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There are 35 questions in all. All questions are compulsory.

This guestion paper has five sections: Section A, Section B, Section C, Section D and Section E. All the sections are
compulsory.

Section A contains eighteen MCQ) of | mark each, Section B containg seven gquestions of two marks each, Section C
contains five questions of three marks each, section D contains three long questions of five marks each and Section E
contains two case study based questions of 4 marks each.

There is no overall choice. However, an internal choice has been provided in section B, C, D and E. You have to attempt only
one of the choices in such questions.

Use of calculators is not allowed.

SECTION-A
The capacitors of capacity C; and C; are connected in parallel, then the equivalent capacitance 15
C,C C C
(@) C,+C (b) —l=2- € =L d) =%
LR C, +Cs C3 [

The powers of two electric bulbs are 100 watt and 200 watt, Both of them are joined with 220 volt. The ratso of resistance of their
filament wall be

(a) 4:1 by 1:4 ) 1:2 (dy 2:1

A moving coil galvanometer has A number of turns in a coil of effective area 4, it carries a current /. The magnetic field B is
radial. The torque acting on the coil is

(2) N4*E (b) N4gI? (€} N*4BI (d}  NABI
The transformer voltage induced in the secondary codl of a transformer s mainly due to

{a) awvarying electric field (b) avarying magnetic field

{c) thewibrations of the pimary coil (d)} theron core of the transformer

The magnetic field in a travelling electromagnetic wave has a peak value of 20nT. The peak value ofelectric field strength is

(a) 3IVim (b} &Vim (e} 9Vim (d) 12Vim

If the width of the slit in single shit diffraction experiment 15 doubled, then the central maximum of diffraction pattern
becomes

{2} broader and brighter ib) sharper and brighter

{c) sharper and fainter (d) broader adn famter.

If the total binding energies of IIH: i".'l-h:I ._:-.’EF: & 535 U nuclei are 222 28 3, 492 and 1786 MeV respectively, identify the most
stable nucleus of the following.

(a) 32Fe (b) §H ©) 22U (d) 3He

The significant result deduced from the Rutherford's scattering experiment 15 that

{a) whole of the positive charge 1s concentrated at the centre of atom

(b} there are nevtrons inside the nucleus

{c) a-particles are helium nuclei

(d) electrons are embedded in the atom

With reference to the observations in photo-electric effect, identify the correct statements from below:

A. The square of maximum velocity of photoelectrons varies linearly with frequency of incident light.

B. The value of saturation current increases on moving the source of hight eway from the metal surface.

C. The maximum kinetic energy of photo-electrons decreases on decreasing the power of LED (light emitting diode) source
of light.

D. The immediate emission of photo-electrons out of metal surface can not be explained by particle nature of hight/
electromagnetic waves,

E Existence of threshold wavelength can not be explained by wave nature of ight/electromagnetic waves.

Choose the correct answer from the options given below:

(a) Aand Bonly (b) AandE only ic) CandE only (d) DandE only
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In the energy band diagram of a material shown below, the open circles and filled circles denote holes and electrons respectively.
The material s

E,
AR, -'-:'1 WEETIT R

g#

g} aninsulator (b} ametal {c) an n-type semiconductor  (d)  a p-type semiconductor

In the half wave rectifier circuit operating from 50 Hz mains frequency, the fundamental frequency in the npple
would be

{a) 25Hz {b) 50H=z e}y TO.THz (d) 100H=z

A pure semiconductor has equal electron and hole coneentration of 1018 m=3. Doping by indium increases n, to § x 1022 m™3,
Then, the value of n_ in the doped semiconductor is

() 10fm3 by 1073fm? (¢} 2= 10Bm? (d) 2= 10%m?

