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CHAPTERI1: ELECTRIC CHARGES & ELECTRIC FIELD

SYLLABUS: - Electric charges, Conservation of charge, Coulomb's law-force between two- point charges,
forces between multiple charges; superposition principle and continuous charge distribution. Electric field,
electric field due to a point charge, electric field lines, electric dipole, electric field due to a dipole, torque on
a dipole in uniform electric field. Electric flux, statement of Gauss's theorem and its applications to find field
due to infinitely long straight wire, uniformly charged infinite plane sheet and uniformly charged thin spherical

shell (field inside and outside).

Electric Field Near an Infinte
Plane Sheet of Charge:
E=0/2s,

Electrc Field Intensity due Electric field

to an Infnite Line Charge: Coulombs Law intenstydueto

;- l F:ilql_?f a point Charge:
Ineyr gy 1 Fly

[ lectcHl Qe o n
Uniformly Charges
Spherical Shell/
Conducting Sphere | of
radius R):

Gauss’s Theorem:
0= 9Eds= %
Gl

Il

1 g

[ifjreRs £=0

Electic Field Intenity

On Axial Lhe:
L1y

reor

Electric Dipole
Moment: p=q(2a)

MIND/CONCEPT MAP:

0 Ay 1

Electric Charge and Field

Electrc Dipole:

s ) ol

(e
4 4 R

Properties of Electric Field Lines

() T field lnes can never intersect,

(i) Electrc field ines ahvays begin an a postve charge
and end on a negative charge.

(i In Change Free region field fine are continuous curves
without any breaks,

(v) rawing of fieldlnes s propartionalto the magnitude
of charge. and do notstart o stop in mid space.

() Strength ofelectric el at  point s drecty
proportionalto the number of field lines passing per unit
area of an element held normal to the diretion of the
feld

(i direction of feld lnes s always nomal o the surface
ofthe conductr,

(il Feld fines never fom closed oops,

(il Fiel lnes exert lateral pressure on account of
repulsion between the like charges,

(e Field lne contracts longitudinally on account of

attraction between te ke charges,
. _____________________________________________|

Electrc Field Intensity On} ~ {Torque on Dinole inE:
Equatorial Ling: T=pik
; L E Statle Equiunrum §=0°
frar [nstable Equiiriomf = 180

Work donetorotatean \ | Potential Energy of 2

electric dipole:
W=DE {cos 6 - cos )
= gE{cos b - cosf)

Dipole:

U=-pEcosf=-pE
\ /
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GIST OF THE LESSON

Electrostatic force of interaction acting between two stationary point charges is given by

1 qiq2

F= 5

ey 1
where qi, q2 are magnitude of point charges, r is the distance between them and &, is

permittivity of free space.
1

Here, 4mzo0 = 9 x 10 ¥ N-m?/C2
The value of & is 8.85 X 102 C?/ N-m?.
If there is another medium between the point charges except air or vacuum, then &, is replaced by €,K or &.&; or
€.
where K or & is called dielectric constant or relative permittivity of the medium.
K=¢&=¢/¢& where, ¢ =permittivity of the medium.
For air or vacuum, K=1 For water K =81 For metals, K = o0
fo
In Medium Culomb’s force becomes * ™ — &
Coulomb Law implies:
Force on qi due to o = — Force on g due to qi
Fi2=-Fz
The forces due to two-point charges are parallel to the line joining point charges; such forces are called central
forces and electrostatic forces are conservative forces.
Electric Field:
The space in the surrounding of any charge in which its influence can be experienced by other charges is called
electric field.
Electric Field Lines:
“An electric field line is an imaginary line or curve drawn through a region of space so that its tangent at any
point is in the direction of the electric field vector at that point. The relative closeness of the lines at some
place gives an idea about the intensity of electric field at that point.”
Properties of Field Lines:
(1) Two field lines can never intersect.
(11) Electric field lines always begin on a positive charge and end on a negative charge.
(ii1) In Charge Free region field line are continuous curves without any breaks.
(iv) Drawing of field lines is proportional to the magnitude of charge. and do not start or stop in mid space.
(v) Strength of electric field at a point is directly proportional to the number of field lines passing per unit area
of an element held normal to the direction of the field.
(vi) direction of field lines is always normal to the surface of the conductor.
(vii) Field lines never form closed loops.
Electric Field Intensity (E):
The electrostatic force acting per unit positive charge on a point in electric field is called electric field intensity
at that point.

F

Electric field intensity E q
Its SI unit is NC™! or V/m and its dimension is [MLT> A™'].

It is a vector quantity and its direction is in the direction of electrostatic force acting on positive charge.
Electric field intensity due to a point Charge:

due to a point charge q at a distance r is given by

E=—2%
Magnitude - dmgg T

2
Electric Dipole:

\]
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An electric dipole consists of two-point charges of equal magnitude and - 2a -
opposite sign separated by a very small distance. e.g., a molecule of HCL,a €
molecule of water etc. -

Electric Dipole Moment: Product of magnitude of either charge and distance between them. i.e. p=q(2a)

O
+q

Its SI unit is ‘coulomb-metre’ and its dimension is [LTA].
It is a vector quantity and its direction is from negative charge towards positive charge.
Electric Field Intensity and Potential due to an Electric Dipole:
(1) On Axial Line:

: da :

Electric field intensity E; E, p

#* " una s Dq— .......

_ 1 2pr p q -f?

4meo(r?-a®)? r :

F_ L2 -
Ifr>>2a,then =  4me+* (ShortDipole)
1 __p

Electric potential V= 4mweo 12 - a?

1 p
If r > > 2a, then V= tmeor?  ( Short Dipole)
(i) On Equatorial Line:
E= — 2
Electric field intensity 4meo (r? +a?)3/2
1
Ifr>>2a, thenE ~ tne
Electric potential V =0
(iii) At any Point along a Line Making 0 Angle with Axis
Electric field intensity
Magnitude of electric field
1 p+1+3cos?d
4w eo r?

z
3

( Short Dipole)

E =
1 pcoséd

Electric potential "~ 4meo ri-aPcos? B

. 1 pecoscosé
If r > > 2a, then V= ireo 2 ( Short Dipole)
Torque on a Electric Dipole in Uniform Electric Field:
Torque acting on an electric dipole placed in uniform electric field is given by
T =pEsin 0
or 1=pxE
When 6 = 90°, then ‘“Tmax = pE (Maximum)
When electric dipole is parallel to electric field, it is in stable equilibrium and when it is anti-parallel to electric
field, it is in unstable equilibrium. (In this Case Torque = 0)
Electric Dipole in Non-Uniform Electric Field:
When an electric dipole is placed in a non-uniform electric field, then a resultant force as well as a torque act
on it.
Net force on electric dipole = (QE1 — qE2), along the direction of greater electric field intensity.
Therefore, electric dipole undergoes rotational as well as linear motion.
Work done to rotate an electric dipole in Uniform electric Field:
Work done is rotating an electric dipole in a uniform electric field from angle 0; to 0 is given by
W = pE (cos 01 — cos 02) = -pE(cos 02 - cos 01)
If initially it is in the direction of electric field, then work done in rotating through an angle 6,
W =pE (1 —cos 0).

w
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Potential Energy of a Dipole:

Potential energy of an electric dipole in a uniform electric field is given by

U=-pEcosd =-p.E
Stable Equilibrium:

When angle between p and E is 0 degree.
Unstable Equiibrium:

When angle between p and E is 180°.
Electric Flux (¢k):
Electric flux over an area is equal to the total number of electric field lines crossing this area.
Electric flux through a small area element dS is given by

doe =E. dS

where E= electric field intensity and dS = area vector.
Its SI unit is Nm?C".
For a curved surface, it is divided into smaller area element and flux through each element is calculated to
find total flux i.e.

PE :Z:;l E-ﬂszﬁE.dS‘
Gauss’s Theorem:
The electric flux over any closed surface is 1 / &, times the total charge enclosed by that surface, i.e.,

Qin
= ¢Eds= — :
Op= 9 s €0 where Qin = Net Charge enclosed in the surface.

Important points regarding Gauss’s Law:

(1) The law is valid for a surface of any shape and size.

(i1) Qin includes only those charges which are inside the closed surface (may be located anywhere in the
surface)

(ii1) E in LHS is due to all the charges located inside or outside the surface.

(iv) Any violation of Gauss law will indicate the departure from inverse square law or Coulomb’s law.

Note: If a charge q is placed at the centre of a cube, then total electric flux linked with the whole cube = q /
€o, electric flux linked with one face of the cube = q/ 6 &,.

Electric Field Intensity due to an Infinite Line Charge: I
2
= 5 1: ':i, E

( Direction —Radially outwards for q > 0 and inwards or q<0) +
where A is linear charge density and r is distance from the +Hiit
line charge. r
Electric Field Near an Infinite Plane Sheet of Charge:
E=0/2¢ _._-a-_;_";' N
where o = surface charge density. I g ¥ E
If infinite plane sheet has uniform thickness, then + I I E=-2
E=0c/ €o : + ¥ 2¢0

+ ¥ : S,
Electric Field Intensity due to an Uniformly Charges j_:;"" r ’
Spherical Shell/ Conducting Sphere ( of radius R):

1 g
(1) At a point lying outside the shell (r>R) E= amey 12 T
E
E=—2<

(i1) At a point on the Surface of the shell (r=R) 4mey 12 e

(ii1) At a point inside the shell: E =0
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MULTIPLE CHOICE QUESTIONS:
1. When the distance between the charged particles is halved, the force between them becomes
(a) One-fourth (b) Half (c) Double (d) Four times
2. Two charged spheres separated at a distance d exert a force Fon each other. If they are immersed in a liquid
of dielectric constant 2, then what is the force (if all conditions are same)
(a) 2 (b) F (c) 2F (d) 4F
3. A hollow insulated conducting sphere is given a positive charge of 10uC. What will be the electric field at
the centre of the sphere if its radius is 2 meters
(a) Zero (b) 5uCm™2 (c) 20uCm=2 (d) 8uCm=2
4. An electric dipole consisting of two opposite charges of 2 X 107°C each separated by a distance of 3cm is
placed in an electric field of 2 x 10> N/C. The maximum torque on the dipole will be
(@) 12x 107Nm  (b) 12 X 1073Nm ()24 x107'Nm (d)24 x 107 3Nm
5. The electric field due to a dipole at a distancer on its axis is
(a) Directly proportional to 13 (b) Inversely proportional to 73
(c) Directly proportional to 72 (d) Inversely proportional to 72
6. If E, be the electric field strength of a short dipole at a point on its axial line and E, that on the equatorial
line at the same distance, then

(a) E, = 2E, (b) E, = 2E, (c)E, =E, (d) None of the above

7. A charge q is located at the centre of a cube. The electric flux through any face is
41q nq q 2nq
(a) 6(4meg) (b) 6(4meg) (C) 6(4meg) (d) 6(4meg)
8. The position of the point where net electric field will be zero -
4Q -Q
< a
(a) (1+ a) m from 4Q (b) am from —Q
(¢) Im from 4Q (d) Neutral point not posible

HINTS AND SOLUTIONS:
. Answers: (d) Sol. F « riz; so when r is halved the force becomes four times.

. (@) Sol.Fo—ie “medum — g

Fair

1

2

3. (a) Sol. The intensity of electric field inside a hollow conducting sphere is zero.
4. (b) Sol. Maximum torque =pE =2 x 10°x 3 x 102 x 2 x 10° =12 x 10~ N-m.
5.(b) Sol.E =—.2
6
7
8

4mey 13

. (b) Sol. We have E, = % and E, = ’:—139; ~E, =2E,
q _ _4mq

. (a) Sol. Prace = 6e0  6(4Teg)

. (b)
ASSERTION AND REASON QUESTIONS
In the following questions, two statements are given —one labelled Assertion (A) and other labeled Reason
(R).
Select the correct answer to these questions from the options as given below.
A. If both Assertion and Reason are true and Reason is the correct explanation of Assertion.
B. If both Assertion and Reason are true but Reason is not the correct explanation of Assertion.
C. If Assertion is true but Reason is false.
D. If both Assertion and Reason are false.
1. ASSERTION : When charged balloon is put against on insulating wall, it get stick to the wall.

REASON :Wall acquire a net negative charge & thus attract balloon.
[ - - ]
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2. ASSERTION (A): In a non-uniform electric field, a dipole may have translatory as well as
rotational motion.

REASON (R): In a non-uniform electric field, a dipole experiences a force as well as torque.

3.ASSERTION (A): Gauss law is applicable only for symmetric charge distribution.
REASON (R): In gauss law, electric field is due to only those charges which are present inside the closed
surface.
4. ASSERTION: A point charge qo is kept outside a solid metallic sphere, the electric field
inside the sphere is zero.

REASON : Induced charge does not contribute to electric field or potential at a given point.

5. ASSERTION (A): No torque acts on an electric dipole when its dipole moment is in a
direction opposite to the electric field.
REASON (R): An electric dipole is in stable equilibrium when placed in a uniform electric field with its
dipole moment opposite to the field.

6. ASSERTION (A): Charge cannot exist without mass.

REASON: The particles such as photon or neutrino which have no (rest) mass are uncharged.
7. ASSERTION (A) : An electron has a negative charge.

REASON (R) : Electrons move away from a region of lower potential to a region of

higher potential.
8. ASSERTION (A) : If a point charge q is placed in front of an infinite grounded
conducting plane surface, the point charge will experience a force.
REASON (R): This force is due to the induced charge on the conducting surface which is
at zero potential.
HINTS AND SOLUTIONS:

1. C 2. A 3. D 4. C 5. C
6. B 7. B 8. A

VERY SHORT ANSWER TYPE QUESTIONS
1. If a dipole is kept in uniform electric field E, diagrammatically represent the position of the dipole in stable
and unstable equilibrium and write the expression for the torque acting on the dipole in both the cases.
Solution: - Stable Equilibrium:
The dipole is aligned parallel to the electric field (angle 6 = 0°).
Torque: T = 0 (The torque is zero because the forces on the positive and negative charges are equal and
opposite, and they act along the same line, thus causing no rotation).
Unstable Equilibrium:
The dipole is aligned anti-parallel to the electric field (angle 6 = 180°).
Torque:
T =0 (The torque is zero because the forces on the positive and negative charges are equal and opposite, and
they act along the same line, thus causing no rotation).

>
Stable Unstable
Equilibrium Equilibrinm
9 2a 9 q_2a_a 0
— —
- P P €— >
(a) (b)

2. A spherical balloon carries a charge that is uniformly distributed over its surface. As the balloon is blown
up and increases in size, how does the electric flux come out of the surface change? Give reason.

KVS ZIET MYSURU PHYSICS XII 2025-26 0




Solution:- The electric flux coming out of the balloon's surface remains unchanged as the balloon is blown
up and increases in size. This is because the electric flux is directly proportional to the enclosed charge, and
the total charge on the balloon's surface remains constant.

3. An electric dipole of length 10 cm having charges + 6 x 1073, placed at 30° with respect to a uniform electric
field, experiences a torque of 6\3 Nm. Calculate the magnitude of the electric field.
Solution: so, dipole moment of dipole, P =qd =6 x 10 C x (10cm)
=6x 103 C % (10/100)m=6 x 103 C.m
and angle between dipole , P and external electric field , E is , # = 30°
we know, torque = P.E sinf = 6V3=6x10* x E x sin30° = V3 x 10*=E x (1/2)
or, E=2V3 x 10*N/C
4. (a) Define electric flux. Write its SI unit. Is it a scalar or vector?
Solution: Electric flux: It is the number of electric field lines passing through a surface normally which is
give as @ = EAScosb

S.I unit of flux = Nm?C™! .It is a Scalar quantity.
5. Find ratio of electric flux through the surface Si and Sz as shown in figure
4Q

_ g _ —If s a
. m== @= — E—1:-1 '
Answer: 5 and & and o2
S2

6. Two small balls, each with a charge Q, hang from the same point by insulating
strings of length L from a fixed support. Consider the setup in a region of zero
gravity and in equilibrium.
(a) What will be the angle between the two strings?
(b) What will be the tension in each of the strings?
Solution — (a) The angle between the two strings will be 180°.
(b) Tension in each string will be equal to the electrostatic force of repulsion
QZ
41eg(2L)2
7. A thundercloud carries a charge of +50 C at a height of 4000 m and a charge of -50 C at a
height of 2000 m from the ground. An airplane crosses through the charged thundercloud
at a height of 3000 m from the ground. Find the magnitude and the direction of the electric

field acting on the airplane as its crosses through the charged-up thundercloud.

Solution: Electric field due to +50 C above the airplane: k—g =9 x10° (iz)
r 1000

=4.5x 10° N/C, acting downwards.
kq

Electric field due to -50 C above the airplane: — = 9 x10° ( >0 2)
r 1000
=4.5x 10° N/C, acting downward
So, the total electric field acting on the airplane = 4.5 x 10° N/C + 4.5 x 10° N/C
=9 x 10° N/C, acting downwards.
8. Two charged conducting spheres of radii a and b are connected to each other by a wire. Find the ratio of the
electric fields at their surfaces.
Solution - The electric potential V at the surface of a sphere is given by: V =KQ/r
When connected by a wire, the spheres reach the same potential.
re. Vi=V2 or kQi/a=kQz/b

between the two charged balls. F =

or Q1/Q2 =a/b
kQq
. . EZ E Qz r_',[z —l = = E_Z = -
Now ratio of electric field 2 or Ez ba a
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A M
SHORT ANSWER TYPE QUESTIONS

1. Define electric dipole moment. Is it a scalar or vector ? Derive the expression for E
the electric field of a dipole on the equatorial plane of the dipole.

Solution: Electric dipole moment is defined as the product of any one of the charges
and the length of the electric dipole. p =q (2a)

g = One of the charges and 2a = Length of the electric dipole.

Its direction is from negative charge to positive charge. Its SI unit is coulomb metre.
Electric field of a dipole on the equatorial plane of the dipole:

The magnitudes of the electric fields at point ‘P’ due to the

two charges +q and —q are given by

__ka _ kg
Eq - (1,2_'_“2) & E—q - (1.2_,_“2} | E,
which are equal in magnitude. ',r':

The directions of E+q and E—q are as shown in Fig.
Clearly, the components normal to the dipole axis cancel away. B
The components along the dipole axis add up. rah
The total electric field is opposite to dipole moment p. . Ve
Net electric field at point P is 7 !
E=  Egcos6 +E_, cost Q'f? ol . \»:,

— 2 chosﬂ e »

2a
a
kq 1
Or E =2 x(%+a?) x (r?+a?)?

2kp
]

Or E = (r*+a?)? ( Direction — Opposite to direction of p)
At large distances (r >> a) (or for short dipole), this reduces to

2kp _ Zkp
E= 3 In vector form E = pd

2. Using Gauss’s law deduce the expression for the electric field due to a uniformly charged spherical
conducting shell of radius R at a point (1) outside and (i1) inside the shell.

Plot a graph showing variation of electric field as a function of r > R and r <R ( r being the distance from the
centre of the shell

Solution : Let @ be the uniform surface charge density of a thin spherical shell of radius R . The situation has
spherical symmetry. The field at any point P, outside or inside, can depend only on r (the radial distance from
the centre of the shell to the point) and must be radial (i.e., along the radius vector).

(i) Field outside the shell:

Consider a point P outside the shell with radius vector r. 1E
To calculate E at P, we take the Gaussian surface to be a sphere A Ry
of radius r and with centre O, passing through P.

All points on this sphere are equivalent relative to the given
charged configuration. (That is what we mean by spherical
symmetry.) The electric field at each point of the Gaussian surface,
therefore,

has the same magnitude E and is along the radius vector at each point.
Thus, E and dS at every point are parallel and the flux through

each element is E dS.

Summing over all dS, the flux through the Gaussian surface is E x 4nr2 .

\\Gaussian Surface

Spherical Shell

—
When Point Lies Outside the Shell
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The charge enclosed is & (4TR ).

Gin
By Gauss’s law .4 €0
o (4nR2)
Or Exd4mr’ = &
_ agR? 1 g
Or” = e Tmer?  where @ = q(4nR?) is surface charge density.

The electric field is directed outward if q > 0 and inward if q < 0. This, however, is exactly the field produced
by a charge q placed at the centre O. Thus for points outside the shell, the field due to a uniformly charged
shell is as if the entire charge of the

shell is concentrated at its centre.

(i1) Field inside the shell: In this case the Gaussian surface is

again a sphere through P centred at O.

The flux through the Gaussian surface, calculated as before, is E x 4nr?.

a
However, in this case, the Gaussian surface encloses no charge. y 4
Gauss’s law then gives E x 4nr? =01ie., E=0(r<R) X
that is, the field due to a uniformly charged thin shell is zero at all points ) y _
“—— Spherical Shell

inside the shell
When Point Lies Inside the Shell
3. State Gauss’s law in electrostatic. Use this law to derive an expression
for the electric field due to a uniformly charged infinite plane sheet having uniform charge density +c. Obtain
the expression for the amount of work done in bringing a point charge q from infinity to a point, distance r, in
front of the charge sheet.
Solution: Gauss’s Law:
Electric flux of electric field through a close surface held in vacuum is 1 upon g times total charge enclosed
by the surface.
Hin
ie. = e
Direction of E:- Let ¢ be the uniform surface charge density of an infinite plane sheet . We take the x-axis
normal to the given plane. By symmetry, the electric field will not depend on y and z coordinates and its
direction at every point must be parallel to the x-direction.
Magnitude of E: We take the Gaussian surface to be a cylindrical surface
of cross-sectional area A, as shown.
(A rectangular parallelepiped will also do.) As seen from
the figure,
only the two faces 1 and 2 will contribute to the flux;
electric field lines are parallel to the other faces and they,
therefore, do not contribute to the total flux.
The unit vector normal to surface 1 is in —x direction while the unit
vector normal to surface 2 is in the +x direction. Therefore, flux E.AS fo——— F e o] r
through both the surfaces are equal and add up. Therefore the net flux i
through the Gaussian surface is 2 EA. The charge enclosed by the closed
surface is GA.

—>2>
+1

~
+ +

+
—>2>

:)ml
5‘5
o>
+ o+
.
~5
+ +
R
g

Gin

Therefore by Gauss’s law, = €0
2 EA =0cA/eo
or, E = 0/2¢p

Vectorically, E = 6/2go n where n is a unit vector normal to the plane and going away from it.

o
Work Done: ¥ = 4V = V(@) =¢q[Er—0] = q-r
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4. Show that an electric dipole held in uniform electric field will not undergo any translator motion. Hence
derive an expression for the torque experienced by the dipole.

Solution: : -
Let us consider an electric dipoleof dipole moment e ,-PL']—’-EE
p=q(2a) | = P =
Where, p = Electric dipole moment , e "
q = One of the charges and // ) “2a -
2a = Length of the electric dipole. —aE “aA R

It makes an angle 6 with the direction of electric field as shown. - i
Net force on the dipole =qE—-qE =0
Hence dipole will not undergo translator motion.
Due to different line of action of force , it experiences a torques
which is given by
T = magnitude of either force x Perpendicular distance between the two forces

=qE (2a sin 0)

ort=pEsin0 ort=pxE

5. The figure below shows an arrangement of four charges along with some electric field lines drawn between
the charges.

(a) Identify three things that are incorrect in this figure.
(b) Draw a correct diagram representing the electric field lines for this system of charges..
Solution:
(a) Electric field lines cross each other as shown at point P.
Number of field lines that end on the negative charges is
not proportional to their charges.The field lines drawn between
+4q and —q are shown as parallel and equidistant.
(b) The correct representation: (shown in fig)

6. A small ball of mass 2 x 107'® kg carrying a charge q = - 2 pC is fired from the positive +"° . -
conducting plate towards the negative conducting plate with a speed of 3 x 10® m/s. ( . ~
figure) .| -
Will the ball strike the negative plate? Give mathematical working for the answer. + -
Solution : The Ball hits the negative plate if KE of the ball is greater + -

then Work done against the field . * -

G >

Now KE of the Ball E=mv?2=9x10*] sov
& work to be done against the electric fieldis W=U=qV=2x10°x50=10*]J
Since the KE of the ball > Energy required to move through the field between the plates of conducting
sheets, the ball will strike the negative plate.

SOURCE BASED QUESTION:
1. Read the following passage carefully and answer the questions that follow after paragraph-

Two small metal blocks (X and Y) of the same mass m are placed on an insulated frictionless surface such
that both of them are at the same distance from the edge of the surface as shown in the image below. The

charge on block X is +100 Q and that on Y is +50 Q. The two blocks are held in position by an external force.
- - - -~~~ - -~~~ -
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+100 Q +50 Q
edge X o edge
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<
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L
>

M

d
(1) The external force is require to held them in position since
(a) Both will attract each other with equal magnitude of electrostatic force.
(b) Both will repel each other with equal magnitude of electrostatic force.
(c)X will repel Y with greater magnitude of electrostatic force.
(d) Y will repel X with greater magnitude of electrostatic force.
(i) If the external force holding the blocks in their respective positions is removed, then which of the
following will happen?
(a) Block X will reach the edge first.
(b) Block Y will reach the edge first.
(c) Both the blocks will reach the edge at the same time.
(d) The blocks will NOT move from their positions.
(ii1) . If block Y is replaced with another block Z with the same charge but mass 2m, which of the
following will happen when the external force holding the blocks in their respective positions is removed?
(a) Block X will reach the edge first.
(b) Block Z will reach the edge first.
(c) Both blocks will reach the edge at the same time.
(d) The blocks will NOT move from their positions.
(iv) . The two blocks X and Y are momentarily brought in contact and placed again in the same initial position
as shown in the image.
Which block will reach the edge first, once the external force holding them in their positions is removed?
(a) Block X will reach the edge first.
(b) Block Y will reach the edge first.
(c)Both blocks will reach the edge at the same time.
(d) The blocks will NOT move from their positions.
(v) If nature of charge on Y is altered and they are released, what will be the velocity of their
centre of mass ?
(a) 10 m/s towards right  (b) 10 m/s towards left (c) zero (d) none of these

Ans — (i) (b) (i) (c) (iii) (a) @iv) (¢) ™ (©

2. Read the following passage carefully and answer the questions that follow after paragraph-

A field lineis a graphical visual aid for visualizing vector fields. It consists of an imaginary integral
curve which is tangent to the field vector at each point along its length. A diagram showing a representative
set of neighbouring field lines is a common way of depicting a vector field in scientific and mathematical
literature; this is called a field line diagram. They are used to show electric fields, magnetic fields,
and gravitational fields among many other types.

(1) Study the given electric field representation and identify one INCORRECT qualitative impression given
by this representation.
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(74
NS

(a) The electric field at point A is stronger than at point B.

(b)The electric field distribution is two-dimensional.

(c)The electric field at point C is zero.

(d)The electric field always points away from a positive charge.
(i1)) A metallic solid sphere is placed in a uniform electric field. The
electric field lines follow the path(s) shown in the figure. Which among
the four correctly describes electric field line-

3 > > 3
(a) 1 (b)2 (©)3 (d) 4 4 M .

(i11) Which of the following is not the property of electric field lines
(a) Electric field line form closed loop.
(b) Electric field line emerges from positive charge.
(c) Electric field line can not have sudden breaks in charge free Region.
(d) No two Electric field lines can intersect each other.
(iv) Electric field lines about negative point charge are

1 1

(a) Circular, anticlockwise (b) Circular, clockwise
(c) Radial, inward (d) Radial, outward

Answer: (1) (B)The electric field distribution is two-dimensional.
(i) (d) 4

(111) (a)Electric field line form closed loop.
(iv) (c) Radial, inward
3. Read the following passage carefully and answer the questions that follow after paragraph-
Gauss Theorem: Electric flux of electric field through a close surface held in vacuum is one
upon go times total charge enclosed by the surface.
— din
ie. ¢= €0
where qgin included only those charges which are located inside the closed surface. Gauss theorem can be
conveniently applied to find electric field due to the given charge distribution by assuming any closed surface
imagined around the charge distribution called Gaussian Surface. The law is applicable for a Gaussian Surface
of any shape and Size.

(1) Two charges of magnitude -2Q and +Q are located at points (a, 0) and (4a, 0) respectively. What is the
electric flux due to these charges through a sphere of radius '3a' with its Centre at origin?
(a) Qleo (b) -2Q/eo () 3Q/eo (d) -3Q/eo

(i1) A charge q is placed at the Centre of a cube of side 1. What is the electric flux passing through each face
to the cube?

(a) g/5eo (b) 9/9¢0 (c) g/6€o (d) g/eo
(111)  Chares outside the Closed surface does not contribute in electric flux through the surface since due to
outside charges
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(a) number of filed lines are countless
(b) no field lines can get through the surface
(c) number of field lines entering the surface is equal to number of field lines leaving the surface.
(d) no field lines are emitted.
(iv) SI unit of electric flux is
(a) N’mC (b) Vm (c) Nm?*C! (d) both (b) and (c)

Answer: (i) (B) -2Q/eo (ii) (C) q/6€0 (iii) (C) (iv) (D) both (b) and (c)

LONG ANSWER TYPE QUESTIONS:

1. A spherical Gaussian surface encloses a positive charge q. Find net electric flux through the surface. Explain
with a reason what happens to the net electric flux through the Gaussian surface if:
(a) the charge is tripled.
(b) the volume of the sphere is tripled.
(c)the shape of the Gaussian surface is changed into a cuboid.
(d) the charge is moved into another location inside the Gaussian surface

_ 4
Solution: electric flux through the surface is ¢= €0
(a) The net flux is also tripled because as per Gauss law the net flux is proportional to the net charge
enclosed.
(b) Regardless of the volume of the enclosed surface, if the net charge enclosed is the same, the net flux
remains the same as per Gauss law.
(c)No change in the net flux as it doesn’t depend upon the shape of the closed surface.
(d) Aslong as the new location of the charge remains inside the Gaussian surface, there is no change in net flux.

2. (a) Given is a line of charge of uniform linear density. A charge +q is distributed %Y
uniformly between y = 0 and y = a and charge —q is distributed uniformly between .
y=0andy=-a.

Explain how the direction of the resultant electric field at point P can be obtained.
Represent using a vector diagram.

(b) Two point charges 40, Q are separated by 1 m in air. At what point on the line Ry
joining the charges is the electric field intensity zero?

Solution

(a) The x-components of E; and E», due to two equidistant points on either

side of O, cancel each other. The resultant electric field is due to the ny
superposition of the y-components of E; and E». .
The direction of the net electric field is along the negative y-axis. This is true for
all pairs of equidistant points on either side of O.

(b) Let the point be at a distance x from 4Q charge.

Electric field at P due to 4Q = Electric field at P due to Q

11| IO+ 4+ + +

10
M im
m I

[ |

k(4Q)  kQ 4 9] -a
— & I - -y
2T A S b Txon
E T L |-t Im |
X 1—x

Therefore x =2/3 m or 2m.
Since 2m is not possible so answer is 2/3 metre from charge 4Q.

3. (a) State Gauss’s law in electrostatic. Use this law to derive an expression for the electric field due to an
infinitely long straight uniformly charged wire having linear charge density A C/m.
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(b) Obtain the expression for the amount of work done in bringing a point charge q from infinity to a point,
distance 1, in front of the line charge.

(c) An infinite line charge produces a field of 9 x 10* N/C at a distance of 2 cm. Calculate the linear charge
density.

Solution:

(a) Gauss’s Law:

Electric flux of electric field through a close surface held in vacuum is 1 upon go times total charge enclosed
by the surface.

—  Gin
1.C. il

Electric field due to an infinitely long straight uniformly charged wire:

For a wire of infinite length, the electric field is everywhere radial in the plane
cutting the wire normally, and its magnitude depends only on the radial distance r.
To calculate the field, we imagine a cylindrical Gaussian surface, as shown in the.
Since the field is everywhere radial, Electric flux through the two ends of the
cylindrical Gaussian surface is zero. At the cylindrical part of the surface, E is f
normal to the surface at every point, and its magnitude is constant, since it depends
only on r. The surface area of the curved part is 2arl, where 1 is the length of the .I
cylinder. P|

! * ! \
ﬂ+++++|++++++++++++l++|+++++].

: 0

\ ] ]

Jin E | ::
Using Gauss Law on surface S, ¢ € .
Al :r/ ‘i
E2nrl= — . —r—
€ - -
A 2k
- 2mey T
A 2kA
E = n=—m-n
In Vector form 21mey r

Where n is the radial unit vector in the plane normal to the wire passing through the point.

E is directed outward if A is positive and inward if A is negative.

(b) W=/ E.dr :f.;EdTCGSTI = — J;?dr =—2kAlog,r
(c) Using
A _ Zkh Er

Imep T orA=2k

9x10%x 2 x1072 _7
Substituting the values we get A= zxoxr10° =10""N/C

4. (a) Figure shows tracks of three charged particles in a uniform electrostatic field. Give the sign of these

charges.
+ + + + + + + + + @

e——— ()
e e x
_________ @
Solution : (a) Charge 1 - negative charge, charge 2 — negative charge , charge 3 - positive
charge.
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CHAPTER-2: ELECTROSTATIC POTENTIAL AND CAPACITANCE
Syllabus:- Electric potential, potential difference, electric potential due to a point charge, a dipole and system
of charges; equipotential surfaces, electrical potential energy of a system of two-point charges and of electric

dipole in an electrostatic field.
Conductors and insulators, free charges and bound charges inside a conductor. Dielectrics and electric
polarization, capacitors and capacitance, combination of capacitors in series and in parallel, capacitance of a

parallel plate capacitor with and without dielectric medium between the plates, energy stored in a capacitor
(no derivation, formulae only)

MIND MAP
_ € (Permitivity of medium) Polar dielectric Non-polar dielectric For linear isotropic ® Cl=KC
= ¥ (Petmithe tonl s spacs Pe.rm-an?r;t dipole ;’n(;mel‘n gflchlmolecule has}; ze.r<T c?ielect‘ric ® U=KU,
exist in absence of electric ipole moment in its  p_, E(y, = electrical . -
field also. normal state. succeptibility) Q=KQ,
Energy Stored Dielectric ® E=E,
U= il cvi= Q_ - QV Constant Types of Dielectric / eV=V,
2 2C 2
Eaerpy Dty Dielectric is an insulator which
= 15052 transmits electric effect without
2 conducting. If field exceeds

the dielectric strength, the

Parallel Plate dielectric begins to conduct. Battery +Q
Capacitor ~
Energy Stored 4 \ Connected -Q
2
U= lQV = Dielectric and / - 5
2 8mneya its Properties Disoanne:c);ed
B NR| Sphcrical Conductor Sy Capacitors.
Q2 of Radius a Storage with )
u= i cAPAc‘TOR < K ® Partially filled
n i i . -
321 80" Ca :nltor Capacitor is a passive Dielectrics = ] dlelectr;c
P electronic component that — = O_t
stores energy in the form of Nl B d—t+ =
Parallel Combination an electrostatic field. -Q ks +Q
Q) -Q 0Q=Q,+Q,+Q, The ratio of charge and Charge —d— ® New charge
0C,=C+G+G Combination the potential it raised Sharing — Q, Initially Q, o= n
,'3 272 ® For n identical capacitor of is called capacitance. Between i Y i I"z i 1 nen
"' Cey=nC and Q'=Q/n Capacitors Conductors \: v or =7
2 ® Used when high capacity s ) o 278+
H = is required at low potential G S e
v
1 P Types of Capacitors S
and their o oy
Senes Combmanon eV=V, + V2 +V; Capacitances I,.z c potentia
G V GV, +G,V,
1 1 y=—11_-2"2
}_| |—{ S vy G+C,
0Q +Q -Q +Q -Q ch Cl G C3
Vi—re—V—be—7V; ® For n identical ©® Energy loss
= . S s
I capacitor C,, = C/n and cc
s V=Vin =12 _(y,-v,)
2(C, +G,) ¢

Parallel Plate Capacitor
It consists of two large plates placed
parallel to each other with a separation

d.
Capacitance: Wire |
c="ul / ‘o !

d

Potential I
difference = VvV, Wirel|Plate b, Area A|
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GIST OF THE CHAPTER
The concept of electric potential and capacitor used in daily life as
1. Power Distribution: Electric potential, or voltage, is V. & 5
what drives current flow in electrical circuits, ensuring '
that power 1s delivered to devices. ot ke
2. Electronic Devices: Electric potential is used to i o e
control the movement of charges, as seen in TV screens, ‘
electron microscopes, and other devices.
3. Lightning Rods: Lightning rods are designed to facilitate the transfer of charge, preventing damage
during lightning strikes
4. High-Voltage Transmission Lines: Smooth surfaces are used on high-voltage transmission lines to
prevent charge leakage
5. Household Appliances: In refrigerators, air conditioners, and other appliances, capacitors help start
motors efficiently and reduce power consumption.
6. Audio Equipment: Capacitors are crucial in audio equipment for filtering out unwanted noise and
stabilizing signals, ensuring clear and reliable sound.
7. Camera Flashes: Capacitors store energy to provide a burst of power for camera flashes, allowing them
to capture images in low-light conditions.
8. Automotive Systems: In hybrid and electric vehicles, capacitors are used for energy recuperation systems.
9. Medical Devices: Capacitors are used in medical devices like defibrillators to deliver a burst of energy to
restore a normal heartbeat.

Variation of potential due to charged shell with
distance r from its centre

Electrostatic potential (V)
Electrostatic potential (V) at any point in a region with electrostatic field is the work done in bringing a unit
positive charge (without acceleration) from infinity to that point. [

v=-["E.dr

https://ophysics.com/em4.html

q

4TEy T

1. Electric potential due to point charge V =

2. A system of charges q1, ¢2,..., gn With position vectors 11, 12,...,Ih relative to some origin
The potential V' at any point P due to the total charge configuration is the algebraic sum of the potentials due
to the individual charges

V=V +V2+V3+ - + Va
Ve (Ll Byt q—”)
ATEy \T1p T2p  T3p Tnp y
3. Electric potential due to Electric dipole
(1) At any point
1 pC(;SQ or VZL%
4ME, T 4TtEy T
(i1) At a point on the dipole axis (0 =0, 7 )
— ! S
4'1'[80 r 4']'[80 r
(ii1) Potential in the equatorial plane (0 = g)
V=0

4. Electric potential uniformly charged spherical shell

(1) At a point outside the shell (r > R)
1 d

4TEY T

(i1) At a point on the surface of shell (r = R)
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1 q

4']'[80 R
(ii1) At a point inside the shell (r <R)
1 q

41eg R
Electric Potential Difference (AV)
It is the work done against electric field in moving a unit positive charge from one point to other. That is

22—

Va-Vi=- [ E.dr
If W12 is work done in moving a charge q from one point to another point then

Vz—V1=% my Wi2=q(V2—V1)

EQUIPOTENTIAL SURFACES

1. The electric potential is the same at all locations on the surface.

2. The electric field lines are always perpendicular to the equipotential surface.

3. Two equipotential surfaces cannot intersect.

4. No work is required to move a charge along an equipotential surface because the potential difference is
zero along the surface.

5. No work is required to move a charge along an equipotential surface because the potential difference is
zero along the surface.

6. Shape of equipotential surfaces

Point charge
a dipole

e —p

¥y Yy vy
m}

A 2V v
dqy = ds

Two identical positive charges ~
Uniform electric field
Relation between field and potential

E=-2
dar

(1) Electric field is in the direction in which the potential decreases steepest.

(11) Its magnitude is given by the change in the magnitude of potential per unit displacement normal to the
equipotential surface at the point.

Electric Potential Energy(U)

Potential energy of charge q at a point (in the presence of field due to any charge configuration) is the work
done by the external force (equal and opposite to the electric force) in bringing the charge q from infinity to
that point.

(1) Potential energy for a system of two charges qi and q is
=1 %%
B 4TEY T12
(1) Potential energy of a system of two charges in an external field
1
U=q, V(r1) +q2 V(rz) + E%
(111) Potential energy of a dipole in an external field
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The amount of work done by the external torque rotating dipole from angle 6o to angle 0; at an
infinitesimal angular speed and without angular acceleration will be given by

W = pE (cos 8, — cos 6,)
This work is stored as the potential energy of the system. Take 8,= g and 6,=10

U=-pEcosf=-p.E
Simulation link for topic:- Capacitor

https://phet.colorado.edu/en/simulations/capacitor-lab-basics

MULTIPLE CHOICE QUESTIONS

1. A uniform electric field pointing in positive x-direction exists in a region. Let A be the origin, B be the
point on the x-axis at x =+ 1 cm and C be the point on the y-axis at y =+ 1 cm. Then, the potentials at the
points A, B and C satisfy
(a) VA< Vs (b) VA> Vg (c) Va<Vc (d) Va>Vc
2. Which statement is not correct for an equipotential surface?
(a) Electric field intensity is always perpendicular to the equipotential surface.
(b) Potential difference between any two points on it is zero.
(c) Equipotential surfaces are spherical in shape.
(d) No work is required to move a charge on an equipotential surface
3. An electron mass m and charge e travels from rest through a potential difference of V. What will be the
final velocity of electron?

2eV 2eV 2mv
(@) eV Ok © % @ =
4. Four point charges —Q, -q, 2q and 2Q are placed, one at each corner of the square. The relation between Q
and q for which the potential at the centre of the square zero, is
@Q=-q ®Q=— (©Q=q Q==
5. A hollow metal sphere of radius 10 cm is charged such that the potential on its surface is 80 V. The ratio
of potential at a distance Scm from the centre of the sphere to the potential at the surface of sphere is
(a) 1:2 (b) 2:1 (c) 11 (d) 1:4
6. There is one charged isolated air capacitor and U is the energy stored in it. Separation between the plates
of the capacitor is increased to double of the initial value. Energy stored becomes
(a) U2 (b) 2U (c)U/3 (d)3U
7. Four condensers are joined as shown in the figure and the
capacity of each condenser is 8 puF. The equivalent capacity between

the points A and B will be: 4 | 4{ h_{ }74{ }J
(a) 16 pF (b) 8 uF

(c) 32 uF (d) 2 uF .
8. A parallel plate capacitor is connected to a battery as shown in Fig. Consider two situations:

A: Key K is kept closed and plates of capacitors are moved apart using insulating

handle.

B: Key K is opened and plates of capacitors are moved apart using insulating handle. l

—~~
~—

Choose the correct option(s).

(a) In A : Q remains same but C changes.

(b) In B : V remains same but C changes.

(c) In A : V remains same and hence Q changes.
(d) In B : C remains same and hence V changes.
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ANSWERS
1.(b)E=- Z—: , Direction of electric field must be in the direction of the decreasing order of electric potential.

2. (c) Shape of equipotential surface depends on charge or distribution of charges

3.(0) eV =smv? ey v= [

m

1 - 1 - 1 2 1 2 -1
4. (b) -9 . e 20 4 - - Q=_—
41Ey R 41Ey R 41ey R 41tEy R q

5. (c) Value of potential inside and on the surface of a charged spherical shell is same
6.(b) As capacitor is isolated so charge on capacitor remains same

New capacitance C'= g and V'=2V

Hence, new energy U’ =2U
7.(c) All capacitors are connected in parallel so Cpq= C;+C;+C3+C450 Cpq = 32 pF
8.(c) As it is connected to battery so V remains same but as capacitance changes so charge changes
ASSERTION-REASON QUESTIONS
Select the correct answer to these questions from the codes (a), (b), (¢) and (d) as given below:
(a) Both assertion (A) and Reason (R) are true and Reason (R) is the correct explanation of Assertion
(A).
(b) Both assertion (A) and Reason (R) are true and Reason (R) is NOT the correct explanation of
Assertion (A).
(c) Assertion (A) is true and Reason (R) is false.
(d) Assertion (A) is false and Reason (R) is also false.
1. Assertion (A): Electric field is always normal to equipotential surfaces and along the direction of decreasing
order of potential.
Reason (R): Negative gradient of electric potential is electric field.
2. Assertion (A): Electric field inside a hollow conducting sphere is zero.
Reason (R): Charge is present on the surface of conductor.
3. Assertion (A): Work done in moving a charge between any two points in a uniform electric field is
independent of the path followed by the charge between these two points.
Reason (R): Electrostatic forces are non conservative.
4. Assertion (A): Electric potential and electric potential energy are two different quantities.
Reason (R): For a test charge Q and a point charge Q, the electric potential energy becomes equal to the
potential.
5. Assertion (A): When the distance between the parallel plates of a parallel plate capacitor is halved and the
dielectric constant of the dielectric used is made three times, then the capacitance becomes three times.
Reason (R): Capacitance does not depend upon the external battery connected.
6. Assertion (A): Circuit containing capacitors should be handled very carefully even when the power is off.
Reason (R): The capacitors may break down at any time.
7. Assertion (A): Capacity of a conductor is independent on the amount of charge on it.
Reason (R): Capacitance depends on the dielectric constant of surrounding medium, shape and size of the
conductor.
8. Assertion (A): Two parallel metal plates having charge +Q and —Q are facing at a distance between them.
The plates are now immersed in kerosene oil and the electric potential between the plates decreases.
Reason (R): Diclectric constant of kerosene oil is less than 1.
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ANSWERS

1. Option (A) is correct.  Explanation: E = - Z—:

So, the electric field is always perpendicular to equipotential surface. Negative gradient of electric potential
is electric field. So, direction of electric field must be in the direction of the decreasing order of electric
potential.

