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c=3x10%m/s
h =663 x 10724 Js
e=16x10"1°C
1, =41 x 1077 T mA™!
1

4re
0

=9 x10° Nm? C?2

m, = 9-1x 1073 kg

General Instructions :

)
(ii)

(i11)

(iv)

55/3

All questions are compulsory.

There are 30 questions in total. Questions No. 1 to 8 are very short answer
type questions and carry one mark each.

Questions No. 9 to 18 carry two marks each, questions 19 to 27 carry
three marks each and questions 28 to 30 carry five marks each.

One of the questions carrying three marks weightage is value based
question.



(v) There is no overall choice. However, an internal choice has been provided
in one question of two marks, one question of three marks and all three

questions of five marks each weightage. You have to attempt only one of
the choices in such questions.

(vi)  Use of calculators is not permitted. However, you may use log tables if
necessary.

(vit) You may use the following values of physical constants wherever
necessary :

c=3x10% m/s

h =663 x 10734 Js

e=16x10"1°C

1, =41 x 1077 T mA™!
1

=9 x10° N m? C2
47‘580

m, = 9-1 x 103 kg

1. T ¥ 3o o1gar 15 ares o9 () FRel grEm! ar PQ o = fea B |
q@ | ING g i e 7 i 99 aR 7 vered 9w # R gig 8 @
2 | 1

P Q

Y
y

A conducting loop is held below a current carrying wire PQ as shown.
Predict the direction of the induced current in the loop when the current
in the wire is constantly increasing.

P 5 Q
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The graph shows variation of stopping potential V|, versus frequency of
incident radiation v for two photosensitive metals A and B. Which of the
two metals has higher threshold frequency and why ?

T Metal B Metal A
Stopping

potential
(Vo)

s~ e Frequency of incident
W |. - radiation (v)
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=0 AFITS o < YTIETE!l THTL Tkl & S o shl HohoddT ohl 3TN hid
T U TR g A afem S |

Using the concept of force between two infinitely long parallel current

carrying conductors, define one ampere of current.

1-25 3T9da-Th o Jresll Jered ¥ s fordt IuATaded <id Rl 1-33 3AUdTh
S H SR T g | 1 8 o AR % 9 B SAGgR T AYGT JTER
w9 H ? %R T |

A biconcave lens made of a transparent material of refractive index 1-25

is immersed in water of refractive index 1-33. Will the lens behave as a
converging or a diverging lens ? Give reason.

forgga-am Yt ush-gmt 1 el oft i T hred 2

Why do the electric field lines never cross each other ?

5 x 1011 Hz smafa it a1 faggq-greshia wiaga & fohe 9 & dey et 8 ?

To which part of the electromagnetic spectrum does a wave of frequency
5 x 1011 Hz belong ?

TR B-& | [T b1 HEAA UTAINTh &9 H i AT I ST 3 2

Why is it found experimentally difficult to detect neutrinos in nuclear
B-decay ?

d.c. dieedl 6 g1 | a.c. dicedl & IUAN Hl TAfHhdT F=N < I 8 2 Q@
<h[{0] a’li\aq |

Why is the use of a.c. voltage preferred over d.c. voltage ? Give two
reasons.

fopell wwT=R wfgept HaThd < STERE BH % Tohul W fo=it sid §T 98 g3y
o foreamoe 9T o RO Ye 1 GiFIfed o o fu Ufrer & gfgefiy fem =
ford TehR =TI S hT IATEYIRAl Bt | |

Considering the case of a parallel plate capacitor being charged, show
how one is required to generalize Ampere’s circuital law to include the
term due to displacement current.

5 P.T.O.
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11.
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forelt dfel & AR, Rl JTTIRY-HE H &THBA 25 x 107 m? 7 an fSed
2-7 A UW YT & @ 8, H Ao SAdel shl 3THd STUaT8 =T bl SATehaid
i | 77 T o6 =Te sl o1 B 9 x 1028 m ™3 7 |

Estimate the average drift speed of conduction electrons in a copper wire
2

of cross-sectional area 2:5 x 10~/ m? carrying a current of 2-7 A. Assume

the density of conduction electrons to be 9 x 1028 m=3.

foreht oa fSroept fagd-aes 99 (emf) ‘B a1 =aieh Aty o 7, foeft =)
yfeigs ‘R’ R @ g=ifsra fopam o 8 | ot &t efila afeear V2 o 9 v
% o= fo=wo &t g o foie 7% EifT | 39 3% 1 ST ik I§ SISy
o6 91 1 TIgq-a18% 9 (emf) TR $Heh MT=aNeh Uiaig sl FeaRer fra TR
TeRarm ST TehaT B |

A cell of emf ‘E’ and internal resistance ‘r’ is connected across a variable
resistor ‘R’. Plot a graph showing variation of terminal voltage V’ of the
cell versus the current T’. Using the plot, show how the emf of the cell
and its internal resistance can be determined.

qTiar C o fordlt TR ufgem @enfr =t fave v 9 emafya fomen man | 556
ugETd 30 g9 aTiar & fedt o gurfe, o emafi € R, @ wafa feeen
STl 3 | T e # wiud Seil 3R Ty H Uehdl AU § |ied Sl
U AT ST |

A parallel plate capacitor of capacitance C is charged to a potential V. It
is then connected to another uncharged capacitor having the same
capacitance. Find out the ratio of the energy stored in the combined
system to that stored initially in the single capacitor.