The focal length of the objective of a telescope 15 60 cm. To obtain 2 magnification of 20, the focal length of the eye piece
should be

{a) 2cm (b} 3cm (e} 4em (d} 5em

In electromagnetic spectrum, the frequencies y-rays, X-rays and ultraviolet rays are denoted by r, n, and a; respectively
then

{a) my=my=ny (b} my<my<nyg ) my=my<ng id) my<my>ny

Metals petting magnetised by orientation of atomic magnetic moments in external magnetic field are called
(2) diamagnetic (b) paramagnetic ic) ferromagnetic (d) antmagnetic

For question numbers 16, 17 and 18, two statements are given-one labelled Assertion {4) and the other labeilled Reason (R). Select the
correct answer io these guestions from the codes (a), (b, (c) and (d) as given below.

fa)
(k)
(c)
(d)
16.

17.

18.

19.
20.

21.

Both A and R are true and R is the correct explanation of A
Both A and R are true but R 15 NOT the correct explanation of A
A is true but R is false

A is false and R 15 also false

Assertion (A) : On going away from a point charge or a small electric dipole, electric field decreases at the same rate
in both the cases.
Reason (R) : Electric field is mversely proportional to square of distance from the charge or an electric dipole.

Assertion (A): When a dielectric slab 15 gradually inserted between the plates of an isolated parallel-plate capacitor, the
energy of the system decreases.
Reason (R): The force between the plates decreases.

Assertion (A) : The objective of telescope has small focal length.
Reason (R): If objective and eye lenses of a microscope are interchanged then it can work as telescope.

SECTION-B

Derive an expression for the magnetic field at the centre of a eircular current carrying coil using Biot - Savart's law.
A plane wavefront 1% incident on

{1} aprnsm (i) aconvex lens,

Draw the emergent wavefront in each case.

Assuming that the two diodes D) and D, used in the electric circuit shown in the figure are ideal, find out the value
of the current flowing through 2.50) resistor.
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A small piece of metal wire 15 dragped across the gap between the pole pisce of a magnet in 0.5 5. The magnetic flux between
the pole pieces is known to be 8210 Wh. Calculate the induced emfin the wire.
—ve sign gives the direction of e.m £
OR
If the rate of change of current 15 2 A/s and induces an e.m.f. of 40 mV in the solenoid, what is the self-inductance of the
solenmd?

What are the requirements for an element to be a good dopant?

A circolar cotl of W turns and redius B carmes a current [ [t 15 umwound and rewound to make another coil of redius B2, current
| remaining the same. Calculate the ratio of the magnetic moments of the new coil and the ariginal coil.
Two monochromatic rays of light are incident normally on the face AB of an 1sosceles nght-angled prism ABC. The refractive

indices of the glass prism for the two rays' 1" and "2 are respectively 1.35 and 1.45. Trace the path ofthese rays after entering
the prism.

A ray of light passes through an equilateral prism in such a manner that the angle of incidence 18 equal to angle of emergence

3
and each of these angle is equal to I of angle of prism. Find angle of deviation.

SECTION-C

Diefine the term mutual mductance. Wrnite its 5.1, unit. Give two factors on which the cosficient of mutual indectance
between a pair of coil depends.

m

Define the term resistivity of a conductor. Giveits 5.1, unit. Show that the resistivity of a conductor is given by where

ne T
symbaols have their usnual meanings.

Write Einstein's photoelectric equation. Mention the underlying properties of photons on the basis of which this
equation is obtained.
Write two important observations of photoelectric effect which can be explained by Einstein's equation.

OR
A proton and an alpha particle are accelerated through the same potential. Which one of the two has (i) greater value
of de-Broglie wavelength associated with it and (i) less kinetic energy. Give reasons to justify your answer.
Show that the radius of the orbat in hydrogen atom varies as :|:|2, where n 15 the principal quantum numbers of the atom.

How the size of a nuclus 15 expennmentally determined? Write the relation between the radius and mass number of the
nucleus. Show that the density of nucleus 15 independent of its mass number.
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{a) Inanuclear reaction :

IHe+ JHe— JHe+ [H+ JH +12.88 MeV,
though the number of nucleons is conserved on both sides of the reaction, yet the energy 1s released. How? Explain.
(b) Draw a plot of potential energy betwesn a pair of nucleons as a function of their separation. Mark the regions where
potential energy is (i) positive and (i) negative.
SECTION-D

State Gauss theorem in electrostatics and write its mathematical form. Using it, derive an expression for electric field at a point
near a thin infinite plane sheet of electric charge. How does this electric field change with a uniformly thick shest of charge?
OR
(2} An electric dipole of dipole moment p consists of point charges + and —q separated by a distance 2a apart. Deduce
the expression for the electnic field E due to the dipole at a distance x from the centre of the dipole on its axial
line in terms of the dipole moment § . Hence show that in the imit x >>a, E__,2p ,-'.[q.ngﬂx?']..