2. Option (A) is correct. Explanation: Since no charge resides in the surface of a hollow sphere, the electric
field also zero inside. So, assertion is true. For hollow conducting sphere, the charged reside on the surface
only. So, reason is also true and it explains the assertion properly.

3. Option (C) is correct. Explanation: Work done in moving a charge between any two points in a uniform
electric

field = charge x potential difference. So, it is independent of the path followed by the charge. Hence the
assertion is true. Electrostatic forces are conservative type. Hence, the reason is false.

4. Option (C) is correct. Explanation: Electric potential and electric potential energy are two different
quantities.

Hence the assertion is true. Electric potential is defined as the potential

energy per unit charge. Hence V =P.E./q

So, the reason is false.

5. Option (B) is correct. Explanation: Initial capacitance C; =C = Keo 4
_ 3KgoA
C= 0z

So C, = 6C1, Hence the assertion is true

6. Option (C) is correct. Explanation: Even when power is off capacitor may have stored charge which may
discharge through human body and thus one may get a shock.

So, assertion is true. Breakdown of capacitors requires high voltage.

So, reason is false.

7. Option (A) is correct. Explanation: C = S‘jTA

In the expression, there is no involvement of charge. So, capacitance is independent of
charge. Hence the assertion is true.

It depends on permittivity of the surrounding medium and the area of the plate. So, reason is
also true.Reason explains the assertion.

8. Option (C) is correct.  Explanation: Electric field for parallel plate capacitor in vacuum

-9

E = =
Electric field in dielectric E = é
0

Since the value of K for Kerosene oil is greater than 1, then E’< E. Hence the assertion is true. Dielectric
constant of Kerosene oil is greater than 1. Hence the reason is false.

VERY SHORT ANSWER TYPE QUESTIONS (2 MARKS)
1. Draw an equipotential surface for a system consisting of two charges Q, —Q separated by a distance r in air.
Locate the points where the potential due to the dipole is zero.
Ans. The equipotential surface for the system is as shown. Electric potential is A
zero at all points in the plane passing through the dipole equator AB. @@
2. A point charge +Q is placed at point O as shown in the figure. Is the potential

difference Va—V3 positive, negative or zero?
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O A B

Ans. The potential due to a point charge decreases with increase of distance.
So, Va — VB is positive.

3. Draw an equipotential surface in (i) a uniform electric field and (ii) a dipole

Ans. (i) (i1)

4. “For any charge configuration, equipotential surface through a point is normal to the electric field.” Justify.
Ans. The work done in moving a charge from one point to another on an equipotential surface is zero. If
electric field is not normal to the equipotential surface, it would have

non-zero component along the surface. In that case work would be done in moving a

charge on an equipotential surface.

5. A charge ‘q’ is moved from a point A above a dipole of dipole moment ‘p’ to a point B below the dipole in
equatorial plane without acceleration. Find the work done in the process.

Ans. Work done in the process is zero. Because equatorial plane of a dipole is A

equipotential surface and work done in moving charge on equipotential surface :
is zero. PN B -
—-q H +q

W=q(Ve-Va)=qx0=0 '

.

6. A charged particle (+q) moves in a uniform electric field (E ) in the direction

opposite to E. What will be the effect on its electrostatic potential energy during its motion?

Ans. When charge +q moves in opposite direction to electric field then work done is negative.
AU =-W

so, change in potential energy is positive, the potential energy increases.

7. Two large plane parallel conducting plates are kept 8 cm apart as shown A
in figure. The potential difference between them is V. Find potential
difference between the points A and B (shown in the figure) ? -
Ans. AsV=Ed
V=E(8)
v\, V
Therefore Vap = E(4) = (§)4= >

8. Find the charge on the capacitor as shown in the circuit.

Fd

A AN
10 <3 20 02
L
FRYA

[\8)
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R 30 15
Potential difference, V =1R = 1—15 X10= % V, Therefore, charge Q =CV =6 X g =4 uC

SHORT ANSWER TYPE QUESTIONS
1. Three points A, B and C lie in a uniform electric field (E) of 5 x 10°NC~ P — B
!'as shown in the figure. \ -
Find the potential difference between (i)A and B, and (ii) A and C.

v

v

7
AN B
v
m

Ans.(i) Potential difference between A and B = E x (AB) =5 x 10% x (4 x c
1072) = 200 volt

(i1) The line joining B to C is perpendicular to electric field, so potential of B = potential

of Cie., VB=VC

Distance AB =4 cm

Potential difference between A and C = E x (AB)

=5x10° x (4 x 10-2) =200 volt

2. Two uniformly large parallel thin plates having charge densities +c and — ¢ are kept in the X-Z plane at a
distance ‘d’ apart. Sketch an equipotential surface due to electric field between the plates. If a particle of mass
m and charge ‘—q’ remains stationary between the plates, what is the magnitude and direction of this field?
Ans. (i) Weight mg acts vertically downward

v

(ii) Electric force qE acts vertically upward. A T y

o, s e

T + |

q dr2
4;*/+ + + + + + + /
3. Calculate the potential difference between points A and ) uIF - uF
B as shown in figure N e
3 uF 1pF
: : 5 3 —
Ans. Equivalent capacitance = > uF
Charge supplied by battery = g X 200=500 uC A == G
200V

Potential difference between A and B is 80V
4. Figure shows two identical capacitors, C; and C,, each of 1 mF s
capacitance connected to a battery of 6 V. Initially switch ‘S’ is closed. -
After sometimes ‘S’ is left open and dielectric slabs of dielectric constant K
= 3 are inserted to fill completely the space between the plates of the two 6V TuF ==C1  1pF==C;
capacitors.
How will the (i) charge and (ii) potential difference between the plates of

the capacitors be affected after the slabs are inserted?

Ans. When switch S is closed, p.d. across each capacitor is 6V

Vi=Vo=6Vand Ci=Co=1puC

=~ Charge on each capacitor

Qi =q(=CV)=(1 uF) x (6 V) =6 pC

When switch S is opened, the p.d. across C1 remains 6 V, while the charge on capacitor

C> remains 6 pC. After insertion of dielectric between the plates of each capacitor, the

new capacitance of each capacitor becomes

Ch1=C2=3x1puF=3pF

Charge on capacitor Ci, q'1 =C'1t Vi =3 puF) x 6 V=18 uC Charge on capacitor C> remains 6 uC
Potential difference across Ci remains 6 V. Potential difference across C> becomes
-
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Vj=2=2V
5. (a) Twelve negative charges of same magnitude are equally spaced
and fixed on the circumference of a circle of radius R as shown in
Fig. (i). Relative to potential being zero at infinity, find the electric
potential and electric field at the centre C of the circle.
(b) If the charges are unequally spaced and fixed on an arc of 120° of
radius R as shown in Fig. (ii), find electric potential at the centre C.

Ans. (a) Potential due to single charge at C, V= 1 _ )
41Eg R (i) G
Net potential at C is v= L 12
41Ey R

Due to symmetry of distribution of charge, electric fields are cancel each other, so E=0

(b) Potential is scalar quantity so orientation is irrelevant
-1 12q
ame, R
6. Three point charges +Q, —2Q and —3Q are placed at the vertices of an equilateral triangle ABC of side L. If
these charges are displaced to the mid points A, B and C; respectively, calculate the amount of work done

in shifting the charges to the new locations.

Hence potential at Cis V =

1 Q2
AnS. Uinitial =
4mey 1
1 202
Ufinal = — —
final 4ame, 1
1 Q2

W = Ufinal - Usnitial =
4mey 1

7. Two parallel plate capacitors X and Y have the same area of plates and same X Y
separation between them. X has air between the plates while Y contains a
dielectric medium &; = 4.
(i) Calculate the capacitance of each capacitor if equivalent capacitance of the
combination is 4 pF.
(1) Calculate the potential difference between the plates of X and Y.
Ans.(i) XL =4 and 22X —qF
Cx Cx+Cy
After solving Cy =5 pF and Cy= 20pF
(i1) in series charge on each capacitor is same so ) I;—); =4
Vx+ Vy =15
After solving Vx= 12V, Vy =3V

+

-0

.
ke

LONG ANSWER TYPE QUESTIONS
1. (i) An electric dipole (dipole moment p = pi ), consisting of charges - q and q, separated by distance 2a, is
placed along the x-axis, with its centre at the origin. Show that the potential V, due to this dipole, at a point x,

. 1 pi
X >>a)is equal to — —
( ) ! 41me, x2

(i1) Two isolated metallic spheres S; and S of radii 1 cm and 3 cm respectively are charged such that both
have the same charge density (% X 10_9)C/m2.. They are placed far away

from each other and connected by a thin wire. Calculate

the new charge on sphere S;. P 5
. . . . 1 p
Ans.(i) Derive expression of potential at P, V = prevresaper SN B S SRR o>
As p is along x-axis so | 0 +q P i
- L m < >
4Tg, x2—a? X
-
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If x>>a
1 pi
41, x2

(if) Charge on $1= o x 4nr° = (2 X 107) x 4z (1X 102> =8 X 10" *C
Charge on S;= 0 x 4m” = (2 X 107) x 4z (3X 102> =72 X 103C

When connected by thin wire they acquire common potential V and charge remains conserved
Q+Q=0Qi+Q;  and o
Q mn
On solving Q; =2 X 1012C
2. (1) Derive an expression for potential energy of an electric dipole p in an external uniform electric field E
. When is the potential energy of the dipole (1) maximum, and (2) minimum?
(i1) Three point charges q, 2q and nq are placed at the vertices of an equilateral triangle. If the potential energy
of the system is zero, find the value of n.
Ans. (1) Derivation of expression of potential energy
U(®)=-pEcosf=p.E
(1) Potential energy is maximum 0 =180°

(2) Potential energy is minimum 0 = 0°

(i1) Consider an equilateral triangle of side a

: k k K
Potential energy U= —122 + q2q3+ q;qg‘

kq.2 k2q. kq.
U= q.29 + q.nq + q.nq
a a a

T2

According to question U=0
So k q.2q +k2q.nq

kq nq
=0,
a a

+

After solving n = —g

CASE STUDY TYPE QUESTIONS
1. The figure shows four pairs of parallel identical conducting plates, separated by the same distance 2.0 cm
and arranged perpendicular to x-axis. The electric potential of each plate is mentioned. The electric field
between a pair

of plates 1is

uniform  an

normal to the

plates. 70V 50V 50V +150V -20V 4200V -100V —400V

(1) For which
pair of the I 11 [II
plates 1s the
electric field E along  ?
(A1 (B) II (©) 11 (D) IV
(i1) An electron is released midway between the plates of pair IV. It will :
(A) move along { at constant speed  (B) move along -i at constant speed
(C) accelerate along i (D) accelerate along -1
(111) Let E1, E2, E3 and E4 be the magnitudes of the electric field between the pairs of plates, I, II, III and IV
respectively, then:
(A)E1>E2>E3>E4 (B)E3>E4>E1>E2
(C)E4>E3>E2>E1 (D)E2>E3>E4>E1
(iv) An electron is projected from the right plate of set I directly towards its left plate. It just comes to rest at
the plate. The speed with which it was projected is about :
(Take (e/m) =1.76 X 10! C/kg)
(A) 1.3 X 10° m/s (B) 2.6 X 10° m/s (C) 6.5 X 10° m/s (D) 5.2 X 10" m/s

o,
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identical metal plates kept parallel, a small distance

2. A parallel plate capacitor is an arrangement of two metal plate of area A
apart. The capacitance of a capacitor depends on the size

and separation of the two plates and also on the dielectric ==Vvolls
constant of the medium between the plates. Like dJStance{

resistors, capacitors can also be arranged in series or

parallel or a combination of both. By virtue of electric / /;

field between the plates, charged capacitors store

energy.

Q(a) The capacitance of a parallel plate capacitor increases from 10uF to 80uF on introducing a dielectric
medium between the plates. Find the dielectric constant of the medium.

Q(b) n capacitors, each of capacitance C, are connected in series. Find the equivalent capacitance of the
combination.

Q(c) A capacitor is charged to a potential (V) by connecting it to a battery. After some time, the battery is
disconnected and a dielectric is introduced between the plates. How will the potential difference between the
plates, and the energy stored in it be affected ? Justify your answer.

3. Electrostatics deals with the study of forces, fields and potentials arising from static charges. Force and
electric field, due to a point charge is basically determined by Coulomb's law. For symmetric charge
configurations, Gauss's law, which is also based on Coulomb's law, helps us to find the electric field. A
charge/a system of charges like a dipole experience a force/torque in an electric field. Work is required to be
done to provide a specific orientation to a dipole with respect to an electric field.

Answer the following questions based on the above:

Q(a) Consider a uniformly charged thin conducting shell of radius R. Plot a graph showing the variation of V
with distance r from the centre, for points 0 <r < 3R.

Q(b) The figure shows the variation of potential V with % for two point charges Q; o

and Q2, where V is the potential at a distance r due to a point charge. Find %
2

Q(c) An electric dipole of dipole moment p is initially kept in a uniform electric
field E such that p is perpendicular to E . Find the amount of work done in rotating the dipole to a position at
which p becomes antiparallel to E .

ANSWERS
Ans.1. (1) (D) IV (i1) (D) accelerate along -i  (iii) (C) E4 > E3>E> > E;4
(iv) (B) 2.6 X 10® m/s
Ans.2 (a) K=8 (b) C==

(c) Potential difference decreases by a factor 1/K, Energy reduces by a factor 1/K
Ans. 3 (a)

v

L Q1 _tan60 _
N (b Q,  tan30
1
Ve —
/ (c) Work done = + pE
o " — r
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CHAPTER-03 - CURRENT ELECTRICITY

SYLLABUS

Electric current, flow of electric charges in a metallic conductor, drift velocity, mobility and their relation with
electric current; Ohm's law, V-I characteristics (linear and non-linear), electrical energy and power, electrical
resistivity and conductivity, temperature dependence of resistance, Internal resistance of a cell, potential
difference and emf of a cell, combination of cells in series and in parallel, Kirchhoff's rules, Wheatstone

bridge.

Current Density

CONCEPT MAP

]l Electric Current '7

Ohm’s Law

Conductance Resistance &

Conductivity | | i a L | Resistivity

v=— f:'kw I = charge/time = Z, if flow is uniformi = * iV — V—iR

Reciprocal of ! R= pi

resistance is known A

CURRENT
as conductance. _
: ELECTRICITY R =R (1+at)

o =— oo B =Ry

" J

Drift Velocity &
Mobility of Charges

—

Drift velocity Vd =

—eE

m

i J oE E

vV, = = =—_—
pne

T

‘" neA ne ne
Current I = neAVa

Current Density J = % =nevy

nde’E
= 1= T
i
nde*V
ml
IV
Resistance & Resistivity
1 m |
R = p—= —.—
A ne't A
From & =pL'; a=
¥

= 1=

T

m

ne’r
Reciprocal of resistivity is called

P g 1
conductivity (o) i.e. o = >

Drift velocity per unit electric
field is called mobility of electron
Vd —-e
= e— T
E m

Kirchhoff's Law

— J

Current law (KCL) is the
algebraic sum of currents
meeting at a junction is
zero. i.e.2i=0.

Voltage law (KVL) is the
algebraic sum of the
changes in potential in
complete traversal of a
closed loop is zero. i.e. 2V
=0

Electric Cell

_[

Emf of cell (E) : The
potential difference across
the terminals of a cell
when it is not supplying
any current.

Potential difference (}) :
The voltage across the
terminals of a cell when it
is supplying current to
external resistance.
Internal resistance (r) :
In case of a cell the

Wheatstone
Bridge

The bridge is said to be
balanced when deflection
in galvanometer is zero
i.e. no current flows
through the galvanometer.
On mutually changing the
position of cell and
galvanometer this
condition will not change.

Er, + E,r
cells- £, = -2 5220
ro+r
and
O L
™ “ rn+n

opposition of electrolyte
to the flow of current
through it.
In Series combination of
cells- £, = F, + E, and
Fog = 1
In Parellel combination of

In charging "= FE.

In open circuit ofa cell I'= £

GIST OF THE CHAPTER

ELECTRIC CURRENT

» The electric current in measured by 'rate of flow of charge'.Or Charge flowing per
second from any cross section of the conductor is called electric current,

. . dq . L .
» Current i = charge/time = d_(Z’ if flow is uniform 1 = %

» Unit : Ampere (A), Dimension : (MOLOTOAI)

» 1 ampere = 1 coulomb/second. i.e. if 1 coulomb of charge flows per second then 1

ampere of current is said to be flowing.
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» 1 ampere of current means the flow of 6.25 x 1018 electrons per second through any cross section of
conductor

» If n electrons pass through any cross section in every t seconds then i = n—: where e = 1.6 x 10-19

coulomb.
» The conventional direction of current is taken to be the direction of flow of positive charge, i.e. field
» Value of the current is same throughout the conductor, irrespective of the cross section of conductor at
different points.
» Net charge in a current carrying conductor is zero at any instant of

. E

time. >
Note : A cu.rrent carrying conductor .cannot said to be charged, . C o < o

because in conductor the current is caused by electron (free “«—0 «—0 «5o° =

electron). The no. of electron (negative charge) and proton “«—0 <«—0O F

(positive charge) in a conductor is same. Hence the net charge
in a current carrying conductor is zero. I

A
\

» Electric field outside a current carrying conductor is zero, but it is non zero inside the conductor and is
given by e =— %
Note : The electric field inside charged conductor is zero, but it is non zero inside a current carrying

conductor
Note : Current is a scalar quantity because it does not obey law of vector

CURRENT DENSITY
Current density at any point inside a conductor is defined as a vector having magnitude equal to current per
unit area surrounding that point. Remember area is normal to the direction of charge flow (or current
passes) through that point.

. . . . - di >
» Current density at point P is given by | = e
@—> dA 4 ff.:1
—_ — > ( 50 o -
i - g i Y J
— n S ’\\
dA cos@

> If the cross-sectional area is not normal to the current, but makes an angle € with the direction of current

di . T A i (T .92
then ] = —=—=di = JdAcos 6 = ]| .dA=i= [ ] -dA

» If current density 7) is uniform for a normal cross-section A then J=1/A

> Current density J is a vector quantity. It's direction is same as that of E. It's S.I. unit is amp/m? and dimension
[L724].

» In case of uniform flow of charge through a cross-section normal to it as

I = nqvA=J = i = nqv
- -
» Current density relates with electric field as | = o E = —; where o= conductivity and p = resistivity or

specific resistance of substance.
Drift Velocity
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Drift velocity is the average uniform velocity acquired by free electrons inside a metal by the application of
an electric field which is responsible for current through it. Drift velocity I
is very small it is of the order of 10™*m/s as compared to thermal speed 4 <0
(=10°m/s) of electrons at room temperature.

If suppose for a conductor » = Number of electron per unit volume of the
conductor, ¥ I

A = Area of cross-section, V' = potential difference across the conductor, £
= electric

field inside the conductor, i = current, J = current density, p = specific resistance, o

conductivity (0 = %) then current relates with drift velocity as i = neAv,; we can also

write vy=—=Ll=C_E _ 7V
d ™ neA ne ne pne plne

» The direction of drift velocity for electron in a metal is opposite to that of applied electric field (i.e. current

densityf ).vg x Ei.e., greater the elecic field, larger will be the drift velocity.
» When a steady current flows through a conductor of non-

uniform cross-section drift velocity varies inversely with area of Vay
. 1 <
cross-section (vd « —) Va, Arsdz
A ) S0 Vg >V,
i
. . . . / A
» If diameter (d) of a conductor is doubled, then drift velocity of ! 4

electrons inside it will not change.

Relaxation time (7) : The time interval between two successive collisions of electrons with the positive ions
mean free path A

in the metallic lattice is defined as relaxation time 7 = . With rise in temperature

r.m.s. velocity of electrons Vrms

Vrms Increases consequently z decreases.

m2

Mobility : Drift velocity per unit electric field is called mobility of electron i.e.u = %d. It’s unit is

Ohm's Law

If the physical conditions of the conductor (length, temperature, mechanical strain etc.) remains some, then
the current flowing through the conductor is directly proportional to the potential difference across it’s two
ends i.e.i « V=V = iR where R is a proportionality constant, known as electric resistance.

(1) Ohm’s law is not a universal law, the substances, which obey ohm’s law are known as ohmic substance.

(2) Graph between V and i for a metallic conductor is a straight line as shown. At different temperatures V-i

volt—sec’

curves are different. 1 a
Ohm's law is true For metallic conductors at low T
temperature Because with rise in temperature resistance !
of conductor increase, so graph between V and i becomes "
non linear. 0
Resistance ’ PR L) PR
» The property of substance by virtue of which it opposes (A) Slope of the line (B) Hore tandj> tand,
the flow of current through it, is known as the resistance. o=k So Ri>R»
» Formula of resistance : For a conductor if / = length ieT>Ty

of a conductor 4 = Area of cross-section of conductor,

n = No. of free electrons per unit volume in conductor, 7= relaxation time then resistance of conductor
l l e .
R=p = HZ;T ot where p = resistivity of the material of conductor
> Unit and dimension : It’s S.I. unit is Volt/Amp. or Ohm (Q).It’s dimension is [ML?*T "3 A72]
> Dependence of resistance : Resistance of a conductor depends upon the following factors.

(1) Length of the conductor :Resistance of a conductor is directly proportional to it’s
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, : . . . 1
length i.e.Recl and inversely proportional to it’s area of cross-section i.e.R & "

(i1) Temperature : For a conductor
If Ry =resistance of conductor at 0°C
R; = resistance of conductor at 1°C
and a, = temperature co-efficient of resistance

then R, = Ro(1 + at) for £<300°C or a = -2
0
: : Ry 1
If R1 and R are the resistances at #1°C and ©°C respectively then R—l = %
2 2

The value of « is different at different temperature. Temperature coefficient of resistance

Rp—R L
2 — which gives

averaged over the temperature range #1°C to ©°C is given bya = Rttt
12741

R=Ri[1 + a(tr—t1)].

Resistivity (p), Conductivity (o) and Conductance (C)

Resistivity : From R = p ,%; If/=1m, A=1m?then R = pi.e. resistivity is numerically equal to the resistance
of a substance having unit area of cross-section and unit length.

> Unit and dimension : It’s S.I. unit is ohmxm and dimension is [ML3T 3A72]

» (i) It’s formula : p = —=
» (iii) Resistivity is the intrinsic property of the substance. It is independent of shape and size of the body
(i.e. [ and A).

For different substances their resistivity is also different

Pinsulator > palloy > Psemi—conductor = Pconductor
(Maximum for fused quartz) (Minimum for silver)

» Resistivity depends on the temperature. For metals p; = po(1 + adt)i.e. resistivity increases with
temperature.
» Resistivity increases with impurity and mechanical stress.

Conductivity : Reciprocal of resistivity is called conductivity (o) i.e.0 = % with unit

mho/m and dimensions ~ [M~1L73T34?].

Conductance: Reciprocal of resistance is known as conductance. C = % It’s unit is it

% or Q!

Cell i

The device which converts chemical energy into electrical energy is known as electric v >
cell. Cell is a source of constant emf but not constant current.

(1) Emf of cell (E) : The potential difference across the terminals of a [ N
cell when it is not C

supplying any current is called it’s emf. Lﬂ(\’de Cathode ]~

(2) Potential difference (7)) : The voltage across the terminals of a cell - P
when it is 1 = : 4' —

supplying current to external resistance is called potential difference or Symbol of cell
terminal voltage. Electrolyte

Potential difference is equal to the product of current and resistance of
that given part

ie.V=IiR.

(3) Internal resistance (r) : In case of a cell the opposition of electrolyte to the flow of

current through it is called internal resistance of the cell. The internal resistance of a cell

29
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depends on the distance between electrodes (rocd), area of electrodes [roc (1/4)] and
nature, concentration (rocC) and temperature of electrolyte [roc (1/ temp.)].
A cell is said to be ideal, if it has zero internal resistance.

Cell in Various Positions —>—'VW&MN\,—
(1) Closed circuit : Cell supplies a constant current in the circuit. ' V=iR
(i) Current given by the cell i = —— :
(i1) Potential difference across the resistance V' = iR T
(iii) Potential drop inside the cell = ir Er
(iv) Equation of cell E =V + ir (E>V
(v) Internal resistance of the cell r = (5 — 1) ‘R
(vi) Power dissipated in external resistance (load)
i 2p V2 (E? T2 TS = B
P—Vl—lR—R—(R+r) .R P
2
Power delivered will be maximum whenR =7 so P— .
4T max ;
This statement in generalised from is called “maximum power transfer | R=r
theorem”. R—>
(vii) When the cell is being charged i.e. current is given to the cell then £ =V —
ir and
E<V. R
(2) Open circuit : When no current is taken from the cell it is said to be in open ° o
circuit ¢ P
(1) Current through the circuit i =0
(i1))  Potential difference between 4 and B, Vg =E |
(ii1))  Potential difference between C and D, Vcp =0 Ly
(3) Short circuit : If two terminals of cell are join together by a thick conducting
wire R=0
(1) Maximum current (called short circuit current) flows momentarily iy, = —
(i1) Potential difference V"= 0 N
Grouping of Cells Ve »
(1) Series grouping : In series grouping anode of one cell is connected to
cathode of
other cell and so on. If # identical cells are connected in series
(i) Equivalent emf of the combination E,, = nE Bro B B £r
.. . . . L L | b —
(i) Equivalent internal resistance 7,, = nr
(1i1) Main current = Current from each cell=i = RZiT i
(iv) Potential difference across external resistance V = iR ,VSW

(v) Potential difference across each cell V' = %

2
(vi) Power dissipated in the external circuit = ( nE ) .R
R+nr

2
(vi1) Condition for maximum power R = nr andP (E—)

T/ max
(viii) This type of combination is used when nr<<R.
(2) Parallel grouping : In parallel grouping all anodes are connected at one point and
all cathode are connected together at other point. If # identical cells are connected in
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parallel. E -
(1) Equivalent emf Ee;, = E

(i) Equivalent internal resistance Rq = 1/n I

. L . Er |
(ii1) Main current i Rrin I S Thaia— |
(iv) Potential difference across external ! X
resistance = p.d. across each cell = V'=iR AW

(v) Current from each cell i’ = i

2
(vi) Power dissipated in the circuit P = (Rf; /n) .R

2
(vii) Condition for max. power is R = r/n andP (i—r)
max

(viii) This type of combination is used when nr>>R

Kirchoff's Laws

(1) Kirchoff’s first law : This law is also known as junction rule or current law (KCL).
According to it the algebraic sum of currents meeting at a junction is zero i.e.2.i = 0.
In a circuit, at any junction the sum of the currents entering the junction must equal the
sum of the currents leaving the junction. i; + i3 = i, + i,

(i1) This law is simply a statement of “conservation of charge”.

(2) Kirchoff’s second law : This law is also known as loop rule or voltage law (KVL)
and according to it “the algebraic sum of the changes in potential in complete traversal
of a mesh (closed loop) is zero”, i.e. 2V =10

(1) This law represents “conservation of energy”.

(3) Sign convention for the application of Kirchoff’s law : For the application of
Kirchoff’s laws following sign convention are to be considered

(1) The change in potential in traversing a resistance in the direction of current is — iR
while in the opposite direction +iR

A4 R B 4 i R B
. AWA . AW
- -
— iR +iR

(i1) The change in potential in traversing an emf source from negative to positive
terminal is +£ while in the opposite direction — E irrespective of the direction of current

in the circuit. 4 |E B 4 |E B
. | [} ° . | I °
-
_FE +E

Wheatstone bridge : Wheatstone bridge is an arrangement of four resistance which can be used to measure
one of them in terms of rest. Here arms 4B and BC are called ratio arm and arms AC and BD are called
conjugate arms

(1) Balanced bridge : The bridge is said to be balanced when deflection in galvanometer is zero i.e. no current

flows through the galvanometer or in other words V3 = Vp. In the balanced condition g = g, on mutually
changing the position of cell and galvanometer this condition will not change.

(i1) Unbalanced bridge : If the bridge is not balanced current will flow from D to
Bif Vp>Vpi.e.(V, —Vp) < (V4 — Vp) which gives PS>RQ.
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MULTIPLE CHOICE QUESTIONS
1. Every atom makes one free electron in copper. If 1.1 ampere current is flowing in the wire of copper having
1 mm diameter, then the drift velocity (approx.) will be (Density of copper = 9 X 103kgm™3 and atomic
weight = (63)
(a)0.3mm/sec (b) 0.1mm/sec (¢)0.2Zmm/sec (d) 0.2cm/sec
2. The resistivity of iron is1 X 10~7ohm — m. The resistance of a iron wire of particular length and thickness
is 1 ohm. If the length and the diameter of wire both are doubled, then the resistivity in ohm — m will be

(a) 1x1077 (b)2x1077 (c) 4%x1077 (d) 8x 1077
3. It is easier to start a car engine on a hot day than on a cold day. This is because the internal resistance of
the car battery
(a) Decreases with rise in temperature  (b) Increases with rise in temperature
(c) Decreases with a fall in temperature (d)Does not change with a change in temperature
4. The magnitude and direction of the current in the circuit shown will be

(a) gA from a to b through e o AW —— W b
107 4

(b)gA from b to a through e

(c)1 4 from b to a through e Q

(d)1 4 from a to b through e d AW ¢

5. Two identical cells send the same current in 2 ohm resistance, whether connected in series or in parallel.
The internal resistance of the cell should be
(a0 (b) 0.5 ohm (c) 1.5 ohm (d) 2ohm
6. Eels are able to generate current with biological cells called
electro plaques. The electro plaques in an eel are arranged in 100
rows, each row stretching horizontally along the body of the fish
containing 5000 electro plaques. The arrangement is suggestively
shown below. Each electro plaques has an emf of 0.15 V" and
internal resistance of 0.25 QQ The water surrounding the eel |
completes a circuit between the head and its tail. If the water
surrounding it has a resistance of 500 €, the current an eel can
produce in water is about

(a)1.54 (b)3.04
(c)154 (d)304
7. Two batteries, one of emf 18 volts and internal resistance 2.2 and the other of ®
emf 12 volt and internal resistance 12, are connected as shown. The voltmeter
. . 18V, 20
V'will record a reading of L
(@) I5volt  (b)30volt (c)l4volt(d) 18 volt
127 10
I T
8. The internal resistances of two cells shown are 0.1/ and 0.30. If R = 0.2(2, the
potential difference across the cell 1010 .

(a) B will be zero It It

(b) A will be zero 4

(c) AandBwillbe2V

(d) A willbe > 2V and B will be < 2V
9. In Wheatstone's bridge P = 9ohm, Q = 11ohm, R = 4ohm and S = 60ohm. How ————W———

much resistance must be put in parallel to the resistance S to balance the bridge

(a) 24 ohm (b) 47940hm (c) 26.4 ohm (d)18.7 ohm
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ANSWERS
1. (b) Density of Cu = 9 x 103kg/m3 (mass of 1 m* of Cu)
"+ 6.0 x 10%* atoms has a mass = 63 x 107 kg

2010 x 9 x 10° = 8.5 x 10%°

Now drift velocity = vy = = = s = 0.1 X 107 m/sec

2. (a) Resistivity of some material is its intrinsic property and is constant at particular temperature.
Resistivity does not depend upon shape.

3. (b) Because as temperature increases, the resistivity increases and hence the relaxation time decreases

.. Number of electrons per m’ are =

for conductors (T < %)

4. (d)

E, e E; 20

a 19
10V 4V
C
3Q
YW

Applying Kirchoff's voltage law
—1Xi+10-4—-2%Xi—3i=0=1i=1A(atobviae)

b

vV 10-4
.. Current = Fiiara 1.0ampere
. 2E
5. (d) In series , i; =
() > 1T o4

E 2E . . . 2E 2E
In parallel, I, = — = —, Since iy =i, =>— = =71 =20

2+5 4+r 4+r 2+2r

6.(a) Given problem is the case of mixed grouping of cells
nk

So total current produced i =
R+
Here m =100, n=15000, R =500Q
E=0.15V and r=0.25Q
5000x0.15 750

= ~1.54
5000x0.25 512.5

500+
7(c) Reading of voltmeter
E1r2+E2r1
Eeq = ———
ri+r2

=(18*1+12*2)/(1+2) =14V
8(a) Applying Kirchhofflaw, (2+2)=(01+03+0.2)i=i= ?A
Hence potential difference across 4

=2-0.1 ><23—0 = %V (less than 27)
20

Potential difference across B = 2 — 0.3 X 5 = 0
9(c) g = g (For balancing bridge)
p o A1 44 r_1,1 .95 1_1 — 132 _
=5 = s ~ 9 T rteTm et =26.40

ASSERTION & REASON QUESTIONS
Read the assertion and reason carefully to mark the correct option out of the options given below :
(a)lf both assertion and reason are true and the reason is the correct explanation of the assertion.

(b)If both assertion and reason are true but reason is not the correct explanation of the assertion.
-

33
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(c)If assertion is true but reason is false.
(d)If the assertion and reason both are false.

1. Assertion: The resistivity of a semiconductor increases with temperature.
Reason: The atoms of a semiconductor vibrate with larger amplitude at higher temperatures thereby
increasing its resistivity.

2. Assertion: In a simple battery circuit the point of lowest potential is positive terminal of the battery
Reason: The current flows towards the point of the higher potential as it flows in such a circuit from the
negative to the positive terminal.

3. Assertion: The temperature coefficient of resistance is positive for metals and negative for p-type
semiconductor.

Reason: The effective charge carriers in metals are negatively charged whereas in p-type semiconductor
they are positively charged.

4. Assertion: In the following circuit emf is 2/ and internal resistance of the cell is 1 @

Q and R = 1Q, then reading of the voltmeter is 1V. ETZIV
Reason:V = E — ir where E =2V, i = % =1Aand R=1Q 10 44)

R=1Q)

AW

5. Assertion: There is no current in the metals in the absence of electric field.
Reason: Motion of free electron are randomly.

6. Assertion: Electric appliances with metallic body have three connections, whereas an electric bulb has a
two pin connection.
Reason: Three pin connections reduce heating of connecting wires.

7. Assertion: The drift velocity of electrons in a metallic wire will decrease, if the temperature of the wire is
increased.
Reason: On increasing temperature, conductivity of metallic wire decreases.

8. Assertion: The electric bulbs glows immediately when switch is on.
Reason: The drift velocity of electrons in a metallic wire is very high.

ANSWERS

1. (d) Resistivity of a semiconductor decreases with the temperature. The atoms of a semiconductor vibrate
with larger amplitudes at higher temperatures thereby increasing it's conductivity not resistivity.

2. (d) It is quite clear that in a battery circuit, the point of lowest potential is the negative terminal of the
battery and the current flows from higher potential to lower potential.

3. (b) The temperature co-efficient of resistance for metal is positive and that for semiconductor is negative.
In metals free electrons (negative charge) are charge carriers while in P-type semiconductors, holes
(positive charge) are majority charge carriers.

4. (a)Here, E=2V,1=2=1Aandr = 10

Therefore, V =E —ir=2-1Xx1=1V

5. (a) It is clear that electrons move in all directions haphazardly in metals. When an electric field is applied,
each free electron acquire a drift velocity. There is a net flow of charge, which constitute current. In the
absence of electric field this is impossible and hence, there is no current.

6. (c) The metallic body of the electrical appliances is connected to the third pin which is connected to the
earth. This is a safety precaution and avoids eventual electric shock. By doing this the extra charge flowing
through the metallic body is passed to earth and avoid shocks. There is nothing such as reducing of the
heating of connecting wires by three pin connections.

7. (b) On increasing temperature of wire the kinetic energy of free electrons increase and so they collide more
rapidly with each other and hence their drift velocity decreases. Also when temperature increases,
resistivity increase and resistivity is inversely proportional to conductivity of material.
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8. (¢) In a conductor there are large number of free electrons. When we close the circuit, the electric field is
established instantly with the speed of electromagnetic wave which cause electron drift at every portion of
the circuit. Due to which the current is set up in the entire circuit instantly. The current which is set up does
not wait for the electrons flow from one end of the conductor to the another end. It is due to this reason, the
electric bulb glows immediately when switch is on.

VERY SHORT ANSWER TYPE QUESTIONS
1. A cell of emf (E) and internal resistance (r) is connected across a variable external resistance (R). Plot
graphs to show variation of (i) E with R, (ii) Terminal p.d. of the cell (V) with R.
Sol. (i) The emf E of a cell is independent of external resistance (R).

. . E E [ ——
(i1) The terminal p.d. V. = IR = —R = — v —
r+R 1+E E L
On increasing R, V increases. : /
WhenR =0, V> 0. WhenR=r, V =§ /|
O r

When R — o, V=E.

2. A p.d. of V volts is applied to a conductor of length L and diameter D. How will the drift velocity of e’s
and the resistance of the conductor change when (i) V is doubled  (ii) L is halved and (iii) D is halved ,
where is each case , the other two factors remain  same . Give reason in each case.

_eE_ eV _t_ 1
SO].Vd—ET—ET and R—pA P—3

(1) When V is doubled, V; becomes double and R remains unchanged.
(i1) When [/ is halved, V; becomes double and R becomes halved
(ii1)) When D is halved, V,; remains unchanged and R becomes 4R.

3. A10 V battery of negligible internal resistance is connected across a 10|V
200 V battery and a resistance of 38 Q. Find the value of the current in H
circuit.
||
Sol. 1= - =210 _ 54 200V 380
r+R  0+38
4. The plot of the variation of potential difference across a combination of three y
identical cells in series, versus current is as shown below. 6V

What is the emf of each cell?

0

Sol. Let E be emfof each cell and »be the total internal resistance of circuit. The 1A
equation of terminal potential difference V=3E—-1Ir........... (1)
AtV =6V, 1=0. Therefore fromeq(1),6 =3E —0=>E =2V
5.Write any two factors on which internal resistance of a cell depends.
Sol. The internal resistance of a cell depends on
(1) distance (1) between electrodes. 80
(i1) area (A) of immersed part of electrode, and T
(ii1) nature and concentration of electrolyte. =)
6. The following graph shows the variation of terminal potential Z 30
difference V, across a combination of three cells in series to a
resistor, versus the current, /. » i (ampere)

(1) Calculate the emf of each cell and internal resistance
(i1) For what current / will the power dissipation of the circuit be maximum?

Sol. (1) Let E be emfof each cell and »be the total internal resistance of circuit. The equation of
]
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terminal potential difference V=3E—-1Ir............ (1)

AtV=6V,1=0. Therefore fromeq (1),6 =3E —0=FE =2V
(1) At V=0V, 1=2A. Therefore fromeq (1), 0 = 6 — 2r = r = 312
(i11)) For maximum power dissipation, external resistance (R) = Internal resistance (r)
Current, [ = 2E_C% —14
r+R 343

SHORT ANSWER TYPE QUESTIONS
1. Define the term drift velocity and relaxation time. On the basis of electron drift derive an expression for
drift velocity of free electrons in term of relaxation time.
Sol. Drift velocity - Drift velocity is the average uniform velocity acquired by free electrons inside a metal
by the application of an electric field which is responsible for current through it.
Relaxation time (7) : The time interval between two successive collisions of
electrons with the positive ions in the metallic lattice is defined as

relaxation time. A <O —
In a metallic conductor, the free electrons are in continuous random motion E—

due to thermal energy. The net flow of electrons in any direction is zero. l

Therefore the average velocity of electrons is zero. U = 0 ' l;f

In the presence of external electric fieldE the free electron experiences a force
opposite to the direction of apphed field.

The electric force on electron F = —eE
) : . F E
The acceleration produced in electron a=_—=- %

Since electrons are colliding frequently with each other and atoms of metal, therefore they are accelerated
only for a short time interval between two successive collisions (relaxation time T).

The average velocity of electrons after relaxation time T,

— eE
V=u+dr=v = 0——T$U_=—;T
E
This velocity is called drift velocity. = ¥; == — %T

2. Define the term ‘mobility’ of charge carriers in a current carrying conductor. Obtain the relation for
mobility in term of relaxation time.
Sol. Mobility : Drift velocity per unit electric field is called mobility of electron i.e. u = g—d.

2

It’s unit is
volt—sec
—eE
vd=-rrt
va _ e i lul =<
= =T, €. pl=—1
3. In the adjoining circuit, the battery E; has an e.m. f. of 12volt and zero 500 © © R

internal resistance while the battery E has an e.m. f. of 2volt. If the
galvanometer G reads zero, then the value of the resistance X in ohm is  g,—
Sol. For no current through galvanometer, we have

)X = E:s(sotix)x —2=X=100Q

|
MW
5
1l
|
o]

D C

(500+X

CASE STUDY BASED QUESTIONS
Read the following paragraphs and answer the questions that follow.
Whenever an electric current is passed through a conductor, it becomes hot after some time. The
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. Phenomenon of the production of heat in a resistor by the flow of an electric current through it is called
heating effect of current or Joule heating. Thus, the electrical energy supplied by the source of emf is
converted into heat. In purely resistive circuit the energy expended by the I T
source entirely appears as heat. But if the circuit has an active element like a ’ "‘L"
motor, then a part of the energy supplied by the source goes to do useful work
and the rest appears as heat. Joule’s law of heating form the basis of various
electrical appliances such as electric bulb, electric furnace, electric press etc
I.  Alloys used for making standard resistance coils as alloys

(a) have more conductivity
(b) less conductivity
(c) less temperature coefficient of resistivity
(d) more temperature coefficient of resistivity
II.  Nichrome and copper wires of same length and same radius are connected in series. Current I is
passed through them. Wire which gets heated up more is

(a) Nichrome (b) copper
(c) both gets heated up to same values (d) can’t say
II. A 25 W and 100 W are joined in series and connected to the mains. The bulb which will glow
brighter is
(a) 25W as it has high resistance (b) 100 W as it has high resistance
(c) 25W as it has low resistance (d) 100 W as it has low resistanc
IV. The heat emitted by an iron of 100 W in 1 minute is
(a) 600J (b) 6000J (c) 60 (d)60000J

2. When electric field is applied across a conductor then the electrons move in the direction opposite to the
electric field due to electric force on them. The average velocity with which free electrons get drifted in
the direction opposite to the applied electric field inside a conductor is called drift velocity. This motion
of the electrons in the direction opposite to the electric field is superimposed on their random motion.
Drift velocity depends on electric field applied, the nature of material and temperature. On increasing the
temperature, relaxation time decreases. Hence decrease in relaxation time, due to increase in temperature,
will reduce the drift speed.

