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(ii)

(i11)

(iv)

(v)
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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=3x10%m/s

h =663 x 1073* Js
e=16x10"C

Uy = 4m X 10" TmA™!

£y =8-854 x 10712 C2 N1 m™

1
4n80

=9x10° Nm?2(C2

Mass of electron (m_) = 9-1 x 1073 kg

Mass of neutron = 1-675 x 102" kg
Mass of proton = 1-673 x 102" kg

023

Avogadro’s number = 6-023 x 10“° per gram mole

Boltzmann constant = 1-38 x 10723 JK!
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Qs A
SECTION A

T T TEROT i gRI YR (EvT) i SiA-E faur weE i S 7 2

Which mode of propagation is used by short wave broadcast services ?

forelt qar o AR ATk HeAR@ g g Wil A1 s @ e St
S BIAT B | Sk el Hafd iRl § & feRmehl sud et ufd =gfaaerta
Afereh Bhft 2

Four nuclei of an element undergo fusion to form a heavier nucleus, with

release of energy. Which of the two — the parent or the daughter

nucleus — would have higher binding energy per nucleon ?

(a) 91 IMeH, TAT (b) 4 Ted-Tafhed H ITAM BH aTel Toreq-graehi™ faferton
& W fafay |

Name the electromagnetic radiations used for (a) water purification, and
(b) eye surgery.

T AR AR fafve dirarsti < g1 sfmafaa fafrmn o fou STy dieedl
Y yehE-fagd uRr % fa=Rer @ gue 9 urw ite | S diedr %
fafertar < foTQ 7 =t 3AfeRd IR |

Draw graphs showing variation of photoelectric current with applied
voltage for two incident radiations of equal frequency and different
intensities. Mark the graph for the radiation of higher intensity.

FTR 91 TR ITAHE Th T2 3T Teh oI+ (ohel] UhEH Jraiehid &, Al
$oh THAYT % A PRI §, H YN A & | TH § HA-A1 IH JEN
i 9§ TIfd BT 2

A proton and an electron travelling along parallel paths enter a region of

uniform magnetic field, acting perpendicular to their paths. Which of
them will move in a circular path with higher frequency ?



Qs d
SECTION B

6. 15 V T3RaR dicedr i foreft argesr atm =1 Iy fordt Hewr faet o dwur & fou
TR T 8 | 60% WIgT HThish T hid o [0 Higash 1&Hd i e
dieedl T HiT | 2
A carrier wave of peak voltage 15 V is used to transmit a message signal.
Find the peak voltage of the modulating signal in order to have a
modulation index of 60%.

7.  AC 412'5 nm TG HT Jh¥ = feu Tu grgeti W Amafaa g &, af -t

T JehTeI-fargd Seasi gunaf} S =i 2 2
oTq HE-He (eV)
Na 1-92
K 2:15
Ca 3:20
Mo 4-17

If light of wavelength 412-5 nm is incident on each of the metals given
below, which ones will show photoelectric emission and why ?

Metal | Work Function (eV)
Na 1-92
K 2:15
Ca 3-20
Mo 4-17

8. oMW # ey {HR V&I 3T=aieh URAY %1 H1s Th 10 V & & 38 Q
3T=afes Ifeig 3R 200 V foed-ames 9 (emf) h1 forell ekt < &R & redd &

TIifora 8 | afme § 910 1 O 19 iy | 2
10V
i
I o
200 V
YT
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10.

55/3

fre 1 & ToEIq-ate® oa (emf) FgRor & fofu dfRrH Sawe & go
qiae § 8 I Gged fo7g 350 cm W & | 19 ¥l o oTel IRUS H 9 Q 1 Th
S S oA ST g, a1 dde fomg 300 cm 9 TAFANG & ST 8 | 8§
ST T=Neh Tfeg 1A SHITT |

A 10 V cell of negligible internal resistance is connected in parallel across
a battery of emf 200 V and internal resistance 38 Q as shown in the
figure. Find the value of current in the circuit.

10V

38 Q

OR

In a potentiometer arrangement for determining the emf of a cell, the
balance point of the cell in open circuit is 350 cm. When a resistance of
9 Q is used in the external circuit of the cell, the balance point shifts to
300 cm. Determine the internal resistance of the cell.

(a) TS TN ohl YH: HSHT 9UT 1 el JdT & ? T hIFVT |
(b)  “TorIq-graehid TG TAT 987 Hidl & 59 HAT § Y T THAA & ?

(a)  Why are infra-red waves often called heat waves ? Explain.

(b)  What do you understand by the statement, “Electromagnetic
waves transport momentum” ?

21 forgq wesll P 3t Q o feriedl o1 oo 1: 2 B | 3 Sofisew o fonelt St &
Tt & 9o § | 39 dodi | Wik &9 Sl 31U STd Shitag |
Two electric bulbs P and Q have their resistances in the ratio of 1 : 2.

They are connected in series across a battery. Find the ratio of the power
dissipation in these bulbs.



T us |
SECTION C

11. CE fyfa=ma ¥ freft n-pn givieet & y&dt faewr o fofa stfiererfires
difuu | a8 quisy T 31 il o1 sw@m (a) Faw gfg @), o
(b) €T JaEH UMk (B) 1 Teiia e o fohm Tehr foperm <1 wehat 8 | 3
Draw the typical input and output characteristics of an n-p-n transistor

in CE configuration. Show how these characteristics can be used to
determine (a) the input resistance (r;), and (b) current amplification

factor ().

12. (a) °hI3 DET A p-n TY SRS T IYINT Hleh JeATEdT ORI bl fose amy &
gftafdd T =medt 8 | 39 gRT U fohu S aret aftgey &1 Amrfera
gfer @ Eifau ot saeht franfafe it smen Hifs |

(b) NAND ¢ & foiu Feamm areft iR afder gedies Samsy | 3
(a) A student wants to use two p-n junction diodes to convert

alternating current into direct current. Draw the labelled circuit
diagram she would use and explain how it works.