{b) Given the electric field in the region E = Ixi, find the net electric flux through the cube and the charge enclosed
by
¥

-

a

A series L-C-R circuit is connected to an AC source having voltage V=V _ sin wt. Derive the expression for the mstantenous

current | and its phase relationship to the applied voltage.

Obtain the condition for resonance to occur.

OR

(2) What do you understand by sharpness of resonance in a series L-C-R circuit? Derive an expression for (-factor of the
circuit.

{b) Three electrical circuits having AC sources of variable frequency are shown in the figures. Initially, the corrent flowing
in each of these 15 same. [f the frequency of the applied AC source 18 increased, how will the current flowing in these
circuits be affected? Give the reason for your answer.

R L O

W— Y ¥ W— T
"

S & S

L E E

2) Define a wavefront. Using Huygens® principle, verify the laws of reflection at a plane surface.

(b) In asingle slit diffraction experiment, the width of the slit 15 made double the original width. How does this affect
the size and intensity of the central diffraction band? Explain.

{c) When a tiny circular obstacle 15 placed in the path of light from a distant source, a bright spot 1s seen at the
centre of the obstacle. Explain why?

OR
(1) What 15 the effect on the interference fringes to the Young's double slit experiment when
{a) the separation between the two slits 15 decreased?
(b) the width of the source-slit is increased?
() The intensity at the central maxima in Young's double slit experimental setup 15 1. Show that the intensity at a point
where the path difference 1s /3, is 1 4.
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SECTION-E

Case Study: Electric Flux & Gapss's Law
Read the following paragraph and answer the questions,
Electric flux over an area in an electric field 15 the total number of electric lines of force crossing this area.

It 1& measured by the product of surface area and the corresponding component of electric field normal to the area.
¢.-4§de
Itis a scalar quantity. Its SI unit is volt metre (Vm) or Nm2/C.

{i) Figure shows three point charpes, + 2q, — g and + 3q. Two charges + 2q and - g are enclosed within a surface 5. What
15 the electric flux due to this configuration through the surface 57

5
+3q

{ii) How does the electric flux due to a point charge enclosed by a spherical Gaussian surface pet affected when its radius
is increased?

{iii} A charge q 15 placed at the centre of the open end of a cylindrical vessel. Find the flux of the electric field through the
surfece of the vessel.

OR
{iii} At the centre of a cubscal box + () charge 15 placed. Find the value of total flux that 18 coming out a wall.
Case Study: Total internal Reflection

Read the following paragraph and answer the questions.
When light travels from an optically denser medium to a rarer medium at the interface, it is partly reflected back into the same
medium and partly refracted to the second medium. This reflection is called the internal reflection.
If the angle of incidence is increased still further, refraction is not possible, and the incident ray is totally reflected. This 1s
called total internal reflection.
{i)y 'When monochromatic light travels from one medium to another, its wavelength changes but frequency remains the
{ii) 'What is the relation between critical angle and refractive index?
{iii} In total internal reflection when the angle of incidence 15 equal to the critical angle for the pair of media in contact, what

