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(v)

c=3x 108 m/s
h=6.63x1073*Js
e=1.6x1019C
Hy=41tx 107 TmA™!

g,=8.854 x 10712C2 N m™?

ﬁ%:w 10° N m? C2

m,=9.1x 103! kg

=2 T A = 1.675 x 10727 kg

T & §e7HH = 1.673 x 10727 kg
Talgl §& = 6.023 x 1023 ufdq U9 diet

dieesTHM i = 1.38 x 10723 JK!

General Instructions :

(i)
(ii)

(iii)

(iv)

(v)

55/1/2/D

There are 26 questions in all. All questions are compulsory.
This question paper has five sections : Section A, Section B, Section C, Section D
and Section E.

Section A contains five questions of one mark each, Section B contains five
questions of two marks each, Section C contains twelve questions of three marks
each, Section D contains one value based question of four marks and Section E
contains three questions of five marks each.

There is no overall choice. However, an internal choice has been provided in one
question of two marks, one question of three marks and all the three questions of
five marks weightage. You have to attempt only one of the choices in such
questions.

You may use the following values of physical constants wherever necessary :
c=3x108 /s

h=6.63x1034Js

e=1.6x10"1°C

Hy=41tx 107 TmA™!

g,=8.854x 10712 C2 N1 m™2

1
——=9x 10° Nm?2 C?2
4n£0

m,=9.1x 103! kg
mass of neutron = 1.675 x 1027 kg
mass of proton = 1.673 x 10727 kg
Avogadro’s number = 6.023 x 103 per gram mole
Boltzmann constant = 1.38 x 10723 JK~!
2
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TUS %

Section — A

1. 1cm ST & 59 (RF) § IReg (3<) [t f§ya & SR 389 59 | ToRA arel faga vt
T A 41 & 2 1

What is the electric flux through a cube of side 1 cm which encloses an electric dipole ?

2. Tordl 3TCT of o URTY BT TSI 1.5 8 | TH 1.65 TSI o fohdl T § gaH W ol
T TSI Hat T 2 1

A concave lens of refractive index 1.5 is immersed in a medium of refractive index 1.65.
‘What is the nature of the lens ?

3. URE O HY I B © 2 1

How are side bands produced ?

4. T8I UH UG, GaAs % {o1d, diceal & W URT & URecH i 390 o ol Teh U (3TTeid)

(i) TS Mg € |
(i) 39 % =0 & e e ¥ | 1

Graph showing the variation of current versus voltage for a material GaAs is shown in
the figure. Identify the region of

(1)  negative resistance

(i1)) where Ohm’s law is obeyed.

5. SuRe - ufqard @ g el | 36 TE.eTE, (S.L) HEe R 2 1

Define capacitor reactance. Write its S.I. units.
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Section — B

6. TRIEd o STEgST W] S il i B35 § n? o SFER URGcH &Il & | ST, n W] &
FH G ¥ |
Show that the radius of the orbit in hydrogen atom varies as n?, where n is the
principal quantum number of the atom.

7. ST AT YU THETAR H = (US) i |

Distinguish between ‘intrinsic’ and ‘extrinsic’ semiconductors.

8. U GF & IUAN T 39 o, ferdlt STaer SUUT o WA IR f (WIS TRT) AT 2f (Tshel
Ty o e e fopedt v o7 wifafena, 2f & WX (2f @ 3R o) S9ar ¢ |

Use the mirror equation to show that an object placed between f and 2f of a concave
mirror produces a real image beyond 2f.

3ar/OR

31 ST UleRigel % oid | [l 37 TeiRISS i e (ART) B T I TRIET HebTeT i
o & o1 =5t T it |

TG Iiie (AR) i e Teafed § IRITHe WeheT <l clieian tieehad g 2

Find an expression for intensity of transmitted light when a polaroid sheet is rotated
between two crossed polaroids. In which position of the polaroid sheet will the
transmitted intensity be maximum ?

9. @M & Fadl & 3T ¥ fRdt @i o (W) ¥ dqed fefd & fod wiqemyr @) I
HitT |

Use Kirchhoff’s rules to obtain conditions for the balance condition in a Wheatstone
bridge.

10. TS W 99T Uk TSH (o) FHUT ¥ Tl SI-aell it sl H9 T €, a6 Id it —
(i) 3 o fawal 1 3TuT

(i) 3! =T T ST

A proton and an o-particle have the same de-Broglie wavelength. Determine the ratio
of (1) their accelerating potentials (ii) their speeds.

