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General Instructions :

Read the following instructions very carefully and follow them :

(1)

(1)

(iii)

(iv)

)

(vi)

(vii)

This question paper contains 33 questions. All questions are
compulsory.

Question paper is divided into FIVE sections — Section A, B, C, D
and E.

In Section A : Question number 1 to 16 are Multiple Choice (MCQ) type
questions carrying 1 mark each.

In Section B : Question number 17 to 21 are Very Short Answer (VSA)
type questions carrying 2 marks each.

In Section C : Question number 22 to 28 are Short Answer (SA) type
questions carrying 3 marks each.

In Section D : Question number 29 & 30 are Long Answer (LA) type
questions carrying 4 marks each.

In Section E : Question number 31 to 33 are Case-Based questions
carrying 5 marks each.

(viit) There is no overall choice. However, an internal choice has been prouvided in

(ix)

2255/5/2

1 question in Section-B, 1 question in Section—C, 2 questions in Section—-D
and 3 questions in Section—E.
Use of calculators 1s NOT allowed.

c=3x 10% m/s

h =6.63 x 10734 Js
e=16x1019C

o = 47 x 1077 Tm A1

gy = 8.854 x 10712 C2 N1 m~2

1
T =9 x 109N m2 C2
7t80

Mass of electron (m,) = 9.1 x 10731 kg

Mass of neutron = 1.675 x 1027 kg
Mass of proton = 1.673 x 10727 kg
Avogadro’s number = 6.023 X 1023 per gram mole

Boltzmann constant = 1.38 x 10723 JK~!

3 P.T.O.



I

o ug -

1. 18 U 3R 18 dicetiet fopeft Sed @ 2oft & w=nfora § | $7oh UTaameh shasl: A 3RV
e fepu T | afe deerict & v § feret aferiess ot Gifora s fean simg, o
(A) AT glg iV H & gt |
(B) A3 VH g g |
(C) A 3RV QHI H & grll |
(D) A IRV GH Hghg B |

2. forelt 3TTgal Ineh o Rl TS ac Aieedr IR i Tt & | 394 €T

(A) dleedl ¥ | | =sh g 3T e |

(B) dicedl ¥ | | =sh g 9= |l |

Ml

(C) dleear ¥ | = | =sh g 31 arfl |

(D) aﬁmﬁ@ Tk I 9T B |

3. fortht vt B¢ graeh o b Ig T 1 g8 W 7§ | T8 31Wd Sl
(A) IS TR § AT I3 T Te0T &
(B) IS ITTRY ST AT 1§ FA— 310l
(C) IS S ATl AT HIE §A A&l
(D) TS TA R A & IS ToI-

4. I NosAdiet gr I, o fore qui Gam foemor guiar & | S, wfaly 1 vie T W 78
AeomHiet (0 — I) aieR & et H aiEtad 81 STl 2 | IR-NfeY S, ot 78 THT 1

RER (0 — 21) B A1 2, aa@—j 3

I+1 I-1

8 g
A ® 11,
o 1 -1
— B S °
© T3, TR

2255/5/2 4



I—
SECTION - A

1. An ammeter and a voltmeter are connected in series to a battery. Their
readings are noted as ‘A’ and V' respectively. If a resistor is connected in
parallel with the voltmeter, then

(A) A will increase, V will decrease.
(B) A will decrease, V will increase.
(C) Both A and V will decrease.
(D) Both A and V will increase.

2. An ac voltage is applied across an ideal inductor. The current in it

(A) leads the voltage by &) cycle.
1
(B) lags the voltage by (Z) cycle.
1
(C) leads the voltage by (Q) cycle.

1
(D) lags the voltage by (E) cycle.

3. Aniron needle is kept near a strong bar magnet. It will experience
(A) a force of attraction and no torque.
(B) a force of attraction and a torque.
(C) atorque and no force.

(D) neither a force nor a torque.

4. A galvanometer shows full scale deflection for a current Ig. If a shunt of
resistance S, is connected to the galvanometer, it gets converted into an
ammeter of range (0 — I). When resistance of the shunt is made S,, its

S
range becomes (0 — 2I). Then (S_lj 18
2

I+1 I-1

8 g
A 177 ® 151

g g

21 -1 I-1

— g — g
© T3, T
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5. A coil of area of cross-section 0.5 m?2 is placed in a magnetic field acting
normally to its plane. The field varies as B = 0.5t + 2t, where B is in tesla
and t in seconds. The emf induced in the coil at t = 1s 1s
(A) 05V B) 1.0V
C) 15V (D) 3.0V

