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o Please check that this question paper contains 16 printed pages.

o Code number given on the right hand side of the question paper should be written
on the title page of the answer-book by the candidate.

o Please check that this question paper contains 26 questions.
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it.
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(i) SHYIT-UT & 5 Y77 & : U< 3] @IS §, GUS § TS T 3K UL T/

(i) @EHFE 59578 JUF H1 1 SH 8 @IS T H 5 97 8 JAFH & 2 3% &/

GUETHI2THTE AP & 3 AP &/ TS G H 4 3% P T oIk F97 & 3K
QUe T q 3 T & IAB & 5 3F &

Gv) F¥7-U9 ¥ U W FE [aHeq 761 &1 a9y, q AFl aret Tk §97 G T A aret
TF 97 4 3R gier a5 gt diqt 599 4 <aRes 997 gerT & 7y &1 UR gea
# el T T 597 H @ FaeT TH §97 & H &

(v) & EvIE g 3 [FEfiiaa Yifae Faaisl & Tl s 3T F GgHd & -

c=3x108 m/s

h=6.63x10"34Js
e=1.6x10"19C
Ho=4mx10"7"Tm A~!
£p=8.854x10"12 C2 N~ 1 m~2

1

=9x10? Nm?2 (2
41T80

SFRM &l TAAM=9.1x 1031 kg

21T T AR =1.675x 10727 kg

JIei 1 THAAM=1.673x 10~ 27 kg

SMENTET H&AT=6.023 X 1023 9fd U™ Ao

SleesHM Fadi=1.38x 10723 JK~1
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General Instructions :
(1) All questions are compulsory. There are 26 questions in all.

(i1) This question paper has five sections : Section A, Section B, Section C, Section D
and Section E.

(iit) 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.

(iv) 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.

(v) You may use the following values of physical constants wherever necessary.
c=3x10% m/s
h=6.63x10734 Js
e=1.6x10"19C
o= 4 X 10-"TmA~!

£,=8.854x10"12 C2 N~ 1 m~2

1

=9x10? Nm?2 (2
4’1T€0

Mass of electron=9.1x 103! kg

Mass of neutron=1.675x 1027 kg

Mass of proton=1.673x 1027 kg

Avogadro’s number = 6.023 X 1023 per gram mole

Boltzmann constant=1.38x 1023 JK !

55/1/N 3 P.T.O.
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Qug - A

SECTION - A

1. T o & fodt =, fo9e g WA o ey ¢ feod €, & =) 3R vt 1
AT Q i A X H T sl fomen Siran § 2

What is the amount of work done in moving a point charge Q around a circular

arc of radius ‘r’ at the centre of which another point charge ‘q’ is
located ?

2. Tordl o1mas areeh ol TIfasiierdr &t IR fafaq | 39 fadifd & 9 o= 998 1

€2
Define mobility of a charge carrier. What is its relation with relaxation
time ?

3. SAfd Ul &l FHuSfa T &1 F FHRI B Fohal ¢ ? 1

What can be the cause of helical motion of a charged particle ?

4, PR 9 TR TH W H @ @ U ? THH A€ IAerRt Iieea &1 A 1
feTfET |

Why can’t we see clearly through fog ? Name the phenomenon responsible
for it.

5. 2 MHz (< i fehdfl amgsh @0 W 18 5 kHz e 1 e omem digfead 1
T 3o ured Svel it srgfar @ § 2

A signal of 5 kHz frequency is amplitude modulated on a carrier wave of
frequency 2 MHz. What are the frequencies of the side bands produced ?

55/1/N 4
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Qg - d
SECTION - B

6. 9@ fHFAl 0.1 m @ IR & FI0 W 5V fAYa=R o en 9@ ©, @ o &l 2
3ATE I 2.5 10~ 4 m/s B §1 Afg AR & Toiaei o1 8x 1028 m—3%, @

R & e &t gfalyerdr dfiefaq sifsw

When 5V potential difference is applied across a wire of length 0.1 m, the drift
speed of electrons is 2.5x 10~ % m/s. If the electron density in the wire is
8x 1028 m ~3, calculate the resistivity of the material of wire.

7. ToeEl 9EF 9 o-F01 ® GHE favar 9 ©id fewan T 1 3 9 fewet 2
(i) < et qiesd aAfyes, R (if) Tfast o1 wH T2 39 SR Hi Y wife|

A proton and an « particle are accelerated through the same potential
difference. Which one of the two has (1) greater de-Broglie wavelength, and
(11) less kinetic energy ? Justify your answer.

8. TSN WA % I TagH H H -YEC & I« ol 27 39 GHAm H g
Scafsid ThieH @i 3T TReRfad iy |

SPEN

o C oo \l’

BTSN AT H 96 ST n= o ¥ n=1 T FHM FAT ¢, Tel SToid TR
F qTesd giafad Sifs |

When is H  line in the emission spectrum of hydrogen atom obtained ?
Calculate the frequency of the photon emitted during this transition.

OR

Calculate the wavelength of radiation emitted when electron in a hydrogen
atom jumps from n= o ton=1.

9. oTYR 9vg famar 1 @Y & Iftva = 7 fm Sar? wiE 9 wRo fafen) 2

Why is base band signal not transmitted directly ? Give any two reasons.

55/1/N 5 P.T.O.
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10. 3@ H < AER Hig o PQ fUSH BAC & 3Tqadi %tk BA W 3Mfaad 2
BT 3H 3T {Ued] ®etsh AC § RS & ®9 § 39 YR ffd 2l €, fF AQ=AR

g1 afe frsm wio A=60° o1 frsm & g 1 STuedaiR V3 ®, O i 0

qRehfeTd hifelu |

A ray PQ incident on the refracting face BA is refracted in the prism BAC as
shown in the figure and emerges from the other refracting face AC as RS such
that AQ=AR. If the angle of prism A=60° and refractive index of material

of prism is +/3, calculate angle 6.

