Time: 3 Hours

CBSE Sample Paper 11
Class XII Exam 2022-23

Physics
Max. Marks: 70

General Instructions:

1.
2.

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

This question 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 1 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. 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.

2. Which of the

SECTION - A

1. Fis the force of attraction between two point
electric charges separated by d in a medium.
How far apart should these be kept in the

18 Marks

5. What is the value of angular momentum of
electron in the second orbit of Bohr's model

same medium such that the force between of hydragen atom?
h 2h
themis =2 @ - (b) =
3 2n n
(@) V3d (b) d © @ 1
4n T

(c) 3d (d) d* 1

6. The sections of cross section of two wires A
and B of the same metal and length have a

following part of
electromagnetic spectrum to which a

wavelength of 21 cm (emitted by hydrogen
in interstellar space) belongs?

{(a) Micro waves (b) Infrared waves

(c) X-rays (d) Radic Waves 1

. An electron with charge, -e and mass m

travels at a speed v in a plane perpendicular
to a magnetic field of magnitude B. The
electron follows a circular path of radius
R. In a time t, the electron travels halfway
around the circle. The amount of work done
by the magnetic field is:

(@) 0 (b) 1

(€) = (d) -1 1

. An alternating current from a source is given

by i = 10 sin 314t. The effective value of
current is:
(o) 7.50 A
(c) 7.77 A

(b) 7.07 A
(d) 0.07 A 1

ratio of 2:1. The ratio of current flowing in
A and B if the same potential difference is
applied across each wire in turn is:

{a) 1: 2 (b) 2:1

(c) 4:1 d) 1:4 1

. In the following nuclear reaction, ldentify

unknown labelled X.
2ZNa + X—> 32Ne + v,
{a) electron (b) proton
(c) neutron {d) antineutrino 1

. How does the width of a depletion region of

a pn junction vary if doping concentration is
increased?

{(a) increases (b) decreases

(c) remain same {d) constant 1



9.

10.

11.

12.

13.

When a voltage drop across a pn junction
diode is increased from 0.70 V to 0.71 V, the
change in the diode current is 10 mA. What

is the dynamic resistance of diode?

(@) 0.5 0 (by 202
)10 (d) 0.7 0 1
Which specially fabricated pn-junction diode

is used for detecting light intensity?

(a) p-tupe (b) n-type
{c) photodiode (d) None of these 1
Tweo waves from two coherent sources S and

&' superimpose at X as shown in the figure.
If X is a point on the second minima and SX
- 5% is 4.5 cm. Calculate the wavelength of
the waves.

X
5
L )
(a) 3em (b) 0 em
{c) Bem (d) 9 em 1
A point charge +g is moving with speed v

perpendicular to the magnetic field B as
shown in the given figure. What should be
the magnitude of the applied electric field
s0 that the net force acting on the charge
is zera?

¥ oM M K o
¥ o X ’ H;.h')(
X% = x x
X ® x K X
X ® x xH X
0 X
(@) E=v’B (b) E = vB?
(c) E= B2 (d) E=vB 1
In the figure, straight wire AB is fixed; white

the loop is free to move under the influence
of the electric currents flowing in them. In

which direction does the loop begin to move?
S« R

(a) towards the wire

(b) away from wire

{c) No movement shown

(d) None of these 1

14. Which of the following is not working due to

total internal reflection?
{a) Working of optical Fibre.

(b) Difference between
realdepth of a pond.

(c) Mirage on hot summer day.
(d) Brilliance of diamond. 1

apparent and

15. A red light beam is used to create a

diffraction pattern. What if the red light is
replaced with blue light?

{a) Bands disappear.

(b) Bands become broader and farther
apart.

(c) Mo change will take place.

(d) Diffraction bands become narrow and
crowded together. 1

Twe statements are given-one labelled
Assertion (4A) and the other labelled Reason
(R). Select the correct answer to these
questions from the codes (a), (b), (c) and (d)
as given below:

{a) Both A and R are true and R is the correct
explanation of A.

(b) Both A and R are true and R is NOT the
correct explanation of A.

(c) Ais true but R is false.

(d) Ais false and R is also false.

16. Assertion (A): In a non uniform electric field,

a dipole will have translatory

as well as rotatory motion.
Reason (R):  In a non uniform electric field,
a dipole experiences a force as

well as torque. 1

17. Assertion (A): Electric field is always normal

to equipotential surfaoces
and along the direction of
decreasing order of potential.
Megative gradient of electric
potential is electric field. 1

Reason (R):

18. Assertion (A): A convex lens of focal length

30 cm can't be used as a
simple microscope in normal

setting.
Reason (R): For normal setting, the
angular magnification of

simple microscope is M = Df.
1



19.

20.

21.

26.

27.

28.

SECTION - B

Two straight infinitely long wires are fixed in
space so that the current in the left wire is 2
A and directed out of the plane of the page
and the current in the right wire is 3 A and
directed into the plane of the page. In which
region(s) isfare there a peoint on the x-axis,
at which the magnetic field is equal to zero
due to these currents carrying wires? Justify
Your answer.

Region | Region Il Region Il
‘ = b
28 i34
2
Draw the graph showing intensity

distribution of fringes with phase angle due
to diffraction through single slit.

OR
What should be the width of each slit to
obtain n maxima of double slit pattern within
the central maxima of single slit pattern? 2

Deduce an expression for the potential
energy of a system of two point charges
gy and g, located at positions ry and ry

respectively in an external field (E).

22.

23.

24.

25.

