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CHAPTER 1
ELECTROSTATICS
Points to ponder
v Electrostatics: The branch of electricity which deals with stationary charges is called

Electrostatics.
v Charging the objects through rubbing is called triboelectric charging.
4 Basic properties of charges
o (1) Conservation of charges: The total electric charge in the universe is constant
and charge can neither be created nor be destroyed. In any physical process, the net
change in charge will always be zero.
o (i) Quantisation of charges : The charge q on any object is equal to an integral
multiple of this fundamental unit of charge e. ie. g = ne, here n is any integer (0, 1, £2,).
e=16x10"°C.
o The number of electrons in 1 coulomb of charge is 6.25 X108,
v COULOMB’S LAW: Coulomb force between two-point charges directly proportional to
product of charge and inversely proportionally square of the distance between them. It’s a vector
quantity.
F x %
v One Coulomb is defined as the quantity of charge, which when placed at a distance of 1 metre
in air or vacuum from an equal and similar charge, experiences a repulsive force of 9 x 10° N.
v The gravitational force is always attractive but Coulomb force can be attractive or repulsive,
depending on the nature of charges.
v The strength of the force between the two charges in the medium is reduced compared to the

force between the same two charges in vacuum.

v In a system of n charges, the total force acting on a given charge is equal to the vector sum of
forces exerted on it by all the other charges.. i.e. Fi=Fu+Fui+. ... Fin
v Electric line of force is an imaginary straight or curved path along which a unit positive charge

tends to move in an electric field.
Properties of lines of forces:
o Lines of force start from positive charge and terminate at negative charge.

o Lines of force never intersect.
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o The tangent to a line of force at any point gives the direction of the electric field (E) at
that point.
o The number of lines per unit area, through a plane at right angles to the lines, is
proportional to the magnitude of E. This means that, where the lines of force are close
together, E is large and where they are far apart, E is small.
o The electric field at a point is given force experienced by unit charge E = F/qo
v There are two kinds of the electric field:
o Uniform (constant) electric field: Uniform electric field will have the same direction
and constant magnitude at all points in space.
o Non-uniform electric field: Non-uniform electric field will have different directions or
different magnitudes or both at different points in space.
v Electric field due to the system of point charges: The electric field at an arbitrary point due to
a collection of point charges is simply equal to the vector sum of the electric fields created by the
individual point charges. This is called superposition of electric fields.
v Electric dipole : Two equal and opposite charges separated by a small distance constitute an
electric dipole. The magnitude of the dipole moment is given by the product of the magnitude of the
one of the charges and the distance between them.
=~ Electric dipole moment, p = g2d or 2qd.
It is a vector quantity and acts from —q to +g. The unit of dipole moment is C m.
v Electric field due to an electric dipole at a point on its axial line - E acts in the direction of
dipole moment.
v Electric field due to an electric dipole at a point on the equatorial line - The direction of E is

parallel to the axis of the dipole and directed opposite to the direction of dipole moment.

v If the dipole is placed in a uniform electric field at an angle 0, it experiences only a torque.

v If the dipole is placed in a non—uniform electric field at an angle 0, it experiences both torque
and force.

v If the dipole is placed in an electric field and aligned in the direction of electric field, it neither

experiences torque nor a force.
v Electrostatic potential: Then the electric potential at a point P is equal to the work done by an
external force to bring a unit positive charge with constant velocity from infinity to the point P in the
region of the external electric field.
v According to the superposition principle: The total electric potential at a point is equal to the
sum of the potentials due to each charge at that point.
4 Relation between electric field and potential dV = —E.dx or E = —dV/dx
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v Equi-potential Surface : An equipotential surface is a surface on which all the points are
at the same potential.

v The electric potential energy of two point charges is equal to the work done to assemble the
charges or work done in bringing each charge or work done in bringing a charge from infinite distance.
v If all the points of a surface are at the same electric potential, then the surface is called an
equipotential surface. If the charge is to be moved between any two points on an equipotential surface
through any path, the work done is zero. The electric field must always be normal to equipotential
surface.

v The electric flux is defined as the total number of electric lines of force, crossing through the

given area. The electric flux dg through the d = E.ds=E dscos0. Its unitis N m? C?
v Electrostatic potential energy of a dipole in a uniform electric field: It is maximum when
the dipole is aligned anti-parallel (6 = &) to the external electric field and minimum when the dipole is
aligned parallel (6 = 0) to the external electric field.
v Gauss’s law : The law states that the total flux of the electric field E over any closed surface
is equal to /g, times the net charge enclosed by the surface. ¢ = g/so,
o Properties of Gauss’s law; The charges present outside the surface will not contribute
to the flux. The total electric flux is independent of the location of the charges inside the
closed surface. Gauss law is another form of Coulomb’s law and it is also applicable to the
charges in motion.
v The electric field is zero everywhere inside the conductor. There is no net charge inside the
conductors. The charges must reside only on the surface of the conductors. The electric field outside
the conductor is perpendicular to the surface of the conductor.
v Electrostatic shielding : It is the process of isolating a certain region of space from external
field. It is based on the fact that electric field inside a conductor is zero.
v During a thunder accompanied by lightning, it is safer to sit inside a bus than in open ground
or under a tree. The metal body of the bus provides electrostatic shielding, where the electric field is
zero. During lightning the electric discharge passes through the body of the bus.
v It is possible to obtain charges without any contact with another charge. They are known as
induced charges and the phenomenon of producing induced charges is known as electrostatic
induction. It is used in electrostatic machines like Van de Graaff generator and capacitors.
v Dielectrics or insulators A dielectric is a non-conducting material and has no free electrons.

Ebonite, glass and mica are some examples of dielectrics.
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v Non-polar molecules A non-polar molecule is one in which centers of positive and negative
charges coincide. As a result, it has no permanent dipole moment. Examples of non-polar molecules
are hydrogen (Hz), oxygen (Oz), and carbon dioxide (CO>) etc.
v Polar molecules in polar molecules, the centers of the positive and negative charges are
separated even in the absence of an external electric field. They have a permanent dipole moment.
Examples of polar molecules are H20, N2O, HCI, NHs.
v Polarisation In the presence of an external electric field, the dipole moment is induced in the
dielectric material. Polarisation is defined as the total dipole moment per unit volume of the
dielectric.
v The magnitude of the induced dipole moment p is directly proportional to the external electric
field E.
~ paEorp=aE, where ais the constant of proportionality and is called molecular polarisability.
v Dielectric strength: When the external electric field applied to a dielectric is very large, it tears
the atoms apart so that the bound charges become free charges. Then the dielectric starts to conduct
electricity. This is called dielectric breakdown. The maximum electric field the dielectric can withstand
before it breakdowns is dielectric strength
v Capacitance. The capacitance C of a capacitor is defined as the ratio of the magnitude of charge
on either of the conductor plates to the potential difference existing between the conductors.
v The energy stored per unit volume of space is defined as energy density
v Applications of capacitors
o (a) In digital camera the flash which comes from the camera is due to the energy
released from the capacitor, called a flash capacitor
o (b) During cardiac arrest, a device called heart defibrillator is used to give a sudden
surge of a large amount of electrical energy
o (c) Capacitors are used in the ignition system of automobile engines to eliminate
sparking.
o (d) Capacitors are used to reduce power fluctuations in power supplies and to increase

the efficiency of power transmission.

v Effect of dielectrics in capacitors Since er > 1, we have C > Co. Thus, insertion of the

dielectric constant er increases the capacitance.
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S.No Dielectric Charge Q | Voltage V | Electric Capacitance | Energy
Is inserted field E C U

1 When the | Constant | decreases Decreases | Increases Decrease
battery is S
disconnected

2 When the | Increases | Constant Constant | Increases Increase
battery 5 S
connected

v The leakage of electric charges from the sharp points on the charged conductor is known as
action of points or corona discharge. Uses - electrostatic machines for collecting charges and in
lightning arresters

v Van de Graaff Generator: It is use to produces a large amount of electrostatic potential
difference, up to several million volts (107 V). This Van de Graff generator works on the principle of
electrostatic induction and action at points. The high voltage produced in this Van de Graaff generator
is used to accelerate positive ions (protons and deuterons) for nuclear disintegrations and other

applications.

Important formulas

S.No | APPLICATION FORMULA Terms Unit Figure
1 Electric Charge q=tne; Where n = 1,2,3,.... And | g=electric charge; Sl unit
e=1.6x10"°C Coloumb
n=integer
e=1.6x10"° C
2. Electrostatic Force | p= 1y 9192 _, p—k 9192 F=Electrostatic force
4mEQ r2 r2

Sl unit: newton(N)
=q> = electric charge
Where — = K = 9 X 10° Nm? N C-]z y
41€0 D=distance between charges
/C?

And €9 = permittivity of free
space = 8.85 x 102 C? /Nm 2
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3 Coulomb’s law F= 1 d1a? F=Electrostatic force between
4mEm  r2

charges in a medium

4 Resultant F=+vF1 + F2 + 2F1 F 2 cos@ F=resultant electrostatic force
electrostatic force @=angle between F1 and F>
5 Electrostatic force | F=qE F=electrostatic force on a

in an  external | For positive charge electrostatic | charge (q) in external electric
electric field force (F) on charge(q) is in the | field (E)

direction of external electric field,
but for negative charge F is in

opposite direction to that of E

6 Electric field | gz 9- =k & E=electrostatic field due to a
4TEO0 r2 r2
strength due to a point charge (q)
charge D=distance from point charge

SI unit of electric field is N/s

(or) VIm
7 Electric dipole | P=qg(2a)
moment P=electric dipole moment
Sl unit of electric dipole
moment (P) is Cm
Q=charge
2a = distance between
Charges of electric dipole
8 Electric field at a | g =t Zpr E = electric field at a point on
4m€0 (r2-a2)2
point on the axial axial line
line of electric 1 2p E = electric field at a point on
. Whenr >>a, Then E 5= 4
dipole 4m€0 (r3) | equatorial line
9 Electric field at a | g = — 1 P P= q(2a) =electric dipole
4m€0 (r2+a2)3/2
point on the moment
equatorial line of , | r=radius of circular loop
o Whenr>>a ThenEe¢= — — . . .
electric dipole 4m€0 | a=distance of a point on axial
P
3 line of electric dipole
10 Torque on an | 1=PESing 1 =torque acting on electric
electric dipole in dipole in external electric field
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external magnetic| =PXE; Where @ is angle | P=electric dipole moment
9
field between P and E Sl unit of torque is Nm
11 Electric flux Qe=E.S Cos O =E.S ® g = electric flux
; I
Where @ is angle between E and | Sl unit of electric flux is Nm? /
%
S C
12 Gauss Theorem for @E:t]hgsﬁdﬂb“&=% @ g = electric flux
electrostatics dS=elementary area
13 Charge density 1.Linear charge density = A = %: Sl unit of linear charge density
dl
14 2.Surface ace charge density = o | Surface charge density
_a_dq O = C/m?
s ds
15 3.Volume charge density = p = 49— | Volume charge density p=C/m?
v
4
dv
16 Electric flux density | glactric flux density = Electric flux _ OE
Area S
17 Electric field of a |g -_ _t 24 A=linear charge density
4mME0 T
charge wire r=distance from charged wire
18 Electric field of an = 2
o 2€0
19 Infinite place Electric field outsite charged
charged sheet sheet= E o= + 01402 O=surface charged density
2€0
Where 01>02 >0
20 Electric field in between charged
sheet = Ej = 2-22
2€0
Where 01> 02 >0
21 Electric field between two equal
oppositely charged plates
Ei= A
€0
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Electric field outside equal and
oppositely charged sheet = 0
22 Electric field dueto | g, = — L 4
4TE0 T2 v
a charged spherical
shell Where E, is electric field out side
spherical shell and r >R
23 - 49
Es 4T€0 R2
Where is Es electric field on the |  Variatin ofp;éé;;mtiar U8 to charged shell with
. distance rfrom its centre
surface of spherical shell
Ei=0
Where is E; electric field on the
surface of spherical shell
24 Electric potential v=Y V=electric SI unit of
q
Potential electric
W=work potential s
Q=charge Volt (V)
25 Electric  potential =1 d_-y=k 4 V=electric potential
4mEOD T r
due to point charge Q=charge
R=distance from charge
26 Electric potential of —> | P=electric dipole moment
electric dipole =1 PCoss_\—k PI ~ | v=electric potential
4mE0  r2 r3 o ]
R=position vector of a point
@ = angle between p and r
27 Electric potential of Va =electric potential on axil
electric dipole at a |\, =1 £ line of electric dipole
4m€ED r2
point on axial line P=dipole moment
28 Electric potential of R=distance from a point
electric dipole at a | Ve=0
point on equatorial
line
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29 Relation electric | p—. g - _ j_‘r’ E=electric field; sl unit is N/c or
field and electric Vm
potential V=electric potential; Sl unit is
Volt
30 Relation  electric V=electric E=electric
field and electric V:-FwEET> potential field
potential
31 Electrostatic —_1 ataz_,91q2 U=electrostatic | Joule (J) or
potential energy e ' potential energy | eV
between two leV =
charges 1.6x10°C
32 Electrostatic U= -PE (Cos O — cos Ji) P=electric dipole moment
potential energy of E=electric field
33 electric dipole in . U=potential energy
external  electric | U= -PE Cos @=—P.E
34 field
1.PE (V) of electric dipole is minimum when P // E an>d U:>-P.E;
@=0° and dipole is stable equilibrium
2. PE (U) of electric dipole is minimum when P =|= E §1d Ui P.E;
@=180° and dipole is stable equilibrium.
> >
3. PE (U) of electric dipole is zero when P L//Eand U=0;
Q= 90°
35 Capacitance of C=capacitance
capacitor C :vﬂ Sl unit of capacitance is Farad
(F)
g=charge
V=electric potential
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36 Electric field| =2 =Y
€0 d
between plates of
capacitor
37 Capacitance of Co = capacitance of without
capacitor ~ without | ¢, = &4 dielectric
d
dielectric A=area of plates of capacitor
D=distance between plates of
capacitor
38 Capacitance of
capacitor with | ¢ = KA _ el K=dielectric constant
d
dielectric
39 Total capacitance | L -1 .t 1 , n=number of identical
Cs C1 C2 C3
(Cs ) in series capacitors
combination Of | \yhency=C, =Cs... .=
capacitors
C
When Cs==
n
40 Total capacitance | Cp=C1=+C2+Cs+.... ....
(Co ) in parallel n=number of identical
combination of | WhenC1=Cz =Cs.... ... =C; capacitors
capacitors
Then Cp=nC
41 Ratio of total | WhenC1=Cz =Cs... ... =C;
capacitance in
series and parallel | then c =S8 = L
Cp n2
combination
42 Capacitance of | C=4n€o R C=capacitance
sphere R=radius of sphere
43 Electrostatic energy U=electrostatic energy stored in
stored in capacitor “Cv2_ a2 _qv capacitor
2 2C 2
V=electric potential
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g=electric charge
44, Electrostatic energy | (j=_Y_ = E0E2 u=energy density = energy /
density stored in e volume
capacitor E=electric field
A=area of plates
D=distance between plates
Effect of dielectric | Capacitor disconnected from | Capacitor  connected to
introduced battery battery
45, Charge g=qoVo g=Kqo
46. Capacitance C=KGC, C=KCo
47. Electric potential Vz% V=Vo
48. Electric field E:% E=Eo
49, Electrostatic energy V:% U=KCo
Multiple Choice Question
1. Two identical point charges of magnitude —q all fixed as shown in the figure below. A third

change +q is placed midway between the two charges at the pint P. suppose this charge +q is displaced
a small distance from the point p in which direction (s) will +g be stable with respect to the
displacement?

@ A and Az (b) B1 and B>
(© Both directions (d) No stable
Solution :

If the displacement of the charge +q is equatorial line +q will be stable
.»(b) By and B2
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2. Which charge configuration produces a uniform electric field?

@) Point charge (b) Infinite uniform line charge

(© Uniformly charged infinite plane (d) Uniformly charged spherical shell.
Solution

(c) Uniformly charged infinite plane

1

3. What is the ratio of the charges for the following electric field line pattern?

2

(a) Y ) © 5 (@

Solution

- 1%5

From gz to qq, Il lines of forces from gz, 25 lines forces ..