(b)  Give the truth table and circuit symbol for NAND gate.

13. (a) S i Y0 fFai{ (BE/A) 3R Go0HE T A & 9 WTH I
IR A gY AN forgued iR fveha dere i ufshansti i
e HIT |

(b) et Aeamufaea aweenfer (HeAmefaea omgdicm) 61 td-3my 10 o
3 | SHh! HishadT 3-125% Toh Fe+ H TohaaT F9 <RI 2 3
(a) Explain the processes of nuclear fission and nuclear fusion by
using the plot of binding energy per nucleon (BE/A) versus the
mass number A.

(b) A radioactive isotope has a half-life of 10 years. How long will it
take for the activity to reduce to 3-125% ?

14. (a) %l gl & Y9 % foQ wew femmcdi & Aigem i AeRashdl & o
hIUT §d13T |
(b) W% g i3 ¥ed e (eafd Eehd), HIT arger al AR HIT =™
Higletd aaT gRMsy | 3
(a) Give three reasons why modulation of a message signal is
necessary for long distance transmission.

(b)  Show graphically an audio signal, a carrier wave and an amplitude
modulated wave.

55/3 7 P.T.O.
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16.
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(a)

(b)

(a)

(b)

(a)

(b)

(a)

(b)

[ o ST H AR Rl g8 &l Foen i o 9 Tt ue ol i |
< oI Smu, arfeh 8@ oA el YRt Sl T ' R 50% @ ST,
al 39 SAfqRta Yed | fhatl i tferpan i —gaw dierarsti w1 S1um™
T ST |

e Thauff ThTT o LA W Yad YIS T IFFNT feoham w9, df 319 fohm
TR <l fShsTt o HeaoT <hl TeT R 7 2

If one of two identical slits producing interference in Young’s
experiment is covered with glass, so that the light intensity
passing through it is reduced to 50%, find the ratio of the
maximum and minimum intensity of the fringe in the interference

pattern.

What kind of fringes do you expect to observe if white light is used

instead of monochromatic light ?

BTEgIoH WA § TRl el shi qRwTT o T SR o STiFTEa 1 3g@
HIT | 2 Fhedt 1 IiehedaT form TR 37 el & Tifica 6 =men
HAl & ?

Iy # feran raEen # #iE gy W] fohet B ol srasifya
AT 8, S W n=4 TR T IANA B <dl & | BieH I R

AT R |

State Bohr’s postulate to define stable orbits in hydrogen atom.
How does de Broglie’s hypothesis explain the stability of these
orbits ?

A hydrogen atom initially in the ground state absorbs a photon
which excites it to the n = 4 level. Estimate the frequency of the
photon.
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(a)

(b)

(a)

(b)

Sfed @ 1 ITEN Feh I8 Ay foh forel umesfl i & s @
T gRI 1Yo Sehret i fohd TehR WRaehd: gfara forem ST wiehar 2 |

gawﬁwW%wﬁﬁ%gW%ﬁa%wmm%
%ok AB T HIs Yl foRto foagERr Afiereaq oaad &t 7 |
Heteh AC H ThUH T R I8 ToRT0T qui 3TT=aieh Tatad gt ? 379+ 3T
=l gfse ST |

A

Show using a proper diagram how unpolarised light can be linearly

polarised by reflection from a transparent glass surface.

The figure shows a ray of light falling normally on the face AB of

an equilateral glass prism having refractive index %, placed in

water of refractive index % Will this ray suffer total internal

reflection on striking the face AC ? Justify your answer.

9 P.T.O.
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I 1+5 % hid | T Fshdl AT R I I THMHT IHAIA oid (AR
Toreht Tmae guur & I R feud g s dag W @1 8 | hIg ThINTeh g3 AU
I I 3H W % GEI 18 W W@ gU, & W I Jrdlesh, Ioe Jdierd
HOT B eh T Ll 8 | OF | g3 ol AIUA gl x B | 53 I &d8 I &H
I SN =l et WA G y W18 STl @ | x 3R y % Y&l H 5d o IqacIeh
% fotu sste e <hifsTe |

AV VLV VYV
A symmetric biconvex lens of radius of curvature R and made of glass of
refractive index 1-5, is placed on a layer of liquid placed on top of a plane
mirror as shown in the figure. An optical needle with its tip on the
principal axis of the lens is moved along the axis until its real, inverted
image coincides with the needle itself. The distance of the needle from the
lens is measured to be x. On removing the liquid layer and repeating the
experiment, the distance is found to be y. Obtain the expression for the

refractive index of the liquid in terms of x and y.

AV VLV

10



19. (a) <R % U god fSgehl sAmuferss greehsfierdr p, 8, W n ove Ifd Hiew
1 foega-0eft qfe & X A e ] | 99 @ B 1 i varfed Bt R,
@ IAF § Frechid &7 o fIU =5tk 1d hifT |

(b)  Teret grerehi wered sht grehia v 0-9853 B | greehi qetef S TR
et | fRet ThEHE grEshi &9 H 39 99 % gohs I W@ W
&9-Ued § B9 9ol TRl i 3Rfad hife | 3

(a)  An iron ring of relative permeability p,. has windings of insulated
copper wire of n turns per metre. When the current in the
windings is I, find the expression for the magnetic field in the ring.

(b)  The susceptibility of a magnetic material is 0-9853. Identify the
type of magnetic material. Draw the modification of the field

pattern on keeping a piece of this material in a uniform magnetic
field.

