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General Instructions :

Read the following instructions very carefully and follow them :

)
(1)
(iii)
()
(v
(vr)
(vii)

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

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

Section A — Question number 1 to 16 are Multiple Choice (MCQ) type
questions. Each question carries 1 mark.

Section B - Question number 17 to 21 are Very Short Answer type
questions. Each question carries 2 mark.

Section C - Question number 22 to 28 are Short Answer type questions.
Each question carries 3 mark.

Section D : Question number 29 and 30 are Case-Based questions. Each
question carries 4 mark.

Section E — Question number 31 to 33 are Long Answer type questions.
Each question carries 5§ mark.

(viit) There is no overall choice given in the question paper. However, an internal

(ix)
(x)

2155/4/1

choice has been prouvided in few questions in all the Sections except
Section-A.

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

Use of calculators 1s NOT allowed.
You may use the following values of physical constants wherever necessary :
c=3x 108 m/s
h=6.63 x 10734 Js
e=16x10"19C
o = 47 x 10" Tm A1
gy = 8.854 X 1012 C2 N1 m2
1

e = 9% 109 N m2 C2
NSO

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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A) —2pC B) -3pC
€ —5pC (D) -15pC
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n

(©) rnocn2 (D) rn“%
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SECTION - A 16 x1=16
1. Two charges + q each are kept ‘2a’ distance apart. A third charge — 2q is
placed midway between them. The potential energy of the system is — 1
2 2
q __6q
@ 8mnega B) 8mnega
_ 7> 9q>
© 8mnega D) 8mnega

2. Two identical small conducting balls B; and B, are given —7 pC and + 4

pC charges respectively. They are brought in contact with a third identical
ball B; and then separated. If the final charge on each ball is -2 pC, the

initial charge on B; was 1
(4) -2pC B) -3pC
(C) -5pC (D) -15pC

3. The quantum nature of light explains the observations on photoelectric
effect as — 1

(A) there is a minimum frequency of incident radiation below which no
electrons are emitted.

(B) the maximum kinetic energy of photoelectrons depends only on the
frequency of incident radiation.

(C) when the metal surface is illuminated, electrons are ejected from the
surface after sometime.

(D) the photoelectric current is independent of the intensity of incident
radiation.

4.  The radius (r,) of n*h orbit in Bohr model of hydrogen atom varies with n

as 1
@A) r «n ®) 1, o~

n
(©) rnocn2 (D) rnoci2

n

2155/4/1 5 P.T.O.
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ufer & uHter # ufafda foram mn 2 | =g for am 6 et qob S fagaor guiem, a7

YT g TTTHT
(A) 0.1 mA (B) 1mA
(C) 10mA (D) 0.1A

8. oo R foreht umeer Wit A | € 9w I yeTted &1 W@ R lﬁWr(z%)ésﬁﬂﬁ
AR IR B 1 A o T H Hehgl T@1 1 & | I B & Holg Jraehd Foied mfeTiaa
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60° Ll
30°
0 >
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A 3 B) —
A V3 (B) G
© 3 O X

2155/4/1 6



e

5. A straight wire is kept horizontally along east-west direction. If a steady
current flows in wire from east to west, the magnetic field at a point above

the wire will point towards 1
(A) East (B) West
(C) North (D) South

6. The magnetic susceptibility for a diamagnetic material is 1
(A) small and negative (B) small and positive
(C) large and negative (D) large and positive

7. A galvanometer of resistance 100 Q is converted into an ammeter of range
(0 — 1 A) using a resistance of 0.1 Q. The ammeter will show full scale

deflection for a current of about 1
(A) 0.1 mA (B) 1mA
(C) 10mA (D) 0.1A

8. A circular loop A of radius R carries a current I. Another circular loop B of

radius r(: %) is placed concentrically in the plane of A. The magnetic

flux linked with loop B is proportional to 1
A) R B) VR

3
(C) R* (D) R2?

9. Figure shows the variation of inductive reactance X; of two ideal

inductors of inductance L; and L,, with angular frequency o. The value of

h 18 1
Ly
XL A
Ly
60° Ll
a0° R
0 > ()
1
A) V3 (B) =
1
© 3 (D) 3

2155/4/1 7 P.T.O.



e

10, 2-316 3% rafem s e el Fre g ot 3 Forg & B s 8 B
o S SheAT=R BT & —

A A B =
n T
(©) 3 (D) 1

11. N%ﬁaﬁaﬁéwmﬁm%ﬁgﬁwmm@ﬁ%%ﬁwmg
veefl % 7 % wAEA L | B w5 W B = B cos (%tjasmﬁwﬁamﬁm
8, T&1 T STkl § | Hugent ¥ INd emf 1 afmmr 58 auar 9 s1feepan g ag 8

~ nT ~nT
A) t= ry B) t= o
©) t= ot (D) t=nT

2
| n=1,2 3,4, ..

12. STSSISH TTHY] 31 STAR Aot |, S &t Sierert W3t <l e wed! @ o8 Tdid gt 8
(A) FHM gl 3R 9 e
(B) Uh-gaLH Al gl o a1 oot # 1feeh Yo
(C) TH-gE < fehe gl ox auT ciisran H 31k Joe
(D) Teh-gaL o ke gt o e disrar H 31 gl

A : T TG 13 & 16 H ql YA U T & — T I AR (A) TAT GHL 1 HRA
(R) o1& TohaT TRIT 8 | &9 U341 o 9! 39U 1 1 fer g (A), (B), (C) 31
(D) T & =3 il

(A) FIRHYF (A) IR SR (R) THI T & 3T SR (R) 3TTHRH (A) hl HEt AR
2l

(B) IMRYF (A) 3R ST (R) THT T & T RN (R) 3T1ReH (A) shl el SR
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10. The phase difference between electric field E and magnetic field B in an
electromagnetic wave propagating along z-axis is — 1

(A) zero B) =
T T
C) -— D) —
©) 5 D) 1

- —

11. A coil of N turns is placed in a magnetic field B such that B

9

is perpendicular to the plane of the coil. B changes with time as

B = B, cos (Z—TT‘Et) where T is time period. The magnitude of emf induced

in the coil will be maximum at 1
(A) t= % B) t= T
©) t=% D) t=nT

Here,n=1, 2, 3, 4, ...

12. In Balmer series of hydrogen atom, as the wavelength of spectral lines
decreases, they appear 1
(A) equally spaced and equally intense.
(B) further apart and stronger in intensity.
(C) closer together and stronger in intensity.
(D) closer together and weaker in intensity.

Note : For questions number 13 to 16, two statements are given — one

labelled Assertion (A) and the other labelled Reason (R). Select the

correct answer to these questions from the codes (A), (B), (C) and (D) as

given below :

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

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

13. Assertion (A) : Electrons are ejected from the surface of zinc when it is
irradiated by yellow light.

Reason (R) : Energy associated with a photon of yellow light is more
than the work function of zinc. 1

2155/4/1 9 P.T.O.
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14.

15.

16.

17.

18.

19.

20.

AUHY (A) : G1gi o e gfaieg aTd T[unes g1 T2 p-Teh o Ae=TeAhI b oL
SfeRIer 7Y TUTTeh SROTIcHe BT 2 |

RO (R) : 9T H ST ATgeh UGG Bld & S&(eh p-YehR o HLATCTh] § T5HETh

FTSTT g ST B & | 1
ARIHY (A) : T foret FTeteh T Soiera(= o TUETE BT 2 A1 $5ehT I8 1Y 78] =i &

39 =Teteh o Tt o Sotdei= g feen Hifade 2 |
HROT (R) : 3TIATE ST ST b Fad ATgodeh ol T STEIRITIT BIelT & | 1
ANHY (A) : ThTIT h AT 3T Toad T T o1l Ush T T 6 Il & 3T hiS

hTeAl Shst Ica=T Tt 3 | fortt 37 Yoo H I o¢ STd) 8 3R 1S =mehicd! he
ITT HA R |

SR (R) : UHT 36 107 § il 8, i1 sAfciehtol 3R forerd shi gitereaai o Soll st

TR T 21T % | 1
Qg -9 5x2=10

forelt p-n GfY TS 7 (1) W T=ER 3R (1) Twafefyes sEs o gfoy mE
Hiferw | 57 QM1 yeRtn | -V s1firererfores ot Eifera | 2

fopell W 3R fopell 3tewt U1 ol faf¥r=t favdl shaet: V, 3RV, % g1 36 TR @i
mw%mgaﬁaﬁama@ﬁwwﬁ%maﬁmu 9
2

SIS TN TehiUT 7T 1 o HHETG hid o TS o Hoteh T IS ST it
2 | 9 38 fren 1 foneft uresft urem o quid: garm Smar & @ 9 Jeqor ok i & foh
i fontor ST eteh ohl Sieh—3Teh TIT hidll & | 3 HILAW h STISHIE ST hITaTT | 2

Fieed VW g1 ferga el % e s1guaih P, 3R P, & | 7 M1 %1 dc dieear V H 3oft
T ST a1 T B | ST S HESH g1 SUMeR I STd SIS | Ife 3 ST bl aeH
I 8 q1ed § S T3 S, o 3 g Iue Sifed STYeR shat ? 2
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14. Assertion (A) : The temperature coefficient of resistance is positive for
metals and negative for p-type semiconductors.

Reason (R) : The charge carriers in metals are negatively charged,
whereas the majority charge carriers in p-type semiconductors are
positively charged. 1

15. Assertion (A) : When electrons drift in a conductor, it does not mean that
all free electrons in the conductor are moving in the same direction.

Reason (R) : The drift velocity is superposed over large random velocities
of electrons. 1

16. Assertion (A) : In interference and diffraction of light, light energy
reduces in one region producing a dark fringe. It increases in another
region and produces a bright fringe.

Reason (R) : This happens because energy is not conserved in the

phenomena of interference and diffraction. 1
SECTION - B 5x2=10

17. Draw the circuit diagram of a p-n junction diode in (i) forward biasing and
(11) reverse biasing. Also draw its I-V characteristics in the two cases. 2

18. A proton and a-particle are accelerated through different potentials V;
and V, respectively so that they have the same de Broglie wavelengths.

Find & . 2
2

19. A ray of light is incident normally on one face of an equilateral glass
prism of refractive index pn. When the prism is completely immersed in a
transparent medium, it is observed that the emergent ray just grazes the
adjacent face. Find the refractive index of the medium. 2

20. Two electric heaters have power ratings P, and P,, at voltage V. They are

connected in series to a dc source of voltage V. Find the power consumed
by the combination. Will they consume the same power if connected in
parallel across the same source ? 2

2155/4/1 11 P.T.O.
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21.

22.

23.

24.

(a) @ H TN FATER HAUEEHH 1.5 3T BT 40 cm & fopeft i & Mol T+
1Y %1 gagent fog B (CB = 20 cm) W %E M1 7 | fog P & 8107 % W 34
JeTsel o Sfcferrs <t wepfer o fRufa wma Aifsw |

(b) Torsfl aTTar giayieh & AT FHRISE § ST(HGea 3T T oF o o= 6l gl
1.00 m 2 | AfE 36 GLaRIe shi LA &HAT 19 7, TI TG IR AN oF 6l
IR Gl T SHINT |

g g -1 7x3=21
(a) iRt fergues i ek dorm & e favied hifvu |
(b) o,Pu?3 % forgued N 3R ,, U235 % forguea-Tull H FAcAlereh q9HdT & | 3fg
UG o,Pu % 1 g Tt Tt o1 fogued &1 S, ot fhat ot (MeV #H)
TR BTt 7 Wifet foraes ger 3ferd it 180 MeV B |
foreft wew o farega & 39 yehR feam mn & —

—> A
E =10x+4)1

I&f x ! m 9T E T N/C T T e 2 | foparm e st ufiewfera hifste, srafes fopeft
TSk ST hl o ST 79T &

i (5 m,0)d (10 m, 0) TH

(i) (5m, 0)d (5 m, 10 m)dH

TSR AT SR § Yehivi 1ot (0) o A1 TEfa Fehifela uri (N) & foreor w1 goiH
% foru o Wit | 39 o g 39 7 @1 st o freeel whd 2, 3w foftaw | 5w
TR H ITTHA <! f-ehea gl o foTg =steh T it |
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21. (a) An air bubble is trapped at point B (CB = 20 c¢m) in a glass sphere of
radius 40 cm and refractive index 1.5 as shown in figure. Find the
nature and position of the image of the bubble as seen by an observer
at point P. 2

OR

(b) In normal adjustment, for a refracting telescope, the distance
between objective and eye piece lens is 1.00 m. If the magnifying
power of the telescope is 19, find the focal length of the objective and

the eyepiece lens. 2
SECTION - C 7x3=21
22. (a) Differentiate between nuclear fission and fusion. 3

239

(b) The fission properties of 3, Pu“>’ are very similar to those of 92U235.

How much energy (in MeV), is released if all the atoms in 1 g of pure
9 4Pu239 undergo fission ? The average energy released per fission is
180 MeV.

23. The electric field in a region is given by
- A
E =(10x+4)1
where x 1s in m and E is in N/C. Calculate the amount of work done in
taking a unit charge from

1) (B m,0)to(10m,0)
(11)) (b m,0)to (5 m, 10 m) 3

24. Draw the graph showing variation of scattered particles detected (N) with
the scattering angle (0) in Geiger-Marsden experiment. Write two
conclusions that you can draw from this graph. Obtain the expression for
the distance of closest approach in this experiment. 3

2155/4/1 13 P.T.O.
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25.

26.

27.

28.

Emﬁmﬁzaa%ﬁgmBMﬁwaﬁﬁﬁq
3R B 2R D
Ao—/\/\/\/\, g E
10 E—/— % 2R
6F ——
N M i 35 R F

10 cm Br=a1 61 %% IABR 91, NEE 1.0 A 911 S&1Rd 8 @ g 4oy a9 § @1 g |
3@ T T STER 3eft qet H HIE e T IR «-3787 6 FAR 20 cm G WTETE |
1.0A

20 cm .