Ans : (d) 1%5

4. An electric diploe is placed at an alignment angle of 30° with an electric field of 2x10° NC™. It

9,
g,

experiences of torque equal to 8NM. The charge on the dipole if the dipole length is 1 cm is

@) 4MC (b) 8MC (c) 5MC (d  7MC
Solution :
r=Egx2d Sin6 .'.qzé_
Eqx2d Sin6
8 8
Q= 0 <10 nsinge® 1
| x10°x107% x =
2
w=8x10"°C
Ans : (b) 8MC
5. Four Gaussian surfaces are given below with charges inside each Gaussian surface. Rank the

electric thux through each Gaussian surface in increasing
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(@) D<C<B< A () A<B=C<D
(©) C<A=B<D (d) D>C>B>A
Solution :

Net charge in G.S. ‘A’= 29

Net charge in G.S. ‘B’=gq

Net charge in G.S. ‘C’=0

Net charge in G.S. ‘D’=-q

Pa :2_q; [/ :i;¢c =0;¢p :&
2 o 20

.~ Ans. (a) D<C<B<A

6. The total electric thux for the following closed surface which is kept inside water.

80 q q
@ — (b)
& 40¢, 160¢,
Solution :
p=3-9 [.¢ =80]
& &€,
2
S T Ans (b) = -3
&, x80= 480 480
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7. Two identical conducting balls having +ve charge g: and g2 are separated by a centre to centre
distance r. if they are made to touch each other and then separated to the same distance. The force
between them will be

@) Less than force  (b) Same as before (c) More than before  (d) zero

Solution :

faqq ; after contact feq® Innature g° > g,q,

~f>f Ans : (c) more than before.
8. Rank the electrostatic potential energies for the given system of charges in increasing order

@1=4<2<3 (b)2=4<3<1 (c) 2=3<1<4 d3<1l<2<4
Solution :
2 2 2
U, ; UZaQ— s Usa—
Y Y Y
_2Q2

U,a aQ’ly U =U,

Ans. (a) 1=4 <2<3

9. An electric field E = 10x& exists in a certain region of space. Then the potential difference V
= Vo-Va, Where Vy is the potential at the origin and Va is the potential at x=2 m is
(a) 10J (b)-201J (c) +20J (d)-101J

Solution :

VO 0
[dv=V,-V, =-[Edx
VA 2

X2

0
0
V, -V, =j10><C/X=—10[7} _10
2

Ofo-4

2
Vo-Va= + 20J

10.  Athin conducting spherical shell of radius R has a charge Q which is uniformly distributed on

its surface. The correct plot for electrostatic potential due to this spherical shell is
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Solution  (b)
11.  Two points A and B are maintained at a potential of 7V and -4V respectively. The work done
in moving 50 electrons from Ato B is
(a) 8.80x107 J (b) -8.80x1017J (C) 4.40x107) (d) 5.80x 107
Solution :
¢=50e = -50x1,6x107%°
AV-Vpa-Vpa-4-7 = -11V
W= ¢. AV =-50x1.6x1019x-11
W= 850x10"1°C . (a) 8.8x10"J
12. If voltage applied on a capacitor is increased from V to 2V, choose the correct conclusion.
(a) Q remain the same, C is doubled (b) Q is doubled, C doubled
(c) C remain same, Q doubled (d) Both Q and C remain same
Solution :
If V=2V, Q =2Q .'.Czqv C'=§—q=c
.~Ans (c) remains same, Q doubled.
13. A parallel plate capacitor stores a charge Q at a voltage V. suppose the area of the parallel plate

capacitor and the distance between the plates are each doubled then which is the quantity that will

change?
(a) capacitance (b) charge (c) voltage (d) Energy density
Solution :
A—2A;d —»2d
d & Asg,

Hence A ¢ D doubled C,V ¢Q
.~ (d) Energy density
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14.  Three capacitors are connected in triangle shown in the figure. The equivalent capacitance
between the point A and C is

(@  1uF  (b) 2uf (c) 3 pf (d) Ya pf

Cp = C1+Cs=1+1 = 2uf Ans : (b) 2uf

15.  Two metallic sphere of radii 1cm and 3 cm are given charges of -1x102C and
5x1072C respectively. If there are connected by a conducting wire, the final charge on the bigger sphere
is

(a) 3x102C (b) 4x10%C (c) 3 uflx102C (d) 2x10%C

Solution

G _9 __¢ ;¢ = Totalcharge

r I rn+r

Q=01+02=-1x102+5x102=4x102C

r, 3x107 S
g, = = x4x10
12 [+, Q 4x107°
q, =3x107°C

. Very Short Answer Questions from text book

1. What is meant by quantisation of charges? [Page No. 4]

2. Write down Coulomb’s law in vector form and mention what each term represents. [Page No.

3 Write a short note on superposition principle of force. [Page No.9]

4 Define ‘Electric field’. [Page No.11]

5. What is mean by ‘Electric field lines’? [Page No.18]

6 The electric field lines never intersect. Justify. [Page No0.20]

7 Define ‘Electric dipole’ [Page No. 21]

8 What is the general definition of electric dipole moment? [Page No.22]
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9. Define ‘electrostatic potential”. [Page No.28]

10.  What is an equipotential surface? [Page No. 32]

11.  What are the properties of an equipotential surface? [Page No. 33]
12.  Give the relation between electric field and electric potential. [Page N0.33,34]
13. Define ‘electrostatic potential energy’. [Page No. 34,35]

14.  Define ‘electric flux’ [Page N0.38]

15.  What is meant by electrostatic energy density? [Page No.55]

16.  What is Polarisation? [Page No0.54]

17.  What is dielectric strength? [Page No0.55]

18. Define ‘capacitance’. Give its unit. [ Page No.56]

19.  What is corona discharge? [Page No0.67]

Additional questions

20.  What is frictional electricity or triboelectric charging? [Page No.3]

21. Briefly describe the electronic theory of frictional electricity.

Answer: During rubbing, electrons are transferred from one object to another. The object with excess
of electrons develops a negative charge, while the object with deficit of electrons develops a positive
charge.

22.  What is electric charge? Is it a scalar or vector? Give its unit. [Page No.3]

23.  What is meant by quantization of electric charge? What is its cause? [Page No.4]

24.  State the law of conservation of charge. [Page No.3]

25. How an electrically charged particle does affect its mass?

Answer: According to the special theory of relativity, the mass of a body increases with its speed in

Mo

2
v
NErd

of the body when moving with speed v. As v< c, therefore, m>mq. In contrast to mass, the charge on

accordance with the relation: where, mo = rest mass of the body, ¢ = speed of light, and m= mass

a body remains constant and does not change as the speed of the body changes.

26. Define electric field intensity. What is its SI unit? What is relation between electric field and
force? [Page No.11,12]

217. Derive an expression for electric field intensity at a point at distance r from a point charge g.
[Page No.12]

28.  Acharge q is enclosed by a spherical surface of radius R, if the radius is reduced to half, how
would the electric flux through the surface change.

Answer: The flux is independent of enclosed surface. It depends only on the charge enclosed.

Therefore, flux remains constant.
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29.  Anebonite rod is rubbed with wool or fur. What type of charges do they acquire? [Page No.2]
30.  Aglassrod is rubbed with silk. What type of charges do they acquire? [Page No.3]

31. Consider three charged bodies P,Q and R. If P and Q repel each other and P attracts
R, what is the nature of the force between Q and R? [Q and R attract, so unlike charges]

32.  Apositively charged glass rod is brought near an uncharged pith ball pendulum. What happens
to the pith ball?

Answer: The pith ball is attracted towards the rod, touches it and thrown away.

33. Name any two basic properties of electric charges. [Page No0.3,4]

34.  Two insulated charged copper spheres A and B of identical size have the charges ga and gs
respectively. A third sphere C of the same size but uncharged is brought in contact with the first and
then with the second and finally removed from both. What are the new charges on A and B?
Answer: New charge on sphere A

Qa= qf
New charge on sphere B

qA
_ 4Bt~ _ 2qp+qa
2 4

QB
35.  Obtain the Sl unit of electrical permittivity of free space. [Page No.5]

36. Deduce the dimensional formula for the proportionality constant k in Coulomb’s law. [Page
No.5]

37. Define dielectric constant of a medium in terms of force between electric charges.

Answer: The dielectric constant of a medium is the ratio of the force between two charges placed
some distance apart in vacuum to the force between the same two charges when they are placed the
same distance apart in the given medium.

38. How many electrons are present in 1 coulomb of charge? [Page No.4]

39. Define volume charge density at a point. Write its Sl unit. [Page No.17]

40.  Define surface charge density at a point. Write its SI unit. [Page No.17]

41. Define line charge density at a point. Write its SI unit. [Page No.17]

42. Draw the pattern of electric field around a point charge (i) g > 0 and (ii) g<0. [Page No0.20]
43. Sketch the lines of force due to two equal positive charges placed near each other. [Page No.21]
44.  Draw the lines of force of an electric dipole. [Page No.22]

45, Distinguish between electric potential and potential energy and write the relation between
them. [Page No0.27,28]

46. Give three differences between the nature of electric potential of a single point charge and an
electric dipole. [Page No0.28,31]
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47.  Show that the amount of work done in moving a test charge over an equipotential surface is
zero. [Page No.33]

48.  Show that the direction of the electric field is normal to the equipotential surface at every point.
[Page N0.33]

49.  Sketch equipotential surfaces for (i) a point charge (ii) for uniform electric field. [Page No.33]
50.  What is electrostatic shielding? Mention its two applications. [Page No.50]

51. Distinguish between polar and non-polar dielectrics. Give one example of each. [Page N0.53]
52.  Van-de-Graaff generator working principle. [Page No0.68]

I1. Short Answer Questions Text book questions

1. What are the differences between Coulomb force and gravitational force? [Page No.5]

2. Write a short note on ‘electrostatic shielding’. [Page No.50]

3. Derive an expression for the torque experienced by a dipole due to a uniform electric field.
[Page No.25]

4, Derive an expression for electrostatic potential due to a point charge. [Page No0.28]

5. Obtain an expression for potential energy due to a collection of three-point charges which are

separated by finite distances. [Page No.34]

6. Derive an expression for electrostatic potential energy of the dipole in a uniform electric field.
7. Explain the process of electrostatic induction. [Page No.51]

8. Obtain Gauss law from Coulomb’s law. [Page No.41]

Q. Obtain the expression for capacitance for a parallel plate capacitor. [Page N0.56]

10.  Obtain the expression for energy stored in the parallel plate capacitor. [Page No0.58]

Additional questions

11.  State the principle of superposition and use it to obtain the expression for the total force exerted
on a point charge due to an assembly of (N-1) discrete point charges. [Page No.9]

12. ~ Consider s system of charges g1, g 2, .......... , q nWith position vectors 71, 72, 73, .......... , T'n
relative to some origin ‘O”. Deduce the expression for the net electric field E at a point P with position
vector 7, due to this system of charges. [Page No.15]

13. State Coulomb’s Law of force between two electric charges and state its limitations. Also
define the Sl unit of electric charge. [Page No.4,5]

14, State Coulomb’s Law in vector form and prove that F 21=-F 1, where letters have their usual

meanings. [Page No.4,5]
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15. In a non-uniform electric field, is there any torque or force acting on a dipole held parallel or
anti-parallel to the field. If yes, show them by suitable diagrams. [Page No.26]

16. Briefly explain how does a comb run through dry hair attract small pieces of paper.

Answer: A comb runs through dry hair attracts small pieces of paper: As the comb runs through hair,
it acquires charge due to friction. When the charged comb is brought closer to an uncharged piece of
paper, it polarises the piece of paper i.e., induces a net dipole field due to the comb on the piece of
paper is not uniform. It exerts a force in the direction of increasing field i.e., the piece of paper gets
attracted towards the comb.

17. Define an electric field line. Draw the pattern of the field lines around a system of two equal
positive charges separated by a small distance. [Page N0.18,19]

18. Define electric line of force and give its properties. [Page No. 18,20]

19.  What do electric lines of force represent? Explain attraction between two unlike charges on
their basis. [Page No0.18]

20. Prove that 1/ r 2 dependence of electric field of a point charge is consistent with the concept of
the electric field lines. [Page No0.19,20]

21. Use Gauss’s law to derive the expression for the electric field between two uniformly charged
large parallel sheets with surface charge densities ¢ and —o respectively. [Page No. 45]

22. Define electric potential. Derive an expression for the electric potential at a distance r from a
charge g. [Page No.27]

23.  Show that the electric field at any point is equal to the negative of the potential gradient at that
point. [Page No0.28]

24.  Anelectric dipole is held in a uniform electric field E. (a) Show that the net force acting on it

is zero. (b) The dipole is aligned with its dipole moment p parallel to the field E, then find (i) the

work done in turning the dipole till its dipole moment points in the direction opposite to E. (i) the
orientation of the dipole for which the torque acting on it becomes maximum. [Page No.25,26]

25.  Using Gauss’s law, show that electric field inside a conductor is zero. [Page No.48]

26.  Just outside a conductor electric field is perpendicular to the surface. Give reason [Page
No0.49].

27. Show that the excess charge on a conductor resides only on its surface. [Page No0.48]

28.  Show that the electric field at the surface of a charged conductor is given by E= % i , where

o is the surface charge density and 7 is a unit vector normal to the surface in the outward
direction.{OR} Derive an expression for the electric field at the surface of a charged conductor. [Page
No0.49,50]
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29. Explain why the polarization of a dielectric reduces the electric field inside the dielectric. [Page
No.54]

30. A capacitor is charged with a battery and then its plate separation is increased without
disconnecting. Discus (a) charge stored in the capacitor? (b) energy stored in the capacitor? (c)
potential difference across the plates of the capacitor?

Answer: C =g A/ d. When d is increased, C decreases. (a) g = CV decreases due to the decreases
in the value of C. (b) U =% CV 2%crases que to the decreases in the value of C. (c) V remains
unchanged because the battery remains connected.

31. Briefly describe discharging action of sharp points (or corona discharge). [Page No 67]

I11. Long Answer questions

1. Discuss the basic properties of electric charges. [Page No.3-4]

2. Explain in detail Coulomb’s law and its various aspects. [Page No.4-5]

3. Define ‘Electric field” and discuss its various aspects. [Page No.11-13]

4, How do we determine the electric field due to a continuous charge distribution? Explain. [Page
N0.16-17]

5. Calculate the electric field due to a dipole on its axial line. [Page N0.23-24]

6. Calculate the electric field due to a dipole on its equatorial plane. [Page N0.24-25]

7. Derive an expression for electrostatic potential due to an electric dipole. [Page No0.30-32]

8. Obtain the expression for electric field due to an infinitely long charged wire. [Page No0.43-
44]

Q. Obtain the expression for electric field due to a charged infinite plane sheet. [Page No.44-45-
46]

10.  Obtain the expression for electric field due to a uniformly charged spherical shell. [Page No.
46-47]

11. Discuss the various properties of conductors in electrostatic equilibrium. [Page No0.48-50]

12. Explain dielectrics in detail and how an electric field is induced inside a dielectric. [Page N0.53-
55]

13. Explain in detail the effect of a dielectric placed in a parallel plate capacitor. When the capacitor
is disconnected from battery. [Page N0.59-60]

14, Explain in detail the effect of a dielectric placed in a parallel plate capacitor. When the battery
remains connected to the capacitor. [Page N0.60-61]

15. Derive the expression for resultant capacitance, when capacitors are connected in series and in
parallel. [Page No0.62-64]
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16. Explain in detail how charges are distributed in a conductor, and the principle behind the
lightning conductor. [Page N0.65-68]

17. Explain in detail the construction and working of a VVan de Graaff generator. [Page N0.68]
Additional questions

18.  Obtain an expression for the electric field at any point due to a continuous charge distribution.
Hence extend it for the electric field of a general source charge distribution. [Page No.16-17]

19.  State Gauss’s law in electrostatics. Using this theorem, show mathematically that for any point
outside the shell, the field due to uniformly charged thin spherical shell is the same as if entire charge
of the shell is concentrated at the centre. Why do you expect the electric field inside the shell to be
zero according to this theorem? [Page N0.40-41,46-47]

Numerical Problems

1. When two objects are rubbed with each other, approximately a charge of 50 nC can be produced
in each object. Calculate the number of electrons that must be transferred to produce this charge.

Ans: 31.25x10%° electrons

Solution:
g 50x10°°
e 1.6x107°
50
A @ 10
=g <10
_ @Xloll
16
= 3.125x101

(o1 31.25x10% electrons.
2. The total number of electrons in the human body is typically in the order of 10?2 Suppose, due to
some reason, you and your friend lost 1% of this number of electrons. Calculate the electrostatic force
between you and your friend separated at a distance of 1m. Compare this with your weight. Assume
mass of each person is 60kg and use point charge approximation.

Ans: Fe=9 x10%, N, W = 588 N
Fe = K 1%

1%o0f10%8

1
=—x10%8
100

=102¢
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3 9x10° x10% x10%
1)?
=9 x10%'N
W=mg
=60x9.8 = 588N

3. Five identical charges Q are placed equidistant on a semicircle as shown in the figure. Another
point charge q is kept at the center of the circle of radius R. Calculate the electrostatic force experienced

by the charge g.

o0
S
Ans: F = 4—0;—2(1 +,/2)iN
Solution:
Step 1:-

They cancel each other as they act opposite to each other
Step 2:-

step 3:- Opposite to each other
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Fs = F4 and they act right angles to each other.

=JoF
Step 4: -
Fresultant = F3 + Fnet
LN Kqu
R

= K—(1+x/_)alongx axis

1
I:resultent Qq (1 + \/7I

4. Suppose a charge +q on Earth’s surface and another +q charge is placed on the surface of the Moon.
(a) Calculate the value of g required to balance the gravitational attraction between Earth and Moon
(b) Suppose the distance between the Moon and Earth is halved, would the charge g change?
(Take meg=5.9x10%*kg, Mm = 7.9x10?% (kg)
Ans:  (a) q~+5.64 x 1013 C

(b) no change

Fe = Kﬁ .................... (D
mem
F, =G ;2’” .................... (2)
F, =F;
K qz Gmemm
RZ~ R’
2 _ Gm,my,
1 K
2 _ 6.6x10711x509x10%24x7.9x10%2
h 9x10°?
307.6
= x 1026
9
= 34.1 x 102¢

q =+/34.1 x 1026
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q = 5.84 x 1013C
b) distance independent hence ‘q’ value does not change.

5. Draw the free body diagram for the following charges as shown in the figure (a), (b) and (c).

Ans:

6. Consider an electron travelling with a speed VO and entering into a uniform electric field, E which

is perpendicular to Vo' as shown in the Figure . Ignoring gravity, obtain the electron’s acceleration,
velocity and position as functions of time.
Vo

Solution:-
. F
|) a = ~
ek . .
=— (alongnegativey — axis)
- eE n
a=——
o
i) Velocity acts along positive x— axis
- ~ eE P
V=v,l — ooy tj
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n05=m+%m2

R . leE .
T=Uotl—zzt]

Is the equation of their position with the function of time.

7. A closed triangular box is kept in an electric field of magnitude E-2x10% NC™ as shown in the figure.

electric field of magnIuuT &= ===
s shown in the figure.

Calculate the electric flux through the (a) vertical rectangular surface (b)slanted surface and (c)
entire surface,
Ans:
(@)15Nm?C* (b) 15Nm?C* (c) Zero0
Solution:
i) $=Edscos 6

¢ =2x10°x5x10"*x15x10 *x cos90°

(vertical)

=15Nm’°C™

~ ¢=E.ds.cos 6
(slanted surface)

=2x10°x5x10*x15x10* x cos90°
=15Nm*C™
iii) ¢=Edscos 6

(entiresurface)

0=0°

¢=0
8. The electrostatic potential is given as a function of x in figure (a) and (b). Calculate the
corresponding electric fields in regions A, B. and D. Plot the electric field as a function of x for the
figure (b).
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10

Ans:

(@)Ex = 15 Vm (region A)
Ex =-10 Vm* (region C)
Ex =0 (region B)

Ex =30 Vm (region D)
Solutions: Figure (a)
£

dx
From 0 to 0.2m,

Cdv_ 3 30

v 15Vm™(region A)
x 0.
Ex = % = 0 Since the potential is constant (region B)
g2 T20 e
x = 02" 2 - m~(regionc)
g v _ 6 60
YT ax T 02 2
= 30Vm~(regiond)
Figure (b)
dv 1 .
E, :d——SOVm (region 0—1cm)
X
dv 1,
E, = d——30Vm (region 1—2cm)
X
dv .
E, = ix =0 (region 2—-3cm)
X
dv 1 .
E, :d——SOVm (region3—4cm)
X
dv 4 .
E, :d——3OVm (region 4 —5cm)
X
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9. A spark plug in a bike or a car is used to ignite the air — fuel mixture in the engine. It consists of

two electrodes separated by a gap of around 0.6mm gap as shown in the figure.

