Class-XII
Session - 2022-23
Subject - Physics (Theory)

Sample Question Paper - 32
With Solution
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Time Allowed : 3 Hours Max, Marks : 70

General Instructions

L.
2

i

10.

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

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

Section A contains eighteen MCOQ of | mark each, Section B contains seven questions 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. Howewer, 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 caleulators is not allowed.

SECTION-A
A charge () 15 enclosed by a Gaussian sphencal surface of radius R. If the radius is doubled, then the outward electric flux will
(a} increase four imes (b} be reduced to half (c} remain the same {d} be doubled
A magnet is moved towards a coil (1) quickly (i) slowly, then the induced e.m_ £ is
{a) largerincase(i) (b} smaller m case (1)
{c) equal in both the cases (d) larger or smaller depending upon the radius of the coil

[fboth the number of tumns and core length of an inductor 1s doubled keeping other factors constant, then its self-inductance
will be-
(a) Unaffected (b} doubled (e} halved (d) quadrupled

Ifthe susceptibality of dia, para and ferromagnetic materials are y, r ¥ respectively, then

(@) Xg<x <% LV PR Fas & () A=aa=up @ x<a<i

An infinit=ly long hollow conducting cylinder with radius R carries a uniform current along its surface. Choose the correct
representation of magnetic field (B) as a function of radial distance (r) from the axis of cylinder.

B B4
() ‘ /! (b) ‘ S (@) @
0 ! 0 R T 0 >r

R

A current carrying conductor placed in a magnetic ficld experiences maximum force when angle between current and magnetic
field 1s
(a) 3Imi4 (b} mf2 (c) w4 (d) zero

Select the wrong statement. EM waves

{a) are transverse in nature,

{b) travel in free space at a speed of light.
{c) are produced by accelerating charges.
{d) travel in all media with same speed.

Light travels in two media 4 and & with speeds 1.8 = 10° ms™ and 2.4 = 10* ms™ respectively, Then the cntical angle
between them is

(@) -[g] ®) m—][g} i mn-@ i sa.ﬂ[%}

The graph between angle of deviation (8) and angle of incidence (1) for a triangular prism is represented by

(@) b) © 1 '. @
| — "N U I

L
If the kinetic energy of a free electron doubles, it's de-Broglie wavelength changes by the factor

1 1
(a) 2 ) 3 (€ 2 @ 75
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11.

13.

14.

15.

In terms of Bohr radius ry, the radius of the second Bohr orbit of a hydrogen atom is given by
{a) 41 (b) 8rp () 25 (d) 2ry

denotes the mass of a proton and M, that of a neutron. A given nucleus, of binding energy B, contains £ protons and
M neutrons, The mass M(N, £} of the nucleus 15 given by (c s the velocity of hght)
(a) M(N, Z)=NM +ZM + Bic? (b} M(N,Z)=NM_+ M~ Bel
{c) M{N,E}=NMn+mP+E:I id) M{N,I}=NMN+EMP—H."|:-3
If 2 small amount of antimony 15 added to germanum crystal
(a) it becomes a p—type semiconductor
{b) the antimony becomes an acceptor atom
{c} there will be more free electrons than holes m the semiconductor
{d} its resistance 1S increased
The dnft current in a p-n junction is from the
(a) n-side to the p-side
(b) p-side to the n-side
{c) mn-side to the p-sade if the junction is forward-biased and in the opposite direction if it is reverse biased
(d) p-side to the n-side if the junction is forward-biased and in the opposite direction if it is reverse-biased

Ifin a p-n junction diode, a square input signal of 10 V 15 applied as shown
5V

R

=5V
Then the output signal across By will be

+H5V it
® ] (®) ‘ ‘ (© ‘ | @ LI
=10V

For question mupnbers 16, 17 and I8, two statements are given-one labelled Ascertion {A) and the other labelled Reason (R). Select the
correct answer fo these guestions from the codes (a), (b), (c) and (d) as given below.

(a)
(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) : Electric potential and electric potential energy are different quantaties.
Reason (R) : For a system of positive test charge and point charge electric potential energy = electric potential.
Assertion (A) : Interference pattern 15 made by using yellow light instead of red light, the fringes becomes narrower.

Reason (R): In YDSE, fringe width is given by fi= %md A <hy

Assertion (A) : The velocity of electromagnetic waves depends on electric and magnetic properties of the medium.
Reason (R) : Velocity of electromagnetic waves in free space i constant.

