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General Instructions :

Read the following instructions very carefully and follow them :

I 55/2/1

(1)
(it)
(i)
(iv)
)
(vi)
(vit)

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 : Question numbers 1 to 16 are Multiple (“wow type
questions. Each question carries 1 mark.

In Section B : Question numbers 17 to 21 are Very Shor. Anc ver type
questions. Each question carries 2 marks.

In Section C : Question numbers 22 to 28 c'c Shut Arswer type
questions. Each question carries 3 marks.

In Section D : Question numbers 29 & 30 are ~ase  tudy-based questions.
Each question carries 4 marks.

In Section E : Question numbers 31 to 33 re. .3 Answer type questions.
Each question carries § marks.

(viii) There is no overall choice given in the question paper. However, an

(ix)
(x)

internal choice has been proided in‘f~v questions in all the Sections
except Section A.

Kindly note that there is a -~ parate question paper for Visually Impaired
candidates.

Use of calculators is 10t allo ved.

You may use.ie follow...; values of physical constants wherever necessary :
¢ =3 x 19° g

h = GFRx 10~k
e =016 x 1081° C
Ho = 400X 100" Tm A™?

sNgSH04 X 10712 C2 N1 m2

P

1
- —=9x%x 109N m?2 (C=2
£TE

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 10%3 per gram mole
Boltzman’s constant = 1.38 x 10723 JK-1
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SECTION - A

1.  Two charges —q each are placed at the vertices A and B of an equilateral
triangle ABC. If M is the mid-point of AB, the net electric field at C will

point along 1
A) CA (B) CB
(C) MC (D) CM
2. A student has three resistors, each of resistance R. To obtain a resis‘... e
2
of 3 R, she should connect 1
(A) all the three resistors in series.
(B) all the three resistors in parallel. : _
(C) two resistors in series and then this combination ir< nrai =l wi‘a the
third resistor.
(D) two resistors in parallel and then this combinatio. ir series with the
third resistor.
3. A1 cm straight segment of a conductor carryir. ;" A cur 2nt in x direction
lies symmetrically at origin of Cartesian coordii ate s, sem. The magnetic
field due to this segment at point (Im, 1m, G, is 1
A) 1.0x10°kT (B) -1.0x 0?kT |
5.0 A 5.8 A
)= -10 N\ —— -10 . T
©) \Exm kT (L \Exw
4, The magnetic field due to a emal. aagnetic dipole of dipole moment ‘M’ at
a distance ‘v’ from the cen’re along 1. = axis of the dipole is given by 1
Ho oM to M
B X B 43
Ho M o 2M
C) x> o8 D) > 2
5. In the figure X is « <oil wound over a hollow wooden pipe. _ 1
X ;
\ v
1 |
I
Y - Z

A “ermanent magnet is pushed at a constant speed v from the right into
‘e pipe and it comes out at the left end of the pipe. During the entry and
the exit of the magnet, the current in the wire YZ will be from

(A) YtoZandthenY toZ (B) ZtoY and then Y toZ

(C) YtoZandthenZtoY (D) ZtoYandthenZtoY
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E.:'E.
The alternating current I in an inductor is observed to vary with time t as

shown in the graph for a cycle.

1

O
6.

I
I
I
|
I
I
1

0 —st Ty T
Which one of the following graphs is the correct representation Ut ws ve
form of voltage V with time t ?

vl i ul H
SR Y.
v
© Jkn o T
0 m-‘QyT

7. A transformer is connected to a-200 ¥ <> source. The transformer supplies
3000 V to a device. If the numbe. < turn. in the primary coil is 450, then
the number of turns in its s cu.idar - coil is — 1
A) 30 (L) 450
(C) 4500 (D) 6750

8.  Which one of the fol’swin ; stavcinents is correct ?

Electric field due o «+ 2.ic ch rges is
(A) conservat® e and . =l7 anes do not form closed loops.

(B) conserve.ave and fie.d lines form closed loops.
(C) non-co. servat. e and field lines do not form closed loops.

(D) non-cons. vvative and field lines form closed loops.
9. A tub 1c filled vith a transparent liquid to a height of 30.0 cm. The
apriuirest ant’s of a coin lying at the bottom of the tub is found to be

1° 0 em. " he speed of light in the liquid will be 1
(A) 1.6 108 m s71 (B) 2.0x108m s!
@ 3¥x108ms! (D) 2.5x10%8m s!

10." Ator.ic spectral emission lines of hydrogen atom are incident on a zinc
. .tace. The lines which can emit photoelectrons from the surface are

members of
(A) Balmer series
(B) Paschen series

(C) Lyman series
(D) Neither Balmer, nor Paschen nor Lyman series

I 55/2/1 Page 7 of 24 P.T.0. I
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12.

