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General Instructions :

Read the following instruections very carefully and follow them :

(i) This question paper comtaing 33 questions. All guestions are
compulsory,
(it)  This question paper is divided into five sections — Sections A, B, cC. D

and E.

(iii) In Section A : Question numbers I to 18 are Multiple Choice type
questions, Each question carries 1 mark.

(iv) In Section B : Question numbers 17 to 21 are Very Short Answer type
questions. Each question carries 2 marks.

(v} In Section C : Question numbers 22 to 28 are Short Answer type
questions. Each question carries 3 mariks.

(vi) In Section D : Question numbers 29 & 30 are case study-based questions.
Each question carries 4 marks.

(vii)

In Section E : Question numbers 31 to 38 are Long Answer type questions.
Each question carries 5§ marks.

(viit) 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.
(ix) Kindly note that there is a separate question paper for Visually Impaired
candidates.
(x) Use of calculators is not allowed.

You may use the following values of physical constants wherever necessary ;
ce=3x10%m/s

h=6.863 x 10-3 Jg
e=16x10"18C

Mg =4m x 1077 T m A~!
£, = 8.854 x 1012 C? N-! m~2

1
- S 9N m2 -2
ine, 9% 10 Nm=* C"

Mass of electron (m)) = 9.1 x 10~ kg.

Mass of neutron = 1,675 x 10-27 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 1023 JK-!
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SECTION - A
Two identical point charges nré placod nt the two vertices A and B of an
equilateral triangle of aide I The magnitude of the 1*1r_-1'fr'.'r field at the
ghird vertex 1 iz 15, 10 o hollow conducting sphiere of endius (4 -::. nlacadl

at I, the magmitude of the electrie field at pont P now boesmes |
A = (it E

1
() E (i zern

A batterv of end. 12V and internal remstance (1.6 €1 13 connectad to
g.5 £} vesiator through a key. The ritio of potentind difference hotween the
two termingls of the battery, when the key ie open to that when the kev &

clowisd, 18 i
(AY 105 (By 1

() 0.95 m 1.1

The alternating curvent ['in an induetor is obgurved to vary with time ¢ as
shown in the graph for a eyele. i

1

_ 0 i By T
Which one of the following graphs is the correct representation of wave
farm of voltage V with time t ?

¥

(A)

B =t

A diamagnetic substance is brought, one by one, near the north pole and
the south pole of a bar magnet. It is

(A) repelled by north pole and attracted by gouth pole.

(B) attracted by north pole and repelled by south pole.

(C) attracted by north pole as well as by south pole.

(D) repelled by north pole as well as by south pole.

| 551242 Page 5 of 24 P.T.ﬂ.l



1y a™ "

..'l"m

3.

Fra

140,

Tweo long solenmds of eadi "

1 ; adhy vyomnd vy, v nnd number of turns per unit
ongth 1 d n, respectively are ¢
length 1 and 1, 1 h'pmlnnh. pre cneaxinlly wrnpped ane over the other

4 = a s
The ratio of sell-inductance of inner solencid 1o their mutual induetancee

2

1
1
1 I
l..',l-'! : 3 —
- i, {13) ",
) "1:} ; "'1'1“-:
(s 2 (N ;
l'-".li.'[;,-, j II-l r‘t‘

A 1 em straight segment of a conductor carrying 1 A current in x direction

lies symmetrically at origin of Cartesian coordinate aystem. The magnetie
field due to this segment at point (1m, Im, 0) 1 '

1

(A 1.0x109KkT B) <1.0x%10%kT

5.0 Ly 5.0 A,

& =10 & T ——— 10

(™ Ewll} k (D) \Exlﬂ kT
A coil of an ac generator, having 100 turns and area 0.1 m° each, rotates
st half a rotation per second in a magnetic field of 0.02 T. The maximum
emf generated in the coil is 1
(A 031V (By 020V
(C) 063V (D) 0.10V

Atomic spectral emission lines of hydrogen atom are incident on a zinc
surface, The lines which can emit photoelectrons from the surface are
members of 1
(A) Balmer series

(B) Paschen series

(C) Lyman series )

(D) Neither Balmer, nor Paschen nor Lyman series

The focal length of a concave mirror in air is £. When the mirror 1s

immersed in a liquid of refractive index % its focal length will become 1
5 3

(a) 3f B Ff

(C) % f (M f

Which one of the following statements is correct 7

Flectric field due to static charges 18 L
(A) conservative and field lines do not form closed loops.

(B) conservative and field lines form closed loops.

(C) non-conservative and field lines do not form closed loops.

(D) non-conservative and field lines form clesed loops.