ﬁgOmﬁszﬁaﬁﬁ@ﬁ%Wwwﬁﬁmﬁaﬁmﬁmﬁwwﬁaﬁ
ST =TT, ST <h1fo |

forferftaa o e o fore 3u=wT <Al ST areft faregararchiar o o1 I 37T 3T quTee
gt ferfig

() FM dfsat gomor

(i) T T 1 TEg=A

(i) U & Re=me &1 IR

(a) (1) 3T Wehed oI IRATHT 3R 3Rt ST AEe faiflaw |
(ii) < e FHTE qRATIeRRIl, [eh! TFaTs THH [, U 1 @@ N, 3R N,
wﬁeraﬁIrz(wI)%‘,%é}amﬁw%mww
HIT |
AET
(b) <irg graeh Ugre fohre Hed & ? TrEehId S hi HehodHT h1 STANT Hieh IUTF
I 1 TERIAT T TG Fralehed oh SATEAT SHIFT |
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25. Find the current in branch BM in the network shown : 3
3R B ¢ 2R p R
ApAAAN—2 +—AAAA— E
4R 4R 4R
10 E—— 2R
6 F —
N M H G g F

26. A circular loop of radius 10 cm carrying current of 1.0 A lies in x-y plane.
A long straight wire lies in the same plane parallel to x-axis at a distance

of 20 cm as shown in figure.
1.0A

mim"llll’ 2 x
i

Find the direction and value of current that has to be maintained in the
wire so that the net magnetic field at O is zero. 3

27. Name the electromagnetic waves with their wavelength range which are
used for

(1) FM radio broadcast
(11) detection of fracture in bones

(111) treatment of muscular strain 3

28. (a) (1) Define mutual inductance. Write its SI unit. 3

(1) Derive an expression for the mutual inductance of a system of
two long coaxial solenoids of same length /, having turns N, and

N, and of radii r; and r, (> r,).
OR

(b) What are ferromagnetic materials ? Explain ferromagnetism with
the help of suitable diagrams, using the concept of magnetic domain. 3

2155/4/1 15 P.T.O.
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A : T HEAT 29 W 30 HH UG TA 7 | F= TS 7TY 317 1 1A ik W
o I T |

29. Ge I Si S g ¢TI 1 91a foreht 3fera uger i 3767 AET | H1e foRan STt &
qr g 3rugeht refeTeres 9 STd 2 | AT S § 3 seleele TR foeR digar A9 e
aTEsh] h! Higdl ¥ Heferd Bidl & | 3fd 319gsd & Willd 1 WIS p-Ueh R HAYET n-TJhT
1 TS p-n G H uiafad feram <1 gepar g | fepet p-n gftr & fFmior 4 € ufsremd
forror 3iR s1vaTe B § | 1 SreaTeTsh SRiTE Ue €9 @ %18 p-n HY & T & s @
ol I SITey Sfieedl % FIANT o 1w arg-weust yem feru oird & | 3w fefdmes smafid gn
T HTE p-n HY U 1 el Th & fezn § yenfed B9 o & | 360 o1 % shwor feet
SIS 1 ITAN Toreqd &9 H, 374 a0T STUaT 01 a0 STHTG=ITE1 § Jedmadt (ac) eedrsti
%ﬁw‘w%fwz%mm%l 4x1=4
(i) 59 Ge T ATGH THHAISh UG % W1 a1 ST 2, a1 STafizes § goel-99 8

SIS FFZI oh! o HU o [oTT IR Sl Bl & ST
(A) 0.001eV (B) 0.01eV
(C) 0.72eV D) 1.1eV
(i) Tepel feu am o forefl refarretes o A5 31T dTEeh 1 H&AT 2.0 x 1010 cm 3 B |
SHehT HIEH TegiSieh 315 TRATIST & foham 7T 7 | 35k uRomHEaEy gem foed
(B1eT) o T 8 x 103 cm 3 B T 2 | 39 31ef=ITetes H Solae 1 oh! 6T 2
A) 2x 1024 m3 (B) 4 x 102 m3
(C) 1x10%22m3 (D) 5x 1022 m3
(iii) (a) e p-n A & 70 T
(A) 3SR BT p-8F T n-8 1 TR FoT0T BT 2 91 BIeAl BT n-8F
p-& <1 3R fermrur g 2 |
(B) Sclae{ 3TN Bt THFI o1 81 n-&F B p-&1 shl 3R fa&or Bran 2 |
(C) SFHI T n-8F W p-&F sl TR oot BidT1 2 1 Bl 1 p-&1F 9
n-&87 % AR foreor BT 2 |
(D) ST 3TR BIcT QFI b1 & p-&1F 8 n-&F 1 3TR forawor 2 2 |
AT
(iil) (b) TRt p-n Gftr < s gHT IO T
(A) oo um 8q q 319dTE 9T g B R |
(B) Torwor um &g e S1uaTg €T g8 A § |
(C) TorEoT 9T qer ST9aTE 911 SHI & 98d Bidi & |
(D) e ury qen 379aTs G gl g oy B |
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SECTION -D 2x4=8
Note : Questions number 29 to 30 are Case Study based questions. Read
the following paragraph and answer the questions that follow.

29. A pure semiconductor like Ge or Si, when doped with a small amount of
suitable impurity, becomes an extrinsic semiconductor. In thermal
equilibrium, the electron and hole concentration in it are related to the
concentration of intrinsic charge carriers. A p-type or n-type
semiconductor can be converted into a p-n junction by doping it with
suitable 1impurity. Two processes, diffusion and drift take place during
formation of a p-n junction. A semiconductor diode is basically a p-n
junction with metallic contacts provided at the ends for the application of
an external voltage. A p-n junction diode allows currents to pass only in
one direction when it is forward biased. Due to this property, a diode is
widely used to rectify alternating voltages, in half-wave or full wave
configuration. 4x1=4
(1) When Ge is doped with pentavalent impurity, the energy required to

free the weakly bound electron from the dopant is about
(A) 0.001eV (B) 0.01eV
(C) 0.72eV (D) 1.1eV

(11) At a given temperature, the number of intrinsic charge carriers in a

semiconductor is 2.0 x 1019 cm™3. It is doped with pentavalent
impurity atoms. As a result, the number of holes in it becomes

8 x 103 cm™3. The number of electrons in the semiconductor is
A) 2x10**m3 B) 4x10*m3
(C) 1x10%22m3 (D) 5x 1022 m3
(111) (a) During the formation of a p-n junction —
(A) electrons diffuse from p-region into n-region and holes
diffuse from n-region into p-region.
(B) both electrons and holes diffuse from n-region into p-region.

(C) electrons diffuse from n-region into p-region and holes
diffuse from p-region into n-region.

(D) both electrons and holes diffuse from p-region into n-region.
OR
(111) (b) Imitially during the formation of a p-n junction —

(A) diffusion current is large and drift current is small.

(B) diffusion current is small and drift current is large.

(C) both the diffusion and the drift currents are large.

(D) Dboth the diffusion and the drift currents are small.

2155/4/1 17 P.T.O.
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(iv) TEt ac Sieedar V = 0.5 sin (100 =t) aice 1 sR-9R1 § fopeft 31ef qu fewenrd

T Ut q@r fewshrt o i & wafora fopam T 2 | 3ok o X Fria deedn

ST shEw: BT
(A) 25 Hz, 50 Hz (B) 25 Hz, 100 Hz
(C) 50 Hz, 50 Hz (D) 50 Hz, 100 Hz

30. 15 o8 g1 I8 & Tory uHT qnesf Yehtfies Hied 2t & fEeh gl g81 § A § %H TH
et gHT AfeT | foreht weher Tiefa 98 gra e wfafers < fore g3t 61 o foreft <
o Q IBI R shHeh T H hieh Tt oidl o foIg oie g o of| Hert &1 37N 39 TR g
oH g7 W foRa ST @ | Rt o ot wiehw gft (3Tuen &fwan) <9 % gl g8t ol
Trsanat qen gfqawr & g o9 & erd & AU WX T wtar 2 | Tt uered
AT 3TN fehT T Jehter shY dlTeed WX fAsft st B | @1 ohT SIS Sifed &THal
I IR o TG 3T AR =1 1 I i T BAR TEEaT Hiam 2 | 4x1=4

(i) 20 cm BRRH Gl 1 HIE TAAT JTER] TE 15 cm BIHE Gl o Tt FAE <F
o TP H AHIE T © | 39 TS ohl &l & —

-5 -5
4 3
(©) 3 D D) 3 D

(ii) ol 3T <1 % §1 BT sl Shal BrsAm R 311 2R 2 | 3fg 58 <@ 1 Bk gl
(gja%,zﬁﬁaasmwm%;

A) B)

©)
(i) Torel Ao o %1 BIRE gt

(A) I H G W EE A B |

(B) 3mufad YepTr 1 q@Teed ¥t BH W e Il 2 |

(C) 3Hh IST <l Tshal FsaT § St EH T §ig T 2 |

(D) T 37eT % Tfew S Hoan Wi § h1e W W e A B |

D)

D|w W] o
ol =3 Wk
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(iv) An ac voltage V = 0.5 sin (100 =t) volt is applied, in turn, across a
half-wave rectifier and a full-wave rectifier. The frequency of the
output voltage across them respectively will be

(A) 25 Hz, 50 Hz (B) 25 Hz, 100 Hz
(C) 50 Hz, 50 Hz (D) 50 Hz, 100 Hz

30. A lens is a transparent optical medium bounded by two surfaces; at least
one of which should be spherical. Applying the formula of image formation
by a single spherical surface successively at the two surfaces of a thin
lens, a formula known as lens maker’s formula and hence the basic lens
formula can be obtained. The focal length (or power) of a lens depends on
the radii of its surfaces and the refractive index of its material with
respect to the surrounding medium. The refractive index of a material
depends on the wavelength of light used. Combination of lenses helps us
to obtain diverging or converging lenses of desired power and
magnification. 4x1=4

(1) A thin converging lens of focal length 20 cm and a thin diverging lens
of focal length 15 c¢m are placed coaxially in contact. The power of the
combination is

-5 -5
(A) ?D (B) Y D
4 3
©) 3 D D) 3 D

(11) The radii of curvature of two surfaces of a convex lens are R and 2R.
If the focal length of this lens is (g) R, the refractive index of the
material of the lens is :

A) B)

©) (D)

DO|w W ot
ol =3 Wk

(111) The focal length of an equiconvex lens
(A) 1increases when the lens is dipped in water.
(B) increases when the wavelength of incident light decreases.
(C) increases with decrease in radius of curvature of its surface.

(D) decreases when the lens is cut into two identical parts along its
principal axis.

2155/4/1 19 P.T.O.
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(iv) (a) 3@ H WY AR 10 cm HHH Gl T g I el oiF L 3R 15 ecm
HIehH gl T 15 Fraaet gUuT M Th-gal § 40 cm %1 gl R awie fRuq & |
& 3187 § TR g YT Iral oiF T 3T hidl & | Jifow Sfdfers o
% HIU&T el 3TN Fehat gl Tt & ?

L

M

k—— 40 cm —
(A) 10 cm, &9 & SRff 3R (B) 10 cm, &9 & SR AR

(C) 20 cm, &9 & aRff 3R (D) 20 cm, &9 % TR AR
YT

(iv) (b) 16 cm I8 gl  fohell ITCT o L, T 15 YehTl G, S 18 o H&H 31&
o HHHN &, I BT & | 78 L, o T8 I3 3777 I o L, feeht
®ERE gl 12 cm B, 40 cm g0 W @ @ | 3ifaw wffera & wepfa 3tk o™
L2ﬁ3ﬁtﬁ"'ﬁmz
(A) dTEdfesh, 24 cm (B) AW, 12 cm
(C) dT&dfesh, 32 cm (D) AW, 18 cm

gig - 3x5=15
31. (a) () Toreht 3Tar gdwr gro femelt fomer 1 fefers s goiia = T fopeor s
Hifere 3 3@ gdor gefier e HIf |
(i) TeRISwER =T o 3Tfrgwas 3R T ofd (IfepT) GHT % fow sgares ofd
T ITANT T TS ST & ?
(iii) Tereft TR qamet g foreft o7 foreay o a1raei 200 % | feRT 31 wieRd gt 2
cm & A1 3w fdferd 30 W ST & | Jgees g1 3 TaeH A
i | 5
AYET
() () T amm 31 foreh foptor o offe fadies hifvT |
(i) T fagra fRaT qen Suge TR 1 SR Shich TXEH oh AT ST T
IR |
(iii) = < Tgferd T o frfer S, 31K S, & 9 1 g8t 3 mm & U1 v
ot A gl 1.0 m & | a8 Weror forarm T 2 fob =ihefl =mehicit fihest goll shret
551 9 5 mm 1 gl W E | 3T FohU ST Tt ThRI hl WA F@Hw | 5
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(iv) (a) A thin convex lens L of focal length 10 cm and a concave mirror
M of focal length 15 cm are placed coaxially 40 cm apart as
shown in figure. A beam of light coming parallel to the principal
axis 1s incident on the lens. The final image will be formed at a

distance of
L M

k—— 40 cm —
(A) 10 cm, left of lens (B) 10 cm, right of lens
(C) 20 cm, left of lens (D) 20 cm, right of lens
OR

(b) A beam of light coming parallel to the principal axis of a convex
lens L, of focal length 16 cm is incident on it. Another convex

lens L, of focal length 12 cm is placed coaxially at a distance 40
cm from L;. The nature and distance of the final image from L,

will be
(A) real, 24 cm (B) wvirtual, 12 cm
(C) real, 32 cm (D) wvirtual, 18 cm

SECTION - E 3x5=15

31. (a) (1) Draw a ray diagram for the formation of the image of an object
by a convex mirror. Hence, obtain the mirror equation.

(11) Why are multi-component lenses used for both the objective and
the eyepiece in optical instruments ?

(i11) The magnification of a small object produced by a compound
microscope 1s 200. The focal length of the eyepiece is 2 cm and
the final image is formed at infinity. Find the magnification
produced by the objective. 5

OR
(b) () Differentiate between a wavefront and a ray.

(1) State Huygen’s principle and verify laws of reflection using
suitable diagram.

@(iii)) In Young’s double slit experiment, the slits S; and S, are 3 mm

apart and the screen is placed 1.0 m away from the slits. It is
observed that the fourth bright fringe is at a distance of 5 mm
from the second dark fringe. Find the wavelength of light used. 5
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32. (a)

(b)

33. (a)

(b)

2155/4/1

@

(i1)

®

(i1)

(1)
(i)
(iii)

@
(i1)

TeReht THT=R dfgent GUTiG TERhl aTgehist & & geehd d a9 Igehist 1
AR A &, <l qfgehiat o s Wagdis ‘K’ 3R AICTE ‘%1 IS Teeht W
T R | 39 G bt aridn & fore siste T hifSe |

31 faft= enfiaati s genfE 6 ager (1) 2of 7 39R o (2) 9w 3 forelt 100 V
% dc Ed H FANT R T 7 | AfE 37 QFT SRl § SAHT H |id el Sl
A 40 md 3R 250 mdJ &, AT S e <hl eniiand 3ird shifse |

JHAYAT
39 =M 1 3T ieh I8 TSy foh fohdl TehEdH AERE 310 9Had

et o T fopeft formg R o M E = % n ¥ SR B | T8l et
0
% 3T I T ¢ |
Teneft e ¥ forea %ﬁg %1 39 TehR o fohalT T B
—>

B =(5a2+2)i
T8l E 1 N/C T x 31 Hiedi # =Fard fhan e 2 |
39 T¢I § ST 10 cm o Foreft 9 61 3@ o quif 3an feua fpem e 2 |
gitesfora HifST |

¥

=

(1) wmﬁﬂaéwﬁgﬁw,w
(2) 399 g UNEg A a9 |

3 ] 1 Jeord@ shify fo 7 foRelt LCR #oft aitaer 61 311G shi STafd
TR Sl 8 | SIS ac B i TR o 1 LCR oft ity shi e
7 forartor o1 g1 6 fore 7 St |

IR 3T <hl TR H Tohel IR Z-Ah iR shi shrifafer bt =men Hife |
foreft aTeafeares TFEhIHL I Soll-219 % &1 vl fafaw |

AT
G <hl FErIaT & TohH ac St <6l ST 3T shrifafer < wea o samen hifem |
HE o frfl MM Hlufrm B r A FMATA VAR @R | ™
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32. (a)

(b)

33. (a)

(b)

2155/4/1

@

(11)

@

(i1)

A dielectric slab of dielectric constant ‘K° and thickness ‘t’ is
inserted between plates of a parallel plate capacitor of plate
separation d and plate area A. Obtain an expression for its
capacitance.

Two capacitors of different capacitances are connected first (1) in
series and then (2) in parallel across a dc source of 100 V. If the
total energy stored in the combination in the two cases are 40 mdJ
and 250 md respectivel% If{ind the capacitance of the capacitors.

9
Using Gauss’s law, show that the electric field E at a point due to
%
a uniformly charged infinite plane sheet is given by E = % n
0

where symbols have their usual meanings.

%
Electric field E in a region is given by
d A
E =(6x2+2)i

where E is in N/C and x is in meters.
A cube of side 10 cm yis placed in the region as shown in figure.

%
E

Calculate (1) the electric flux through the cube, and (2) the net
charge enclosed by the cube.

®

(11)
(111)
®
(i1)

Mention the factors on which the resonant frequency of a series
LCR circuit depends. Plot a graph showing variation of
impedance of a series LCR circuit with the frequency of the
applied a.c. source.
With the help of a suitable diagram, explain the working of a
step-up transformer.
Write two causes of energy loss in a real transformer.

OR
With the help of a diagram, briefly explain the construction and
working of ac generator.
An electron is revolving around a proton in an orbit of radius r with
a speed v. Obtain expression for magnetic moment associated with
the electron.
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General Instructions :
Read the following instructions carefully and follow them :

(i)
(ii)
(iii)
(iv)
(v)
(vi)
(vii)
(viit)
(ix)

(x)

This question paper contains 33 questions. All questions are compulsory.
This question paper is divided into five sections — Sections A, B, C, D and E.

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

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

In Section C - Questions no. 22 to 28 are Short Answer type questions. Each
question carries 3 marks.

In Section D — Questions no. 29 and 30 are case study based questions. Each
question carries 4 marks.

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

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.

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

Use of calculators is not allowed.

