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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™?

1
——=9x 10° Nm?2 C2
4n£0

m,=9.1x 103! kg

=2 T FFHH = 1.675 x 10727 kg
e 1 FME = 1.673 x 1027 kg
STMEANTIRT F& = 6.023 x 1023 i ur Hiet

SIS e = 1.38 x 10723 JK!

General Instructions :

5511

(i)
(ii)

(iii)

(iv)

(v)

All questions are compulsory. There are 26 questions in all.

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=3x 108 m/s

h=6.63x107317s

e=16x10"1C

Hy=41tx 107 TmA™!

g,=8.854 x 10712C2 N~ m™?

1
——=9x 10° Nm?2 C2
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 1023 per gram mole
Boltzmann constant = 1.38 x 10723 JK~!
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Tus — A
Section — A
1. Tt A & gafavd g & 6t fog W forge & 3@ g & ofead o1 eidl & 2 1

Why are electric field lines perpendicular at a point on an equipotential surface of a
conductor ?

2. fopdlt Herfsr =t fohdll uiardt STat o AC | & G4t fohar T & | 3t AC &id & g
H2T S ST, A o fereno Ry uiafad @n S 2 1

A variable frequency AC source is connected to a capacitor. Will the displacement
current change if the frequency of the AC source is decreased ?

3. NAND Tie &1 T Hciieh WiTaU 3R 9! TeH TR T | 1
Draw the logic symbol of NAND gate and give its Truth Table.
4. AC 9id I g | aRad= & Qrer G uiderd o fa=ror 6t 39 & fow o @itaw | 1

Plot a graph showing variation of capacitive reactance with the change in the frequency
of the AC source.

5. 3 HigeM X Mg Hige & o [a9s iy | 1

Distinguish between amplitude modulation and frequency modulation.

gug —d
Section — B

6. ‘WW’@M@TWSIWW|%@H&i‘>rﬁ>=3x103§N/Cé»‘W
WlOcmHﬁTWﬁ@gﬂHdmlWOW%M#I%,WN?%Q@EQVWWW%| 2

Define the term ‘electric flux’. Write its SI units. What is the flux due to electric field

- A —
E =3 x 10% i N/C through a square of side 10 cm, when it is held normal to E ?

7. TR H SRMT TG WRTEEH o 2ok G 923 § T T €T e it | 2

8
A 1Q 50 p 4Q
AN p A AN

C

A2
2Q

[\
| |
4V
Calculate the current drawn from the battery by the network of resistors shown in the

figure.

2Q
MY
D

A 1Q 50 40
AN A AV

C

v
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20 cm 9T oTet TRl SR o T5Tad 1A 9RT yefed & @ &, i o6l 3 oralg o drd
R o 2A 9RT venfed 81 @1 & % ek fomt & ST @R wae ot § W@ T g |

2A

S
rd 7

é%i 1A T
A Y 20 @
< J’
20 Gt
YRTAE! FTeteh % SHRUT o0 TX TR 2 Se1 bl TRATT 37K {59 aRepferd i |

YT

200 TR 3T 100 cm? &Fe i fhdT aiehR THAA FUSell H SA 3TARET R vated & &l
T | 7€ Puget 0.2 T % UF UHaaH b &4 o e 8, et fKon svselt & act &
AT & | ST T FUSHA I el B & T 60° T HI0T I & T 39 feafq H poeet
T T TA-STg0T IReBTeTd i | fFe T 5 e Foeel SRl arereeen | g 2

Y

A square loop of side 20 cm carrying current of 1A is kept near an infinite long
straight wire carrying a current of 2A in the same plane as shown in the figure.

2A
10$ 1A
cm > 1\
A Y 20 cm
20 cm

Calculate the magnitude and direction of the net force exerted on the loop due to the
current carrying conductor.

OR

A square shaped plane coil of area 100 cm? of 200 turns carries a steady current of SA.
It is placed in a uniform magnetic field of 0.2 T acting perpendicular to the plane of
the coil. Calculate the torque on the coil when its plane makes an angle of 60° with the
direction of the field. In which orientation will the coil be in stable equilibrium ?

37 A g Taferon 1 AW faf@u (i) [ ST HE ® SIS wf T wRA |
femalT ST €, (ii) TSI oo 1% 37 Bl &1 STl €, (iii) et Sl ST oF1E 3@ © |

=0 9§ g} Ush TR ot T bl 3T i i fafy 1 &g § 9o shifeg |

Name the types of e.m. radiations which (i) are used in destroying cancer cells,
(i1) cause tanning of the skin and (iii) maintain the earth’s warmth.

Write briefly a method of producing any one of these waves.
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10. T 9 BTSSISH RHTI] 1 il TR 3G I90T T & 2
(a) & TGohHUT AT HITT FTGH 496 nm TITRE & R T ScHSH BT € |

n=4
v n=3
v n:2
A 4 A Al 4 1’1:1
(b) T THAUT F T SR dT TR & AT ST B & 2 310 SR B ghee

HIT |

The figure shows energy level diagram of hydrogen atom.
(a) Find out the transition which results in the emission of a photon of wavelength
496 nm.

(b)  Which transition corresponds to the emission of radiation of maximum
wavelength ? Justify your answer.

qgug -9
Section - C

11, (a) TohE! =T | Haed 9N ‘1 3R o1eei & 3T0dTe o V) % o §ag &ca Hive | 3

(b) To= H Tl OR & SR I F Valed &R ‘[ 3R T9F ¢ % S U S0 T |
T T T SN ¥k AR H 10s T Jefed STee AT i |

I(AYA
N

0 5 10 s

5511 5 [P.T.O.



