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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
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SECTION A

Radiation of wavelength 331 nm irradiates the following metals :

Metal Work Function
(eV)
Na 1-92
K 2-15
Ca 3-20
Mo 4-17

Which of the following statements is correct ?

(A)  Only Na and K show photoelectric emission.

(B)  Only Mo will not show photoelectric emission.

(C)  All of the given metals show photoelectric emission.

(D) None of them show photoelectric emission.

The ratio of amplitude of electric field to the amplitude of the magnetic
field associated with an electromagnetic wave propagating in glass
(n=15)is:

(A) 3x108ms! B) 2x108ms™!
(C) 33x109ms! D) 5x10 9 ms?!

An ac voltage is given as v =14 sin (314t) V. The average and the
effective value of the voltage (in V) over a cycle are respectively :

(A) 14 and 7 (B) 10 and 14
(C) 0 and 10 (D) 10andO

In a reversed-biased p-n junction diode, the applied voltage mostly drops

across :

(A)  p-region only
(B)  n-region only
(C)  depletion region
(D)  the diode

e
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5. Two particles of masses m; and m, having charges q; and q, respectively
are projected with the same velocity in a region of uniform magnetic field
%
B pointing vertically upward. If they describe circular paths as shown in

the figure, one may conclude that :

B
© © © © o
© © ©
© moW20 ®
© © © ©
1 2
© © © ©
@& 2.4 ® M.
my g my  q
© M. o 2 %2
my dg mg G
6. Paschen series in spectrum of hydrogen atom lies in :

(A) infrared region
(B)  ultraviolet region
(C)  visible region

(D) partly in ultraviolet region and partly in visible region

7. The kinetic energy of a charged particle is increased to four times of its
initial value. The de Broglie wavelength associated with the particle will :

(A) increase by 100% of its initial value.
(B) increase by 50% of its initial value.
(C)  decrease by 25% of its initial value.

(D) decrease by 50% of its initial value.

~55/4/3~[] ANV 7 J P.T.O.
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The resistivity p of a metal increases with rise in temperature because :
(A)  only relaxation time ‘T’ of electrons decreases with temperature.
(B)  only number of electrons per unit volume ‘n’ increases appreciably.
(C) ‘7" decreases with temperature but ‘n’ does not change appreciably.

(D) ‘T’ decreases with temperature and ‘n’ increases.

Two coils are placed closed to each other. The mutual inductance of the

pair of coils depends upon the :

(A) rate at which currents change in the two coils.
(B) relative position and orientation of the coils.
(C)  currents in the two coils.

(D) value of voltage induced in one coil due to change in value of

current in the other coil.

Which of the following statements is true about mobility of charge

carriers in a metal ?

(A)  Mobility increases with increase in applied electric field.
(B)  Mobility decreases with increase in temperature.

(C)  Mobility is independent of the mass of the charge carrier.

(D)  Mobility increases with increase in temperature

A galvanometer of resistance G is converted into a voltmeter of range
(0 = V) by connecting a resistor of 250 Q with it. If resistor of 250 Q is
replaced by another resistor of 900 Q, its range becomes (0 — 3 V). The

resistance G of the galvanometer is :
(A) 150Q B) 125Q
(C) 100Q D) T5Q

~55/4/3~[] ANV 9 J P.T.O.
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12. Photons of frequency v are incident on the surfaces of two metals A and B

of threshold frequencies % and % The ratio of maximum kinetic energy

of electrons emitted from metal A to that from metal B is :

(A)

(&)

(O}

(B)

wWlind |-
Do

(D)

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)

(B)

(®)
(D)

Both Assertion (A) and Reason (R) are true and Reason (R) is the

correct explanation of the Assertion (A).

Both Assertion (A) and Reason (R) are true, but Reason (R) is not

the correct explanation of the Assertion (A).
Assertion (A) is true, but Reason (R) is false.

Both Assertion (A) and Reason (R) are false.

13. Assertion (A) : When a convex lens made of glass is immersed in water,

its converging power increases.

Reason (R): The focal length of a lens depends only on the radii of

curvature of its two faces.

14. Assertion (A) : The conductivity of an n-type semiconductor is higher

than that of a p-type semiconductor at a given

temperature.

Reason (R): The electrons being in the conduction band in n-type

~55/4/3~[]

semiconductor are more mobile than the holes in the

valence band in p-type semiconductor.
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18.