20. 6 J/T Jrachid TVl 1 s B Frah 044 T o fohtll THAHM STRI Trehid
a7 ¥ 60° W Wigd 8 | uferford T (a) groeh & Jrachia TeEl
(i) Jrahid & o Aetrsad, (i) grash &F & fouda sifga w0 & fag,
T B O H foR T &R, qen (b) YR (i) § Afqw fefamma
(erfufomame) & graeh T aA-Tewt | 3
A bar magnet of magnetic moment 6 J/T is aligned at 60° with a uniform
external magnetic field of 0-44 T. Calculate (a) the work done in turning

the magnet to align its magnetic moment (i) normal to the magnetic field,
(i1) opposite to the magnetic field, and (b) the torque on the magnet in the
final orientation in case (ii).

21. (a) TorHl anfcaess ar hl Sresar e ki gftmer dfSw | s@eR SI 9
forfau |

(b) Torelt T H Gk ST Shl ATTRETAT T ITAM hich HEAT T
3R fasnfa e & ugi § aR 61 =Tetehal o folu =i Jeaa i |
31T G TFca IR AT ToFq-&F E o &9 T 1 HitT | 3

(a)  Define the term ‘conductivity’ of a metallic wire. Write its SI unit.

(b)  Using the concept of free electrons in a conductor, derive the
expression for the conductivity of a wire in terms of number
density and relaxation time. Hence obtain the relation between
current density and the applied electric field E.

55/3 11 P.T.O.



22. <R fag MW Q, q, Q 3N q UM ‘@ 6 RET M o HHI W ARG § WQ
HIER feord € |

Q q

BICICAIE
(a)  AAY Q W gRumdt forggq &iA, qen
(b) 34 T i feufas e |

HYAT

(a) o forg 3Te q, —4q 3R 2q Y1 7 % THG BYS ABC % MW W
NG H T TER e § | AEs W Hria aiomdt fogg s &
9T & foTu =ereh g <A1 |

A
q

_4q

(b) AT ol 3= G qoh Y&H HA o IC fohT I a1t Rl 1 7T 1
HIT |

55/3 12



Four point charges Q, q, Q and q are placed at the corners of a square of
side ‘a’ as shown in the figure.

Q q

Find the
(a)  resultant electric force on a charge Q, and

(b)  potential energy of this system.

OR

(a)  Three point charges q, — 4q and 2q are placed at the vertices of an
equilateral triangle ABC of side 7" as shown in the figure. Obtain
the expression for the magnitude of the resultant electric force

acting on the charge q.

2q

N
=~
4

(b)  Find out the amount of the work done to separate the charges at

infinite distance.

55/3 13 P.T.O.
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Qus 3T
SECTION D

T < former™ & e fommie =i 2Afegeh Y7o & folT 96T & T 200 km
1 gl W fed vt 99 W o MY | ek weled | sdrn b gemEd! 9n (ac)
o &9 U forgd Sl 1 U901 g el gl qeh wrgll | feRan ST § | Sererd!
YT ! I dleedl qeh IS SITAT & a1 Igll § T8 TAHE W Rt 1 J=red
% o [T Siced] i UeRT 1A 2 | $8eh IRUTHEEEY Sl h 98 67 &l
Bt B | Thar 4 fereh wEied i o1a Bl A GAT SN Tedrard! U bl A
31T 31fYeh dieedl § i & fawa § 3790 9w 9@ |

(a) TCITEd dicedl i I 1El = AF doh IRElad i i gk 1AM
fafan | 5@ g 0 wte e & vk HRO * 3g@ HINT |

(b) Tl Sergm i gemar 8 =aren hifvu o fose grn i sen Toaradi
U o ®9 H TS Gl % Bl ok SO H AfE H B R TR He
STt 2 |

(¢) i 3R frersh wEleT yeish g Wi o qodii i 3g@ iU |

The teachers of Geeta’s school took the students on a study trip to a
power generating station, located nearly 200 km away from the city. The
teacher explained that electrical energy is transmitted over such a long
distance to their city, in the form of alternating current (ac) raised to a
high voltage. At the receiving end in the city, the voltage is reduced to
operate the devices. As a result, the power loss is reduced. Geeta listened
to the teacher and asked questions about how the ac is converted to a

higher or lower voltage.

(a)  Name the device used to change the alternating voltage to a higher

or lower value. State one cause for power dissipation in this device.

(b)  Explain with an example, how power loss is reduced if the energy
is transmitted over long distances as an alternating current rather

than a direct current.

(c) Write two values each shown by the teachers and Geeta.

14



Qus g
SECTION E

24, (a) Torelt yeIEdl 9T (ac) SHF @1 fagra faRau ok Tmifera om@ H
Wﬁwﬁ%&rﬁﬁnﬁwﬁﬁm%a&%w%
%@W@HBﬁWWW‘m’@WWﬁWNE@
N ATYFE &Tha A hH fopelt Fueeht d UG fogpqams s
(emf) & foTu =asteh e <hifvTT |

(b) IS IIYAM 900 km/hour % o § &fcsra: afvem & qd 1 31 3 T
21 20 m fowar 6 3ot dgfeai & R & = fowfaa favarm
gReR{oTd hITTT | geeft o Freehia & 1 &fds 9 5 x 1074 T 3R Afd

I 30° %7 | 5
AUAT

ﬁﬁXWWW(ac)@ﬁV:VO sinmtdlvddlﬁ%iqn(\\rldgs’l X
T yaTtgd 9 I = Ios1n(oat+ j%|

(a) Iih X I Ig=ni-T IR 30 Tfaamd & fou e fdfey |
(b) X & ToIU Tcarad! a0 (ac) o Tk =k H THT o 1Y dieedl 3T 91

ferereor =t g & forg ume wifem |

(c)  Jcdmadl 9/ (ac) sl AT o H1Y Yk X o Fiaamd § fohet TR fo=ro
i1 & ? U1 R 39 fereror =t quiisy |

(d) I X fore Bor om@ Eifw | 5

(a)  State the principle of an ac generator and explain its working with
the help of a labelled diagram. Obtain the expression for the emf
induced in a coil having N turns each of cross-sectional area j},
rotating with a constant angular speed ‘@’ in a magnetic field B,
directed perpendicular to the axis of rotation.