12.

13.

14.

5511

(a) Deduce the relation between current I flowing through a conductor and drift
velocity V of the electrons.

(b) Figure shows a plot of current ‘I’ flowing through the cross-section of a wire
versus the time ‘t’. Use the plot to find the charge flowing in 10s through the

wire.
(A
N

0 5 10 s

ot TiefemaHicT &1 URuY g TieehY 39T HEHRT [Fg @y | &7 Joil &f emf &
qoT B | TP STANT g TR Tohal STl € THehT Ui e oell STavdeh g Zca—~

HIT |
arar

RT3 I TEdl ¥ HieX UG o HIEHRT (GG i SR AT | TR STANT fohadt fqw
T AR 1 3T Wawry Feiia s o 69 UepR fohar STt & 2 afom § <gaa| Jfe & fou
A ST et STEvas Qa2 faray |

Draw a circuit diagram of a potentiometer. State its working principle. Derive the
necessary formula to describe how it is used to compare the emfs of the two cells.

OR
With the help of the circuit diagram, explain the working principle of meter bridge.
How is it used to determine the unknown resistance of a given wire ? Write the
necessary precautions to minimize the error in the result.

(a) ToRdl TeT Fuee ooy § g & o (3ie) ol s ST § 2 99eel a8
fehd TR ST STl & |

(b) TRl Toammer fSTEeT iR ‘G’ §, i 38 ST H @ig Uiy R’ FAISTT ek
(0-V) diee 9E & aicedied | qiefdd [ohar ST Gl ¢ | 3 38 0 9 V/2 9 &
eI T URatad ST &, df fohd- Uil bt Taeaehdl gr 2

(a) Why is the magnetic field radial in a moving coil galvanometer ? Explain how it
is achieved.

(b) A galvanometer of resistance ‘G’ can be converted into a voltmeter of range
(0-V) volts by connecting a resistance ‘R’ in series with it. How much resistance
will be required to change its range from O to V/2 ?

fH ac A V = V,, sin ot % Aq I W R’ X F6RE C % 407 TEeE 9 gt
T ¥ | 5% U SR @ Wifaw 3T 9ehT SUANT (i) TRaY st uidqemen 3R (i) FHer-shior
% ToTT =isTeh U e | iy |

A source of ac voltage V =V, sin ot is connected to a series combination of a resistor

‘R’ and a capacitor ‘C’. Draw the phasor diagram and use it to obtain the expression
for (1) impedance of the circuit and (ii) phase angle.
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15.  3FUR HE-ETFA 1.6 x 10*m? 3 FHIHT TG-I AU T 2000 T b1 IRATereht e
4.0 A gRT YeTEd 81 W@ ¥ 50k s W el Helitad € iR g8 oSt aor § o0 Tt ¢ |
(i) 39 URATeTR ¥ Heag T S0, (i) A URATCR & 3T F 30° HUT W HE
7.5 x 1072 T T &S Trehig &1 sFated fohar 77 €, a1 URATehT U8 & SIoT-STTgo7
IRHTOT Y TS AT BT | 3

0—4

A closely wound solenoid of 2000 turns and cross sectional area 1.6 x 10~*m? carrying
a current of 4.0 A is suspended through its centre allowing it to turn in a horizontal
plane. Find (i) the magnetic moment associated with the solenoid, (ii) magnitude and
direction of the torque on the solenoid if a horizontal magnetic field of 7.5 x 1072 T is
set up at an angle of 30° with the axis of the solenoid.

16. (a) I % TEieRt v 0 <t foRat bt Hiere 1 SO 4:1 & | SAfdeor Ued 7 3feae X

fAfETee =t terarett o 31U T Jodieh HifT | 3

(b) T ATTHIOT G2 THRIAT AR el et g 3, fohdlt ot &9 8, Fott weeyor fom
T IeeE & 7 AT BT |

(a) The ratio of the widths of two slits in Young’s double slit experiment is 4 : 1.
Evaluate the ratio of intensities at maxima and minima in the interference
pattern.

(b) Does the appearance of bright and dark fringes in the interference pattern
violate, in any way, conservation of energy ? Explain.

17. (a) 7 BRI B ATGT Sk FRT fhET TR i TG 0T | gig bt ST el & | 3

(b) 1 mm TEE H ThHet TR W 56 Bl & ATeT=ad 600 nm TR T FHRT S0
AT &, AT Tk HROT W e Ued & U ife teae i g Hiie HiEe &
S IV YR T ST T |

(a) Write the factors by which the resolving power of a telescope can be increased.

(b) Estimate the angular separation between first order maximum and third order
minimum of the diffraction pattern due to a single slit of width 1 mm, when light
of wavelength 600 nm is incident normal on it.

18. (a) WTHRUT N i o =9 I ol H TS| U o TIoRIFS! o a Feal Sl Araehdl
T SY A & 2 HROT T TL HIFAT | 3
(b) = GICREET P, T P, i i fefaal § w@r T e | Py 3R P, & | HiE e
AIeRTaE P, 39 YR T@T STl ¢ fob P, 1 WIRa %7 P| % §H<R & | P, ¥ qRfaa
TERT I AT (1) P, 1 H0H X 0 o6 Wb UReRi &l 2 P 3 P, % uRa 3wt
= S 07 9 SN Ao L, o aiel AT Tty |
(a) Good quality sun-glasses made of polaroids are preferred over ordinary coloured

glasses. Justifying your answer.
(b) Two polaroids P, and P, are placed in crossed positions. A third polaroid P; is

kept between P, and P, such that pass axis of P, is parallel to that of P,. How
would the intensity of light (I,) transmitted through P, vary as P, is rotated ?

