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c=3x10%m/s
h=6.63x1074]s
e=16x%x10"19C

Ho=4m%x 107 T m Al
€, = 8.854 x 10712 C2 N! m™2

fales | 0Nl i3 (=2
47t80—9><10 Nm-C

TR W A = 9.1 x 10731 kg

R W EEEE = 1.675 x 10727 kg
WA 1 F599H = 1.673 x 10727 kg
AT FE&AT = 6,023 x 102 ufq w9
Sivze e = 1,38 x 10723 JK!

General Instructions :

(i)
(i)

(iii)

(iv)

()

55/1/2

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=3x108m/s
h=6.63%10734Js
e=16x10"1°C
Ho=4nx 107 TmA™!
€, = 8.854 x 10712 C2N-! m2

1

i 9 N m2 C-2
4n80-9><10 Nm*C

Mass of electron =9.1 x 103! kg

Mass of neutron = 1,675 x 10727 kg

Mass of proton = 1.673 x 10727 kg

Avogadro’s number = 6.023 x 10?3 per gram mole
Boltzmann constant = 1.38 x 10723 JK-1
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SECTION - A

1, frd e W g ¥ gy &5 w1 dftet gew B e A9 B0 60° ¥ | e wgst &
' TP 8 W A e ? ' 1
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 ?

2. 39 iy SR @ W e R 1-V it i Ru srar @ @ e 1
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Name the junction diode whose I-V characteristics are drawn below :

L

.

A 4

I

A
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3. ol U % ot =t R T omRW w0 3@ W PR SR € T e S © oTeen @ 2
a W & e eRor @it 1 1

Does the charge given to a metallic sphere depend on whether it is hollow or solid ?
Give reason for your answer,

4, o R T el g frata o g g i @ o e veR feife s e s e 1

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

Tqug -
SECTION -B

RS ] F Wew SR ot ¥ e ¥ iR S A g S Ao Jm
HT | '

~ Find the wavelength of the electron orbiting in the first excited state in hydrogen atom.

Rt ZiereeR ST i % e feade wifg |

Distinguish between a transducer and a repeater.

e feeh uRE #t 420 @ eraRme fR ST T A &, @ T wunie @ v w % v 4
M Arrder Fraw ReT T SE SR ¥ 7 REe v ® ) ¥ UReed % WA
foremmem urT % fow =i fefam |

How does Ampere-Maxwell law explainb 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.

frepeam TR Wi g i afear fefaw uwmmﬁﬁwmmmw
0T ERT A T & | P SomE gl r ¥ | R @ T e S ¥ o %
fore Frerea SRR Y 0 T A 2

Haar
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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.

10. el Sefreim % atfirgvas 9 Wiy T afus &R R afuss i &1 =TT 2 o1 ST
e T | 2

Why should the objective of a telescope have large focal length and large aperture ?
Justify your answer.

gug-H
SECTION-C

11, et oy R = uifemaidier & o e & @ & | difriiet % AR AB % %o SRR R

¥ | 39 MR ®t sieew V # omgla # T & | R ¥ R W s % fow s

G FINTT TR W T Uiy TR A W 3
o\ e

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.

VA

551172 5 [P.T.O.



12. v e ¥ e anerae | FRid fove v st e fafeont @t omgfe v ¥ S
o, & firet et P ek Q % f A qwiT T E

b P
: Q
V 2
(Volt)
I i |
4 - &
-2 v (x 10" Hz—>

() T el # @ P et emgfh sfuw ¥ 2
(ii) mmmmm%mmmﬁ%ﬁ&aml

(i) ¥ ¥ ¥ fw 8 x 10' Hz w@h%mmmﬁagﬁaﬁrﬁaﬁaﬁrﬁqﬂm
F A HIAC | 3

In the study of a photoelectric effect the graph between the stopping potential V and
frequency v of the incident radiation on two different metals P and Q is shown below :

e ;
Q
V 24
(Volt)
I 1 1
4.8
-2- v (x 1014 Hz—>

‘ (i) Which one of the two metals has higher threshold frequency ? ©
(ii) Determine the work function of the metal which has greater value.

