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c=3x10%m/s
h =663 x 10734 Js
e=16x10"1C
Up=4nx 107" Tm A~

gp = 8854 x 10712 C2 N1 m~2
1

471:80

=9x 107 Nm?2 C2

ST o1 GodHM (my) = 9-1 x 107! kg

=g Wl GeI0H = 1-675 x 10727 kg
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Slees ™ fam = 1-38 x 10723 JK1
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General Instructions :

Read the following instructions very carefully and strictly follow them :

(i) This question paper contains 35 questions. All questions are compulsory.
(it)  This question paper is divided into five Sections - A, B, C, D and E.

(iti) In Section A - Questions no. 1 to 18 are Multiple Choice (MCQ) type

questions, carrying 1 mark each.

(iv) In Section B - Questions no. 19 to 25 are Very Short Answer (VSA) type

questions, carrying 2 marks each.

(v)  In Section C - Questions no. 26 to 30 are Short Answer (SA) type questions,

carrying 3 marks each.

(vi) In Section D - Questions no. 31 to 33 are Long Answer (LA) type questions

carrying 5 marks each.

(vii) In Section E — Questions no. 34 and 35 are case-based questions carrying

4 marks each.

(viit) There is no overall choice. However, an internal choice has been provided in
2 questions in Section B, 2 questions in Section C, 3 questions in Section D and

2 questions in Section E.
(ix)  Use of calculators is not allowed.

Use the following values of physical constants, if required :
c=3x10%m/s
h =663 x 10734 Js
e=16x10"1C
Wy = 47 x 107" Tm AL
gg = 8854 x 10712 C2 N1 m~2

1

4
me

=9x10° N m?2 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

023

Avogadro’s number = 6:023 x 10“° per gram mole

Boltzmann constant = 1-38 x 10723 JK 1
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N - /
A A
(a) (b)

A A
(c) (d)
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(c) 3T ga g JfqehiNa qm SHAuT ga gRT STTehia feohal SO |
(d) W gd gRI ER{YA AT SR ga gRT Ffcrehiyd fepam Sarm |
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SECTION A

1. A point charge situated at_) a distance ‘r’ from a short electric dipole on its
axis, experiences a force F . If the distance of the charge is ‘2r’, the force
on the charge will be :

F F F F
a — b — () — (d) —
@ 16 (b) 8 4 2

2. For a metallic conductor, the correct representation of variation of

resistance R with temperature T is :

RA RJ\ RJ‘\ Rf\

@ ) ® @

1] [ 8] ] [ 5]

= = g g

)7 iz A7 \7

v .% 2 y

o=t = ot o=

+———T - T - T T
Temp. Temp. Temp. Temp.
(a) (b) (c) (d)

3. The potential difference across a cell in an open circuit is 8 V. It falls to
4 V when a current of 4 A is drawn from it. The internal resistance of the
cell is :

(a) 4Q (b) 3Q (c) 2Q d 1Q
4, A steady current flows through a metallic wire whose area of

cross-section (A) increases continuously from one end of the wire to the
other. The magnitude of drift velocity (v,) of the free electrons as a

function of ‘A’ can be shown by :

vd AL vq 4 Vd /
\_ B
A A A A
(a) (b) (c) (d)
5. A diamagnetic substance is brought near the north or south pole of a bar

magnet. It will be :

(a)  repelled by both the poles.

(b)  attracted by both the poles.

(c) repelled by the north pole and attracted by the south pole.
(d) attracted by the north pole and repelled by the south pole.
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X xRx X X X X J% X
< X >
%
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6. A circular coil of radius 8:0 cm and 40 turns is rotated about its vertical

diameter with an angular speed of 20 rad s! in a uniform horizontal
T

magnetic field of magnitude 3.0 x 1072 T. The maximum emf induced in

the coil is :
(a) 012V (b) 015V
(c) 0-19V d 022V
7. Figure shows a rectangular conductor PSRQ in which movable arm PQ

has a resistance ‘r’ and resistance of PSRQ is negligible. The magnitude

of emf induced when PQ is moved with a velocity ¥ does not depend on :

X X X XX X X [0X X
S | P
XX |[X X XX X ||[X X M
X |Ix X X X X [|[x X
I 1 Ve—
xilx I x % x 2% |kx %
XIX [[Xx X X X X |[[Xx x N
X X X X X X X J% X
« X >
. g D
(a) magnetic field (B ) (b)  velocity (v )
(c) resistance (r) (d) length of PQ
8. In the process of charging of a capacitor, the current produced between
the plates of the capacitor is :
do 1 do
(a) py—= (b) — &
dt Ho dt
do 1 d¢
(€) g)—& @ ——=£
0 4t g, dt
where symbols have their usual meanings.
9. For a concave mirror of focal length ‘f°, the minimum distance between
the object and its real image is :
(a)  zero (b) f
(c) 2f (d)  4f

55/1/1 Page 7 of 27 P.T.O.



