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General Instructions :

Read the following instructions carefully and follow them :

(1) 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.

(iit) 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.

(vii) In Section E — Questions no. 31 to 33 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 :
c=3x10%m/s
h = 6-63 x 1034 Js
e=16x10719C
o =4mx 107 Tm A™?
g9 = 8:854x 10712 C2 NI m2

1

47‘580

=9x 109N 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 1027 kg
Avogadro’s number = 6-023 x 1023

Boltzmann constant = 1-38 x 10723 JK!

per gram mole
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1. foya ol 1:0 x 10712 Cm 71 %1 fogd foga x-99 & e @i g 1@ e o
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2
(A)  05x10-% Nm (B) 1-0 x 1008 Nm
(C)  20x 1078 Nm (D) 40 x 108 Nm

2. S B ufder 7 9T T R <A1 AT ST €, Ses 9 a AeaTo SHehdT & FiTh
(A)  IFH &I | 3T AT gt STRF F e awq & I a1 711 A & |
(B) e JUMT &1 Wehall & ST gHehT Tfarer {3 &1 wehar 2 |
(C) = o Tol oX qeeaor forerd-&r TerTfua & ST & S Scidg 1 bl geheta & |
(D)  d=q H Hed Fora TehIT ohl =Tet | TTH hLd ¢ |

3. ATV =, & EE ST o %1 BT 8 B = B, | + Byk mwd
AT AT & | $H 0T I AT ST T IRATOT R

(A)  qvy(By+Bg) (B) q*’VO (B1 +By)
(©)  qvyy (B +B3) (D) qyvyBZ+B2)

4. IS DS ek WP I (ohwT THAHTT Frerch &5 § HeRIUT ST & | 6 vaieh ol ael
e TfoTd foham SITAT & ST deh foh S8 O T SIcT-SATE0] SHeh SATHeR HH o ST
B ST | T FFaTeh i [oTd HI0T Tk H(UTel (bl T &, TE & -

(A) 30° (B) 45°
(C) 60° (D) 75°
5.  SROTCHS JFeeh S ATt qaTd B
(A)  wfergrsehia (B) ATIFHT
(C) dre-gFaehia (D) IFverhT
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SECTION A

1. An electric dipole of dipole moment 1-:0 x 10~12 Cm lies along x-axis. An
electric field of magnitude 20 x 104 NC~! is switched on at an instant in

AN
the region. The unit vector along the electric field is 73/1\+ % j. The

magnitude of the torque acting on the dipole at that instant is :
(A)  05x 1075 Nm (B) 10 x 10~ Nm
(C) 2:0x108Nm (D) 40 x 108 Nm
2. When the switch of the circuit is turned on, the filament of the bulb glows
instantaneously because :

(A) the electrons coming from the power source move fast through the
initially empty filament.

(B)  the filament may be old having low resistance.

(C) electric field is established instantaneously across the filament
which pushes the electrons.

(D) free electrons in the filament travel with the speed of light.

A
3. A particle with charge q moving with velocity V= vyl enters a region
— A A
with magnetic field B = B;j + B, k. The magnitude of force experienced

by the particle is :

(A qvy (By +By) (B) q./v, (By + By)
(©)  qvyy(BI+B2) (D) qyvyBZ+B2)

4. A bar magnet is initially at right angles to a uniform magnetic field. The
magnet is rotated till the torque acting on it becomes one-half of its
initial value. The angle through which the bar magnet is rotated is :

(A) 30° (B) 45°
(C) 60° (D) 75°

5. The materials having negative magnetic susceptibility are :
(A) diamagnetic (B) paramagnetic
(C) ferromagnetic (D) non-magnetic
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6. o forell Fuecl § g § TR A 8 A 6 A T T 4 ms H Tiad ail &, qef 3o
1-5 V 1 o191 51t (emf) I BT € | 59 FUSeH! h1 ToI-STehedl hT A & :

(A) o6mH (B) 12mH
(C) 3mH (D) 9mH

7. Tord wHTRR dfgeht HeTior 3t ufgshratl (F%d 25 x 1073 m2) & o & fr@-a
4 x 108 Vm1s~1 o gt & ufiard & @I & | 36 deanfy o ufgeprati o sfter oz

%TIT[%:
(A) 18x10°A (B) 347x10-% A
(C) 885x108A (D) 632x10~4A

8.  THATHd: W fordl oFe H1Y dR U HUX il AT iz TIRT 9RT Janied 8l & 8 | 39
TRTATE! TR G S~ TRTeh ) &1 T3l 3ht SATH(d 2 -

(A) TR Y Bread: sret ATt gt wieft @ |
(B) OWETE AR ¥ GHT= €iell @ |

(C) TR AR IR Hobsll &Afcst I |

(D) TR % = S GHTE FUSier! |

9. frfaRad & & wF-a1 & a9 o o =rere © 2

(A) Sn
(B) 3AYh (Mica)
(C) Si

(D) C
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6. When current in a coil changes at a steady rate from 8 A to 6 A in 4 ms,

an emf of 1.5 V is induced in it. The value of self-inductance of the coil is :

(A) 6mH (B) 12 mH
(C) 3mH (D) 9 mH
7. The electric field in space between the plates of a parallel plate capacitor

(each of area 2'5 x 10~3 m?) is changing at the rate of 4 x 106 Vm~1s-1.

The displacement current between the plates of the capacitor is :

(A) 18x10°A (B) 347 x 1076 A
(C) 885x108A (D) 6:32x 1074 A
8. A long straight wire is held vertically and carries a steady current in

upward direction. The shape of magnetic field lines produced by the

current-carrying wire are :

(A)  horizontal straight lines directed radially out from the wire.
(B)  straight lines parallel to the current-carrying wire.

(C)  concentric horizonal circles around the wire.

(D) coaxial helixes around the wire.