To create the spark, an electric field of magnitude 3 x 10 Vm™ is required. (a) What potential
difference must be applied to produce the spark? (b) If the gap is increased, does the potential
difference increase, decrease or remains the same? (c) find the potential difference if the gap is Imm.
Ans : (a) 1800 V, (b) increases (c) 3000 V
Solution :

a) V=Exd

=3x10°x0.6 x 107

= 1800v
b) If the distance between the plate increased, then its capacitance will decrease which gives rise to
increase in potential.

c) V=Exd
=3 x10°x 1 x10°=3000Vv
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10. A point charge of +10uC is placed at a distance of 20cm from another identical point charge of +
10uC. A point charge of -2uC is moved from point a to b as shown in the figure. Calculate the change

in potential energy of the system? Interpret your result.

Ans:
AU = 3.246 J, negative sign implies that to move the charge -2uC no external work is required.

System speeds its stored Energy to move the charge from point to point b.
11. Calculate the resultant, capacitances for each of the following combinations of capacitors.

I

’ Q7= Cn= _L 0 r /"Ai
0= C" ___ =C /.«' Co i
[ T* a= 76 .
(a) ’ ‘(b.) , (C)_
P
o Drewine Pl
R N, 7 e
% X. S @
C; ',x} /) q \.\ J //\ Co
A0

Ans:
@ %co (b) Co (¢) 3Cs

(d) across PQ.
ccCc,.Cc,;+C,C.C,+CC,C,+CC,C,
(C,+C,)(C,+C))

(e) across PQ : 2 Co across RS :
cC,C,+C,C,C,+CC,C,+CC,C,
(C,+C,)(C,+C))
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Solution:
a)
Cp =C=2C,
C. - 2CxC,
2C, +C,
_26,
3C,
_2C,

CS
3

It is a balanced wheatstone Network
Cnet = CO

c)

Chet =3Co

d) C = Cch + C3C4
“ lc,+c,) | c,+C,
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C,C,C, +C,C,C, +C,C,C, +C.C,C,
K (C,+C,)(C;+C,)

e) Across PQ :

Cpq=2Co
12.An electron and a proton are allowed to fall through the separation between the plates of a parallel
plate capacitor of voltage 5V and separation distance h-1mm as shown in the figure.

a) Calculate the time of flight for both electron and proton (b) Suppose if a neutron is allowed to fall,
what is the time of flight? c) Among the three, which one will reach the bottom first? (Take mp =1.6
x102" kg, me= 9.1 x 103! kg and g = 10 ms™)

Ans

f2h
@t, = —:e ~1.5 ns (ignoring the gravity)
e
2h
t, = ﬂ~_63ns (ignoring the gravity)
P eE
b) t, = ,/@ ~14.1 ms
g

c) electron will reach first.

Solution:
Vv

E=— =% =5x10°Vm™
d 10
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@t [2hme _J2><1o3x9.1><1o31
¢ eE 1.6x107° x5x10°
_ [182x10%
8x107%®
—+/2.275x107'®

=15x10"°S

. _\/thp _\/2><10‘3><1.6><10‘27
P “V 1.6x10%° x5x10°

=4/0.4x10" =0.632x10’
=63.2x107°S =63ns

SO
9

_ [2x10°
9.8

=0.204x107% = /2 x107

=1.414x10°°
=14.1x10"° =~14.1ms

(d) hence electron will reach the bottom first.

13.During a thunder storm, the movement of water molecules within the clouds creates friction,
partially causing the bottom part of the clouds to become negatively charged. This implies that the
bottom of the cloud and the ground act as a parallel plate capacitor. If the electric field between the
cloud and ground exceeds the dielectric breakdown of the air (3x10s Vm.1). Lightning will occur.

a) If the bottom part of the cloud is 1000m above the ground, determine the electric potential difference
that exists between the cloud and ground.

b) In a typical lightning phenomenon, around 25C of electrons are transferred from cloud to ground.
How much electrostatic potential energy is transferred to the ground?

Ans: a) V=3x10%, b) U=75x10°]

Solution ;
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Vv
a)E=d—V b) u:Q—
dx 2
9
V = Ex =23><3><10
2
=3x10° x10° =37.5]
=3x10°V

14.For the given capacitor configuration a) Find the charges on each capacitor b) potential difference

across them c) energy stored in each capacitor.

Ans: Qa=24puC, Qp=18uc
Qc= 6pc, Qd = 24puc
Va=3V, Vb =3V
Ve=3V, Vg4 =3V
Ua =361, Up =271
Uc= 9, Uq =361J

Solution :

To find total capacitance.
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8 a6
=CV=-x1
Total chargeq ¢ 3>< 079

=24x10°°C
Qa =CaVa .. Va=3V as 9V is
=8x10% connected in three
= 24x107¢C equal capacitors
Qc =CcVe
=2x10%3 Qq =24x 105C
=6x10°C
Qb =CpVp
= 6x10%3
= 18x10°C
u, = % _ 4 x;ﬁgfﬁ;m—e = 36x10°)
2 -6 —6
2 —6 -6
R
9 _24x10°x24x10° . oo

IT9CT 2x8x10°

15.Capcitors P and Q have identical cross-sectional areas A and separation d. The space between the
capacitors is filled with a dielectric of dielectric constant ¢ as shown in the figure. Calculate the

capacitance of capacitors P and Q.

LoD R

Ans:

&

A
C.=—""-(0A+¢
P 2d( r)

26, A &
Co =
2d | (1+¢

35|Page

Send Your Materials To : contactkalvipedia@gmail.com
Youtube / Techie Tamilan



tnl2thstudycollectionsontt.blogspot.com

Solution:
i) The arrangement can be supposed to be a parallel combination of two capacitors each with plate

area A /2 and separation d.
Total capacitance Cp = Cairt Cdielectric

__&(A/2) go(A/2)er
T d + d

&

A
C.=—-(>0A+¢
P 2d ( r)

ii) The arrangement can be supposed to be a series combination of two capacitors, each with plate area

A and separation d/2.

C1C;

Total capacitance Cy = v
1 2

2¢,A 2e¢ A
X

__d d
2&,A N 2e,6,A

d d
e AY
4 0
_ gr( d j
Z?A(1+gr)
& A
2 0
_"d
(1+¢,)

26, A &
Co =
d [(1+ Er))
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CHAPTER 2
CURRENT ELECTRICITY

Points to Ponder:

v Substances which have abundance of free electrons are conductors.

v The instantaneous current is the limit of the average current, as At — 0

I=lim 5 =%
4 Current is a scalar and current density is a vector.
v The graph between | versus V is a straight line.
Slope= %
v The value of equivalent resistance in series connection will be greater than each individual
resistance.

v The value of equivalent resistance in parallel connection will be lesser than each individual

resistance.

v All household appliances are connected in parallel.

v Multi meter is used to measure voltage, current, resistance and capacitance.

4 o for conductors is positive.

v o for semiconductors is negative.

v Semiconductor with negative temperature co-efficient of resistance is a thermistor.

v Electrical power is the rate at which the electrical potential energy is delivered.

v An electrical cell converts chemical energy into electrical energy to produce electricity.

v Electromotive force determines the amount of work a battery does to move a certain amount

of charge around the circuit.

v A battery or cell is the source of emf.

v The emf of the cell is directly proportional to the balancing length, is the principle of
potentiometer.

v Nichrome has a very high specific resistance and can be heated to very high temperature

without oxidation.

v Molybdenum — Nichrome wire is used to produce temperature upto 1500°C .

v Carbon arc furnaces produce temperature up to 3000°C.

v The melting point of tungsten is 3380°C.

4 Only 5% of electrical energy is converted into light in incandescent electrical lamps.
4 Two dissimilar metals connected to form two junctions is a thermocouple.
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Important Formulas

S
No

Application

Formula

Terms/unit figure

1

Electric current

Q=electric charge

Electric

potential

W = work
V = electric potential

Q = electric charge

Ohm’s law

V=IR

V=electric potential; SI unit of
electric potential is Volt (V)
I=electric current; S| unit of
electric current is Ampere(A)
R= electrical resistance; Sl unit
of electrical resistance is ohm

()

Current density

j=current density ; Sl unit of
current density is Am
I=electric current

A=area

Electric

resistance

P=electric resistivity; Sl unit :
Qm

A=area of cross section
L=length

V=volume

R=electric resistance; Sl unit;
ohm(Q)

Conductance

x|~

G=conductance;

Unit is mho (or) siemens

Conductivity

SRR

P=resistivity

o=conductivity
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9 | Vector form of | F = P E=electric field
ohm’s law J=current density
j=ckE P=resistivity
o=conductivity
10 | Driftvelocity | ;. = %EF — % g = drift velocity
e=charge of electron
m=mass of electron
e=electric field
V=electric potential
I'=relaxation time
11 | Relation n=number density of charges
between current | 1 = neAvg e=electric charge
and drift m=mass of electron
velocity I=length of conductor
['=relaxation time
12 | Relation j=nevd J=current density
between current
density and drift
velocity
13 | Relation — K
ne2l'A
between electric A=area of cross section
resistance and L=electric current
drift relaxation E=electric field
time Vg = drift velocity
14 | Relation p:n:;
between electric
resistivity and
drift relaxation
time
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15 | Mobility of H:%
charges
16 | Electric Rt = Ro (1+aAt) a=temperature coefficient of
resistance at a resistance
temperature
17 | Total resistance | Rs=R1+R2+R3.... Ri1; R2; Rs. ... difference
(Rs) in series electrical resistors
combination of | fR1=R2=....Rn=R;
resistors
Then Rs =nR
18 | Total resistance | L. -+ .t .t .
Rp R1 R2 R3
(Rs) in parallel fRi=Ro= .. R,=R: Rs:Rp=n?:1
combination of
resistors R
Then Rp=Rp=—
19 | Electromotive g=clectromotive force (emf); Sl
force (OR) emf | - W unit of emf is Volt(V)
(e) ! r=internal resistance; Sl unit
20 | Electromotive ohm (Q)
force or emf | e= V+Ir=I(R+r) V=terminal potential difference
during R=external resistance
discharging of I=electric current
cell
21 | Terminal pd|V=¢-1Ir
during
discharging of
cell
22 | Terminal pd|V=¢g+Ir
during charging
of cell
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23 | Internal
E—V

resistance of an | R=R(=— )
\%
electric cell

24 | Cells in series g=¢€1t+e+e3....+e&n
Eeq = total emf
ls=ritre+rs...... I'n req = total internal resistance of
25 cells

ne

| = n=number of rows
R+nr

R=external electric resistance

1.When R>> nr then

_ ne

R

2.When R<< nr then ==

3.When R>> nr then cells must
be connected

In series to get maximum current

26 | Cellsinparallel | 2ea _ &1 & i Eeq= total emf

Req R1 R2 Rn _ _
Req = total internal resistance of

cells
e 8
Req Rl R2 Rn n=number of rows
R=external electric resistance
_ ne
B nR+r

1.When R>>§ then

2 .When R<<§ then | =

ne

r

3.When R>> f then cells must

be connected
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In parallel to get maximum

current
28 | Series and | | = 2m& n=number of cells in a row
nR+nr
parallel m=number of row in parallel

59 | grouping of Eor maximum current R=r (o) R=electric resistance

cells r=internal resistance

_nr
=
30 | Electrical heat | H=\/|t=]2 Rt = Y2 H=heat energy
R
energy V=electric potential

I=electric current

Electric power | p=y|= 2R = V2
R R=electric resistance

T=time

P=power; S| unit of power is

Watt (W)
1hp =746 W
1kWh=3.6 x 10 8J
31 |Electric power |1 -1t .1 .t . 1 Sl unit of power is watt (W)
. ] Ps P1 P2 P3 Pn
in series
combination (Pp
)
32 | Electric power | Pp=P1+P2+Ps... +Py
in parallel
combination (Pp
)
33 | Kirchhoff’s > 1= 0 (junction rule) I = electric current
laws R=electric resistance
Y IR = Ye (loop rule) g=emf
34 | Wheatstone -R PQR and S are resistors

P _=
Q S
bridge
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35 | Meter bridge

_ 100-1

= | <

36 | Potentiometer

_Vv
K_l
37
X _In
e 12

B =R

Multiple Choice Questions
1) The following graph shows current versus voltage values of some unknown conductor. What

is the resistance of this conductor?

@ 2 Ohm (b) 4 Ohm (© 8 Ohm (d) 1 Ohm
Solution
Resistance R = slope =% = g =1Q

Ans : (d) 1 Ohm
2) A wire of resistance 2 Ohms per meter is bent to form a circle of radius 1m. The equivalent

resistance between its two diametrically opposite points, A and B as shown in the figure is
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I I
(@) nQ (b) EQ (c) 2rQ (d) ZQ
Solution :
Length, d =2ny 7=1m

o1 =27 Totalresistance, R =2rx,x
R=27zx2=4:10

.'.RP:%=277[=7zQ

Ans : (a) 72

3. A roaster operating at 240 v has a resistance of 120Q. The power is
(a) 400 W (b) 2w (c) 480 W (d) 240 W

Solution : 2

2
o_ V' _240x240 o

480W
R 120 —
Ans : (c) 480 W
4, A carbon resistor of (47 + 4.7) kQ to be marked with rings of different colours for its

identification the colour code sequence will be
(@) Yellow - Green - Violet- Gold
(b) Yellow - Violet - Orange- Silver
(c) Violet - Yellow - Orange - Silver
(d) Green - Orange - Violet -Gold
Solution :
R = (47 £4.7) kQ = 47+10% K

R=4 Zx %03 + 13%
v 3
Ans (b) Yellow-Violet-Orange - Silver
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5. What is the value of resistance of the following resistor?
(@) 100k (b) 10KQ (c) IKQ (d) 1000 KQ

Solution

Brown - Black - Yellow
1 0 10*
10 x 10* =100 k2
Ans : (a) 100 ko
6. Two wires of A and B with circular cross section made up of the same material with equal

lengths. Suppose RA — 3Rg, then what is the ratio of radius of wire A to that of B?

(@3 ®VE % (@) %
Solution
Ra-3Rs

2
RA _i:ﬂ'rz
2

R B A1 7
H_|Re_[Rg _ 1
r, VR, \3R, 3

1
Ans: (c) —=
3
7. A wire connected to a power supply of 230 V has power dissipation Pi. Suppose the wire is

cut into two equal pieces and connected parallel to the same power supply. In this case power

P
dissipation is P.. The ratio -2 is

1
(@1 (b) 2 (c)3 (d) 4
Solution :

. . 1
Initial resistance .. PaE
After cutting final resistance
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=>R/4=R’
P, R_Rx4 B 4
P R R PR
Ans: (d) 4
8. In India electricity is supplied for domestic use of 220 V. It is supplied at 110 V in USA. If the
resistance of a 60W bulb for use in India is R, the resistance of a 60W bulb for use in USA will be
R R
a) R b) 2R c) — d) —
(a) (b) (©) 4 (d) >
Solution
2 2 2
WV g M e
Rl R2 V2
2:MXR ~R,=R/4
220x 220
R
Ans: (c) —
(©) 2
0. In a large building there are 13 bulbs of 40W, 5 bulbs of 100W, 2 Fans of 80W and 1 heater

of 1KW are connected. The voltage of electric mains is 220V. The minimum capacity of the main
fuse of the building will be

(@) 14A (b) 8A (c) 10A (d) 12A
Solution

Total power = (15x40)+(5x100)+ (5x80)+(1x1000)

P = 600+500+400+1000 = 2500W

I =E=@=11.36z12A
vV 220

Ans : (d) 12A.

