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General Instructions :

Read the following instructions very carefully and follow them :

(1)

(1)

(iii)

(iv)

)

(vi)

(vit)

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 1s no overall choice. However, an internal choice has been prouvided in

(ix)

2255/5/3

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

c=3x10% m/s

h =6.63 x 10734 Js
e=16x10"19C

Mo = 4m x 1007 Tm AL

g, = 8.854 x 10712 C2 N-! m™2

1
oo, = 9% 109 N m2 C2
TESO

Mass of electron (m_) = 9.1 x 103! 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™!
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SECTION - A

1. A heater coil rated as (P, V) is cut into two equal parts. One of the parts is
then connected to a battery of V volt. The power consumed by it will be

P

(&) P ® 3
P

© 3 D) 2P

2.  Two insulated concentric coils, each of radius R, placed at right angles to

each other, carry currents I and\/gI respectively. The magnitude of the
net magnetic field at their common centre will be

ol B 1
A R ®B) SR
[T 2, I
© 7R D 5

3.  Which of the following material has its magnetic susceptibility x in the
range 0 < x < g, where ¢ is positive and small ?

(A) Aluminium (B) Water
(C) Gadolinium (D) Bismuth

4. A galvanometer of resistance 100 Q gives full scale deflection for a current
of 1.0 mA. It is converted into an ammeter of range (0 — 1A). The
resistance of the ammeter will be close to

A 01Q (B) 0.8Q
(C) 1.0Q (D) 10Q

5. The mutual inductance of two coils, in a given orientation is 50 mH. If the

current in one of the coils changes as 1 = 1.0 sin(lOO it +§j A, the peak

value of emf (in volt) induced in the other coil will be

@ 5 ®) 5

(C) 0.5m (D) 0.05m
2255/5/3 5 P.T.O.
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6.

10.

foreft T1forh 35 e &1 =TT 26 e oTET fopeR gl o fRtfert ot e B & 7

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

5 x 1028 uram yfe wefiet & g Si fhed 1 A1gT 1 ppm HIGAT o TEIHH & a1
fopar e B | afe wifeq foreeet o forel Y =gt 4.5 x 109 m3 wrRft St 3 & Si e
T ST TSN FAT&ehT shl FgdT (m—3 H) Bl & T

(A) 1.2x10' B) 1.5x 106

(C) 3.0 x 10 (D) 2.0 x 1016

gggioH T <At fTam srecen A foreft goterei <t Sl —13.6 eV 7 | 9¥H 3l
1T H §H FoTag i ohl T Shall SR Fefas Satt Bt —

(A) -13.6¢eV, 27.2eV (B) —6.8¢eV, 13.6eV
(C) 3.4eV,—6.8¢eV (D) 6.8eV,-3.4eV

ST o I H SRAW Shi S a1t foeagraeh ™ i il & —
(&) FrerR fhet (B) ST oot
(©) X-feprot (D) T R

IR 9131 A, B, C 3R D o fore smmufaa feferwot < smafa (v) o @ fweh fava (v)
5 foreror o6t 3R | gt TR 7 | Tt st H wiegedi= 3 i % fore, smafad
farfoRtot &1 T T <6 foTe sTfeeRas TTiast Sl ot RIeseae aTel! 91g &

Vo4 ABCD
A A (B) B
©) C (D) D
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6. The potential energy between two nucleons inside a nucleus is minimum
at a distance of about

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

7. A pure Si crystal having 5 x 102% atoms m™3 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 m~3) of intrinsic
charge carriers in Si crystal is about

(A) 1.2 x 10 (B) 1.5 x 1016
(C) 3.0x 105 (D) 2.0 x 1016

8. The energy of an electron in the ground state of hydrogen atom is
—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) —-6.8¢eV, 13.6 eV
(C) 3.4eV,-6.8eV (D) 6.8eV,-3.4eV

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

10. 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

O > U
A A B) B
€ C (D) D

2255/5/3 7 P.T.O.
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11.

12.

13.

14.