14 Marks

Draw the equipotential surface for an
electric field pointing in (+Z) direction with
its magnitude increasing at constant rate
along (-Z) direction. 2

Explain with help of circuit diagram, the
action of a forward biased p-n junction dicde
which emits spontanecus radiation. State
the least band gap energy of this diede to
have emission in visible region. 2

An electric dipole, when held at 30° with
respect to a uniform electric field of 10*
N/C, experienced a torque of 9 x 1028 Nm.
Calculate dipole moment of the dipole. 2

Draw the energy band diagram when
intrinsic semiconductor (Ge) is doped with
impurity atoms of Antimony (Sb). Mame
the extrinsic semiconductor so obtained and
majority charge carriers in it. 2

Write two characteristics of image formed
when an object is placed between the
optical centre and focus of a thin convex
lens. Draw the graph showing variation of

OR image distance v with object distance u in

Establish the relation between electric field this case. 2
and electric potential at a point.

SECTION - C 15 Marks

What is drift velocity? Derive expression for
drift velocity of electrons in a good conductor
in terms of relaxation time of electrons? 3

A variable resistor R is connected across a
cell of emf E and internal resistance r.
(&) Draw the circuit diagram.
(B) Plot the graph showing variation of
potential drop across R as function of R.
(C) At what value of R current in circuit will
be maximum?
OR
A storage battery is of emf 8 V and internal
resistance 0.5 ohm is being charged by d.c
supply of 120 V using a resistor of 15.5 ohm.
(&) Draw the circuit diagram.
(B) Calculate the potential difference across
the battery.
(C) What is the purpose of having series
resistance in this circuit? 3

(&) Explain  de-Broglie argument to
propose his hypothesis. Show that de-
Broglie wavelength of photon equals
electromagnetic radiation.

29.

30.

(B) If, deuterons and alpha particle are
accelerated through same potential, find
the ratio of the associated de-Broglie
wavelengths of two.

OR

State the main implications of observations

obtained from wvarious photoelectric

experiments. Can these implications be

explained by wave nature of light? Justify
Your answer. 3

Derive an expression for the frequency of
radiation emitted when a hydrogen atom
de-excites from level n to level (n - 1).
Also show that for large values of n, this
frequency equals to classical frequency of
revolution of an electron. 3

(A) Give the difference and between nuclear
fission and nuclear fusion.

(B) Suppose we consider fission of a *5Fe,q
into two equal fragments of 28Al45
nucleus. Is the fission energetically
possible? Justify your answer by working
out Q value of the process.

Given (m)°®Fezs = 55.93494u and
(m)*®Aly3 = 27.98191u. 3



SECTION - D

31. (A) State Gauss's law in electrostatics. Show
that with help of suitable figure that
outward flux due to a point charge Q,
in wacuum within gaussian surfoce, is
independent of its size and shape.

(B) In the figure there are three infinite long
thin sheets having surface charge density
+2a, -2 and +o respectively. Give the
magnitude and direction of electric field
at a point to the left of sheet of charge
density +20 and to the right of sheet of
charge density +o.

o =2o o

OR

(A) Define an idedl electric dipole. Give an
example.

(B) Derive an expression for the torque
experienced by an electric dipole in a
uniform electric field. What is net force
acting on this dipole.

(C) An electric dipole of length 2cm is placed
with its axis making an angle of 60°
with respect to uniform electric field of

10°N/C. If it experiences a torque of E\E

Mm, calculate the magnitude of charge
on the dipole, and its potential energy. 5

SECTION - E

34. Faraday Cage: A Faraday cage or Faraday
shield is an enclosure made of a conducting
material. The fields within a conductor cancel
out with any external fields, so the electric field
within the enclosure is zero. These Faraday
cages act as big hollow conductors you can
put things in to shield them from electrical
fields. Any electrical shocks the cage receives,
pass harmlessly around the outside of the
cage.

15 Marks

32. (A) Derive the expression for the current
flowing in an ideal copacitor and its
reactance when connected to an ac
source of voltage, V = Vp sinot.

(B) Draw its phasor diagram.

(C) If resistance is added in series to capacitor
what changes will occur in the current
flowing in the circuit and phase angle
between voltage and current?

OR

(A) State the principle of ac generator.

(B) Explain with the help of a well labelled
diagram, its working and obtain the
expression for the emf generated in the

coil.
(C) Is it possible to generate emf without
rotating the coil? Explain. 5

33. (A) Define a wave-front.
(B) Draw the diagram to show the shape of
plane wave front as they pass through
(i) a thin prism and (ji) a thin convex lens.
State the nature of refracted wave front.
(C) Verify Snell's low of refraction using
Huygens's principle.
OR
(A) State main considerations taken into
account while choosing the objective of
astronomical telescope.

(B) Draw a ray diagram of reflecting type
telescope. State its magnifying power.
(C) State the advantages of reflecting type

telescope over the refracting type? 5

8 Marks

(A) Which material can be used to make a
Faraday cage? 1
(B) What is the electrical force inside a
Faraday cage when it is struck by
lightning? 1
(C) An isolated point charge +q is placed
inside the Faraday cage. Calculate the
charge on surface:
OR
A point charge of 2C is placed at centre of
Faraday cage in the shape of cube with
surface of 9 cm edge. Find the number
of electric field lines passing through the
cube normally. 2



35. Sparking Brilliance of Diarmond:

/ Critical angle
%

The total internal reflection of the light is used
in polishing diamonds to create a sparking
brilliance. By polishing the diamond with
specific cuts, it is adjusted the most of the light
rays approaching the surface are incident with
an angle of incidence more than critical angle.
Hence, they suffer multiple reflections and
ultimately come out of diamond from the top.
This gives the diamond a sparking brilliance.

{A) The critical angle for a diamond is 24.4°
Then find its refractive index. 1

(B) A diamond is immersed in a liquid with a
refractive index greater than water. Then
find the change in the critical angle for
total internal reflection. 1

(C) Light cannot easily escape a diamond
without multiple internal reflections.
Identify the reason.

OR

The following diagram shows same
diamond cut in two different shapes.