9. Which of the following is an electrical conductor at room temperature ?
(A)  Sn
(B) Mica
C) Si
(D) C
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(B)  3T9d QT ARAfarsh
(C)  raeet T JTTEt
(D)  3ASA QAT AR
11. & gy :
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(A)
(B)

(&)
(D)
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10. The magnification produced by a spherical mirror is — 2:0. The mirror
used and the nature of the image formed will be

(A) Convex and virtual
(B) Concave and real
(C) Concave and virtual

(D) Convex and real

11. Choose the correct statement :

(A)  Photons of light show diffraction whereas electrons do not show
diffraction.

(B) Electrons have momentum whereas photons do not have
momentum.

(C) Photons of light and electrons both exhibit dual nature.

(D)  All electromagnetic radiations do not have photons.

12. A beam of red light and a beam of blue light have equal intensities.
Which of the following statements is true ?

(A)  The blue beam has more number of photons than the red beam.

(B)  The red beam has more number of photons than the blue beam.

(C)  Wavelength of red light is lesser than wavelength of blue light.

(D)  The blue light beam has lesser energy per photon than that in the
red light beam.

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.

I 55/4/2 Page 9 of 31 P.T.O. I



13.

14.

15.

16.
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fopett 31 srdaTere , ATe |iEAT 5 x 108 m3 ¥ | STqget AT ST ATfeq it

o forat Tisar 8 x 1012 m—3 RISt 7 |

F) (i) Uk (A1E) % TR ! TEGTHT TAT (ii) 39 TR 54 SUseHT STeareteh Hi
T |

@) AUsT TS § gide Wisar Uiehiord shifsTg |

forett faferdt s & @) it & sfer qosha 1.5 mm ® | 39 ffei 61 600 nm 3R
400 nm T % T FemRT g S o T @ qer e 9§ 1.5 m gl w e
TS T SN0 U T &0 fohall 1T & | st SFeel® & 39 foieg ol =faw gt 91
IS, o T 3T TRt o SAfhTT et ot wrehiel fohst WOt shid & |
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13.

Assertion (A) :

In an intrinsic semiconductor, carrier’s concentration is 5 x 108 m3.

For monochromatic incident radiation, the emitted
photoelectrons from a given metal have speed ranging
from zero to a certain maximum value.

Each metal has a definite work function.

In double slit experiment if one slit is closed, diffraction
pattern due to the other slit will appear on the screen.

For interference, at least two waves are required.

A series LCR circuit behaves as a pure resistive circuit at
resonance.

At resonance, X; = Xy gives o = i
JLC
n-type semiconductor is not negatively charged.

Neutral pentavalent impurity atom doped in intrinsic
semiconductor (neutral) donates its fifth unpaired
electron to the crystal lattice and becomes a positive

SECTION B

3

On doping with impurity atoms, the hole concentration becomes

(a) Identify (i) the type of dopant and (ii) the extrinsic semiconductor

(b) Calculate the electron concentration in the extrinsic

In a double slit experiment, the two slits are 1-5 mm apart. The slits are

illuminated by a mixture of lights of wavelengths of 600 nm and 400 nm

and the interference pattern is observed on a screen 1-5 m away from the

slits. Find the minimum distance of the point from the central maximum

at which bright fringes of the interference patterns of the two

Page 11 of 31 P.T.O.

Reason (R) :
14. Assertion (A) :
Reason (R) :
15. Assertion (A) :
Reason (R) :
16. Assertion (A) :
Reason (R) :
donor.
17.
8 x 1012 m3.
so formed.
semiconductor.
18.
wavelengths coincide.
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10V — B 200
\w0g/
10V 16
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19. Find the focal length of plano-convex lens of refractive index 1-5 and
radius of curvature 10 cm when it is immersed in a liquid of refractive
index 1-25. 2

20. Find the ratio of minimum to maximum wavelength of radiations emitted
when electron jumps from higher energy state into ground state of
hydrogen atom. 2

21. (a) In the given figure, three identical bulbs P, Q and S are connected
to a battery.

(1) Compare the brightness of bulbs P and Q with that of bulb S
when key K is closed.

(ii)) Compare the brightness of the bulbs S and Q when the key
K is opened.

Justify your answer in both cases. 2

OR

(b) Two cells of emf 10 V each, two resistors of 20 Q and 10 Q and a
bulb B of 10 Q resistance are connected together as shown in the

figure. Find the current that flows through the bulb. 2
1OV— B % 200
L)
10V— 100
i
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22, Explain the following observations using Einstein’s photoelectric equation :

(a)

(b)

(c)

23. (a)
(b)
24. (a)
(b)
25. (a)
(b)
I55/4/2

SECTION C

Photoelectric emission does not occur from a surface when the
frequency of the light incident on it is less than a certain minimum
value.

It is the frequency, and not the intensity of the incident light which
affects the maximum kinetic energy of the photoelectrons.

The cut-off voltage (V,) versus frequency (v) of the incident light

curve is a straight line with a slope h
e
A charged particle ¢ moving with a velocity v is subjected to a
%
uniform magnetic field B acting perpendicular to v . If a uniform
%
electric field E is also set up in the region along the direction of

ﬁ
B, describe the path followed by the particle and draw its shape.

How will the magnetic field inside a long solenoid be affected when :
(1) the radius of the turns of the solenoid is increased,

(i1)  the length of solenoid as well as the total number of its turns
are doubled ?

Differentiate between magnetic flux through an area and magnetic
field at a point.

A bar magnet is held with its length along the axis of a closed coil.
Initially the south pole of the magnet faces the coil. If the magnet
is moved towards the coil, explain how a current is induced in the

coil and in what direction.

State any three characteristics of electromagnetic waves.

Briefly explain how and where the displacement current exists

during the charging of a capacitor.