For Questions 13 to 16, two stat
and other labelled Reason (R). Select the corre

5 ct
from the codes (A), (B), (C) and (D) as given below :

(A)
B)

©)
D)

13.

14.

15.

4
16.}
.
i

b
it
5
T
H

The value of n is
A 2
©C) 4 D) 5

diode is high, it can act as a/an —
(A) resistor 1

. (B) inductor
(C) capacitor D) switch

ements are given — one labelled Asser.an N
answer to th.se ques iong

If both A.ssertion (A) and Reason (R) are true and Rea (B 1is the correct
explanation of Assertion (A).

If both Assertion (A) and Reason (R) are true but kiason (R) is not the
correct explanation of Assertion (A).

If Assertion (A) is true but Reason (R) is fa’-e.
If both Assertion (A) and Reason (R) are false.

Assertion (A) : In a semiconductor diod¢-‘ne thickness of depletion
layer is not fixed. 1

Reason (R) : Thickness of (=7 etion layer in a semiconductor device
depends” upon . any factors such as biasing of the
semico 'ductor.

Assertion (A) : “n Tohr model of hydrogen atom, the angular
mc nep*um of an electron in n*® orbit is proportional to
the syuare root of its orbit radius r . 1

Reason (R, : A.cording to Bohr model, electron can jump to its
nearest orbits only. -

Out of Infrared and radio waves, the radio waves show

Assert,n (A)

more diffraction effect. 1

Teas~a (R) : Radio waves have greater frequency than infrared
waves.

Assertion (A) : In an ideal step-down transformer, the electrical energy
is not lost. 1

Reason (R) : In a step-down transformer, voltage decreases but the

4 current increases.
I 55211 Page 9 of 24 P.T.O.l
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SECTION - B
17. (@) Two wires of the same material and the same radius have their
lengths in the ratio 2 : 3. They are connected in parallel to a battery
which supplies a current of 15 A. Find the current through the wires. 2
OR
(b) In the circuit three ideal cells of e.m.f. V, V and 2V are connected to a
resistor of resistance R, a capacitor of capacitance C and another
resistor of resistance 2R as shown in figure. In the steady sta*_ fin .

(1) the potential difference between P and Q and (1) .po. D' a1
difference across capacitor C.
vV

: R
- AN
Vv c
P+— | 1Q
2VI 2R
:l AN

18. In a double-slit experiment, 6t dark fringe is o erve t at a certain point of the
screen. A transparent sheet of thickness t ana ve.ractive index n is now
introduced in the path of one of the twn interfering vaves to increase its phase
by 2n (n — 1) t/L. The pattern is shifted = ~d 8th bright fringe is observed at the

| same point. Find the relation for tI ickr.ss in terms of n and A. 2

19. Two concave lenses A and =, zac. of focal length 8.0 cm are arranged
coaxially 16 cm apart as shown.in lgure. An object P is placed at a
distance of 4.0 em from A. “ind th position and nature of the final image
formed. 2

]

20. A light or vavele: gth 400 nm is incident on metal surface whose work function
is 7.0 x .+ T _alculate the speed of the fastest photoelectrons emitted. 2

, 21. 1. = thres 10ld voltage of a silicon diode is 0.7 V. It is operated at this point
by ¢c.nne.ting the diode in series with a battery of V volt and a resistor of
*J00 ¢.. Find the value of V when the current drawn is 15 mA. 2

SECTION - C
22. . A cell of em.f E and internal resistance r is connected with a
variable external resistance R and a voltmeter showing potential
drop V across R. Obtain the relationship between V, E, R and r. 3
(b) Draw the shape of the graph showing the variation of terminal voltage V
of the cell as a function of current [ drawn from it. How one can determine
the e.m.f. of the cell and its internal resistance from this graph ?
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23. (a) In aregion of a uniform electric field E, a negatively charged particle

. . A ;
is moving with a constant velocity Vi —v,1 near a long straight
-X

conductor coinciding with xXX' axis and carrying current I towards
axis. The particle remains at a distance d from the conductor. 3
(i) Draw diagram showing direction of electric and magnetic fields.

(i) What are the various forces acting on the charged particle ?

(iii) Find the value of v, in terms of E, d and L.