6. A pure Si crystal having 5 x 10%® atoms m™ is dopped with 1 ppm
concentration of antimony. If the concentration of holes in the doped
crystal is found to be 4.5 x 109 m~3, the concentration (in m3) of intrinsic
charge carriers in Si crystal is about

(A) 1.2x 10 (B) 1.5 x 1016
(C) 3.0 x 10 (D) 2.0 x 1016

7. The potential energy between two nucleons inside a nucleus is minimum
at a distance of about

(A) 0.8fm (B) 1.6fm
(C) 2.0fm (D) 2.8fm

8. In a Young’s double-slit experiment in air, the fringe width is found to be

4
0.44 mm. If the entire setup is immersed in water (n = 5), the fringe width

will be
(A) 0.88 mm B) 0.59 mm
(C) 0.33mm (D) 0.44 mm

9. The variation of the stopping potential (V) with the frequency (v) of the

incident radiation for four metals A, B, C and D is shown in the figure.
For the same frequency of incident radiation producing photo-electrons in
all metals, the kinetic energy of photo-electrons will be maximum for

metal

Vog ABCD

0 >V
A A (B) B
©) C (D) D

2255/5/2 7 P.T.O.
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10. The energy of an electron in the ground state of hydrogen atom 1is
—13.6 eV. The kinetic and potential energy of the electron in the first
excited state will be
(A) -13.6¢eV, 27.2eV (B) —6.8eV,13.6eV
(C) 3.4eV,—6.8¢eV (D) 6.8eV,-3.4eV

11. The electromagnetic waves used to purify water are
(A) Infrared rays (B) Ultraviolet rays
(C) X-rays (D) Gamma rays

12. The focal lengths of the objective and the eyepiece of a compound
microscope are 1 cm and 2 cm respectively. If the tube length of the
microscope is 10 cm, the magnification obtained by the microscope for
most suitable viewing by relaxed eye is :

(A) 250 (B) 200
(C) 150 (D) 125

For Questions 13 to 16, two statements are given — one labelled Assertion (A)

and other labelled Reason (R). Select the correct answer to these questions

from the options as given below.

(A) If both Assertion (A) and Reason (R) are true and Reason (R) is correct
explanation of Assertion (A).

(B) If both Assertion (A) and Reason (R) are true and Reason (R) is not the
correct explanation of Assertion (A).

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

(D) Ifboth Assertion (A) and Reason (R) are false.

13. Assertion (A) : An alpha particle is moving towards a gold nucleus. The
impact parameter is maximum for the scattering angle
of 180°.

Reason (R) : The impact parameter in an alpha particle scattering
experiment does not depend upon the atomic number of
the target nucleus.

14. Assertion (A) : In a Young’s double-slit experiment, interference
pattern is not observed when two coherent sources are
infinitely close to each other.

Reason (R) : The fringe width is proportional to the separation
between the two sources.

2255/5/2 9 P.T.O.
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15.

16.

17.

17.

18.
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15. Assertion (A) : Equal amount of positive and negative charges are
distributed uniformly on two halves of a thin circular
ring as shown in figure. The resultant electric field at

the centre O of the ring is along OC.

Reason (R) : It is so because the net potential at O is not zero.

¥ A 4

16. Assertion (A) : The energy of a charged particle moving in a magnetic
field does not change.
Reason (R) : It is because the work done by the magnetic force on the

charge moving in a magnetic field is zero.

SECTION - B
17. (a) Four point charges of 1 uC, =2 puC, 1 uC and —2 uC are placed at the
corners A, B, C and D respectively, of a square of side 30 cm. Find
the net force acting on a charge of 4 uC placed at the centre of the

square.
OR

17. (b) Three point charges, 1 pC each, are kept at the vertices of an
equilateral triangle of side 10 cm. Find the net electric field at the

centroid of triangle.

%
18. Derive an expression for magnetic force F acting on a straight conductor

%
of length L carrying current I in an external magnetic field B. Is it valid
when the conductor is in zig-zag form ? Justify.

2255/5/2 11 P.T.O.
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19.

20.

21.

22.

23.

23.
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19. The radius of curvature of a convex mirror is 30 cm. It forms an image of
an object which 1s half the size of the object. Find the separation between
the object and the image.

20. Calculate the energy released/absorbed (in MeV) in the nuclear reaction :
1 3 2 2
H+ H—— H+ H
1 1 1 1
Given : mGH) = 1.007825
mGH) = 2.014102 p

mGH) = 3.016049

21. A proton of energy 1.6 MeV approaches a gold nucleus (Z = 79). Find the
distance of its closest approach.

SECTION -C

22. A photosensitive surface of work function 2.1 eV is irradiated by radiation
of wavelength 150 nm. Calculate (i) the threshold wavelength, (i1) energy
(in eV) of an incident photon, and (ii1)) maximum kinetic energy of emitted
photoelectron.