55/1/2/D 4
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QU - T

Section - C

11. 7o Gigfetd (AM) Gohdi o folt Ueh Ggeh 1 Uh Solieh ST Sy | ST Uk aem
TETET o SUANT FRT IR0 Toh faett 31 wigherd (AM) T | Hol TR9T Gohel T Tga
BT | 3
Draw a block diagram of a detector for AM signal and show, using necessary

processes and the waveforms, how the original message signal is detected from the

input AM wave.

12. T% ¥ 1 foRIT am® 961 ETATE) ‘B’ § 3R THH ARE TR ¢ € 1 3 R A
TfeRty o FaRi | et T & | 2fHAeT Sieedt V a2 (i) R 31X (i) 9T [ % s 7 s1ed |
Tg U AT T ST R =4 Q & ff fogd a1 61 99 1 A € 3R R &1 I FglT 9 Q Y 3

T GRS A FHH BT 0.5 A T 1§ | THY foRd a%® 99 (SUHNE.) E a9 SR
UFRTE ¢ &1 7 310 it | 3

A cell of emf ‘E’ and internal resistance ‘r’ is connected across a variable load resistor

R. Draw the plots of the terminal voltage V versus (i) R and (i1) the current I.

It is found that when R = 4 Q, the current is 1 A and when R is increased to 9 Q, the

current reduces to 0.5 A. Find the values of the emf E and internal resistance r.

13. S e o & Fenie C, @1 C, 1 Ugel AviiehH | AR Ry AR uredshd o Strel S

T | 37 SIS B TH-UH & 100 V 1 Sl o (R 9 Sirel Sar € | A 39 g1 |@hisE |
et ST A 0.045 J 941 0.25 T8, & C, 1 C, 3l A A Hiford | HHIRI (196 34
T Tcdieh WY WY 3797 o H &1 9ehe 4l i | 3

Two capacitors of unknown capacitances C; and C, are connected first in series and

then in parallel across a battery of 100 V. If the energy stored in the two combinations

is 0.045 J and 0.25 J respectively, determine the value of C; and C,. Also calculate the

charge on each capacitor in parallel combination.
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14. Troa e Sl HRYUTe & fag & 9o i |

T Teemiiey &1 UoE G & | 6% S0 # U Ui R, Siged 39 V aice WE &
Aiceriel § TN o6l ST & | AfS Tea ey o 619 S0ishd W R, WicRie Ser & af
diceriey V/2 aiee T AT &1 & | R, @1 R, & W[ § a8 WY Aa S, s 39
TEaHHIEY 3l 2 V T & aleeriey § TR &L & | R, T R, % W&l H HeaHHIe &
TR ‘G’ 1 A [0 i |

State the principle of working of a galvanometer.
A galvanometer of resistance G is converted into a voltmeter to measure upto V volts

by connecting a resistance R, in series with the coil. If a resistance R, is connected in

series with it, then it can measure upto V/2 volts. Find the resistance, in terms of

R, and R,, required to be connected to convert it into a voltmeter that can read upto

2 V. Also find the resistance G of the galvanometer in terms of R; and R,.

15. WIZeEEl s GaAT fb Uidwell i & § T@eh i STl € 2 Teh SUeR 3T ! Teradl 9§
THH! BTG BT GUH B |

et UvaiCii S99 % 9RT Sl qorT W SN SEd bl uRy e et €, R o
FISISATE Sl YTAIRTS S1ad B Teiefd - T HROT HT & 7

With what considerations in view, a photodiode is fabricated ? State its working with
the help of a suitable diagram.

Eventhough the current in the forward bias is known to be more than in the reverse
bias, yet the photodiode works in reverse bias. What is the reason ?

16. WA 3e@sish (CE) fomard § Ziviet vayes o1 Ush aRuy 3G a5 |

(i) Freet uiady dar (i) T vade Ui ot giifud HifsE | gt faer qen i
SANTCATEITOTERT o STANT FRT TeRT A hdl eI febam ST € 2

Draw a circuit diagram of a transistor amplifier in CE configuration.

Define the terms : (i) Input resistance and (ii) Current amplification factor. How are

these determined using typical input and output characteristics ?

55/1/2/D 6
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17. TA=iTehd Ue=1 o1 ST farad :

(a) Torat fofertt v o vRgerd ehreT st q8Teed 600 nm ¥ , SRR TRt U OR ST RSt ot
HIOT =g 0.1° T | 1, 31 Rl & s sFaRiet (34 T Hie |

(b) g W TEROT XAl 8T 5000 A TERET T UHNT STed & Y2 & S0 Wafed & € |
Y WA TN SIS TehIeT i T FAT ST UX T TS UL 2 3

Answer the following questions :

(a) In a double slit experiment using light of wavelength 600 nm, the angular width
of the fringe formed on a distant screen is 0.1°. Find the spacing between the two

slits.