SECTION-B

A 28 turns coil with average diameter of 0.02m is placed perpendicular to a magnetic field of BO00 T. If the magnetic field
changes to 3000 T in 45, what is the magnitude of the induced emf?

Answer the following question :

{1} In what way 15 diffraction from each sht related to the interference pattern in a double sht experiment?

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

An electric dipole is held in a uniform electric field.
(i} Show that no translatory force acts on it.
(i) Derive an expression for the torque acting on it.
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OR
Two point electric charges of unknown magnitude and sign are placed at a distance *d” apart. The electric field intensity 1s zero
at a pont, not between the charges but on the line joining them. Write two essential conditions for this to happen.
What is depletion region? Explain how barrier is created in this region? e T S ke
An electron and a proton moving with a same speed enter the same magnetic field region at
right angles to the direction of the field. Show the trajectory followed by the two particles in prow il O M R

the magnetic field. Find the ratio of the radii of the circular paths which the particles may

_ g e o ® "
deseribe.

X = X X

B
How is p — n junction formed ? Explain.
Draw the ray diagram showing the formation of image of an object by the compound microscope.
OR
Explain with the help of lens maker’s formula. Why does a convex lens behave as -
{1} Converging when immersed in water (p=1.33) and
() A diverging lens when immersed in C8, solution (p=1.6).

SECTION-C

(2) Define the current sensitivity of a galvanometer.
{(b) The codl area of a galvanometer 15 25 = 104 m?. It consists of 150 turns of a wire and is in a magnetic field of 0.15
T. The restoring torque constant of the suspension fibre is 107% N m per degree. Assuming the magnetic field to be radial,
calculate the maamum current that can be measured by the galvanometer, if the scale can accommaodate 30° deflection.
OR
State Biot-Savart law and give the mathematical expression for it.

How does a circular loop carrying current behave as a magnet?

Twocellsof emf £, and E, having internal resistances ry and r, respectively are
connected in parallel as shown. Deduce the expressions for the equivalent emf
and equivalent internal resistance of a cell which can replace the combmation
between the points 8, and 8,

%
A 12.9 &V beam of electronic 15 used to bombard gaseous hydrogen at room temperature. Upto which energy level the
hydrogen atoms would be excited ?
Calculate the wavelength of the first member of Paschen series and first member of Balmer series.

Sketch the graphs showing variation of stopping potential with frequency of incident radiations for two photosensitive
materials A and B having threshold frequencies v, > v,

(1} Inwhich case 1% the stopping potential more and why ?

(i) Does the slope of the graph depend on the nature of the material used T Explain.

. The radius of nucleus of nucleon number 16 is 3= 10712 ¢m. Caleulate the radius of nucleus of nucleon number 205,

OR

The Sun is believed to be getting its energy from the fusion of 4 p* to form a He nucleus and a pair of positrons. Calculate
release of energy per fusion in Mev. m(p™) = 1007825 u. m{=") =0.000549 u, m{He)=4.002603 u, | amu=931.5MeV.

SECTION-D
(i) Show that the effective capacitance, C of a senies combmation of three capacitors C,, G, and C; 15 given by
. C;CaCy
(C1C7 +C5C3+C30y)
(ii) A parallel plate capacitor wath air has a capacitance of 10 pF. Ifthe distance between the plates 18 reduced to halfand the
space between them is filled with a material of dielectric constant 10, find the new capacitance.
OR
(i) A parallel plate capacitor 1s charged by a battery to a potential. The battery 15 disconnected and a dielectric slab 15
inserted to completely fill the space between the plates. How will
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(a) itscapacitance,

(b) electric field between the plates and

(c) energystored in the capacitor be affected? Justi fy your answer giving necessary mathematical expressions for each case.
(ii) Sketch the pattern of electric field lmes due to

(2) aconducting sphere having negative charge on it.

(b) an electrnic dipole.
Show diagramatically two different arrangements used for winding the pnmary and secondary coils in a transformer. Assuming
the transformer to be an ideal one, write expression for the ratio of it's.
(i) Cutput voltage to input voltage.
(ii) Chtput current to input current.
Mention the reasons for energy losses in an actual transformer.

OR

What is impedance? Give its 51 unit. Using the phasor diagram or otherwise derive an expression for the impedance of an
a.¢. circuit containing L, C and R in series. Find the expression for resonant frequency.