10.

11.

12.

13.

55/1/1

[O]%0)]
W0

D

BISEISM U] o aR Hisd H ndl wen i B fefafga o @ feaes
HHTIATAT Bl 2 ?
(a) iz (b) 1

n n

(c) 2 (d n

]

BISEISH THTY] AT TR fan ofawen | fohefl BiciH i STaeiva hidl &
S 38 n = 5 T G I L ¢l @ | 38 BT ol auTeed 8 :

(a) 975 nm (b) 740 nm

(c) 523 nm (d 95 nm

CIHE G&AT A o 113k ohl ZedHH I
@) AY3 F gurgurdt g 2
b)  A%3 & gurard g ?

(c) A3%Fl":ﬂ§°ﬂ?ﬁ@m%
@ A RFERTE e

dledS ol hig ac @d vt § TopeEft p-n G ST R e gfaias & TG
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N
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10. The radius of the nt! orbit in Bohr model of hydrogen atom is

proportional to :

@ = b L
n n
() n2 d n

11. Hydrogen atom initially in the ground state, absorbs a photon which

excites it to n = 5 level. The wavelength of the photon is :
(a) 975 nm (b) 740 nm
(c) 523 nm (d 95 nm

12. The mass density of a nucleus of mass number A is :
(a)  proportional to Al/3

(b)  proportional to A%/3

(c) proportional to A3

(d) independent of A

13. An ac source of voltage is connected in series with a p-n junction diode
and a load resistor. The correct option for output voltage across load
resistance will be :

VL\ \%
(a) (b)
/N, X
N t
v \Z)
(c) % /\ (d)
t>
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(d 001eV
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14. When an intrinsic semiconductor is doped with a small amount of
trivalent impurity, then :

(a)  its resistance increases.

(b) it becomes a p-type semiconductor.

(c) there will be more free electrons than holes in the semiconductor.
(d) dopant atoms become donor atoms.

15. In the energy-band diagram of n-type Si, the gap between the bottom of
the conduction band Eq and the donor energy level Ey, is of the order of :

(a) 10eV
(b) 1leV
(c) 01leV
(d 0-0leV

Questions number 16 to 18 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) Assertion (A) is false and Reason (R) is also false.

16. Assertion (A): When a bar of copper is placed in an external magnetic
field, the field lines get concentrated inside the bar.

Reason (R): Copper is a paramagnetic substance.

55/1/1 Page 11 of 27 P.T.O.
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17. Assertion (A): The phase difference between any two points on a

wavefront is zero.

Reason (R):  All points on a wavefront are at the same distance from
the source and thus oscillate in the same phase.

18. Assertion (A) : Photoelectric effect demonstrates the particle nature of
light.

Reason (R): Photoelectric current is proportional to intensity of
incident radiation for frequencies more than the threshold
frequency.

SECTION B

A
19. An alpha particle is projected with velocity v = (3:0 x 105 m/s) i into a
- A A
region in which magnetic field B =[04T) i +(0:3T) j] exists.

A A N
Calculate the acceleration of the particle in the region. i, j and k are

unit vectors along x, y and z axis respectively and charge to mass ratio

for alpha particle is 4-8 x 107 C/kg. 2

20. Consider an induced magnetic field due to changing electric field and an
induced electric field due to changing magnetic field. Which one is more

easily observed ? Justify your answer. 2

21. (a) Using Huygens’ principle, draw a ray diagram showing the
propagation of a plane wave refracting at a plane surface

separating two media. Also verify Snell’s law of refraction. 2
OR

(b) Why is a reflecting telescope preferred over a refracting telescope ?

Justify your answer giving two reasons. 2

55/1/1 Page 13 of 27 P.T.O.
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Two coherent monochromatic light beams of intensities I and 41
superpose each other. Find the ratio of maximum and minimum

intensities in the resulting beam. 2

The ground state energy of hydrogen atom is — 13-6 eV. What is the
potential energy and kinetic energy of an electron in the third excited
state ? 2

(a) Differentiate between intrinsic and extrinsic semiconductors. 2
OR

(b) Draw the circuit arrangement for studying the V — I characteristics
of a p-n junction diode in forward bias and reverse bias. Show the
plot of V — I characteristic of a silicon diode. 2

Briefly explain how the diffusion and drift currents contribute to the
formation of potential barrier in a p-n junction diode. 2

SECTION C

(a) Twelve negative charges of same magnitude are equally spaced and
fixed on the circumference of a circle of radius R as shown in Fig. ().
Relative to potential being zero at infinity, find the electric potential
and electric field at the centre C of the circle.