Qug -9
SECTION - C

11. TFd THaaE IERE e Gd & RO () T o o6l a9l (i) @d & fiw 3
frdt fog W forpq &= diaa 9@ FINT) @ & &= 9 0 IR fagm e &

S UTH iy |

Find the electric field intensity due to a uniformly charged spherical shell at
a point (1) outside the shell and (i1) inside the shell. Plot the graph of electric
field with distance from the centre of the shell.

55/1/N 6
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12. 1.5V emf % S FI9H Il &l qvd H GAIRTd ¥k 99al § §aifsida 7 Q& & 3
yfadigent % T afae #1 fagg ®t ogfd ®t T g1 Afa 3= ufey & fRE
dieeHiel | 31 Al ol HAA dleedl 1.4 V 7K S 81 T da 1 ST=ieh
yfairy aRefaa wifsu |
Two identical cells of emf 1.5 V each joined in parallel supply energy to an
external circuit consisting of two resistances of 7 () each joined in parallel. A

very high resistance voltmeter reads the terminal voltage of cells to be 1.4 V.
Calculate the internal resistance of each cell.

13. TR &1 afvefig frem fafae) 5@ W o1 ST e |18 o= fagd @l 3
ITcTh T EHE & G BT | TEehig & W@ fer fagm e et 3

e g T491 2idl €2

SPEN

g &1 fagm fafay | a8 <9IiEe i aEaied § S0l &1 IRepHu-Sd
el ATell W PR & a1 wEae[ & Y=o & o a8 o sTavas i
82

State Ampere’s circuital law. Use this law to find magnetic field due to straight
infinite current carrying wire. How are the magnetic field lines different from
the electrostatic field lines ?

OR
State the principle of a cyclotron. Show that the time period of revolution of
particles in a cyclotron is independent of their speeds. Why is this property
necessary for the operation of a cyclotron ?

14. () 9 fFd AC Eid =1 fhdt smeyt denfis 9 gateq foean <ian, o o8 ozt 3
& T U =k F T g YA Hea ek T Bt ¢
(i) hIS dol frdt aiad Hamfia 9 A.C. B9 9 9vit %4 | Faifed g1 39 ood
FT THF ®] F BT © 9o U9 H @ o fean S ® iR w6

aIRar 1 efR-ei wern s € 2
=

00—
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(1) When an AC source is connected to an ideal capacitor, show that the
average power supplied by the source over a complete cycle is zero.

(1) A bulb is connected in series with a variable capacitor and an A.C. source
as shown. What happens to the brightness of the bulb when the key is
plugged in and capacitance of the capacitor is gradually reduced ?

C|| @Bulb
| |

00—

15. Toggd g a8 fhg JhR 3= Bt € 2 39 a1 Rl ol B G R e ? 3

z-31&1 o 3T =R & et fopeht fagq-grasia @@ o fagq @ e
g3l & foru i =ism fafee) o g a8 & &% o fafaw

How are electromagnetic waves produced ? What is the source of energy of
these waves ? Write mathematical expressions for electric and magnetic fields
of an electromagnetic wave propagating along the z-axis. Write any two
important properties of electromagnetic waves.

16. () TSR & GoF HeAq § foRa qeayq § T i o TR0 | 839 & a1 3
g & SR W a1 oW el Hifag |
() THEAA T R M T & o= 99 F & fau sma wifau

(1) Derive Snell’s law on the basis of Huygen’s wave theory when light is

travelling from a denser to a rarer medium.
(1)) Draw the sketches to differentiate between plane wavefront and spherical
wavefront.

17. SRR i Yehe-fagd o foed § 3TN BH 9l Wil o o Hgequl 3
TN 1 IeeiE HINT | S ki GHIRIUT 1 ITANT hleh adl I e
F g STavId UTE Wiger () TR fava, ok i) <eell smgfa &t gikar
fafeq |

State two important properties of photon which are used to write Einstein’s

photoelectric equation. Define (i) stopping potential and (ii) threshold
frequency, using Einstein’s equation and drawing necessary plot between
relevant quantities.

55/1/N 8
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18. () =9 T Heayel Uishnshi &1 AW fafau S pn WY s9d wHA Fe ¥ 3

() o T foeard w1 fogq ooy fash o) frfa &0 w4 |fea @ifaw)

oo

Y H =R sifwie fom frfa dieearamn feg yor e fefies 2t B

(1) Name two important processes that occur during the formation of a pn
junction.

(1) Draw the circuit diagram of a full wave rectifier along with the input and
output waveforms. Briefly explain how the output voltage/current is
unidirectional.

19. () ol 9UE ARG & YR R fordl =rere iR srefurere & o= fadeq wifsw) 3

(i) = fou T eT@ ¥ fdl i & Faeh 1 ®9 (A, B) a1 Fd a1 &9 (Y)
T U &1 39 N 1 YLEHT, S9! Hoaw qrui fafgu ok 9 gdie
Gifau |
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(1) Distinguish between a conductor and a semi conductor on the basis of
energy band diagram.

(1) 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.

