waves that are diffracting. So while diffraction can occur
without interference, interference cannot occur without diffraction.

Two slits of width 2 um each in an opaque material are separated by a
distance of 6 um. Monochromatic light of wavelength 450 nm is incident
normally on the slits. One finds a combined interference and diffraction
pattern on the screen.

(1) The number of peaks of the interference fringes formed within the

central peak of the envelope of the diffraction pattern will be : 1
(A) 2 (B) 3
C) 4 (D) 6

(i1))  The number of peaks of the interference formed if the slit width is
doubled while keeping the distance between the slits same will be : 1
A 1 B) 2
C) 3 D) 4
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(iii)

(iv)

31. (%)

13-55/3/2

(%)

Ife 450 nm & TAF W 680 nm dUICEH o Tkl hl Teh I
ThRT TN foman STam B, o faeds Yo o 3Tawer o Segig 3N
T o9 Il SATaehlul o 39T <hl T&3T gl

(A) 2 (B) 4

C) 6 D) 9
Agar

TH Yoh(UT I H IiUid Tehdd 30 1T Johiel o fadd W o=
hifeTe | ygern THfss o/ o 0 w firvem, =8 i 2 -

(A) sin—1(0-12) (B) sin—1(0.-225)
(C) sin—1(0-32) (D) sin—1(0-45)

fafi & %mﬁ@qﬂ@mmﬁ% 1 m W ST & HROT S T

Irehictl fohetl <Al g 2

(A) 2 (B) 3

C) o6 (D) 10
QU §

(1)

(ii)

(1)

(i1)

forelt T ufgert @unfa, St dfgwet & i w15 wega
ey B, <hl GTiaT o fofw =5eieh ea <hifsiw |

0-2 m Br==n = fereft enfeaess @it M &1 6 pC A feam mw
2139 M & (1) I8 3R (ii) g W fawg sma Hifre |
AT

o= R o Topdlt uael =rmetes el @ld W+ Q Ta fed@ ® |
TSH o THA 1 ITAN ik @i o [T fog (1) ST @ o Wi
7, AT (i) S @ § 91 8, | foga &= & fou == oo
hifor |

g ST Toh FHAM AEY T (6) b foTq =Teres dfgert S7era
53 o TR0 § foga & foREl perere fie o faga &9 W
THT BT B |
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(iii)

(iv)

31. (a)

(b)

13-55/3/2

(a) If instead of 450 nm light, another light of wavelength
680 nm is used, number of peaks of the interference formed
in the central peak of the envelope of the diffraction pattern

will be :

(A) 2 (B) 4

(C) 6 D) 9
OR

(b)  Consider the diffraction of light by a single slit described in
this case study. The first minimum falls at an angle 6 equal

to :
(A) sin—1(0-12) (B) sin—1(0-225)
(C) sin~1(0-32) (D) sin—1(0-45)

The number of bright fringes formed due to interference on 1 m of

screen placed at %m away from the slits is :

(A) 2 (B) 3
(C) 6 (D) 10
SECTION E

(i)  Obtain the expression for the capacitance of a parallel plate
capacitor with a dielectric medium between its plates.

(i1)) A charge of 6 uC is given to a hollow metallic sphere of radius
0-2 m. Find the potential at (i) the surface and (ii) the centre
of the sphere.

OR

(i) A charge + Q is placed on a thin conducting spherical shell of
radius R. Use Gauss’s theorem to derive an expression for the
electric field at a point lying (i) inside and (ii) outside the shell.

(ii)) Show that the electric field for same charge density (o) is
twice in case of a conducting plate or surface than in a

nonconducting sheet.
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32. (%)
(@)

33. (&)

13-55/3/2

(1)

(i1)

(1)

(i1)

(1)

(1) forelt freamdiex &t g gonfaar & w1 aread 8 2 39 e
1 Seoi@ Hifore i 1 77 feft &t 2

(2) ot e ot gfeia G 7, =t foreft wfatg R &1
TN ek (0 — V) IRER & dieedfiet § qiafda feram =
31w e @ (o_gj afew % dieeer #
giEfdd o o T 3Teawes gfaiy 1 99, R3IW G
qel H Td IT |