(b) If the charges are unequally spaced and fixed on an arc of 120° of
radius R as shown in Fig. (ii), find electric potential at the centre C. 3

@) (i1)

Page 15 of 27 P.T.O.
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How does the resistance differ from impedance ? With the help of a
suitable phasor diagram, obtain an expression for impedance of a

series LCR circuit, connected to a source v = v, sin ot.

OR

Find the condition for resonance in a series LCR circuit connected
to a source v = v, sin ot, where o can be varied. Give the factors on
which the resonant frequency of a series LCR circuit depends. Plot
a graph showing the variation of electric current with frequency in

a series LCR circuit.

A long solenoid of radius r consists of n turns per unit length. A current

I = I sin ot flows in the solenoid. A coil of N turns is wound tightly

around it near its centre. What is :

(a)
(b)

the induced emf in the coil ?

the mutual inductance between the solenoid and the coil ?

How does Einstein’s photoelectric equation explain the emission of

electrons from a metal surface ? Explain briefly.

Plot the variation of photocurrent with :

(a)

(b)

(a)

(b)

collector plate potential for different intensity of incident radiation,
and

intensity of incident radiation.

Draw the energy level diagram for hydrogen atom. Mark the
transitions corresponding to the series lying in the ultraviolet
region, visible region and infrared region.

OR

Draw a diagram to show the variation of binding energy per
nucleon with mass number for different nuclei and mention its two
features. Why do lighter nuclei usually undergo nuclear fusion ?

3
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SECTION D

31. (a) (1) State Coulomb’s law in electrostatics and write it in vector

form, for two charges.

(ii) ‘Gauss’s law is based on the inverse-square dependence on

distance contained in the Coulomb’s law.” Explain.

(iii) Two charges A (charge q) and B (charge 2q) are located at
points (0, 0) and (a, a) respectively. Let 1 and J be the unit
vectors along x-axis and y-axis respectively. Find the force

A /AN
exerted by A on B, in terms of i and j . 5

OR

(b) (i) Derive an expression for the electric field at a point on the
equatorial plane of an electric dipole consisting of charges q

and — q separated by a distance 2a.

(ii1) The distance of a far off point on the equatorial plane of an
electric dipole is halved. How will the electric field be affected
for the dipole ?

(iii) Two identical electric dipoles are placed along the diagonals of
a square ABCD of side +2 m as shown in the figure. Obtain
the magnitude and direction of the net electric field at the

centre (O) of the square. 5
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32.

33.

55/1/1

1)

(i)

1)

(i)

1)

[=

o

I

forel aTraTdt 3TaFd & RO FrEhiT & % fofe srEn-arad fem
fafau | 38 Frem 1 TR Fh BT @’ W TRl gaTeRR T,
a8 g T yariEd & @ 7, o g W FEEh &F o T His
S I hifoTe | fereft amr arsr & fofu grerehir & <t feom =i
ST hd BT Treehd & @MU Eife |

IS JOIFLH TohEl ATIHeh <hl JAThR HefT H 107 m s—1 h1 a1 €
iehAT X W@ 8 | Ife wem hl Bsr 10010 m B, O wem H
TTGRAT S aTel SR g1 3cUd T 3T <hifoTe |

AT

Jrachia &F § fedg fopelt amamdl e =i W HR 9 &
foTt =9 Fgead T | 30 w1 3eoi@ HIfNT 51 39 5
&1 foem ot fAuffa @ % foe v forn ST 2 | 98 wd difse
fSrees 3TaTia I8 91 (1) Afehad, 3R (2) fe1aqq g1t 2 |

Qe WY R IR A 3 B 91 H TH-g 8 2-5 cm g W
213 a)i @ foulia femedt & swww: 5.0 A 3 2.5 A uwd
TaTied &l W@l & | 98 B sl 10 cm OFETE W AR A g ARG o
1 qRATIT GRehierd shIfT |

(1) AR T IR foad Yed o &= a1 3= faRax |

(2) I o feferd v | fordl @ srenl & 9 fofae fom =
bt <rerd faeft et 2
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32.

33.

55/1/1

(a)

(b)

(a)

(1)

(ii)

(1)

(ii)

(1)

[=

o

Ol
State Biot-Savart’s law for the magnetic field due to a current
carrying element. Use this law to obtain an expression for the
magnetic field at the centre of a circular loop of radius ‘a’ and
carrying a current ‘I’. Draw the magnetic field lines for a

current loop indicating the direction of magnetic field.

An electron is revolving around the nucleus in a circular orbit
with a speed of 107 m s~1. If the radius of the orbit is 1071° m,
find the current constituted by the revolving electron in the

orbit.