LAY o GUHIS HISA ol ITANT Hid U BIFGISH THIY H FAFEH hl Het FHofl
% ToT0 =oTeh Scaa I | Seragie <l el Snall SRUTCHEh BIM T 91T 3719 & 2

HAAT

SR % T WS o RG] 1 ITANT FHleh Fordeia hl ndl hefl shi B h
feTT =2eTeh Scad I | 389 TehR IR h1 s o fofw =9 wmea shifse |




Using Rutherford model of the atom, derive the expression for the total
energy of the electron in hydrogen atom. What is the significance of total

negative energy possessed by the electron ?

OR

Using Bohr’s postulates of the atomic model, derive the expression for
radius of n'! electron orbit. Hence obtain the expression for Bohr’s

radius.

14. (i) TIrahE uerd Ud (i) igreshia verd i sufeufa § grahia & @
&1 FIGR NG Wideh! 28T | 39 fadedshit dev 6l sare frd TR &6
STt B 2 2

Show diagrammatically the behaviour of magnetic field lines in the

presence of (i) paramagnetic and (ii) diamagnetic substances. How does

one explain this distinguishing feature ?

15. Ufwer M@ 6 gg&ar @ fordft p-n @Y srne & 3rd-an oot & ®9 0 &
F Fl =T HiT | 2

Explain, with the help of a circuit diagram, the working of a p-n junction
diode as a half-wave rectifier.

16. forelt wmfgaTg wwehivl 50 ABC & %elsh AB W GRIT STER THavfl Jehrst 6
Tl Tortul SATYOTreaq STT9ae it & | hid o TISH o TUacHTh RO ‘1 F
% foTu spusT: 1-38 3T 152 & | 34 Tohton &1 T5H 9o i o 99aTq 1 9y
AR I | 2

A

45°
‘17 ;

‘2! S

45°
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Two monochromatic rays of light are incident normally on the face AB of
an isosceles right-angled prism ABC. The refractive indices of the glass

prism for the two rays ‘1’ and ‘2’ are respectively 1-38 and 1-52. Trace the
path of these rays after entering through the prism.

A
45°
‘1, ;

‘2’ S

45°
B C

17. CE fa=m@ @ n-p-n givieet yade 1 ufy i@ Eife | g otazen 0 7
IR yade & &9 § & LT 8 2

Draw a circuit diagram of n-p-n transistor amplifier in CE configuration.

Under what condition does the transistor act as an amplifier ?

18. TR Yl ¥ f=ferfigd < rd fafgu -
G) Tl
Gi) fomige

Write the functions of the following in communication systems :

(1) Receiver

(i1) Demodulator

19. 20 cm Wishd gl % fohEl I <18 I 20 cm Fshal B & fohdll I U0 5
T THGE | 15 cm g0 W @M T B | i3 fargfepd foara 39 39@ o E %
A 1 § 40 cm gl W W M1 8 | 39 FASH g S Fhfsres 3 feafa s
HifSu | yfafers 5991 g9 & e fopor s Eifem |

A convex lens of focal length 20 cm is placed coaxially with a convex
mirror of radius of curvature 20 cm. The two are kept 15 cm apart. A
point object is placed 40 cm in front of the convex lens. Find the position
of the image formed by this combination. Draw the ray diagram showing
the image formation.

55/3 8



20. g SoigeF FEAGIT 50 kV i dieedl gRI caid SoidgHl 1 ITATT hidl 7 |
TAFHl ¥ Halg ¢-aiet aureed fgifa hifv | o= srenl, I8 ifhess gRes
3G I THE AFA §U, TRl Soiagi &Rl ol faved &mar i ga foret
UH JehTrreh YA e diel JehTeT 1 SUINT AT &, hdl hl STt § 2 3

An electron microscope uses electrons accelerated by a voltage of 50 kV.
Determine the de-Broglie wavelength associated with the electrons.
Taking other factors, such as numerical aperture etc. to be same, how
does the resolving power of an electron microscope compare with that of

an optical microscope which uses yellow light ?

21. oIl &€ ARWI & YR T ATcAehi, Tefaretent R fagq-Ufem = s ool @
faveTeritt @egon w1 fofe | 3

Write any two distinguishing features between conductors,

semiconductors and insulators on the basis of energy band diagrams.

22. TER % q qA e (fqaw) faRew | smm Afgem 6t gfskan 6 e Hifv |
Torelt e @ =i Wivet 98 guiisT fob fopelt SATeshia at8e atm W Higas
e o TRy g foRg SRR 3T wigfaa fmet wme feRem S 7 | 3

Write two basic modes of communication. Explain the process of
amplitude modulation. Draw a schematic sketch showing how amplitude
modulated signal is obtained by superposing a modulating signal over a

sinusoidal carrier wave.

23. Tr=fafea % 3T @ - 3
(a) i §g H UiUEehi o ST HAMSHI hl DI ohl [ TSI I FAT SR
a1 B ?
(b) I A % AR W AHAG: A forg ol AL § TTH L ol TTATHRAT
ERIRA RS I

(c) HIX Ag % AR o fow forg qarel 1 9T foharm ST & >R &1 2

YT
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o # Ti| 3gER R Q &1 g Uicy favemmdt & gm0 orar g | favawmdt =
F Sl R Q B | favemrdl 1V dleedl i A <l STt 8 | S Hdt
Traeh favaumdt dR % e § 8, 99 R & &0 W dieedr & fou 26 goud
HIfT |

<

Answer the following :

(a) Why are the connections between the resistors in a meter bridge

made of thick copper strips ?