will be angle of refraction 7

OR

(iii) State the criteria for the phenomenon of total internal reflection of light to take place.
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SAMPLE PAPER-1
(a) Inparallel grouping of capacitors 13. (b Innormal adjustment,
= f
R s VP S T
o . o= mark =
€@ A R= e ( ) 14. (a) From electromagnetic spectrum, frequencies of y-rays
) T=MBsinB=rt_ =NMB, (8=90° (lmark) o :]:“ﬂ ftequency le}-]f;rm:rji litmi“f"ﬂ!f ﬂff-f“r{;
(B) Voltage induced in the secondary coil of a transformer {':jg“’;;m”;lgfcq“m“ e El mk“m'::
ts mamlydie fox varyiag magctic Sl (Tmark) o @b A isfalse but R is also false (1 mark)
(b) From question, 17. (¢) Aistruebut R is false (1 mark)
B,=20nT=20x 10T I8. @) A isfalsebut R isalso false (1 mark)
E[. = ﬁn % C 19. From Biot — Savart’s law, the magnetic field due to an
N element of length 2/ of the current carryng conductor is
| Byl By |- | €= 20x107° 3105 =6 Vim. (I mark) i
(-~ velocity of light in vacmum C'=1 x 10* ms") da=4ﬂ (Vs mark)
(b) Width of central maximum in diffraction pattern due Here Iz B‘GI'-"E[ .+ df is tangential, angle
2D . T
to single slit = "T where A is the wavelength, [ is the between the radiusand the tangent s %0%)
distance between screen and slit and a 15 the slit width. dR = g 1df
As the slit width o increases width of central maximum [ T
becomes sharper or narrower. As same energy 1S
d]ﬂhﬁdqﬁu’ﬂ!ﬂmllﬁ area. Therefore central maximum :. Total magnetic field at the centre O due to the whole
becomes brigther. (1 mark) areibiricnd
222 1
@) BEg=——=111 -B-Idgnijuni’_gm=ﬁ’
2 4’ 4t 2r
By m oo 0 nl
i T Tk Fufami.lul'nnm'nb:ruf'tums,ﬂﬂng— [ 142 marks)
r
B o 78 wiisiiaticei It s perpendiculir o the plane ofthe ool and directed inwands,
1 ;gﬁ 10. Refraction ofa plane wave form by
BE,,=——=76 {i) A thin prism.
" a8
E’_EF: 15 most stable as it has maximum binding energy per
nucleon. {1 mark) i'}':i'j'!“t Er: -a
(a) The significant result deduced from the Rutherford's P ot
scattering 15 that whaole of the positive charge 15 concentrated %
at the centre of atom e, nucleus. (I mark) (1) A convex lens .
(d) Intensity = |/ (distance)” ; No.of photoelectrons emitted e
15 proportional to intensity of incadent hight. (| mark) incident — :
(d) Fora p-type semiconductor, the acceptor energy level, i s : ,.4-"5"
as shown in the diagram, is slightly above the top E_ of the et
volumne band. With very small supply of energy an electron ] i (1+1 =2 marks)
21. Dnodes D) and D, are ideal, therefore, they do not offer

from the valence band can jump to the level E, and 1onise
acceptor negatively. (| mark)
(b) Inhalfwave rectifier, we get the output only in one half
cycle of input ac. therefore, the frequency of the npple of
the output 15 same as that of input a.c. e, 50 Hz. (I mark)
idy Here, n, = 1016 m3, n, =35 = 1082 %

Asnng =n;”

any resistance. Hence the two 3 ohm resistors are in
parallel, hence,

Bp=3=33+3=09/6=150
MNow, Rp and 2.5 ohm resistors are in series, hence, net
resistance

R=R,+315=]54+2 5=400
Hence, current through the circuit and through 2.5 £)
resistors

I=%/R=104=254 {2 marks)
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23.

24.

25,

& 1074
0.5
=_16x 10°V=_]6mV

dé
Induced emf=g=—— =—
n emf=g=——

—ve sign gives the direction of e.m_f. (2 marks)
OR
luducedem.f=e= -L%
) | _40x107"
dirde| 2
=20 = [0 H=20mH. (2 marks)

The impurity atoms should be such that (1) it doesn’t distort
the origmal pure semiconductor lattice, (1) it occupies only
a few of the oniginal semiconductor atom sites in the erystal
and (iii ) size of the dopant and semiconductor atom should
be same. (2 marks)
Length of the wire is same in both cases

- N x(2nR) =, m[%]

