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General Instructions :

Read the following instructions very carefully and strictly follow them :

(1)
(ii)
(ii1)
(iv)
(v)
(vi)
(vii)

(viii)

(ix)

55/4/3

This question paper contains 35 questions. All questions are compulsory.
This question paper is divided into five Sections — A, B, C, D and E.

In Section A - Questions no. 1 to 18 are Multiple Choice (MCQ) type
questions, carrying 1 mark each.

In Section B - Questions no. 19 to 25 are Very Short Answer (VSA) type
questions, carrying 2 marks each.

In Section C - Questions no. 26 to 30 are Short Answer (SA) type questions,
carrying 3 marks each.

In Section D — Questions no. 31 to 33 are Long Answer (LA) type questions
carrying 5 marks each.

In Section E — Questions no. 34 and 35 are case-based questions carrying
4 marks each.

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.

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"19C
Uo = 4m X 107" Tm AL
gp = 8854 x 10712 C2 N1 m~2
1

47[780

Mass of electron (m,) = 9-1 x 10731 kg

=9x10° N m?2 C2

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 10722 JK~!
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SECTION A

In a Young’s double-slit experiment, the fringe width is found to be B. If
the entire apparatus is immersed in a liquid of refractive index p, the
new fringe width will be :

CY (b) up © P @ -
i

A light of frequency v is incident on a metal surface whose work function
is W;,. The kinetic energy of emitted electron is K. If the frequency of the
incident light is doubled then the kinetic energy of emitted electron will
be :

(a) 2K (b)  more than 2K

(c) between K and 2K (d) lessthan K

Which of the following statements is not true for nuclear forces ?

(a)  They are stronger than Coulomb forces.

(b)  They have about the same magnitude for different pairs of nucleons.
(c) They are always attractive.

(d)  They saturate as the separation between two nucleons increases.

A particle of mass m and charge —q is moving with a uniform speed v in a
circle of radius r, with another charge q at the centre of the circle. The
value of r is :

(a) _ 1 (ﬂ) (b) _1 (ﬂ)z
4meg m \ v 4neg m \ v

2
m (q m (q
¢ = d =
(c) 4 g (V) @) 4m g (V)
Photons of energy 3:2 eV are incident on a photosensitive surface. If the

stopping potential for the emitted electrons is 1-5 V, the work function for
the surface is :

(a) 15eV (b) 1:7eV (c) 32 eV (d) 47eV

Which one of the following has relative magnetic permeability between
Oand 1?

(a) Aluminium (b) Alnico
(¢) Water (d) Sodium
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e
7. The figure shows variation of current (I) with time (t) in four devices P,
Q, R and S. The device in which an alternating current flows is :

I

vV

(a) P (b) Q (c) R (d S
8. Name the electromagnetic waves also known as ‘heat waves’.
(a) Radio waves (b)  Microwaves
(c) X-rays (d) Infrared waves
9. A plane wavefront is incident on a concave mirror of radius of curvature
R. The radius of the refracted wavefront will be :
R R
(a) 2R (b) R (c) Pl (d) y

10. A proton and an alpha particle have the same kinetic energy. The ratio of
de Broglie wavelengths associated with the proton to that with the alpha
particle is :

(a) 1 (b) 2 ) 242 (d) %

11. The direction of induced current in the loop abc is :

X > y

(a)  along abc if I decreases
(b)  along acb if I increases
(c) along abc if I is constant
(d)  along abc if I increases
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(d) X e § 3N X =R

aftay § 3w feey u forell p-n Gy s/ & faw egeh dicedt 07 VR | 3@
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II:D ‘ 100 O

||
0.5V
(a) AUl I, 0 A (b) UTEeh S=FEA, 0 A
(c) Ufeles I=E, 5 mA (d) UvaleRes 9=, 2 mA

foreht BregoM Ty # fadfa safira sreen § forell soidet o foufow oot B
2

(a) —34eV (b) —3:02eV (c) —-151eV (d —-6-8eV

TX T % geImH TR $Heh HEeHh J(aaAHl h pl GEIHN H N
21:00 u g | 39 e & o sem ot ufa faqerta ffafea § 9 foea

qedTs o1l o UM 7§ ?

(a) 3u (b) 35u (¢ Tu (d 21u
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12.  An ac voltage v = v, sin ot is applied to a series combination of a resistor

R and an element X. The instantaneous current in the circuit is

I =1 sin (ot + %). Then which of the following is correct ?