5 Q Wity <t fopet Fugelt & o dTcl raeh Faed § T0F oh

1Y 39 TR Jhg B B

o =(2-0t3 +5.0t2 + 6.0 t) mWb
t =2 s W S H YN 9T T IHHATIT J1a hITrT |

AT

N B AT ITTIEI-HIC &ThA A i fohell JRABR Fugar i
TRl Ui A o | foREl ThEHE gk &9 § ol st
T g | fopet off T W pueett # Ufa fa.ar. 9d (emf) % fow
Sk ITed HIfT |

1 EAA qAT Hehrgl IR AT Ly 3R Ly 319 gl ohl HUTd
@@WH&%%ILlﬁILQﬁWWzlcm?:ﬁT
100 cm & | S UISN 1 31T Yehcd UNehield shifel@ |

(n2 = 10 <)

forel TrgemepR TS5 @ 319y ol guIH aTelt Jehrer fohtor 1 99
Imfgd T 3 A, i 3 e & g # fagem &7 (5) & fow
ST I ShIFTT | T&T citehl o 319+ BT 37 8 | 3ITaa ShivT
% @1 faae wivl & fo=ror 1 guiv o foe o Eifem |
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32. (a)

(b)

33. (a)

13-55/3/2

(i)

(i)

(1)

(i1)

(1)

(1) What is meant by current sensitivity of a galvanometer ?

Mention the factors on which it depends.

(2) A galvanometer of resistance G is converted into a
voltmeter of range (0 — V) by using a resistance R. Find
the resistance, in terms of R and G, required to convert it

into a voltmeter of range (0 — gj .

The magnetic flux through a coil of resistance 5 Q increases

with time as :
b =(2.0t3 +5.0t2 + 6.0 t) mWb

Find the magnitude of induced current through the coil at

t=2s.
OR

A rectangular coil of N turns and area of cross-section A is
rotated at a steady angular speed ® in a uniform magnetic
field. Obtain an expression for the emf induced in the coil at

any instant of time.

Two coplanar and concentric circular loops L and Lo are
placed coaxially with their centres coinciding. The radii of L

and Lo are 1 cm and 100 cm respectively. Calculate the

mutual inductance of the loops. (Take n2 = 10)

Trace the path of a ray of light showing refraction through a
triangular prism and hence obtain an expression for angle of
deviation (3) in terms of A, i and e, where symbols have their
usual meanings. Draw a graph showing the variation of angle

of deviation with the angle of incidence.
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(i) RG H s Ty forur Tt uresff 2g & W 9dad = o didd
T Ik Teh Hedeh T 45° o hiU T 3T9a hidl & | Ffa et
%ot AB % TG THA It 8 | §F 1 YIS A hITTT |

A 45° D

AT

(@) (1) T FA-geg YHE G Feped areft @y o, e
Tk 1 TRM ‘@’ AT A o 7, 6 [ATH y; = a cos ot K
Yo = a cos (ot + ¢) N FH&Ud fhy 7T 8 | F&T ¢ g1 T o =
HATR 8 | F GHT TohTe ql ferell forrg W eamiar et € | 39
forrg ox aformHt disrar o fore sustes e <hifs |

i) I & il vom 4, 99 @ e o oo ol o fedt e
% 9 frgell W () < 3R G o % TR W g @
forgatt W diorameti w1 31U Fa HIT |

13-55/3/2 26



(b)

13-55/3/2

(i1)

(1)

(i1)

In the figure, a ray of light is incident on a transparent liquid
contained in a thin glass box at an angle of 45° with its one
face. The emergent ray passes along the face AB. Find the

refractive index of the liquid.

A 45° D

OR

The displacement of two light waves, each of amplitude ‘a’ and
frequency o, emanating from two coherent sources of light,
are given by y; = a cos ot and y, = a cos (ot + ¢). ¢ is the
phase difference between the two waves. These light waves
superpose at a point. Obtain the expression for the resultant

intensity at that point.

In Young’s double slit experiment, find the ratio of intensities
at two points on a screen when waves emanating from two

slits reaching these points have path differences (i) % and

e A
(11) 1z

27



