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General Instructions :

Read the following instructions carefully and follow them :

(i) This question paper contains 33 questions. All questions are
compulsory.

(it) This question paper is divided into five sections — Sections A, B, C,
D and E.

(itzi) In Section A — Questions no. 1 to 16 are Multiple Choice type
questions. Each question carries 1 mark.

(iv) In Section B — Questions no. 17 to 21 are Very Short Answer type
questions. Each question carries 2 marks.

(v) In Section C - Questions no. 22 to 28 are Short Answer type
questions. Each question carries 3 marks.

(vi) In Section D - Questions no. 29 and 30 are case study-based
questions. Each question carries 4 marks.

(vit) In Section E — Questions no. 31 to 33 are Long Answer type
questions. Each question carries 5§ marks.

(viii) 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 calculator is not allowed.
You may use the following values of physical constants wherever
necessary :

c=3x108 m/s

h =6-63 x 10734 Js
e=16x10"19C

U =4nx 10~ Tm A1

£o = 8854 x 10712 C2 N-1 m~2

1
47‘580

= 9x 102N m?2(C2
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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—1

SECTION A

1. Which of the following statements about electric field E is
incorrect ?

(A) The magnitude of the electric field due to a point charge is

proportional to where r is the distance of the point

r_z ’
from the charge.

(B) The magnitude of the electric field is zero at all points in
a region where the potential is zero.

(C) Electric field is a vector quantity.

(D) The magnitude of the electric field at a point is a measure
of the force experienced by a unit charge at that point.

2. A battery of emf 6:0V and internal resistance 040 Q is
connected to an external resistor of resistance 11:6 Q. The power
dissipated in the external resistance is :

(A) 145W B) 29W
(C) 58W (D) 11-6 W

3. The acceleration of a particle of mass ‘m’ and charge ‘g’ moving
with uniform speed v at right angles to a magnetic field B is

given by :

a) 9B ®) BV
vm m
av.

(C) B (D) Bqvm
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4. A current of 5:0 A in one coil is reduced to zero in 10 ms inducing
an emf of 9:0 V in the neighbouring coil. The mutual inductance
of the two coils is :

(A) 18mH (B) 1-8mH
(C) 0-18mH (D) 0-18H

5.  Which of the following statements about transformers is not
correct ?
(A) For ideal transformers, the output power is equal to the
input power.
(B) A transformer can work for both alternating and direct
voltages.

(C) For a step-up transformer, the voltage across the
secondary coil is higher but the current in it is lower.

(D) For an ideal transformer, the magnetic flux linked with
the secondary is equal to that linked with the primary.

6.  Which of the following will not increase the output voltage in a
generator ?

(A) Rotating the coil rapidly

(B) Changing the material of the coil

(C) Increasing the area of coil

(D) Increasing the magnetic field through the coil

7. In free space, which of the following quantities is always larger
for X-rays than for a radio wave ?

(A) Speed (B) Frequency
(C) Amplitude (D) Wavelength

8. The depth of a swimming pool (refractive index of water = %) 18
1 m. If one looks straight vertically down, the depth of the pool

will appear to be :
(A) 025m (B) 0:75m
(C) 095m (D) 1-0m
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9. A beam of red light and a beam of blue light have equal
intensities. It implies that :

(A) Red light beam has higher number of photons than that in
blue light beam.

(B) Blue light beam has higher number of photons than that
in red light beam.

(C) Both beams contain the same number of photons.

(D) The momentum of a photon of red light beam is more than
that of a photon of blue light beam.

10. If 1-0 milligram of mass is converted into energy, the energy
released will be :

(A) 9x1016J
B) 3x1012J
C) 9x100g
(D) 3x108J

11. Which of the following impurity atoms, when doped in silicon,
would produce an n-type semiconductor ?

(A) Arsenic

(B) Aluminium
(C) Boron

(D) Indium

12. Which of the following statements is correct during formation of
a p-n junction ?
(A) Initially the diffusion current is small and the drift
current is large.

(B) Initially the diffusion current and the drift current are
equal to each other.

(C) Finally, the diffusion current and the drift current are
equal to each other.

(D) Electrons move from p-region to n-region.
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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) : Nuclear forces are always attractive in nature.

Reason (R): Nuclear forces are charge-dependent forces.