(b)  An aeroplane is flying horizontally from west to east with a
velocity of 900 km/hour. Calculate the potential difference
developed between the ends of its wings having a span of 20 m.
The horizontal component of the Earth’s magnetic field is
5 x 10~4 T and the angle of dip is 30°.

OR

55/3 15 P.T.O.



25.

55/3

A device X is connected across an ac source of voltage V = V; sin wt. The

current through X is given as I = I sin (cot + gj .

(a)

(b)

(c)

(d)

(a)

(b)

(c)

(a)

(b)

(c)

Identify the device X and write the expression for its reactance.

Draw graphs showing variation of voltage and current with time

over one cycle of ac, for X.

How does the reactance of the device X vary with frequency of the

ac ? Show this variation graphically.

Draw the phasor diagram for the device X.

foreht etaae guur grn foreht fomar o1 arEafaes, 3ot qen faafiia afafers
T g9 o fow fertor e Eiftvw |

TYUT T ITeA HifT 3R geh 31maea & fofe e Tt |

HSAT LERIeh ohl T H TS GLGRIeh o Gl THI oh! SARSAT HIWT |

AT

T Sh GRATT ST | FT87E o THGI= 1 ST hich THAA 58 T
T o (EAl 1 gedmd HINY |

e ol e s o Bl <t <ierE 3ueht qa =ier i g i Sl
2 | sy faada Jvg & 9y 3 digdr W SEhl w1 99E g ?

=T I |

e forel gTe Aid | 3Td gL TR o 9% H i3 A8l (<) JThR ST
@ g S &, A 39 9191 % g W I AHRGR =il s Bidl & |

ST I, THT = B |
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(a) Draw a ray diagram to show image formation when the concave

mirror produces a real, inverted and magnified image of the object.

(b)  Obtain the mirror formula and write the expression for the linear

magnification.

(c) Explain two advantages of a reflecting telescope over a refracting

telescope.
OR

(a)  Define a wavefront. Using Huygens’ principle, verify the laws of

reflection at a plane surface.

(b)  In a single slit diffraction experiment, the width of the slit is made
double the original width. How does this affect the size and

intensity of the central diffraction band ? Explain.

(c) 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 obstacle.

Explain why.

26. (a) foega werea 1 uferw e | e a7 afew ufyr 8 steran sifew 2
3N T G AR HI3 =g AW q Y1 d < ToRell ol o g o Stk
SR gh d/2 W Ed g | TR o R w1 IWM e 39 9 # oA
It o woe & foT =Heeh g I |

//
_J
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(b)

(a)

(b)

(c)

(a)

e 9fg 39 foig TR 1 36 o o g W ‘A’ g0 W A SMC q1 1 hl
T I FMAT H G, dI AT hHitg oh forq Foied fohE TR THTfed
0 |

AT

3T o 99 1 ITANT ek AT Tcd & C/m <hl Tt Heft weram™
aﬁﬁam%@%wﬁgﬂ-m(ﬁ)%mmwﬁﬁm

AT @1 § TreEd gt r % WY E % faeror & @iy % o wme
difem |

A Gl vy H 1o T (rg > 1) G q I A AW H fohAT AT 1 1d
HIT |

Define electric flux. Is it a scalar or a vector quantity ?

A point charge q is at a distance of d/2 directly above the centre of
a square of side d, as shown in the figure. Use Gauss’ law to obtain

the expression for the electric flux through the square.

(!

d/2

18
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(b)

(a)

(b)

(c)

If the point charge is now moved to a distance ‘d’ from the centre of
the square and the side of the square is doubled, explain how the

electric flux will be affected.

OR

H
Use Gauss’ law to derive the expression for the electric field ( E)
due to a straight uniformly charged infinite line of charge density

A C/m.

Draw a graph to show the variation of E with perpendicular

distance r from the line of charge.

Find the work done in bringing a charge q from perpendicular

distance ry to ry (rg > rq).

19



MARKING SCHEME
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Q.NO. Expected Answer/Value Points Marks Total
Marks
1 Sky wave propagation 1 1
2 Daughter nucleus 1 1
3 (a) Ultra violet rays Ya
(b) Ultra violet rays / Laser A 1
4
T .
g § " A
33 —
£
Applied voltage —>
The graph I, corresponds to radiation of higher intensity 1
[Note: Deduct this ¥2 mark if the student does not show the two graphs
starting from the same point.] 1
(Also accept if the student just puts some indicative marks, or words, (like
tick, cross, higher intensity) on the graph itself.
5 Electron
(No explanation need to be given. If a student only writes the formula for
frequency of charged particle (or v, % ) award %2 mark) 1 1
SECTION B
6
Formula for modulation index 1 mark
Finding the peak value of the modulating signal 1 mark
We have
_An 1
3
Here u = 60% = 3 Ya
3
~A, =UA. = §X 15V
=9V Y2 2
5
Calculating the energy of the incident photon 1 mark
Identifying the metals Y2 mark
Reason Y2 mark
The energy of a photon of incident radiation is given by
hc Y.
E=— 2
2
6.63 x 1073* x 3 x 108
E= — ——eV
(412.5x1079) x (1.6 x 10719)
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= 3.01eV

Hence, only Na and K will show photoelectric emission

[Note: Award this %2 mark even if the student writes the name of
only one of these metals]

Reason: The energy of the incident photon is more than the work
function of only these two metals.

