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(v) @Y 97 G&I7 26 @ 30 T TG-FTIT (SA) JHR & di7-A7 371 & J97 3 |

(vi) WUZTY I G&I7 31 & 33 d% JH-F709 (LA) IJHK & Gia-gia 3l & Jo7 5 /
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c=3x10%m/s
h=6-63x1073*Js
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Up=4nx 107" Tm A~

gy =8-854 x 10712 C2 N1 m=2
1

4
me

=9x10° N m?2 C2

gL 1 GoIHM (my) = 9-1 x 103! kg

=IZH T geIHH = 1-675 x 10727 kg

T bl geIqqH = 1-673 x 10727 kg
JTENTIET T&AT = 6-023 x 1023 ufe I W (per gram mole)

SIeea A Hadmeh = 1-38 x 10723 JK1
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General Instructions :
Read the following instructions very carefully and strictly follow them :
(i) This question paper contains 35 questions. All questions are compulsory.
(it)  This question paper is divided into five Sections — A, B, C, D and E.
(iti) In Section A - Questions no. 1 to 18 are Multiple Choice (MCQ) type
questions, carrying 1 mark each.

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

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

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

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

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

(ix)  Use of calculators is not allowed.

Use the following values of physical constants, if required :
c=3x108m/s
h =663 x 10734 Js
e=16x10"19C
Wo = 47 x 107" Tm AL
gp =8-854 x 10712 C? N1 m™2
1

47580

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

=9x10° N m?2 C2

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

Boltzmann constant = 1-38 x 10722 JK!
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1. IR % Sih SAI-408 ARG H, Ao 908 Hl dal B 3R g ol &R E
& o9 3 Hl i Bl @
(a) 10eV (b) 1eV
() 01leV (d  001eV

2. Torel a1q % AR, Nl STE-FE F &TRA (A) TH B H g B T
R g W1 3, ¥ #15 wrEl a) yaifed & W R | A’ %ol & &9 ° 0
SRS o UG ST (v,) o TRHATOT <Rl ST ST Hehell & :

vd vd vd 4 vd
N /
A
(b)

A A A
) (c) (d)

(a

8.  diceS ol His ac AId I H fhet p-n GfY SRS IR s gfatigss @ gaifsa
2 | die gfay o & W fria Sieedr & fau @&t fasre g0mm -

Vl/\ Vl/\/\/\
(a) (b)
/N, ;
AR ;
v V4
(c) ]/\ /\ (d)
>

4.  TTESISH T AT TR Ty raeen § fohsft I il STawIfva il &
ST 38 n =5 TR o I L ¢al 8 | 39 Bic shl quTeed 7 ¢

¢

(a) 975 nm (b) 740 nm
(c) 523 nm (d) 95 nm
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SECTION A

In the energy-band diagram of n-type Si, the gap between the bottom of
the conduction band E¢ and the donor energy level Epy is of the order of :
(a) 10eV (b) 1eV

(c) 01leV (d 0-01eV

A steady current flows through a metallic wire whose area of
cross-section (A) increases continuously from one end of the wire to the
other. The magnitude of drift velocity (v,) of the free electrons as a
function of ‘A’ can be shown by :

vd vd v 1 vd
N /
A
(b)

A A A
) (c) (d)

(a

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

V‘l/\ \Y
(a) (b)
N\, R
N A t
V V A
(c) ]/\ /\ (d)
t>

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

oy

1

excites it to n = 5 level. The wavelength of the photon is :
(a) 975 nm (b) 740 nm
(c) 523 nm (d 95 nm
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5. Tl gutfig i mefl@ s 6 gk |, gamia &1 ufgenen & S 3
ferga a2t 2
dog 1 dog
(a) HOT (b) E T
dop 1 dég
(c) 0t (d) e

0

TEl Tdlohi o FHT 319 & |

6.  Torelt wamT H, foRelt oTg % I58 W 7-5 eV Holl o B AUaT & 3 | 39
4Td Y56 H IcHISId STFGHI bl UTq h HIUG — 4-5 Voh a9 o fohdll Saiaele
SR Ush feam et B | arg 1 1 %o ® ¢

(a) 30eV (b) 45eV

(c) 75 eV (d) 12:0eV

[N

7. I3 JATRR PHUSA! (el BT 8:0 cm & a1 TEH 40 ® 7, 0 Heaiek
= % of: 2 e s dwve B AT A F 30 x 102 7 e F
fopet wehamT &fo greehia & | ol o W 3 | 39 Fusel! H Ufa eafesman
faar. s (emf) 7 :

(a) 012V (b) 015V

(c) 019V d 022V

8. Tl AT Sl GeIH TEATIT o1 FAIUTT 8 : 18 | b ATWh Tcal 1 AU

g

(a) 8:1 (b) 4:1

() 2:1 d 1:1
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5. In the process of charging of a capacitor, the current produced between
the plates of the capacitor is :
do 1 d¢
(a)  py—= (b) — &
dt Ko dt
do 1 do
© gg—E @ ——k
0 at g, dt
where symbols have their usual meanings.
6. In an experiment, photons of energy 7-5 eV are incident on a metal

surface. Electrons emitted from the metal surface are stopped by an
electrode at a potential of — 4-5 V w.r.t. the metal. The work function of

the metal is :

(a) 30eV (b) 45eV
(c) 7-5 eV (d 12:0eV
7. A circular coil of radius 8:0 cm and 40 turns is rotated about its vertical

diameter with an angular speed of 25 rad s™! in a uniform horizontal
T

magnetic field of magnitude 3-0 x 1072 T. The maximum emf induced in

the coil is :
(a) 0-12V (b) 0-15V
(c) 0-19V (d) 0-22V
8. Two nuclei have their mass numbers in the ratio of 8 : 1. The ratio of

their nuclear densities is :