I l

e

What is the brilliance of diamond in the
second diamond? 2

ra

SOLUTION

SECTION - A

1. (@) \3d

Explanation: If two point charges g4 and g3
are separated by distance d.

. _ Kaa,
d2
. F
Suppose if force becomes, 3

Let the distance be x.

F_Kag,
3 x2
Kg,9, Kag
- 3;2: _ ;2 2
x? =3d?

X=\Ed

- (d) Radio waves
Explanation: Radio waves have wavelengths of

1 mm to 100 km. Hence, 21 cm lies at short
wavelength end of radio waves.

Uses : In TV. and radio communication systems.

3. (@0

Explanation: When a charged particle having
mass m carrying charge g enters in the
magnetic field of mognitude B such that it
acquires circular path, then definitely force
acting on the particle will be perpendicular to
applied magnetic field, ie. particle moves under
a force whose magnitude remains constant but
direction changes continuously and is always
perpendicular to the velocity. As a result particle
always follow circular path with constant speed
v, the force acting on particle as the centripetal

2
'FGI'EE. F= ﬂ =q'||l'lB

Mow workdone in moving the particle,
W = FE=F8caso0"
=0 Joule.

. (b) 7.07A

Explanation: For given alternating current
source,

i=10sin 314t
As we know,

i = igsinmt
Hence, ip =10



irm5= %
10
=
= 5/7
=5x1414
=707 A
@ Related Theory

= for one complete cycle the mean value of alternating
current is zero. The mean value of AC for a half-
cucle is 0.637 times or 63.7% of the peak value.

5. (d) g

Explanation: For an electron having mass m
revolving around the nucleus with velocity v in
a orbit of radius r, angular momentum is given
by mvr. According to Bohr's postulate electrons
can revolve only in those orbits in which their
angular momentum is an integral multiple of
;—:. where h is planck's universal constant.
nh

mvr = —
In

For second arbit n=72
h

ﬂl'lgl..ll.'l:ll‘ Momentum = —=

6. (b) 21
Explanation: We know that,
l

R=p—
P A

Hence, = l
A

If the area are in the ratio 2:1, the resistance will
be in the ratio of 1:2.

And | =

Hence, the current will be in the ratio of 2:1.

7. (a) electron
Explanation:

11“'.’.]22 + X = 10”&22 + Vg

11N022 + _1|]|D - 1uN622 + Ve
electron
In the given above equation atomic number is
decreased by 1 and there is no change in atomic

mass of the decaying nucleus, which is possible
with the emission of p - particle only.

@ Related Theory

= When an a-particle is emitted from the nucleus of a
radicactive atom, the atomic number decreases by 2
and the mass number decreases by 4.

8. (b) decreases

Explanation: The process of adding impurity
to an intrinsic semiconductor in a controlled
rmanner is called doping. It increases significantly
the electrical conductivity of the semiconductor.
With the increase in the rate of doping the
thickness of the depletion layer generated at
the junction decreases. Even if one part of a
p—h junction is heavily doped, the thickness of
depletion layer on thot side (p-side) becomes
less than that of other side.

9. (g) 1Q
Explanation: Dynamic resistance =

Change in voltage
Change in current

=1 ohm

Change in voltoge drop across a pn-junction
diode = 0.71 - 0.70
AV =001V

Change in diode current, Ai= 10 mA = 10x1073A
Av
A

001 001
10x107F " 001
10

Dynamic resistance, Ry

@ Related Theory

= |n the forward characteristic of p-n junction diode.
However, beyond the turning point, the current
varries almost linearly with voltage. In this region, Ry
iz almost independent of V and ohm's law is obeyed.

10. (c) photodiode

Explanation: Photediode is o reverse-biosed
p-n junction maode from a photosensitive
sermiconductor. Its upper surface is open to light
while the remaining sides of the plastic are
painted black.

@ Related Theory
e

-
2000 lmfm?

b 1500 tm/m?

i 1000 lmjm?
¥ Dark current

o Reverse \l'nlt;ge ()

Diiode Current (uA)




The woltage-ampere characteristic curve for three
different values of Ge photodiode. Only dark current
passes through origin. Current increases with
increase in illumination for a given reverse voltage.

11. (@) 3 cm
Explanation:

s
] g
For two given waves travelling from two

coherent sources S and 5 X is a point of on the
second minima.

SK-5% =45em
Wavelength of the waves i. =7

When two waves travelling from two coherent
sources superimpose to each other, interference
pattern is obtained.

For the minimum intensity,

path difference, x = {in—l}%
For second minima, n = 2

X=E

2

3

45 = —

2
= L=3em

@ Related Theory
= The ratio of intensities of light at maxima and
minima is the ratio of intensities of bright and dark
fringes.
010
bvin @y ~as)”
Where, a; and a; are amplitudes of two light waves.

12. (d)E=vB
Explanation: Force on the charge due to the
magnetic field = gVB sin
Since, B is L to the plane of paper and in words,
F = gVB sin 90°
F = gVB (along OY)
Force on the charge due to electric field

F= qE
Net force on the charge is zero, if:

E = VB (along YO)

13. (a) towards the wire

Explanation: Since, current in AB and arm PQ
are in the same direction. Therefore, wire will
attract the arm PQ with a force (say Fy).

But repels the arm RS with a force (say F;)
Since, arm PQ is closer to the wire AB.

So, Fi>F;

ie. the loop will move towards the wire,

14. {b) Difference between apparent and realdepth
of a pond.
Explanation: Difference between Apparentand
real death of a pond is due to there fraction of
light and other three phenomenainvolved with
total internal reflection.

15. (d) Diffraction  bands
andecrowded together.

Explanation: The width of the fringe in

become narrow

diffraction pattern is given as [;—J" As a result,

when red light is replaced with blue light, the
wavelength reduces, causing the fringe width
to decrease and the pattern to become shorter
and more congested together.