(iii) Find the maximum kinetic energy of electron emitted by light of frequency
8 x 10! Hz for this metal.

13. 12pF%%ﬁﬁwﬁaﬁsovézﬁﬁﬁaﬁﬁa%mw% | T gus o e far dua
mﬁ%ﬁ%?aﬁmﬁwﬁa%maﬁﬁaﬁ%ﬁwmﬁwﬁammwm%
ﬁﬁwgﬁéﬁﬁmﬁmmﬁmmﬁaﬁﬁaﬁmﬁrmfaﬁw
e T SN | 3

'A 12 pF capacitor is connected to a 50 V battery. How much electrostatic energy is
stored in the capacitor ? If another capacitor of 6 pF is connected in series with it with
the same battery connected across the combination, find the charge stored and
potential difference across each capacitor.

55/1/2 6



14. ()
(i)
)
(i)
5. @

(id)
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ft W S & fiow & T AB W ot # e RO 30° @ gem
fererermr wmiett & | Brew o wreprer @ et oo ST | 3

A

B C
TH AB T E Y F0T [ Hive s g frfe e wem AC % amRm
e et €
A ray of light incident on face AB of an equilateral glass prism, shows minimum

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

A

B &

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

face AC.

ot Aeaiufres i <A’ %1 19 R sreR S0 & s g & 3

& S o . S
A—Gop B a0 A Y,

A, FI TEH W@ SR ] T HA: 176 7 71 § | A, AR A ¥ gemww ok
W] W i BT |

B* 3T B-arit & € Aol e e wfwant fafey |
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(i) A radioactive nucleus ‘A’ undergoes a series of decays as given below :

A2 > Ay B>A2 ¢ > A,y ¥ > Ay

The mass number and atomic number of A, are 176 and 71 respectively.‘
Determine the mass and atomic numbers of A, and A.

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

16. el et el redeieier & e R o o BT | R e # (i) Rt
T 87 oK (ii) IFAER T A FIS FT TG FT SERTH Fi € ? T Ao B
YRT QAT % fore =i fafan |

1 Rt oaReR #t T T 4R B W9 HE G AT Rear S e § 9 SE Sy |
Ty
(a) T P ureer SR T9e S.1 A fefeT |

(b) T wRAfrme S, X S, & A Wew ¥ fow =ew W WC | SERE 3
TRt wt e e & T o L i, ThgW W fae €, Bt ) ek
9T Wit Wbt o %R W W@ 0, 3R n, ¥ SR At aReferr S, @ W 1 v
BT |

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

55/1/2 8



(@) Define the term ‘self-inductance’ and write its S.1. unit.

(b) 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 S,.

17. Tt CE 2T vavs & 2 kQ ¥ Tues wiry & fadt o e femmer s 2V & | R

w%ﬁsw;‘rﬁmmmwmlm% | af SR AR 1 A 1 kQ & A P
farer aeeem 3T YR YR T HINT | 3

For a CE-transistor amplifier, the audio signal voltage 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 k€.

18, et R TrEiE @ wiwEs 1@ ¥ p-oik n-gF urEt w mmmmm% |
e i f ta =@ § o aRey oM # e ¥ wEe # e i fF R S
TS HT de Sieeat rirw & w0 o SyanT fFE v T e o 3

A zener diode is fabricated by heavily doping both p- and n- sides of the junction.
Explain, why ? Briefly explain the use of zener diode as a dc voltage regulator with the

help of a circuit diagram.

55/1/2 9 [P.T.O.



