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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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SECTION A

1. Two point charges Q zir;d — q are held ‘r’ distance apart in free space. A
uniform electric field E is applied in the region perpendicular to the line
joining the two charges. Which one of the following angles will the

direction of the net force acting on charge — q make with the line joining

Qand—-q?
2 2
(A) tan! AngoBr® (B) cot™1 AnzoEr?
Q Q
© tan! —QE_ D) cot-t —QE
dmeg T2 dmeg r2
2. Three wires A, B and C of the same material have lengths and area of

cross-sections as (21, %), (I, A) and (é, 2A), respectively. If the

resistances of these wires are R, Rg and R respectively, then :

(A)  Rp>Rp>Rg; (B) Rg>Rp >Ry
3. A particle of mass m and c}Ei)rge q moves along y-axis in a region in which

a uniform magnetic field B is pointing along x-axis. The Lorentz force

acting on the charge will point along :

(A) x-axis (B) y-axis
(C) z-axis (D) negative z-axis
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 of the following substances has magnetic permeability less than
that of free space ?

(A)  Sodium (B) Iron
(C)  Aluminium (D) Copper
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6. The magnetic flux linked with a closed coil (in Wb) varies with time
t (in s) as ¢ = 5t2 + 4t — 2. If the resistance of the circuit is 14 Q, the

magnitude of induced current in the coil att = 1 s will be :

(A) 05A (B) 1-0A
(C) 15A (D) 2:0A
7. In an electromagnetic wave travelling in free space, the amplitude of
magnetic field is 6:0 x 10~4 T. The amplitude of its electric field is :
(A)  2x10*Vm! (B) 1:5x 1012 Vm~1
(C)  1-8x105Vm! (D) 0-3 x10%*Vm!
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. 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

10. 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.
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11. A beam of red light and a beam of blue light have equal intensities.

Which of the following statements is true ?

(A)
(B)
()

(D)

The blue beam has more number of photons than the red beam.
The red beam has more number of photons than the blue beam.
Wavelength of red light is lesser than wavelength of blue light.

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

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

(A)
(B)
(&)

(D)

Sn

Mica

Si

C

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)

(B)

(&)
(D)

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

correct explanation of the Assertion (A).

Both Assertion (A) and Reason (R) are true, but Reason (R) is not

the correct explanation of the Assertion (A).
Assertion (A) is true, but Reason (R) is false.

Both Assertion (A) and Reason (R) are false.

13. Assertion (A) : In double slit experiment if one slit is closed, diffraction

pattern due to the other slit will appear on the screen.

Reason (R): For interference, at least two waves are required.
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14. Assertion (A): For monochromatic incident radiation, the emitted
photoelectrons from a given metal have speed ranging
from zero to a certain maximum value.

Reason (R): Each metal has a definite work function.

15. Assertion (A) : n-type semiconductor is not negatively charged.

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

16. Assertion (A) : A series LCR circuit behaves as a pure resistive circuit at
resonance.

Reason (R): At resonance, Xj, = X gives o = i

JLC

SECTION B

17. 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 m=3.

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

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

18. In Young’s double slit experiment, the screen is moved 30 cm towards the
slits. As a consequence, the fringe width of the pattern changes by
0-:09 mm. If the slits separation used is 2 mm, calculate the wavelength of
light used in the experiment. 2

19. The two surfaces of a biconvex lens are of radius of curvature ‘R’ each.
Obtain the condition under which its focal length ‘t” be equal to ‘R’. If one
of the two surfaces of this lens is made plane, what will be the new focal
length of the lens ? 2
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20. In Bohr’s model of hydrogen atom, find the percentage change in the
radius of its orbit when an electron makes a transition from n = 3 state to
n = 2 state. 2

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

< Il <
< II_ <

+
(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
Lov)
\oo/ %
A 16
i

SECTION C

22, (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
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23. (a) In which cases does a charged particle not experience a force in a
magnetic field ?

(b) A square loop MNPK of side 7’ carrying a current ‘I’ is kept close
to a long straight wire in the same plane and the wire carries a
steady current I; as shown in the figure. Obtain the magnitude of

magnetic force exerted by the wire on the loop. 3

15

e~ —>

M > N
& v I2

K < P
«—]—>

24. (a) Obtain an expression for the self-inductance of a long solenoid of
length I, cross-sectional area ‘A’ and having ‘N’ turns.