You may use the following values of physical constants wherever necessary :
c=3x10%m/s
h =663 x 10734 Js
e=16x10"1°C
Uo = 4m X 107" Tm AL
gp = 8854 x 10712 C? N1 m~2

1

471:80

=9x 107 Nm?2 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 per gram mole

Boltzmann constant = 1-38 x 10722 JK!
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SECTION A

1. Consider a group of charges qq, g9, q3 ... such that 2q # 0. Then
equipotentials at a large distance, due to this group are approximately :
(A) Plane (B) Spherical surface
(C)  Paraboloidal surface (D) Ellipsoidal surface

2. A proton is taken from point P; to point Py, both located in an electric
field. The potentials at points P; and Py are — 5 V and + 5 V respectively.
Assuming that kinetic energies of the proton at points P; and P, are zero,

the work done on the proton is :

(A) -16x10"187J (B) 16 x 10718 J
(C) Zero (D) 0-8 x 10718 J
3. A 2.0 cm segment of wire, carrying 5-0 A current in positive y-direction

lies along y-axis, as shown in the figure. The magnetic field at a point
(3 m, 4 m, 0) due to this segment (part of a circuit) is :

Y
50A @
O > X
P
Z
A A
(A) (0-12nT) j (B) —(0-10 nT) j
(€) —(0-24nT) k (D) (0-24 nT) k
4, A circular loop of wire, carrying a current ‘T’ is lying in xy-plane with its

centre coinciding with the origin. It is subjected to a uniform magnetic
field pointing along + z-axis. The loop will :
(A) move along x-axis (B) move along — y-axis

(C) move along z-axis (D) remain stationary

13-55/3/1 5 P.T.O.



HI3 GRIETE! JAThR IRT STHhT Freehid Tl M 7, Tordll a1 greehia &=
B # Sealex a1 #f 38 R Feifid ¥ 75 soo a0 B % sifersad ¥ | 5

T A B % oiEEd F& % U 45° W gfifd B § fRa T wE e
freheaH 2 2

(A) -0-3MB (B) 0.3MB

(C) -1.7MB (D) 1.7MB

15 mH 1 forefl Fusehl & 90 § T | 4 A T HI glg 0-004 s H THAHH &9
@ﬁﬁ%l%ﬂwlﬁﬁﬁﬁﬁ.m.wwmﬂ@m:
(A) 225V B) 175V
(C) 150V (D) 125V

forell vt afrforent W fomm Shifse [eehl T 1, ST eY-3hIe &9%ha A a9
Ul h! H&AT A 2 | 39 TRATITRT o TSehed | Jhg qFIT A

(A) 1R ATH HFg =
(B) I8 % 3t AT gfg @
(C) [ 3lhg 3R AH w7
(D) (3R AT T H 7

o 0

FefaRad 9 & forgeh! ST 3Tfeehad & ?
(A)  3Heh feRtol (B) AT fepol
(©) e awi (D) g&A qql

AM 97 H TfdHE kIS e 3 his UcHhl kT TRl A& AT W ITHA
HA & | I afvres form # emd § iR fRt orut fommaeti w sgoeit wd # |
gIeH o 3T h THepedn gl d°1 Yol U1 ok IWHA i frehean gt o
AT B

(A)

B) 2

(©) (D) 4

BN = DN
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5. A current carrying circular loop of magnetic moment M is suspended in
%
a vertical plane in an external magnetic field B such that its plane is
%
normal to B . The work done in rotating this loop by 45° about an axis

%
perpendicular to B is closest to :

(A) -0-3MB (B) 0-3MB
(C) -1.7MB (D) 1.7MB
6. The current in a coil of 15 mH increases uniformly from zero to 4 A in
0-004 s. The emf induced in the coil will be :
(A) 225V (B) 175V
(C) 150V (D) 125V
7. Consider a solenoid of length / and area of cross-section A with fixed

number of turns. The self-inductance of the solenoid will increase if :
(A) both !/ and A are increased

(B) [1is decreased and A is increased
(C) lisincreased and A is decreased

(D) both ! and A are decreased

8. Which one of the following has the highest frequency ?

(A) Infrared rays (B) Gamma rays
(C) Radio waves (D) Microwaves
9. A proton and an alpha particle having equal velocities approach a target

nucleus. They come momentarily to rest and then reverse their
directions. The ratio of the distance of closest approach of the proton to
that of the alpha particle will be :

(A) B) 2

©) (D) 4

BNl= N
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10.

11.

12.

foreht feu T wehToI-guTE gse % U Seafia wid-goEgHl i sifiean i
Sl (K) 3R efmafaa fafereon shi smait (v) s s @i e fefaked o |
T ST TE B 2

Km K
(A) (B)
>V >V
Km Km
A A
(®)) (D)
>V > V

BIEGI TLATY] o SR Oied § g S n = 2 &R & n = 1 TR I Thu0l
HAT B | 3ok THGHAY I H

(A)  87-5% ! dfg Brft

(B)  87-5% i SH! gt

(C)  43-75% i Jhg B

(D)  43:75% <1 T gt

Si %1 HIGT Y=EAS awd o A1 Tohal 7T 8 | SATdh Soidei i Tk i o
U 3Traves SoIt 8 T

(A)  001eV (B) 0-05eV

(C) 0:72eV (D) 11eV
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10. Which one of the following is the correct graph between the maximum
kinetic energy (K ) of the emitted photoelectrons and the frequency of
incident radiation (v) for a given photosensitive surface ?

Km K
(A) (B)
>V >V
Km K
A Fi S
(C) (D)
>V > V

11. An electron makes a transition from n = 2 level to n = 1 level in the Bohr
model of a hydrogen atom. Its period of revolution :

(A) increases by 87-5%
(B) decreases by 87-5%
(C) increases by 43-75%
(D) decreases by 43-75%

12. Siis doped with a pentavalent element. The energy required to set the
additional electron free is about :

(A) 0-01eV (B) 0-05eV
(C) 0-72 eV (D) 1-1eV

13-55/3/1 9 P.T.O.
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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) Assertion (A) is false and Reason (R) is also false.

13. Assertion (A) : In a semiconductor, the electrons in the conduction band
have lesser energy than those in the valence band.

Reason (R): Donor energy level is just above the valence band in a
semiconductor.

14. Assertion (A) : Photoelectric effect demonstrates the particle nature of
light.

Reason (R): Photoelectric current is proportional to frequency of
incident radiation.

15. Assertion (A) : A proton and an electron enter a uniform magnetic field
%
B with the same momentum 5) such that 5) is
%
perpendicular to B . They describe circular paths of the

same radius.

Reason (R): In a magnetic field, orbital radius r is equal to %

q
16. Assertion (A) : A convex lens, when immersed in a liquid, disappears.

Reason (R): 'The refractive indices of material of the lens and the

liquid are equal.

13-55/3/1 11 P.T.O.
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17.

18.

19.

20.

21.

13-55/3/1 13 P.T.O.

SECTION B

(a) What is meant by ‘relaxation time’ of free electrons in a conductor ?

Show that the resistance of a conductor can be expressed by
m/
R =

ne2rA

, where symbols have their usual meanings.

OR
(b) Draw the circuit diagram of a Wheatstone bridge. Obtain the

condition when no current flows through the galvanometer in it.

The magnifying power of an astronomical telescope is 24. In normal
adjustment, distance between its two lenses is 150 cm. Find the focal

length of the objective lens.

Explain the following :

(a)  For a simple microscope, the angular size of the object equals the

angular size of the image. Yet it offers magnification.

(b)  Both plane and convex mirrors produce virtual images of objects.

Can they produce real images under some circumstances ?

The minimum intensity of white light that our eyes can perceive is about
0-1 nWm™2. Calculate the number of photons of this light entering our

pupil (area 0-4 cm?) per second.

(Take average wavelength of white light = 500 nm and Planck’s
constant = 6.6 x 10734 Js)

Suppose a pure Si crystal has 5 x 1028 atoms m™3. It is doped by 1 ppm
concentration of boron. Calculate the concentration of holes and

electrons, given that n; = 1'5 x 1016 m=3. Is the doped crystal n-type or
p-type ?
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SECTION C

22. Determine the current in branches AB, AC and BC of the network shown

in figure. 3
B

D

23. Two long straight parallel conductors carrying currents, exert a force on

each other. Why ? Derive an expression for the force per unit length

between two long straight parallel conductors carrying currents in

opposite directions. Explain the nature of the force between these

conductors. 3

24. A sinusoidal voltage is applied to an electric circuit containing a circuit

element X’ in which the current leads the voltage by g .

(a)
(b)
(c)

(d)

13-55/3/1

Identify the circuit element X’ in the circuit.
Write the formula for its reactance.

Show graphically the variation of this reactance with frequency of
ac voltage.

Explain the behaviour of this element when it is used in (i) an ac

circuit, and (ii) a dc circuit. 3

15 P.T.O.
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25.

26.

27.

28.

The electric field in an electromagnetic wave in vacuum is given by :

%

E = (6:3 N/C) [cos (1-5 rad/m) y + (45 x 108 rad/s) t] i
(a) Find the wavelength and frequency of the wave.
(b) What is the amplitude of the magnetic field of the wave ?

(c) Write an expression for the magnetic field of this wave. 3

State Bohr’s first and second postulates. Use them to derive an

expression for the radius of the nth orbit in a hydrogen atom. 3

(a) Define atomic mass unit (u).

(b) Calculate the energy required to separate a deuteron into its

constituent parts (a proton and a neutron). Given : 3
m(D) = 2.014102 u

my; = 1.007825 u

m_, = 1.008665 u

(a) Draw the circuit diagrams for obtaining the V — I characteristics of
a p-n junction diode. Explain briefly the salient features of the

V — I characteristics in (i) forward biasing, and (ii) reverse biasing. 3

OR

(b)  On the basis of energy band diagrams, distinguish between (i) an

insulator, (i1) a semiconductor, and (iii) a conductor. 3

13-55/3/1 17 P.T.O.
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SECTION D
Case Study Based Questions

Questions number 29 and 30 are case study based questions. Read the following
paragraphs and answer the questions that follow.

29. The figure shows four pairs of parallel identical conducting plates,
separated by the same distance 2-0 cm and arranged perpendicular to
x-axis. The electric potential of each plate is mentioned. The electric field
between a pair of plates is uniform and normal to the plates.

-0V -50V -50V +150V 20V 4200V -100V —400V Hf

I II IT1
- A
i) For which pair of the plates is the electric field E along i ? 1
A) 1 (B) II
(C) III (D) IV

(i1)  An electron is released midway between the plates of pair IV. It
will : 1

(A) move along 1 at constant speed
(B) move along —1 at constant speed
(C) accelerate along i

(D) accelerate along .

(iii) Let V( be the potential at the left plate of any set, taken to be at
x = 0 m. Then potential V at any point (0 < x < 2 cm) between the

plates of that set can be expressed as : 1
(A) V=Vy+ax (B) V=Vj+ax?
(C) V=Vy+axl? D) V=Vy+ax3?2

where o is a constant, positive or negative.

13-55/3/1 19 P.T.O.
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(iv) (a) Let Eq, E,, E5 and E, be the magnitudes of the electric field

between the pairs of plates, I, II, III and IV respectively.
Then : 1

(A) E{>Ey>E3>E, (B) Eg>E,>E;>E,
(C) E4>E3>E2>E1 (D) E2>E3>E4>E1
OR

(b)  An electron is projected from the right plate of set I directly
towards its left plate. It just comes to rest at the plate. The
speed with which it was projected is about :

(Take (e/m) =1-76 x 1011 C/kg) 1
(A) 1.3 x 105 m/s (B) 2.6 x 10% m/s
(C) 6-5x10°m/s (D) 5-2 x 107 m/s

30. Diffraction and interference are closely related phenomena that occur
together. Diffraction is the phenomenon of bending of light around the
edges of the obstacle, while interference is the combination of waves that
results in a new wave pattern. In order to get interference, there must be
at least two waves that are diffracting. So while diffraction can occur

without interference, interference cannot occur without diffraction.

Two slits of width 2 um each in an opaque material are separated by a
distance of 6 um. Monochromatic light of wavelength 450 nm is incident
normally on the slits. One finds a combined interference and diffraction
pattern on the screen.

) The number of peaks of the interference fringes formed within the

central peak of the envelope of the diffraction pattern will be : 1
(A) 2 B) 3
C) 4 (D) 6

(i1) The number of peaks of the interference formed if the slit width is
doubled while keeping the distance between the slits same will be : 1
A) 1 B) 2
C) 3 (D) 4

13-55/3/1 21 P.T.O.
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(iii)

(iv)

31. (a)

(b)

13-55/3/1

(a) If instead of 450 nm light, another light of wavelength
680 nm is used, number of peaks of the interference formed
in the central peak of the envelope of the diffraction pattern

will be :

(A) 2 (B) 4

(C) 6 D) 9
OR

(b)  Consider the diffraction of light by a single slit described in
this case study. The first minimum falls at an angle 6 equal

to:
(A) sin—1(0-12) (B) sin—1(0-225)
(C) sin—1(0-32) (D) sin—1(0-45)

The number of bright fringes formed due to interference on 1 m of

4 N
screen placed at gm away from the slits is :

(A) 2 (B) 3
(C) 6 (D) 10
SECTION E

(i)  Obtain the expression for the capacitance of a parallel plate

capacitor with a dielectric medium between its plates.

(i1) A charge of 6 uC is given to a hollow metallic sphere of radius
0-2 m. Find the potential at (i) the surface and (ii) the centre
of the sphere.

OR

(i) A charge + Q is placed on a thin conducting spherical shell of
radius R. Use Gauss’s theorem to derive an expression for the

electric field at a point lying (i) inside and (ii) outside the shell.

(ii) Show that the electric field for same charge density (o) is
twice in case of a conducting plate or surface than in a

nonconducting sheet.
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1)

(ii)

(1)
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(1)
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32. (a)

(b)

33. (a)

13-55/3/1

(1)

(i1)

1)

(ii)

(1)

(1) What is meant by current sensitivity of a galvanometer ?

Mention the factors on which it depends.

(2) A galvanometer of resistance G is converted into a
voltmeter of range (0 — V) by using a resistance R. Find
the resistance, in terms of R and G, required to convert it

into a voltmeter of range (0 — %) .

The magnetic flux through a coil of resistance 5 Q increases

with time as :
b =(2.0t3 +5.0t2 + 6.0 t) mWb

Find the magnitude of induced current through the coil at

t=2s.
OR

A rectangular coil of N turns and area of cross-section A is
rotated at a steady angular speed ® in a uniform magnetic
field. Obtain an expression for the emf induced in the coil at

any instant of time.

Two coplanar and concentric circular loops L; and Ly are
placed coaxially with their centres coinciding. The radii of Ly

and Lo are 1 cm and 100 cm respectively. Calculate the

mutual inductance of the loops. (Take ©2 = 10)

Trace the path of a ray of light showing refraction through a
triangular prism and hence obtain an expression for angle of
deviation (3) in terms of A, i and e, where symbols have their
usual meanings. Draw a graph showing the variation of angle

of deviation with the angle of incidence.
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(b)

13-55/3/1

(i1)

(1)

(ii)

In the figure, a ray of light is incident on a transparent liquid
contained in a thin glass box at an angle of 45° with its one
face. The emergent ray passes along the face AB. Find the

refractive index of the liquid.

A 45° D

OR

The displacement of two light waves, each of amplitude ‘a’ and
frequency o, emanating from two coherent sources of light,
are given by y; = a cos ot and y, = a cos (ot + ¢). ¢ is the
phase difference between the two waves. These light waves
superpose at a point. Obtain the expression for the resultant

intensity at that point.

In Young’s double slit experiment, find the ratio of intensities
at two points on a screen when waves emanating from two

slits reaching these points have path differences (i) A and

e A
(i1) 12"
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General Instructions :

Read the following instructions carefully and follow them :

(i)
(ii)
(i1i)
(iv)
(v)
(vi)
(vii)
(viit)
(ix)

(x)

This question paper contains 33 questions. All questions are compulsory.
This question paper is divided into five sections — Sections A, B, C, D and E.

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

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

In Section C - Questions no. 22 to 28 are Short Answer type questions. Each
question carries 3 marks.

In Section D — Questions no. 29 and 30 are case study based questions. Each
question carries 4 marks.

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

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.

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

Use of calculators is not allowed.

You may use the following values of physical constants wherever necessary :
c=3x108m/s
h =663 x 10734 Js
e=16x10"19C
Ug = 4m X 107" Tm AL
gp = 8854 x 10712 C? N1 m~2

1

4
me,

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

=9x 109 Nm?2C2

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!