19. (@) i gwic e Svft LCR wiue & urr 3 dieear & €9 $owa &1 9 76 $I9C |
YT STIET Sieear | P STETEr € 7 : 3

() o wig dReeH fey fe, dafer C @ wre F waifsm feT o et s sl
wuifer C, 1 = e witwe | fawd e oRee 1 wfv o Tt @ ST |

L= 100 mH CTEuF R =400 Q

)

e

TN
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 ?
(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.

il | o

o)

ol

./
V=V, sin (1000 t + ¢)

20. W WA S g fafEr | 3 R 9 R @ e S, St e sl
YR UE RS % AIGe i STERSHAT Hi YRE FXA § | 3
Define the term ‘amplitude modulation’. Explain any two factors which justify the
need for modulating a low frequency base-band signal.

55/1/2 10



21, TEHM m, T HE CE +Ze S & P i %) aReE ST W ¢ | e R aw T
ﬁqqaﬁwﬁgaﬁﬁﬁmm%lwmmw&mmwm

ﬁ'a:_ﬁ;'ﬁamﬁmmm%,aﬁfmmwwm% | T8t

T Tae @ W e | 3
A electron of mass m, revolves around a nucleus of charge + Ze. Show that it behaves

like a tiny magnetic dipole. Hence prove that the magnetic moment associated with it

; € . :
is expressed as ﬁ = - =T, where T is the orbital angular momentum of the

2m,

electron. Give the significance of negative sign.

27 @ e v g =i i 3 et faeg o fereger v 3 e o et O |
‘ (i) ot ferege g & e wtenvr gt i i | ' 3
(i) Derive the expression for the electric potential due to an electric dipole at a point

on its axial line.

(i) Depict the equipotential surfaces due to an electric dipole.

T -
SECTION -D

23. et <o g 3 W 3 9 22 Y | 9T 9 G 3 O Tl A g} IR F F
ﬁﬁ-%wwmﬂ?ﬁﬁwmmﬁmwm | ST T W FA W I
75 T 2 7 S & o et et weR e A e § | SER T IR § JHERR @ W
fepa TR o ATTSTeR ST T % 9 | TR T T SR 98 e S 98 ST | I
sl e T ¥ P & A O s ;o
(@) ST S SWE TS el & T g e 3 o 8 e |
(b) e A T ET ST T A ) SN e TR 4 2 4
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24,

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 h‘e
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 ?

qug-q
SECTION - E

(a) omgfm webrer iR Wawa: yfoa v & s foviee wife | e aeRiEe =t S
Q¥ Yawra: yfer v iR weR W foFE ST €

(b) et dieRTas P, W, diew I, #1 STgfa WERT H B Geren T S9eT B € | 5
NeRTE FRT TRTHT FHRT A T NeRkiae P, W, et -3 P, & U-31 %
WIET 60° T FHI0T T &, ST FIA & | P, ¥ TR FeHTT Fl Ao 70 B |

(a) I F KR v ¥ =i 19 ok e Tl & wre we faEes e % |
feriemerrt <t ST =t ST ST |

(b) 500 nm TS T THAT FEHRT 0.2 mm HSTE F FFE vH A W aArerE
YA i T 9ot SeqeT el § | U8 O WT 1 Sfea i v A /e
T |
T ferdt & FROT S P ¥ ot Wi R % 8 § wwrir g o
e 05 mm TEE T T F 9 ¥ iR w@m & wre B = W o swe
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(a) Distinguish between unpolarized light and linearly polarized light. How does

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

(b) 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.

(b) 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.

25 () Rt =TT & TOIRAT & STTATE AT % AT o e FieTg | 9 THR AW F HEw
! I HIT | ‘ 5

(ii) ﬁ%wmﬁm-mﬁwﬁﬁﬁwwwmz e & @ & et v A
) e § e & | ar o Frefetan & @ w | ftrt frae el § o

(a) 3{qETE AT

(b) YNTEAE
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(a)

(b)

i)

§5/1/2

(c) fereger umr
(d) fore &
T wet ¥ e Fie |
e
Tt % & Fraw ffae | wei = spe wifie e 2 fraw fee weme =amaeime €

i & T T AR % Seass, e v ufive o uieRy r ¥, 9 suw SaitT
AR URRY r 3 emf E ¥ et 9 gRT 9RT W8 TR E | () ¥ F S 6 YR
A (i) e ¥ ST VIR % T ST WIe i |

AMV

C
AN

[LE.1
|
Derive an expression for drift velocity of electrons in a conductor. Hence deduce
Ohm’s law. '

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

Justify your answer.