(b)  The figure shows the plot of magnitude of induced emf (¢) versus
the rate of change of current in two coils ‘1’ and ‘2’. Which coil has

greater value of self-inductance and why ? 3
| & | A 1
2
o
O T dt

25. 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.
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(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 h
e

26. (a) Write the conditions under which two light waves originating from
two coherent sources can interfere each other (i) constructively,
and (ii) destructively, in terms of wavelength. Can these be applied
for two lights originating from two sodium lamps ? Give reason.

(b)  Monochromatic light of green colour is used in Young’s double slit
experiment and an interference pattern is observed on a screen. If
the green light is replaced by red monochromatic light of the same
intensity, how will the fringe width of interference pattern be
affected ? Justify your answer. 3

27. (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 1
154 Q

1:0+4
0-5+

0 I ; I 1 l J —>

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.
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@) forelt wenfer st srmafita s e foreaae a6 srfiaca Y SNt wEi BT R,
Y § ST HIfT |

LCLCR)

o

Y¥ Q&A1 29 TIT 30 FH HEIH-SATERA I97 & | FHHIIRgd sr7=ee] &1 9g # i<l 3G 71g
9T % ST IforT |

29.  [orHl BTESISH WHTY] H WHTY] o ATweh TT fEord WIeH o A AR Brsa ¢ st gamer
e ¥ IS soiae foret Ffdra =rer v & ufterr aar € | M ofi uferH s %
offer T ST e fored AR S Sag i e H ANGHHIT A o [T ATeeh
HAMYFZ T TG AT & | SR HSH o ITTER, T goide i worft smarst & &
WWWW%IFEF&WTﬁﬁ%@H?’HWWW%W@?WWW
®, S8l h woTieh TReties ® | W19 &, ST I3 SAFS T 3o ol shl hedT ¥ e St ot
T § HhHUT HLAT B, AT his WIS IcdrSid Brar & fSeehl Seit sifam sfaeer @
TRFENE STEET 3 SSteTt o offer 3T & SeR Bt § | 98 WA §¢ 6 soie
S qUT STTET AT m 3R e &, Fefafad gt & s e |

() e & BT (r) qr Sifdew FEdis (K = 1 ) & UGT § SAF ol =T v

47[80

2 2

w 2 B =
mr mr

2 2
©) ,/K—e o [
mr mr
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(i1))  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

28. (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

SECTION D

Questions number 29 and 30 are Case Study-based questions. Read the following
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

— . . h .
orbits is some integral multiple of o 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: 1
471:80
Ke? Ke?
&) —— B) ——
mr mr
Ke? Ke?
©) = D) |
mr mr
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(iii)

(iv)

I 55/4/3

r 3 +{ifoeh fRrdier K o Wi # TR 1 e ol o -

2 2

@ X ®) - K&
r r

Ke? 3 Ke?

c) = D) 22%
©) = (D) 5 T

Torelt TTHTO T STef IS SAAS Ueh STrET U T STl H WshwoT Ll €, il
500 nm TUTE T IS BIEH IS BIAT & | Tof X HISA o FTAR eV §
TG ol e sl H TR T ST T TFST St & TG SHAST: T :

(A) 2-48,— 248 (B) —124,124

(C) —2-48,2:48 (D) 1-24,-1-24

(F) TTSSISH WA o S AIS H Soiag i hl nall & H THEHAT i SAhT

freafafaa 3 & foraes struTfers Bt & 2
(A) n
®
n
1
(&) oz
1
(D) 3
et

(@)  BTESISH WA H HIg SAFH — 3-4 eV sht 1w § fmam stawear ®
TERHIT HAT & | SHehT hefT bt Forsam o uftad & : (e srewen o
AT T HeT ht BT = 0-53 A)

(A)  0-53A
(B) 106A
(C) 1-59A
(D) 212A
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(i1)  The total energy of the atom in terms of r and physical constant K

is: 1
2 2
@ B ®) - B
T 2r
Ke? 3 Ke?
c) = D) 22%
) or (D) 5

(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
© =

1
D il
®

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 053A
(B) 106A
(C) 159A
(D) 2124
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30.  Torelt T ufgeht WeTier & 1 =iTereh wigeRrd Bt & S amTra: Tt i ot weh-gat
% GHT-T W Bl ® | S fordt gerfisr =6t srraftra foma Star 2, ar arma ufgenren &
et g8t o fera &1 ST @ et ufgshret & Ste i foea-ae Tfid g S e | 39
STERTL HTI o RS il wiferd BIdt & | TR ¥ o 9T ol I8 TR afgentd &
TS Sedep o1 ST oY TS L ® AT I UH-GHL o WHTL SN THeTE Tl § |
P, 3R P, T P, 3R P, % ek T ol Wrargdios ‘K’ hl 3Ty hi 2fiel & quieyor
W fean mam @ | ufgsht Py 1 foreg A @ 17 ufgehiaAl Py 31K Py 1 forg B 9 weiford
fopam 2 | forg B % wve foreg A 3 fonar it fopeft ertremren forvar o oifir fopar e
9T A 3 B % o= favert v R |

