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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. A body acquires charge 8-0 x 1012 C. The mass of the body :

(A)
(B)
(&)
(D)

SECTION A

increases by 4-5 x 10~7 kg
decreases by 1-0 x 106 kg
decreases by 4-55 x 1023 kg
increases by 9-1 x 10723 kg

A current flows through a cylindrical conductor of radius R. The current
density at a point in the conductor is j = ar (along its axis), here o is a
constant and r is distance from the axis of the conductor. The current

flowing through the portion of the conductor from r = 0 to r = % is

proportional to :
(A R (B) R2
(C) R3 (D) R4

%
A particle having charge +q enters a uniform magnetic field B as shown
in the figure. The particle will describe :

Y —>
N B
X x X X X X X X
X X X X X X X X
X X
& x¥ S
_X < O l fX
a
Z v
—Y

(A) acircular path in XZ plane
(B) asemicircular path in XY plane
(C)  ahelical path with its axis parallel to Y-axis

(D) asemicircular path in YZ plane
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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. Which one out of the following materials is not paramagnetic ?

(A)  Aluminium

(B)  Sodium Chloride
(C) Calcium

(D)  Copper Chloride

6. An ammeter connected in series in an ac circuit reads 10 A. The
maximum value of current at any instant in the circuit is :
(A) 1042 A ® 24
V2
© 24 D 2 A
n NOR
7. The amplitude of electric field in an electromagnetic wave in free space is

1000 Vm~!l. The amplitude of the magnetic field in this electromagnetic
wave is :

(A) 80x103T
(B) 333x1078T
(C) 80x1011T
(D) 3833x1076T
8. 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
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11. Fefafed & & S9-87 % a9 ) o = § ?

(A)
(B)

(C)
(D)

Sn
3AYeh (Mica)

Si
C

12. SEATA: @ e o €8 a1 8 0T shi 3T shis SR 91 gaied & @ 8 | 59
TRTATE! TR G ST TFTeh T &1 LT3l shT SATHI & -

(A)
(B)
(&)
(D)
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9. 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.

10. 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.

11.  Which of the following is an electrical conductor at room temperature ?

(A)  Sn
(B)  Mica
€ Si
(D) C

12. 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.
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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) :
Reason (R) :

14. Assertion (A) :

Reason (R) :

15. Assertion (A) :

Reason (R) :

16. Assertion (A) :

Reason (R) :

I 55/4/1

n-type semiconductor is not negatively charged.

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

donor.

A series LCR circuit behaves as a pure resistive circuit at

resonance.

At resonance, X;, = Xy gives o =

1
JLC
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.

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.
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SECTION B

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

< Il <
l

<

+1'=
(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
10V— B 200
10 V= i
i

18. Find the angle of diffraction (in degrees) for first secondary maximum of
the pattern due to diffraction at a single slit. The width of the slit and
wavelength of light used are 0-55 mm and 550 nm, respectively. 2

19. An equiconvex lens is made of glass of refractive index 1-55. If the focal
length of the lens is 15:0 cm, calculate the radius of curvature of its
surfaces. 2

20. Calculate the mass of an a-particle in atomic mass unit (u). Given,
Mass of a normal helium atom = 4-002603 u

Mass of carbon atom = 1:9926 x 1026 kg 2
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21. In an intrinsic semiconductor, carrier’s concentration is 5 x 108 m=3.
On doping with impurity atoms, the hole concentration becomes

8 x 1012 m3.
(a) Identify (i) the type of dopant and (ii) the extrinsic semiconductor
so formed.

(b) Calculate the electron concentration in the extrinsic
semiconductor. 2

SECTION C

22, (a) (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 Qg) that pass through the cross-section

during these time intervals. 3
(A)
Ia Q 1
2‘ 0 T Q
154 2
104
05 4
0 — >
1 2 3 4 5 6 7 8 9 t(s)
OR
b)) @ 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

I 55/4/1 Page 15 of 31 P.T.O. I



[OpA0|
=i

23. (%) «mEn-umEd fam @ Aty vy fafey |
(@) @ # I AR, I formaure’ o« @ ar, S J&e & 2:0 A 9/
yaTfed &1 W €, xx' 3R yy' 377 % gfew W € | fog P (4m, 5m) T afomt