OR

Derive an expression for the force acting on a current carrying
straight conductor kept in a magnetic field. State the rule
which is used to find the direction of this force. Give the
condition under which this force is (1) maximum, and

(2) minimum.

Two long parallel straight wires A and B are 2-5 cm apart in
air. They carry 5-0 A and 2-5 A currents respectively in
opposite directions. Calculate the magnitude of the force

exerted by wire A on a 10 cm length of wire B.

(1) Write two points of difference between an interference

pattern and a diffraction pattern.

(2) Name any two factors on which the fringe width in a

Young’s double-slit experiment depends.
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1)
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(i1)) In Young’s double-slit experiment, the two slits are separated
by a distance equal to 100 times the wavelength of light that
passes through the slits. Calculate :

(1) the angular separation in radians between the central

maximum and the adjacent maximum.

(2) the distance between these two maxima on a screen
50 ecm from the slits. 5

OR

(b) () A spherical surface of radius of curvature R separates two
media of refractive indices n; and ny. A point object is placed
in front of the surface at distance u in medium of refractive
index nj and its image is formed by the surface at distance v,
in the medium of refractive index ng. Derive a relation

between u and v.

(i1) A solid glass sphere of radius 6-0 cm has a small air bubble
trapped at a distance 3-0 cm from its centre C as shown in the
figure. The refractive index of the material of the sphere is
1.5. Find the apparent position of this bubble when seen
through the surface of the sphere from an outside point E in

air. 5
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SECTION E

34. The following figure shows a circuit diagram. We can find the currents

through and potential differences across different resistors using

Kirchhoff’s rules.
a . b R c
A 4
1 Ry =500
E=60V —
d
r=10Q €
h g f

Answer the following questions based on the above :

(a) Which points are at the same potential in the circuit ? 1

(b) What is the current through arm bg ? 1

(c) Find the potential difference across resistance Rg. 2
OR

(c) What is the power dissipated in resistance Ry ? 2
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Strontium titanate is a rare oxide — a natural mineral found in Siberia.
It is used as a substitute for diamond because its refractive index and
critical angle are 2-41 and 24-5°, respectively, which are approximately
equal to the refractive index and critical angle of diamond. It has all the
properties of diamond. Even an expert jeweller is unable to differentiate
between diamond and strontium titanate. A ray of light is incident
normally on one face of an equilateral triangular prism ABC made of

strontium titanate.

60°

Answer the following questions based on the above :
(a) Trace the path of the ray showing its passage through the prism.
(b) Find the velocity of light through the prism.

(c) Briefly explain two applications of total internal reflection.

OR

(c) Define total internal reflection of light. Give two conditions for it.
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1

You are aware that evaluation is the most important process in the actual and correct assessment of the
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adhered to and religiously followed. However, while evaluating, answers which are based on latest
information or knowledge and/or are innovative, they may be assessed for their correctness
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have their own expression and if the expression is correct, the due marks should be awarded
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If a question does not have any parts, marks must be awarded in the left-hand margin and encircled.
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9 If a student has attempted an extra question, answer of the question deserving more marks should be
retained and the other answer scored out with a note “Extra Question”.

10 | No marks to be deducted for the cumulative effect of an error. It should be penalized only once.

11 | A full scale of marks 0 - 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 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
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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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e Wrong totaling of marks of the two columns on the title page.
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15 | Any un assessed portion, non-carrying over of marks to the title page, or totaling error 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 concerned, it is again reiterated that the
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16 | The Examiners should acquaint themselves with the guidelines given in the “Guidelines for spot
Evaluation” before starting the actual evaluation.

17 Every Examiner shall also ensure that all the answers are evaluated, marks carried over to the title
page, correctly totaled and written in figures and words.

18 | The candidates are entitled to obtain photocopy of the Answer Book on request on payment of the

prescribed processing fee. All Examiners/Additional Head Examiners/Head Examiners are once again
reminded that they must ensure that evaluation is carried out strictly as per value points for each
answer as given in the Marking Scheme.




MARKING SCHEME: PHYSICS(042)

Code: 55/1/1

Q.No. VALUE POINTS/EXPECTED ANSWERS Marks | Total
Marks
SECTION -A
1. F 1 1
b) —
(b) 2
2. (d) 1 1
R
g
Temp.
3. d1Q 1 1
4 (a) 1 1
\’d AK
A
5. (a) Repelled by both the poles. 1 1
6. ()0.19V 1 1
7. (c) Resistance (1) 1 1
8. dg, 1 1
C —_—
() e, &
9. (a) Zero 1 1
10. | (c) n? 1 1
11. (d) 95 nm 1 1
12. (d) Independent of A 1 1
13. (c) 1 1
vV
t
14. (b) it becomes a p-type semiconductor 1 1
15. (d) 0.0l eV 1 1
16. (d) Assertion (A) is false and Reason (R ) is also false. 1 1
17. (a) Both Assertion (A) and Reason (R) are true and Reason (R) is the correct 1 1
explanation of Assertion (A).
18. (b) Both Assertion (A) and Reason ( R ) are true but reason ( R) is the not 1 1

correct explanation of the Assertion (A)

SECTION-B

3




19.