3

Page 15 of 31 P.T.O. I



26. (%)
@)
27. (%)
@)
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Toret wremTeT oiaT o “qEm bt afmer faRaw | RS ghae aomy TRt Sae da
¥ rvafd BraT € | STvafdd a3 Sife |

fopel} e o W IS THa a0 56 ATeAd i fohel] forat wreaw & gk

T AT THAA I8 X YA L & & | 39 T o 79 hl quI o g
M@ Eifdu | 38 Yo S o 1w o1 geamua hifs |

p-SThT qT n-TehT o 3TeETeTohi H TgEEIH 3T ITTEEHH ATCRT ATah HT
B ?
Rl p-n TfYr ST § foreor amy o7 Stuare arr fAfdd 29 i dag & e
HITSTT |

(1)

(i1)

(1)

(i1)

T SAdRHI o HEAT ued ot fauifa et % wdl 7 forelt =erh i
NIRRT o [TT, SsTeh Scqw shiToTT |

AE o 31 o T STt # foRHt AR Sl ATIEI-HIE ¥ TaTied 9T
T UH ST T 8 | 37 GHT a0l H 36 STY-HE § Farfed

TSR (Qq FHR Q) T T HITST |
(A)
o] Y
1.5+ Q

1.0+
05+
0 1 1 1 ] 1 5

1 2 3 4 5 6 7 8 9 {5

fa.ar. 94 (emf) E q9T 3Tiaies Ifa0er r Y i sSed) foret smer ufiadf
iy R @ gaifSia |

(1)  ufcaer & gy Iaur Sl grRT <t ST g aret SAfehad 9T % O
& foru =isteh umH ShifsTe |

(1) o & for Wt 2fiaet Sicedr V aur SHeT JemEvd fehad a9
T ST |

IAH FSOH R = Ry 8 WHRT [, G R = Ry B4 W L, 3T &1 1,
Iy, Ry 3R R, o W&l § et o1 S7r=afieh fcrver s Hifsre |
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B
26. (a)
(b)
27. (a)
(b)
28. (a)
(b)
I55/4/2

#

Define ‘wavefront’ of a light wave. A plane wavefront is refracted
from a convex lens. Draw the shape of the refracted wavefront.
A plane wave travelling in a medium is incident on a plane surface
separating this medium from a rarer medium. Draw a diagram to
show refraction of the wave. Hence, verify Snell’s law. 3
What are majority and minority charge carriers of p-type and
n-type semiconductors ?
Explain briefly the formation of diffusion current and drift current
in a p-n junction diode. 3
1) Derive an expression for the resistivity of a conductor in

terms of number density of free electrons and relaxation

time.
(i1))  The figure shows the plot of current through a cross-section

of wire over two different time intervals. Compare the

charges (Q; and Q,) that pass through the cross-section

during these time intervals. 3

(A)
Ia Q 1

201 Q

1-5+ 2

{alje

05 4

0 ——
1 2 3 4 5 6 7 8 9 t(s
OR

1) A battery of emf E and internal resistance r is connected to a

variable external resistance R.

(I)  Obtain the expression for current I in the circuit and

the value of maximum current the battery can supply.
(II) Obtain the terminal voltage V across the battery and
its maximum possible value.

(ii))  The above battery sends a current I; when R = R; and a

current I, when R = R,. Obtain the internal resistance of the

battery in terms of I, I, R; and R,. 3
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LCLCR)

I G 29 TIT 30 F ITEFIT-ITHIRG ¥4 & | (HHleifga 1=l %1 98 X i< faw 1g
Y1 % SR T |

29.  [orHl BTESISH WHATY] H WHTY] o ATveh TX fEord WIeH & AR AR Brsa ¢ st gamen
el o 1S soaer fore Ff3rd =mer v & afehaT St & | T it afrt saee™ %
after T et e forgre SATeRNur et SAH i HET H UREHHIT i o o 3Trevash
HWehg I TG AT & | S ASS o STER, Toh gerdg iz el spearstl # &
TRGHIUT ST ThAT & | § HeTsll § goag WW’J?@"T% T 1S qUITeh OIS BT
2, STel h telieh Reish B | @1 &Y, STe hIS SHa 3o o1l oh shedl & e St
HAT § GhAUT HLdT 8, AT his WIS IcdSid Brar & fSeehl et sifam g @

SIENeh STaET T Hefi3l o s1a 3T=L o SRIeK Brdl & | IE A §U foh Soiae ot
ST AT AT S m N e &, Freaferfiae st 3 s e |

() e i e (r) aur vifdes Fadis (K = 1 ) & UGT U ST ol = v

471580

2 2

W 2 ® =
mr mr

2 2
©) Ke D) Ke2
\} mr mr

() 3R iifies Frraies K & 9at § ] 1 e i @ ;

2 2

(A) Ke” (B) _ Ke®
r 2r

Ke? 3 Ke?

c) — D) ==
© or (D) 5
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Questions number 29 and 30 are Case Study-based questions. Read the following

SECTION D

paragraphs and answer the questions that follow.

29.

A hydrogen atom consists of an electron revolving in a circular orbit of
radius r with certain velocity v around a proton located at the nucleus of
the atom. The electrostatic force of attraction between the revolving
electron and the proton provides the requisite centripetal force to keep it
in the orbit. According to Bohr’s model, an electron can revolve only in

certain stable orbits. The angular momentum of the electron in these

orbits is some integral multiple of 2£ , where h is the Planck’s constant.
T

Further, when an electron makes a transition from one orbit of higher
energy to that of lower energy, a photon is emitted having energy equal
to the difference between energies of the initial and final states.
Assuming the mass and charge of an electron as m and e respectively,

answer the following questions.

