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c=3x108m/s

h=6.63 x 10734 Js
e=16x%x10"1°C

tp=4mx 107 Tm A™!
g,=8.854 x 10712 C? N~! m2

Sl SNad et
4nEO—QX1O Nm*C

T T 5HH = 9.1 x 103! kg
=M &1 §599H = 1,675 x 10727 kg
Wl &1 58 = 1.673 x 10727 kg
TSN HE = 6.023 x 102 0 w9
SeesH e = 1.38 x 10723 JK!

General Instructions :

(i)
(i)

(iii)

(v)

55/1/3

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=3x108mss

h=6.63%10734Js

e=16x10"1°C

Uy=4nx 107 Tm A~!

g, =8.854 x 1012 C2 N! m™2

el e ai s
41'580—9><10 Nm-C

Mass of electron = 9.1 x 10-3! kg

Mass of neutron = 1.675 x 10?7 kg

Mass of proton = 1.673 x 10?7 kg

Avogadro’s number = 6.023 x 102 per gram mole
Boltzmann constant = 1.38 x 10723 JK-!
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A long straight current carrying wire passes normally through the centre of circular
loop. If the current through the wire increases, will there be an induced emf in the

loop ? Justify.

20 T ol eme ot g et A o e w5 o e R i e g e 1

How is the speed of em-waves in vacuum determined by the electric and magnetic
fields ?

3 3w wf T w A R free -V sftvemeftrn $e R smer @ 1

A > e o o

|

: .J ¥
L :
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Name the junction diode whose I-V characteristics are drawn below :

A

I
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4, Fordh wm W g & T aﬁawa&ﬁﬁmswmw 60° & | Forges-ga W gt &
T & T e e e ?

At a place, the horizontal component of earth’s magnetic field is B and angle of dip is
60°. What is the value of horizontal component of the earth’s magnetic field at

equator ?

5, et urg & Mw W R T A T4 T T PR e § o e 31 § v @hEer ?
FTH IO % 1T W AT |

Does the charge given to a metallic sphere depend on whether it is hollow or solid ?

Give reason for your answer.

e - q

SECTION - B

6. Trepeam SamHA W G urear fefaw | Ferett Tl e #Y TR R Tt S K % R
00T ERT S Y T & | Prepeaw SRR R ¥ | TR oY T TS S % o-F
fT Pererea SRR WY X T B 2

:qqar

TR % WA F A Hiewt ) & T WA e |

Define the distance of closest approach. An o-particle of kinetic energy ‘K’ is
bombarded on a thin gold foil. The distance of the closest approach is ‘r’. What will be

the distance of closest approach for an o.-particle of double the kinetic energy ?
OR

Write two important limitations of Rutherford nuclear model of the atom.

55/1/3 4



7. % fuve ww dedie it @i § ¢ sEn wifve | e dow geeelt @ e e &
ot TP g o W ¥ | ST SRy ¥ e s @ R | 2

When are two objects just resolved ? Explain. How can the resolving power of a

compound microscope be increased ? Use relevant formula to support your answer.

8. () st dmwmd? 2

(i) TV famet & twor & fe =g a6 o sugh =t gve 96 & 0 S b F ORI
feret gt o Fepett fierrret =t Sy e s @R € 0

(i) What is the line of sight communication ?

(i) Why is it not possible to use sky waves for transmission of TV signals ? Upto

what distance can a signal be transmitted using an antenna of height ‘h’ ?

9. TRt o @R forelt Miem it THM favaTe o w@ia fear mr ¥ | g deamelt et
T U T BT | 2
An o-particle and a proton are accelerated through the same potential difference. Find

the ratio of their de Broglie wavelengths.

"/A:D/ jm; U@({

10. <t forelt Wi =t St @ emafer frar s T g €, o 3w dunfe @ venfee uwr & R o
Uit fam f5e TR aren e ¥ 0 fRe wew 9 5 ¥ oiedw ¥ wl
foreamem wwr % forg =t faf | 2
How does Ampere-Maxwell law explain the flow of current through a capacitor when

it is being charged by a battery ? Write the expression for the displacement current in

terms of the rate of change of electric flux.

55/1/3 5 [P.T.O.



Que -
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11. fret = goeet feanifier & SRt fagmr =1 aviw B | fedt Ao & () ot
TR 87 3 (i) ITHR T A BT HT TET FEAT AETE Fi ¥ 0 9 Ao w5y
YRT Qo & e s fafaa |

a1 fepet feamiier ®t §6 w9 § U107 s § guaT fear st e ¥ 2 e S |
areran
(a) oI t uienT 3R s 8.1, W fataw |

(b) 7 wfAfmet S, o S, & == e ¥ e e ww B | wEfE 2
ottt et T e &, W oAt L % b, et o R &, Bt o, s,
T S Tehieh g R W W ny 3R n, ¥ SR At wieeren S, @ W 1 waee
B & |

Describe the working principle of a moving coil galvanometer. Why is it necessary to
use (i) a radial magnetic field and (ii) a cylindrical soft iron core in a galvanometer ?