14. Assertion (A) : If the maximum kinetic energy of an electron in
a photoelectric experiment is one-fourth the
energy of a photon of wavelength A incident on a
surface, the work function of the surface is
3 he
4 A

Reason (R): Photoelectric emission can be explained by
Einstein’s photoelectric equation.

15. Assertion (A): In a  Young’s double-slit experiment,
interference pattern is obtained by using yellow
light. If yellow light is replaced by red light, the
fringe width increases.

Reason (R): Fringe width is inversely proportional to the
distance of the screen from the slits.

16. Assertion (A) : The reactance of an inductor decreases with the
increase in the frequency of alternating voltage
applied.

Reason (R): The reactance of an inductor Xp, = co_lL :
I 55(B)/S Page 11 of 27 P.T.O. I
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SECTION B

17. Suppose that an electron is revolving around the nucleus of a
hydrogen atom in the orbit of radius 0-48 A. Find the magnitude
and direction of the electrostatic force acting on the electron. 2

18. A 50 pF capacitor is charged by a 100 V battery. The battery is
disconnected and the capacitor is connected to another
uncharged 50 pF capacitor. Find the energy stored in the
combination. 2

19. A current of 4:0 A passes through a wire, when a potential
difference of 6:0 V is applied across it. The length of the
wire and its area of cross-section respectively are 4 m and
8 x 10~ ® m?. Find the electrical conductivity of the material of
the wire. 2

20. (a) An electron makes a transition from (i) state n = 3 to state
n = 2, and (ii) state n = 2 to state n = 1, in hydrogen atom
(Bohr model). Find the ratio of the wavelengths of
radiations emitted in the two cases. 2

OR
(b) Find the ratio of nuclear radii of Iodine (1221) and

Aluminium ( ngl) . 2

21. In a p-type Si semiconductor sample the hole concentration is
225 x 101° em~3. If the intrinsic carrier concentration is
1-5 x 1010 em™ 3, calculate the electron concentration in the
sample. 2

SECTION C

22. (a) () When a potential difference is applied across the
ends of a conductor, the free electrons must
accelerate along the length of the conductor. But
they acquire a steady drift speed. Explain why.

I 55(B)/S Page 13 of 27 P.T.O. I
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(i1) A conductor of length L is connected to a battery of
emf E. This conductor is replaced by another
conductor of the same material and the same
cross-sectional area, but of length 2L. How will the
drift speed change ? 3

OR
(b) () Whatis meant by internal resistance of a cell ? Name
any two factors on which it depends.

(11) n 1dentical cells, each of emf E and internal
resistance r are connected in series to a resistor of
resistance R. If a current I flows through the circuit,
derive an expression for the internal resistance ‘r’ of
one cell in terms of E, I, n and R. 3

23. (a) State Faraday’s Law of electromagnetic induction.

(b) A rectangular coil of area A having number of turns N is
1"_9tated with angular velocity o in a uniform magnetic field
B directly perpendicular to the plane of the coil. Obtain an
expression for the instantaneous value of emf induced in
the coil. When will the induced emf be maximum ? 3

24. How are electromagnetic waves produced ? Write any two
characteristics of electromagnetic waves. Give one use each of :
(a) radiowaves
(b) microwaves. 3

25. (a) Explain the diffraction of light due to a single slit.

(b) Light of wavelength 540 nm is incident on a 0:09 cm wide
single slit and forms a diffraction pattern on the screen
1:5 cm away from the slit. Find the width of the central
maximum. 3

26. (a) Differentiate between isobars and isotones.

(b) Show that the nuclear density is independent of mass
number A of a nucleus. 3
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27. (a) Use Einstein’s photoelectron equation to explain the
experimental features of photoelectric emissions.

(b) Light of wavelength 450 nm is incident on three metals
A, B and C of work functions 3:2 eV, 2:7 eV and 1-75 eV
respectively. Which metal(s) will exhibit photoelectric
effect ? 3

28. (a) Differentiate between the two types of extrinsic
semiconductors.

(b) The mobility of an electron in the conduction band of a
semiconductor is more than the mobility of a hole (or
electron) in the valance band. Explain why. 3

SECTION D

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

29. A current-carrying conductor produces a magnetic field around
it. A current-carrying conductor when placed in an external
magnetic field also experiences a magnetic force. It implies that
the force between two parallel current-carrying conductors is
mutual and magnetic in nature.