Assertion (A) : The work done, in taking a unit charge around a closed
loop of an electric circuit involving cells and resistors in

the loop, is zero.

Reason (R): The potential at a point depends on the location of the
point in the loop. After completing one round, the charge

comes back to the point of start.

Assertion (A): When a ferromagnetic substance is heated to high

temperature it becomes paramagnetic in nature.

Reason (R): The disappearance of magnetisation of a ferromagnet is

abrupt and not gradual.

SECTION B

The hole concentration in an intrinsic semiconductor is 5 x 108 m=3.
When it is doped with certain impurity, the electron concentration
becomes 4 x 1012 m=3. Find the new value of the hole concentration. Also

identify the type of new semiconductor formed after doping.

An electric dipole consists of two point charges +1 uC and -1 puC, held
10 cm apart. It is subjected to a uniform electric field of 100 N/C.
Calculate the amount of work done in turning the dipole from its position

of stable equilibrium to the position of unstable equilibrium, in the field.

%EI

m
i

=
=]

2
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20.

21.

22.

23.

(a)  State Huygens principle. How did Huygens justify the absence of

the backwave on a spherical wavefront ?
OR

(b) In a single-slit diffraction experiment, light of wavelength A
illuminates the slit of width ‘a’. The diffraction pattern is observed

on a screen kept at a distance D from the slits.

(1) Depict variation of intensity in the fringe pattern with the

angular position of the fringes.

(i1) How is the linear width of central maximum affected when

separation between the slit and the screen is decreased ?

A convex lens of refractive index 1'5 has a focal length of 20 cm in air.
Find its nature and focal length when it is immersed in a transparent

liquid of refractive index 1-25.

Differentiate between nuclear fission and nuclear fusion, giving one

example for each.

SECTION C

With the help of a circuit diagram, explain the working of a full wave

rectifier. Depict the input and output waveforms.

(a)  Explain how the dual aspect of matter is evident in the de Broglie

relation.

(b)  Radiation of wavelength A is incident on a photosensitive surface.
Find the de Broglie wavelength of electrons emitted from the

surface. Assume that the work function of the surface is negligible.

[=] 3=
=
=

4

3
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24, (a) The figure given below shows three straight long parallel
conductors @, @ and @ kept in x-y plane, carrying currents 21,
I and 3I respectively as shown in figure.
S—®
f y
i
g
f > ® .
d
‘l’ < Z
T ®
Find the magnitude and direction of :
1) net magnetic field at a point on conductor @ and
(i1) net magnetic force acting on unit length of conductor @, due
to conductors @ and @ 3
OR
(b) A rectangular loop of sides [ and b and resistance ‘R’ is kept in a
region in which the magnetic field varies as B = B sin wt.
(1) Derive expression for the emf induced in the loop.
(ii))  Find the effective value of current that flows in the loop. 3
25. What are X-rays ? How are they produced ? Give two uses of X-rays. 3
26. (a) Distinguish between isotopes and isobars, giving one example for
each.
(b)  Derive the relation between atomic mass unit (u) and electron volt
(eV). 3
27. (a) ‘Current is a scalar quantity, although we represent current with
an arrow.’ Explain.
(b)  Derive the balance condition of a Wheatstone Bridge. 3

~55/4/3~[] VAN 17 o P.T.O.
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28. Two coils, one of radius 0-5 cm having 10 turns and the other of radius
5 cm having 50 turns are placed coaxially in air such that their centres
are coincident. Calculate :

(a)  the magnetic flux through the smaller coil if the larger coil carries
a current of 3 A, and

(b) the mutual inductance of the two coils. 3

SECTION D

Questions number 29 and 30 are Case Study-based questions. Read the following
paragraphs and answer the questions that follow.

29. An astronomical telescope consists of two converging lenses. One of them
of large aperture and large focal length is called objective lens and the
other one, of smaller focal length and smaller aperture is called the
eyepiece. It is used to see distant objects which are not seen clearly with
naked eyes. The image formed by the objective lens acts as an object for

the eyepiece and the final image produced by the eyepiece is magnified.