1) The expression for the speed of electron v in terms of radius of the

orbit (r) and physical constant (K = )is:

TEQ
Ke? Ke?
&) —— B) ——
mr mr
RKe? K
© | D) |y
mr mr

(i1)  The total energy of the atom in terms of r and physical constant K

1S .
Ke? Ke?
@a == (B) — =2
r 2r
Ke? 3 Ke?
c = D) 228
© 2r D) 2 r
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[OpA0|
=i

(iii)  Torel oCHTO] H el IS SeieRE ek STareT U U STl H AT e €, dl
500 nm TUTE T S BIEH IS BIAT & | Tof S HSA o FTAR eV §
SAFZI 3h1 et Hro1l | R TUT ST bl TSt ol H qIerc shHsl: & :

(A) 248,-2:48 (B) —-1-24,1-24

(C) —2-48,2:48 (D) 1-24,-1-24

(iv) (F) TTESISH WA o SR HISH H Seiag i bl nall Haft § qiehaur i Araf

ffcifiaa # & fopees SATdTiaes Brdl @ 2
(A) n
®

n

1
(C) 2

1
(D) o3

AT

(@) ETEEISH T § S TAFH — 3-4 eV T ST § e 31w |
TShHUT AT 8 | SHehT heT oht Bisar T uitad= B (Feetawr ofareen o
AT hl HeT ot B3=aT = 0-53 A)

(A)  053A
(B) 1-:06 A
(C) 1-59A
(D) 212A
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(iii) A photon of wavelength 500 nm is emitted when an electron makes
a transition from one state to the other state in an atom. The

change in the total energy of the electron and change in its kinetic

energy in eV as per Bohr’s model, respectively will be : 1
(A) 2-48,-—2-48 (B) —1-24,1-24
(C) —2:48,2-48 (D) 1-24,-1-24

(iv) (a) In Bohr’s model of hydrogen atom, the frequency of revolution

of electron in its nt? orbit is proportional to : 1
(A) n

1
B =

n

1
C el
©) 2

1
D Bl
(D) 3

OR

(b) An electron makes a transition from — 34 eV state to the

ground state in hydrogen atom. Its radius of orbit changes

by : (radius of orbit of electron in ground state = 0-53 A) 1
(A) 0534
(B) 106A
(C) 1594
(D) 2124
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30.  Torelt T ufght Wefer & <1 =iTereh wigeRrd it & St armTra: Tt i oe weh-gat
% HUT-aT Tt Bt & | ST fopelt wenfer st A ok sirar ®, at e1maT ufgshredt
et g8t o feera &1 ST 8 et ufgehret & ste i foRa-a wfid g S e | 39
STERTL HTIGT o oS il wferd GBI & | TR ¥ o 9T ol I8 TR aigentd &
TS Sedep o1 ST o1 TS L ® AT ¥ UH-gHL o WHTL IR THeTE Tl § |
P, 3R P, T Py, 31 P % e T ! wragdich ‘K’ sl 37yeh sht 2fel & quieyor
W fean mam @ | ufgsht Py 1 foreg A et 17 ufgehiaAl Py 311 Py 1 forg B 9 weiford
foram & | foreg B % wruet foimg A o forviar bt fopelt errenren forviar ot aifvra foparr T
AT A 3R B F o fnarat v R |

() AR B % o= femm sk ariar an

2 2
enKL enKL
A 0 B 0
(A) —q (B) 2d
2
2¢,KL 2¢nKd
C 0 D 0
(©) 1 D) =7
(i)  fEehT P, W AR :
en VKLZ g VKLZ
A 2 (B) -2
2d d
9%y VKL gy VKL
0
D
(@) 1 (D) id
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30. A parallel plate capacitor consists of two conducting plates kept generally
parallel to each other at a distance. When the capacitor is charged, the
charge resides on the inner surfaces of the plates and an electric field is
set up between them. Thus, electrostatic energy is stored in the capacitor.
The figure shows three large square metallic plates, each of side ‘L’ held
parallel and equidistant from each other. The space between P; and P,
and P, and Pg is completely filled with mica sheets of dielectric constant
‘K. The plate P, is connected to point A and other plates P; and Pg are
connected to point B. Point A is maintained at a positive potential with
respect to point B and the potential difference between A and Bis V.

1) The capacitance of the system between A and B will be : 1
2 2
(A) SoKL (B) SoKL
d 2d
2
2e0 KL 2e0Kd
C 0 D 0
©) a4 (D) 1.2
(ii))  The charge on plate P, is : 1
gy VKL gy VKL
(A) 0 Y7 (B) 0 ">~
2d d
92¢o VKL gy VKL
C 200 Y p =0
©) d (D) 4d
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(i) P, 3P, % ofter o wexr & fopa-am 2 -

\Y% 2V
(A) 1 (B) a4

\Y d
(©) 2d (D) v

(iv) () 39 e & G o1iar arel o § W SHIG gigent g, feeht
UfgehTaTl ol &t (L2) THH &, i Ufgehtall o sl gereh &I -

d 2d
(A) IR (B) K
d d

(C) K (D) K

(@) I A IR B o sl IFTIIIH e o H1d bl geTh 30 (ohHT <ITeTeh
TR O G foram ST, ot 56 1ok 9t Ae Strarr 8

2 2
) G VEL B VKL
4d 2d
gy VKL2
©c 0 p D) I

Qg s

31. @) () o = am ffew it e fifse F 9 Fem fhe g =it
TETUT f=rm =T RIS TioTm /|
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(iii) The electric field in the region between P; and P, is : 1
\Y% 2V
A — B 2o
(A) d (B) d
\Y% d
C — D —
(C) 2d (D) v

(iv) (a) The separation between the plates of same area (L2) of a

parallel plate air capacitor having capacitance equal to that

of this system, will be : 1
(A) % (B) %
(C) % (D) %

OR

(b)  If the source of potential difference applied between A and B

is removed, and then A and B are connected by a conducting

wire, the net charge on the system will be : 1
e, VKL2 e, VKL2
(A) S0 Y (B) 0>~
4d 2d
e, VKL2
c = (D) Zero
d
SECTION E

31. (a) () State Lenz’s law and explain how this law is a consequence

of conservation of energy principle.
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(ii) gwéwﬁéwmwaﬁ@ﬁmhwmﬁw

i)

THEHT TrThiT & B et | 35 uwr @ Rt Frea A v d
R el qoh < ST ST & STel 0o A FFaTeh 1 &1 o Sa¥T & S1et e af
SR |

%
B
X X

bO| =~
<«—>

<—l—>:
I

I
X X X X
«—]—

(I) 9797 3 &1 | YOIT Shid G T 9197 o &5 9 18T 37 0 360
i g ohY feemd s gt 2

(IT) ST t o BT AT T, Frohial Felohdl ¢ oh Tereror e o7 ¢
o |1 I1eT H AR for. A, 9t (emf) E o foreror 3 ume @i |
ST U W E, ¢ T t 3 GETd 7 3ifehd hITT |

AT

YTt 9T % R 9 SR AT qe (rms) 7 % St fasied
AT | 37k offer o e @ 2
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(i1) A square shaped loop of side é is initially lying outside a

%
region of uniform magnetic field B as shown in the figure.
The loop is moved towards right with a constant velocity v

till it goes out of the region of magnetic field.

bO| =~
<«—>

(I)  What will be the directions of induced current when
the loop enters the field and when it leaves the field ?