(a)  Xis a capacitor and X = J2 R

(b) X is an inductor and X; =R

(¢) X is an inductor and X; = J2 R

(d) Xisacapacitor and X, =R

13. The threshold voltage for a p-n junction diode used in the circuit is 0-7 V.
The type of biasing and current in the circuit are :

II:D ‘ 100 O

05V
(a)  Forward biasing, 0 A (b)  Reverse biasing, 0 A
(c) Forward biasing, 5 mA (d)  Reverse biasing, 2 mA

14. The potential energy of an electron in the second excited state in

hydrogen atom is :

(a) —34eV (b) —3:02eV (¢) —1-51eV (d) —-6-8eV

15. The difference in mass of /X nucleus and total mass of its constituent
nucleons is 21-:00 u. The binding energy per nucleon for this nucleus is
equal to the energy equivalent of :

(a) 3u (b) 35u (c) 7u d 21u
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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.

16.

17.

18.

55/4/3

(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.

Assertion (A) : In ‘n’ type semiconductor, number density of electrons is
greater than the number density of holes but the crystal
maintains an overall charge neutrality.

Reason (R): The charge of electrons donated by donor atoms is just
equal and opposite to that of the ionised donor.

Assertion (A) : When three electric bulbs of power 200 W, 100 W and
50 W are connected in series to a source, the power
consumed by the 50 W bulb is maximum.

Reason (R): In a series circuit, current is the same through each bulb,
but the potential difference across each bulb is different.

Assertion (A) : A current carrying square loop made of a wire of length L
is placed in a magnetic field. It experiences a torque
which is greater than the torque on a circular loop made
of the same wire carrying the same current in the same
magnetic field.

Reason (R): A square loop occupies more area than a circular loop,
both made of wire of the same length.

Page 11 of 27 P.T.O.
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23.
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19.

20.

21.

22,

23.

24.
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SECTION B

2
m

surface where v_ is the maximum speed of electrons and A is the

The figure shows v® versus % graph for photoelectrons emitted from a
wavelength of incident radiation. Using this graph and Einstein’s
photoelectric equation, obtain the expression for Planck’s constant and

work function of the surface.

A S
A Y
> =

Briefly describe the multi-step process involved in the generation of
energy in the Sun.

Use Gauss’s law to obtain the expression for electric field due to a thin
infinitely long straight uniformly charged wire.

A cell of emf E and internal resistance r is connected to a variable
resistance R. Draw plots showing the variation of (a) terminal voltage V
with R, and (b) V with current I, in the circuit.

A particle of charge q and mass m starts moving with uniform velocity
A

vy 1. Specify the direction of magnetic field which should be set up in the

region so that the particle moves (a) straight undeviated, and (b) in a

circle. Justify your answers.

(a) Obtain an expression for electrostatic potential energy of a system
of three charges q, 2q and -3q placed at the vertices of an
equilateral triangle of side a.

OR

(b) Two small conducting balls A and B of radius r; and r, have
charges q; and q, respectively. They are connected by a wire.
Obtain the expression for charges on A and B, in equilibrium.

Page 13 of 27 P.T.O.
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26.

27.

28.
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(a) What is a displacement current ? How is it different from a

conduction current ? 2
OR
(b) Write any two characteristics of an electromagnetic wave. Why are
microwaves used in radar systems ? 2
SECTION C

Draw a plot showing the variation of potential energy of two nucleons as
a function of distance between them. Identify the regions in which the
force between the nucleons is (i) attractive, and (ii) repulsive. Justify your
answers. 3

A current carrying circular loop and a straight wire bent partly in the
form of a semicircle are placed as shown in the figure. Find the
magnitude and direction of net magnetic field at point O. 3

/
4 cm

(a) (1) In diffraction due to a single slit, the phase difference between
light waves reaching a point on the screen is 5m. Explain
whether a bright or a dark fringe will be formed at the point.

(ii) What should the width (a) of each slit be to obtain eight
maxima of two double-slit patterns (slit separation d) within
the central maximum of the single slit pattern ?

(iii) Draw the plot of intensity distribution in a diffraction pattern
due to a single slit. 3

OR

Page 15 of 27 P.T.O.
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(b) (1) In a Young’s double-slit experiment SS, — SS; = %, where S,
and S, are the two slits as shown in the figure. Find the path
difference (SoP — S;P) for constructive and destructive

interference at P.

(ii1) What is the effect on the interference fringes in a Young’s
double-slit experiment, if the monochromatic source S is

replaced by a source of white light ? 3

29. (a) A resistor of 30 Q and a capacitor of 250 uF are connected in series
to a 200 V, 50 Hz ac source. Calculaten(i) the current in the circuit,
and (ii) voltage drops across the resistor and the capacitor. (iii) Is
the algebraic sum of these voltages more than the source voltage ?
If yes, solve the paradox. 3

OR

(b) A series LCR circuit with R = 20 Q, L = 2H and C = 50 uF is
connected to a 200 volts ac source of variable frequency. What is
(i) the amplitude of the current, and (ii) the average power
transferred to the circuit in one complete cycle, at resonance ?