(b)  Why is it generally preferred to obtain the balance point in the

middle of the meter bridge wire ?

(c) Which material is used for the meter bridge wire and why ?

OR

A resistance of R QQ draws current from a potentiometer as shown in the
figure. The potentiometer has a total resistance R, Q. A voltage V is
supplied to the potentiometer. Derive an expression for the voltage across
R when the sliding contact is in the middle of the potentiometer.

Ve

10



24. TUST $© 9T U AR AT T T hl S 90T ARIER T, STFERAT
TR fopamehetTal § TH= § hH 1 Y& Rt @ off | 98 IqT-aT i faeeg i
e oft et oft | St 4 9 HTAl-fUar @ e i Fedi-ita w1 gIE
feam | sfeex 3 wen w1 e wherwr forn o =g fem o 6 wen sAegm |
difsd 2 |
(a) MY AR AR o Foret gl =l wefia ferarm 2
(b)  feATeTsHIcT fohe ThR SidFedl ST SF-CIHX T FgH o T Hgrar id

8°? 3

For the past some time, Aarti had been observing some erratic body
movement, unsteadiness and lack of coordination in the activities of her
sister Radha, who also used to complain of severe headache occasionally.
Aarti suggested to her parents to get a medical check-up of Radha. The
doctor thoroughly examined Radha and diagnosed that she has a brain
tumour.

(a)  What, according to you, are the values displayed by Aarti ?

(b)  How can radioisotopes help a doctor to diagnose brain tumour ?

25. (a) [ S 6l Topll g I sUH TER & TEEEq HeAlEl AAYE BRI
THEHT FFhIA & H THEAH o v’ | &faed: i el S 7 | 98
% R & = Ifa fogq-aes s (emf) % T = geaat HifT |

(b) T % HTh TS ATEehI I A AN 61 T IUANT Hleh 39 TTcih
foerq-ate® 9 (emf) 1 ThE TR THAT ST Fehdl 8 ? SATEAT FHIMT | 3

(a)  Arod oflength / is moved horizontally with a uniform velocity ‘v’ in
a direction perpendicular to its length through a region in which a
uniform magnetic field is acting vertically downward. Derive the

expression for the emf induced across the ends of the rod.

(b) How does one understand this motional emf by invoking the
Lorentz force acting on the free charge carriers of the conductor ?

Explain.

55/3 11 P.T.O.



26.

217.

28.

55/3

(a)

(b)

(a)

(b)

I9YH ART od g, I8 WY foh qEdH g IIgfad Yeere i foRd
YR gfera foham ST wehar 7 |

3l dleiligel P, A1 P, %l 36 JhR T 1 @ Tob $eh UTRA-3781 Teh-gat
% A B | e I Aygfad Y P, W Smfad @ | feret ot
qleitize P, 1 P, 3R P, % o9 3@ YR Tl T B {6 g
qTG-3181 P, o GING-3181 @ 60° <l iU ST | P, P, 3 P, & Toid
Tt wehTET S dftgrar feif i |

Show, giving a suitable diagram, how unpolarized light can be
polarised by reflection.

Two polaroids P; and P, are placed with their pass axes
perpendicular to each other. Unpolarised light of intensity I  is
incident on P,. A third polaroid P4 is kept in between P, and P,
such that its pass axis makes an angle of 60° with that of P,.
Determine the intensity of light transmitted through P, P, and

P,

fepelt 0t LCR wiwel W &g dicedl V = V_ sin ot 3FIIH i Sl 8 | Th
Ish § IH1Ea &R Wk o foTg Sseh seqd it |

fopa sraen @ (1) Tafy ufwy § fogq o varfza & @ § e oft oo &
BT, (i) TRUY | 3Afrehad Sfth-& g & 2

A voltage V = V_ sin ot is applied to a series LCR circuit. Derive the
expression for the average power dissipated over a cycle.

Under what condition is (i) no power dissipated even though the current
flows through the circuit, (ii) maximum power dissipated in the
circuit ?

(a)

(b)

T % gl v #, =& # avia Sifse 6 g & amm fom € w
TSI 3R whreft arfat (e fora JepR aTe <t STt € | 39 T bt
eTE o T sastes aTH hifee |

I & feferdt wam § fiftrss ot Sfass it digraret &1 U@ 9: 25 8 |
T faret < el w1 sua [ AT |

YT

12



(a) G H Iv9 HIfSe fop foreft wehanfl yemer @@ g gdia foreft weone
gaett T & sror fordt 9¢ W foerdq Yo fohm yehr e foha S 2 |
3q TR fediaes 3famss 3 fediwes fifrss it wvivfiw <iter & fow wd
e ST |

b)) 2 x 10785 m gt & Teha =7 g0 3R 9 faada 1 s1eE vE %
%QW—W@@W%W@590nm3ﬁT596nmaﬁam€ﬁ
1 IFA feparm 7 | T3t 3R ug & o= hl gl 1.5 m & | 1 Jehtll |
e foadd et § usw 3fase 1 foufawi % S gued it
IR | 5

(a)  In Young’s double slit experiment, describe briefly how bright and
dark fringes are obtained on the screen kept in front of a double
slit. Hence obtain the expression for the fringe width.