I.  When a potential difference V be applied across a cylindrical conductor of length L and radius R, is
doubled then the drift velocity of electrons gets:
(a) doubled (b) four times (c) remain same (d) halved
II. Two wires made of same material but of different diameters are connected in series in a circuit. The
current flows in the combination of wires. When the current flows from the wire with larger diameter
to the one with smaller diameter then drift velocity of electrons:
(a) will decrease (b) will increase
(c) remains same (d) first will increase and after some time decrease
ITI.  Two wires each of radius of cross section r but of different materials are connected together end to
end (in series). If the densities of charge carriers in the two wires are in the ratio 1:4, the drift
velocity of electrons in the two wires will be in the ratio:
(a)1:2 (b)2:1 (c)4:1 (d1:4
IV. A current I flows through a uniform wire of diameter d when the electron drift velocity is v.The same
current will flow through a wire of diameter d/2 made of the same material if the drift velocity of the
electrons is

(a)v/4 (b) v/2 (c)2v (d) 4v
ANSWERS-
1 (1) c (i)a (iii)a (iv) b
2 ) a ()b (i) c (iv)d
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CHAPTER 4: Magnetic Effects of Current and Magnetism

Syllabus- Chapter—4: Moving Charges and Magnetism Concept of magnetic field, Oersted's experiment.
Biot - Savart law and its application to current carrying circular loop. Ampere's law and its applications to
infinitely long straight wire. Straight solenoid (only qualitative treatment), force on a moving charge in
uniform magnetic and electric fields. Force on a current-carrying conductor in a uniform magnetic field, force
between two parallel current-carrying conductors-definition of ampere, torque experienced by a current loop
in uniform magnetic field; Current loop as a magnetic dipole and its magnetic dipole moment, moving coil
galvanometer- its current sensitivity and conversion to ammeter and voltmeter.

“For arbitrary angle 0 (< 90°)
F = qvB sin0 and charge will attain
helical path

v v

2ntmy

cos0
qB

Pitch (p) =

Magnetic ficld at the centre of a
chrcular coll

g=tel
2

& ’ '(il;nent loop as

S
7R Ve

MIND MAP

:\Iagnel ic Force on a charge

‘_ particle in a uniform magnetic field

F_—;,’(i‘ x B), F = qvBsin0

//"' \\
ForvL B,0 =90 Fpy = qvB
charge will attain circular path

* Radius of circular path

magnetic dipole _me_ 2wk
Magnetic ficdd at o point on the (— 2 Ay .qﬂ
axis of the circular current ‘ M Lvr/_ « Time period of revolution
carrying coil X M :NIA _28R _2mm
st s
1% (" 4" ¢ Frequency
T 2am
" Blot Savart’s Law ™
‘/.\inyml: feld vanes directly with ™
current and length element and inversely hd ‘n'n Ch
with square of the distance. o g arges
Be o M sin0 .
Malt-r and magnetism
& ‘Torque on a current carrying ‘
coil placed in a uniform magnetic ficld
t=NL 0=MBsin0 :
ABya i Galvanometer into Ammeter
S
A
1 O

" Moving Coil Galvanometer

#
/ Current | passing through the
galvanometer is directly proportional to
itsdeflection (0). / &« 0 or I =GO

k
where G = —— = galvanometer constant
NAB

-

_)

particle
- TBR

J

Carrent sensitivity: |, = 9 = MB
) I Kk
Voltage sensitivity: v, = S N
IR k

Forv|| B,0=0°(F=0)
no force is experienced

KE . of charge

2m

11 Parallel currents ' sl
F 1, auruct while
 antiparallel
currents repel

$

The force of attraction or repulsion acting on
cach conductor of length [ due to currents in

241
two parallel conductoris F = Po 213

iz r

" Force on a current carrying
conductor in a uniform magnetic field
F=i(xB)F=1Bsin®

S

-~

" Ampere's Circuital Law

The line integral of magnetic field is equal
10 i times the current passing through
area bounded by closed path.

-fB dl =pgl

I
Magnetic field due i“o 3
toan infinitely long &
straight wire of y_lPo! . _
radius a, carrying 2na
current Jatapoint llg{ =
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Magnetic fleld due to a current carrying
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By gl = (NI
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By = |=—
T =Ho" 2R,
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GIST OF THE CHAPTER

Magnetic field- It is a region of space around a magnet or a current carrying
conductor in which it can exert force on other magnetic materials, moving
charges, magnets and current carrying conductor.

A moving charge produces both electric and magnetic field while a stationary
electron produces an electric field only.

SI Unit of Magnetic field-

The ST unit of magnetic field is Wm-2 or T (tesla).
If 1A current is flowing through a straight conductor and it is kept at right angle to a magnetic field such that
force per unit length on it is INm™! the strength of magnetic field is called one tesla,

1 tesla (T) = 1 weber meter2 (Wbm'2 ) = 1 newton ampere'1 meter~! (NA'1 m '1)
CGS units of magnetic field is called gauss or oersted. 1 gauss = 104 tesla.
Right hand thumb rule- Hold a conductor is Right Hand in such a way that thumb indicates the direction

of current then the curled finger encircling the conductor will give the direction of magnetic field lines
around it.

Biot- Savart law- It states that the magnetic field strength dB produced due to a current element (of current I
and length dl) at a point having position vector r relative to current element is-

idix? idl sin@
Bo (dDT) oy gB = %0
4T 13 4T r2

dB =

where L is the permeability of free space,

0 is the angle between current element and position
vector r as shown in the figure.

The direction of magnetic field B is perpendicular
To the plane containing Idl and r

The value of po= 4 X107 Wb/A-m.

Magnetic field due to a current carrying circular loop —
The magnetic field due to current carrying circular loop having radius ‘a’,carrying current ‘I’ at a distance
‘x’ from the centre of coil is —

dB cos® d_é
A

Xi

2
= "'D—Ia (Mo, I, &, Sin® are constants, |dl = 2ma and r & sin® are

2(a? + x2)32 replaced with measurable and constant values.)
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In case of coil having N turn, B(coil) = N x B(loop) Mo |
.o B=
2a

The magnetic field due to current carrying circular coil is along the axis. At the center, x=0

The direction of the magnetic field at the center is perpendicular to the plane of the coil.
Ampere’s Circuital law - It states that line integral of magnetic field around any closed loop ( called
Amperean loop) is equal to po-times the current (I) threading DR R

through that IOOp. . through the closed
I \, Amperian loop

f; E dl = polenciosed /

=

/

Amperian loop \

Magnetic field due to infinitely long straight wire using Ampere's law- Accordingto Ampere’s circuital
law.

i B.dl = polenciosea

B (2nr) = pol
_ Mol
2mr

Straight solenoid- At the axis of a long solenoid, carrying current I, B=po nl, where n=N/L = number of
turns per unit length.

Force on a current-carrying conductor in a uniform magnetic field -B

Magnitude of force is F =1L Bsine.

Direction of force is normal to and B & I ,given by Fleming’s Left Hand Rule. If 6=0 (i.e. I or L is parallel
to -B), then the magnetic force is zero.

Force on a moving charge in uniform magnetic field-The force on a charged particle moving with velocity

[

v’ in a uniform magnetic field is given by F= q(v X §) or F = qvb sinf

0 is the angle between velocity(v) and magnetic field(B). Force (F) is perpendicular to both v and B. (i) If v
and B are parallel F=0

(i)  When v is perpendicular to B, i.e. 6 =90° F = qvB i.e F is maximum
Lorentz force -The total force on a charged particle moving in co-existing electric field — and magnetic

field - is givenby F = q [E + (v x §)]

This is called the Lorentz force equation.

The direction of this force is determined by using Fleming’s left hand rule
-
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Fleming’s Left Hand Rule- Stretch out the fingers in left hand such that the fore-finger, the central finger
and thumb are mutually perpendicular to each other. When the fore-finger points in the direction of the
magnetic field and the central finger points in the direction ofcurrent then thumb gives the direction of the
force acting on the conductor.

Force between two long straight parallel current carrying conductors-

Qi s
Two parallel current carrying conductors attract while they repel if i 4
current in them is anti-parallel. The magnetic forceper unit length "E. Rl "
By > ¥ B,
on either current carrying conductor at separation a is given by
P R
F  po2I41,
—=2 N/m
Il 4m r /

Definition of ampere: - / ampere is the current which when flowing in each ofthe two parallel wires in

vacuum separated by 1 m from each other exert a forceof 2 X 10° 7N/m on each other-.

Torque experienced by a current loop in uniform magnetic field-
A coil of N turns and area A is carrying current I is kept in
a magnetic field as shown in figure as shown in figure. Force on /( B
it will be zero and torque on it will be
7= NIBA cos6
0 = angle between coil and magnetic field
If ® = angle between Normal (72) to coil and magnetic field (B)
, ®+06=90° so i.e.0=90°-®

:\Normal (n)

N
Bl

m A
o
<
~ 8

1
So ©=NIABcos(90°-®) =NIABsin® ]\f/{/ )
T =NIABsin® Pr >
As t=MBsin® so M=NIA \\N;rmal(n)

In vector form 7 = NI(A X B)
2

The unit of magnetic moment in SI system is Am~.
The torque is maximum when the plane of the coil is parallel to the magnetic field and zerowhen the plane of
the coil is perpendicular to the magnetic field.

Potential energy of a current loop in a magnetic field- When a current loopof magnetic moment M is
placed in a magnetic field (B), then potential energy of magnetic dipole is

U =-MBcosd = —M . B
When =0, U=-MB (minimum or stable equilibrium position)
When 0 = 180°, U =+MB (maximum or unstable equilibrium position)

When 0 = 90°, potential energy is zero
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Moving coil galvanometer- A moving coil galvanometer is
a device used to detect flowof current in a circuit. A moving

coil galvanometer consists of a rectangular coil placed in

an uniform radial magnetic field produced by cylindrical
poles pieces.Torque on coil due to current

7= NIBA sin®

Unifo n radial

for a radial magnetic field sin®=1 so 1= NIBA S

where N is the number of turns, A is the area of coil. If C is torsional rigidity of material of suspension wire.
For deflection @, restoring torque T = C 6. For equilibrium

NIAB=C® or [I=C®/NBA)
Clearly, deflection in galvanometer is directly proportional to current, so the scale of galvanometer is linear.

Use of radial magnetic field- when radial magnetic field is used the angle between the normal to the plane of
loop (A) and magnetic field (B) ® = 90° for any orientation of loop, in a radial magnetic field the angular
deflection of coil is proportional to the current flowing through it. Hence a linear scale can be used to
determine the deflection of coil i.e. measurement of current.

Uses of galvanometer: (i) Used to detect electric current and direction of its flow in given branch of circuit.
(i1) Usedto convert the ammeter by putting a low resistor in parellel. (iii) Used to convert voltmeterby
putting a high resistor in series. (iv) Used as ohmmeter by making special arrangement

Current sensitivity: It is defined as the deflection of coil per unit current flowing in it.
@®/I=NBA/C
Voltage sensitivity: It is defined as the deflection of coil per unit potential

@®/V =NBA/RC

Conversion of Galvanometer into Ammeter: - A galvanometer can be converted into an ammeter by using
a suitably small resistance in parallel with the galvanometer coil. The small resistance connected in parallel
is called a shunt.If G is resistance of galvanometer, /g is current in galvanometer for full scale deflection,
then for conversion of galvanometer into ammeter of range / ampere,the shunt required can be found as

I[gG=(1-1g)S (As ‘S’ and ‘G’ are parallel combination)

1,G
So §=-2
° (I-1g)

Ig ~
e » —— 4\6) .
/ (I1-1p) g
k 4

vywwwwwwr

Ammetler
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Conversion of Galvanometer into Voltmeter: - A galvanometer I e R

may be converted into voltmeter by connecting high resistance (R) 95 @ A AARAAA
in series with the coil of the galvanometer. If V volt is the range of : :

voltmeter formed, then series resistance is given by T Y
V L —
V=1R+0G) So R_E_G * Y]

Magnetic moment due to a revolving charge or electron-

A current loop or a revolving charge can be considered as a magnet. The magnetic moment of such a loop is
M= qvr/2.

The face from which current flow appears anticlockwise is the north pole of equivalent magnet with
magnetic moment M. I.e magnetic moment is outward

If we have a coil having N turns carrying current I having A as area of cross-section the magnetic moment is
given by M= NIA

For an electron moving in Hydrogen atom

M=evr/2
As per Bohr’s theory of Hydrogen atom L=mvr =nh/2n n=0,1,2,34.......... Where n is principal quantum
number
M= -eL/2m
MULTIPLE CHOICE QUESTIONS
1 A proton and an alpha particle with same kinetic energy enters normally into a uniform magnetic

field (B), the ratio of their radii of curvature of their path respectively will be
(a) More than 1 (b) I  (c)Lesser than 1 (d) Dependent on the |B|
2 If a galvanometer of resistance Rg is connected with a shunt of resistance ‘S’ such that
Rg=n.S the ratio of power consumed by Rg and S respectively will be
(a) n? (b)n (c) I/n (d) 1/n?

3 A galvanometer of can measure current up to 200pA. if a resistor of 10€2 is connected across it the
range of it enhances to 1mA.If a resistor of 20Q is connected in place of 10Q2 the range will be

(a) 2mA (b) 0.4mA (c) 0.5mA (d) 0.6mA

4 A charge enters into a uniform magnetic field with a K.E. ‘E’ and leaves it after some time. The K.E.
of the charge while leaving the field will be

(a) Lesser than E (b) More than E  (¢) Equal to E (d) Lesser than or equal

5 An electric field is applied along positive Y-axis and a magnetic field along negative Z-axis. An
electron moving through this region along positive X-axis will

(a) Move undeflected (b) Deflect towards B (c) Deflect along E (d) Deflect against E

6 A positive charge moves parallel to flow of current in a long straight wire the charge will be
(a) Repelled by the wire (b) Attracted by the wire
(c) Unaffected by the wire  (d) Oscillating
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7 A particle of mass ‘m’ and charge ‘q’ enters at ‘P’ Into a uniform magnetic field ‘B’ and leaves it at
‘S’ as shown time spent by the

charge inside the field will be X X X ,’ X X X X X X
@ 0B X me X
a
(b) 2m/qB X X § X2 X SX X
(c) 2m/6gB
(d) m6/qB

8 In a moving coil galvanometer the current sensitivity is given by

() NBA/C  (b)C/NBA  (¢)NBA/CR (d) NBR/C

9 The magnetic field at a point due to a long straight wire carrying current I is B. A circular loop
carries same current. For same magnetic field at its center the radius of the circular loop shall be

(a) 2a (b)a (c)a/2 (d) much more than ‘a’
10 In the shown figure magnetic field at point A will be
Hol Kol Ho!
(@) 4T (b) 4R (c) 4R (d) Zero

SOLUTIONS-

1-b  (Vm)/q is same for both and r= (V2mE)/qB

2-c PaR'as‘V’is constant

3-d Si=LR¢/ (Ii-Iz) so Si/S2=(l2- Ig)/ (I1- Lg)

4-¢ F perpendicular to v so no work is done and work done = change in KE =0 and

5-d F =q(vXB) and flemming’s left hand rule

6-b Right hand palm rule and flemming’s left hand rule

7-a T=2mm/qB  arc makes an angle 20 at center so replace 2n by 2 6

8-a equilibrium of deflection needle in galvanometer requires
C6=NIBA so 6/I=NBA/C

9-b compare result for B due to circular loop and long straight wire

10-b B=Bo/2 and Bo = pol/2r for full circle

ASSERTION —REASON QUESTIONS

1 ASSERTION- The magnetic field at a point due to long straight current carrying wire is inversely
proportional to the of distance

REASON- Magnetic field at a point due to a current element is inversely proportional to the distance
2 ASSERTION- When a charge moves in a uniform magnetic field its kinetic energy doesn’t change.
REASON:-Lorentz force on the charge is normal to velocity at every point.

3 ASSERTION-A current carrying coil in a uniform magnetic field feels maximum torque when it is
kept in the field parallel to its plane

REASON-Torque on a current carrying coil in magnetic field does not depend on the shape of the

coil.
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1-b

ASSERTION-The current sensitivity(Is) of a moving coil galvanometer is proportional to its voltage
sensitivity(Vs).

REASON- Both are inversely proportional to resistance of the coil

ASSERTION- The magnetic field falls as inverse square with distance as me move from the axis to
the surface of a long Current carrying bar.

REASON-The current density causing the magnetic field is falling as we move from axis to surface
ASSERTION- The magnetic moment of electron in outer orbit of Hydrogen atom is higher
REASON- The kinetic energy of electrons in outer orbit Hydrogen atom is lower

ASSERTION- The resistance of a milli-ammeter is higher than the resistance of an ammeter
REASON- The current sensitivity of an ideal ammeter shall be zero

ASSERTION-The pole pieces of a moving coil galvanometer are cylindrical.

REASON- The magnetic field in a moving coil galvanometer shall be radial in nature

ASSERTION-A charge fired at oblique incidence in magnetic field moves along a helical path such
that axis of helix and magnetic field are at right angle.

REASON-The radius and pitch of helix is independent of angle of projection with
respect to the magnetic field
ASSERTION- A current carrying wire in magnetic field experiences a force
REASON- A charge moving in magnetic field experience a Loretz force
SOLUTIONS
2-a 3-b 4d S-c 6-b 7-¢c 8a 9-d 10-a

SHORT ANSWER (2 MARKS)

An insulated circular loop carrying current is placed on a table and a light straight long wire carrying
current is kept on it parallel to the diameter. Can the wire be pushed up by loop? Explain

Can a magnetic monopole exist in nature? Give reason

Write the Expression for magnetic field in a long solenoid. Draw the magnetic field for a solenoid
having finite length. What is the ratio of magnetic field near the end and well inside it.

An arc of a circle of radius 10cm subtends angle 60° at its center. Find the magnetic field at the
center if current in arc is 30A

A positive charge ‘q’ moves along X- axis with a speed ‘v’. if largest Lorentz’s force ‘F’ on it due to
uniform magnetic field ‘B’ is along —Z axis. Find the magnitude and direction of magnetic field.

The velocity of a charge fired into a magnetic field normally is doubled. How would this effect the
frequency of motion and curvature of path followed by the charge in magnetic field? Explain
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7 A charge is moving in magnetic field in a circular orbit. Give the expression for its KE in terms of
applied external magnetic field. How would the Kinetic energy be affected if it is made to move in a
magnetic field of double the strength ? Explain.

8 A long solenoid has a magnetic field of 0.25T inside it. If a bar of magnetic susceptibility 5 is
inserted into it what will be the magnetic flux density inside it?

9 The torsional constant of the hair spring in MCG is increased what will be the affect on voltage
sensitivity of it due to this? Give reason.

10 A proton, neutron electron and alpha particle enters normally into a magnetic field of uniform nature
with same momentum directed into the plane of paper. Draw suitable diagram to indicate their paths.

SOLUTION

1-No Lorentz force is parallel to wire for all cases

2- No, A loop having clockwise current from one side will appear anticlockwise from other face of it
3- B=ponl and near ends it is halved , usual figure from NCERT

4- B= pol0/4nr where 0 in radians only, 3.14 x10° T

5- -y axis and B=F/qB (use Lorentz force in vector form)

6- No change ‘f* doesn’t depend on speed

7- KE = (gBr)*2m , No change because change of B affects r in inverse ratio

8 ur=1+Xm=6 so B=025x6=1.5T

9-V.S.=0/V=NBA/CR Crises V.S. decreases i A.:h.-, : : : :
Conceptually stiff hair spring will not allow the needle to move if % x x %
voltage is low i.e Voltage sensitivity has decreased. x X X x X
10- r=p/qB , neutron goes X \\M .
X X ele&ron X X
SHORT ANSWER (3 MARKS)
1- A square loop of side ‘a’ is kept near a long charged \
wire in a plane such that a side of it is parallel to -
the wire (kept in same plane) at a distance ‘a’ from it.
v
Find the force on the wire due to the loop. If
Current in wire is I} and in loop is I in clockwise
direction . LE . . . .
N
2- In aregion of crossed electric (E) and magnetic(B)
fields many particles of same mass but charge . . . . . .
(positive, negative or neutral) are fired into a direction . . . . .
normal to both E and B with their velocity in the B 3

range 5m/s to 500m/s as shown in the figure

.1f E is 80v/m and B is 0.4T which of these can pass through the region without any deflection?
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Draw figure to show path of positive and negative charged particles moving with 40m/s and 400m/s
respectively

3 Two electrons are moving along parallel lines separated by ‘r’ with (i) same speed (v) . In which case
force on an electron due to other will be more (a)in its own frame of reference (b) with respect to the
ground. Give reason

4 Show that the magnetic field at the center is zero irrespective
of the resistance of circular loop and irrespective of the angle made by
arc AB at ‘O’

5 Use ampere’s circuital law to find magnetic field due to along straight

wire. Can we use it if wire is finite? Give reason
6 What is a radial magnetic field? Why do we need it in moving coil galvanometer?

Changing current sensitivity of a moving coil galvanometer may or may not affect its voltage
sensitivity. Explain

7 A cube ABCDEFGH is kept in a uniform magnetic A N B
rd
field Bo shown. Determine the direction of force on A G > H
v
each side. Which side(s) will experience minimum force? Y
C > D A 4
N
F > E
8 The resistance of galvanometer is Rg and its full scale deflection current is Ig. For safety purpose a

fuse of resistance ‘R’ is joined with it.To convert it to an ammeter of suitable range which is the
correct way (a) or (b)? If he/she connects ’S’ the wrong way what will be the new range of the

device. Fuse(R)
® G
P Q M

(a) connect 'S’ between P and Q
(b) Connect 'S’ between P and M

SOLUTIONS 3 MARKS

i 2a

Fopp2hil; Il 1'|
l.a 4

F o ﬂnzflfziﬂ]
Or a 4 2a
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F— polilza
Or 47 attractive

2. for no deflection qE =qvB
v =E/B =200 m/s these will go undeflected
For v<200m/s qE >qvB
positive particle deflects along E field and negative particles deflect against electric field.

For v>200m/s qE <qvB positive particle deflects against E field and negative particles deflect along
E field.

3. In Earth Frame of reference electron experiences electric and magnetic force both. These forces will be in
opposite direction and for electron’s frame of reference (F O R) there is only one force electric force .

Hence in earth F.O.R. lesser force.
4. Let current splits and I goes in smaller arc and I-I; in bigger arc such that
Vismall arc = Vbig arc
LiRi- kR

Liply _ Ipl
A A

il =1l

B, — doly
Now 1 4m v

B, = 2Z2p g

4T r

_n g kb
Hereﬂ_ . and 2w — 0 = .

Using in B and B», we get
Iy = Ll
Therefore Bi= B>

ie.Bi—B,=0
5. $B.dl= pol
B 2mr = tol

_ kol

B = 2mr

No, as the symmetry condition is violated for any general point near the wire of finite length violated.

6. B parallel to plane of the coil is called radial magnetic field.

So that torque @ current
Vs =NBA/CR

Is=NBA/C
. _________________________________________________________________________________________________________|
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(1) If N rises both rises.
(i1) IF R rises V.S. falls but C.S. does not change.
So it depends on how change is brought about.

7.Fap= Fou=Fre=Fcp=0 (0=0°)
Fac=Fcu = Fue = Fp = tk
Fag =FaB =Fap = Fap = +j

8. correct way is to join ‘S’ between PQ

IR
s— lofs _ . (R
I=1g or‘r_ IH(S + 1))

Range becomes I when joined ‘S’ across ‘PQ’

When S is connected the wrong way i.e. between PM

14(Ry+ R)
S = g\t g
If I=1Ig

lr- _ fg [1+R;— RQ]

LONG ANSWER (5 MARKS)

State Biot-Savart’s law. Express it in vector form. Find the magnetic field at the mid-point if gap

between the coils is 2a having N turns each.(see figure) Draw
graph to show variation of B with distance between the coils. | 1 |2

2 Draw the diagram of a moving coil galvanometer. Give its principle.

A student needs to perform an experiment on OHM’s law but he was given two galvanometers and
variable resistors of all possible values along with a multimeter.

How would he be able to perform his task? Give the formula he should use to find the value of
variable resistors to be used and draw relevant circuits to show the modifications to be undertaken by
him

Two ammeters X and Y has resistance of 50 ohm and 80ohm if same current is sent in them which of
two will show a greater deflection? Explain

3 Show that a current carrying coil in magnetic field experiences a torque. Hence find the expression
for magnetic moment of the coil? Does the torque on the coil depend on the shape of the coil?

4 Derive the formula for Force per unit length between two long straight parallel wires. Define one
ampere using your result.

A rectangular coil of size 40cm x 50 cm having 500 turns is carrying current of SA. it is kept in a

uniform magnetic of 0.2T field making an angle of 60° from the plane of coil. Find the force and

torque on the coil.
-
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5 Figure shows a metal bar of length ‘L’ and mass ‘m’ in l 1 & 4 111 d

equilibrium in the plane of paper when a uniform |

magnetic field ‘B’ acting outward from the plane of paper.

Find the magnitude of tension in each wire.

(a) What will be the tension in each wire if magnetic field is turned inward?
(b) The uniform magnetic field is made to rotate about an axis in the plane of paper perpendicular to
the bar with a constant angular velocity ®. Draw a graph to show the rate of change of tension

ANSWERS TO LONG ANSWER TYPES QUESTIONS:

1. B=B1+B2
B, — tp 2mNI 17‘%
1— 2.~ 3
4
where (ri+a®)?  similarly B can be written

so total B = B - B; as they act opposite to each other

L

& N
L] ,
=3 +a

2. He will calculate Shunt / resistor Required

S = IQRQ
I—Ig

Low ‘S’ in parallel to make ammeter

High ‘S’ in series to make voltmeter S = (V/Ig) -R

S1
i LA AA'AA A e |

__®__ @ R

S1<<8S,

50€Q will show higher deflection as it is closer to ideal behavior of an ammeter.

Rc+Rg . Where Rc = Circuit Resistance

3. T = NIABsinf or mBsin0 = NIBAsin0

Or m = NIA, No
£_ #_021112
4.L  4m r
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fo _ -7
Definition of 1A: If [} =L, = 1 A, r= Im then F/L =27 ~ = * 10 N/m

T = NIAB sinf =50 Nm
5. 2T=mg+IBL sin@  (when B is outwards) --------------- eq (1)
(a) if B is acting inwards 2T = mg - IBL sinf

dT dag
(b)by eq (i) 7 — 0t IBLcosOZ _1BLw coswt
|
l———
dT/dt I I, dx
N t ! =
N LY 4 )

SOURCE BASED QUESTIONS (4 - MARKS)

Q1 Two particles of same mass having charges qi and q2 (q1 > q2) are fired into in a magnetic field with
velocity vi and v; at angle 0 and a respectively (90°>a > 0). The charges will experience a force due to
magnetic field and that decides the path charge will follow.

(1) The locus of charges in magnetic field will be a path that is
(a)Helical (b) linear (c) circular (d) parabolic
(i1) In a case where path is helical the pitch will be same for both provided

@ vt =w
(b) vi sina = v sina
(c) vicos® = vy sina
(d) vicosb = v2cosa
(i11)  The radius of curvature of the path followed by the charges will be same if

(@) vi/v2 =cosa/cosd
(b) vi/v2 = sina /sinf
(c) vi/va =cosb/cos a
(d) vi/v2 = sinf/sina
(iv)  If the magnetic field is varying with time which of the following is correct

(a)The K.E of both the particles will not change with time

(b) The K.E of both the particles may vary with time

(c) The angular frequency of both the particles will have a ratio sinf/sina

(d) The magnetic Lorentz force will be normal to velocity all the time
OR

The locus of path will be will have an axis of symmetry
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(a)If and only if 6 + a = 180°

(b) If and only if 6 + o = 90°

(c) Along the direction of magnetic field
(d)Normal to the direction of magnetic field

Q2 A moving coil galvanometer (MCGQG) is a parent device that can work as an ammeter or voltmeter
after suitable external modification. In practical cases a galvanometer can measure current only upto few
hundred pA and voltage upto few mV so they are not much useful for measurements. R; and R> (R1 <R3)
are two resistors that are available for modifying a galvanometer into an ammeter or voltmeter.

(1) When a galvanometer is converted to a voltmeter its voltage sensitivity is
(a)Decreased (b)Doesn’t change
(c) Increased (d) May increase or decrease as per the value of R»
OR

To convert MCG to a voltmeter of suitable range we must use

(a) Riin series (b) Rz in series (c) Ry in parallel (d) R» in parallel
(i1)A voltmeter with higher resistance but same range will show
(a)Greater deflection and lower voltage sensitivity (b)Lesser deflection and higher voltage sensitivity
(c) Greater deflection and higher voltage sensitivity (d) Lesser deflection and lesser voltage sensitivity
(ii1)A student argues even if we modify an MCG into an ammeter of range 0 to I it never knows about the
modification done. The current I (I >Ig) isn’t passing through the galvanometer. Galvanometer is still
permitting Ig current and the extra current (I-Ig) is not passing through the galvanometer in reality so the
deflection is not a true measurement of current sent into the system. The best logic that can resolve the issue
is - Student’s argument is

(a) incorrect as current sensitivity is constant
(b) incorrect as network has a lower resistance than before
(c) correct and the device is merely calibrated after modification
(d) Correct as voltage sensitivity of it increases proportionally.
(iv) A galvanometer is converted to an ammeter of range I; using S; and I> using S. If S; = xRg and Sz =
yRg the ratio of I1 and > will be

(a) x/y (b) y/x () y(I+x))/[x(1+y)] (d) y(1-x)/[(x(1-y)]
SOLUTIONS-
Case Study:
L. (®@) (i1) (c) (iii) (d) (iv) (b) or (c)

2. 1)) (i) (¢) (i) (b) or () (iv) (a)
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CHAPTER 5: MAGNETISM AND MATTER

Magnetism- Magnetism is the study of with the properties magnets and magnetic
materials along with their behavior and properties. The Earth itself acts like a giant
magnet. With the development of atomic sciences we have come to know that
magnetic effects are due to moving charges or electrons.It was discovered that
some materials in nature has a natural ability to attract iron towards it. These
materials are called natural magnets. These were used mainly for navigation in
earlier times.

I YERdERCY to TREFENSE theé ™

i magneticflelddueto  : :Tendency to magnetise in Tendency of strongly
: magnetization : a direction opposite to magnetization in the
H ] : direction of dicection of
#Current loop of area A = ¥ carrying 3 i egALMnLX p >1 ‘: field filed.
3 current § may be replaced by a magnetic SR A R eoest e G
% dipole of dipole momentu = md = iA ¢ Bk WLl >>1
P praaes
M= fi d
; . Jeceemonce:
: m = magnetic charge or N B. *
pole strength tH= 2
: 2 . '
i d = separation between poles . Mo
: r = radius of circularorbit : J  rEEeegeeess
: e = charge on electron
i v = speed of electron;
i L = angular momentum Paramagnetism
: m_= mass of electron

Magnetic
permeability

Diamagnetism

I =

fueNm,
¢ N = no. of turns ;
: 1= current

=
n

Intensity of

i A =area : magnetization
....................
Magnetic susceptibility
Magnetic
m o

)
I 1n 1283 Carl Friedrich Gauss
and Willhelm Weber Made the I
\ first Electromagnetic Graph |
L Y —— 4 Imaginary lines which continuously
the direction of magnetic field.
Dipole Moment : represent
Lo
=2

N
m

e -
\
Torque Iwnlnmmwmhl
9 produced by an electric
current.Magnetic Field Disappears |
Magnetic Field 3 ] when current is turned off ]
Intensity Potential Energy of a field-magnet
system b P ———— -

:e End-on-position

Revolving electron Circister

. {1=MxB =MBsino 8%,

By : H 1

B — N i ‘M =2ml

: an dl m"-“f {B = Magnetic field 2 :

: = 2m "—-_‘d T N[ et
d>>>1 :

iUp=

b M : : 9= Ugy =-MB cos0 = .
T an@any” i we take P.E. at 6 = 90° to be zero
i Ford>>>l Eer
B = p,M/4n d*
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GIST OF THE CHAPTER

Magnetism- Magnetism is the study of the properties of magnets and magnetic materials along with their
behavior and properties. The Earth itself acts like a giant magnet. With the development of atomic sciences
we have come to know that magnetic effects are due to moving charges or electrons. It was discovered that
some materials in nature has a natural ability to attract iron towards it. These materials are called natural

magnets. These were used mainly for navigation in earlier times.

Bar magnet- Natural magnets can be mould into various shapes

like bars, cylinder, horse-shoe etc.for different purposes.

Bar is just one such shape. Such magnets are called bar magnets.

So we can say that a bar magnet is a rectangular piece of an object,
made of ferromagnetic substances, that shows permanent magnetic
properties. It has two poles - North and South. These poles are always
in pairs even if we keep splitting the magnet into smaller and smaller
parts

Magnetic field- The region of space around a magnet

in which it can influence other magnets is called its

magnetic field. Magnetic field is represented by closed

continuous curves called magnetic field lines.

A tangent at any point on magnetic field line gives the

N

S|

NS

IE

direction of magnetic field at that point. These curves are called magnetic field lines.

Magnetic field lines of a bar magnet appear to emanate from North pole and enter into its south pole but
forms complete loop (considering them inside the magnet too).Inside the magnet their direction is from S

pole to N- pole while outside its N-pole to S-pole

The properties of magnetic lines of force are as follows:

Magnetic field lines emerge from the north pole and merge at the south pole.

As the distance between the poles increases, the density of magnetic lines decreases.

The direction of field lines inside the magnet is from the South Pole to the NorthPole. Magnetic lines do not
intersect with each other. The strength of the magnetic lines is the same throughout and is proportionalto

how close are the lines.

Magnetic dipole- A magnetic system like a bar magnet is essentially a magnetic dipole as its poles are not

separable.

Magnetic dipole moment- It is a vector quantity having magnitude m x / where m is pole strength of each
pole of magnet and / is effective length of the magnet. It is directed from South pole towards North pole of

magnet

M|=mx !, SI unit of M and m are Am™ and Am™! respectively
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Key Points:

o B it is magnetic induction or magnetic flux density

o H = magnetizing force or intensity of magnetizing field

o B = pH for a material medium for vacuum Bo = poH

o B/ Bo = p/ po = is called relative magnetic permeability

J ‘I’ is called intensity of magnetization it is equal to magnetic moment developed per unit volume in
the sample. I = M/V SI unit of [ is A/m

o Magnetic susceptibility (ym) — Ratio of intensity of magnetization (I) and intensity of magnetizing

field (H) is called magnetic susceptibility. It has no units

. = po (14 xm)
e Magnetic field lines emerge from the North pole and enter the South pole. But they completes their loop
inside the magnet.

e  Magnetic dipole moment (M): M =m x 21  (direction is from S pole to N pole)

e Magnetic field on axial line: ml |9 m
———— - ----.J —
K

P
2L %

B = (o/ 4m) x QM / ) e J e————)

B and M are parallel

“.\ln o

e  Magnetic field on equatorial line:
B = (1o / 4m) x (M /1)
B and M are anti-parallel

B sine

Torque on a Magnetic Dipole: T=M x B such that t=MB sinf
e Potential Energy: U=-M .B or U=-MBcos0
e Work done to rotate a magnet in magnetic field
W = -MB (cosb> — cosb)
e  Gauss Law of Magnetism essentially states that the magnetic flux through a closed surface/loopis zero. i.e.
95§ ds=0 Itmeans magnetic monopoles do not exist in nature

e A bar magnet of magnetic moment M is equivalent to a coil of magnetic moment NIA

Magnetic moment of charge moving in a circle is M= qvr/2
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Magnetic Properties of Materials

o . [Diamagnetic material] H
Substances can be divided into three groups based = =
on their magnetic properties i.e. diamagnetic, prsl——— ———————————
paramagnetic, and ferromagnetic. They can be ' ' H
classified based on their magnetic susceptibility. B— e
[—T |
Diamagnetic Materials F, ,
|Ferromagnetic material | H
The materials that develop temporary magnetization such % B==H
that the magnetic moment is ——— .

in the opposite direction to that of the magnetic field in which they are placed are known as
Diamagneticmaterials. In simple words, they are repelled by magnets.

Their magnetic susceptibility is small and negative. They have no unpaired electrons in them so magnetic
moment of each atom in them is zero individually. Examples of diamagnetic materials are Bismuth, Copper,
Zinc, Lead, etc

Paramagnetic Materials

The materials that develop temporary magnetization such that the magnetic moment is in the same
direction as that ofthe magnetic field in which they are placed are known as

Paramagnetic materials. They are slightly attracted by magnets. They have positive
but very low susceptibility. They have unpaired electrons in them so each atom has magnetic moment of its
own. In an external magnetic field torque acts on tiny atomic magnetic dipoles and align them along applied
field. They can be called as poor ferromagnets.

Examples of Paramagnetic materials are Aluminium, Sodium, Calcium, etc

Ferromagnetic Materials

The materials that develop temporary but strong magnetization such that the magnetic moment is in the
same direction to that of the magnetic field in which they are placed are known as ferromagnetic materials.
They are strongly attracted by magnets.

They have positive and high susceptibility. They have unpaired electrons in them. The atoms interact with
neighbouring atoms to form ‘domains’ in them.In a domain all atoms align their magnetic moment in same
direction. So a domain has large magnetic moment compared to an atom.in external field these domains get
aligned parallel to the field so they get strongly magnetized.

Examples of Ferromagnetic materials are Iron, Nickel, Cobalt, Haematite, etc
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Effect of temperature on magnetic properties

According to Curie's Law, the magnetization in a paramagnetic material is directlyproportional to the
applied magnetic field. If the object is heated, the magnetization isviewed to be inversely proportional to the
temperature

c . .
X = = I=magnetic moment per unit volume

L

H
H= intensity of magnetizing field = B/po

The Curie temperature (T¢) of a ferro-magnetic material is the temperature above which it behaves like a

para-magnetic material.

I
X=H~ -,
MULTIPLE CHOICE QUESTIONS
1 A ball of a diamagnetic material is heated. The magnetic susceptibility of its material will
(a) increase (b) Decrease (c)Not change
(d) Increases than attains a saturation value
2 A diamagnetic bar is suspended freely between parallel magnetic poles. It will tend to align its

length

(a) Perpendicular to the poles (c) Parallel to the poles
(b) At 45° to the poles (d) In any random direction
3 The magnetic nature of atomic hydrogen is

(a) Diamagnetic (b) Paramagnetic (c) Ferromagnetic (d) Non - magnetic
4 In a bar magnet the distance between its magnetic poles is n times the length of bar magnet where ‘n’
is nearly
-
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(a) 1 (b) 0.64 (c) 0.74 (d)0.84
5 Magnetic susceptibility and relative permeability of a material are

(a) directly proportional (c) differs by unity
(b) inversely proportional (d) equal
6 Natural bar magnets are not very useful for practical purposes because their

(a) size is small (b) mass is large
(c) magnetic moment is low (d) magnetic moment is high

7 Superconductors are perfect dia-magnets. A superconductor is kept in an external magnetizing field
having intensity ‘H’ the intensity of magnetization (I) due to its own magnetization will be

(a) Zero (b)-H (c)H (d)-1

8 If B denotes magnetic flux density and H denotes intensity of magnetizing field which of the
following is correct

(a) B=pH (b) B=H/n (c)HB=p (d) uBH = constant

9 If a bar of volume “V” is kept in a magnetic field it gets magnetized. If its intensity of magnetization
is ‘I’ and its magnetic moment developed in it is ‘M’

(a) =M (b) Lo I/M () 1= M/V (d) M= T/V

10 The force between two poles of small sized magnets ‘X’ and ‘Y’ is F if their separation is increased
to double the force between them will be

(a) F/2 (b) F/4 (c) F/8 (d) F/16
SOLUTIONS-
1- ¢ diamagnetism is independent of temperature
2- ¢ U =-MB cos0 is minimum in that orientation
3-b Paramagnetic, it has unpaired electrons
4- d
5- ¢ we=1+%m
6- c
7- b trm =-1 , /H=-1 so I=-H
8- a
9- ¢
10-b F is inversely proportional to r*
ASSERTION REASON QUESTIONS
1 ASSERTION- Each atom of a paramagnetic material has a non-zero magnetic moment of its own.
REASON- Paramagnetism is shown by materials having unpaired electrons in them
2 ASSERTION- The magnetic moment of electron in outer orbit of Hydrogen atom is higher

REASON:- The kinetic energy of electrons in outer orbit Hydrogen atom is higher
3 ASSERTION- A diamagnetic bar in magnetic field aligns itself along the field.

REASON- Susceptibility of a diamagnet is slightly more than zero
- - - - - -
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2-

ASSERTION- A bar magnet is equivalent to a solenoid as both generate magnetic field
REASON- Magnetic field at the center of bar magnet is weaker as compared to its poles

ASSERTION- Two poles of a magnet can never be separated
REASON — Magnetic field lines always form closed loops.
ASSERTION- A magnetic dipole tries to align itself at right angle to the applied external magnetic
field.
REASON — When a magnet is perpendicular to a magnetic field its potential energy is maximum
ASSERTION — The magnetic permeability of a material doesn’t depend on its temperature.
REASON - The magnetic induction (B) doesn’t depend on temperature.
ASSERTION — The magnetic moment of a magnet is equal to the product of magnetic pole strength
and least distance between the poles of the magnet.
REASON — Magnetic moment is a vector quantity.
ASSERTION — A ferromagnetic material has high magnetic susceptibility.
REASON- Ferromagnetic materials have domains and each domain has high magnetic moment
ASSERTION — Two identical charges moving in circular orbits of different radii can have same
magnetic moment
REASON- The magnetic moment of a circulating charge is ZERO.

ANSWERS

a2-¢c 3-d 4d 5-a 6-d 7-d 8b 9-a 10-c
2 MARKS QUESTIONS

Can a magnetic monopole exist in nature? Give reason

A paramagnetic sample is placed on a watch glass as shown below. Draw diagram to show how the
distribution of sample is affected in

due course of time. In which case it attains new

arrangement quicker (i) a hotter sample
(11) a colder sample

A long solenoid has a magnetic field of 0.25T inside it. If a bar of magnetic susceptibility 5 is
inserted into it what will be the magnetic flux density inside it?

A Diamagnetic bar and a paramagnetic bar are kept in a long solenoid for magnetizing them. Draw
diagram to show magnetic field lines with samples placed inside clearly mention the magnetic poles
induced in the two bars.

Why the susceptibility of a diamagnetic material doesn’t depend on the temperature?

The susceptibility of a ferromagnet is reduced by 10% when its temperature is raised above 1200K
by 50°C. Find the temperature below which it will be paramagnetic in nature

SOLUTIONS-

No, A circulating charge causes magnetic character. From one face
it appears to move clockwise while from other face it appears to
move anticlockwise. So the two faces are two poles. It same thing
viewed from two sides.

Refere gist given above. The hump will split into two

mounts of smaller size as paramagnetic salt is weakly
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attracted by magnetic poles.
The new arrangement will be quicker in colder sample as
hotter sample is less susceptibile to magnetic field so it

will respond slower

3- p=po(l+tym) so pu=06uo
B = uH = 6uoH = 6 By

B=6x0.25=1.5T

4- refer Gist of chapter

5- In a diamagnetic material all electrons are paired so the magnetic moment of an electron is nullified
in pair. Even if we change temperature the magnetic moments get nullified so diamagnetism is
independent of temperature.

6- Using formula ym = C/(T- T¢)
1/0.9 = (1250- T¢) / (1200- Te)

Tc = 750K
3 MARKS QUESTIONS

1 A bar magnet is bent to make a semi circle. Find the ratio of its initial and final magnetic moment.

What will be the magnetic moment of the system if it is broken into three equal parts and make a
proper triangle such that at two vertices like poles are held together?

2 The relative permeability of a material is 1.03po. Find its susceptibility and identify the magnetic
nature of the material. What will be the effect on it’s susceptibility if its temperature on heating it.

3 For a magnetic material the relative permeability is 1.05p0. find its susceptibility. Draw a diagram
showing the magnetic field lines when such a sample is kept in magnetic field.

4 A square coil of side 20cm and 2000 turns is carrying a current of 10A.Calculate the magnetic field
at a point on its axis 8m away from its center.

5  Two identical small bar magnets each of magnetic moment ‘M’ are placed along X-axis and Y-axis
such that their mid point is at origin. (a)Determine the expression for magnetic field at a point ‘r’
distance away on Z-axis, (b)Find the direction of resultant magnetic field at that point

6 A paramagnetic sample shows a saturation magnetization of 12% at 10K in an external magnetic
field of 0.5T. what will be the saturation magnetization in a magnetic field of 0.8T at 12K?