Draw a plot of intensity ‘I,” Vs the angle ‘0’, between pass axes of P, and P;.

5511 7 [P.T.O.



19.

20.

21.

22.
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(a) Fra <t T AR SafRaTeT S ORT it
: 208 204
(1) 84Po—)Ssz+...
(i) P> S+ ..
(b) (i) P~ 3R (ii) P+ &7 & ToTT STRETA M H 3T JoT sk ey |
(c) et w1 WAIfTeR WA e F T T 2
(a) Complete the following nuclear reactions :
: 208 204
(1) 84Po—)Ssz+...
s 32 32
(i1) 15P - 16S + ...
(b) Write the basic process involved in nuclei responsible for (i) B~ and
(i) B* decay.
(c) Why is it found experimentally difficult to detect neutrinos ?

A™ T > 0K W (i) n-UPR 3R (i) p-YPR & TIACTh & Fo1l-908 NG iy |

n-UR % USHUT H Si-STEATeTh! & Holl-d08 3@ H Il Soll WK dTeish SUg i el o F
T T pUPR F STHATCID T U Soll TR ST 98 & oY F $8 W el & | T
T o eTeh 3R GaiST 9t | g7 Sotl-Li i 1 YfHehr Bl ¢ |

Draw the energy band diagrams of (i) n-type and (ii) p-type semiconductor at
temperature, T > OK.

In the case n-type Si semiconductor, the donor energy level is slightly below the
bottom of conduction band whereas in p-type semiconductor, the acceptor energy level
is slightly above the top of the valence band. Explain, what role do these energy levels
play in conduction and valence bands.

30T SATAST (V) STV, o i) T W6 G A TR o 30 AT BT I |7 AT
T o felT ST foha ST € Si) o 2

ol 3MUR Srafad gifvex vads &1 CE o # Uiy o1 Witay i 9eig § gqen!
FHTATaTY P ST HAST |

Draw a plot of transfer characteristic (V, vs V,) and show which portion of the

characteristic is used in amplification and why ?
Draw the circuit diagram of base bias transistor amplifier in CE configuration and
briefly explain its working.

TS & SUANT | A QU T ug) i AT i

() =T AT
(i) 9T SearhT
(i) A

Explain the following terms in relation to the use of internet :
(1) Internet surfing

(1))  Social networking

(iii)) E-mail



23.

24.
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qgug -
Section - D

foramera =t Tt & e a8 o @ fauen ool Wil & @y w el et se | fE

3T TG Bl TS o TTeF ToIToll T ol & | S IRT & feTT i U = el et

TR | S SR ST AR § O R W TR W & S I dedl B @l 3R 3% Sl BR H

da 1 U {3, TE FE SR T qedl Bl TP I b ke H a%dl ¥ Bier | fomen &

HIAT-TIAT ST FTHAT S ToTR Y & 9, T8 @M 3R S8 S, U I SR e BT |

(1) . %R IR fawer & AT-far gR1 i goat s gemar T 2

) faemeRt dfed 3R T & THT HR % H ST GRITT F HHT ST € 2

(3) “UNTCRIA W UF ! GRS fAfEu | T8 R gied wl § 2

Immediately after school hour, as Bimla with her friends came out, they noticed that

there was a sudden thunderstorm accompanied by the lightening. They could not find

any suitable place for shelter. Dr. Kapoor who was passing thereby in his car noticed

these children and offered them to come in their car. He even took care to drop them to

the locality where they were staying. Bimla’s parents, who were waiting, saw this and

expressed their gratitude to Dr. Kapoor.

(1) What values did Dr. Kapoor and Bimla’s parents displayed ?

(2) Why is it considered safe to be inside a car especially during lightening and
thunderstorm ?

(3) Define the term ‘dielectric strength’. What does this term signify ?

qug g
Section - E

(a) I 1 7am T | = &t T R o S S gevT 1 A o H 59
1 YA BT |

S N B

—
(b) g A 1800 ki/h F1 =eT | U= foem | T X @I |

() 3 T S 98 T R T & TRl YAl o G & B URAmT 5 x 1074 T SR At
T 30° &, A 25 m TR 1 Sea i TEhed & 31 TRl o o 30 dleedl-3R
T A T |

(i) I Sieam o TEen ufvem ¥ ST 31X 8 S, & S aieedl IX ST T T8 2

rerar

FUSTTAT o A & ST Uehedl bl TR Ty 37X 57 SRepT WX I TR el &

IR ST BT |

o W 9T SFAR 20 cm ¥ 1 FE F-010 0.1 T % THTHH TR & & T

& T IR H 30 cm 30 W § | 3% U99Td 39 I 3R 10 cm s~ % 9 F 39 98T

e T AT ST &, ST 0 156 I8 59 &35 o WWTe &1 ¥ 96 el ehet STl |

9 [P.T.O.
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(a)

(b)

et fRT T for=ot i 5 % g A wite

(i) TEI (t) & I T F ToRA el b Fotad (¢) T faeror

(i) TET (t) & I o9 H URA emf (g)

(i) 9 o9 T ufeRiy 0.1 Q &, o o9 § IR &RT 7 foreron

x—x—x—x/?/Bw:ﬁ
|

IOCm/sI X—X—X—X

—_—
X—X—X— X—X

30 cm_ | |

WVem T X—X—X—X—X
—> [ I

X—X—X—X—X

«—— 80cm ——>

—>

State Lenz’s law. Use it to predict the polarity of the capacitor in the situation

given below :

S N

—

A
B

A jet plane is travelling towards west at a speed of 1800 km/h.