(b) The ratio of the intensities at minima to the maxima in the
Young’s double slit experiment is 9 : 25. Find the ratio of the
widths of the two slits.

OR

(a)  Describe briefly how a diffraction pattern is obtained on a screen
due to a single narrow slit illuminated by a monochromatic source
of light. Hence obtain the conditions for the angular width of
secondary maxima and secondary minima.

(b)  Two wavelengths of sodium light of 590 nm and 596 nm are used
in turn to study the diffraction taking place at a single slit of
aperture 2 x 10~ 6 m. The distance between the slit and the screen
is 1-5 m. Calculate the separation between the positions of first
maxima of the diffraction pattern obtained in the two cases.

29. (a) grEhH &F H fREl AR HU1 1 qiERAT AER % fQ ek Yoo
Hifore it =g gulsn 6 o7 smafs %0 F 37 steman sweht St |l
TR
(b)  ETEHAIEH T FAEAT NG TAY | FHh] GEHT 1 AT [oRed
foaror 3 g samen T o STafTd ol sl @id i % Y 56!
I foRd eRR TR STl 7 | 5
AT
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(a)

(b)

(a)

(b)

(a)

(b)

Id FUSeA! Nedddiel &1 AMifhd M@ Tifew | 3Eh fagra sl
FHRITUTEA T &9 H JUH HINT |

frefafea & 3w i -
(i)  TiedAniier 6 FUSe o &g TH TR & FAITDR hIS hl TG
HT ETIF 3 ?

(i) Toret AoaHHiex it ar/n ganfeat § gfg & &1 ac9d I8 Tol 8
op 3Heh! dicear gt § off srfraria: gfg & St | SR <
FU SRAT HIWT |

Deduce an expression for the frequency of revolution of a charged
particle in a magnetic field and show that it is independent of
velocity or energy of the particle.

Draw a schematic sketch of a cyclotron. Explain, giving the
essential details of its construction, how it is used to accelerate the
charged particles.

OR

Draw a labelled diagram of a moving coil galvanometer. Describe
briefly its principle and working.

Answer the following :
1) Why is it necessary to introduce a cylindrical soft iron core
inside the coil of a galvanometer ?

(i1))  Increasing the current sensitivity of a galvanometer may not
necessarily increase its voltage sensitivity. Explain, giving
reason.

g1 UM% ST ohl AHIfhd 3T WifT | I8 e+ & fou T, form gor fomeht
¥ M & ficw fopelt A B Mol # W@ 98 Ml W faeme aen &
AT ! TAFTANT fohaT ST HehdT B, 39 IHT 1 i) fagr fafge | 30
T & IYANT BT IZW hifoTe qm sHeh! HAmd ot fafau |

(a)

HAAT

forelt wohETH A B o) sufeafy § foya st poarer feelt Ty
T B i AT TA-IATEY o I STk Fcad hig |

14
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(b)

o @ goIi| 3TAR & @iae Geheg) el S A1 Sy R fo=m Hifsre f=
T SHAY: 2Q AT 4Q W TReg & | () 398 oA a1l Tergge ered
U TG T | (i) AfG S o Hiadt T T 1Y o TIH W WALARh
‘¢, o1 Whis T1eIH W f SMU, @1 Mt S & oA atel Torq werem #
T gREd T ? ATIYh Sl SYcdd hifg |

4Q

Sq

Draw a labelled diagram of Van de Graaff generator. State its working
principle to show how by introducing a small charged sphere into a larger
sphere, a large amount of charge can be transferred to the outer sphere.
State the use of this machine and also point out its limitations.

(a)

(b)

OR
Deduce the expression for the torque acting on a dipole of dipole
_)
moment 5) in the presence of a uniform electric field E .

Consider two hollow concentric spheres, S; and Sy, enclosing
charges 2Q and 4Q respectively as shown in the figure. (i) Find out
the ratio of the electric flux through them. (ii) How will the electric
flux through the sphere S; change if a medium of dielectric
constant ‘e, is introduced in the space inside S in place of air ?
Deduce the necessary expression.

4Q

15



MARKING SCHEME
SET 55/3

Expected Answer / Value Points

Marks

Total
Marks

Anticlockwise
P

¥
R

Metal A
The minimum frequency, at which photoemission starts, is more for metal A
Alternatively: Work function of A is more.

Yo
Yo

Definition : One ampere is the value of steady current which when
maintained in each of the two very long, straight, parallel conductors of
negligible cross section and placed one metre apart in vaccum, would
produce on each of these conductors a force equal of 2 x 107 N/m of its
length.

Alternatively

If the student writes F = X2 ffz
2T R

and says that when I; = I, = 1 ampere

R=1 meter and L = 1 meter, then

F=2x10"N

Award full 1 mark

Alternatively

If the student draws any one of the two diagram, as shown ,

F=2x 107 N
X F=2x 107 N

1 ampere 1 ampere
<« —

1 ampere 1 ampere

1m 1m
Award full 1 mark

As a diverging lens

Light rays diverge on going from a rarer to a denser medium.
[Alternatively

Also accept the reason given on the basis of lens marker’s formula.]

Yo

Yo

At the point of intersection of the two field lines, there will be two directions
for the electric field. This is not acceptable.

1

Short radio waves (or) microwaves

1
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Neutrinos are neutral (chargeless), (almost) massless particles that hardly 1
interact with matter.

Alternatively

The neutrinos can penetrate large quantity of matter without any interaction
OR

Neutrinos are chargeless and (almost) massless particles.