(b) Light of wavelength 5000 A propagating in air gets partly reflected from the
surface of water. How will the wavelengths and frequencies of the reflected and

refracted light be affected ?

18. X, W % U U &I U dcd B To1 TF THL. (ac) AT § SUMHA H ST T & | 5oaf
i MM (TH) T T T9TE TS TS, (1) UReh H T bl AT ol HH T €41 ST 2 (i) P
o HicX e i Th ©F SIet &1 1 ? (iii) 39 GROY 9 A0iehd | X = X, Wi 1 Feri
Sirg feam wm 2

Tk S9M H 379 IR &l g & ford Rt fetfed | 3

An inductor L of inductance X is connected in series with a bulb B and an ac source.

How would brightness of the bulb change when (i) number of turn in the inductor is
reduced, (ii) an iron rod is inserted in the inductor and (iii) a capacitor of reactance

X =X is inserted in series in the circuit. Justify your answer in each case.

55/1/2/D 7 [P.T.O.
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19. ToRIT Traehia WFH o 39 AN & AW e

(a) ST foAm Femer H Uger Y8R Hee & fordl Suge eiar € |

(b) ST ST URT fogpia (1) & SUUR H BT € |
(c) T Taferean & Am-Fem o ford vge g & |
T ¥ feifiad for g7 2 ol hd ST oA ST ST § |

Name the parts of the electromagnetic spectrum which is
(a) suitable for radar systems used in aircraft navigation.
(b) used to treat muscular strain.

(c) used as a diagnostic tool in medicine.

Write in brief, how these waves can be produced.

20. (i) Topelt foemmet (Fee) STUET SXGRTeR o SAIGYs oiF i WihHd g 15 m & 1 4§ 1.0 cm
IS G I AR T SUANT fohaT ST A SIGEIH T RO G a1 BT 2

(i) AT TH XEYH HT ITANT THT Sl 3@ & ford Tohar sy o, AT9geass o9 511 a=
TR TEHT & Uiaters sl oaTd fohe=T 8T 2 T hl M 3.48 x 100 m o SEeh! e
I B 3.8 x 108 m e |

(1) A giant refracting telescope has an objective lens of focal length 15 m. If an eye
piece of focal length 1.0 cm is used, what is the angular magnification of the

telescope ?

(i1) If this telescope is used to view the moon, what is the diameter of the image of
the moon formed by the objective lens ? The diameter of the moon is 3.48 x 10% m

and the radius of lunar orbit is 3.8 x 103 m.

55/1/2/D 8
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21. SRR & U o IR0 #f fefgd | Sooie Hifs o st Gt ¥ v forge
TS & feheT HETaquT TITUT < AT i ST Febell § |

el g (W) W AT TERT B AR H A, ¥ A, T GRacH en § we forgd
TOIFZA S AR Tt oott &F AT &1 S & |

T, o1 T2 I el qRE ), T HrEFe & (o7 T gea Hitod | 3

Write Einstein’s photoelectric equation and mention which important features in

photoelectric effect can be explained with the help of this equation.

The maximum kinetic energy of the photoelectrons gets doubled when the wavelength

of light incident on the surface changes from A, to A,. Derive the expressions for the

threshold wavelength A, and work function for the metal surface.

22. UH (or) TR0 o G ST URI GRT WehiU Sl METR-ATES YT o 3Teqd |, Tied-A1eh
% P & H T (o) PO o VeII-09 HT SIMeT | T&IT H T it o6 39 37T |
T & Qe % I | GoAT hd Herd ¢ |

Hei, R = R, A3 9 gwifed fop, Aifvepa vemel ariear A oX FiR el e | (T R, U oo

& AT A IR i geIT T 1) 3

In the study of Geiger-Marsdon experiment on scattering of o particles by a thin foil of
gold, draw the trajectory of o-particles in the coulomb field of target nucleus. Explain

briefly how one gets the information on the size of the nucleus from this study.

From the relation R = R, A3, where R, is constant and A is the mass number of the

nucleus, show that nuclear matter density is independent of A.

a/OR
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Ty foe qon T Joae § 95 (3R) fafed | g9ied i 5 <A1 wohHl 0 St 5
mitad gt (FHeperd) € |

Tl IO e SFERIW-RICTH T SIshal | Hitad el o A9 MeV H URord
HI

4
%H+?H—>2He+n
feam &, s

m((H) =2.014102 u
m((H) = 3.016049 u

m(3He) = 4.002603 u
m_ = 1.008665 u

lu=931.5 MeV/c?