OR

14



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

(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.

E.r

26. (2) T AC ST = AitER e Wi | gueel § MR emf & A A9  frg

ST e BT | ; 5

() 3.0 x 1072T qRamer 3 fepelt w8 & 20 ¥Ri SiR 200 om? SFRT-EE
Fr Frelt geTER UEeh % ¥EH FER = ¥ W 50 rad 57 woh e ¥
ot foran e & | & e F SR U1 T A GRH R |

_qqan

(@) ot Swemel TR v e e wifrg | @ gsh # R @ e R e
¥ el # fiettas sic et seeanelt @1 ST WE FHAC | ‘

(b) W TR e e Pt arree ZRRER H 2200 VR Fré v S SROT S
¥ | T ZrEwET % TR reet § 3000 W ¥ 1 220 v W Fri wfe we w@ F
o fyefreres puett & W 1 W w9 BT |

(a) Draw a labelled diagram of AC generator. Derive the expreésion for the
instantaneous value of the emf induced in the coil.

(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.
1
OR
§8/1/2 15 [P.T.O.



Ab)

s

55/1/2

(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.

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.

16
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MARKING SCHEME

SET: DELHI 55/1/2

Expected Answer/ Value Points

Marks

Total
Marks

SECTION B

Q1

B, =B.cos¢

B=B_cos60 = B_=2B

At equator 5 = 0°

~ By = 2Bcos 0 = 2B

[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.]

Yo

Y2

Q2

Solar cell

Q3

No,
Because the charge resides only on the surface of the conductor.

Yo
Ya

Q4

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 = g—"]

o

Q5

No,

As the magnetic field due to current carrying wire will be in the plane
of the circular loop, so magnetic flux will remain zero.

Alternatively

[Magnetic flux does not change with the change of current.]

Y2

Y

Q6

Calculation of wavelength of electron in first excited state 2

Radius of "™ orbit
r =r,n? = 0.53n%A
=053x4A
=2124
For an electron revolving in nth orbit, according to de Broglie relation
2nr,, = nA, For 1% excited state n = 2
2%X314%x212%x10710 =22
A=314x%x212x%x1071%n
=6.67 A

Alternatively
h h
/1 = —_—=
p  mev
velocity of electron in first excited state,rr = 1.1 x 10°m/s
B 6.63 x 10734
- 9x 10731 x 1.1 x 106
= 6.67 x1071%m
= 6.67A

Alternatively

Y2

Yo
Yo
Yo

Ya

Ya
Yo
Ya

Page 1 of 16 Final Draft

March 22, 2017




SET: DELHI 55/1/2

Let A,, be the wavelength of the electron in the n™ orbit. We then have
211, = ni, 1
o /12 = 7'[7"2 ]/2
Also
TZ = 4‘T0
(o = radius of the ground state orbit)
S 22 = 4‘T[T0 ]/2 2
Alternatively,
Let A,, be the wavelength of the electron in the n™ orbit. We then have
1 = h
" my, 1
But
" n
w2, = 2h 1
mv,
- - - 2
where v, is the velocity of electron in ground state.
Q7 o
Distinction between transducer and repeater 2
Transducer : A device which converts one form of energy into 1
another.
Repeater : A combination of receiver and transmitter / It picks signals 1
from a transmitter; amplifies and retransmits them. 2
Q8
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.
I =€, a (/Id =€, AE) 1 5

