[Serles YWX5Z/5) g};& (SET ~ 3]
Roll No. QP. Code DD/5/3

I=] U9-OF hIS

qlierefl TR0 IS T IT-YRAHT h
TG-98 T I ford |

(
I
[ e
) o
{
)
{
P
{
i

Candidates must write the Q.P. Code
on the title page of the answer-book.

wiferer fo (Fgivaer)

MUY~ pervsrcs crneory)  [MIMMMUMIININ

faerffea ga9 - 8 gv2 ferhaq 3 : 70

Time allowed : 3 hours Maximum Marks : 70

Tie / NOTE #

(D

AT ST L o foh 0 TA-0F H AlEd I8 27 € |
Please check that this question paper contains 27 printed pages.

(IT)

-0 H 3T 8T sht HI I MY - g Rl wlierefl ST-qikasht % 998 W
g |

Q.P. Code given on the right hand side of the question paper should be
written on the title page of the answer-book by the candidate.

(III)

FUAT A L A FoF 0 TA-IT H 33 T € |
Please check that this question paper contains 33 questions.

(IV)

HUAT I hT I FTEAT J& A A UEed, IT-ideht § TAT TAT W I¥T T
THATh v fore |

Please write down the Serial Number of the question in the
answer-book at the given place before attempting it.

(V)

T YU 1 Ued & foAC 15 e o1 v feam wm R | we-us @6 foor qatg |
10.15 SToF FIT STQTT | 10,15 59 & 10.30 59 e el Sheret S0 ShY Uit 31T
TH AT o S F IT-YRhT T IS L AT foreiT |

15 minute time has been allotted to read this question paper. The
question paper will be distributed at 10.15 a.m. From 10.15 a.m. to
10.30 a.m., the candidates will read the question paper only and will not
write any answer on the answer-book during this period.

I 55/5/3

Page 1 of 27 P.T.O. I



o #
=

qraT= 339

AFTTREd 73T &1 SATYe Iigq 31N 37T TTerd HIog -

()  FEYH-GTH 33T 8 | At v HAAE € |

(i) FIEYT-YT A @S H [A91fSId & — @Ue &, @, T, 905G & |

(iii) TV & T I GEIT 1€ 16 TF FTglahed1d THR & T 8 | Teieh T 1 SAF F 2 |

(lv) @Y T I G 17 9 21 7% 37fd TY-ITNT THR & 97 8 | A% T3 2 371 1
gl

(v)  WUS I YT GEIT 22 G 28 TF TY-ITN TR & T 3 | A% T 3 3] F13 |
(vi) @UZ T H I GEIT 29 qIT 30 G HETTT-STENT T & | Tk G974 4 bl F1 8 |
(vii) W@UE T Y J7 GCIT 31 G 33 T SH -39 Joh & Y9 & | Tk G974 5 bl #1 8 |

(viii) S¥9-97 H GHY a%eq el faa1 771 8 | FEf, @us &% & HAfafw =1 Gusl & Fo Yo 4
371N fasheq &1 =47 a1 T 8 |

(ix) &I T To QIO TUEIorT & 1078 Teh 377 997 & |
(x)  FeFA F TN FATE |
STET STv B, 7Y (AEfRad sifaes (Haais! & HI1 7 SUI1T F GH 8 -
c=3x108 m/s
h =663 x 10734 Js
e=16x10"2C
Ko = 41 X 107/ Tm AL

gp = 8-854 x 10712 02 N1 2
1

41t80

=9x10° Nm? Cc2

SAFE T 59 (m,) = 9-1 X 10731 kg

=g 1 53AM = 1-675 x 10727 kg
T T F2WH = 1-673 x 10727 kg
SATENTET T = 6-023 x 1023 gfe um A

SieesH fRrdis = 138 x 10723 JK!

I 55/5/3 Page 2 of 27 I



i !
General Instructions :
Read the following instructions carefully and follow them :
(1) This question paper contains 33 questions. All questions are compulsory.
(it)  This question paper is divided into five sections — Sections A, B, C, D and E.

(iit) In Section A — Questions no. 1 to 16 are Multiple Choice type questions. Each
question carries 1 mark.

(iv) In Section B - Questions no. 17 to 21 are Very Short Answer type questions.
Each question carries 2 marks.

(v)  In Section C — Questions no. 22 to 28 are Short Answer type questions. Each
question carries 3 marks.

(vi) In Section D - Questions no. 29 and 30 are case study-based questions. Each
question carries 4 marks.

(vii) In Section E — Questions no. 31 to 33 are Long Answer type questions. Each
question carries 5 marks.

(viit) There is no overall choice given in the question paper. However, an internal
choice has been provided in few questions in all the Sections except Section A.

(ix)  Kindly note that there is a separate question paper for Visually Impaired
candidates.

(x) Use of calculators is not allowed.