Calculation of acceleration of alpha particle 2

F=q(vxB)
= g(3x10°ix(0.4i +0.37))N
F = q(0.9x10°k)N
F =ma= ¢(0.9x10° k)N
a=200.9x10°k)ms™
m

= 4.8 x 107 %0.9 X10° k& ms2

=432 % 102 k ms?
Note: Deduct % mark if a student does not mention the direction of
acceleration.

72

72

V2

V2

20.

Identification 1
Justification 1

Induced electric field due to changing magnetic field is easily observed.
Induced electric field due to changing magnetic field can be easily produced
by various ways like rotating/moving a coil in magnetic field, changing the
shape of coil in magnetic field, bringing bar magnet near a coil etc.

21.

(a)
Ray diagram
Proof of Snell’s law of refraction 1

'
Medium

s
Medium 2

va <y

AB is incident wave front, incident at an angle i. Let 7 be time taken by the
wave front to travel distance BC.
BC= vi t where v is speed of wave in medium 1.
To determine shape of refracted wave front, we draw a sphere of radius

v2 T, where v is speed of wave in medium 2.
CE represents a tangent drawn from point C on sphere, CE is the refracted
wave front.

. ._ BC vrr
sini= —=——
AC AC
. AE v,T
sinr= —=——
AC AC

V2




sinr v, &
Note: Give full credit if student derives Snell’s law by taking incident
wavefront in denser medium.
Incident wavefront
OR
(b)
Reason for preferring reflecting type telescope over refracting
telescope Yo+l
Justification Yo+
1 No Chromatic Aberration - No refraction in mirrors
2 No Spherical Aberration - Due to use of parabolic reflector
3 Easy mechanical support required - Mirrors weigh less and can be
supported over entire back surface.
4 High resolving power — Due to Mirror with large diameter. 1+1
5 Brighter image — Large mirrors gather more light waves.
(Any two)
22.
Finding the ratio of maximum and minimum intensities 2
Ly _ WL+L) y
- 2
I min (\/Z - \/Z)z
_ L+L+2L, .
L+1, 211,
_ SI+41 N
51-41
9
=1 v,
Alternatively
I _a _A_4
L b 11 v,
a_2
b 1 Vs




V2

V2

23.

Calculation of potential energy of electron 1
Calculation of kinetic energy of electron 1

En = _13'6eV = Total energy

2
n

For third excited state n=4

136 | 136 _ ooy

4? 16

Potential Energy =2 x Total Energy =2 x E4
=2 x(-0.85) eV

=-1.70 eV

E4 =

Kinetic energy = - (Total Energy) =-E4
=0.85¢eV

Y

V2

Y2
V2

24.

(a)

Difference between intrinsic and extrinsic semiconductor 2

Intrinsic semiconductor Extrinsic semiconductor

1. Pure semiconductor. Semiconductor is Doped with
impurities.

2. Low conductivity at room High conductivity at room
temperature. temperature.

3.Ne=nnh Ne # Np

(Any one)

Note: Give full credit if a student writes any other relevant correct answer.

OR
(b)

Circuit diagram for forward and reverse biased p-n junction diode
Yo+ Vs
V-I characteristic (Forward and Reverse bias) Yot

1+1




»
e

o
| | -
‘\

Forward Bias Reverse Bias

72tV

BN R | I T S T 72t
f
Characteristics of silicon Diode
25.
Formation of potential barrier 2
The diffusion current due to concentration gradient at the junction forms a
space charge region consisting of immobile charge carriers. Due to this an
electric field is generated at the junction giving rise to drift current in a
direction opposite to diffusion current.
The potential at which diffusion current becomes equal to drift current is
called potential barrier. 2
SECTION -C
26.
a) Finding electric potential at the centre 1
Finding electric field at the centre 1
b) Finding electric potential at the centre 1
()
Electric potential due to point charge
v=4 &
R
Value of each charge =- q , Total charge = -12q
Total potential V = k=129)
vV = —12kqg  _ -12¢ v,
R dr e, R
By symmetry the resultant of all electric field vectors becomes zero. 1

So electric field is zero.




(b)
Electric potential is a scalar quantity and does not depend on placement of
charges

Therefore V= —12kq = —129

R 4re, R

27.

(a)

Difference between resistance and impedance 1

Obtaining expression for impedance 2

1. Resistance is the opposition offered to both alternating current and direct
current while impedance is the opposition offered to alternating current only.