Toreft TR GEAael o TfUgeae TR AR i Hehd gl A 1 cm 3R 2 cm & | A
39 gEuest i ARl 6l s 10 cm 8, O HXetan Bifyer 9= & ¢@d & fofw 3o

GeAesft ¥ I STEE 7
A) 250 (B) 200
(C) 150 (D) 125

15 Togferd foFa 40 cm Tehal BI=a o Toneft TTiela 391 98 (3199, n = 1.5) %
g4 60 cm@ﬂ@ﬁ%lﬁﬁ%ﬂﬁﬁw

(A) dTEdfeh BT SR IS | 1.8 m G WS |

(B) TwTEt BT SR I8 & 1.8 m T TS |

(C) dTEdferh BT SR I8 | 3.6 m Gl TS |

(D) AHTE BT SR IS | 3.6 m gl TS |

TR HE&AT 13 § 16 H @ 9 G T & — Teh ol HAMHUT (A) TAT GHL 1 HRU (R)

Ao TR T R | 31 I S T STl 61 i fer g (A), (B), (C) I (D) H A

WW:

(A) aAfg fiwYa (A) 3R RO (R) SHT T & 3R &R0 (R), AR (A) 1 T&t
RS R |

(B) dfe MR (A) 3R RO (R) SHI IcF & 3T HROT (R), ANTHAT (A) 6 T8t
AT TE 2 |

(C) afe AMMHUA (A) T 8 T SR (R) 318 ¢ |

(D) afe 3TN (A) 38 8 ISR (R) off 3 2 |

JRHU (A) : A Tg- T3t ST o I S hell Fog Eid TER AV gl WA &, dl
SfciehTuT Yo =T J1ur Tl fohaT ST HehaT R |

HROT (R)  : Th1 SIISTS QI GIAT o S Jeh o STHATIAT! Bl & |

ANHYT (A) : HIS TehT-HUT fohdl Mes-T1ies 1 3R T 2 | 180° & ST W
b1 o foTT Terg et STRehar B 2 |

RO (R)  : Torefl Towr-pur Tehvi SR | HEE UTee e A1iieh hi URHTT] S
R S A R |
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11. 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

12. A point object is kept 60 cm in front of a spherical convex surface (n = 1.5,
radius of curvature 40 cm). The image formed 1s
(A) real, at a distance 1.8 m from the surface.
(B) wvirtual, at a distance 1.8 m from the surface.
(C) real, at a distance 3.6 m from the surface.
(D) wvirtual, at a distance 3.6 m from the surface.

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) If both Assertion (A) and Reason (R) are false.

13. 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.

14. 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.

2255/5/3 9 P.T.O.
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15.

16.

17.

18.

18.

APHT (A) : TG ¥ T HFHR Tkl Tt JARPR T o af 374 WIT T FHH HAT
T gATeT 3T HOTE ThauH fIaiid & | 39 961 o g O T qiomH
forga 8 OC & srgfen T B |

FO(R) : EHRIFRI IR fh O MR fova =i 2 |

¥ A+

ANHY (A) : Torelt grarhi & o wifomm fopeft A shor sht St ufiafda & gt
2|

HRO(R)  : SHHI DRV T8 & FohT & § Mad fehel 31Ta9 W Freehid ot g
P T SE S AT B |

g s -9

mmmmﬁﬁ@mmmwmaw,mwmma@

3, W HHE bt Sl F % T e o= i | Ie I§ =R CGI-HeG! SRRl
T g1, a1 ot . 91 =stes 9 7 ? g hifw |

(a) 30 cm Y51 o fRel Atk AR 3fimi A, B, C3RD W 1 puC, -2 puC, 1 uC 3R
—2 pC o I foreg 3TTerT shAeT: fUQ 8 | 38 1 o g T T8 4 puC o 3Tee W
T I TS 14 ST |

Y

(b) 10 cm YIS < Torell THETg By & Toeh ¥y W 1 pC o1 foreg 3T f4a & | 58

99 & Hgep W e Toega & Fma <hifsTe |
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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. 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.

18. (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

18. (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.

2255/5/3 11 P.T.O.
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19.

20.

21.

22.

22.

23.

24.