Any two of the following (or any other correct) reasons :
i.  AC can be transmitted with much lower energy losses as compared to

DC

ii.  AC voltage can be adjusted (stepped up or stepped down) as per
requirement.

iii.  AC current in a circuit can be controlled using (almost) wattless Yo+
devices like the choke coil.

iv.  AC is easier to generate.

Statement of Ampere’s circuital law Ya
Showing inconsistency during the process of charging 1
Displacement Current Yo

According to
Ampere’s circuital Law Yo

¢§di:uo |

P

E

(0

+ 4+ ot +

L I

C
© Y2

(a)
Applying ampere’s circuital law to fig (a) we see that, during charging, the
right hand side in Ampere’s circuital law equals Lo |
However on applying it to the surfaces of the fig (b) or fig (c), the right hand
side is zero. 1,
Hence, there is a contradiction.
We can remove the contradiction by assuming that there exists a current
(associated with the changing electric field during charging), known as the
displacement current. 1

When this current ( = ddif) is added on the right hand side, Ampere’s circuital
law, the inconsisitency disappears.

It was, therefore necessary, to generalize the Ampere’s circuital law, as
$Bdl= pol. + o€, dditE

[Note : If the student does the reasoning by using the (detailed) mathematics,
relevant to displacement current, award full 2 marks ]

Outside Delhi  SET Il Page 2 of 18 Final Draft 11/3/2014 3:30 p.m.




10.

Formula Ya
Calculation of drift velocity 1%
| = AneVy
Vd 2.7

T 2.5%1077x1.6X10-19x9x1028

=7.5X 10"m/s

Yo

Yo

11.

Relation between V and | %
Graph Y2
Determination of emf and internal resistance 1+ %

The relation between V and | is
V=E-1Ir
Hence, the graph, between V and I, has the form shown below.

— > e

O — 3 B

For point A, 1=0, Hence, VA= E
For point B, V=0, Hence, E=lgr

E
Therefore, r = -

B
Alternatively: emf (E) equals the intercept on the vertical axis. Internal
resistance ( r) equals the negative of the slope of the graph.

Yo

Yo

Yo

Yo

12.

Formula for energy stored Yo
New value of capacitance Y2
Calculation of ratio 1

2
Energy stored in a capacitor = %QV = %CV2 = %% (any one)
Capacitance of the (parallel) combination = C+C=2C
Here, total charge, Q, remains the same

e _10*

~ initial energy = >

And final energy = 1o
22C

. finalenergy 1

" initial energy T2

[Note : If the student does the correct calculations by assuming the voltage
across the

Yo

Yo

Yo

Yo
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Q) Parallel or (ii) Series combination
to remain constant (=V) and obtain the answers
as (i) 2:1 or (i) 1:2, award full marks ]

Derivation of energy expression 1%
Significance of negative sign Y

As per Rutherford’s model

mv® _ 1 ze? e
T _4neo T2 1
2
= my? =— 2
4TTE, T
Total energy = P.E +K.E.2 "
1 1
=-— Z 4> m?
4me, T 2
11 ozet 1 oz 72
T 2'4me, r  8me, T
Negative Sign implies that
Electron — nucleus form a bound system. Ya

Alternatively
Electron — nucleus form an attractive system)

OR

Bohr’s Postulate 1
Derivation of radius of nth orbit 1
Bohr’s radius 1

For the electron, we have
Bohr’s Postulate (mvr="") Y

mv? _ 1 ze?

T 4me, T2

and mvr= 22

21T 15
n2h2
472

ze?

4TTE, Y%

o m2p2r? =

and mv?r =

2p2
_ €on“h A

mze?m

Bohr’s radius (forn=1)=¢, h%/mze’m
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14.

Diagrams Yo+ Y2
Explanations Yo+ Yo

A paramagnetic material tends to move from weaker to stronger regions of
the magnetic field and hence increases the number of lines of magnetic field
passing through it.

[Alternatively: A paramagnetic material, dipole moments are induced in the
direction of the field.]

A diamagnetic material tends to move from stronger to weaker regions of the
magnetic field and hence, decreases the number of lines of magnetic field
passing through it.

[Alternatively: A diamagnetic material, dipole moments are induced in the
opposite direction of the field.]

[Note: If the student just writes that a paramagnetic material has a small
positive susceptibility (0< X < &) and a diamagnetic material has a negative
susceptibility (-1= X < 0 ), award the %2 mark for the second part of the
question.]

Yo

Yo

Yo

Yo

15.

Circuit diagram 1
Working 1
_Transformer 5 X
;
|
: L
L.

Working:

During one half of the input AC, the diode is forward biased and a current
flows through Ry.

During the other half of the input AC, the diode is reverse biased and no
current flows through the load Ry,

Hence, the given AC input is rectified

[Note : If the student just draws the waveforms, for the input AC voltage and
output voltage (without giving any explanation)

(award ' mark only for “working”)

Yo

Yo
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16.
Tracing the path of the two rays 1+1
A
ﬁ
v 45.’/ ’ €1 l
r RN 1
|
45°
B C
52!
[Note : If the student just writes that angle of incidence for both rays ‘1’ and
‘2’ on face AC = 45° and says that it is less than critical angle for ray ‘1’
(which therefore gets refracted) and more than critical angle for ray ‘2’
(which undergoes total internal reflection)
Award Y2 + %2 marks
17 Circuit diagram 1%
Condition Yo
}-c LA
Ry BlL—°C Re
L & v 1%
Vee
VN Vg l"
Condition : The transistor must be operated close to the centre of its active
region.
Alternatively 1
The base- emitter junction of the transistor must be (suitably) forward biased
and the collector — emitter junction must be (suitably) reverse biased.
18.
Function of receiver 1
Function of Demodulator 1
Receiver: It extracts the desired message signals from the received signals at 1
the channel output.
Demodulator: It is a device to retrieve information (or) the message signal 1

from the carrier wave at the receiver.
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19.