A

20. TR N ERT THRO R €2 I HNehl ol Seoi@ HITST NI 37 OO & 3
IR & Sifgg w@ T ST T g YER0 & fAu <) Tl & s &bl

stfeRdd gfte T&ta g & fau =isteh g hifse |

What is space wave propagation ? State the factors which limit its range of
propagation. Derive an expression for the maximum line of sight distance
between two antennas for space wave propagation.

o [a

21. (a) fomdl Aedefra Tifvew & 47 & Medufes e =t X & fom & fag 3
OIS S5sTeh el ehifsIy |
b) e feu Tu feamfoea Tfve &t offwa oy S a-feeris (fosea-
feoien) ¥ fF9 YR Gafaa 2

(a) Derive the mathematical expression for law of radioactive decay for a

sample of a radioactive nucleus.
(b) How 1is the mean life of a given radioactive nucleus related to the decay
constant ?

55/1/N 10
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22. (1) 1 usl fRdl ford € 100 cm TH W Re@ 81 39 o Wit S g =t 3
31 feafal, fer o= &1 g8 20 cm 8, & fau gfafos sa €1 <9 &t
HiRd g gftenferd whifse |
(i) e AR oW frdt S99t 9 & 9H1eT TWeh B T § a1 Sl o d i
HIRd SRAT T § 1 9 HANH h1 BlhE g M T 7

(1) A screen is placed at a distance of 100 cm from an object. The image of

the object is formed on the screen by a convex lens for two different
locations of the lens separated by 20 cm. Calculate the focal length of
the lens used.

(1) A converging lens is kept coaxially in contact with a diverging lens - both
the lenses being of equal focal length. What is the focal length of the
combination ?

Qe - §
SECTION -D

23, HH1 & =71 Sl Sl A Af&dsh S MRI (FHhd AR fo=or) wadftem 4
I T Y T I9eh == Sl A8 Hem o SR ° 39 Wi R 9Rd
O

& G H A FG geN, O 3O 319 URER ¥ WErr o iR fax ¥
groeh off foharm 91 IRM ot 3 & @d H 98 we o K Awenred foun g9
YT 1 A 379 == S 1 39 qie o T wan forn, d@ifen 3T afeash o6
feafd & IR & 9@ & Tk | TR F Y THBRT A S hl 3 3w
T ofcafus weEar < |
ST TR o SHR W A= fqw 7T gl & IW ST
(@) oI four | Him, Su% uRar qeon efaer gr1 o geai o1 <uien 71 € 2
(b) MRI TU&TU & TATYE AN B 1 F1 GrIfad HROT &1 Tehdl § 2
(¢ I8 AMd g fF MRI U 0.1 T o TrhIT &3 1 STANT hich Tohal T,

q T YRMA (MEN=1.6x10"19 C) W, S 104 m/s Ht I G TfTHM oI,

TEHT & g AR 9 1 Feag iR SIfysay o A@ Sifag

55/1/N 11 P.T.O.
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Seema’s uncle was advised by his doctor to have an MRI (Magnetic Resonance
Imaging) scan of his brain. Her uncle felt it to be expensive and wanted to
postpone it.

When Seema learnt about this, she took the help of her family and also
approached the doctor, who also offered a substantial discount. She then
convinced her uncle to undergo the test to enable the doctor to know the
condition of his brain. The information thus obtained greatly helped the doctor
to treat him properly.

Based on the above paragraph, answer the following questions :

(a) What according to you are the values displayed by Seema, her family and
the doctor ?

(b) What could be the possible reason for MRI test to be so expensive ?

(¢) Assuming that MRI test was performed using a magnetic field of 0.1 T.,
find the minimum and maximum values of the force that the magnetic

field could exert on a proton (charge =1.6 x 10~ 19 C) moving with a speed
of 10% m/s.

Que -9
SECTION - E

24. (a) SUIH NG HI WAl 9 fodt amg fogqq & # feoq fdt =@ e 5

ROgd o FaeR H faued sifve | gfad wega ffe yeR g foga &=
&1 TART Ll T ?

(b) oM@l C & el GaRA *1 emf E &1 fFEl 9eb gr0 qofa: smafem fewen
ST 8 1S9 U¥EIq S99l ¥ THeh e T I ©1 319 Afq el
1 gfgentsll & ot 1 gueRd < A1 e s, @ frefafeaa §
qfads g ?
() Tuia ¥ Gfead e |
(i) Tdfgwedl & = & i el
(i) FRA g Wiaa el |
g fegfd # o1 S & gie ifau|

3UAT

(2) T Hifse fob frdt off srav-famamg & foau fedt o fog 9 oA arer
gufaye 8 39 foag W fagq & & sifuersed S 2
forell Tehdd SO (—q) o RO FHGHE 61 bl ST & RO faga &
@3l I Uid gU SIRFEd whifse |
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(b) = @ ¥ YT FTER 4T @’ & Torelt Tmag B & 3ol w fem €=
sl & T =1 foafed w3 & foau fve SH 9t &1 & faw 29 9w
SIS |

—4q a +2q
(a) Distinguish, with the help of a suitable diagram, the difference in the
behaviour of a conductor and a dielectric placed in an external electric
field. How does polarised dielectric modify the original external field ?
(b) A capacitor of capacitance C is charged fully by connecting it to a battery
of emf E. It is then disconnected from the battery. If the separation
between the plates of the capacitor is now doubled, how will the following
change ?
(1) charge stored by the capacitor.
(1) field strength between the plates.
(ii1) energy stored by the capacitor.
Justify your answer in each case.
OR
(a) Explain why, for any charge configuration, the equipotential surface
through a point is normal to the electric field at that point.
Draw a sketch of equipotential surfaces due to a single charge (—q),
depicting the electric field lines due to the charge.

(b) Obtain an expression for the work done to dissociate the system of three
charges placed at the vertices of an equilateral triangle of side ‘a’ as shown
below.