10 cm %hE gl %1 hIE TacTl HHEME 8 15 cm o8 gl o fohHT Teiet 3196l oF %
guyeh T T @1 2 | I8 TN fohH TohR SEgR T ? 379 IR 1 I T |

gfeam i feu 31gam deree stfufsrn star &
2 3 1
"H+ H—— He+ n+327MeV

2 g TYFE g1 gord Ha11 ol ITAM ek 200 W b forz[d el ol foha TH deh STotrl
ST Hehdl © ?

BTESIS UCATY] 8 3oide 0.53 A 1 Bream <l e & 2.2 x 106 m/s 1 =met & ik
@ 7 | Fafafya sifasht 51 ST s 39 SR g Scatoid kT hi SARReh
3Tgfa aftenfera hifsm |

g - T

(@) () o frm ffae | St aero fem o e et o< iy @ Sfa am
Treeh I Tt 1 Ui o hRoT ST forier et & | 3weht gfE shifre |
(11) ZmWﬁWﬂ@Eﬁ@gﬁ, 6Orev/s3ﬁmﬁﬁ@%aﬁﬁﬂﬁﬁ
qTel, 39 e, I FEh! TS o NESq 8, o THd: GiTd HUaT T 7 | 39
&9 W B % YUH dct b ofsaq 2T & foreht uehemm greshia & @l =]
foran TR 7 | 39 B o g 3TR U R o offe T e.m.f. aftefera Shifs |
JAYAT
Gb) () TErER s uiudy Fem et suh sme i |
(i) 20 cm | gUTeRd < T T TR & T9H fG2M H 5 A 3T 10 A 3hi 9171 y@Tted
BT R | 3 A % wen § fe fneh fomg Yz g & o1 wftamo 3i fesn
A ST |

foreft o7g < foTu ggeht 3Tmafd 3.0 x 1014 Hz 2 1 9.0 x 101 Hz g 1 %1E I~ 39
&g TR 3TTIAH AT & | T SHIRTT (1) 38 91g T eV T HRIBST TUT (i) BIIGAFRAT hl
Aty =T |

(a) Torga-graehi Tagd & 37 vl &1 9 fofge {5 (1) S aai ot %81 97 ¢,
(i1) ITIHSA T IS TSI L T 8 |
(b) 3 fafeRTom o Tdeh o I i TR THEA 6! Ush-Teh fafer Har 4 fetfam |
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19. A thin converging lens of focal length 10 cm is placed coaxially in contact
with a thin diverging lens of focal length 15 cm. How will the combination
behave ? Justify your answer.

20. Deuterium undergoes the following fusion reaction :
2 2 3 1
1H + 1H e 2He + o + 3.27 MeV

How long an electric bulb of 200 W will glow by using the energy released
in 2 g of deuterium ?

21. The electron in hydrogen atom is revolving with the speed of 2.2 x 106 m/s
in an orbit of radius 0.53 A. Calculate the initial frequency of light
emitted by the electron using classical physics.

SECTION - C

22. (a) (@) 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

22. (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.

23. The threshold frequency for a metal is 3.0 x 1014 Hz. A beam of frequency
9.0 x 10 Hz is incident on the metal. Calculate (i) the work function
(in eV) of the metal and (i1) the maximum speed of photoelectrons.

24. (a) Name the parts of the electromagnetic spectrum which are (i) also
known as ‘heat waves’ and (i1) absorbed by ozone layer in the
atmosphere.

(b) Write briefly one method each, of the production and detection of
these radiations.

2255/5/3 13 P.T.O.
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25.

26.

27.

28.

29.