23. (@) (@) State Lenz's Law. In a closed circuit, the induced current
opposes the change in magnetic flux that produced it as per the
law of conservation of energy. Justify.

(1) A metal rod of length 2 m is rotated with a frequency 60 rev/s
about an axis passing through its centre and perpendicular to
its length. A uniform magnetic field of 2T perpendicular to its
plane of rotation is switched-on in the region. Calculate the
e.m.f. induced between the centre and the end of the rod.

OR
23. (b) (1) State and explain Ampere’s circuital law.

(11) Two long straight parallel wires separated by 20 cm, carry 5 A
and 10 A current respectively, in the same direction. Find the
magnitude and direction of the net magnetic field at a point
midway between them.

2255/5/2 13 P.T.O.
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24.

25.

26.

27.

28.
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24. (1) Define ‘temperature coefficient of resistance’ of a metal.
(11) Show the variation of resistivity of copper with rise in temperature.
(111) The resistance of a wire is 10 Q at 27 °C. Find its resistance at —73 °C.
The temperature coefficient of resistance of the material of the wire

is 1.70 x 1074 °C1,

25. Name the part of the electromagnetic spectrum which are
(1) stopped by face mask worn by welders.
(11) used in detectors in Earth satellites.
(111) used in ‘short-wave band’ in communication.

Also write the order of wavelengths, in each case.

26. (a) Explain the characteristics of a p-n junction diode that makes it

suitable for its use as a rectifier.

(b) With the help of a circuit diagram, explain the working of a full wave

rectifier.

27. Explain the following, giving reasons :
(a) A doped semiconductor is electrically neutral.
(b) In a p-njunction under equilibrium, there is no net current.
(¢) In a diode, the reverse current is practically not dependent on the

applied voltage.

28. An electron moving with a velocity v = (1.0 x 107 m/s)g + (0.5 x 107 m/s)?

%
enters a region of uniform magnetic field B = (0.5 mT)f. Find the radius of
the circular path described by it. While rotating; does the electron trace a
linear path too ? If so, calculate the linear distance covered by it during

the period of one revolution.

2255/5/2 15 P.T.O.
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SECTION-D

29. A prism is an optical medium bounded by three refracting plane surfaces.
A ray of light suffers successive refractions on passing through its
two surfaces and deviates by a certain angle from its original path.

The refractive index of the material of the prism 1s given by
A+3 . A o .
= sin(Tm) [ sin - If the angle of incidence on the second surface is

greater than an angle called critical angle, the ray will not be refracted
from the second surface and is totally internally reflected.

(i) The critical angle for glass is 6, and that for water is 6,. The critical
angle for glass-water surface would be (given allg = 1.5, u, =1.33)
(A) less than 0, (B) between 6, and 0,
(C) greater than 0, (D) less than 0,

(11) When a ray of light of wavelength A and frequency v is refracted into
a denser medium
(A) A and v both increase.
(B) A increases but v is unchanged.
(C) A\ decreases but v is unchanged.
(D) A and v both decrease.
(111) (a) The critical angle for a ray of light passing from glass to water
1s minimum for
(A) red colour (B) Dblue colour
(C) yellow colour (D) wviolet colour
OR
(111) (b) Three beams of red, yellow and violet colours are passed
through a prism, one by one under the same condition. When
the prism is in the position of minimum deviation, the angles of

refraction from the second surface are rp, ry and ry, respectively.

Then
A) ry<ry<ry B) ry<rgp<ry
(C) rp<ry<ry D) rg=ry=ry

2255/5/2 17 P.T.O.
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A

] 60°

-
B C

(A) fom ferafora gu wieft Tom waft |

(B) %o AC o 3Tfew i T3l Hafl |
(C) 3rvafda Bft 3R frsm & aret T st |
(D) Ui AR FEfad g |

30. GG 61 Afeheu ¥ qudEdi &1 weeyul gfiest Bt & | et qudEa & 3] g
YT YA B Tehdl & | T Tohelt TSI Teoh bl Tohelt aTer forea &= o @1 Sian 8,
forega & & T et % < Y81 W faaia Y Yehe B4 § | §9 3T % HHw
TSI 2o o WAL <hTg Tergld & TTfud &1 a2 |
forth) Tenfimr <1 enitar 39 GuTfs &1 &1 4fgemtst & o9 & TIH &l W 91 9o &
e W AR St 7 | iy, et gt B et wfad s Y e o
guTferd Bt & | SfcRierehl <At wifa denmfer =i oft Soft 3f/an ured & ganfaa ke o