—4q a +2q

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

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



25. (a) <9 fhdl B T Hl, T & Haife, fhedt Fuect &t IR Agan 5

Y R Hhe WA T, A Aed-rmie &1 Wehas faafd g €1 39 fasmo
& foru SoeEt 9ftaeTt &) ve=nfe &R S SRl &1 Seai@ shifey s ™
g fagmor =1 ufmmr iR foon R ot 81 39 9ieren &1 9 & a9
Tl o1 fafau |

(b) @ HE AR [ AR FaU9 R & 90d S8 PQ, o7 § T 78R &
AN kg & H e fhel STIaeR =as | =« v § A 3R C & o=
A &9 9 TE-3R (A Hdl &, 9 T, emf IR g # IRadq @l

sTfEa +ifvT |
. . e P .
Be [ ° o
] oA ] Q . C
x=0 x=b x=2b

e
fRdl a.c. dleedl v=v,_ sinot § AT LCR 40t aRuy # o0 & fau =i
Fqe A o fAT HeR AN 1 ITAN HifeC | 376 36 qRUY H affaa vifea

% TR YT ST | I8 SIST o 3TAE & 99g ifushan wifdd & ran 21

(@) When a bar magnet is pushed towards (or away) from the coil connected
to a galvanometer, the pointer in the galvanometer deflects. Identify the
phenomenon causing this deflection and write the factors on which the
amount and direction of the deflection depends. State the laws describing
this phenomenon.

(b) Sketch the change in flux, emf and force when a conducting rod PQ of
resistance R and length [ moves freely to and fro between A and C with
speed v on a rectangular conductor placed in uniform magnetic field as
shown in the figure.

. . e P .
Be [ ] o
__, v
] . ° .
. o A . Q [ C
55/1/N 14
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OR

In a series LCR circuit connected to an a.c. source of voltage v=v,, sinwt, use
phasor diagram to derive an expression for the current in the circuit.
Hence obtain the expression for the power dissipated in the circuit. Show that
power dissipated at resonance is maximum.

26. (a) FOM FId GeES H H @A T AN ol 3gford Tehrer ki gt § fa=mor - 5
i feEmE <1 72
3G &1 IRl | I Swisq foh kv g0 fohd YohR gd 9 & dren
geRTel YfEehd: ¢fed & S 2

(b) T FeEH GRS e Py, P, 3R P, 39 YRR Afufa=nfaa € i P, 3R
P, % UG 3181 P, % WIRA 3181 § SHHAW: 60° 3R 90° 0 oA & | fod |
TYT SFTHARX P, o FHA 1, ol 1 hig STgfad Tehaoli Jerrsl &id S feerd
T TIEREE Py W1 P, o WTU& HI0T 0= 30° 3R 60° T UM HIH T foreh
JeTh O 5N fC@R <1 9t YT i digare Jd shifeld |

ne
Qe

Py Py P3
YT

@@ 7 % fg o/t 7@ o varR & fou =5 oo Hifve ad1 18 & Tl
fog W Ul =afaerto R foaameft safaewto & foag wd o< it

b 1% 5 R @ § Fe St & e 1,81 39 fag W die 9.

FHITT STaT YU %,%am%%ﬂ

55/1/N 15 P.T.O.

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



(a) Why does unpolarised light from a source show a variation in intensity
when viewed through a polaroid which is rotated ? Show with the help of
a diagram, how unpolarised light from sun gets linearly polarised by
scattering.

(b) Three identical polaroid sheets P, P, and P4 are oriented so that the pass
axis of P, and P5 are inclined at angles of 60° and 90° respectively with
the pass axis of P;. A monochromatic source S of unpolarized light of
intensity I is kept in front of the polaroid sheet P, as shown in the figure.
Determine the intensities of light as observed by the observer at O, when
polaroid Py is rotated with respect to P, at angles 6 =30° and 60°.

ne
Qe

Py Py P3
OR

(a) Derive an expression for path difference in Young’s double slit experiment
and obtain the conditions for constructive and destructive interference
at a point on the screen.

(b) The intensity at the central maxima in Young’s double slit experiment

is I;. Find out the intensity at a point where the path difference is A, —
6 4

and A
3

55/1/N 16
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SET 55/1/1/N

MARKING SCHEME

Q. No. Expected Answer / Value Points Marks | Total
Marks
Set1,Q1 SECTION A
Set2,Q2 | Zero / No work done / None 1 1
Set3,04
Set1,Q2 . . g _ Ug Ya
Set2.05 Drift velocity per unit field (u,,, = /E)
Set3,Q3 Ya 1
Up X T
(directly proportional to relaxation time)
Set1,Q3 | Charged particle moves inclined to the magnetic field
Set2,Q4 3 D ; T
Set3.02 (angle between 1_? and B is ne_)lther /2 nor 0) L L
(component of 9, parallel to B , is not zero.)
Set1,Q4 (some) light gets deviated / scattered / absorbed Yo
Set2,Q1 Scattering of light Y 1
Set3,Q5
gzg'gg Vside bands = Ve T Up 2
Set3.QL | = 2005 kHz ; 1995 kHz Y2 1
(Give full 1 mark if the student straightaway writes the answer as 2005 kHz
and 1995 kHz)
SECTION B
Set1,Q6 Formulae: 1
Set2,Q8 Substitution and calculation: 1
Set3,Q7 ]
Rzpz;I:neAvd 1
R
P = nelvy Ya
Alternatively,
, E E
j=0E = —or 7 =p
o V
tP= Inevy
(Award this 1 mark even if the student writes the formula for p directly as
such)
> Q
= —-—m
P 0Ix8x 1028 x 1.6 x 10719 x 2.5 x 104 Y
=156 %x10"°Q—m 1
~1.6x107°0—-m & 2
Page 1 of 22 Final Draft 11/03/16 2:00 p.m.
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SET 55/1/1/N