(a) TorHl p-n GfY ST & 3T AR 1 =mE Hifse 1 39 feghrd & &9 4
TN o ToTu Iuzar ST 2 |
(b) TNTY 3T hi TgrIdT & fohelt i qaT fepenl 1 wrifafy i =men Hif |

ST ¢ gU Ffetfiaa =t smen Hifve

(a) oIS AIIGA e forgld-Iql BIaT 2 |

(b) Wﬁ@ﬁﬁ%{ﬂpnﬂﬁﬁﬁéﬁzmﬁﬁ%l

(c) Tortt SR T Uva 9T SATTEIIG, €9 ¥ TSI dleeal T fft 78 it 2 |

i g v = (310021 % I % wfor 1 7 R g d
B = (91 mTk % wew & i e & |

(a) SoFgH T HRRA TEeehi WﬁmewﬁﬁwmﬁﬁQ |
(b)  FoTeR G =Ted 71T 9 <hT SRAEA T |

TETE 5.0 m 3R ATRYFRE &% 1.0 mm? & fereft =Teiss & i W 1.0 V &1
favaT<R e fohan T B | 919 39 9Tl ¥ 4.25 A 9N YEIEd i It g a9
TAFLHT T (1) JTIETE 9 qe (i1) farsnf= et uftesfera Shifsw |

(fea 2 — =TeTes U ST T T T, n = 8.5 x 1028 m~3).

Tus -9

15 s 19 THae ST9ade I81 | Forn 18 TeRifws wresm 2t & | 5w 9 o areft
I3 TehTRI-ToRTUT S1 BT § FHUFTA STUATdd Bl 39 A 9 ¥ Tepdll I W fe=aferd &l
STt 2 | Tirw ok aered w1 sruedHTes i fou e ey gr s foRa S &
_ (M)/ A
p=sin" 5 sin g
e T % gEX I8 W A ivT, forefl 1o [ shifdeh i1 ad 7, 8 A 2l 7,
<l g TehT01 gHL U8 & HAUda Tl Bidl g 37 U1 STl Treifeid g1 St & |
() A 3R T 6 fTT FHifaeh HIoT HAN: 0, 3 0, & | HA-IA F<IE 6 fQ

Shifeh 10T BT (1, = 1.5, 1, = 1.33)
(A) 0,8HH (B) 6,3 0,% =
(C) 0,% At (D) 0,4%A
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25. (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.

26. 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.

m \A
27. An electron is moving with a velocity v = (3 x 106 gjl It enters a region

of magnetic field _B) =91 mT)I/;.

%
(a) Calculate the magnetic force F acting on electron and the radius of
its path.
(b) Trace the path described by it.

28. A potential difference of 1.0 V is applied across a conductor of length 5.0 m
and area of cross-section 1.0 mm2Z. When current of 4.25 A is passed
through the conductor, calculate

(1) the drift speed and (i1) relaxation time, of electrons. (Given number
density of electrons in the conductor, n = 8.5 x 1028 m=3).

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 is given by

A+3 A
n= sin(Tm) / sin o 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 alg = 1.5, Jug = 1.33)
(A) lessthan 0, (B) between 0, and 0,
(C) greater than 6, (D) lessthan 6,

2255/5/3 15 P.T.O.
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AN TeTESE 3T L TET © | T o etk AC | TohUH o U3 I8 fehtum

(A)
B)
©)

A

g 60°

-
B C

fom forarfera gu wfieft o 6wt |
etk AC % ITfe i o191 T |
Jrvafda grft 3R i & amet T waft |

(D) Ui SATaRE FEfad g |
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(11)

(111)

(111)

(iv)

2255/5/3

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.

(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

(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<rg<ry
(C) rp<ry<ry D) rp=ry=ry

A ray of light is incident normally on a prism ABC of refractive index
\/E, 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
17 P.T.O.
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30. |l Sl HheuT H TAT ! Tecaqul YIhT il & | Tohsfl Tresga & 10 geia
YT YA B Tohdl & | 6 Tohet TS Teoh I Tohelt aTel Toa &= 3 @1 Sia 8,
fored & & o T % o1 Y81 W ISdiE 3199 Fehe B & | 3 ST % H
TS 2o o HIcR RIS fore[d &= Terfud 2l ST @ |
foreht Henfer <t enfeat 3| wenfar i g1 ufgwrsti & 9 & TH ® W 9o 99 5
e W AR St B | iy, et gt B et afad s Y e o
guTfea Bt | Uferierehl <t wifa Gt o off Suft atw/=n uwd & ganfaa foeam o

ghal  ® |

() Tr=fafga @@ o geha s e 2
@A) 0, (B) H,
€ N, (D) HCI

(11)

(111)

(iv)

2255/5/3
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(B) @ fegat w1 e foya st s forega & ) fean & srgfen gar 2 |
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30.
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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,
(C©) 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.