Page 2 of 16 Final Draft
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9
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 2
‘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.
2. As electron spirals inwards; its angular velocity and frequency
change continuously; therefore it will emit a continuous spectrum. 1 2
Q10 Reasons for having large focal length and large aperture of
objective of telescope and their justification 1+1
Large focal length : to increase magnifying power
o o %
(m-2)
Large aperature : to increase resolving power. Y
2a
(' RP = 1.22/1) Y 2
Q11 - : :
Derivation of expression of voltage across resistance R 3
OVC
R,
A B
I,Jr &
o R
Resistance between points A & C
1 1 1

ROORC ()
Effective resistance between points A & B

Yo

Page 3 of 16 Final Draft
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SET: DELHI 55/1/2

R,
P i) Y
2 Ro 2
R+7

Current drawn from the voltage source, 1 = Rl

2

Let current through R be I;

(%)

11: R

Yo

Yo

R+ =2
Voltage across R
VI = II R
IR, y
=~ /.. Ro\" 2
2(R+ 7")
= 2 ROR ' RR d R Ve
2(R+ )" (Gree)* 7
2RV
" Ro+ 4R 3
Q12 . . .
Identification of metal which has higher threshold frequency Yo
Determination of the work function of the metal which has greater
value 1Y%
Calculation of maximum kinetic energy (K4, ) Of electron emitted
by light of frequency 8 x 10%* Hz 1
i) Q has higher threshold frequency Ya
i) Work function ¢,=hv, Ya
h (6.6 X 1073%) x 6x 10" \Y% Y
= . _—_—mm 2
Vo 16x101°° 9
=2.5eV .
Kmax = h(v — v,) ’
_ 6.6X10_34><_21>;1014 eV
1.6X10
Knax = 0.83eV 2 3
Q13 : . . i
Calculation of electrostatic energy in 12 pF capacitor 1
Total charge stored in combination 1
Potential difference across each capacitor Yo+

Energy stored, in the capacitor of capacitance 12 pF,

Page 4 of 16
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SET: DELHI 55/1/2

U=3cv?
1
=2 X 12 X 10722 x50 x50 72
=15x 1078
C= Equivalent capacitance of 12 pF and 6 pF, in series, is given by Ve
1 1 1 142
_ —t—-=—
c 12 6 12
. Y
-~ Charge stored across each capacitor
q=CV
=4x 1072 x50C
=2x1071°C
. Y
Charge on each capacitor 12 pF as well as 6 pF
- Potential difference across capacitor C,
,o_2x17 50 7
1= ox102 T3
Potential difference across capacitor C,
oo pxioe 100 2
2= gx10-2 T 30 3
Q14 ¢ : :
i. Calculation of speed of light 1%
ji. Calculation of angle of incidence at face AB 1%
I.
sin(%) )
=T . /A
Sll’l(;)
Sin(60-zl-30)
=T 600\ \/2 )
sin(%3-) .
c 3X10
Alsou = —= v = m/s
v V2 A
=2.122 x 108m/s

Page 5 of 16 Final Draft

March 22, 2017




SET: DELHI 55/1/2

At face AC, let the angle of incidence be r,. For grazing ray, e = 90°
— -1 o
sinry == sin (\/2) =45
Let angle of refraction at face AB be ;. Now r; +1, = A
wry=A-1, =60°—45° =15°
Let angle of incidence at this face be i
sini

= u=

~i= sin"*(¥2.sin15°)

Yo

Yo

Yo 3

Q15

i. Determining the mass and atomic number of A, and A x4
ii. Basic nuclear processes of f* and £~ decays Yo+

i. A,:Mass Number: 172
Atomic Number : 69
ii.  A:Mass Number :180
Atomic Number : 72
[Alternatively : Give full credit if student considers g* decay and find
atomic and mass numbers accordingly

1894 5 a 1764, % B 1764, % 1724, - 1724,
Gives the values quoted above.
If the student takes f* decay

+
1804 & a 1764 B
74 1

176A2 _) 172A3 _) 172A4

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

Basic nuclear process for f* decay p > n+ %e + v

ForB~decay n—>p+ e+ v

[Note: Give full credit of this part, if student writes the processes as
conversion of proton into neutron for 8 *decay and neutron into proton
for f~decay.]