Set1,Q7
Set2,Q10 Formulae Yo + s
Set3,Q8
Conclusions in the two cases Yo+ Y5
. h h
(yA==2=
p 2mqV i
* (mq) is more for a — particle, we have
Aproton > Aoc —particle Y2
A
(Also, accept if the student writes %ﬂm = 2v/2 (or /8)
a
(i KE.=qV
« ¢ is less for proton, we have Y
(K- E)proton < (K- E)a'—particle 1 2
. . K.E.
(Also accept if the student writes WE e =2)
(K.E),
Set1,Q8
Set2,Q9 Indicating the transition 1
Set3,Q6 Calculation of frequency 1
When the electron jumps from the orbit with n=3 to n=2
(Longest wavelength of the Balmer series / First line of the Balmer series) 1
E, E
h9 = E; —E, =?1_Tl
-5 -5
= — = — — 1
536 E; e X (—13.6 eV) 7z
=- X 13.6 X 1.6 X 10719
Y = 5 x13.6 X1.6 X 1_0-19 Hz
36 X6.63 X 10734
= 4,57 x 10 Hz. Ya 2
. : =5 E;
(If the student just writes 19 = 6 h award %2 mark)
(Alternatively,
1_ 1> &
R (22 32) 36 R
. 19 —_ ¢
AT
= X —
c 36R
=3 X 108><i>< 1.097 x 107Hz
36 ' Y2
~ 4.57 x 10*Hz)
Page 2 of 22 Final Draft 11/03/16 2:00 p.m.

Get More Learning Materials Here : & m

@E www.studentbro.in



SET 55/1/1/N

OR

Formula 1
Calculation of 4 1

1

1_ (1 1
1= R(m =)
=R
1

= m
1.097x107
~9.116 X 1078 m

~ 912 A° (91.2 nm)

Y2

Y2

Set1,Q9
Set2,Q6
Set3,Q10

Two Reasons 1+ 1

If base band signal were to be transmitted directly

1. The height of the antennae needed will be impractically large.

2. The effective power radiated would be too low.

3. There would be a high probability of different signals getting mixed

up with one another.
(Any two)

1+1 2

Set1,Q10
Set2,Q7
Set3,Q9

Identifying that 6 is the angle of minimum deviation
Formula
Calculation of 6

Yo
Yo

Since AQ = AR, we have
QR|| BC
=~ @ is the angle of minimum deviation.

(Alternatively: Since AQ=AR, we get
41"1 = er
~ @ is the angle of minimum deviation.)

sin (A +26m)
sin(A/ 2)
in 60 + dm
=)
sin 3(2)0

. 60+ém
=Ssin ( )

2
. 60+dm

= 60
or 6m=60°

l/t:

ola 5

Yo

Yo

Yo

Yo 2
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SECTION C
Set1,Q11
Set2,Q17 Statement of Gauss’s Law Yo
Set3,Q22 Calculation of field
(1) Qutside the shell 1
(ii) Inside the shell 1
Graph Yo
- —
We have by Gauss’s law § E.dS = w 1
0]
Let Q be the total charge on the shell
(1) For the point M outside the shell, we have
oM
ll
S
Q
E.4mr? = —
€o Y
1 Q
N FE = —
4me, 1? 7
(ii) For the point N inside the shell, as charge enclosed inside the shell is | |
zero. 1;2
E.4mr? =0 ’
The graph is as shown
1 0 '
4JTEOE _____________________
Yo
E
3
R
r ——>
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Set1,Q12
Set2,Q19 Formulae 1
Set3,Q21 Calculation of r 2
We have, for a single cell,
E
= — 1) R 1
~ For the parallel combination, as given in the question,
r (E 1) R .
2 (V " 2 %
r= (1— - 1) X 79 Ys
0.1
= ﬁ X 70 iy
=0.5Q Y
(Alternatively,
AWV
Y
AW
70
AMA
A
70
I —V 15
— 2
(®/2)
AndE =V —1("/,) Y5
L 1.4 1
This gives | = 7A =0.4A &
2
.5—1. 1
s l=22220025 &
2 0.4
~7r=05Q) s 3
( Note: If the student just draws the circuit diagram of the setup but does not
do any calculations, award 1 mark only.)
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Set1,Q13
Set2,Q21 Statement of Ampere’s Circuital law 1
Set3,Q20 Finding Magnetic Field 1%
Differences between the two types of field lines %2
According to Ampers’s circuital law, “ The line integral of the magnetic field,
around a closed loop, equals y, times the total current passing through the | 1
surface enclosed by that loop.”
Alternatively,
$B.dl = p,l
For the infinite current carrying wire, we get 1,
B.§dl = p,l Yy
or B2rmr = u,l Yy
1
or B=£-
2nr PN S
‘\\“\g-‘ - "”)’1
1 §
The magnetic field lines form closed loops while the electric field lines | 1, 3
originate from positive charges and end at negative charges.
OR
Principle of cyclotron 1
Independence of time period from speed 1%
Necessity of this property Ya
The cyclotron uses both electric and magnetic fields, in combination, to
increase the energy of the charged particles. 1
(Alternatively: Cyclotron uses

() A magnetic field to make the charged particles move in a circular
path.

(i) An alternating electric field which accelerates the charged particles as
they repeatedly cross it in a way that makes them gain energy
continuously.)

We have

mv? 5 y
— = qV 2
- q
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mv

27Tr
Also T = — Ys
1%

2mm Y,
qB
~ T is independent of v, the speed of the charged particles.