10. There is a current of 1.0 A in the circuit shown below. What is the resistance of
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(a) 1.5Q (b) 2.5Q (c) 3.5Q (d) 14.50Q
Solution :

3I+251+P.I=9 (.-1=1A)

.2 3+2.5+P= 9 = P=9-55=3.50

Ans : (c) 3.502

11.  What is the current out of the battery?

(@ 1A (b) 2A (c) 3A (d) 4A
Solution :
R 1
I=—V Res ——=—5=5£2
R n 3
L1=2=1A
5
Ans : (a) 1A

12.  The temperature co-efficient of resistance of a wire is 0.00125 per °C. At Book, its resistance
is 1Q. The resistance of the wire will be 2 Q at

(a) 1154K (b) 1100K (c) 1440K  (d) 1127K
Solution :

R2_R1 -T.-T RZ_Rl

2 N

a = =
Rl(TZ - T1)

Ry
0 2-1 1
T 1x0.00125  0.00126
T,=800+27=827°C
To= 827+273=1100K
Ans : (b) 1100K
13.  The internal resistance of a 2.1 V cell which gives a current of 0.2A through a resistance of
10Q is

T,-27

(@) 0.2Q (b) 0.5Q (c) 0.8Q (d) 1.0Q
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Solution :
-V
|

21-2 0.1
r= —:O— =0.50 Ans: (b) 0.502
02 02

14. A piece of copper and another of germanium are cooled from room temperature to 80K. The

r V=IR=02x10=2

resistance of
(a) each of them increase
(b) each of them decrease
(c) copper increase and germanium decrease
(d) copper decrease and germanium increase
Solution :
Resistivity o Temperature for conductor
.» Copper — decreases
Resistivity o 1/ temp for semi conductor
.~ Germanium — increases.
Ans : (d) copper decrease and germanium increase.
15.  InJoule’s heating law, when I and t are constant. If the H is taken along the Y axis and 1? along
the X axis, the graph is
(a) straight line (b) parabola (c) circle  (d) ellipses
Solution : Ha P Ans : (a) Straight line

Very short answer questions

1. Why current is a scalar? P-88

2. Distinguish between drift velocity and mobility. P-85,86
3. State microscopic form of Ohm's law.(J = ¢ E) P-87

4, State macroscopic form of Ohm's law. (V=IR) P-89

5. What are ohmic and non ohmic devices? P-89

6. Define electrical resistivity. P-90

7. Define temperature coefficient of resistance. P-97

8. What is superconductivity? P--99

Q. What is electric power and electric energy? P-99,100
10. Define current density. P-87
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11. Derive the expression for power P-VI in electrical circuit. P-100
12.  Write down the various forms of expression for power in electrical circuit.P-100
13.  State Kirchhoff's current rule. P-107

14.  State Kirchhoff's voltage rule. P-108

15.  State the principle of potentiometer. P-112

16.  What do you mean by internal resistance of a cell? P-103

17.  State Joule's law of heating P-115

18.  What is Seebeck effect? P-117

19.  What is Thomson effect? P-118

20.  What is Peltier effect? P-118

21.  State the applications of Seebeck effect. P-117

Additional questions

1. Define electric current. P-84

2. Define the Sl unit of electric current. P-84

3. Distinguish between conventional current and flow of electrons in a circuit. P-84
4. Define the term relaxation time. P-86

5. Derive relation between electric current and drift velocity. P-87

6. Derive relationship between quantities current density and electric field. P-87
7. Derive Ohm's law from current density. P- 88,89

8. Define resistance and give its Sl unit. P-89

Q. Draw a graph between current and voltage for ohnmic and non ohmic materials. P- 89
10. Define conductivity of a material. P-88

11.  How can we classify solids on the basis of their resistivity? P-90

12.  When are the resistance said to be connected in series? P-92

13.  When are the resistance said to be connected in parallel? P-93

14.  What are carbon resistors? P-96

15. Describe the colour code used for Carbon resistors. P-96

16. State the commercial unit of electrical energy. P-100

17. Define the term electromotive force. P- 103

18.  What is internal resistance of a cell? P- 103

19.  What do you mean by a series combination of cells? P-104

20.  What do you mean by parallel combination of cells? P-106

21.  What is a potentiometer? P- 112
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22.  What is joule's heating effect of current. P-114

23.  Obtain an expression for the heat developed in a resistor by the passage of an electric current
through it. Hence state joule's law of heating. P-115

24. Discuss some of the following practical applications of the Joule's heating effect of current. (i)
Electric heaters (ii) Electric fuses (iii) Electric furnace (iv) Electric lamp. P-115,116,117

25.  What is known as thermoelectric effect. P-117

26.  What is Thomson effect? Explain with an example what is positive Thomson effect and
negative Thomson effect. P- 118

Concept related questions

27.  What are other factors which determines the current in a conductor?

(1) number of free electrons per unit volume n

(i) charge of the electron e

(iii)  area of cross section of the conductor A

(iv)  drift velocity of the electron vgq

28.  Current (I) — Voltage (V) graph for a metallic wire at 2 different temperatures T1 and T2 is as

shown in the figure below. Which of the two temperature is lower and why?

T

Tz

\

From the graph, The slope of line 1 > The slope of line 2, .. R1< Rz, W.K.T resistance o temperature.
Therefore T>>T;
29.  Graph showing the variation of Current vs Voltage for a material of GaAs. Identify the region

of (i) negative resistance. (ii) where ohm's | aw is obeyed.
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(i) DE is the region, of negative resistance because the slope of curve in this part is negative.

(i) BC is the region, where Ohm's law is obeyed because in this part, the current varies linearly
with voltage.

30.  The temperature of two materials Silicon and Copper are reduced from 250 K to 50 K. What
will be the effect on their resistivity?

In Silicon, the resistivity increases with decrease in temperature.

In Copper, the resistivity decreases with decrease in temperature,

31. The relaxation time 7 is nearly independent of the applied electric field E, where as it changes
significantly with temperature T. First that is responsible for Ohm's law, whereas the second fact leads
to the variation of resistivity p with temperature. Elaborate why?

Relaxation time is inversely proportional to the velocities of electrons and ions. The applied electric
field produces the insignificant change in the velocity of electron at the order of 1 mm/s . Where is the
change in temperature T affects velocity at the order of 10% m/s?

This decreases the relaxation time considerably in metals and consequently resistivity of metal or
conductor increases as

_1_ m
P—G—

ne’t

32. A metal rod of square cross-sectional area A, having length | has current | flowing through it,
when a potential difference of V volt is applied across its end. Fig | Now, the rod is cut parallel to its
length into two identical pieces and joined as shown in the figure 11. What potential difference must be
maintained across the length of 2, so that the current in the rod is still 1?

(1)

Ohm’s law, V =1R,

l
Vl:IpZ

21
VZ :Ip m

V=4V,

51|Page

Send Your Materials To : contactkalvipedia@gmail.com
Youtube / Techie Tamilan



tnl2thstudycollectionsontt.blogspot.com

33. A wire of resistivity p is stretched to three times of its length. What will be its new resistivity?
Resistivity is a property of the material it does not depend on the dimensions of the wire. Thus, when

the wire is stretched, then its resistivity remains same.

34. In what manner do the relaxation time in the good conductor change when its temperature
increases?
_ m
P= et

The resistivity of the material is inversely proportional to the average relaxation time of free electron
in the conductor. As the value of T depends on the temperature of the conductor. So, resistivity of the
conductor changes with the temperature, as temperature increases, T decreases, hence p increases.

35. Draw a graph showing the variation of resistivity of a (i) conductor and (ii) semiconductor,
with the increase in temperature. how does one explain this behaviour in terms of number density of
charge carriers and relaxation time? P-98,99

36. Figure shows a graph of current | flowing through the cross section of a wire versus the time t.

Use the graph to find the charge flowing in 6 seconds through the wire.

I(A)

3 6

Area under I-t curve gives the charge flowing through the conductor.

Q:(%x3 ><2)+(3 Xx2)=9C

37. A conductor of length I is connected to a DC source of emf E. if the length of the conductor is

doubled by stretching it, keeping E constant, explain how its drift velocity would be affected?

vga E
E;

Vaz _ B2 _ 21 _1
Va1 Ey 5
l
Va1
va =

52|Page

Send Your Materials To : contactkalvipedia@gmail.com
Youtube / Techie Tamilan



tnl2thstudycollectionsontt.blogspot.com

38. A wire whose cross-sectional area is decreasing linearly from its one end to other, is connected
across a battery of V volts. Which of the following quantities remains constant in the wire? (a) drift
speed (b) current density (c) electric current (d) electric field Justify your answer.

The setup is shown in the figure. Here, electric current remains constant throughout the length of the
wire. Electric field also remains constant which is equal to V / I. Current density and then drift speed

changes.

V|,
|I

39. A 60W, 220V bulb is connected to a supply of 110 volt. What will be the power dissipated

in the bulb ?
P=VI
For 60 W bulb, 60 = 220 x |
w1
220

The power dissipated by 60 W bulb willbe P =V X1 =110 X % =30W

40. Two bulbs of 60 W and 100 W are connected to 220 V line. What will be the ratio of the
resistance?
V2
P=—
R

R, P, 100 5

R, P, 60 3
41. A washing machine of 500 W is used for 4 hours, then what is the value of the unit expense of
electricity?
Electrical energy = power x time in hours = 500 W x 4 h = 2000 Wh = 2 KWh
1 KWh = 1 commercial unit of electricity
Electrical energy consumed = 2 unit of electricity
42, In the following diagram equivalent resistance between A and D is
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Path ABC,Rae1=R1+Rx=2+2=4Q
Path ADC, R =2+2=4Q
Between A and C

Rp Rsl RS RsZ
4
Rp = 5 .Q

43.  Two identical slabs of a given metal, are joined together, in two different ways shown in the
figure (a) and (b). What is the ratio of the resistance of these two combinations?

S

(@) (b)
For (a)
1_1+1
R, R R
R
Rp:E
For (b) Rs=R+R=2R
Ry _1
R, 4

44. A wire of 20 Q is half and the two pieces are joined in parallel. Find its resistance.

When the wire of 20 Q is halved, then each part has a resistance of 10 Q. When they are connected in
parallel, then the equivalent resistance =5 Q.

45.  The potential difference applied across a given resistor is altered, so that the heat produced per
second increases by a factor of 16. By what factor does the applied potential difference change?

Heat produced per second =V?R So, when voltage is made 4 times, then he produced increases 16
times for same R.

46. Find the equivalent resistance between points A and B of the circuit given below.
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All the resistors are in parallel

47.  The current through a resistor 10 Q is 3 A. If another resistor of 10 Q is connected in parallel
with it, then what will be the amount of current flowing through the first resistance?

As the two resistances are connected in parallel, the current of 10 A is divided among the resistance,
the value of the resistances are equal, current through each of them =15 A

48.  Two identical cells, each of emf E , having negligible internal resistance are connected in
parallel with each other across an external resistance R. What is the current through this resistance?
The cells or arranged as shown in the circuit diagram

E

E

MM

R

As the internal resistance negligible, show total resistance of the circuit = R, so current through the
resistance, I= E/R

(In parallel combination, potential is same as the single cell)

49.  Acell of emf E and internal resistance R is connected across a variable resistor R. Plot a graph
showing variation of terminal voltage V of the cell versus the current I. Using the graph show, how
the emf of the cell and its internal resistance can be determined.

WKT,V=E-Ir

The graph between v and | is a straight line of positive intercept and negative slope as shown
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Tua I

(i) The value of the potential difference corresponding to zero current gives the emf of the cell.

(E)
(i) Maximum current is drawn, when terminal voltage is zero, so
V=E-Ir
0=E—lmaxr
_ E
"7 Tnax

50.  What is the difference between the values of potential difference across the terminals of a cell
in an open circuit and closed circuit?

The potential difference across the terminal of a cell is given by V = E-Ir.

In an open circuit, there is no current. i.e., 1=0

Therefore E=V

In a closed-circuit V< E, the difference between the two values of potential difference = Ir, which is
called the lost voltage.

51.  Which type of combination of cells is used in the following two cases. (i) if the external
resistance is much larger than the total internal resistance? (ii) if the external resistance is much smaller
than the total internal resistance?

(1) series combination of cells. (i) parallel combination of cells.

52. Under what condition will the terminal potential difference of a cell be greater than its emf?
The Terminal potential difference of the cell becomes greater than the emf of the cell during charging
of the cell. In this process, current flows from positive electrode to negative electrode of the cell.
Hence, V=E + Ir

53. If each of the resistance in the network in figure is R, the equivalent resistance between

terminals A and B is
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The resistance in the arm PQ is ineffective as the network satisfy the Wheatstone network condition.
Therefore, path OPS,Ras =R+ R =2R,
Path OQS, R =R + R = 2R,

Rs1 and Rs2 are in parallel

1 4 1 % 1
R, 2R 2R
Ry =RQ
54. In an experiment of metre bridge, the balancing length of the wire is I. What would be its value,

if the radius of the metre bridge wire is doubled? Justify your answer.
The balancing length remains same as per relation
R l

S~ 1001
The balancing length is independent of radius of bridge wire provided that it is uniform throughout.

55.  Sometimes balance point may not be obtained on the potentiometer wire. Why?

The balance point may not be obtained on the potentiometer wire, because the emf of the axillary
battery is less than the emf of the cell to be measured.

56. Two conducting wires P and Q of the same length and area of cross section but of different
material or joined in series across a battery. If the number density of electrons in P is twice then that
in Q. Find the ratio of drift velocity of electrons in two wires.

As A and B are in series, the current through them is same,
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(nevgA)p = (neveA) o

(Wa)p _ g _ l
Wa)g mnp 2
57. Figure below shows a plot of current vs voltage for two different materials A and B. Which of

the two material satisfies Ohm's law? Explain.

The graph of V verses I is a straight line for materials that obey Ohm’s law. So A is ohmic material

58. Differentiate between emf and terminal potential difference of a cell.

Emf Terminal potential difference

The EMF of a cell is the maximum | The Terminal potential difference of a
potential difference between the two | cell is the potential difference between
electrodes of a cell, when the cell is in the | the two terminals of the cell in a closed

open circuit. circuit.

It is independent of the resistance of the | It depends upon the resistance of the
circuit and depends upon the nature of the | circuit and current flowing through it.

electrode and electrolyte of the cell.

The term emf is used for the source of | the potential difference is measured

electric current. between any two points of the electric
circuit.
The emf is a cause The potential difference is an effect.

59. Differentiate between potentiometer and voltmeter.
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Potentiometer Voltmeter

It is based on null deflection method It is based on deflection method

It measures the emf of a cell very accurately | It measures the emf of a cell approximately

While measuring emf,it does not draw any | While measuring emf, it draws some current

current from the source of known emf from the source of emf

When measuring emf, the resistance of the | While measuring emf, the resistance of

potentiometer becomes infinite voltmeter is high but finite

It can be used for various purposes It can be used only to measure emf or

potential difference

Its sensitivity is high Its sensitivity is low

60. Resistivity of copper, constantan, silver or 1.7 into 10 power minus 8 ohm metre, 39.1 into 10
power minus 8 ohm metre and 1.6 into 10 power minus 8 ohm metre respectively. Which has the best
conductivity?

Conductivity = 1/ resistivity.

As silver has the lowest resistivity, so it has the best conductivity.

61.  Two wires of equal lengths, one of copper and the other of manganin have the same resistance.

Which wire will be thicker?

=

I

i)
A~ ]~

0
Il
©

For both wires R and | are same,
pcopper < pmanganin
Acopper < Amanganin
Manganin wire is thicker than copper wire.
62.  Two wires of equal cross-sectional area, one of copper and other of manganin have the same

resistance. Which one will be longer?

For both wires R and | are same,

Pcopper < Pmanganin
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lcopper > lmanganin
Copper wire longer than manganin wire
63.  The current flowing through a conductor is 2 mA at 250 V and 3 mA at 60 volt. Is it an ohmic

or non ohmic conductor?

RV
I
Case Q)
R, = 5—0 = 25000 0
2 x 1073
Case 0]
60
RZ == W = 20000 .Q

As the resistance changes with current, so the given conductor is non-ohmic.
64. If potential difference V applied across a conductor is increased to 2 V, how will the drift
velocity of the electron change?

eEt eVt

v =
) ml

When V is increased to 2 V, drift velocity also gets doubled.

65.  When a motor car is started, the car lights become slightly dim. Why?

When a motor car is started, its starter takes a high current from the battery, so a large potential drop
occurs at the terminals of the battery and the bulb gets dim.

66.  Why does the conductivity of a semiconductor increase with rise of temperature?

As temperature increases, covalent bonds begin to break in the semiconductor, setting free more and
more electrons. So the conductivity increases.

67.  Can we use copper wire as a potentiometer wire?

Resistivity of copper is small, so there will not be and appreciable potential drop across the ends of the
potentiometer wire. Also temperature coefficient of resistance of copper is large.

68.  What is the end error in metre bridge?

The end error in a metre bridge is due to the following reasons.

M the zero mark of the scale provided along the wire may not start from the position where the
bridge why are leaves the copper strips and hundred centimetre mark of the scale may not end at
position where the wire touches the copper strip.

(i) resistance of copper wire and copper strips of metre bridge has not been taken into account.
69. Three resistors of resistance 2 Q, 3 Q and 4 Q. If they are connected to the same battery in turn,

in which case the power dissipated will be maximum?
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ForagivenV, P « %

So the power dissipation will be maximum at 2 Q resistor.

70.  Three bulbs 40 W, 60 W and 100 W are connected to 220 V mains. Which bulb will glow
brightly, if they are connected in series?

In the series circuit, the same current flows through each bulb. But the 40 W bulb has the highest

2
resistance (R = V;) . The 40 W bulb produces maximum heat per second (P = 12 R). So, it will glow

more brightly than the other bulbs.
71. A 100 W and a 500 W bulb or joined in parallel to the mains. Which bulb will glow brighter?
In parallel, same voltage V is applied to both the bulbs. But 500 W bulb has a smaller resistance (R =

V; ), so it will produce more heat per second ( P = V?f) and It will glow brighter than 100 W bulb.

72.  Two 120 V light bulbs, one of 25 W and other of 200 W where connected in series across a

240V line. One bulb burnt out almost instantaneously. Which one was burnt and why?

2
AsR = V? , S0 25 W bulb has more resistance. In the same circuit, same current flows through both

the bulbs. The 25 W bulb develops more heat ( H = I? R t) and hence burns out almost instantaneously.
73.  The electron drift speed is so small, how can we still obtain large amount of current in a
conductor?

The current in a conductor is given by

I=enAvyg

Although the electrons charge e and drift speed vq are very small quantities, yet we can obtain a large
amount of current in a conductor. This is because the free electron density of a conductor is large
approximately 10%° m™3, the drift of a very large number of free electrons are added to cause a large
current inside the conductor.

74. It is easier to start a car engine on a warm day then on a chilly day. Why?

The internal resistance of a car battery decreases with increase in temperature. Therefore, on your
warm day a car battery gives large current which helps in starting the car engine.

75. The current voltage graphs for a given metallic wire at different temperatures T1 and T» are

shown in the graph. Which of the temperatures T1 and T is greater?
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12 ““““E T2
I -4 '
‘Ifl v
For the same V1,
Resistance at T,
4
R, = —
Resistance at T,
Vi
R, = —
Since l,< 11 Therefore R2> R
wkt,RaT,
T>T1

76. V-1 graphs for parallel and series combination of two metallic resistors are as shown in the

graph. Which graph represents parallel combination? Justify your answer.

AsR = % Clearly, slope of V-1 graph gives resistance R. Here graph A has a greater slow than B, so

graph A represents series combination (higher resistance) and graph B represents parallel combination.

(Lowver resistance)
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77.  The voltage current variation of two metallic wires A and B at constant temperature are as
shown. Assume that the wires have the same length and the same the diameter, explain which of the

two wires will have larger resistivity.

Slope of I-V line of wire P > slope of I-V line for wire Q
Therefore, conductance of wire P > conductance of wire Q

Resistance of wire P < resistance of wire Q

L [
PPA—PQA
Pp < Pq

Thus, wire Q has a larger resistivity.
78. Explain how electron mobility changes for a good conductor when (i) the temperature of the
conductor is decreased at constant potential difference and (ii) applied potential difference is doubled

at constant temperature.

Electron mobility of a conductor,
et
= —

(1) when the temperature of the conductor decreases, relaxation time t of the free electron

decreases, so mobility p decreases.

(i)  mobility p is independent of applied potential difference.