{a) Using Huygen’s construction of secondary wavelets explain how a diffraction pattern 15 obtamed on a screen due
to a narrow slit on which a monochromatic beam of light 18 mcident normally.

(b) Show that the angular wadth of the first diffraction fringe i1s half that of the central fringe.

(e} Explain why the maxima at 6 ={n-+%]l become weaker and weaker with mcreasing n.
a
OR
Deefine the term wavefront. State Huygen's principle.
Consider a plane wavefront mcident on a thin convex lens. Draw a proper diagram to show how the incident wavefront traverses
through the lens and after refraction focusses on the focal point of the lens, giving the shape of the emergent wavefront.

SECTION-E

Case Study: Electrostatic Potential
Read the following paragraph and answer the questions.
Electrostatic potential at a point in an electric field 18 the minimum work done by an external agent in maving a unit

positive charge from infinity or a reference point to that point against the electrical force of the field.
An equipotential surface 1s that at every point of which electric potential is same.

(i} Iselectrostatic potential necessarily zero at a point where electric field strength is zero,
(i) Write down the relation between electric field and potential at a point.
(iii) Draw an equipotential surface in a uniform electric field.
OR
(iii) ‘What is an equipotential surface? Show that the electric field is always directed perpendicular to an equipotential surface.

Case Study: Interference of Light

Read the following paragraph and answer the questions.

When two coherent sources interact with each other, there will be production of alternate bright and dark fringes on the

screen. Young's double-slit experiment demonstrates the idea of making two coherent sources. For better visibility, one

has to choose proper amplitude for the sources. The phenomena is good enough to satisfy the conservation of energy

principle. The pattern formed in ¥YDSE is of uniform thickness and is nicely placed on a long distance screen.

(i) The hight waves from two coherent sources have same intensity I, = L, = I In mterference pattern the mtensity
of light at minima is zero. What will be the mtensity of light at maxima ?

(ii) The path difference between two interfering waves at 8 point on screen 1s 171.5 times the wavelength, If the path
difference is 0.01029 cm. Find the wavelength.

{iii) What is the effect on the interference fringes in a Young's double shit experiment when slits are of unequal width?

OR

{iii) Two beams of light of intensity 1, and 1, interfere to give an interference pattern. 1f the ratio of maximum intensity to that
of minimum intensity is 25/%, then find 1,/1,.
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10.

11.
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Solutions

SAMPLE PAPER-3

qin

{c) ByGauss's theorem, =
Thus, the net flux depends only on the charge enclosed
by the surface. Hence, there will be no effect on the net flux

if the radius of the surface 15 doubled. {1 mark)
() When the magnet 18 moved quickly, the rate of change

of flux 15 larger. This implies larger emfis indvced.
{ I mark)
z
ﬂ
& L=pg—A
. (NY
L'= A
Ty
s'mc-]—-i-:-.' N—IA-IL
@ Xy <X <X (1 mark)

For diamagnetic substance y; 18 small negative (| 0r5)
For paramagnetic mbstan-:csxp s small and posative (1073
to 1077)

For ferromagnetic substanes y 1% very large (10* to 107)

) F=0,r<R

.T.
=£,r2 R HA}_’?\"‘—
Fi I —*

=
So, B=0,r< &

|
ﬂ:E,fE R. Therefore graph willbeas such (1 mark)
(y F=iB1sinf. This is maximum whensin6=1 (1 mark)

o B=mnl
{d) The speed of EM-waves depends on the properties

of the medium. (| mark)
. 1
) sinC=—-= =L = C=sin"! {:LJ= sin ! [1]
B " Va2 4
{1 mark)

{c) For the prism as the angle of moidence (1) increases,
the angle of deviation (&) first decreases goes to minimum

value and then increases. {1 mark)

{d) de-Broglie wavelength,

) h A ; l

=—= L Ax
P ;;'lm.[k'.E:l :EK-E
IfK.E 15 doubled, i becomes l {1 mark)
N2

{a) Asren’, therefore, radius of 2nd Bohr'sorbit =4 Iy

{ | mark)
BE
{dy Mass defect = e {1 mark)

c
Mass of nucleus = Mass of proton

+ masxs of neutron — mass defect
{c) When small amount of antimony (pentavalent) is
added to germanium crystal then erystal becomes n-type

14.

15.

16,

1.
18.