ST

This property ensures that if the frequency of the applied alternating electric
field matches the cyclotron frequency, the particle whould keep on getting | %2 3
accelerated every time it crosses the gap between the dees.

(Alternatively : Because of the property, the applied alternating electric field
can be made to accelerate the charged particles continuously.

This property ensures that the resonance condition can be satisfied and the
particle gets accelerated continously.

This property ensures that we can have 9 = 9., the resonance condition.)

Set1,Q14
Set2,Q14 Showing that the average power, over a complete cycle is zero 2

Set3,Q19 Effect on brightness of bulb 1

Q) Let the applied voltage be
V =V,sinwt
The current through an ideal capacitor , would then be
T
[ = Iysin (wt + E) = [ycoswt Y
“ Pinst =1VIT
w Pay = 2y Vidt Y
Voly .
v Py = T(stwt) Y
=0 v,

(Alternatively ,
For an ideal capacitor, the current leads voltage in phase by 7T/Z.
Eo T

I
2 cos —
2 2

Eo Io _
L P = \/—5\/—5005(3 =
:0)

(i) The brightness of the bulb would also reduce gradually. 1
(Alternatively:
1
¢ wC
~ X. increases as C decreases.Hence, with decreasing C, the 3
brightness of the bulb would decrease.)
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Set1,Q15 -
Set2,822 Production of e.m. waves 11/2
Set3,Q18 | | Source ofenergy oo
Expressions for electric and magnetic fields % + %
Any two properties Yo+ Yo
£.M. waves are produced by accelerated /oscillating charges. Y
Source of energy is the source that accelerates the charges
Expression for the electric and magnetic fields (for an e.m. wave propagating | 2
along the z — axis ) can be
E, = E;sin(kz — wt) y
. 2
B, = .BO sin(kz — wt) "
Properties (any two)
(1 Transverse nature
(i) Have a definite speed (for all frequencies ) in vaccum
(iii)  Can be polarized
(iv)  Can show the phenomenon of interference and diffraction
(v) Can transport energy from one point to another
(vi)  Have oscillating electric and magnetic fields along mutually
perpendicular directions
(vii)  Have a momentum associated with them.
(viii)  Their speed , in a medium , depends upon the values of u and ¢ for
that medium. Yo+ |3
Set1,Q16
Set2,Q15 () Derivation of Snell’s law 2
Set3,Q17 (i) Sketches to differentiate between plane wavefront and spherical
wavefront 1
(i)
Mt 1
Medium 2 A
Yo
We have BC=9,7 and AE = 9,7 Yo
.. __BC . AE 1
Also sini = —andsinr = — 72
AC AC
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sini BC Y9, n,
“sinr AE 9, ny
= a constant

This is Snell’s law.

(if) Plane wavefront

Spherical wavefront

Y2

Y2

Ya 3
Set1,Q17
Set2,Q11 Two properties of Photon Yo+ Y
Set3,Q16 Writing Einstein’s equation Vs
Definition of stopping potential (/) Yo
Definition of Threshold frequency (v,) Yo
Plot between V, and v Ya
Properties of Photon
(i) For a radiation of frequency v, each photon has an energy, £ = hv,
associated with it
(ii) The energy of a photon is independent of the intensity of incident
radiation.
(iii)During the collision of a photon, with an electron, the total energy of
the photon gets absorbed by the electron.
(Any two) Vot 2
Einstein’s photoelectric equation is
Kimax = hv — g i
or eVO - hU - d)o
(a) Stopping potoential, V,, equals that value of the negative potential for v,
which
|eV0| =Kmax
Page 9 of 22 Final Draft 11/03/16 2:00 p.m.
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(Alternatively:
The stopping potential (V) equals that (least) value of the (negative)
plate potential that just stops the most energetic emitted
photoelectrons from reaching the plate.)
(b) Threshold frequency (¥,) equals that value of the frequency of |1
incident radiation for which K,,,,, = 0.
(Alternatively:
For a given photosensitive surface, its threshold frequency is the
minimum value of the frequency of incident radiation for which
photoelectrons can be just emitted from that surface or that maximum
frequency of incident radiation below which no photo emission takes
place.)
The plot, between V, and 9, has the form shown:
Yo 3
v,
© v, v —— =
Set1,Q18
Set2,Q20 (i) Naming the two processes Yo+ Vs
Set3,Q15 (i) Circuit diagram 1
Input and output waveforms Yo
Unidirectional nature of output voltage/current Yo
(i) Diffusion and Drift
[ Also accept if the student writes Yo + 1
a) Appearance of a BARRIER POTENTIAL across the
junction.
b) Formation of a DEPLETION REGION on either side of the
junction.]
(ii) Circuit diagram Centre-Tap
Transformer
T Diode 1(D,)
X
— Diode 2(D,) %RL Output
= " 1
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Input and Output waveforms.
» W

D

Waveform at A
v

» (@

£

S

O

(Tl

w 1 1 '

& o

S &

)

2 B / N\ .

c < »

&
B
B . | ! !
8 ~ i | |
E | Dueto | Duetlo | Dueto i Due to !
5 5 i ! !
= ! | I
= =
2 t
[Note: Award this %2 mark even if the student draws the output waveform &

only.]

Because of (i) the use of the centre tap transformer and (ii) the manner in
which the load is connected, the voltage across/current through, the load has

the same direction during both halfs of the input wave. 2 3
Set1,Q19 . . . .
Set2,812 Q) Distinguishing on the basis of energy band diagram Y2+%
Set3,Q14 (i) ldentifying the gate 1
Truth Table Yo
Logic symbol Yo
0 g /et
E (E,=0)
EC Eence
3 “band Yo
Conductor
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E,<3eV Ya

Electron energies

Semiconductor

(1 The gate is a NAND gate 1

Truth Table of NAND gate

Ya

0
0
1
1

e =R =]
[N N ]

Logic Symbol

A
L A— Y
1 >
B

Set1,Q20

Set2,Q18 Space wave propagation 1
Set3,Q13 | | Factors that limit the range of propagation Y

Derivation of the expression 1%

Yo 3

Space Wave Propagation
The mode of propagation in which radio waves travel, along a straight line, 1

from the transmitting to the receiving antenna.