AT 2 |

() Trfofaa d @ o gha sm e 2
A) O, (B) H,
€) N, (D) HCI

(i) el o fore freferfad & & i o1 weh suF wei 7 ?
(A) e ferga 8 oAt srgaieta o et et uee o Je foya smept gar g =
I gt o o aftafda g mar 2 |
(B) 3@ Ty =1 Je foya et sy forega & ) fean & sgfew Ban 2 |
(C) TUIEd U gerd AV I & |
(D) fereht wragd & wfiaw Sftd i s o HRw Ica fergd & wmer ferg &
% SBT3 |
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(1v) A ray of light is incident normally on a prism ABC of refractive index
\/5, as shown in figure. After it strikes face AC, it will
A

] 60°

-
B C

(A) go straight undeviated

(B) just graze along the face AC
(C) refract and go out of the prism

(D) undergo total internal reflection

30. Dielectrics play an important role in design of capacitors. The molecules of
a dielectric may be polar or non-polar. When a dielectric slab is placed in
an external electric field, opposite charges appear on the two surfaces of
the slab perpendicular to electric field. Due to this an electric field is
established inside the dielectric.

The capacitance of a capacitor is determined by the dielectric constant of
the material that fills the space between the plates. Consequently, the
energy storage capacity of a capacitor is also affected. Like resistors,
capacitors can also be arranged in series and/or parallel.

(1) Which of the following is a polar molecule ?
@) 0, ® H,
(©) N, (D) HCI
(11) Which of the following statements about dielectrics is correct ?

(A) A polar dielectric has a net dipole moment in absence of an
external electric field which gets modified due to the induced
dipoles.

(B) The net dipole moments of induced dipoles is along the direction
of the applied electric field.

(C) Daelectrics contain free charges.

(D) The electric field produced due to induced surface charges
inside a dielectric is along the external electric field.

2255/5/2 19 P.T.O.
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(iii)
@iv)
(iv)

31. (a)

31. (b)

2255/5/2

When a dielectric slab is inserted between the plates of an isolated
charged capacitor, the energy stored in it :

(A) increases and the electric field inside it also increases.

(B) decreases and the electric field also decreases.

(C) decreases and the electric field increases.

(D) increases and the electric field decreases.

(a) An air-filled capacitor with plate area A and plate separation d
has capacitance C,. A slab of dielectric constant K, area A and

: d). . i
thickness (gj is inserted between the plates. The capacitance of

the capacitor will become
4K K+5
(A) [5K n 1}00 ® { 4 }CO

© [4}?5 1}00 D) [K5J1r{ﬂcﬂ
OR

(b) Two capacitors of capacitances 2 C, and 6 C, are first connected

in series and then in parallel across the same battery. The ratio
of energies stored in series combination to that in parallel is

@ 7 ® 3
© = O 15

SECTION - E

(1) A plane light wave propagating from a rarer into a denser
medium, is incident at an angle 1 on the surface separating two
media. Using Huygen’s principle, draw the refracted wave and
hence verify Snell’s law of refraction.

(11) In a Young’s double slit experiment, the slits are separated by
0.30 mm and the screen is kept 1.5 m away. The wavelength of
light used 1s 600 nm. Calculate the distance between the central
bright fringe and the 4th dark fringe.

OR

(1) Discuss briefly diffraction of light from a single slit and draw
the shape of the diffraction pattern.

(1) An object is placed between the pole and the focus of a concave
mirror. Using mirror formula, prove mathematically that it
produces a virtual and an enlarged image.

21 P.T.O.
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32. (a)

32. (b)

33. (a)

33. (b)

2255/5/2

@
(i1)

(ii1)

(i1)

(i1)

(1i1)

@

(i1)
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foreft 370) b1 fga St 10730 Cm 3 | 9% f35a 10° V/m % Regaem E &
30 YR fa B T soept 3187 faga e & agfew 2 | foega & Y feam o
fopeht &1or 3/ 60° < 1vT W aRafad foam ST 7 | 3 & W fgya hi
fyfos St § uftada 3ma ST |

YT

forsan R % Toreft gaet el et 61 ThadH eI 31EY 89 o 8 | TRH
T 61 3T ik T @A+ (1) ITe 3R (1) i forega & % e
SSieh YA~ T |