(i) Estimate voltage difference developed between the ends of the wing
having a span of 25 m if the earth’s magnetic field at the location has a
magnitude of 5% 107 T and dip angle is 30°.

(1) How will the voltage developed be affected if the jet changes its direction

from west to north ?
OR

Define mutual inductance of a pair of coils and write on which factors does it

depend.

A square loop of side 20 cm is initially kept 30 cm away from a region of
uniform magnetic field of 0.1 T as shown in the figure. It is then moved towards
the right with a velocity of 10 cm s~! till it goes out of the field.

Plot a graph showing the variation of

(1)  magnetic flux (¢) through the loop with time (t).

(i1) induced emf (€) in the loop with time t.

(i11)) induced current in the loop if it has resistance of 0.1 Q.

X —X—X— X — BJ_down
I
10 cm/s X — X—X—X—X
— |
X—X—X—X—X
30 cm_ | I
20 cm X=X=X—=X—=X

«—> | I
X—X—X—X—X

¢«<—— 80cm ——>
10
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26.
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(a)
(b)

(a)

(b)

(a)

(b)

(a)
(b)

(a)

(b)

T ! ARAT fAfay | 7 T § fop wehm i € 2 5

T ST T Ueieh Wi o TTT ST i 3TIeh{d SRITET |

() Tordt fomg |1 | hTeT T STIEIRA BT |

(i) T fog | fohdlt U7 o1 & BIhd W &, I o T Ul 17T &l gT

(i) BT & Tgctaes TRATR o 70T 1 IUFT <l g, Te- Oreqy ¥ favet Aream
H TRET e AT o T i G o [0 1 S |

YT

Topell et GeHEN gRT Uidfers ST I & folT foheor TR witaw | 39 ferfa o

FeT ML & folT SHoTeh T HifSTT ST Ui e S O ST & |

forelt T ewrsel ol forvig &TmaT foh UehR T Biclt &, 5190

() EYTs o BT U = STl & |

(i)  TeIRT i TR Tk & STl ¢ 2
319 3T I Yt HROT Fied ity |

Define a wavefront. How is it different from a ray ?

Depict the shape of a wavefront in each of the following cases.

(1) Light diverging from point source.

(1)) Light emerging out of a convex lens when a point source is placed at its
focus.

(1) Using Huygen’s construction of secondary wavelets, draw a diagram
showing the passage of a plane wavefront from a denser into a rarer
medium.

OR
Draw a ray diagram showing the image formation by a compound microscope.
Obtain expression for total magnification when the image is formed at infinity.
How does the resolving power of a compound microscope get affected, when
(1)  focal length of the objective is decreased.
(1)) the wavelength of light is increased ?
Give reasons to justify your answer.

YHRI-faR e o 39 9 Ufed eteteron bt faifauw el smer uehtt o ddT

ToET=<T ST &l &t ST |ehe |

T HIT o SMERA & TehTT-Tagd THIGHOT T ST ST TS v A &

forw fore e T sTraT € 1 5

T ¥ 51 TehTT-QUe! TETE M| @ M, % FIq St fefeRton @t STt (v) SR R

TorTer (V) o Sl I SRR T & | T2 i o

() ST @IS T g T H= § 2

(i) 3T fafheon = TuF g & fofT [ usTel @ Soatetd g ol TIiat
oft 3tfeh & 2

S

O<

11 [P.T.O.
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(a)

(b)

©

(a)

(b)

(a)

(b)

(©

TIHE & YDV TN | TRI-ANIE & FoA™l &5 H o-F0 FRT SRIGT Te9-0
T 3T T HINT (5 [T TR g8 FRT AN o QIesT Sl STTH THIET T4 |
TeIT § U IS foF TMAH Seie T bt a3 Yhid WIS €9 9 69 TR v
Eakicil

ST QYA 3 o-3HUT Bl IAhI TR STaeteti ¥ 99 @R fovg, vV & gRT @iRka
feRaT ST €, o 399 Tag 3 el JOTeeAt & SFUT ol Tt HiteT |

Write three observed features of photoelectric effect which cannot be explained
by wave theory of light.

Explain how Einstein’s photoelectric equation is used to describe these features
satisfactorily.

Figure shows a plot of stopping potential (V) with frequency (v) of incident
radiation for two photosensitive materials M, and M,. Explain

(1)  why the slope of both the lines is same ?

(i1) for which material emitted electrons have greater kinetic energy for the

same frequency of incident radiation ?
N

O<

OR

In Rutherford scattering experiment, draw the trajectory traced by o-particles in
the coulomb field of target nucleus and explain how this led to estimate the size
of the nucleus.

Describe briefly how wave nature of moving electrons was established
experimentally.
Estimate the ratio of de-Broglie wavelengths associated with deuterons and

o-particles when they are accelerated from rest through the same accelerating
potential V.

