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PHYSICS (Theory)

Hifaes faam (Qg~s)

Time allowed : 3 hours | [ Maximum marks : 70

fefe ga7 : 3 gu2] [3ifrpam 3 70

General Instructions :
(i)  All questions are compulsory.

(ii) There are 30 questions in total. Questions 1 to 8 carry one mark each, questions 9 to
18 carry two marks each, questions 19 to 27 carry three marks each and quesnons
28 to 30 carry five marks each.

(iii) 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 three questions of five
marks each. You have to attempt only one of the choices in such questions.

(iv) Use of calculators is not permitted.
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(v)  You may use the following values of physical constants wherever necessary :
c=3x 10 ms!
h =6.626 x 10734 Js
e LA % 10-2C
Ho=41x 107 TmA~!

1
——=9x10° Nm? C?
4‘.‘1:80

Mass of electron m, = 9.1 x 103! kg
Mass of neutron m_= 1.675 x 10727 kg

Boltzmann’s constant k = 1.381 x 1023 JK-!
Avogadro’s number N, = 6.022 X 1023 / mol~!

Radius of earth = 6400 km

| e :
(i) |ty AFEE € |
(i) TWUH-TAHFA30 T E | 19 8 F Ueieh ¥ T 375 I €, W97 9 F 18 T Ui We
T FFHE, U9 19 T 27 § U UIT A1 37 FT & a1 797 28 F 30 F vedE W9
U FAFFHE |

(jii) WeF-TF | GHY W S foeed TE € | Uiy, 3 3 arel Uas UvH H, |19 31 arel U
- T | SR Ut 37l arel |t UvAT § 3NN 99 ST AT T E | TH WAl W SATI

&3 7 5= ° § Hael U YT B HEATR |

(iv) HeTpeiek % IUANT & ST &I ¢ |

(v) I 3Tevaeh 8 3T Ftead Hifqes (aaie & T o1 SUFiT Y Gohd & |
c=3x108 ms™!
h = 6.626 x 10734 Js
e=1.602x10"°C
Hy=4nx 107 Tm A™!

1 _ 9 2 -2
4mo--9><10 Nm-C

FoTaA i Weld m, = 9.1 x 103! kg
=2 i Wefd m_ = 1.675 x 1027 kg
Fezsm i k = 1.381 x 1023 JK-!
SATETET <t &N, = 6.022 X 1023/ mol-!
geAt %t e = 6400 km
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55/111

What is sky wave propagation ? 1
ST T HER0T FTE ?

Write the following radiations in ascending order in respect of their frequencies : 1
X-rays, microwaves, UV rays and radio waves.

frtafiaa fafewon it s sngiaal & IRie! %9 4 fafa :

X -Terot, gew adt, UV-faot qen feat o |

Magnetic field lines can be entirely confined within the core of a toroid, but not
within a straight solenoid. Why ? 1

T 8 Y@l i ZRiES & i § i uEg AT < e €, TR 3% Wit afteers
¥ iR UREs et o < weRa | /i ?

You are given following three lenses. Which two lenses will you use as an eyep:iecc

1T AT T ATHGYIF & €4 H H4T 7
w| &t (P) ERE (A)
L1 3D 8 cm
12 6D I cm
L3 10D lcm

and as an objective to construct an astronomical telescope ? 1
Lenses Power (P) Aperture (A)
Ll 3D 8 cm
7. 6D 1 cm
L3 10D I cm

et FfeRad Ji9 o9 G T & | @ g SEepT W T H 2 9 R | S|l o ST

[PtToOo



5. If the angle between the pass axis of polarizer and the analyser is 45°, write the ratio
of the intensities of original light and the transmitted light after passing through the

analyser.

A GIoRTEeR a1 faverssh & qROT STl % S 45° F H €, A [avenE | oA & wE
T[T SRTYT T UTRTeT WehTST hi CieTeTadl <Al ST fAr@u |

6.  The figure shows a plot of three curves a, b, ¢c showing the variation of photocurrent
vs collector plate potential for three different intensities I;, 1, and I; having

frequencies v}, ¥ and 14 respectively incident on a photosensitive surface.