Yo
Yo

Yo

Writing the equation 1 mark

Finding the current 1 mark

By Kirchoff’s law, we have, for the loop ABCD,
+200-38i-10=0

wi =2 A=5A
38
10V
A —— D
B 38 Q &
200V
Alternatively:

Finding the Net emf 1 mark
Stating that | :g Y2 mark
Calculating 1 Y% mark

The two cells being in ‘opposition’,
~net emf = (200 — 10)V = 190 V

Now [ = %
R
W ]=——=F5A
38Q >
[Note: Some students may use the formulae - = =+ -2 and
1 2

r= e

For two cells connected in parallel

They may then say that r = 0;

¢ is indeterminate and hence

| is also indeterminate

Award full marks(2) to students giving this line of reasoning.]
OR

Stating the formula Imark
Calculating r 1mark

Wehaver:(l—l— 1)R =(ﬂ)R

Iz

Yo
Yo

1

Yo
Yo
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9
a) Reason for calling IF rays as heat rays 1 mark
b) Explanation for transport of momentum 1 mark
a) Infrared rays are readily absorbed by the (water) molecules in
most of the substances and hence increases their thermal motion. 1
(If the student just writes that “infrared ray produce heating effects”,
award %2 mark only)
b) Electromagnetic waves can set (and sustain) charges in motion.
Hence, they are said to transport momentum.
(Also accept the following: Electromagnetic waves are known to exert
‘radiation pressure’. This pressure is due to the force associated with
rate of change of momentum. Hence, EM waves transport momentum) 1
10 Formula Y2 mark
Stating that currents are equal Y% mark
Ratio of powers Imark
Power = I?R
The current, in the two bulbs, is the same as they are connected in Yo
series. Yo
P I°Ry Ry
“P, I?R, R, 72
1
SECTIONC
11 —
Input and Output characteristics 1+1marks
Determination of
a) Input resistance Y2 mark
b) Current amplification factor % mark
The input and output characteristics, of a n-p-n transistor, in its CE
configuration, are as shown.
L/uA
100 — V=100V
80 —
60 — 1

40 —

20 —

| 1 |
0.2 0.4 0.6 0.8 1.0 V=/V

Input resistance

_ (A VBE)
TE\A Iy /.,

Yo
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Collector current (I.) in mA

—
o

[Base current (I)

60 14
[ ——— 5014
—— 40
/ 3004
201
—— 1017}

=

N o O

0 2 4 6 8 10 12 14 16
Collector to emitter voltage (V) in volts

The relevant values can be read from the input characteristics.
Current amplification factor

B

_(AIC)
“\al

The relevant values can be read from the output characteristics,
corresponding to a given value of V¢g.

Yo

12

a) Drawing the labeled circuit diagram 1 mark

Explanation of working 1 mark

b) Circuit Symbol and Y2 + Y2 marks

Truth table of NAND gate

a) The labeled circuit diagram, for the required circuit is as
shown.

Centre-Tap
Transformer
=== - T Dicde 1(D,)

I~
T

X

; P> %
- ! ( Diode 2(D,) R. output
L .

Y

___[ﬂé___
2
T 5

(17
W e

The working of this circuit is as follows:

During one half cycle( of the input ac) diode D; alone gets
forward biased and conducts. During the other half cycle, it is
diode D, (alone) that conducts.

Because of the use of the center tapped transformer the current
though the load flows in the same direction in both the half
cycles.

Hence we get a unidirectional/ direct current through the load,
when the input is alternating current.

[Alternatively: The student may just use the following diagrams to
explain the working.]

Yo

Yo
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@y

(0]

Waveform at A

(ii)

Waveform at B

> .
L

Due to

DQJ

Due to
D2 J

S

Output waveform
(across R;)
]
v

>t

b) The circuit symtidl, and the truth table, for the NAND gate, are

given below.
A 0| o 1
*— Y 0] 1 1
1|10 1 Yo + Y5
e |
B 1] 1 0
13 :
a) Drawing the plot 1 mark
Explaining the process of
Nuclear fission and Nuclear fusion Y2 + Y2 marks
b) Finding the required time 1 mark
a) The plot of (B.E / nucleon) verses mass number is as shown.
E 10
=3 18 2 LTC thy 0
g |y Ly
?, "II!e s (o]
g o[
2 4
§ﬁ Q3 1
:5 2
._é, o2
m 0
0 50 100 150 200 250
Mass number (A)
[Note : Also accept the diagram that just shows the general shape of
the graph.]
From the plot we note that
1) During nuclear fission
_A heavy nucleus in the larger mass region ( A>200) breaks into two 1,
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middle level nuclei, resulting in an increase in B.E/ nucleon. This
results in a release of energy.
i) During nuclear fusion
Yo
Light nuclei in the lower mass region (A<20 ) fuse to form a
nucleus having higher B.E / nucleon. Hence Energy gets
released.
[Alternatively: As per the plot: During nuclear fission as well as
nuclear fusion, the final value of B.E/ nucleon is more than its initial
value. Hence energy gets released in both these processes. ]
b) We have
31250 =212 - 1 _ L Ya
' 100 32 25
Half life = 10 years
-~ Required time = 5x 10 years "
=50 Years
14 -
a) Stating the three reasons Y2 + Y2 + %2 mark
b) Graphical representation of the audio %2 + % + % mark
signal, carrier wave and the amplitude
modulated wave
a) The required three reasons are :
(i) A reasonable length of the transmission antenna. Yo
(ii) Increase in effective power radiated by the antenna. Yo
(ili)Reduction in the possibility of ‘mix-up’ of different Yo
signals.
b) The required graphical representation is as shown below
]0 U.'S 1I — 1|.5 Iz — 2|.5 3
m(t) OF : b ) . . . . . A () A
_;‘) .'; ]. 1.5 .2 2.5 3
c.(t) for AMOF| || [1]] z7\/\| ' H©
o ALY ]. ‘3 ]/2
15 . . . .
a) Finding the (modified) ratio of the maximum 2 marks
and minimum intensities
b) Fringes obtained with white light I1mark
a) After the introduction of the glass sheet (say, on the second slit),
we have
25000 =2
L 27T 2
-~ Ratio of the amplitudes
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az _ 1 1