7 Three identical bars of magnetic moment M each are
arranged as shown to make an equilateral triangle.

Find the magnetic moment of the system.
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SOLUTIONS-

I- Let M=mx/
But AT,Q, /=nar, soM’=mx2r ,thus M/M’ =m [/2mr , hence M/M’ = r/2

Q

PQ + QR = PR angle between PQ& QR is 120 M/3

so [PR| =% hence Miow = 2M/3 along PR

M/3

2- p=po(l+y)
1.03 po = po(1+y)

x = 0.03, it is paramagnetic.
Susceptibility decreases with temperature inversely as per curie’s law

3- do yourself
4- M =NIA
M =2000x 0.2 x 0.2 x 10 =80 Am?.

B =(po/4m) x (2M /13)
B =107 (160/8% =3.125 x 10°® T along the axis of coil

5- Do yourself
6- Do yourself 16%
7- Doasin Q1 2M towards right

SOURCE BASED QUESTIONS

Q1 In a paramagnetic sample each atom has unpaired electrons so each atom in them has a permanent
magnetic moment of its own. Under ordinary conditions the random orientations of these tiny atomic
magnets sum up to zero. When the sample is placed in an external magnetic field the tiny magnets get
oriented along it due to which sample gets magnetized. If we raise the temperature the thermal agitation

disturbs the alignment so system starts losing its magnetic character.
(1) The magnetic moment of each atom is non-zero for

(a) Diamagnets only

(b) Paramagnets and diamagnets both

(c) Paramagnets and ferromagnets both

(d) Ferromagnets and diamagnets both
(i1)) When a paramagnet is placed in an external magnetic field B

(a) All the atomic magnets get aligned along B
(b) All the atomic magnets get aligned opposite to B
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(c) Few atomic magnets get aligned along B
(d) Most of the atomic magnets get aligned along B
(i11)) Two Aluminum bars P and Q have same volume but area of cross-section of P is more than Q they are
kept inside a long solenoid. Their saturation magnetic moments are Mp and Mq respectively and the
respective pole strengths are mp and mq respectively then

(a) Mp>Mgq and mp <mgq
(b) Mp=Mgqg and mp>mgq
(c) Mp<Mgq and mp=mgq
(d) Mp<Mgq and mp>mgq
OR

If a paramagnetic bar is kept in an external magnetic field its

(a) Magnetic moment does not change with magnetizing force (H)
(b) Intensity of magnetization does not change with magnetizing force (H)
(c) Its pole strength rises with magnetizing force (H)
(d) its susceptibility rises with magnetizing force (H)
(iv) The variation of magnetic susceptibility of a paramagnet with temperature is correctly shown by the

graph

Temperature (K) Temperature (K)

(b)

Susceptibility

Susceptibility

Susceptibility

|/\

Temperature (K) Temperature (K)
(d)

Susceptibility

Q2 P, Q and R are three bars they are kept in magnetic field for some time and their magnetic behavior
is observed. The magnetization of P was much higher than that of Q and R. When they are heated
after withdrawing from magnetic field Q doesn’t show a change in its magnetic strength. The
behavior of P is found to be same as R when it is heated to a temperature more than 1100°C.

(1) Out of the given bars the diamagnetic behavior is shown by
@P (b)AQ (c) R (d) None
(i1) The magnetic susceptibility is largest for
@P @B)Q (R (d) P and R both
(iii)  Magnetization or intensity of magnetization is defined as
(a) Magnetic moment developed
(b) Magnetic moment developed per unit area
(c) Magnetic moment developed per unit volume
(d) Pole strength developed
(iv)  Which of the following is NOT true ?
(a) P is Ferromagnetic
(b) 1100°C is curie’s temperature for P
(c) 1100°C is curie’s temperature for R
(d) Q has negative magnetic susceptibility

KVS ZIET MYSURU PHYSICS XII 2025-26 62




OR
The difference of relative magnetic permeability and magnetic susceptibility for these bars will be

(a) Zero for all

(b) 1 for all

(c) -1 forall

(d) 1 for P and R only

SOLUTIONS-

- ()a (i)c (i)b OR ¢ (iv)a
2- ()b (i)a (i) c (iv) b
3- ()a ()b (ii)d ORc (iv)b

LONG ANSWER TYPE (5§ MARKS QUESTIONS)
1 “Ferro-magnets are strong paramagnets”. Justify by giving 2 reasons.

Define curie’s temperature.

The susceptibility of a faerromagnetic material decreases by 20% when its temperature is raised
from 1200K to 1250K. if these are above curie’s temperature at what temperature will it fall by
50%.

2 Draw diagrams to differentiate among magnetic materials by showing the modified magnetic
field lines when a different types of magnetic materials are placed in uniform magnetic field.

(a)Why the magnetization of a paramagnetic bar decreases when it is hammered?
(b) what is the value of susceptibility and relative permeability of a diamagnetic material.

3 A large number of thin identical bar magnets each of magnetic moment M are arranged to make
a semicircular disc such that S-pole of each is lying at the center.Find the magnetic moment of the
system and its direction if the longest side of disc is taken as X-axis center as origin.

Establish the relation between the magnetic moment and angular momentum of revolving charge.
Use your result to show magnetic moment of electron in hydrogen atom is quantized

4 A bar magnet is kept in a uniform magnetic field. Derive the formula for torque acting on it.
What will happen if the field is non-uniform?

A bar of diamagnetic nature is left freely in a uniform magnetic field. Draw a diagram to show in
which orientation will it rest in finally. Give reason
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5 A bar magnet of length / is placed r away from a coil as shown where (r>>/).

If the magnetic field at the midpoint due to both is same find the area of
coil.

9

Given that coil has N turns and current in it is 1.

How shall they be placed so that magnetic field at the mid-point becomes
zero.? Draw diagram

Draw diagram. I_—I_I

Give any three properties to differentiate among Dia, Para &
Ferromagnetic

Materials

SOLUTIONS —

1- Refer text book
AS y=C/(T-Tc)

x=C/(1200- Tc) and 0.8 y=C/(1250- Tc)
0.8= (1200-Tc)/(1250-Tc) so Tc=1000K

2-  Refer Text book
(a) On hammering the aligned tiny atomic magnets start to orient them in random directions so
component of magnetic moment along intial direction decreases.
(b) For diamagnets susceptibility is negative and low but it lies between zero and -1. For
perfectdiamagnets its -1 -1<y <0
The relative permeability lies between Zero and 1 0 < p, <1

3- Taking components of M along X-axis and Y-axis we see that x-components cancel out in pairs so
overall magnetic moment is sum of sine components only along Y-axis so

Mot = [ M sinf df =M

For an electron in Hydrogen atom M= -eL/2m L = angular momentum (prove yourself)

As |L| = mvr = nh/2n n=0,1,23. ..o
As L is quantized so M is quantized also

4- Refer gist of chapter and prove yourself
For Non-uniform field it will feel Force and torque both

It will align normal to field to minimize its potential energy.

5- Do yourself
Hint- coil can be replaced by an equivalent magnet.
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CHAPTER 6 - ELECTROMAGNETIC INDUCTION
SYLLABUS: Electromagnetic induction; Faraday's laws, induced EMF and current; Lenz's Law, Self and
mutual induction.

1. Whenever magnetic flux through an area bounded v . U= My

by @ closed conducting loop changes, an emf Is e,
developed in the kop. If the circut is closed, | | 1] e Baaw® o/ NAVEY VNN
current b'q'ns to flow. | The direction of the induced current Is I} df \ r\ f (4 |f.\ (\ ‘f‘\(\ h ( { r ( |
| [ ‘! | \
2. The induced emf s equal 1o the negative rate of ;:h*::::l:fws Tt |, For two solenolds " W‘jf") VLJ
d‘m g Il \ /
. dar Myy = womy il _// [ L / J _/j/
ie, . 2
o Myy = oy mryl

The direction of induced emf or current is such that
it may oppose the change of magnetic flux.

| « Unit of mutual inductance is henry (H).

V=ou "By
PP
; at
:: : ) M""%, Elenr:mqgnetic Soinducton |, Safindckion of sclencid
2
e B S Induction " mx’qN
+ Unit-henry (H)
| oo 00 .
[
X Xg When magnetic flux linked with the conductor
e X
; changes, currents are Induced within the
V=EB\»F A x x 8 B conductor. These are eddy currents,
X _x = e i

emf induced { ? Magneic force on the loop —

g o=l || FzpYluR Thermal power developed in the loop is
R | s ”-g = force required to move the losp with constant e VB
Where = length of rod velocity (v) 7
GIST OF THE CHAPTER

Area Vector(Z) :

An area vector is a vector whose magnitude is equal to the area of a plane and direction
is normal to the plane of the area.

Magnetic Flux @s

GIST OF THE CHAPTER

The total number of magnetic lines of force passing normally through an area placed in
a magnetic field, is equal to the magnetic flux linked with that area. Net flux through the
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surface @5 = B.A= BAcosf Magnetic flux is a scalar quantity. S.I. unit: weber (Wb), CGS unit : Maxwell
or Gauss X cm? (1 Wb =10 8 Maxwell).
Faraday’s laws of EMI
1. First law :( Cause of emf) The induced emf is due to changing magnetic flux linked with the
closed loop/coil.
2. Second law: (magnitude of emf)
The magnitude of the induced e.m.{. is directly proportional to the rate of change of the magnetic flux. Induced
e.m.f., € =-d@/dt =—(@2— @1)/t .Negative sign indicates that induced emf () opposes the change of flux
Lenz's Law: - This law gives the direction of induced emf/induced current.
According to this law, the direction of induced emf or current in a circuit is such as
to oppose the cause that produces it. This law is based upon law of conservation of

energy T

Motional EMF Due to Translatory Motion:- -

If the length RQ = x (variable) and RS =1, the magnetic flux ®@ enclosed by« « « «;x « - x

the loop PQRS will be ®= B 1 x Since x is changing with time, the rate of  * ‘[ X X X X |F X

change of flux will induce an emf given by: ¢ =- % =- % =BI K fi i Y v4— x X

v N N
The induced emf e =B 1v is called motional emf ot xoxoxox x e x

Motional EMF Due to Rotational Motion:- Emf induces across the ends

of the rod where v = frequency (revolution per sec) And T = Time period.
_ BwR?
2
Inductance is a property of an electrical conductor (like a coil or solenoid) that describes its ability to oppose

changes in electric current flowing through it by generating a magnetic field.

Self Inductance: Self-inductance (L) of a coil is numerically equal to the magnetic flux (@) linked with the
coil, when a unit current flow through it. @=L I € =-L dI/dt, S.I. unit of self-inductance is Henry (H).

Self inductance of a long solenoid : L=po N> A/l = po wmn?® Al

Energy stored in an inductor: UZ% LI? and energy density is given by ZB—;
Mutual Inductance: Whenever the current passing through a coil changes, the magnetic flux linked with a
neighboring coil will also change. Hence an emf will be induced in the neighboring coil or circuit. This
phenomenon is called ‘mutual induction’

@=MI ¢ =-Mdl/dt =
SI unit is henry (H).
Mutual-Inductance between pairs of long Solenoid:-
Mi2= (ponimoLari?) , Ma1=(poninaoLars?)
Hence M12=M2;

AC generator:: It is a device which converts mechanical energy into an
electrical energy and generates alternating current.

Principle: Works on principle of electro-magnetic induction.
Construction: 1. Armature coil 2. Filed magnet 3. Slip rings 4. Brushes con
Theory: When the armature coil rotates between the pole pieces of field '
magnet, the effective area of the coil is A cos 0, The flux at any time is, @ =
B.A =NBAcos6=NBA coswt

The induced emf is,

e=—d@ dt=—d(NBAcoswt) dt V =& =—-NBAwsinwt

N, turns

L

& Alternating emf
ohoog,———— o
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MULTIPLE CHOICE QUESTIONS
Q1 Lenz's law is a consequence of the law of:

a) conservation of energy b) conservation of charge

¢) conservation of momentum d) conservation of mass

Q2 The ST unit of inductance is:

a) farad b) coulomb c) weber d) henry

Q3 According to Lenz's law, the direction of induced current is such that it:

a) enhances the cause producing it b) opposes the cause producing it

¢) is in the direction of the cause producing it d) may be in any direction

Q4 The induced EMF is maximum when the angle between the magnetic field and the normal to the coil is:
a) 0 degrees b) 45 degrees ¢) 90 degrees d) 180 degrees

Q5 You are required to design an air-filled solenoid of inductance 0.016H having a length 0.81 m and radius
0.02 m. The number of turns in the solenoid should be :

a) 2592 b) 2866 c) 2976 d) 3140

Q6 Current in a circuit falls from 5.0 A to 0.0 A in 0.1 s. If an average EMF of 200V is induced, the self-
Inductance of the coil is:

a) 4H b) SH c)3H d) 40H

Q7 A coil of area 100 cm? is kept at an angle of 30° with a magnetic field 0.1 T. The magnetic field is reduced
to zero in 10 s. The induced emf in the coil is:

a)5vV3V b) 50V3 V c)5.0V d) 50.0 V

Q8 A magnetic flux linked with a coil varies as ¢ = 2t> — 6t + 5 where ¢ is in weber and t is in second. The
induced current is zero at

a)t=0 b)t=1.5s c)t=3s d)t=>5s

Q9 . A coil is moved quickly out of a magnetic field. While exiting the field ,the direction of the induced
current will be such that it will:

a) oppose the increase in magnetic flux b) support the increase in magnetic flux

¢) oppose the motion of the coil d) support the motion of the coil

Q10 A vertically held bar magnet is dropped along the axis of a copper ring having a v
cut as shown in the figure acceleration of the falling magnet is: l
(a)Zero b) less than g N
(c)g (d) more than g

SOLUTIONS:

la) 2d)

3 b) Lenz’s Law states that the direction of the induced current in a conductor is such that it opposes the
change in magnetic flux that produced it.

4 a)

5 b)L=poN? A/l

6) a) e=de/dt =Ldl/dt , L=4H

7) a) e=de/dt = Ldl/dt

8) b) e=IR = dg/dt . 50 if I=0 s0 =2 = 0 t=1.55

9)¢)

10) ¢) , due to cut in the ring only emf is induced not the current , so bar magnet falls with acceleration due to
gravity.

ASSERTION AND REASON TYPE QUESTIONS
Q1 Assertion (A): A changing magnetic flux induces an emf in a circuit.
Reason (R): The induced emf is given by Faraday’s law.
-
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Q2 Assertion (A): An induced current always opposes the cause that produces it.
Reason (R): This is due to Lenz’s law.
Q3 Assertion (A): When a magnet is moved towards a coil, a current is induced in the coil.
Reason (R): The magnetic flux linked with the coil changes with time.
Q4 Assertion (A): A conductor moving parallel to the magnetic field experiences no induced
emf.
Reason (R): The rate of change of magnetic flux is maximum when motion is along the
field.
Q5 Assertion (A): The induced emf in a coil depends on the rate of change of current in the
Neighbouring coil.
Reason (R): Mutual inductance must exist between two nearby coil.
Q6 Assertion (A): The self-inductance of a coil is a measure of its ability to resist a change in
current.
Reason (R): When current changes in a coil, a back emf is induced opposing the change.
Q7 Assertion (A): An ideal transformer has 100% efficiency.
Reason (R): There is no loss of energy in the practical transformer due to heat, eddy
currents, or hysteresis.
Q8 Assertion (A): The core of a transformer is made of soft iron and laminated.
Reason (R): This reduces eddy current losses and increases magnetic coupling.
Q9 Assertion (A): No emf is induced in a stationary coil placed in a constant magnetic field.
Reason (R): emfis induced only when there is a change in magnetic flux linked with the coil.
Q10 Assertion (A): The mutual inductance of two coils depends on their relative orientation
Reason (R): Changing the orientation affects the amount of magnetic flux linking both coils.
ANSWERS
1. B Faraday's second law states that emf induced is proportional to the rate of change of magnetic flux —
directly explaining the assertion
2. A Lenz’s law ensures the direction of induced current opposes the change in magnetic flux, which is the
cause.
3.A Motion of the magnet changes the flux through the coil, inducing current.
4.C Motion along the field lines causes no change in flux, so no emf is induced. The rate is maximum when
motion is perpendicular to the field.
5.C The emf induced in one coil is due to change of current (and thus flux) in the other, and this effect is
quantified by mutual inductance.
6.A Self-inductance resists current changes due to the back emf generated by Lenz’s law.
7.A In an ideal transformer, no energy losses occur, hence efficiency is 100%.
8.A Lamination reduces eddy currents and soft iron ensures strong magnetic linkage between coils.
9. A A constant field implies constant flux — no emf. Emf requires changing flux.
10.A

SHORT ANSWER TYPE QUESTIONS
Q1 A light metal disc on the top of an electromagnet is thrown up as the current is switched on. Why? Give
reason.
ANS- The induced magnetic field in the disc repels the magnetic field of the electromagnet. This repulsive
force between the disc and the electromagnet exerts an upward force on the disc, causing it to be thrown
up.
Q2 How does the mutual inductance of a pair of coils change when distance between the coils is increased
and number of turns in the coils is increased?
ANS- When the distance between the coils is increased: Mutual inductance decreases.
Mutual inductance M is directly proportional to the product of the number of turns in both coils. M is directly

prop to Nix Na. so, M increases on increasing no of turns.
[ - -
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Q3 Two bar magnets are quickly moved towards a metallic loop connected
across a capacitor ‘C’ as shown in the figure. Predict the polarity of the &
o s PR | Je =
capacitor. —y —
ANS. The north poles of both magnets are approaching.The loop will
generate a south pole on the side facing the approaching magnets, to oppose their motion.Hence, the
induced current in the loop will be clockwise (when viewed from the front). In a clockwise current, the
upper plate of the capacitor gets positive and the lower plate gets negative.
Q4 Two identical coils one of copper and the other of aluminium are rotated with the same angular speed in
an external magnetic field. In which of the two coils will the induced current be more?
ANS- Same emf in both coils,Lower resistance in copper coil,Hence, induced current in the copper coil will
be more.
Q5 The magnetic field is perpendicular to the plane of the loop, what is the !
induced current in the loop during 2 to 4 seconds.

ANS- As there is NO change in magnetic field during 2 Sec to 4 Sec , so L el Ko™
£=0, Iina =0 However emf will be induced between 0 to 2s and 4 to 6s. M—\
(can be calculated with the help of slope of the graph) & . r 6 o)

Q6 A coil of N turns is placed in a magnetic field B such that B s
perpendicular to the plane of the coil. Magnetic field changes with time as B=By cos (ZTH t) where T is time
period. Calculate the time at which emf induced in the coil is maximum.

de de 2w . 21 do
Ans:e=— ,—=-BoxA —sin(—t) e=N—
dt ’ dt 0 T (T ) dt’

Magnitude of EMF is max when sin(z?n t) =1
s, T sot=T/4 3T/4, 5T/ .......

Q7 Derive an expression for the self inductance of a section of a long solenoid and hence show that self
inductance is proportional to the square of number of turns per unit length.

Ans: For a long solenoid, the magnetic field inside is:

B=ponl ,P=B-A=ponl A Total flux linkage for N turns:

N®=N(uto n Ir-A) But N=n x L, so: Total flux ® =nL-pon T A

O=LI=pon* AII,

Self inductance L =pon* A1 so Lan?
Q8 In the given figure, X is a coil wound over a hollow wooden pipe. A X "
permanent magnet is pushed at a constant speed v from the right into the pipe ()\\\\@-@j_
and it comes out of at the left end of the pipe. During the entry and the exit
of the magnet. What will be the current in the wire YZ. (draw it
diagrammatically)
Ans: Z to Y and then Y to Z by using Lenz law.
Q9 Define mutual induction and derive the formula of coefficient of mutual
inductance between two coils.
Q10 Explain how Lenz’s Law applies when a metal ring is dropped into a region where a magnetic field is

increasing upwards. What will be the direction of the induced current in the ring as it comes closer to the
magnetic field?

. 2m
This occurs when , - t=

1
Al
LA

Q11 Figure shows a rectangular conductor PSRQ in which movable arm « »« % x x x x [x x
PQ has a resistance ‘r’ and resistance of PSRQ is negligible. What are == ! = i T
factors on which the induced emf will depend magnitude when PQ is TX [x x x x x ||x x
moved with velocity v. calculate its magnitude also. wix I % x % Tx |l x
Ans: The induced emf depends on magnetic field, velocity , length of  x lx X % x x X |[x x N
conductor PQ. Its magnitude will be given by e=Bvl. x ¥ w % % % 03 x

< X >
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SHORT ANSWER TYPE QUESTIONS
Q1 Two concentric circular coils, one of small radius ri and the other of large radius r2, such that r1<<r; are
placed co-axially with centers coinciding. Obtain the mutual inductance of the arrangement.
Q2 1) State Lenz law.
i1) Identify the machine in the given figure.
i11) Identify the parts P, Q and R of the machine
iv) Give the polarities of the magnetic poles.
v) Write the two ways of increasing the output voltage.
Ans: 1) Lenz’s law- The polarity of induced emf is such that it tends
to produce a
current which opposes the change in magnetic flux that produced
1t.
i1) AC generator
1ii) P — Slip rings  Q — Carbon brushes R- Armature coil
iv) Left side of the magnet is North & right side is South or vice-versa.
v)write any two :
By increasing the number of turns in the armature coil.
By increasing the speed of rotation of the armature coil.
By increasing the strength of the magnetic field B.
Q3 Fig . shows, a rectangular loop PQRS, where PQ is free to move
with velocity v. A uniform magnetic field acts | to loop. Assume PQ s
has resistance r, obtain expression for ae
(1) current (ii) force (iii) power to move PQ. -' ve—

2 :
Ans:()1=22 (i) F=B*PY (i) P=B’12Z : L

Q4 A rectangular wire loop of sides 8 cm and 2 cm with a small cut is moving out of a region of uniform
magnetic field of 0.3 T directed normal to the loop.

(i)What is the emf developed across the cut if the velocity of the loop is 1 cms™ in a

direction normal to the (a) Longer side (b) Shorter side of the loop?

X X X X X X X X X v=lem/s

XX (X XX X s

v=lem/s
v

Ans: (a) longerside: & = Blv=24X10"* V , T=b/v=2seconds

(b) shorter side: & =0.6X 104V | T=1/v = 8seconds
Q5 Figures shows an arrangement by which alternatively current flows through coil A and B is placed near A
and connected to a bulb X.
Now explain the observations with reason @ oA | wiB @) Bulb (X)
(1) When the switch S is closed the bulb lights up. Why?
(i1) What happens to the brightness if an iron rod is

inserted in coil A.

(111) What happens to the brightness if a copper plate is inserted in the gap between the coils?
Ans: -(1) Due to mutual induction

(i1) Brightness decreases as the induced current decreases

(111) Brightness decreases due to production of induced current set up in the copper plate

which opposes passage of magnetic flux.

-
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Q 6 Show that coefficient of self inductance is independent of flux and current passing through the coil.
Q7 AB is a part of an electrical circuit(see figure) Calculate the potential difference Va- Vg at the instant when
current of i=2A is increasing at a rate of 1 A/second and in between points

iy (WL A,

s > }
A 1H ISV 20

Ans: VA-L%-5-2X2=VB V- V= 10V

Q8 The magnetic flux linked with a coil in Wb is given by the equation @=5t> +3t+16 . Calculate the
magnitude of induced emf in the coil at the fourth second.

Sol: e= ‘;—‘f=10t+3 emf in 4™ sec is es-e3=43V-33V = 10V

Q. Cglculate the .self-inductance of a coil using the AC Source DC Source
following data obtained when an AC source of frequency

200 ‘ ' ‘ S.No. | V (Volts) | 1(A) S.No. | V (Volts) | T(A)
— Hz and a DC source is applied across a coil. [ '

T 1 3.0 0.5 1 4.0 1.0
Sol: When DC is connected there will be only resistance ) 60 Lo 9 6.0 15
and when AC is connected then there will be both
. . 3 9.0 1.5 3 8.0 2.0
inductance and resistance(Z).

From the table Z=6 Q and R=4 Q
So Z=\/R? + X} s0 Xi=v20 =2v5 =~ 4.5Q0 Xi=oL,L=4.52nv soL=11mH

LONG ANSWER TYPE QUESTIONS
Q1. (a) Define mutual inductance and write its SI units.
(b) Derive an expression for the mutual inductance of two long co-axial solenoids of same length wound one
over the other.
Q2. (a) Draw a labelled diagram to explain the principle and working of an A.C. generator. Deduce the
expression for emf generated. (b)Why cannot the current produced by an A.C. generator be measured with a
moving coil ammeter?
Q3 a) State Lenz's law. Give one example to illustrate this law. "The Lenz's law is a consequence of the
principle of conservation of energy." Justify this statement.
b) A long solenoid with 15 turns per cm has a small loop of area 2.0 cm? placed inside the solenoid normal to
its axis. If the current carried by the solenoid changes steadily from 2.0 A to 4.0 A in 0.1 s, what is the induced
emf in the loop while the current is changing?

di

Ans: b) Magnetic field , B=u,nl Z—l: =Hon % =20 A/s Z—l: =3.77x10% T/s  and induced emf is
e=7.54 uv

CASE STUDY BASED QUESTIONS

1. EMI is defined as the production of an electromotive force across an electric conductor in the changing
magnetic field. The discovery of Induction was done by Michael Faraday in the year 1831. Electromagnetic
induction finds many applications such as in electrical components which includes transformers, inductors,
and other devices such as electric motors and generators.
Alternating current is defined as an electric current which reverses in direction periodically.
In most of the electric power circuits, the waveform of alternating current is the sine wave.
I. How to increase the energy stored in an inductor by four times?

(a) By doubling the current  (b) This is not possible

(c) By doubling the inductance (d) By making current 2 times
II. Consider an inductor whose linear dimensions are tripled and the total number of turns per unit length is
kept constant, what happens to the self-inductance?
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(a) 9 times (b) 3 times (c) 27 times (d) 13 times
III. Lenz law is based on which of the following conservation
(a) Charge (b) Mass (c) Momentum (d) Energy
IV. What will be the acceleration of the falling bar magnet which passes through the ring
such that the ring is held horizontally and the bar magnet is dropped along the axis of the ring?
(a) It depends on the diameter of the ring and the length of the magnet
(b) equal due to gravity
(c) It is less than due to gravity
(d) It is more than due to gravity
2. The emf induced across the ends of a conductor due to its motion in a
magnetic field is called motional emf. It is produced due to the magnetic Pio |
Lorentz force acting on the free electrons of the conductor. For a circuit Uniform L‘ip: constant
shown in figure, if a conductor of length I moves with velocity v in a R {
magnetic field B perpendicular to both its length and the direction of the
magnetic field, then all the induced parameters are possible in the circuit

I. Direction of current induced in a wire moving in a magnetic field is found using

(A) Fleming's L Hand rule (B) Fleming's Right hand

(C) Ampere's rule (D) Maxewell’s Thumb rule
II.A bicycle generator creates 1.5 V at 15 km/hr. The EMF generated at 10 km/hr is

(A) 1.5 volts (B) 2volts (C) 0.5volts (D) 1 volt

III. A 0.1 m long conductor carrying a current of 50 A is held perpendicular to magnetic field of 1.25 mT. The

mechanical power required to move the conductor with a speed of 1 m s is

(A) 62.5 mW (B) 625 mW (C) 6.25 mW (D) 12.5 Mw
IV. A conducting rod of length is moving in a transverse magnetic field of strength B
with velocity V. The resistance of the rod is R. The current in the rod is.
BVI BZy2L?

(A) BVI (B) Zero ) =& D) —

R

3. Faraday’s law of electromagnetic induction, also known as Faraday’s law is the basic law of
electromagnetism which helps us to predict how a magnetic field would interact with an electric circuit to
produce an electromotive force (EMF). This phenomenon is known as electromagnetic induction. Faraday’s
Experiment: Relationship Between Induced EMF and Flux. In the first experiment, he proved that when the
strength of the magnetic field is varied, only then-current is induced. An ammeter was connected to a loop of
wire; the ammeter deflected when a magnet was moved towards the wire. In the second experiment, he proved
that passing a current through an iron rod would make it electromagnetic. He observed that when a relative
motion exists between the magnet and the coil, an electromotive force will be induced. When the magnet was
rotated about its axis, no electromotive force was observed, but when the magnet was rotated about its own
axis then the induced electromotive force was produced. Thus, there was no deflection in the ammeter when
the magnet was held stationary. While conducting the third experiment, he recorded that the Galvanometer
did not show any deflection and no induced current was produced in the coil when the coil was moved in a
stationary magnetic field. The ammeter deflected in the opposite direction when the magnet was moved away
from the loop.
I. According to Faraday’s law, EMF stands for

a) Electromagnetic field b) Electromagnetic force

c) Electromagnetic friction d) Electromotive force
II. As per Faraday's laws of electromagnetic induction, an e.m.f. is induced in a conductor whenever it

a) Lies perpendicular to the magnetic flux

b) Lies in a magnetic field
]
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c¢) Cuts magnetic flux
d) Moves parallel to the direction of the magnetic field
III. For time varying currents, the field or waves will be

a) Electrostatic b) Magnetostatic ¢) Electromagnetic d) Electrical
IV. Find the displacement current when the flux density is given by t* at 2 seconds.
a)3 b) 6 c) 12 d) 27
OR
Which of the following statements is true?
a) E is the cross product of v and B b) B is the cross product of vand E
¢) E is the dot product of v and B d) B is the dot product of v and E

4. The migratory birds’ patterns are one of the mysteries in the field of science. For example, every winter
birds from Siberia fly unerringly to water spots in the Indian sub- continent. There has been a suggestion that
electromagnetic induction may provide a clue to the migratory patterns. The earth’s magnetic field has existed
throughout evolutionary history. It would be of great benefit to migratory birds to use this field to determine
the direction. As far as we know birds contains no ferromagnetic materials. So, electromagnetic induction
seems to be the only reasonable mechanism to determine the direction. Consider the optimal case where the
magnetic field B, the velocity of the bird v and two relevant points of its anatomy separated by a distance 1,
all three are mutually perpendicular. From the formula for motional emf i.e., &=Blv Certain kinds of fishes
are able to detect small potential differences. However, in these fishes, special cells have been identified. Thus,
the migration patterns of birds continue to remains a mystery.
I. An emf is produced in a coil, which is not connected to an external voltage source. This can be due to

(a) the coil being in a time varying magnetic field

(b) the coil moving in a time varying magnetic field

(c) the coil moving out of constant magnetic field

(d) All of the above
II. A circular coil expands radially in a region of magnetic field and no electromotive force is produced in the
coil. This can be because

(a) the magnetic field is in the same plane as the circular coil and it may or may not vary

(b) the magnetic field has a perpendicular (to the plane of the coil) component whose magnitude is

decreasing suitably.

(c) there is constant magnetic field in the perpendicular (to the plane of their coil) direction.

(d) Both (a) and (b)
III. A migratory Siberian bird is flying in the sky with a velocity of 10 m/s and the distance between two
feathers is 2 cm. The earth’s magnetic field B perpendicular to the feather is 4 x 10 T. Then emf generated
between the two feathers is

(a) 4 pv (b) 6 uV (c) 8 uv (d) 10 pv

OR

An airplane having a wing span of 35 m flies due north with speed of 90 m/s, given B = 4 X 10° T, the
potential difference between the tips of the wings will be

(a) 0.126 V (b)1.26 V (c)12.6 V (d)0.013V
IV. A moving conductor’s coil produces an induced emf. This is in accordance with
(a) Lenz’s Law  (b) Coulomb’s Law (c) Faraday’s Law (d) Ampere’s Law
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CHAPTER-7: ALTERNATING CURRENT
SYLLABUS: Alternating currents, peak and RMS value of alternating current/voltage; reactance and
impedance; LCR series circuit (phasors only), resonance, power in AC circuits, power factor, wattless current.
AC generator, Transformer.
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Gist of the chapter
Alternating current and voltage: A signal changing its values periodically is called an alternating signal. &
represented as [ =1 sin ot
alternating voltage (or emf) is V = Vo sin ot

KVS ZIET MYSURU PHYSICS XII 2025-26 74




MEAN AND RMS VALUE OF ALTERNATING CURRENTS

The mean or average value of alternating current over complete cycle is zero. For
half cycle it’s value is given by

(Imean Yhalf cycle =22 = 0.636 Io Vavg for half cyele =% = 0.636 Vo
An ammeter or a voltmeter read its Root Mean Square value as

o _ Yo _
Irms = 7 0.707 I, Vims 7% 0.707 V,

V= Vo sin ot then current is I = Io sin (ot + ®) where @ is the phase difference between voltage and current.
The average power loss over a complete cycle is given by,
P = Eims Irms cos @ where cos @ is called the power factor

Purely resistive circuit.
(1) Current :i = igsinwt
(2) Peak current : iy = % i

(3) Phase difference between voltage and current : ¢ = 0°

(4) Power factor: cosp =1 ' @
(5) Power : P = Vyppsliyms = % "=V, sinat
(6) Phasor diagram : Both are in same phase
L
Purely Inductive Circuit (L-Circuit) G
(1) Current : i = iy sin (wt - g) b
(2) Peak current : )

o T o W

- X, o, 2ml

_ _ Vo=V, sin @ i

Iy

(3) Phase difference between voltage and current ¢ = 90° (or + g)

(4) Power factor : cosp =0 4 o0 4
(5) Power dissipated : P =0 00°
(6) Phasor diagram : Voltage leads the current by % i i

c
|
Purely capacitive circuit I
(1) Current : i = iy sin (wt + g) [
(2) Peak current iy = - = VywC = Vo(2mv() )
Xc /

Vy sin @

(3) Phase difference between voltage and current :

V=
@ = 90° Power factor : cos ¢ = 0 00° i i
(4) Average Power : Pug =0 90°
(5) Phasor diagram : Current leads the voltage by 772 d %
Series LCR circuit R : C|_
Voltage V =V, sinot, ‘ ; Vg V) > V>
)
N\%

V="V, sinwt

Ve=iR, V, = iXy, Vo= iXc Phasor diagram
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(1) I=Iosin (ot + ®) , where Io=Vo/Z, and impedance Z = /R% + (X, — X()>?
(2) tan &= (Xr- Xc) /R
(3) The average power loss over a complete cycle is given by P = Vimgs Iims cos @
where, the term cos @ is called the power factor
(4) cos =R/ \/R2 + (X, — X)? )
(5) If net reactance is inductive: Circuit behaves as LR circuit
(6) If net reactance is capacitive: Circuit behave as CR circuit
(7) If net reactance is zero: Means X - Xc =0 Xy = Xc . This is the condition of electric resonance
(8) At resonance (series resonant circuit)
(1) XL = Xc= Z min = R 1.e. circuit behaves as resistive circuit
(i) VL =Vc= V = Vr i.e. whole applied voltage appeared across the resistance
(ii1) Phase difference : ¢ = 0° =power factor = cos ¢ = 1
(iv) Power consumption P = Vims Irms
(v) These circuits are used for current amplification and as tuning circuits in wireless telegraphy.

(9) Resonant frequency (Natural frequency) : At resonance Xp = Xc = wolL= C;
0

= woL = /i OR, woL= i /i (Resonant frequency doesn't depend upon the resistance of the circuit)

(10) Watt less Current icosg, " "
The component of current which does not contribute to the average power R
dissipation is called watt less current.

(1) The average of component of watt less component over one cycle is zero

(i) Amplitude of watt less current = o sin and r.m.s. value of ising
watt less current= Ims sin= Io sin0/v2
Transformer:-
It is a device which Increase or decreases the voltage SHELLTYPE et CORETYPE
or current in ac circuits through mutual induction. , L — b
It does not work in DC circuit. L{ R
Principle: It is based on the principle of mutual induction. ‘R = TR
Working: When an alternating voltage is applied to the primary coil , — | S—
magnetic flux linked with it changes which links to the
secondary coil and induces an emf in it due to mutual induction.

4 N|® o L, S %: - %i B %:

":fc, ) P ]l; . ou‘rIuT
E,: :— L — “_,s i 54 e %%—xmo VA
- ' R

LAMINﬂ'EDCORE
Types of transformer: Step-up Transformer: Ns> Np. It increases voltage
and decreases current. Transformation Ratio must be greater than 1.

Step-Down Transformer: — Ns< Np; It increases current and decreases voltage. Transformation Ratio must
be less than 1.
From Faraday’s laws the emf induced in the primary coil

A . . A .
& =-Np A—f ----(1) also for secondary coil &s=-Ns A—‘f --------- (i1)
g Ny (transformation ratio) ----------- (111)
Ep Np
For ideal transformer input power = output power = eplp = &5ls  ------ (1v)
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By equation (ii1) and (iv)

Energy losses in a transformer:
(1) Copper loss (ii) Hysteresis loss (ii1) Flux leakage (iv) Humming losses (v) Eddy current loss

MULTIPLE CHOICE QUESTIONS
Q1 A resistance 'R' draws power 'P' when connected to an AC source. If an inductance is now placed in
series with the resistance, such that the impedance of the circuit becomes 'Z', the power drawn will be :

(a)PJ% (b) P(3) (c) P (d) P5)?
Q2 To reduce the resonant frequency in an L-C-R series circuit with a generator
(a) the generator frequency should be reduced
(b) another capacitor should be added in parallel to the first
(c) the iron core of the inductor should be removed
(d) dielectric in the capacitor should be removed
Q3 Average value of A.C voltage for positive half cycle is [If Vo is its peak voltage]
(a) zero (b) Vo2 (c)2Vo/ @ (d) Vo
Q4 An alternating current in a circuit is given by I = 20sin (1007 t +10.057 )A . The r.m.s value of current
& its frequency respectively are
(A) 10A & 100Hz (B)10A&50Hz  (C)10V2A & 50Hz (D) 20 V2A & 100Hz
Q5 In an ideal transformer, the no. of turns of primary and secondary coil are 500 and 400 respectively. If
220 V is supplied to the primary coil, then ratio of currents in primary and secondary coils is

(A)4:5 B)5:4 (©)5:9 (D)9:5
Q6 The power factor of LCR circuit at resonance is
(A) 0.707 (B) 1 (C) Zero (D) 0.5

Q7 At resonance frequency in an A.C circuit containing L, C and R in series

(A) The voltage and current will be in same phase.

(B) The voltage will lead the current

(C) The voltage will lag behind the current.

(D) Phase difference depends on peak voltage of source
Q8 A voltage v=v,sin wt applied to a circuit drives a current i=i, sin (wt + @) in the circuit. The average
power consumed in the circuit over a cycle is

a) Zero b) 1o Vo COS @ ) 1o Vo /2 d) (1o Vo cos @) /2

QO In the case of an inductor
(a) voltage lags the current by /2 (b) voltage leads the current by /2
(c) voltage lags the current by /3 (d) voltage lags the current by /4

Q10 A power transformer is used to step up an alternating e.m.f. of 220 V to 11 kV to transmit 4.4 kW of
power. If the primary coil has 1000 turns, what is the current rating of the secondary? Assume 100%
efficiency for the transformer

(a)4 A (b)0.4 A (c) 0.04 A (d)02A
Q11 An inductor, a capacitor and a resistor are connected in series across an ac source of voltage. If the
frequency of the source is decreased gradually, the reactance of :

(a) both the inductor and the capacitor decreases.

(b) inductor decreases and the capacitor increases.

(c) both the inductor and the capacitor increases.

(d) inductor increases and the capacitor decreases.
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ANSWERS
1d 2b 3¢ 4c 5 6b 7a 8d 9b 10b 11b

ASSERTION AND REASON TYPE QUESTIONS

Q1 Assertion: In a pure resistive circuit, voltage and current are in the same phase.
Reason: In resistors, energy is alternately stored and released.

Q2. Assertion: In an ideal LC circuit, the current oscillates indefinitely.
Reason: There is no energy loss in an ideal LC circuit.

Q3. Assertion: In an LCR circuit at resonance, the impedance is minimum.
Reason: At resonance, the inductive and capacitive reactance cancel each other.

Q4. Assertion: The average power consumed in a pure inductive circuit is zero.
Reason: In a pure inductive circuit, the current leads the voltage by 90°

Q5. Assertion: The power factor in a purely capacitive circuit is zero.
Reason: In a capacitive circuit, the current leads the voltage by 90°

Q6. Assertion: In an AC circuit containing only a capacitor, current lags the voltage by 90°
Reason: Capacitors offer no resistance to A C current.

Q7. Assertion: The power consumed in an AC circuit is given by P=Vrums [rms cosd
Reason: The product Vrums Irms gives the apparent power.

Q8. Assertion: The voltage across the inductor leads the current by 90°.
Reason: The induced emf in the inductor opposes the change in current.

Q9. Assertion: The quality factor of an LCR series circuit increases with increase in resistance.
Reason: Higher resistance causes sharper resonance

Q10. Assertion: In a transformer, higher value of alternating voltage can be converted into lower voltage
and vice versa.
Reason: A transformer works on the principle of electromagnetic induction.

ANSWERS
I-C 2-A 3-A 4-C 5-A 6D 7-B 8B 9-D 10-B

VERY SHORT ANSWER TYPE QUESTIONS

Q1 Explain why current flows through an ideal capacitor when it is connected to an ac source but not when it
is connected to a dc source in a steady state.

Ans: In DC, X is infinite.

Q2 Draw the graphs showing variation of inductive reactance and capacitive reactance with frequency of
applied ac source.

Ans: General concept and shapes.

Q3 Prove that an ideal capacitor in an ac circuit does not dissipate any average power.

Ans: P,y is propotional to cos¢ and ¢ is 90° so average power dissipated is zero.

Q 4 In a series LCR circuit, obtain the condition under which the impedance of circuit is minimum as well as
explain its one practical use.

Ans: X1 = X, to get maximum current in any circuit.

Q5 Mention any two characteristics properties of the material suitable of making the core of transformer

Ans: Mention any two.

Q6 Define ‘quality factor’ of resonance in series LCR circuit. What is its SI unit.

Ans: Write definition , no unit and dimensions.

Q7 A bulb B and an inductor are connected in series to the ac mains. The bulb glows with some brightness.
How will the glow of the bulb change when a paramagnetic slab is introduced in side the inductor.

Ans: X increases so brightness decreases.

Q8 A transformer has 50 tunes in the primary and 100 in the secondary. If primary is connected to 220 V DC

supply, what will he the voltage across the secondary?
L
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Ans: Transformer does not work on DC.

SHORT ANSWER TYPE QUESTIONS
Q1A sinusoidal voltage is applied to an electric circuit containing element X in which current leads the

voltage by g
(a) Identify the circuit
(b) Write the formula for its reactance.
(c) Show graphically the variation of this reactance with frequency of ac voltage.
(d) Explain the behaviour of this element when it is used in (i) an ac circuit, and (ii) a dc circuit
Ans: a) Capacitor
b) Xc=1/0C

C) gx&
£
¥

Freapmay (2)
(d) (1) For ac Xc is finite and therefore allows the ac to pass. For dc Xc is infinite and therefore does not
allow the dc to pass.
2. With the help of a suitable phasor diagram, obtain an expression for impedance of a series LCR circuit,
connected to a source v = v¢ sinmt.
Ans : Refer textbook and gist above
3. Find the condition under which a series LCR circuit could draw maximum power from an ac source.
Name the factors at which this characteristics frequency depends. Draw the frequency response curve for
such a circuit.
Ans: refer textbook (Resonance in LCR circuit)
4. A series CR circuit with R=200Qand C=50/m uF is connected across an ac source of peak voltage V=
100V and frequency v = 50 Hz. Calculate a) impedance of the circuit(Z) b) phase angle (¢) and c) voltage
across the resistor.
Ans: Z>=R?*+(1/2  vC)? = 2001/2Q
cos¢p=R/Z=1/2 , ¢=45°
V across R=RV/Z=501/2 V
5. An ac source v = v, sin ot is connected across an ideal capacitor. Derive the expression for the (i) current
flowing in the circuit, and (ii) reactance of the capacitor. Plot a graph of current 1 versus mt.
Ans : refer textbook
6. A series combination of an inductor L, a capacitor C and a resistor R is connected across an ac source of
voltage in a circuit. Obtain an expression for the average power consumed by the circuit. Find power factor
for (i) purely inductive circuit, and (ii) purely resistive circuit.
Ans: refer textbook
7.A resistor of 30 Qand a capacitor of 250/m uF are connected in series to a 200 V, 50 Hz ac source.
Calculate (i) the current in the circuit, and (i) voltage drops across the resistor and the capacitor. (iii) Is the
algebraic sum of these voltages more than the source voltage ? If yes, solve the paradox.
Ans: X=1/oC =40Q , Z>=R*+ X ,Z=50Q,
1=200/50 = 4A
V=IX~=160V , Vr=IR=120V
The algebraic sum of the two voltages Vr and VC is 280V, which is more than the source voltage of
200V. This paradox can be removed by considering impedance triangle because VR and VC are out
of phase by 90°, therefore V7 [] Vz? V.2, V=200V This is equal to the source voltage.
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8.A series LCR circuit with R =20Q L =2 H and C =50 F is connected to a 200 volts ac source of variable
frequency. What is (i) the amplitude of the current, and (ii) the average power transferred to the circuit in
one complete cycle, at resonance?
(ii1) Calculate the potential drop across the capacitor.