You may use the following values of physical constants wherever necessary :
c=3x10%m/s
h = 6-63 x 1034 Js
e=16x10719C
Ho=4mx 107 Tm A™?
g9 = 8:854x 10712 C2 NI m2

1

47‘580

=9x 109N m? C2

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

Mass of neutron = 1-675 x 10727 kg
Mass of proton = 1-673 X 1027 kg
Avogadro’s number = 6-023 x 1023

Boltzmann constant = 1-38 x 10723 JK!

per gram mole
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SECTION A
1. A beam of light of wavelength 720 nm in air enters water (refractive

index = %). Its wavelength in water will be :

(A) 540 nm (B) 480 nm
(C) 420 nm (D) 720 nm
2. A capacitor of capacitance C has reactance X in an ac circuit. If the

capacitance and the frequency of the applied voltage are doubled, the new
reactance will become :

A) 4X (B) 2X
X X
C — D) =
(C) 5 (D) 1
3. Four point charges Q each, are held at the four corners of a square of side

[. The amount of work done in bringing a charge Q from infinity to the
centre of the square will be :

2 2
2

w 2 @) 129

T Sol T SOl

QZ

(C) (D) Zero

2n gl

4, A metal sheet is inserted between the plates of a parallel plate capacitor

of capacitance C. If the sheet partly occupies the space between the
plates, the capacitance :

(A) remains C (B) becomes greater than C
(C)  becomes less than C (D) becomes zero
5. Four resistors, each of resistance R and a key K are connected as shown

in the figure. The equivalent resistance between points A and B when key
K is open, will be :

(A) 4R (B) o
R 4R
(C) = (D) 5
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6. A charged particle gains a speed of 10% ms~1, when accelerated from rest
through a potential difference 10 kV. It enters a region of magnetic field

_>
of 0-4 T such that v L B . The radius of circular path described by it is :

(A) 25cm (B) 5cm
(C) 8cm (D) 10 cm
7. A current of (E]A is maintained in a circular loop of radius 14 cm. The
T

value of dipole moment associated with the loop is :

(A)  0-019 Am? (B) 0-14 Am?
(C)  0-196 Am? (D) 0:615 Am?
8. Which of the following rays coming from the Sun plays an important role
in maintaining the Earth’s warmth ?
(A) Infrared rays (B) yrays
(C)  UVrays (D) Visible light rays
9. The dimensions of (us)_l, where ¢ is permittivity and p is permeability of

a medium, are :
@) MLt ®) M°L2T?
© [M'L2T? ®) MLt

10. Which of the following electromagnetic waves has photons of largest
momentum ?

(A) X-rays (B) AM radio waves
(C) Microwaves (D) TV waves

11. The kinetic energy of an alpha particle is four times the kinetic energy of

LA . . .
a proton. The ratio (X—“j of de Broglie wavelengths associated with them

p
will be :
1 1
(A) 16 (B) 3
1 1
(C) 1 (D) 5
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12. Two coherent light waves, each having amplitude ‘a’, superpose to
produce an interference pattern on a screen. The intensity of light as seen

on the screen varies between :
(A) 0 and 2a2 (B) 0 and 4a?
(C) a2 and 2a2 (D) 2a2 and 4a2

Questions number 13 to 16 are Assertion (A) and Reason (R) type questions. Two
statements are given — one labelled Assertion (A) and the other labelled Reason
(R). Select the correct answer from the codes (A), (B), (C) and (D) as given below.

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

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

(C) Assertion (A) is true, but Reason (R) is false.
(D) Both Assertion (A) and Reason (R) are false.

13. Assertion (A) : During formation of a nucleus, the mass defect produced

is the source of the binding energy of the nucleus.

Reason (R): For all nuclei, the value of binding energy per nucleon

increases with mass number.

14. Assertion (A) : In Rutherford’s alpha particle scattering experiment, the
presence of only few alpha particles at angle of scattering

7 led him to the discovery of nucleus.

Reason (R): The size of nucleus is approximately 1070 times the size of
an atom and therefore only few alpha particles are

rebounded.

15. Assertion (A) : The impurities in p-type Si are not pentavalent atoms.

Reason (R): The hole density in valance band in p-type semiconductor

is almost equal to the acceptor density.
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16.

17.

18.

19.

20.

21.

Assertion (A) : The Balmer series in hydrogen atom spectrum is formed
when the electron jumps from higher energy state to the
ground state.

Reason (R): In Bohr’s model of hydrogen atom, the electron can jump
between successive orbits only.

SECTION B

Find the effective resistance of the network of resistors between points A
and F as shown in the figure.

c 4Q D

2Q 8 Q
3 Q
7Q 58
A —VWWN\—= MWV — NVVW—e |

B 40 Q E

A current of 5 A is passing along +X direction through a wire lying along
- A A
X-axis. Find the magnetic field B at a point T = (31 + 4j)m due to

1 cm element of the wire, centered at origin.

Define the term, ‘distance of closest approach’. A proton of 3:95 MeV
energy approaches a target nucleus Z = 79 in head-on position. Calculate
its distance of closest approach.

(a) A point object is placed in air at a distance R/3 in front of a convex
surface of radius of curvature R, separating air from a medium of
refractive index n (< 4). Find the nature and position of the image
formed.

OR

(b) In Young’s double slit experimental set-up, the intensity of the
central maximum is I . Calculate the intensity at a point where the
path difference between two interfering waves is A/3.