16. (a) Both A and R are true and R is the correct
explanation of A.
Explanation : When an electric dipole is kept
in a non-uniform electric field f,z (not equal to
symbol) 0, Ty = (not egual to symbal) 0.

/,/A"'ﬁ"v

_—

S .
A

e,

T

——

In this case motion of the dipole is combination
of translatory and rotatory motion.

@ Related Theory

= |When a dipole is kept in uniform electric field, the net
translatory force on the dipole is zero, therefore there
will be translatory motion of the dipole in a uniform
electric field.

17. (b) Both A and R are true and R is NOT the
correct explanation of A

Explanation: For a uniforrn electric field,
equipotential surfaces are a family of planes
perpendicular to the lines of force.

The electric field intensity at a point in an electric
field in a given direction is equal to the negative

potential gradient in that direction.

Em=—k

@ Related Theory

= [n a family of equipotential surfaces, the surfaces are
closer together where the electric field is stronger
and further apart where the field is weaker.



18. (b) Both A and R are true and R is NOT the
correct explanation of A

Explanation: In the simple microscope or
magnifying glass is just a thin, short-focus
convex lens carrying a handle. The object to be
seen is placed between the lens and its focus
and the eye is placed just behind the lens. The
position of object between the lens and its focus
is so adjusted that the image is formed at the

SECTION -

15.

3A
Region | Regionll Regien

24
wire 1 wire 2

The direction of magnetic field intensity g at
any point on the x-axis can be calculated by
right hand palm rule no. 1 (or Maxwell's right
hand screw rule), g is perpendicular to the
plane of page.

Due to wire (1) magnetic field intensity to the left
of it will be perpendicular to the plane of page
outward and due to wire (2) will be downward.
So region | direction of magnretic field intensity
will be opposite. So resultant intensity can be
zero.

B = B1+B:

I
In region Il magnetic field intensity due to both
wires will be perpendicular to the plane of paper
downward, so it cannot be zero.
B =B; + B,

In region lll magnetic field intensity due to wire (1)
will perpendicular to plane of paper downward
and due to wire (2) it will be perpendicular to the
plane of paper outward. So resultant magnetic
field intensity.

B=B,-B,
_doli _ b
Err_Rl R

20. A

Prindipal masnmum

Mimimum
Subsidiary

TN

least distance of distinct vision (D) from the eue.
Magnification power, M = 1+%
It is clear that shorter the focal length of the

lens, larger is the magnifying power.
For relaxed eyes, image is formed at infinity. In
this case object will be at focus of the lens.

Magnification power, m = %_

In diffraction pattern a central bright band
having on both sides narrower alternately dark
and bright bands of decreasing intensity will
obtain. If the intensity of the central maxima
is lp then the intensity of the first and second

secondary maxima are found to be % and %

Thus diffraction fringes are of unequal width
and unequal intensities.

OR

As we know
nk _ 2
4 a

n = — where, d is separation between slit and
a

a width of slit.

Let width of single slit = a
Distance between slits = d
In Young's double slit experiment,
Separation between n maxima is given by,
naD

Yn = —
Angular separation between n maxima is given
buy,

ik
Bn:?

Fath difference = a sinfl = ab = 4
o<t

a
The angular width of the central maximum in

the diffraction pattern due to single slit of width
a is given bu,

99 =2+
a

According to question to obtain n maxima of
double slit pattern within the central maxima of
single slit pattern,

Mo 24
d @
H=E
a
2d
a = —
n



21. Expression for the potential energy of a system

of two point charges in an external electric field
E:

Let two peint charges g, and g, are located at ry
and ra respectively, in an external electric field.

Workdone to bring a charge g, in the electric
field at distance r1=qV(r1)

Workdone to bring a charge g, in the electric
field at distance r2=g,V(r2)

Workdone on charge g5 against the field due

= 1 9% P i
gy = aneg Tiy | where ry, is the distance
between charge g1 and g2.
By the principle of superposition for fields, work
done on g; against two fields will add with

workdone in bringing gz to ra, which is given as

i
W + Wan = qj‘u"[rz + =
z 12 } AmELFys

So potential energy of the system
= total workdone in assembling the configuration

U= W:[ + W2 + W:[z

= =, _d
U= "5|‘1""'["1}*Q':""'["2}*E.1?f;
OR

Relationship between electric field and electric
potential at a point :

Let a small positive test charge gp is moved in
the electric field from point B to A. Potential at
point A is V and at point B is (V - aV).
Force acting on qg in the direction of electric
field
F= qDE
*0, —*E *dp

=
-
e i

X s B
So to move the charge from B to A, an external
agent will have to work against the force F.

dW = F ( —dx)
Where, (-dx) is the magnitude of the
displacement from B to A

dW:—quEd)f

adw

— = - Edx i
= 0}

By the definition of potential difference

W _y_W-d=dV )

go
From eqgns (i) and (i)
-Edx = dV
=
dx

22. LED is forward biosed p-n junction which

emits light spontaneously converts the biasing
electrical energy into optical energy, like infrared
and visible light

When the p-n junction is forward biased,
electrons are sent from n region to p-region
(where they are minority carriers) and holes
are sent from p region to n region (where they
are minority carriers). Near the junction, the
concentration of minority carriers increases
as compared to equilibrium concentration. On
either side near junction, the excess minority
carriers combine with the majority carriers. On
recombination, the energy is released in the
form of photons. Photons with energy equal to
or slightly less than the band gap are emitted.
When the forward bias of the diode is small, the
intensity of emitted light is small As the forward
current increases, intensity of light increases
and reaches a maximum. Further, increase in
forward current decreases the light intensity.