() AR B % ofi= e s arfar an

2
SoKL SoKL
(A) 1 (B) 5d
2eKL? 2e,Kd
() = (D) 12
(i) UfgH P; WHAEWR
a0 VKL? B £ VKL”
2d d
2 2
2¢n VKL en VKL
(C) 0 (D) 2
d 4d
(i) Py 3P, & ofter o wewr & fopa-am 2
A) % (B) %
\Y% d
(®) 2d (D) v
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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.

) The capacitance of the system between A and B will be : 1
2 2
(A) €0KL (B) SoKL
d 2d
2
2eq KL 2enKd
C 0 D 0
© = @) =0
(ii))  The charge on plate P, is : 1
2 2
A) gg VKL B) gy VKL
2d d
2 2
©) 2eq VKL D) gy VKL
d 4d
(iii)  The electric field in the region between P, and P, is : 1
A% 2V
A — B —
(A) f (B) 1
v d
C — D —
(C) 2d (D) v
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(iv)

31. (&)
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(%h)

)

(i1)

59 b % wHT Tt oot AT W W wHIAR ufgsht denher, freeht
UfgshTaTY ST &b (L2) T 8, sl afgshtatt o sfier gereh 8 -

d 2d
(A) X (B) X

d d
(®) K (D) K

AT

e A 3R B & off< TSR fonam=ax o &I 1 8Tt 3¢ fopdll aTcieh
A & AT FoRaT ST, Y 36 ehTar O e ATaIT 81

2 2
() o VKL B fo VKL
4d 2d
gy VKL
© 1 (D) I

Qg s

‘OIﬁ'scl%l'l-_@[ 10 cm @waﬁ%wmméﬁﬁ 30 cm Eﬁ“ﬁ%
B | I8 8 TR W et ghafors sHar @ | 9f et vaer staae o9
3T @ & Gk T T feam Se, ot 9w uT teur gifsre ST @ S
W T AT ARfIE Tt & 45 em forenfua foram STaT 2 | srader
1 iR gt feRfer I |

forelt Trwparg frsw o1 =aw forerer sior aftefer shifse | fisa s
AIAHIE /3 7 | A formet % 39 TR o A STae hror o
Tiehfetd hIFNTT |

AT
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(iv) (a) The separation between the plates of same area (LZ) 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
2 2
(A) gy VKL (B) gy VKL
4d 2d
2
© YR (D) Zero
d
SECTION E

31. (a) (1) 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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)
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(i1)

(i1)

1)

el % et Weled 633 nm TUTCE & ASK I 1 IWANT Fleh
faferdt s <t wemeran & safosreor w1 wefkfa s =med § | < war Y
RIS UM €, SATqentor U fEfel & 5-0 m gl ot e ot f+efm & |
it BET g S & WE 3w g % T 3 =ed € 6 ke <ers
5 mm & |

(I)  aifea safaertor Y uTe s & fore Rt e Fma hifse |
(II) s Sfeas & wom Ffis ot gl et 2

650 nm TUTE T I3 THT=R THR I 0-6 mm =1STS shl [ohET 3l
G Tt ® | 3 & 60 em 3 R ford W w o e g 2 |
F51 3=y & aH AR % wuw Hife % [ & ofta gl J

i |

a1 fofeg ATeT + q 3 — g, x-y T H (a, 0) I (— 2, 0) RWE | 57
ST o SR feig (0, ) W A forgga-ar o fo7g s2foreh wTe i | 380
SR forelt gred forg (y >> a) W forga-am s shifo |

WS 0-2m o el wwarg Byst & o9 3fiwf A, B 3 C W
—2nC, - 1 nC #R + 5 nC % A forg e o & | AT AT A |
Ay, B¥ B, @1 C ¥ C, T foeeiua i # foral T %t &1 q1q
HITT | F8T A, By 3 C; W 4T AB, BC 3R CA % Ae-fag & |

HAYAT

I8 TRIISY foh TS ST ST i (32 Tt (feriett) € | g6t SwamT
Tk THTHT ITE T <A ¢ o forelt gdet MAThR @id o R0 @i
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SR (Dy >, @m () y<r#|

Page 26 of 31



32. (a)

(b)

I 55/4/3

(i1)

1)

(i1)

1)

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.