Write the expression for current sensitivity of the galvanometer.
Can a galvanometer as such be used for measuring the current ? Explain.
OR

(.a)/ Define the term ‘self-inductance’ and write its S.I. unit.

55/1/3 6



@/ Obtain the expression for the mutual inductance of two long co-axial solenoids
.

S, and S, wound one over the other, each of length L and radii r, and r, and n,
and n, number of turns per unit length, when a current I is set up in the outer

solenoid Sz.

12. () fore Yool Tl ‘A’ # = e smar oft & s e &

a \ [ u“\ LS
e T NI e i TS

A, I FETER e T TR e FE 176 v 71 ¥ 1 A, oK A ity ik
TRET] e it ST |
(i) P+ 3K P& H & el g A whwa fefe |

(i)  Aradioactive nucleus ‘A’ undergoes a series of decays as given below :

The mass number and atomic number of A, are 176 and 71 respectively.

Determine the mass and atomic numbers of A, and A,

(ii) Write the basic nuclear processes underlying B* and B~ decays.

13. fet CE gifttex waniss & 2 kQ & dumess ety & ot we s/ Rt aeean 2V & | R

T ¥ i T gifet @ um wend e 100 ¥ | 3 SR wRiy = 9 1 kQ & at e
ferrer e it SR ¥R T iR | |

For a CE-transistor amplifier, the audio signal vdltage across the collector resistance of
2 kQ is 2V. Given the current amplification factor of the transistor is 100, find the

input signal voltage and base current, if the base resistance is 1 kQ.
Do O-j

55/1/3 : 7 [P.T.O.



14/ () SR % vehTe-fege WHERoT & §1 HEREUl Se T SeeiE T |

(i) 2 vepmLguEr gt P 3R Q W 1015Hz gty # fafemwr smuem wRer ¥ I YW P W
TV T SO T A | TS Q @ T TR e At e ¥ i
TR TSR Bt ST o1 Y ¥ | S DOl S ST SN a9 g Q ¥ foiw

FET T HF T ST |
(i) State two important features of Einstein’s photoelectric equation.

(i) Radiation of frequency 10'° Hz is incident on two photosensitive surfaces P and
Q. There is no photoemission from surface P. Photoemission occurs from
surface Q but photoelectrons have zero kinetic energy. Explain these

observations and find the value of work function for surface Q.

15. () = swie 7T goft LCR wRue & 4wy ol aieeen & €9 Hol=r &1 99 71 HIT |
YT TS e o $iF S § 2

(i) o= #i% gfada feg fom, dufer C & owe & wEfta g o o S§ orfaRem
|yl C, 1 AW T it | fredt fo aftae =6t wife Tories wehten &t T |

L=100mH C=2pF

R=400Q
JH00 AAAAN
W = }(}’)D
ST
ey ‘
Nt

V=V, sin (1000 t + ¢)

(i) Find the value of the phase difference between the current and the voltage in the

series LCR circuit shown below. Which one leads in phase : current or voltage ?

55/1/3 8



(i) Without making any other change, find the value of the additional capacitor C,,

to be connected in parallel with the capacitor C, in order to make the power

factor of the circuit unity.

Ar—— p—w

(<)
N
V =V, sin (1000 t + ¢)

y () et wenm frge 89 E 4 fem fng emgpt p ¥ R g e e orp e
T HTS TH-STTT 1 % [T ek W T | 3
(i) o & THEHE T 8, o w1 a2
(i) Obtain the expression for the torque T experienced by an electric dipole of

-
dipole moment 3 in a uniform electric field, E.

(i) What will happen if the field were not uniform ?

\y/wmﬁaﬁmﬁwp—nﬁﬁxm%wﬁﬁmaﬁ?wﬁmwﬁm
# =TE HT | ZFT TR § T arfiemeoe o o Site | 3
Explain briefly with the help of necessary diagrams, the forward and the reverse

biasing of a p-n junction diode. Also draw their characteristic curves in the two cases.

187 () e weg # % o0 % %ol AB W SRt HiE e foRROT 30° W =
forerer quite & | B & vt =t uitefeTa iR | 3

A
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(i) FEF AB W qE ST BT ;AT Hiforq vy for e fewor wer AC & v
Hwt wet ¥ |

(i)  Aray of light incident on face AB of an equilateral glass prism, shows minimum

deviation of 30°. Calculate the speed of light through the prism.

ys® A

B C

(i) Find the angle of incidence at face AB so that the emergent ray grazes along the

face AC.