12



MARKING SCHEME
SET 55/1(Compartment)

Q. No. Expected Answer / Value Points Marks | Total
Marks
Section A
Set1,Q1 If it were not so, the presence of a component of the field along the surface 1
Set2,Q5 would violate its equipotential nature.
Set3,Q4 [Accept any other correct explanation) 1
Set1,Q2 It would decrease. 1
Set2,Q1 [NOTE: Also accept if the student just writes ‘yes’]
Set3,Q5 1
Set1,Q3
Set2,Q2 AB LY Yo+ Vs
Set3.01 & | 0 |0 |1
’ DD—Y. 0|1 |1
%—— o 110 |1
1 ]1 |0
1
Setl,Q4
Set2,Q3
Set3,Q2 Xe T 1
—D>
w
1
Set1,Q5 In amplitude modulation, the amplitude, of the carrier wave, changes in 1
Set2,Q4 accordance with the modulating signal, while in frequency modulation,
Set3,Q3 frequency of the carrier wave varies in accordance with the modulating 1
signal.
[ NOTE: Also accept if the student draws graphs for the two types of
modulation]
Section B
Set1,Q6 - :
Set2,Q10 Deflnlt_lon of electric flux Y2
Set3,Q9 S.1. unit Ya
Calculation of flux 1

The ‘electric flux’, through an elemental area ds, equals the dot product of

ds, with the electric field, E.
[Alternatively: Electric flux is the number of electric field lines passing
through a given area.]

[ Also accept, d¢p = E.dS Or ¢ = $ E.d3]

N-m?2

S.1. units: (
C

) or (V-m)

¢ =E.S =ES(as 6 = 0°)

Yo

Yo

Yo
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N-m?
=3 X103 x (10 x 1072)2

Y2

C
N-m? 2
=30 C
Set1,Q7 i . .
Set?2 86 Calculation of Equivalent Resistance of the network 1Y%
Set3,010 Calculation of current Ys
The given network has the form given below:
B
10 20
Ys
A C
20 40
D 1
It is a balanced wheatstone Bridge. 2
Its equivalent resistance, R, is given by
1 1 1 1
R 1+2 2+4 2
R =20
4V
= Current drawn= — = 2A 1 2
Set1,Q8
Set2,Q7 Formula VA
Set3,0Q6 Calculation of net force on the loop 1
Direction of the net force Yo
2A
110cm a
> b
30cm A 1A 20 ¢m
v
< (e
d 20 cm
Here
11=2A; I,=1A

d; =10 cm ; d>,=30 cm
Ho=4m x 107 Tm A*

We have
Uo L1,
F = l
2md
~ Net force on sides ab and cd
2 _
=220 %20 x 1072 [ - ——|N
27 10%x10~2  30x10~2

—4><10-7><20[ 20 ]N
N 10 x 30
16

=3 x 107N =533 x1077N
This net force is directed towards the infinitely long straight wire.

Yo

Yo
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Net force on sides bc and da = zero.
«. Net force on the loop = 5.33x10” N

Y2

The force is directed towards the infinitely long straight wire. Yo 2
OR
Formula 72
Calculation of angle between 7, and B Ys
Calculation of |, |and torque Yo + Y
Torque = 7, X B Yo
|1, =nl X A =200x5x% 100X 10~*A4-m?
= 10 A-m? &
Angle between 7, and B = 90° — 60° = 30° ”
o |Torque| = 10 X 0.2 X sin 30°
=1 N-m & 2
Set1,Q9
Set2,Q10 Naming of the three waves Yo+Y%+%
Set3,Q7 Method of production (any one) Ya
i.  yrays (or X-rays) Yo
ii.  Ultraviolet rays Yo
iii.  Infrared rays Yo
Production
y rays : (radioactive decay of nuclei)
X-rays : (x-ray tubes or inner shell electrons)
UV- rays: (Movement from one inner energy level to another)
Infrared rays: (vibration of atoms and molecules)
(Any one) Yo
2
Set1,Q10 — —
Set2,Q9 (a) Finding the transition 1
Set3,08 (b) Radiation of maximum wavelength Y2

Justification

Yo

(a) For hydrogen atom,
Ei=-13.6eV;E;=-3.4eV;E;=-151eV; E;=-0.85eV

h=6.63x10°*Js : ¢=3x10%ms™
Photon Energy= %

6.63 X 1073* x 3 x 108

T 96 x10°x16x10-1°"

=25eV

This equals (nearly) the difference (E4-E>).
Hence the required transition is (n=4) to (n=2)

[Alternatively : If the candidate calculates by using Rydberg formula, and

identifies correctly the required transition, full credit may be given.]

(b) The transition n=4 to n=3 corresponds to emission of radiation of v,

maximum wavelength.

It is so because this transmission gives out the photon of least energy. 1, 5

Yo

Yo
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Section C

Set1,Q11
Set2,Q19 (a) Derivation of the relation between | and |v,]| 2
Set3,Q16 (b) Calculation of the charge flowing in 10 s 1
(a) According to the figure,
Ax = vyst i3
Hence, amount of charge crossing area A in time At
+———Ax=pAt———»
—»

o P Ya
~ AQ = IAt = ned|v,|At Y2
~ I =neAv,

%
(b) Charge flowing = Y, IAt
=area under the curve Y2
1

— E><5><5+5(10—5)]c

=375C & 3
Set1,Q12 —
Set2,Q20 Circuit Diagram 1
Set3,Q17 Working Principle Yo

’ Derivation of necessary formula 1Y%

The circuit diagram , of the potentiometer, is as shown here:

Working Principle:

The potential drop, V, across a length | of a uniform wire, is proportional to
the length | of the wire. A
(or V « [ (for a uniform wire)

Derivation:

Let the points 1 and 3 be connected together. Let the balance point be at the
point N; where AN;=I,

Next let the points 2 and 3 be connected together. Let the balance point be at
the point N2 where ANo=l,. 1
We then have
& =kl
and &, = kl, Y
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ca kL 7 3

- 5L
OR

Circuit Diagram Y2

Working Principle 1

Determination of unknown resistance 1

Precautions Y%

The circuit diagram of the meter bridge is as shown below:

C Yo

Working Principle: The working principle of the meter bridge is the same as
that of a wheatstone bridge. The Wheatstone bridge gets balanced when:

R, R,
R, R,
B

AT

A -R, R.??%

AT E C 1/2
K ©
N r R

o
L=y 1 b‘é’

=

NA %

D

For the meter bridge, circuit shown above, this relation takes the form
R L A
S (100-1)

Determination of unknown Resistance (R):

In the circuit diagram shown above, S is taken as a known standard resistance.