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.
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(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).

33. (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

_)
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| s~
<>

I I
X X X X,

«—]—

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.

OR
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(i1)

Differentiate between peak and rms values of alternating

current. How are they related ?

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.

(IT) 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 ?
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Evaluation is to be done as per instructions provided in the Marking Scheme. It should not
be done according to one’s own interpretation or any other consideration. Marking
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evaluating, answers which are based on latest information or knowledge and/or are
innovative, they may be assessed for their correctness otherwise and due marks be
awarded to them. In class-X, while evaluating two competency-based questions,
please try to understand given answer and even if reply is not from marking scheme
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awarded.

The Marking scheme carries only suggested value points for the answers

These are in the nature of Guidelines only and do not constitute the complete answer. The
students can have their own expression and if the expression is correct, the due marks
should be awarded accordingly.

The Head-Examiner must go through the first five answer books evaluated by each
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instructions given in the Marking Scheme. If there is any variation, the same should be
zero after delibration and discussion. The remaining answer books meant for evaluation
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No marks to be deducted for the cumulative effect of an error. It should be penalized only
once.

11

A full scale of marks 70 (example 0 to 80/70/60/50/40/30 marks as given in
Question Paper) has to be used. Please do not hesitate to award full marks if the answer
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deserves it.
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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.

e Wrong transfer of marks from the inside pages of the answer book to the title page.
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is correctly and clearly indicated. It should merely be a line. Same is with the X for
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concerned, it is again reiterated that the instructions be followed meticulously and
judiciously.
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strictly as per value points for each answer as given in the Marking Scheme.
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Code: 55/4/3

Q.No. VALUE POINTS/EXPECTED ANSWERS Marks | Total
Marks
SECTION A
1. 2 1 1
(A) tan” 4ne Er
2. (A) R,>R,>R. 1 1
3. (D) Negative Z axis 1 1
4. (C) 60’ 1 1
5. (D) Copper 1 1
6. B)1.0A 1 1
7. (C) 1.8x10°Vm™ 1 1
8. (C) Concentric horizontal circles around the wire 1 1
9. (B) Concave and real 1 1
10. (C) Photons of light and electrons both exhibit dual nature 1 1
11. (B) The red beam has more numbers of photons than the blue beam 1 1
12. (A) Sn 1 1
13. (C) Assertion is true, but Reason (R) is false. 1 1
14. (B) Both Assertion (A) and Reason (R) are true but (R) is not the correct 1 1
explanation of the Assertion (A)
15. (A) Both Assertion (A) and Reason (R) are true and Reason (R) is the correct 1 1
explanation of the Assertion (A)
16. (A) Both Assertion (A) and Reason (R) are true and (R) is the correct 1 1
explanation of the Assertion (A)
SECTION-B
17.
(a)
(1) Identifying the type of dopant Va
(i1) Identifying the type of extrinsic semiconductor Ya
(b) Calculating the electron concentration 1
(a) (1) Trivalent Va
(i1) p — type semi conductor Y
(b) Electron concentration
_n
ne—n— Yz
h
_(5x10°)
© o o8x10”
n,=3.125x10*m” Vs 2
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18.

Calculation of wavelength

DA
B=—

A

B,=

A
Bl_Bz_d(Dl Dz)

==%[D -(D-30x107) |

oo (Bi-B)d _ 9x10°x2x10°

Y

Y

Y

30107 30107 y
A=6x10"m ’
19.
¢ Obtaining condition for focal length to be R
e Focal length of plano convex lens
1 1 Y
—_= n —_———
=(n-1) R R,
For f=R,R,=R,R,=-R
1
—=(n-1
~)| 1
1’1:E A
2
For convex lens
1 2
—_— n_l —_—
=[5
ForplanoConvexlensR,=R R, =0 72
i:(n_l)(lj
f, R
S, =2f A
20.