(II) Draw the plots showing the variation of magnetic flux
¢ linked with the loop with time t and variation of
induced emf E with time t. Mark the relevant values
of E, ¢ and t on the graphs. 5

OR

b)) @ Differentiate between peak and rms values of alternating

current. How are they related ?
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32. (%)

C))

I 55/4/2

(i1)

1)

(i1)

1)

frar. s (emf) V = V; sin 2yt o ToREt ac @d & o @ forelt e
IS X o1 @A foham STraT © | 318 T At ® fob shet ¥ deear e

2l % Yfeo 3 2 | IS 3o X o 3raa Y & i o smar 8,
A et § Feedr g A %‘d%w—rtr%r%ﬁam%%

(I) e N Wiweht 7936t X 3T Y hl Ug=THT |

(ID)  SHT sraEl X AR Y & @i @ 2ft § Gifod sish 313718
30 STH SHITST T TS ST o fAg =ik wTH i | 56
TehTUT | fcaTeT o7 A9 T 2 2

@éﬁm 10 cm@W{ﬁ%WWWﬁH@3O cmaﬁmﬁ%
2 | 78 | e W feur gfforesr semar 8 | afy forddt waet sraae ot @t
3T IF & T T 1@ & S, af W W e giifrs a9ar § S
TS T 3T AT Rufa & 45 em Tzt fopram Strar 2 | o1eae g
Y e g afteferd I |

forelt wwaTg fism o1 =paw forrer shior wftskferd shifsig | Ssw =t
ATIIF /3 & | FIaW forae % 9 T % T SAmaa o o
TRERfCTd I |

AT

Wireh! % 78T Weled 633 nm TUICE & TS I 1 SWANT FLeh
faferdy v <t wrereraT & Sferehtor s wefdia e =med § | =i wa
RIS YT &, SATqeRtor U TSt & 5:0 m gl ot e ot el 2 |
Tt SET g7 S Y 9W Wk % oY 3 =ed € T e wrers
5 mm & |

(1)  ifed TR T ST A o T ferilt g g1a shifer |
(I) st Stea & wor Ffts st gl s et 2

Page 28 of 31



(i1) A current element X is connected across an ac source of emf
V =V sin 2mvt. It is found that the voltage leads the current
in phase by % radian. If element X was replaced by element

Y, the voltage lags behind the current in phase by % radian.

D Identify elements X and Y by drawing phasor
diagrams.

(I)  Obtain the condition of resonance when both elements
X and Y are connected in series to the source and
obtain expression for resonant frequency. What is the
impedance value in this case ? 5

32. (a) () An object is placed 30 cm from a thin convex lens of focal
length 10 cm. The lens forms a sharp image on a screen. If a
thin concave lens is placed in contact with the convex lens,
the sharp image on the screen is formed when the screen is
moved by 45 cm from its initial position. Calculate the focal

length of the concave lens.

(i1))  Calculate the angle of minimum deviation of an equilateral
prism. The refractive index of the prism is J3 . Calculate the

angle of incidence for this case of minimum deviation also. 5

OR

b)) @ A physics teacher wants to demonstrate interference with
the help of double slit experiment using a laser beam of
633 nm wavelength. Since the hall is large enough,
interference pattern is formed on the wall 5:0 m from the
slits. For clear and comfortable view by all the students they

want the fringe width 5 mm.

D Find the slit separation for obtaining the desired
interference pattern.

(IT) How far will the first minimum be from the central

maximum ?
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33. (%)

()
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(i1)

(i)

(i1)

i)

(i1)

650 nm TETE T IS THT=R FHRT I 0-6 mm =1STS shl [ohET 3
¥ TSR @ | 3R & 60 em 3 W frerd e o foeda Ged W BT € |
F51 3=y & IH AR % wuw Hife & [ & ot gl 3@
Hifse |

@fﬁlr_«gm+q3ﬁ?—q, X-y TAH (a, 0) TAT (—a, 0) WL & | &
ST o 1T feieg (0, ) T Torggd-ait o foTe s2isteh 91w shifors | 3
b fehelt e foreg (v >> a) WX fergg-a1 ma hifor |

WS 02m & fohdll wwarg Byst & o9 3fiwf A, B 3 C W
~2nC, - 1 nC 3 + 5 nC % T forrg 7w feora & | szl 1 A &
A;, B¥ B, @1 C ¥ C, do ool s # fopam mam et & ST
HITT | T8T A, By 3 C; W 4T AB, BC 3R CA % Ae-fag & |

AT

8 SRS foh TTSW Wor 37K et o St (3femiett) € | g6t SwamT
Tk THEH ARG B r & fordt gaet MR @i & R0 @id
% %5 W gy W Rt forg o forga-am o o sk s shifeg
SR (Dy>r, @T(I)y<rgl

+ 2 nC 1 i3 forg s Biferfier freaier wgftr & wa-foeg w feam

2 | 3G AT T GRHATOT T TR J1a AT ™ (0, 0, — 6m) W@
ST 9 9T o T (0, 0, 2m) T forvd S 8T SaT 2 |
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(i1)

33. (a) @)

(i1)

o) @

(i1)

I 55/4/2

A parallel beam of light of wavelength 650 nm passes
through a slit of width 06 mm. The diffraction pattern is
obtained on a screen kept 60 cm away from the slit. Find the
distance between first order minima on both sides of the
central maximum.