(iii) Calculate the potential drop across the capacitor. 3

55/4/3 Page 17 of 27 P.T.O.
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A rectangular conductor MNPQ with a movable arm MN (resistance r) is
kept in a uniform magnetic field as shown in the figure. Resistance of
arms MQ, QP and PN are negligible. Obtain the expression for the : 3
(a) current induced in the loop specifying its direction, and

(b) power required to move the arm.

QX X X XMXX XX X
X X X X X[ X X X X X
X |x x x x| XX XX X
v
X X X X X X ¥ XX X
X |x x x x| xx xX
X PXT X X XN X X X X X
SECTION D

(a) (i) A germanium crystal is doped with antimony. With the help of
energy-band diagram, explain how the conductivity of the

doped crystal is affected.

(i1) Briefly explain the two processes involved in the formation of a

p-n junction.

(iii)) What will the effect of (1) forward biasing, and (2) reverse
biasing be on the width of depletion layer in a p-n junction

diode ? 5

OR

(b) (i)  With the help of a circuit diagram, briefly explain the working

of a full-wave rectifier using p-n junction diodes.
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32.
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(i1)

(iii)

1)
(i1)

(ii)

1)

(i1)

2
foret p-n @Y sIE W1 V - 1 Afenafires difew | s Fifse
5 Sre & Ig eI 38 g YR fosemtnr o fou Suem
T4 7 |

e 3T Tfcteni= &l STTereh ataqT 0 3 | TRt e foggatre
3R Tafctepia erdaTets = 8 ?

FAFSHT bl TTARiTerar shl GRYTT feAfage | s&ept SI AT iy |

fordt R AB ® @ H TN AR AUiad! g yarfsd & W&
3 | 9R o Hfew faga-a X STuarg o T 1 BT § ? AW
IR HI gfe Hifvw |

B

A \
[ |
|I
ARG H e U iy W fomm Kifse | gfmey s gyreh gfady

IR St & ot 78 forga 9 9 Hif |
10 Q
10 Q
6V —/— | 14 Q
T 300 EIOQ
AT

fopelt AR st dga ATerehdT i IRYTST ST 3R 391 SI 9T
fafeT |

(1) foreft f=-aieean <t Sk, 3R (2) Tt = -dicear &1 s 4
e w9 @ 3= g ot I R | QA 9efEl o ST=dftes afaed
& fawg § 379 1 g Hohd B ?
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(a)

(b)

(i1)

(iii)

(1)
(i1)

(iii)

1)
(i1)

El__%%

Draw V — I characteristics of a p-n junction diode. Explain
how these characteristics make a diode suitable for
rectification.

Carbon and silicon have the same lattice structure. Then why
1s carbon an insulator but silicon a semiconductor ? 5

Define mobility of electrons. Give its SI units.
A steady current flows through a wire AB, as shown in the
figure. What happens to the electric field and the drift velocity

along the wire ? Justify your answer.

A

Consider the circuit shown in the figure. Find the effective
resistance of the circuit and the current drawn from the

battery. 5
10Q
100
BT e | 14 O
30 Q % 10 Q
OR

Define electrical conductivity of a wire. Give its SI unit.

High current is to be drawn safely from (1) a low-voltage
battery, and (2) a high-voltage battery. What can you say

about the internal resistance of the two batteries ?
Page 21 of 27 P.T.O.
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(iii)

1)

(i)

(1)

(i1)

e
M@ H T TC qidy § Sl gRI T fiFe o 9itay sl 3mgd
I I 9Tl e Il giehierd T |

10 4V 2.8

6 Q
10V T

3 Q

forell wTieftar stderd qiaRier # sifom gfdfera 3= T fope TR
AT 8, I8 < o e foptor e Hifvw | sueht g eman
% foTu =/ gt i |
3l 9de o€ L; 3 Ly, 59 L 24 cm w8 g8 1 39 <"
TA Ly 18 cm BIHE G 1 Faddl o€ 8, Th g8 ¥ 45 cm hHl
T W AWE W § | TH Ly G 36 cm G W HTE 1 em a8
o1 for oo 8 | 389 9aee g s gidfers < fefa o =8
ST ST |

HAYAT
IM@ ! wgEar ¥ frel gy aq & sRwr fagea
ST HINT | I U189 o Th ST hl Jeoi@ it |