1) The images formed by the objective lens and the eyepiece are
respectively : 1
(A)  virtual, real
(B) real, virtual
(C)  wvirtual, virtual

(D) real, real

(ii))  The magnification produced by the telescope does not depend upon
the : 1

(A)  colour of light
(B)  focal length of objective lens
(C)  focal length of eyepiece

(D) apertures of objective lens and eyepiece
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(A)

(B)

(&)
(D)

(%)

)

ARIT T H -1 hUT 36 SATERT & f gt 78T © 2

~

TG o Al Brohd gl (f,) AT shT wiwd gl (f,) ¥ Sferen et
2l

SHeR TR Tl I AN o (f,) T BIwd gl o g Fh
ST ST FHAT 2 |

ST o o Sfte gl (f, + f,) ¥ ST Bt 8 |

SHERT ST &7 bl AT sh BIohH G SGTeRT FH TohaT ST Hhal & |

foret Tiict SefiemiT & fgeass | T At & B giat
A 80 cm TS 4 cm B | @ wuew i Rufq & yfafss &
SRR % feT0 3 SFal 3 oftel gl Bl =R ;
(€)  20cm (D) 320 cm

AUAT

I (iv) () | afvia Sefienid il G qes I ATere emar gnft 1

(A) 320 (B) 84
(C) 76 (D) 20

30. s forameff forelt st ferer X o wickier 1 A S1d o6t o forg ot 7 awiie s1qem
TR TTTUT AT § SR IR 2157k 1 SUANT Fleh AleeHISt T UHTE o qTShi

T qi=ad Aifad HLdr @ |
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(iii)  Which of the following statements is not correct for this telescope ? 1
(A)  The focal length of objective lens (f,) is larger than the focal
length of eyepiece (f,).
(B) Its magnifying power can be increased by increasing the
focal length of objective lens (f,).
(C)  The distance between two lenses is more than (f, + f,).
(D) The magnifying power can be decreased by increasing the
focal length of eyepiece.
(iv) (a) An astronomical telescope has objective lens and eyepiece of
focal lengths 80 cm and 4 cm respectively. To view the image
in normal adjustment, the lenses must be separated by a
distance of : 1
(A) 84 cm (B) 76 cm
(C) 20cm (D) 320 cm
OR
(b)  Consider the telescope described in question (iv) (a). Its
magnifying power in normal adjustment will be : 1
(A) 320 (B) 84
(C) 76 (D) 20
30. A student sets up the circuit as shown in the figure to find the value of
unknown resistance X and records a set of readings of the voltmeter and
the ammeter by using the rheostat.
K
nr ()
s )
. P
® ]
X Q
WWA
7))
V=
WA 21 ° P.T.O.
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(iii)
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o5y

s wfcrereh X HATAT o1 541 &1 741 V T 1 o I1g3ieh Tiae i | foRg fomm
TR feTe T BT, @ VS 1 o sfi=r I T TET B 1

I I
(A) | i B) |/

\% \%

(@) (D)
SieHIet Ue UHTEX o Tgaiehi o SHE! § ITed X o HIH H < : 1
(A)  FIA dlceHIET % TS H A o HRT I 2 |
(B) ot UHleX % Ta7 H AfE o FHRUT B 2 |
(C)  diceHlet o 9a H ¢ T UHIeX o U3 H ¢ % ANTHST o SRIeL Bi & |
(D)  dieeHle % qaT H A 1 YHTeT o qad # ¢ & farwilord s o o

Rk
Ife gy fRises o <rerEueh sl P Y 311 fgwsrrn sirar @, v 1

(A)  UHYST T UGk A B SITAT & IR AlceHiet T Ui §¢ ST ¢ |
(B)  dlceHIeX iR UHIET ST o UTgdieh 91¢ 9T © |

(C)  UHtet ¥ Tgaieh e STdT & 3T diceHIet | uTeish M & ST € |
(D)  dlceHIeX 3R UHIet ST § UTeHish oA & 10 © |
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If resistor X were made of manganin and readings for V and I are
taken without switching off the circuit, the graph between V and I
will be as : 1
IJ\ IJ\
(A) (B) i
\% \%
I/\ I/\
(&) (D)
\Y \%
Error in the value of X obtained from different sets of voltmeter
and ammeter readings, is : 1
(A)  due to error in voltmeter reading only.
(B)  due to error in ammeter reading only.
(C)  equal to the sum of error in voltmeter reading and error in
ammeter reading.
(D) equal to error in voltmeter reading divided by the error in
ammeter reading.
If the movable end of rheostat is moved towards P, then : 1
(A) reading in ammeter decreases and reading in voltmeter
increases.
(B) readings in both voltmeter and ammeter increase.
(C) reading in ammeter increases and reading in voltmeter
decreases.
(D) readings in both voltmeter and ammeter decrease.
VAN 23 ] P.T.O.
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(iv) (&%) T T foh stsma gfaer X ot ueh 317 ar & gfaeenfud s feam stmar
& ST 3T o1 T S R | 98 AR AW G @ o § e an g
L 2, Tohq 3eht Forsamd 6mme: v, 1/3 W 1/2 2, S e v e g |