I

A forward P
bicsed | metallised
LED % contact

For emission in visible range least band energy
required is 1.8 e\l

23. Given,

B =30°
=9 %102 Nm
E=10*N/C
p= ?
As we know that,
1 =pEsinB
_ 1
P = Eeno
9x107%¢
P = 10* xsin30°

_ 9x107%¥x107*
- 1/2

p=18x107%Cm.

24. Energy band diagram  when  intrinsic

semiconductor (Ge) is doped with impurity
atorns of Antimony (Sh):

When a pentavalent impurity atom like
antimony, phosphorous or arsenic is added to
Ge or (Si) crystal, it replaces a Ge (or Si) atom
in the crystal lattice. Four electrons of impurity
atom form covalent bonds with four electrons of
Ge and fifth electron becomes free to move and
acts as a charge carrier.



The fifth valence electrons of the impurity atoms
occupy some discrete energy levels just below
the conduction band. At room temperature these
the fifth electrons of almoest all the donor atoms
are thermally excited from the donor levels into
the conduction band. At room temperature the
thermal excitation from the valence band is
small, there are very few holes in this band.

. . . . .

EEI

Ep_____ 001 eViGe). 005eV(S) ___
Donor Levels

E

0]

Valence Bond

n-type extrinsic semiconductor is obtained by
doping of impurity atoms of Antimony (Sb) in
intrinsic semiconductor (Ge).

In n-type semiconductors majority charge
carriers are electrons.

25. Characteristics of image formed when an object

is placed between the optical centre and focus
of a thin convex lens :

(i) Virtuol and erect image is formed on the
same side of the lens as the object.

(i) Image size is larger than object.
By using the lens maker's formula

represented by, y = mx + c.

VJL

¥

SECTION - C

26. It is defined as the average velocity with

which free electrons gets drifted in a
direction opposite to that of electric field.

If m is the mass of the electron and e be the
charge of electron, then on application of the
electric field E, occeleration acquired by the
electron is

3|

As we know,
First equation of motion,

Vv=u+at

g
‘+——p -
Free Election

14l
9y

«—0
=0
0

-
I
|t

Since, the average velocity,
u=s0vswgt=st
{relaxation time)

Then,

Where, e is the change on electron
E is the electric field intensity
1 is the relaxation time.
And m is the mass of electron.

27. (A) Circuit diogram for a wvariable resistors

R connected across a cell of emf E and
internal resistance r :

Variable resistor R will be in series
cambination with internal resistance r.
Met resistance, Reg= (R + 1)

(B) Potential drop across the resistor R will be
maximum, when internal resistance of the
battery will be zero.

-

E ........................




V=E-ir

(C) Current flowing in the circuit,
i= i
R+r

For the current to be maximum, value of
(R+r) should be minimum. Since practically
r can not be zero because of material of
electrolyte used, so to drow maximum
current B will be zero.

OR
(A)

=]

HHH My

v C
120V 1550 4

When a battery is charged by using an
external D.C. supply current will flow from
positive terminal of battery to the negative
(i.e. in the reverse direction).

(B) Bu using KV,
B+05=i+155x=i-120=0
= 16i-112 =0
= i=7A

When battery is charged, potential
difference across the battery
V=E+ir
=B8B+7x05=8+135
=115 Volt

(C) Series resistor of resistance 15.5 Q2 is used in
the given circuit to limit the current drawn
from the source.

28. (A) de-Broglie reasoned out that matter

possesses momentum (p = mv) and kinetic

energy (K= L mv?). So matter is supposed
to have a” particle nature. |n 1924,
de-Broglie introduced a bold hypothesis
that, like radiation, matter should, have
dual nature. He reached on this conclusion
on the basis of that the entire universe is
composed of matter and electromagnetic
radiation and that nature loves symmetry.
So according to de-Broglie, all material
particles in motion have wave nature also.
According to guantum theory of radiation,
energy of photon, E = hv

By Einstein's mass-energy relation E = mc?

Momentum of photonp=m = c = h—;xc
c

= -'I'L=ﬂ
p

(B) The de-Broglie wavelength of V-volt
electrons is given by

h
A= Bk v
[2x%1e 1

Since both deuterons and alpha particles
are accelerated through same potential,

b _AMaGa _ \(W 1

o e e
Hence, the wavelength of deuteron is more
than the wavelength of the alpha particle.
Mass of deuteron is equal to double of
H atom and charge is same as that of H
atom.
Mass of a-particle is equal to 4 times of H
atom and charge on it is double that of it
So alpha particle will have shortest
de-Broglie waovelengths composed to
deuterons.

OR

Implications of observations obtained from
various Photoelectric experiments:

Lenard and Millikan gave the following laws on
the basis of experiments on photoelectric effect:
(1) The rate of emission of photoelectrons
from the surface of a metal varies directly

as the intensity of the incident light falling
on the surface.

(2) The maximum kinetic energy of the
emitted photoelectrons is independent of
the intensity of the incident light.

(3) The maximum kinetic energy of the
photoelectrons  increases linearly with
increase in the frequency of the incident
light.

(4) If the frequency of the incident light is
below a certain lowest value, then no
phtoelectron is emitted from the metal. This
lowest frequency (threshold frequency) is
different for different metals.

(5) As soon as the light is incident on the
surface of the metal, the photoelectrons
are emitted instantly, that is, there is no
time-log between incidence of light and
emission of electrons.

Failure of Wave Theory: These characteristics of

the photoelectric effect cannot be explained on
the basis of the wave theory of light It is due to
three main reasons:



(1) According to the wave theory, the energy
carried by a light beam is distributed
uniformly over a wavefront and is measured
by the intensity of the beam. Thus, when
light falls on a metal surface, the energy of
the wave should be transferred uniformly to
the electrons in the surface before they are
emitted out. Obviously, the energy taken
up by the electrons must increase as the
intensity of light is increased. This is against
the experimental observation that the
maximum energy of the emitted electrons
is independent of the light intensity.