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

(A) 1increases 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.

(1v) (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). . )
thickness (gj is inserted between the plates. The capacitance of

the capacitor will become

@) [51?5 1}00 ®) [KZ 5}00
© [4}?5 1}00 D) [K5JIF{4}CO

OR
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(iv) (b) < Tenfell bt amftar 2 C) 3R 6 C, & 1 T8t Avft 3R fRe wred &

31. (a)

31. (b)

32. (a)
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®

(i1)

(1i1)

@

(i1)

(i1)

AT ek TH-a0 & 99 St & B 9 Srer mn g | Aot gaeE 3R

q1Ye TR T Gferd Setiai =T STATd BRI —

@ 5 ®

© = O 1
g -
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gitger =hY fcamen & fore 34 feufa o s wenfua Hifse s/ &7 3/ee X,
Y 3R Z ac @@ & Jvft § 9AfSd § | STIIH ac WA i AERT o 1Y
gftaey =t ey A feremor @b g o for e i |
fereft LCR 2oft uftger o fow a8 w1d yrea Shifore fem (1) afaer s wfeamen
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(iv) (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 ®)

2 3

© 15 M) ¢
SECTION - E

31. (@) (@) 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 &j for element Y

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

(1) 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.

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

OR

31. (b) (1) Describe the construction and working of a transformer and
v
S

hence obtain the relation for (v ) in terms of number of turns of
P
primary and secondary.

(1) Discuss four main causes of energy loss in a real transformer.

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

(1) 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 4t» dark fringe.

OR
2255/5/3 21 P.T.O.
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32. (b)

33. (a)

33. (b)

2255/5/3

@

(i1)

@

(i1)

(1i1)

(i1)

Toreft wohet forft @ wenter 6 forara <A1 wfereq ferermn ShifST 3R forerd e <At
HATpid TT |
g forrg fopell Sterder 2dor & g 3 BibE & ste foud B | gdor g o
TN b T &9 H g i fob gdor gra a1 wfafersr st 37
forafeia g |

Toreft forega fgya & fore wmfava 9g smifga i |

3 farg 3T q, 37 q, PRt T fored & B 3 s 7, ofR 2, W fR
2 | 38 e <hY fefarst Sott 3 fof =iors wmed I |

fopeft 3] %1 fyga 3mept 10730 Cm 3 | 98 fya 105 Vim & forggaem E
39 YR feua 7 o soemt e forega & & ogfew 2 | faga & ) fem
fopeht &1or 3/ 60° o v W aRafad foam Srar & | 3 o W fgga i
feufast St 8§ uftad= 1 hife |

31erE
s R % Toreft gaet Tielie @ie 1 ThedH I8 3769 89 6 3 | =89
T 61 3T Gk T @A+ (1) ITeX 3R (1) i foega & % fow
Seh A~ T |
T o 1Y Uael a AB 3R CD o Wash A6 w9ed shAe: 10 pC/m 3R
—20 uC/m & | ¥ TR Th G o TR 1 m gl W @ 2 | 39 7/ & 7e
forrg TR e Torgga & sh1 afeATor 3R femm 3md ShifT |
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32. (b)
33. (a)
33. (b)

2255/5/3

@

(11)

(i1)

(iii)

(i1)

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

An object 1s 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.

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 105 V/m such that its axis is along the electric

%
field. The direction of E is 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 uC/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.

23
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Marking Scheme
Strictly Confidential
(For Internal and Restricted use only)
Senior School Certificate Examination, 2024
SUBJECT PHYSICS (CODE 55/5/3)

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.

55/5/3 Page 1 of 17




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 (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.