(a) 8:1 (b) 4:1
(c) 2:1 d 1:1
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9. Torelt oY forgd foya & 19 W 388 ¢ gl W oo =13 fomg st F wel &l
AT A g | A AW H gl 2r B, Al &N g HAIWE R I are

oA g

(a) E (b) E)
16 8

(c) E (d) E
4 2

10. e =mores O ufd Tehvs Yafed soie@l i T 3-3 x 1019 % | 30 i °

EIHT%H g % :
(a) 2:0A (b) 34 A
(c) 4-8 A (d 53A

11. < Torelt 91 s1d=rcres ol fopell BrEais oIl 1 3teq 7 € e foham Sran
7, ql :

(a) 391 SfaUy ¢ SaT 3 |

(b) B p-YhR I ALIATTH & 1T 2 |
(c) 38 AT H Uk Soiae faadi (81d) o 31fees g ¢ |
(d) Heeh (MUTHH) TTATY] ST YLHT] & 91 & |

12. Tl ufigreshia qared i forelt B8 Traeh o ITR AYET S ga & ke A
TR | g uary

(a) QI gai g SfdehSd fomam Sima |
(b) S gai grT SATehNa feram ST@m |
(c) IR Yd GRI Sfciehltd qem SFRTor ge G SMTehivia feham SITQ |
(d) W gd R RN qAT S0 g gRT Ffcrehiyd foham STar |
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9. A point charge situated at a distance ‘1’ from a short electric dipole on its
%
axis, experiences a force F . If the distance of the charge is ‘2r’, the force

on the charge will be :

(a) E (b) E)
16 8

(c) E (d) E)
4 2

10. The number of electrons flowing through a conductor per second is

3-3 x 10%°. The current flowing through the conductor is :
(a) 20A (b) 34A
(c) 4-8 A d 53A

11. When an intrinsic semiconductor is doped with a small amount of

trivalent impurity, then :

(a)  its resistance increases.

(b) it becomes a p-type semiconductor.

(c) there will be more free electrons than holes in the semiconductor.

(d) dopant atoms become donor atoms.

12. A diamagnetic substance is brought near the north or south pole of a bar

magnet. It will be :

(a)  repelled by both the poles.

(b)  attracted by both the poles.

(c) repelled by the north pole and attracted by the south pole.

(d) attracted by the north pole and repelled by the south pole.
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frferRaa areadt o fopd Iar & foTw shifaes hivT &1 9T 9&d %0 81 ?
(a) A H Y (b) HFE A
() B E A d ERITY
Trll B graeh ol Tohell 91q o @hEe! Tafcivet T 38eh Heaial 378 & A
firren Smar @ | fRd g greres 1 coRor B
(@ & (b) g AR

c) gHHA (d) g3 e

forell a1q o STTRR dR @ Jig (R) o 3 AR i F&ISAT (r) & HoH & €9
T el fommor sl w91l UT% hi9-01 8, Sdfch IR hl @Fars qAq1 a9 Hd
TG T g ?

R R R \ R
(a) (b) (¢) (d)

597 G 16 F 18 3749 (A) 3R BRI (R) ¥R & F97 & | 51 H97 150 T & —
IS T @ STHIT (A) 9T G %1 BRI (R) GRT 3lebd [597 71 & | §& I 1
/2% T WISl (a), (b), (c) 3R (d) & & F7H G0 |

(a) AMMHAT (A) 3T RO (R) AT T&l & 3T SR (R), AMMHAT (A)
Tg! ST HLAT § |

(b)  SAfTHA (A) 3T HRU (R) THT T &, T RV (R), AMHeT (A) H
e SRS g il g |

(c)  ANTHAH (A) HEl B, T BRI (R) TAd 7 |
(d) IHIT (A) TAd 8 99T HRU (R) Ht Tid 2 |
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Which of the following pairs of media has the least value of critical

angle ?
(a) Glass to air (b) Glass to water
(¢) Diamond to water (d) Diamond to air

A bar magnet is dropped in a hollow metallic cylinder along its vertical
axis. The acceleration of the falling magnet will be :

(a)  zero (b) equaltog

(c) lessthan g (d) greaterthang

The correct graph showing the variation of the resistance (R) of a
cylindrical metal wire as a function of its radius (r), keeping its length

and temperature constant, is :

R R[ R[ \ R[\
) (b) (d)

(c)

(a

Questions number 16 to 18 are Assertion (A) and Reason (R) type questions. Two

statements are given — one labelled Assertion (A) and the other labelled Reason

(R). Select the correct answer from the codes (a), (b), (c) and (d) as given below.

55/1/3
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(a) Both Assertion (A) and Reason (R) are true and Reason (R) is the
correct explanation of the Assertion (A).

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

(c) Assertion (A) is true, but Reason (R) is false.

(d) Assertion (A) is false and Reason (R) is also false.