2. Resistance is independent of frequency of source while impedance
depends on frequency.

3. Resistance is opposition offered by material of the conductor while
impedance is combined opposition offered by different electrical
components such as resistor, inductor or capacitor.

(Any One)
(Note: Give credit of this part if a student writes any other correct answer.)

Vr :imR,Vc:imXc ,VL:imXL
im = Peak value of current in the circuit.

VAVt Vo=V,
(Vim)?=Vr2 + (Vc — VL)

= (imR)? + (imXe - imXr)?
im [R2 + (Xc - XL)z]

V

— m

\/R2 +(Xc _XL)2

im

.V, _ 2 RS
Im = - where Z \/R +(X,—-X)) _ impedance

V2

V2

V2

V2




OR

(b)
Finding condition for resonance 1
Factors affecting resonant frequency 1
Graph
1
7= JR+(x,-x.) /2
For maximum current, Z should be minimum therefore to minimize Z
Xr=Xc 1,
Alternatively
V2
XL= Xc
wlL = L
oC
o — 1 Y
N7e
Resonant Frequency depends on value of Inductance and Capacitance Y
2 2
I
1
28.
Finding
a) Induced emf
b) Mutual inductance between solenoid and coil 1
a) magnetic field produced in the solenoid near the center
B= u,nl 72
Flux linked with the coil wound over solenoid
¢ =NBA=Nnr’B
- 2
= Nar® p nl v,
Induced emf e = —49 -mr? Nnp, a 1) 72
dt dt
= - ponr’nN Lyw cos ot Vs




. o dl Z.
b) comparing Eq (i) with e = —-M Z ’
t
M= ponr’nN 72
29.
Explanation of emission of electron 1
a) variation of photocurrent with collector plate potential for
different intensity 1
b) variation of photo current with intensity of incident radiation 1
According to Einstein’s photoelectric equation
An electron absorbs a quantum of energy ‘hv’ of incident radiation. If the
energy of absorbed quantum exceeds the minimum energy needed by the
electron to escape from the metal surface (work function ¢, ), the electron is 1
emitted.
Kmax =hv - Qo
a)
% 1> 1> 1
E I,
b 1
I
Stopping polentlal
= 2 0
. Retarding potential Collector plate —
potential
b)
2 1

Intensity of light

10




30.

a)
Energy level diagram for hydrogen atom 1%
Transitions corresponding to ultraviolet region, visible region and
infrared region Y+t

Note: Award 1 2 mark for energy level diagram if the student does not show
the transitions.

OR

b)

Diagram to show variation 1

Two features of diagram Yot
Reason for nuclear fusion 1

i 10

= VA S e Mo

&= = O o © £ IS hv A e
o e - <
= He o 1O

= e/

;~ 15 & 1

By

o . S H

= LT

= 0

O 50 100 150 200 250
Mass niumber [A)

(Note: Award full credit even if a student does not mark so many elements
and does not mention the values of Epp.)

Features of diagram (any two)

1. Binding energy per nucleon is practically independent of atomic number
for nuclei of middle mass number (30 <A < 170)

2. The curve has maximum of about 8.75 MeV for A= 56 and has a value of
7.6 MeV for A= 238

3. Binding energy per nucleon is lower for both light nuclei (A<30) and
heavy nuclei (A>170)

Two lighter nuclei fuse together to form heavier nuclei as the binding energy
per nucleon of fused heavier nuclei is more than the binding energy per

nucleon of the lighter nuclei. Thus the final system is more tightly bound

17

V2

V2

Vs

VIR

11




than initial system.
Alternatively

To attain the stability 1
SECTION -D
31. (a)
1) Statement of coulomb’s law and vector form 1+1
i1) Explanation of Gauss’s law based on coulomb’s law 1
iii) Force exerted by charge A on charge B
1) Force between two point charges varies inversely with the square of
distance between the charges and is directly proportional to the product of 1
magnitude of the two charges and acts along the line joining the two charges.
1 =
F,= A 1
Y ARE, By
Alternatively
F, = 4— . 32 12
&, Ny
Where a is a vector from charge q» to charge q;.
i1) In derivation of Gauss’s law, flux is calculated using Coulomb’s law and
surface area. Here coulomb’s law involves LZ factor and surface area
r 1
involves r? factor. When product is taken, the two factors cancel out and flux
becomes independent of .
iii)
y?
29
aT— T~ AR Y
|
|
|
| \,
A 4
1 0 X
r=AB=ai+aj
Y

= [4B| =+ =2a

Fo_l 44

2
dre r

0

12




1 g qx2q ><(a§+a;'\)
dre, (2a) 2a
2 SEREN
1 y 2q2 y @i+))
dre, 2a V2
2
1 .4
4re, 2d°
2
= q BN
F=—7F——(i+
427 €, a’ t+7)

=l
I

=l
I

x(;+}\)

=l
1]

Note: Award 1 mark if a student calculates the magnitude of force only.
— 1 2
A=t

2
dre, a

Alternatively

Give full credit if a student uses component method to solve the question.
OR

(b)

1) Derivation of electric field 2

ii) Effect on electric field

iii) Finding magnitude and direction of electric field 2

—

*EalP

- 4 1
Eq= X
Ry e, r+a

q 1
Eq= X
! dre, r’+a’

The components normal to dipole axis cancel away. The components along
the dipole axis add up.
Total electric field is opposite to dipole moment.