al 2 \/7

Hence e — (—a1+a2 )2

min ai—az

:(x/? + 1)2
V2-1
(= 34)
b) The central fringe remains white.
No clear fringe pattern is seen after a few (coloured) fringes on
either side of the central fringe.
[Note : For part (a) of this question,
The student may
(i) Just draw the diagram for the Young’s double slit experiment.
Or (ii) Just state that the introduction of the glass sheet would
introduce an additional phase difference and the position of the
central fringe would shift.
For all such answers, the student may be awarded the full (2) marks
for this part of this question.]

Yo

Yo

Yo

Yo

16

a) Statement of Bohr’s postulate 1 mark
Explanation in terms of de Broglie hypothesis % mark
b) Finding the energy in the n = 4 level 1 mark
Estimating the frequency of the photon Y2 mark

a) Bohr’s postulate, for stable orbits, states
“The electron, in an atom, revolves around the nucleus only in
those orbits for which its angular momentum is an integral

multiple of % (h =Planck’s constant),”

h
[Also accept mvr = n.— n=123,.....)
As per de Broglie’s hypothesis
h
A = - = —
p mv

For a stable orbit, we must have circumference of the

orbit=mA (n=123,.....)

27 = n.mv

nh

21

Thus de —Broglie showed that formation of stationary pattern for
intergral ‘n’ gives rise to stability of the atom.

or mvr =

This is nothing but the Bohr’s postulate

Yo

Yo

Yo
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-E, E, Ya

42 16
-~ Energy required to take the electron from the ground state, to the
— _ E,

n=4level = (— E) - (-E,)

_ —1+16

B G

= ?GSEO

== x13.6 X 1.6 X 10719
Let the frequency of the photon be v, we have
hv == x 13.6 X 1.6 X 10719

15x 13.6 X 1.6 x 1071?

b) Energy inthe n=4 level =

Yo

Y T e X663 x 10 2
~ 3.1 X 10%°Hz
(Also accept 3 x 10'°Hz) & 3
17 a) Diagram % mark
Polarisation by reflection 1 mark
b) Justification 1 mark
Writing yes/no Y mark

a) The diagram, showing polarisation by reflection is as shown.
[Here the reflected and refracted rays are at right angle to each
other.]

Incident Reflected

AIR
L
900
Refracted

Yo

B
7
MEDIUM

7T ]
ST = (E — lp Y
<sin ip tani >
= = fa
l'l - Sin r n lB - - - - - -
Thus light gets totally polarised by reflection when it is incident at
an angle ig(Brewster’s angle), where iz = tan"lu 2

a) The angle of incidence, of the ray, on striking the face AC is
i= 60°(as from figure)
Also, relative refractive index
of glass, with respect to the
surrounding water, is

— 3/2 _9
Hy = 7,78
Also sini =sin 60° = \/2_§ - 1.7232
=0.866 )
For total internal reflection, the required critical angle, in this case,

IS given by
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~ (0.89

©O| ©

o1
sini, = — =
L i<,
Hence the ray would not suffer total internal reflection on striking
the face AC
[The student may just write the two conditions needed for total

internal reflection without analysis of the given case.
The student may be awarded (% + %) mark in such a case.]

Yo

Yo

18 Lens maker’s formula % mark
Formula for ‘combination of lenses’ Y% mark
Obtaining the expression for u 2 marks
Let y,; denote the refractive index of the liquid. When the image of the
needle coincides with the lens itself ; its distance from the lens, equals
the relevant focal length. Ya
With liquid layer present, the given set up, is equivalent to a
combination of the given (convex) lens and a concavo plane / plano
concave ‘liquid lens’.
-1 Yo
We have 7 (u—1) (R1 Rz)
1 1 1
== - 1
and f (f1 _+f2) &
as per the given data, we then have
L=l-a5-1) (E_L) &
fooy R (-R)
)
L — R DT
w7 = G 1)( R)+y y T3 i
R e
y y X xy
_ 2x—y
Tk = ( x ) 7
19 : -
a) Expression for Ampere’s circuital law Y2 mark
Derivation of magnetic field inside the ring 1 mark
b) Identification of the material Y2 mark
Drawing the modification of the field pattern 1 mark

a) From Ampere’s circuital law, we have,

ﬁ B.dl= Ho AuTIETlCIOSEd (I)
For the field inside the ring, we can write

%Edl%= fﬁBdl = B.2nr

(r = radius of the ring)

Also, I i0sea = (2mrn)l using equation (i)
& B.2nr = p . (n. 2mr)l

~ B = .umurnl

Yo

Yo

Yo
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[Award these G + %) marks even if the result is written without giving

the derivation]
b) The material is paramagnetic.
The field pattern gets modified as shown in the figure below.

|
=]

T
T

Yo

20

a) Formula and
Calculation of work done in the two cases (1+ 1) marks
b) Calculation of torque in case (ii) 1 mark

(@)
Work done = mB(cos6; — cos6,)
(i) 8, =60°, 6, =90°
~work done = mB(cos60° — cos90°)
— 1 _ 1
_TB(E_O) = ;M8

=5 X 6 x 0.44 J=1.32J

(ii) 6; = 60°, 6, = 180°
~work done = mB(cos60° — cos180?)
1 3
=mB(; - (-1) = >mB
3

=5 X 6 x 0.44 J =3.96J

[Also accept calculations done through changes in potential energy.]
(b) .