A L C L D L B
LIl LY L L LA LSS
YT Issrssssssi /3 YIS IIIsssrisi
1777777777777 /9

r

R e o Uk fofire famame o afs @i AC, CD W DB # 3{9aTg

ST o T 3RHE: vy, Vo T& vg &, Al : 1
A vi>vy>vg

B)  vyg>vg>vy

(C)  vg>vy>vy

AUAT

@)  SWE T (iv) (F) H X % T T M T TR % ot 1 & eae o
T | ary e & o fafire fome & foe, 79 #ife B, B, W&
E, A% T AC, CD & DB ¥ fora-a9 % o &, dl : 1
(A) E;=E,=E,
(B) E;>E,>E,
(C) Ey>Eg>E,

(D) E; >E2>E3
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(iv) (a) Suppose the unknown resistance X is replaced by a wire
made of the same metal. This wire consists of three parts, of

the same length L but has radii r, r/3 and r/2 as shown in

the figure.
A L C L D L B
LLLLLL L LTINS
77177771117777] /3 i
1117777771777777 /9
r

For a particular setting of the rheostat, let v, vo and v3 be

the value of drift velocities in parts AC, CD and DB. Then : 1
A vi>vy>vg

B) vyg>vg>vy

(C) vg>vyg>vy

OR

(b)  Consider the same wire, as shown in figure in question
(iv) (a) connected in place of X. For a particular setting of
rheostat, let E;, E5 and E3 be the value of electric fields in
part AC, CD and DB. Then : 1
(A)  E;=Eg=E;
(B) E3>Ey>E;
(C) Ey>Eg3>E;

(D) El >E2>E3
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forelt 2ioftshm LCR witwer & ®esl # wal (I) Sl e, ud
(IT) wiferet Torteh =l qieATie shifSry | it Tqorie o fope w1 o foTg
ot & a1 wifert stfereram gt 2

é H T T Weh, — 50 uF T Ush Geniel Ua 400 Q T U Tfaliesh

ﬁ%?ﬁac_Oﬁ_{(ﬂv— 140 sin (100nt)Va5W9§UﬁWﬁGﬁ@W%I
WW:
I)  gfay i e, T
(ID)  ufwer § yaifed 84 aTefl 9T 1 SW-ATSI-qS (rms) A |

(V2 = 1-4 7w 5

STUaT

ITarlt ZIEHET T Tk AR 3T SHT3C | $9hT 3t heferai H Wl
1wl & wal | fgdires iced e i dieedr 1 SuTd 1d
hifST |
ferell @Test et st Srerftren Ue fgetaren sheell # Wi Al e sha:
100 W& 5000 ® | Ifg TEHMHEL bl 220 V W 3-3 kW I1fed Y& Y
STt 7, Y 1 AT (1) srerfirek sheeft 7 e, 31 (1) Fria ateedr | 5

0T Afed Fefeiad shet st e Sife ;
) Torega-gm o forelt foig o wmfarelt qoa 3w foig o forea-am =
AT BT S |

(I S foreft aTer fora-&r= o hig TRl geTef W S €, i 39
qarel & it fore[a-art 36eh aet o fod-ar it g | 9
Rkl

(III) 7 ot ATIETG THIAT i Wil ol widi 1 Th-gqal o
rehe AT STTaT R, A 39 Wil & o forvaiat R BT ST © |
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SECTION E

Define the terms (I) resonant frequency, and (II) power
factor of a series LCR circuit. For what value of the power

factor will the power dissipated in the circuit be maximum ?