79. Three materials A, B and C have electrical resistivities 6, 26 and 26 respectively. Their number
densities of free electrons are n, 2n and n respectively. For which material, is the average collusion

time of free electrons maximum?

ne?t

Conductivity, o =
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Therefore, Relaxation time, 7 = :—e";

For metal A, 7, = 2=
ne
2am am
Formetal B, 75 = —— = —
2
For metal C, 70 = =22
ne

It is clear that, tc> 18 = 1A
Short Answer Questions

1. Describe the microscopic model of current and obtain general form of Ohm’s law. P-87,88

2. Obtain the microscopic form of Ohm’s law from its microscopic form and discuss and discuss
its limitations. P-89

3. Explain the equivalent resistance of a series and parallel resistor network. P-92,93

4 Explain the determination of the internal resistance of the cell using voltmeter. P-103

5 State and explain Kirchhoff's rules. P-107,108

6. Obtain the condition for bridge balance in Wheatstone’s bridge. P-109

7 Explain the determination of unknown resistance using meter bridge. P-111

8 How the emf of two cells are compared using potentiometer? P-113

Additional questions

1. Derive an expression for resistivity in terms of number density of free electrons and relaxation

time. Show that resistivity is independent of the dimensions of the conductor. P-87,88

2. Find an expression for the equivalent resistance of a number of resistance connected in series.
P-92

3. Find the equivalent resistance of a number of resistance connected in parallel. P-93

4. Explain the variation of resistivity of conductors, semiconductors with the change in

temperature. P-97

5. Derive the condition for obtaining maximum current through and external resistance connected
across a series combination of cells. P-105

6. Derive the condition for obtaining maximum current through an external resistance connected

to a parallel combination of cells. P-106
Long Answer Questions
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1. State and explain Kirchhoff’s laws by giving suitable illustrations. Also state the sign
convention used. P-107,108
2. With the help of a circuit diagram, explain how potentiometer can be used to measure the

internal resistance of a primary cell. P-114

Creative questions
1. A wire is carrying a current. Is it charged?

Ans. No. The current in a wire is due to flow of free electrons in a definite direction. But
the number of protons in the wire at any instant is equal to number of electrons and charge on electron

is equal and opposite to that of proton. Hence net charge on the wire is zero.

2. Is current density a vector or a scalar quantity? How does the current density, in a conductor
vary with —

a) increase in potential gradient?

b) increase in temperature?

C) increase in length?

d) increase in area of cross-section?

Ans. Current density is a vector quantity.

Current, | = nAevqg = eE/m

Current density  J=1/A =nevy =ne X eE/m

a) With increase in potential gradient (\V/1), J increases

b) With increase in temperature, T decreases, so J decreases.

c) With increase in length J decreases

d) With increase in area, J remains unchanged as J is independent of A.
3. Why the resistance of the conductor increases with the rise in temperature.
Ans.  With the rise of temperature of conductor, the resistance of a conductor increases because the
frequency of collision of electrons with ions/atoms of the conductor increases, resulting decreases in
relaxation time ( 7 ) of electrons.
4. If the temperature of a good conductor increases, how does the relaxation time of electrons in
the conductor change?
Ans.  With the increase in temperature, the free electrons collide more frequently with the ions/atoms
of conductor, resulting decrease in relaxation time.
5. Two wires of equal length one of copper and other of manganin have the same resistance.

Which wire is thicker?
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Ans. R = pl/A orA o« p if i and R are constant. Since p is greater for manganin than for

copper, hence manganin wire is thicker than copper wire.

6. On increasing the current drawn from a cell, the potential difference of its terminals is lowered.

Why?

Ans. This is due to internal resistance r of the cell. We know that terminal potential difference
V=2¢& -Ir. If I isincreased V will be lowered.

7. Can the terminal potential difference of a cell exceed its e.m.f.?

Ans. Yes. When cell itself is being charged, because terminal potential difference

8. The V — | graph for a conductor makes angle 0 with V —axis. Here V denotes voltage and

I denotes current. What is the resistance of this conductor?

Ans. V-1 graph for a conductor is a straight line, inclined to voltage axis, according to Ohm's Law.

If O is the angle which V-1 graph makes with V-axis, then slope of the graph,

tan 6 = I/V = 1R or R=1 = Coté6
tan 6
9. Lights of a car become dim when the starter is operated. Why ?

Ans.  When the motor starter of a car is operated, it drawn more current from the battery for the
operation of car. Therefore, the voltage across the light bulb is lowered, hence the right of a car is
dimmed.

10.  For what basic purpose the cells are connected (i) in series (ii) in parallel and (iii) in mixed
grouping?

Ans. The cells are connected (i) in series, to get maximum voltage (ii) in parallel, to get maximum
current and (iii) in mixed grouping, to get maximum power.

11.  What happens to the balance point if the position of the cell and the galvanometer are inter-
changed in balanced Wheatstone bridge?

Ans. There will be no deflection in the galvanometer as the condition of balanced bridge will still
hold good.

12.  Why do we prefer a potentiometer to measure emf of a cell rather than a voltmeter?

Ans. At null point, a potentiometer does not draw any current from the cell whose emf is to be
determined, whereas the voltmeter always draws some little current. Therefore, emf measured by
voltmeter is slightly less than actual value of emf of the cell.

13. If the length of the wire be (i) doubled and (ii) halved, what will be effect on the position of

zero deflection in a potentiometer? Explain.
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Ans. (i) When length of the wire is doubled, the potential gradient across the potentiometer
wire will decrease. Due to it, the position of zero deflection will occur at longer length. (ii) The
reverse will be true when length is halved.

14. If the current flowing in the wire of the potentiometer be decreased, what will be effect on the
position of zero deflection in potentiometer? Explain.

Ans. If the current in the wire of potentiometer is decreased, the potential gradient will decrease and
hence the position of zero deflection will occur at longer length.

15. A wire connected to a bulb does not glow, whereas the filament of the bulb glows when same
current flows through them. Why?

Sol.  Filament of bulb and supply wires are connected in series. Therefore, the same current flows
through them. Since the resistance of connecting wires is negligibly small as compared to the
resistance of filament and heat produced due to given current is directly proportional to its resistance
(from Joule's law of heating), therefore, the heat produced in the filament is very large. Hence the bulb
glows, but the connecting wires remain practically unheated.

16.  Nichrome and copper wires of same length and area of cross-section are connected in series,
current is passed through them. Why does the nichrome wire get heated first?

Ans.  Since resistivity of nichrome is greater than that of copper, hence heat produced in nichrome
wire will be more than that of copper wire.

17.  Why the brightness of light emitted by a bulb decreases gradually with its period of use

Ans.  When the bulb is used, the evaporation of the metal from the filament of bulb takes place with
time which deposits on the inner side of the glass wall as black substance. Due to it, the filament of
the bulb becomes thinner and thinner with use. This in turn increases the resistance of the bulb. So

brightness of bulb decreases gradually with its period of use.

Numerical Problems:
1. The following graphs represent the current versus voltage and voltage versus current for the
six conductors A,B,C,D,E and F. Which conductor has least resistance and which has maximum
resistance?
(Ans: Least RF=0.4Q, maximum Rc=2.5Q))
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Solution :
By Ohm’s law, V=1IR

R=—
1

From graph, slope R = %

=0.5Q

Ry =

N

1.33Q

2
4
4
R. =—
3
)

R.=2250
)

From the above values,
The least resistance is Rg =0.4Q

The maximum resistance is Rc = 2.5Q

1 AV
From graph, ——R = —
slope Al
4
R,===2Q
° 2
Re = 30750
4
R, = 2_040
5

2. Lightning is very good example of natural current. In typical lightning, there is 10°J energy
transfer across the potential difference of 5 x107V during a time interval of 0.2s. Using this
information, estimate the following quantities (a) total amount of charge transferred between
cloud and ground (b) the current in the lighting bolt (c) the power delivery in 0.2s.

(Ans :Charge =20C, |1 =100A, P=5 GW)

Given data :

E=10°J, V=5x10"V, t=0.2s
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Solution :

a)Total amount of charge

W:qv:qW:E: 10° - =0.2x10
V V 5x10
qg=20C
b) current, | = a_ 20 = 200 =100
t 02 2
| =100 A
¢) power, P=VI =5x 107x100 = 5x10°
P=5GW
Ans: Q=20C
1=100A
P=5GW

3. A copper wire of 10 m? area of cross section, carries a current of 2A. If the number of
electrons per cubic meter is 8x10%8, calculate the current density and average drift velocity
(Answers : J=2x10° Am2; Vd -15.6x10° ms?)

Given data : A=10%m?, 1 =2A, n =8 x 10%®

Formula :

Current density, J = 1

A

Drift velocity, V, = J
ne

Solution :
L 2_6 =2x10°
A 10
J=2x 10°Am™2
J 2x10°

" e 8x10% x1.6x10

V, =15.6x10°ms™
Ans: J=2x 10°Am™
Vg =15.6 x 105 ms?
4. The resistance of a nichrome wire at 0°C is 10Q. If its temperature coefficient of resistance

is 0.004/°C, find is resistance at boiling point of water. Comment on the result.
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(Ans : RT=14Q))
Given data :
T1=10°C, Ro =10
Boiling point of water T, = 100°C
a = 0.004/°C
Rt =?
Formula :
Rt = Ro [1+a(T-To)]
Rt=10[1+0.004(100-0)]
=10 (1+0.4)
=10(1.4)
Rr=14Q
Ans : Rt =14Q
As the temperature increase the resistance of the wire also increase.
5. The rod given in the figure is made up of two different materials.

Both the have square cross sections of 3mm side. The resistivity of the first material is 4 x
103Q and it 25 cm long while second material has resistivity of 5x103Q and is of 70cm long.
What is the resistivity of rod between its ends?

(Ans: 500Q)

T e e o
R A 3

0cm .»l

,<- 25cm ~—>»

Given data :

i 7

e =4x107°Qm, I, =25cm =25x10"m
e, =5x107°Qm, I, =70cm =70x10"m
Formula :

AR
T

To find Area (A)
Area of square = a’ = (3x107°)? =9x10°m?
Solution :
2 _ob
Al
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3 2
Rl:p1_|1:4><10 xinzlo 111110
9%x10 " m

= g =388.880
1

Al
pl, 5x10°x70x107
R, ===

Resistance of the rod between its ends =

R, +R,=111.11+388.88
R = 499.99 = 500Q0

Ans : R =500Q

6. Three identical lamps each having a resistance R are connected to the battery of emf as
shown in the figure.

Suddenly the switch S is closed. (a) Calculate the current in the circuit when S is open and closed (b)
What happens to the intensities of the bulbs A, B and C. (c) Calculate the voltage across the three bulbs
when S is open and closed (d) Calculate the power delivered to the circuit when S is opened and closed

(e) Does the power delivered to the circuit decreases, increases or remain same?

Ans
_ o ) ) Switch S
Electrical quantities Switch S is open )
is closed
Current £ £
3R 2R
Voltage £ S
V =, V =
A3R " 2R
¢ S
V, ==, V, ==,
® 3R ® 2R
V, - S V. =0
3R
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Power 2 2
oS -
9R 4R
2 2
- -
9R 4R
2 P.=0
P. = 5_ c
9R Total power increases
Intensity All the bulbs glow with equal|The intensities of the bulbs A
intensity and B equally increase. Bulb C
will not glow since no current
pass through it.

7. The current through an element is shown in the figure. Determine the total charge that pass

through the element at a ) t = 0s, b) t= 2s, ¢) t=5s.

USUN

10 o
Sj\_———\
1 i i i

= g
) 17 dut 23 4005 te)

Ans: Att=0s,dg=0C
At 1 =2s,dg=10C,

At t =5s, dq =0C

Solution :
Charge, q =1t
From graph :
a) Att=0s, | =10A,

q =1t =10 x0=0 ~.q=0C
b) Att=2s, | =5A,

q=1t=5x2=10 -.q=10C
c) Att=5s, | =0A,

q=1t=0x5=0 -.q=0C

Ans : a)dq=0C att=0s
b) dg =10C at t =2s
¢) dq =0C at t =5s
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8. An electronics hobbyist is building a radio which requires 150Q in her circuit, but she has
only 220 Q, 79 Q and 92 Q resistors available. How can she connect the available resistors to get
desired value of resistance?

(Ans : Parallel combination of 220Q and 79Q in series with 92Q)
Solution :
Required resistance =150Q2

Available resistances =220Q2, 79Q2, 92Q
Case |
If 3 resistors are connected in series, then
Rs =R1 +R2>+R3 = 220+79+92 = 391Q)
This value is greater than the required resistance so it is not possible.
Case Il
If 3 resistors are connected in parallel, then

1 1 1
=—+—+—

Rl RZ R3

1

+—+i+i=0.0279
p 220 79 92

1
RP
1

R
Rp=35.84 Q

This does not meet the requirement.

Case 11

If Ri& R are connected in parallel and R3 in series.

1 1 1 1 1

R, R, R, 220 719

=0.0172= R, =58.14Q

R, =R, +R;=58.14+92 =150.13Q

. R =150Q

This meets the requirement.

9. Acell supplies a current of 0.9 A through a 2 Q resistor and a current of 0.3 A througha7 Q
resistor. Calculate the internal resistance of the cell.

Solution :

(Ans: 0.5 Q)
With the 2 Q resistor
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S

:R+r
o_gzi
2+
£=09(2+r)

with the 7Q resistor :

| = 3
R+r

O.9=i

T+r
E=03(7+r)

Since ‘€’ is constant,
0.9(2+r)=0.3(7+r)
1.8+0.9r=2.1+0.3r
0.6r=0.3
03

r=
0.6

r=£=O.SQ
2

10.Calculate the currents in the following circuit.

/ 3

15V -_1::

Foen g
Solutions :
(Ans: 11 =0.070A ,12=-0.010A 13 =0.080A)
At junction B, applying current law,
I1-12>-13 =0
l1=lo+I3 ------=----- (1)
Kirchhoff’s voltage law in loop ABEFA
10013 + 1001, =15
Using (1), we get,
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10013 + 100(l2+13) =15
10013 + 1001,+10013 =15
Voltage law in loop BCDEB
10012 -10013+9=0
10013 -10013 = 9 -------mmmmmmm 3)
Adding (1) & (2), we et

200|3+1§Ziz =15
10015 —1Q01, = 9

30015 =29
24
l,=—=0.08
300
-1, =0.08A

(3) = 100l5 -1001, =9

Substituting the value of I3, we get

100 x 0.08 -100I> = 9
8-1001; = 9
-100 = 1
=1, = -1 =-0.01A
100
I, =-0.01A
From (1),
I =lh+13
=-0.01+ 0.08
1,=0.07A
I1 =0.07A
I =-0.01A
I3 = 0.08A

11.A potentiometer wire has a length of 4m and resistance of 20Q. It is connected in series with
resistance of 2890 Q and a cell of emf 4 V. Calculate the potential along the wire.

(Ans : Potential = 0.65 x 102 Vm™)
Given data :

L=4m of R = 20Q2

In series with R" = 2980Q
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E=4V
Formula :

Ohm’s Law V =1R
Solution :
Since 20 is in series with 2980
Refr = 20+2980 =300

current | = ¥ _ 4 _ 1.3x107°A
300

Reff

| =1.3x10°A
Potential along the wire of 4m length is,

V_R I:1.3><10_3><2o
| 4
_ 26x10°
4

=6.5x10°Vm -1

¥ = 0.65x10°Vm -1

Potential = 0.65x1072Vm™

12.Determine the current flowing through the galvanometer (G) as shown in the figure

Solution :
=1-11
Circuit flowing the current [ =2A Applying Kirchhoff’s II law to PQSP
511+101g-15 12 =0
513+10lg -15 (I-11) =0
511+10lg -151 + 1511 =0
2011 +10lg=15x%x1
20 11+ 1014 =30
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Applying Kirchhoff’s II law to QRSQ

10 (l1-1g) -20 (I2+1g) -10 Ig =0

10 11-10 1 -20 (I-11+1g) -10 Ig =O
101:-101g-201+201:-2013—-101g=0

301, -4015=20 |
3013 — 40 Iy =20 x 2

3l —4lg=4 ..o, )
(Q)x3 61 +31g=9 ..o 3)
(1) x2 613+81g=8 ...ceovo... )

Solving (3) & (4)

+11, =11 = LA
11
13.Two cells each of 5V are connected in series across a 8 Q resistor and three parallel resistors

of 4Q, 6Q, and 12 Q. Draw a circuit diagram for the above arrangement. Calculate i) the current

drawn from the cell (ii) current through each resistor.
4€)

5V 5V
Ans :
2
TheCurrentat4Q, 1 = Z =0.5A
2
The Currentat6Q, | = E =0.33A

The Currentat12Q, | = % =0.17A

Solution :
CIRCUIT DIAGRAM :
i) Current drawn from the cell
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E,, =5+5=10V

i_18+12+6_§
12 72 72

~R,=—= =20

R, =8+2 =10Q
= _10
R.« 10
S 1=1A

VoltagedropV = IR =1x2 =2V

14.Four light bulbs P, Q, R, S are connected in a circuit of unknown arrangement. When each

bulb is removed one at a time and replaced, the following behavior is observed.

P Q R S
P removed ~ on on on
Q removed on Q on off
R removed off off * off
S removed on off on *

Draw the circuit diagram for the bulbs

Answer :
R
e s _/mé-:::.rr,—,—.: .A.T_:._i; Q
} h . ;?Q
S Q|
P @

15. In a potentiometer arrangement, a cell of emf 1.25 V gives a balance point at 35cm length of
the wire. If the cell is replaced by another cell and the balance point shifts to 63cm, what is the
emf of the second cell?

(Ans : emf of the second cell is 2.25V)

Given data :

E1=1.25V l1 =35cm E2=?
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Formula :
a_h
&
|
§2=§T£
Il

63x10

35x10
|, =63cm

78.75
=—— =225V
2= g

=1.25x

&, =225V
Ans : Emf of thesecond cellis2.25V
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CHAPTER 3
MAGNETISM AND MAGNETIC EFFECTS OF ELECTRIC
CURRENT

Points to ponder

v A magnet is a piece of material that has both attractive and directive properties. It attracts small
pieces of iron, nickel, cobalt etc

v The word lodestone means a leading stone. It represents the directive behaviour of a magnet
v A magnetic dipole is an arrangement of two equal and opposite magnetic poles separated by a
certain distance. A bar magnet is a magnetic dipole

v The magnetic dipole moment of a magnet is the product of its pole strength and magnetic length

]

Sl unit of magnetic moment is ampere metre

magnetic moment is a vector, its direction is from south pole to north pole of the magnet,
The SI unit of magnetic moment is Ampere meter? or joule/tesla

The direction of magnetic moments from S-pole to N-pole of the magnet.