Ans: (i) At resonance Z=R so0 [=V/R Lms=10A and [o=ImsV2 =14.14A

Average power transferred to the circuit in one complete cycle at resonance : P=I%msR=2000W
o === 100 rad/s , X=1/oC , Ve=lunsX=2000V

LONG ANSWER TYPE QUESTIONS
Q1 1) Write the principle of working of an ac generator. Draw its labelled diagram and explain its working.

. . 5 . 50 .. . .
A resistor of 4002 , an inductor of (E) H and a capacitor of (?) uF are joined in series across an ac source

v=140 sin (100m) t V. Find the rms voltages across these three circuit elements. The algebraic sum of
these voltages is more than RMS voltages of source. ExplainAns: from the equation Vims=100V so ,
Iims=Vms/Z , Z=500Q2, so Iims=0.2A hence Vr=80V, Vi=100V and V=40V

The algebraic sum of voltages is more than the rms voltage of source because voltages across R, L and C are
not in phase.

Q2 1) Name the device which can increase alternating current or voltage without increasing electric power.
Write the principle of working of this device, Explain why it cannot be used for same purpose when direct
current source is used?

ii) An ideal transformer is designed to convert 50 V into 250 V. It draws 200 W power from an ac source
whose instantaneous voltage is given by v; = 20 sin (1001t) V. Find
Rms value of input current
Expression for instantaneous output voltage
Expression for instantaneous output current

Ans: Transformer , EMI , Flux change Zero. [ims=7.07A
P,=V,l, , so [p=20v/2 A, Vo=100 sin(1007t) V , Io= 4sin(1007t) A

Q3 Find the condition of resonance in a series LCR circuit connected to a source V=V, sin ot, where o can
be varied. Give the factors on which the resonant frequency of a series LCR circuit depends. Plot a graph
showing the variation of electric current with frequency in a series LCR circuit.

Ans: General concept and direct graph
Q4 1)Describe the construction and working of of a transformer and hence obtain the relation for (:—;) in terms

of number of turns of primary and secondary.
i1 Discuss the main causes of energy loss in a real transformer.
Ans: Direct question , see answer from the gist
Q5 1) you are given three circuit elements X , Y and Z. They are connected one by one across a given ac

source. It is found that V and I are in phase of element X. V leads I by g for element Y where I leads V

by g for element Z. Identify elements X,Y and Z.

i1) Establish the expression for total opposition offered to circuit when elements X, Y and Z are connected in
series to an ac source. Show the variation of current in circuit with the frequency of the applied source
when only Y & Z are connected in circuit.

ii1) In a series LCR circuit obtain, the conditions under which impedance is minimum, justify why circuit
becomes purely resistive at resonance?
Ans: 1) X-resistor Y-inductor ~ Z-Inductor ii) Deduce expression for Z . Graph for LC
combination circuit. iii) Condition of resonance , X=Xt so Z=R
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CHAPTER-8: ELECTROMAGNETIC WAVES

SYLLABUS: Basic idea of displacement current, Electromagnetic waves, their characteristics, their transverse
nature (qualitative idea only). Electromagnetic spectrum (radio waves, microwaves, infrared, visible,

ultraviolet, X-rays, gamma rays) including elementary facts about their uses.

MIND MAP

DISPLACEMENT CURRENT

- -

Maxwell’s equations J

\

Produced by changing electric field

dd .
&g W =1

= = 0
IE.d Y
fﬁ.dﬁzo
jE.dE—d@B

dt

ELECTROMAGNETIC
WAVES

How are EM waves
produced?

Eo/Bo=c = 3x10° ms .
Travels with speed(c) =

1

vHoéo

in free space.
Both E and B are also
perpendicular to the direction

Produced by accelerating or
oscillating charges only.

ﬁ[odiﬁed Ampere’s lawx

The source of magnetic
field 1s: conduction
current due to flowing
charge.
Time rate of change of
electric field

o, J

dt

1:g+%:g+%{

of wave propagation

EM spectrum and its order

The classification of EM waves
according to frequency is the
electromagnetic spectrum.
EM spectrum in order of increasing
frequency and decreasing
wavelength.

1. Radio Waves
Micro Waves
Infrared
Visible
Ultraviolet
X-rays
Gamma Rays

N wN

Properties of
EM waves

1.Does nof require a
medium for their
propagation

2.Does not get deflected by
electric or magnetic field
3.E and B has zero phase
difference but are mutually
perpendicular to each
other.

4 Momentum delivered
when wave 1s completely
absorbed by the surface :
p=U/c ,where U is the total
energy transferred to the
surface

5. momentum transferred

18 p=2U/c when wave 1s
completely reflected by the
surface.
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GIST OF THE CHAPTER

Displacement Current: -If there exists an electric current as well as changing electric
field, results magnetic field & cause displacement current

deg\ |
&o W =1

So, Ampere-Circuital Law was modified called as Ampere-Maxwell Law.
d
ygB. dl = pgic + o€ (%)
Electromagnetic Waves: - The electromagnetic waves are those waves in which there are sinusoidal
variations of electric and magnetic field vectors to right angles to each other as well as at right angles to
the direction of wave propagation. (i.e., electric current and magnetic fields vary with space and time.)
Transverse nature of electromagnetic waves: - Electric and magnetic fields oscillate sinusoidally in space
and time in an electromagnetic wave. The oscillating electric and magnetic fields, E and B are perpendicular
to each other, and to the direction of propagation of the electromagnetic wave.
» Conduction current & displacement current are the same.
» Conduction current arises due to flow of electrons in the conductor.
» Displacement current arises due to electric flux changing with time.
Ip = &0 d@g/dt

» Maxwell’s equations

Gauss’s Law in Electrostatics ¢ E.dS = Q/eo

Gauss’s Law in Magnetism ¢ B~.dS=0

« Ampere’s — Maxwell law  [B”.dl = pol + poeo d@k /dt

» Electromagnetic Wave :- The wave in which there are sinusoidal variation of electric and magnetic fields
at right angles to each other as well as right angles to the direction of wave propagation. * Velocity of EM
waves in free space: ¢ = 1/\/n,€,= 3x10% m/s

» The Scientists associated with the study of EM waves are Hertz, Jagdish Chandra Bose & Marconi.

» EM wave is a transverse wave because of which it undergoes polarization effect.

» Electric vectors are only responsible for optical effects of EM waves.

» The amplitude of electric & magnetic fields are related by E/B = ¢

» Oscillating or accelerating charged particle produces EM waves.

» Orderly arrangement of electromagnetic radiation according to its frequency or wavelength is
electromagnetic spectrum.

» A self made easy Acronym to memorize the electromagnetic spectrum in decreasing order of its frequency.

Gandhiji’s X-rays Used Vigorously In Medical Research

Here the first of each word indicates: G- gamma rays , X- rays , Ultraviolet rays ,Visible rays , I- Infrared
radiations , M- Microwaves and R- Radio waves

» EM waves also carry energy, momentum.

KVS ZIET MYSURU PHYSICS XII 2025-26 82




The Electromagnetic Spectrum
Type | | = = Production Detection Uses
) S
H % ,§ @
£ | T ¢
= & § S
Radio | 5x10° | >0.1m | Rapid acceleration | Receiver’s In radio and television
wave | Hz to and de- | aerials communication system.
S 108 accelerations of In radio astronomy.
Hz electrons in
aerials/antenna.
Micro | 10° 0.Im | Klystron value or | Point contact | In radar Systems.
wave | Hz to| to magnetron value. diodes. In long distance communication
S 102 Imm systems.
Hz In microwave ovens.
Infrar | 10'! Imm | Vibration of atoms | Thermopiles | In remote control of TV or VCR.
ed Hz to| to and molecules. Bolometer, In Green House.
5% 700n Infrared In haze Photography.
10 m photographic | Treatment of muscular
Hz film. complaints.
Visibl | 4x10'*| 7000n | Electron in atoms | Human eye | It Provides us the information of
e Hz m to | emit light when | photocells, the world around us.
Light |to 400n | they move from one | photographic | It can cause Chemical Reactions.
7x10"| m energy level to a | film.
Hz lower energy level.
Ultra- | 10'° 400n | Inner shell | Photocells, In food Preservation.
violet | Hz m to | electrons in atoms | photographic | In the study of invisible writings,
to Inm | moving from one | film. forged documents and finger
10" energy level to a prints.
lower level. In the study of molecular
structure.
X- 10'° Inm | X-ray tubes or inner | Photographic | In medical diagnosis.
rays | Hz to 107 | shell electrons. film, Geiger | In the study of crystals structure.
to 3nm tubes, In engineering.
10" Tonization In detective departments.
chamber. In radio therapies.
Gam | 10™ | <10 | Radioactive decay | Photographic | In radio Therapy.
ma Hz to | nm of the nucleus. film, Geiger | In manufacture of polyethylene
rays | 10? tubes, from ethylene.
Hz Ionization To initiate some nuclear
Chamber reactions.
To preserve food stuff.
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MULTIPLE CHOICE QUESTIONS
Q1 To dissociate an oxygen molecule into two oxygen atoms 5eV of energy is required. The minimum
frequency of the appropriate electromagnetic radiation to achieve the dissociation lies in

(a)visible region. (b) infrared region.  (c) ultraviolet region. (d) microwave region.
Q2: The given diagram exhibits the relationship between the Energys
wavelength of electromagnetic waves and the energy of photon P

associated with them. The three points P,Q and R marked on the
diagram may correspond respectively to:

a)X-rays, microwaves, UV radiation

b) X-rays, UV radiation, microwaves R .

¢)UV radiation, microwaves, X-rays A Wavelength

d) microwaves, UV radiation, X-rays

Q3 Which one of the following correctly represents the change in wave characteristics (all in vacuum) from

microwaves to X rays in electromagnetic spectrum?

Speed Wavelength Frequency
a)  Remains same Decreases Remains same
b)  Remains same Decreases Increases
c¢)  Increases Increases Decreases
d) Remains same Decreases Remains same

Q4 X rays are more harmful to human beings than ultraviolet radiations because X-rays:
a) Have frequency lower than that of ultraviolet radiations
b) Have wavelength smaller than that of ultraviolet radiations
¢) Move faster than ultraviolet radiations in air
d) Are mechanical waves but ultraviolet radiations are electromagnetic waves
QS5 Displacement current exists only when

a) electric field is changing b) magnetic field is changing
c) electric field is constant d) magnetic field is constant
Q6 A welder wears special glasses to protect his eyes mostly from the harmful effect of
a) high intensity visible light b) infrared radiations
¢) ultraviolet radiations d) radio waves

Q7 An electromagnetic wave of frequency 3kHz is passing from vacuum to glass. The ratio of their frequency
in vacuum and in glass is:
a) 3:1 b) 1:3 c) 14 d) 1:1
Q8 Which of the following electromagnetic waves has the highest momentum for a given energy?
a) Radio waves b) Microwaves ¢) Infrared rays d) Gamma rays
Q9 The source of an electromagnetic wave is always associated with:
a) A moving electric charge only b) An accelerating electric charge
c) A stationary electric charge d) A constant magnetic field
Q10 The ratio of the amplitudes of electric and magnetic fields in free space is equal to:
(c is the speed of light in vacuum)
a) 1 b)c c) 1/¢? d) 1/c
SOLUTIONS:
1) C Solution: E=hv ,E=5e V,sov = 1.2x 10" Hz, so UV range
2) B X-rays, Micro and UV as wavelength decreases in this order
3) B Invacuum, speed remains the same and going from Micro to X rays frequency increase and wavelength
decreases
4) B wavelength of X is smaller than UV

-
84
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5) A displacement current is &, (%) so it exists only if electric field is changing

6) C During welding, a high-intensity electric arc is generated, which emits a large amount of ultraviolet rays

7) D Frequency of an electromagnetic wave does not change when it passes from one medium to another so 1:1

8) D because gamma rays has highest frequency so its energy will be the highest.

9) B The source of an electromagnetic wave is always associated with n accelerating electric charge or an
oscillating charge.

10) B speed of light is c=E/B

ASSERTION AND REASON QUESTIONS

For each question, select the correct option:

(a)Both Assertion and Reason are true, and Reason is the correct explanation of Assertion.

(b)Both Assertion and Reason are true, but Reason is not the correct explanation of Assertion.

(c)Assertion is true, but Reason is false.

(d)Assertion is false, but Reason is true.

Q1.Assertion (A): Electromagnetic waves do not require a material medium for their propagation.
Reason (R): Electromagnetic waves consist of oscillating electric and magnetic fields, which are self-
sustaining in vacuum.

Q2.Assertion (A): In an electromagnetic wave, the electric and magnetic fields are always perpendicular to
each other.
Reason (R): The directions of electric and magnetic fields in an EM wave are independent of the
direction of wave propagation.

Q3.Assertion (A): The speed of electromagnetic waves in vacuum is equal to 1/,/pn0€0
Reason (R): The values of po and & determine the properties of vacuum with respect to magnetic and
electric fields, respectively
Q4.Assertion (A): X-rays can be used to detect fractures in bones.
Reason (R): X-rays have controlled penetrating power and are absorbed differently by different tissues.
Q5.Assertion (A): Ultraviolet rays are more energetic than infrared rays.
Reason (R): The frequency of ultraviolet rays is greater than that of infrared rays.
Q6.Assertion (A): Gamma rays have the longest wavelength in the electromagnetic spectrum.
Reason (R): Gamma rays have the lowest frequency among all EM waves.
Q7.Assertion (A): Microwaves are suitable for radar systems used in aircraft navigation.
Reason (R): Microwaves can penetrate through the ionosphere and reach long distances without
significant attenuation.
Q8Assertion (A): Electromagnetic waves carry both energy and momentum.
Reason (R): The energy and momentum in EM waves are carried by the magnetic field only.
EXERCISE QUESTIONS-SOLUTIONS
1.(a) EM waves are self-propagating due to mutual induction of E and B fields and do not need a medium.
2. (c) The fields are perpendicular to each other and to the direction of wave propagation they are not
independent.
3. (a) Speed of EM wave in vacuum is derived using these constants.
4. (a) Bones absorb more X-rays than soft tissue, producing contrast.
5. (a) Energy E = h; higher frequency = higher energy.
6. (d) Gamma rays have the shortest wavelength and highest frequency.
7. (a) Microwaves are used in radar as they can travel in the atmosphere and reflect from objects.
8.(c) Energy is shared by both electric and magnetic fields, not just magnetic.
9. (a) IR is emitted due to heat and used for thermal imaging.
10. (d) EM waves are transverse, not longitudinal; E field is perpendicular to propagation.
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VERY SHORT ANSWER TYPE QUESTIONS (2 MARKYS)

Q1 Why does microwave oven heats up a food item containing water molecules most efficiently?

SOL: Microwave ovens efficiently heat food containing water because microwaves excite the rotational
motion of polar water molecules, and the resulting molecular friction generates heat. Foods with higher
water content heat up faster and more uniformly.

Q2: A variable frequency a.c source is connected to a capacitor. How will the displacement current change
with decrease in frequency?

SOL: Displacement current is directly proportional to frequency. As frequency decreases, the rate of change
of voltage across the capacitor decreases. Therefore, the displacement current also decreases.
e (Gr) = i

For current in capacitor : I«—= C dV/dt
V=Vesinwt, so lsowandw =2 nfsolqaf

Q3 The magnetic field of a beam emerging from a filter facing a floodlight is given by Bo =12 x 10 sin (1.20

x 107 z—3.60 x 10'° t) T. What is the average intensity of the beam?

2
Sol:  Lyy—>c=> ==3x 10° x (12x10%) 1.26 x 10°°= 1.71 W/m?
0

2

Q4 Professor C.V. Raman surprised his students by suspending freely a tiny light ball in a transparent vacuum
chamber by shining a laser beam on it. Which property of EM waves was he exhibiting? Give one more
example of this property.

Sol : EM waves exert radiation pressure. Tails of comets are due to solar radiation.

QS5 How are Infrared waves produced? Why are these waves referred to as heat waves? Give any two uses of
infrared waves.

Sol: Infrared radiations are produced by hot bodies and vibrations of molecules. They are referred to as heat
waves because they are rapidly absorbed by water molecules and increase their thermal energy and heat
them.

Uses: 1) dehydration of fruits ii) In green house effect iii) In remote switches

Q6 An E.M. wave, Y1, has a wavelength of 1cm while another e.m. wave, Y», has a frequency of 10'° Hz.
Name these two types of waves and write one useful application for each.

Sol: Y: has a wavelength of 1 ocm, which lies in the microwave region.

Y- has a frequency of 10'* Hz, which falls in the ultraviolet (UV) region.
Y:i:Microwave
Application: Used in microwave ovens for cooking food.
Y2:Ultraviolet (UV)wave
Application: Used for sterilizing medical instruments.
SHORT ANSWER TYPE QUESTIONS (3 MARKS)

1. Electromagnetic waves of wavelengths y1, y2 and y; are used in radar systems, in water purifiers and in
remote switches of TV, respectively.

Identify the electromagnetic waves, and Write one source of each of them.

Sol: yi: Microwaves, y2 : Ultraviolet (UV) rays , ys: Infrared (IR) rays .

Microwaves: Klystron or magnetron tubes (used in radar and microwave ovens) Ultraviolet rays: Mercury
vapour lamps or sunlight.
Infrared rays: Heated objects or infrared LEDs (used in remote controls)
2. Identify electromagnetic waves which
(1) Are used in radar systems. (ii) Affect a photographic plate. (iii)Are used in surgery.

Write their frequency range.

Sol: Electromagnetic waves used in radar systems is Microwaves, Frequency Range: 10° - 10'' Hz .
Electromagnetic waves that affect a photographic plate is Ultraviolet (UV) rays, Frequency Range: 10" —

-
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10'7 Hz Infrared (IR) rays (used in thermal cauterization and healing), or sometimes X-rays in precision
surgery Frequency range: 10'> — 4 x 10'* Hz

3. Identify the following electromagnetic radiations as per the frequencies given below. Write one application
of each. (a) 10*°Hz (b) 10°Hz (c) 10''Hz

Sol: a) Gamma Rays : Used in cancer radiotherapy to destroy malignant cells. B) Microwaves. Used in radar
systems and microwave ovens for cooking. C) Used in TV remote controls and thermal imaging.

4. Identify the part of the electromagnetic spectrum which:

(a)Produces heating effect (b) Is absorbed by the ozone layer in the atmosphere,

(c) Is used for studying crystal structure

Sol: a) Infrared radiations. IR waves are absorbed by matter and increase the kinetic energy of particles,
causing a heating effect. b) Ultraviolet (UV) rays . ¢) X rays

5. Arrange the following electromagnetic waves in the order of their increasing wavelength:
(a)y-rays (b) Microwaves (c) X-rays (d) radio waves

How are infrared waves produced? What role does infrared radiation play in (i)maintaining the earth’s warmth
and (ii) physical therapy?

Sol: a) Order (increasing wavelength): y-rays<X-rays<Microwaves<Radio waves

a) Infrared (IR) waves are produced by vibrations and rotations of atoms and molecules in a body. All objects
at a temperature above absolute zero emit IR radiation due to their thermal motion.

b) Maintaining warmth of earth and Physical therapy IR radiation is used in heat lamps and therapeutic devices
to relieve muscle pain, increase blood circulation, and promote healing by penetrating deep into tissues.

6. (a) Which one of the following electromagnetic radiations has least frequency:
UV radiations, X-rays, Microwaves

(b)How do you show that electromagnetic waves carry energy and momentum?

(c)How are electromagnetic waves produced by oscillating charges?

(d)State clearly how a microwave oven works to heat up a food item containing water molecules.

() Why are microwaves found useful for the radar systems in aircraft navigation?

Sol: a) Microwaves has least frequency and highest wavelength. Microwaves < UV < X-rays

Produced by klystrons, magnetrons, or Gunn diodes, which generate high-frequency electromagnetic
oscillations.

b. EM waves consist of oscillating electric and magnetic fields that can exert force on charges, transferring
energy. The energy carried is proportional to the square of the amplitude of electric and magnetic fields.
The force exerted by the EM waves is given by F=p/c.

c) When charges accelerate (e.g., in an alternating current), they produce changing electric fields, A time-
varying electric field creates a time-varying magnetic field, and vice versa. These changing fields propagate
outward as electromagnetic waves.

7. Electromagnetic wave with wavelength
(1) Arisused in satellite communication.

(i1) A2 is used to kill germs in water purifier.
(ii1) A3 is used to detect leakage of oil in underground pipelines.
(iv) A4is used to improve visibility in runways during fog and mist conditions.

(a)Identify and name the part of electromagnetic spectrum to which these radiations belong.

(b)Arrange these wavelengths in ascending order of their magnitude.

(c) Write one more application of each.

Sol: A1 Satellite communication Microwaves
A2 Kill germs in water purifier Ultraviolet (UV) rays
As Detect leakage in underground pipelines Infrared (IR) rays
Aa Improve visibility during fog/mist Radio waves (or Near-IR)
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a) ascending order of wavelength: A2(UV)<A3 (IR)< Ai(Microwaves)< A4 (Radio/Near-IR)
b) Microwaves (Ai): Used in microwave ovens for cooking food.
Ultraviolet rays (A2): Used in sterilizing surgical instruments.
Infrared rays (A3): Used in remote controls and thermal imaging.
Radio waves/Near-IR (A+): Used in AM/FM radio broadcasting and night vision cameras.
CASE STUDY BASED QUESTIONS

Q1 Maxwell, in 1865, pointed out that when either an electric or a magnetic field is changing with time, a
field of the other kind is induced in adjacent regions of space. From this Maxwell concluded that variation
of electric and magnetic field vectors perpendicular to each other leads to the production of electromagnetic
disturbances which show properties of waves and can travel in space even without any material medium.
These waves are called electromagnetic waves.

Electromagnetic waves with macroscopic wavelengths were first produced in the laboratory in 1887 by the
German physicist Heinrich Hertz. Seven years after Hertz, Jagdish Chandra Bose, working at Calcutta (now
Kolkata) succeeded in producing and observing electromagnetic waves of much slower wavelength (25mm
to Smm). At around the same time, Guglielmo Marconi in Italy followed Hertz’s work and succeeded in
transmitting electromagnetic waves over distances of many kilometers.

Electromagnetic waves have a broad frequency range 10°Hz to ¥
10?*Hz. They can travel with speed of light(c) in vacuum. They
obey the relation c=vA, where v is frequency and A is wavelength.

(1) Which of the following electromagnetic wave in order of
increasing frequency.

(a)Microwaves<Infrared <Ultraviolet < y-rays
(b)y-rays < Ultraviolet < Infrared < Microwaves Envelope of B
(c)Ultraviolet < Infrared < Microwave < y-rays
(d)y-rays < Microwave < Infrared < Ultraviolet

(i1) Light wave contains
(a)Electromagnetic waves (c) Longitudinal waves
(b)Mechanical Waves (d) magnetic waves

(i11)  If we want to produce electromagnetic waves of wavelength 500 km by an oscillating charge the
frequency must be

Envelope of T

(a)600 Hz (b) 500Hz (c) 167THz (d) 15Hz
(iv)  The angle between E and B in an electromagnetic wave is
(a)180° (b) 120° (c) 90° (d) 45°
Q2 Radio waves are produced by the accelerated motion of charges
in conducting wires. Microwaves are produced by special Thernasphera ’
vacuum tubes. Infrared waves are produced by hot bodies and ' Mzst?:tp::;:eré_‘ P

molecules also known as heat waves. UV rays are produced by o Troposphere

special lamps and very hot bodies like Sun. Sl 47
(1) Solar radiation is e

(a) transverse electromagnetic wave

(b) longitudinal electromagnetic wave

(c) both longitudinal and transverse electromagnetic waves

(d) None of these
(i) What is the cause of greenhouse effect?
(a) Infrared rays (b) Ultraviolet rays (c) X-rays (d) Radio waves
(ii1) Biological importance of ozone layer is
(a) it stops ultraviolet rays (b) It layer reduces greenhouse effect
(c) it reflects radio waves (d) None of these
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(iv) Earth's atmosphere is richest in
(a) ultraviolet (b) infrared (c) X-rays (d) microwaves

Q3 According to Maxwell, an accelerating charge produces electromagnetic waves. Consider a charge
oscillating harmonically with time. This is an example of an accelerating charge. This charge produces an
oscillating electric field in its neighborhood. This field, in turn, produces an oscillating magnetic field in
its neighborhood. The process continues because the oscillating electric and magnetic fields set as sources
of each other. Hence an electromagnetic wave originates from the oscillating charge. The frequency of the
electromagnetic wave is equal to the frequency of oscillation of the charge. The energy carried by the wave
comes from the source which makes the charge oscillating. An electric dipole is a basic source of
electromagnetic waves. An LC-circuit containing inductance L and capacitance C produces

. 1
electromagnetic waves of frequency,f = Tndie

(1) Electromagnetic waves are produced by

(a) Accelerated charged particle (b) Charge at rest

(c) Charge in uniform motion (d) None of these.
(i) Light can travel in vacuum due to its

(a) Transverse nature (b) Electromagnetic nature

(c) Longitudinal nature (d) Both (a) and (c).

(iii) If a source is transmitting electromagnetic waves of frequency 8.2x10° Hz, the wavelength of electro-
magnetic wave transmitted from the source is
(a) 36.6 m (b) 18.8 m (c)42.8 m (d) 58 m
(iv) (A) Wavelength of infrared radiations as compared to UV radiations is
(a) shorter (b) longer (c) no comparison (d) same
OR

(B) The quantity 1/,/py€, represents
(a) speed of sound (b) speed of light in vacuum
(c) speed of electromagnetic wave in medium (d) inverse of speed of light in vacuum

Q4
(1). Name the type of radiation that has used in luggage security checks at airports.
(a)y-rays (b) X-rays (c) Microwaves (d) Infrared rays
(ii). Some y-rays emitted from a radioactive source has wavelength1.0x 107'?m.The frequency of the y-rays
(a) 3x 10*°Hz  (b) 2x 10'> Hz (c) 2.5x 10° Hz (d) 3.3x 10> Hz
(111). Why does a microwave oven heat up a food item containing water molecules most  efficiently?
(a) Microwaves are heat waves, so always produce heating
(b) Infrared waves produce heating in a microwave oven
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(c) Energy from the microwaves is transferred efficiently to the kinetic energy of water molecules at their
resonant frequency.

(d) The frequency of microwaves has no relation with natural frequency of water molecules.
(iv). (A) Which of the following electromagnetic radiations have the longest wavelength?

(a) X-rays (b) y-rays (c) Microwaves (d) Radio waves.
OR
(B). If conducting current is 2A through a circuit the displacement current will be
(a) 1A (b) 2A (c) 3A (d) 4A
Sol: Q1 Q2 Q3 Q4
i) A 1) a i)a 1)d
i) A i) a ii) b i)a
1i)A iil) a iii) a iii)c
iv)C iv) b iv)bora iv)dorb

e Simulation for colour mixing:
https://phet.colorado.edu/sims/html/color-vision/latest/color-vision all.html
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CHAPTER-9: RAY OPTICS
Syllabus-Reflection of light, spherical mirrors, mirror formula, refraction of light, total internal reflection and
optical fibers, refraction at spherical surfaces, lenses, thin lens formula, lens maker’s formula, magnification,
power of a lens, combination of thin lenses in contact, refraction of light through a prism. Optical
Instruments: Microscopes and astronomical telescopes (reflecting and refracting) and their magnifying
powers.

MIND MAP

Deviation
APPLICATIONS OF TIR )“ of red light(6,)

POWER OF LENSES
1

¢ Fiber optics communication  violet light (8y) Ni.,
¢ Medical endoscopy hameritleos: 3= (inm)
¢ Periscope (Using prism) r B Combination of lenses:
ngular
_* Sparkling of diamond spread W Power: P= P, + P, - dP,P,
J/ Screen i
(d = small separation between the
® REFRACTION THROUGH PRISM lenses)
TOTAL INTERNAL REFLECTION Relation between prand 5, For d = 0 (lenses in contact)
TIR conditions A8 (e kPower: P=P +Py+Py+.. 3
¢ Light must travel from denser to rarer. = S 8= a:ngletqf minimum -
. . e . Sy deviation
¢ Incidentangle i > critical angle ,f siné A=angleof prism THIN SPHERICAL LENS
i B e < . 1 1
Relationbetween Landi: sini. Thinlens formula: — - — = —

\ or =(u—-1)A (Prismof smallangle)

1
- v u}
o Angulardispension Magnification: m = LA, 5
REFRACTION OF LIGHT =8y-8p=(1y - np)A u h, g

Di . )
Snell’slaw: When light travels from medium a o S ST ®
ini v ~Or _ Ky —Hp
tomediumb, “y, -1 - ST e R T REFRACTION BY SPHERICAL SURFACE
B, sinr : . : 3 : :
Refractiveindex; ‘ Visandevistiin, 8y +8p R'elatlon between obyec.t dx.st:nce (u), image
velocily of light in vacuum ¢ § 2 ! distance (v) and refractiveindex (1)
= il (Holds fi
: velocity of light in medium v Hdenser _ Wrarer _ “‘l““sc"R_ Hrarer an:cusrv:::l
Realand apparent depth il devth ¥ ¥ spherical
1= . Feldepiite) Lens maker’s formula surface.)
apparent depth (y) 1 "1 1]
£ ) _=(.u_l)\‘__—J
| f R R )

REFLECTION OF LIGHT

According to the laws of reflection,
Li=Lr

RAY OPTICS

REFLECTION BY SPHERICAL
MIRRORS

-
If a plane mirror is rotated by an Mirror formula, - + - ? R
angle 0, the reflected rays rotates by =
anangle 26. Magnification, m = ——=—-
. f OPTICAL ( il
INSTRUMENTS

Magnifying power
For final image is formed at D

Magnifying power, M=m,xm,
For final image formed at D (least

\
distance) M = _L_( 1+ b

0

(least distance) M = 1+2

/
For final image formed at infinity -
M= P
f

For final image formed at infinity
T,

fo Je

Astronomical telescope
For final image formed at D (least

TERRESTRIAL TELESCOPE

ie 7 fn ( fl.'
distance) M ==2| 1+ D For normal adjustment M = A
In normal adjustment, image formed Distance between objective and
atinfinity ~ M=f,/f, eyepieced=f,+4f+f, B
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GIST OF THE CHAPTER

Reflection of light: - The bouncing of light back into the same medium from a surface is E
called reflection of light.

Laws of reflection: - i) Angle of incidence is equal to the angle of incidence.

i1) The incidence ray, the reflected ray and normal to the surface at the point of incidence
all lie in the same plane.

Types of spherical mirrors: Concave and Convex. The relation between object distance, image distance and
the focal length of a mirror is called mirror formula. The ratio of size of image to the size of object is called
the magnification produced by the mirror.

H 0

Derivation of mirror formula: A’B’/AB =PB’/PB .....(2)
AABCand AA’'B’Care similar Compare eqn (1) and (2) ...
A’B’/AB = B’C/CB= PC-PB’)/ (PB-PC) | PB’/PB = (PC-PB’)/ (PB-PC)
(1) -v/u =  (@2f + v ) (-ut2f) or
AABP and AA'B P are also similar 2uv=2vf+2uf

Dividing by2uvf on both sides we get,

Refraction of light: - Bending of light from its actual path, when it passes obliquely from one medium to
another having different optical densities.

Incident
ray

Rarer medium Incident ray .
Denser medium

i

Denser medium  pafracted ray Rarer medium .
i

e

Deviation &= (i —r) Deviation §=(r—ji)

Snell's Law: -The ratio of the sine of the incident | 2. An object under water (any medium ) appears to
angle to the sine of the refracted angle is a constant. | be raised due to refraction when observed inclined

sini  np " n = (Real depth / Apparent depth) and Shift in the
= Nyq

sint  n,
n,sini = n, sinr

ORv, sini = vy sinr

Examples :- 1.Sun can be seen before actual sunrise

position (apparent) of object is x = t(l —l)

n

Where t is the actual depth of the medium

Critical angle (ic): - The angle of incidence in denser medium for which the angle of refraction in rarer medium

is 90° is called the critical angle. N
. 1 :
Sini, = Ny, = ; .
Nya Arr
. . . .. n v
Note:- If rarer medium is not air then sini, = — B
nd Water
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Total internal reflection: - When angle of incidence of N
the ray incident on rarer medium from denser medium,
is greater than the critical angle, the incident ray does
not refract into rarer medium but is reflected back into

Air (rarer)

denser medium. This phenomenon is called total 0
internal reflection Glass (denser)
1
My == Incident ray
Mathematically: sim C Reflected ray
Here, ny; is the refractive index of the denser medium 2 A N C
w.r.t. the rarer medium 1 and C is the critical angle.
Applications of Total internal reflection: B
Totally reflecting prisms:- Bend the light at either 90° | Rarer i L
0 m(:(l}um i i
ﬁg (a) or 180 ﬁg (b) (Air) | ;Wulcr-uir
0, O‘\’ 0, _l D o} interface
L 5 v i
)I__ a5t ff - e A AN N Totally
oot -~ ‘ t |8 Denser reflected ray
‘i‘ medium Partially
alta: B = (water) & C, reflected rays
(a) ®)

Fiber-optic: -Fine fiber of glass or quartz in which light
enter from one end and comes out from another end due
to total internal reflection is called optical fiber.

Used in endoscopy and communication

Refraction through Spherical surface:

From fig, - = % + I

in < (6)

AMOC, | Decser [ . . . n, ng; _ (Na—ny

i=a + ] Using sign convention, =

Y ----- (1) 5 - v R ——— ! Spherical refracting surface. The

and in A \ portion of a refracting medium, whose

MCI, curved surface forms the part of a sphere, is

y=r+Bf=>r=y—Lf--—-- (2) called a spherical refracting surface.

From laws of refraction,ﬂ _n2 3) When object is situated in the rarer
] sinr My medium, the relation between n; (refractive

For small angles, f = Z—j = Nyl = Nyr----—-- (4) | index of the rarer medium), ny (refractive

Using (1) and (2) in (4), index of the spherical refracting surface) and

(@ +y)=ny(y—pB) e R (the radius of curvature) with the object

(5) and image distances (u and v) is given by

ML ML ML ML N
(g +pg) = ™5~ 37) vow R

When object is situated in the denser medium, the relation between n; (refractive index of the rarer medium),
ny (refractive index of the spherical refracting surface) and R (the radius of curvature) with the object and
image distances ( u and v) can be obtained by interchanging n; and n2. In that case, the relation becomes
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Lens maker’s formula. The relation connecting the focal length of the lens with the radii of curvature of its

two surfaces and the refractive index of the material of the lens is called lens maker’s formula. Mathematically:

1 1 1
7“”‘”(?.‘5

Lens equation. The relation between the focal length, the object and image distances is called lens equation.
Mathematically:
1 1 1

f v u
Linear Magnification. The ratio of the size of the image (formed by the lens) to the size of the object is
called linear magnification produced by the lens.

L _v_J _J-v

0 u:eru f

Mathematically,
Power of a lens. It is defined as the reciprocal of the focal length of the lens in metre.
11
Mathematically, / or ! 2
In the above two formulae, f, R and R, are measured in metre. A B
Two thin lenses placed in contact. When two lenses of focal e \HQ;"K; s
lengths fi and f are placed in contact, the focal length of the _—" | 5 \] ' .
e 0 :
combination is given by E —
11 1
— =y “ UL - . v, -
VAR ST
Power of equivalent lens: P=P; + P, A
Magnification produced by equivalent lens: m =, xm, |
Refraction through a prism A ray of light incident on one face By .
of the prism suffers refraction successively at the two surfaces ; "(67'7?3??(9'
and then emerges out of it. Mathematically, P il N .
A=r1tn, Atd=i+e P 2
. sin(A—+28 m) L
Prism formula: p = ——>%— B C
sm(;)
Simple microscope. A convex lens of small focal length is called a 4.
simple microscope or a magnifying glass. : Bye focussed
The magnifying power of a microscope is defined as the ratio of the | v e
angle subtended by the image at the eye to the angle subtended by the — —— ——
object seen directly, when both lie at the least distance of distinct vision. | D N ”
M = [l + 2] "
Mathematically: Y
Here, D is the least distance of distinct vision
. . . e—u—sler> e—r— )\
Compound microscope. A compound microscope is a A o A ‘
] hf ~a_, B . Eyepiece i\‘i“g
two-lens system (object lens and eye lens of focal n7 & 0l l,,. Tk 7
lengths f, and f¢). Its magnifying power is very large, as . *A E
compared to the simple microscope. ‘
Mathematically: 5 ,
i - D »|
M=o (1+2]=—£(1+2] P
uo f.e fo fu Ay
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Here, u, is distance of the object from the object lens and vo=L, (L is the length of the tube of the microscope)
is the distance at which the object lens forms the image of the object.
Astronomical telescope. It is a two-lens system and is used to observe distant heavenly objects. It is called
refracting type astronomical telescope.
Normal adjustment- When the final image is formed at . Objective S o
infinity, the telescope is said to be in normal adjustment. an, ¥ sl
The magnifying power of a telescope in normal adjustment :
is defined as the ratio of the angle subtended by the image at
the eye as seen through the telescope to the angle subtended
by the object seen directly, when both the object and the
image lie at infinity.
Magnifying power in normal adjustment,
S
JSe
When the final image is formed at the least distance of distinct vision,
Magnifying power of the telescope,

M = —L(l + Lj

Je D
Reflecting type telescope. In a reflecting type telescope, the
objective is a concave spherical mirror of large aperture in place of
a convex lens.
The expression for magnifying power of a reflecting type telescope
is same as that for refracting type astronomical telescope.

M =—

_-Objective
mirror

Secondary .
nuirror - i —

A
- Y
-
>

Eyepiece

MULTIPLE CHOICE QUESTIONS
1. A beam of light is incident at 60° to a plane surface. The reflected and refracted rays are perpendicular to
each other. What is the refractive index of the surface?
(a) 1V3 (b)\3 (c) 1/3 (d)3
2. A concave mirror of focal length f produces a real and virtual image of an object of magnification m (m>
1) when placed at two different positions. The distance between the positions of the object is :

(@) (m — Df (b) (1 = m)f © o (d) zero
3. The refractive index of the material of a prism is V2 and its refracting angle is 30°. One of the refracting
surfaces of the prism is made a mirror. A beam of monochromatic light entering the prism from the other
face retraces its path, after reflection from mirror surface. The angle of incidence on prism is:
(a) 0° (b) 30° (c) 45° (d) 60°
4. An astronomical refractive telescope has an objective of focal length 20 m and an eyepiece of focal length
2 cm. Then in normal adjustment:
(a) the magnification is 1000
(b) the length of the telescope tube is 20.02 m
(c) the image formed is of inverted nature.
(d) all of these
5. A particle moves towards a concave mirror of focal length 30 cm along its axis and with a constant speed
of 4 cm/ sec. What is the speed of its image when the particle is at 90 cm from the mirror?
(a) 16 cm/ sec. (b) 1 cm/sec. (c) 8 cm/sec.(d) 4 cm/sec.
6. You are given four sources of light each one providing a light of a single colour — red, blue, green and
yellow. Suppose the angle of refraction for a beam of yellow light corresponding to a particular angle of

incidence at the interface of two media is 90°. Which of the following statements is correct if the source
-
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of yellow light is replaced with that of other lights without changing the angle of incidence?
(a) The beam of red light would undergo total internal reflection.
(b) The beam of red light would bend towards normal while it gets refracted through the second medium.
(c) The beam of blue light would undergo total internal reflection.
(d) The beam of green light would bend away from the normal as it gets refracted through the second medium

7. The optical density of turpentine is higher than that of water 1 2 q 4
while its mass density is lower. Fig shows a layer of \\\ \ X
turpentine floating over water in a container. For which one of Air

the four rays incident on turpentine in Fig the path shown is  Turpentine \ \ \ \

correct?
Water + \ '\ *
(a) 1 (b)2 (c)3 (d)4
8. Iflis the image of a point object O formed by spherical mirror, then which of the following statement is
incorrect:

a) If O and I are on same side of the principal axis, then they have to be on opposite sides of the mirror.
b) If O and I are on opposite sides of the principal axis, then they have to be on same side of the mirror.
c) If O and I are on opposite side of the principal axis, then they can be on opposite side of the mirror as
well at same side of the mirror.
d) If O is on principal axis then I may not lie on principal axis.
9. A prism having an apex angle of 4° and refractive index of 1.50 is located
in front of a vertical plane mirror as shown. A horizontal ray of light is
incident on the prism. The total angle through which the ray is deviated is
a) 4°clockwise b) 178° clockwise
c) 2%clockwise d)8° clockwise
10. A plano concave lens of focal length 10 cm is placed on a paper on which a coin is drawn. How far above
its actual position does the coin appear to be?

a) 10cm b) 15 cm ¢) 50 cm d) none of these
SOLUTIONS:
1. (b)Here i +r =90,n = —— = 2= = tani =tan 60° = /3
sinr Costi
i = — i_1,1 0t 1 _ Gmf
2. (c) For real image, v = um,f—v+u,_f—_um+u,u—
For virtual image, v = u’m,l= l+i,, =L i,u’ = —m)f
f v v’ -f wm w m
,_ 2f
—-_Uu = —
. . . . m
3. (©)A=30", r=30",n= = =>\2 = —— =>j = 45’
sinr sin 30
4, (dm = j;—” = 1000,L = |f,| + |f.| =20.02 m, Image is always inverted
e
5. (b) i=1_1 , —=1_1 , v = —45 cm, Now differentiate both sides of mirror formula
f v u -30 v -90

. . -1\ dv -1\ du
with respect to time, we get 0 = (v—z) = + (ﬁ) T
du dv
Here, s 4cm/s So, e lcem/s

6. (c) Order of wavelength: Red > yellow > green > blue
1

Order of refractive indices: Red < yellow < green <blue andi, X ————
refractive index

7. (b)2
8. (o)
9. 6= (u—1)A,5 = 2°, Total deviation = 180° — 2° = 178°

10. Use lens makers formula and %et Bosition at 10 cm above its actual Bosition
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ASSERTION-REASON TYPE QUESTIONS
For these Questions two statements are given one labelled Assertion (A) and other labelled Reason (R).
Select the correct answer to these questions from the options as given below
A. Ifboth Assertion and Reason are true and Reason is correct explanation of Assertion.
B.  Ifboth Assertion and Reason are true but Reason is not the correct explanation of Assertion.
C.  If Assertion is true but Reason is false.
D. Ifboth Assertion and Reason are false.
1. Assertion: A real image of a very intense virtual light source can burn a paper.
Reason: A virtual image is one when light rays seem to be meeting at a point after reflection/refraction and
for real image they actually meet.
2. Assertion: In passing through a lens or prism, the phase difference between two waves does not change.
Reason: The optical path lengths of all rays are same when medium is same.
3. Assertion: A convex lens may be diverging.
Reason: The nature of a lens depends upon the refractive indices of the material of lens and surrounding
medium besides its geometry.
4. Assertion: When a glass prism is immersed in water, the deviation caused by prism decreases.
Reason: Refractive index of glass prism relative to water is less than relative to air.
5. Assertion: Hollow prism forms no spectra as a solid equilateral prism of glass.
Reason: Neglecting the thickness of hollow glass surface. The media is same. So, dispersion is not to take
place.
6. Assertion: The images formed by total internal reflections are much brighter than those formed by mirrors
or lenses.
Reason: There is no loss of intensity in total internal reflection.
7. Assertion: When light enters inside perfectly spherical water droplet it should not show total internal
reflection inside the water droplet.
Reason: When light enters non perpendicular to spherical water droplet it is internally reflected.
8. Assertion: Law of reflection is applicable for all type of mirrors.
Reason: Rays which are parallel to principal axis are known as paraxial rays

SOLUTIONS/HINTS

1.B A real image, being formed by actual convergence of light rays, reason does not explain why a real image
can burn paper.