12-55/2/1 3 P.T.O.
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m
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(A) %d
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©)  2vq
D) 4 vq
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SECTION A

1. Two charged particles P and Q, having the same charge but different
masses mp and mg, start from rest and travel equal distances in a

%
uniform electric field E in time tp and tq respectively. Neglecting the

t
effect of gravity, the ratio [—P] is :

tq
m m
&) —P ® —2
m o mp
m m
© |2 o |2
m mp,
2. Electrons drift with speed v4 in a conductor with potential difference V

across its ends. If V is reduced to (g) , their drift speed will become :

vVd
A 2d
(A) 2
B) g
(C)  2vq
D) 4wy
3. A wire of length 4:4 m is bent round in the shape of a circular loop and

carries a current of 1-0 A. The magnetic moment of the loop will be :

(A) 07 Am?
(B) 154 Am?
(C) 2-10 Am?
(D) 35 Am?

12-55/2/1 5 P.T.O.
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4. A circular coil of radius 10 cm is placed in a magnetic field

- A A

B =(1:0 i +0'5 j) mT such that the outward unit vector normal to the
A /AN

surface of the coil is (0:6 i + 0-8 j). The magnetic flux linked with the

coil is :
(A) 0-314 Wb (B) 3:14 uyWb
(C) 314 uWb (D)  1-256 uWbh
5. Which of the following quantity/quantities remains same in primary and

secondary coils of an ideal transformer ?

Current, Voltage, Power, Magnetic flux
(A)  Current only

(B)  Voltage only

(C)  Power only

(D)  Magnetic flux and Power both

6. A resistor and an ideal inductor are connected in series to a 100v2 V,
50 Hz ac source. When a voltmeter is connected across the resistor or the

inductor, it shows the same reading. The reading of the voltmeter is :

(A)  100v2 V (B) 100V
(C) 5042V D) 50V
7. Electromagnetic waves with wavelength 10 nm are called :
(A) Infrared waves (B)  Ultraviolet rays
(C) Gamma rays (D) X-rays
8. The work function for a photosensitive surface is 3:315 eV. The cut-off

wavelength for photoemission of electrons from this surface is :
(A) 150 nm (B) 200 nm

(C) 375 nm (D) 500 nm
12-55/2/1 7 P.T.O.
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7\’1 }\’2 }\’3

(C) }\,1+)\,2+}\,3:0 (D) )\,1+}\,2:}\,3
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9. Energy levels A, B and C of an atom correspond to increasing values of
energy i.e. Ep < Eg < Ec. Let A4, A9 and A3 be the wavelengths of
radiation corresponding to the transitions C to B, B to A and C to A,
respectively. The correct relation between A1, A9 and Ag is:

2 2 2 1 1 1
(A) A7 + Xy = A5 B — 4+ - =_—
}\‘1 7\'2 7\'3

(C) }L1+}L2+}L3=0 (D) 7L1+}L2=}\43

10. An alpha particle approaches a gold nucleus in Geiger-Marsden
experiment with kinetic energy K. It momentarily stops at a distance d
from the nucleus and reverses its direction. Then d is proportional to :

(A) B) JK

(©) (D) K

gl

11. An n-type semiconducting Si is obtained by doping intrinsic Si with :
(A) Al (B) B
C P (D) In

12. When a p-n junction diode is subjected to reverse biasing :
(A) the barrier height decreases and the depletion region widens.
(B)  the barrier height increases and the depletion region widens.
(C)  the barrier height decreases and the depletion region shrinks.

(D) the barrier height increases and the depletion region shrinks.

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

12-55/2/1 9 P.T.O.
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13. Assertion (A) : Photoelectric current increases with an increase in
intensity of incident radiation, for a given frequency of

incident radiation and the accelerating potential.

Reason (R): Increase in the intensity of incident radiation results in
an increase in the number of photoelectrons emitted per

second and hence an increase in the photocurrent.

14. Assertion (A) : Lenz’s law is a consequence of the law of conservation of

energy.

Reason (R): There is no power loss in an ideal inductor.

15. Assertion (A) : An electron and a proton enter with the same momentum
- —
5) in a magnetic field B such that B 1 B. Then both

describe a circular path of the same radius.

Reason (R): The radius of the circular path described by the charged

particle (charge q, mass m) moving in the magnetic field

%
B is given by r = mv.

qB

16. Assertion (A) : The magnifying power of a compound microscope is

negative.

Reason (R):  The final image formed is erect with respect to the object.
SECTION B

17. Define resistivity of a conductor. How does the resistivity of a conductor
depend upon the following : 2

(a)  Number density of free electrons in the conductor (n)

(b) Their relaxation time (1)

12-55/2/1 11 P.T.O.
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18.

19.

20.

21.

22,

12-55/2/1 13 P.T.O.

(a) Two waves, each of amplitude ‘a’ and frequency ‘w0’ emanating from
two coherent sources of light superpose at a point. If the phase
difference between the two waves is ¢, obtain an expression for the
resultant intensity at that point.

OR

(b)  What is the effect on the interference pattern in Young’s double-slit
experiment when (i) the source slit is moved closer to the plane of
the slits, and (ii) the separation between the two slits is increased ?
Justify your answers.

A convex lens (n = 1-52) has a focal length of 15:0 cm in air. Find its focal
length when it is immersed in liquid of refractive index 1:65. What will be
the nature of the lens ?

The carbon isotope 120 has a nuclear mass of 12-:000000 u. Calculate the
binding energy of its nucleus.
Given m;, = 1-007825 u; m,, = 1-008665 u.

How does the energy gap of an intrinsic semiconductor effectively change
when doped with a (a) trivalent impurity, and (b) pentavalent impurity ?
Justify your answer in each case.

SECTION C

The figure shows a circuit with three ideal batteries. Find the magnitude
and direction of currents in the branches AG, BF and CD.

A 20 B 20 e
__+6V
3V+_____ 4 Q) -
6V +—__— %29
—\VWWW
G 20 F D
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24.

25.

26.

27.

12-55/2/1 15 P.T.O.

(a) On what factors does the speed of an electromagnetic wave in a
medium depend ?

(b)  How is an electromagnetic wave produced ?

(c) Sketch a schematic diagram depicting the electric and magnetic
fields for an electromagnetic wave propagating along z-axis.

A 100-turn coil of radius 1:6 cm and resistance 5:0 Q is co-axial with a

solenoid of 250 turns/cm and radius 1:8 cm. The solenoid current drops

from 1-5 A to zero in 25 ms. Calculate the current induced in the coil in

this duration. (Take 72 = 10)

(a) Two long, straight, parallel conductors carry steady currents in
opposite directions. Explain the nature of the force of interaction
between them. Obtain an expression for the magnitude of the force
between the two conductors. Hence define one ampere.

OR

(b)  Obtain an expression for the torque t acting on a current carrying

%
loop in a uniform magnetic field B. Draw the necessary diagram.
Using Bohr’s postulates, derive the expression for the radius of the nth

orbit of an electron in a hydrogen atom. Also find the numerical value of
Bohr’s radius ay,.

de Broglie wavelength A as a function of L , for two particles of masses

JK

m; and my are shown in the figure. Here, K is the energy of the moving

particles.
l N
my
1

=

(a)  What does the slope of a line represent ?
(b)  Which of the two particles is heavier ?
(c) Is this graph also valid for a photon ?
Justify your answer in each case.
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28. With the help of a circuit diagram, explain the working of a p-n junction
diode as a full wave rectifier. Draw its input and output waveforms. 3

SECTION D
Case Study Based Questions

Questions number 29 and 30 are case study based questions. Read the following
paragraphs and answer the questions that follow.

29. When the terminals of a cell are connected to a conductor of resistance R,
an electric current flows through the circuit. The electrolyte of the cell
also offers some resistance in the path of the current, like the conductor.
This resistance offered by the electrolyte is called internal resistance of
the cell (r). It depends upon the nature of the electrolyte, the area of the
electrodes immersed in the electrolyte and the temperature. Due to
internal resistance, a part of the energy supplied by the cell is wasted in
the form of heat.

When no current is drawn from the cell, the potential difference between
the two electrodes in known as emf of the cell (¢). With a current drawn
from the cell, the potential difference between the two electrodes is
termed as terminal potential difference (V).

(1) Choose the incorrect statement : 1

(A)  The potential difference (V) between the two terminals of a cell
in a closed circuit is always less than its emf (¢), during
discharge of the cell.

(B) The internal resistance of a cell decreases with the decrease in
temperature of the electrolyte.

(C)  When current is drawn from the cell then V = ¢ — Ir.

(D) The graph between potential difference between the two
terminals of the cell (V) and the current (I) through it is a
straight line with a negative slope.

(ii))  Two cells of emfs 2:0 V and 6-:0 V and internal resistances 0-1 Q and

0-4 Q respectively, are connected in parallel. The equivalent emf of the

combination will be : 1
A 20V B 28V
C) 60V (D) 80V

12-55/2/1 17 P.T.O.



(iii)

(iv)

faer # g9 3¢ SIS foRd-3Taaey 8 AT 1 HGH-YGH Hid & |
I W Tod [Igd-oHed % WY €FTcHe e I favd
V., (V4 > 0) 99T McH SIS bl fava — (Vo) (V_ > 0) & J1aT & |
59 S ° HIS 9/ TG o S @A 7, qd
(A) e=Vo+V_>0 B) e=V.-V_>0
(C) £€=V,.+V_<0 M) €=Vo.+V_=0
(%) 2V faan s (emf) 3R 0-1 Q 3M=<ies AUy & T FGEH
Tl ! q9d H BT fomam T ? | 39 HAeH i T 998 Q%
ST Ufaliess & GifSa fomam T 8 | gfliess | ganfed am 2
(A) 005A (B) 01A
(C) O015A (D) 02A
Jrora

(@) ol 9iuy o fopet 1 o o | fovarm 6 Ve | 2 A faga gm
A W IE favar=r 4 V& a1 8 | O T ATl gfeiy B
(A) 10Q B) 15Q
(C) 20Q D) 25Q

30. & HIZ YT hl fHr gud uieem ¥ fored wiemw O geRor ot g, @ 9%
AU ¥ @ S Il @ | S A hHi0 H Jhg A &, ql Tudfda R
feres A 3T Afeeh gedt St 8 | w94 diedm § fopelt fa9iy smdeH o7 <
fau safda forwmr gHl weami & FaUse Wi Sih-Sleh TRl At B | 39
3G 10T ! BRI HIEHT o I (SS) o TIU shifcreh <hIvT Had & |

1)

(i1)

12-55/2/1

Shifdeh hIUT 9T 3T i Tl Tehl0T o TTT Yad= <hivT <1 HH 84T § :

(A) 0° (B) <90°
(C) >090° (D)  90°

ST (nzg) H T HAT BIE 600 nm TG hl T R0 Fe1-a1Y
JTTYSS TX STk hivl H A HIV W ATIdH HLdl 8 | Tualad T |
oG e @ :

(A) 400 nm (B) 450 nm

(C) 600 nm (D) 800 nm
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(iii) Dipped in the solution, the electrode exchanges charges with the
electrolyte. The positive electrode develops a potential V. (V. > 0),
and the negative electrode develops a potential — (V_) (V_> 0), relative
to the electrolyte adjacent to it. When no current is drawn from the

cell then : 1
(A) e€=V.+V_>0 B) e=V,.-V_>0
(C) e=V,i+V_<0 (D) e=V,o,+V_=0

(iv) (a)  Five identical cells, each of emf 2 V and internal resistance
0-1 Q are connected in parallel. This combination in turn is
connected to an external resistor of 9-98 Q. The current

flowing through the resistor is : 1
(A)  005A (B) O01A
(C) O015A (D) 02A

OR

(b)  Potential difference across a cell in the open circuit is 6 V. It
becomes 4 V when a current of 2 A is drawn from it. The

internal resistance of the cell is : 1
(A) 10 Q (B) 15 Q
C) 20Q (D) 25Q

30. When a ray of light propagates from a denser medium to a rarer medium,
it bends away from the normal. When the incident angle is increased, the
refracted ray deviates more from the normal. For a particular angle of
incidence in the denser medium, the refracted ray just grazes the
interface of the two surfaces. This angle of incidence is called the critical
angle for the pair of media involved.

(1) For a ray incident at the critical angle, the angle of reflection is : 1
(A) 0° (B) <90°
(C) >90° (D)  90°

(i1)) A ray of light of wavelength 600 nm is incident in water (nz%) on

the water-air interface at an angle less than the critical angle. The

wavelength associated with the refracted ray is : 1
(A) 400 nm (B) 450 nm
(C) 600 nm (D) 800 nm

12-55/2/1 19 P.T.O.



(iii)

(iv)

12-55/2/1

()

IM@ | q AeFHi A ’R B & &9 TYss AB i qIE1 T
2 | I HIeq A H, Afad et PQ &fast & 30° T hivT 4T

7 | II9afdd foRtul ST=IYSS o HHIRR & | HIegW A % |Hd
HIeTH B 1 IS @

B
A . Q| > B

30 A

P
J3 J5
(A) > (B) o
4 2
C — D —
(C) 73 (D) 73
AT

T "W A 3R B ToRel @md@ €M1 g gAfeRd & | A 3R B
TETH H TR <hl AT AT 2 x 108 ms~1 3 2+5 x 108 ms~!
2 | HIEIH A 9 H1EIH B H THT oA dTedl TR ki foRr o T
Shifcreh 10T 3

(A) sin~1

(B) sin1

gllw |+

(C) sin~1 (D) sin~1

S AN NG TN

@ ¥ orel FIemeer 5w @ T et forell wepmer <1 foptor 1 99
N IRIRIE T IS'qu{t{ddlﬁOb\lul Oh A 3 :

(A)

(C)

S

sm1 n2—1 (B) s1n1(n 1)

sin‘l{ 1 } (D) sin‘l[ 21 }
n?-1 (n“-1)

20




(iii)

(iv)

12-55/2/1

(a)

(b)

The figure shows the path of a light ray through a triangular prism.

In this phenomenon, the angle 6 is given by : 1
90°
N
00y 5
N n \
Ny
(A)  sin~! yn%-1 (B) sin~!(@n2-1)
(C) sin! 1 (D)  sin™d 21
n?-1 (n“-1)
21 P.T.O.

The interface AB between the two media A and B is shown
in the figure. In the denser medium A, the incident ray PQ
makes an angle of 30° with the horizontal. The refracted ray
is parallel to the interface. The refractive index of medium B
w.r.t. medium A is :

B
A . Q | > B
30 "
P
NE) J5
© £ ™ =

NE] NE]

OR

Two media A and B are separated by a plane boundary. The
speed of light in medium A and B is 2 x 108 ms™1 and
2:5 x 108 ms™1 respectively. The critical angle for a ray of
light going from medium A to medium B is :

11

(A) sin~ (B) sin™!

oo Otk

(C) sin‘lg (D) sin~!




31. (k) @)

(i)

(@) @)

(i1)

Qs ¢

foga sl p % fopelt @y foya & #ww, fage & @ss &
g1 § Ik g W Sgd oftue gt W feud fRe fomg T W,
forga fava = foru =9/ aTea iR |

forell TaTg BIgs & oWl W W fomg 3T g, 2q 3R ng feod
3 | Afg 39 e i feufoe 9 @ 8, @ n 1 AW I
s

AT

feoregfaehl 1 eE fem faRaw | 38 Fem 1 ST wh
fordll TeohEm™ AR -0 EHda ATeL o ke et fomg W
ﬁﬂﬁ&ﬁﬁﬁwﬁﬁq|

g @ g IR 1 AR 2 M@ § g IHER W T F |
3 gFi A % Waeh AW T HES: A = 10 pC/m 3R
Ao =-20 uC/m 2 | forg P feorq ferelt Sorargie g1 ofgwa foran
A 9T Y S F S i |

30 cm

¥ 9

—.>

-

v
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31. (a) ()

(i1)

o) @

(i1)

SECTION E

Obtain an expression for the electric potential due to a small
dipole of dipole moment F, at a point r from its centre, for

much larger distances compared to the size of the dipole.

Three point charges q, 2q and nq are placed at the vertices
of an equilateral triangle. If the potential energy of the

system is zero, find the value of n.