E=-(E_.: —E_,_,)cos&i;
» )
_—_qa -
47 (r=a’)' - 4

V2

V2

V2

Y

V2

13




_ 4
dr e, (" +a%)

3/2

Deduct 2 mark if the expression of electric field is not in vector form.

ii) At far off point r >> a
E-—P_

dre,r
When distance is halved.
E-—P

dre (=)

o ( 2)
=
dre, 1’

E becomes 8 times

iii)

p,=g*x2Cm (along OA)
P, =gx2Cm (along OD)

pnet = Vp12+p22

=22 qCm

Electric field at centre O
P,
- (rz +‘,:12)3/2

atpoint O, r=0 ,a=1m
k><23\/§q _ Z\Ekq _ Z\Eq

1 dr e,
Along DC

E=

V2

V2

V2

V2

V2

V2

V2

14




Alternatively

+
Q
|
o]
W

1
1
I
|
!
I
1
|
1
|

w)
Q

AC=BD=2m
r=0A =0OB= OC=0D=1m
Electric field at O due to charges at B and D

Ei = Egt+ Ep
Ei= llc_gj+llc_§1 along OB
=2kq
Electric field at O due to charges at A and C
E, = Ea+ Ec
_kq kg
BEETE
=2kq along OC
Enet = \/Elz + E22
=22 kq = 2\/5q
4r e,
Along DC
Alternatively
g -q
A PN, T B
I
I
!
I
|
I
I
= i
T o mm e ———— -q
D C
Considering AB as dipole, electric field at O
E = 1 2kq><;z _ 12kcia ~2kqa
Ve 2y
(« \/5) ( \/5) G

Similarly considering DC as another dipole, electric field at O

V2

V2

V2

V2

Y
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E, = 2kq x a _ 2kqa - 2kqa

1 2 1 2N\3/2 B 1 1 3/2
(( ,—2) ( ;—2)) (2 2)
Enee=Ei+ Ex = 4kqa=

x4xi><q

1
4r e, 2

dre,
Along DC

V2

V2

V2

32.

(a)

1) Statement of Biot-Savart’s law 1
Expression for magnetic field 2
Diagram for magnetic field lines Va

i1) Finding current by revolving electron 1%

(1)

The magnetic field at a point due to a current carrying element is
proportional to magnitude of current, element length and inversely
proportional to the square of the distance from the element.

J5 =t dxr Pl

4 7 \,\\\‘/ 1
u, Idlsin@ _.l.' :
a7 N

-

Consider a circular coil of radius a carrying current 1.

1dl

According to Biot-Savart’s law

u, Idlsin@

2

43| =
47 r
At point A 1dl La

Y

V2
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.0=90°,sin90° =1
#, 1dl

4r a’
Magnetic field at centre

Hence dB=

2ra 2ra
I

B= [ap= | 2o

? o 4roa
B= Ho xizx?_ﬂa

A1 a
o il

2a

Note: Give full credit of 2 marks if a student derives the expression for
magnetic field at the axis of the loop and then puts the distance of point as 0
from the centre.

ii) g=e, v=10'ms”,r=10""m
q

=4

T
qv

2mr
ev

2nr
1.6x107" %10’
2xrx107"°

= %XIO'ZA
T

=0.255 %1074 =2.55mA

OR
b)

1) Derivation of expression for force 2
Statement of Rule Yo
Conditions for maximum and minimum force Yot s

i) Calculation of magnitude of force 1

Consider a rod of uniform cross sectional area A and length /. Let the
number density of mobile charge carriers in it be n.
Thus the total number of mobile charge carriers in it is n / A.