Page 11 of 27 P.T.O.
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FRU(R): W Toh IR g9 8 |

18. 3T (A) : Toret T % fopdl @ farrgatl o offe ot 3= BlaT @ |
HRU(R):  Torl a0 % avfl fog €10 8 &H gt W 2d 2 3R 39 TR

9 hdl § Sl id 3 |

Qs @

19. Tl 3T A9 & HoAshi hl Ishdl BFISATE 20 cm 3R 30 cm 8 | S9hl &THdT

%D% | @9 o hid BT YT 9T g ? 2

20. TYY H AT Hifve fh fordt p-n GfY se ¥ foeror R 3vers gw| fa
TR Uferent fava o fmior 4 e et @ | 2

21. T Qe HW R AT V= (3:0 x 105 m/s) 1§ 3W & § vt fen T 2
ol P gEFEE 8T B = [(04T) i +(03T) ] feremm 2 | 28 &7 & &u
T ] ql“{ehi?ddﬁﬁml?,fﬁ%m:x,yﬁtzaa%wﬁmw
Tfest 8 qAT Vel U7 o T SATa 37 ge|™ 31UTd 4-8 x 107 C/kg 2 | 2

22, R AIgA H FEISH UWATY] i Ay 31aeel Sl —13-6 eV 8 | I3 SAIdA
— 151 eV & Fol T T — 34 eV o Holl TR W HshAT HdT & | Icdioid
et [T it qureed afefara $ifse | 2
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16. Assertion (A) : Photoelectric effect demonstrates the particle nature of
light.

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

frequency.

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

Reason (R):  Copper is a paramagnetic substance.

18. Assertion (A) : The phase difference between any two points on a

wavefront is zero.

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

SECTION B

19. The radii of curvature of the faces of a double-convex lens are 20 cm and

30 cm. Its power is % D. What is the refractive index of the glass of the
lens ? 2

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

A
21. An alpha particle is projected with velocity v = (3:0 x 105 m/s) i into a
- A N
region in which magnetic field B =[04T) 1 +(0:3T) j] exists.

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

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

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

22. The ground state energy of hydrogen atom is —13:6 eV in Bohr model. An
electron makes a transition from an energy level of —1-51 eV to that of
—3-4 eV. Calculate the wavelength of the spectral line emitted. 2

55/1/3 Page 13 of 27 P.T.O.
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23. (&) zEnw fagra &1 I weh et gude o &1 Tt @ wresm
9k HE I FHTA Y58 W YA G arer R i@ €= |
YA o T o W 1 weaw | Hifg | 2

AAAT

(@) 1uadl giaRish shl g1 H qUEd] glarieh sl WATHhdl F1 & STl 2 ? &
TN ¢d FY A9 I ! gfee HifFT | 2

24, ToRIa-graeh™ TaEH % 39 YT I IEATHT :

(%) N Torgd-grachia SiegH o gwd W 6! (a9 STeid § SFer §, a9

(@) < I Tl 9t Sl g U1d % 6T T SHET i W Icqe Bl

g |
$TH ¥ T 1 Teh-Ueh ITAN T | 2
25. (%) A 3 gt sredareteht & o= fadeT Hifvw | 2

JreraT
(@) sufeles sE R sk smg d fFft pn @fyr sEie & V-1
JATYATEATRT BT JALTIT A o [0 GO =aeen ity | faferes
TEE % V — I sAfirernerfires &1 sfog geiid hifs | 2

Qug 1

26. 15 uF 41 % fopel g FuTiE ot fRel ac dicedl v = v sin ot (v, = 310V
qen = 50 Hz) 8 gifSa foman mam @ | ufiepfera shifsie (1) gufia <1 fder,
YT (ii) YT T AW | T9F % B & &9 § U & Ja1ed 97 & faw
EECAICL 3
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23. (a) Using Huygens’ principle, draw a ray diagram showing the
propagation of a plane wave refracting at a plane surface

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

OR

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

Justify your answer giving two reasons. 2

24. Identify the part of electromagnetic spectrum which is :

(a) next to the lowest frequency end of the visible part of

electromagnetic spectrum, and

(b) produced by bombarding a metal target by high energy electrons.

Give one use of each of them. 2
25. (a) Differentiate between intrinsic and extrinsic semiconductors. 2
OR

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

plot of V — I characteristic of a silicon diode. 2

SECTION C

26. An ac voltage v = v, sin ot (v, = 310 V and f = 50 Hz) is connected to a
pure capacitor of capacitance 15 pF. Calculate (i) the reactance of the
capacitor, and (ii) the amplitude of the current. Write the expression of

current through the capacitor as a function of time. 3

55/1/3 Page 15 of 27 P.T.O.
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27. (%) TESNA THEY & folu ot TR oM@ EifEw | queT &, g9 & 3k
3Tah & <l ATRN o qeI&y Hshuvli i 3ifehd HIFT | 3

AAAT
(@) fahm Theel & T gomm g & @0y 999 o1 Ifd Fastia &

foremor =1 e & foiw oM@ difew o sHeht o femivareti 1 Seo@
HITT | gooh AR H TH: TR a1 gidT @ ? 3

28. M fag @Y Q, (-15 uC), Q, (10 uC) TAT Qg (16 pC) HH: (0 cm, O cm),
(0 cm, 3 cm) 3R (4 cm, 3 cm) W feq g | 1mawi o 50 o 61 feor-adga
feafas St gfterfera SHifs | 3

29. (%) iy ford YR Ufcemean & 9 B 2 U Bk TR ! TgrIar § fohelt
goft LCRQﬁqa,Gﬁﬁ?&%@ﬁv=vmsinmtﬁﬁ?ﬁﬁﬁ%, CARIGEIPIEED

foTu =Stes T ShifvTg | 3

AAAT

(@) &1 v=v,sin ot, SEH o 1 qiEfda o S awar g, 9 g et
ot LCR U & TG o foTT 31 F1q hINT | 3 PRI 1 i@
ity 9 W fReE gft LCR afty i oA g HeR el & |
foreft 2ot LCR 9itay § S1gfd & @1y foga 9w o fo=Ror sl g <6

o o difaw | 3
30. IS U 1-2 nm dURE hl ¢ Fic] dUT ¥ Hag & | 39 Ul <hl TSl T IR
TH & TE R | T o AUIeE T AT T Yiehferd HIfT | 3
Qe g