Point out the two curves for which the incident radiations have same frequency but

different intensities.

.4
Eilg;(:ilemnc |1
/-_--— 12
¢ i
b
a

Collector plate potential
T 5 Torrelt repren omet U8 W amafera At fafies deanadt 1, 1 @ L, fment smafeit s
Y, ¥, T v €, % faeton & forg Hamet wie fave 7 aiterds & are s farge amr 5 oiass
=l g9 & forg @i e A ok a, b AT e Rw o
3 3 1l HITE HIT 5 (018 ST [Sishon s Sgiadr THM R arars 5=-
=g
:--""'"_"‘"Ii

mﬁgam’
i
c /—-\IS
b
a

T wIe Ty

7.  What type of wavefront will emerge from a (i) point source, and (ii) distant light

source ?

(i) T i, 9T (i1) SR WehrT i @ Toier ot forg WP 2 € 2
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8. Two nuclei have mass numbers in the ratio 1 : 2. What is the ratio of their nuclear

densities ? 1

31 AITHRT T S TS S ST 122 | T T S § 4 SO @ 2

0. A cell of emf ‘E’ and internal resistance ‘r’ is connected across a variable resistor
‘R’. Plot a graph showing the variation of terminal potential ‘V’ with resistance R. 2

Predict from the graph the condition under which “V’ becomes equal to ‘E’.

ferdt uftardt wfaty ‘R’ & Fadi & iE faeames se1 ‘B’ @91 31=aikes UioRiy ‘r’ T 9ot el
T § | 2 dieedT V H HiaRiY R % |IY UREd i g9 arel UTE Eirew |

T FRT 39 fRafa st wiersgamott ifs, e <V o ‘B’ S E S € |

10. (1) Can two equi-potential surfaces intersect each other ? Give reasons. 2

(ii)) Two charges —q and +q are located at points A (0, 0, —a) and B (0, 0, +a)
respectively. How much work is done in moving a test charge from point
P(7,0,0)t0Q(-3,0,0) ?

() T3 AETYT IS T T 1 Miqeoe # Ghd € 2 Rt fafen |
(i) & AEA — q T +q 3 FEFIT A (0, 0, —a) T B (0, 0, +a) T 0 oy & | fopadt

TRIEAUT Y W G P (7, 0, 0) ¥ a5 Q (=3, 0, 0) T 75 A | fehein 1 AT
g ?

11. By what percentage will the transmission range of a TV tower be affected when the
height of the tower is increased by 21% ? 2

fordl 1. IR H FAE | 21% Ht gig A W 3THT v wiaera Uvor aiEw wfea &
e ?

12. Derive an expression for drift velocity of free electrons in a conductor in terms of

relaxation time. 2

e =Ter § o TRl o STUaTE a9 o fore farsrifa et & uat § wiee g St |
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13

14.

55/1/1

How does a charge q oscillating at certain frequency produce electromagnetic
waves ?

Sketch a schematic diagram depicting electric and magnetic fields for an

electromagnetic wave propagating along the Z-direction.

Tt ff¥er smafa & <o s i e q e vepR foege g adt Soa et € 2

Z-faen & STfee TR S A fRdt o g o % fed &9 a9 g 89 6
TR e e fas it |

A charge ‘q’ moving along the X-axis with a velocity v is subjected to a uniform

magnetic field B acting along the Z-axis as it crosses the origin O.

B [E-axis
O >Y
2
- q

X

(i)  Trace its trajectory. .

(i) Does the charge gain kinetic energy as it enters the magnetic field ? Justify

your answer.