TFTeh T &1 ST TTTOT ST fawm grt shifere |
y
T Pe4,5)
' 9l
X' € = /u g > X
,’/ A
ZZ vy'

24. A FuSiert ‘1’ 3T 2 Uh-gat o Fene fora & St foh st o goriar e 2 | 379 S
=1 qft std g Fmfarfiaa geden uftfeufa § spoecdt <1 7 Uit o <6t fawm gra hifse
Fusedl 2 Fusel 1

(F) FUSA 2, FUSA ‘1’ HT AR ACHA € |
(@) TS 2, FUSTH 1 W T H AL |
(M) T FUSier i R Tad gu Fvs 2 ¥ Haior Shg § Jrg M5 2 |
25. (%) Torggd-grerhtr it % fopeal i Stferern s oot Hifs |
@) Tore enfer s AR w gw foreuma g o s1idacd F it wEl BT R,
& T ST WY |
26. T5fsrt suaem ot T J Uit & Wit Feht W TEeRT ST SehTST ST SUFIT hieh S eh ol
Y SITH ToralT T | ST Ut o ST U bt H SIS 0 > Ny, 1 IS TR 59 9T
feam stTe, t freafafaa o wm e g 2
(F) SIS o ThTT ohl =T, AT TR TS |
@) ket <eTS, SAfcrenRtor fShsit sht STTehfa qe e Sfears sht Reafer & foreemom |

I 55/4/1 Page 16 of 31




EEE
T #

23. (a) Write vector form of Biot-Savart law.

(b) Two insulated long straight wires, each carrying 2:0 A current are
kept along xx' and yy axis as shown in the figure. Find
the magnitude and direction of resultant magnetic field at point
P (4m, 5m). 3

¥
T Peq,5
h [
X' € = /,- i > X
,’/ A
rd
ZIK vy’

24. Two coils ‘1’ and ‘2’ are placed close to each other as shown in the figure.
Find the direction of induced current in coil ‘1’ in each of the following
situations, justifying your answers : 3

Coil 2 Coil 1

(a)  Coil ‘2’ is moving towards coil ‘1’.

(b)  Coil ‘2’ is moving away from coil ‘1.

(¢)  The resistance connected with coil ‘2’ is increased keeping both the
coils stationary.

25. (a) State any three characteristics of electromagnetic waves.

(b)  Briefly explain how and where the displacement current exists
during the charging of a capacitor. 3

26. A double slit set-up was initially placed in a tank filled with water and
the interference pattern was obtained using a laser light. When water is
replaced by a transparent liquid of refractive index n > nyter,what will

be the effect on the following ? 3

(a)  Speed, frequency and wavelength of the light of laser beam.

(b)  The fringe width, shape of interference fringes and shift in the
position of central maximum.
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27. Explain the following observations using Einstein’s photoelectric equation : 3

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

(b) 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 E
e

28. (a) What are majority and minority charge carriers of p-type and
n-type semiconductors ?

(b)  Explain briefly the formation of diffusion current and drift current
in a p-n junction diode. 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 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 P35 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.
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(iii)

(iv)
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2d d
2 2
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d d
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(iii)

(iv)

I 55/4/1

#
The capacitance of the system between A and B will be :
2 2
d 2d
92¢oKL” 2eoKd
C 0 D 0
(C) d (D) 1.2
The charge on plate P, is : 1
2 2
A) gg VKL B) gp VKL
2d d
2 2
(C) 280 VKL (D) €0 VKL
d 4d
The electric field in the region between P; and P, is : 1
\Y% 2V
A — B) —
(A) d (B) d
v d
C o D) —
(C) 2d (D) v
(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
d 2d
A — B —
(A) K (B) K
d d
C — D —
(C) 9K (D) 1K
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
~—rr 2 vrr 2
@A o VKL ®B) & VKL
4d 2d
2
© SVEL (D) Zero
d
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30. Torell BTSSIST UTATY] § UTATY] o AT T Reord e o Il TR B ¢ ot amhr
HeT & IS S TReT T3 =Tt v & TTGRAT LT & | T1eH 3I afert) sade &
offer T STt e foregd AR S Sag Rl e H TNGHHIT A o [T ATewah
AWz It TG AT & | S ASe o STER, Toh geidg iz el spearstl # &
TRGHTT ST ThAT & | § HeTsll § goiagH aﬂwﬂ?{ﬁ%ﬂ% T I3 qUITeh OIS B
®, T8l h wieh fEeties 8 | |1 &, STe 13 Soidei 3= Sl ahl el O T Sl hh
T § GhHUT KT 2, AT his WIS IcdrSid Brar & fSeehl et sifam ofaeer @
SIENeh STaET T Heti3l o s1a 3T=L o SRIeK Brdl & | I8 A §U foh Soiae ot
SEIHT T 3TAIN ShATT: m 3 e 8, FafaRad yot & s difsw |