We find the value of the balncing length [,, corresponding to a given value of

S. We then use the relation:

Yo
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R L

S (100-1,)
to calculate R.
By choosing (at least three) different value of S, we calculate R each time.
The average of these values of R gives the value of the unknown resistance. Y2

Precautions:

(1) Make all contacts in a neat, clean and tight manner
(2) Select those values of S for which the balancing length is close Y2 3
to the middle point of the wire.[Any one]

2:385 (@) Nee_d fc_Jr having a rad_ial Magpnetic field 1
Set3’Q18 Achieving the radial field "
’ (b) Formula 1
Calculation of the required resistance 1

(a) Need for a radial magnetic field:

The relation between the current (i) flowing through the galvanometer coil,
and the angular deflection (¢) of the coil (from its equilibrium position), is

NABI sin 0
(=)

where 6 is the angle between the magnetic field B and the equivalent
magnetic moment ii,,, of the current carrying coil. 2
Thus | is not directly proportional to ¢p. We can ensure this proportionality by

having 8 = 90° . This is possible only when the magnetic field, B, is a radial
magnetic field. In such a field, the plane of the rotating coil is always parallel
toB.

To get a radial magnetic field, the pole pieces of the magnet, are made
concave in shape. Also a soft iron cylinder is used as the core. v,
[Alternatively : Accept if the candidate draws the following diagram to
achieve the radial magnetic field.]

Yo

Soft
iron
core

(b) We have R = [11 - G]

'm I v A
™ R4G
We must also have
%
I, = —2 i
™R 4G
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where R' = Resistance required to change the range from ) 0 to V/2
_ 2(R"+G)
R+ g c
- ) 3
&R = ——
2
geg,qg Circuit diagram Yo
Set3’Q19 Phasor Diagram Yo
e.Q Obtaining the expression for:
(1) Impedence 1%
(i) Phase angle Yo
The circuit diagram and the phasor diagram, for the given circuit, are as
shown.
A R B
1
I
VR
Yo
VL wt+P
Ve
Derivation:
The voltage equation, for the circuit, can be written as:
v +vu,=v
The phasor relation, whose vertical component gives the above equation, is
Vg +Vc=V 1
vOn
The Pythagoras theorem gives
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2 _

V2, = vEy + V3, Y
Substituting the values of vy, and v, into this equation, gives
= (inR)?* + (inXc)? = im(R* + X2)
.o _ Vm
o lm_—R2+XC2 v,
=~ The impedance of the circuit is given by:
1
Z =/R?+ X2 = /RZ +—5
The phase angle ¢ is the angle between Vrand V. Hence
Xc 1
== — 1/
tan ¢ R = WCR 5 ;
gzggﬁ (1) Formula for magnetic moment Yo
Set3’Q20 Calculation of magnetic moment 1
’ (if) Formula for torque Yo
Calculation of torque 1
i) Associated magnetic moment 1,
Um = niA Y2
=2000%X4 X 1.6x 107* A —m? 1
=128 A —m?
(ii) torque =,,, B sin 6 VA
= 1.28 x 7.5 X 1072 X sin 30° VA
= 0.048N —m Y 3
Set1,Q16
Set2,Q12 (a) Formula Ya
Set3,Q21 Calculation of the ratio 1
(b) Answering about Conservation of Energy Yo
Explanation 1
(a) Imax _ laita, 2 Y
2
Here \/7 \[
: max_ 2a2+a2 —-9:1 1
Imm 2a2 —a;
(b) There is NO violation of the conservation of energy. 1
The appearance of the bright and dark fringes is simply due to a
‘redistribution of energy’. 1 3
Set1,Q17 ) ) .
Set2,Q13 (a) Factors by which the resolving power can be increased. 1
Set3,Q22 (b) Formula Y2
Estimation of angular separation 1%
a) The resolving power of a telescope can be increased by
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(1) increasing the diameter of its objective
(i) using light of short wavelength
[Note: Give full credit even if a student writes just the first of these two 1

factors.]
(b) Position of Maxima: 8 ~ (n + %) %; position of minima = %ﬁ A
For first order maxima, 6 = 32 1y
2a
and for third order minima, 6 = %
=~ Required angular separation "
_3/1_3><600><10‘9 di
T 20 2x1x10-3 odAn , ;
=9 X 10~* radian
Set1,Q18 _ :
Set2,Q14 (a) Reason for preferring sun glasses made up of polaroids 1
Set3,Q11 (b) Formula for intensity of light transmitted through P, 1%
Plotofl vs 6 Ya

(a) Polaroid sunglasses are preferred because they can be much more
effective than coloured sunglasses in cutting off the harmful (UV) rays of the | 1
sun.

[Alternatively : Poloroid sun glasses are prefered over coloured sun glasses
because they are more effective in reducing the glare due to reflections from
horizontal surfaces.]