X-37167 % IFRT V O ¥ T FRd R R ‘g R g fag O | R w9 Z-31 &
ISR i U FHF G &9 B 18 3 oTar € |

B ‘[zaxls

o) >Y
/

q

X

(i) T S FH YT 9F Wirau |

(i) o T & H TAY FA W S HIE ST Sl ST el € ? 319 ST Bl gfee
HifeTT |




15. The following figure shows the input waveforms (A, B) and the output waveform

(Y) of a gate. Identify the gate, write its truth table and draw its logic symbol. 2
A

B

Y

0 1 2 3 4 5 6 7

Fr fw o o F ot 2 & Fraeft atr =9 (A, B) o frfa @t w9 (Y) seie e € 1239 11
! TETIHT, T GegH= FRUM {AET T&1 ST qeh Heilh Giray |
A

B

Y

0 1 2 3 4 5 6 7

16. State Biot-Savart law. 2
A current I flows in a conductor placed perpendicular to the plane of the paper.
Indicate the direction of the magnetic field due to a small element di at point P

situated at a distance T from the element as shown in the figure.

’ z
I

= wree frem fefa |
755 % et o oTe T8 FoRel wier @ oRT-1 et € @ & | o o i e e % o

FaEa d] ¥ T R W R frdt fag P W o1a@a & R0T Se0 ek & o fen ffte
=TS0 |

z

I

T -y
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17.

18.

19,

55/1/1

Why are high frequency carrier waves used for transmission ?
OR

What is meant by term ‘modulation’ ? Draw a block diagram of a simple modulator

for obtaining an AM signal.
TR 3 ferw 3= gt it areeh T ST SYART =T R S € 2
HYAT

Hige ¥ 1 aeqd € 2 AM Farer uie e & ot 9Ret Higersh 1 sl IR it |

A radioactive nucleus ‘A’ undergoes a series of decays according to the following

scheme :

The mass number and atomic number of A are 180 and 72 respectively. What are

these numbers for A, ?
fopett Ieaiufoes e ‘A’ i &19-5@eT =i <1 747 99T & AR & g

o B . o Y
A > A, > A, s A,

>A4

A T T HEAT T AT AT AT 180 TN T2 € | A, % Fote 396 A e 2

A thin conducting spherical shell of radius R has charge Q spread uniformly over its
surface. Using Gauss’s law, derive an expression for an electric field at a point

outside the shell.

Draw a graph of electric field E(r) with distance r from the centre of the shell for

O<r<oo.

foret R Frean & vaet =rers Mend @i & 7% W 0w Q THEHH ®9 @ Hefl g2 § | MY
T AT SUFRT ek Wie o e feRdt g W fomge & o T Hereh =gea= it |

0 <1 < o0 % 7T 39 @IeT & 7% § QW ‘¢’ 7 e &7 E(r) & &9 0 @itoe |

8



20. Three identical capacitors C;, C, and C; of capacitance 6 UF each are connected to a

12 V battery as shown. 3
Cq
I1
11
= iy
— 12V ==C3
-
C2
Find

(1) charge on each capacitor

(i) equivalent capacitance of the network

(iii) energy stored in the network of capacitors

= wewm WEmE C,, C, 71 C, 7+ wds 1 &1ika 6 uF &, fom | g91iY S@r 12 V &
foret S ¥ HARa € |

=12V . =03

| L=
Il
C

frfefaa & 9 3a =it
() T GRS W e
(i) eI H o g
(iii) HenTET % oo | ded He

21. (a) The energy levels of an atom are as shown below. Which of them will result in

the transition of a photon of wavelength 275 nm ? 3
A B 0ev
e D —-2eV
< X —45eV
3 -10eV
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22.

23.

55/1/1

(b) Which transition corresponds to emission of radiation of maximum

wavelength ?

(a) Tl wam & i &R A qEiT AR € | e @ R S % aRomeEey
275 nm TS T B AT & ?