2. A When a lens or prism forms an image without aberration, the optical path length for all rays from a point
on the object to the corresponding point on the image is the same. This implies no change in phase
difference.

3. A A convex lens can act as a diverging lens if the refractive index of the surrounding medium is greater
than that of the lens material. This is precisely explained by the reason.

4. A. The deviation produced by a prism depends on the relative refractive index. When immersed in water,
the relative refractive index of glass with respect to water is less than that with respect to air, leading to a
decrease in deviation

5.A The hollow prism acts as if light is passing through a uniform medium, thus no dispersion occurs.
Dispersion requires a change in refractive index with wavelength, which happens when light passes from
one medium to another with different properties.

6.A Images formed by total internal reflection are indeed brighter because there is ideally no loss of light
intensity during total internal reflection, unlike reflection from mirrors or refraction through lenses where
some light is absorbed or transmitted.

7.CTotal internal reflection does not take place in perfect spherical drop.Internal reflection occurs when light
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travels from a denser to a rarer medium and the angle of incidence exceeds the critical angle, not simply
when it enters non-perpendicularly.

8.CThe law of reflection holds true for all types of mirrors. Paraxial rays are rays close to and making small
angles with the principal axis, not just parallel rays

SHORT ANSWER TYPE QUESTIONS
1. The refractive index of diamond is much greater than that of ordinary glass. Is this fact of some use to a
diamond cutter?
2. Does the apparent depth of a tank of water change if viewed obliquely at different angles? If so, does the
apparent depth increase or decrease?
3. For a glass prism (i = V3) the angle of minimum deviation is equal to the angle of the prism. Find the angle
of the prism.
4. Justify using a diagram “To form an image using a lens all types of rays cannot be used.”
5.When the object is at distances u1& u> the images formed by the same lens are real and virtual respectively
and of the same size. Calculate focal length of the lens?
6.Will the focal length of a lens for red light be more, same or less than that for blue light? Justify?
7. The focal length of an equiconvex lens is equal to the radius of curvature of either face. What is the value of
refractive index of the material of the lens?
8. Write advantages of reflecting type telescope over refracting type telescope.
9. Show that for a material with refractive index p > V2, light incident at any angle shall be guided along a
length perpendicular to the incident face.
10. A ray of light is incident on a parallel slab of thickness ¢ and refractive index . If the angle of incidence 0
is small, Express the displacement in the incident and emergent ray?

SOLUTIONS/HINTS
. No, there is no relationship , it is due to its hardness.
. Decreases as light ray traveling from denser to rarer medium (bending of light away from normal)
. Use prism formula. A = 60°

. Paraxial rays and marginal rays shall not be included because they do not meet at one point i.e, focus.
Uuqt+us
2

.|my| = |my|, use lens formula for real and virtual image formations, f =

. 1
.refractive index « ————— | Use lens maker’s formula >
f wavelength ’ [ frea fblue]

. Use lens maker’s formula. n = 1.5
. No chromatic aberration, easy to provide mechanical support, can easily minimize spherical aberration
. Use Snell’s law and condition of total internal reflection

O 003 O W K~ W —

10. Use Snell’s formula and approximation for small angle. Lateral displacement = t0 nT_l

SHORT ANSWER TYPE
1.A convex lens of focal length f is placed x metre apart
from a plane mirror. As shown in figure an object is placed
at x distance from the lens away from the mirror get a
relation between x and f for following conditions
a) if final image is formed at x. (at the position of olnecl L el 7
object itself) pMARROR
b) if no images formed.
c) if virtual images are formed.
2. A convex lens and a concave lens have power in ratio 3:2 when placed in contact effective focal length of
combination is found 30 cm. We get real image of an object which is placed at 15 cm in front of convex

XY
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lens. This image is shifted by 20 cm when same concave lens is introduced between convex lens and image.
Calculate the position of the lens introduced. Hence draw necessary ray diagram.

3.You have a concave mirror placed horizontally on a Floor. An all pin when placed at dimeter above it, its
real image coincide with itself’. This mirror is filled with a liquid of refractive index n; new image is found
at D> if this liquid is replaced by another liquid of refractive index n, new image is found at D3 If n; >n»
give a relation between D> and D3 with proper justification using a diagram.

4.A prism with angles 30°,90°,60° is placed with smallest face vertical. When a laser torch is aimed horizontally
at its vertical face, angle of deviation is found 30°. Using a diagram explain how this angle of deviation
would be changed If the torch is rotated a) slightly clockwise, b) slightly anti clockwise.

5.A curved mirror forms five times magnified virtual image of an object if distance between object and images
is 25 cm identify its nature and calculate its focal length.

6.In case of a concave mirror magnification is found to be - 0.5 for a certain position of object, when object is
displaced by 5 cm from its position, magnification becomes 0.25.What will be the focal length of the
mirror? Draw ray diagram to support your answer.

7.You have two mirrors one is concave other is convex focal of each mirror is 30 cm are placed D m apart such
that their principal axis are common to each other. An object is placed between them at a point P which
is 45 cm from concave mirror. It is found that final images formed on object itself Draw probable ray
diagram and calculate value of D?

SOLUTIONS/HINTS
l.a) x = 2f and f, b) not possible ogu>f => x>2f
2. fiify=2:3, using formula ]é+fi ==-=>fi=10cmand f, = —15cm
1 2

use lens formula to calculate the position of image formed by convex lens v =+30 cm

On introduction of concave lens, image will be shifted by 20 cm towards right. From lens formula position of
concave can be calculated. Answer- 10 cm(approx..) from first image

3.Based on the experiment “to find refractive index of the liquid using concave mirror”.

4. Using the concept of total internal reflection find critical angle (60°).

a) for clockwise, i > i, (TIR takes place) b) for anticlockwise, i < i. (Refraction takes place)

5. Solution/Hint: Concave mirror, m= 5 and use mirror formula to find object and image distance u =
25 125 -125

—cm,v=—cm,f =——cm
4 4 24
6. v, = 0.5u;,v, = 2f = u; — 30, using mirror formula f = 30 cm
sini D/2H D D D D
7. Use Snell’s law, n = — = D/2H _ D => x = —, Now x xan be these can be —, D, D + —, and many more.
sinr x/H 2x 2n 2 2

LONG ANSWER TYPE QUESTIONS

1. a)Draw a labeled ray diagram of a simple microscope in normal adjustment.
b) A thin pencil of length (f/4) is placed coinciding with the principal axis of a mirror of focal length f. The
image of the pencil is real and enlarged, just touches the pencil. Calculate the magnification produced by
the mirror.

2. a)A convex lens is placed in contact with a plane mirror. A point object at a distance of 20 cm on the axis
of this combination has its image coinciding with itself. What is the focal length of the lens?

b) Calculate the angle of minimum deviation of an equilateral prism. The refractive index of the prism is

v/3.Calculate the angle of incidence for this case of minimum deviation also.

3. a) Draw a schematic arrangement of a reflecting telescope (Cassegrain) showing how rays coming from a
distant object are received at the eyepiece.

b) A ray of light is incident on a refracting face AB of a prism ABC at an angle of 45°.The ray emerges from
face AC and the angle of deviation is 15°.The angle of prism is 30°.Show that the emergent ray is normal
to the face AC from which it emerges out. Find the refractive index of the material of the prism.

4. a) For the same value of angle of incidence, the angles of refraction in three media A, B and C are 15°, 25°
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and 35° respectively. In which medium would the velocity of light be minimum?
b) A rectangular glass slab ABCD (n; = 1.5) is surrounded by a A ’71/

transparent liquid (n, = 1.25)as shown in the figure. A ray of ====z==

light is incident on face AB at an angle i such that it is refracted =z==z7

out grazing the face AD. Find the value of angle i. = o

5. a)An optical instrument uses eye-lens of power 20 D and the ====F e
objective lens of power 50 D. Name the optical instrument and
calculate its magnifying power if it forms the final image at infinity.

b)Three lenses L1 L2, L3 each of focal length 30 cm are

L
placed co-axially as shown in the figure. An object is A L f\\ L /\\ ’
held at 60 cm from the optic centre of Lens L. The / o\ f \| f \
final real image is formed at the focus of L3. Calculate ol | |
the separation between S f’ \ f’ l\ < [ 7
(1) (L1 and L3) and (ii) (L2 and L3). \\Jf \ ,’ \ /

v v
SOLUTION/HINTS
1. a) refer to the gist b) position of the other end u = _T7f, m= %u = —4/3

f
2. a) light rays from the object must fall on plane mirror normally. For this f = u = 20 cm
b) use prism formula to find § = 60° and theni+e =A+ 6 (i = 60°)
3. a) refer to the gistb)i + e = A + § =>e = 0°=>r, = 0°
speed of light in vacuum
speed of light in th medium

4.a)Use snell’s law and the relation, n = (Ans: Medium A)

. . 5 . V . .1V
b) Use the relation sini, = ni =-,sinr = % Use Snell’s law to find i = sin™? %
12

5. a) Compound microscope, calculate f,.For image is at infinity, m = ]3
0

b) Use lens law to find the image distance at first place, v; = 60 cm, then the light rays must be parallel
between L, and L3.Use this concept to find the answer. (i) > 90 cm (ii) any value

CASE STUDY/PASSAGE-BASED QUESTIONS
1. A prism is a portion of a transparent medium bounded by two plane faces inclined to each other at a suitable
angle. A ray of light suffers two refractions on passing through a prism and hence deviates through a certain

angle from its original path. The angle of deviation of a prism is, o=(u-1)A,
Through which a ray deviates on passing through a thin prism of small refracting angle A. If p is refractive
. (A+6
sm(—2 m)

index of the material of the prism, then prism formula is,u =

. (A
SID(E)
(1) For which color, angle of deviation is maximum?
a) Red b) Yellow c)Violet d)Blue

(i1)) When white light moves in gravity free region

a) all colors have same speed b) different colors have different speeds
c) violet has more speed than red d) red has more speed than violet.
(ii1) The deviation through a prism is maximum when angle of incidence is
a) 45° b)70° )90° d)60°
(iv) What is the deviation produced by a prism of angle 6°? (Refractive index of the material of the prism is
1.644).
a) 3.864° b)4.595° €)7.259° d)1.252°
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(v) A ray of light falling at an angle of 50° is refracted through a prism and suffers minimum deviation. If the
angle of prism is 60°, then the angle of minimum deviation is

a) 45° b)75° c)50° d)40°

2. An optical fibre is a thin tube of transparent material that allows light to pass through, without being

refracted into the air or another external medium. It make use of total internal reflection. These fibres are

fabricated in such a way that light reflected at one side of the inner

surface strikes the other at an angle larger than critical angle. Even, if Jp—

. . . — ;
ﬁbre is bent, light can e.asﬂy travel along the length. . ///‘\ //f)/f Core
(1) Which of the following is based on the phenomenon of total internal //

. . Light ray —Cladding
reflection of light?
a)Sparkling of diamond b) Optical fibre communication
c)instrument used by doctors for endoscopy d)All of these
(i1) A ray of light will undergo rotal internal reflection inside the optical fibre, if it
a) goes from rarer medium to denser medium
b) is incident at an angle less than the critical angle
c) strikes the interface normally
d) is incident at an angle greater than the critical angle

(i11) If in core, angle of incidence is equal to critical angle, then angle of refraction will be

a) 0° b)45° ¢)90° d)180°
(iv) In an optical fibre correct relation for refractive indices of core ( n1) and cladding ( n2 ) is
a)ni =mn b)n; > ny cn; <ny dnp =2

(v) If the value of critical angle is 30° for total internal reflection from given optical fibre, then speed of light
in that fibre is
a) 103ms! b)1.5x108ms’! c)6x 103 m s d)4.5x108ms!

SOLUTIONS /HINTS:

il. a)a gravity-free region is essentially a vacuum for the purpose of light

1

1. 1. c)Deviation X —————
wavelength
propagation
iii. ¢)The deviation is maximum when the ray either just enters the prism (grazing incidence) or just exits
the prism (grazing emergence).iv.a) use formula &= (u- 1) A
v) d)useformulai+e=6+A

2.1.d) ii. d) 1il. ¢) iv. ¢) For TIR, light must travel from a denser medium to a rarer

medium  v. b) Using formula sin i, = ni and then use Snell'sformula
21
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CHAPTER-10 : WAVE OPTICS

Chapter—10: Wave optics: Wave front and Huygen’s principle, reflection and refraction of plane wave at a

plane surface using wave fronts. Proof of laws of reflection and refraction using Huygen’s principle.

Interference, Young's double slit experiment and expression for fringe width (No derivation final expression

only), coherent sources and sustained interference of light, diffraction due to a single slit, width of central

maxima (qualitative treatment only).

o |= 1‘1+Iz+2\,‘111'2(:05¢

YDSE
AD
 Fringe widthf = 7
* Position of n,, bright fringe,
_ nAD
Yiright = —5~
¢ Position of ng, dark fringe,
(2n-1)AD
Ybright = — 33

e For bright fringe, Ax = nA
e Fordark fringe, Ax = (n + é) A

1.Path difference A= BP-AP
= BE =a sin e2. Position of
minima- Position of n dark
fringe a sin e, = nA (where
n=1,23..)

3.Position of secondary
maxima- asin e,'= (2n+1)
A/2 wheren
=1,2,3...4.angular width of
central maxima = 2e
=2A/a5. Linear width of

central maxima=2x or
D(2e) = 2AD/a

A A7 A AL
A wavefront is a surface of A 3
constant phase - f{ G i
Shape of Wave front Huygen's principle of A A
the secondary ORI < N
R %Y wavelets-Each point ‘ ; .{;T.".:mm i
N > on the wavefront is the (__‘“‘ SiE
AP |
5 source of a secondary e I\i . ti*__,;
R o
P wavelets. - o
@ )
Interference of light
e Phase difference does not
change with time - coherent
sources -
o A2= A} + A% +24,4,c050 - - s
D]ffract|0n d1s distance between shits 8, and 3,

) 1s distance between shit and screen

. 24 3

——» Path difference

i oL L
d i T

Diffraction angle () i
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Max (Central |1* L ™ 2nd
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1

Path difference A= %

Position of nt: bright fringe x, = L

d
(where n=0,1,2,3...)

Position of nth dark fringe

= %‘(where n=1,23..

xi"l
Fringe width B =x,—x,-1 =

D
Burignt = Baark =7

Fringe width in

B
Buned = %

medium

=

Angular width of fringe 8 = =




WAVE OPTICS: CONCEPT OF WAVEFRONT.

1.Nature of light-The phenomena like interference, diffraction and polarization establish the wave nature of
light. Whereas the phenomena like photo electric effect, Raman effect, Compton
effect establish the particle nature of light.
2.Wavefront-It is defined as the continuous locus of all the particles of the
medium vibrating in the same phase at any instant. A wavefront is a surface of
constant phase. The speed with which the wavefront moves outwards from the
source is called the phase speed (wave speed).Note-1. Rays are perpendicular to

wavefronts. .2. No backward wavefront is possible.

3.Types of wavefront-It is depends on the source of disturbance.

sSporicals
oav=frorts
\ 3
Y
Spherical | Wavefront formed by the point / S 2&11
I S \
wavefront | source L,/ /3912
P el N
Z/ \_’_’/ \{\.
=ultndrica) wdoveFfront
] L=z
Cylindrical | Wavefront formed by linear or <
wavefront | cylindrical shape source I>Te
= =
As a spherical or cylindrical o F hhﬂijf”“fI
Plane wavefront advances, its curvature .
wavefront | decreases, so small portion of Raxy
such a wavefront at a large
distance from the source willbea | —
plane wavefront
= o=Ta
4. Huygen’s principle of the secondary Wavelets-It is the a1 Az & AL

basis of wave theory of light. It tells how a wavefront
propagates through a medium. It is based on the following

assumptions

1)Each point on a wavefront acts as a source of new
disturbance called secondary wavelets. These secondary s
wavelets spread out in all directions with the speed of light
in the given medium ii)The wavefront at any later time is

given by the forward envelope of the secondary wavelets at B2

that time.

(a)

.
1
~
-
2
~
Propagation |~7[|"
of light wave 2
~
-
4
-

by

5.During refraction- Frequency of light remains constant, wavelength and speed of light get changed

depending on the refractive index. (' = A/ and v'= v/p) (here p is the refractive index)

6.Behaviour of a prism, lens and mirror-
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INCIDENT E =CTED
sap REF L =

TN DENT ey
LG IH&EE ?gcpﬁFC‘rED (=
FEfRASTED A Y 2 SUD 5 A %
‘ 7
M < ;
/ Z
M y\/z
o A . e
=] CoNVEX CorNcAYE
8 LENS riIReo

i)
ok
In triangle AABC and ADCB From AABC, sin1=BC/AC
£BAC=£CDB (Each 90°) From AADC, sinr = AD/AC
BC=BC . sini_ BC _ vyt
ii) | AC=BD (each equal to ct) sinr - AD - wt
. = Or— =2 U2 (refractive index of second
~AABC = ADCB sinr o, 21
Hence zi=4r medium wrt first medium)

Note-for denser to rarer medium

8.Coherent and Incoherent Sources-Two sources are coherent if they have the same frequency and with a
constant phase difference. They are incoherent if phase difference is not constant.
9.Interference of light-When two light waves of the same frequency and having constant phase
difference(coherent), travelling in the same direction superpose each other, the intensity gets redistributed,
becoming maximum at some points and minimum at others, this phenomenon is called interference of light.
Let two waves from two coherent source of light be y; = a sin wt and y, = b sin (wt + @)
Where a and b are amplitudes and @ is the phase difference
So y =y + yzafter solving we get y = Asin(wt + 0)

. Where A is the resultant amplitude so ~ Anee = +/ (a2 + b2 + 2abcos®

o And Resultant intensity is = I, = I3 + I3 + 2,/111, cos®
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. Resultant amplitude when a =b Aot = 2a cosg

. Resultant intensity when I;=I,=I I = 41 coszg

NOTE- Ratio of maximum intensity to minimum intensity
2
Inax (a + b)z _ <J71 + JE)
a=b/ \JIL+I,

I min

10.Types of Interference-

s.no | Constructive interference Destructive interference
1 Point where resultant intensity is max Point where resultant intensity is
minimum
2 1
'%me*‘-"bq’=+' ’lem-bm_E:#:—l
+ Phage iffeverce » Phase diffeverce
P=0.,27.47% . INA < D= x, 2AM. EA, - - fn-DN
‘-‘Q""G\'Q N=0,L2,--. S f-«b"e"yc = e
A“.-_ O'h'lh"""'hh A= %'%_7“5%’“-_‘@-"1%__3
e Liex = @1\ +—I:[2) o Ty = QT»—JTQ
3 Resultant intensity at a point is Resultant intensity at a point is minimum
maximum when the phase difference is | when the phase difference is odd multiple
even multiple of m or path difference is | of m or path difference is an odd multiple
an integral multiple of wavelength A of wavelength A/2

11.Young’s Double Slit Experiment-It is the practical verification of interference. In this we get two
coherent source by dividing wavefront. We always get bright fringe at the center of the screen and both side
alternately bright and dark fringes are made.

a) Fringe width in YDSE-
InAS:S;L sine =2k - 2
5.8, d

Now in ADOP tane = %

If o is small sine =tane =~ o

So2 =%
d D
b)Path difference A= %
c¢)Position of n'" bright fringe Xp = nTm where n=0,1,2,3...
d)Position of n! dark fringe Xp = % where n=1,2,3...
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e) Fringe width —Separation between position two consecutive maxima or minima. Width of bright and
dark fringe will be same.

B=x,—xp_1 = Bbrlght Baark = //‘QQ
f)Fringe width in medium Binea = ”’”‘f

QNW‘)

g)Angular width of fringe 0=

h) overlapping of fringes
if ni"bright fringe overlapped on n>™ bright fringe then niA1=n2)»
if bright overlapped dark niA1=(2n2 -1)A2/2

i)Dependence of fringe width3 = %D(B a A, BaD, B al/d)

j) Intensity distribution curve-

/\/\/\A\/\/\f\

12 22 2A
——a Path differance

k) Condition for sustained interference-
1)Two source of light must be coherent(ii) Having same frequency (iii)source should be monochromatic
(iv)wave must travel in same direction(v) for a better contrast amplitude of waves should be approximately
equal

12.Diffraction

It is the phenomena of bending of light around corners of an obstacle or aperture in the path of light. Due to
this bending, light goes into the geometrical shadow region of the obstacle or aperture.This bending
becomes more when the dimensions of the aperture or the obstacle are comparable of the wavelength of
light.

PN 111 ”DD))))

Larg e Sparidars - Loy Lewsds of DAamracton Smnall S paermare - FHigh Leswais of Dmfracien

13.Diffraction of light from a single
slit-

Screen

Intensity in
fringe pattern

Parallel rays
(Plane wavefront)

a) Central maxima-maximum intensity at point o because path difference at o is zero.
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b) Path difference A=BP-AP = BE =a sin o

¢)Position of minima- Position of n™ dark fringe Note-width of secondary

. 1
a sin en=n\A where n =1,2,3... maxima o —-—-——
d)Position of secondary maxima-
a sin en'= (2n+1) A/2 where n =1,2,3...

e) width of central maxima- the direction of first minima e=A\/a, this angle is called half angular width of
central maxima angular width of central maxima = 2e =2)/a

f) Linear width of central maxima= 2x or D(26) = 2AD/a

g) Graph

Intensity

ETS 2% b = B 25 EFS
o i T o = =

Diffraction angle ()

MULTIPLE CHOICE QUESTIONS
1. The resultant amplitude of a vibrating particle by the superposition of the two waves
yi=asin( ot+mn/3) and y> =a sin ot is :-
a) a b)V2a c)2a dn\3a
2. A double slit experiment is performed with light of wavelength 500 nm. A thin film of thickness 2um and
refractive index 1.5 is introduced in the path of the upper beam. The location of the central maximum will

a) Remain unshifted b)Shift downward by nearly two fringes
c) Shift upward by nearly two fringe d)Shift downward by 10 fringes
3. Which of following is a true statement, if in Young's experiment, separation between the slits is gradually
increased :
a) fringe width increases and fringes disappear
b) fringe width decreases and fringes disappear
c) fringes become blurred
d) fringe width remains constant and fringes are more bright
4. In an interference of yellow light derived from two slit apertures, if at some point on the screen, yellow
light has a path difference of 3 A/ 2, then the fringe at that point will be :
a) yellow in colour b) white in colour c)dark d)bright
5. Two beams of light having intensities I and 4I interfere to produce a fringe pattern on a screen. The phase
difference between the beam is n/2 at point A and 2z at point B. Then find out the difference between the
resultant intensities at A and B.
a) 21 b)5I o)l d)41
6. In an interference pattern of two waves fringe width is 3 . If the frequency of source is doubled then fringe
width will become :
a) (12) B b)B ¢)2p d)(322) p
7. Find the half angular width of the central bright maximum in the Fraunhofer diffraction pattern of a slit of
width 12 x 107> ¢cm when the slit is illuminated by monochromatic light of wavelength 6000 A.
a) 40° b)45° c)30° d)60°
8. A light source of 5000A wave length produces a single slit diffraction. The first minima in diffraction
pattern is seen, at a distance of Smm from central maxima. The distance between screen and slit is 2metre.
The width of slit in mm will be :
a) 0.1 b)0.4 c)0.2 d)2
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SOLUTIONS/HINTS
1.d use the formula A2 = A% + A% + 24,4, cos §
2.bThe optical path difference introduced by the film is (n—1)t, where n is the refractive index and t is the
thickness. The central maximum (where the path difference is zero) will shift to a point where the path
difference due to the film is compensated by the path difference due to the geometrical shift
Optical path difference introduced by the film =(1.5—1)*2x107% m=0.5%2x10"° m=1x10"% m.
Wavelength A=500 nm=500x10"° m=0.5x10"° m.
Number of fringes shifted, N=\A Optical path difference=0.5x10"% m1x107° m=2.
3.b Use formula, B=AD/d If the separation between the slits (d) is gradually increased, then the fringe width
(B) will decrease. As the fringes become narrower, they become harder to distinguish, and eventually, they
will disappear

4.c path difference,3A/2 as (1 + ;)X-condition for dark fringe
5.d Use the formula I = I; + I, + 2,/I;1, cos

6.a) use the formula f = %D = %

7.c condition for the first minimum is asin@ = A

8.c use the formula y = %D

ASSERTION-REASON QUESTION
For these Questions two statements are given one labelled Assertion (A) and other labelled Reason (R).
Select the correct answer to these questions from the options as given below
A. If both Assertion and Reason are true and Reason is correct explanation of Assertion.
B. If both Assertion and Reason are true but Reason is not the correct explanation of Assertion.
C. If Assertion is true but Reason is false.
D. If both Assertion and Reason are false.
1. Assertion: In YDSE if a monochromatic source of light is placed in front of one slit we do not get any
interference pattern.
Reason: in YDSE source shall be placed at equal distance from two slits.
2. Assertion: Two equal wavelengths meet at point when coming from opposite direction may give brightest
spot at the point of meeting.
Reason: Two waves moving in opposite directions meet in opposite phase.
3. Assertion: The two slits in YDSE are illuminated by two different sodium lamps emitting light of same
wavelength. No interference pattern will be observed.
Reason: Two independent light sources (except LASER) cannot be coherent.
4. Assertion: In calculating the disturbance produced by a pair of superimposed incoherent wave trains, you
can add their intensities.
Reason: 1=1; + L +2(I112)"?cosO. The average value of cos © = 0, for incoherent waves.
5. Assertion: Thin films such as soap bubble or thin layer of oil spread on water show beautiful colors when
illuminated by white light.
Reason: It is due to interference of Sun’s light reflected from upper and lower surfaces of the film.
6. Assertion: In YDSE central fringe may not be a bright fringe.
Reason: If path difference at central fringe is zero then it will be a bright fringe.
7. Assertion: Fringe width in single slit experiment depends upon refractive index of the medium.
Reason: Refractive index changes optical path of ray of light forming fringe pattern also changes.
8. Assertion: In YDSE a monochromatic source of light is placed symmetrically in front of two slits placed
in vertical line at small separation. If lower half of the setup is filled with water no pattern is obtained at
the screen.

Reason: Due to water wavelength of light changes hence no pattern is seen.
[ - - -
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ANSWERS
. D, both are wrong, General concept
. C, Direction of motion do not have definite relation with phase difference
. D, both are wrong, only coherent sources can produce interference
. A, can be calculated, Correct explanation
. A, both are correct, General concept, Correct explanation
. A, both are correct, General concept, Correct explanation
. A, BaA & A depends on p, Correct explanation
. D, both are wrong, no interference but another pattern will be seen

0 I N N KW~

VERY SHORT ANSWER TYPE

1. Three wavelength A1, A 2 & A 3 are used in YDSE experiment respectively. If Ni, N2 & N3 are number of
fringes obtained at the screen respectively. If Ni - N> = 2N3 and 3 N3 - N; =2 N». Arrange A1, A2 & A 3in
ascending order.

2.If a monochromatic source of light is placed symmetrically near two slits of slightly unequal width. Explain
pattern of fringes obtained at the screen? How would it be changed if monochromatic source of light is
placed asymmetrically?

3.When white light is used in YDSE we say Central band is white surrounded by colored bands with inner
edge as red and outer edge violet. justify it, as well as explain pattern of width of fringes obtained.

4.In a single-slit diffraction experiment, the width of the slit is made double the original width. How does this
affect the size and intensity of the central diffraction band. What happen if it is made extremely narrow

5.Answer the following questions: (i) In what way is diffraction from each slit related to the interference
pattern in a double slit experiment? (ii)) When a tiny circular obstacle is placed in the path of light from a
distance source, a bright spot is seen at the center of the shadow of the obstacle. Explain, why.

6. (a) The ratio of the widths of two slits in Young’s double slit experiment is 4: 1. Evaluate the ratio of
intensities at maxima and minima in the interference pattern.
(b) Does the appearance of bright and dark fringes in the interference pattern violate, in any way,
conservation of energy?

7. Two plane monochromatic waves propagating in the same direction with amplitudes A and 2A and differing
in phase by 7/3 superimpose. Calculate the amplitude of resulting wave.

8. Two spectral lines of sodium D and D, have wavelengths approximately 5890Aand 5896A. A sodium lamp
sends incident plane wave on to a slit of width 2 micrometer. A screen is located 2m from the slit. Find the
spacing between the first maxima of two sodium lines as measured on the screen.

SOLUTIONS/HINTS

1. For same distance,N;4; = N,A, = N3A3,by solving we get N, = 5N;and N; = 7N3
=Ny >N, >N; =A3>1,>1

2. If width is unequal I; # I, — Bright and dark fringe (bands) have less contrast
Central band may not be bright

3. Since white light is a combination of all visible colors, the superposition of all colors at the central maximum
results in a bright white band. Also the position of bright fringe is directly proportional to the wavelength
of light. Thus, the first order bright fringe will be a spectrum with violet light at the inner edge and red light
at the outer edge.

4. For small angles, Ozg So, the angular width oci. If the slit width 'a' is doubled, the angular width of the

. . ) . . yl
central maximum will be halved. The linear width of the central maximum= %. So, the central band

becomes narrower. I & A% o a? central band becomes four times more intense. If the slit is made extremely
narrow (i.e., a~A or a<A), the condition for the first minimum (a sin6=A) implies that sin § becomes large,
The intensity of the diffracted light will be very low because the amount of light passing through an
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extremely narrow slit is very small or no diffraction takes place if become less than wavelength of light.

5.(1) The observed double-slit interference pattern is actually the interference pattern modulated by the single-
slit diffraction pattern.

(i1)) Due to the symmetry of the circular obstacle, the diffracted wavelets from all points along the
circumference of the obstacle's edge travel the same optical path length to the exact center of the shadow.
Because they travel the same path length, they arrive in phase at the center of the shadow. This in-phase
superposition leads to constructive interference at the exact center of the shadow, resulting in a bright spot.

6. Itensity «< width of slit and use the formula [ = I; + I, + 2,/1;1; cos  Ans. 9:1

7. Use the formula A% = A2 + A2 + 24;A,cosd Ans AV7

8. Postion of first maximum for Dy, y; = 32%3 =0.8835 mm

Postion of first maximum for D, y, = 2= = 0.8844 mm  Ans. 0.0009

SHORT ANSWER TYPE

1. What is the effect on the interference fringes if the monochromatic source is replaced by a source of
polychromatic light. In Young’s double slit experiment, the two slits 0.15 mm apart are illuminated by
monochromatic light of wavelength 450 nm. The screen is 1.0 m away from the slits. (a) Find the distance
of the second (i) bright fringe, (ii) dark fringe from the central Maximum.

(b) How will the fringe pattern change if the screen is moved away from the slits?

2. In a modified set-up of Young’s double slit experiment, it is given that SS; — SS; = A/4, i.e. the source ‘S’
is not equidistant from the slits S| and S».

(a) Obtain the conditions for constructive and destructive interference at any point P on the screen in terms
of the path difference 6 = S,P-S;P.
(b) Does the observed central bright fringe lie above or below ‘O’? Give reason to support your answer P3 .

3.A parallel beam of monochromatic light falls normally on a narrow slit of width ‘a’ to produce a diffraction
pattern on the screen placed parallel to the plane of the slit. Use Huygens’ principle to explain that

(1) the central bright maxima is twice as wide as the other maxima.
(11) the intensity falls as we move to successive maxima away from the centre on either side.

4.(a) Why are coherent sources necessary to produce a sustained interference pattern?

(b) In Young’s double slit experiment using mono-chromatic light of wavelength A , the intensity of light
at a point on the screen where path difference is A, is K units. Find out the intensity of light at a point where
path difference is 2.

5.Define the term wave front. State Huygen’s principle.

Consider a plane wave front incident on a thin convex lens. Draw a proper diagram to show how the incident
wave front traverses through the lens and after refraction focuses on the focal point of the lens, giving the
shape of the emergent wave front.

6.A coloured alternate bands of diffraction pattern appears on a screen due to a specific wavelength A passing
through a single slit of width 1.5 mm. If this wavelength is replaced with another wavelength 2.5A and
whole apparatus is immersed in a liquid of refractive index 1.2 to what width should you change the slit in
order to get the original pattern back? (Ignore effect on focal length of the lens due to change in wavelength
or medium)

7.Which of the following statements DOES NOT correctly comply with Huygens’ Principle of constructing a
secondary wavefront from a primary wavefront? Justify each case?

a) After some time interval, the new position of the wave front is the surface tangent to the secondary
wavelets.

b) Secondary wavelets propagate outward through a medium with speeds characteristic of waves in that
medium.

¢) A secondary wavefront is always a plane wavefront irrespective of whether the primary wavefront is
-
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planar or spherical.

8. (a) In a Young’s double slit experiment, the two slits are illuminated by two different lamps having same
wavelength of light. Explain with reason, whether interference pattern will be observed on the screen or
not.

(b) Light waves of intensities I, each from two coherent sources arrive at two points on a screen with path
differences of 5A/2 and 5\. Find the intensities at the points.

SOLUTIONS/HINTS
1. fringes will become coloured near to edge of central band lower wavelength will be seen.

. . L. yl
1) Distance of second bright fringe is = % =6mm
.. . ) pl
1) Distance of second dark from central maxima , = i =1.5mm

oo . AD
1i1) Increase since [3:7

2. a) (SS>—SS1)=A=xd/D, net path difference = A/4 + xd/D
For constructive interference A/4+xd/D=n\A , (4n—1)AD/4d =(X,)bright
for destructive interference , A/4+xd/D = (2n-1) AD/4d
(xn)dark=(4n—3)AD/4d

b)For central bright fringe n=0 and hence (xo)bright=—AD/4d. Thus, the observed central bright fringe shifts
towards the line of slit S» because the optical path of light coming from S; will increase.

3. 1) Describe single slit exp using wave theory ii) This is because the waves diffracting from different parts
of the slit interfere with each other, and the interference pattern creates both bright and dark fringes
(minima). The central bright fringe is the brightest and widest, and the intensity of the secondary maxima
(bright fringes) decreases as you move further away from the center.

4. a) if sources are not coherent then phase difference will be time varying.

b) phase difference=¢p=21/A x 2A= 4 1 intensity [=Io cosz(%) , [o=K . so [=K

5. general concepts and definitions, refer gist of the chapter.
6. on immersing the apparatus , wavelength decreases by p so A’=A p ,
The angular position of the minima is given by asinf=n 1

Since we want the same pattern, the angular positions of the minima must be the same in both wavelength and
refractive index. So n; Aj=n2 A’ so aj=az2 (2.5/1.2) , new slit width is 0.72mm.

7. a) It is always perpendicular and not tangential

b) Speed depends on refractive index of the medium.
c¢) Secondary and primary wavefront are of the same nature always

8. : a) no interference pattern will be observed as the sources are two independent sources.

b) use direct formula and values will be 0 and 41, respectively.
THREE MARKS QUESTIONS

1. State the essential condition for diffraction of light to take place. Use Huygen’s principle to
explain diffraction of light due to a narrow single slit and the formation of a pattern of fringes obtained on
the screen. Sketch the pattern of fringes formed due to diffraction at a single slit showing variation of
intensity with angle 6.

2. Red colour of light of wavelength A is passed from two narrow slits which are distance d apart and
interference pattern is obtained on the screen distance D apart from the plane of two slits. Then find the
answer to following parts assuming that slit widths are equal to produce intensity Ip from each slit.

a. Intensity at a point on the screen, situated at a distance 1/4 th of fringeseparation from centre.

b. Intensity in the screen, if the sources become incoherent by using twodifferent lamps behind lamps
S1 and S2.

c. Angular position of 10th maxima, and the angular width of that fringe.

d. Find the distance between 5th maxima and 3rd minima, at same side ofcentral maxima.
[ - e
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3. (a) In a diffraction experiment, the slit is illuminated by light of wavelength 600 nm. The first minimum of
the pattern falls at 8 = 30° .Calculate the width of the slit.
(b) Show that the angular width of the first diffraction fringe is half of that of the central fringe.
(c) If a monochromatic source of light is replaced by white light, what change would you observe in the
diffraction pattern?
4. (a) In Young’s double slit experiment, derive the condition for (i) constructive interference and (ii)
destructive interference at a point on the screen.
(b) A beam of light consisting of two wavelengths, 800 nm and 600 nm is used to obtain the interference
fringes in a Young’s double slit experiment on a screen placed 1.4 m away. If the two slits are separated
by 0.28 mm, calculate the least distance from the central bright maximum where the bright fringes of the
two wavelengths coincide.
5.Explain Huygen’s principle. Name the types of wavefronts that corresponds to a beam of light
(a) coming from a convex lens when point source placed at focus.
(b)coming from very far off source.
(c) coming from a convex lens p = 1.1 when point source placed at its focus inside water u=1.33.
(dywave front from a distant source fall perpendicular to an equilateral hollow prism placed in side water.
SOLUTIONS/HINTS
1. Essential condition for diffraction: the size of the obstacle or aperture (slit) must be comparable to the
wavelength of the light being used. For another part of the question refer the gist of the chapter

2
2a)Ax=2=2o=".1=4],c0s2" =21,
D 4 2 2

b) No interference pattern observed,l;,;q; = 21,

c)dsin 8 = 104, find 6 using this formula ; Angular width,A8 = %

d) distance = |ys — y;]| Ans - 5/1D/2d

3. a) Condition for minima; asin@ = nA use this formula to find a= 1.2 nm
b) Condition for first minimum, asin8 = A; ; = % 0, = —g

Angular width=26, = 2)L/ a
¢) The central maximum will remain white, secondary maxima will become colored fringes and the
overlapping of different colored secondary maxima will increase.
4. a) Refer to the gist of this chapter
b)Here y; = y, to find the order of the bright fringes. Then calculate the position of this coinciding fringe
using both pair of values. Ans:12 mm
5. Refer to the gist of this chapter for Huygen’s principle
a) plane wavefronts b) plane wavefronts c) Using lens maker’s formula, we will find that lens will
behave diverging. So we get diverging wavefront d) Plane wavefront

CASE STUDY/PASSAGE-BASED QUESTIONS

1. Interference of light:- If double slit apparatus is immersed in a liquid of refractive index ., the wavelength
of light reduces to A/p and fringe width also reduces to B'=p/u. The given figure shows a double-slit
experiment in which coherent monochromatic light of wavelength A
from a distant source is incident upon the two slits, each of width w (w
>> ) ) and the interference pattern is viewed on a distant screen. A thin
piece of glass of thickness t and refractive index n is placed between one
of the slit and the screen, perpendicular to the light path.

(1) In Young's double slit interference pattern, the angular fringe width

(a) can be changed only by changing the wavelength of incident light
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(b) can be changed only by changing the separation between the two slits
(c) can be changed either by changing the wavelength or by changing the separation
between two sources
(d) is a universal constant and hence cannot be changed
(i1) If the width w of one of the slits is increased to 2w, The amplitude due to slit become from a to:
a) 1.5a b)2a c)\2a d)no change
(ii1) In YDSE, let A and B be two slits. Films of thicknesses ta and tg and refractive indices pa and pg are
placed in front of A and B, respectively. If pata=psts then the central maxima will
(a) not shift (b) shift towards A (c) shift towards B
(d) shift towards A if ts > ta and shift towards B if ts < ta
(iv) In Young's double slit experiment, a third slit is made in between the double slits. Then
(a) fringes of unequal width are formed.
(b) contrast between bright and dark fringes is reduced
(c) intensity of fringes totally disappears
(d) only bright light is observed on the screen
(v) In Young's double slit experiment, if one of the slits is covered with a microscope cover slip, then
(a) fringe pattern disappears
(b) the screen just gets illuminated
(c) in the fringe pattern, the brightness of the bright fringes will decreases and the dark
fringes will become more dark
(d) bright fringes will be more bright and dark fringes will become more dark
2. Read the following case/passage and answer the following questions:
Huygen's principle is the basis of wave theory of light. Each point on a
wavefront acts as a fresh source of new disturbance, called secondary
waves or wavelets. The secondary wavelets spread out in all directions with
the speed light in the given medium. An initially parallel cylindrical beam
travels in a medium of given refractive index , I is the intensity of the light
beam.
(1) The initial shape of the wavefront of the beam from the sun is

(a)Planar (b)convex (c) concave (d)spherical

(i1) According to Huygens Principle, the surface of constant phase is
(a) called an optical ray (b) called a wave
(b) (c) called a wavefront (d) called a wavelet
(i11) As the parallel beam enters the denser medium, it will
(a)becomes narrower (b) diverges (c) converges (d) becomes broader
(iv) Two plane wavefronts of light, one incident on a thin convex lens and another on the refracting face of a
thin prism. After refraction at them, the emerging wavefronts respectively become
(a) plane wavefront and plane wavefront (b) plane wavefront and spherical wavefront
( ¢) spherical wavefront and plane wavefront  (d) spherical wavefront and spherical wavefront
(v) Which of the following phenomena support the wave theory of light?

1. Scattering 2.Interference 3.Diffraction
4.Velocity of light in a denser medium is less than the velocity of light in the rarer medium
(a) 1,2,3 (b)1,2,4 (©)2,3,4 (d)1,3,4

3.Read the following case/passage and answer the following questions:
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The phenomenon of bending of light around the sharp corners and the

spreading of light within the geometrical shadow of the opaque eave JLDI{T*:C'EM
obstacles is called diffraction of light. The light thus deviates from L

its linear path. The deviation becomes much more pronounced, S )g‘
when the dimensions of the aperture or the obstacle are comparable ~— * ), L." T

to the wavelength of light. Screen

(1) Light seems to propagate in rectilinear path because
a) its spread is very large
b) its wavelength is very small
c) reflected from the upper surface of atmosphere
d) itis not absorbed by atmosphere
(i1) In diffraction from a single slit the angular width of the central maxima does not depends on
(a) A oflight used (b)width of slit
(c) distance of slits from the screen  (d) ratio of 4 and slit width
(i11) For a diffraction from a single slit, the intensity of the central point is
(a) infinite
(b) finite and same magnitude as the surrounding maxima
(c) finite but much larger than the surrounding maxima
(d) finite and substantially smaller than the surrounding maxima
(iv). Resolving power of telescope increases when
(a) wavelength of light decreases (b) wavelength of light increases
(c) focal length of eye-piece increases  (d) focal length of eye-piece decreases
(v) In a single diffraction pattern observed on a screen placed at D metre distance from the slit of width d
metre, the ratio of the width of the central maxima to the width of other secondary maxima is ( approx.)
(a)2:1 (b) 1: 2 (o)1:1 (d)3: 1
Answers: 1 1) ¢, Direct formula 6= A/a
i1) ¢, Intensity o Area of slit
ii1) d, Solve using Shift = (u-1)tD/d
iv) b, Third slit also act like a coherent source and contribute in superposition
v) a, It is opaque , we will get lidht from one slit only

2. 1) d, Sun is spherical source ii) ¢ , Definition of wave front
ii1) d , Can be seen by diagram iv) c, First is converged , Second remains as it is
v) a, General concept
3. 1) a, General concept ii) ¢, Direct formula 26 =2 A/a
iii) ¢ , General concept iv) a, Resolutiona 1/1

v) a, General concept
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CHAPTER-11: DUAL NATURE OF RADIATION AND MATTER

Dual nature of radiation, Photoelectric effect, Hertz and Lenard's observations; Einstein's photoelectric
equation-particle nature of light. Experimental study of photoelectric effect Matter waves-wave nature of

particles, de-Broglie relation.

MINDMAP

{ DUAL NATURE OF RADIATION AND MATTER

[ Electran Emission

Thermionic
emission

Heat

Photaelectric effect

Lenard's Experiments

Matter Waves

de-Broglie’s Wave equation

Photoelectric
emission

Effect of intensity

— Light

|

Flistn el

[ T

Field emission

Electric Field

Secondary
emission

Collission

GIST OF THE CHAPTER

= Electron Emission: The phenomenon of emission of electron from a metal surface.