J/Wmﬁqﬁwfaﬁm | 37 el & et @t e S St et e st
MR qvs FTer % Higem # sTeavaeedr & qie &2 § |

Define the term ‘amplitude modulation’. Explain any two factors which justify the
need for modulating a low frequency base-band signal.

Q0 12 pF ¥ % ek wer Avh s § WA E ot 7 W & R @ 50 v o) A
i & | 5 g w g s R ¥ 0 o S el @ s g
s vt At & o v ST o g o Pt e e i 2
T WO B 2 T et e of 3 i |

Two identical capacitors of 12 pF each are connected in series across a battery of
50 V. How much electrostatic ‘energy is stored in the combination ? If these were
connected in parallel across the same battery, how much energy will be stored in the

combination now ?

Also find the charge drawn from the battery in each case.

§5/1/3 10
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(a)

(b)

(a)

)

Pt e & B & 4 V @ TR g m 3R STaT g % R 0 @ o At
a7 B ¥ R s R | e feaferet o T o () 39w @i (i) Sefert s W
e T 9 3
7% THST i i & & e o ) i St fraa e §

Write the expression for the force F acting on a particle of mass m and charge q
moving with velocity Vin a magnetic field B. Under what conditions will it
move in (i) a circular path and (ii) a helical path ?

Show that the kinetic energy of the particle moving in magnetic field remains

constant.

el iy R bt fereieier § om0 e 8 v ¥ | et %GR AB %1 %o SRR R

¥ | T MfeeeR #i e V @ oyl @t i € | R % R W aieen % fog =i
ST AT STalE Tt T PRIEHey aR FAAHE | 3

& P
> W

Ry

R

A resistance of R draws current from a potentiometer. The potentiometer wire, AB,

has a total resistance of R . 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

potentiometer wire.

Ve L/D:Qj/
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SECTION -D
sl < fiE & v & 9 77 7O | T o PR % O Tt g o e &
S F WM W CAREE & St 1 G¥H ST T GRS > | TG I T A W IR
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(a) SO R ST AT FeF & FRT TG 7T & ot % e
(b) T A T FRT A T T FH AT FE THR HT 7

Mrs. Rashmi Singh broke her reading glasses. When she went to the shopkeeper to
order new spects, he suggested that she should get spectacles with plastic lenses
instead of glass lenses. On getting the new spectacles, she found that the new ones
were thicker than the earlier ones. She asked this question to the shopkeeper but he
could not offer satisfactory explanation for this. At home, Mrs. Singh raised the same
question to her daughter Anuja who explained why plastic lenses were thicker.

(a) Write two qualities displayed each by Anuja and her mother.

(b) How do you explain this fact using lens maker’s formula ?

T[T~
SECTION - E

() F o o weteel % STuaTE A o fT ST SR ST | 39 YR 3 & e
I S T |

(i) % IR Fwet preerFr 3 T fat & T et 7 e, of & @ & feedt v aee
i 9 ¥ A ¥ | AR o el § 9 9 o oftre free wdt o

(a)  9ETE AT
(b) R EE
(c) fom wmr
(d) fogm e
HA ST H e AT |
arerat
12



(a) Foaw % fram ferfan | GeiT 3 =TE BT % @ Fraw R veR e €

(b) e g T R ¥ Yeus, e wee sRRivE w1 e ¢ §, 9 Ses g
TR TRRY ¢ 3R emf E % Rt St g7 o7 we @ T ¥ 1 ) ¥ § o e aw
3R (ii) ek H TTE Nl 3 forg =i we T |

AN

(Y~ Derive an expression for drift velocity of electrons in a conductor. Hence deduce

Ohm’s law.

\,(«'*ﬁ/ A wire whose cross-sectional area is increasing linearly from its one end to the
other, is connected across a battery of V volts. Which of the following quantities

remain constant in the wire ?
(a) drift speed
(b) current density
(c) electric current
(d) electric field c=~s)
Justify your answer.

| OR

(i) State the two Kirchhoff’s laws. Explain briefly how these rules are justified.

55/1/3 } 13 [P.T.O.



(ii) The current is drawn from a cell of emf E and internal resistance r connected to
the network of resistors each of resistance r as shown in the figure. Obtain the
expression for (i) the current draw from the cell and (ii) the power consumed in

the network.