A B 0eV
—2eV
y y —4.5eV

@
»)

r

-10eV

(b) TTH F P T YT ATepaq qoTRed & fafmon & e & ag]eT ¢

A proton and an alpha particle are accelerated through the same potential. Which cnz

of the two has (i) greater value of de-Broglie wavelength associated with it, anc

(ii) less kinetic energy ? Justify your answers.

fordll Wie e fordt TeT o1 B TAE fave o @i S T g e 8 W (1) e
T e A7 I S Sl aiesd gag € ? 997 (ii) frgeet st S0 HH & 2 30 ST A
qfes SifeT |

In a single slit diffraction experiment, when a tiny circular obstacle is placed in the
path of light from a distant source, a bright spot is seen at the centre of the shadow of
the obstacle. Explain why ?

State two points of difference between the interference pattern obtained in Young’s

double slit experiment and the diffraction pattern due to a single slit.

el Uhet ol TaaaT JanT | 6 % 7Y IR STaiy g3 Aid ¥ 31 T & 99 9 7@
faar S &, ot STaRTY S ST F e W U THHIR T f65 TG@mE a1 € | T i v
FE?
I & 9 ot wan | wre sAfaeor 927 qur ther 5 % $Ror faads 9ed J @i ©F 3R
fofaT |

10



24. (a) Define self inductance. Write its S.I. units.
(b) Derive an expression for self inductance of a long solenoid of length [, cross-

sectional area A having N number of turns. 3
(a) RS qreaTT fafan | 3w SI A ffan |
(b) Terdt Tt uRaTTerehT, foraent oaTs | TRy 1 8% A 991 %1 ot & N, &
AU o [T ST Fea BT |

X h

25, [""W?W
¢
D

I {\
1 \/

A

The figure shows experimental set up of a meter bridge. When the two unknown
resistances X and Y are inserted, the null point D is obtained 40 cm from the end A.
When a resistance of 10 Q is connected in series with X, the null point shifts by
10 cm. Find the position of the null point when the 10 Q resistance is instead

connected in series with resistance ‘Y’. Determine the values of the resistances X
and Y. - 3

X b

F”'w”'?”“”"l
¢
D

IL {\
L \J

A

Tomr o e ¥q 1 AT SHawT SR T ¢ | 5 37 whekry X 7 Y e e s
€, T foR A § 40 99 g0 W fag D R v freiw Rafe vt et & | 19 X % 9 gvitees 3
10 Q 1 TfeRTe TSt o1 3o &, ot 3 fereiw e 10 St T &t s € | 39 fRafa o
v faeiy Rufa s FifT <19 10 Q &1 wfefiy X % ©A | Y & T Soitsha 7 it &
fear sar & | wfeRtey X @ Y & 5 30 Hie |
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26. Derive the expression for force per unit length between two long straight parallel
current carrying conductors. Hence define one ampere.

OR

Explain the principle and working of a cyclotron with the help of a schematic
diagram. Write the expression for cyclotron frequency.

3 T WY IR (IauRT Al et & S 4id Ui oRaETs & R 96 & ol S
e FIT | 3% FRT U Ofegag =t givam fefan |

- CC )
e ARG B Ferddl 4 et anaeie o fagia v wEfefy e Sk | deeee
3Tt o fer v fefa |

27. Three light rays red (R), green (G) and blue (B) are incident on a right angled prism
‘abc’ at face ‘ab’. The refractive indices of the material of the prism for red, green
and blue wavelengths are 1.39, 1.44 and 1.47 respectively. Out of the three which
colour ray will emerge out of face ‘ac’ ? Justify your answer. Trace the path of these
rays after passing through face ‘ab’.

a

B —>—
G
R —>——
45277\

_ b ¢

ferddt TmeRiT e ‘abe’ & Wet® ‘ab’ W A e ROl ot (R), &0 (G) agn At (B)
amtad & | oo o 9Tl ST 31U ofe, &1 T Siell aeTSedt o foTg sHHwn: 1.39, 1.44 qem
1.47 € | S A 8 | I | 1 &l TR Borsh ‘ac’ § FHId &M | 379 3SRt gfee St |
FoT ‘ab’ W TSR & TN 37 [hU % 99 SR B |

a

B ——
G ——
R ——

45°
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28. (a) Derive an expression for the average power consumed in a series LCR circuit
connected to a.c. source in which the phase difference between the voltage and

the current in the circuit is ¢. 5

(b) Define the quality factor in an a.c. circuit. Why should the quality factor have
high value in receiving circuits ? Name the factors on which it depends.