So, N, =2N,

Mow, the ratio of magnetic moments is given by
M, N4 _ N xR

M, NJI4 N, xnR

ﬂ=[i},{[iJ=lr4=g
M, | 2N, Ri2) 2

M, M, =211

Cntical angle of ray 1:

sin{c, )= lig,=1/1.35 = ¢ =sin-1(1/1.35)=47.73"
Similarly, critical angle ofray 2:

sin ;)= =1/l 45 = oy =sin-1(1/1.45)= 436"

Both the rays will fall on the side AC wath angle of

(2 marks)

incidence (i) equal to 45°.
A
450
= (=450
: T =48t W
T MS
B r c
{2 marks)

Critical angle ofray | is greater than that of . I-Il:nnl:, it wall
emerge from the prism, as shown n the figure. Critical angle
of ray 2 is less than that of i. Hence, it wall be mternally reflected.

27.

OR
; 1 :
Here,i=e= EA.,A“BD‘:'; B=ite-A

=1:--t1;!n-—.ﬂ|.=E =-I—:-e:-ﬁﬂ"'=3ﬂ"'
4 4 2

Coefficient of mutual inductance between a pair of coils is
numerically equal to the amount of ma Ilu.t linked
with one coil when unit current flows ﬂ}mlgh the other
coil. [ts 5.1, unit is Henry.
It depends on size, shape, number of turns and nature of
material of two coils. It also depends on the relative
lacement of the two codls. {1+ 1+ 1=3marks)
pecific resastance of a matenal is defined as the resistance
of unit length and unit cross-sectional area of the
condoctor, 5.1 unit 15 chm - m.

& m _[ m ]i
-]:Itl.ﬁ.'[ m:‘?r A

{2 marks)

{1+ marks)
Also R= % {1+ % marks)
Einstein's photoslectric equation
1
hv=hvn+—m\rz hv =hvg +&V,,

where v 15 the velocty of the gjected electrons and V15
the stopping potential.

This equation 15 based on the followin iesaf :
() uA:J photon is a packet of m:rggfmmm
plank’s constant.

(1) When aphoton is incident on a lectric material,
it 15 completely absorbed by the electron. The energy of
the photon 15 used in gjecting electron and the balance if

any 15 used up in imparting kinetic energy to the electron.
Twa important observation which can be explained by the

equation :
(1) The photoelectric emission takes place only if the
incident light has a frequency greater than the threshold

i
frequency vy If v < v, then Emv’z will be —ve, which 15
not possible. Hence, electron will not be emited.
{1+ 1+1=3marks)
(1) When the frequency of the incident light increases,

1 7 L 2
then 3 lLe, kinetic energy of electron increases

because work function = hvy is fixed. With increase in
frequency more and more energy 15 available to the electron
gjected and hence stopping potential also increases.

OR

() de-Broghe wavelength of a charged particle 1s
given by i'..w'-';L

g }
I’E'.I'J':JE| and g are mass and charge of a proton respectively,
and m, and 2e are mass and charge of an alpha particle

rv:s|:|+:r_'t|'|.rv|.-,]],-cr then,

1_2 My gy {4;.-:2]-[15-]
gy mpgp (mp He)
hp=202
Thus, de-broglie wavelength associated wath proton is
242 times of the de-broglie wavelength of alpha particle.

-1.HE

(1'% marks)
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{0} For same accelerating potential KCE. o« q
Charge of an alpha particle 15 more as compared
proton. 5o, 1t wall have a greater value of KLE.
Hence, proton will have lesser kinetic energy.