31. (&) @) (1) =Afqer 9 3R faada Ted & g Q@ =R fofla |
(2) I < e v 8 fondl @ srerl & 9m fafge 9 @
bt =it it st 2
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27. (a) Draw the energy level diagram for hydrogen atom. Mark the
transitions corresponding to the series lying in the ultraviolet
region, visible region and infrared region. 3

OR

(b) Draw a diagram to show the variation of binding energy per
nucleon with mass number for different nuclei and mention its two

features. Why do lighter nuclei usually undergo nuclear fusion ? 3

28. Three point charges Q; (=15 pC), Qg (10 pC) and Qg (16 uC) are located
at (0 cm, 0 cm), (0 cm, 3 cm) and (4 cm, 3 cm) respectively. Calculate the

electrostatic potential energy of this system of charges. 3

29. (a) How does the resistance differ from impedance ? With the help of a
suitable phasor diagram, obtain an expression for impedance of a

series LCR circuit, connected to a source v = v, sin ot. 3
OR

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

a series LCR circuit. 3

30. A particle is associated with a de Broglie wave of wavelength 1-2 nm. The
kinetic energy of the particle is made four times. Calculate the new value
of the wavelength of the wave. 3

SECTION D

31. (a) () (1) Write two points of difference between an interference

pattern and a diffraction pattern.

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

Young’s double-slit experiment depends.
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(i) I < forel Tgferll s 4 2 foft o sfter goreh fefant & o
Tt JehTRT <hl FUIGE T 100 AT & |

(1) 5 3Fass R Frhead! fase & = ®IviiE gohd &1
et # qiteped hifvw |

(2) fafel @ 50 cm g8t W foo@ ¢ W 34 Q1 3f=sal & wew
g0t uftepford =iy | 5

AT

(@) () hal BSAT R 1 HI3 M I8 n; 3R n, ATGGTH * al
HIEAH] ! Th-GHL ¥ YU AT & | n, e o HIEFH H
I3 fogfehd fora 30 g3 € gl u W @1 8 3N Y53 G SEhI
Tiifes n, TUEdTH % WL § I8 ¥ v gl WS W@ R |
u AR v 9 qag Fead HINT |

(ii) oM@ H WIT AAR 6:0 cm B o TRl 3| +ra & Tl §
A % g C ¥ 3:0 cm g T IS Bl I I AGAT HET §HAT
2 | A o 9gTef I TSR 1-57 | g § fopet smedl fag E ¥
Mo &l Tdg § ¥ ¢ W 38 gl o onueht feyfa s
T | 5

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

(1) the angular separation in radians between the central

maximum and the adjacent maximum.

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

OR

(b) (1) A spherical surface of radius of curvature R separates two
media of refractive indices n; and ny. A point object is placed
in front of the surface at distance u in medium of refractive
index ny and its image is formed by the surface at distance v,
in the medium of refractive index ng. Derive a relation

between u and v.

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

air. 5

3 cm
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32. (&) () TErRIgheh 4 Ham oM o1 oo HIVT R 38 @ a9 &

foru wfes v ¥ fafEw |

() Tew frm gom fm § wffad gt % a1 % SYoRHII W
ey 8 ° =amen Sl |

(i) Q1 ST A (I q) TAT B (IMEY 2q) FHE: 6531 (0, 0) 3R
(a, a) W @@ g | A9 AT x-3181 3R y-318 o I Thih
afew s i s j § 11 o) ¥ ud § A® BW amifie
ERISIGRCIE I 5

AT

(@) () 2agl % Y¥Hd I & @A q IR — q % s Tpet faga foga
% ey grad & forel fomg W forgd & o foig =St sgou
i |

(i)  Toret forga foga o freff wmae W feuq fordt qre fog 1 gl
et A’ S 7 | 39 fgga & Torw forpa & fopw weer wwnfea
B 2

(iii) TR@ H MY AR Fhefl V2 m o1 & Tt ABCD & foeurt o

Fgfew & waew fagd foya @ 8 1 3@ 9 & %5 (0) W e
forga &= o1 ufmor i feem grea Hifsre | 5

+q —dq
A

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

form, for two charges.

(i1) ‘Gauss’s law is based on the inverse-square dependence on

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

(iii)) Two charges A (charge q) and B (charge 2q) are located at
A A

points (0, 0) and (a, a) respectively. Let i and j be the unit

vectors along x-axis and y-axis respectively. Find the force

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

OR

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

and — q separated by a distance 2a.

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

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

centre (O) of the square. 5

55/1/3 Page 21 of 27 P.T.O.