Torque, T=mB sin 0

Torque is maximum when magnet perpendicular to the direction of the magnetic field.
Torque is minimum (zero) when the magnet lies along the direction of the field.

The P.E. of a magnetic dipole is minimum when its dipole moment is parallel to the magnetic

The P.E. of a magnetic dipole is zero, when its dipole moment m is perpendicular to the field

NI N R N N N N N N RN

The pole strength of a magnet depends on (1) its area of cross-section (ii) nature of its material
and (iii) its state of magnetisation.

v Magnetic moment of a current loop, M= IA.

v Bohr magneton is the minimum value of atomic dipole moment and is defined as the magnetic
dipole moment associated with the electron revolving in the first orbit of hydrogen atom.

v The straight line passing through the magnetic north and south poles of the earth is called
magnetic axis of the earth.

v The vertical plane passing through the geographical north and south poles is called geographic

meridian.
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v The elements of earth's magnetic tiled are(l) Declination (ii) Dip (iii) Horizontal component of
earth's magnetic field.

v The angle between the geographic meridian and the magnetic meridian at a place is called the
magnetic declination at that place.

v The angle made by the earth's total magnetic with the horizontal direction is called angle of dip
or magnetic inclination at that place

v Angle of dip at the equator, 1 = 0.

v Angle of dip at magnetic poles, | = 90

v Dip angle increases from 0° to 90° as one moves from magnetic equator to poles.

v A compass needle is free to rotate about a vertical axis in a horizontal plane while a dip needle
Is free to rotate about a horizontal axis in a vertical plane.

v Curie point is the temperature above which ferromagnetic substance becomes paramagnetic.
v The material used for making an electromagnet(i) high permeability (ii) low retentivity.

v The phenomenon of lagging of magnetic induction behind the magnetising field in a magnetic
material is called hysteresis,

v The area of the hysteresis loop gives the energy wasted in a sample when it is taken through a
cycle of magnetisation ¢ Relative permeability for diamagnetic substance is less than 1 relative
permeability for paramagnetic substances is greater than 1 relative permeability for ferromagnetic
substances is much greater than 1

v Ampere's circuital law can be derived from the Biot-Savart law.

v Ampere's circuital law and Biot-Savart law relate magnetic field to the electric current.

v Ampere's circuital law holds for steady currents which do not change with time.

v The magnetic field inside a toroidal solenoid is independent of its radius and depends only on
the current and the number of turns per unit length.

v The field inside the toroid has constant magnitude and tangential direction at every point.

v A static charge is a source of electric field only.

v A moving charge is source of both electric and magnetic fields.

v No force is exerted on stationary charge in a magnetic field.

v A charge moving parallel or antiparallel to the direction of the magnetic field experience

magnetic Lorentz force.

v Electric field, the force experienced by a moving charge depends on the strength of the field
and not on the velocity of the charge.

v Magnetic field, the force experienced by a moving charge depends not only on the strength of
the field but also on the velocity of the charge.
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v As the magnetic force on a charged particle acts perpendicular to the velocity. So, it does not
do any work on the particle. Therefore, the kinetic energy or the speed of the particle does not change.
v When a charged particle is projected into a uniform magnetic field with its initial velocity
perpendicular to the field, make the particle move in a circle in a plane perpendicular to the magnetic
field.

v When a charged particle moves perpendicular to a uniform magnetic field. the radius of the
circular path is proportional to is momentum,

v The force acting on the particle is independent of the radius of the circular orbit but proportional
to its speed

v The period of revolution of the charged particles independent of its speed and the radius of its
circular orbit.

v When a charged particle IS projected into a uniform magnetic field at an arbitrary angle with
the field, the particle will follow a helical path with its axis parallel to the field.

v In a cyclotron, the electric field accelerates the charged particles. The magnetic field makes the
charge to move it along a circular path.

v The torque on a planar current loop depends on current, strength of magnetic field and area of
the loop. It is independent of the shape of the loop.

v Fora given perimeter, a circle has maximum area. So it experiences maximum torque than any
other planar shape.

v The torque on a current loop in a magnetic field is the principle of the electric motor and
galvanometers.

v In a uniform magnetic field, the net magnetic force on a current loop is zero but torque acting
on it may be zero or non-zero.

v In a non-uniform magnetic field, the net magnetic force on a current is non-zero but torque
acting on it may be zero or non-zero.

v The radial field present in a moving coil galvanometer, makes current proportion to delflection
there by the scale is linear

v Phosphor-bronze is used for suspension or hair springs because of the following reasons (i) it
is a good conductor of electricity (ii) It does not oxidise easily (iii) It is perfectly elastic (iv) It is non-
magnetic (v) it has the minimum value for restoring torque per unit twist i.e., smallest torsion constant.
v Ammeter resistance is less than the shunt so it is placed in a series circuit and does not
practically change the current in the circuit to be measured.

v The resistance of an ideal ammeter is zero

v The range of an ammeter can be increased but it cannot be decreased.
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Voltmeter resistance is much higher than that of the galvanometer

The resistance of an ideal voltmeter is infinite.

A voltmeter is placed in parallel with the circuit, so it draws a very small current and therefore

The range of voltmeter can be both increased or decreased.

Important formulas

S | Application Formula Terms/Units Figure
No
1 | Magnetic pm =mMagnetic dipole moment
dipole moment | p,, =NAI Sl unit is Am?
of electric N=total number of turns
current coil I=electric current
A=area of electric coil
2 | Magnetic Pm= qm(21) pm=magnetic dipole moment Sl
dipole moment unit is Am?
of a bar 2l=length of magnet
magnet qm = magnetic pole strength
3 | Magnetic field B 4xia1 =Magnetic field at a point
at a point of = _ Mo [ 2TPm . on axial line of bar magnet
axial line R G 12)2] \ Be=magnetic field at a point
e=magnetic field at a point on
equatorial line of bar magnet
Whelgg> >> | then m=magnetic dipole moment
r =distance of point on axil line
Bavial = Z—;’T [2 rp3m ] i from center of magnet
2l=length of bar magnet
Magnetic . Lo Dm R
4 | dipole moment Bequatoriat = = 3 MI '
at a point on
equatorial line When d >> >> | then
§equatorial = = Z_;)r [Z;,—n; )
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Torque(t) on
magnet or
electric coil in
external

magnetic field

(B)

T= pm B sinf

When 6 =0 then t =0 = minimum

When 6 =90°thent =p,, B

Potential
energy of (U)
magnet or
electric coil in
external

magnetic field

(B)

U= —py, B(cosf —cosB")

When 8 =90° and 6 =0 thenU=-p,, BCos0=-p,,.B

1.PE (U) of magnetic dipole is minimum when p,, is parallel B and U= - p,,,B;

6 = 0° and dipole is stable equilibrium.

2. PE (U) of magnetic dipole is minimum when p,, is antiparallel to B and U=

+p,,B; 0=180°and dipole is stable equilibrium.

3. PE (U) of magnetic dipole is zero when p,, is perpendicular to B and U = 0;
0= 90°

Gauss law for B =magnetic field
magnetism JB.dS=0 ds = elementary area vector
Horizontal Bn =horizontal component of
component of | By =B cos | earth’s magnetic field
earth’s  total Bv = vertical component of
magnetic field earth’s magnetic field
Vertical B = total earth’s magnetic field
component of | By =B Sin | I = angle of dip
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earth’s  total
magnetic field
10 | Relation

between Bv _ tan1I
horizontal !
vertical
components of
earth’s
magnetic field

and angle of

dip
B = \B%+ B}
11 | Total earth’s B=total earth’s magnetic field
magnetic field Bn = horizontal component of

earth’s magnetic field
Bv = vertical component of

earth’s magnetic field

12 | Magnetizing | The magnetic field in vacuum and induce magnetism is called magnetizing field
field (Bo) (Bo)

By = ponl (magnetizing field due to current carrying solenoid)

13 | Magnetizing | Magnetizing field intensity (H) is the ability of magnetizing field to magnetize a
field intensity | material medium. It is also defined as number of ampere turns (nl) required to

(H) produce given magnetizing field
H=nl

By uonl
Ho Ho

nl
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14 | Intensity  of | Intensity of magnetization (M) or magnetization is the magnetic dipole moment

magnetization | developed per unit volume

M 1 _ 21

" M= o= S
15 | Magnetic B =Bo+ Bnm

induction or | B=po (H+ M)

Total magnetic

field (B)
16 | Magnetic Magnetic permeability (u) is the ratio of magnetic induction(B) to magnetic

Permeability intensity (H)

(W)

B
Sy

Relative Mr = relative magnetic
17 | magnetic u A " permeability

permeability Ho KM= magnetic permeability of
18 | Magnetic + M medium

susceptibility H Xm = magnetic susceptibility
19 | Relation

between Ur =1+ xm

magnetic

permeability

and magnetic

susceptibility
20 . ¢ T=absolute temperature

Curie law T C=curie constant
21 | Curie law for Xm = Magnetic susceptibility

ferromagnetic Yo = C C=curie constant

materials r—1¢ T¢ = critical temperature
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22 | Hysteresis
Curve i
Retentviy < ~ saturation
T B S
G
B | G
23 | Electrostatic Fp=qE g=electric field E=electric
force field
24 | Magnetic force B=magnetic field;
on moving F§=Bq5m0=q(?><§ﬁ Sl unit of magnetic field is Tesla (T)
charged CGS unit of magnetic field is Gauss
particle (M)
1Tesla = 10 Gauss
g=charged particle
25 | Lorentz force E = q (E’ +7 X F) V=velocity of charged particle
f=angle between velocity (v) and
magnetic field (B)
E=electric field
26 | Velocity F, = Fg V=velocity of charged particle
selector v::ji E=electric field
B B=magnetic field
27 | Motion of | 1.Whenv of + g parallel or anti parallel | 3.When v is perpendicular to B,
charge particle | to B then £ g moves in St.line in the | charged particle move in circular path
in  magnetic 4.When angle between v and B is 0
field charged particle move in helical path
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28 | Cyclotron - Fg = F; m=mass of charged particle
motion of v=velocity of charged
particle particle
perpendicular Bqv= mv? p=momentum of charged
to  magnetic r particle
field
29 | Radius ( r) of = mv_ b
circular path Ba Ba
30 | Velocity (v) of b Bqgr
charged m
particle
31 | Time period B=magnetic field
(T) of charged _2mm g=charge of charged
particle - Bg particle
32 | Frequency of k=kinetic energy of
charged V= l _ B q charged particle
particle r 2mm
33 | Kinetic energy
(k) of charged - — q? B r?
particle 2m
34 | Radius of m=mass of charged | B=magnetic
helical path . mvsinf particle field
Bq v=velocity of charged | g=charge of
particle charged
particle
@=angle
between
velocity and
magnetic
field
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35 | Velocity  of M=mass of charged | g=charge of
charged 1 mv? =qVv particle charged
particle 2 V=velocity of charged | particle
accelerated _ [2qV particle v=electric
through T m potential
electric
potential (V)

36 | Magnetic force B=magpnetic field
(Fe ) on Fy=1 x B=BIlsinb I=electric current
electric
conductor in
magnetic
field(B)

37 | Biot — Savart i . Mo 1 dlsin @
law 4w 1 I=electric current

dl=current element
dE = :_0 1dl ;( 2 r=distance of a point from dI
& 4 0 = angle between I and dL = current
vector form element
r= 107 TmA™

38 | Magnetic field I=electric current
due to finite B= to I (sin6, + sin6,) a = perpendicular distance from electric
long electric dma wire
wire

39 | Magnetic field
due to infinite po to I
long electric 2ma
wire
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40 | Magnetic field B Uo 1 R? = B = magnetic field at a point on axial
at a point on 2 (R? 4 ZZ)% line
the axial line pm =1 A magnetic dipole moment
of electric coil TN TR2 . Z =distance of a point on the axial line
N=1 F=3 3 K f f circular electric coil
(N=1) T (R? + 72)2 rom center of circular electric coi
R=radius of electric coil
E" — 2/"0 Pm . ’k\
T (R + 72)2
Where, p,, =1 A
=magnetic dipole moment
When Z >> >> R then B
~  uy 1A _
B=—— %
2w 73
When R =0 1i,e at centre
~ Uy ITA _
B= — —
2w R3
41 | Magnetic pm=magnetic dipole moment of an
dipole moment Pm=1A electric loop or coil
of current A = Area of the coil
carrying I=electric current in each turn
coil(N=1)
42 | Ampere = 7 B=magnetic field
) p fB- dl = Uy lenciosea 9
circuital law ¢ dl=current element
I=electric current
43 | Magnetic field B= ponl B = magnetic field inside solenoid or
due to current | (for air core solenoid) toroid
carrying I=electric current
solenoid B=puunl=B= p.puynl n=number of turns per unit length
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N=nl=total number of turns
(for medium core solenoid) Hr=relative permeability

HUm=permeability of medium
B=0 Ho= permeability of free space
(out side solenoid)

44 | Relation c=speed of light in | e =
between speed c= 1 vacuum permittivity
of light, m of free space
permeability Mo =
and permeability
permittivity of of free space
free space

45 | Force per unit i o il F = magnetic force
length between T~ " 2nr Iy and 12 are electric
two  parallel current in  parallel
electric current wires
carrying wires Parallel electric currents attract each | = dependicular

other distance between
Antiparallel electric currents repel parallel wires
each other

46 | Torque on I= current
electric loop in B=magnetic field
magnetic field K=torsional constant

Tnet =1 abBsinf T A=area of colil
=]ABsinf T R=resistance
T =torque
Tnot = Pm Bsin® 7 = p,, x B | Pm =1 A = magnetic
dipole moment of
electric coil or loop

47 | Galvanometer = Kk
constant  or NAB
figure of merit
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of
galvanometer
48 | Current

Sensitivity of

galvanometer

49 | Voltage

Sensitivity of

galvanometer

50 | Shunt Iy S = shunt resistance

resistance  to 9 Rg = resistance of galvanometer
convert Ra =resistance of ammeter
galvanometer Ig = current through galvanometer
in to ammeter

51 | Resistance of Ry S

ammeter (Ra)

52 | High
resistance  to |4
be connected
in series to
covert

galvanometer

to voltmeter

53 | Resistance of Rn = high shunt resistant
voltmeter Ry = Ry, + Ry Ry = resistance of galvanometer

v = resistance of voltmeter
Vg = voltage across galvanometer
Vi = initial range of voltage
Vs = final range of voltage
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54 | Toincrease the
range of an ¢ = G
ammeter  n n-1
times, the
value of S to
be connected
parallel
ammeter
To increase the
range of R=(mn-1)G
voltmeter n
times the value
of R to be
connected in
series
55 | Orbital evR
. bo==7= o _
magnetic n=principal quantum number =
moment of 1,2,3......
electron h=planks constant
56 | Bohr Whenn =1; e=charge of electron
magnetron eh m = mass of electron
e 4mTm
Up = 9.27 x 10=2*Am?
65 | Gyromagnetic | K. _ ¢ _ 8.18 x 10 Ckg™? e=charge of electron
ratio of L2m m=mass of electron
electron “Tl
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Multiple choice question
1. The magnetic field at the center O of the following current loop is

Kol Kol tol Kol
@ - .- @© 5~ @

(4B = [TEld_ ko L
B_de_ 0 4m r2 4nr2[l]0

B = %Tiz X mr = ’i—"rl The direction of magnetic field B is perpendicular to plane of paper

acting inward.
[Ans : (a)]
2. An electron moves straight inside a charged parallel plate capacitor of uniform charge density o

.The time taken by the electron to cross the parallel plate capacitor when the plates of the capacitor

are kept under constant magnetic build of induction Bis

IB
(b) goe_
ol
IB IB
© e (d) & —
ol o
V—E::»l— o ['E—U
"Bt gBl T g
&olB .
st = 5 [AnS X (d)]
3. The force experienced by a particle having mass m and charge q accelerated through a

potential difference V when it is kept under perpendicular magnetic field B is

3p?2
2q3BV q BV
— b
(a) / - ®) |~
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29,8V 2q3BV
m

(©)

_2qv
—mvz—qV v: ="

qv 2qV
~F=B.q.v=B.q. / ’7
W F = /% [Ans : (c)]

4, A circular coil of radius 5 cm and 50 turns carries a current of 3 ampere. The magnetic dipole
moment of the coil is

(@  1.0amp-m? (b)  1.2amp-m?

(c)  0.5amp-m? (d)  0.8amp-m?

M = N.i.A = N.i.wr?=50x3x7x(5x10?)?

=50x3x3.14x25x10*

=11775x10%=1.17 or 1.2 Am?