5| = A = 60° o Tordl TS50 o Tk ®cAeh TR <hls TehTST Tohtul
60° IV T IdT ! 3 | I8 fortor ouea fUsH 9 gxfidd:
Tod! 2 | 39 fem o fou =gaan famem & (6 ) o 59 &

UeTel W AYEHTh F1d hitae | Al 59 Sem i ot § g fo
S, A 5, T FAT TG G ? 39 I h gfee HIT |
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(a)

(b)

El__%%

(iii) Calculate the total energy supplied by the batteries to the

(1)

(i1)

(1)

(ii)

circuit shown in the figure, in one minute. 5
10 |4 VvV 20
—AVVW | I
Al
- 6 Q
10V T
MM
3Q

Draw a ray diagram to show how the final image is formed at
infinity in an astronomical refracting telescope. Obtain an

expression for its magnifying power.

Two thin lenses L; and L,, L; being a convex lens of focal
length 24 cm and Ly a concave lens of focal length 18 cm are
placed coaxially at a separation of 45 cm. A 1 cm tall object is
placed in front of the lens L, at a distance of 36 cm. Find the

location and height of the image formed by the combination. 5

OR

Explain the working principle of an optical fibre with the help
of a diagram. Mention one use of a light pipe.

A ray of light is incident at an angle of 60° on one face of a
prism with the prism angle A =60°. The ray passes
symmetrically through the prism. Find the angle of minimum
deviation (5_) and refractive index of the material of the
prism. If the prism is immersed in water, how will 5 be

affected ? Justify your answer. 5
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SECTION E

34. Electrostatics deals with the study of forces, fields and potentials arising
from static charges. Force and electric field, due to a point charge is
basically determined by Coulomb’s law. For symmetric charge
configurations, Gauss’s law, which is also based on Coulomb’s law, helps
us to find the electric field. A charge/a system of charges like a dipole
experience a force/torque in an electric field. Work is required to be done

to provide a specific orientation to a dipole with respect to an electric
field.

Answer the following questions based on the above :

(a) Consider a uniformly charged thin conducting shell of radius R. Plot

%
a graph showing the variation of |E| with distance r from the

centre, for points 0 <r < 3R. 1

(b) The figure shows the variation of potential V with 1 for two point
r

charges Q; and Qo, where V is the potential at a distance r due to a

point charge. Find & 1
Qy
\%
Q1
Qo
60°
30°
O >
1

T
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()

El__%%

fega ameol 6 x 107 C-m &1 13 foea feya 10? N/C & wohmwm
faga &9 o 39 yoR foua B o fgga ool ot forga & wom 2
foga 61 feafasr St uierfaa $Hifs |

HAYAT
foya smepl o1 18 foga foya o & el weham fogga 8 B
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(c)

(c)

e
An electric dipole of dipole moment of 6 x 10~7 C-m is kept in a
uniform electric field of 10* N/C such that the dipole moment and

the electric field are parallel. Calculate the potential energy of the
dipole.

OR

An electric dipole of dipole moment 5) is initially kept in a uniform

: = —> . : = o
electric field E such that p is perpendicular to E . Find the

amount of work done in rotating the dipole to a position at which E)

%
becomes antiparallel to E .

The lens maker’s formula is useful to design lenses of desired focal

lengths using surfaces of suitable radii of curvature. The focal length also

depends on the refractive index of the material of the lens and the

surrounding medium. The refractive index depends on the wavelength of

the light used. The power of a lens is related to its focal length.

Answer the following questions based on the above :

(a)

(b)

(c)

(c)

How will the power of a lens be affected with an increase of
wavelength of light ?

The radius of curvature of two surfaces of a convex lens is R each.
For what value of u of its material will its focal length become equal
toR?

The focal length of a concave lens of pu = 1-5 is 20 cm in air. It is

completely immersed in water of p = % Calculate its focal length in

water.

OR

An object is placed in front of a lens which forms its erect image of
magnification 3. The power of the lens is 5 D. Calculate the distance

of the object and the image from the lens.
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Marking Scheme
Strictly Confidential
(For Internal and Restricted use only)
Senior School Certificate Examination, 2023
SUBJECT PHYSICS (042) (PAPER CODE 55/4/3)

General Instructions: -

1 You are aware that evaluation is the most important process in the actual and correct
assessment of the candidates. A small mistake in evaluation may lead to serious problems
which may affect the future of the candidates, education system and teaching profession. To
avoid mistakes, it is requested that before starting evaluation, you must read and understand
the spot evaluation guidelines carefully.