(1% marks)
Electron revolves in a stable orbit, the centripetal force
15 provided by electrostatic force of attraction acting on
it, due to positive charges in the nuclews.

o a

Hence,
mﬁ 2 (s
o Aney g2
2 e .
=V, = prgp— ~{1) {1 mark)
and from Bohr's quantum condition, we have
nh nh .
Vg My -'I—E of ¥p ™ Inmr, 7]} (1 mark)

Squaring Eq (i) and then equating it with Eq. (1), we pet
nh? e

=
inlm’?  dmegmr, {kmacky
—=rm k| AmEom _ egh” nt
" o4ntm? & Tme”

The size of the nucleus is experimentally determined using
Rutherford's o-scattering experiment and the distance of
closed approach and impact parameter.
The relation between radius and mass number of nucleus
15,

E= Rn.ﬂL"'J, where Ry=1.2fm
MNuclear density,

p-vh'llassnfnunlrus =~ mA
olume of nucleus Eﬂmn""]“]]
p-d'“"'; o PEg {1414 1=3 marks)
EnRuA -i-nR,:,
It is clear that p does not depend on mass number.
OR

() Inthe nuclear reaction
iHesIHe—— $He+ [H+ [H+12.86 MeV
Mumber of nucleons on left side

= number of nucleons on right side

3+3=4+]| + | =6, Thus, total number of nucleons is
conserved. The energy 15 bemng released becavse sum of

the masses of gl-[: and ﬁ He is more than the sum of the
MAS5eS ufll-[c"', ]HL and I|-1I 1.&., products. Thus there 15
some mass defect Am. (1% marks)
According to Einstein’s mass energy relation

AE = Amc”

Hence in nueclear reaction though the number of nucleons
18 conserved, the energy is released.

{b) Plot of potential energy between a pair of nucleons
as a function of their separation :

3.

100n,  +ve
B PE
=
B0
4]
H —ye

FE

i 1 : » X

1 2 3
Separation {in fermi) —
Causs’s theorem:— The surface integral of electrostatic
field fE] produced by any source over any closed surface
5 in vacuum, or the total electric fux over the closed surface

(1 ¥ marks)

in vacuum is - times the fotal charge (Q) contained inside S.
Ep
Eai=d
Ea
Electric field intensity due to a thin infinite sheet of
charge:
Let o bethe surface density of charge and P be 2 point at
a distance r from the sheet where E has to be caleulated.
E on eather side is perpendicular to the sheet.

P = (1 mark)

. e -
o
‘:@_
E

e T

Imagine a cylinder of cross-sectional area ds around P and
length 2r, piercing through the sheet. At the two edpes,

E|lfi (or 35 ). At the curved surfaces E L & (or 75 ). So,

there 15 no coninbution to electrnie flux from the curved
surfaces of the cylinder.

Electric flux over the edges = 2E S =2EdS
Total charge enclosed by the cylinder = o dS
ads
By Gauss’s theorem, 2EdS = gi i
! 0
ju
o Em—
2,
If the infinite plane sheet
has uniform thickness, the
surface density of charge
15 same on both the -
surfaces of the sheet.

Electric field intensity at
any point P due to each

mrfa::-E]-Elt ol 2e,

—*E,

—i%

. By superposition principle, total electric field intensity
a
=E=E+E= 5+ o (2 marks)

4+ —=—

Hﬂ E|:| .



R
{a) We have to calculate the field intensity (E) at a point
P on the axial line of the dipole and at a distance OP = x
from the centre O of the dipole.

A B E, E,

L e e
0 +q P
I-—E.r—-l,_{x —l—
| & x |

I [(x+1) 4
Electnic field on axial line of an electnc dipole
Resultant electric field intensity at the point P is

EF='E.*+EB
The vectors E.l and Eaarc:n]]mm:and opposite.
EP=E.E-E.'T
Hore,Ey=———9 _ = Ep=—t 1
dmeg (x+1) dneg (x=1)"
- g g |_ 1 dgh
LR 3 T4 2 _ 2,2
duzg | (x=IP (x+I)P WEg (x° =1°)
1 4 px
Hence, E_ = 2% marks
L 4meg (1 —12)2 G
2px

If dipole is shart, 2] << x, then E, =
g 4::5“.1:3'

{(b) The electric field has only x component, for faces

normal to x direction, the angle between E and As is

n
i'i' . Therefore, the flux is separately zero for each face
of the cube except the two shaded ones.