Tl o HY gt i AB 3R CD & Rgeh a9 g HA: 10 uC/m 3R
—20 pC/m 2 | 9 TR Th gHL < TR 1 m gt W fa § | 51 ari & 7y
farg W e ferga &= w1 aftmon ST fem s hifsr |
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Y 3R Z ac €@ 9 Jvft § 9AfSd § | STIIIH ac WA i AERT o 1Y
qitaer 1 9T § T s g < foe 7 St |
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T
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32. (a)
32. (b)
33. (a)
33. (b)

2255/5/2

@
(i1)

(1i1)

(i1)

(ii1)

(i1)

Draw equipotential surfaces for an electric dipole.
Two point charges q; and q, are located at T ; and T 9

%
respectively in an external electric field E. Obtain an expression
for the potential energy of the system.
The dipole moment of a molecule is 1073? Cm. It is placed in an

%
electric field E of 10° V/m such that its axis is along the electric

field. The direction of E 1s suddenly changed by 60° at an
instant. Find the change in the potential energy of the dipole, at
that instant.

OR
A thin spherical shell of radius R has a uniform surface charge
density o. Using Gauss’ law, deduce an expression for electric
field (1) outside and (i1) inside the shell.
Two long straight thin wires AB and CD have linear charge
densities 10 puC/m and —20 uC/m, respectively. They are kept
parallel to each other at a distance 1 m. Find magnitude and
direction of the net electric field at a point midway between them.

You are given three circuit elements X, Y and Z. They are
connected one by one across a given ac source. It is found that V

and I are in phase for element X. V leads I by Gj for element Y

while I leads V by &j for element Z. Identify elements X, Y and Z.

Establish the expression for impedance of circuit when
elements X, Y and Z are connected In series to an ac source.
Show the variation of current in the circuit with the frequency
of the applied ac source.

In a series LCR circuit, obtain the conditions under which
(1) impedance is minimum and (i1) wattless current flows in the
circuit.

OR

Describe the construction and working of a transformer and

v
hence obtain the relation for [U—Sj in terms of number of turns of
P

primary and secondary.
Discuss four main causes of energy loss in a real transformer.

23
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Marking Scheme
Strictly Confidential
(For Internal and Restricted use only)
Senior School Certificate Examination, 2024
SUBJECT PHYSICS (CODE 55/5/2)

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.

“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.”

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.

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 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.

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.

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.

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

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 (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:-

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.

e \Wrong question wise totaling on the title page.

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

e Wrong grand total.

e Marks in words and figures not tallying/not same.

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

e 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.)

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

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 (O)Marks.

15 Any unassessed 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 : 55/5/2

Q.NO. VALUE POINTS/ EXPECTED ANSWERS MARKS | TOTAL
MARKS

1. (A) A will increase, V will decrease 1 1
2. 1 1 1

(B) lags the voltage by (Zj cycle
3. (B) A force of attraction and a torque 1 1
4. 211 1 1

(©) :

-1,

5. (C) 1.5V 1 1
6. (B) 1.5x10% 1 1
7. (A) 0.8fm 1 1
8. (C) 0.33 mm 1 1
9. (A A 1 1
10 (C) 3.4eV,-6.8eV 1 1
11 (B) Ultraviolet rays 1 1
12 (D) 125 1 1
13 (D) Both Assertion (A) and Reason (R) are false. 1 1
14 (C) Assertion (A) is true but Reason (R) is false. 1 1
15 (C) Assertion (A) is true but Reason (R) is false. 1 1
16 (A) Both Assertion (A) and Reason (R) are true and Reason (R) is 1 1

correct explanation of Assertion (A).

SECTION - B
17 @)
Finding net electric field 2
U c\,
"2 u
Fop / he
FOA
1
R=4uc
Foo
—
+AMC 4 Foe. ~2M0

e— J0m ——>

OA=0B=0C=0D=r
Net force on charge 4uC
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Alternatively
9x10°x4x107° x1x10°®

(1542 x1072)?

FOA = I:oc: =

=0.8N
Fos=Fop =16 N
F =Foa—Foc =0
F,=Fo —Fop =0

Net Force F =0
OR

(b)

Finding net electric field at centroid

Y 2be

Bs

' c
S qlbzikc 1/ %¢=\bc,
Eon
~—~—— |0 —————>~

Jr =05 =0c =1pC

AO =BO=CO=r
Eonl=[Eox|=[Eoc

Eoc = Eop +Eoc

Egc = Eds + Ec +2E s Eqc €05120°
Esc =Eos g EOA == EBc

Net electric field E, = E,, + Eq.