19,

20,

21.

gemi conductor. Therefore, thers will be more free electrons
than holes in the semiconductor, { | mark)
(a) Thednft current in p-n junction is from the n-side to
the p-side. (| mark)
(a) The current will flow through R, when the diode is
forward biassd. { I mark)
(c) Electrostatic potential = electrostatic potential energy
per unit charpe (1 mark)

(a) Fringewidth, foi { | rmark)
(b) Velocity of electromagnetic wave 15 a medium

vmuﬁl.un=:IE

Given, n=28, dB =8000 - 3000 = 5000 T, dt=4s

2 2
dniDm, A= 2 a2 000
& 7 4

{ | mark)

. L ]
@ e (nBA) Mdr.

5000

2
g SEY Ok (2marks)
7 4 4

(i) The intensity of interference fringes in a double sht
experiment 18 modulated by the diffraction pattern of each
ght.

(@) The waves diffracted from the edge of the circular
obstacle interfere constructively at the centre of the

shadow producing a bright spot. {1+ 1 mark)
A S
.
Bl . E
g
. L0 |
L .
-F —q C

(i} Letthe dipole AB is held in the 11nifu1n electnc field
E atanangle g.
Forceon +q= L[f along E .

undﬁ:u'l::l:un—q-—qf opposiie to E,

Net force on the dipole=gq E —q E =0 (I mark)
() Two equal and paralle]l forces from a couple which

will rotate the dipole in clockwise direction and tends to
align it along the direction of the field.

Torque = force * perpendicular distance between the
forces i
t=F=AC=gE=ABsing P

=gE=2asng a
R S

*
E

t=pEsmg,
wherep=q=x2a

{ | mark)


user
Typewritten text
Solutions
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OR

{a) The two charges are of opposite sign so that foroe
will be attractive in nature.

{b) The two charges have different magnitudes — the
charge of smaller magnitude will be nearer to the point
where the total field intensity 15 zero. (1+1 mark)
Electrons diffuse from n — p and holes diffuse romp —n
side leaving a positively charged donor atom on n—side
and negatively charged acceptor atom on p—side. This
space charge regron on either side 15 called depletion region.
Near the junction this region depletes the movemnent of
free charges. Hence, electric field due to positive space
charge on n—side and negative space charge on p—side 15
created. Due to this electrons and holes now drift in opposite
direction in this field and further extend this region.

Ec
Thus a different polarity potential is developed which

prevents movement of electron from n—region to p-region,
called barrier potential and there 15 no net current.

v[,/
(1+ 1 mark)

When a charged particle enters the magnetic field at night
angle, then the particle experiences a magnetic force due
towhich it follows a circular path.

Y

Drode under
equilibrium ¥V =0

(b) Barrier potential
under no bias

Circular
®
X
X
¥ O® ®
Circular
Path ;’
: : Licha
Radius of the circular path, r= B
For same speed v, and same charge

Magnetic field rx=m

- As, m, <m,

= therefore, 1, <1 (2 marks)
The curvature of path of Proton is much more and in
opposite direction of the curvature of path of electron.
When p— and n— type semiconductors are joined in thin
wafer form they form a junction. In p- type semiconductor
concentration of holes is more and on n — side electrons

are in majority, hence due to this gradient both electrons
and holes diffuse to the other side leaving behind 1onised
donor and acceptor atoms which are immobile.

25,

16.

— Hole
dnft

Hole—
diffusion
As charpes diffuse a layer of negative charges (acceptor)
15 found on p—side and positive charges {donor) on n-side
near the junction. This s depletion layer and creates an
electric field due to which electrons on p- side move to n—
sade. This is called drift current. Thus space charpe region

of either side extends, forming p—n junction. {2 marks)
A-l it ™
{2 marks)
OR

As l,("_z-]][i-i]
f Ly H‘l R.z
for lensmaterial p, =1.5
(1) Ifthe convex lens 15 immersed in water [ 2 = 1.33) s focal
length wall be positive hence it behaves as converging lens.

(i) Ifthe convex lens is immersed CS, solution { p = 1.6)

its focal length will be negative hence it behaves as
diverging lens. (1+ 1 mark)

(a) The current sensitivity of a galvanometer 15 defined

as the deflection per unit current. {1 mark)
(b) Cawven:
A=25x 10" m?, n=150
B=0.15T, C=10%Nm
=30 I=7
From the expression
= cd
" nBA
107° x 30
= — = 33mA (2 marks)
[150=015x25=10
OR

Biot-Savart law : For the magnetic field d_é at a point P

s
associated with a current element of length df of a wire
carrying a steady current I.
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dB =1
dB o df

l
dB o E

dB = =in &
Combining all these
. Jdf sin 8

rl

py [fdfsm@
, dB = b 3

py, 15 called permeability of free space
As current carrying loop has the magnetic field lines around
it, thus it behaves as a magnet with two mutually opposite
poles.