Q

The ma.gnil:ul:lc of the electric field at the left face 15 E|
=0 (As x = 0 at the left face)

The magnitude of the electric field at the right face is E,
= 2g (As x = g at the night face)

Their corresponding fluxes are

tp=Er.AS = E_AS cos 8= E,AS (428 =0°)
=gy = Eﬂai

Met flux ($) through the cube = §, + ¢, =0+E,a =E, a"
é=2a(a") = 2a°

From, Gauss’s law
g

‘m —_— ,q' -
- ey

Lg = Iﬂ]Eﬁ

(2% marks)

31

Phase difference between voltage and current,
X -X
m¢=% ..... (1)
and, J"=ﬂ= F -
2 Jx,-x.) +R

~. Expression of AC, [ = I, sin(wt =)

Condition for resonance
Inductive reactance must be equal to capacitive reactance

LE, _.-'['I :_r{.

{2 marks)

(1 mark)

I

e
= Jic
where, @ =resonant angular frequency.
Impedance becomes minimum and equal to ohmic
resistance
e, Fm Lo mR
AL becomes maximurm,

F ¥

L m mm o mm

= B - R

Voltage and current arrives in same phase.

OR

(2 marks)

(2) ¢
Low R

Moderai= B
High R

4

1
™, o —

The sharpness of resonance in series L-C-R circuit refers
how quick fall of alternating current in circuit takes place
when frequency of alternating voltage shifts away from
resonant frequency. It 15 measured by quality factor
(Q-factor) of eircut.

The (-factor of sernes resonant circmt 15 defined as the
ratio of the voltage developed across the capacitance or
inductance at resonance to the mpressed voltage which
15 the voltage applied.

voltage across L or C
applied voltage

re., quality factar (()) =

o L)I
Q=12
[ applied voltage = voltage across K]

(1/e, IC)i 1
g or O = ke

'r

L
R

L [ . 1

—! USI.'I'JE Elr = TJ

RC. Lc
JLC

Q=



o o 1JLC \(’ usmE "

Thus, E——J;

This is required expression.

(b) Let initially /_current is flowing in all the three circuits.
If frequency of applied AC source is increased then, the
change in current will oceur in following manner:

Circuit containing resistance R only There will not be
any effect in the current, on changing the frequency of AC
SOUrce.

7]

(2 marks)

i

Current IT
I

[

fi -
| —

Frequency of AC source
where f = mrtial ﬁ':qu:u:yufaifimn‘t:
T]:IEl'I::IS]'.ID effect on current with the increage in ﬁ'ﬁql.lrm::,r
AC circuit containing inductance only With the increase
of frequency of AC source, inductive reactance increase

5

{1 mark})

_Foms _ Vems.
o X = In:.l'l El.l'l:n-l_.'I
For given circuit, \
A —
i= l =
7 —
Freguesey of AT soares

(1 mark}
Current decreases with the increase of frequency.
AC circuits containing capacitor only
l 1

Xp=—=
wl IxfC
i
CmTl:n’r,J':I"‘“= Verns
* (=)
2nfC
&
;T/
I o s
(1 mark})
f—»
Frequency of AC source
I1=2nfCV,_.

For given circuit, f oc f

Current increases with the increase of frequency.

33.

{2) A wavefront is defined as the continuous locus of all
the particles of @ medium, which are vibrating in the same
phase or it is a surface of constant phase. (%2 mark)
Huygens' principle:

{1} Ewvery points on the given wavefront (called primary
wavefront) acts as a fresh source of new disturbance
{secondary wavelets), which travel in all directions wath
the velocity of light in the medium.

{2) A surface touching these secondary wavelets,
tangentially in the forward direction at any instant gives
the new wavefront at that instant. This i called secondary
wavefront. (1 mark)

The above model has one shortcoming: we also have a
backwave which is shown as DID: in figure. Huygens
argued that the amplitude of the secondary wavelets is
mximurm in the forward direction and zero o the backward
direction, by making this assumption, Huygens could
explain the absence of the backwave.