Get More Learning Materials Here : & m @&\ www.studentbro.in



[ 5

-

33. (%) () Torelt amamEl ta¥a & RO FEh & & fore srE-gEd fem
fafaw | 38 fm &1 ST ek B @’ o TRt gamRR U,
a8 g T yarEd & @ 7, o g W T &F o T His
ST I <hifoTe | fepeft amr ursr & fofu grerehiar & <t feom =t
3T hLd g Freshi &3 W@ Sy |

(i) I goraer forefl TTfireh 1 gaTehR el § 107 m s—1 1 =1a |
iehAT T W@ 8 | Ife ke A B 10010 m 7, O wem |
YTGRAT A a1l S g Icqd & T <hIfY | 5

AT

(@) () ek &F o feya fopelt graEl g 9 W SR 99 %
foTu. =Iereh Foad ShifT | 38 =M &1 3eor@ Shifvie A1 59 5
i foen =1 faffa @ & fore ST foban St 8 | 98 3 difsig
s 3Taiid 98 o1 (1) Afeehad, R (2) Ftaw g 2 |

(i) 1 o €Y AR R A 3R B 91 H THGH H 25 cm 3 W
g | 3 I § fouwlia foemett # wue: 5:0 A R 25 A gW¢
YaTfed B W 8 | a8 Bl 10 cm TFTS W AR A gRT AR ot
%1 IRATY afiehRfad shifT | 5
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33. (a) (1) State Biot-Savart’s law for the magnetic field due to a current
carrying element. Use this law to obtain an expression for the
magnetic field at the centre of a circular loop of radius ‘a’ and
carrying a current ‘I’. Draw the magnetic field lines for a

current loop indicating the direction of magnetic field.

(i1) An electron is revolving around the nucleus in a circular orbit
with a speed of 107 m s~1. If the radius of the orbit is 1071° m,
find the current constituted by the revolving electron in the

orbit. 5

OR

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

(2) minimum.

(ii) Two long parallel straight wires A and B are 2-5 cm apart in
air. They carry 50 A and 2.5 A currents respectively in
opposite directions. Calculate the magnitude of the force

exerted by wire A on a 10 cm length of wire B. 5
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a . b . c
v
i Ry =50 Q
E=60V

d

§R1:IOQ
r=100Q =
h g f

I0Yh o IR W F=fafad w1 o I T

(%) 3@ ufuy § R forg TuH fava w # 2 ;
(@) 9o bg ¥ ury fohaft 2 2 ,
(1) uferiy Ry % Tl fema fersremn 2 2 \
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SECTION E

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

through and potential differences across different resistors using

Kirchhoff’s rules.
a . b . c
v
i R2 = 50 Q
E=60V
d
§ Rl - ].O Q
r=10Q €
h g f

Answer the following questions based on the above :

(a) Which points are at the same potential in the circuit ? 1
(b) What is the current through arm bg ? 1
(c) Find the potential difference across resistance Rg. 2
OR
(c) What is the power dissipated in resistance Ro ? 2
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hifeh IV & T SR 2 | 398 &R < aff 707 g4 8 | I8 d T IS
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60°

B C

3T < IR W F=faRad sl o I ST

(%) 39 TR ToRt0T AT 39 50 € TORd 3T 99 ARfEd i | 1
(@) Tos| o gehmer &1 9 F1d it | 1
(M) Ul ATATeh TEE o Gl TN <hl Hald § SARe SHifT | 2
rera
(T)  TeRTST % YOI T=ANEh quEd i GRS faiflgw | 39k g & foTT @ od
ELIELE 2
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35. Strontium titanate is a rare oxide — a natural mineral found in Siberia.
It is used as a substitute for diamond because its refractive index and
critical angle are 2.41 and 24-5°, respectively, which are approximately
equal to the refractive index and critical angle of diamond. It has all the
properties of diamond. Even an expert jeweller is unable to differentiate
between diamond and strontium titanate. A ray of light is incident
normally on one face of an equilateral triangular prism ABC made of

strontium titanate.

60°

Answer the following questions based on the above :

(a) Trace the path of the ray showing its passage through the prism. 1
(b) Find the velocity of light through the prism. 1
(c) Briefly explain two applications of total internal reflection. 2
OR
(c) Define total internal reflection of light. Give two conditions for it. 2
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MARKING SCHEME: PHYSICS(042)
Code: 55/1/3

Q.No. VALUE POINTS/EXPECTED ANSWERS Marks | Total
Marks
SECTION -A
. | (@o.01ev 1 1
2. (@ 1 1
\Z
A
3 1 1
(c)
\Y%

[\,

t
4. (d) 95 nm 1 1
5. de, 1 1
c) e —=

(©) €, "
6. (a)3.0eV 1 1
7. ()0.19V 1 1
8. (d) 1:1 1 1
9. F 1 1

b) —

(b) 2
10. |(d)53A 1 1
11. (b) it becomes a p-type semiconductor 1 1
12. (a) repelled by both the poles 1 1
13. (d) Diamond to air 1 1
14. (c) Less than g 1 1
15. | (¢) 1 1

| &

16. (b) Both the assertion (A) and Reason (R ) are true , but Reason (R) is not 1 1

the correct explanation of the Assertion (A).
17. (d) Assertion (A) is false and Reason (R) is also false. 1 1

3
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18. (a) Both Assertion (A) and Reason (R) are true and Reason (R) is the 1 1
correctly explanation of the Assertion (A).
SECTION-B

19.

Finding refractive index of the glass 2

R;=20 cm, R, =-30cm P = 2D = ﬁcm*1
6 600

1 1
P=n-1) (—-— !
( )(R. Rz) A
25 1 1 y
=== (—+— 2
600 ( )(20 30)
25 50
— =(n-1
600 ( )(20><3o)
25=(n-1)50 72

n-1= l
2

20.

Formation of potential barrier 2

The diffusion current due to concentration gradient at the junction forms a
space charge region consisting of immobile charge carriers. Due to this an
electric field is generated at the junction giving rise to drift current in a
direction opposite to diffusion current.

The potential at which diffusion current becomes equal to drift current is
called potential barrier. 2 2

21.