' 556/2/2 Page 7 of 24 P.T.0



When the remstance mensured botwesn p and o onda of A pen Junctinn

diode 18 high, it can net as afnn — 1
(A} pogiator (I andduckog
() enpreitor (1N switeh

14, The energl of nn eleatron in s hyvdrogen stam in ground state o -130 aV

[ts encergy i an orbit corresponding to quantum number oo -0 Gdd &V

The value ol n is t
(A) 2 B A
() 4 3

For Questions 13 to 16, two statements ure given - one labelled Asssrtion (Al

and other labelled Reason (R). Select the ¢orrect anawer to these questions

from the colles (A). (B) () aned (1) as given below ;

(A)  If both Assertion (A) and Reason (R) are true and Heason (R) is the correct
axplanation of Assertion (A).

(B) 1f both Assertion (A) and Reason (R) are true but Reason (R) is not ths
correct explanation of Assertion (A).

(C) 1If Assertion (&) 1s true but Reason (R) is false.

(D) If both Assertion (A) and Reason (R) are [alse.

Out of Infrared and radio waves, the radio waves show
more diffraction effect. 1
Radic waves have greater frequency than infrared
waves.

13, Assertion (A)

Reason (R)

14. Assertion (A) : In an ideal step-down transformer, the electrical ensrgy

is not lost, 1
In a step-down transformer, voltage decreases but the
current increases.

Reason (R)

(1]

In Bohr model of hydrogen atom, the angular
momentum of an electron in n'® orbit is proportional to
the square root of its orbit radius r,,. 1

15. Assertion (A)

Reason (R) : According to Bohr model, eleetron can jump to its
nearest orbits only.
I 55/2/2 Page 9 of 24 r:r.u.l
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16, Assertion l,'."'i} 3 |T1. A semmeomeluetory dieeds thies |i'l;ll"k|'l:'|"f="' of .-;F:pjp”ryh
layer 1s not fixed.

Renson (R) : Thickneas of depletion laver in a semiconductor device

1|u|m'rnia LRl Iy Factara such =a- hinsing af the

aemiteonduct nr

SECTION - B
17. The threshold voltage of B silivon dicde 18 0.7 V. [t is operatesd at this point
by connecting the diode in series with n battery of V valt and a resistor of
1000 €. Find the value of V when the current drawn is 15 mA

18, Show the refraction of hight wave at a plane interface using Huygens
principle and prove Snell's law,

L]

19, Two convex lenses A and B, each of focal length 10.0 em, ars mounted on
an optical bench at 50.0 ecm and 70.0 em respectively. An object 18
mounted at 20.0 em. Find the nature and position of the final 1mags
formed by the combination.

[ BV

50. Radiations of two frequencies are incident on a metal surface of work
function 2.0 eV one by one. The energies of their photons are 2.5 &V and
4.5 eV respectively. Find the ratio of the maximum speed of the electrons
emitted in the two cases.

(3=

21. (a) 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 em.f. V, Vand 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 state find

(i) the potential difference between P and @ and (ii) potential

difference across capaﬂértar C.
R
— |———'vw
v C
P———F1%

2v IR
I 5522 Page 11 of 24 P.T.Q. |
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SECTION -

ae (a4 Define romstvity of condiis i
i} CEYr iy I 1gnm

tempernturee of the Comid e by

i % 5 -r|-:,|-"1|"|,"-"'.'

Ak R 2 bk peavmiinv bx _..ir Fop T
e n fﬂhl'f.'mu ol "'I'il!p-.r..,““" 1 ik TAALTT I .
1'111 "1¥ \ [I“'.'I 1""“““"' 4 L Ly *_'I'anl i, .||ll'! hl 1 i [ r s Lt
Vi . ; i , el | 1 PPy LR e= it 4l § =il
have low Mternal w HRbanes " Joutify I
'.i‘l-" 5 \ I'I:iﬂ'h "'I”““l!" !""1'1‘-_"5'1.-' mMtist bhins n 1
- ih L 1 T W INTie yntesrnis) r i a T
Justiy, i T &

13 (a) When a pavallal benim of hg

: ter suriace obliquely nr
J!.Hj.ﬂl_". what 15 the efTect on the widi by of tho beam ¢

It enters w i

3
1,1}.3 With jﬁhi" ht*hl of 11 I':'i]..r_dingrﬂml show thor n wes VWV SRpeUrs Dend
when it 18 partly dipped in witor and expinin it
) Explain the transmission of optical signal throush an optical fibre by
a diagram.
>4 Differentiate IJE-'t-WEET.'L the ]'}GHI'I. value and roobt mean aqunre vilue of an
alternating current. Derive the expression for the rool mean sguare value
of alternating current, in terms of its peak value, 3
25. (a) How is an electromagnetic wave produced ? 3

(b)  An electromagnetic wave is travelling in vertically upward direction.
At an instant, its electric field vector points in west direction. In
which direction does the magnetic field vector pomt at that instan: ?