The threshold frequency for a given metal is 36 x 10'* Hz. If
monochromatic radiations of frequency 6-8 x 1014 Hz are incident on this
metal, find the cut-off potential for the photoelectrons.

2
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22. (a)

(b)

23. (a)

(b)

SECTION C

“There is a limit to the amount of charge that can be stored on a
given capacitor.” Explain.

A capacitor is charged by a battery to a potential difference V. It is
disconnected from the battery and connected across another
identical uncharged capacitor. Calculate the ratio of total energy
stored in the combination to the initial energy stored in the
capacitor.

“You cannot see a person standing on the other side of a boundary
wall but can hear him.” Explain with reason.

Light of wavelength 750 nm is incident normally on a slit of width
1-5 mm. Diffraction pattern is obtained on a screen 1:0 m away
from the slit. Find the distance of the nearest point from the
central maxima at which the intensity is zero.

24, The magnetic moment (5J/T) of a bar magnet points along a uniform
magnetic field 0-4 T.

(a)

(b)

Calculate (i) the potential energy of the bar magnet, and (ii) the
work done in turning the magnet by 180°.

In which case is the potential energy of the magnet minimum ?

25. A right-angled prism ABC (refractive index J2)is kept on a plane mirror

as shown in the figure. A ray of light is incident normally on the face AC.

(a)
(b)
I 55/5/3

A

60°

9075
C B
Trace the path of the ray as it passes through the prism.
Find the angle of deviation produced by the prism.
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26. (a) Two small solid metal balls A and B of radii R and 2R having
charge densities 20 and 3o respectively are kept far apart. Find the
charge densities on A and B after they are connected by a
conducting wire. 3

OR
(b)  Two infinitely long straight wires ‘1’ and 2’ are placed d distance
apart, parallel to each other, as shown in the figure. They are
uniformly charged having charge densities A and — % respectively.
Locate the position of the point from wire ‘1’ at which the net

electric field is zero and identify the region in which it lies. 3
1 2

Region| Region | Region
A B C

)
A 2

k— d —>

27. (a) Draw the energy-band diagrams for conductors, semiconductors
and insulators at T = 0 K. How is an electron-hole pair formed in a
semiconductor at room temperature ?

(b)  Carbon and silicon both, are members of IV group of periodic table
and have the same lattice structure. Carbon is an insulator
whereas silicon is a semiconductor. Explain. 3

28. Differentiate between half-wave and full-wave rectification. With the
help of a circuit diagram, explain the working of a full-wave rectifier. 3
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SECTION D

Questions number 29 and 30 are Case Study-based questions. Read the following
paragraphs and answer the questions that follow.

29. A galvanometer is an instrument used to show the direction and strength
of the current passing through it. In a galvanometer, a coil placed in a
magnetic field experiences a torque and hence gets deflected when a
current passes through it. The name is derived from the surname of
Italian scientist L. Galvani, who in 1791 discovered that electric current
makes a dead frog’s leg jerk. A spring attached with the coil provides a
counter torque.

In equilibrium, the deflecting torque is balanced by the restoring torque
of the spring and we have :

NBAI = k¢
where N is the total number of turns in the coil

A is the area of cross-section of each turn

B is the radial magnetic field

k is the torsional constant of the spring

¢ is the angular deflection of the coil

As the current (I;) which produces full scale deflection in the
galvanometer is very small, the galvanometer cannot as such be used to
measure current in electric circuits. A small resistance, called shunt, of a
suitable value is connected with the galvanometer to convert it into an
ammeter of desired range. By using a higher resistance, a galvanometer
can also be converted into a voltmeter.

) (a) A galvanometer is converted into a voltmeter of range
(0 — V) by connecting with it, a resistance R;. If R; is
replaced by R,, the range becomes (0 — 2 V). The resistance

of the galvanometer is : 1
(A (Ry-2Ry) (B) (Ry—Ry)
(€©) (Ry+Ry) (D) (Ry-2R,)

OR
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(i1)

(iii)

(iv)

@ et ieeaHie & 5 mA o et & T 2 | 39eht et § 100 T
&, T e T STT-h1e T &het 18 cm? € T AT 0-20 T
TFEhI & 1 o & | 39 FUSTH! 0T A foraiieh sil-3Tel & :
(A) 36x10°Nm  (B) 18x107*Nm
(C) 24x103Nm (D) 12x107*Nm

TRTOT (ii) | UHIET 3 Tfrer st 71 81T
(A 020Q (B) 024 Q
C) 60Q (D) 6250

6 Q TfcRIer 1 13 feaIHiet 0-2 A 9T % fore quf Ie ot foraraor gwiiar 2 |
T e &1 (0 — 5 A) TR & UHier ¥ uitafad s & fow 3u= fore

(A 025Q (B) 0-30Q
(C) 050Q (D) 6:0Q
fopett fieamTeiet T oy FaTfeaT 1 798I & :
k NBA
(A) NBA (B) Tk
kBA kNB
©) ~ (D) A