C
AAAA

Er

g

257 (2) e AC v w1 ST st iy | pueeh 3 MR emf ¥ A W ¥ fg

S eI HIT |

(b) 3.0 x 1072T uitwnr ¥ feelt wepmmT e & # 20 WY 3R 200 cm? FpRE-FE
=i e R FUes F TWE T AW F 9R@: 50 rad 57 B BT 9/
wftre forar AT & | 99 Pueel § Aman URT w1 A aiewi S |

e

(a) ol Suemt SRR @1 AHiteT oE Wifaw | § Huelrt # 3R @ g@ v uwet

% 751 # feaer iR wmafies sieeanet #1 eru me HiT |

(b) ¥ IR TERoT T R STqent W #2200 V W R ol # swor SR
¥ | W TEER i urafe et | 3000 W E 1220 V W) el v we s %
for fireftaer poeet o 1T @) HE W B |

(a) Draw a labelled diagram of AC generator. Derive the expression for the

instantaneous value of the emf induced in the coil.
85/1/3 14



(b) A circular coil of cross-sectional area 200 cm? and 20 turns is rotated about the
vertical diameter with angular speed of 50 rad s~! in a uniform magnetic field of

magnitude 3.0 X 1072T. Calculate the maximum value of the current in the coil.
OR

(a) Draw a labelled diagram of a step-up transformer. Obtain the ratio of secondary

to primary voltage in terms of number of turns and currents in the two coils.

(b) A power transmission line feeds input power at 2200 V to a step-down
transformer with its primary windings having 3000 turns. Find the number of

turns in the secondary to get the power output at 220 V.

26 (@) e v i e, sfiw s e P Fn | R AR # s
¥ Y, yfere v fRY TR v e S § 5

(b) Tt dieiiae P, W, wer 1, #1 Sty s w0 I woen I FATE | T

RIS TR T W R e Geies P, W, fow aw-om P, % Or-o &

T 60° T 0T ST &, AT FEAT & | P, F T FHR B A ;e HI

qaar

(@) o7 % B i ¥ st e ok e B % wR e feede det % S
e 37 T W SHE HINT | ‘

(b) 500 nm TR T THECT WERT 0.2 mm ¥ Ft R wwer i W st
AT F0 T Yo I AT ¥ | W W e $2g shere wit wivie der w

HT |

wFet Rl ¥ RO 3R e ¥ o v WER % 4 W G R A
T 05 mm TETE T fF % 90 & i wa J e BR @ de W emeH
HIAT |
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(a)

(b)

(a)

)

Distinguish between unpolarized light and linearly polarized light. How does

one get linearly polarised light with the help of a polaroid ?

A narrow beam of unpolarised light of intensity I is incident on a polaroid P,.
The light transmitted by it is then incident on a second polaroid P, with its pass
axis making angle of 60° relative to the pass axis of P,. Find the intensity of the

light transmitted by P,.

OR

Explain two features to distinguish between the interference pattern in Young's

double slit experiment with the diffraction pattern obtained due to a single slit.

A monochromatic light of wavelength 500 nm is incident normally on a single
slit of width 0.2 mm to produce a diffraction pattern. Find the angular width of

the central maximum obtained on the screen.

Estimate the number of fringes obtained in Young’s double slit experiment with
fringe width 0.5 mm, which can be accommodated within the region of total

angular spread of the central maximum due to single slit.

16
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MARKING SCHEME

SET: DELHI 55/1/3

Q. No. Expected Answer/ Value Points Marks | Total
Marks
SECTION B
Q1 No, Yo
As the magnetic field due to current carrying wire will be in the plane
of the circular loop, so magnetic flux will remain zero. Ya
Alternatively
[Magnetic flux does not change with the change of current.] 1
Q2 Speed of em waves is determined by the ratio of the peak values of
electric and magnetic field vectors.
[Alternatively, Give full credit, if student writes directly C = Z—"] L .
Q3 Solar cell 1
1
Q4 B, =B.coso 1
B=BEc05600:> B, = 2B
At equator 5 = 0° Ya
~ By = 2Bcos 0 = 2B 1
[Alternatively, Award full one mark, if student doesn’t take the value
(=2B)of Bg, while finding the value of horizontal component at
equator, and just writes the formula only.]
Q5 No, Yo
Because the charge resides only on the surface of the conductor. Yo 1
6
Q Definition of distance of closest approach 1
Finding of distance of closest approach when
Kinetic energy is doubled 1
It is the distance of charged particle from the centre of the nucleus, at
which the whole of the initial kinetic energy of the (far off) charged
particle gets converted into the electric potential energy of the system. 1
Distance of closest approach (r;) is given by
1 2ze?
e = de, K 72
‘K’ is doubled, -~ 7. becomes g y
2
[Alternatively: If a candidate writes directly g without mentioning
formula, award the 1 mark for this part.] 2
OR
Two important limitations of Rutherford nuclear model 1+1
1. According to Rutherford model, electron orbiting around the
nucleus, continuously radiates energy due to the acceleration; 1
hence the atom will not remain stable.