Position of the final image (formed by the lens-mirror combination) 2
Ray diagram 1

For the lens:
1 1 1

f v u
U=-40cm, f=+20 cm This gives v=+ 40cm
This image acts as a (virtual) object for the convex mirror
s~ u=(4+40—15)cm = 25cm
Also f= + %cm =+10cm

From

1 1 1
f v u
We get

v = ?cm ~ 16.67cm

The final image is, therefore formed at a distance of 16.67 cm(53—0 cm) to the
right of the convex mirror.
(at a distance of 31.67 cm (:93—5 cm) to the right of the convex lens.

Yo

Yo

Yo

Yo

1
- <= D — ____a,_.__.‘_.__._..‘__.._r___
o P
hocos 1Sem @"7&)‘“”4
T T Zocm -
20.
Formula &
Calculation of debroglie wavelength 2
Comparison Ya
h h 12.27
A==-= or A=—7=A° 72
) 2mevV VvV
1 6.63 x 10734 1
J(2%9.1 X 10731 x 1.6 X 10719 x 50 x 103) .

A=5.33%x 1072m
The resolving power of an electron microscope is much better than that
of optical microscope.

[Note : If the student writes R.P a %, award this %2 mark]

Yo
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21.

gap.

(i) The conduction band, of a conductor, has a large number of electrons
available for electrical conduction. However the conduction band of
insulators is almost empty while that of the semi- conductor has only

Energy band diagrams 1%

Two distinguishing features 1%

2 Overlapping

%’h P conduction band

-

& (E,=0)

o

g€ | BEv

2 | E

g C Valence 1
3] band

(i)
o Empty

. N Eg cl;)::&.lctlon

g E,>3eV § | T |Ec

§ E Ey< eV ]/2 + ]/2

e | ® val £ E,

E Cnce 8

band =
M) (©)

Two distinguishing features:
Q) In conductors, the valency band and conduction band tend to overlap

(‘or nearly overlap ) while in insulators they are seperated by a large 1
energy gap and in semiconductors are separated by a small energy

a ( very) small number of such electrons avilable for electrical 1,
conduction.
22.
Two basic modes of communication Yo+ Yo
Process of Amplitude Modulation 1
Schematic Sketch 1
Two basic modes of communication are
i.  Point —to —point Yo
ii.  Broadcast Yo
In Amplitude modulation the amplitude of a carrier wave is made to vary,
with time, in the same way as the modulating signal varies with time 1
N EING
I\ | "|.\I'Y."'~ _-"'." I | N __/“.‘l’ 'la' Mon --.".’
Cm(t) fOf AM 0 -I‘l |‘ l‘ : ‘| 1' II ' I‘. I' ‘:“'_f,\.\mj&ﬁl | .l |' l' " . l' \ CMAF\ ; .I |. | ‘| '| |' | | l‘l |' 'l l',_.lm_d ‘11 (c)
\/ l|| || || ) \'{\'k. | l.' \L~ W\l'. l" \[ {/ \ 4 1
)} ~LA 2 M Sl
0 5 1 5 2 2.5 3
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Answers to each of the three parts 1+1+1=3

a) This is to ensure that the connections do not contribute any extra,
unknown, resistances in the circuit. 1
b) This is done to minimize the percentage error in the value of the unknown
resistance.
[Alternatively: This is done to have a better ““ balancing out” of the effects
of any irregularity or non-uniformity in the metre bridge wire.
Or
This can help in increasing the senstivity of the metre bridge circuit.] 1
¢) Manganian / constantan /Nichrome
This material has a low temperature (any one) of coefficient of resistance/ | %2 + %2
high reisistivity.
OR

Calculation of total resistance of the circuit 1
Calculation of total current drawn from the voltage Source %
Calculation of current through R 1
Calculation of potential drop across R Y2

Ro
Riotal = 2+ &
total 2 %+R
_ R(Ro+ 4R)

" 2(Ro+ 2R)
4
I(total) - _thal Yo

Yo

Ro

—0 1
Current through R =1, = lipta X 15— B &
=24+

2
Ry
Ro+2R &
_ V.2(Ry+2R) X R,

R(Ro+ 4R) ~ R,+2R

= liotar X

_ 2VR,
T R(R,+4R) 2
_ _ ,2VR, o
Voltage across R =12 R = (;—77)
Values displayed 2
Diagnosis 1

(a) keen observer/ helpful/ concerned / responsible/ respectful towards elders. | 1+1
(Any two)

(b) The doctor can trace and observe, the difference between the movement
of an appropriate radio- isotope through a normal brain and a brain having 1
tumor in it.