30.  3ATSELIET A TAleh o FelieH HET= (& JohIRT sl o Y swedl, ISwa HIeH %ed o,
% 9 T T AT 8, o ST I TRRI-TORIT THT i SATEAT 3h off | Teish WieH i
St hy BT ®, ST v AT JeRreT 3 SATaf qoT h Wi Frraien 8 | TRt s gs
T WISHT oht WA STafera Sehret ot dfferar Frerffe et 2 | foreft g % 98 W smmafoa
I3 WIS T et Sl hy T 3G 9T h R Tk Seiag o T TAMTIT HL aT € |
9 ST ol %D | A1 § sﬂor{H 1 IcafSld e H Th BIT &, S8 $eeht rither
FEAE | W%Qﬁ T T ScdTSId ST MWW%WﬁWW%I

(1)

I 55/5/3

Fr=faRaa O & fore TT% T ST Wi rdish o1 9T 9T i o fore fomam
STT TRl & 2

(A)  ThRI-forRd arT S e Tehrer oAt dftsrar o sfi=

(B)  WehmI-ford R S AT fce Tehret shi AT o sft =

(C) 3k forvdl 37X SATATT SohTRT ShT AT ok sft =

(D)  3¥des farwrer o7t strafera wehteT S cfferar o off=r
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(b) A current of 5 mA flows through a galvanometer. Its coil has
100 turns, each of area of cross-section 18 cm? and is
suspended in a magnetic field 0-20 T. The deflecting torque
acting on the coil will be : 1

(A) 36x10"3 Nm (B) 1-8x10~*Nm
(C) 24x1073 Nm D) 12x10~%Nm

(1) The value of resistance of the ammeter in case (i1) will be : 1
A 020Q (B) 024 Q
C) 60Q (D) 6:25Q

(iii) A galvanometer of resistance 6 Q shows full scale deflection for a
current of 02 A. The value of shunt to be used with this

galvanometer to convert it into an ammeter of range (0 —5 A) is : 1
A 025Q (B) 030 Q
(C) 050Q (D) 6:0Q
(iv)  The value of the current sensitivity of a galvanometer is given by : 1
k NBA
A —_— B =
(A) NBA (B) .
kBA kNB
C — D /==
(C) N (D) A

30. Einstein explained photoelectric effect on the basis of Planck’s quantum
theory, where light travels in the form of small bundles of energy called
photons. The energy of each photon is hv, where v is the frequency of
incident light and h is Planck’s constant. The number of photons in a
beam of light determines the intensity of the incident light. A photon
incident on a metal surface transfers its total energy hv to a free electron
in the metal. A part of this energy is used in ejecting the electron from
the metal and is called its work function. The rest of the energy is carried
by the ejected electron as its kinetic energy.

(1) Which of the following graphs can be used to obtain the value of
Planck’s constant ? 1
(A)  Photocurrent versus Intensity of incident light
(B)  Photocurrent versus Frequency of incident light
(C)  Cut-off potential versus Frequency of incident light
(D)  Cut-off potential versus Intensity of incident light
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(i) ()

@)

(iii)

T eI o AT TohTeT, Fied WohreT ST el TohTRT Shil ShATTa fomet
oTq I8 W ATl R T R | Ky, K 3 Ky 9 BIE-geldgmt
T 3T TTfaST el ohT &g id §, a9

(A Kp>Ky>Kg (B) Ky>Kp>Kg

(C) Kp>Ky>Kg (D) Kg>Kp>Ky

AT

frfafad & & S-dt a1q 399 T & Wi YeRr-foRa awTe A

AT ?
A)  Hifsem B) f5=
(C) hefEm (D) Ay

ST ST T HAUNETdd Tad U SAad JehTRT hl AT o Jfeg, bt STt &, ar

GqH 9T

(A) awa: gfg i
(B) wdl®

(C)  iRawha: Ifg FT ®
(D)  rufEfdd wd &

(iv) Treforfead & & -81 OTh STehTer sht eIt o BT SFehmT-forggd e I o formor

I M | 2
@a 1 ® 1
i \ I
O >_> O -
© 1 D 1
I I
0 fterar — © et —
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(i1) (a) Red light, yellow light and blue light of the same intensity
are incident on a metal surface successively. Ky, Ky and Kg
represent the maximum Kkinetic energy of photoelectrons

respectively, then : 1
OR

(b)  Which of the following metals exhibits photoelectric effect

with visible light ? 1
(A) Caesium (B) Zinc
(C) Cadmium (D) Magnesium

(iii) When the frequency of the incident light is increased without
changing its intensity, the saturation current : 1
(A) increases linearly
(B)  decreases
(C) increases non-linearly

(D) remains the same

(iv)  Which of the following graphs shows the variation of photoelectric

current I with the intensity of light ? 1
@ 1 ®) 1
I \ I
0 = O :
Intensity — Intensity —
© 1 O 1
I I
Intensity — Intensity N
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31. () (@
(ii)

@
(ii)

32. () @

I 55/5/3

Queg g

Torelt orTerelt geanTeh (SHEEIHT) T fohtor ST Efiferg, ST gidfemes s shi
SATEAT VT | eIl gLeieh shi Gt H el glaish o & Iq@
AT T IoAW HIfNTT |

forelt STerell quaien o AMgYareh hl Wisvw g AT shi hishd gl sh
50 T & | 3= W 3 Sidferer s @ Tfcreht st @wems 102 cm
& | QT oIl shl BIsh gt T SIS |