(2) According to the wave theory the light of
any frequency, however low it is, should
be capable of ejecting electrons from a
surfoce, provided only that the light is
intense enough. Experiment, however,
shows that light of frequency lower than
a certain threshold wvalue cannot eject
photoelectrons, no matter how intense it is.

(3) If the incident light is very feeble, the
electron should toke oppreciable time
before it acguires sufficient energy to
come out from the surfoce. But there is no
time-lag between incidence of the light
on the surface and the emission of the
photoelectrons.

Thus, wave theory foils in explaining the
experimental observations regarding the
photoelectric effect.

29. The frequency v of emitted radiation when a
hudrogen atom de-excites from level n to level
(n-1) can be calculated as,

e=hv= E2 = E1
Vi E2 —E1
h
me'f 1 1
= 8!:02h3 _n12 n22

In the given case n; = (1) and n, = n
mz%e*[ 1 1
V7 ] e
8¢, ’h’ __(n-1)2 n’
mz2e* | n? —(n—1)2
N 8::02h3 i n2(n—1)2
mz?e* (2n-1)
8eo’h® n?(n-1)°
For Large n, (2n-1) 2nand (n- 1)n
mz%e*x2n _ mz%e*
T 82 n’xn?  4dggthin’

)\ 4

For hydrogen atomz = 1

4
me
ve ——— 0]
7133
4eq Hn

In Bohr's atomic model,

. . o nh
velocity of electron in n™ orbit is v =
2amr

2,7
radius of orbital path r = nh’eg
nmze

nh

. v
frequency of revolution v = TR w——s 2nr)

nh me*
= an?mr? agglhn -
From eqns (i) and (i) we can say that for large
values of n, frequencuy of radiation emitted when
a hydrogen atorm de-excites from level n to level
(n-1) is same as thot of classical frequency of
revolution of an electron.

30. (A) Difference between Muclear fission and
nuclear fusion:

(1) In fission when neutrons are bombarded
on a heavy nucleus, it splits in two
nearly equal weight framents while in
fusion, at a very high temperature and
high pressure two light nuclei combine
to form a heavy nucleus.

(2) For the same mass, the energy released
in fusion process is much more than
that in the fission process.

(3) Fission process canbe controlled. Muclear
reactor is based on the controlled
fission reaction. Fusion reaction can not
be controlled. This is why fusion reactor
could not be constructed so far.

(B) In the process of fission of ,fe”S, let energy

Q be released.

26fe’®= 2,3A128 + Q
Given (m) 26fe”® = 55.93494 U
(m) 13A1% = 27.98191 U
Mass difference, Am = 2x mass of Al atom
- mass of fe atom
= 2x2798191 - 5593494
= 0.02888
According to mass energy relation, the
energy released AE = Amc?
=0.02888 x (3x10%)?
=0.25992 x 10%8J
=0.02888 x 931.5 MeV
[- 1uxc? = 931.5 MeV]
= 2690172 MeV
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31. (A) Gauss' Law: The electric flux ¢E through

. 1.
any closed surfoce is equal to — times the
]

net charge q enclosed by the surface.

bg = ¢E_dE=%. where g is permittivity of

free space.

The Gauss theorem in electrostatics gives
a relation between the electric flux through
any closed hypothetical surface and the
charge enclosed by the surface.

Proof: Let a point charge +q is placed at O
inside a closed surface. Let dA be the small
area element surrounding a peint P on the
surfoce. Let op =r.

The area element may be represented by

o vector dA& drawn outward along the
normal to the elements.

Let electric field intensity at point P be E
due to charge +q.

The electric flux through the area element
dA is,

th = E.d& = EdA cosb
where, B is the angle between the vectors
E and 47.

Since, i = is the solid angle dwm

subtended by the area dA at the point O.

dée = e do

- Total flux through the entire surface,

[-ddw = 4r, the solid angle
subtended by the entire
closed surfoce at the point O]

.‘_¢|E=H.

Eg

which is clearly independent of the size and
shape of Gaussian surface.

D

(B)
I =2 o
e ) B C o ‘Ez_' ¥Ey
Ej_ E2
(1) (2 (3)

Given, thin long sheets have surface charge
density +2o, -20 and +o respectively. We
need to calculote electric field intensity at
point A and point D.

At point A,
Let electric field intensities due to plates (1),
(2) and (3) be E1, E; and Ej.

2o

Ei = E{awag from sheet 1)
Pl

E;= % (towards sheet 1)

E;= = {oway from sheet 1)
2ep

Resultant intensity, E, = E; - E; + E5

da Ja o

%, Zeg  Zeg

= Ei (away from sheet 1 or towards left)
Eo

At point D
Ei= 20 {oway from sheet 1)
2e9

E;= ;T“ (towards sheet 2)

o
Ey= =z {oway from sheet 3)
Zeg
Resultant Intensity, Ep = E; — Ez + E3

o Ja

20 2 o
= 2% 2e5 2
[+3

)

(oway from sheet 3 or towards right)

ORrR
(4) Electric dipole : A pair of equal and opposite
point charges ploced ot a short distance
apartis called an electric dipole. The product
of one charge and the distance between

the charges is called the magnitude of the
electric dipole moment p.



Let two charges —qg and +g be placed at
small distance Say 2L

—

The magnitude of electric dipole moment

P = q= 2l

P=2gl
It is a vector quantity whose direction is
along the line joining the two charges,
pointing from the negative charge to positive
charge.
Examples: Molecules like HCL H;0 etc are
electric dipoles. In some molecules one end
of the molecule is positively charged and
the other end is equally negatively charged.
Such molecules are electric dipoles.
(B) Derivation for the calculation of torque on
an electric dipole in a uniform electric field:

- q
Q )

— 1

wi

P
L

Y wgE
.,
7

- .
L

il
-

gE .