Calculation of acceleration of alpha particle 2

F=q(vxB) v
— g(3x10%ix(0.4i+0.3 /)N
F = ¢(0.9x10°k)N 72
F =ma= ¢(0.9x10° k)N
a=2L0.9x10° kyms™ 7
m
=4.8 x10"%x0.9 x10° k ms™

=432x10" k ms” 5
Note: Deduct %, mark if a student does not mention the direction of
acceleration.
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22.

Calculating wavelength of spectral line 2
AE=E,—E, vy
=(-1.51-(-3.4))eV
=1.8%9¢V )
=1.89 x1.6x10™] £
AE = % v

E—E— 6.63x107* x3x10"

AE  1.89x1.6x107"

= 6.58x107 m
= 658nm Vs 2
23. (a)
Ray diagram 1
Proof of Snell’s law of refraction 1

Refracted
E wavefront

vvvvv

AB is incident wave front, incident at an angle i. Let 7 be time taken by the
wave front to travel distance BC.
BC= v, Tt where v is speed of wave in medium 1.
To determine shape of refracted wave front, we draw a sphere of radius
v, T, where v, is speed of wave in medium 2.

CE represents a tangent drawn from point C on sphere, CE is the refracted 7
wave front.

.. BC vzt
sini= —=——

AC AC

. AE  v,T
sintr= —=—2-
AC AC
sini v, 2
—— - — Ty
sinr v,

Note: Give full credit if student derives Snell’s law by taking incident wave
front in denser medium.
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Incident wavefront

Medium 1

Refracted wave

>front

OR
(b)
Reason for preferring reflecting type telescope over refracting
telescope 7t
Justification 2t
1 No Chromatic Aberration - No refraction in mirrors
2 No Spherical Aberration - Due to use of parabolic reflector

3 Easy mechanical support required - Mirrors weigh less and can be
supported over entire back surface. 1+1 b
4 High resolving power — Due to Mirror with large diameter are better.
5 Brighter image — Large mirrors gather more light waves.

Get More Learning Materials Here: &

(Any two)
24,

(a )Identification and use o+

(b) Identification and use ot
a) Infrared Rays 2
Uses: -Muscular pain therapy
(any one) -Remote control

- Photography in foggy conditions !
b) X-rays
Uses: -To study crystal structure Y
(any one) -Detection of fracture in bones
-Cancer treatment Y
Any other correct use. 2
25. | (@)
Difference between intrinsic and extrinsic semiconductor 2
Intrinsic semiconductor Extrinsic semiconductor
1. Pure semiconductor. Semiconductor is Doped with
impurities.

2. Low conductivity at room High conductivity at room

temperature. temperature.

3. n.=ny ne # ny 1+1

6
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(Any one)
Note: Give full credit if a student writes any other relevant correct answer.
OR

(b)
Circuit diagram for forward and reverse biased p-n junction diode
Vot Vs
Yo+ Va

V-I characteristic (Forward and Reverse bias)

/ Switeh
—

Forward Bias Reverse Bias

Characteristics of silicon Diode

SECTION-C

2t

2t

26.
(a) Calculation of reactance of capacitor
(b) Calculation of amplitude of current
Writing expression of current

V=V, sino t C= 15x10°F
V=310 sin 100 7¢
DX, =

oC
1

1007 x15%10°°

4
= & =212 O
1572

V2

=X
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.V
i) i, = —=
C

310

212
Equation of current

1.46 A

L T
1= i sin(wt+—)

— 1.46 sin (100m+§)

27. a)

Energy level diagram for hydrogen atom

infrared region

Transitions corresponding to ultraviolet region, visible region and

1

Nttt

Tota

1 energy. E (eV)

payxg

the transitions.
OR
b)

Note: Award 1 2 mark for energy level diagram if a student does not show

17

Y

Y

V2

Diagram to show variation 1
Two features of diagram
Reason for nuclear fusion 1

-~
Q

""Mo
g

W

.
Sl
o

-

N

Building energy per nucleon (MeV)

100 150 200

Mass number [A)

and does not mention the values of Ey.)

Features of diagram (any two)

(Note: Award full credit even if a student does not mark so many elements

1. Binding energy per nucleon is practically independent of atomic number

8
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for nuclei of middle mass number (30 <A < 170)
2. The curve has maximum of about 8.75 MeV for A= 56 and has a value of
7.6 MeV for A= 238
3. Binding energy per nucleon is lower for both light nuclei (A<30) and ot
heavy nuclei (A>170)
Two lighter nuclei fuse together to form heavier nuclei as the binding energy
per nucleon of fused heavier nuclei is more than the binding energy per
nucleon of the lighter nuclei. Thus the final system is more tightly bound
than initial system.
Alternatively
1
To attain the stability 3
28.
Calculating Electrostatic potential Energy 3
1 VZ,
UQ1Q2 — QIQZ
dre, 1,
_ 9x10°x(=15x10°) x(10x10™°)
3x107 Vs
=-45]
1
UQ2Q3 — Q2Q3
dre, ny,
_9x 10° x(10x107°)x (16x107%)
4x107 A
=361
1
UQ]Q} — Q]Q3
dre, 1,
_9x10”x(=15x107) x(16x10™°)
5%107 |
=-43.21] 1//2
Unet = Uqig2 T Uq2qs + Ugigs
=-45+36-43.2 v,
=-5221
Alternatively
U — k(Q]QZ + Q2Q3 + Q1Q3) 1
ha I3 UK
= 9X10°X(-15x10)x(10x10°) | 9x10°X(10x10°)x(16x10°) | 9x10°x(-15x10°)x(16x10°)
3x10” 4x10” 5x102 1
=(-45 +36-43.2) J
=522 1
3
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209. (a)

Difference between resistance and impedance 1
Obtaining expression for impedance 2

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

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

3. Resistance is opposition offered by material of the conductor while 1
impedance is combined opposition offered by different electrical
components such as resistor, inductor or capacitor.