Imagine a long straight wire X carrying a current I; kept
horizontally along east-west direction. Another long straight
wire Y is kept parallel to wire X, at a distance r above wire X. If
wire Y carries a current Iy, the two wires will either attract or
repel each other.

(i) The magnitude of the magnetic field at a point on wire Y

due to current I in the wire X is : 1
I I
(A) Ho'1 (B) Ho™1
r 2r
koly Moly
(©) 4nr (D) 21r
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afe AR X ¥ yaTted 91 I; = 10 A & foem 45 & aftem i 3T 3,
r = 2 mm, TIT IR Y T Ifd Tehich TTHITE 598 5 g/em 8, AT IR Y
o forett w1t Ay # foetfor Temm i - 1

(A)
(B)
(C)
(D)

(%h)

Io = 10 A ufz=m & g fewm # wafed g |
I =50 A R & g6 fo=m 4 wafed g |
Iy =25 A T & qfe=m fowm & wafed € |
Io =10 A Y8 & f¥=m foem § yarfed g |

IHTART X 3R Y o st foreft foreg ot e rarehia &7t 311 g

SaARX T3 g H gl (d) B : 1
(A) 1111'1 1, S0 L, wmr foem st 2t 2
1+42
(B) L Ty S T, v gt 3 i e i sfe i &
1112
(© T T o T, w e i vt A 3
1712

(D) 1111'1 |1y 3R 1wt 3 ferdvr fawm 3 wanfe St
1—42
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(11) If the current in the two wires X and Y flows from west to
east direction, the force acting on per unit length of wire Y

will be : 1

(A) %, pointing vertically downward.

(B) %, pointing vertically downward.
7T

c) 0;1}2 , pointing vertically upward.

D) H %111{2 , pointing vertically upward.
(I

(111) If wire X carries a current I; = 10 A in east to west
direction, r = 2 mm, and mass per unit length of wire Y is
5 g/cm, the wire Y will remain suspended in air (without
any support) when : 1
(A) Io =10 A flows from west to east direction.

(B) Iy =50 A flows from west to east direction.
(C) Iy =25 A flows from east to west direction.
(D) Iy =10 A flows from east to west direction.

(iv) (a) The net magnetic field will be zero at a point between
the two wires X and Y when the distance (d) of the

point from wire X is : 1
(A) L , I; and I flow in the same direction.
Il + 12
(B) L , I; and I, flow in the opposite direction.
Il + Iz
(C) i Ilrl , I; and I, flow in the same direction.
1772
(D) i Ilrl , I1 and Iy flow in the opposite direction.
172

OR
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(iv) (@) " AR X AR Y Th-go o wwsrad &fdst def 3 36 e

sHAfeerd § foh 3o e for el fopy Hure € | ae X W amr 1
qfe | & a1 AR Y H 9T 1 SR & ST shT S aTted &1 &
& | qe ST AR o EHge (30 1) TRt forrg o AT e e
2

(A) ;—f (B) %I
©) = (D) Mol
* 2nr

30. fore STeT © W o=l o UTH ohl ST o oTFeTard] ohig TehalUlT oISt UST STTHa
@ | 9% ISR O o § T ot ek <t 3 et & et § 1 o ok offaw

foret T uX sarfaertor S o 1T 2 | 36k IT=ITd T | W1 ST ohl ST 9 3T1Ieh
3adieh o fordll uresff ot @ gfeenfug s feamman 2 | s IR ft A
iR feerd ute 9T s foehtor ded sHar 2 |

(i) A | Toh1eT sl I S qTesd | -7 Uiied -l T 2

(A) =l Tef (B) =Y, st
(C) e, et (D) e, =l
(i) O H FHhicl Thsil o sfi=r shivi gereh
(A) wm
(B) =W
(C) ¥HE WM
(D) ¢ Hohdl & 3TUAT U2 HehdT & IE e oh TadHTeh I (T ham

(i11) ()
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ST o |1 TR TTT Iuerd YAINT W A TRt o off=r qereh ol
3ATe R fom S e Tt & uee o sfter ot gl shi ST o
fear stme, a1 e et

(A) g Er S (B) = & st
(C) et &1 STt (D) sTufEfda &t
JAYAT
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(iv) (b) Suppose wires X and Y are arranged perpendicular
to each other, in horizontal plane, with their centres
coinciding (without touching). Wire X carries current
I from west to east and wire Y carries current I from
south to north. Then the net magnetic field at a point

equidistant (distance r) from both the wires is: 1
(a) Hol B) Mol
2r mr
(C) zero (D) kol
27r

30. A monochromatic laser beam is incident perpendicularly to the
wall of a water-filled glass container. The laser beam passes
through two slits in a block kept in the container. An
interference pattern is formed on a screen inside the container.
The water is then replaced with a transparent fluid of greater
refractive index than that of water. Again interference pattern
is formed on the screen inside the liquid.