Page 1 of 16 Fifth Draft
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2. As electron spirals inwards; its angular velocity and frequency
change continuously; therefore it will emit a continuous spectrum.

Q7

Condition, when two objects are just resolved Yo
For increasing the resolving power of a compound microscope 1%

Two objects are said to be just resolved when, in their diffraction patterns,
central maxima of one object coincides with the first minima, of the
diffraction pattern of the second object.

Limit of resolution of compound microscope
1.221

Amin = 2nsin B
Resolving power is the reciprocal of limit of resolution (d,,i)
Therefore, to increase resolving power A can be reduced and refractive index
of the medium can be increased.

Yo

Yo
Yo

Yo 2

Q8

(i) Definition of line of sight communication 1
(if) Reason why it is not possible to use sky waves for transmission
of T.V. signals Yo
Range of an antenna %

(i) Communication, using waves which travel in straight line from
transmitting antenna to receiving antenna.
(i) Because T.V. signal waves are not reflected back by the ionosphere.

d = V2hR

Yo
Yo 2

Q9

A

Finding the ratio of de Broglie wavelength (lp)

L_h__h___h
P V2mK [2mqV

n y /2mpqu
Ap /2ma q,V h
vV Mpdp

CAa

A

a
AP vV MmuQqqu
_ _VMpd
4mp2qy
-1
_2\/5

Agidy =1:2V2

<

Yo

Yo

Yo

Yo 2
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10
0 Explanation of flow of current through capacitor 1
Expression for displacement current 1
During charging, electric flux between the plates of capacitor keeps on 1
changing; this results in the production of a displacement current
between the plates.
d dE
Id :EO %(/Id :EO AE) 1 2
Q11 Working Principle of moving coil galvanometer 1
Necessity of (i) radial magnetic field Yo
(it) cylindrical soft iron core Yo
Expression for current sensitivity Yo
Explanation of use of Galvanometer to measure current Y
When a coil, carrying current, and free to rotate about a fixed axis, is
placed in a uniform magnetic field, it experiences a torque (which is 1
balanced by a restoring torque of suspension).
(i) To have deflection proportional to current / to maximize the Ya
deflecting torque acting on the current carrying coil.
(if) To make magnetic field radial / to increase the strength of Ya
magnetic field.
Expression for current sensitivity
0 NAB Ya
Iy = T or X
where 6 is the deflection of the coil
No Ya
The galvanometer, can only detect currents but cannot measure them
as it is not calibrated. The galvanometer coil is likely to be damaged
by currents in the (mA/A) range] 3
OR
a) Definition of self inductance and its SI unit 1+%
b) Derivation of expression for mutual inductance 1%
Self inductance of a coil equals, the magnitude of the magnetic flux,
linked with it, when a unit current flows through it. 1
Alternatively
Self inductance, of a coil, equals the magnitude of the emf induced in
it, when the current in the coil, is changing at a unit rate.
Sl unit : henry / (weber/ampere) / (ohm second.) Y5
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/
N, turns

When current I, is passed through coil S,, it in turn sets up a magnetic
flux through S;: ®; = (n,£) (nr2)(B,)

@, = (&) (mrd) (uonyly)

®, = ponyny,Lrrifl,

But &, = M;,I,

= M, = ponnymrit

[Note : If the student derives the correct expression, without giving the
diagram of two coaxial coils, full credit can be given]

Yo

Yo

Yo

Q12

(i) Determining the mass and atomic number of A, and A x4
(i) Basic nuclear processes of S+ and f~ decays Yot s

(1) A, :Mass Number : 172
i. Atomic Number : 69
(if) A : Mass Number :180
i. Atomic Number : 72
[Alternatively : Give full credit if student considers B* decay and find
atomic and mass numbers accordingly
1904 5 1784, 5 1764, 5 1720, 51734,
Gives the values quoted above.
If the student takes B decay
+ a r

1804 % 176 176 172

B
172
74 7241 = "534, > “6543 -

6944

This would give the answers: (A4:172,69);(A:180,74)]

Basic nuclear process for g+ decay p > n+ Je + v

For p~decay n—>p+ e+7

[Note: Give full credit of this part, if student writes the processes as
conversion of proton into neutron for f*decay and neutron into proton
for f~decay.]