Two point charges + q and — q are held at (a, 0) and (- a, 0)
in x-y plane. Obtain an expression for the net electric field
due to the charges at a point (0, y). Hence, find electric field
at a far off point (y >> a).

Three point charges of — 2 nC, — 1 nC, and + 5 nC are kept at
the vertices A, B and C of an equilateral triangle of side
02 m. Find the total amount of work done in shifting the
charges from A to A, B to B; and C to C;. Here A;, B; and
C, are the midpoints of sides AB, BC and CA, respectively.

OR

Show that Gauss’s theorem is consistent with Coulomb’s
law. Using it, derive an expression for the electric field due
to a uniformly charged thin spherical shell of radius r at a

point at a distance y from the centre of the shell such that
MDy>r,and D) y<r.

A point charge of +2nC is kept at the origin of a
three-dimensional coordinate system. Find the type and
magnitude of the charge which should be kept at (0, 0, — 6m)
so that the potential due to the system becomes zero at
(0, 0, 2m).
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A full scale of marks 70 (example 0 to 80/70/60/50/40/30 marks as given in
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deserves it.

12 Every examiner has to necessarily do evaluation work for full working hours i.e., 8 hours
every day and evaluate 20 answer books per day in main subjects and 25 answer books
per day in other subjects (Details are given in Spot Guidelines).This is in view of the
reduced syllabus and number of questions in question paper.

13 Ensure that you do not make the following common types of errors committed by the
Examiner in the past:-

e Leaving answer or part thereof unassessed in an answer book.

e Giving more marks for an answer than assigned to it.

e Wrong totaling of marks awarded on an answer.
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detected by the candidate shall damage the prestige of all the personnel engaged in the
evaluation work as also of the Board. Hence, in order to uphold the prestige of all
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MARKING SCHEME: PHYSICS(042)

Code: 55/4/2

Q VALUE POINTS/EXPECTED ANSWERS Mark | Total
NO. s Marks
SECTION - A
1. | (B)1.0x10°Nm
2 (C) Electric field is established instantaneously across the filament
which pushes the electrons
1(© av BB L
4. (C) 60° 1 1
5. (A) Diamagnetic 1 1
6. |(O)3mH 1 1
7. (C) 8.85x10°A 1 1
8. (C) Concentric horizontal circles around the wire 1 1
9. (A) Sn 1 1
10. | (B) Concave and real 1 1
11. | (C) Photons of light and electrons both exhibit dual nature 1 1
12. | (B) The red beam has more numbers of photons than the blue beam 1 1
13. | (B) Both Assertion (A) and Reason (R) are true, but Reason (R) is not 1 1
the correct explanation of the Assertion (A)
14. | (C) Assertion is true, but Reason (R) is false. 1 1
15. | (A) Both Assertion (A) and Reason (R) are true and Reason (R) is the 1 1
correct explanation of the Assertion (A)
16. | (A) Both Assertion (A) and Reason (R) are true and Reason (R) is the 1 1
correct explanation of the Assertion (A)
SECTION - B
17.
(a)
(1) Identifying the type of dopant Va
(11) Identifying the type of extrinsic semiconductor Va
(b) Calculating the electron concentration 1
(a) (i) Trivalent Y
(i1) p — type semi conductor Va
(b) Electron concentration
2
T v,
h
82
0= (5%10%)
° 8x10”
n,=3.125x10*m” Ya 2
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18.

Minimum distance of bright fringe from central maximum

2

nd, =(n+1)4,
nx600 = (n+1)x400
Son=2
xz—zle
d

_ 2x600x107° x1.5

1.5x107°
x=12x10"m

Y

Y

Y

Y2 2

19.

Finding focal length of plano convex lens

l:(&_l){L_L}
f n R, R,

For plano convex lens
R,=Rand R,=

Y

)

Y

Vs 2

20.

Finding the ratio of minimum to maximum wavelength
of radiations

Y

)

Y
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ﬂ’min — 3
Ao 4 v
Alternatively
for A,;,,n,=1 n,=
hc )
E2 - El za
0-(-13.6) =<
7\‘min 1/2
7\’min _£
13.6
}\’max l: 1*12 = 2
A :L Ya
" 3.4-(-13.6)
:£
™ 10.2
kmin :i 1/2 2
Ao 4
21.
(a)
(1) Comparison of brightness of bulbs P and Q withbulb S '
Justification Ve,
(i1) Comparison of brightness of bulb S with Q %
Justification Ve
(1) Brightness of the bulb ‘S’ will be more than bulbs ‘P’ and )
(Q’
The current flowing through the bulb ‘S’ is twice of the Va
current in bulbs ‘P’ and ‘Q’.
(i1))  Brightness of the bulb ‘S’ and ‘Q’will be same )
The current flowing through both bulbs is same. Y
Alternatively-
(1) Brightness of the bulb ‘S’ will be more than bulbs ‘P’ and | %
GQ,
The potential difference across ‘S’ is twice than the potential | ¥;
difference across bulbs ‘P’ and ‘Q’
(i)  Brightness of both bulbs ‘S’ and ‘Q’ is same. Ya
The potential difference across ‘S’ and ‘Q’ will be same. Va
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OR

(b) Finding the current through the bulb ‘B’ 2

By applying Kirchhoff’s loop rule to closed loops ABCFA and FCDEF
21,-3L,=1--(1)
I,+L,=1---(2)
On solving,
Current through the bulb,
1

2:§A

Vs

)
Y2

Y 2

SECTION - C

22,

Explanation of

(a) Photoelectric emission 1

(b) Dependency of maximum kinetic energy on frequency only 1
(c) Explanation of slope of cut off voltage versus frequency graph 1

(a) Einstein Photo electric equation
hv=hv, +K

K w=h(v-v,)
For v< v, , Kna will be negative
Hence, Photoelectric emission is not possible.
(b) According to Einstein Photoelectric equation
Kow=hv-v,)
Hence K _ a v
It shows K,x depends upon frequency only and not depends upon

Y

Vs

Y

Y

Page 6 of 22




intensity.