Torque = |m X B|=mB sing

For 8 = 180°, we have

Torque = 6 x 0.44 sin180°=0

[If the student straight away writes that the torque is zero since
magnetic moment and magnetic field are anti parallel in this
orientation, award full 1mark]

Yo

Yo

Yo

Yo

Yo

Yo

21

a) Definition and Sl unit of conductivity Y + % marks
b) Derivation of the expression for conductivity 1% marks
Relation between current density and electric field % mark

a) The conductivity of a material equals the reciprocal of the
resistance of its wire of unit length and unit area of cross section.
[Alternatively:

The conductivity (o) of a material is the reciprocal of its resistivity

(0)] 1

(Also accept o = 5)

Its Sl unit is

(m)/()hm_lm_l/("lho m~1)/siemen m*

b) The acceleration, @ = —%E

Yo

Yo

Yo
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The average drift velocity, v, is given by

eE
v, = ——71
d m

(r = average time between collisions/ relaxation time)

If n is the number of free electrons per unit volume, the current I is

given by
| = neA|vy|
e?A
=71 n|E|
m -
But | = |j|A (j= current density)
We, therefore get

Yo

e? nezr 2
ljl = — 7 |E|, The term — 7 is conductivity. -
m m
2 | = aE 7
22 a) Finding the resultant force on a charge Q 2 marks
b) Potential Energy of the system 1 mark

a) Let us find the force on the charge Q at the point C

Force due to the other charge Q Q "
L ¢ 1 (& —

4me, (a\/j)z 4me, (Zaz) (along AC)

Force due to the charge q (at B), F, ai

= %along BC “la

4me, a 95 C
Force due to the charge q (at D), F; e—w—’l
E}—

F1:

il

= % along DC

4me, a

Resultant of these two equal forces
1 CIQ(\/— )

e (along AC)

~Net force on charge Q (at point C)
1 Q70
F=F +F,=— <|=++2
REE 4me, a? [2 + q]

This force is directed along AC

( For the charge Q, at the point A, the force will have the same
magnitude but will be directed along CA)

[Note : Don’t deduct marks if the student does not write the direction
of the net force , F]

v

_nk

23~

b) Potential energy of the system

2 2
. [4£+q—+ ¢

- 4”60 VZ a2
QZ
471'60(1 [ qQ + \/_ \/_

OR

Yo

Yo

Yo

Yo

Yo

Yo
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a) Finding the magnitude of the resultant force on charge q 2 marks
b) Finding the work done 1 mark

b) Force on charge q due to the charge -
4q
1 (4q?
F1—4n60 (1_2) along AB
Force on the charge g, due to the charge

2q
1 [2q°
(1_2) along CA

2:47I60
The forces F; and F, are inclined to each
other at an angle of 120°

4%,
B(

Hence, resultant electric force on charge q

F = \/Flz + F} + 2F,F,cos0

= JF? + F} + 2F,F,c05120°
= F} +F} —FF,

10 5
- Work done = 4 -2
dmegl 2megl

Yo

Yo

Yo

Yo

Yo

Yo

23

a) Name of device Y2 mark

One cause for power dissipation Y2 mark

b) Reduction of power loss in long distance transmission 1 mark
c) Two values each displayed by teacher and Geeta

(%2 x 4=2)marks

a) Transformer
Cause of power dissipation
) Joule heating in the windings.
i) Leakage of magnetic flux between the coils.
iii) Production of eddy currents in the core.
iv) Energy loss due to hysteresis.
[Any one / any other correct reason of power loss]
b) ac voltage can be stepped up to high value, which reduces the

Yo

Yo
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current in the line during transmission, hence the power loss(I?R)
is reduced considerably while such stepping up is not possible for
direct current.
[Also accept if the student explains this through a relevant example.]
c) Teacher : Concerned, caring, ready to share knowledge .
Geeta : Inquisitive, scientific temper, Good listener, keen
learner (any other two values for the teacher and Geeta)

Yot Y2
Yot Y2

24

a) Principle of ac generator %% mark
working Y% mark
Labeled diagram 1 mark
Derivation of the expression for induced emf 1% mark

b) Calculation of potential difference 1 % mark

a) The AC Generator works on the principle of electromagnetic
induction.
when the magnetic flux through a coil changes, an emf is induced
in it.
As the coil rotates in magnetic field the effective area of the loop,
(i.e. A cos 60) exposed to the magnetic field keeps on changing,
hence magnetic flux changes and an emf is induced.

Coil ,,/— Axle

Carbon
brushes

When a coil is rotated with a constant angular speed ‘w’ , the angle

‘6’ between the magnetic field vector B and the area vector 4, of
the coil at any instant ‘t’ equals wt; (assuming 8 = 0° at t=0)

As a result, the effective area of the coil exposed to the magnetic field
changes with time ; The flux at any instant ‘t’ is given by

¢p = NBAcos6 =NBA cos wt

~ The induced emf e=- N ‘Z—f
=-N BAfi—(f (cos wt)
e= NBAw sin wt

b) Potential difference developed between the ends of the wings
‘e’ =Blv

Yo

Yo

Yo

Yo

Yo

Yo
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Given Velocity v=900km/hour
= 250m/s
Wing span () =20 m

Vertical component of Earth’s magnetic field
BV = BH tané
=5x10"* (tan 30°) tesla Y