Yo
Yo
Yo
Yo

Yo
Yo
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Q16

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 Yo
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 3
by currents in the (mA/A) range]
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.) Ya

J

N, turns

When current I, is passed through coil S, it in turn sets up a magnetic
flux through S;: ®; = (n, ) (1) (B,)

@, = (0, 0) (wr?) (uonaly)
&, = puonynylmritl,
But &, = My,

= My, = pu,nyn,nrit

Yo

Yo

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

Q17

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

Given R, =2kQ
=2x103Q
VCE T/ [c Rc 2
=—E= A
R, 2x103
=10734
=1mA
current gain

I
B = Is
1073

~ 100 =

~Ig=10754

Input signal voltage

Vl' = IB RB

=1x107° x 103Q

=1072V

[Note : Give full credit if student calculates the required quantities by any
other alternative method ]

Yo

Yo

Yo

Yo

Yo

Yo

Q18

Explanation of heavily doping of both p and n sides of Zener diode 1
Circuit diagram of Zener diode as a dc voltage regulator 1
Explanation of the use of Zener diode as a dc voltage regulator. 1

By heavily doping both p and n sides of the junction, depletion region
formed is very thin, i.e. < 107 m. Hence, electric field, across the
junction is very high (~ 5 x 10°V/m) even for a small reverse bias
voltage. This can lead to a ‘breakdown’ during reverse biasing.

R,

Unregulated ®
voltage (V) iz
Regulated

Load  yoltage
R, (V)

If the input voltage increases/decreases, current through resister R,
and Zener diode, also increases/decreases. This increases/decreases

the voltage drop across Ry without any change in voltage across the
Zener diode.

This is because, in the breakdown region, Zener voltage remains

constant even though the current through the Zener diode changes.

1 3
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QL9 (i) Calculation of phase difference between current and voltage 1
Name of quantity which leads Ya
(ii) Calculation of value of ‘C’, is to be connected in parallel 1%
i. X, =wL= (1000 % 100 x 1073)Q=1000
_ 1 _ 1 — 1
Xe=2c~= (1000x2x10-6) {1=5000 %
Phase angle
_ X, —X¢
tan® = R
tan® = 100-500 =1
400
_ T
As X. > X, (/phase angle is negative), hence current leads voltage 1y
ii. Tomake power factor unity
XC’ = XL ]/2
1
——=100
wc
C' = 10uF 1y
C'=C +¢
10=24+C;
Q20 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;
(i) 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 A2,
hence effective power radiated into the space, by the antenna, 1y + 1
2 2
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increases. 3
(iii)To avoid mixing up of signals from different transmitters.
(Any two)

21 ) ) ) . I
Q i Behaviour of revolving electron as a tiny magnetic dipole 1

ii.  Proof of the relation i = — —— L 1Y%

me

iii.  Significance of negative sign Ya

Electron, in circular motion around the nucleus, constitutes a current
loop which behaves like a magnetic dipole.

Current associated with the revolving electron:
e

27T %)

+Ze

Magnetic moment of the loop, u = I4
ev evr e mevrT
u=IA= —nur? €

T[’r = =
2mr 2 2me 1
Orbital angular momentum of the electron, L= m,vr
H= 2me 1

-ve sign signifies that the angular momentum of the revolving electron is
opposite in direction to the magnetic moment associated with it. A 3

—e -

22
Q (i) Derivation of expression for the electric potential due to

an electric dipole at a point on the axial line 2
(ii) Depiction of equipotential surfaces due to an electric dipole 1

1 —q
amey (r+a)
1 +q
4mey (r—-a) )

Potential due to charge at A, V4, = %

Potential due to chargeat B, I/ =

«— a—>
=
s ! o P
b B

< a >le r

-~ Potential at point P,V = V5 + 1,

Yo
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~ Net Potential at P =

q -1 1 ]
4meq L(r+a) (r-a)

qx2a Y
41ey(r2—a?)