2 “Evaluation policy is a confidential policy as it is related to the confidentiality of the
examinations conducted, Evaluation done and several other aspects. Its’ leakage to
public in any manner could lead to derailment of the examination system and affect
the life and future of millions of candidates. Sharing this policy/document to anyone,
publishing in any magazine and printing in News Paper/Website etc may invite action
under various rules of the Board and IPC.”

3 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 Scheme
should be strictly 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 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 but correct competency is
enumerated by the candidate, due marks should be awarded.

4 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.

5 The Head-Examiner must go through the first five answer books evaluated by each
evaluator on the first day, to ensure that evaluation has been carried out as per the
instructions given in the Marking Scheme. If there is any variation, the same should be zero
after deliberation and discussion. The remaining answer books meant for evaluation shall be
given only after ensuring that there is no significant variation in the marking of individual
evaluators.

6 Evaluators will mark( ') wherever answer is correct. For wrong answer CROSS ‘X" be
marked. Evaluators will not put right (v )while evaluating which gives an impression that
answer is correct and no marks are awarded. This is most common mistake which
evaluators are committing.

7 If a question has parts, please award marks on the right-hand side for each part. Marks
awarded for different parts of the question should then be totaled up and written in the left-
hand margin and encircled. This may be followed strictly.

8 If a question does not have any parts, marks must be awarded in the left-hand margin and
encircled. This may also be followed strictly.
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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 past:-

Leaving answer or part thereof unassessed in an answer book.

Giving more marks for an answer than assigned to it.

Wrong totaling of marks awarded on an answer.

Wrong transfer of marks from the inside pages of the answer book to the title page.

Wrong question wise totaling on the title page.

Wrong totaling of marks of the two columns on the title page.

Wrong grand total.

Marks in words and figures not tallying/not same.

Wrong transfer of marks from the answer book to online award list.

0. Answers marked as correct, but marks not awarded. (Ensure that the right tick mark is
correctly and clearly indicated. It should merely be a line. Same is with the X for
incorrect answer.)

11. Half or a part of answer marked correct and the rest as wrong, but no marks awarded.

BOoo~NoGa~WONE

14

While evaluating the answer books if the answer is found to be totally incorrect, it should be
marked as cross (X) and awarded zero (0)Marks.

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 instructions be followed meticulously and
judiciously.

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.
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MARKING SCHEME: PHYSICS(042)

Code:55/4/3

Q.No. VALUE POINTS/EXPECTED ANSWERS Marks | Total
SECTION-A Marks
QL. () B 1 1
u
Q2. | (b) more than 2 K 1 1
Q3. | (c) They are always attractive 1 1
Q4. 2 1 1
(b) — (ﬂj
Are,m v
Q5. | (b)1.7eV 1 1
Q6. | (c) Water 1 1
Q7. |(d)S 1 1
Q8. | (d) Infrared 1 1
QO. (c) g for students who have opted to answer the question in L L
Hindi medium only.
English medium students-There is misprint in the English version of
the question as the word ‘reflected’ appear as ‘refracted’. Therefore
full mark to be awarded to each student who have opted to answer
the question in English medium.
Q10. | (b) 2 1 1
Q11. | (d) along abc if I increases 1 1
Q12. | (d) Xis capacitor and X,=R 1 1
Q13. | (a) Forward biasing, 0 A 1 1
Q14. | (b)-3.02eV 1 1
Q15. | (a) 3u 1 1
Q16. | (a) Both Assertion (A) and Reason (R) are true, and Reason (R) is the 1 1
correct explanation of the Assertion (A).
Q17. | (b) Both Assertion (A) and Reason (R ) are true, but Reason (R) is not 1 1
the correct explanation of the Assertion (A).
Q18. | (d) Assertion (A) is false and Reason (R) is also false. 1 1
SECTION - B
Q19.
Einstein Photoelectric equation Yo
Identification of expression for slope and intercept %
Expression for Planck’s constant Ve
Expression for work function Yo
1 , hc
—mv. =—-—
oMV, ==
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According to this equation a plot of v versus (1/A) is a straight line.
2hc

Slope of the graph = —
m
2
Intercept = — ¢,
m

Slope and intercept can be found from the graph
h=Z x slope

%nc
¢, = * intercept

Yo

Yo

Yo
Yo

Q20.

Brief description 2

The fusion reaction in the sun is a multi- step process in which the
hydrogen is burned into helium.

Hi+H > HX+e" +0+Q
e'+e S>y+y+Q,

HZ + H > Hel+y+ Q
Hel + He; — He; + H) + H; + Q,

Yo

Yo
Yo
Yo

Q21.