OR

State Gauss’s Law in electrostatics. Apply this to obtain the
%
electric field E at a point near a uniformly charged infinite

plane sheet.

Two long straight wires 1 and 2 are kept as shown in the
figure. The linear charge density of the two wires are

%
A = 10 pC/m and A9 = — 20 pC/m. Find the net force F

experienced by an electron held at point P.

10 cm T
Pe JL
30 cm
> 1
- 9 Ao
12-55/2/1 23 P.T.O.



32. ()

12-55/2/1

1)

(i)

1)

(i1)

IM@ H MU IHR G0 m 3R AN q T g HUT {ohelt
Wﬁéﬂﬁﬁéﬂ?ﬁﬂﬁﬂﬂ%lﬂ%mﬁq%%w
FUSAHT T T T AT 8 | TH ThR 3eh TIGHAV hi AT
gTH sHifT |

9
B

%
\'%
—_—

v

fepell BTggioM TATY] o 1S sowgq 2 A Brsan <t foredt when 4
8 x 1014 uferaur uf dehve & T X @ & | 30 Soiaed 6
Hefl fq T Feg Freehia Aol T I |

HAAAT

fopet Nieommiex i a1 gomfeal fohe ®ad & 2 quiisy fop forell
eaanfie &l g/ guifeal ® gl fre R &1 I Fedt 7 |
“fopelt TroaHIiet 1 9T guTfeal # ghg B W I8 TEvTS 81 §
for 3Heh! Aicear gl # ft gfg &1 |7 e Hif |

forelt =1 FpuSTll TeaAHiet 1 Jag 15 Q 8 a1 98 g A
faeuur & foTT 20 mA 9/ &far 2 | 39 TeadHieX i (0 - 100 V)
IRER & diceHlet | forg gepr uftafdd fomam ST gehar @ 2
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32. (a) @) A particle of mass m and charge q is moving with a velocity
— -

v in a magnetic field B as shown in the figure. Show that it

follows a helical path. Hence, obtain its frequency of

revolution.

_)
v
_—

%
B

v

(i1)) In a hydrogen atom, the electron moves in an orbit of radius
2 A making 8x1014 revolutions per second. Find the magnetic

moment associated with the orbital motion of the electron. 5

OR

(b) @A) What is current sensitivity of a galvanometer ? Show how the
current sensitivity of a galvanometer may be increased.
“Increasing the current sensitivity of a galvanometer may not

necessarily increase its voltage sensitivity.” Explain.

(i1)) A moving coil galvanometer has a resistance 15 Q and takes
20 mA to produce full scale deflection. How can this

galvanometer be converted into a voltmeter of range 0 to

100 V'? 5

12-55/2/1 25 P.T.O.



33. ()
(@)
12-55/2/1

1)

(i)

(iii)

1)

(i)

I o T ST o Safaentor 9ed 3R Uehdl T3l o ol faad
Yeod o &9 i g IR T |

Jeh{UT H dieral foraeor ume Eifem |
fefarft safaentor 9ed & )

U )\ o UhaU(T TehTST ohl SUINT i T I o fgferdt = |
9e o 9 fomg W 9= A B, &1 TR sl il K 0 2 |
9e o 8 fomg W g % B, &1 YT <hl dieidT 3Td shifoly |

AT

forell wgeh geraell g Tuse ge ol =qdad gl W Afdfers s
2 o foru amfena ferror s Eifew | sueht TEde &var &
foTe =2Ieteh Seqd <hifvT |

5 @M () 100 cm 3R 5 cm BIHE gt % QA @@l §
et s/ 8 | 3w fourfa o soeht ermas emar s Hifse e
Jfam fafere s W s=aT 2 |
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33. (a)

(b)

12-55/2/1

(1)

(i1)

(ii)

(1)

(i1)

Give any two differences between the interference pattern
obtained in Young’s double-slit experiment and a diffraction

pattern due to a single slit.

Draw an intensity distribution graph in case of a double-slit

interference pattern.

In Young’s double-slit experiment using monochromatic
light of wavelength A, the intensity of light at a point on the
screen, where path difference is A, is K units. Find the
intensity of light at a point on the screen where the path

difference is % )
OR

Draw a labelled ray diagram of a compound microscope
showing image formation at least distance of distinct vision.

Derive an expression for its magnifying power.

A telescope consists of two lenses of focal length 100 cm and
5 cm. Find the magnifying power when the final image is

formed at infinity.
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(1)

(i)

§729)

(iv)

(v)

(vi)

(vit)

(viii)

(ix)
(x)

39 Jo7-97 4 33 o7 & | @H1 Fo S & |

IE Y0797 qie @US] 4 [4¥1/5d & - @U@, &, T, 0 & /

GUE & 7 J97 G4 1 8 16 7% TGlaeedid JoR & J97 & | JAF Fo7 1 3% F7
&/

GUe @ 4 J97 G&IT 17 @ 21 7% 37fd TG-ITHIT IR & J97 & | 4% T97 2 37H]
#E |

QU T 4 Y97 G&IT 22 T 28 TF TY-FTNT BN & Yo7 & | FA% 97 8 3% &I
&/

GUg g § J97 T&IT 29 TIT 30 FF STeTTT-3TERT J97 & | JoI%F o7 4 37h] &7

g1
GUE T § 97 %47 31 @ 33 T JH-370T IBR 3 Yo7 & | 9% J97 5 37hl T
.
Yo7-99 H GHY [dHeq &1 1597 791 8 | FE, TS F & 3lAlh 3 @Uel F FO
g5l 7 SR faeheq &7 =97 1397 7197 8 |
&7 § I gieanea TSl & fo7e e 377 F97-97 & |
Fepoiet H 39T dfdd & |
8T v Bl, T [HEaiiiaa Sifaes [Haares! & Tl &1 3991 H G &

c=3x108 m/s

h =663 x 10734 Js

e=16x10"12C

Wo = 47 x 10" Tm AL

gy = 8854 x 10712 C2 N1 m2

1

471:80

ST T GoIHM (my) = 9-1 x 10731 kg

=9x 109 Nm?2 C2

=g I GoI9H = 1-675 x 10727 kg
TIei 1 geaHH = 1-673 x 10727 kg
TG AT = 6023 x 1023 ufa 7 dia

Sleea M Hadmeh = 1-38 x 10723 JK1
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General Instructions :

Read the following instructions carefully and follow them :

(i)
(ii)
(i1i)
(iv)
(v)
(vi)
(vii)
(viit)
(ix)

(x)

This question paper contains 33 questions. All questions are compulsory.
This question paper is divided into five sections — Sections A, B, C, D and E.

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

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

In Section C - Questions no. 22 to 28 are Short Answer type questions. Each
question carries 3 marks.

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

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

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.

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

Use of calculators is not allowed.

You may use the following values of physical constants wherever necessary :
c=3x108m/s
h =663 x 10734 Js
e=16x10"19C
Ug = 4m X 107" Tm AL
gp = 8854 x 10712 C? N1 m~2

1

4
me,

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

=9x 109 Nm?2C2

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!

11-55/1/1 3 P.T.O.
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6V

(A) 6V B) 8V (C) 9V D) 12V
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SECTION A

1. A thin plastic rod is bent into a circular ring of radius R. It is uniformly
charged with charge density A. The magnitude of the electric field at its
centre is :

(A) A (B)  Zero (®)) . (D) *
2e,R 4ne R 4eo0R
0
2. Ten capacitors, each of capacitance 1 pF, are connected in parallel to a

source of 100 V. The total energy stored in the system is equal to :

A 1072%J (B) 1073J
(C) 05x107°J (D) 50x1072J
3. Consider the circuit shown in the figure. The potential difference between

points A and B is :

12V 10
———MMA—
A 0-5Q B
MM
6V
(A 6V (B) 8V (C) 9V (D) 12V
4., A loop carrying a current I clockwise is placed in x — y plane, in a uniform

magnetic field directed along z-axis. The tendency of the loop will be to :

(A) move along x-axis (B) move along y-axis
(C)  shrink (D) expand
5. A 10 cm long wire lies along y-axis. It carries a current of 1.0 A in

—> A A
positive y-direction. A magnetic field B =(5 mT)j — (8 mT)k exists in

the region. The force on the wire is :
AN A
(A (0-8mN)i (B) - (0-:8mN)i
A A
(C) (80mN)i (D) -(@0mN)i

11-55/1/1 5 P.T.O.



10.

11.

gfiy G Q & fordll feaidiet s 0 8 I A iR & UHiex 8 gfafda fepan
2 | gfe 39 Moo | yarfed 9 T A ) 0-1% =7, d THIeT sl 9faly 2
G 4 G G G

— B) — Q C) —Q D) — Q
999 ®) 1000 (©) 1001 D) 100-1

Ww%WaCW@WWC%WﬁWﬁWX’él
Ife | <1 97T ol &1 AT 3R Fid i AGRT I dH A1 = fean s,
lcETd & S

X 2 3
(A) 3 (B) 6X (®) §X (D) EX

IR &4 I, I1, 111 a1 IV § foega-aa frefafea w0 o aftfa 2 .

SEN I E; = E( sin (kz — ot)

8911 : E,=E,

A1 : E, = Egsin kz

FAIV : E, =Ecos kz

fore &= o fowemu am geft 2

A 1 (B) IV (C) 1I (D) III
TAFLA 1 I8 HhHUI, TTEh G FTEQISH AT o T H AL 3vft <l gadl
TerHT @1 9T Bl &, T B @

(A) ne=27¥n;=3 (B) np=3d9Tn; =4
(C) ng=2dYqTn; =4 (D) neg=2dAqTn; = oo

(A)

GeWWAs%WWW% IWEFITUT :
(A)  Ge % SITcTeh <h! GLaAT faehd & 9 2 |
(B) el Sl <l H&A § gfg Bt 7 |
(C) gl i T § gig Bt & |

(D) =T SASHT hl T | BT BT 7 |

T 9, A 3 B 5k ®ielal s Il Ul 3-3 eV 3 11-3 eV &, shHar e
grfcash I53 (FRI-BeH 2-3 eV) &l TG A & | I3 A o HRU Ieanid
ST Sl Tl ATt 1 4ol B o R0 IcdfoId SoiaeiHl ol Afehad =T
T 31U 8

@A 3 B) 9 (C)

1 1
3 (D) =
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10.

11.

A galvanometer of resistance G Q is converted into an ammeter of range
0 to I A. If the current through the galvanometer is 0-1% of I A, the
resistance of the ammeter is :

G G

-~ 2 0 G
999 1000

¢ 6 o Y% o

(A) =
1001 1001

(B) (©)

The reactance of a capacitor of capacitance C connected to an ac source of
frequency o is X’. If the capacitance of the capacitor is doubled and the

frequency of the source is tripled, the reactance will become :
X 2 3

(A) 3 (B) 6X (C) gX (D) EX

In the four regions, I, II, IIT and IV, the electric fields are described as :
RegionI : E; =E(sin (kz — ot)

Region II : E; =E,

Region III : E; = E( sin kz

Region IV : E; = E( cos kz

The displacement current will exist in the region :

A 1 (B) IV (C) 1I (D) III

The transition of electron that gives rise to the formation of the second
spectral line of the Balmer series in the spectrum of hydrogen atom
corresponds to :

(A) n¢=2 and n;=3 (B) np=3 and n;=4
(C) ng=2 and n; =4 (D) ng=2 and n; =

Ge is doped with As. Due to doping,

(A)  the structure of Ge lattice is distorted.

(B)  the number of conduction electrons increases.
(C)  the number of holes increases.

(D)  the number of conduction electrons decreases.

Two beams, A and B whose photon energies are 3-3 eV and 11:3 eV
respectively, illuminate a metallic surface (work function 2:3 eV)
successively. The ratio of maximum speed of electrons emitted due to
beam A to that due to beam B is :

1

A 3 B) 9 (©) (D)

1
9

11-55/1/1 7 P.T.O.
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12. The waves associated with a moving electron and a moving proton have
the same wavelength A. It implies that they have the same :

(A) momentum (B) angular momentum

(C)  speed (D) energy

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)  Assertion (A) is false and Reason (R) is also false.
13. Assertion (A) : In photoelectric effect, the kinetic energy of the emitted

photoelectrons increases with increase in the intensity of
the incident light.

Reason (R):  Photoelectric current depends on the wavelength of the
incident light.
14.  Assertion (A) : The mutual inductance between two coils is maximum
when the coils are wound on each other.
Reason (R): The flux linkage between two coils is maximum when
they are wound on each other.
15. Assertion (A) : Two long parallel wires, freely suspended and connected
in series to a battery, move apart.
Reason (R): Two wires carrying current in opposite directions repel
each other.
16. Assertion (A) : Plane and convex mirrors cannot produce real images

under any circumstance.

Reason (R): A virtual image cannot serve as an object to produce a
real image.

11-55/1/1 9 P.T.O.
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18.
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20.

21.

Qs @

I8 a9 31 shifoe, fog W fopeft foear @ 59 ar =1 gfatiy 3Tk 20°C W gfaqy
T g T B | 20°C @ Ty a HH el 3R 20°C W et @1ty
T A UM = 4-0 x 1073 K1 =i |

(%) MR 50 x 1014 Hz 1 Twhavll Y19 91 ¥ G 1-5 el JTEW
T A BT B | SFI W o STUYSS W () TEfdd ST, e
(ii) Jrafdd TepTr sl aTeed FTa i |

AT

(@) 16 cm BIE gl 1 Hig GHACKT 08 TG 1-4 % Fard T 41
2 | o % afsha T8 1 B wftesfera Hifv |

13 T 40 cm Fsha1 Brsan o fopdl 3terdet U o | 30 cm g W f&ud 2 |
(i) = wifferar sht feata o (i) St =61 A& Ha HIT |

T Soft E o fohelt =gl (MM m) T THH SHoff o fohet Hie W foam
T | 7 ST =i B g Sl qUTeEd A, T BIeH s s A, @ |
;—né;ﬁvmaiwmaﬁﬁml

p

yerd GaAs & U Sieedr & 919 9 o fa=wor 1 w9 U 3TRREd
I | 39 UTH W 98 &7 3fehd shifod &l

(%) wfaQy koS B, aA

(@) 3\ % =9 =1 ueE gt # |

11-55/1/1 10



17.

18.

19.

20.

21.
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SECTION B

Find the temperature at which the resistance of a wire made of
silver will be twice its resistance at 20°C. Take 20°C as the

reference temperature and temperature coefficient of resistance of silver

at 20°C =40 x 103 K1,

(a)  Monochromatic light of frequency 5-0 x 10 Hz passes from air
into a medium of refractive index 1-5. Find the wavelength of the
light (i) reflected, and (ii) refracted at the interface of the two

media.

OR

(b) A plano-convex lens of focal length 16 cm is made of a material of
refractive index 1.4. Calculate the radius of the curved surface of

the lens.

An object is placed 30 cm in front of a concave mirror of radius of
curvature 40 cm. Find the (i) position of the image formed and

(i1) magnification of the image.

Consider a neutron (mass m) of kinetic energy E and a photon of the

same energy. Let A and }\p be the de Broglie wavelength of neutron and

the wavelength of photon respectively. Obtain an expression for Ay .
p

Plot a graph showing the variation of current with voltage for the

material GaAs. On the graph, mark the region where :
(a)  resistance is negative, and

(b)  Ohm’s law is obeyed.
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SECTION C

22. A cube of side 0-1 m is placed, as shown in the figure, in a region where
- A
electric field E =500xi exists. Here x is in meters and E in NC-1.

Calculate : 3
(a)  the flux passing through the cube, and
(b)  the charge within the cube.

X

W b4

23. (a) Define ‘current density’. Is it a scalar or a vector ? An electric field
%
E is maintained in a metallic conductor. If n be the number of

electrons (mass m, charge —e) per unit volume in the conductor

- —
and 7 its relaxation time, show that the current density j = o E,
2
where o = [ﬁJ T. 3
m
OR

(b)  What is a Wheatstone bridge ? Obtain the necessary conditions
under which the Wheatstone bridge is balanced. 3

24. A proton with kinetic energy 1:3384 x 10714 J moving horizontally from
north to south, enters a uniform magnetic field B of 2:0 mT directed
eastward. Calculate : 3
(a)  the speed of the proton
(b)  the magnitude of acceleration of the proton
(c) the radius of the path traced by the proton
[Take (q/m) for proton = 1-0 x 108 C/kg]

11-55/1/1 13 P.T.O.
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25. An inductor, a capacitor and a resistor are connected in series with an
ac source v =vp, sin ot. Derive an expression for the average power
dissipated in the circuit. Also obtain the expression for the resonant

frequency of the circuit. 3

26. (a) “The wavelength of the electromagnetic wave is often correlated
with the characteristic size of the system that radiates.” Give two
examples to justify this statement.