@) e BT (r) qET i R (K = — ) % UGl § SAdH hl AT v

47[80

2 2

w B ® 2
mr mr

2 2
©) Ke D) Ke2
\} mr mr

(i) 3R ¥iifcer PRt K % 9at 3 ] shl et ol @ ;

2 2
(A) L (B) _ Ke”
r 2r
Ke?2 3 Ke?
c) D) =%
© 2r D) 2 r

(iii)  Torel oCHTO] 7 el IS SeieRZ eh STaedT U U STl H HhH0T e €, dl
500 nm TS FT 3 B ScarSId BT & | T IR ATS & AR eV
SRIAEH 1 it ol § TR TT SeTarg (7 ohl ST Sofl H T shaST: BT :

(A) 2-48,— 248 (B) —124, 124

(C) —248,2:48 (D) 1-24,-1-24
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30. 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.

) The expression for the speed of electron v in terms of radius of the
orbit (r) and physical constant (K = )is: 1
47[80
Ke? Ke?
&) —— B) ——
mr mr
Ke? Ke?
© | D) |
mr mr

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

1S ; 1
2 2
@ e ®) -2
T 2r
Ke? 3 Ke?
c) —— D) -2
(C) o7 (D) 3 o

(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
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(iv)

31. (%)
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(%)

)

(1)

(i1)

BISGISH UTHTY] & S HIST H eidg i ohl nall el § GRRATT shl i

ffafaa © & fopees STTdTiaes Brdl & 2
(A) n
® L

n

1
(C) 2

1
(D) o3

AT

TTSSIS WA & 5 Siae — 3-4 eV 31 3wt § Fraw steeem ™
TShHUT AT 8 | SHehT hedT oht Bisar ¥ uitad= g (Fetawr ofaren o
TAFS el heT sht B3=ar = 0-53 A)

(A)  0-53A
(B) 1-:06 A
(C) 1-59A
(D) 212A

Qg s

ﬁﬁf_gi‘iil'la‘ﬂ+q3ﬁ'{—q, x-yﬂﬁﬁ(a, 0)dIT (—a, 0) RIL & |
AT o T o7 (0, ) W e forggd-&it o fore s2ioreh 9TH shifoie |
SR forelt gred forg (y >> a) W forga-arm s shife |

W 02m % forelt wwerg Brqst & o 3fiwi A, B 3R C W
—2nC, - 1 nC #R + 5 nC % A forg e o & | AT AT A &
Ay, B¥ B, @1 C ¥ C, d foreeiid & # foparm o et & 9t
T | 78T A, By 3T C ¥ YT AB, BC 3K CA % Ae-fag € |

YT
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31. (a)
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(b)

i)

(i1)

In Bohr’s model of hydrogen atom, the frequency of revolution
of electron in its nt? orbit is proportional to : 1
(A) n

(B)
(&)

1

n
1
n2

1
D i
®
OR

An electron makes a transition from —3-4 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)  053A
(B) 106A
(C) 159A
(D) 212A
SECTION E

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
0-2 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. 5

OR
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1)

(i1)

(i1)
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Page 26 of 31



(b) @ 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.

(i1) 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).

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

of conservation of energy principle.

(i1) A square shaped loop of side é is initially lying outside a

ﬁ
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.

#
B

X X X X

bo| s~
<>

I 55/4/1 Page 27 of 31 P.T.O.