E, =0

Alternatively

Yo

Yo

Yo

Yo

Yo

Yo

55/5/2 Page 4 of 17




Eop =Egs =Eoc =2.7 NC*
Egc =+ Eds + Elc +2Eqg Eq €05120°

= EOB
As E,. =-E,,
Ege +Egn=0

Net electric field is zero.

Alternatively
[Eon ={Eoe|={Eec|
Electric field vectors are making an angle of 120° with each other. They

make a closed polygon. So vector sum of all electric field vectors will be
zero.

Yo

Yo

E=0 2
18
Deriving an expression for magnetic force 1%
Validity and Justification for zig-zag form conductor Yo
Total number of mobile charge carriers in a conductor of length L, cross-
sectional area A and number density of charge carriers n:
=nLA
Force acting on the charge carriers in external magnetic field B
F=(nAL)qV,xB —————— o) 1,
Where v, is the drift velocity of the charge carriers
Current flowing
| =v,qnA 2
IL=V,qnAL —————— 2)
On solving equation (1) and (2)
. o 1
E=1(LxB) &
Yes, because this force can be calculated by considering zig-zag
conductor as a collection of linear strips (dl') and summing them Yy
vectorically.
19 . .
Finding separation 2
m —_X —_ —l
u hy 2 Yo
u=-2v
11,1 v
f v u
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1 1 1

15 v 2v
On solving
[v|=7.5¢cm

|u]=+15.0cm

Separation =15.0+ 7.5
=225cm

Yo
Yo

20

Calculating energy

Mass of reactants = (1.007825 + 3.016049) u
=4.023874 u
Mass of product =2 x2.014102 u
=4.028204 u
Mass defect, Am =4.023874 u —4.028204 u

=-0.00433 u

As the mass defect is negative, energy is absorbed.

Energy absorbed, E = 0.00433 x931.5 MeV
= 4.03 MeV

Yo

Yo

21

Finding distance of closest approach

_kze?
K

p

_9x10°x79x (1.6 x107)?
1.6x1.6x107%° x10°

=711x10"*m

=7.11x10%m

dO

Yo

Yo+

Yo

SECTION-C

22

(i) Calculating threshold wavelength
(i) Energy of incident photon
(iif) Maximum Kinetic energy

e

(a) i

C

b = A
(i) 4 :6.63><107 x3x10

2.1x1.6x107"
=5.92x10" m

Yo

Yo
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(ii) Energy of incident photon = —

_ 6.63x10*x3x10°
150x107*° x1.6x107**
=8.29eV

(iii)  Using Einstein equation
hc
—=¢,+K
ﬂ ¢O max
K. o =(8.29-2.1)eV
=6.2eV

Yo

Yo

Yo

Yo

23

(@)

(1) Statement of Lenz’s Law 1
Justification Yo
(if) Calculating emf induced 1%

(@ (i) The polarity of induced emf is such that it tends to produce a
current which opposes the change in magnetic flux that produced it.
In a closed loop, when the polarity of induced emf is such that, the
induced current favours the change in magnetic flux then the magnetic
flux and consequently the current will go on increasing without any
external source of energy. This violates law of conservation of energy.

1

e==Bl’w
2

=%><2><(2)2 x (27 x60)

=4807r V

=1.51x10° V

OR
b
(b) (1) Statement and explanation of Ampere’s circuital law 1
(if) Finding magnitude and direction of magnetic field 2

Line integral of magnetic field over a closed loop in vacuum is equal to
U, times the total current passing through the loop.

Alternatively
$B-di = 44
The integral in this expression is over a closed loop coinciding with the

- boundary of the surface.

(i)
p -

rd
[oA

Yo

Yo

Yo

Yo
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g el

2rr
Net magnetic field B =B, —B;
2
p= 410 11g_g)
207
B 47x107" x10? x5
207
B=10"T

Along the direction of magnetic field produced by the conductor carrying
current 10A.

Yo

Yo

Yo

Yo

24

(i) Defining temperature coefficient 1
(if) Showing the variation of resistivity 1
(iii) Finding the resistance 1

(i) Change in resistance per unit original resistance per degree change in
temperature is temperature coefficient of resistance.