Obtaining the expression for electric field 2

1 \ 1
i \ T ¢ \
d+«-++4.++++++++++++++"+++++[
T
\ / \‘ '

Flux through the Gaussian surface
= flux through the curved cylindrical part of the surface
=E x 2mrl
The surface includes charges equal to Al , Gauss’s law then gives

E x 27zrl :il

Yo

Yo

Yo

Yo
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Q22.

Plots of
(a) Terminal voltage with R 1
(b) V with current 1 1
(a)
3
(b) i

£
S——
5

Q23.

Specification of the direction of magnetic field for particle to
move

(a) straight undeviated 1
(b) in a circle 1

(a) For straight undeviated path, magnetic field should be set up

parallel or antiparallel to velocity vector
F = q(vxB)

Altrenatively: angle between v and B, 6=0°, or 6 = 180"
0=0",0r0=180"

(b) If charge particle moves in circle magnetic field should be setup
perpendicular to the velocity vector.

F = q(vxB) V1B

Yo

Yo

Yo
Yo

Q24.

(a) Obtaining expression for electric potential energy of the
system 2

I a OR a similar diagram with
different order of charges

29 [=N -34
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U-_1 4%
Are, 1 &
U~ 1 29° 69° 3¢’ 1
dre,| a a a
2
T (79) 2
dre, a
OR
(b) Relation between initial and final charges on balls Aand B %
Equality of potential on two balls after they are connected %2
Expression for final charge on A )
Expression for final charge on B Ya
According to law of conservation of charge
g, =0y 72
0, +0, =0, +0, =Q
When two balls are connected with wire
V, =V, Yo
n P n n
Qirz = qlzrl
Qirz =(Q- qi)rl
or, =Qr—qn
o, (5 +1,)=Qr,
g = Qn _ (4+9)n .
S A e 72
q, =Q-q,
L
L+
_Q, _(@+a)n "
L+, L+,
Note: Give full credit if done by any other method.
Q25.
(a) | Definition of displacement current 1
Difference with conduction current 1
Displacement current is the current produced due to changing electric 1
field/ electric flux in a region.
Alternatively
Iy =€, ¢ & | =d—q
dt dt
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Difference: Current carried by a conductor due to flow of charges is
called conduction current.
Displacement current is not due to flow of charges but due to changing

electric field/electric flux. 1
OR
(b) | Two characteristics YotYh
Reason for using microwave 1
Any two characteristics:
1) No medium is required for their propagation.
2) Transverse in nature.
3) Consist of Electric and Magnetic field perpendicular to each other.
4) Energy is equally shared by electrical and magnetic field. Yo+
5) Travel with speed of light in vacuum.
Reason:
Short wavelength, do not diffract/ unidirectional property.
1
SECTION-C
Q26. — :
Plot the variation of potential energy of two nucleons as a
function of distance 1
Identification Yo+ Y5
Justification Yo + Y5
u 1

Repulsion Attraction

Identification:

(i) For a separation greater than ro, the force is attractive.

(i) for a separation less than ro, the force is repulsive.

Justification:

The potential energy is a minimum at a distance ro . This means that
the force is attractive for distance larger than ro and repulsive if they
are separated by distances less than ry.

Alternatively: F =—(1|—U .
r

For r<rp,slope is negative and therefore F is positive, i.e. repulsive.
For r>ry,slope is positive and therefore F is negative, i.e. attractive.

Yo
Yo

Yo

Yo

Page 7 of 18




Q27.

Finding magnitude and direction of net magnetic field at
point O 3

Magnetic field due to inner circle at O,

_ ﬂol
B 2r
27x107" x1

4x107°

:%xlO‘5 T intothe page

Magnetic field due to semi- circle at O,
g,— 4! 1
2r 2
27x107" %2
12x107?

:%xlo*’ T out of the page

Bnet =BI_BZ
=(%x10_5 _%x1o-5jT ~1.0x10°T

Direction of the net magnetic field is into the page, since B> B,.

Yo

Yo

Yo

Yo

Yo

Yo

Q28.

@ (1) Explanation 1

(i) Calculation of width 1
(iii) Plot of Intensity distribution in a diffraction pattern 1

(i) For Bright fringe , ¢=(2n+1) 7 =5z for n=2

Alternatively:

2
Agp=—xAX
¢ A
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Ax=§/1
2
(if) We want , a0 =\, 6 = Ma

8£=2&:>a=9
d a

(iii)

OR
(b)

(i) Finding the path difference for constructive and
destructive interference 2
(ii) Effect on interference fringes 1

() Net path difference between two waves reaching on the screen
through two slits is given as
SS,P—SS,P=(SS, —-SS,)+(S,P—-S,P)

Ax:%+(SZP—SlP)

For constructive interference Ax= ni

- (S,P—S,P)= nxl———ﬂ( %)

For destructive interference
Ax=(2n —1)%

Ax:%Jr(SZP—SlP)

s,p—spP=(n-1% -2
2 4

=%[4n—3]

(if) If monochromatic source is replaced by a source of white light the
centre bright fringe is white.