Let a plane wavefront 48 is incident on the plane mirror
MM’. As per Huygen's wave theory, every point on
wavefront again behaves like a light source and emits
secondary wavelets. In the time taken by the wave to reach
from A4 to C, the secondary wavelets from & gets spread
over 8 hemisphere of radius,

Incident Retiocy

R R wavefront
\\ m- |
I

&)

& C
where, ¢ is velocity of light and £ 15 the time taken by wave
in going from A to C. The tangent plane CD drawn from
the point C over this hemisphere of radius ot gives new
reflected wavefront CD corresponding to incident

wavefront AR,
Let i and r be angles of incidence and reflection

respectively.

Now, in A48C and ADCH

£BAC=CDB [each 907, ray L wavefront]
BC=BC { comemedan )

AC=DB [From Eq. (1)]

= AARBC=ADCE (RHS congruence)

= ZLABC=./DCB

o i=r



BB 1 AR = ZNBA =90 =iagnd BN L BC
= JARC =i

Similarly, #N'CT = 2DCB=r

=+ Angle of mcidence = Angle of reflection
Allso, meident ray, reflected ray and normal meet at one

q::lmt on a plane.
hus, laws of reflection are verified using Huygen's
Elp]i.'_ (2 marks)

{b) As the number of point sources increases, their
contribution towards intensity also increases. Intensity
varies as square of the slit 'W'II:'.{[ Thus, when the width of
the slit 15 made double the original width, intensity will get
four times of its criginal value. 21,

Width of central maximum is given by, f=——

b
%o, with the increase in size of shit, the width of central
maxima decreases. Henee, double the size of the shit would
results as half the width of the central maxima. (1 mark)
{c) The waves diffracted from the edge of the circular

ohstacle interfere constructively at the centre of the
shadow producing a bright spat. (¥ mark)
iR

{1y {(2) Fromthe frnge wadth expression,
_AD
T d

With the decrease in separation between two shits, the

fringe-width d increases. (1 mark})
{(b) For interference fringes to be seen,

S

it il

5 d

Condition should be satisfied
where, 5 = size of the source,

% = distance of the source from the plane of two slhits,

As the source-slit-wadth increase, fringe pattern gets less
and less sharp.

When the source-slit 15 50 wide, the above condition does
not satisfied and the interference pattern disappears.

(1 mark}

{} Intensity ata point 15 given by,
1 =4I cos? 2
where, ¢ = phase difference,

I' = intensity produced by each one of the individual
SOUTCES,
Atcentral mauma, =0, the intensity at the central macima,
[ =4

(1 mark)

or |'=*4- (1)
As, path difference =%‘:

Phase difference,

&' -me path difference —%x%—% {1 mark)

M.

N, In!:l‘l!-:li?' at the point,

1 ]T ] 1' 1

I"=41"cos E[TJ-41 E =-¢[}¢E=i [] mk].
ar 1"=-’-§~ [From eq. (1)]
(i} ByGauss's theorem

Electric flux through the closed surface 5 15

43 =
¢:=H=ﬂ-—i=i [-I. ITIE.I'k]'
£, £ £

(if) According to Gauss's law, flux through a closed
surface is given by =5
Eg

Here, q is the charge enclosed by the Gaussian surface.
Since, on increasing the radius of the Gaussian surface,
charge through the spherical Gaussian surface will not be

affected when its radius 15 increasad. (1 mark)

(iii) The flux 18 zeroaccording to Gawss” Law becanse it 1s

a open surface which enclosed a charge q. (2 marks)
OR

(iii) According to Gauss® Law

Qu:hm.tb}' closed surface
E

= flux

fEds=
o

so total flux = Qe

Since cube has six face, so flux coming out through one
wall ar one face = Qf6e_ (2 marks)
(i) Because refractive index for a given pair of media is
independent of frequency of light. (I mark)

|

(ii} Refractive index, p=——
siniC

(iii) Fortotal internal reflection wheni =1, then

(1 mark)

[1 4

refracted ray grazes with the surface. That means the angle
of refraction r="90°, (2 marks)
OR
{ifi) Critenia for total internal reflection of hight are.
{a) Light must trave] from a denser toa rarer medium.

(! mark)
(b) Angle of incidence must be greater than the
critical angle. (| mark)