[Alternatively : Poloroid sun glasses are prefered over coloured sun glasses
because they provide a better protection to our eyes.]

(b)
P,
1 g P,

>
‘\Al/
v
1

| =

Iy

I

Let 6 be the angle between the pass axis of P; and P3. The angle between the
pass axis of Pz and P, would then be (g — 9).
By Malus’ law,

Yo

I; = I,cos%0 Yo
T
— 2 (_ — i02
and I, = I5 cos (2 9) = I3sin* 0

1,(sin 20)2 1

oI, =1, cos?0 sin? 9 = 2

The plotof I, vs 6, therefore, has the form shown below:
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Y2

0 n/4 n/2 3n/4 n  5n/4 3n/2 7n/4 2n
e—>
Setl,Q19
Set2,Q15 (a) Completing the reactions Yo + Y5
Set3,Q12 (b) Basic processes involved in 3~ and B* decay Yo+ Vs
(c) Reason for difficulty in dejecting neutrinos 1
(a) We have

(i) 298P0 — 204Pb + $He +Q
(Also accept if Q is not written)
(i) 32P — 325+ Qe +u
[Also accept if v is not written]
(b) The basic processes involved are
(on —ip+ 36 +7V
(i) 1P — on+316* +v
(c) Neutrinos are difficult to detect because:
() they have only weak interactions with other particles

(ii) they can penetrate large quantity of matter without any interaction.

Y2

Ya

Ya
Ya

[Any one] 1 3
Set1,Q20 .
Sgtz 816 Energy Band Diagrams Yot o
Set3,013 Explaining the role of donor and acceptor energy levels 1+1
==
%n { F'y E
[y n
% (;o.mev
8 Eq
g ”
&)
(i) n-type semiconductor at T > 0K
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Y2

E,

™
=0.01 - 0.05 eV

(ii) p-type semiconductor at T > 0K
For a n-type semiconductor
The electrons, from the donor impurity atoms, can move into the conduction | 4
band with very small supply of energy. The conduction band, therefore, has
electrons as the majority charge carriers.
For a p-type semiconductor
In these semiconductors, a very small supply of energy can cause an electron
from its valence band to jump to the acceptor energy level. The valence band, | 4
therefore, has a dominant density of holes in it. This effectively implies that
the holes are the majority charge carriers in a p-type semiconductor.

3
Set1,Q21 —
Set2,Q17 Plot of transfer characteristics; use & reason Yy + 1
Set3,Q14 Circuit diagram 1
Working 1

The transfer characteristic has the form shown:

Cut off
region Active
Vi 4 S region :
Saturation
0 region 1/2
>

v,
The Active Region of the transfer characteristic is used for amplification "
because in this region, Ic increases almost linearly with increase of V;
The circuit diagram of the base biased transistor amplifier, in CE
configuration, is shown below:

.J]'\-l F Y
TAYAY e

.|||_
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Working: The sinusoidal voltage, superposed on the dc base bias, causes the
base current to have sinusoidal variations.

As a result the collector current, also has similar sinusoidal variations present
init. 1
The output, between the collector and the ground, is an amplified version of
the input sinusoidal voltage.

(Also accept ‘other forms’ for explanation of ‘working’ 3
Set1,Q22 -
Set2,Q18 Explanation of each of three terms 1+1+1
Set3,Q15
(i) Internet Surfing
Visiting, or using, the different websites on the internet. 1
(ii) Social networking
Social networking implies using site like
(a) Facebook, Twitter, etc, to share ideas and information with a large | 1
number of people.
(b) Using internet for chatting, video sharing, etc, among friends and
acquaintances.
(Any one)
(i) E-mail
Using internet(rather than the post office) for exchanging (multimedia) | 1
communication between different persons and organizations. 3
Section D
Set1,Q23
Set2,Q23 (1) Value displayed by
Set3,Q23 Dr. Kapoor
Bimla’s parents 1+1
(2) Reason for safety 1
(3) Definition and Significance Yo+
(1) Dr. Kapoor : Helpful & Considerate 1
Bimla’s Parents: Gratefulness 1

(2) It is considered safe to be inside a car during lightening and thunderstorm | ;
as the electric field inside a conductor is zero.

(3) Dielectric strength of a dielectric indicates the strength of the electric field |1,
that a dielectric can withstand without breaking down.
This signifies the maximum electric field up to which the dielectric can safely | 1,

play its role. )
Section E
223’832 (a) Statement of Lenz’s law 1
Set3’Q25 Predicting the polarity 1
’ (b) (i) Formula ,
Substitution and Calculation 1
(ii) Effect on voltage 1

(a) Lenz’s law: The polarity of induced emf is such that it tends to producea |1
current which opposes the change in magnetic flux that produced it.
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Polarity A - (+ve); B = (—ve)

1/2 + 1/2
(b) (i) V = Bl
Here B = vertical component of Earth’s magnetic field Yo
B= (5%10*sin 30%)T = 2.5x10* T
= 25><10“‘><25><1800X103 It 7
— |~ 60x60 | ° 1
= 3.125 volt 5
(if) Now B =horizontal component of Earth’s magnetic field 2
=B cos 30°= B‘/—
_v”V:1732x312hmu554vmt 2
Yo 5
OR
Definition of mutual inductance 1
Factors affecting mutual inductance 1
Formulae for the three cases Yo
Calculations for plotting the graphs 1
Plots of three graphs Yot Yo+ Yo
Mutual Inductance:
The mutual inductance, of a pair of coils, equals the magnetic flux linked
with one of them due to a unit current in the other.
Alternatively, The mutual inductance, of a pair of coils, equals the emf
induced in one of them when the rate of change of current in the other is 1

unity.