-

5 r]
I AN A Tt

LI YT "

Effect of frequency

b ki M T Vot

EINSTELN'S FHOTOELECTRIC

Kmar = hv = hvg=h(v —v)

1. Thermionic emission (when metal is heated)
2. Field emission: (by applying very strong electric field to a metal)

3. Photo-electric emission (when light of suitable frequency illuminates a metal surface)
e  Work Function: The minimum amount of energy required to be given to an electron

to escape from the metal surface. It is generally denoted by ¢o and unit is electron volt

(eV).
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1eV=1.602x10"]
Work function of platinum is 5.65 eV (metal having highest work function)
Work function of caesium is 2.14 eV (lowest work function)

2.

Photoelectric Effect: The phenomenon of emission of
electrons from the metal surface, when light of suitable

Incident light

frequency illuminates it. (Discovered by Heinrich ©athede Anode
Hertz) e ~
Lenard’s Experimental setup: D

-2 S

Effects on Photoelectric Current
Effect of intensity: Photoelectric current increases linearly with intensity of incident light, keeping
frequency and voltage constant.

Effect of potential.

* Increasing positive potential increases current until saturation.
= Negative retarding potential decreases current. At a certain negative voltage (stopping potential), current

becomes zero.

= Stopping Potential (Vo): Minimum negative potential to stop photoelectric current for a given frequency. -

Independent of intensity, depends only on frequency. - Kinetic energy and stopping potential: Ki.x = eVo

3. Effect of frequency:
= QGreater frequency — greater stopping potential — greater Kpax

. Saturation current remains same (constant intensity)
Photo elecirie Phato electric

% eurrent current
E 7 Saturation current
T= {:
i by
§ E L i
&l Stoppin v

[n!mily  — A o + NV BVl BV, 0 +V

«— Relanding potcnlial Anode polential Ve €— Retarding potential Anode potential V—=3y

Laws of Photoelectric Effect
Photoelectric current o« intensity of radiation (fixed frequency)

Saturation current « intensity; stopping potential is independent of intensity.

1

2

3. No emission occurs below threshold frequency (vo).

4. Kmax & frequency of incident radiation (v); independent of intensity.
5. Photoelectric emission is instantaneous (delay ~ 10~ s)

e Failure of Classical Theory: Wave theory predicts electron absorbs energy continuously.
Contradictions: a. Knax should depend on intensity (observed: depends on frequency)
b. Any frequency should cause emission (observed: only above threshold frequency)

c. Should be delayed process (observed: instantaneous)

¢ Einstein’s Photoelectric Equation: Photon energy = hv = Kpax + ¢o = Kinax = h(v — vo)

= Explanation Laws of Photoelectric Effect:

- Intensity increases photon number — increases current. - v < vo P
—negative K which is impossible — no emission. - Photon- ™!
electron interaction is instantaneous — no time lag.

= Graph (freq vs Stopping potential) : Vo = (h/e)v — do/e — straight
line. Slope = h/e, y-intercept = — do/e

Particle Nature of Light

= Light interacts with matter as photons.
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= Photon energy: hv, momentum: hv/c
= Photon: no charge, not deflected by E or B fields
= Photon collisions conserve energy and momentum, but number of photons may change.
= Compton scattering confirmed particle nature of light.
e Dual Nature of Radiation
- Wave nature: Interference, diffraction, polarisation. - Particle nature: Photoelectric effect, Compton
scattering. = Light shows wave-particle duality
¢ Dual Nature of Matter: Louis de Broglie (1924) proposed particles have wave nature.
»  de-Broglie Equation: A = h/p = h/mv= h/v/2mK= h/\/2meV
= Davisson-Germer experiment confirmed electron wave nature experimentally.
MULTIPLE CHOICE QUESTIONS
1. Which of the following cannot be observed by an increase in the intensity of light alone?
(A) Increase in photocurrent (B) Increase in stopping potential
(C) Increase in number of emitted electrons (D) Increase in rate of emission
2. Inan experiment, intensity of light is increased but photoelectric current remains constant after sometime.
This is due to:
(A) saturation current has been reached
(B) frequency of light is below threshold
(C) work function is larger than incident photon energy
(D) electrons are absorbed back
3. The photoelectric current becomes zero when:
(A) The intensity of light is zero (B) Frequency is below the threshold
(C) Work function is very high (D) Any of the above
4. In aphotoelectric experiment with light of intensity I, the current is I,. When light is filtered to allow only
50% photons through, the current becomes:
(A) 21, (B) Io/ 2 C)V21, (D) Remains same
5. Consider a photoelectric tube where magnitude of negative anode potential is gradually increased. The
photoelectric current decreases to zero because:
(A) Kinetic energy of electrons is reduced
(B) All photons are absorbed
(C) Potential suppresses even fastest electrons
(D) Frequency becomes less than threshold
6. In an experiment, when frequency is increased, the stopping potential increases linearly. This verifies:

(A) Planck’s quantization (B) de Broglie relation

(C) Einstein’s photoelectric equation (D) Wave-particle duality
7. Which observation supports the quantum nature of light?

(A) Instantaneous emission (B) KE « frequency

(C) Threshold frequency exists (D) All of the above

8. In photoelectric emission, a radiation whose frequency is 2 times threshold frequency of a certain metal
is incident on the metal. Then the maximum possible velocity of the emitted electron will be:

(A) J% (B) | (©) 2\/% (D) =
0.

For two particles with equal momenta, which of the following is true regarding their de Broglie
wavelengths?

(A) The heavier particle has smaller wavelength (B) Both have same wavelength

(C) The faster particle has smaller wavelength (D) Depends on nature of the particles
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ANSWERS

1. (B) The stopping potential is determined by the energy of the photons, which is related to their frequency,
not their intensity.

2. (A) When intensity increases, more photons hit the metal, but once all available electrons are ejected, the
current cannot increase further.

3. (D)

4. (B) The current in the photoelectric effect is proportional to the number of emitted electrons, which in
turn depends on the number of photons hitting the metal. Reducing the number of photons to 50% will
halve the number of emitted electrons, thus halving the current.

5. (C) As the stopping potential increases, it eventually becomes strong enough to prevent even the fastest
emitted electrons from reaching the anode, causing the photoelectric current to drop to zero.

6. (C) Einstein’s photoelectric equation shows that the kinetic energy (and hence stopping potential) of
photoelectrons increases linearly with the frequency of incident light. This linear relationship confirms
the equation Kmax =h (v — o).

. (D)
8. (B)KE = hv — hvy = 2hvy — hvy = hv, ; %mvmax2 = hy,
. ) 2hv,
Maximum velocity =
m
9. (B) A, = pﬁand Ay = pi Given: p; = p, = A4, = A,
1 2

ASSERTION & REASON TYPE QUESTIONS
1. Assertion: In an experiment, two monochromatic light beams of the same frequency but different
intensities are incident on identical photo-emissive surfaces. The beam with higher intensity results in
greater photoelectric current.
Reason: Higher intensity implies more photons per unit time, which increases the number of emitted
photoelectrons even though their energy remains unchanged.
2. Assertion: At a fixed frequency above the threshold, doubling the intensity of light doubles the stopping
potential.
Reason: Stopping potential is proportional to the energy of the photoelectrons, which increases with
intensity.
3. Assertion: In a photoelectric experiment, even when a very high positive potential is applied to the
collector plate, the photoelectric current eventually saturates.
Reason: The number of photoelectrons emitted depends only on the intensity of the incident light and not
on the applied potential.
Assertion: Even when monochromatic light falls on a metal surface, the emitted photoelectrons have
varying kinetic energies.
Reason: Electrons originating from within the metal lose part of their energy due to collisions with other
atoms before escaping the surface.
5. Assertion: If frequency is below threshold, increasing light intensity results in emission of
photoelectrons.
Reason: Higher intensity photons can collectively give enough energy to an electron to escape.
6. Assertion: A time delay is observed before photoelectrons are emitted from a metallic surface under light
exposure.
Reason: According to Einstein’s theory, electrons take time to absorb sufficient energy from the incoming
wavefront.
7. Assertion: A heavier particle moving slowly can have a longer de Broglie wavelength than a lighter

o
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particle.
Reason: The de Broglie wavelength is independent of the particle’s mass and velocity.
Assertion: An infinite time delay is observed when light of frequency less than the threshold is incident
on a metal surface.
Reason: According to Einstein’s theory, electrons need to accumulate energy over time from multiple
photons to be emitted.
ANSWERS
(A) — Higher intensity means more photons, hence more photoelectrons and current.
(D) — Stopping potential depends on photon energy, not intensity.
(A) — Current saturates due to limited photoelectrons; intensity controls emission.
(A) — When a light of single frequency falls on the electrons of inner layer of metal, then this electron
comes out of the metal surface after a large number of collisions with atom of it’s upper layer.
(D) — No emission below threshold frequency, regardless of intensity.
(D) — No time delay; photons transfer energy instantly.
(C) — A « 1/p, depends on mass and velocity; reason is false.
(C) — Below-threshold frequency causes no emission, but energy can't be accumulated over time per
Einstein's theory.

VERY SHORT ANSWER TYPE QUESTIONS (2 MARKYS)
Find the change in energy of a photon of red light (1= 700 A°) when the light enters glass medium of
refractive index 1.5 from air.
Two lines, A and B, in the plot given below show the variation of de- M~

Broglie wavelength, A versus iv’ where V is the accelerating potential T R
A

difference, for two particles carrying the same charge. Which one of two
represents a particle of smaller mass?

v

T

Vv

An electron, an alpha particle and a proton have the same kinetic energy, which one of these particles has
(1) the shortest and (ii) the largest, de, Broglie wavelength?

An electron is accelerated through a potential difference of 100 volts. What is the de-Broglie wavelength
associated with it? To which part of the electromagnetic spectrum does this value of wavelength
correspond?

If an electron has a wavelength, does it also have a colour?

A parallel beam of monochromatic light of wavelength 663 nm is incident on a totally reflecting plane
mirror. The angle of incidence is 60° and the number of photons striking the mirror per second is 1.0 x
109, Calculate the force exerted by the light beam on the mirror.

Ultraviolet radiations of different frequencies v; and v,, are incident on two photosensitive materials
having work functions W; and W, (W; > W,) respectively. The kinetic energy of the emitted
photoelectrons is same in both the cases. Which one of the two relations will be of the higher frequency?
Electrons are emitted from the surface when green light is incident on it, but no electrons are ejected when
yellow light is incident on it. Do you expect electrons to be ejected when surface is exposed to (i) Red
light and (ii) Blue light?

de-Broglie wavelength associated with an electron accelerated through a potential difference V is A. What
will be the de Broglie wavelength when the accelerating potential is increased to 4V?
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ANSWERS
1. The energy of a photon is given by: E = ¢/ 1

When light enters a medium like glass, its speed and wavelength change, but frequency remains the same, and
so does the energy of the photon. Therefor change in energy = 0

2. For a particle accelerated by a potential V, the de-Broglie wavelength is:
h 1 1
_—quV B X \/—m \/_V

So, when we plot A versus iv , the slope is =, Larger slope = smaller mass.

Vm
Line A has more slope than B = Particle A has smaller mass
h
3 A=
If the KE is same then: A « \/% = Hence, a — particle has the shortest de Broglie wavelength and electron has

the longest wavelength.

1227 _ 12.27 o o
4. A= = Tios = 1.227 A°. This wavelength corresponds to X-rays.

Colour is a characteristic of electromagnetic waves. Electrons behave as a de- Broglie wave because of
their velocity. A de-Broglie wave is not an electromagnetic wave and is one dimensional. Hence, no colour
is shown by an electron.

6. A=663x10"m, 6=60° n=1x10",

/1=§=> p=£= 1027

A

Force exerted on the wall = n(mvcosé —(—mvcos#)) = 2n mvcosf=2n pcos
=2x1x10"x10% x £=1x10"°N.
7. According to Einstein’s photoelectric equation, kinetic energy of photoelectrons,

K=hv—-W
As E is same, hv; —W; =hv, =W, = hvy —hv, =W, -W,
W -,
SV =V, = —

As, W1 >Wj,v; >v,  Thatis, frequency of radiation v, is higher.

8. The wavelength of red light is longer than threshold wavelength, hence no electron will be emitted with
red light. The wavelength of blue light is smaller than threshold wavelength, hence electrons will be
ejected.

9. de Broglie wavelength associated with electron is,

1=

2mqV

LA \/LV = when accelerating potential becomes 4V, the de-Broglie wavelength reduces to half.

SHORT ANSWER TYPE QUESTIONS (3 MARKS)
1. The following graph shows the variation of photocurrent for a photosensitive metal:
a) Identify the variable X on the horizontal axis.
b) What does the point A on the horizontal axis represent? Photocurrent
c) Draw this graph for three different values of frequencies of incident
radiation v4, v, and v3 (v4 > v, > v3) for same intensity.
d) Draw this graph for three different values of intensities of incident « x >
radiation I; I, and I3 (I, > I, > I3) having same frequency.
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2.

Justify your answer in each case.
3.

In a plot of photoelectric current versus anode potential, how does?
a) The saturation current vary with anode potential for incident radiations of different frequencies but
same intensity?
b) The stopping potential vary for incident radiations of different intensities but same frequency?
c) Photoelectric current vary for different intensities but same frequency of incident radiations?

The following graph shows the variation of stopping potential V, with the;
frequency v of the incident radiation for two photosensitive metals X and Y:

a) Which of the metals has larger threshold wavelength? Give reason. 08 W0 e

b) Explain, giving reason, which metal gives out electrons, having larger kinetic energy, for the same

wavelength of the incident radiation.
c) Ifthe distance between the light source and metal X is halved, how will the kinetic energy of electrons
emitted from it change? Give reason.
Two neutral particles are kept 1m apart. Suppose by some mechanism some charge is transferred from
one particle to the other and the electric potential energy lost is completely converted into a photon.
Calculate the longest and the next smaller wavelength of the photon possible.
Why do different metals emit electrons only when exposed to light of certain minimum frequencies? The
threshold frequency of a metal is f,. When the light of frequency 2f; is incident on the metal plate, the
maximum velocity of electrons emitted is v; . When the frequency of the incident radiation is increased
to 5f, the maximum velocity of electrons emitted is v,. Find the ratio of v to v,.
An electron and a photon each have a wavelength 1.00 nm. Find:
a) Their momenta, b) The energy of the photon and,
c¢) The kinetic energy of electron
Explain by giving reasons for the following:
a) Photoelectric current in a photocell increases with the increase in the intensity of the incident
radiation.
b) The stopping potential (V) varies linearly with the frequency (v) of the incident radiation for a given
photosensitive surface with the slope remaining the same for different surfaces.
¢) Maximum kinetic energy of the photoelectrons is independent of the intensity of incident radiation.
ANSWERS

*(Substitute the values for quantities before final answer in each

0T o=

2.

numerical question)

Photoelectric
current

T
lii > 0] >F il
Saturation current

X is collector plate potential.
A is stopping potential.

Vo3 Vo2 -Voi 0 Collector plate potential —
<+— Retarding potential

Graph for different frequencies.

Graph for three different
Intensities

\\\ Photocurrent—s

//

/
Stopping por\imy/
e

<+—— Retarding potential Collector plate —s
potential

Saturation current does not change. ii. Stopping potential does not change. iii. Photoelectric current

121

KVS ZIET MYSURU PHYSICS XII 2025-26 -




increases with increase in intensity.

Saturation
Current = i
H I
T 3 5
E B
o g
, R =
1 2 &
: .
| . . i ) .
— frequency fvrrl“ia’tsl'_zﬁ ——a Intensity of light ———»
3.

a) ‘X’ asithas smaller threshold frequency.

b) KEmax = hv — ¢y

Since ¢, > ¢, = K, < K, therefore ‘X’ gives out electrons with larger KE.

¢) No change as KE of photoelectron does not depend on the intensity of incident radiations.
4. r=1Im

2

Potential Energy= k% = kT, Energy of photon=% =—221=—
Formax 4, ‘q’ should be min,i.eq=e = 1.6 x 1019 ¢
Substituting we get, 4,4, = 863 m
For next smaller wavelength, ¢ = 2e and A = 863/4 = 215.74m.

5. There is minimum energy required to free an electron from its surface binding called work function.
Einstein's photoelectric equation is hv =hv, + % mv?
In first case v=2f, vo = fo, V=V4
h2fo)=hfo +%mv12 :>%mV1Z = hfy

Similarly in second case we get, 1/ oM v,2 = 4hf,

L vi_ /% =1
Dividing both we get, v,  Al4hfy 2

6. A=1 ph()ton =1.00nm=10""m.

—-34
a) Forelectron or photon, momentumpz% = % = 6.63 X 102> kgm/s
b) Energy="=19.89x107J (= 124 ¢V)
2
c) Kinetic energy of electron= 2= = 2.42 x 10~1%] = 1.51 eV

2m
7. a) The collision of a photon can cause emission of a photoelectron (above the threshold frequency). As
intensity increases, number of photons increases. Hence the current increases.
b) Wehave, el = h(v —v,)
h
Vs = EV + (- E)Vo
~ Graph of V; withv is a straight line and slope (h/e) is a constant.

¢) According to Einstein's photoelectric equation (KE,,,,, = hv — ¢,), KE is independent of intensity.
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CASE STUDY BASED QUESTIONS (4 MARKS)

Case Study: Smart Door Lock with Fingerprint Scanner

1. In modern homes and offices, smart biometric door locks that use
fingerprint scanning have become popular. These devices work based
on the photoelectric effect, a concept that demonstrates the dual h A
nature of radiation. When you place your finger on the scanner, a //x
beam of light, usually from a laser or LED source, illuminates your
fingerprint. The light consists of photons (particles of light) that strike
the surface of the finger. The ridges and valleys of the fingerprint
reflect this light differently. Some parts absorb the photons, while
others reflect them back to a sensor. ) ‘

Inside the sensor, semiconducting materials absorb the incident photons, causing electrons to be emitted from
their surface—this is the photoelectric effect. These emitted electrons generate a current that the device
reads as a specific digital signal, unique to your fingerprint. This process is not explainable by the wave
theory of light alone, and instead demonstrates light’s particle nature.

i. Why can't the wave theory of light alone explain the working of fingerprint scanners based on the
photoelectric effect?
(A) The wave theory fails to explain reflection of light.
(B) The wave theory does not account for the threshold frequency required to emit electrons.
(C) The wave theory suggests light can’t interact with electrons.
(D) The wave theory explains the continuous emission of light, not its speed.
iil. What would happen if the intensity of light increased but its frequency remains below the threshold
frequency in a fingerprint scanner?
(A) More electrons would be emitted with higher energy.
(B) The fingerprint image would become clearer.
(C) Electrons would emit with the same energy as before.
(D) The emission of electrons would not occur.
iili. How does the concept of de Broglie wavelength support the miniaturization and efficiency of the
fingerprint scanner’s electronic components?
(A) By allowing light to be diffracted and focused more accurately.
(B) By explaining how heat is dissipated in semiconductors.
(C) By enabling high-resolution imaging using wave properties of electrons.
(D) By reducing the speed of electron movement in circuits.
iv. Which technological limitation would most directly challenge the use of wave nature of electrons in
fingerprint sensor development?
(A) Requirement for extremely small de Broglie wavelengths for high resolution
(B) Slow scanning speed
(C) Difficulty in focusing particle beams
(D) Interference from ambient light
OR
Suppose a new fingerprint scanner is designed using blue light instead of red light. What would be the
most likely outcome regarding the photoelectric effect?
(A) The emitted electrons would have lower kinetic energy.
(B) The emission of electrons would decrease due to lower intensity.
(C) The emitted electrons would have higher kinetic energy due to higher photon frequency.
(D) The resolution of the scanner would decrease.
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ANSWERS:
1. Ans: 1)B i) D i11) C iv) Aor C
LONG ANSWER TYPE QUESTIONS (5 Marks)

1. a) Light of a particular wavelength does not eject electrons from the surface of a given metal. Should the
wavelength of the light be increased or decreased in order make ejection of electrons possible? Justify.

b) In an experiment on photoelectric effect, the emitter and the collector plates are placed at a separation of 10
cm and are connected through an ammeter without any cell. A magnetic field B exists parallel to the
plates.

The work function of the emitter is 2.39 eV and the light incident on it has
wavelengths between 400 nm and 600 nm. Find the minimum value of B for
which the current registered by the ammeter is zero. Neglect any effect of
space charge.

2. a) A particle of mass M at rest decays into two particles of masses m; and m, having non-zero velocities.
What is the ratio of de Broglie wavelengths of the two particles?

b) Determine the value of the de Broglie wavelength associated with the electron orbiting in the ground
state of hydrogen atom. How will the de Broglie wavelength change when it is in the first excited state?

ANSWERS

1. a) The wavelength should be decreased because photon energy is inversely proportional to wavelength
(E=hc/L). Decreasing the wavelength increases the energy of incident photons, making it possible to
overcome the metal’s work function and eject electrons.

b) po=2.39ev 41 =400 nm, 4, =600 nm

for B to be minimum, energy should be maximum .. 4 should be minimum (i.e. 41)

hc

A

The presence of magnetic field will bend the beam and there will be no current if the electron does not reach
the other plate.

mv _VZmK _ . NZmK _V2x 91X 10T x 1144 x 10

K= ¢o =3.105—-2.39=0.715eV = 1.144 x 10719]

=—= = =285 X% 107°T
"T4B” ¢B qr 1.6 x 1019 x 0.1
2. a) According to the law of conservation of momentum, the momentum of a system remains conserved.
Mv = mqvq + myU, 0= mqvq + myUy = mivy = —myv,
. hc hc Aq
So, we can write, p; = p, S o= 1

1 2 2

b) In ground state, the kinetic energy of the electronis, K = 13.6 eV = 2.18 x 10718

h 6.63 x 1073 1

Ao =332x107"m

T VZmK V2x91x1031x2.18 x 10-18

In the first excited state, K = % = % sowegetd; =2X 1y =6.64x10719m
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CHAPTER-12: ATOMS
Content: Alpha-particle scattering experiment; Rutherford's model of atom; Bohr model of hydrogen atom,
Expression for radius of nth possible orbit, velocity and energy of electron in nth orbit, hydrogen line spectra
(qualitative treatment only).

MIND MAP:

Rutherford a-particle scattering Exp:

RUTHERFORD'SMODEL OF ATOM: (1909
i) Most ofthe part of atom s hollow.

Iy The central core i (+) very
charged called nucleus (10-15m)
&~ revalves around the nucleus
& radius of orbit decreases due
to decrease in energy (dement),

Distance of closest approach: KE=PE

Hydrogen Spectral lines ;

Continun
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—— s
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(i) Few q-particle scattered at angle

(i Very few refraces their path.
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 Lre ) £n
levels, inwhich its angular momentumis an = - n =
integral mulple of /4 mme?? 8menrs
3. Electronsin their stationary orbits do not - For Lyman gefies; electron jumps from higherto firs
radiate energy [ Bohr's orhit or Non radiative Energy of Bohr's orbits [E=RE+PE= , arbit
orbit) l 1, Ze(-e) _l e I =l i
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GIST OF CHAPTER: ATOMS

Rutherford’s Atomic Model

On the basis of this experiment, Rutherford made following observations

(1)The entire positive charge and almost entire mass of the atom is concentrated at
its centre in a very tiny region of the order of 10-15 m, called nucleus.

(i1)The negatively charged electrons revolve around the nucleus in different orbits.
(i11) The total positive charge 011 nucleus is equal to the total negative charge on
electron. Therefore atom as a overall is neutral.

(iv)The centripetal force required by electron for revolution is provided by the electrostatic force of
attraction between the electrons and the nucleus.

Distance of Closest Approach
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to=1/4neo.27Ze2 / Ex where, Ex = kinetic energy of the cc-particle.
Impact Parameter
The perpendicular distance of the velocity vector of a-particle from the central line of the nucleus, when the
particle is far away from the nucleus is called impact parameter.
Impact parameter
where, Z = atomic number of the nucleus, Ex = kinetic energy of the c- particle and 6 = angle of scattering.
Rutherford’s Scattering Formula
where, N(0) =number of c-particles, Ni = total number of a-particles reach the screen. n = number of atoms
per unit volume in the foil, Z = atoms number, E = kinetic energy of the alpha particles and t = foil thickness
Limitations of Rutherford Atomic Model
(i)About the Stability of Atom According to Maxwell’s electromagnetic wave theory electron should emit
energy in the form of electromagnetic wave during its orbital motion. Therefore. radius of orbit of electron
will decrease gradually and ultimately it will fall in the nucleus. (ii) About the Line Spectrum Rutherford
atomic model cannot explain atomic line spectrum.
Bohr’s Atomic Model
Electron can revolve in certain non-radiating orbits called stationary or bits for which the angular
momentum of electron is an integer multiple of (h / 2m)

mvr =nh/2n
where n =1, 2. 3,... called principle quantum number.The radiation of energy occurs only when any electron
jumps from one permitted orbit to another permitted orbit. Energy of emitted photon

hv = E; — E| where El and E2are energies of electron in orbits.
Radius of orbit of electron is given by r=n?h?/4n’> mK Ze2 > r«n’/Z
where, n = principle quantum number, h = Planck’s constant, m = mass of an electron,
K=1/4me, Z = atomic number and e = electronic charge.
Velocity of electron in any orbit is given by v=2nKZe?’ /nh=>v < Z/n
Frequency of electron in any orbit is given by v =KZe? / nhr = 4n*Z?¢*mK? / n3 h’
= v prop; Z3 / n’
Kinetic energy of electron in any orbit is given by Ex = 2n’°me*Z’K2 / n*> h2 = 13.6 Z*> / n? eV
Potential energy of electron in any orbit is given by

Ep=—4n’me'Z’K? /n* h?* =27.27*/n* = Ep=xZ?/n
Total energy of electron in any orbit is given by E = — 2n’me*Z2K? /n* h> =— 13.6 Z2 / n* eV
= Ep = « Z? / n* In quantum mechanics, the energies of a system are discrete or quantized. The energy of a
particle of mass m is confined to a box of length L can have discrete values of energy given by the relation
En=n’h2/8mL2;n<1,2,3,...
Hydrogen Spectrum Series
Each element emits a spectrum of radiation, which is characteristic of the element itself. The spectrum
consists of a set of isolated parallel lines and is called the line spectrum.
Hydrogen spectrum contains five series (i) Lyman Series When electron jumps from n =2,
3.4, ...orbit to n = 1 orbit, then a line of Lyman series is obtained. This series lies in ultra violet region.
(ii)Balmer Series When electron jumps fromn= 3,4, 5,... orbit ton
= 2 orbit, then a line of Balmer series is obtained. This series lies in visual region.
(iii)Paschen Series When electron jumps fromn =4, 5, 6,... orbit to n
= 3 orbit, then a line of Paschen series is obtained. This series lies in infrared region
(iv)Brackett Series When electron
jumps fromn = 5,6, 7.... orbit to n = 4 orbit, then a line of Brackett series is obtained. This series lies in
infrared region.
(v)Pfund Series When electron jumps from n = 6,7,8, ... orbit to n = 5 orbit, then a line of Pfund series is
obtained. This series lies in infrared region.
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MCQ WITH SOLUTION - ATOMS
1. When alpha particles are sent through a thin gold foil, most of them go straight through the foil, because
(a) Alpha particles are positively charged
(b) Mass of alpha particle is more than mass of electron
(c) Most of the part of an atom is empty space
(d) Alpha particles moves with high velocity
2. In an experiment of scattering of alpha particle showed for the first time that the atom has,
(a)Electron  (b) Proton (c)Neutron  (d)Nucleus
3. In Geiger Marsden experiment, the expression of distance of closest approach to the nucleus of a alpha
particle before it comes to momentarily at rest and reverse its direction is,

Ze? Ze? Ze? Ze?
(a) 4meok (b) 2megk ) 2€0k () degk
4. The angular momentum of the electron in the nth allowed orbit is;
Ph h 2h nh
(a) 27 (b)y 2w (c) ™ (d) 2m
5. In equation, what doesthis E — —13.6 eV negative sign indicates.
n — nz

a) Electrons are free to move
b) Electron is bound with nucleus.
¢) Kinetic energy is equal to potential energy
d) Atom is radiating energy
6. Kinetic energy of electron in hydrogen atom is

e2 e2 e3 e2
a) 4meor b. 8mwegr c. 8meQr d. 3meqr
7. Energy required to excite an electron in hydrogen atom to its ground state to its first excited state is .
(a). 6.2eV (b). 3.40eV (c). 10.2eV (d). -13.6eV

8. What is the angular momentum of an electron revolving in the 31 orbit of an atom?

a. 31.5x10%*Jsec  b. 3.15x103*Jsec  c. 315x10* Jsec  d. 0.315x10°*J.sec
9. If the electron in hydrogen atoms is excited to n = 5 state, the number of different frequencies of
radiation which may be emitted is:
(a)4 b) 10 c)8 d)5

ANSWERS:-

1 : (c) Explanation : When alpha particles are sent through a thin gold foil, most of them go straight through
the foil, because of lots of empty space present in the atom.

2:(d) Nucleus Explanation : few alpha particles were bouncing back which concluded that a part of the
atom consists of a positively charged which was called as nucleus.

3 :(b) Explanation : Let d be the distance of closest approach then by the conservation of energy. Initial
kinetic energy of incoming a-particle K
= Final electric potential energy U of the system
as K=1/4ne0% (2e)(Ze)/d/d
wd=Ze2meolk

4 : (d) explanation : Bohr’s third postulate states that the angular momentum of an electron revolving around
the nucleus of an atom is quantized. The angular momentum is an integral multiple of h/2w where h is the
Planck’s constant.
That is,mvr=nh/21 Here, n has integer values and is the principal quantum number. It denotes the orbit in
which the electron resides.
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5 (b) Explanation the negative sign in the energy of an electron in the nth shell represents the energy

~N

decrease resulting from the electron's binding to the atom and its position relative to the nucleus. It
signifies that the electron is in a lower energy state than it would be if it were free from the atom's
influence.

62

- (b) 8meor
(C) 10.2eV soln- E>-E1=-3.40-(-13.6)= 10.2¢V
(b) explanation : Here n =3; h=6.6 x 10-34 Js

Angular momentum L= nh/27n =(3x6.6x10 3*)/2x3.14=3.15x 103*Js

(b) Explanation : Orbital Freque;ncy of electron -

fﬂﬁ

wherein -
_ mzTe
T agnth? n(n—1))
Number of frequency emitted from n™ orbital is 2
D x4
1 =23  =>number of frequency emitted = 2 = 10

ASSERTION AND REASONING : ATOMS

Directions: These questions consist of two statements, each printed as Assertion and Reason. While
answering these questions, you are required to choose any one of the following four responses.

(a) If both Assertion and Reason are correct and the Reason is a correct explanation of the Assertion.
(b) If both Assertion and Reason are correct but Reason is not a correct explanation of the Assertion.
(c) If the Assertion is correct but Reason is incorrect.

(d) If both the Assertion and Reason are incorrect.

1.
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Assertion (A): According to Bohr’s theory in the hydrogen atom, the electron revolves in circular
orbits.

Reason (R): The centripetal force is provided by the electrostatic attraction between the proton and the
neutron.

Assertion (A): The frequency of radiation emitted or absorbed by an atom is related to the difference in
energy between two energy levels.

Reason (R): The energy of the photon emitted or absorbed is equal to the difference in energy between
the two levels.

Assertion (A): The ground state of an atom is its highest energy state.

Reason (R): In the ground state, the electron occupies the farthest possible orbit to the nucleus.
Assertion (A): The Bohr model of the atom explains the line spectra of hydrogen atom.

Reason (R): The energy levels of the electron in the hydrogen atom are quantized, leading to discrete
spectral lines.

Assertion (A): The angular momentum of an electron in a Bohr orbit is quantized.

Reason (R): The angular momentum of the electron is an integral multiple of h/4x.

Assertion (A): The emission spectrum of an element is characteristic of the element.

Reason (R): The energy levels of electrons in an atom are unique to each element.

Assertion (A): The ionization energy of an atom is the energy required to remove an electron from the
atom in its ground state.

Reason (R): Ionization energy is a measure of the binding energy of the protons in the ground state.
Assertion (A): The wavelength of light emitted in an electronic transition is inversely proportional to
the energy difference between the initial and final states.

Reason (R): The energy of a photon is inversely proportional to its wavelength.

Assertion (A): The energy levels in an atom are quantized due to the wave nature of electrons.

Reason (R): Electrons exhibit both particle and wave properties




ANSWERS (ASSERTION AND REASONING)
1: (c)Explanation : The centripetal force is provided by the electrostatic attraction between the proton and
the electron.
2: (A)Explanation : Both A and R are true and R is the correct explanation of A.
3: (D) both the Assertion and Reason are incorrect.
Explanation : The ground state of an atom is its lowest energy state.
In the ground state, the electron occupies the closest possible orbit to the nucleus.
4: (A) Explanation : Both A and R are true and R is the correct explanation of A.
5: (c¢) Explanation : The angular momentum of the electron is an integral multiple of h/2mx.
6: (a) Explanation : Both A and R are true and R is the correct explanation of A.
7: (c¢) Explanation : Ionization energy is a measure of the binding energy of the electron in the ground state.
8: (a) Explanation : Both A and R are true and R is the correct explanation of A.
9: (b) both Assertion and Reason are correct but Reason is not a correct explanation of the Assertion.

SHORT ANSWER QUESTIONS: (02 MARKS)

. What is the shortest wavelength present in the Paschen series and Balmer series of hydrogen spectrum?

2. In the Rutherford’s scattering experiment the distance of closest approach for an a —particle is do. If a
—particle is replaced by a proton, how much kinetic energy in comparison to o particle will it require to
have the same distance of closest approach do?

3. Find the ratio of Bohr’s radius in ground state and 1% excited state of H-atom?

4. The value of ground state energy of hydrogen atom is —13.6 eV.

(i) what does the negative sign signify?

(i) How much energy is required to take an electron in this atom from the ground state to the first excited
state?

5. Use Rydberg formula to determine the wavelength of H, & Hg line.

(Given: Rydberg’s constant R =1.03 X 107 mz)

6. Calculate the shortest wavelength of the spectral lines emitted in Balmer series. [Given Rydberg
constant, R =10" m™].

7. When an electron in hydrogen atom jumps from the third excited state to the ground state, how would
the de Broglie wavelength associated with the electron change? Justify your answer.

[

SOLUTIONS FOR SHORT ANSWER QUESTIONS: (02 MARKS)

1. solution
A= Rhc (XL — 1)
12 L

ni=3, nz=infinity,

A=9/R
=8204 A
1 (Ze)(2e) 1 (Ze)(e) 1
= = —» =—
5 Ka™ sme,  dy &EKP ame,  dg EKP 2 Exq
3. Solution : R2/Ro =4 ag/a, -4:1
4. Solution : (i) Negative sign shows that electron is bound with the nucleus by electrostatic Force
(i) E,=-— n—z'eV& For ground state n =1 and for first excited state n =2
5. Solution
For H, line, n,=2 and n,=3
opll_Lloplr_i|o3B 236 3%  _ 0
=7 =R [22 32] =R [4 17362 =58 “sx1osxio - 09904

6. (Hint: for shortest wavelength of Balmer series ni = oo, nf =2)
Answer: Wavelength = 4x107 m
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7. Answer: 970x1071% m, It lies in the ultra-violet region.

QUESTIONS : (03 MARKS)
Q.1:- Write two important limitations of Rutherford model which could not explain the observed features of
atomic spectra. How were these explained in Bohr’s model of hydrogen atom? Use the Rydberg formula to
calculate the wavelength of the Ha line.
(Take R=1.1 x 107 m~1).
Q2 :- Calculate the shortest wavelength in the Balmer series of hydrogen atom. In which region (infra-red,

visible, ultraviolet) of hydrogen spectrum does this wavelength lie?
2

Q.3:- Show that the radius of the orbit in hydrogen atom varies as n“, where n is the principal quantum number
of the atom.

Q.4:-An a-particle moving with initial kinetic energy K towards a nucleus of atomic number z approaches a
distance ‘d’ at which it reverses its direction. Obtain the expression for the distance of closest approach ‘d’ in
terms of the kinetic energy of a-particle K.

Q.5:- Using Rutherford model of the atom, derive the expression for the total energy of the electron in hydrogen
atom. What is the significance of total negative energy possessed by the electron?

Q.6. A hydrogen atom initially in the ground state absorbs a photon which excites it to the n- 4 level. Determine

the wavelength of the photon.

(1) The radius of innermost electron orbit of a hydrogen atom is 5.3 x 10~ m. Determine its radius in n = 4
orbit.
Q7. (1) In hydrogen atom, an electron undergoes transition from 2nd excited state to the first excited state and
then to the ground state. Identify the spectral series to which these transitions belong.
(i1) Find out the ratio of the wavelengths of the emitted radiations in the two cases.
SOLUTIONS FOR 3MARKS QUESTIONS

1. Limitations of Rutherford Model : (i) Electrons moving in a circular orbit around the nucleus would get,
accelerated, therefore it would spiral into the nucleus, as it looses its energy. (ii) It must emit a continuous
spectrum.
Explanation according to Bohr’s model of hydrogen atom :
(i1) Electron in an atom can revolve in certain stable orbits without the emission of radiant energy. (ii) Energy
is released/absorbed only, when an electron jumps from one stable orbit to another stable orbit. This results in
a discrete spectrum. Wavelength of Hg, line :
Ha line is formed when an electron jumps from n¢ = 3 to n; =2 orbit. It is the Balmer series
After calculations A = 65.3 nm
2. In Balmer series, an electron jumps from higher orbits to the second stationary orbit
(nf = 2). Thus for this series : L = 4/R = 3646 A
3. Answer: When an electron moves around hydrogen nucleus, the electrostatic force between electron
and hydrogen nucleus provides necessary centripetal force.
Also we know from Bohr’s postulate, mv?*/r = (1/4 ng ) e/ 1*
mvr=nh/21  or m?v’? =n’h*/4n’
from both equations r = (n*h*4n’m e?)x 4 m¢o therefore r o n?
4. At the distance d, the KE (K) gets converted into PE (P) of the system.
Therefore PE at distance (d) = (1/4 mey )2e x Ze)/d = (1/4 e )2Ze*/d=K
Therefore d=(1/4 ey ) 2Ze*/K
5. Expression for total energy of electron in H-atom using Rutherford model : As per Rutherford model of
atom, centripetal force (Fc¢) required to keep electron revolving in orbit is provided by the electrostatic force
(Fe) of attraction between the revolving electron and nucleus.
The negative sign indicates that the revolving electron is bound to the positive nucleus.

Fc=F.

mvir=ee/dme or* so, r=e’/4me omv?
-
130
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KE="%mv?=¢%8me or
PE=c(-e)/4meor= e*/4meor
TE=KE+PE=-¢%8me or
6. Energy of the ground state =-13.6 eV
Energy of (n=4) state =-13.6/16 eV
Therefore energy of photon absorbed E =he/A=12.75x 1.6 x 107
A=hc/(12.75x 1.6 x 10"") =97 nm
Radius of (n=4) orbit = (4)* x (5.3 x 10 ")m =848 A’
7

() np=2, n;=3 Balmer series
n; =2, n,=1 Lyman series

n=3

Balmer Series

n=2

Lyman Series
n=1

” 1 1 1 1 1 5
it) — =R|l——-——7| =R|l—— —|=—R
D8 vt bt AR Ee R

--where[ 3, is the wavelength for Balmer series.
A, is the wavelength for Lyman series.

CASE BASED QUESTIONS
1. The spectral series of hydrogen atom were accounted for by Bohr using the relation
where, R=Rydberg constant = 1.097 x 10" m'! 1 [ 1 1 ]
RH

2 2

Lyman series is obtained when an electron jumps to first orbit from any 2 = -

subsequent orbit. Similarly,
Balmer series is obtained when an electron jumps to 2™ orbit from any subsequent orbit. Paschen series is
obtained when an electron jumps to 3™ orbit from any subsequent orbit. Whereas Lyman series in U.V.
region, Balmer series is in visible region and Paschen series lies in infrared region. Series limit is obtained

Fl

1 2

when n2=co.
Q.1:- What is the ratio of minimum to maximum wavelength in Balmer series?
(a) 5:2 (b) 5:9 (c)5:8 (d)9:5
Q.2:- Which series of hydrogen spectrum can we see through naked eye?
(a) Laymen (b) Balmer Series (c) paschan  (d) none
Q.3:-What is the wavelength of first spectral line of Lyman series?
(a) 12154 (b) 5121.4 (c)2115.4 (d)4211.5
Q.4 :-What is the frequency of first spectral line of Balmer series?
(a)4.57x 10 Hz (b)5.57x 10 Hz (c)7.57x10"*Hz (d)0.57x 10'* Hz

2. Lyman series is obtained when an electron jumps to first orbit from any subsequent orbit. Similarly,
Balmer series is obtained when an electron jumps to 2" orbit from any subsequent orbit. Paschen
series is obtained when an electron jumps to 3™ orbit from any subsequent orbit. Whereas Lyman
series in U.V. region, Balmer series is in visible region and Paschen series lies in infrared region.
Series limit is obtained when n2=o0.

(i) The wavelength of first spectral line of Lyman series is

(a)1215.4 A° (b)1215.4 cm (c) 12154 m (d)1215. 4 mm
(ii) The wavelength limit of Lyman series is
(a)951.6 A° (b)511.9 A° (c)1215.4 A° (d)911.6 A°

(iii) The frequency of first spectral line of Balmer series is

(a) 1.097x 10’ Hz (b)4.57x 10" Hz  (c)4.57x10°Hz  (d)4.57x 10'®Hz
(iv) Which of the following transitions in hydrogen atom emit photon of highest frequency?

(a)n=1to n=2 (b) n=2 to n=6 (c) n=6 to n=2 (d) n=2 to n=1
-
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CHAPTER-13: NUCLEI

Syllabus:-Composition and size of nucleus, nuclear force Mass-energy relation, mass defect; binding energy
per nucleon and its variation with mass number; nuclear fission, nuclear fusion.

Nuclear volume &
Mass No.

0RR=RoALS
Ry=14x10"5m

1 Mass = Atomic No.+ No. of Neutrons.
3
i oA -

MIND MAP :

Nucleons = Protons + Neutrons
A=7+N

Nuclearforce

A A
+strong
>< OR >< +  shorfrange
7 7 +  spindependent

+ charge
independent

epulsive
|

o

i

NUCLEAR DENSITY ;
107 kg/m?,

[ndependent of mass no. and
same for all elements.
_dm
iR}

NUCLEUS

NUCLEAR FISSION: Splitting of
heavy nucleus.

U354 gl - 5sBCH1 4
3Kr*+ 3 gn! + 6 (200Mev)

NUCLEAR FUSSION: Fusing two or
more lighter nucled

H+ = H et ty

A=6l
Decreases after 4= 1200
Maximurn 108mev for Range A =300 to 4 =1200
Peak for 2Hed, 12,8016 gty indicate morestability
Moreis B, £/4 moreis stability of a nucleus,

K B.E/A s verylessfor A =8 and then increases up to \
2
3
4
5

Mass Energy Relation:

Binding, Energy: Energy equivalent to mass
defect.

B.E =AMt

E = Amct Energy & mass are inter-convertible,

Mass Defect: Difference in masses. of nucleons
- & nucleus. -1

Am= [ZMy + (A - Z)My]- [mass of 7% nucleus]

=

e

o

F
&

o
| =

-

e

Barncing emeergy par mucheon (el

=
=

m W W X

Nucleus: The small, dense region consisting of protons and neutrons at the center of an E
atom is the atomic nucleus. In every atom, the positive charge and mass are densely
concentrated at the central core of the atom, which forms its nucleus. More than 99.9%

GIST - NUCLEUS

mass of the atom is concentrated in the nucleus.

Nucleons: The nucleus of an atom consists of protons and neutrons. They are

collectively called nucleons.

L

Mass rumber (4 /

Atomic Mass Unit (amu) :The unit of mass used to express mass of an atom is called atomic mass unit.
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Atomic mass unit is defined as 1/12th of the mass of carbon (126C) atom.