Calculation of percentage change in radius

ran’
L_4
, 9

Percentage change when electron makes transition from n=3 to n=2

Y

Y
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= M %100 &
L
[4 -9
=| —— [x100
9
=55.55% s |2
21. (a)
(1) Comparison of brightness of bulbs P and Q with bulb S 2
Justification )
(i1) Comparison of brightness of bulb S with Q Ve
Justification )
(1) Brightness of the bulb ‘S’ will be more than bulbs ‘P’ and ‘Q’ Va
The current flowing through the bulb ‘S’ is twice of the 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. Va
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
difference across bulbs ‘P’ and ‘Q’
(i)  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
%)
By applying Kirchhoft’s loop rule to closed loops ABCFA and FCDEF
21,-31,=1---(1)
1+1,=1-—(2) ://2
On solving, :
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Current through the bulb,

1
Izng

Y 2

SECTION-C

22,

(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
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-
side. This motion of charge carriers due to electric field gives drift current.

)
Y

Vs

s

Y

Y 3

23.

(a) Conditions for, no force experienced by charged particle

in magnetic field 1
(b) Obtaining the magnitude of magnetic force exerted

by wire on the loop 2

(a)
e [If charged particle is at rest v=0
e [IfBis parallel or antiparallel to v
(b) Magnitude of force acting between two current carrying conductor
Fzﬁ%L
n r
Force on segment MN of loop

_ Mo 2LL

Fin (Towards the wire)
4 |

Force on segment KP of loop

Y
Y

Y

Y
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p= B 2LL x| (Away from the wire)
4n 2]
No force due to segment MK and NP
Net force on the loop

F=F,-Fe

F= Z—;Illz

Y

Vs

24.

(a) For obtaining expression of self inductance 2
(b) Identification of self inductance of coils from graph with reason 1

Magnetic field due to a current I flowing in the solenoid B=p nl
Total flux linked with solenoid is
N¢, =(n/) (n,nDA
=p,n°All
L_Nd,
I
L =p,n’Al
(b) Coil 1

Slope of line 1, ﬂ: L is more for coil 1 than coil 2
dI/dt

Y

Y

Y

Vs

25.

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 _.=h(v-v,))

For v<v,_ , Ky Will be negative

o 2

Hence, Photoelectric emission is not possible.

(b) According to Einstein Photoelectric equation
Ko =h (v-v,)

Hence K,  a v

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

(c) eV,=hv-hv,

Y

Y

Y

Y
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h h
=—v-—v,
e €

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

o

h
slope —.
e

Y

Y2 3

26.

(a)
e Conditions for interference of two waves
(1) Constructively (i1) Destructively Yot
e Interference conditions for two lights originating from two sodium
lamps Va
e Reason )
(b) Justification of effect on fringe width of interference pattern 1

(@)

(1) Conditions for constructive interference
A=nh
(i1) Conditions for destructive interference

1
A=(n+—-)r
(0t

e No
Two independent monochromatic source of light can not be coherent

(b) Fringe width BZKTD

>\

}\‘red green

B red >B green

Y

Y

Y

Y

Y

Y

27.

(@

(1) Deriving the expression for resistivity of a conductor 2
(i1) Comparison of charges Q; and Q; 1
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Total charge transported along E is
2

A=A L nAE
m
2
L =% 1k
A m
1
J=—E
p
. m
ne’r
Alternatively-
Current in the conductor-
[=neAv,
I eE
—=ne—=
A m
2
J _ ner E
m
J=—E
P
_ m
ne’t

(ii) From given graph

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

Q_2

QL 3

>0,

V2

V2

V2

V2

Y2

Y

Y

V2

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

)

Y

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

1

R

N

Y
o V=F-1Ir
IR=E—1Ir
_E
R+r 1/2
For maximum value of current R=0
[max ZE
r Y
) V=V, +V_-Ir
V=E-1Ir Y2
V. =E , whenI=0 72
(i) R+, r=LR,+Lr 1,
I1 - Iz
28. . .
(a) Three characteristics of electro- magnetic wave 1'%
(b) Explanation of displacement current,
e how 1
e  Where it exists Va
(a) (Any three)
e Electromagnetic wave carries energy. ¥
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e Electromagnetic wave carries momentum. Y
e Electromagnetic wave moves with velocity of light in vacuum. V2
e 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 Electromagnetic waves do not require a physical medium to propagate
and can travel through a vacuum.
e FElectromagnetic waves consist of oscillating electric and magnetic
fields.
(b)
¢ During charging of capacitor, time varying electric field / electric flux ]
between the plates of capacitor induces the displacement current. y
e Displacement current exists between the plates of capacitor. ?
SECTION-D
29.
@ (©) 1
1
(iii) (C) -2.48,2.48 1
(iv) (a)
1 1
D) =
n
OR
(b)
€ 1.59A
30. . 2¢ KL
@ (©) — 1
d
KL’
(i) (B) !
d
v 1
1) (A) —
(iii) (A) q
(iv) (a) |
d
C) —
©) K
OR
(b)
(D) Zero
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31.