)

33. (&)

I 55/4/1

(i1)

1)

(i1)
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D 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) (1)  Differentiate between peak and rms values of alternating

current. How are they related ?

(ii) 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

33. (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
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(i1)

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.
(II) How far will the first minimum be from the central

maximum ?

A parallel beam of light of wavelength 650 nm passes
through a slit of width 0:6 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.
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MARKING SCHEME: PHYSICS(042)

Code: 55/4/1

i~
Z
o

VALUE POINTS/EXPECTED ANSWERS

Marks

Total
Marks

SECTION A

(C) decreases by 4.55x10 kg

(C) R®

(B) a semicircular path in XY plane

(C) 60°

(B) Sodium Chloride

(A) 102A

(D) 3.33x10°T

(B) Concave and real

LR DN B RN

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

[
o

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

[y
[

(A) Sn

[
et

(C) Concentric horizontal circles around the wire

[
e

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

|t |t |k |k | | [k [k |k |k |k |k

[U [ W [ S N R [ R SR S R T R e

14.

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

15.

(C) Assertion (A) is true but Reason (R) is false.

16.

(B) Both Assertion (A) and Reason (R) are true but reason (R) is not the
correct explanation of the Assertion (A)

SECTION-B

17.

(2)

(1) Comparison of brightness of bulbs P and Q with bulb S Ve
Justification Va

(i1) Comparison of brightness of bulb S with Q )
Justification Va

(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 current in
bulbs ‘P’ and ‘Q’.

(1))  Brightness of the bulb ‘S’ and ‘Q’will be same
The current flowing through both bulbs is same.

Alternatively-

(1) Brightness of the bulb ‘S’ will be more than bulbs ‘P’ and ‘Q’

The potential difference across ‘S’ is twice than the potential

V2
Y

Y
V2
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difference across bulbs ‘P’ and ‘Q’
(i1))  Brightness of both bulbs ‘S’ and ‘Q’ is same.
The potential difference across ‘S’ and ‘Q’ will be same.
OR

(b)

Finding the current through the bulb ‘B’ 2

A B

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,

=1A

> 5

Vs

2
)

Y 2

18.

Finding the angle of diffraction for first secondary maximum. 2

A
0=(2n+1)—
( ) »

For first secondary maxima n=1

e:ﬁ
2a

0= 3x550x10~°
2x0.55x107°

0=1.5x10"radian=0.086 degree

Y

Y

Y

Y 2

19.

Calculation of radius of curvature 2

1 1 1
—_— _1 — — —
f (n,, ){RI R2:|

Y
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R,=Rand R,=-R

1_ 2
E—(1.55-1)[R}

R=16.5cm

Y
Y

V2 2

20.

Calculation of mass of an « -particle in u 2

1.9926x107°kg
12

lu :é mass of carbon atom =

mass of an electron=9.1x10"'kg
2x9.1x107"

1.66x107%
=0.00109638 u

mass of two electrons=

=1.66x10"" kg

mass of a-particle= mass of the normal helium atom - mass of two electrons

=4.0026030 - 0.00109638
=4.00150662 u

Y

Y

Y

Y 2

21.

(a)

(1) Identifying the type of dopant

(i1) Identifying the type of extrinsic semiconductor
(b) Calculating the electron concentration

Ve
)

(a) (i) Trivalent
(i1) p — type semi conductor

(b) Electron concentration

2
i

n=—-
n,
(5x10%)?

° 8x10"
n,=3.125x10"m™

Y
V2

Y

Ve 2

SECTION-C

22,

(@)

(1) Deriving the expression for resistivity of a conductor
(i1) Comparison of charges Q; and Q;
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o—> =
s :

Total charge transported along E is

e’A

IAt= T nAtE

ne’r
Alternatively-
Current in the conductor-
I=neAv,
I eE

—=ne—r=
A m

ne’t
(i1)) From given graph

Q, _ A, (Area of rectangle)
Q, A,(Areaof triangle)

Q_2
Q 3
0 >0,

Y

Y

Y

Y

Y

Y
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OR
(b)