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 (0)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 : 55/5/3

Q.NO. SECTION - A MARKS | TOTAL
MARKS
1. (D) 2P 1 1
2. 1, 1 1
A) oo
(A) -
3. (A) Aluminum 1 1
4, (A) 0.1Q 1 1
5. (B) 5=n 1 1
6. (A) 0.8fm 1 1
7. (B) 1.5x10% 1 1
8. (C) 3.4eV,-6.8eV 1 1
Q. (B) Ultraviolet rays 1 1
10 (A) A 1 1
11 (D) 125 1 1
12 (D) virtual, at a distance of 3.6 m from the surface. 1 1
13 (C) Assertion (A) is true but Reason (R) is false. 1 1
14 (D) Both Assertion (A) and Reason (R) are 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
Deriving an expression for magnetic force 1%
Validity and Justification for zig-zag form conductor Ya
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 —————— ) v,
Where Vv, is the drift velocity of the charge carriers
Current flowing
| =v,qnA &
IL=V,qnAL —————— (2)
On solving equation (1) and (2)
E—I(LxB) &
Yes, because this force can be calculated by considering zig-zag conductor
as a collection of linear strips (dr) and summing them vectorically. Y 2
18 (@

Diagram showing direction of forces 1
Finding net force 1

55/5/3 Page 3 of 17




D
92"- e e

2 ) Lc=
»Fop M 22
Foa
Q=4uc
A) M
-
Fop
91= F:“._ Ga=
+4ALuC —AMC

«—— 30wm —>

OA=0B=0C=0D=r
Net force on charge 4uC

F= lEOA + lEOB + 'Eoc+ IEOD
A:_lfoc :>IEOA+IEOC=0
g=—Foo = Fog+Fpp=0
=0

‘I'Ixo 1o-|'|1

Alternatively

9x10°x4x107° x1x10°°
(154/2 x107%)?

=0.8N

Fos =Fop =1.6 N

F=Fon—Foc =0

F,=Fo —Fop =0

Net Force F =0

(b)

Foa=Foc =

OR

Finding net electric field at centroid

Yo

Y2

Yo

Yo

55/5/3

Page 4 of 17




0r =05 =0c =1pC

AO =BO=CO=r

A

EBc = EOB + Eoc

Egc = Eds + Edc +2E s Eqc C05120°
Eoc =Eos ' EOA == EBc

Net electric field E, = E, + E,.
E,=0

Alternatively
Eon =Eos =Eoc =2.7 NC™*

Eqc =+ Eds + Ec +2E g Eq €05120°

= EOB
As EBc :_EOA
Ege +Egp=0

Net electric field is zero.

Alternatively
‘EOA‘ :‘EOB‘:‘EOC‘

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

Yo

Y2

Yo

Yo

zero.
E=0 2
19 o . .
Identifying behavior of combination 1
Justification 1
It will behave like a conversing lens. 1
Power of converging lens is more than the power of diverging lens. Hence
the combination will behave like a conversing lens. 1

Alternatively

P=PR+P,
100 100
=t
10 -15
10

P=—"
3

Alternatively

55/5/3
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20

Calculation of energy released 1
Calculation of time 1

(a) Number of atoms in 2g deuterium =6.023x10%

Energy released /atom = 3'—227:1.635 MeV

_ Total energy released

B Power

_ 6.023x10% x1.635x1.6x107*
- 200

t

t

t=7.88x10%s

Yo

Yo

Yo

Yo

21

Calculating frequency of light 2

2.2x10°
V:
2x 7x0.53x107*

v=6.6x10"Hz

Yo

Yo

SECTION-C

22

(a)

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

(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 violets law of conservation of energy.

Ya
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.. 1
i) ¢==Bl*w
(ii) >

:%><2><(2)2 x (27 x60)
=4807r V
=1.51x10° V
OR
(b)
(i) Statement and explanation of Ampere’s circuital law 1
(i) 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

Cﬁéa = t4l

The integral in this expression is over a closed loop coinciding with the

boundary of the surface.
(i) | S5A

Pa

L
7

|oA

g ol
2xr

Net magnetic field B =B, - B;
2
g = 4 *10° [10-5]