(¢) Estimate the ratio of shortest wave length of radio waves o the
longest wave length of gamma waves.

26. (a) In a region of a uniform electric field E, a negatively charged particle
is moving with a constant velocity v = —rﬁ near a long straight
conductor coineiding with XX' axis and carrying eurrent 1 towsnrds —X
axis. The particle remains at a distance d from the conductor. 3
(i) Draw diagram showing direction of electric and magnetic felds.
(i) What are the various forces acting on the charged particle ?
(1) Find the value of v in terms of E, d and L.
OR
I 55/242 Page 13 of 24 P.'l‘.{}.l
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28, (8)

(b)

Two infinitely long ¢

. onductor kept along XX and YY axes are
CArTYING curs )
i" £nt 1. H"“] .I:: HIr'.‘“H _x AxIA FI!H‘ "\r' AT r:n-!\l-f'.’luf‘l?.

Find the magnitude and

direction of the net magnetic field produced
at point P(X, Y), ; S F

What are majority

‘ and  minonty charge carrier2 in an extrinsic
semiconductor ?

A p-n N ' i .
a1 janction is forward binsed, Describe the movement of the
charge carriers which produce current i it.

junction diode.

1 {mA)
304

20¢

Raverse 3 Forward
: hi:.u.u T bina
Li L] K
=120 -1.2 -10 08-0604-02 0 02 04 08 G8
r ¥ (volta)

Estimate the dynamic resistance of diode at V = -0.6 volt.

Show the variation of binding energy per nucleon with mass number.
Write the significance of the binding energy curve. 3

Two nuclei with lower binding energy per nucleon form a nucle: with
more binding energy per nucleon.

(1) What type of nuclear reaction is it 7
(11) Whether the total mass of nuclel incresses, decreases or
remains unchanged ?

Does the process require energy or produce energy !

Pagre 16 of 24 P.T.O. l



%Eﬂ -
- SECTION

n

[IIIF‘P”'"! numbors 29 il 40 e phame gluady Bioeesd £y Lt TR Head the
fullowing puragraphs nnd nswer tha guieitions it Dol losw

when & phaton of suitable frequency 49 incident on n metal surface,

= 1|E¥_l'||:1.‘.l‘|f‘l'f-l"-'11- soemitted from i 1 the Mreguency in holow n thrashald
1'=_‘|_q“tﬂ'1l.'\:"| l||-n| ﬂ’l" l h" “.‘“.”'fﬂ."f'l_ (R 1] Ilhnr"”"lf.'l t'l"1'l1'|. Vi i-'_‘lllT!ti"".'! F""‘ 1 Ilq“lT'T"“ {‘5r
!'t‘g:fq'll“t"'”_" vy = .|.i' thie !it""t e anergy of e oepm b il :||‘| atnelastrims s
iy — voh The photacureent can b stopped by applying n potential ¥V,
ealled 'stopping !':r.ﬂ'.ﬂnl.inl' m the anede, Thus maximum kinetic snergy of
phetoniectrons hm:u = oV, = hiv - v). The cxporimental graph betwesn ¥
and v for a metal is shown in figure. This is » stenight line of slopem, 421 =4
W
Jo -
- Vo e——
(it The straight line graphs obtained for two metals
(A) coineide each other.
(By are parallel to each other.
() are not parallel to each other and cross at a point on »-axis,
(D) are not parallel to each other and do not cross at a point on v-axis,
(tit The value of Planck’s constant for this metal is
e = K
m
(C) me (D) 5
(i) The intercepts on v-axis and V _-axis of the graph are respectively ;
hyv
: 2o ;
| (&) v, . (B) w,.hy,
| hy,
() " o (D) hv,,v,
OR
I BaldlL Page 17 of 24 P l
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g 23y When the wavela
IIL”I:I i ti-"l'||.ﬂh of n phetan In dowbiled, how mony Limes jha

wave rumber pad roepiency Bcn i reapettively 7
1 N

™ 23 ay L1
5 .]. W | .
(6 . () 2 4

(vl The momentum of a photon e 5.0
rolativistic effocts (f any
(A LAS pm
(CY  16.6 pm

* Mr kg, mfs. lgnoring
) the wavelongth of the photon i3
(B) 3.3 um

(I 13.3 um

.1 A parallel plate capacitor has twa parallel
~ aninsulating medium like air, mica, ete, W
the terminals of a battery,

piates which are separated by
hen the plates are connected to
: they get equal and opposite charges and an

plectric field is set up in between them. This electric ficld betwesn the twa
plates depends upon the potential difference applied, the separation of the
plates and nature of the medium between the plates,
(i) The electric field between the plates of a parallel plate capacitor is F.
Now 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 fisld
between the plates will be :

A E (B) 2E
£ E
() 3 (D) 5

4dx1=4

) 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 bhe applied

between the plates as a function of separation between the plates (d
fo maintain the constant electric field ?