(i)

0.4

-0.2

Resistivity £ (1072 m)

| | |
0 50 100 150

Temperature T (K] —»

(Note: Please do not deduct marks for not showing values on the graph)
(i) R,=R, (6, -G)a +R,

=10(-73-27)x1.70x10™* +10

=-0.170+10
R,=9.83Q

Alternatively

R =R,(1+at)
R, =R, (1+at))
R (l+at)

- R
R, (l+at,)

Yo

Yo
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_ (A+at)
27 (l+at) R

-4
:{1+1.70x10 x(—73)}<10

2

1+1.70x107* x 27

Yo

- 0.98759 <10 O
1.00459
R, =9.83 Q 1
25
(1) Naming the e.m. wave and writing the wavelength Yo+ Yo
(if) Naming the e.m. wave and writing the wavelength Yo+
(iii) Naming the e.m. wave and writing the wavelength Yo+ Y
(i) Ultraviolet rays Yo
Order of wavelength 400 nm — 1 nm Yo
(i) Infrared waves Yo
Order of wavelength 1 nm — 700 nm Yo
(i) Radio waves Yo
Order of wavelength > 0.1 m Yo
26
(a) Characteristics of p-n junction diode that makes it suitable for
rectification 1
(b) Circuit diagram 1
Explanation of working of full wave rectifier 1

(@) p-n junction diode allows current to pass only when it is forward
biased

(b) Centre-Tap
Transformer
e e o Diocde HI}J

:& I ; & ! o)
:'}f' :_i (Ef:mre A X
= - | Tap Y
e | | E" .J s[4 5 =z
= BT Diode 2(D,} gf'ﬁ Output
£ Y

When 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,
diode D; gets forward biased and conducts while D, being reverse biased
does not conduct. Hence during this half cycle an output current and
output voltage across R is obtained. During second half of the cycle
when voltage at A becomes negative with respect to centre tap, the voltage
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at B would be positive. Hence D; would not conduct but D, would be
giving an output current and output voltage. Thus output voltage is

obtained during both halves of the cycle.

27

Explanation of (a), (b) and(c)

1+1+1

(@) Charge of additional charge carriers is just equal and opposite to that

of the ionised cores in the lattice.

(b) Under equilibrium, the diffusion current is equal to the drift current.

(c) Reverse current is limited due to concentration of minority charge

carriers on either side of the junction.

28

Finding the radius of circular path
Answer for linear path
Calculation of linear distance covered

Yo
1Y%

Radius of circular path
mv,

eB
_9.1x10"* x1x10’
1.6x10%x0.5x107
=11.38x107°m
Yes, it traces a linear path too.
Linear distance during period of one revolution
y= 27zm “v
eB 7
_ 2x7x9.1x107*x0.5x10’
~ 1.6x10™°x0.5x10°
=0.357m

=0.36 m

Yo

Yo

Yo

Yo

Yo

Yo

SECTION -D

29

(i) (C) greater than 6,
(i) (C) A decreases but v is unchanged
(iii)  (a) (D) violet colour
OR
i) (b)(C)r, <t, <,
(ivy (D) undergo total internal reflection

30

@i (D) HcCl

55/5/2 Page 10 of 17




(i) (B) The net dipole moment of induced dipoles is along the 1
direction of the applied electric field.
1
(iii) (B) decreases and the electric field also decreases.
1
. 5K
v a C C
® @ ©
OR
vy () 0 =
16
SECTION - E
31 (@ | (i) Drawing refracted wavefront and Verification of Snell’s law 3
(ii) Calculation of distance 2
(i)
Incident waveiront
LT
Medium 1
P C P
Medium 2
Relracted 1

" wavelronl
v <ty E

Considering triangles ABC and AEC

sini=2C = YT and —eeme()
AC AC
sinr:ﬁ:ﬁ ______ (2)
AC AC
From equation (1) and equation (2)
Seh e 3
sinr v,
If c represents the speed of light in vacuum, then
C C
n=— and n,=—
' Vl ’ V2

In terms of refractive indices
n,sin i=n,sin r
which is Snell’s law of refraction.

Yo

Yo

Yo

Yo
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(ii)
X, = (2n-)AD
2d
_ (2x4-1)x600x10°x1.5
2x0.3x10°°

=1.05x102%m

X4

OR

(b)

(i) Brief discussion of Diffraction of light and drawing the shape
of diffraction pattern 2+1
(ii) Proof using mirror formula 2

(i) A beam of light falls normally on a single slit and bends around its
corners. This phenomenon is called diffraction.

When a beam of light falls normally on a narrow single slit, then
diffracted light goes on to meet on a screen. It is observed that at the
center of the screen intensity is maximum and goes on decreasing as one
move away from the center on either side of screen.