[Ans : (b)]

5. A thin insulated wire forms a plane spiral of N = 100 tight turns carrying a current | = 8m A
(milli ampere). The radial of inside and outside turns are a = 50 mm and b = 100mm respectively The

magnetic induction at the center of the spiral is

@) S5uT (b) 7uT
(©) 8uT (d) 10uT
_ MJIN b
T 20-a) "a

A7 %107 x8x107% x102 | 100x10°°
2(100-50)x10° " 50x10°°

__ 4mx1077x10%x8
- 2x50

[,2 = 4x3.14 x 107 x 2.303 x log1o 2

=4x3.14%x 1077 x 8 x 2.303 x 0.3010
=B =69.65x 1077 ~ 7uT
[Ans : (b)]

6. Three wires of equal lengths are bent in the farm of loops. One of the loop is circle, another is
a semi — circle and the third one is a square. They are placed in a uniform magnetic field and same
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electric current is passed through them which of the following loop configuration will experience

greater torque?
@) Circle (b) Semi — circle
(©) Square (d) all of them
T A (Area)

ACircle = ASquare = A Semi Circle ( circumference same)

T Circle = TSquare = T Semi Circle
[Ans : (a)]
Two identical coils, each with N turns and radius R are placed coaxially at a distance R as

shown in the figure. If I is the current passing through the loops in the same direction, then the magnetic

7.

filed at a paint P which is at exactly atE distance between two coils is

8Nl 8Nyl
(a) (b)
RVS SR
8Ny, | ANy,
(c) Ol (d) Si
5R v5R
_ npglR? _R
1= ——2(R2+r2)3/2Here r=-
_ nuoglR?* _ npglR?
1= 3 =

3/2
2\2 5RZ
2(R2+RT) 2( 2

__ npolR? _ 4npel _
Bl - ;3/2R3 ~ 53/2p BZ
8ny,l
BT = Bl + BZ ﬁ [AnS : (b)]

A write of length | carries a current | along the Y direction and magnetic field is given by 2=

8.
% (i + j + k)T The magnitude of Lorentz  force acting on the wire is
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@ J116, ® [Zen © Vg @ [tpn
(i)

ﬁ:zljx%(i+j+12)

=ZL{Gx)+GxD+TxB)]

= [k +0+1]

= DT+ (12

_ 1B - |2
_ﬁxﬁ—\/;llﬁ

9. A bar magnet of length | and magnetic moment M is bent in the form of an arc as shown in

figure. The new magnetic dipole moment will be

(@ M (b) -M

© %M (@) oM

for straight magnet
M = qm XI
New magnet M'=qgmx|”’

1’= 2rSin 30 =2r><%=r

S I

3¢
LY==
Y3

Wl

M'=qur=qu3—;=%M .~ [Ans : (b) ]

10. A non - conducting charged ring of charge g, mass mand radius r is rotated with constant

angular speed o. Find the ratio of its magnetic moment with angular momentum is
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2

@ - 0 =2
m m
q q

C — d —

© 2m (@) 4dm
q

u=LA= ?.ﬂ'rz
=39
2r

Angular momentum I = mr?w

B _ qwmr? q_

L 2nmriew  2m

<[ Ans : (c)]

11.  The BH curve for a ferromagnetic material is shown in the figure. The material is placed inside
a long Solenoid which contains 1000 turns / cm. The current that should be passed in the Solenoid to

demagnetize the ferromagnet completely is

(@) 1.00 mA (milli ampere) (b) 1.25 mA
(c) 1.50 mA (d) .75 mA
_ .1-H
H =nl =H
-2
|- 190x10° 1.5x107°A [Ans = (c)]
1000

12.  Two shunt bar magnets have magnetic moments 1.20 Am? and 1.00 Am? respectfully. They
are kept on a horizontal table parallel to each other with their north poles painting towards the South.
They have a common magnetic equator and are separated by a distance of 20.0 cm. The value of the
result horizontal magnetic induction at the mid point O of the line joining their centers is (Horizontal)
components of Earth’s magnetic induction is 3.6 X 10-5 wb m?)

(@  3.60x10° Wbm? (b)  3.5x10° Wbm™
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(c) 256 x10™* Wbm (d)  2.2x10* Wbm

Resultant Magnetic field
B=B,+B,+B,

M M:
B=ted Pz, py
4m r3 4w r3

= Lo (Ml +M2) +BH

4mr3

1077 -
= 01 [1.2+1]+3.6x10

B=22x10"+3.6x107
B=256x10"T [Ans : (C)]

The vertical component of Earth’s magnetic field at a palace is equal to the horizontal

component what is the value of angle of dip at this place?

(@  30° (b)  45°
c) 60° (d  90°

By

BV:BH o tanH = = 1
By

n0=tan! 1=45°

14.A flat dielectric disc of radius R carries a excess charge on its surface. The surface charge density

is . The disc rotates about an axis perpendicular to its plane passing through the center with angular

velocity W. Find the magnitude of the torque on the disc if it is placed in a uniform magnetic field

whose strength is which is directed perpendicular to the axis of rotation.

I 1 2
@ —ownBR (b) —owrBR
4 4
1 3 1 4
(©) —owrBR (d) —owrBR
4 4
i=fe = %, o=1
t 2 2ntrdr
= —an;:(rw =owrdr

Pm=ia = owrdr xar? =oomridr
dr=meSin90

=g wr r3drB

T
t=conB [ 1 dr
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__owmBR*
4

Ans (d)
15.  Asimple pendulum with charged bob is Oscillating with time period T and let 6 be the angular
displacement. If the uniform magnetic field is switched ON in a direction perpendicular to the plane
of Oscillation then
(@) time period will decrease but 6 will remain constant.
(b) time period remain constant but 6 will decrease.
(c) both T and 6 will remain the same.
(d) both T and 6 will remain the same.
Ans: (c) both T and &will remain the same.
Very short answers
What is meant by magnetic induction? P-137
Define magnetic flux. P-136
Define magnetic dipole moment. P - 132
State Coulomb's inverse law. P-139
What is magnetic susceptibility? P-151
State Biot-Savart's law. P-162
What is magnetic permeability? P-149
State Ampere's circuital law. P-169

© 0 N o 0o bk~ w DN PE

Compare dia, para and ferro- magnetism. P-152

10.  What is meant by hysteresis? P-156

Additional questions

1. In what way the behaviour of a diamagnetic material different from that of a paramagnetic,
when kept in an external magnetic field?

When a paramagnetic material is placed in external magnetic field, there are feebly magnetised in the
direction of the applied external magnetic field whereas in case of diamagnetic materials, these are
feebly magnetised opposite in that of applied external magnetic field.

2. Relative permeability of a material = 0.5. identify the nature of the magnetic material and write
its relation of magnetic susceptibility.

The nature of magnetic material is diamagnetic. The relation between relative permeability and
magnetic susceptibility is

e =1+ xm
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3. What is the angle of dip at a place where the horizontal and vertical components of the earth's

magnetic field are equal?

B
I = tan?! (—V) = tan~1(1) = 45°
By
4. A magnetic needle free to rotate in a vertical plane Orients itself vertically at a certain place on

the earth. What are the values of (i)horizontal component of the earth's magnetic field and (ii) angle of
dip at this place?

(i) The coil is free to move in vertical plane. It means that there is no component of the earth's magnetic
field in horizontal direction, so the horizontal component of the earth’s magnetic field is zero.

(ii) The angle of dip = 90°

5. The susceptibility of a magnetic material is - 4.2 x 10 ® name the type of magnetic material, it
represents.

Negative susceptibility represents diamagnetic substance.

6. Write two characteristics of a material used for making permanent magnets?

Two characteristics of materials used for making permanent magnets are (a) high coercivity (b) high
retentivity and high hysteresis loss.

7. Why is the core of an electromagnet made of ferro magnetic materials?

Core of electromagnet made of ferromagnetic material because of its (a) low coercivity (b) low
hysteresis loss

8. State briefly and efficient way of making a permanent magnet.

Permanent magnet can be made by putting a steel rod inside the solenoid and a strong current is allowed
to pass through the solenoid. The strong magnetic field inside the solenoid magnetise the rod.

9. Out of the following, identify the materials which can be classified as (i) paramagnetic (ii)
diamagnetic

@) aluminium (b) Bismuth (c) copper (d) sodium

(i) paramagnetic substance: aluminium, sodium

(i) diamagnetic substance: Bismuth, copper

10. How does the (i) pole strength and(ii) magnetic moment

of each part of a bar magnet change if it is cut into two equal I o

pieces transverse to its length?

(1) Pole strength of each part remains same as that of the fm G || 9w Gm

original magnet.
(if) Magnetic moment of each part is half of that of the original magnet because length of each part is

halved
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11. How does the (i) pole strength and (ii) magnetic

moment of each part of a bar magnet change if it is cut into (n %

two equal pieces along its length? | N s |
902 Qef2

(1) Pole strength of each part becomes half of the original Mor = |

pole strength.

(if) Magnetic moment of each part becomes half of the original magnetic moment.

12.  What should be the orientation of a magnetic dipole in a uniform magnetic field so that its
potential energy is maximum?

The potential energy of a magnetic dipole will be maximum when its dipole moment m is antiparallel
to the magnetic field B'.

Umax = - mB cos 180° = + mB.

13.  What do you mean by the statement that "susceptibility of iron is more than that of copper"?
Susceptibility of iron is more than copper. this indicates that iron can be magnetized more easily than
copper.

14, Is earth's magnetic field inside an exports iron box place or more than that outside it?

Earth's magnetic field inside a closed iron box is less than that outside it.

15.  What is the importance of magnetic permeability in magnetic recording?

High permeability of iron is useful in magnetic recording. The tape is provided with traces of iron.
When it is in front of recording head, it develops magnetization in proportion to the strength of current
fed to recording head.

16.  Why is the core of transformer made of material (e.g., iron) of high permeability?

High permeability of the core material makes the magnetic lines of force due to current in the coil
mostly confined to the core. This prevents stray currents from being induced in conductors lying
around. This minimises power loss and flux leakage. Efficiency of the transformer increases.

17.  Two identical looking iron bars A and B are given, one of which is definitely known to be
magnetized. (We do not know which one). How would one ascertain whether or not both or
magnetized? If only one is magnetized, how does one assert time which one? (Use nothing else but the
two boss A and B).

If on bringing different ends of two bars closer to one another, repulsions occur in any one situation,
then both the iron rods are magnetized. If the force is always attractive, then one of them is magnetized.
To check whether A or B is magnetized, place the bar B on a table. Hold the bar A in hand and lower
its one end on the middle of bar B. If there is attraction, then bar A is magnetised otherwise the bar B
IS magnetized.

18. Draw the magnetic field lines due to a current carrying loop.
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19.  What is the
direction of  the | magnetic field?

force on a charge moving along the

Force on a charge moving along the direction of the magnetic field is zero.

F =Dby sin O° =0

20.  An electron beam is moving vertically downwards. if it passes through a magnetic field which
is directed from South to North in a horizontal plane, then in which direction the beam would be
deflected?

Towards West

21.  What will be the path of a charged particle moving perpendicular to the uniform magnetic field?
Circular path.

22.  What will be the path of a charged particle moving perpendicular to the uniform magnetic field?
Circular path.

23.  What will be the path of a charged particle moving along the direction of uniform magnetic
field?

The charged particle will move along a straight-line path.

24. Under what condition does an electron moving through a magnetic field experiences maximum
force?

The electron moving perpendicular to a magnetic field experiences a maximum force.

25.  An electron and a proton moving with the same speed enter the same magnetic field region at
right angles to the direction of the field. For which of the two particles will the radius of the circular

path be smaller?
mv
eB

r proportional to m

As electron has smaller mass than proton, so it will circulate in a circular path of smaller radius.
26. A charged particle moving in a uniform magnetic field penetrates a layer of lead and thereby

loses one half of its kinetic energy how does the radius of curvature of its path change?
_mv_m 2K V2mK
r= qB qB.m  ¢B
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r a VK

If the Kinetic energy is halved, radius of curvature is reduced to VK
27.  An electron and a proton having equal moment, enter uniform magnetic field at right angles to

the field lines. What will be the ratio of curvature of their trajectories?
mv
"T B
r proportional to mv
rerp=1:1
28.  An alpha particle and a proton are moving in the plane of the paper in a region back there is a
uniform magnetic field (B) directed normal to the plane of the paper. If two particles have equal linear

momenta, what will be the ratio of the radii of their trajectories in the field?
mv _p
qB  qB

For same p and B
Ty G e 1
T 4 2e 2
29. How can it be shown that an electric current in a wire produces a magnetic field around it?
Bring a magnetic needle near the current carrying wire the magnetic field produced by the electric
current will deflect the magnetic needle from equilibrium position in the north south direction.
30.  How will the magnetic field intensity at the centre of a circular coil carrying current change, if
the current through the coil is double and the radius of the coil of halved?
Mg N1
2R
_ugN2I

2Ry~

31.  Diagram shows a square loop made from here uniform wire. If a battery is connected between

B

4

the points A and C, what will be the magnetic field at the centre of the square?
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Consider 1 divide equally at A magnetic fields due to currents in the wire AD and BC will be equal
and opposite also the fields due to current in the wire AB and BC will be equal and opposite. Hence
the resultant field at the centre will be zero.

32.  What happens to speed and kinetic energy of a charge placed in (i) electric field (ii) magnetic
field.

(i) There is a change in speed and Kinetic energy of a charge placed in an electric field.

(i)  Thereis a no change in speed and kinetic energy of a charge placed in a magnetic field.

33.  An electron moving with the velocity of 107 m/s enters a uniform magnetic field of 1T, along
a direction parallel to the field. What would be its trajectory in this field?

The electron will continue to follow its straight-line path because a parallel magnetic field does not
exert any force on electron.

34.  Which one of the following will experience maximum force when projected with the same
velocity v perpendicular to the magnetic field (i) a particle (ii) p particle

F =by sin 0 = by

For a particle; q = 2e; Fo, = 2evB

For B particle; g = e; Fg = evB

Fo>Fp

35.  Which one of the following will describe the smallest circle when projected with the same

velocity v perpendicular to the magnetic field (i) a particle (ii) p particle.

mrv my,v m,gv T mg, qﬁ
r=—— Ty = Tﬁ= — = —%

qB da B qp B s qq Mg

T, am e T, 2 X 1836m e T, 3672

L= Tt — E£= > p

rg 2e me L] e Mme rp 1

36. A beam of proton on passing through a region in space is deflected sideways. How would you
be able to tell which of the two fields (electric or magnetic) has caused the deflection?

If the part of the proton beam is parabolic, the deflection is due to electric field. If the path is circular
or helical, the deflection is due to magnetic field.

37. Stream of proton is moving parallel to a stream of electrons. Do that to stream tend to come
closer or move apart?

The behaviour of the two streams depends on their speed.
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If they move with less speed, they attract each other because the electrostatic force is greater than
magnetic force. If they move with more speed, they repel each other because magnetic force is greater
than electrical force.

38.  An electron beam moving with uniform velocity is gradually diverging. As it is accelerated to
a high velocity, it starts converging does it happened so?

For answer refer previous question

39.  Why does a solenoid contract when a current is passed through it?

The current in the adjacent turns of the solenoid flows in the same direction. Show different patterns
at right one another and the solenoid contracts.

40.  What is permittivity?

Electric permittivity o is the physical quantity that determines the degree of interaction of electric field
with the medium.

41.  What is permeability?

Magnetic permeability po is the physical quantity that measure the ability of the substance to acquire
magnetization in the magnetic field i.e. the degree of penetration of matter by B.

42.  What is the relation between permittivity g0 and permeability o

Ho 1 -7
Eolo = 4'7'[80 X E Eolo =m X 1 X 10
_ 1 _ 1 . 1
Eolo = (3 x 10°)2 Eolo = -2 ¢ = -

43.  Anelectron passes through the region of crossed electric and magnetic fields of intensity E and
B respectively. For what value of electron speed will the beam remain and deflected?

v = (E/B)
44.  What are the three quantities required to specify the magnetic field of earth on its surface? Or
What are the elements of earth's magnetic field? P-130
45.  Define declination at a place. P- 131
46.  Define angle of dip are magnetic inclination at a place. P- 131
47. Diagrammatically represents uniform magnetic field and non-uniform magnetic field. P-138
48. State tangent law of magnetism. P-147
49.  What are the precautions to be followed while using tangent galvanometer in experiment? P-
147
50. Define magnetic field and give its SI unit. P-149
51. Define relative permeability. P-149
52.  Define intensity of magnetisation. P-150
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53.  why are the diamagnetic substances repelled by magnets? P-152
54,  State Curie's law of magnetism. Draw a graph between magnetic susceptibility and
temperature. P-153, 154
55.  How does Curie’s law get modified for ferromagnetic substances? Or state Curie - Weiss law.
P-155
56. How is the relative permeability of a material related to susceptibility? P-151
57.  What are diamagnetic substances? Give two examples of diamagnetic substances. P-152
58.  State Meissner effect. P-152
59.  What are paramagnetic substances? Give two examples of paramagnetic substances. P-153
60.  What is a ferromagnetic substance? Give two examples of ferromagnetic substances. P- 154
61. Define Curie temperature. P-155
62. Define the term remanence or retentivity of a ferromagnetic substance. P-157
63. Define the term coercivity. P-157
64.  What does the area of hysteresis loop indicate? P-157
65. Define right hand thumb rule. P-161
66. Maxwell's right hand corkscrew rule. P-161
67.  State and explain Biot savart law for magnetic field produced by a current element. P-162
68.  What is Lorentz force? Write an expression for it. P- 175
69.  Give the limitations of cyclotron. P-183
70.  State Fleming's left-hand rule. P-184
Short answer questions
1. The horizontal component of earth's magnetic field at a place is B and the angle of dipis 60
°. what is the value of the vertical component of the earth's magnetic field at equator?
By = Bgcos60 =B

B ><1—B
E 2_

By = 2B
By = Bgcos 60

V3
BV:23X7

B, =3B
2. Draw magnetic field lines when a (i) diamagnetic, (ii) para magnetic substance is placed in an
external magnetic field. Which magnetic property distinguishes this behaviour of field lines due to the

two substances?
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(i) behaviour of magnetic lines when diamagnetic substance is placed in an external field

—_—
/f_._—_——.—__—_‘_‘\
Behaviour of magnetic field lines when paramagnetic substance
- - \_“-l / -
is placed in an external oARA field
EE;——J{//
Magnetic susceptibility distinguishes the behaviour of the field

lines due to diamagnetic and paramagnetic substance.

3. (i) how an electromagnet different from a permanent magnet? (ii) write two properties of a
material which makes it suitable for making electromagnet.

An electromagnet consists of here four made of ferromagnetic material placed inside a solenoid. It
behaves like a strong magnet when current flows through the solenoid and effectively loses its
magnetism when the current is switched off. (i) your permanent magnet is also made up of
ferromagnetic material but it retains its magnetism at room temperature for a long time after being
magnetized one (ii) properties of material are as below: (a) high permeability (b) low retentivity (c)
low coercivity.

4. A magnetic needle free to rotate in a vertical plane parallel to the magnetic meridian has its
North tip down at 60 ° with the horizontal. The horizontal component of earth's magnetic field at the
place is known to be 0.4 G. Determine the magnitude of the earth's magnetic field at the place.

By = Bgcosl

By

By = —

E cos |

B. — 0.4

E™ cos60

B 0.4

E~= 71,

1 /2

B =0.8G

5. Distinguish between diamagnetic and ferromagnetic materials in terms of (a) susceptibility

and (b) their behaviour in a non-uniform magnetic field.