207
B 47x107" x10° x5
207
B=10"T

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

Y2

Y2

Yo

Yo

Yo

Yo

Yo

23

|

(i) Calculation of work function
(i) Calculation of maximum speed 2

) 6.63x10*x3.0x10"
i =hv, =
() ¢0 0 1.6)(10719

=1.24eV

Ya

Ya
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(ii)

K, =hv—hy,

%mvnfax =h(v-v,)

1
__2h(v—vo)}2

Y2

V 1
— m /2
_ 1
-34 _ 14 (o
V- 2x6.63x10 (9_31 3)x10 Y,
i 9.1x10
=9.35x10° m/s Y
24
(a) Naming the parts of electromagnetic spectrum for (i) and (ii) ¥z +%
(b) Writing one method of production and detection of each Yox4
(@ (i) Infrared waves Yo
(if) Ultraviolet Rays Yo
(b) Method of production
Infrared waves: Hot bodies / Vibration of atoms and molecules Yo
Ultraviolet Rays: Special UV lamps / Sun / Very hot bodies Yo
Method of detection
Infrared waves: Thermopiles / IR photographic film / Bolometer Yo
Ultraviolet Rays: Photocells / photographic film Yo
25
(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 1
(b) Cenlre-Tap
Transformer
— .. Diode 1(D,)
l'.:-n.{ [ - L ! >
'::f ;E (‘:EHIIE A X
= || & [Ta v
e l® 8,
e Diode 2(1D,) R, Gu[puq 1

= AN

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
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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 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.

26

Explanation of (a), (b) and(c) 1+1+1

(a) 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.

27

(a) Calculation for magnetic force and radius 2
(b) Tracing the path 1

(@) Fs=q(VxB)
=-1.6x107" [(3><1o6 f)x(91x10*312)]
=1.6x10"[ 3x10°x91x10"° | j
=4.368x10™] N
p= v

gB

. 9.1x107* x3x10°

1.6x10°x91x10°®
r=1.875x10"*m

(b) Anticlockwise circular path

Yo

Y2

Ya

Yo

28

(a) Calculating the drift speed 1=
(b) Calculation of Relaxation time 15
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(i)

|
V,=—o
enA

Y2

4.25
= 19 28 — m/s
1.6x10 x8.5x10” x10 1,
= 3.125x10™* m/s Yo
(if) 7 = Vo™ ”
3.12x10*x9.1x10* x5 1
= m/s 7z
1.6x107° x1
= 88.72x10" s
-15 )
= 8.872x107" s
SECTION-D
29 (i) (C) greater than 6, 1
(i) (C) A decreases but v is unchanged 1
(i)  (a) (D) violet colour 1
OR
(iii) (b) (C) ry <1, <v,
(ivy (D) undergo total internal reflection 1
30 (i) (D) HCl 1
(i) (B) The net dipole moment of induced dipoles is along the
direction of the applied electric field. 1
(iii) (B) decreases and the electric field also decreases. 1
. 5K
v a C C
) () ULKH}" 1
OR
(v) () (0
16
SECTION - E
31 @)
(i) To identify the circuit element X, Y & Z 1Y%
(if) To establish relation for impedance 2
Showing variation in current with frequency Yo
(iii) To obtain condition for-
(i) Minimum impedance Yo
(if) Wattless current Y2
(i) X: Resistor Yo

Y : real inductor (such that its reactance is equal to its resistance) /
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Inductor
Z : real capacitor (such that its reactance is equal to its resistance)/
Capacitor

(i)

i o
s /VR @V
o f e
/f:q\fb"fff n{)\
|I|' II.-' S “'\l x
- 7S T

< V.+V,

From the fig.
Vrr? :VRZm + (VCm _VLm)2
VZ=(i R)?+(i X —i X_)?