Q29.

(@) (1) Calculation of current in the circuit 1
(i) Calculation of voltage drop across C and R Yot
(iii) Resolving the Paradox 1
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1
s X = e
o=27v=1007
X - 1
¢ 1007z x 250/ 7 x10°
=40Q2
Impedance of the circuit

Z=JX2+R’
= J(40)? + (30)* =500

(i) Current in the circuit

Ve 20,
Z 50

(i) Voltage drops across the Capacitor,
V. =1, X. =4x40=160V
Voltage drops across the Resistor,
V, x R=4x30=120V

= Irms

(iii) The algebraic sum of the two voltages Vg and V¢ is 280V, which
is more than the source voltage of 200V. This paradox can be removed
by considering impedance triangle because Vg and V¢ are out of phase
by 90°, therefore

V = V2 +VZ = /(120)? + (160)? = 14400+ 25600 = 200V

This is equal to the source voltage.

OR
(b) — : :
(i) Calculation of amplitude of the current at resonance 1
(i) Calculation of average power at resonance 1
(iii) Calculation of potential drop across the capacitor 1

(i) At resonance, Z=R

s = 200 =10A
20
Amplitude of the current lg = V2 X | s
lo=1.414 x10=14.14 A
(i1) Average power transferred to the circuit in one complete cycle at
resonance

P=12 R=(10)>x20

rms

P =2000 W
(iii) Resonant frequency
1 1
VJLC \V2x50x107°
1 1
XC = = 5
®,C  100x50x10
V. =1_.X: =10><%=2000v
100x50x10

Yo

Yo

Yo

Yo

Yo

Yo

Yo

Yo

Yo

Yo
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Q30.

(@) (i) Obtaining the expression for the current induced in the
loop 1%
(i) Specifying the direction of induced current Yo

(b) Obtaining the expression for the power required to move the
arm 1

(a)(i1) Magnetic flux enclosed by the loop MNPQ
@ = BIX
Since x is changing with time, the rate of change of flux ¢, will
induce an e.m.f. given by
—dg, _ _d
o Y
le|= BIv
Induced current in the loop
=2 - Bl
r r
(i1) Direction - anticlockwise or along NMQP

&

(b) Power required

Yo

Yo

Yo

Yo

Yo

P=Fv = IBlv
p_ B’l*v? 1
r
SECTION-D
Q31.
a
(@) (i) Explanation with band diagram 2
(ii) Brief explanation of the two processes 2
(iii) Effect on width of depletion layer 1

(i) With proper level of doping, the number of conduction electrons
can be made much larger than the number of holes. Due to this
conductivity of the doped crystal increases.

Electron energy
o]

(a) T> OK,
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(i) Two processes

(a) Diffusion (b) drift
Diffusion: Due to concentration gradient majority charge carrier that is
electron moves from n— pside and holes to p —n side. This

movement of charges is called diffusion.

Drift: Due to the junction field, 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.
The motion of the charge carrier due to electric field is called drift.

(iii) (1) decreases
(2) increases

OR
(b) (1) Circuit diagram 1
Working 1
(i) V-I characteristics Yot+Ys
Explanation 1
(iii) Reason 1
[
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Working: Suppose the input voltage to A with respect to the centre tap
at any instant is positive. At that instant voltage at B, being out of
phase will be negative. So diode D; gets forward biased and conducts,
while D, being reverse biased does not conduct. Similarly during
second half of the cycle polarity get reversed so only D, will conduct.