(b) @) Long distance radio broadcasts use short-wave bands. Why ?

(i1))  Optical and radio telescopes are built on the ground, but

X-ray astronomy is possible only from satellites orbiting the
Earth. Why ? 3

27. Write the drawbacks of Rutherford’s atomic model. How did Bohr remove

them ? Show that different orbits in Bohr’s atom are not equally spaced. 3

28. (a) State any two properties of a nucleus.
(b)  Why is the density of a nucleus much more than that of an atom ?

(c) Show that the density of the nuclear matter is the same for all
nuclei. 3

SECTION D

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

29. A lens is a transparent medium bounded by two surfaces, with one or
both surfaces being spherical. The focal length of a lens is determined by
the radii of curvature of its two surfaces and the refractive index of its
medium with respect to that of the surrounding medium. The power of a
lens is reciprocal of its focal length. If a number of lenses are kept in
contact, the power of the combination is the algebraic sum of the powers

of the individual lenses.

11-55/1/1 15 P.T.O.
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(1) A double-convex lens, with each face having same radius of

curvature R, is made of glass of refractive index n. Its power is : 1
2(n-1) (2n —1)

A —_— B

(A) R (B) R
(n—1) (2n -1)

C D

(®)) oR (D) oR

(i1)) A double-convex lens of power P, with each face having same
radius of curvature, is cut into two equal parts perpendicular to its
principal axis. The power of one part of the lens will be : 1

@A) 2P B) P  (C) 4P D =

(i1i) The above two parts are kept in contact with each other as shown
in the figure. The power of the combination will be : 1

\
Ji

(A) 5 (B) P (C) 2P (D)

| g

(iv) (a) A double-convex lens of power P, with each face having same
radius of curvature, is cut along its principal axis. The two
parts are arranged as shown in the figure. The power of the

combination will be : 1
(A) Zero B P
©) 2P D) g

OR

(b)  Two convex lenses of focal lengths 60 cm and 20 cm are held
coaxially in contact with each other. The power of the

combination is : 1
(A) 66D (B) 15D
1 1
C —D D) —D
©) T (D) 30
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30.

11-55/1/1 19 P.T.O.

Junction Diode as a Rectifier :

The process of conversion of an ac voltage into a dc voltage is called
rectification and the device which performs this conversion is called a
rectifier. The characteristics of a p-n junction diode reveal that when a
p-n junction diode is forward biased, it offers a low resistance and when it
is reverse biased, it offers a high resistance. Hence, a p-n junction diode
conducts only when it is forward biased. This property of a p-n junction
diode makes it suitable for its use as a rectifier.

Thus, when an ac voltage is applied across a p-n junction, it conducts
only during those alternate half cycles for which it is forward biased. A
rectifier which rectifies only half cycle of an ac voltage is called a
half-wave rectifier and one that rectifies both the half cycles is known as
a full-wave rectifier.

(1) The root mean square value of an alternating voltage applied to a

\Y
full-wave rectifier is Tg Then the root mean square value of the

rectified output voltage is :

@a 2 (B) 0
\/E \/§
2V, v

c =9 D) -

RN N

(i1)  In a full-wave rectifier, the current in each of the diodes flows for :
(A)  Complete cycle of the input signal
(B)  Half cycle of the input signal
(C)  Less than half cycle of the input signal
(D)  Only for the positive half cycle of the input signal

(111) In a full-wave rectifier :
(A) Both diodes are forward biased at the same time.
(B) Both diodes are reverse biased at the same time.

(C)  One is forward biased and the other is reverse biased at the
same time.

(D) Both are forward biased in the first half of the cycle and
reverse biased in the second half of the cycle.



(iv) (%) Topsll 1d-au fgseshill W 50 Hz 3T 6l i TAmEd! aleed]
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IV oh1 TS & | a1 Ta <t IR g :

(A) 100 Hz (B) 50 Hz
(C) 25Hz (D) 150 Hz
CREI

M@ T T AR S5 fmadt fhelt p-n TfY SRITE W AT
o T B | wicie Ry, o Rl W i i qg=m il

+5V o—> o
Ry,

-5V

] ﬂ
(A)
(B) -10 VU

(©) —5VU
+5Vﬂ
(D)
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(iv) (a) An alternating voltage of frequency of 50 Hz is applied to a
half-wave rectifier. Then the ripple frequency of the output

will be : 1
(A) 100 Hz (B) 50 Hz
(C) 25Hz (D) 150 Hz
OR
(b) A signal, as shown in the figure, is applied to a p-n junction
diode. Identify the output across resistance Ry, : 1
+5V o—> o
S R Ry
_5V © °

) ﬂ
(A)
B) -10 VU

(C) —5VU
+5Vﬂ
(D)
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31. (a)

(b)

32. (a)

11-55/1/1

(1)

(i1)

(1)

(i1)

(1)

(i1)

SECTION E

Derive an expression for potential energy of an electric

%
dipole E) in an external uniform electric field E. When is

the potential energy of the dipole (1) maximum, and

(2) minimum ?

An electric dipole consists of point charges — 1:0 pC and
+ 1:0 pC located at (0, 0) and (3 mm, 4 mm) respectively in

: 2 1000 V\~ . .
x —y plane. An electric field E = 1 is switched on

m

%
in the region. Find the torque t acting on the dipole.

OR

N
An electric dipole (dipole moment ﬁ) = p1i), consisting of

charges — q and q, separated by distance 2a, is placed along
the x-axis, with its centre at the origin. Show that the

potential V, due to this dipole, at a point x, (x >> a) is equal

—> A
to 1 . p-1
4me x2

0

Two isolated metallic spheres S; and S, of radii 1 cm and

3 cm respectively are charged such that both have the same

charge density (g X 10_9) C/m?. They are placed far away
T

from each other and connected by a thin wire. Calculate the
new charge on sphere S;.

A resistor and a capacitor are connected in series to an ac
source v = v sin wt. Derive an expression for the impedance

of the circuit.

When does an inductor act as a conductor in a circuit ? Give

reason for it.

23 P.T.O.
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(iii)

(1)

(i1)

(iii)

1)

(i1)
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(b)

33. (a)

11-55/1/1

(ii)

(1)

(i1)

(iii)

(1)

(i1)

An electric lamp is designed to operate at 110 V dc and
11 A current. If the lamp is operated on 220V, 50 Hz
ac source with a coil in series, then find the inductance of

the coil.

OR

Draw a labelled diagram of a step-up transformer and
describe its working principle. Explain any three causes for

energy losses in a real transformer.

A step-up transformer converts a low voltage into high
voltage. Does it violate the principle of conservation of

energy ? Explain.

A step-up transformer has 200 and 3000 turns in its
primary and secondary coils respectively. The input voltage

given to the primary coil is 90 V. Calculate :
(1)  The output voltage across the secondary coil

(2)  The current in the primary coil if the current in the

secondary coil is 2-:0 A.

A ray of light passes through a triangular prism. Show
graphically, how the angle of deviation varies with the angle

of incidence ? Hence define the angle of minimum deviation.

A ray of light is incident normally on a refracting face of a
prism of prism angle A and suffers a deviation of angle 9.

Prove that the refractive index n of the material of the prism
sin (A + d)

1S given by n =
g y sin A
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(iii)

(1)

(i1)

(iii)
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(b)
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(iii)

(1)

(i1)

(iii)

The refractive index of the material of a prism is /2. If the
refracting angle of the prism is 60°, find the

(1)  Angle of minimum deviation, and
(2)  Angle of incidence.
OR

State Huygens’ principle. A plane wave is incident at an
angle i on a reflecting surface. Construct the corresponding
reflected wavefront. Using this diagram, prove that the

angle of reflection is equal to the angle of incidence.

What are the coherent sources of light ? Can two
independent sodium lamps act like coherent sources ?

Explain.

A beam of light consisting of a known wavelength 520 nm
and an unknown wavelength A, used in Young’s double slit
experiment produces two interference patterns such that the
fourth bright fringe of unknown wavelength coincides with
the fifth bright fringe of known wavelength. Find the value
of A.
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General Instructions :
Read the following instructions carefully and follow them :

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

(viit)

(ix)

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

This question paper is divided into five sections — Sections A, B, C, D
and E.

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

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

In Section C - Questions no. 22 to 28 are Short Answer type questions.
Each question carries 3 marks.

In Section D — Questions no. 29 and 30 are case study based questions.
Each question carries 4 marks.

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

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.

Use of calculators is not allowed.

You may use the following values of physical constants wherever
necessary :

c=3x10% m/s

h =6-63x 1034 Js
e=16x10"1C

Uo=4nx 107" T m A1

g, =8-854 x 10712 C2N-1 m2

1 -~ 9x10°Nm?C2
471:80

Mass of electron (m,) = 9-1 x 103! kg
Mass of neutron = 1-675 x 10727 kg

Mass of proton = 1.673 x 10727 kg
Avogadro’s number = 6-023 x 10?3 per gram mole
Boltzmann constant = 1-38 x 10723 JK-!
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SECTION A

1. When a glass rod is rubbed with a silk cloth, it acquires a
positive charge of 4:8 x 10717 C. In the process, the number of
electrons and protons transferred are respectively :

(A) 0,300 (B) 0,225
(C) 150, 150 (D) 300,0

2. The emf and internal resistance of a cell are 3 V and 0-2 Q
respectively. It is connected to an external resistor of 5:8 Q.
The potential difference across the cell will be :
(A) 12V (B) 20V
(C) 29V (D) 32V

3. The magnetic field due to a current carrying circular coil at a
point far off on its axis at a distance ‘r’ from the centre of the

coil is proportional to :

A 1 B =
r r
1 1
0 i p) L
© ) 5

4. The magnetic field B within the solenoid of length L having N

turns and carrying current I will be :

(A) poNIL (B) “OTNI
NI

c) Hoo D NI

(C) = (D) g

11-55(B) 5 P.T.O.
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(A)  vi=vy=vq (B) vy>vy>vg

(C) Vo >Vy> Vg (D) Vg > Vg > vy
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5. A circular loop of radius ‘a’ carries a current 3I through it.
Another concentric circular loop of radius 2a carrying a
current I is placed perpendicular to the first loop. The dipole
moment of the equivalent magnetic dipole for the system is :

(A) rwla2 (B) b5la
(C) 5nla2 (D) 7rla2

6. The magnetic flux ¢ (in Wb) through a closed loop of resistance
3-0 Q varies with time t (s) as ¢ = 6t + 3:0t + 5. The value of
the induced current in the loop att =1-0 sis :

(A) 150A (B) 30A
(C) 40A (D) 50A

7. The frequencies of ultraviolet rays, gamma-rays and
microwaves are vy, v, and Vg respectively. Then :

(A vy=vy=vq (B)  vi>vy>vg
(C) vg>vy>vg (D) vg>vy>vy

8. In the photoelectric effect, electrons are emitted from a given
metal surface when the incident radiation has a certain
minimum value of :

(A) frequency (B) intensity
(C) wavelength (D) angle of incidence

9. In Bohr model of a hydrogen atom, the increase in the angular
momentum of the electron, when it is excited from n = 1 to
n = 3 orbit, is :

A) 23 ® 2h
T T
© 3 @) B
T T

11-55(B) 7 P.T.O.
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10. A positively charged particle of mass m, moving with velocity v
is bombarded on a heavy nucleus of charge Ze. Its distance of
closest approach from the nucleus is proportional to :

V/
@ -2
sz
2
VvV
®)
(C) v2
2
o &
m

11. The effect on width of depletion layer and height of the
potential barrier of a p-n junction, when it is forward biased,
are respectively :

(A) decreases, decreases
(B) increases, increases
(C) decreases, increases

(D) 1increases, decreases

12. The doping of a semiconductor with donor impurity results
in :

(A) formation of a p-type semiconductor

(B) formation of a new energy level just above the filled
valence band

(C) decrease in the concentration of electrons

(D) formation of a new energy level just below the conduction
band

11-55(B) 9 P.T.O.
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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) Assertion (A) is false and Reason (R) is also false.

13. Assertion (A): Work functions of different metals are
different.

Reason (R) : Metals differ in their conductivity.

14. Assertion (A): The capacitive reactance increases with the
increase of the frequency (o) of applied ac
voltage.

Reason (R) : The value of capacitive reactance (X) is oC.

15. Assertion (A): When current is passed through a spring, two
adjacent turns move towards each other.

Reason (R) : There is a force between any two adjacent
turns of a current carrying spring.

16. Assertion (A): Signals through an optical fibre can be
transmitted without any appreciable loss of
energy.

Reason (R) : An optical fibre works on the principle of total
internal reflection.

11-55(B) 11 P.T.O.
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SECTION B

17. Two identical cells, each of emf E and internal resistance r, are
connected in series with a resistor of 8 Q. A current of 1-5 A
flows in the circuit. When these cells are connected in parallel,
they send 1-0 A current through the same resistor. Calculate

the internal resistance, r and emf, E of the cell. 2

18. (a) Name the factors on which focal length of a lens depends.
How will a thin biconvex glass lens submerged in water

behave ? Give reason for your answer. 2

OR

(b) How will the fringe width be affected in a Young’s double
slit experiment with light of wavelength A if :

(1) the separation between the slits is reduced to half,
keeping the distance of the screen from the slits

constant ?

(11) the distance of the screen from the slits is reduced to
half, keeping the separation between the slits

constant ? 2

19. The power of the combination of two thin convex lenses L. and
Ly, kept coaxially in contact, is +10 D. If the focal length of L4
is four times that of Lo, find their focal lengths. 2

11-55(B) 13 P.T.O.
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20. Differentiate between mass defect and binding energy per

nucleon. The binding energy per nucleon is nearly constant in
the range 30 < A < 170. Why ? 2

21. What are the important considerations for choosing dopants

for silicon or germanium ? Justify your answer. 2

SECTION C

22. (a) Define the terms — ‘temperature coefficient of resistance’
and ‘electrical conductivity’ of a conductor. Why are
constantan and manganin used for making standard

resistances ? Explain. 3

OR

(b) Define ‘drift velocity’. Show that resistivity of the material
of a conductor is inversely proportional to the relaxation

time for the free electrons in the conductor. 3

23. Two parallel straight wires of lengths 15 m and 20 m carrying
currents 6:0 A and 8-0 A respectively in opposite directions, are
10 cm apart. Calculate the force on a 10 cm long section of the
second wire near its centre. Also mention the nature of the

force between these wires. 3

11-55(B) 15 P.T.O.
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24. A bulb and an inductor of reactance X;, are connected in series

with an ac source. How will the brightness of the bulb change
when :

(a) an iron rod is inserted in the inductor ?

(b) number of turns in the inductor is decreased ?
(c) a capacitor of capacitive reactance X¢ (= Xj,) is connected

in series with the inductor ? 3

25. What is meant by ‘displacement current’ ? Show that during
charging of a capacitor, displacement current is equal to
conduction current in the circuit. 3

26. Answer the following giving reasons : 3

(a) The speed of emitted electrons depends on the work
function of the photosensitive surface, for the incident
radiation of a given frequency.

(b) The stopping potential (V) increases linearly with the
frequency of incident radiation, for a given photosensitive

surface.

(c) The photoelectric current increases linearly with the
intensity of incident radiation, for a given surface.

27. Explain the origin of Lyman and Balmer series in the emission
spectrum of hydrogen atom. How are the maximum and the
minimum wavelength of lines in a series determined ? 3

28. Explain the formation of energy bands in solids and hence
define conduction band and valence band. 3

11-55(B) 17 P.T.O.
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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. In a homogeneous medium, light travels along a straight line
path. But when a ray of light travels from one medium to
another, it deviates from its initial path. This bending of light
is called refraction of light. The extent to which a ray deviates
in medium 2 from its initial path in medium 1, is determined
by the refractive index of medium 2 with respect to medium 1.
The refractive index is also related to the ratio of speeds of
light in the two media.