EREN

T GEHelt 1 qoT H U gemani & foheel &1 i 1 et
HITSTT | W gemesit gr fehe fofg ue fdfemrsr smaT gl o forg fameor
T GITe 37T 386k AT HifT |

g TaT qHqaTEdd oid FST8eh a5k I8 ol Jshal BIsaT R € ST9a-ish
n, % I B S 8 | I€ GHTE g1 & aIshal BISAT % n, AT 5
TRt vaet THIT <8 o SVeh H TET & | 9T oh 39 SIS sh &THT T
HifeTT |

i it B, B, 3 E, {5 o8, et (emf) 31 sriafier wfatre
HEA: (4 V,20Q),(2V,4 Q)T (6V, 2 Q) €, W H T AL
GRS € | 92fEl B, , B, 3 E, 8 Jafed 9ristl & 9 91 i |
By
It
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SECTION E

31. (a) (1) Draw a ray diagram of a reflecting telescope (Cassegrain)
and explain the formation of image. State two important
advantages that a reflecting telescope has over a refracting
telescope.

(i1)) In a refracting telescope, the focal length of the objective is
50 times the focal length of the eyepiece. When the final
image is formed at infinity, the length of the tube is 102 cm.
Find the focal lengths of the two lenses. 5

OR

b) @ Write any two advantages of a compound microscope over a
simple microscope. Draw a ray diagram for the image
formation at the near point by a compound microscope and
explain it.

(ii)) A thin planoconcave lens with its curved face of radius of
curvature R is made of glass of refractive index n,. It is
placed coaxially in contact with a thin equiconvex lens of
same radius of curvature of refractive index n,. Obtain the

power of the combination lens. 5

32. (a) (@) Three batteries E;, E, and Ej5 of emfs and internal
resistances (4 V,2 Q), (2V,4 Q) and (6 V, 2 Q) respectively
are connected as shown in the figure. Find the values of the
currents passing through batteries E{, E; and Eg.
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(i) @ ¥ RMT ATER BE IR & G H, S0 9@8F F1 Afaig
R (= 10 Q) &, "SI foham 71 8 | 56 oereer o foig A AR B foreft
qigyr § G @ | 396 g UNUY T Yo fohu T gwrelt aferer s
LIERIGEEIS 1

@ () @ U T AR G I (= 1 A) TREdl STIEA-HIE hT R0 b
1 3% (n = 85 x 1028 m=3) A yATfeq BT &I 2 | 76 B Hil TR &
rgfen foigatt A 3 B WX ST &% AT 10 x 1077 m?
3R 2:0 x 1077 m? & | aishietd shifer :

A B
(I)  foigaAl A 3R B ferggd-arsii ot 313U |

(I)  foig B 0 Hh Sl =1 T S1qalTE o |

(i) AT q (= 16 uC) T qy (= 1 p0) BiFH T, = (3 m) wom
?; =4 m)j'\ Wﬁ%%lﬁg? =(3 m)/i\ + (4 m)j\ Wﬁ?ﬁ@ﬁ-?ﬁ?
ELE
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(i1) The ends of six wires, each of resistance R (= 10 Q) are joined
as shown in the figure. The points A and B of the
arrangement are connected in a circuit. Find the value of the
effective resistance offered by it to the circuit. 5

OR

b) @ Current I (= 1A) is passing through a copper rod
(n = 85 x 1028 m™3) of varying cross-sections as shown in the
figure. The areas of cross-section at points A and B along its
length are 1:0 x 107 m?2 and 2:0 x 1077 m?2 respectively.

Calculate :

A B

)] the ratio of electric fields at points A and B.

(II) the drift velocity of free electrons at point B.

(ii)) Two point charges q, (= 16 uC) and q2(= 1 uC) are placed at
A
points ?i = (@3 m)i and ?; = (4 m)s'\. Find the net electric

= .o A A
field E atpoint r =(3m)i +(4m)j. 5
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(i1)

(i1)

forelt Fpueelt % -tk it ufedmer forflaw | w-Sehed Lo forelt
FUSell # G I T o o o sATevass St o g sistes e
IS |

10 mH 3T 20 mH T-3ehed % 3 Wbl ¥ JaTred Sl § 90 &
AT T AT G AR |
= o mTu fomron =Y goiiv & forw e i
(I) Yk I ° IRA fo.a1. 9 (emf) o IRETOT R 9/ # g

HrTH o |
(I1) ook Yk | Eiad SHeil 3T 399 YaTred & o s+ |

AT

A Sehed U3 ohl aiewrer frfle | & erwarg waeg forfyeT Prsamat
IR fafiT w0 T HaT arelt 9 vl gaTe gt IRt % TR
SERed o ToTT =iTeh eaw I |

forelt e & SarTfed T H UHEHT 9 8 40 s W I Y 2 A H fg H
TER 3G G H 5 mV &1 {5 ar 9 (emf) WA BATR1 t = 10 s W
Yok Y Helg Tl JTd ShITTT |
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(b)

I 55/5/3

(i1)

i)

(i1)

Define self-inductance of a coil. Derive the expression for the
energy required to build up a current I in a coil of
self-inductance L.