[Note : Also accept any other alternative correct method.]

@ | : \: \ ,‘ <" @ ) 1)) | ‘
- v 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 | Y%+ %
two)
Mother : Inquisitive, scientific temper/keen to learn/has no airs(any | % + %
two)(or any other two similar values)
1_ (B2 _ 11 Ya
As the refractive index of plastic material is less than that of glass 1,
material therefore, for the same power (= 1/f)’ the radius of currature
of plastic material is small. K&
Therefore plastic lens is thicker. o
Alternatively, If student just writes that plastic has a different 4
refractive index than glass, award one mark for this part.
24 - . : :
Q a) Distinction between unpolarised and linearly polarized
light 2
Obtaining linearly polarized Light 1
b) Calculation of intensely of light 2
a) Inan unpolarized light, the oscillations, of the electric field, are in 1

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

: . : 1
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. 1
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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 1
perpendicular to the aligned molecules, pass through. This light is
called linearly polarized light.
b) According to Malus’ Law: Y,
| =I,cos?8
al= (%") cos?8, where 1, is the intensity of unpolarized light.
6 = 60° (given)
| =2 c0s260° = 2 x (1)2
T2 T2 2
_ L & 5
)
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 Ya
w=—
a
2X500%107° Y
= ———— — radian
0.2x10~3
=5 x 1073 radian 1
AD
F=—
Linear width of central maxima in the diffraction pattern
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. 2AD
W = o

Let ‘n’ be the number of interference fringes which can be
accommodated in the central maxima
“sm X =o'

_ 22D o d
n= a AD

2d

n= 7
[Award the last ¥ mark if the student writes the answers as 2 (taking
d=a), or just attempts to do these calculation.]

Yo

Yo

Q25

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 =0oE, (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+ Vs
(if) Calculation of i) current drawn and 1
ii) Power consumed 1
(i) 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 1
closed loop involving resistors and cells, in the loop is zero.
%(AV) =0
Justification: The first law is in accord with the law of conservation of i
charge.
The Second law is in accord with the law of conservation of energy.
Ya
il) Equivalent resistance of the loop
=T
R="/3 Y,
Hence current drawn from the cell
|=—£ -3E %
B T/3+1 T ar
— 72 (T
Power consumed P = 1% (" /3) 1
_ 9E2 4r _ £ 1
= Terz /3 T oar &
[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
Q26 :
a) Labelled diagram of AC generator 1%
Expression for instantaneous value of induced emf. 1%
b) Calculation of maximum value of current 2
Coil 3 ,"/—MC
1%
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[Deduct %2 mark, If diagram is not labeled]

When the coil is rotated with constant angular speed w, the angle 0
between the magnetic field and area vector of the coil, at instant t, is
givenby 0 =w t,

Therefore, magnets flux, (¢3), at this instant, is

¢ =BAcCOswt ez

~Induced emf e= -N% 9

e=NBAwsinwt
e=e,Sinwt
where e,= NBA w
b) Maximum value of emf

Yo

e,= NBA w Y5
=20x200x 107* x 3x 1072 x 50V 1

=600 mV 1
Maximum induced current i, = %" = %mA 1

[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 guestion, 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, 5
award full marks for this part.]

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 .
) Soft iron core

Kreurrrg

N AN Ay

AUV WAVARRY WAVENLY)

Arepuodag \

1%

Alternatively

Soft iron core

1

Areurig

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

For an ideal transformer

b Vo= is Vs

oYs _

N \"%
b)~s ==
Ny Vp

Ng _ 220

3000 2200

o N, =300

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.
d
e, = —di—(f
But e, =V,
and e; =V,
VS —_ NS
Vo Np

Yo

Yo

Yo

Yo

Yo

Yo

Ve 5
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