The phenomenon of total internal reflection occurs when light
passes from a denser medium into a rarer medium and the
angle of incidence exceeds the critical angle for the given pair
of media.

(i) A ray of monochromatic light of wavelength A and
speed v travels from air into a glass slab. Inside the glass
slab, 1

(A) both A and v decrease
(B) both A and v increase
(C) Adecreases and v increases
(D) A increases and v decreases
(ii) (a) A ray of light travelling from air into a medium, is

incident on the interface at an angle of 45°. If the
ray deviates by 15° from its initial path, the

refractive index of the medium is : 1
(A) 2 B) 2
C) 22 (D) 3

OR

11-55(B) 19 P.T.O.
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(ii)

(iii)

(iv)

11-55(B)

(b) A point source of light is kept at the bottom of a
tank filled with a transparent liquid up to a height

H. If the radius of the circular patch on the surface

from which light can come out is % , the refractive
index of the liquid is close to : 1
(A) 13 (B) 15
Cc 17 (D) 20

In an optical fiber, the refractive indices of the core and
cladding are pu; and pg respectively. Then : 1

(A) 1y =py

(B) ny<my

(C) n, is slightly greater than n,
(D) n, is large compared to p,

Light of wavelength A travelling with speed c in air,

enters a medium of refractive index u. The frequency of

light in the medium is : 1
C
A) =
(A) "
ue
B) &
(B) X
© ©
c
D) -
21 P.T.O.



30. I3 fagd fggd & waM SR famdia fo=g STemll + q 3 — q 1 I
Bl 8 5 2a gl 1 gus giar 2 | et fgyga =1 9o 3ues fgya
et g fehen T wha & foret et seeh smaw i 21 st
o gUehd G ok ST B | A8 Ueh Higw TR § | GRE < gER
forelt foygar <ht fawm — q @ + o 1 AR B B | forg 1mewr & wRor &
<l wifd, fepeft forrg ot QU TTT Ty o =hmeor &t 31 fohy <11 @kl & |

STa Tt fgga =1 oI TohaWE fof[@ &9 § W@ 9@ |, dl 98 T
- HT IIWG AT 2§ | A7 da-omet fgya w Hffa e A
Tg T@AT & AR 39 WA H i okl ST & | I8l il e #

feufast St = &9 o wlfva 3 S g |
i) 5 foga fgga foret wopanm fog@ &9 o 39 yor oo & 6
foga et fora & & orgfew & & | I8 ITwE ST 1

(A) g 1 I AR FA-AT0

(B) g - I T qA-STE0I gl

(C) g TA-ATYO W e oA A&

(D) T Al 5 - 9 AR T & hig TA-ATL0

(i) <l forerd foya 2a gt | goshd aTel SAe™N + q AR — q § &
3 |1 39 foga & o1 W @ g x > a) W foua forelt forg
AN W HRG 9 F 7 | A smaw i gft 61 & T = fen

M, @ & & ST 1
F F

B 1 ®) 3
F F

(C) 1 (D) 3
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30. An electric dipole is a pair of equal and opposite point charges
+q and —q separated by a distance 2a. A dipole can be
characterised by dipole moment determined by its charge and
separation between the two charges. It is a vector quantity. By
convention the direction of a dipole is taken to be the direction
from — q to + q. Like fields due to a point charge, fields due to a
given dipole at a point can be found.

When a dipole is placed in a uniform external electric field, it
experiences a torque. This torque tends to rotate the dipole
and work is done in this process. This work is stored as the
potential energy of the system.

(i)  An electric dipole is kept in a uniform electric field such
that the dipole moment is not along the electric field. It
will experience : 1

(A) A net force and a torque
(B) A net force but no torque
(C) A torque but no net force

(D) neither a net force nor a torque

(i1) An electric dipole consists of charges + q and — q,
separated by distance 2a. The force acting on a point
charge placed at a distance x (>> a) on the axis of the
dipole is F. If the distance of the charge is doubled, the

force will become : 1
F F

(A) 16 (B) 3
F F

(C) 1 (D) 5

11-55(B) 23 P.T.O.



(iii) < Taem @y foea fgga v v @1 fgga omept p 3,
Ush-GEY o TIFeed 39 TehR SHAREd @ foh 3ok RUMcHeh AT
Ut § | 38 SHeweT & ¢ fgya et w1 afmmr g

(A p (B) 2p
b
C) pJ2 (D) N

(iv) (&) fega smeet 3-0 x 10739 C-m =1 &g =77 2 x 104 NC!
% ot weremm faga &= o fod 8 | 39 19] gRT 31q9d
foReT ST AT ATUhaH TA-3TTEU 8

(A) 15 x 103* N-m
(B) 60 x 102 N-m
(C) 45 x 10°* N-m

(D) 60 x 103*N-m

HAYAT

(iv) (@) %3 foFd fggd gt 1 mm 9o & Q1 fog st
+2pC 3 - 2pC @SB | I 2 x 10° NC™'
ThEHH el & O @ TR 7 | 39 3ueh! TR dqed 6
T § AR 3T b FUid hUH T fohal T R
B
(A) 2x10719g
(B) 4x10710J
(C) 8x10719g
(D) 16x1071y

11-55(B) 24



(i11) Two identical small electric dipoles, each of dipole
—> .
moment p are arranged perpendicular to each other

such that their negative charges coincide. The magnitude

of the net dipole moment of the arrangement will be : 1
(A p (B) 2p
p
C 2 D) —
(C) pv2 (D) N

(iv) (a) A molecule with dipole moment 3-0 x 1073° C-m is
placed in a uniform electric field of 2 x 104 NC7L.
The maximum torque experienced by the molecule
1S : 1
(A) 15 x 1034 N-m
(B) 6'0x 10726 N-m
(C) 45 x10** N-m
(D) 60 x 10734 N-m

OR

(iv) (b) A electric dipole consists of two point charges
+ 2 pC and - 2 pC, separated by a distance 1 mm. It
is kept in a uniform electric field of 2 x 10° NCL.

The amount of work done in rotating it from its
position of stable to unstable equilibrium will be : 1

(A) 2x10710g
(B) 4x10710J
(C) 8x10710g
(D) 16x1071J

11-55(B) 25 P.T.O.



31. (&) ()

(@)

11-55(B)

(i1)

(1)

(i1)

wies &

gTiaT C b Topelt W T sl Terell Sl gra favara v
Toh SAERG foham T 8 | el & foaifoa steh dfgaprsi
o 1= sl g I 3fan K fear w7 | fmfafaa alw
T TS BT 2

(1) =i shi eriear

(2) ufgenrsti @ st foga &=

(3) wuTe | Wierd ol

eleh TR0 H 379 IR hi ¥ HINT |

20 uF = et meanfia =1 30 V aeh 1afg fomam mam 3 |
39 % 30 uF o IMERE FumiE & Gaifad s &
2 | Oqeq f fufa 3 gQs guiia W A w1 e
I |

AYAT

fopell Toig 3™ Q & WU 3TaY | r gl W fea fepedt
fog W forgd fawa & fou = g Sife |

10 uC M — 5 uC & < forg maw foreht sy forgga &=
E=25 5 A=18x10°NC'm? 3, ® %
r

(=3 cm, 0) 3 (6 cm, 0) W TG 8 | 3@ e A
feoRdga o1l aiefad HT |
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SECTION E

31. (a) () A capacitor of capacitance C is charged to a potential
difference V by a battery. The battery is
disconnected and the separation between the plates

is halved. How will the following quantities be
affected ?

(1) Capacitance of the capacitor
(2) Electric field between the plates

(3) Energy stored in the capacitor

Justify your answer in each case.

(i1) A capacitor of 20 uF is charged to 30 V. It is then
connected to an wuncharged 30 uF capacitor.
Calculate the charges on each capacitor in

equilibrium. 5

OR

(b) () Obtain an expression for electric potential at a

distance r from a point charge Q.

(i1) Two point charges of 10 uC and — 5 uC are placed at
(=3 ecm, 0) and (6 cm, 0) in an external electric field

E = %, where A = 1-8 x 10° N C~! m2. Calculate the
r

electrostatic energy of the system. 5

11-55(B) 27 P.T.O.



32. (%) ()

(i1)

(1)

(i1)

33. (%) @)

11-55(B)

(i1)

forel puecll % Ta-Whea Ug I giwar @fT | foRe
qieTfereRT, fEeh STTRY-#1e & &9Fa A, @ T L o
e ufa wehres @eTs WU K 9= n B, % T-Uiehcd &

o * [aN e
[TU STeh JTCd <hI[SU |

50 mH Sehca <hi Topell Ppusell § JaTfed g/ 20 ms H
10 A 9 9<ht I B A 3 | FUSAT H Heg Fad H
qitgd dftefera IR |

AYAT

foreft ac wifFs <hi wrRIfafy i gfeca saren Hifve | S
T Ui faar. 99 (emf) & drcfies 99 & fou =9
ITed i |

Th ac @d ¥ e et sofidg LCR wiwe, fSed
R=120Q,L=20Ha C = 32 uF &, sl FAC HI
JTEET § HIF AGRT IiehicTd HIT |

YehIST o Sholl-Hdg Gid o1 gId 3 ? Gfered =amean hifve
fop = & fopeft fgferlt s o wen-geg @l & fohelt J1a
I fohd TR U foRT ST B | 39 ST H HO 3R
fommsht sferton o fore srat o1 Seoi@ Fifs |

?13E§ fsm 60 cm a1 == o Toneht GE?TEH‘?idiT['i? 20 cm
o W R B | o e i o R B |
g Tldfseel Iediceh g STET JTHTET ?

HAAAT
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32. (a)

(b)

33. (a)

11-55(B)

(1)

(i1)

(1)

(ii)

(1)

(i1)

Define the term ‘self-inductance’ of a coil. Obtain an
expression for self-inductance of a solenoid of area
of cross-section A, length L and having n turns per

unit length.

The current flowing in a coil of inductance 50 mH is
reduced from 10 A to 0 in 20 ms. Calculate the
change in flux linked with the coil.

OR

Briefly explain the working of an ac generator.
Obtain the expression for the instantaneous value

of the emf induced in the generator.

Calculate the angular frequency at resonance of a
series LCR circuit with R = 12 Q, L = 2:0 H and

C = 32 uF, connected to an ac source.

What are coherent sources of light ? Briefly explain
how a pair of coherent sources are obtained in a
Young’s double-slit experiment. Mention the
conditions for constructive and destructive
interferences in this experiment.

An object is kept 20 cm from a convex mirror of
radius of curvature 60 cm. Find the position of the
image formed. Will the image be real or virtual ?

OR

29 P.T.O.
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11-55(B)

(i1)

I Aigd FAfIRad TeA1 o I G

(1) g [EASRA H, wgFehl W@l 1 ITAM
JgEIeh SR AR gHI & Mo § fopam Siar g |

(2) WY geHeet §, geTeh R AFehr gAl <l i
IehE R W Bidl & |

(3) wYFd YU gl e hid THI TISC T
% foTu gAR <=1 shl fedfd A6 W/ 7 8ot 398 59
g W FHT =R |

T B 6 m S U AR g 9 m SIS & ThH
HAL H Th-gHl © YUk W1 T 8 | Il TR qA1 et
TG ST & STene % Wi IR g Tehd! §, af R wmn
i 3 TF o BT TH-GEL I <@ T8I Hohd, FEY I AH H
AT € ST L Hohdl & ?
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(b)

11-55(B)

(1)

(ii)

Answer the following giving reasons :

(1) In modern microscopes, multicomponent lenses
are used for both the objective and the eyepiece.

(2) In a compound microscope, both the objective
and the eyepiece have small focal lengths.

(3)  When viewing through a compound microscope,
our eyes should be positioned not on the
eyepiece, but a short distance away from it for
best viewing.

Two students are separated by a 6 m partition wall
in a room 9 m high. If both light and sound waves
can bend around obstacles, how is it that the
students are unable to see each other, though they
can talk easily ?

31
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General Instructions :

Read the following instructions very carefully and follow them :

(1)

(1)

(iii)

(iv)

)

(vi)

(vii)

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

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

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

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

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

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

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

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

(ix)

2255/5/1

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

c=3x 10% m/s

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

o = 47 x 1077 Tm A1

gy = 8.854 x 10712 C2 N1 m~2

1
T =9 x 109 N m2 C2
7t80

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

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

Boltzmann constant = 1.38 x 10723 JK!
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2.  GIUM m YT TG q 1 H1S U1 Fohet Jraehia & § =1 R % et 9 T2 T il
2 | 4fe 6 <1 1 g M 2 m 3TN TEm % 81 A1 55 et T <l s gl

@ = ® o
© 2R ©) 4R

3. TmfaRea @ @ & 91 U JTeT ST TErd 1 8 ?
(A) IR 3R Tgiafem (B) difeam 3R Hicaam
(C) ofe 3 I (D) fehet 3R FIETR

4. 1.0 kQ =% Ifciges 1 3T s 50 Q Tfeier a1t o e e sl (0 — 2V) TRE
o diceHied H gi@fad foram T & | A¢ 38 (0 — 10 V) TRER o dieeriet § qiafdd s
2, 31 Rea wfekry 3 wfeRiee i STavehdl BTt 2
(A) 4.8kQ B) 5.0kO
(C) 5.2kQ D) 5.4kQ

5. QI US[eT Ueh B o ke Tl § | 919 Tk HUSH! shl 9T H 5 A/s o GUH TREH Bl
8, 0 gad Hueell § 2 mV 1 fagd 918 5 (emf) UG BT & | 39 QHI HUSieral 1
AT Ihed & —

(A) 0.4mH (B) 2.5mH
(C) 10mH (D) 25 H

6. Tc1 o SMYH W YA <l T ITeht fIrgagrechia Tl aidl & —
(A)  3FaER foRT (B) STt feRwot
(C) X-fepwi (D) T foRedt
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SECTION - A

1. A battery supplies 0.9 A current through a 2 Q resistor and 0.3 A current
through a 7 Q resistor when connected one by one. The internal resistance
of the battery is :

A 2Q B 120
€ 1Q D) 0.5Q

2. A particle of mass m and charge q describes a circular path of radius R in

a magnetic field. If its mass and charge were 2 m and ‘;1 respectively, the

radius of its path would be

R R
@& B) 5
(©) 2R (D) 4R

3.  Which of the following pairs is that of paramagnetic materials ?
(A) Copper and Aluminium (B) Sodium and Calcium
(C) Lead and Iron (D) Nickel and Cobalt

4. A galvanometer of resistance 50 Q is converted into a voltmeter of range
(0 — 2V) using a resistor of 1.0 kQ. If it is to be converted into a voltmeter
of range (0 — 10 V), the resistance required will be

A 4.8kQ (B) 5.0 kQ
(C) 5.2kQ (D) 5.4kQ

5. Two coils are placed near each other. When the current in one coil is
changed at the rate of 5 A/s, an emf of 2 mV is induced in the other. The
mutual inductance of the two coils 1s

(A) 0.4mH B) 2.5mH
() 10mH D) 25H

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

2255/5/1 5 P.T.O.
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7. TR Y GEHaEN o IAGTIh 3 AR 1 BIH gl AN 1 cm 3R 2 cm & | A
39 gEuestt i ARl 6l s 10 cm 8, O HXetan Bifyer 9= & ¢@d & fofw gm
GeAesfl & I STEE 7

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

8. =R Y3l A, B, C 3R D o feru armfad fafertoti sht tmafa (v) o are Feft fawar (V)
o foreror o6t 3T | gt TR 7 | Tt st § wiREeHR 3 i % fote, smafad
fafoRtott &1 T 3T < foTT sTfeehas TTfast Sl ot BICeFe aTel! 91g &

Vo4 ABCD

J .