For steady current I, drift velocity of electrons E , in the presence of

V2

V2

V2

V2

V2

V2

V2
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external magnetic field B, the force on these carriers is

F=n/Aq(v,<B)

= [;’Al ] x B

= I(IxB)
Where nqg is current density ( ;) and ‘}A‘ is current (I)
Fleming’s left hand Rule: If forefinger, middle finger and thumb are
stretched in mutually perpendicular directions, such that forefinger indicates
the direction of magnetic field, middle finger indicates the direction of
current in the conductor, then thumb indicates the direction of force on the

conductor.
Alternatively

Right Hand Thumb Rule : If the fingers of right hand are made to rotate from
lto B through angle 6, the thumb points in the direction of force on the

current carrying conductor.
Condition for maximum force € = 90°

‘F‘z[lBsinH - 1/B

Condition for minimum force 8 =0° or 180°

7 =o
ii)
&
‘i‘ A
S A
< ~ YV
*-8 ewn
= ﬁ21112 /
dr d
-7
_ 10 x2x522.5x10x10_2N
2.5%x10
=10°N

V2

V2

Vs

V2

V2

V2

V2

V2

V2
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33.

a)

1) (1) Difference between interference pattern and 1+1
diffraction pattern
(2) Two factors affecting fringe width in young’s double '+ 2
slit experiment
ii) (1) calculation of angular separation 1
(2) calculation of distance between two maxima

@ (1)
(a) The interference pattern has a number of equally spaced bright and dark
bands while diffraction pattern has a central bright maximum which is twice
as wide as the other maxima.
(b) Interference pattern is obtained by superposing two waves originating
from two narrow slits, while diffraction pattern is a superposition of a
continuous family of waves originating from each point on a single slit.
(c) The maxima in interference pattern is obtained at angle A/a, while the
first minima is obtained at same angle A/ a for diffraction pattern.
(d) In interference pattern the intensity of bright fringes remain same while
in diffraction the intensity falls as we go to successive maxima away from
the center on either side.

(any two)

(2) Factors affecting fringes width
Wave length (1) / distance of screen from slits (D) / separation between
slits (d).
(any two)
(i) (1) dsind =nA
n=1

sin @ =£
d

For small angle sin@ =~ 0=

_ 4D
2 B== oD

~ 1 sox107
100

=50 x10*m
=5 mm
OR
(b)
i) Derivation of relation between u and v
i) Finding apparent position 2

W

1+1

72tV

V2

V2

V2

V2
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Assume that the aperture of the surface is small as compared to other
distance involved, so that small angle approximation can be made.
For small angles

for ANOC, 1 is the exterior angle

1= LZNOM + ZNCM

. MN MN -
= —+— (1)
oM MC
Similarly r = ZNCM — ZNIM
MN MN .
= ——— (11)
MC Ml

By Snell’s law
nisini=nssinr
for small angles
ni=nar

substituting i and r from (i) and (ii) we get
MM _mon

OM MI MC

Applying Cartesian coordinates

OM= -u, MI=+v , MC=+R
nL_n_n-n

V o u R
N, n n,—n
m =-—-‘t=-2_1
(it) \% R
R=-6cm,u=-3cm,n; =1.5 nm=1
l E_I—I.S

v 3 -6
105 15

v 6 3
1_0.5—3

\% 6

l_—2.5

\% 6
v=-24cm

from the left surface inside the sphere

V2

Y

V2

V2

Y2

V2

V2
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SECTION -E

34.

a) Points at same potential 1
b) Current through arm bg 1
c¢) Potential difference across R3

OR
¢) Power dissipated in R, 2

a) Points (a, b, ¢)

(d, e)

G, f g.h)
are at same potential

Note: Give full credit if a student mentions any two points at same potential

from the above.
I
Ry=50¢
Ry =100 1
f

b)
According to Kirchhoff’s loop rule

E=60V

r=10Q

for closed loop abgha
-6+10L+1L; =0
L +101, =6 (i)

for closed loop actha
-6+10(Ii-L )+l =0

I1111-101 =6 (i1)
Adding (i) and (ii)
121 =12
L=1A
L=05A

= current through arm bg
Note: Award 1 mark if a student calculates the current by any other method.

¢) Vrs = (Ii-I2) x R3
=0.5 x5
=25V
OR
(c)P=(1-I2)?> x R, =(0.5)*> x 5
=125W

Y

Y
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35.

a) Tracing of path of ray
b) Finding velocity of light
c¢) Explanation of two application of TIR
OR
¢) Definition of TIR
Mentioning two conditions of TIR

[N

NtV

From fig. angle of incidence on second face Zi= 60°
critical angle /i, =24.5°

(Li) >(Li)

TIR takes place
byn= <
v
8
v &= 20 o 10 s
n 241

c) Optical Fibre / Brilliance of diamond / mirage (any two)

Note: Give full credit if students mention the names of applications only.

OR

¢) When light travels from optically denser medium to rarer medium at an
interface and gets reflected back into the same medium the phenomenon is

called as total internal reflection.

Conditions for TIR

1. Light must travel from optically denser medium to rarer medium.
2. Angle of incidence at the interface must be greater than the critical angle

for the pair of media.

1+1

72+ Vs
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