(c) eV, =hv-hv,

V0=Ev - EvO

e e

This equation represents the equation of straight line (y = mx + ¢) with

the slope h .
e

Vs

V2 3

23.

(a)
e Explanation of a path followed by the particle 1
e Shape of path 1
(b) Effect on magnetic field when
(1) Radius of turns of solenoid is increased Y
(i1) Length and number of turns are doubled Va

(a) Due to magnetic field particle will follow circular path and due to
electric field, particle will accelerate along the electric field.
As a result particle will follow a helical path with constant radius but

increasing pitch.

<l

u, NI

(b) (1) B= No change

N 2N
1) —=— No Change
(ii) Y, g

Y

V2 3

24.

(a) Difference between magnetic flux through an area and magnetic

field at a point 1
(b) Explanation of induced current and direction. 2

(a) Magnetic flux is equal to total number of magnetic field lines

Y

Page 7 of 22



passing normal to given area.
Magnetic field at a point in the space around the magnet or moving Va
charge where magnetic force can be experienced.
(b) When south pole of the bar magnet moves closer to coil, the 1
magnetic flux through the coil increases. Hence according to Faraday's
law induced emf/current generate in the coil.
According to Lenz’s law near end of the coil become south pole and as 1 3
a consequence, current flows in the coil is clockwise direction.
25. . .
(a) Three characteristics of electro- magnetic wave 1§73
(b) Explanation of displacement current,
e how 1
e Where it exists Y
(2) (Any three)
e FElectromagnetic wave carries energy. Y
e Electromagnetic wave carries momentum. Y
e FElectromagnetic wave moves with velocity of light in vacuum. Z
¢ In electromagnetic wave, electric field vector, magnetic field
vector and direction of propagation, all are mutually
perpendicular.
e Electromagnetic waves are transverse in nature.
e FElectromagnetic waves do not require a physical medium to
propagate and can travel through a vacuum.
e Electromagnetic waves consist of oscillating electric and
magnetic fields.
(b)
e During charging of capacitor, time varying electric field /
electric flux between the plates of capacitor induces the 1
displacement current.
e Displacement current exists between the plates of a capacitor. v, 3
26. @
e Definition of wavefront Va
e Shape of refracted wavefront Va
(b)
e Diagram for refraction of wave V2
e Verification of Snell’s law §72)
(a) Wave front- It is a continuous locus at every point on it, all the
particles of medium are vibrating in same phase. Va
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, '_> //\
Paent !
. 4
blmewane e
¥
> \ \/ﬂ Shhout cof wane Avevt
c% Sadtys F
(b) Incident wavefront
Medium 1
Y \Y\»L‘l" 72
Medium 2 A C
B ‘\1\
Refracted wavefront
> v
Considering triangle ABC and AEC
)
Sini=BC-Vf ()
AC AC v,
. AE v,T :
Sinr=—=——----(2)
AC AC
Sini _v, _n, y 3
Sint v, n ’
n,Sini=n, Sinr
27.
(a) Majority and minority charge carriers in
p-type and n-type semiconductor 2
(b) Brief explanation for formation of diffusion
current and drift current 1
(a) In p-type semiconductor
Majority charge carriers - holes Va
Minority charge carriers - electrons V2
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In n-type semiconductors
Majority charge carriers - electrons V2
Minority charge carriers — holes Va
(b) Diffusion current — during the formation of p n junction , and due to
the concentration gradient across p and n — sides , holes diffuse from p %
side to n side (p—n) and electrons diffuse from n — side to p — side
(n—p). This motion of charge carriers gives rise to diffusion current
across the junction.
Drift current —Due to electric field at junction, an electron on p — side Y 3
of the junction moves to n- side and a hole on n — side of the junction
moves to p-side. This motion of charge carriers due to electric field
gives drift current.
28. | (a)
(1) Deriving the expression for resistivity of a conductor 2
(i1) Comparison of charges Q; and Q» 1
- A=) At — >
o—> e
-
o—
Total charge transported along E is
2
e'A L
1At=2 1 nAtE %
m
1 2
1 )
=—E V2
p
o m
ne’r %
Alternatively-
Current in the conductor- v,
[=neAv, ’
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I eE )
—=ne—r
A m
2
joleT e
" Y
J=—E
p
_ m )
ne’t
(i1)) From given graph
Q, _ A, (Areaof rectangle) 1,
Q, A,(Areaof triangle)
Q_2
3
Q3
0 >0 2
OR
(b)
@ @
® Obtaining the expression for current Va
® Finding value of maximum current ¥
(IT) Obtaining terminal voltage V and its maximum
possible value 1
(i1) Obtaining the internal resistance of the battery 1
R
o V=E-Ir
IR=E—-1Ir
1=~ %
R+vr
For maximum value of current R=0
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£ Pz
[max :7 l/z
() V=V.+V.-Ir Y
V=E-Ir ’
Vu=E , when =0
(i) R, +L,r=LR,+Lr /2
r:IZR2_IlR1 & 3
I1'12
SECTION - D
29 2
: . Ke
(i) (C) w/ —-— 1
2
(i) (B) =% !
2r
(iii) (C) -2.48,2.48 1
(iv) (a)
1 1 4
D) —
n
OR
(b)
©) 1.59A
30. | 2e KI?
@ © = 1
2
(i) (B) 1
\%
1) (A) — 1
(ii1) (A) q
(iv) (a)
d 1 4
C) —
©) K
OR
(b)
(D) Zero
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31.