[Note : Also accept any other appropriate explanation.]
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(a) Deriving the expression for the induced emf 2

(b) Understanding motional emf in terms of Lorentz force 1
X X X X 1 X X X 1 X
S =
X T{ X X > X X P X M
X X X X X X X
I} v
V ¢&—
% X % X X X X X X
X X X . - Q - N
R Ya
X X X X X X X X

(@) Imagine the rod PQ to be moving with a velocity v from its initial
(varying) position towards some position SR.
The magnetic flux, enclosed by the loop PQRS , at the instant

shown, is

¢ = Blx 1y
o do B Bldx

CeT T A T dt Y
— Bl (.. —_ dx

= v SV = it 1,

(b) Lorentz force, on a charge ¢, moving with a speed v, in a (normal)
uniform magnetic field B, is Bqv
All charges experience the same force. Work done to move the charge

fromPto Q, is W =Bqvx | A
W  Bqul
Le=—= = Blv
q q Yo
a) Polarization by reflection 1%

b) Intensity of light passing through P1, P2, P3 Yo+Yot Yo

(a) When unpolarised light is incident on the boundary between two
transparent media, the reflected light gets plane polarized with its Yo
electric vector perpendicular to the plane of incidence.

Incident Reflected

Yo
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The polarization is complete when the reflected and refracted rays are at right
angles to each other. This condition occurs for an angle of incidence, ip,
where tan ip= u

[Note : Award this 1 mark even if the student writes about Brewster’s law
and says that the reflected light is totally polarised when the angle of
incidence, ip equals tan™ p

Io

(b) Intensity of light through Py ==

2
Intensity of light through P2 = I;"cosz 60

2
O I
Intensity of light through P3; = %’COSZ 30 = %" X (g) = %

[Note: If the students takes the intensity of light, transmitted through Py,
as I,, and calculates the intensity of light, transmitted by P> and P3, as IZ" and

% , award %2 + % = 1 mark only.]

Yo

Yo

Yo

Yo

217.

Deriving the expression for average power 2
Condition for no power dissipation Yo
Condition for maximum power dissipation %2

Applied voltage = V,, sinwt
Current in the circuit =l sin (wt — ¢ )
where ¢ is the phase lag of the current with respect to the voltage applied ,
Hence instantaneous power dissipation

=V, sinwt X losin (wt — ¢)

:% [2 sin wt .sin (wt — @]

:% [cos ¢ — cosRwt — ¢]
Therefore, average power for one complete cycle

= average of| % [cos p — cosQwt — ¢]]

The average of the second term over a complete cycle is zero .
Hence , average power dissipated over one complete cycle = % cos ¢

[Note : Please also accept alternative correct approach.]
Conditions
Q) No power is dissipated when R =0 (or ¢ = 90°)
[Note: Also accepts if the student writes ‘This condition cannot be satisfied
for a series LCR circuit”.]
(i)  Maximum power is dissipated when X.= Xc

1
oer—E(or ¢ =0)

Yo

Yo

Yo
Yo

Yo

Yo

28.

(a) Formation of bright and dark fringes 1
Obtaining the expression for fringe width 3
(b) Finding the ratio 1

(a) The light rays from the two (coherent) slits, reaching a point ‘P’ on the
screen, have a path difference ( SoP —S1P).The point ‘P” would, therefore be a
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I.  Point of maxima(bright fringe), if SoP —S:P=nA. Yo
ii.  Point of minima (dark fringe), if SoP —S1P= (2n+1)%

i

- K y

Yo

n

—

L

Yo

(b)

We have

&Py (Slp)ZZ{Dzd— (x+9)}- {p2+ (-9}
=2X

_gp=—2X4  2xd _xd Yo
SoP SlP_SZP+51P 20 D
~ We have maxima at points, where 1,

X = A

D
and minima at points where

xd B (Zn + 1) 1 Y%
D 2

Now, fringe width = separation between two successive maxima( or two Ya
successive minima) = x,, — x, — 1

AD 1
(b) We have
Imax — (al + az)z — E 15
Imin (al - az)z 9
o a; 1
Wi h_ @)’ 16 Y

W, L (a)? 1
ote: Give Y2 mark if the student just writes Intensity o wi
Note: Give ¥ k if the student just writes Intensit dth

OR
a) Obtaining the diffraction pattern 1Y%
Conditions for angular width 1%
b) Calculation of separation 2
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(@)

= To P

v

e
(-} \
v

Yo

v

To C

v

L

Ldl:\\.

From S M =C
M
N

A 4

Yo
The path difference ( NP-LP) , between the two edges of the slit, is given by

Yo
NP-LP = NQ =asinf = af

We, therefore, get maxima and minima, at different points of the screen,
depending on the path difference between the contributions from the
wavelets, emanating from different points of the slit. This results in a
diffraction pattern on the screen. Y
The path difference between two points Mz, My, in the slit plane, seperated

by a distance ‘y’, is y6.

At the central point, ‘C’, on the screen, ‘0’ is zero.

All parts of the slit contribute in phase Yy
Hence ‘C’ is @ maximum.

At all points where ‘6’ = (n + %) % we get (secondary) maxima of varying

intensity. This is because of the non-zero contribution of a (decreasing)part of
the slit at these points.

At all points where 6 = %’1 we get minima.

This is because of a net (almost) zero contribution of the whole slit at these
points. Yo
[Note : Please also accept alternative correct diagram with appopriate
explanation.]

(b) Angular width of the secondary maxima = 2(2n+ 1 )g
** Linear width = [(2n+ 1)7] D

Yo

Yo

~ Linear seperation, between the first maxima (n=1) of the two
wavelengths, on the screen, is
3(4, — 4
(o= Ay)
a
~. Seperation =

D

3(596—590)x10~°
2X1076

X 1.5m 1

=135x X 1073m (= 13.5 mm)
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29.