=~ Potential difference
=5%x10"* (tan30°) X 20 X 250
_ 5x20x250x10~*

73 V
= 1.44 volt Yo 5
Or
a) ldentification of the device X Y2
Expression for reactance Y2
b) Graphs of voltage and current with time 1+1
c) Variation of reactance with frequency Ya
(Graphical variation) Ya
d) Phasor Diagram 1
a) X : capacitor
Reactance X, = - = — ”
eactance X, = —- =-—— "
b)
4 v
4 i
____| \
_1_ /4 Yot Y
|
0| wt, n\ 2m . Wi
c) Reactance of the capacitor varies in inverse proportion to the
1
frequency i.e. , X, " 1
Xc 1
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I A V_
u.sin wt,
/T I Wi
7 1
isin(wt+n/2)
25 (a) Ray diagram to show the required image formation 1 mark
(b) Derivation of mirror formula 2 Y2 marks
Expression for linear magnification Y2 mark
(c) Two advantages of a reflecting telescope overa  %+% marks
refracting telescope
a)
1
(b) In the above figure
A BAP and AB’A’P are similar
= (i z
B'A’ " PA’ 2
Similarly, A MNF and AB’A’F are similar
=¥ i)
B'A' FA' (
As MN = BA
NF= PF
FA’ =PA’ - PF
-~ equation (ii) takes the following form
22 = I (iii) 3
. BA'  PA-PF &
Using equation (i) and (iii)
PA _ PF
o PA'~ PA'—PF &
For the given figure, as per the sign convention,
PA =-u
PA’=-v
PF=-f
—u —f
5> —= —
—v " —v—(-f) ”
u_ f
v v—f
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uv —uf =vf
Dividing each term by uvf, we get

1 1
v

+

S| =
S

=

Linear magnification = - v/, (alternatively m = :_i)

c¢) Advantages of reflecting telescope over refracting telescope
(i) Mechanical support is easier
(i) Magnifying power is large
(ili)  Resolving power is large
(iv)  Spherical aberration is reduced
(v) Free from chromatic aberration

(any two)
OR

(a) Definition of wave front Y2 mark

Verification of laws of reflection 2 marks
(b) Explanation of the effect on the size and intensity of

central maxima 1+ 1marks
(c) Explanation of the bright spot in the shadow of the obstacle

Y2 mark

(a)The wave front may be defined as a surface of constant phase.
(Alternatively: The wave front is the locii of all points that are in the
same phase)

Incident
wavelront

Reflected
wavelront

Let speed of the wave in the medium be ‘v’

Let the time taken by the wave front, to advance from point B to point
Cis ‘v

Hence BC=vr~

Let CE represent the reflected wave front

Distance AE =v 7 = BC

A AEC and A ABC are congruent

~ LBAC = £ ECA

= /0 = 4r

(b) Size of central maxima reduces to half,

Yo

Yo

%+ 1

Yo

Yo

Yo
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. ) 21D Yy
(= Size of central maxima = —) "
a
Intensity increases.
This is because the amount of light, entering the slit, has increased and Yo
the area, over which it falls, decreases. Yo
(Also accept if the student just writes that the intensity becomes four
fold)
(c) This is because of diffraction of light.
[Alternatively: Yo
Light gets diffracted by the tiny circular obstacle and reaches the
centre of the shadow of the obstacle.]
[Alternatively:
There is a maxima, at the centre of the obstacle, in the diffraction
pattern produced by it.]
26
a) Definition of electric flux 1 mark
Stating scalar/ vector Y2 mark
Gauss’s Theorem %% mark
Derivation of the expression for electric flux 1 marks
b) Explanation of change in electric flux 2 marks
a) Electric flux through a given surface is defined as the dot product
of electric field and area vector over that surface.
Alternatively ¢= |, E.dS 1
Also accept
Electric flux, through a surface equals the surface integral of the
electric field over that surface.
1
It is a scalar quantity &
P D ;/'i
i g id i &
d
Constructing a cube of side ‘d’ so that charge ‘q’ gets placed within of
this cube (Gaussian surface )
. ‘ . _ Charge enclosed
According to Gauss ‘s law the Electric flux @ = —
_q Y2
=
This is the total flux through all the six faces of the cube.
Hence electric flux through the square % N Si = % Ya
0 0

b) If the charge is moved to a distance d and the side of the square is
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doubled the cube will be constructed to have a side 2d but the total
charge enclosed in it will remain the same. Hence the total flux

through the cube and therefore the flux through the square will 1+1
remain the same as before. 5

[Deduct 1 mark if the student just writes No change /not affected
without giving any explanation.]

OR
a) Derivation of the expression for electric field E 3 marks
b) Graph to show the required variation of the 1 mark
electric field
c) Calculation of work done 1 mark
a)
(| )
Pl r I 5 {
=L Y
o =N

To calculate the electric field, imagine a cylindrical Gaussian surface,
since the field is everywhere radial, flux through two ends of the
cylindrical Gaussian surface is zero. Yo

At cylindrical part of the surface electric field E is normal to the
surface at every point and its magnitude is constant.
Therefore flux through the Gaussian surface.

= Flux through the curved cylindrical part of the surface.

=Ex2nrl - () 2
Applying Gauss’s Law
Flux ¢ — Qencglosed
0

Total charge enclosed
= Linear charge density x [
=AMl
sp=2 (ii) %
o
Using Equations (i) & ii

Ex2nri=2

€o

= E= A Y%
2TELT
In vector notation 1
— A ~
E =
2mELT

(where 71 is a unit vector normal to the line charge)
b) The required graph is as shown:
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—

_
r

a) Work done in moving the charge ‘q’. Through a small
displacement ‘dr’

dw = F.dr
dw = qE_c_i?
= qEdrcos0
W = X d
d 1 2me,r 4
Work done in moving the given charge from r; to r,(r, > 1)
2 L)
Aqdr
w=[aw| -
2me,r
r1 Lt
Aq
W= . [log.r; — logem]
_ Aq [l )
~ 2me, 109y,

Yo

Yo
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