@) @)
® (btaining the expression for current

® Finding value of maximum current

(i1) Obtaining the internal resistance of the battery

Vs

Y

(IT) Obtaining terminal voltage V and its maximum possible value 1

1

Y
o |V =E-1Ir
IR=E-1Ir
__£ A
R+r
For maximum value of current R=0
I _E Y
max ]/'
)y V=V.+V.-Ir 1
V=E-Ir
V..=E , whenlI=0 72
(i) LR+ r=LR,+Lr 1,
= LR,-IR, % 3
I1 - I2
23. :
(a) Vector form of Biot — Savart Law 1
(b) Finding,
e Magnitude of resultant magnetic field 1%
e Direction of resultant magnetic field Ya
- 1(dixr
(a) dB = 1o IAXD) S ) |

4n
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) As B=t2t
4t a

" B; = Magnetic field due to current carrying wire along X X
= p, 21 2x2x107

B =FeZ 27277 _(8x10° T)(k
by 5 ( (k)

B, = Magnetic field due to current carrying wire along YY'

7
B,= e 2220 01007 (&

- E2+ Bl
= 2x10°T (—k)
e Direction of resultant magnetic field along —Z axis.

s

Vs

s

Y 3

24.

Finding direction of induced current in coil and justification

(a) coil ‘2’ is moving toward coil ‘1’ YVatls

(b) coil ‘2’ is moving away from coil ‘1’ YatYs

(c) Resistance connected with coil ‘2’ is increased keeping both the coils
stationary VatVs

(a) Induced current will be clockwise.
Due to the direction flow of current in coil 2, the face approaching to
coil 1 behaves like south pole. Induced polarity on coil 1 viewed from
the side of coil 2 will be south pole
(b) Induced current will be Anticlockwise
Due to direction of flow of current in coil 2, face going away from
coil 1 behaves like south pole. Induced polarity on coil 1 viewed from
the side of coil 2, will be north pole.
(c) Induced current will be Anticlockwise
Till the resistance in coil 2 is increasing, the magnetic flux associated
with coil 1 is decreasing. Hence according to Lenz’s law current will
induce in coil 1, momentarily and after that no induced current in coil

Y

Y

Y

Y

Y

Y 3

25.

(a) Three characteristics of electro- magnetic wave 1%
(b) Explanation of displacement current,

e how 1

e Where it exists Ya

(a) (Any three)

Electromagnetic wave carries energy.

Electromagnetic wave carries momentum.

Electromagnetic wave moves with velocity of light in vacuum.

In electromagnetic wave, electric field vector, magnetic field vector

Y
Y
Y
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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 displacement current. 1
e Displacement current exists between the plates of capacitor. 7 3
26.
Effect on
(a) Speed, frequency and wavelength of light 87
(b) Fringe width, shape of fringes and shift of position
of central maximum 12
(a)
e Speed of light will decrease Y
e Frequency remains unaffected Y
e Wavelength decreases Z
(b) )
e Fringe width decreases 1/2
e Shapes does not change 1/2
e Position of central maxima does not change. 72 3
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27.

Explanation of

(a) Photoelectric emission 1
(b) Dependency of maximum kinetic energy on frequency only

(c) Explanation of slope of cut off voltage versus frequency graph 1

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

K, .=hv-v,))

For v< v, , Kyl will be negative

o 9

Hence, Photoelectric emission is not possible.

(b) According to Einstein Photoelectric equation
K .=h{-v,)

Hence K __av

It shows K,,x depends upon frequency only and not depends upon intensity.

(c) eV, =hv-hv_

VOZEV - Evo
e e

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

h
slope —.
e

Y

Y

Y

)

Y

Y2 3

28.

(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
Minority charge carriers - electrons
In n-type semiconductors
Majority charge carriers - electrons
Minority charge carriers — holes

(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

V2
Y

)
Y

Y
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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 of the
junction moves to n- side and a hole on n — side of the junction moves to p- v, 3
side. This motion of charge carriers due to electric field gives drift current.
SECTION-D
29. . 2e K1
®H(©) — 1
d
KL2
(i) (B) %o 1
\Y 1
i) (A) —
(iii) (A) 4
(iv) (a) . )
d
) —
(©) K
OR
(b)
(D) Zero
30. 2
. Ke
@) (C) \f 1
mr
. -Ke’
(if) (B) !
2r
(ii1) (C) -2.48,2.48 1
(iv) (a)
1 1 4
D) —
n
OR
(b)
(©) 1.59A
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31.