@ @  1'4 marks)
{2) (b)

The anticlockwise flow of current behaves like a north
pole where clockwise flow as south pole. Hence, loop
behaves as a magnet.

By Kirchhoff*s current rule

Across cell E,, potential difference (V)
Velg =Vg =E -
Across cell E,, potential difference (V)

dB

(1% marks)

ar

P =I"ralj -I;El = El-fzrl
On solving above equations we get,

= Yangy, =520
i g

(B-¥) (£-V)

o n )

A BY (1 1)
= I_lﬁ+ JF +J

_rELﬁ +-Ez"1"|.-_fr A )

Let equivalent emf and equivalent internal resistance of
combination are Eﬂq and Cag then potential difference
across combination 15 given

I8.

19,

F= J':'.'nﬂi -.ﬁ"rql

(On comparing we get,

E,= En+bn 4 g = b}
nj+r I+
Energy of the electron in the .l'lEi state of an atom is given

2
as, E, = -]3.?1
n
Here, = 15 the atomic number of the atom.
For hydrogen atom, == |
Energy required to excite an atom from mitial state (n,)
to final state {nj..}

(3 marks)

eV (1 mark)

. 136,136
ﬂz ﬂ:
T I

This energy must be equal to or less than the energy of
the incident electron beam.

136 13.6

e = |} O
ﬂ} |"Il|'
13.6
Energy of the electron Mngrmmdm-lT-—!lﬁ:‘u’
136 136
’ ——l'—+-l3-'ﬁ = 20= 16— 120= 5
ﬂf ﬂ-lr-
s 136
me = ﬁ = 1047 = = 4.4
State cannot be a fraction number.
nfﬂai

Hence, the hydrogen atom would be excited up to 4™
energy level (1 mark)

Rydberg’s formula for the spectrum of the hydrogen

atom is given by,

1 £
LA
A L.ﬂ n%]

Here, A 15 the wavelength.
Rydberg’s constant, R = 1,097 = 10'm™"
For the first member of the Paschen series:

m=3 ;| m=4

l

11
1.m1:10?[—1~—] of A=18761 A

32 42
For the first member of Balmer series:
m o= 2
my = 3

1

— =

7] 1 l
1.097 = 10 [?a;ﬁ] A = 6563 A (1 mark)
Graph between stopping potential and the frequency of
the incident radiation.
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F 1

Stopping Metal B Metal A
Potential
(Vo)

v Va .

o Freguency of Incidert
Radiation (v) [ 1 mark}

From the graph,

{1} The stopping potential is inversely proportional to
the threshold frequency. Hence the stopping potential s
higher for metal B. { | mark)
() The slope ofthe graph does not depend on the nature
of the material used
Aswe know,

K . =hv=dy =l
Dividing the whole equation by e, we get

vy 9y

A
[ £ "

h
From the above equation, the slope of the graph is = {om

comparing with the straight line equation). Thus, we see
Lhutpall-:l-: Elnp: 15 ind:&i.l:‘nd.cntﬁclrl" the nature of the
photoslectric material. {1 mark)

Az

143
Using, E . [—} where A =16, { | mark)

R Ay
5
Ay=205,R,=3x 1071

/3
szR](%] =R, (12.8)"#=3x 1013(128)?

Solving By =3 1071522 35=705 = 10°5m. (2 marks)

OR
4;1-[—;-;Hc+2!_ f:;ng {1 mark)
Am=4x | 007825 4002603 — 2 = 0.000549
=0.0276u

E fusion =0.0276 x 931 $=25.7 MeV (2 marks)
1)

| | I8 | |

1 1 | |

Ci Cs 3

+| -

In series combination of capacitors, same charge lie on
each capertor for any value of capacitances. Also, potential
difference across the combination 15 equal to the algebraic
sum of potential differences across each capacitor Le.,