The currents passing through two inductors of
self-inductances 10 mH and 20 mH increase with time at the
same rate.

Draw graphs showing the variation of :

(I)  the magnitude of emf induced with the rate of change
of current in each inductor.

(II) the energy stored in each inductor with the current
flowing through it.

OR

Define the term mutual inductance. Deduce the expression
for the mutual inductance of two long coaxial solenoids of the
same length having different radii and different number of
turns.

The current through an inductor is uniformly increased from
zero to 2 A in 40 s. An emf of 5 mV is induced during this
period. Find the flux linked with the inductor at t = 10 s.
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Marking Scheme
Strictly Confidential
(For Internal and Restricted use only)
Senior School Certificate Examination, 2025
SUBJECT NAME PHYSICS (PAPER CODE 55/5/3)

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.

“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 delibration 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( V') 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. This may also be followed strictly.

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 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
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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 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: 55/5/3

Q.No. VALUE POINTS/EXPECTED ANSWERS Marks | Total
Marks
SECTION A
(A) 540 nm
X

D) 2

(D) 2
3 J20? 1 1

B) Y22

7g,l

4 (B) becomes greater than C 1
5 4R 1

D) —

(D) 3
6 (B)5cm 1 1
7 (C) 0.196 Am? 1 1
8 (A) Infrared Rays 1 1
9 (B) [M°L°T 1 1
10 (A) X-rays 1 1
11 1 1 1

C) =

(® 2
12 (B) 0 and 4a? 1
13 (C) Assertion (A) is true, but Reason (R) is false 1
14 (A) Both assertion (A) and Reason (R) are true and Reason (R) is the correct

explanation of the assertion (A).
15 (B) Both Assertion (A) and Reason (R) are true, but Reason (R) is the not the | 1 1

correct explanation of the Assertion (A)
16 (D) Both Assertion (A) and reason (R) are false 1 1

SECTION -B
17 . . .
Finding effective resistance 2

Regep = 2+4 = 6Q

3x6

fo = 613
= 2Q

Regpe = 2+8
=10Q2

Yo

Yo
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40x10
" 40+10
= 8Q
Reg = 7+8+45
= 20Q

Yo

Yo

18

Finding magnetic field 2

Using Biot — Savart’s law
uolaxF
4z r°
(107)[5(10%)ix(3i+4j)]
53
= 1.6x107°KT

B =

Yo

Yo

19

Defining distance of closest approach 1
Calculating distance of closest approach 1

It is the distance from nucleus at which « particles stops momentarily and
then begins to retrace its path.
Alternatively

It is the distance from nucleus at which entire intial kinetic energy of the «
particle gets converted into electrostatic potential energy.

i 1 ze?

° 4re, K.E
_ 9x10°x79x%(1.6x107"°)?
© 3.95x10°x1.6x107%
— 28.8x10 % m

Yo

Yo

20

@)

Finding nature and position of the image 1+1

For refraction at convex surface
n + n, = NNy
-u Vv R

[n-1-3]

v R

nR

n-4

For all values of n < 4, the value of v is negative and greater than R

Therefore the nature of image is virtual and is formed in front of convex
surface.

VvV =

Yo

Yo
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OR

() | calculating intensity for the path difference /3 2
2r
= — XAX
¢ A
217 A
= 2 xZ
A3
2

3
I'=41Cos* % Givendl =1,

=1, Cos? 2%
IO
4

Note: If a student attempt by using 1 = 1.+ I,+ 2 /I,1,Cosg ,award full credit

for correct answer.

Yo

Yo

Yo

Yo

21
Finding the cut-off potential 2
eV=h(v-v,) Yo
6.63x10 *'x(6.8—3.6) x10"
V= =5 1
1.6x10
=1.33V Yo
SECTION -C
22
(a) Explanation 1
(b) Calculation of ratio of total energy to initial energy 2
(@ When a conductor holds a large amount of charge its potential is also high.
I electric field becomes high enough, the atoms or molecules of surrounding
medium gets ionized. A breakdown occurs in medium and charge on
conductor get neutralized or leaks away. 1

(b) The common potential after the connection of two capacitors
GivenV, =V ,V, =0
C,=C,=C

CVv

2c

Yo

Yo
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Yo

Yo

23

(@) Explanation 1
(b) Finding distance from central maxima where Intensity is

ZEro 2

(@) Wavelength of light is very small as compared to size of obstacles so
diffraction of light is not seen easily. But sound waves have large wavelength,
so they get diffracted easily by obstacles.

(b) Position of first minima
AD
a
750x107° x1
1.5x10°°
= 0.5mm

X =

Yo

Yo

24

(@) Calculating
(i) Potential energy 1
(if) Work done in turning the magnet by 180° 1%

(b) Identification of minimum potential energy alignment %

—MB cosé@
—5x0.4x%x1

-2

@@ U

MB (Cos 8, —Cos é,)
=  —5x0.4(-1-1)
= 47
(b) Potential energy is minimum in case (i)

i) W

Yo
Yo
Yo
Yo
Yo

Yo

25

(@ Tracing path of the ray 2%
(b) Finding angle of deviation on Ya

- _ 1
@ sini, 7

Yo
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90°

C////////ﬁ/ 7777 B

(Deduct ¥ mark for not showing arrow for the ray)

(b) The angle of deviation is 180° from diagram

Yo

26

@) Finding charge densities on A and B 3

For ball A
g, = 20x4nR?
= 8n1R’%c
For ball B
d, = 30x4n(2R)°
= 4871R %o
Total charge (Q) =g, + q,
= 56nR°c
When balls A and B are connected by a wire, their potentials will be equal

Let g be the charge on ball A and (Q — q) be the charge on the ball B after
connecting wire.