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

VR

v | wtsd

' 1

T~

Ve

Vr :imRavc:imXc aVL:imXL
1 = Peak value of current in the circuit.
VT V=, g
(Vi)' = V&’ + (Ve - V1)’

= (imR)” + (imXe - inX1)”

1
= i R + (X~ X0)'] .
. v,
im =
JR+(X, - X,)
1 — Vm — 2 _ 2
Im = - where Z = \/R +(X,-X) _ impedance A
OR

(b)

Finding condition for resonance 1

Factors affecting resonant frequency

Graph
Z= JRP+(X,-X,) v,
For maximum current, Z should be minimum therefore to minimize Z

XL = Xc 2

10
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Alternatively
Xr=Xc
1
wL = 1 &
oC
o=
JLC 7
Resonant Frequency depends on value of Inductance and Capacitance 1+ 1
I
1
3
30.
Calculating wavelength of wave 3
A L ”
\2mK y
. h ’
N
\2mx4K
2 \2mK
A 2
2
_1.2nm
2
=0.6nm 1 3
SECTION-D
31 a)
1) (1) Difference between interference pattern and 1+1
diffraction pattern
(2) Two factors affecting fringe width in young’s double '+ '
slit experiment
i1) (1) calculation of angular separation 1
(2) calculation of distance between two maxima
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@ (1)
(a) The interference pattern has a number of equally spaced bright and dark
bands while diffraction pattern has a central bright maximum which is twice
as wide as the other maxima.
(b) Interference pattern is obtained by superposing two waves originating
from two narrow slits, while diffraction pattern is a superposition of a
continuous family of waves originating from each point on a single slit.
I The maxima in interference pattern is obtained at angle A/a, while the
first minima is obtained at same angle A/ a for diffraction pattern.
(d) in interference pattern the intensity of bright fringes remain same while 1+1
in diffraction the intensity falls as we go to successive maxima away from
the center on either side.

(any two)

(2) Factors affecting fringes width
Wave length (A ) / distance of screen from slits (D) / separation between V2tV
slits (d).
(any two)
@11) (1) dsinf =nA 72
n=1

sinf = i
d

For small angle sinf ~ 6= radian. vz

@p==2 = op £

= L x50%1072
100

=50 x10™*m 72
=5 mm
OR

(b)
1) Derivation of relation between u and v 3
i1) Finding apparent position 2

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

12
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for ANOC, 1is the exterior angle

o I= LNOM + ZNCM
. MN MN
= —+—
OM MC
Similarly r = ZNCM — ZNIM
MN MN .
=— (i1)
MC Ml 7
By Snell’s law
n;Sin I =n, Sinr
for small angles
n; 1= n, r Va

substituting I and r from (i) and (ii) we get
n + n _nm—n

OM MI MC

Applying Cartesian coordinates vz

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

no_m_m-mn

V o u R
1
iy 2T ”
vV o u R
R=-6cm,u=-3cm,n; =15 n=1
1.5 1-1.5

V2

V2

ow|
|5
[E—
(9,

V2

from the left surface inside the sphere &
32. (a)

1) Statement of coulomb’s law and vector form 1+1
i1) Explanation of Gauss’s law based on coulomb’s law 1
ii1) Force exerted by charge A on charge B

1) Force between two point charges varies inversely with the square of
distance between the charges and is directly proportional to the product of
magnitude of the two charges and acts along the line joining the two charges. 1

Fo=—l 9%

2 12 1
4re, i,

Alternatively
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F, = 2
12 47[ Eo 1/123 12
Where a is a vector from charge q to charge q;.
i1) In derivation of Gauss’s law, flux is calculated using Coulomb’s law and
surface area. Here coulomb’s law involves iz factor and surface area !
r
involves r* factor. When product is taken, the two factors cancel out and flux
becomes independent of r.
iii)
v
!
2q
aT — — — R
|
\
|
A : 7
1 @ X
- vz
r=AB=ai+aj
r= ‘ﬂ}‘ =Va*+a* =2a
F=—l &4%;
dre, r
Fo 1 quZqX(alJra]) v,
4r e, (\/za)2 \2a
2 “ .
P 1 ><2q2><(l+])
dre, 2a 2
— 1 q’ A,
F= X x(i+
4r e, 24 arl
Fe—rl (i) /
427 e a :
Note: Award 1 mark if a student calculates the magnitude of force only.
— 1 qz
A=t
TE, a
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Alternatively
Give full credit if a student uses component method to solve the question.

OR
(b)
1) Derivation of electric field 2
i1) Effect on electric field 1
ii1) Finding magnitude and direction of electric field 2
)
P/ | >EalP A
I'/
1/’1
A T i
Ao
Cg P[4
FV //;i;//‘ ﬂ
q 1
Eig= X
+q 4r e, r+a’
q 1
Eq= X
4 dre, r’+a’ 2

The components normal to dipole axis cancel away. The components along
the dipole axis add up. &
Total electric field is opposite to dipole moment.
E= —(E.,+E_ )cos 6’1;

—2ga .
4re (r=a’) -

—p A
dre, (r+a’)"”
Deduct 2 mark if the expression of electric field is not in vector form.
i1) At far off point r >>a

Fo—r P _
dre, r
When distance is halved.