2

When an electric dipole is kept in an
external uniform electric field, a couple
acts on it, which tries to align the dipole in
the direction of the field. This is called the
restoring couple.

The dipole moment vector F making an
angle 8 with the field £. Let -q and +q

be the charges forming the dipole and
2l is the distance between them. Due to

electric field E, the charge +q experiences

a foree qE (in the direction of the field)
and the charge —g experiences an equal

and opposite force qE (opposite to the
field). Since these two forces are equal and
oppoesite, the net transplatory force on the
dipole will become zero, so there will be
no translatory motion of the dipole in a

uniform electric field. But since forces qE

and -qE are acting at different points so
these will form a couple, and try to rotate
the dipole along the direction of uniform

electric field.
The moment of this restoring couple is
known as torgue.

1 = gE (2lsing)
= 2gl E sinB

1 = pEsin® M-m
In vector form,

= 1=pxE

(C) Given, 2l=2em 8= 60°

32. (A)

E=10°N/C 1= 83 Nm
qg=7 U=7?

1 = pEsind

843 = 2qL E SinB

=q = (2 % 107 x 10° SinB0°

B“ﬁ =2x 1ﬂ3q E
2
=q=8x1073C
Potential energu, PE = -PE cosf

=-qx 2L E cosd
=-8x 1073 x 2 x1073 x10° cos60°

=-16x1
2

=-8.

Let an alternating emf given by V =\, sinwt be
applied across the plates of capacitor having
capacitance C. As the emf is alternating,
the charge on the capacitor plates varies
continuously and correspondingly current
flows in the connecting leads. If g be charge
on the caopacitor plates and i is current at any
instant, instantaneous potential difference
across the plates of capacitor must be equal
to the applied emf

ﬂ:E inmt
C osine

&8
n
=41

o Instantaneous current | =
(EgCsinmt)
= CEymcosmt

. By
i= Tl sin(wt + wf2)

Since maximum value of sin (wt + nf2) is 1,

Eq -0

S0, iy =
% lmax 1jwC

~ii)

fLY
Li=igsin (wt+ 3)



is the peak value of

. E
Where, igC = o
current. HwC
On compairing equation (2) with

E = Ep sinmt

it is clear that the current leads the emf by
a phase angle %

A i
o S0
it
]
From eq (1) peak value of current iy = %
0= 3 JEwC
Applying Ohm's law we find that Lis
(LI

equivalent to net resistance of the circuit.
It represents the effective opposition of the
capacitor to the flow of ac It is known as
the reactance of the capacitor or capacitive
reactance (x.).

1 1
Xe= oC™ o

P
L

I f

The capacitive reactance  decreases
with increasing frequency of current as

My e % . So graph between x. and f represents

a rectangular huperbola.

(B} Phasor Diagram:

The emf lags behind the current by a phase
angle of % or 90° i.e. When the emf is zero.

The current is maximum or vice-versa.
\lr.lk

Eo

in

0 i
.................................. o

b

a L

When a resistance R is added in series
with capacitor of copacitance C, the
instantaneous potential difference across
the capacitor and resistor are given by
V.= ix. and Vg = ixg

Mow Vg will be in same phase as that of
current i while V; lags behind by 90°.

o Vi LA
g

-
Ll |

So resultant applied emf can be calculated
as

E? = Vg2 + V2
=i (Rz + xcij
i = E
;IEE +x.°

Here (r*+x, represents the effective
resistance of the circuit and is called the
impedance Z of the circuit.

From phasor diagram,

I [
h I.E. = L'- =
phase angle, § _"‘ie e

OR

(A) Principle of ac generator:

The principle of ac generator is based
on electromagnetic induction. When a
closed coil is rotated rapidly in a strong
magnetic field, the number of magnetic
flux-lines (magnetic flux) passing through
coil changes continously. Thus an emnf is
induced in the coil and a current flows in it
in a direction given by flerming's right hand
rule. In ac generator mechanical energy
expanded in rotating the coil appears as
electrical energy in the coil



(B) Working:
The scheratic diagram for the AC generator is as follows:

M s
hagnetic .
pole Slip rings A 4 D Moation
Y ectangular coil Magnetic
R pole
brushes
In the figure, coil ABCD is placed in the Normal
magnetic field. The coil ABCD is horizontal “‘\_
initially. It is made to rotate in the clockwise ™,
sense and the arm AB moves up while CD 5 + 0 + M
moves down. According to Fleming's right y
hand rule, the direction of the induced Coil
current will be along ABCD. When the coil ) ) )
completes half rotation, the arm CD moves .. The magnetic flux associated with the
up and AB moves down. Now the direction given coil in this position is as follows:
EF the induced current is opposite along 6 =NEF
The brush Bz is now positive relative to B, =NBA cos 8
and remains so as long the coil reaches = NBA cos ot (i)
the vertical position again. After this, By In the above formula, 'w' is angular velocity
is again positive relative to B As a result, of the coil.
an alternating potential difference is _ _ ) )
developed between By and B;, generating The magnetic flux varies with time
an altémating current in the circuit. i according to the following figure:
The magnetic flux linked with a coil is &
written as:
Where 6 is the angle between the magnetic
field and the area vector of the coil
af2 2= -
. ] 0 K 3 [—
2
1]
= BA sinf HE
When a coil is rotated inside the magnetic The induced emf is given by,
field, the angle between the area wvector di d
- 290 coso
and magnetic field changes with time due €= & (NAB cosot)
to which emf is induced. Let A be the area d
of ane true of the coil, N be the number of =-NAB dr (cos w)

turns in the coil, Bbe the strength of the = -NAB (- sin wtm
magnetic field. Let at some instance the
angle between the area vector (direction
normal to the coil) of the coil and the The alternating emf varies with the time as

magnetic field be & follows,

e = NAB w sin wt



-c

v

Where T is time period of AC.