An inductor of 5 H, a capacitor of 50 uF and a resistor of
T T
400 Q are connected in series across an ac voltage

v = 140 sin (1007 t) V. Calculate :
D impedance of the circuit, and
(ID) rms value of current that flows in the circuit.
(Take v2 =1-4)
OR

Draw a labelled diagram of a step-up transformer. Obtain
the ratio of secondary voltage to primary voltage in terms of

number of turns in the two coils.

The number of turns in the primary and the secondary coil of
an ideal transformer are 100 and 5000 respectively. If
3:3 kW power is supplied to the transformer at 220 V, find
(I) current in the primary coil, and (II) output voltage.

Explain the following statements giving reason :

D An equipotential surface through a point is normal to
the electric field at that point.

Imn When a dielectric is placed in an external electric
field, the electric field inside the dielectric is less
than that outside it.

(IIT)  The potential difference between the plates of a
charged parallel plate capacitor decreases when its
plates are brought closer.
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(i)  ‘a’ 91 o forelt THaTg BIs(sT % 3N A, B 3R C 0 shmer: T i smawn
q, — 4q W& 2q o forelt femr ot forarfeq s & v sl o1 sk T
i | 5

AT

() R Eted FEfRad TeaT & S N

(D %D YRR % 9rr 9 & e SIaHa: soagl sl Tuare
=Tl 7 %% mm/s Bt € | T oftwer quf 2 & sad e
TTceTioTeh ®9 € ¥ TS & STt & 2

(ID)  afe fordY A SieedT o Gid 8 I=3 9 f9T S Y SAra9dehan
21, T gHRT ST TTIeT S5 | Rl ST <1RT 2

(II) 38 gg&¥A fF V = IR 319 & fF2m &1 oo ®, a7 T 2 |
T 2

(i) 12 V& 6 V [aega-ames st (emf) % 31 4l I UTRashA H SIST AT 8,
ST o O 91T T R | Sk ST Tl HHS: 1 Q W 0-5 Q
g | foigell A W B % o9 36 WANE & qoF 9 & [EQ-aes

I (emf) T SN FTRTe T TR hiTeIT | 5

12V,1Q
|
II

A B

I

6V,05Q
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(ii)) Obtain an expression for the work done to dissociate the
system of three charges q, — 4q and 2q placed at the vertices

A, B and C respectively of an equilateral triangle of side ‘a’. 5
OR

b) Q) Answer the following giving reason :

D The electron drift speed is estimated to be only a few
mm/s for currents in the range of a few amperes.
How, then, is the current established almost the

instant a circuit is closed ?

(ID) A low voltage supply from which one needs high
currents must have very low internal resistance.

Why ?

(ITI)  The assertion that V = IR is a statement of Ohm’s

law is not true. Why ?

(i1) Two cells of emfs 12 V and 6 V are connected in parallel as
shown in the figure. Their internal resistances are 1 Q and
0-5 Q respectively. Calculate the emf and internal resistance

of the equivalent cell between points A and B. 5
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ToreY ATeam o 3TUSIdIoh hl JoRTST hl <ITcA oh UGT H UTCHTNG ShifSlU |

forelt firsm & Stdarcish (w) % fTT =Fad fomrem &I (§,,) w fism
10T (A) % TaT H FsTeh ed HTT |

IR H W 15 HAYeiHI o fReT PSR 50 ABC % %% BC ™
s T fortor QP Stfireieaq ermafaa ®, S foe o gsmier o R
fortor =hT TSrs9 H § Bieht T 9o STRerd shifelg ST &d s s | 5

A
arg
B n_r, C
Q
STeraT
foror S qmy | 9T A BT R ?

1S U qOT Uk YUadeh I8 X STTIfd & | 8156 o fgia o1 Swim
ek QUMY foh 78 30 I § fohd YepR wwrarfeid Bt © | 31, qarad
forermt <y afte hifsrg |
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Define refractive index of a medium in terms of speed of
light.

Derive the relation for the refractive index (1) of a prism in
terms of angle of minimum derivation (§,) and angle of

prism (A).

A ray of light QP is incident normally on the face BC of a
triangular prism ABC of refractive index 1-5 kept in air, as
shown in the figure. Trace the path of the ray as it passes

through the prism and give relevant explanation. 5

A
Air
Q

OR

What is the difference between a ray and a wavefront ?

A plane wave is incident on a reflecting surface. Using
Huygens principle, show how it is reflected from the surface.

Hence, verify the law of reflection.

Depict refraction of a plane wave by a convex lens. 5
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