V=l +F +F

.
As, q=CF, =z
g
Similarly V, =3 Hy=—- Vo rmark
mlarly, ¥, a c, { )
Tatal potential difference
1 1 | 1
F=i+i+i=:.—n=_+._.. s
G G 6 €6 6 G
o e GEE i
* GG+ GG 4G, s
(i) Hmcl=fiilii=1npp,cz=£d%'i’1i
= 10% 10 2 pF =200 pF.
0OR
1)  Onintroduction of dicletric slab in isolated charged
capacitor.
{a) The capacitance(C")becomes K times of original
capacitor as
e C'= EZ"“’ (1 mark)

{b) Charge remain conserved in the phénomenon.
=¢

CV=C"V"=p'= l‘:-F=E
T KC
I.-"
o, F'=E
|
Potential difference decreases and become 'E times of
original value. { | mark)
{c) Energystored mitially
U:—q;
. iy
Energy stored later,
3
v=—9 __ [ =k
AKC)
1 [ g° i A
— e L | = =—(U
.‘L’(II‘T] K{ }

The energy stored in capacitor decrease and become

— times of original energy. {1 mark)

K

fn) (a) Electric field lines due to a conducting sphere
are shown in the figure,

(1 mark)
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(b} Electric field lines due to an electric dipole are shown

(1 mark)

The first arangement is when two coils on top of each

other.
_ =Sl incn cone
. 1 o ———— -
Primary | i Secondary
Cod My :,_,=—_, LM Coil n
e ——
———— L,

The second arrangement is where two coils are wound on
separate limbs of the core.

hm.f% il %w (%2 mark)

5
EI:' NF'
(| mark)
Ratio of output current to input current, :i = %
P =
(1 mark)

Energy losses in a transformer

(1) Copper loss: Energy is lost as heat from the copper

coils due to joule heating in the conducting wires.

j) Iron loss: Energy is lost as heat from the iron core of

the transformer due to eddy current produced in the core.

It can be minimised by the laminated core.

i) Leakage of magnetic flux: Due to this loss, magnetic

flux linked with the primary will not be equal to that Imked

with secondary.

itv) Hysteresis loss: [oss of heat energy due to repeated

magnetisation and demagnetisation of the iron core.

(v} Magnetostriction: Homming noise of a transformer.
{22 marks)

OR
The obstruction posed by a cireuit to the flow of ac. 15
called its impedance (£).
Y s applied voltage

e
S i rms current (I mark)
It"s 5.1, unit 15 ohm.
Senies LCR cirewmt |
R L ﬁ
At )lc T 11
v, v, V.
[=}
L=
E=E_sinmt

Leres LB carcuit

LN §
2
mw v,
F 1. * I
V.-V | 2 l
= Eo (1 mark)
y Vt
Phasor diagram

Consider a resistance (R}, inductance (L) and capacitance
(C) are connected in series and an alternating source of
voltage E = Ejsinwt is apphed across it. Since they are
connected in series, the current | flowing through all of
them 15 same.

Let the voltage aeross the resistance R is V, voltage across
mductance L 15 V| and voltage across capacitance C s V-
Since the current and the voltage across the resistor are in
phase so they are represented by a phasor in the same
direction. The voltage (V) ) across the inductor leads current
by an angle = /2 while the voltage (V) across the capacitor
lags behind the current by = /2. V| and V. are m opposite
direction, so their resultant potential difference = V-V
(where V>V, ).

S0 the phasors Wy, and (V- — 'V ) are perpendicular toeach
other, The resultant of them 15 equal to E, the apphed
mstantaneous voltage.

E2=Vi + (Ve =V ¥

= E=vli(Ve-V, )
But V, = IR, Vo= X_land V =X, |

where X-= i andX; = w L.

E=JPR? 4 (IXp - 1X, )

= 1R+ (o - X, )

1 2
= 2= [+ z-ai

The phase difference between voltage and current | can
be given by the phase angle @,

{2 marks)

X=X
R
For resonance, X - X, =0 - 9 =0

where, tanp =

1 3 |
Algn —=wplL=w" =—
"l

LC
Resonant frequency = w, = {1 mark)

|
Jic
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{a) A parallel beam of light with a plane wavefront
WW' is made to fall on a single slit AB. As width of the
slit AB = d is of the order of wavelength of light,
therefore diffraction oocurs on passing through the slit.