(C) The magnritude of induced emf in a coil

33, (4)

rotating in a magnetic field changes
continuously with time and is given by,

e = NBAwmsinmt
When there is no rotation in the coil, @ =0
ie e=0

It is not possible to generate emf without
having rotation in the coil

Wave front If a surface is drawn in a
medium such that all the medium particles
lying in the surface are in the same phase
of oscillation then the surfoce is called a
wavefront.

(1) When a plane wavefront hits a thin
prism, lower half of the wave meets the
glass first and so, this part of the wave
is slowed down. This means that the

upper part is moving fast and thus the
wavefront bends as it enters the prism
and so, we get a plane wavefront which
is slanted.

Hence, the emerging wavefront is plane
wavefrant.
Incident
Wavefront  prigm
A |

" Refracted
i Wavefront
Flane ——
Wavefront

(2) When a plane wavefront hits the lens, it
is the centre of the wave that meets the
glass first and so this part of the wave
is slowed down first (light waves move
slower in gloss than they do in air).
This means that the outer portions of
the wave converges. As the wave lean
the lens the outer portions move into

the air first and so speed up first This
means that the outer portions move off
more rapidly first and so the curvature
of the wave is further increased so
converging the light more strongly.
Hence, the emerging wavefront is
spherical wavefront.

Incident »
Wavefront ||
|.I Mﬁ:cus
Spherical

Wavefront

Refracted Wavefront

Convex Lens

(C) Verification of Snell's Law of refraction

using Huygen's formula:

&
\ §
B
g Vit Rarer
; mediurm
i
X A I C v
Vgt cﬁ@-ﬂ w Denser
Qﬁﬂ e medium
e
-

Let a wavefront AB incident on a plane
surface XY, separating two media 1 and 2.
Let V; and V5 be the velocities of light in
two media such that vy > v,

The wavefront first strikes at point A and
then at the successive points towards C.
According to Huygen's principle, from each
point on AC, the secondary wavelets start
growing in the second medium with speed
vs. Let the disturbance takes time t to travel
from B to C, then BC = vyt During the time
the disturbance from B reaches the point
C, the secondary wavelets from point A
must have spread over a hemisphere of
radius AD = vt in the second medium. The
tangent plane CD drawn from point C over
this hemisphere of radius vot will be the
new refracted wavefront.

Let the angels of incidence and refraction
be i and r respectively.

BC

From AABC, SinABAC = Sini = ac



From AADC, SinODCA = Sinr = %

Sini_BC _wit

= Sinr AD wit
= ﬁ:ﬂ-:m (constant)
Sinr 2
This proves Srell's Law of refraction. The
constant 1us is called the refractive index
of the second medium with respect to first
rmedium.
OR
(4) The main considerations with an
astronomical telescope are:

(i) lts light gathering power. The light
gathering power and hence the brightness
of the image is directly proportional to
the area of the objective lens.

(i) The resolving power is the ability to
observe two close distant objects
distinctly, which also depends on the
diameter of the objective lens.

{iiyHigh maognifying power A telescope
having high magnifying power produces

apparently a magnified image which
enables to see the finer details of the

distinct object
Objective
® . X O
Secondar ol
mirrar
’ I3
Magnifying Power:
_fo
B

(C) Advantages of reflecting telescope over a
refracting telescope are:

(1)Reflecting telescope is free from
chromatic and spherical aberrations
unlike refracting telescope.

Thus image formed is sharp and bright.

{2)1t has a larger light gathering power so
that a bright image of even far off object

SECTION - E

34. (A) A foraday coge is a container made of

conductiong material, such as wire mesh
or metal plates which is used to block
electromagnetic fields. A Foraday caoge
operates becouse an external electric
field couses the electric charges within
the cage's conducting material to be
distributed so that they cancel the field's
effect in the coge's interior.

(B) The protective metal compartment of a

car acts as a faraday coge to protect its
passengers from external electric charges
such as lightning.
It works because an outside electric field
causes a redistribution of the -electric
charges within the enclosure's conducting
material, which in turn cancel's the field's
effect in the cage's interior.

(C) Since E = 0 inside the faraday cage, so flux
through this, surface = 0.

According to Gauss's law total charge
enclosed by the faraday cage = 0.

So all charge goes on outer surface.
OR
Given g =2 pC=2x10"C
Since cube has & symmetrical foces in
which charge is placed at the centre of the

cube. If flux through any one surface be ¢,
then total flux through the cube will be 64,

By Gauss's theorem,

is obtained.
(3) Resolving power of reflecting telescope is
large.
2%107°
#e= E.q?= 885x10° 2
=0.22598x10°
= 2.26x10° Nm?|C

35. (A) The eritical angle for a diamond 24 4"

For total internal reflection,

1

SnC - snaaqe = 242

refractive index, n =

@ Related Theory
== Since refractive index depends upon the wavelength

of light, the critical angle for a given pair of media is

different for different wavelengths (colours) of light

(B) When diamond is immersed in a liquid with
a refractive index greater than water, then
its resultant refractive index will decrease.
Ag a result critical angle will increase since

ns= L

sinC
(C) The briliancy of a diomond is due to
small critical angle with respect to air. The
light which enters the diomond is totally
reflected repeatedly ot the wvarious faces
of the diomond and emerges only when
the angle of incidence at some faces is
less than the critical angle. As a result all
the light entering the diamond emerges

in o few directions only and the diamond



sparkles brilliantly when seen along these
directions.

OR
More the total internal reflection of light

ray at the various faces of the diamond, it
will cause more the brilliance of diamond.

In second diamond total internal reflection
is occuring only at one face while in first
diomond total internal reflection is occuring
at two surfaces. So brilliance of diamond in
the second diamond will be less than the
first.