Distinguish between nuclear fission and fusion. Show how in both these processes

energy is released.

Calculate the energy release in MeV in the deuterium-tritium fusion reaction :
2. 3 4
H+ H—— He +n

Using the data :

m((H) =2.014102 u
m((H) = 3.016049 u
m(3He) = 4.002603 u

m_=1.008665 u

lu=931.5 MeV/c?
55/1/2/D 10
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Section - D

23. 30 TRt ¥ o g0 % fornterdl = T # Ueh foeld e W W U ST (JaRT) o1
T o oX Tt o “@a’ H.T. 2200 V| 3 3ot 35d dicedl & SUAIRTAT 31 THet Fal urd
el 3 TRT e[ Twelg i dicedT shaet 220 V il & | S 3Tt 5 T8l we v
Torerer @ o1 | f¥rereh 7 T8 Uk WUl U W gT 9 JXT SRl Sl THEET |

TeAifeRd wroeT % ST feAfa
() a.c. (TE) foRgTaRT I fowed & w7 A & o [Hg Jiord w1 U ohar S &
31X I7 ot Foh T TR h1d et € 2

(i) o7 T IfeRT BT IUANT, 3= dicedl SLAT. (dc) i Alezal Sl T HH o T ST T
T 9 W H |

(i) TerersR T fomnteal N1 WS Hodt T Soord i | 4

A group of students while coming from the school noticed a box marked “Danger H.T.
2200 V” at a substation in the main street. They did not understand the utility of a such
a high voltage, while they argued, the supply was only 220 V. They asked their teacher
this question the next day. The teacher thought it to be an important question and

therefore explained to the whole class.
Answer the following questions :

(1)  What device is used to bring the high voltage down to low voltage of a.c. current

and what is the principle of its working ?

(i1) Is it possible to use this device for bringing down the high dc voltage to the low

voltage ? Explain.
(111) Write the values displayed by the students and the teacher.

55/1/2/D 11 [P.T.O.
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24. (a)

(b)

(©

()

(b)

©

()

55/1/2/D

Tque - T

Section - E

Tettes TRfTeRTeT & o1 BTeTig bt TET o SUANT §RT W hitsd o, fohdlt ueett fery
TR UHAUTT FRTT o TREE SAad 8 §, U8 W foac U o e § |

<elied fof ore ferereieT ikt =6t sbivir =lere, st Bhst ! =iere i et gl € |

. 1 .
T HE o nH I H JhE e 9, 0 = (n+§) %qwms%w%, &foT T B ST
T
Using Huygens’s construction of secondary wavelets explain how a diffraction

pattern is obtained on a screen due to a narrow slit on which a monochromatic

beam of light is incident normally.

Show that the angular width of the first diffraction fringe is half that of the

central fringe.

1
Explain why the maxima at 6 = (n+§) 2 become weaker and weaker with

increasing n.

3ar/OR
ST o 8T 3T W ST T4 €, Uk TeAid STy 3h ashel 59T R € | 39 Ueh 317
& TTET S STTEHI% n, § 3R T SR % WTE H S n, € | T 397 I%
% WA n, SIS % HEH H U a5 o (@) 0° W@l § | 36 Wi
ST TR o [ T 0T T S1ed 31 ny, n, T97 R % ORI | A% W g0 o
yfdfers it g o s oY A~ R |

12
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(b) ST n, eI & AT H FO a1 Wi 6t T ferder I o ford ST g
1 H AT 5, T GO A % A H SEHH 0, 8 (0, > n) A, WIS F
o= oft T9%T (9T (a) & TAM) TH0T fofi@d | 389 o g-Ae 9 % T st
T it | 5
(a) A point object ‘O’ is kept in a medium of refractive index n, in front of a convex
spherical surface of radius of curvature R which separates the second medium of

refractive index n, from the first one, as shown in the figure.

Draw the ray diagram showing the image formation and deduce the relationship
between the object distance and the image distance in terms of n, n, and R.

(b) When the image formed above acts as a virtual object for a concave spherical
surface separating the medium n, from n; (n, > n,), draw this ray diagram and

write the similar (similar to (a)) relation. Hence obtain the expression for the lens
maker’s formula.