A) A B) B
©) C D) D

9. ETESIN Y] i fFreran sawen § St ot T S —13.6 eV B | T IR
1T § T ol hl TSt Fott 311 Feferst St Bt —

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

10. W%%—WW@WWW@W@%WWﬁ@W

g | I 38 HTEAW 1 TETeH o1 § L A S, A1 39 TR 1 i 91 38 g §
T B3 (63 38 3 et B 2

(A) 4th (B) 6th
(C) 8t (D) 10tk
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7. 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 i1s 10 cm, the magnification obtained by the microscope for
most suitable viewing by relaxed eye is :

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

8.  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

Vo4 ABCD
@A A (B) B
€ C (D) D

9. 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) —6.8eV, 13.6eV
(C) 3.4eV,—6.8¢eV (D) 6.8eV,-3.4eV

10. A Young’s double-slit experimental set up i1s kept in a medium of

refractive index (g) Which maximum in this case will coincide with the
6th maximum obtained if the medium is replaced by air ?
(A) A4th (B) otk
(C) 8th (D) 10th
2255/5/1 7 P.T.O.
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11.

12.

13.

foreft T1foreh 35 e &1 =TT 26 e STET fepeR gl T fRafert ot v Bl 7

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

5 x 1028 gamTy] i eHie & g Si fheed &1 A1eT 1 ppm HgdT o T & 1
fera e 2 | e mifea foreeet o foat < | 4.5 x 109 m=3 urRf St g a1 Si forea
T ST TSN FAT&ehT sh! FgdT (m—3 H) Bl & T

(A) 1.2 x 1015 (B) 1.5 x 1016

(C) 3.0x 105 (D) 2.0 x 1016

e HEAT 13 | 16 H q e 1GT T & — Th ol AMNHAT (A) TAT gL 1 HRU (R)

A FoRIT T B | 3 AT o EE 3T 1 AW e M wTE (A), (B), (C) 3R (D)H T

Wiﬁﬁ?:

(A) Ffe 3TERYA (A) 3R RO (R) SHT IcF & 3T ST (R), ANTHAT (A) 6 Tt
R |

(B) dfe 31fiehem (A) 3R RO (R) SHT 9cF & 3T ST (R), ANTHUT (A) 6 T8t
TR 2 |

(C) e AMHAA (A) T 8 T SR (R) 3TEA ¢ |

(D) afe MR (A) 3T 8 TR HRT (R) i 18T B |

PR (A) : TG T T SFFHR Tohsll Tl AR I o af 37¢ W 9 FHH HEA
T gAY 3T FOTEST ThaaH foraiid & | 39 a0 o g O T qiomdt
forga 8 OC & srgfen a7 |

FHRT(R) : TEHIHRO I b O WAz fova s i 2 |

x A 4

2255/5/1 8
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11. The potential energy between two nucleons inside a nucleus is minimum
at a distance of about

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

12. A pure Si crystal having 5 x 1028 atoms m™ is dopped with 1 ppm
concentration of antimony. If the concentration of holes in the doped
crystal is found to be 4.5 x 109 m~3, the concentration (in m™3) of intrinsic

charge carriers in Si crystal is about
A) 1.2 x 1015 (B) 1.5x 1016
(C) 3.0x 1015 (D) 2.0 x 1016

For Questions 13 to 16, two statements are given — one labelled Assertion (A)
and other labelled Reason (R). Select the correct answer to these questions
from the options as given below.

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

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

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

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

13. Assertion (A) : 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+

2255/5/1 9 P.T.O.
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14.

15.

16.

17.

17.

18.

19.

R (A) : Foret greehla & o o feret smafira %o Y St afafda T2 2t
gl

RO (R)  : SE1 R0 G g Freehid & H TiadM fereft 311aw W greehid ot g
R T S I BT R |

ITRRYA (A) : I o Tg-T3rdt ST o I &1 el Hog | TER AV g W R &, T
fereRTot Yo ST Yo €l fepa ST HehaT R |

RO (R)  : ThS <iIeTs Q1 Al & sta g o STISRATIITC 21 & |

ANFRY (A) : 1S Teh1-50 fordt Mog-T1ier Y 3T Tfed= 8 | 180° & &HI0T |
TehIviA & foTu Targ et SAferehad 8T § |

RO (R)  : Toreft uemI-shor Wbl SR o Hog ITeel @& i Shl uRmTe] T
RS Har g |

wig -9
(a) SOcmﬁﬁT%mﬁ%Wﬁ'ﬂ"ﬁ A,B,CC’:ﬁ'{D‘:I'{luC,—ZuC,luCC’:ﬁ'{
—2 pC o IR forg 7o AT fRA 8 | 38 o1 o g T R 4 pC o 3TEw W
TG I T 1 HIAT |
YAl
(b) 1OCmW%WW§W%WﬁWIpCWWW@H%I%
1 % Hger W e Toega & 1 <hifsTe |

et el rerehi 8 B 1 12 oS 1L 3 el € wirereh, e e [ e &1

B, T hRAd gwqﬂqwf‘)%%ﬁmww | I Ig TR SEI-HEl SRR
T &, dr oft et o7g ot 9w B 7 gfy hifs |

foneft et o SAfigyees STR AfeRt il whd g T 150 cm 3R 5 cm § | FEHT
GHTASH H 38eh! ST &we der 31figeares gr1 s Widfswsl shi gl aftesferd i |
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14. 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.

15. 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.

16. 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.

SECTION - B

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

OR

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

_)
18. Derive an expression for magnetic force F acting on a straight conductor
%
of length L carrying current I in an external magnetic field B. Is it valid

when the conductor is in zig-zag form ? Justify.

19. A telescope has an objective lens of focal length 150 ¢cm and an eyepiece of
focal length 5 cm. Calculate its magnifying power in normal adjustment
and the distance of the image formed by the objective.

2255/5/1 11 P.T.O.
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20. (a) TGS T H foREl Soideq o G ol & o &1 JUhd 2.55 eV 2 | 38

21.

22.

23.

24.

24.
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(b)

S o IR ol &R & T ST TR R Eshaur gRT 3cdtoa fefepon &t
e 1A HIT |
BISSIoH Tered bl fopm S0t | =g Wat JuTa it ?

gedt § 1 IR 1.5 x 101! m B <t e 1 30 km/s 31 T =1 § A R |
39 TR H SIR-TISH 1 ST hich I8 FATeH H&AT 1A T ST gt 1 TRGRAT
STRIE0T Ll 7 | (9l 1 g8 = 6.0 x 1024 kg)

(a)

(b)

(a)

(b)

(a)

(b)

Qg -1
ST T Yeh1e1-forgga avfiewor fafgu | faferssa 3 & wfientor <t S =61 fermr
TehR &g fopam 2
fordlt fou T 98 & yehmIforea Ics o forq armafoa faferwon 1 <geft s &
AT 6 S HIfT |

Terega woter Sht aftume 3R gEeht fommd faf |
1 cm YT o & 1 SRR T s Hl—ldc«i‘{gﬁo‘&ﬁﬁgﬁ%af}):(m()%)fﬁw

Yo R & To I8 o e o |few n = 0.81 + 0.6k & | 38 98 & oA
STeT fore[a FeTa ST <hITaTg |

() o frem fofae | St e fm o s1gan et s ufwy o Ifa am
Traeh I Tt H Ui o HIoT o1 forer hacht 7 | gweht gfd shifre |

(i) 2 m TS I FRHET G1q hT B FI, 60 rev/s Hi SR & 0 hg H T
T, IH &, S Fh! TS o A 7, o TNd: Hoid HUA TR | 59
&9 H T o YOH dA o otraq 2T & fopell weham™ graehia & & =me].
foran T 7 | 39 B % g 3TR U R offe U e.m.f. aftefera Hifs |

YT

()  UfErRR T ufuefy fem forget 39eh! sare it |

(i) 20 cm ¥ gUfehd QI T €Y AR & F9F G § 5 A 3R 10 A 3 910 Yanfed
BT R | 5 R o e H fe fnel forg e e bt & o1 uftm afv fean
A <hIT |
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20. (a) Two energy levels of an electron in hydrogen atom are separated by
2.55 eV. Find the wavelength of radiation emitted when the electron
makes transition from the higher energy level to the lower energy
level.

(b) In which series of hydrogen spectrum this line shall fall ?

21. The earth revolves around the sun in an orbit of radius 1.5 x 101! m with
orbital speed 30 km/s. Find the quantum number that characterises its

revolution using Bohr’s model in this case (mass of earth = 6.0 x 1024 kg).

SECTION - C
22. (a) Write Einstein’s photoelectric equation. How did Millikan prove the
validity of this equation ?
(b) Explain the existence of threshold frequency of incident radiation for
photoelectric emission from a given surface.

23. (a) Define the term ‘electric flux’ and write its dimensions.
(b) A plane surface, in shape of a square of side 1 cm is placed in an electric

field E) = (100 %)? such that the unit vector normal to the surface is

given by n = 0.81 + 0.6k. Find the electric flux through the surface.

24. (a) (1) 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

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

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

2255/5/1 13 P.T.O.
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25.

26.

27.

28.

29.

V= (1.0 x 107 m/s)i + (0.5 x 107 m/s)j & T B o RRE TREHH

Wﬁéﬁaﬁ:mﬁ mT)] % ST § T T & | 36 g =l ¢ 9 9 i B
ST ST | G0 hld HH AT I8 Feidgq @i g 0 ot =efal & 7 i WA 8, i O
U T o T H 56 g 1 TR W gl aitehfera i |

(a) Terga-Traehia Seren o 37wl w1 4 forfaw 5= (1) St q@t oft shar S R,
(i1) IIHSA T IS TN L Il 8 |

(b) 3 TafeRtom o ek o I i TR TH=A h! Ush-Teh fafer e 4 fetfaw |

(a) gt p-n GfY SIS & 3T AfTeTEIiEs 6 sarEn Hifse S 39 feghrl & &9 0
TN o ToTC Uz ST 2 |
(b) TTY 3T i TErdT & foreft ot qur feperd 6t wrifafy & smen Fifs |

ST ¢ gU Fferfiaa =t smen hifve

(a) IS ATCT STETeTh foreld-3ereEfH 2T 2 |

(b) Tge 1 ferfa § fopeht p-n Aftr o 1€ e a7 Bt 8 |

(c) Tortt SRITE T U 9T SATTETNG, €9 ¥ AT dleeal T it T8 it 2 |

T g - |

TG i STfvehedHT H qued i Hewqul et gt & | foreft wrdea W 310 gew
YT YA B Tohdl & | T8 Tohelt TS T[eoh bl Tohelt aTel Tore[a &= 8 @1 oi1a 8, a
forea &9 % < ek % & I8 W RIS 31ew vk B § | $9 ST %
RIS Teoh oh Hiat i forggd & Teriid 8 ST @ |
foreht et Y enfiar s wenfe 1 <1 ufgmieti & S & T B W 9T Tee %
e W YR St B | iy, et gunfe Y et afad e 6 e o
JuTrerd Bt 8 | Sferieent st wif denfer < off soft af/=n uwd & gefad feam s
HhAT S |
@) Frfafea § & #m o gda s R

A) O, B) H,

©) N, (D) HCI
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25. An electron moving with a velocity v = (1.0 x 107 m/s)g + (0.5 x 107 m/s)?

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

26. (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.

27. (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.

28. 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.

SECTION -D

29. 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

2255/5/1 15 P.T.O.
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(A)
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D)
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+
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@ 5 ® =
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(11)

(iif)

(iv)

(iv)

2255/5/1

Which of the following statements about dielectrics i1s 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.

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) 1increases and the electric field decreases.

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

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

the capacitor will become

@ |5Ra1l ® 55
© [4}?5 1}00 (D) [K5JIF§4}C°

OR

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

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

@ 5 ®
© = O 15

17 P.T.O.
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30. 15 5w 1 THae ST9ade g81 | For 18 Tehifws wreem 2t & | w8 1o areft

15 TR TRl 31 I8 | SHATTA 3T9ad 2leht 310 o 99 § fopeft shio W fer=rfera &
1t B | TS50 o ered w1 SAuerdHies e feu T Hee gy exed T San @
u=sin(A+%)/ sin%
afg firsw = o I8 W 3TTaaH shivr, Tereft shivr & shifes <hIvT shad &, 9 31feres & 2,
@ 7 o0 g I8 W STvafd &1 Bidl 2 TR YU HATaeh quetad af Sl & |
(i) A IR A % [TT T HIT FAI;: O, 3T 0, § | HiA-TA I=AIE & fAQ
Shifcreh 10T BTN (L = 1.5, p = 1.33)

A) 6,9 B) 0,30, =

aug

(C) 0,d 3Altrh D) 6,49%H

(i) & qICE A 3R AR v 1 s TehTw1 o fopsll Ho= A1 | ST9alad il &
ar

(A) A 3TRvQH ARG B 2 |
(B) A TG I g g v IR Bl 2 |
(C) A ¥l Bl 8 g v HAINETd &t 2 |
(D) A 3R v AT H HH B 2 |
(i) (a) i T I T I areft foreht enTer Y foptor & foru shifaes wmior fraw &ra

2
(A) < 9l o fefg (B) oy aui s e
(C) et 3t o ferw (D) ST 9 o fore

YT

(i) (b) Toreht firem & Tum Sremenati § aft-ar @ a1, died 3R St i yehTer O
TSR TR | 579 w7 fomem 1 feufa o @ 99 g I8 & S7uacH i
ERE I'p, rY3ﬁ'{rV§, GEI

(A) ry<ry<rp B) ry<rg<ry
(C) rp<ry<ry D) rp=ry=ry
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30. 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+ A
= sin(%) [ sin - If the angle of incidence on the second surface is

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

(i) The critical angle for glass is 6, and that for water is 0,. The critical

angle for glass-water surface would be (given alg = 1.5, g = 1.33)
(A) lessthan 6, (B) between 6, and 6,

(C) greater than 0, (D) lessthan 9,

(11) When a ray of light of wavelength A and frequency v is refracted into
a denser medium

(A) A and v both increase.
(B) A increases but v is unchanged.
(C) A\ decreases but v is unchanged.
(D) X and v both decrease.

(111) (a) The critical angle for a ray of light passing from glass to water
1s minimum for

(A) red colour (B) Dblue colour
(C) yellow colour (D) wviolet colour

OR

(111) (b) Three beams of red, yellow and violet colours are passed
through a prism, one by one under the same condition. When
the prism is in the position of minimum deviation, the angles of
refraction from the second surface are rp, ry and ry, respectively.

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

2255/5/1 19 P.T.O.
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31. (b)
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(A)
B)
©)
D)

®
(i1)

(iii)

®

(i1)

A

1 60°

-
B C

for forafora gu wieft o w6t |

%ot AC o 3T Sieh w9 Hafl |
rqafda grft 3R e & sret e |
Ut AT TEfd R |

Qe -T
fereft ferega fega & fore wmfave g8 smfiga Hifve |

31 farg 3T, 37 q, Frelt aTer forga & E 3w 2, 3 2, R
2 | 38 frepra <Y feufast oot o fote =xeieh wmea <hifsa |

fepet 3707 1 fa st 10730 Cm ¥ | 7% fga 105 V/m % Rrgass E #
39 Yo e 2 Foh goeht 31t forega & & safew 7 | faga & Y fem =
Tereft aror e 60° o 1o W uiafad foram St 8 | 3 o W fgga Fi
fafas St § uftada 3ma ST |

YA
= R & foreft gaet iefl @it 1 ThaHH gER ST1e B9 o 7 | Ted
T 61 3T ik 3 @I (1) STe 3R (1) i foega & % fore
SSTeh A~ T |
T o Y Uael a0 AB 3R CD o g A6 89ed sha: 10 pC/m 3R
—20 pC/m & | ¥ TR Ush oL < TR 1 m ¢t W @ & | 37 ari & wed
forrg W e ferga &= o1 aiwTon ST femm 311 <Ay |
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(1v) A ray of light is incident normally on a prism ABC of refractive index
\/5, as shown in figure. After it strikes face AC, it will
A

g 60°

H
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

SECTION - E

31. (a) (1) Draw equipotential surfaces for an electric dipole.

(i) 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.

(iii) The dipole moment of a molecule is 1073 Cm. It is placed in an
%
electric field E of 10° V/m such that its axis is along the electric

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

OR

31. (b) (1) 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.

(11) 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.
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32. (a)

32. (b)

33. (a)

33. (b)
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@

(i1)

(ii1)

@

(i1)

(i1)

(11)
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32. (a)
32. (b)
33. (a)
33. (b)

2255/5/1

@

(i1)

(iii)

@

(i1)

(i1)

(i1)

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.

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

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

OR
Describe the construction and working of a transformer and

s

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

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

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

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

OR

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.
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