OR

(a) Derive the relationship between the peak and the rms value of current in an a.c.
circuit.

(b) Describe briefly, with the help of a labelled diagram, working of a step-up

transformer.

A step-up transformer converts a low voltage into high voltage. Does it not
violate the principle of conservation of energy ? Explain.

(2) 39 a.c. @id ¥ ¢ Avitgg LCR Uiy ¥ SUe idd wifed & o =t ogea=T
it S dteear a1 fagmam & d9 FarR ¢ € |

(b) Tt a.c. TR & TUTAT R ! TRHTT [ATGY | SITIUTET RN H T[UTATHRE H1 3o
T /T AT =T ? 39 R & A fofee A R ae ek wwar € )

rerar
(a) Tl a.c. URUT H YRT F HER T T4 rms HH & =19 §GY Fcq T |

(b) FTHIfRT TR I HerddT ¥ WU § it STATE! ZFAHET i HrAfary 1 9uiF iy |
T ITAEN TRARHR (T Tteedl Sl 399 dieeal § TR AT 8 | F97 I Soit |eqoy
e 1 SootEe T & 2 T i |

29. (i) Draw a circuit diagram to study the input and output characteristics of an n-p-n
transistor in its common emitter configuration. Draw the typical input and
output characteristics. 5

(i) Explain, with the help of a circuit diagram, the working of n-p-n transistor as a

common emitter amplifier.
OR

55/1/1 13 [P.T.O.



30.

How is a zener diode fabricated so as to make it a special purpose diode ? Draw I-V

characteristics of zener diode and explain the significance of breakdown voltage.

Explain briefly, with the help of a circuit diagram, how a p-n junction diode works as

a half wave rectifier.

() EFS Isis 9 ¥ i n-p-n Zifasex & fHawt aon fria siaeretorent &
g % e uiiy 3 difaw | weedt e aer i sifaeretiors Eifee |

(i) URUY NG FT FeTdl ¥ SIS SCHSTH JIUF & 9 H n-p-n W Fl HrAE
T FHIT |

YAl

fordt SR STaTS T diakeH 9 forar e i o ot v & &% fow st 39 5w | SR
TErE F1 1-V 3fieretivns Gifa q9r S aieedr 51 Tete T ST |

IRUY SRG F GeIdl § &Y § g WL FITT {6 FHE p-n WY TETS T YR e
TRl =t Hifd HE FRar g |

Trace the rays of light showing the formation of an image due to a point object
placed on the axis of a spherical surface separating the two media of refractive

indices n, and n,. Establish the relation between the distances of the object, the

image and the radius of curvature from the central point of the spherical surface.
Hence derive the expression of the lens maker’s formula.
OR

Draw the labelled ray diagram for the formation of image by a compound

microscope.

Derive the expression for the total magnification of a compound microscope. Explain
why both the objective and the eyepiece of a compound microscope must have short

focal lengths.

55/111 14



n, T n, HAYSII o ST ATEH 1 geIeh F aler fohelt it I3 o 21et 0 feret feell formg
forar & HROT SR aret wfatera St g & fere eeret foor e witaw | iettd IS % e
fog | wfcifsrar g3t e Sk 1 o e Hey Wi Hieg |

T YR o8 Ho GF & (010 Ho1eh o HIT |
ey

Yo geEel gR1 it s swi % foeg Amited s o ema wifan
TgeRT GEHTEN % ol STYA & [0 1ok Sed= HIWT | T§ TIL ST o T Geraei
1 SAfHgvae AT AT T & 7 BIHH 5 % 41 8 ey |
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