Limiting Factors
(N Curvature of the earth Y,
(i) Insufficient height of the receving antenna

(Award this ¥2 mark if the student writes any one of these two factors)
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Derivation

Transmitting

Antenna

* Limiting
R Receiving

.+" " Point

From the figure, we have
(R + h)? = R? + d?
Or
2Rh = d?(as h? << 2Rh)

~,d = V2Rh

the maximum line of sight distance becomes
dy = 2Rhr + J2Rhy
[NOTE: Give 1 mark if the student writes the expression for d ]

For a transmitting antenna of height h, and a receiving antenna of height hg,

Y2

Ya

Yo 3

Set1,Q21

Set3,Q12 (i)  Relation between mean life and decay constant -

Set2,Q13 (i) Derivation of the mathematical expression 2Ys

Q) Let there be N, radioactive nuclei at t =0.
If N is the number of nuclei left over at t=t, we have

—dN N
—
dt

or _Ccll—iv = AN (A = decay constant)

LA Adt
S

or InN = —At + constant
~ At t=0, we have
InN, = constant

Yo

Yo

Yo

Yo
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InN = —At + InN,
or ln (Nl):—/lt
+ N = Noe—lt

.. . 1
(i) Mean life=
decay constant

. 1
(Alternatively, T = E)

Y2

Y2

Set1,Q22
Set2,Q16
Set3,Q11

(1 Calculating the focal length of the lens 2
(i)  Calculating the focal length of the combination 1

(1) For first position of the lens , we have
1 1 1

fy (=%

1 2

|

screen

For second position of the lens , we have
1 1 1

f y—20 (—(x+20)

1 1
(y—20) (x+20)

1 1

y X7

x+y _ (x+20)+ (y—20)

Xy o (y—20)(x+20)

v xy = (y—20)(x+ 20)
=xy—20x+20y-400

Ya

Yo

Yo

~x—y= —20
Also , x +y =100
~X=40cm
and y =60 cm
Ll 1123 5
T fF 60 —40 120 120
Yo
~f=24cm
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Alternatively ,

We have
f= D?— d? 1

T 4D

_100%-207 1
T 4%x100

_ 120 X80 1
T 400

=24 cm

Alternatively,

For the two positions of the lens , the values of the magnitudes of u and v, get

interchanged. 1
Hence, |u + v| = 100 1
|lu —v| =20, This gives |[u| =60 |v| =40 A
f =24 cm A

Alternatively ,

L,

L,
o /\ 1
+«—— x(cm) x —
\/ \/ 2
20cm —

2x + 20 =100
s x = 40cm Ya
For lens at position L; ; u = - x =-40cm Yo

v=20+40=60cm Yo
This gives f =24 cm

Q) For combination of two lenses in contact .
Net Power of combination ,

P=Ps +P, 7
P1:+ P s Pz =-P
So P=0 and F= infinite Yo
wely L= L4 1
Alternatively , P + ra Y,
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1 -1
=—++ (—) = O
f f
F = infinite Y5
Set1,Q23
Set2,Q23 (a) Values displayed Yo+ Yo+l
Set3,Q23 (b) Possible reason Y
(c) Formula for force Yo
Max. value 1
Min. value Ya
a) Value displayed by
Seema : Helpful , considerate o
Family : Concerned , Affectionate 72
Doctor : Humane nature o
(any one in all three cases)
b) Expensive machinery/technique &
C) F = quBsiné &
Epax = quB = 1.6 x 10719 x 10* x 0.1
= 1.6 X 1071eN 1
F,in=2er0 (foro = 0%) Y 4
SECTION E
Set1,Q24 a) Difference between the behaviours of the two (2+%)
Set2,Q25 Modification of electric field. 1
Set3,Q26 b) (i) Charge stored + justification Yo+ Y
(ii) field strength + justification Yo+ Y2
(iii) energy stored + justification Yo+ Y2
a) Yot Y
E,
THeleciris
No electric field inside a conductor .
(Give full credit to diagram. Give ¥z mark if explanation only is given without
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diagram)

Induced electric field ,due to polarisation of dielectric, is in opposite direction | 1
to the applied field.

Enet = Eo — Ep
(b)

() Charge remains same, as after disconnecting capacitor no transfer of 72+ Y2
charge take place.

i i fi 29 i i i
(ii) Electric field, E = o cod remain same, as there is no change in 1 + 1
charge.
_9*_ q* _ q%d
(iii)Energy stored = - 2(@) = 2eod 1
a. Energy will be doubled as separation between the plates(d) is | | y 5
doubled. 2
OR

a) Why is electric field normal to the equipotential surface. 1%
Sketch of the equipotential surface and electric field lines. %2 + %
b) Obtaining the expression for the work done. 2%

(a) If the field is not normal to an equipotential surface, it would have a
non zero component along the surface. This would imply that work
would have to be done to move a charge on the surface which is

contradictory to the definition of equipotential surface. 17
(Alternatively,
Work done to move a charge dg, on a surface, can be expressed as
But dW=0 on an equipotential surface VA
“E 1 dr) Ya
Equipotential surfaces for a charge —q