Yo
Yo
Yo
Yo

Yo
Yo

Q13

Calculation of collector current I, base current Iz and input
signal voltage V; 1+1+1

Given R, =2kQ
=2x103Q

Yo
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VCE = Ic Rc
- Ve _ 2 2
R, ~ 2x103
=10734
=1mA Y
current gain
I
B = I Y,
1073

~ 100 = I

~ Iz =107°A 1

Input signal voltage

Vi = IB RB 1/2

=1x107° x 103Q

=10"2%y v,

[Note : Give full credit if student calculates the required quantities by any 3

other alternative method ]

Q14 : : — : :
(i) Two important features of Einstein’s photo electric equation % + %
(ii) Explanation of observations and finding value of work function of
Surface Q 1+1

(i) Maximum kinetic energy (Kqx), Of emitted electrons, depends linearly
on frequency of incident radiations
(KE)max = hv — hvo ot

Existence of threshold frequency for the metal surface ¢, = hv,
(Any other relevant feature)

(ii) Since no photoelectric emission takes place from P it means frequency of .
incident radiation (1015Hz) is less than its threshold frequency (Vo)p- /2
Photo emission takes place from Q but kinetic energy of photoelectrons
is zero. This implies that frequency of incident radiation is just equal to 1,
the threshold frequency of Q.

For Q, work function ¢ = hv,
_ 6.6x10734x1015 eV Yy
1.6x1071°
Q15 . ) i
(i) Calculation of phase difference between current and voltage 1
Name of quantity which leads Y
(ii) Calculation of value of ‘C’, is to be connected in parallel 1%
()X, = wL = (1000 x 100 x 1073)0Q=1000
1 1
Xe = wC (1000><2><10-6) 0= 5000 72
Phase angle
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X, —Xc¢
tan® = R
tan® = 100-500 — _1
400
r Y
b =—- 2
4
. . 1
As X. > X;, (/phase angle is negative), hence current leads voltage 72
(i)  Tomake power factor unity y
2
Xer =X,
1
——=100
wc 1,
C' = 10uF
C'=C +C
10=2+C;
1
C, = 8uF 72 3
Q16 . " . . -
(i) Obtaining of the expression for torque experienced by an electric
dipole 2
(if) Effect of non uniform electric field 1
(i)
\ 3 Y
E ___a- f]\‘" ~-~<gq
—q%}"_.“ G’_,/
GE
Forceon+q, F =gqE 1,
Forceon -q, F = —qE
Magnitude of torque
T=qE X 2a sinf Y
= 2qa E sin6
T=pxE Y
(i1) If the electric field is non uniform, the dipole experiences a translatory 1 3
force as well as a torque.
Q17 —— — : ,
Circuit diagrams of p n junction under forward bias and reverse bias
Yot s
Explanation of p n junction working for forward and reverse bias % + %
Characteristic curves for the two cases Yot Vs
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C—:Vullmrlerl'\t’] I‘/"\Iantm(‘l[‘rm
P n . pl
f-\\ ? a
mem““’“‘;{b Mirmammetc:}'f) ]/2 + ]/2
(mA) \ (RA) N
| Switch Switch
4 %
In forward bias, applied voltage does not support potential barrier. As a
result, the depletion layer width decreases and barrier height is reduced. Due
to the applied voltage, electrons from n side cross the depletion region and
reach p side. Similarly holes from p side cross the junction and reach the n Y
side. The motion of charged carriers, on either side, give rise to current.
In reverse bias, applied voltage support potential barrier. As a result, barrier
height is increased, depletion layer widens. This suppresses the flow of
electrons from n — p and holes from p — n. Diffusion current decreases.
The electric field direction of the junction is such that if electrons on p side 2
or holes on n side in their random motion comes close to the junction, they
will be swept to its majority zone. This drift of carriers give rise to the
current called reverse current.
I(mA)
Yot
RB. j\ v
f FB.
1(1A) 3
Q18 : : :
(i) Calculation of speed of light 1%
(if) Calculation of angle of incidence at face AB 1%
(i) s
. +8m 1
. (A
Sll’l(;)
()
T sin(%9) 2
sin >
c 3x108
Alsou = —= v = m/s
i V2 A
=2.122 x 108m/s

Page 7 of 16

Fifth Draft

March 22, 2017



SET: DELHI 55/1/3

(i)

At face AC, let the angle of incidence be r,. For grazing ray, e = 90°
— oin—1 i — o
sinry =T =S (\/2) =45
Let angle of refraction at face AB be ;. Now r; +1, = A
oo T1=A—T2 =6OO_4‘50 =150
Let angle of incidence at this face be i