(@
(i)
e Statement of Lenz’s law )
e Explaining, how this law is a consequence of
law of conservation of energy Va
(ii)
(I) Direction of induced current when loop enters and loop leaves
Vit
(IT) Plots showing variation of
magnetic flux (¢ ) with time (t), 1
induced emf (E) with time (t) and 1
relevant values E, (¢ ) and t on the graph 1

Lenz’s law — Polarity of the induced emf is such that it tends to produce
a current, which opposes the change in magnetic flux that produces it.

When magnet is moved closer/ away from the loop, same/ opposite pole
is developed on the approaching face of the loop. So mechanical work is
required to move a magnet which gets converted into electrical energy
which is consistent with the law of conservation of energy.

(ii)
(D
e Anticlockwise
e Clockwise
(1)
E p
gV} - = - - - - -
v —)-;C
ABRI P o= = = ol
2
'S

Vs

Vs

)
2

172
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+
OR
(b)
(1)
Difference between Peak value and rms value of ac 1
Relation %

(i) (I) Identification of elements X and Y by phasor diagram 1

(IT) Obtaining

e Resonance condition 1

e Expression for resonant frequency 1

e Impedance value Va
(@)

Peak value - It is the maximum value of Alternating current.
rms value - It is the equivalent dc current that would produce the same
average power loss as alternating current.

Alternatively-

Peak value - It is the maximum value of Alternating current.

rms value- It is the effective value of an ac representing the equivalent
dc, that would produce the same heating effect in same resistor in same
time period.

Relation [ _=-—2

rms \/5

17

Vs
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(i1) (I) X- Inductor (L)

Y- Capacitor (C)

(IT) Impedance of the circuit
Z=(X =X c)
At resonance Z =0

X, =X,

L=
oC

Y

V2

Vs

Y

Y
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1
v =
2m/LC %
Impedance at resonance
7=0
Y 5
32. | (a)
(1) Calculation of focal length of concave lens 3
(i1) Calculation of
e Angle of minimum deviation 1
e Angle of incidence 1
For real image form by Convex lens
it %
f1 Vl ul
v
10 v, (-30)
v,=15cm Ve
For Combination of lenses, let the focal length of combination of lens is
f3
r_r.r
f3 V3 u3
L L %
f, (15+45) 30
f;=20cm
1
Let the focal length of concave lens is f; %
11,1 »
f3 f1 f2
LI
f, 20 10
f,=-20cm 1,
(ii)
Angle of minimum deviation
+
Sin (Asz)
n= . 1
Sin —
2
Sin (60°+3,)
- 2
Sin 30
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3 (4+5,)

— = Sin
2 2
60° = (A4+96,)
3, =60°

Angle of incidence

i+e=A4+0
2i=A4+0,
. A+6,
2
i =60
OR
(b)
(i)
() Finding the slit separation 1%
(IT) Calculation of distance between central
maximum and first minimum 1%
(i1) Calculation of distance between first order minima on
both sides of central maxima 2

(1)
(D) Slit separation
i

DA

d===
B

_ 633x 107 x5

© o 5x107

=633x10°m

=633um

(IT) Distance of first minimum from central maximum

. _(n-DAD
" 2d

Y

Y

Y

Y

)

Y
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3
n =1
L 633x107x5
2x5%107 1,
x =316.5x10°m A
x =316.5um
(i1) Distance between first order minima on both the side
We 2DA
d 2
9
_ 2X650X1_(3) <60x10°
0.6x10 1
=1.3x10"m A 5
33. | (a)
(1) Finding electric field at a far off point (y>>a) 3
(i1) Calculation of work done in shifting the charges 2
3
3
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q 1

E =
4me, y*+a’

-q

Components normal to the dipole axis cancel out.
The components along the dipole axis add up.
The total electric field is opposite to the dipole moment will be given

by-

E=- (E,,tE,)cosOp

2qa R A . .
=- 1s a unit vector along dipole moment
Ine. g ad) " p (p g dip )

At large distance (y>>a)

3 —7mcC Bs

Initial electrostatic potential energy of the system

1
U= ( 9298 | 9cYa , 998 )

4ne,  AB AC BC
9x10° _
=05 [(2x=1)+(-2x5)+(~1x5)]x107"*
U,=-5.85x107J

Vs

Y

Y

Vs

Y

Vs
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U,= 1 (QAqu, +qC1qA1 +qcqul )
4ne, AB, AC, B/,
U,=-11.7x107J

W=U,-U,=-5.85x107]

OR
(b)
(1)
e Showing consistency of Gauss’s theorem
with Coulomb’s law 1
e Derivation for electric field due to uniformly charged thin
spherical shellat (1) y>r (Il) y<r 2
(i) Finding the type and magnitude of charge. 2
(1)

® Gauss’s theorem is based on the inverse square dependence on
distance contained in the coulomb’s law.
Alternatively-
According to Gauss’s theorem

FEd5 =1

80

E= 1 =
dme |t

According to Coulomb’s law, force on charge q, in this field

1
po 1 9

e 1?

o

Therefore, Gauss’s law is consistent with Coulomb’s law

® (hFory>r

w s

Raussam
Y ? Bunface

s
s Sunface C.‘mdc’
A -7 den;i.lat e

- —

Electric flux through Gaussian surface Ex4my’

The charge enclosed by the surface o©x 4mr’

Y
Y

V2

V2
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Using Gauss theorem

c4nr?

E(4ny*)=

R
4ne,y

(IT) Fory <r

F

(iv

The charge enclosed by Gaussian surface =0
Using Gauss theorem

Electric flux =E(4my”)=0
i.e.E=0 (y<r1)

(i1)
v
d
o/ )
(o,
o
7
7
-\‘2“6%_’/”_%)(
/ O
S
e
M‘/% Lo/ O/Zm)

z

Y

Y

2
)
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Let the charge is kept at A be q
Potential at point B due to charge at the origin O and charge (q) at A

V=V,+V,

9
yo L [2x10° g
dne,| 2 612

-—L—{uyf+ﬂ}=o
4ne, 8

=-8x10”C

Y

)

Y

Y
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