1/2 .|.1/2

(b) Work done to dissociate the system

= -Potential energy of the system Y
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-1 [(-4 2 -4q)(2
_ [( ) (q) 4 2q) () + (=49)(2q) 1
4mE, a a a
1 )
=— —4q* + 2q* — 8q*
Irena [—4q° + 2q9° — 8¢~]
2
_ . 10q v,
ATeyQ 5
Set1,Q25
Set2,Q26 (a) ldentification of phenomenon Yo
Set3,024 Stating the factors Yo+ Y
Law Yo
(b) Sketch of change in
i.  Flux 1
ii. Emf 1
iii.  Force 1
(a) The phenomenon involved is electromagnetic induction (EMI) Yo
For the deflection:
Amount depends upon the speed of movement of the magnet. Yo
Direction depends on the sense (towards, or away) of the movement of | %2
the magnet.
The law describing the phenomenon is :
The magnitude of the induced emf, in a circuit, is equal to the time
rate of change of the magnetic flux through the circuit. Yo
(Note: Also accept if a student writes: whenever magnetic flux linked
with a conductor changes, an induced emf is setup in the conductor.)
. d
(Alternatively, € = —%)
OUTWARD | INWARD
Blb
= ; ; ; : 1
0 b 2b b 0
2b b 0
—_ 1 s
2b ‘b0
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OR
Phasor diagram Yo
Derivation of expression for current 1%
Power dissipated 2
Reason for maximum power dissipation at resonance 1

Phasor diagram

A1
.-f Vr 1,

VL I..-"L\ﬁm[ b
-

Using the phasor diagram, we get

2 .2 2
Vm = Vim t (VCm - VLm) &
orvi =i2[R?* + (X, — X;)?]
o= m Y2
S JRZH (X~ XL)?
- Xc—X
Also, tan ¢p = 2ol - ZethL
Vr R
= the expression, for current, is
i =1i,sin(wt + ) Ya

(Note: Award these two marks even if the student draws the phasor diagram /
does the derivation of i = i,, sin(wt — ©) for X, < X,)

Power dissipated:

The instantaneous power, p, supplied by the source, is
p= Vi

= (Y, sin wt) (i, sin(wt + ¢)) Zz
=19m% [cos ¢ — cos(2wt + ¢)] 2
The average power, over a cycle, is, therefore
P=<p>=Vm% (cos ¢)

= Vlcos ¢ Yo

Yo

At resonance, we have
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XC == XL %)
tangp = 0= ¢ = 0°
% Cos ¢ = 1, its maximum value. Y, 5
Hence P(=VI cos ¢) has its maximum value at resonance.
Set1,Q26
Set2,Q24 a) Reason for variation Vs
Set3,Q25 Polarisation due to scattering 2
b) Statement for Malus’ law Yo
Calculation of intensities for
(i) 6 =30° 1
(i) 0 = 60° 1
(@) As per Malus’ law,
Transmitted intensity 1=1, cos? @
. The transmitted intensity will show a variation as per cos? 6.
[Note: If the student writes that “_unpolarised light will not show any &
variation in intensity, when viewed through a polaroid, which is
rotated” award this ¥ mark]
Incident Sunlight
(Unpolarisecd)
1
Ta Observer
The electric field, of the incident wave, makes the electrons of the air y
2
molecules, acquire both components of motion. ( T as well as .).
Charges accelerating parallel to T, do not radiate energy towards the | 1,
observer. Hence the radiation, scattered towards the observer gets
linearly polarised.
( Note: Award these 2 marks even if the student just draws a well
labelled diagram, without giving any explanation.)
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(b) We have, as per Malus’s law:
[ =1I,cos?8 Yo
=~ If the intensity of light, incident on P;, is I,, we have

. _ I
I,= Intensity transmitted through P; = ;"

. : I 1
I,= Intensity transmitted throught P, = (;0) cos? 60° = - ”
For 6 = 30°, we have
Angle between pass axis of P, and P3
=(30° +30%) = 60°
or (30°—30°) = 0°

I I
«. I3 can be either — Or —.
32 8

For 6 = 60°, we have

Angle between pass axis of P, and P3
= (30° + 60°) = 90°

or (30° — 60°) = —30°

. 3]
~ I5 can be either 0 or 3—20 . & 5

[Note: Award the last (1+ %2 ) marks to the student even if he/she
calculates I; for only the first (or second) values of the angle between
the pass axis of P, and P3)

OR

a) Expression for Path difference 2Y
Conditions for constructive and destructive interference % +%
b) Finding intensities at points where path difference is

M e &
(iD) 4/ &
(iii)*/ Yy
(a) G
p
= [ s
d n 7
I~ p >~ [—'
b D 1
o
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Path difference =S,P — S;P
d 2 d 2
Now (S,P)? — (5110)2:[02 + (x +9) ] - [DZ + (x +9) ]

=2xd
where S;S, =d and OP=x

_ 2xd
= 5P = 51P= (SP+ S1P) 1,
For x<<D and d<<D, we can write 1,
S,P+ S,P=2D

. 2xd xd
Hence, Path difference= S,P — S, P= %:% Yo
For constructive interference, we must have
xd Y2
— =nl
D

nAD kY

SX =Xy = e (n:O, +1,+2, )
For destructive interference, we must have

xd _ ( N 1)/1

p ~\"*"3 n
) (n+%)/1D

SX =X, = T ( n:O, il, iZ, )

(b) The general expression, for the intensity, at a point is
I = I, cos? ®/2

(i)  For path difference =/1/6, ? = 60° 2
_31
1=""/,

(i) For path difference =4/ 4 ¢ =90° Y
1=/,

5
. 1 Y

(iii)  For path difference = /3, ¢ =120°

IZIO/4
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