= u=

Yo

Yo

_sini
H= sinry
sini
=V2= sin15°
Yo 3
~i= sin"*(¥2.sin15°)
Q19 Definition of amplitude modulation 1
Explanation of two factors justifying the need of modulation 2
It is the process of superposition of information/message signal over a
carrier wave in such a way that the amplitude of carrier wave is varied
according to the information signal/message signal. 1
Direct transmission, of the low frequency base band information
signal, is not possible due to the following reasons;
(1) Size of Antenna: For transmitting a signal, minimum height of 1
antenna should be %; with the help of modulation wavelength of
signal decreases, hence height of antenna becomes manageable.
(i) Effective power radiated by an antenna:
Effective power radiated by an antenna varies inversely as 12,
hence effective power radiated into the space, by the antenna, Y + 1
increases. G 3
(iii)To avoid mixing up of signals from different transmitters.
(Any two)
Q20 ) i : :
Equivalent capacitance in series Y
Energy in series combination Y
Charge in series combination Ya
Equivalent capacitance in parallel combination Y
Energy in parallel combination Ya
Charge in parallel combination Ya
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12pF 12pF
| I1
| 11
I
| L
S0V Y
. e 01 (11 1
In series combination: o= (12 + 12) (pF)
» Cs=6x1071%pF
Us = ! CcV?
ST 2
Us =%x6>< 10712 x 50 x 50 J
~ Us =75%x1071% Y
qs =C; V
=6 x50 .
=300 x 10712¢ = 3 x 1071°C &
12pF
il
12pF
i
S50V
In parallel combination: C, = (12 + 12)pF
5 Cp = 24 x 10712F 72
Us =2 x 24 X 10712 x 2500 J
=3x1078 Yy
Gp =CpV
qp =24 x 10712 x50 C 2 3
qp=12%x107°C
Q21 - . .
(a) Expression for force acting on charged particle 1
(i) Condition for circular path Y
(ii) Condition for helical path Y
(b) Showing Kinetic energy is constant 1
() F=q@xB) 1
(i) When velocity of charged particle and magnetic field are
perpendicular to each other. Y2
(if) When velocity is neither parallel nor perpendicular to the
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magnetic field. Y
(b) The force, experienced by the charged particle, is perpendicular to
the instantaneous velocity v, at all instants. Hence the magnetic force
cannot bring any change in the speed of the charged particle. Since
speed remains constant, the kinetic energy also stays constant. 1 3
Q22 " . .
Derivation of expression of voltage across resistance R 3
OVC
R,
A B
Ly c
T R
Resistance between points A & C
1_1, 1 iz
BB
Effective resistance between points A & B
R Ry
2 R, Y
R2 = R + 7
o
Current drawn from the voltage source, 1 = =
2
= y
= 5 A
RZ )\, Ro
R+f0 ) 2
Let current through R be I
RO
Lo (%)
"R+ % 2
Voltage across R
VI = II R
IR,
2(R+52)”
_ RR, 14 1
- R ' RR R
2(R+ ) (GRvrp)
2RV Y
" R+ 4R 3
Q23 " .
a) Two qualities each of Anuja and her mother x4
b) Explanation, using lens maker’s formula 2
a) Anuja : Scientific temperament, co-operative, knowledgeable (any | %+ %
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two)
Mother : Inquisitive, scientific temper/keen to learn/has no airs(any
two)(or any other two similar values)
1_(#_ 1 _1
As the refractive index of plastic material is less than that of glass
material therefore, for the same power (= 1/f), the radius of currature

of plastic material is small.

Therefore plastic lens is thicker.

Alternatively, If student just writes that plastic has a different
refractive index than glass, award one mark for this part.

Yo+ Y%

Yo

Yo

Yo
Yo

Q24

(i) Derivation of the expression for drift velocity 2
Deduction of Ohm’s law 2
(ii))Name of quantity and justification Yo+ Y%

Let an electric field E be applied the conductor. Acceleration of each

electron is
eE

m
Velocity gained by the electron

v=——t
m
Let the conductor contain n electrons per unit volume. The average

value of time 't", between their successive collisions, is the relaxation
time, 't’'.

Hence average drift velocity v, = _miE T

The amount of charge, crossing area A, in time At,is

= neAv, At = 1At

Substituting the value of v,, we get

eEt
IAt = neA (—) At
m

2 2
ol = (e :lm) E =0E, (O’ = % is the conductivity)
But I = JA, where J is the current density
e’tn
ﬁJ:( )E
m
= J=0F

This is Ohm’s law
[Note : Credit should be given if the student derives the alternative

form of Ohm’s law by substituting E = %]

i) Electric current well remain constant in the wire.
All other quantities, depend on the cross sectional area of the wire.
OR