(ii)
11,1
f v u
uf
v=—o
u-f
Following new cartesian sign conversion
v CWED
-u-(-f)
= ut asf>u
f-u

Yo

Yo
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V is +ve, So image is virtual.

m:-X:L>1 i.e. Enlarged image
u fu

32

(@)

(i) Drawing equipotential surfaces 1
(i) Obtaining an expression for potential energy 2
(iii) Finding the change in potential energy 2

(i) Work done in bringing a charge q; from infinity tor; :
Wi=qV(rp) - 1)
Work done in bringing a charge g, from infinity to r, against the
external field :
Wo=qV(G) e (2
Work done on @ against the field due to x:
W12 = & ----------------- (3)
4re,r,
Potential energy of the system = Total work done
= QuV(F) + GV(F) +
4reyl,
(iii) Change in Potential energy = Work done
W = pE [cosbp — cos1]
W =10 x 10° [cos0° — cos60°]
W =50 x 10%]

OR

(b

N

(1) Deduction of an expression for electric field for (i) and (ii)) 3
(i) Finding magnitude and direction of the net electric field 2

(i)
(i) Electric Field outside the shell

Yo

Yo

Yo

Yo

Yo
Yo
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Gaussian surface

Surface charge .-~ "'f

densitye P
e B

! Fos

Electric flux through Gaussian surface

®=E x 4711
Charge enclosed by the Gaussian surface
Q = ox4nR?
-5 _Q
Using Gauss’ law: _[ E.ds =
0
2
E X 47[ r2 = w
&y
2
CE= O'R2
&l
2
Ezaif
&l
(ii) Eield inside the shell
Gaussian
Surface charge S
density o £ surface
N

Electric flux through Gaussian surface
O®=E x 41 (-~ r<R)
Charge enclosed by the Gaussian surface

Q=0

By Gauss’ Law
Exd4rzr’=0
.e.E=0

(Note: Award full credit of this part if a student writes directly E=0,
mentioning as there is no charge enclosed by Gaussian surface)

(i) Electric field due to a long straight charged wire of linear charged

Yo

Yo

Yo

Yo

Yo
Yo
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density A

_ A
27yl 2
A
+ E:_-I
Py,
I O b
A E_l
i 1
E —
I T
Net electric field at the mid-point
Eret=E1 + E
2w 2me,f Ya
1
Enet = + A
i 27e,r A+ 2]
9
= 29107115, 20)x10°®
0.5
=1.08 x 10 NC? Y2
E,. is directed towards CD. 1,
33 a)
(i) To identify the circuit element X, Y & Z 1Y%,
(i) To establish relation for impedance 2
Showing variation in current with frequency Ya
(iii) To obtain condition for-
(i) Minimum impedance Ya
(if) Wattless current Y2
(i) X:Resistor Yo
Y : real inductor (such that its reactance is equal to its resistance) /
Inductor Yo
Z : real capacitor (such that its reactance is equal to its resistance)/
Capacitor Yo
(i) e,
.-"-i_ — ""-—_‘T
& VR wv
”’f _~'.'~\|n'} _;‘{}k
|'|I 'I F .'\“"".--""-’J'I'.I
o G At
H;H-‘*V: + W, 1
Z
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From the fig.
Vrr? =VR2m + (VCm _VLm)Z
Vrr? = (Im R)2 +(imXC _imXL)2

Impedance (Z) :\I/—m = \/RZ +(Xg = X)?

m

A—»

(1)

AT [/ i

@ [ rad/s —»=

(iii) Z =R?+ (X —X,)?
For the minimum value of impedance
() Xe=Xc

(ii) Average power consumed in A.C. circuit over a cycle
P =Vl cos ¢
For wattless current P = 0
Since V= 0,10

cosp=0
ie. 0==
Le. =7
OR

(b)

(i) Description of Construction and working 1+1

Obtaining relation (% ) 1
.[J
(i) Causes of energy losses 2

(i) Construction: A transformer consists of two sets of coils, insulated
from each other. They are wound on a soft- iron core, either one on top of
other or on separate limbs of the core.

Alternatively

Yo
Yo

Yo

Yo

Yo

Yo
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Soll iron-core

—8
— —e
S @ P
E N =" g 2
g t_:;_L__J 8 g
5 +_F 5 &
e ’ ‘E
1 5
— —e
(a) (b)

Working: When an alternating voltage is applied to the primary, the
resulting current produces an alternating magnetic flux which links with
the secondary and induces an e.m.f. in it.

For an ideal transformer the induced e.m.f. (¢,) in primary coil for

applied alternating voltage (V5p)

d
L 1)

e.m.f. induced & in the secondary coil

d
(95 =VS =_Ngd_f ------------------- (2)

From eq. (1) and (2)
Vs _Ns

V., N,

(if) Any four energy losses

1. Flux leakage.

2. Resistance of windings/ copper loss.
3. Eddy currents/iron loss.

4. Hysteresis.

5. Magnetostriction.
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