Kq _ KQ-9)
R 2R
29 =0Q-q
_Q
T3
3 56nR *c
-3

Yo

Yo

Yo

Yo
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1127R %6
Q - 9 =
3 3
567R *c
_ 3
0 =
A 4nR?
14
= —0O
3
1127R%c
_ 3
G — ——
® 4n(2R)?
T
= —o
3
OR
Location of point at which net electric field is zero 2Y5
(b) Identification of Reaion Ya
A 4 B |- €
.‘_ 2
P T+ -
_‘é———f——z 4 —
E; Y2 B
«—x—> + -
+li —d—>-
; A
A 2
Electric field due to wire 1 and wire 2 at point P
A
E, =
2meg, X
b
E, = 2
2 gy (x+d)
At P, Net electric field is zero
Ei=E2
A _ A
2me, X 2x2me, (x+d)
X =-2d

Negative sign indicates that point lies in the region C.
At a distance 2d from wire 1 electric field is zero.

(Note : Award full credit if a student finds the position by taking point in
region C directly)

Yo

Yo

Yo

Yo

Yo

Yo

Yo

Yo
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27

a) Drawing energy band diagrams Yot Yot s
Formation of electron hole pair Yo
b) Explanation 1

NS

0 A Y Overlupping
| L conduction band
. ; o xR
: E. band : - £ =0
E lp o .
: (B El 5
& hand i hand
CONDUCTORS
Empty
E’I conduction
f ; band
E;' £ g E >deV
EedeV Z
: :
E _ " :t Valence
) b
SEMICONDUCTORS INSULATORS

At room temperature, thermal energy is sufficient for electrons to make them
free from the bonds and create a vacancy called hole. Hence electron hole pair
is formed.

(b) The valence electron in carbon and silicon lie in the second and third orbit
respectively. So, the energy required to take out an electron will be less for
silicon as compared to carbon. Hence number of free electrons for conduction
in silicon are significant but negligibly small for carbon.

Yo

Yo+ Yo

Yo

28

Difference between half wave and full wave rectification 1
Working of full wave rectifier 2
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In half wave rectification there is output in one half of input cycle, whereas in
full wave rectification, output is obtained for both half cycles of input

(positive and negative)
LN

\/ \/ '
! W

Alternatively

Wavelorm at A

- B é i §
E_I '__'I'__' o § ‘ g
; INPUT at E /\ /\; .
L ; ! m\/ \
;_ Li'!|:'i|'l 1 “-['Fl.!.\f}[-_'| E f Ul[l;‘ to f U\ll;: o l):l;' to l)ll;rln
5 i T 1. 2 PP BB g
Half wave Rectification Full wave Rectification
Working of full wave rectifier:
Centre 'Ilnp
Iransformer
g 1 Diode 1{D)
c»-;) . - l‘: >
=< = !Centre M
Q< o= S X %
et o Tap
= S I
. ’ Diode 2(D,) 2R Output
¥
= Y

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 D1 gets forward biased and conducts (while D2 being reverse
biased is not conducting). Hence, during this positive half cycle we get an
output current (and output voltage across the load resistor RL). In the
course of ac cycle when the voltage at A becomes negative with respect to
centre tap, the voltage at B would be positive. In this part of the cycle
diode D1 would not conduct but diode D2 would, giving an output current
and output voltage (across RL) during the negative half cycle of the input
ac.

SECTION D
29 () (@) (A) (R2 - 2Ry
(b) (B) 1.8 x10*Nm

(i) Award 1 mark for this question to all students .

(iii) (A)0.25Q

. NBA

iv) (B) —

(iv) (B) ”
30 (i) (C) cut— off potential versus frequency of incident light

(i) @) (C) Ks > Ky >Kr
(b) (A) Caesium
(iii) (D) Remains the same
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(iv) (C)

) l/ 1
I
O _
Intensity —
SECTION E
31
(@) Drawing ray diagram of reflecting telescope 1
Explanation of formation of image 1
Advantages Yo+ Y5
(b) Finding focal lengths of the two lenses 2
(i)
- — > ~Objective
Secondiry ¢ _al EnRCyes
mirrer -~ Qe
= == 1
==y Evepleoe
The parallel rays from a distant object are reflected by a large concave
mirror. These rays are then reflected by a convex mirror placed just before
the focus of concave mirror and are converged to a point outside the hole. 1
The final image is viewed through eye piece.
Advantages (any two)
1) No chromatic aberration.
2) Less spherical aberration
3) Less mechanical support required Yo+ Ya