Impedance (Z) :\I/—m = \/Rz +(Xe = X)?

m

A—

= f :'_ r {!j

- [1)

-

1" iy [

W [ radfs —»

(iii) Z =[R2 +(Xe —X,)?
For the minimum value of impedance
(i) Xe=Xo

(ii) Average power consumed in A.C. circuit over a cycle
P=VIcos ¢
For wattless current P = 0
Since V#0,1+0
cos=0
. s
1.€. 0= E

OR

Yo

Yo

Yo

Yo

Yo
Yo

Yo

Yo

Ya
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(b)

(i) Description of Construction and working 1+1
Obtaining relation (% ) 1
i)
(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

Solt iron-core

/.

e *— —8

= 4 F 3 - o
a - E’ =4 8
g2 e 2 g D <]
5 a = 5 g
N i~ =I5 3 d &
s 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)

dg
gp :Vp :_NPE ------------------ (l)

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

dg
=V, =N =2 s 2
&5 = Vg S gt )
From eqg. (1) and (2)
Vs _Ns

V, N,

(it) Any four energy losses

1. Flux leakage.

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

4. Hysteresis.

5. Magnetostriction.

Yo

Ya

1
-x4
2

32

()

(i) Drawing refracted wavefront and Verification of Snell’s law 3
(i) Calculation of distance 2
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[ncident wavelront

M
Mediham 1
F
Medium 2

Refracted

Bq <y E waveltont

Considering triangles ABC and AEC

sini=2C =Y and (1)
AC AC

sinr:E:E ______ (2)
AC AC

From equation (1) and equation (2)

e 3)

sinr v,

If ¢ represents the speed of light in vacuum, then

C C
n=— and n,=—

Vl V2
In terms of refractive indices
n,sini=n.sin r
which is Snell’s law of refraction.

(ii)
X, = (2n-1)AD
2d
X = (2x4-1)x600x107° x1.5
N 2x0.3x10°°
=1.05x107?m
OR
(b)
(1) Brief discussion of Diffraction of light and drawing the shape
of diffraction pattern 2+1
(ii) Proof using mirror formula 2

Yo

Y2

Y2

Yo

Yo

Yo
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(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 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.

(i)
1 1 1
—_= 4 —
f v u
uf
vV=—
u-f

Following new cartesian sign conversion

(u)(hH

-u-(-f)
_uf
Cfu

V=

asf >u

Vv is +ve, So image is virtual.

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

u f-u

33

(@)

(i) Drawing equipotential surfaces 1
(i1) Obtaining an expression for potential energy 2
(iii) Finding the change in potential energy 2

(i)
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| II.I.. El ..._:I : { ( I_I_:._é__:. W .|

(i) Work done in bringing a charge g; from infinity tor, :
Wi=qV(r) e 1)

Work done in bringing a charge g, from infinity to r, against the

external field :

Wy =qV(r,) - 2
Work done on @ against the field due to gx:
Wi, = & ----------------- (3)
4re,l,

Potential energy of the system = Total work done
= QiV(E) + QaV(F) +
4re,r,

(iif) Change in Potential energy = Work done
W = pE [cosOp — cos1]

W =10 x 10° [cos0® — cos60°]
W =50 x 10%°]
OR
(b) (i) Deduction of an expression for electric field for (i) and (i) 3
(ii) Finding magnitude and direction of the net electric field 2

(i)
(i) Electric Field outside the shell
Gaussian surface
Surface charge .-~ 7" £, -
densitve -~ P
P o
.'r - . r I.
Electric flux through Gaussian surface
O=E x 4xr
Charge enclosed by the Gaussian surface
Q = ox4nR?

Y2

Y2

Yo

Yo

Yo
Yo

Yo
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=59
Using Gauss’ law: I Eds=—

)
2
Exd4rr’= (c4zR%)
&
2
CE= O'R2
&r
- oR*,
E=""¢
&
(ii) Eield inside the shell
Surface charge Ceuriace.
N

Electric flux through Gaussian surface
O®=E x 4xr (- r<R)
Charge enclosed by the Gaussian surface

Q=0

By Gauss’ Law
Ex4nr’=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)

(ii) Electric field due to a long straight charged wire of linear charged
density A
A

2re,r

Net electric field at the mid-point
Enet =E1 + E>

Y2

Y2

Y2

Yo
Yo

Yo
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_ AL 4

2me,r  2ms,f
1

+ 4

27&90r[/11 ]

9
= 2x9x107 g><510 [10+20]x10°®

=1.08 x10® NC?

Enet is directed towards CD.

Y2

Y2

Y2
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