Factors affecting the mutual inductance of a pair of coils
(1) The sizes of the two coils

(i) The shape of the two coils

(i) the distance of separation between the two coils

(iv) The nature of the medium between the two coils

(v) The relative orientation of the two coils.

[NOTE: Any two] Vot
Fromt=0to t=3s (: 30C;”;S), the flux through the coil is zero.
Fromt = 3s to t = 5s, the flux through the coil increases from 0 to

[le ]Wb ie 0.004 Wh.

Fromt = 53 to t =11s, the flux remains constant at the value 0.004 Wh.
Fromt = 11s to t =13s, the flux through the coil remains zero.
(i) The plot of ¢ against t is, therefore, as shown:

(In Wh) T |

(i) e = -2

U] -

6 7 8 9 10 11 12 13 1415
—_

t (inms)
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The plot of ¢ against t is, therefore, as shown:

[
1 1 2 31 4 5 6 7 8 9 10 11 12 13 14 15

(Ins)

(i) i = £ =222 = 20 mA
R 0.1Q

i
(in mA)T 20
10

10— 1 2 3 4 c 6 7 8 9 10 11 12 13 14 1‘5
-20 %t
(In s) 1 5
gggggi (a) Definition of wavefront 1
Set3.Q26 Difference from a ray .
’ (b) Shape of the wavefront in three cases 1+1+1

(a) A wavefront is defined as a surface of constant phase.
[Alternatively: A wavefront is the locus of all points in the medium that have | 1
the same phase.]

Difference from a ray:

(1) The ray, at each point of a wavefront, is normal to the wavefront at that
point.

(i) The ray indicates the direction of propagation of wave while the
wavefront is the surface of constant phase.

(Any one) 1
(b) The shape of the wavefront, in the three cases, are as shown.
(i)

, 1
(ii)
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(i)
Incident wavelront
Medium 1
Ly (T
Medium 2 A c
iy r ‘\J\
Refracted wavefront
U= 1y
OR
(a) Ray diagram of compound microscope 1
Expression for total magnification 2
(b) Effect on resolving power in cases (i) and (ii) Yo+ Y2
Reasons for each case Yo+ Y5

(a) The ray diagram, showing image formation by a compound microscope, is
given below:

A

Linear magnification due to the objective = % = fi

. _h N
<- tan,B—jTo—f>

Here L=tube length=distance between the second focal point of the objective
and the first focal point of the eyepiece.

Yo

Yo
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When the final image is formed at infinity, the angular magnification due to Yo

the eye piece equals ? (D=least distance of distinct vision) y
€ 2

= Total magnification when the final image is formed at infinity = (fi fl%)

(c) (i) Resolving power increases when the focal length of the objective is | 2

decreased. &

(d) This is because the minimum separation, d i, (: 1'2;f A) decreases
when f is decreased.

Ya
(i) Resolving power decreases when the wavelength of light is increased.

This is because the minimum separation, d,,;,, (: 1'22 ! ’1) Yo S
increases when A is increased.
Set1,Q26 —
Set2,025 (a) Writing three features Yot+Yot Yo
Set3,Q24 Explanation on the basis of Einstein’s photoelectric equation 2+ %2+ %
(b) (i) Reason for equality of the two slopes 1
(i1) Identification of material 1

(a) Three features, of photoelectric effect, which cannot be explained by the
wave theory of light, are:
(1) Maximum kinetic energy of emitted electrons is independent of the Yo
intensity of incident light.
(ii) There exists a ‘threshold frequency’ for each photosensitive material. Ya
(111) ‘Photoelectric effect’ is instantaneous in nature. Ya
Einstein’s photoelectric equation

Kinax = hv — ¢,
[Alternatively: eV, = hv — ¢, ] can be used to explain these features as
follows.

(i) Einstein’s equation shows that K,,,,, o v. However, Knax does not depend | %2
on the intensity of light.

(11) Einstein’s equation shows that for v < % K., becomes negative, i.e, /2
there cannot be any photoemission for v < v, (v, = %

(iii) The free electrons in the metal, that absorb completely the energy of the | %2
incident photons, get emitted instantaneously.

(b)
(i) Slope of the graph between I/,and v (from Einstein’s equation) equals
(h/e). Hence it does not depend on the nature of the material. 1

(ii) Emitted electrons have greater energy for material M;. This is because
$o(= hv, has a lower value for material M;. 1 5

OR
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(a) Drawing the Trajectory
Estimating the size of the nucleus
(b) Establishment of wave nature
(c) Estimating the ratio of deBroglie wavelengths

N R

(a) The trajectory, traced by the a —particles in the Coulomb field of target
nucleus, has the form shown below.

/

¥ @ Target nucleus

The size of the nucleus was estimated by observing the distance (d) of closest
approach, of the a-particles. This distance is given by:
1 (Ze)(2e) K
dme,” d
where K=kinetic energy of the a-particles when they are far away from the
target nuclei.

(b) The wave nature of moving electrons was established through the
Davisson-Germer experiment.

In this experiment, it was observed that a beam of electrons, when scattered
by a nickel target, showed ‘maxima’ in certain directions; (like the ‘maxima’
observed in interference/diffraction experiments with light.)

Yo

Yo

(c) We have: 1 = ho L

P 2mqV %o+
CAd _ [Mala
Ao maqa

=V2X2=2 %) 5

Yo
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