4) Brighter Image
5) High resolving power.
6) High magnifying power

(i) Forimage at infinity

[fol +1[F|=L
According to question
f, = 50xf,
f, + 50fe = 102
f, = 2cm
f, =100cm

OR

Yo

Yo

Yo
Yo
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b : . .
(b) () Two advantages of a compound microscope over simple
microscope Yo+ Y5
Drawing ray diagram and Explanation 1+1
(it) Obtaining power of combined lens 2

(i) Advantages (any two)
1) Larger magnification
2) Brighter image
Any other valid advantage
A
A‘P—u""" f=+ fo— H '\‘

'X - -

B 5|
— T !
B B 1‘ I;‘. l"-
‘ |
\
= |

Eyeplece ~
>

,/_/ ~ 4
|)b:('- v A ,v,///
v

it £ cimm— ,{

[o

Ay
(deduct ¥2 mark for not showing arrow for ray diagram)

The lens nearest the object, called the objective, forms a real, inverted,
magnified image of the object. This serves as the object for the second
lens, the eye piece, functions like a simple microscope and produces final
image which is enlarged and virtual.

Yo+ Yo

Yo

Yo

Yo

Yo

32

(i1) Power of plano concave lens = P, = %
Power of convex lens = P, = (n,-1) (%)
P =P + P
— (2n2- n,- 1)
R
(@) | (i) Finding current through batteries E1, E2 and E3 3
(i)  Finding effective resistance 2
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20 4V 1O\

A < VWAA~ ‘}'L‘ B
l‘J
v 2V
442 E.
D F—=——aw {‘L SR S
I, +1,
20 6V g,
El—e—ww —! F
) Ly
In closed loop ABCD, using Kirchhoff’s loop law
Al1 + 612 =6 .o, (1)
Similarly In closed loop CDFE
6l1 + 4l =8 . 2)
Solving egn. (1) and (2)
1
|2 = gA
6
Il = EA
;
1, =2 A

Resistances Rac, Rcs, Rab , and Rpe form a balanced Wheatstone bridge
Hence current through Rco is zero and will not contribute to equivalent
resistance.
The equivalent resistance of bridge is R, is in parallel with Ras
Series combinations of Rac & Rcs and Rap & Rps s in parallel with Ras

1t _1,1
R, R R
R

Req:E

Given R = 10Q, Therefore Req = 5Q
OR

Yo

Yo

Yo

Yo

Yo

Yo

Yo

Yo

Yo

Yo
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®) | ) calculating
() ratio of electric fields at points A & B 1%
(1)) drift velocity of free electrons at point B~ 1%

(i) Finding net electric field at point ¥ 2
0 M J=of ”
Ja _ Ea
s Es
y Yo
— AA
o
i
_ A
A, Yo
_2
1
| 7
an vy = —
€ 1
B 1
8.5x10% x1.6x107* x2x10™ 1,
=3.6x10" m/s
ii
(——) K 2 E, Y
E = —2 f
r Qs P
E - 9x10° x16x10°° i dade o £y
1 (4)2 ‘ ‘ 1/2
N 4 3i+4
= 9x10° j
9 -6
Ez _ 9x10 x]2.><10 ; : o A
) 0 = =
- 16 e
= 10° 1
= o 2 ]/2
E., =(@0+9))10°N/C
NOTE: Award full credit of this part if a student finds magnitude and
direction separately.
33 @) i) Defining self — inductance 1
Deriving expression for energy 1
i) Drawing graphs showing the variation of
() Magnitude of emf induced with rate of change of current 1%
(1) Energy stored with current 1Y%
Self Inductance is magnetic flux linked with a coil when the current through 1

the coil is unity.
Alternatively
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Self Inductance is the induced emf induced in the coil when rate of change of
current through the coil is unity.
To maintain growth of current, power has to be supplied from external source.
P =le[[1]
dt dt
dwWw = LIdI

W = ILIdI

= 1|_|2
2

o 4
E=L_

]

di/dt
—

(n u-= %LI2 Parabolic graph obtained.
9

T

U

0 .
) —_>
(1 indicates 10mH) & (2 indicates 20mH)
OR
(i) Defining mutual inductance 1

(@) Deducing expression for mutual inductance 2
(i1) Finding flux linked with the inductor 2

(if) Mutual inductance is defined as the induced emf in primary coil when the
current in secondary coil changes at the unit rate.
Alternatively
Mutual inductance is defined as the magnetic flux linked with the primary
coil when the current in secondary coil is unity.

Yo

Yo

Yo

Yo
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N, turns

Consider two long co-axial solenoids each of length I. Radius of inner
solenoid Sz is r1 and number of turns per unit length is ni.

The corresponding quantities for outer solenoid Sz are I'> and N2
respectively. Let N1 and N2 be the total number of turns of coils S1 and
Sz respectively.

When a current 12 is set up through Sz, it sets up magnetic flux through

S1.
Nig = Mpl,
= ()% (w7 ) (uen,l,)
= ponyn, w11,

- 2|_
M, = ponpn, wrl= My,

(i)

dl
o =L
dt

e
L = ——

dl
it
_5><1073

2
40
=0.1H

¢ = LI

:0.1><£x10

40

=0.05Wb

Yo

Yo

Yo

Yo

Yo

Yo

Yo
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