(1) How will the speed and the wavelength of light change in
the liquid ? 1
(A) decreases, decreases (B) decreases, increases
(C) increases, increases (D) increases, decreases

(i1) The angular separation of the bright fringes in liquid will : 1
(A) increase
(B) decrease
(C) remain the same
(D) may increase or decrease depending upon the
refractive index of liquid

(iii)) (a) In the above experiment (with water), if the
separation between the slits is halved and distance
between the slits and the screen in doubled, the

fringe width is : 1
(A) doubled (B) quadrupled
(C) halved (D) wunchanged

OR
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(i) (@) i % e o 1 mm qo i g e 1 g 1m 2 |

Ifd 500 nm TS & YHIRT HT YA fham ST, O A
(= )3 Bt o 2T

(A) 0375 mm (B) O0-5mm
(C) 075 mm (D) 1-0mm

(iv) AR Y2 | STaTeq (iet) kst T e <= 2 wehdll & S
SATERTIT LT g3 T hl BIelT & -

(A) GHF HATFRI, TAH dlsrar 3R R s n

(B) €W AT, THH dTsIdT 3R Feert et 3=

(C) T ST, T cftera ST feeR st

(D) T Srraf, foret ftsrem oI feer shetT=i 3=

31. (&)

(@)

I 55(B)/S

(1)

(ii)

(1)

L e

1é forega fyyar Foreht e frgg-a B 3 59 wobm fera &
o 378 B 9 0 0T ST 2 | a8 wise R aw fya
T T A& T | 39 TR fger oX shraitd SIet-3meef o
1T SsTeh Sca= 1 151T ST IHehT oI b1 ot Soct hife |

13 f3ya ToR@-a & THT=R Hifad © | 39 fega &1 (D) 180°,

@ (11) 90° W =T s | TR 7T STl T hITVI |
AT

GTRT C ShT 1S GHTR UTgehT TG fordll sl O 9aifoa 2 |
ST HITTT Toh HYTRE ht UfgehTU fohe JehR G0 T fasiTai
TN AT Ll § | 39 TP GeTiet | Tiard St o fofu isteh
T hITST |
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(iii)) (b) The two slits are 1 mm apart and the screen is placed

1 m away from the slits. If light of wavelength 500 nm

is used, then fringe separation in water (u = é) is : 1
(A) 0-375 mm (B) 0-5mm
(C) 075 mm (D) 1-:0mm
(iv) The intensity at the dark fringes in the interference
pattern can be zero when the two interfering waves have : 1

(A) same frequency, same intensity and stable phase
difference .

(B) same frequency, same intensity and stable phase
difference zero.

(C) different frequency, different intensity and stable
phase difference .

(D) different frequency, different intensity and stable
phase difference zero.

SECTION E

31. (a) (1) Anelectric dipole is held in a uniform electrig field E)
such that its axis makes an angle 6 with E. Show
that the dipole does not undergo any translatory
motion. Hence, derive an expression for the torque
acting on it and specify its direction.

(i1) A dipole is aligned parallel to the electric field. Find
the work done in rotating it through an angle
(I) 180°, and (II) 90°. 5

OR

(b) (1) A parallel plate capacitor of capacitance C is
connected to a battery. Explain how the plates of the
capacitor acquire equal and opposite charges. Hence
obtain expression for the energy stored in the
capacitor.
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32. (#)
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33. (%)
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(ii)

(1)
(i1)

(iii)

(1)

(ii)

(1)

foreft guT=R ufgerr denfer &t ufgawredl @+ 4-0 uC o
— 4-0 pC A g | 39t ufgarrenl & &= 1600 V/mm &
fore-&1 300 B o 7T TIeh Tfgent oA &1thal J1d ShITaIT |