1 amu or 1 u=1.660539 x10-27 kg (1) Mass of proton (mp)=1.00727 u

(2) Mass of neutron (mn)=1.00866 u  (3) Mass of electron (me) =0.000549 u Relation between amu and

MeV 1 amu=931 Mev

Composition of Nucleus

The composition of a nucleus can be described by using the following.

Atomic Number (Z) :Atomic number of an element is the number of protons present inside the nucleus of an
atom of the element.

Atomic number (Z) = Number of protons = Number of electrons (in a neutral atom)

Mass Number (A): Mass number of an element is the total number of protons and neutrons inside
the atomic nucleus of the element.

Mass number (A)= Number of protons(Z) +Number of neutrons(N)

= Number of electrons +Number of neutrons A=Z+N

Size of Nucleus: According to the scattering experiments, nuclear sizes of different elements are assumed to
be spherical, so the volume of a nucleus is directly proportional to its mass number. If R is the radius of
the nucleus having mass number A, then

R A1/3 R:RO A1/3

Where, Ry= 1.2x10 "> m is the range of nuclear size. It is also known as nuclear radius.

Nuclear Density Density of nuclear matter is the ratio of mass of nucleus and its volume. pzrn/(4/3ﬂRO3 )
=>p = 2.38x10'kg/m* where, m = average mass of one nucleon and Ro=1.2 fm =

1.2x10m =>The nuclear density (p) does not depend on A (mass number). Mass Defect The sum of the
masses of neutrons and protons forming a nucleus is more than the actual mass of the nucleus. This difference
of masses is known as mass defect.

Am=Zmp+(A-Z)mn -M  where, Z= atomic number, A= mass number, mp = mass of one proton,
mp= mass of one neutron and M= mass of nucleus.
Mass-Energy Relation Einstein's mass-energy equivalence equation is given by E = mc?, (
where E is the energy and c is the speed of light =3x10® m/s and m = mass of nucleus)
Nuclear Forces Short ranged (2-3 fm) strong attractive forces which hold protons and neutrons together in
against of Colombian repulsive forces between positively charged particle is called nuclear force. The nuclear
force between neutron-neutron, proton-neutron and proton-proton is approximately the same. The nuclear
force does not depend on the electric charge.
Nuclear Energy When nucleons form a nucleus, the mass of nucleus is slightly less than the sum of individual
masses of nucleons. This mass is stored as nuclear energy in the form of mass defect. Also, transmutation of
less stable nuclei into more tightly bound nuclei provides an excellent possibility of releasing nuclear energy.
Two distinct ways of obtaining energy from nucleus are Number of nucleons given below
The phenomenon of splitting of heavy nuclei (usually A>230) into lighter nuclei of nearly equal
masses is known as nuclear fission, e.g.

92U235 + gp! - > 56Bal?! + 36K92 +3 gnl + Q

Nuclear Fusion

The phenomenon of fusing or combining of two lighter nuclei into a single heavy nucleus is called
nuclear fusion, e.g.

I1H+1H - > 1 H?+ ¢! +v +0.42 MeV
[The energy released during nuclear fusion is known as thermonuclear energy.]
Binding Energy

The binding energy of a nucleus is defined as the minimum energy required to separate its nucleons and place
them at rest at infinite distance apart. Using Einstein's mass-energy relation, AE= (Amc?), the binding energy
of the nucleus iSAE =[Zmp + (A-Z)mn — M]c?

-
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Average Binding Energy Per Nucleon of a

=
Nucleus g us |*re | iy
. . 16 o 0o 1z
It is the average energy required to extract a nucleon £ glcg — | ey w sy
. . . . . L A T
from the nucleus to infinite distance. It is given by 7§ Heﬂ( 0
g .. £ GRLN
total binding energy divided by the mass number of g °®[J{=;
o
the nucleus. B o,
. . o
Binding energy curve: A
It is a plot of the binding energy per nucleon versus £ 2
. = 32
the mass number A for a large number of nuclei as 2 "
0 50 100 150 200 250

shown below:
Binding energy per nucleon as a function of mass L
. . The binding energy per nucleon

number :It is used to explain phenomena of nuclear as a function of mass number.

fission and fusion.

Nuclear Stability

The stability of a nucleus is determined by the value of its binding energy per nucleon. The constancy of the

binding energy in the range 30< A<170 is a consequence of the fact that the nuclear force is short-ranged.

MCQ - QUESTIONS : NUCLEI)
1.The binding energy per nucleon of a nucleus is a measure of its:
a) Stability  b) Instability c) Radioactivity ~ d) Mass defect
2. The binding energy per nucleon is maximum for nuclei with a mass number around:
a) 50 b) 100 c) 150 d) 200

3. The binding energies per nucleon for a deutron and an a- particle are x; and x; respectively. The energy Q
released in reaction1H? + 1H? — % He + Q is
(a) 4 (x1 +x2) (b) 4 (x1 —x2) (c) 2 (x1 +x2) (d) 2 (X1 —x2).

4. Let my and m, be the masses of a neutron and a proton respectively. M; and M; are the masses of a 2%;)Ne
nucleus and a **»0Ca nucleus respectively. Then
(a) My <2M; (b) M2 > 2M; (c) M2=2M; (d) M; <10 (m, + myp).

5. One requires an energy E, to remove a nucleon from a nucleus and an energy E. to remove an electron from
an atom. Then

(a) En=Ee (b)En>Ee (¢c)En<Ee (d)En.>E..

3. When the number of nucleons in nuclei increases, the binding energy per nucleon numerically
(a) increases continuously with mass number.

(b) decreases continuously with mass number. (c¢) First increases and then decreases with increase of mass
number.
(d) Remains constant with mass number.

7. Consider the fission reaction : 2*%9U — x"'7 + Y7 + on' + ¢nli.e., two nuclei of same mass numbers 117
are formed plus two neutrons. The binding energy per nuclear of X and Y is 8.5 MeV whereas U>*® is 7.6
MeV. The total energy liberated will be about:

(a) 2 MeV (b) 20 MeV  (c) 2,000 MeV (d) 200 MeV

8. Fusion takes place at high temperature because:

(a) Atom are ionised at high temperature

(b) Molecules break up at high temperature

(c¢) Nuclei break up at high temp.

(d) Kinetic energy is high enough to overcome repulsion between nuclei

9. The binding energy per nucleon for the parent nucleus is E1 and that for the daughter nuclei is E2. Then
(a) E1 > E2 (b) E2>El1 (c) E1 =2E2 (d) E2 =2El

Mass number (A)
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ANSWERS MCQ

1. Ans : a Explanation : Binding energy per nucleon refers to the average energy that holds a nucleus
together, calculated by dividing the total binding energy of the nucleus by the number of nucleons
(protons and neutrons) it contains.

2. Ans : b Explanation : Excluding the lighter nuclei, the average binding energy per nucleon is about 8
MeV. The maximum binding energy per nucleon occurs at around mass number A = 50, and corresponds
to the most stable nuclei.

3. Answer: (b) 4 (x1 —x2)

Explanation : Number of nucleon on reactant side = 4 Binding energy for one nucleon = x1 Binding energy
for 4 nucleons = 4x1 Similarly on product side binding energy = 4x2 Now, Q = change in binding energy
=4(x1 — x2).

4. Answer: (a) Explanation : it is found that the mass defect increases with increase in mass number So,
20(my + mp) —Mz > 10 (mp + my) — My

Or 10(m, tmp) > (M2-M))

Or M; +10 (m, + mp) > M>

i.e. M2 <M +10 (my + mp) but M; <10 (m, + mp) ~M2<2M;

5. Answer: (b) E, > Ec Explanation : the work function for nuleon is much greater than the electron.

6. Answer: (c) First increases and then decreases with increase of mass number.

7. Answer: (d) 200 MeV Explanation : The total energy liberated will be the difference between the binding
energy of two sides. Binding energy of nucleus =236x7.6MelV

Binding energy of product =117x8.+117x8.5 =2x117x8.5

Hence, net binding energy = Binding energy of product - Binding energy of nucleus

=234x8.5-234x7.6 =1989-1793.6=195.4MeV =200MeV

Thus, in per fission of uranium nearly 200Mel energy is released

8.Answer (d) Kinetic energy is high enough to overcome repulsion between nuclei

Explanation: This happens because at high temperature, there is enough kinetic energy to overcome the
repulsion and the strong interaction pulling the protons together is stronger than repulsion pushing the
protons apart, the atoms will fuse together forming a new atom containing protons of both atoms we
pushed together.

9.Answer : (b) E2 > El

Explanation: When a heavy nucleus of higher mass number (less stable) splits into two lighter nuclei the
daughter nucleus is of less mass number and becomes more stable, having more binding energy per
nucleon. Therefore, E2 > El

ASSERTION AND REASONING : NUCLEI

Directions: These questions consist of two statements; each printed as Assertion and Reason. While answering
these questions, you are required to choose any one of the following four responses.

(a) If both Assertion and Reason are correct and the Reason is a correct explanation of the Assertion.

(b) If both Assertion and Reason are correct but Reason is not a correct explanation of the Assertion.

(c) If the Assertion is correct but Reason is incorrect.

(d) If both the Assertion and Reason are incorrect.

1. Assertion (A): The mass of a nucleus is less than the sum of the masses of its constituent protons and
neutrons.

Reason (R): The mass defect is converted into binding energy, which holds the nucleus together.

2. Assertion (A): The binding energy per nucleon is a measure of the unstability of a nucleus.
Reason (R): A higher binding energy per nucleon means the nucleons are not tightly bound and the
nucleus is more stable.

3. Assertion (A): Heavy nuclei tend to be unstable and undergo radioactive decay.
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Reason (R): In heavy nuclei, the repulsive electrostatic forces between protons are sufficiently balanced
by the attractive nuclear forces.

4. Assertion (A): Nuclear fission is accompanied by the release of a large amount of energy.
Reason (R): The binding energy per nucleon of the fission fragments is greater than that of the original
nucleus.

5. Assertion(A): Nuclear fusion requires extremely high temperatures.
Reason (R): High temperatures provide the necessary kinetic energy to overcome the electrostatic
repulsion between nuclei.

6. Assertion (A): The mass number of a nucleus is the sum of the number of protons and neutrons.
Reason (R): Protons and neutrons are the nucleons that make up the nucleus.

7. Assertion(A): Distance of closest approach of a-particle to the nucleus is always greater than the
size of the nucleus.

Reason(R): Strong nuclear repulsion does not allow a-particle to reach the surface of nucleus

ANSWERS FOR ASSERTION AND REASONING.
1. Answer: (a) Explanation : Both A and R are true and R is the correct explanation of A
2. Answer: (d) Both A and R are false, Explanation : The binding energy per nucleon is a measure of the
stability of a nucleus. A higher binding energy per nucleon means the nucleons are more tightly bound and
the nucleus is more stable.
3. Answer: (c), Explanation : In heavy nuclei, the repulsive electrostatic forces between protons are not
sufficiently balanced by the attractive nuclear forces.
4. Answer: (a), Explanation : Both A and R are true and R is the correct explanation of A.
5. Answer: (a), Explanation : Both A and R are true and R is the correct explanation of A.
6. Answer: (a), Explanation : Both A and R are true and R is the correct explanation of A.
7. Answer : (a) Explanation : Both A and R are true and R is the correct explanation of A.

CASE BASED QUESTIONS (NUCLEI)

1. Einstein was the first to establish the equivalence between mass and energy. According to him,
whenever a certain mass (Am) disappears in some process the amount of energy released is E = Am
c¢?, where c is the velocity of light in vacuum =3 x 10® m/s. The reverse is also true i.e. whenever
energy E disappears an equivalent mass Am = E/ ¢? appears.
1) What is the energy released when 1a.m.u mass disappears in a nuclear reaction?

a) 1.49x101°7  b) 1.49x10 7 Jc) 1.49x10 1] d) 1.49 x10 1O MJ
11) Which of the following process releases energy?
a) Nuclear Fission b)Nuclear Fusion c)Both (a) and (b) d)None
111) Which process is used in today’s nuclear power plant to harness nuclear energy?
a) Nuclear Fission b)Nuclear Fusion c)Both (a) and (b) d)None
1v) Which process releases energy in Atom Bomb?
a) Nuclear Fission b)Nuclear Fusion c)Both (a) and (b) d)None
OR
Which of the following is used as Moderator in a Nuclear Reactor?
(a) Deuterium Water b)Normal Water c)Mineral Water d)Soft water
ANS: 1(a) 2(c) 3(a) 4(a) or4(a)

2. Neutrons and protons are identical particle in the sense that their masses are nearly the same and
they are bounded with the force, called nuclear force. Nuclear force is the strongest force.
Stability of nucleus is determined by binding energy per nucleon or the neutron proton ratio or
packing fraction. Density of nucleus independent on the mass number. Whole mass of the atom
(nearly99%) is present at the nucleus
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(1) The force between a neutron and a proton inside the nucleus is

(a) Only nuclear attractive (b)Only Coulomb force
(c) Both of the above (d)None of these
(i1) Outside a nucleus
(a)Neutron is stable (b)Proton and neutron both are stable
(c) Neutron is unstable (d)Neither neutron nor proton is stable

(iii)  Nuclear force is
(a)Short range and charge dependent (b)Short range and charge independent
(c) Long range and charge independent (d) Long range like electrostatic type
(iv) If Fpp, Fpm and Fyy, are the magnitudes of net force between proton-proton, proton-neutron and

neutron-neutron respectively, then
(a.) Fpp=Fpn=Fnn (b) Fpp <Fpn<Fnn (c) Fpp > Fpn>Fnn (d)Fpp =Fpn <Fnn

ANSWER : (i) (@) (i) (d) (i) (b) (iv) (2)

SHORT ANSWER (02 MARKS)
1. What is mass defect of a nucleus? Express it mathematically. What light does it throw on the binding energy
of nucleus?
2. Calculate the energy release in MeV in the deuterium fusion reaction
1H? + 1H? 2He* +n , Using the following data
m(1H?=2 014102 u, m(1H?)=3 016049 u, m(2H*=4 002603 u, mn=1 008665 . u 1u=931.5MeV
3. A nucleus with mass number, A =240 and BE /A =7. 6 MeV breaks into two fragments each of A =120
with BE /A = 8. 5 MeV Calculate the released energy.
4. What do you mean by binding energy of nucleus? Obtain an expression for binding energy. How binding
energy per nucleon explains the stability of nucleus?
5. Obtain the binding energy (in MeV) of a nitrogen nucleus (7N'* ) given m (7N'*) =14.00307u
6. Draw the graph showing the variation of binding energy per nucleon with mass number. What inference
you get from this graph. Also explain the importance of binding energy curve.
. (1) How is the size of a nucleus found experimentally? Write the relation between the radius and mass
number of a nucleus.
(i1) Prove that the density of a nucleus independent of its mass number.
ANSWERS :
1. This missing mass is known as the 'mass defect' and it accounts for the energy released. The mass
defect (AM) can be calculated by subtracting the original atomic mass (MA) from the sum of the
mass of protons (mp= 1.00728 amu) and neutrons (mn= 1.00867 amu) present in the nucleus.

~

2. In this reaction total mass of reactant is=5.030151 amu and total mass of product is 5.011268 ,so
mass defect is 0.018883 amu so total energy released will be 0.018883x931.5=17.5895245 Mev’

3. Since the nucleus as a mass number A = 240 and binding energy for nucleon is 7.6 MeV. Its total binding
energy is E1 =240 X 7.6 = 1824 MeV. As both fragments of mass number A = 120 as a binding energy
for nucleon of 8.5 MeV, so total energy of fragments is E2 =2 X 120 X 8.5 = 2040 MeV. Therefore energy
released is = 2040 — 1824 =216 MeV.

4. The energy evolve during formation of nucleus due to mass defect is called binding energy. Mass
defect=(Zmp+(Z-A)mn-mN(zX*)) ,Binding energy =mass defectx931.5MeV
Larger the binding energy per nucleon, the greater the work that must be done to remove the nucleon
from the nucleus, the more stable the nucleus.

5. Nitrogen has 7 proton and 7 neutron so total mass of proton and neutron

=7X1.00727647+7X1.0087 =14.11183539 ,mass defect will be=14.11183539-14.00307 = 0.10876529,s0
. |
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binding energy will be 0.010876529x931.5=101.314867635 MeV.
6. Correct graph and importance of curve
7. Description of closest approach, relation and proof.

LONG ANSWER QUESTIONS 3 MARKS
1. (i) Why is the binding energy per nucleon found to be constant for nuclei in the range of mass number (A)
lying between 30 and 1707 (ii) When a heavy nucleus with mass number A = 240 breaks into two nuclei,
A = 120, energy is released in’ the process. (iii) In B-decay, the experimental detection of neutrinos (or
antineutrinos) is found to be extremely difficult.
2. (a) In a typical nuclear reaction, e.g.

2H+ JH—> jHe +n + 3.27 MeV

although number of nucleons is conserved, energy is released. How? Explain.
(b) Show that nuclear density in a given nucleus is independent of mass number A.

3. Draw a plot of potential energy of a pair of nucleons as a function of their separations. Mark the regions
where the nuclear force is (i) attractive and (ii) repulsive. Write any two characteristic features of nuclear
forces.

4. (1) What characteristic property of nuclear force explains the constancy of binding energy per nucleon
(BE/A) in the range of mass number ‘A’ lying 30 < A <170?

(i1) Show that the density of nucleus over a wide range of nuclei is constant- independent of mass number
A.

5.. Using the curve for the binding energy per nucleon as a function of mass number A, state clearly how
the release of energy in the processes of nuclear fission and nuclear fusion can be explained.

1. Answer: (i) Nuclear forces are short ranged. For a particular nucleon inside a sufficiently large nucleus
will be under the influence of some of its neighbours which come within the range of the nuclear force.
The property that a given nucleon influences only nucleons close to it is also referred to as saturation
property of the nuclear force.

(i1) The binding energy per nucleon of the parent nucleus is less than those of the two daughter nuclei. It
is this increased binding energy that gets released in this process.

(111) Neutrinos are chargeless and massless particles, whose interaction with other particles is almost
negligible. Hence, they can pass through very large quantity of matter without getting detected.

2. Answer: (a) In all types of nuclear reactions, the law of conservation of nucleons is followed. But during
the reaction, the mass of the final product is found to be slightly less than the sum of the masses of the
reactant components. This difference in mass of a nucleus and its constituents is called mass defect. So,
as per mass energy relation E = (AM)c?, energy is released. In the given reaction the sum of the masses
of two deutrons is more than the mass of helium and neutron. Energy equivalent of mass defect is
released.

(b) Nuclear density =

Mass of nucleus _ mA
Volum 4 R3

. (111 = mass of each nucleon)
As R =RA' where R, = 1.2 X 10" m.

Nuclear density = SmA_ _3m

4TRJA  4nR]
re. independent of Mass Number A
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3. Answer: The graph indicates that the attractive force between the

two nucleons is strongest at a separation ro = 1 fm. For a
separation greater than the force is attractive and for separation
less than 1o, the force is strongly repulsive.

200
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=100
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Two characteristic features of nuclear forces :1. Strongest interaction 2. Short-range force

3. Charge independent character (any two)

4. Answer:(1) Saturation is the Short range nature of nuclear forces

(i1) Let A be the mass number and R be the radius of a nucleus If m is the average mass of a nucleon, then

Mass of nucleus = mA
Volume of nucleus = 4/3 n R?
=4/3  (RoA'?)’ = 4/3 n R°A
Therefore nuclear density = mass of nucleus / volume of nucleus
mA/(4/3 1 Re*A) = 3m/(4n R¢?)

clearly , nuclear density is independent of mass number A of the size of nucleus.

5. Answer: 1. Nuclear fission : Binding energy per g |,
nucleon is smaller for heavier nuclei than the % Lugl?s e | ™Mo = W
middle ones i.e. heavier nuclei are less stable. g S‘HG(F’[O T
When a heavier nucleus splits into the lighter g 6 R& “LN
nuclei, the B.E./nucleon changes (increases) from é i
about 7.6 MeV to 8.4 MeV. Greater binding g
energy of the product nuclei results in the ;‘:" 2 1
liberation of energy. This is what happens in T °H
nuclear fission which is the basis of the atom " % 50 100 150 200
bomb. Mass number (4)

250

2. Nuclear fusion : The binding energy per nucleon is small for light nuclei, i.e., they are less stable. So
when two light nuclei combine to form a heavier nucleus, the higher binding energy per nucleon of the

latter results in the release of energy.
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CHAPTER-14: SEMICONDUCTOR ELECTRONICS
Syllabus:- Materials, Devices and Simple Circuits Energy bands in conductors, E;E'-'HE

semiconductors and insulators (qualitative ideas only) Intrinsic and extrinsic A
semiconductors- p and n type, p-n junction Semiconductor diode - I-V characteristics in
forward and reverse bias, application of junction diode -diode as a rectifier.
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GIST OF CHAPTER

Semiconductor Electronics were discovered as a part of experiments in the 1930s. E ;El- oy E
This led to the realization that certain solid-state semiconductors and their junctions .
had the capacity to control the number and direction of flow of charge carriers
through them.
A semiconductor is a type of material whose resistivity is between a conductor E .
(silver, copper, etc.) and insulator (glass, diamond) which is
p=10°- 105 Q-m

Insulators, conductors and semiconductors can be differentiated based on their energy bands.

» Metals:- In metals, the valence and conduction band lie very close to each other and sometimes even

overlap which allows free movement of electrons.

" Overlapping
@ %-‘b / conduction band
'gc- Conduction E [Eg = 0)
E E. band o
=
=t E,
g E E Ei
5 Valence .q:'_: c Valence
= band 2 band

» Insulators:- In case of insulators, the conduction band and valence band is separated by a large gap
which discourages movement of electrons.

/Empty
E. conduction
g ¢ 1 band
» Semiconductors:- The energy band gap is smaller in 2
. . 3 E >3eV
semiconductors which encourages some electrons to g a
enter the conduction band by crossing the gap. g
Ee-Si=1.1eV EgGe=0.74eV 2 | Ev ‘
% Valence
band
0
& .
A
8 E,<3eV
5 |
s Ey
o
2
|r.1d‘

Types of Semiconductors
Semiconductors are classified into two types based on the number of electrons and holes.

e Intrinsic
e Extrinsic
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Intrinsic or Pure Semiconductor:
Intrinsic semiconductors are free from impurities. Examples: Germanium and silicon
e for Pure Si (Z=14) and for Pure Ge (Z=32). Covalent Bond
Both have 4 valence electrons.
e All 4 valence electrons are involved in
covalent bond formation in Si or Ge crystal.
e It has an equal number of holes and free
electrons.
Thus, ne = nnh = ni
Here, ni = intrinsic carrier concentration, ne =
number of electrons, nn = number of holes
Extrinsic or impure Semiconductor:
The electrical conductivity of intrinsic (pure)
semiconductor is dependent on its temperature. However, at room temperature, its conductivity is very
poor.
e The addition of certain impurities (very small amount-in part per million ppm) can increase the
conductivity of the intrinsic (natural) semiconductors.

Valence electrons

Broken Covalent Bond

Free electron ( -)
o |Hole (+)

e The process of addition of impurity is called doping and the impurity atoms are called dopants.
e The impure semiconductor thus formed is called a “doped” semiconductor or Extrinsic
Semiconductor.

An Extrinsic Semiconductor can be of two types based on the type of doping.

» n-type semiconductor doped T e P
with Pentavalent impurity
atom. Examples include
Phosphorus (P), Antimony (Sb),
Arsenic (As).

Here ne >> nn , that is the number
of electrons is greater than the
number of holes.

> p-type semiconductor doped
with Trivalent impurities
atom. Examples include Boron (B), Aluminium (Al), Indium (In).

Here nn>> ne, that is the number of holes

is greater than the number of electrons. |- \e/ _i o\ CB
The electron and hole concentration in a --f/‘:-—: ‘:-_:- :

Donor level

semiconductor in thermal equilibrium

is given by n.. np=-n? il (- .Eﬁ@ﬂ.e_\f____lo 5 o
P-N Junction ae/
— Taa VB

By Considering a thin p-type silicon (p-Si)
semiconductor wafer and adding precisely,
a small quantity of pentavalent impurity,
part of the p-Si wafer can be converted
into n-Si. The wafer now contains p-region and n-region and a metallurgical junction between p-, and n-
region.

Two important processes occur during the formation of a p-n junction are diffusion and drift.

Acceptor level
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Initially, diffusion current is large and drift current is small. As the ~ <— Electron diffusion
diffusion process continues, the space- charge regions on either ~ Flectron drift —

side of the junction extend, thus increasing the electric field gggg
strength and hence drift current. This process continues until the P gggg n
diffusion current equals the drift current. ooed

{ «— Depletion region
Hole diffusion —
<— Hole drift

Semiconductor Diode
A semiconductor diode is basically a p-n junction

0000 \
with metallic contacts provided at the ends for the P % A \ N D&
application of an external voltage. It is a two- Metalie A “Wetallic \ \ S
. . contact Depletion contact
terminal device. layer
Symbol- :
|
. . Ik
» When an external voltage V is applied across a Il
semiconductor diode such that p-side is connected to the —>|Wie—
positive terminal of the battery and n-side to the negative o
terminal , it is said to be forward biased. In forward bias, it P s n

offers very low resistance.

» When an external voltage (V) is applied across the diode such that n-side is positive and p-side is
negative, it is said to be reverse biased. In reverse bias, it offers very high resistance.

» The ratio of forward biased to reverse biased resistance for p-n { | I

junction diode is 107*:1.

Characteristic curve study for p-n junction diode in forward and reverse bias:-

I (maA)
£ o\Voltmeter(V) 7 Voltmeter(V)
\C/ \/_‘/ 100 —
80 —
™~y B _|
{1 LI 60
P n P n 40 —j
L o 100 80 60 40 30 |
Milliammeter Microammeter o 0.2 040608 1.0~ vV
(mA) (kA -
74 ‘ Switch w | ‘ Switch
1
4 " o - ‘& ra)

Application of Junction Diode as a Rectifier
An electrical device that converts alternating current into direct current with the help of a diode is
called a Rectifier. There are two types of rectifiers:

1. Half-Wave Rectifier 2. Full-Wave Rectifier
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Half Wave Rectifier
A half-wave rectifier is defined as a type of rectifier that >
only allows the one-half cycle of an AC voltage and gives
the pulsating DC voltage.
There is only one diode in the half-wave rectifier, which
helps to rectify the AC voltage to DC voltage.
The average value of output direct current in a half wave
rectifier is lo/m.

+

0003

Re No output

= T

0000

JeiN:

Full Wave Rectifier
Full-wave rectifiers have two diodes where the first diode will conduct in the positive half cycle and
other diode will conduct in the negative half cycle. It will give full pulsating DC.

The average value of output direct current in a full wave
rectifier is 2lo/m

The sinusoidal wave is complete and with the help of the A A
capacitor or inductor we can filter and convert pulsating DC
into constant DC.
Application of Full Wave Rectifier and Half Wave Rectifier
-V V

The use of a half-wave rectifier can help us achieve the desired
dc voltage by using step-
down or step-up transformers. Moreover, to power up the

motor and LED that works on DC voltage, full wave rectifiers |\ A\ g LYV AVAYAVAN

are used.

MULTIPLE CHOICE QUESTIONS
1. Carbon, silicon and Germanium have four valence electrons each. At room temperature which one of the
following statements is most appropriate ?
(a) The number of free electrons for conduction is significant only in Si and Ge but small in C.
(b) The number of free conduction electrons is significant in C but small in Si and Ge.
(c) The number of free conduction electrons is negligibly small in all the three.
(d) The number of free electrons for conduction is significant in all the three.
2. Inthe energy band diagram of a semiconductor, if more charge carriers are seen near valence band. It would
be
(a) an intrinsic semiconductor (b) a metal may be n-type or p-type semiconductor
(c) an n-type semiconductor (d) a p-type semiconductor
3. The peak voltage in the output of a half wave diode rectifier fed with a sinusoidal signal without filter is
10 V. The d.c. component of the output voltage is

(a) 102 V (b) 10/x V () 10V (d) 20/ V
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PRNANE BN

In which case is the junction diode forward biased.

12V -2V =25V
(@) +6V H + ®) H
- \
© ov D-d"] 2V d) 2V DI 0

Assuming that the junction diode is ideal, and resistor has resistance of 200 Q. The current in the
arrangement shown here will be:

3V [ 1 1V
(2) 2 mA (b) 30 mA (¢) 20 mA (d) 10 mA

Which of following statements is not true?

(a) Resistance of an intrinsic semiconductor decreases with increase in temperature.

(b) Doping pure Si with trivalent impurities gives p-type semiconductor.

(c) The majority carriers in n-type semiconductor are holes.

(d) A p-n junction can act as semiconductor diode.

Choose the correct circuit which can achieve the bridge balance (forward resistance of diode is 10 ohm)

It {-)

(a) ek () (d)

A student wants to identify diode from a mixed collection of diodes, resistors, inductors, switch, thyristors,

bulb etc using a multimeter. choose the correct statement out of the following about the diode :

(a) It is two terminal device which conducts current in both directions.

(b) It is two terminal device which conducts current in one direction only.

(c) It does not conduct current gives an initial deflection which decays to zero.

(d) It is three terminal device which conducts current in the direction only between central terminal and
either of the remaining two terminals.

ANSWERS:
(a) Si and Ge are semiconductors, but C is an insulator. In Si and Ge at room temperature, the energy band
gap is low due to which electrons in the covalent bonds gains kinetic energy and break the bond and move
to conduction band. As a result, hole is created in valence band. So, the number of free electrons is
significant in Si and Ge

(d)
(d) 5 Vd,c,: Vavg: VOX 2/7[ = 20 / T V
(b) -2V >-2.5V

(d) 10 mA, ideal diode has zero resistance when forward biased.
(c) The majority carriers in n-type semiconductor are holes.
(a) In balanced bridge, Galvanometer will show zero result. Condition- P/Q =R/S

(b)

ASSERTION- REASON BASED QUESTIONS

For these Questions two statements are given one labelled Assertion (A) and other labelled Reason (R).
Select the correct answer to these questions from the options as given below

A. If both Assertion and Reason are true and Reason is correct explanation of Assertion.
B. Ifboth Assertion and Reason are true but Reason is not the correct explanation of Assertion.
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C. If Assertion is true but Reason is false.
D. If both Assertion and Reason are false.

1. Assertion (A): As the temperature of a semiconductor increases, its resistance decreases.
Reason (R): The energy gap between conduction band and valence band is > 3eV in semiconductor.
2. Assertion (A): The resistivity of a semiconductor increases with temperature.
Reason (R): The atoms of a semiconductor vibrate with larger amplitude at higher temperature there by
increasing it's resistivity.
3. Assertion(A): Semiconductors are used to build digital logic circuits.
Reason(R): They cannot easily switch between high and low voltage states.
4. Assertion(A): In digital electronics, we prefer Integrated circuits or diodes etc made up of Silicon over
Germanium.
Reason(R): Silicon has better thermal stability.
5. Assertion(A): In an intrinsic semiconductor, the Fermi level lies midway between conduction and
valence bands.
Reason(R): There are more electrons than holes in an intrinsic semiconductor.
6. Assertion(A): The band gap of Germanium is higher than that of silicon.
Reason(R): Germanium has higher resistivity than silicon.
ANSWERS
1. C, Explanation: As temperature rises, the electrons of valence band sufficient energy and jump to
conduction band. Thus, the resistivity decreases. So assertion is true. In semiconductors the energy gap
between conduction band and valence band is small.
2. D, Explanation: Resistivity of semiconductors decreases with temperature. So, assertion is false. Electrons
from valence band jumps to conduction band with rise of temperature and hence the resistivity decreases.
Hence, the reason is also false.
C, Explanation: Fast switching makes semiconductors ideal for logic.
A, Explanation: Silicon handles higher temperatures effectively.
C, Explanation: Reason is false; intrinsic semiconductors have equal electrons and holes.
D, Explanation: Both statements are false.

S hW

VERY-SHORT ANSWER QUESTIONS
1. In a p-n junction, width of depletion region is 300 nm and electric field of 7x10° V/m exists in it.
(1) Find the height of potential barrier.
(i1) What should be the minimum kinetic energy of a conduction electron which can diffuse from the n-side
to the p-side?
Answer:- (i) V=E.d=7x10° x300x107° =0.21V
(1) Kinetic energy =eV =0.21 eV
2. The diagram shows a piece of pure semiconductor ’S’ in series with variable ———

resistor R and a source of constant voltage V. Would you increase or decrease v S

the value of R to keep the reading of ammeter (A) constant when semiconductor (3)

‘S’ is cooled ? Give one reason. A
{Answer- Decrease the value of R W

Reason : on cooling, conductivity of the semiconductor decreases}
3. When a diode is forward biased, it has a voltage drop of 0.5V. The safe limit 05V R

of current through the diode is 10mA. If a battery of emf 1.5V is used in the >
circuit, the value of minimum resistance to be connected in series with the 10 mA#4
diode so that the current does not exceed the safe limit will be? I
Answer- Applying Kirchhoff’s voltage law 15V
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1.5-0.5-Rx10x10-3=0
~R=100Q

4. Both the diodes used in the circuit shown are assumed to be ideal and have A
negligible resistance when these are forward biased. Built in potential in
each diode is 0.7 V. For the input voltages shown in the figure, the voltage V., =127V 4V
(in Volts) at point A is

Answer- Right hand diode is reversed biased and left-hand diode is forward
biased. Hence Voltage at ‘A’ Vo =12.7 - 0.7 = 12 volt

5. In the following circuit diagram, is the junction diode forward biased or reverse biased ?
™~
L1

-10V

(1) g (11) (111) 10V

+7V

<'

+
o,
<
o l'a \A'A —d
-
<+

S5V

(iv) v)
{Answer- (i) reverse bias (ii) reverse bias (iii) Forward bias (iv) forward bias (v) forward bias
6. Draw and explain the output wave forms across the load resistor R, if the

input waveform is as shown in the figure.
{Answer:-since the diode will be forward biased during the first half only, J]_’A

so in 2" half of input signal there will be no output.

20 Dz
AR b
7. The circuit shown in the figure has two oppositely connected ideal diodes
connected in parallel. Find the current flowing through each diode in the 2, N
circuit.
{Answer:- through D1, I=0, through D2, [ = = 24} AW = IJ

SHORT-ANSWER OUESTIONS

1. Three samples are given to you. One is Copper, 2™ is Germanium, 3rd is Glass. Identify them as a
conductor, an insulator or a semiconductor. Distinguish them on the basis of energy band diagrams.

{Answer:- 1% is a Conductor, 2" is a semiconductor, 3™ is an insulator

(a). Conductors (Metals) :

In conductors either conduction and valence band partly overlap each other or the conduction

band is partially filled. Forbidden energy gap does not exist (This makes a large number of free electrons
available for electrical conduction. So, the metals have high conductivity.

(b). Semiconductors :

In semiconductors, the conduction band is empty, and valance band is totally filled Eg is quite small (3 eV).

At OK, electrons are not able to cross this energy gap, and the semiconductor behaves as an insulator. But at
room temperature, some electrons are able to jump to conduction band and semiconductor acquires small
conductivity

(¢). Insulators

In insulators, conduction band is empty and valance band is totally filled. E is very large (=6 eV). It is not
possible to give such large amount of energy to electrons by any means. Hence conduction band remains
total empty, and the crystal remains as an insulator.
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(a) Conductors(Metals)

Ev

(b) Semiconductors

Valence
band

(¢) Insulators

2. A pure sample of Ge with another Ge sample which is doped with an
impurity of 13" or 15" group elements with impurity concentration 1 in million. Identify and compare the
properties of both samples formed.

{Answer- One is intrinsic , 2" one is extrinsic.

Intrinsic Semiconductor Extrinsic Semiconductor
1. It is apure semiconductor. 1. It is a semiconductor with added impurity.
2. n,=ny 2.n, # Ny
3. Low conductivity at room temperature |3. High conductivity at room temperature
4. Its electrical conductivity depends on the 4. Its electrical conductivity depends on temperature
temperature only. and the amount of doping.

3. A sample of Si doped with trivalent impurity and another Si sample which is doped with pentavalent
impurity (each with impurity concentration 1 in million).

{Answer- First is p-type extrinsic semiconductor, 2" one is n-type extrinsic semiconductor.

4. A student wants to produce 12 V d.c. from 220 V, 50 Hz a.c. signal. Firstly, he steps down the voltage from
220V a.c. to 12 V a.c. using a transformer and to convert 12 V a.c. to 12 V d.c. he uses a semiconductor
device which will produce an output frequency of 100Hz. Identify that semiconductor device. Explain its
underlying working principle and working with help of a circuit diagram. Depict the input and output wave
forms.

{Answer:- Device is Full wave rectifier.
Working Principle- a diode offers low resistance when forward biased and high resistance when reversed
biased.

During the positive half cycle of a.c. input signal, diode D1 gets forward biased and conducts while D2 being
reverse biased does not conducts. Hence, there is a current in Rr. due to diode D1 and we get an output
voltage.

During the negative half cycle of ac input signal, diode D gets reverse biased and does not conduct while
D> being forward biased conducts. Hence, now there is a current in Rr. due to diode D> and again we get an
output voltage.

Thus, we get output voltage for complete cycle of a.c. input signal in the same direction.
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5. Suppose a pure Si crystal has 5 x 10?® atoms m™. It is doped by 1ppm concentration of As. Calculate the
number of electrons and holes. Given that ni= 1.5x10'® m?. Is the doped crystal n-type or p-type?
{Answer:- Here n; = 1.5x10'¢ m™
Doping concentration of As atoms = 1 ppm= 1 part per million
~ Number density of pentavalent As atoms,
5x 1028
Np = 106
Now, the thermally generated electrons are negligibly small as compared to those produced by doping, so
ne ~ Np =5 x 10?2 atoms m™
Also, nenp-ni

n? _ 1.5x10%% x1.5x 1016

SNy = — =
h = ., 5 x 1022

Since the impurity is pentavalent, the doped crystal is n-type.

=5 x 10*? atoms m™

=4.5%x10° m?

6. The V-I characteristic of a silicon diode is given in fig. below. A Ge-diode . ..
Calculate the diode resistance in : (a) forward bias at V=12 V PO - ,7‘“: .
and V=+1 V, and (b) reverse bias V=-1 Vand -2 V. %g o :'-"";,'" AV
Answer:- (a) the forward bias diode resistance is given by g s NN
Ty = i—‘: , where AV and Al are the small changes in voltage and V(Reversebias) 10I” 22
< -3 -2 -1 2z 11 Ao -
current near the desired voltages. T : sl \ T 2 Val:
(at + 20) (2.2 -1.8)V 0.4V 200 : o V(Forward bias)
= = = X Cut-in voltage
A (80 —60)ymA 20 x 102 A N\ P
Breakdown Microampere
_@z-08)V 04V B MA)
rf(at +1V) = =400 v

(20—10)m4 10 x 1073 4
(b) in the reverse bias characteristic, the non-linearity in the V-I curve is small. The slopes of V-I curve at -1
V and -2 V are nearly equal.

%4
r.(at —2V) = m=8 x 10° Q

Also, r.(at—1V) =8 x 10° Q

LONG ANSWER QUESTIONS
1. (a) Explain the formation of depletion layer and potential barrier in a p—n junction.
(b) In the figure given below the input waveform is converted into the output waveform by a device ‘X’.
Name the device and draw its circuit diagram.
ﬂvﬁuf\ Dottt LY YN
Input Chustpput

Answer:- (a) p-n junction : When a semiconductor crystal is so prepared that, it’s one half is p-type and other
is n-type, then the contact surface dividing the two halves, is called p-n junction.
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Formation of p-n junction : potential barrier & depletion region
Diffusion and drift are the two important processes involved during the formation of a p-n junction.

Due to different concentration gradient of the charge carriers on two sides of the junction, electrons from n-
side starts moving towards p-side and holes start moving from p-side to n-side.

Due to diffusion, positive space charge

region is created on the n-side of the

junction and negative space charge region is

created on the p-side of the junction. Hence

an electric field called Junction field is set up from n-side to p-side which forces the

minority charge carriers to cross the junction. This process is called Drift.

The potential difference developed across the p-n junction due to Electron drift —> - &—Electron diffusion
diffusion of majority charge carriers, which prevents the potential barrier
further movement of majority charge carriers through it, is

i i ) AccepToR || DQNOR
called potential barrier. For Si, VB = 0.7 V and for Ge, Vs Jov f ON
o3y 9 © Qg 9 gl

The small space charge region on either side of the p-n junction, © 00 ® @

. . . . ° o | -r——f‘: 1 .
which becomes depleted from mobile charge carriers is O 0 0P 0 0
known as depletion region (1076 m) s_° | 3 __ s

$-REGION m——w M-REGION
S

(b) The device is a full-wave rectifier. Hole diffusion —>  &— Hole drift

The circuit diagram of a full-wave rectifier is represented as-

2. (a) A student connects p-side of a p-n Sentre-Tap
junction diode with positive terminal of DI_Odc, 1)
battery and n-side is connected with negative ‘ ‘ %‘3?;;“ ~ X
terminal of battery. Another student connects , 2 %

) : . ] Diode 2(D.) R, output
the diode in opposite way with battery. (
o '

Identify the biasing in both the cases. Draw
the circuit diagram of these biasings of a p-n junction.
(b) If the ratio of the concentration of electrons to that of holes in a semiconductor is 5/7 and the ratio of
currents is 4/7. Find the ratio of their drift velocities.
{Answer:- Case-1 Forward biasing :
When the positive terminal of external battery is connected to p-side and negative terminal to the n-side, then
the p-n junction is said to be forward biased

o Voltmeter(V) Current 4
%)

™~

L1

P n

A
Milliammeter
(mA)
v | Switch

(|' | 0.7V Voltage

Case-2 Reverse biasing : When the positive terminal of external battery is connected to n-side and
negative terminal to the p-side, then the p-n junction is said to be reverse biased
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= Voltmeter(V)

9,
Breakdown
E I Voltage
P n VoltagAe e
Microammeter
[LA) Reverse
Breakdown
| Switch
'ql\l\ Current
— + v
(b) Relation between drift velocity and current is
I neAev, 7 7 Ve Ve 5
I=nAeVy, =2=——Yor -=-X-—=or—===-
In npAevp 4 5 Vh Vi 4

CASE STUDY-BASED QUESTIONS

1. Extrinsic semiconductors are made by doping pure or intrinsic semiconductors with suitable impurity.
There are two type of dopants used in doping, Si or Ge, and using them p-type and n-type semiconductors
can be obtained. A p-n junction is the basic building block of many semiconductor devices. Two important
processes occur during the formation of a p-n junction: diffusion and drift. When such a junction is formed,
a depletion layer is created consisting of immobile ion-cores.

This is responsible for a junction potential barrier. The width of a depletion layer and the height of potential
barrier changes when a junction is forward-biased or reverse-biased. A semiconductor diode is basically a
p-n junction with metallic contacts provided at the ends for application of an external voltage. Using diodes,
alternating voltages can be rectified.

(1) Which of the following is a donor impurity atom for Ge ?
(A) Boron (B) Antimony (C) Aluminium (D) Indium
(i1)) When a pentavalent atom occupies the position of an atom in the crystal lattice of Si, four of its electrons
form covalent bonds with four silicon neighbors, while the fifth remains bound to the parent atom. The
energy required to set this electron free is about :
(A)0.5eV (B)0.1eV (C)0.05eV (D) 0.01 eV
(i11) During formation of a p-n junction :
(A) a layer of negative charge on n-side and a layer of positive charge on p-side appear.
(B) a layer of positive charge on n-side and a layer of negative charge on p-side appear.
(C) the electrons on p-side of the junction move to n-side initially.
(D) initially diffusion current is small, and drift current is large.
(iv) (a) In reverse-biased p-n junction :
(A) the drift current is of the order of few mA.
(B) the applied voltage mostly drops across the depletion region.
(C) the depletion region width decreases.
(D) the current increases with increase in applied voltage.

OR
(b) The output frequency of a full-wave rectifier with 50 Hz as input frequency is :
(A)25Hz (B) 50 Hz (C) 100 Hz (D) 200 Hz
Answer:-1).B i1). C ii1).B iv). (@) B OR (b) C
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