(@)

(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
[

1 1 1
10 v, (-30)
v,=15cm

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

LI

f, (15+45) 30

f;=20cm

Let the focal length of concave lens is f;

(ii)
Angle of minimum deviation
+
Sin (Ao,) 28“‘ )
u:
Sin—
2
"+
Sin (60°+3,,)

=2
Sin 30

3 (A+6,)
2

—= Sin
2

Y

Y

)

)

Y

Y

Y
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_(4+0,)
2

60°
5, = 60°

Angle of incidence

ite=A+0d

2i=A4+0,

iz A+9,

2
i =60
OR

(b)
(1)
(D) 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

(i)

(D) Slit separation
DA

-

a=D2*

B
~ 633x1 07’ x5
~ 5x107
=633x10"°m
=633um
(IT) Distance of first minimum from central maximum

, _Cn-DiD
" ad

n=1
633x107%5
X:—
2x5%107

Y

Y

Y

Vs

Y

Y

Y

Y
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x =316.5x10°m

x =316.5um

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

We 2DA
d
_2x650x10”
0.6x107

=1.3x10"m

x60x107

Vs

Y

Y

32.

(@)

(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+ s ——
Y 4me, y’+a’®
g 1
dne, y’+a’

E:

-q

Components normal to the dipole axis cancel out.

The components along the dipole axis add up.

Vs

Vs

Y
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The total electric field is opposite to the dipole moment will be given by-

E=- (E,,tE,)cos 0D

2qa . .. . .
= is a unit vector along dipole moment
yENERICE (p g dip )

At large distance (y>>a)

- -2ga .
E= q3p

4ne y

(ii)

. c
B —me 2
Initial electrostatic potential energy of the system

U=t (da9e , 9cda | 9cla
" 47e," AB  AC BC
_9x10’
0.2
U,=-5.85x107J

I 949 _i_qclqu +q°qu‘ )

[(_2X—1)+(—2X5)+(_1x5)]X10718

U =
2 47t80( AB,  AC, B(,

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 shell at (I) y>r (II) y<r 2
(1))  Finding type and magnitude of charge. 2

Vs

Vs

Y2

Y2

Vs

Vs

Vs
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(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

FEds=—
80

p- - 4
4ne, 1

According to Coulomb’s law, force on charge q, in this field
po_l 99

4ne  1°

o

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

® ()Fory>r

. -~ RN
2 / \
N .
! v Gaussam
. 9 Buwrface
t !
\
N E;I\> Sun-face C‘MJC
- -7 densi}a(- o

Electric flux through Gaussian surface Ex4my”

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

2
E(4ny2):cs4nr
E=—1 7

4ne,y

V2

V2

Y

Y
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D Fory<r
(v
4
The charge enclosed by Gaussian surface =0
Using Gauss theorem )
Electric flux = E(4my?) =0 %
i.e.E=0 (y<r)
Y
(i)
7
ol ,(,,11')
(0%
/n
/
%
*1“6,%/’———”%)(
/
/
/
A(o/ O/Z'm_)
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,
1 |2x10”
V= 0 +4 y
4ne, 2 6+2 2
1 [10-9 +ﬂ} =0 z
4ne, 8 Y2
=-8x10”°C
a Vs 5
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33. (a)

(1)

e Statement of Lenz’s law )

e Explaining, how this law is a consequence of law of conservation

of energy Y
(i)
() Direction of induced current when loop enters and loop leaves
YatVa

(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.

(i1)
D Anticlockwise
Clockwise
(ID)
& 4

Y

Y

V2
)

172
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22
gBfVE - - - - - - -
7t 11
SABRY pom o= = = o
2
&
OR
(b)
(i)
Difference between Peak value and rms value of ac 1
Relation )
(11) (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 )
(@
Peak value - It is the maximum value of Alternating current. 1
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.
. I v,
Relation I = \/"5 ’
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(i1) (D) X- Inductor (L)

Y
oV
X
Y- Capacitor (C)
F.{
R -y V
ot
(IT) Impedance of the circuit
Z= (X L -X C)
At resonance Z =0
X, =X,
oL =—1
oC
ol=—L PR
LC’ JLC
1

V=

2nvLC

Impedance at resonance
7=0

Y

Y2

Y

Vs

Vs

Vs

Y2
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