Torea-&1 S FeThT &1 o sfiel T 3T & 2

37 3d] hI QT H AT HIST SFes S1=dtid Se9HE m 31T
ST o FT RSO v F Pl e 8 Bl
gl

(I) I 9 I LT § |

(II) Uit T O T AT 2 |

O
(@ (@

(I1T) TomT forfor g Bt el T o’ T ST 2 |

me-forg e feor frelt s A7 = axd @ | ¥ omfew
g [ = 10 A JaTfEd &1 T 8 | y-37e 0 1-0 m g o Trefshid

&1 3T TRETOT STR T J1d T | Ax = 0+5 em #IfST |
3T

forelt =it pusell TeaHHIe & wREEH g #1 Seoid
FHIFSTT | G&T | 3Eeh GHT 3T fshanfafer s avi FifsT |

100 2 JfcRre =T g feaHIeX 10 mA 91T % foT quf JwrT
fargiaor goiar | 39 freaHieT i 31T (0 — 10 V) 9RE &
et ¥ fohe TR aiEfad &l 2 39 TR 9Ted AleeHIeT T
TTRrer T BT 2

IS THTG PV ST ST0aais 2 o 9&rd 8 s 2 | 39
TS5 o fTQ =gfaH fereret shiot =61 71 31 2hifSY | i 39 s
I SToT H il T ST AT 36 | 9T 3T 91 ST 2
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(i1) A parallel plate capacitor has + 4:0 uC and — 4:0 uC
charges on its plates. Find the area of each plate so

that an electric field of 1600 V/mm is produced
between the plates. 5

32. (a) () What is the difference between an electric field and
a magnetic field ?

(i1) Briefly explain the condition under which a particle
(charge q and mass m) moving through a magnetic

= . o
field B with a velocity v :

(I) describes a circular path.
(II) describes a helical path.
(III) moves undeviated in a straight linear path.

(iii)) An element A7= Ax1 s placed at the origin
and carries a current I = 10 A along 1. Find the
magnitude and direction of the magnetic field at a
distance of 1:0 m on y-axis. Take Ax = 0-5 cm. 5

OR

(b) (1) State the principle of working of a moving coil
galvanometer. Briefly describe its construction and
working.

(i1) A galvanometer of 100 Q shows full scale deflection
for a current of 10 mA. How will you convert it into a
voltmeter of range (0 —10V) ? What will be the

resistance of the voltmeter so obtained ? 5

33. (a) (1) An equilateral triangular prism is made of material
of refractive index /2. Find the value of the angle of
minimum deviation for the prism. How will this
value be affected when the prism is immersed in
water ?
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(ii) RIS TohTST TohiuT 3 TISH o forelt Tk etk WX STheTread STTaa-
LAl & | IH IATH HI0T hT W JTd IS 58 9 78 foper TSrsH
&F fidt Fepeadt (Her ) ot T AT T AT drfes I8
ToroT 3et Wheter T QU1 ST=ANE TXrad STTE |

HAYAT

400 nm 3R 500 nm sl ST TS| o fohrell 1T YT <Al ST foreft
faferd T O Srfererot fihestl ont ITed o o foTu foram T 7 | ferferi
el gl 15 mm qoT g F qa e h gt 1-5 m B |
i) () 500 nm TR 3 T TS o s | qi=e| AT Shsl
=hl {1 Tl Shifory |
(II) 400 nm oTeed & oI 9Te & g & e 3T (hrett)
[EEEICUEICEIS
(i) O % % © € HH-H-HA Gl T HITSIC STET T ireeai o
HTOT =i TheT Tureht gt |
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(i1) A ray of light is incident normally on one face of this
prism. Find the minimum angle at which the ray
must be incident on the adjacent face inside the
prism so that the ray experiences total internal
reflection at this face.

OR

(b) A beam of light consisting of two wavelengths 400 nm and
500 nm is used to obtain interference fringes in a double
slit experiment. The distance between the slits is 1-5 mm

and the distance of the screen from the plane of the slits is
1-5m.

(i) (I) Find the distance of the fifth bright fringe from
the centre of the screen for the wavelength
500 nm.

(I) Find the distance of 3™ dark fringe from the
centre of the screen for the wavelength 400 nm.

(i1) What is the least distance from the centre of the
screen where the bright fringes due to both
wavelengths coincide ?
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