(a)
(1) Finding electric field at a far off point (y>>a) 3
(i1) Calculation of work done in shifting the charges 2

Magnitude of electric field due to the two charges +q and -q are given by

q 1
E+ = —
Y dne, y*+a’
q 1
E =
4 4ne, yi+a’

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 N A . .
- is a unit vector along dipole moment
I ) p (p g dip )

At large distance (y>>a)

- -20a .
E= 4 b
4ne y

Vs

Vs

Y

Vs

Vs

Y2
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(ii)

B —ime B,
Initial electrostatic potential energy of the system

U= 1 (quB 1 Y9cYa +quB)
' 4ne, AB  AC BC

9
- 93120 [(2x=1)+(=2x5)+(=1x5)]x107"
U,=-5.85x10"J
U,= 1 ( da,9s, n A, 9a, n d.,9s, )
4ne, AB, AC, B/(C,
U,=-11.7x107J
W=U,-U,=-5.85x10"]
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 (I) y>r (Il) y<r 2
(11) Finding type and magnitude of charge 2
(i)

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

Y

Y

Ve
V2
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fEds=31
80

E- 1 4
et

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

Fo_l qcio
4ne, T

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

® (hFory>r

w

Electric flux through Gaussian surface Ex4my”

The charge enclosed by the surface ox 4mr’
Using Gauss theorem

2
E(4ny2)=c4m
E=—1 7
4me,y
(IT) Fory <r

(iv

Y

Y
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The charge enclosed by Gaussian surface =0
Using Gauss theorem

Electric flux =E(4my*)=0

Y

ieE=0 (y<7) 7
(ii)
7/
q} ,(,-ﬂ')
(0,%
/'
/
/
—W-“C)ZL/‘_’) X
(o)
/
/
/
J/Q,LOIO’ZM-)
z
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, "
Ve 1 |2x10” | 1
4me,, 2 6+2
Y

L[loy +ﬂ} =0
4me, 8

= -8x10”C Vs 5

32. (a)
(1)
e Statement of Lenz’s law Va
e Explaining, how this law is a consequence of law of conservation
of energy Va
(i)
(I) Direction of induced current when loop enters and loop leaves
YatYs

(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
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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.

(i)
@
e Anticlockwise
e Clockwise
(IT)
e
E s
iV} - - - - - - --—\
By - - - - od
v
OR
(b)
(@)
Difference between Peak value and rms value of ac 1
Relation Va
(i1) (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 )

Y

Y

Y
)

172

17
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(@

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 1 _ = L,

rms \/5

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

s{

”

Y- Capacitor (C)

Y

Y

V2
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(IT) Impedance of the circuit
Z=(X—-X.)

At resonance Z =0

1

2nvLC

Impedance at resonance
7=0

Vs

Y

Y

Y

Y 5

33.

(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
1 1 1

10 v, (=30)

v,=15cm

For Combination of lenses, let the focal length of combination of lens is f3
1 1 1

i r .1

f, (15+45) 30

f;=20cm

Let the focal length of concave lens is f;

1.1
£, £ f,
1 1 1

Y

Y

)

Y

Y

Page 18 of 20




f,=-20cm

(ii)
Angle of minimum deviation
Sin (AT0n)
2

Sin é
2
°4
Sin (60°+9,,)

-2
Sin 30

l’l:

B (A+5,)
2 2

60° — (4+9,)

5, = 60°

Angle of incidence

ite=A+0

2i=A4+0,

i A+9,

2
i=60°
OR

(b)
(1)
() 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
DA

i

Y

Y

Y

Y

Y

Vs

Page 19 of 20




4=+

p
_ 633x 107 x5
- 5x107
=633x10°m
=633um
(IT) Distance of first minimum from central maximum

L _ (012D
"2

n =l
_ 633x107x5
2x5x107

x =316.5x10"m

x =316.5um

(i1) Distance between first order minima on both the side

W 2D
d
_ 2x650x10”
0.6x10°

=1.3x10"m

60x107

Y

s

Y

Y

Y

Vs

Vs 5
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