(@) Expression for frequency 1%
Frequency Independent of ‘v’ or energy Yo

(b) Sketch of cyclotron
Construction
Working

e

(a) When a particle of mass ‘m” and charge ‘q’ , moves with a velocity V,

in a uniform magnetic field B , it experiences a force F where
F=q@x B)

2
- Centripetal force % =2vB,
mv

qB. 5
~ frequency = LA LY

2nr 2mm

~It is independent of the velocity or the energy of the particle.

Magnetic field out Deflection plate
of the paper /

OSCILLATOR

Construction: The cyclotron is made up of two hollow semi-circular disc like
metal containers, D1 and Dy, called dees.

It uses crossed electric and magnetic fields. The electric field is provided by
an oscillator of adjustable frequency.

[Note: Award this mark even if the student labels the diagram properly
without writing the details of the construction.]

Working: In a cyclotron, the frequency of the applied alternating field is
adjusted to be equal to the frequency of revolution of the charged particles in
the magnetic field. This ensures that the particles get accelerated every time
they cross the space between the two dees. The radius of their path increases
with increase in energy and they are finally made to leave the system via an
exit slit.

OR

Yo

Yo

Yo

Yo
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(@) Labelled diagram
Principle and working
(b) 1) Reason for cylindrical soft iron core
i) Comparison of current sensitivity and voltage sensitivity

el

Scale

Pointer _>i Permanent magnet

\ Soft-iron
core

o “‘/
-

Wy,

\
Uniform radial
magnetic field

Principle and working : A current carrying coil, placed in a uniform 1y
magnetic field, (can) experience a torque

Consider a rectangular coil for which no. of turns = N,
Avrea of cross- section = Ixb=A,

Intensity of the uniform magnetic field=B,

Current through the coil=I

~ Deflecting torque = BIL X b = BIA

For N turns 1t =NBIA

Restoring torque in the spring = k6 Yy
(k=restoring torque per unit twist)
~ NBIA = k6
vl = —k 0
T (NBA) Y
~1 x 8
The deflection of the coil, is, therefore, proportional to the current flowing Yy
through it.
(b) (i) The soft iron core not only makes the field radial but also increases 1

the strength of the magnetic field.
[ Note:- Award this one mark even if the student writes just one of
the two reasons given above )

(i)  We have
Current sensitivity = 12 = NBA/k
Yo
Voltage sensitivity = g = % =( %) .Ri 1,

It follows that an increase in current senstivity may not necessarily increase
the voltage sensitivity.
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Diagram 2
Principle and working 2
Use and limitation Yot Yo
* T e 5
Metal brush ¢ Pulley
3 Insulating belt
3 to carry and
7+ il deliver charge
+
: #—— Insulating
+ supporting
N column
N 2
: -
] N Motor driven
O &4 pulley
4+ + + /
Metal brush —1 ~—r” e Grounded
delivering metal base
charge from
source

[Note : Award 1 mark only if the diagram is not labelled]

Principle & working

Consider a set up of the type shown here
Total c}:/argc Q

Conducting

+4 wire

+

+ +

+

Charge q
Insulating
handle
I.  Potential inside and on the surface, of the conducting sphere pf radius
LR’:
1

vy =—.2

4me, R

" . . . Y
Il.  Potential due to small sphere of radius ‘r’ carrying a charge ‘qQ’: 2

At the surface of the smaller sphere : V' = po .g
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1 q

4me, R

~ The difference of potential between the smaller and the larger sphere:
AV = L QL ay_(2, 4

=AV = ame, [(R + r) (R + r)] 7
__a (1 1

- 4me, (; R)
When ‘q’ is positive, the inner sphere would always be at a higer potential Ya
with respect to outer sphere, irrespective of the amount of charges on the
two.

~ When both the spheres are connected, charge will flow from the smaller

sphere to the larger sphere. Thus for a set up of the type shown, charge would Yo
keep on pilling up on the larger sphere.

At the surface of the larger sphere : V' =

Use : This machine is used to accelerate charged particles (electron, protons, Yo

ions) to high energies.

Limitation:It can build up potentials upto a few million volts only. Yo
OR

N

@) Deducing the expression for torque
(b) Finding the ratio of the flux through the two spheres 2

(©) Finding the change in flux 1
(a)
The forces, acting on the two charges of the dipole, are Yo

+qF and —qf

E

Yo

The net force on the dipole is zero.
The two forces are, however, equivalent to a torque having a magnitude
T =(qE)AC
=gE. 2asiné
= pEsiné

Yo
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The direction of this torque is that of the cross product (p" % E) . Hence,
the torque acting on the dipole, is given by

- SN - ]/2

T=p X E
(b)
As per Guass’s Theorem .,
Electric Flux=¢,_ E.dS = qenceﬂ

o
». For sphere Si, flux enclosed = ¢, = Z_Q .,
For sphere Sz, flux enclosed = ¢, = ZQE*“Q = Z_Q 1,

Y ﬁ = l 1
T ¢, 3 )

When a medium of dielectric consistent €,. is introduced in sphere S1 the flux
;2Q
through S1 would be ¢1 = <.

2Q ]

o€y
[Note : If the student just writes that the flux through S1 decreases, award %2
mark only.]

[Also award this mark if the student writes ¢, =
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