25. (a) TUH HYT & I (o5 MW +q TAT —q & 7 & {51k o o g 2a € | 39 T59a o1
fgya omept p ¥ | 29 f5ya o SR, THH! 3T el 3@T W a4l 3k s 9 x T W
fore 1 E % fordt U oo, p % UET H U R | 3 T B, 1 >> 2 0 fef

T E—2p/ (dng, ).

(b) foam & o Fordlt = o= Forege 891 E = 2d, o 39 597 () 21T I AT e fereg
AR T T TH UREE () 37T Sl H1F A1 i | 5

55/1/2/D 13 [P.T.O.
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(a)

(b)

(a)

(b)

55/1/2/D

An electric dipole of dipole moment E} consists of point charges +q and —q

separated by a distance 2a apart. Deduce the expression for the electric field E

due to the dipole at a distance x from the centre of the dipole on its axial line in

terms of the dipole moment 5} Hence show that in the limit x >> a, E — 23/

(4m gy xd).

Given the electric field in the region E = 2xli\, find the net electric flux through

the cube and the charge enclosed by it.

ar/OR

SUPE NG & ITAM FRT T foRd & b Suterfd ® Tl (i) @mers den
(ii) RIS ST & HeER H 3 hl W BT | fhH WIeRT Ug1e & Seehior
IR HIfST T2 GofedT (SRId Sgtd) § S9! 9oy farad |

Tsh oo Hfcereh TeATd 9T (@iet) i F15oT R & 31X 389 g8 W Q 3Ma¥ & | 39 s

CW@»‘%%’W%!@T% | b 31T STEY +2Q, 39 HIT & 96T, THH 5 9 x

T W LT I T SR @M & | 0 BT : (i) BT o g T a4 A fag w1 ferd
AT TR A (i) IV F BT ST ATl {oed Foler |

14
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(a) Explain, using suitable diagrams, the difference in the behaviour of a
(1) conductor and (ii) dielectric in the presence of external electric field. Define

the terms polarization of a dielectric and write its relation with susceptibility.
(b) A thin metallic spherical shell of radius R carries a charge Q on its surface. A
point charge % is placed at its centre C and an other charge +2Q is placed

outside the shell at a distance x from the centre as shown in the figure. Find (i)
the force on the charge at the centre of shell and at the point A, (i1) the electric

flux through the shell.

26. (a) TUHERR % Rl Fa9 # faf@d | 39 a9 & SUanT 9, o1 g arel [6dr S &
FiR B & & ford sk Ui i/, g 30 Reg i 39 B4 o+ &, 9!
T TS TS | WRT Sl WA ‘0’ § A1 TN U R (3uRerd) R T veted & @
g1

(b) T URATCTRT H i bl GEAT ‘N’ &, T ST ST 1< Hl &FeT ‘A’ & | 39 a1
3R T Ue UeTeh T ¢ 1o, SO Ue STURa! (3TeR) €RT T Sfeomerd fewm 7 wanfed
T & | 3T URANCIShT o HROT Gehia & T@I3T 1 fesor Sifsrl q uiTiersT
AT H R 9 ¥ Iooid HIoE | WA fF T8 IRATH T DS (3S) TaF Dl

HifeT TR el & TR TrIehF 3MEPT, m = NIA. 5

55/1/2/D 15 [P.T.O.
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(a)

(b)

(a)

(b)

©

(a)
(b)

©

55/1/2/D

State Ampere’s circuital law. Use this law to obtain the expression for the
magnetic field inside an air cored toroid of average radius ‘r’, having ‘n’ turns

per unit length and carrying a steady current 1.

An observer to the left of a solenoid of N turns each of cross section area ‘A’
observes that a steady current I in it flows in the clockwise direction. Depict the
magnetic field lines due to the solenoid specifying its polarity and show that it

acts as a bar magnet of magnetic moment m = NIA.

A/OR

‘TR’ (mutual inductance) I AT P TaT THHT S 1 (Q?T.Gﬂ‘%.)
T fAafa? |

Teh %l TRATITRT % ST AR U &Y Teh 3R IRATTsh! oS TE & | 399 s g
(TH &) e i g1 G aRAferenisti & 3= IR & ol U =eieh Ui
HIT |
T TN H & FHSferdl ¢, T ¢, B T AL % 09 @I T E | FIell ¢, H wated
TR &mT % aRec ¥ ¢, H U o e 91 (SUH.U%.) & ford U =ieth ue
HIT |

Define mutual inductance and write its S.I. units.

Derive an expression for the mutual inductance of two long co-axial solenoids of

same length wound one over the other.
In an experiment, two coils ¢, and ¢, are placed close to each other. Find out the
expression for the emf induced in the coil ¢, due to a change in the current

through the coil c,.
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