Slit
F T8
| .
l R VM
W B
wavelront » ) it

Duffraction of light at single shit

The wavelets from the single wavefront reach the centre
() on the screen in same phase and hence interfere
constructively to give central maximum (bright fringe).
The diffraction pattern obtained on the screen consists
of a central bright band, having alternate dark and weak
bright band of decreasing intensity on both sides.
Consider a point P on the screen at which wavelets
travelling 1in a direction, making angle 8 with CO, are
brought to focus by the lens. The wavelets from points
A and B will have a path difference equal to BN.
From the right angled A ANB, we have

BN =AB sinBor BN=dsin 8 {1 mark)
To establish the condition for secondary minima, the slit
15 divide into 2, 4, 6, ... equal parts such that
corresponding wavelets from successive regions interfere
with path difference of L/2.
or for nth secondary minimum, the slit can be divided
into 2n equal parts.
Hence, for nth secondary minimum, path difference = o
sin 8_=nk
{1 mark)

: 7]
or  sinfl, =~"E- =123 .)

To establish the condition for secondary maxima, the slit
15 divided into 3, 5, 7, ... equal parts such that
corresponding wavelets from alternate regions interfere
with path difference of 72,

or for nth secondary maximum, the slit can be divided
into (2n + 1) equal parts.

Hence, for nth secondary maximum,

: A
d'::nﬂ,r={ln+|]*2- (n=1,273 _.)

. Iy
or Sinb, =({2n+ l}ﬁ {1 mark)

Hence, the diffraction pattern can be graphically shown
a5 below. The point O corresponds to the position of
point with path difference, d sm 8 = &, 23, ... are
secondary minima. The above conditions for diffraction
maxima and minima are exactly reverse of mathematical
conditions for interference maxima and minima.

Y rlntn:ir_-.-

JAVAN

. T L 113-1“

% ./'f\'\./
& A
Path difference {d sin 8)

(b) For central bright fringe,

B=10"
I
-3 = < D o3 L LTS

3 sl —

For first dark fringe,

asinf@ ==} or 5i“'E|'=i;

If & 15 small, then sin & = 8

Sa, El=il
a

S0, the half angular width of central maximum is

Btﬁinﬂ=}-
a

(c) On increasing the value of n, the part of sht
contributing to the maximum decreases. Hence, the
maxima becomes weaker. (I mark)
OR

Wavefront 15 defined as the locus ofall the points in space
that reach a particular distance by a propagating wave at
the same instant. {1 mark)
Huypens Principle is based on the following assumptions:
Each point on the primary wavefront acts as a source of
secondary wavelets, sending out disturbances in all
directions in a similar manner as the original source of
light does.

The new position of the wavefront at any instant (called
secondary wavefront) 1 the envelope of the secondary

(1 mark)

wavelets at that instant. 2 kes)
.'L.\‘.
limzelen : r
tlanz wave| T i .-
- /’ {2 marks)

Sphencal wavetant
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(i) Mo, it is not necessary.
b 4V
dr

< IfW isconstant, E will be zero,

Ex: The electric field inside a hallow spherical conductor 15
zero but potential 15 not zero. (| mark)
@) Electric idd, E=-— %

1e, electric field at a point 15 the negative of the electric

potential gradient at that point. (1 mark)
{iii) It is a plane surface perpendicular to the electric field.
{2 marks)
OR

{iii) An equipotential surface is that at every pomnt of
which electric potential i1s same. Consider two paints A
and B on the equipotential surface.
By definition, potential difference between two points A
and B = work done in carrying a unit positive charge
from A B.

= V,—Vg=W,g= Edf

But V,=V, . Edi =0
= Edlcosd =0= cosg =0 = g =90
E Ldf

Electrie field fE] 15 directed perpendicular to the

equipotential surface. (2 marks)
(i) Maximum intensity in interference pattern

T = (11 + Ji) = [:J’E}lmﬂw

(| miark)

343
(ii) Path difference=17]1.54= Tl

= odd multiple of half wavelength .
It means dark fringe is observed.
343
According toquestion, 0.01029= T s
0010292

343
=3 =6000 A {1 mark)
(iii) When shits are of unequal width, then intensity of
sources 5, and 5, 15 not equal. So, position of minimum
intensity will not be completely dark. (2 marks)
OR

=L= =6x 0% em

s
lmwe (25 (2i42;)" 25
ey Tl R L
where a denotes amplitude.
5

al-l-;a;_=_ or 5a; =537 = 3a; +3a7
g Al -

or, 5a,—5a,=3a,+3a, orla =&a,

(8,

a 1
—=4 —l =l6=7"
ar, ay o l\lz L,

(i)

(2 marks)
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