OR
(b) Two infinitely long conductors kept along XX and' Y¥ axes R"°
carrying current I, and I, along —X axis and —Y axis.ve:ective ly.
Find the magnitude and direction of the net magne .ic fie d prouuced
at point P(X, Y).
24. (a) State Lenz’s law. 3
(b) In the given figure :
(i) Identify the machi e.
(ii) Name the pirts P anl % and R of the machine.
~ (iii) Give themo. ~rilies of the magnetic poles.
(iv) Write " 1e two vav. of increasing the output voltage.
%
25. (a) The eleltric fiex! E of an electromagnetic wave propagating in north
direction '3 oscidating in up and down direction. Describe the
.._.)
Aiwacy. an of aagnetic field B of the wave. 3

(b Are ‘he wave length of radio waves and microwaves longer or shorter
than hose detectable by human eyes ? |
(c). vIri‘e main use of each of the following in human life : |
() Infrared waves (ii) Gamma rays
96. a) When a parallel beam of light enters water surface obliquely at some
angle, what is the effect on the width of the beam ? 3
(b) With the help of a ray diagram, show that a straw appears bent

when it is partly dipped in water and explain it.
(c) Explain the transmission of optical signal through an optical fibre by

a diagram.
I 55/2/1 Page 13 of 24 P.T.O.l




! 27. (a) Show the variation of binding energy per nucleon with mass number.

Write the significance of the binding energy curve. 3
(b) Two nuclei with lower binding energy per nucleon form a nuclei with
more binding energy per nucleon.
(i)  What type of nuclear reaction is it ?
(11) Whet_her the total mass of nuclei increases, decreases or
__ remains unchanged ?
(111) Does the process require energy or produce energy ?
28. (a) What are majority and minority charge carriers in an ex rins’
3

semiconductor ?

(b) A p-n junction is forward biased. Describe the movement € ti>
charge carriers which produce current in it.

(c) tI‘he graph shows the variation of current with s olv.ge “r.. p-n
junction diode.

I (m4)
30
T |
20+

Reve se 20 L vard
¢ L O bias T bias
e — -

v4-02 0 02 04 06 08

-12.0 -1.2 -1.0 -08 -0..
( V (volts)

Estimate the dynam - resist: nce of diode at V = -0.6 volt.

STTLWION-D
Question numbers 29 und 20 are case study based questions. Read the
following para raphs nd .aswer the questions that follow.

29. A parallel p.ate rapacitur has two parallel plates which are separated by
an insulat. ¢ med. m like air, mica, etc. When the plates are connected to
the terminal. of a battery, they get equal and opposite charges and an
electric Geld is set up in between them. This electric field between the two
plates dep =75 upon the potential difference applied, the separation of the

slates a. d nature of the medium between the plates. 4x1=4
(1, Th electric field between the plates of a parallel plate capacitor is E.
| Mow the separation between the plates is doubled and
simultaneously the applied potential difference between the plates is
reduced to half of its initial value. The new value of the electric field

between the plates will be :

(A) E (B) %E
© = D) 5

I I 55/2/1 Page 15 of 24 P.T.O.I




EEE
£

(11)

(iii)

(iv)

' 55/2/1

A constant electric field is to be maintained between the two plates of
a capacitor whose separation d changes with time. Which of the
graphs correctly depict the potential difference (V) to be applied
between the plates as a function of separation between the plates (d)

to ma;fintain the constant electric field ?
v
n / B)

d ' d
% 1%
©) i (D) i
| d | d
s Sris e, ST T
N

Q+++++++Mo-+++++
In the above figure P, Q are the two psralle p'atec of a capacitor.
Plate Q is at positive potential with res,2ct > plate P. MN is an
imaginary line drawn perpendicular to ti > I ates. Which of the
graphs shows correctly the variations of the magnitude of electric

field strength E along the line MN 2 '

Y ANPES A

M N
Pl =y E
© T o) |

M N M N
pa allel p'ates are placed above each other with equal

Three
displa ement _'i) between neighbouring plates. The electric field

—>
biowein hoitirst pair of the plates is E; and the electric field

be weer the second pair of the plates is ﬁz. The potential difference
vetween the third and the first plate is —
e > 2
(L) (E;+E,)-d B) (E;-Ey-d
d(E; + E,)
2

OR
Page 17 of 24
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C) (E,-E)-d
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A

(iv)

A material of dielectric constant K is filled in a parallel plate
capacitor of capacitance C. The new value of its capacitance becomes

C
B)

D) 0(1 ¥ %)

A C

(C) CK

30. When a photon of suitable frequency is incident on a metal’ su. ‘ace,
photoelectron is emitted from it. If the frequency is below & thre hald
frequency (v,) for the surface, no photoelectron is emitted. Fc: a . oton of

frequency v(v > v ), the kinetic energy of the emitted vhotoe. ctrc s 1s
h(v — v ). The photocurrent can be stopped by appling 2 pote atial V,
called ‘stopping potential’ on the anode. Thus max'mum kineuc energy of

photoelectrons K = eV, = h(v — v_). The exper me.