Yo

Yo

Yo
Yo

Yo

Yo

Yo

Yo

7
Ve 5
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(i) Statement of Kirchoff’s laws 1+1
Justification Yo+ Y
(i) Calculation of i) current drawn and 1
ii) Power consumed 1
(1) Junction Rule: At any Junction, the sum of currents, entering the
junction, is equal to the sum of currents leaving the junction. 1
Loop Rule: The Algebraic sum, of changes in potential, around
any closed loop involving resistors and cells, in the loop is zero. 1
X(aV) =0
Justification: The first law is in accord with the law of conservation of
charge. 2
The Second law is in accord with the law of conservation of energy.
(i) Equivalent resistance of the loop
R=T/3
Hence current drawn from the cell Y
= —=2
B T)a+r T oar s
Power consumed P = 1% ("'/3)
Yo
— 9E? 4r/ - 3E2
" 1612 37 ar A
[Note: Award the last 1 %2 marks for this part, if the calculations, for
these parts, are done by using (any other) value of equivalent
resistance obtained by the student.) 5
Q25 a) Labelled diagram of AC generator 1%
Expression for instantaneous value of induced emf. 1%
b) Calculation of maximum value of current 2
Coil /—M
72
1%
Slip __— A
nge \ Alternating emf
[Deduct ¥ mark, If diagram is not labeled]
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When the coil is rotated with constant angular speed w, the angle 6
between the magnetic field and area vector of the coil, at instant t, is
givenby 0 = w t, Ya
Therefore, magnets flux, (¢), at this instant, is
¢ =BAcCOsSwt

dgp 1

~Induced emf e =-N—=
dt

e=NBAwsinwt
e=e,Sinwt

where e,= NBA w Y5

b) Maximum value of emf

e,— NBA w 1,

=20x200x 10™* x 3 x 1072 x 50V Y

= 600 mV 2

e, 600 %)

Maximum induced current i, === —mA
R R Y%

[Note 1: It the student calculates the value of the maximum induced
emf and says that “ since R is not given, the value of maximum
induced current cannot be calculated”, the /2 mark, for the last part, of
the question, can be given.]

[Note 2: The direction of magnetic field has not been given. If the
student takes this direction along the axis of rotation and hence obtains
the value of induced emf and, therefore, maximum current, as zero,

award full marks for this part.] 3
OR
a) Labelled diagram of a step up transformer 1%
Derivation of ratio of secondary and primary voltage 2
b) Calculation of number of turns in the secondary 1%
a)

I/ Soft iron core

Areurtig
N n /n fITAN
Arepuosag

Vouv UV

1%

Alternatively

Soft iron core

1

Areurnig

Arepuodag

[Note: Deduct ¥2 mark, if labeling is not done]
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a) When ac voltage is applied to primary coil the resulting current
produces an alternating magnetic flux, which also links the

secondary coil.
The induced emf, in the secondary coil, having N turns, is
de
e = _NSE
This flux, also induces an emf, called back emf, in the primary coil.
de
@="Yar
But e, =V,
and e; = V;
Vs _ Ns
Vo Np

For an ideal transformer
b V= is V;

=Ys _
vy s

N _Vs
N, FV
p p

Ny _ 220

3000 2200

« N =300

Yo

Yo

Yo

Yo

Yo

Yo

& 5

Q26

a) Distinction between unpolarised and linearly polarized
light 2
Obtaining linearly polarized Light 1

b) Calculation of intensely of light 2

a) Inanunpolarized light, the oscillations, of the electric field, are in
random directions, in planes perpendicular to the direction of
propagation. For a polarized light, the oscillations are aligned
along one particular direction.

Alternatively

Polarized light can be distinguished, from unpolarized light, when it is
allowed to pass through a polaroid. Polarized light does can show
change in its intensity, on passing through a Polaroid; intensity
remains same in case of unpolarized light.

When unpolarised light wave is incident on a polaroid, then the
electric vectors along the direction of its aligned molecules, get

absorbed; the electric vector, oscillating along a direction
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perpendicular to the aligned molecules, pass through. This light is 1
called linearly polarized light.
b) According to Malus’ Law:
| =I,cos?8 &
o= (I;°) cos2, where 1, is the intensity of unpolarized light.
6 = 60° (given)
I = cos2600 =22 x (1)2
T2 T2 2
=l 7 5
8
OR
a) Explanation of two features (distinguishing between
interference pattern and diffraction pattern.) 2
b) Calculation of angular width of central maxima 2
Estimation of number of fringes 1
a)
Interference Pattern Diffraction pattern
1) All fringes are of equal width. 1) Width of central maxima is
twice the width of higher
order bands.
2) Intensity of all bright bands is 2) Intensity goes on
equal. decreasing for higher order of
diffraction bands.
— 1+1
[Note: Also accept any other two correct distinguishing features.]
b) Angular width of central maximum
22
w=—
a 0 1
5 - .
= 200010 00X1_0 radian Ve
0.2x1073
=5 x 1073 radian 1
AD
p=—
Linear width of central maxima in the diffraction pattern
,  2AD
w =—
a . : . Ya
Let ‘n’ be the number of interference fringes which can be
accommodated in the central maxima
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a
_2d
[Award the last ¥ mark if the student writes the answers as 2 (taking 5

d=a), or just attempts to do these calculation.]
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