E:Lr A
dre (=)
0(2)

15
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__8p
dre, r’

E becomes 8 times
v
iii)

RN
Pet

p,=qx2Cm (along OA)
P, =qg*x2Cm (along OD) "

Do =\ D +D5

= 2\/5 qCm
Electric field at centre O
— kpnet 1/2
(r2 +a2)3/2
atpoint O, r=0 ,a=1m y
2
kxzf 24 _ 5 oty = ~242g

4r e, 7

E=

Along DC

Alternatively

AC=BD=2m

r=0A =0B= 0OC=0D=1m
Electric field at O due to charges at B and D
E,= Egt+ Ep y
2
E = llc_2q+llc_§1 along OB
=2kq
Electric field at O due to charges at A and C
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E, = Ext Ec
_kq  kq
=2kq along OC I//Z
Eno= \JE +E, ’
=242kq = 224
4r e, "
Along DC
Alternatively
+q
——— —q
A N\ T B
I
I
!
I
|
I
|
' :
: I
] =SS e -q
D C
Considering AB as dipole, electric field at O
E, - 2kq xa 12kq1a ~ 2kqa
3/2 S y2 v,
((—= \/— \/—) ) G+35)
Similarly considering DC as another dipole, electric field at O
E,— 1 2kq><a _ 12kq1a Py
1 3/2 2Ty
1
Enet = E1+ E, = 4kqga= X4 x —=x
t 1™ E2 q 4z, \/5 q ',
N 2\2g
4r €, v,
Along DC
5
17
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33. | (a)

1) Statement of Biot-Savart’s law 1
Expression for magnetic field 2
Diagram for magnetic field lines %
i1) Finding current by revolving electron 1%
(i)
The magnetic field at a point due to a current carrying element is 1

proportional to magnitude of current, element length and inversely
proportional to the square of the distance from the element.

Current clement

s p, dixr o
9B = 47[1 r \/

1 In E "®eiB
| dB| _ M4, Idlsin@

Ar 1 o |’4F{

X

Consider a circular coil of radius a carrying current I.

1dl

According to Biot-Savart’s law

M, 1dlsin@

2

Zh
4z r

At point A 1dl La

5.0=90°,sin90° =1

#, 1dl

dr a’
Magnetic field at centre

2ra 2ra
B= ;.: dB = J‘ f—;% 1

Hence Db=

0

= —xizx27m
Az a

2a

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

: v
e
G,
ii) gq=e, v=10'ms"',=10""m
=4
I v,
= q_V
2nr
_ ey
2nr
1.6x107° x 10’ 72
2x 7 x1071°
= %XIO_ZA
4 Ya

=0.255 x10°4 =2.55Ma

OR
b)

1) Derivation of expression for force 2
Statement of Rule Ve
Conditions for maximum and minimum force 72t Ya

i1) Calculation of magnitude of force 17

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

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

magnetic field B , the force on these carriers is "
F=n/Aq(v,*B)
= | jAl |xB %
[j j Ys
= I(IxB)

Where nq\Z is current density (}') and ‘;A‘ is current (I)

Fleming’s left hand Rule: If forefinger, middle finger and thumb are
stretched in mutually perpendicular directions, such that forefinger indicates

19
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the direction of magnetic field, middle finger indicates the direction of
current in the conductor, then thumb indicates the direction of force on the
conductor.
Or
Right Hand Thumb Rule : If the fingers of right hand are made to rotate from
Ito B through angle 6, the thumb points in the direction of force on the 72
current carrying conductor.
Condition for maximum force 8 = 90° y
|[F|=11Bsin0 = 1B ’
Condition for minimum force 6 =0° or 180°
— 1
| -0 :
i)
&
oy A
SA
< S Y
X-8 ewm
_ M, 2L,
F= £ 127 1
4r d &
-7
_ 10 ><2><5>;2.5X10X10,2N 7
2.5x10" 5
=10° N 72
SECTION - E
34. - -
a) Points at same potential 1
b) Current through arm bg 1
c¢) Potential difference across R
OR
c) Power dissipated in R, 2
a) Points (a, b, ¢)
(d, e)
g, £, g,h)
are at same potential 1
Note: Give full credit if a student mentions any two points at same potential
from the above.
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b)

E=60V

r=10Q

According to Kirchhoff’s loop rule

for closed loop abgha
-6+10 Iz + Il =0
I, 101, =6 (1)

for closed loop actha
-6+10 (11—12 )+Il =0

.. 2
11 11—10 Iz =6 (11)
Adding (i) and (ii)
121, =12
Il =1A
Iz =05A 1/
= current through arm bg :
Note: Award 1 mark if a student calculates the current by any other method.
C) VR3 = (I]-Iz) X R3 1
=0.5 x5
=25V 1
OR
(c)P=(-L)* x R, =(0.5)* x 5 .
=125W 1
35.
a) Tracing of path of ray 1

b) Finding velocity of light
c¢) Explanation of two application of TIR
OR
c¢) Definition of TIR 1
Mentioning two conditions of TIR t

Get More Learning Materials Here : & m
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N

1
From fig. angle of incidence on second face /i= 60"
critical angle Zi, =24.5°
(£)> (i)
TIR takes place
byn= <
A%
8
v & = P04 100 s !
n 241
c) Optical Fibre / Brilliance of diamond / mirage (any two) 1+1

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

OR

c) When light travels from optically denser medium to rarer medium at an
interface and gets reflected back into the same medium the phenomenon is 1
called as total internal reflection.

Conditions for TIR
1. Light must travel from optically denser medium to rarer medium. 4
2. Angle of incidence at the interface must be greater than the critical angle ot
for the pair of media.

22
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