" graph between V_

and v for a metal is shown in figure. This is a stra: ht L.2e of slopem. 4x1=4

(1)

(111)

I 55/2/1
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The straight linc graphs »btained for two metals

(A) coincid  eac. other

(B) are arall<ito each other.
(C) a2 ncwarall'l to each other and cross at a point on v-axis.

(D).« e not L. lel to each other and do not cross at a point on V-axis.
The valw of Planck’s constant for this metal is

e 1
@ % B) =
(G me &=
The intercepts on v-axis and V -axis of the graph are respectively :

hv,

(A v 5 B) v, hv,

hv,
Q)73 blo D) hv,,v,

OR

Page 19 of 24




(5] 3¢ ]
T 1

(111)) When the wavelength of a photon is doubled, how many times its
wave number and frequency become, respectively ?

@ 2,3 B 5%
(€) %,2 D) 2,2

(iv) The momentum of a photon is 5.0 x 10729 kg. m/s. Igncii~
relativistic effects (if any), the wavelength of the photon is

(A) 1.33 um (B) 3.3 pum
(C) 16.6 um (D) 13.3 um
SECTION - E

31. (a) (i) A small conducting sphere A of radius r* har, d to a potential
V, is enclosed by a spherical conducting shesx B o. radius R.IfA

and B are connected by a thin wire, ¢ \ivi'ate t. 2 final potential

on sphere A and shell B.

(ii) Write two characteristics of equip.‘en. al surfaces. A uniform
electric field of 50 NC-1 is set up in a 1 >gion along +x axis. If the
potential at the origin (0, 9) is 2zv V, find the potential at a

point (4m, 3m).
C {
(b) (i) What is differen .e between 'n open surface and a closed surface ?
-
Draw elem-.itar, surfa e vector dS for a spherical surface S.

(ii) Define e -ctris flux through a surface. Give the significance of a
Gaus-.an + cface A charge outside a Gaussian surface does not
cor.r.hute to .~.al electric flux through the surface. Why ?

(iii) 2> small spherical shell S, has point charges q; =3 pC, gy =—2 pC
and v, = 9 pC inside it. This shell is enclosed by another big
xpher .cal shell S,. A point charge Q is placed in between the
two surfaces S; and S,. If the electric flux through the surface
S, is four times the flux through surface S,, find charge Q.

What is the source of force acting on a current-carrying
conductor placed in a magnetic field ? Obtain the expression for

force acting between two long straight parallel conductors
carrying steady currents and hence define ‘ampere’.
Page 21 of 24
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(b)
33. (a)

(®)
I 55/2/1

i) A point charge g is moving with velocity v in a uniform

. _) . .
magnetic field B. Find the work done by the magnetic force on
the charge.

(iii) Explain the necessary conditions in which the trajectory of a
charged particle is helical in a uniform magnetic field.

OR

@) A current carrying loop can be considered as a magnetic di ole
placed along its axis. Explain.

. 2 _.)
(i) Obtain the relation for magnetic dipole moment M of cu rexn

~_ carrying coil. Give the direction of M.

(iii) A current carrying coil is placed in an_xter al w.orm
magnetic field. The coil is free to turn in tt. riagnetic field.
What is the net force acting on the coil ? Ob 2in he orientation
of the coil in stable equilibrium. Sho/y++hat i1 this orientation

the flux of the total field (field produc 4 b e loop + external
field) through the coil is maximum.

(i) A thin pencil of length (f/4) is pla ed coinciding with the
principal axis of a mirroi of focal iCagth f. The image of the
pencil is real and enlarge?, ust touches the pencil. Calculate
the magnification proa -.d by t.ie mirror. |

(ii) A ray of light is ‘icident « 2 a refracting face AB of a prism ABC
at an angle of < 3°. The ' ay emerges from face AC and the angle
of deviatic. is .°. Th. angle of prism is 30°. Show that the
emerger . ray s normnal to the face AC from which it emerges
out. Pina '} refr-ction index of the material of the prism.

OR

(i) _.Light (-nsisting of two wavelengths 600 nm and 480 nm is used
U obtair. interference fringes in a double slit experiment. The
scr.=n is placed 1.0 m away from slits which are 1.0 nm apart.

(1)
(2)

Calculate the distance of the third bright fringe on the
screen from the central maximum for wavelength 600 nm.
Find the least distance from the central maximum where
the bright fringes due to both the wavelengths coincide.

(ii) (1) Draw the variation of intensity with angle of diffraction in
single slit diffraction pattern. Write the expression for
value of angle corresponding to zero intensity locations.

2) In what way diffraction of light waves differs from
diffraction of sound waves ?
Page 23 of 24
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