¥ ¥
(A) (B)
d d
¥ v
{C) ()
85/ d d
I 3 Page 19 of 24
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v

(iv)

31. (a}

B

| b . 1 - -

In the above figure P, @ are the two parallel plates of o eapacitor
Plate @ is ot positive potentinl with respect to plate P M5 0 an
mmaginary bne drawn IJt"I‘"[J-ﬁJ!Illi'.'.'ltl!lT' tey Lhe plates Which of the
graphs shows correetly the variations of the magnitude of olectric
freld strength T along the line MN ?

+ I — E|

i) T.' _\ (B T/ T () T iy 7| _;"(;

M N 7] M M { " i
Three parallel plates nre placed above ench other with equal

displacement d hetween neighbouring plates. The electrie field

between the first pair of the plates is K , and the electric field

_b - -
between the second pair of the plates is E,. The potential differance

between the third and the first plate 1s —

P - — b — e -+ - d'.rEt * E;;-f
AV (E,+E)-d B) (B,—Ey)-d (OE,-Ep-d D) —5—

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

&) € ® ¥ (€) CK @ 1+

SECTION-E ,

(i) A thin pencil of length (f/4) is placed coinciding with the
principal axis of a mirror of focal length f. The image of the
pencil is real and enlarged, just touches the pencil. Calculate
the magni.ﬁuatiun produced by the mirror. )

(ii) A ray of light is incident on a refracting face AB of a prism ABC
at an angle of 45°. The ray emerges from face AC and the an%e
of deviation is 15° The angle of prism ia 30°. Show that the
emergent ray is normal to the face AC from which it emerges
out. Find the mhﬂﬁmﬁ iﬂdﬂx of the matenal of the prism,

b) (i) Light mn&iﬁt:inrgeuf two wavelengths 600 nm and 480 nm is used

I 55/2/2

to obtain interference fringes in a double slit experiment. The
screen is placed 1.0 m away from slits which are 1.0 nm apart.

(1} Calculate the distance of the third bright fringe on the
sereen from the central maximum for wavelength 600 nm.

{(2) Find the least distance from the central maximum where
the bright fringes due to both the wavelengths coineide.

Page 21 of 24 P.T.O. I
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avoofm) (1)

i)

by (0
(11}

(i)

33, (a) @

(i)

{1i1)
(b) (1)

()

(iii}

l 55/2/2

i ll_rnw the vaviation of intengity with angle of diffraction in

smgle sht diffraction pettern. Write the expression for

Vol gf i'-ﬂ'ﬁﬁh:- .':|-|.|'-|'|r-||1-”1‘1¢1||'ll|{ Lix Aari l"“"tﬁ*‘-}' ITH‘FIT."H'I“

(2) N what -\.'u,-“?, difTeaction of light waves diffore from

diffraction of seund woven

-“: simall conducting aphore A of radiag v eharged to o poatential
+ 18 encloged by » anu-:iq-nl conducting ahall B of rndims B OIF A

and B are connected by a thin wire, enleulate the final potentin

on sphere A and shell B

Write twa characteriatios of cguipotentiml surfaces. A umiform

electric field of 50 NC ' s sel up in # region along +r nxs. IF the

potential at the arigin (0, 1) i 220V, find the potential at a paint
(4m, Am),

OR
What is difference between an open surface and » closed surface

L
Draw elementary surface voctor d5 for a spherical surface 5
Define electrie flux through o surface. Give the significance of o
Gaussian surface. A charge outside a Gnussian surface does not
contribule to total electric flux through the surface. Why

A small spherical shell S; has point charges g, = -3 u(’, g, = -2 uC
and g, = 9 uC inside it. This shell is enclosed by another big
spherical shell S, A point charge Q is placed in between the
two surfaces 5, and 8, If the electric lux through the surface
S, is four times the flux through surface 5. find charge (.

What is the source of force acting on a current-carrving
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’.

A peint charge q is moving with velocity ¥ in a uniform magnetic

field ﬁ Find the work done by the magnetic force on the charge.
Explain the neces conditions in which the trajectory of a
charged particle is heli Ea]ltm a uniform magnetic field.

A current carrving loop can be considered as a magnetic dipole
placed along its axis. Explain.

Obtain the relation for magnetic dipole moment M of :current

carrying coil. Give the direction of M.

A current carrying coil is placed in an external umiform magnetic
field. The coil is free to turn in the magnetic field. What is the net
force acting on the coil ? Obtain the orientation of the coil in stable
ggm]ihmm. Show that in this orientation the flux of the total feld
{

eld produced by the loop + external field) through the coil is
maximum,
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