(if)V-I characteristics

I(mA)
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This diagram shows that the diode conducts when forward biased and
does not conduct when reverse biased. This characteristics makes it 1
suitable for use for rectification.
(iii) The 4 bonding of electrons of C and Si lie respectively, in the
second and third orbit. Hence energy required to take out an electron
from their atoms will be much less than that for C. Hence number of
free e for conduction in Si significant but negligibly small for C. 1
Q32. | (@
(i) Definition & S.1. Unit 1+Y%5
(i)Change in Electric field and drift velocity along the wire Y2+Y%
Justification Yot+Ys
Effective resistance and current 1%
(i) Mobility: Mobility is defined as the magnitude of the drift velocity 1
per unit electric field.
_ m? C.s
S.I.Unitt — or— 1y
V.s kg
(i) Both electric field and the drift velocity decreases. 72+ Y2
Justification:
|
vV, =—
‘" neA y
As area increases across the wire, drift velocity decreases. 2
eE
Vy ZHT
As drift velocity decreases, electric field decreases y
(since e ,m and z are constant). 2
(iii) From the diagram
10Q and 14 Q are in series R1=10 Q + 14 Q =24 Q
10 Q and 10 Q are in series R;=10 Q+ 10 Q =20 Q
24 Q, 20 Q and 30 Q are in parallel.
1_ 1 4 1 4 1 _5+6+4_ 15
R 24 20 30 120 120
R=8Q 1,
Electric current in the circuit 2
V 6 3
I _ e e - 1
R 8 4
Note: Full credit of 1 %2 marks is to be awarded for part (iii) even
if a student does not attempt this part.
OR
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(b)

(i) Definition & S.1. Unit 1Y%,

(i) Explanation of internal resistance for low voltage
and high voltage battery 1+1

(iii) Total energy 1Y%

(1) Definition : Electrical conductivity is defined as the measure of a
material’s ability to carry a current through it.

Alternatively: It is the reciprocal of the resistivity.

Alternatively: It is defined as the current density per unit electric field.

S.1. Unit: (chm)™*-m™ or S-m™

(if) Low voltage Battery-
Internal resistance should be low.
High voltage Battery —
Internal resistance should be high.
(ii1) Applying Kirchhoff’s loop rule
10 - Ix1-4-21-61-31=0
121=6 =1=05A
Heat energy H = I?Rt
H =0.25x12 x 60 = 180/

Yo

Yo

Yo
Yo

Q33.

(@)

(i) Labelled ray diagram 1%
Derivation of expression for magnifying power 1%
(i) Calculation of location and height of the image 2

v Objective Evepiece

—— —A

— i

— S|

Note: Deduct 2 mark, if the direction of propagation of light is
not marked.

1%
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From the diagram ,B=f— 1,

e

and oz=1
f, Yo
Magnifying Power = Lo
. fe ]/2
(ii)
golton F=-I1%cm

o K<7 A
<—3bam

%Lfs'ur\

For lens Ly,
1 1 1
Y

=72cm
Y5

54 54
s

Final distance v, =-54—(—45)
Vi ==9CM (44 the left of convex lens)

Magnification AL |
h, u
Do hoilem
1 36 ' 4 o
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OR
(b) (i)Working principle of an optical fibre with one use 2
(if)Finding the angle of minimum deviation and refractive
index 1+1
Effect of 6, when the prism is immersed in water 1
(1) Working Principle:
Optical fibre uses the optical principle of total internal reflection to 1
capture the light transmitted in an optical fibre and confine the light to
the core of the fibre.
{’, ~h ]/2
ry High n
Uses : Transmission of audio and video signal / Examination of Ya
internal organs / Endoscopy
(i) Oom=ite—A Yo
dm=2i—A
Om = 60° Yo
Refractive Index
. ( A+3S, j
sin
“ sinA/2 2
. 120°
sin
A 60
sin—
2
_sin60° \/_/
~ sin30°
p=+3 Y2
If the prism is immersed in water p decreases and consequently angle
of minimum deviation decreases. Since 6y, depends on x through 1
equation given above.
SECTION -E
34.
Q (@) Graph 1
(b) Finding the ratio Q1/Q- 1
(c) Calculation of potential energy 2
OR
Finding the work done 2
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(a) "

£=R n=3R

(b) "~ V=K QIr
Slope of graph is proportional to Q
Q tan60°

Q, tan30°

(c) U=-pE cosb
=0
U=- (6 x 107) x (10%
U=-6x10"
OR
*Work done W= - p E (cos0; - cos; )
where 0, = 180°, 0;=90°
= W =-pE (cos 180" - cos 90%)
W=+pE

Yo

Yo

Yo
Yo

Yo
Yo
Yo
Yo

Q35.

(a) Effect on Power
(b) Calculation of p
(c) Calculation of focal length

OR
Calculation of object distance and image distance

|

1+1

1 1 1

@ P=F =637
U oc% = Poc%

So P decreases as A increases.

1 1 1
(b) T: (/J—l)[a—R—J

=(u-15 (R=R,R,=~-R)

Yo

Yo
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When the lens is immersed in water

1 _[9_1j 1.1
funknown 8 R1 R2

1
2_10252 — f =80cm
s

OR

v
m=3=—- = v=3u
u

Yo

Yo

Yo

Yo

Yo

Yo

Yo
Yo
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