M Susceptibility for diamagnetic material: it is independent of magnetic field and temperature
(except for Bismuth at low temperature).

susceptibility for ferromagnetic material: the susceptibility of ferromagnetic materials decreases
steadily with increase in temperature. Act curie temperature, the paramagnetic material become

paramagnetic.
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(i) behaviour in non-uniform magnetic field: diamagnets are feebly repelled, where is ferro
magnets are strongly attracted by non-uniform field, that is diamagnets move in the direction of
decreasing field, where is ferromagnet feels force in the direction of increasing field intensity.

6. The horizontal component of earth’s magnetic field at a place is +/3 times its vertical
component there. Find the value of the angle of dip at that place. What is the ratio of the horizontal

component to the total magnetic field of the earth at that place?

Tanl = —

V3
I=m/6

By = Bgcosl

By _ T V3
B, = CO0S c= 3
7. A wheel with 8 metallic spokes each 50 cm long is rotated with a speed of 120 Revolution per

minute in a plane normal to the horizontal component of earth's magnetic field. Bias magnetic field at
the place is 0.4 G and the angle of dip is 60 °. Calculate the EMF induced between the axle and the
rim of wheel. How will the value of EMF be affected, if the number of spokes were increased?

By = Bgcosl

1
By = 0.4 X cos60 = 0.4 X EZO'ZGZO'Z x107*T

2 X3014 X120 = 3.14 X 10_5 174

e= 2 BylPw=2x 02 x107* x (05)% X
The value of EMF induced is independent of the number of spokes, as the EMF across the spokes are
in parallel. Show the EMF will be unaffected with the increase in spokes.
8. Write down the properties of bar magnet. P-134
Q. Write down the properties of magnetic lines of force. P-136
10. Derive an expression for the potential energy of a bar magnet uniform magnetic field at angle

theta with it. P-145
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11. Draw a graph between magnetic moment and magnetising field for dia, para, and ferromagnetic
substances. P- 156

12. Differentiate between soft and hard ferromagnetic materials. P-158

13. How will you select materials for making permanent magnets, electromagnets and cores of
transformers? P-158

14.  Give some points of similarities and difference between Biot savart law for the magnetic field
and Coulomb’s law for the electric static field. P-163

15.  Show that a current carrying loop behaves as a magnetic dipole. Hence write an expression for
its magnetic dipole moment. P- 167

16. Derive an expression for the magnetic dipole moment of an electron revolving around the
nucleus. Define for magnetron and find its value. P- 168

17.  Give a qualitative discussion of a magnetic field produced by a straight solenoid. P-170

18.  State the factors on which the force acting on a charge moving in a magnetic field depends.
Write the expression for this force. Define one tesla. P- 175

19.  Define current sensitivity and voltage instability of a galvanometer. How can we increase the
sensitivity of a galvanometer? P-192

Long answer questions

1. Discuss Earth's magnetic field in detail. P- 130

2. Deduce the relation for the magnetic induction at a point due to an infinitely long straight
conductor carrying current. P-164

3. Obtain a relation for the magnetic induction at a point along the axis of a circular coil carrying
current. P-166

4. Compute the torque experienced by a magnetic needle in a uniform magnetic field. P-143

5. Calculate the magnetic induction at a point on the axial line of a bar magnet. P-140

6. Obtain the magnetic induction at a point on the equatorial line of a bar magnet. P-141

7. Find the magnetic induction due to a long straight conductor using Ampere's circuital law. P-
169

8. Discuss the working of cyclotron in detail. P-181

Q. What is tangent law? Discuss in detail. P-146

10. Explain the principle and working of a moving coil galvanometer. P-190

11.  Discuss the conversion of galvanometer into an ammeter and also a voltmeter. P-193,194

12.  Calculate the magnetic field inside and outside of the long solenoid using Ampere's circuital
law. P-171

Additional questions
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1. Describe the principle, construction, theory and working of tangent galvanometer. P-146

2. Apply ampere circuital law to find the magnetic field both inside and outside of a toroidal
solenoid. P-173

3. Discuss the motion of a charged particle in a uniform magnetic field with initial velocity

perpendicular to the magnetic field. P-177

4. Derive an expression for the force experienced by a current carrying conductor placed in a
magnetic field. P-183

5. Derive an expression for the force per unit length between two infinitely long straight parallel
current carrying wires. Hence define one ampere. P-185

6. Derive an expression for the torque acting on a current carrying loop suspended in a uniform
magnetic field. P-187

Numerical Problems

1. A bar magnet having a magnetic moment Mis cut into four pieces i.e, first cut in two pieces
along the axis of the magnet and each piece is further cut into two pieces. Compute the magnetic

moment of each piece.

un 1Lll]
Answer : M new = ZM

Solution :

If cut along the axis of magnet of length ‘I’ into 4 pieces ,

New pole strength M’ = %

New length 1'=1
. m
Magnetic moment, M’ = " x1

2. A conductor of linear mass density 0.2 g m suspended by two flexible wire as shown in figure.
Suppose the tension in the supporting wires is zero when it is kept inside the magnetic field of 1
T whose direction is into the page. Compute the current inside the page. Compute the current
inside the current and also the direction for the current.

Assume g =10ms
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+
Solution :
To have zero tension in the wires, the magnetic force per unit length must be upwards and equal to

the weight per unit length.

En mg
—| = B] = —
7| =51="
m
D
B
M 02gm-1
L—.gm

= 0.2x103kgm™!
B =1IT,g = 10ms™2
* 0.2x1073x10
1
= 2x10734
[ =2mA
3. A circular coil with cross —sectional area 0.1 cm?is kept in a uniform magnetic field of
strength 0.2 T. If the current passing in the coil is 3A and plane of the loop is perpendicular to
the direction of magnetic field. Calculate
a) total torque on the coil
b) total force on the coil
c) average force on each electron in the coil due to the magnetic field of the free electron density
for the material of the wire is 102 m
Answer : (a) zero b) zero ¢) 0.6 x 10N
Solution :
N =1
A=0.1x10%m2
B=0.2T
I=3A
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6=0° [ Plane is perpendicular to the field]

n=10%m3
a) Torque,t = NIB Asind

= 1x3x0.2x0.1x10™* xsin0°

Torque =0
b) Total force on a current loop is always zero in a magnetic field.
c) for free electron, drift velocity,
vd = q(vxB)
= qv,Bsin90°
F=BqV,

F= Bq.L
ngA
_B
nA
3 0.2x3
10%°x0.1x10™*
= ExlO28 x10*
0.1

=6x10*

Average Force, F=0.6 x 102N

4. A bar magnet is placed in a uniform magnetic field whose strength is 0.8 T. Suppose the bar

magnet orient an angle 30° with the external field experience a torque of 0.2 Nm. Calculate:

1) the magnetic moment of the magnet

ii) the work done by an applied force in moving it from most stable configuration to the most

unstable configuration and also compute the work done by the applied magnetic field in this

case.

Answer : i) 0.5 A m? ii) W=0.8 J and
Whag =-0.8 J

Solution :
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i)W =U, -U,
U; = pg cos 180°
U, = —uB cos0°
5 W = —p, €05180° — (—p5 Cos0°)
=Hg +Hp
W =2ug;W=2pB
- W =2x0.5x0.8
W =0.85Jand
W,.,, =—0.85]

5.  Anon - conducting sphere has mass of 100g and radius 20cm. A flat compact coil of wire
turns 5 is wrapped tightly around it with each turns concentric with the sphere. This sphere is
placed on an inclined plane such that plane of coil is parallel to the inclined plane. A uniform
magnetic field of 0.5 T exists in the region in vertically upward direction. Compute the current

I required to rest the sphere in equilibrium.

Answer : EA

Solution :

The sphere is in translational equilibrium,
f,—Mgsin6=0............. @

The sphere is in rotational equilibrium. torque = pm B sin 6 (Produces by magnetic
field clockwise)

Frictional force (anticlockwise torque) = fsR

R — radius of the sphere

fsR-pmBsin0=0............ ()
Substitute (1) in (2)
fs=mg sin 6

-.mgsin OR-pm B sin6=0
mg sifi 6R —pm B siy 6
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NITR?B=mg R
= mgR
BN7zR®
=19
BNzR
m =100g =100x10°kg = 0.1kg
R =20cm =0.2m
B=0.5T
N = 5turns

g=10m/s’
0.1x10

" 0.5X5x7X0.2
1

- 0.57

-2
T

6. Calculate the magnetic field at the center of a square loop which carries a current of 1.5A, length of

each loop is 50cm.
Answer : 3.4 x 10°°T

Solution :

|
sin@, +sin®
47za[ ! 2]

pol

0

1]
BAB = o

[sin 45° +sin 45°]
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ol [1 1
27xL| 2 2
nol 1
27xL 2

ul
B,,=—0°—
"B 2axL

111V for your sides BC, CD, DA

\/Eer

Hence, | =1.5A

L =50cm

L=0.5m

g - AHd

\/§7Z'L

B_ Ax47x107" x1.5

J27x0.5
_24x1077
©70.7x1072
=0.3394x10"" x10°
B=3.39x10"°T

B=3.4x10"°T

7. Show that the magnetic field at any point on the axis of the solenoid having turns per unit
length is

1
B= Eponl (cos6, —cos0,)
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u,IR?
2r

N = ndx

_ Ho NIR

2P

dB = XN

dB dx

sin6=E
r

r=RcosecH

tan 6 =

X, — X
X,—X=Rcotd

dx _ R Cosec’0
do

dx = Rcosec’0do

_ pnIR? cosec’0 do

dB
2R®  cosec®d

dB:%nlsine d0

e2
a8 = %" sino do
2 9,

Honl 0
B =-——[-co0s0],’
~[-cose];

ni
B= “"T[cosel —C0s0,]

8. Let 11 and I2 be the steady current passing through a long horizontal wire XY and PQ
respectively. Suppose the wire PQ is fixed in horizontal plane and the wire XY is allowed to move

freely in a vertical plane. Let the wire XY is in equilibrium at a height d over the parallel wire

PQ as shown in figure.

Show that if the wire XY is slightly displaced and released, it executes Simple Harmonic

Motion (SHM). Also, compute the time period of oscillations.
Answer: a, =-o"y (SHM) and time period
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T=27z\/§insec
g

Solution
If xy is allowed to move freely in a vertical plane
.. Vertical oscillation of the wire xy experience a force F = -ky

Applying Newton’s second law

=
D
>
=}
S)
=
=
2

~ |3
I
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LESSON 4
ELECTROMAGNETIC INDUCTION & ALTERNATING
CURRENT

Points to ponder:

v Electric field produced by stationary charges is conservative

ie $E.di=0

In E.M.1, induced electric field is non conservative

Magnetic flux density B = Z—j

v Conductor is placed in varying magnetic field, an emf is induced.
v Induced emf is rate of change of magnetic flux.

v Induced emf in Faraday's Law is created from a motional emf

v that opposes the change in flux.

Fgz =Fgz , gqE=qvB, E=VB, %z Bv, induced emf &=Blv

v Magnetic field rotates inside a coil in a commercial generator
inducing emf {E=NBA osinot
v Peak emf ina generatoris §&,, = NBA®
v Induced current should be marked in such a way to oppose the increase or decrease of flux.
v If in a solenoid, coil is stretched, air gaps are created between elements of coil, magnetic flux
will leak, consequently magnetic flux decreases, current increases.
v Current loops in moving conductor are called eddy currents. They create drag called magnetic
damping.
v When a bar magnet is dropped into a coil, the electro magnetic induction in the coil opposes its
motion, so that the magnet falls with acceleration less than that due to gravity.
v Inductance in the electrical circuit is equivalent to the inertia (Mass) in mechanics.
v Rod of length |  moves perpendicular to the magnetic field B  with a
velocity v, then induced emf produced across it is given by —
= B. (vx17) = vBI

v A graph between magnetic flux and current is a straight line with positive slope.
v A graph between induced emf and rate of change of current is a straight line

inclined to X — axis.

4 In this, if rate of change of current is constant then it is straight line parallel to X-axis.

119|Page

Send Your Materials To : contactkalvipedia@gmail.com
Youtube / Techie Tamilan



tnl2thstudycollectionsontt.blogspot.com

v A loop entering a magnetic field perpendicular to it.
Before it enters, emf is zero.
While entering B, emf is induced.
When the loop is completely inside B, again there is no emf.
While it is leaving, emf is induced.

After coming out, emf is zero.

v Behaviour of Ohmic resistance R in AC circuit is the same as in dc circuit.
v For pure inductive circuits in A.C. current lags the Voltage by g
v Average power supplied to an inductor over one complete cycle is zero.
v For pure capacitive circuit in A.C. current leads the Voltage by g
v Average power supplied to a capacitor over one complete cycle is zero.
v Inductive reactance is linked with varying magnetic field in a coil carrying current.
v Capacitive reactance is linked with varying electric field in it.
v Choke coil reduces the voltage across the fluorescent tube without wastage of power.
v In impedance triangle, base is Ohmic resistance, perpendicular is reactance, hypotenuse is
impedance.
v For LCR circuit, @ is the phase difference between current and voltage.
@ is positive X_ > Xc @ is negative XL < X¢ @iszero XL = Xc
v In series LCR resonance or acceptor circuit, current is maximum, impedance is minimum.
v If current is out of phase with Voltage, then power is known as apparent power.
v Power factor Cos @ is ratio of effective power to apparent power, where @is the phase

difference between Voltage & Current.

v Quality factor Q is a dimensionless quantity that shows sharpness of the peak of Resonance
circuit.

v For Q to be high, R should be low, L should be high and C should be low.

v Current flowing in a circuit without any net dissipation of power is called Wattless Current.

. e Nd(D/
v Induced current i = == —Z24t
R R
_Ndg _ N_Qj
=2 (or) q=
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CGS unit of magnetic flux is maxwell
> Magnetic flux @, IR B=magnetic field; sl unit is magnetic field is
B 4 Tesla (T) A=area
CGS unit is Gauss(G)
1Wb = 10 maxwell
Sl unit of magnetic flux is Weber (wb)
3 Faraday’s law and £ =-N % @5 = magnetic flux
lenz’s law N = total number of turns
€ = induced emf
4 £=-NZ2
5 Induced current i= % ¢ = induced emf; unit is Volt(v)
i i=induced current; Unit is Ampere(A)
R=Resistance; Unit is Ohm(Q)
6 Induced charge Q= A%B
7 Motional emf & =Blv ¢ = induced emf due to motion of a conducting
rod perpendicular to magnetic field.
8 Induced current i = %
9 Force on conductor | F= B?12v/R
moving in magnetic
field
10 Electric power due B=magpnetic field;
to motion of P=B?I%V/R Unit tesla(l)
conductor in L=Ilength of conductor
magnetic field V=velocity of
conductor
R=resistance of
11 Heat dissipated H= B2I2v?/R conductor
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P=power
H=heat energy
12 Induced emf £= Bl?w/2=Bnlf w=angular velocity of
between ends of rods rotating conducting e A
rotating rod : : : : :./:Q.(\'Z“':"
perpendicular to f=frequency of e ;.'-\"; J '-‘; :
magnetic field rotation of rod : : : . ‘: : : |
13 Induced currentdue | i= Bl?w/2R I=length of rotating PR, TR
to rotation of rod vt n o
conductor in R=resistance of rod R ECEE IR 2
magnetic field T=time
14 Heat dissipated H= B%l* w?/4R
15 Self-inductance(L) | =28 L=self-inductance;
I Sl unit is Hendry (H)
Induced emfdueto | ¢—_| % I=current
16 self- inductance e=induced emf due to self-inductance
17. L=pon’l A
----- Mo = permeability of free space
18 Self-inductance due | __ n=number of turns per unit length
----- to a rate of change of N=nl=total number of turns
19 current in a solenoid | L= uoN? A/ I=length of solenoid
A=area of cross section of solenoid
_ Hr = relative permeability
L= po pn?l A
= N2x Mo praA
l
Mutual inductance M=mutual inductance;
(M) M =28 - N8 Unit is Hendry (H)
20 I I I=electric current

122 |Page

Send Your Materials To : contactkalvipedia@gmail.com
Youtube / Techie Tamilan




tnl2thstudycollectionsontt.blogspot.com

21 Induced emf dur to £=-M = @ = magnetic flux
mutual induction N=total number of turns
22 Mutual induction M= pono ni Al M=mutual
_____ | due to two Air core inductance unit is
23 Coaxial solenoid L Hendry(H)
M= wuononi Al A=area of cross
section
I=length
no =number of turns
per unit length of
outer solenoid
n=number of turns
per unit length of
inner solenoid
Induced emf due to _— ddl_i - M %
24 two current carrying
coils L1=self inductance
M12 = mutual inductance
25 AC generator E=EmSinot &m =ac voltage
OR amplitude
E=instantaneous
&= EmSin 2xf t induced emf
Where &m=BANw = w=angular frequency
ac voltage amplitude or of ac generator
peak voltage B=magnetic field
A=area of coil or
armature
N=total number of
turns
t=time
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ALTERNATING CURRENT

S.No.|Application Formula Terms Unit Figure
Instantaneous E=¢guSinwt |g,= voltage amplitude
AC voltage
Instantaneous i=iysSinwt |i,,=current amplitude
current
Rms A.C _&m
& = \/_
voltage (&) 2
= 0.707¢&p,
Rmsaccurrent) . _ im
™T™m — =
i) V2
= 0.707i,,
characteristics|Pure resistor ac|Pure inductor Pure capacitor ac|Series LCR ac
circuit ac circuit circuit circuit

Instantaneous

ac voltage ()

E=¢gnpSinwt

E=¢guSinwt

E=¢guSinwt

E=¢gupSinwt

.. . T T L. . _
Instantarfeous i=imSiNOt | _ (et - 3) 1= imsin(w +3) [ =iy sin(wt — @)
current (i)
Phase = =z =I X, — X
=0 ¢ S current lags|¢ > current leads tan ¢ = L . c
difference behind voltage by a|voltage by a phase R
between phase angle of% angle of% Cosp7
current and
voltage (¢)
Resistance _&m X, = Lw = 2nfL 1
R_im _&m ‘" Cw Z:,/R2 +H(Xi-xp)'
= L e
X, is called inductive| =~ ¥¥¢ im .
_ X is called Z is called Impedance
reactance Sl unit of X | SI unit of Z is oh
. inductive QNiggh~ ighm
is ohm
capacitance Sl unit
of X¢ is ohm
Average Power pos i2R <P >=¢&.i,,Cos¢
2 R
Where,Cos ¢ = =
Z
= Powerfactor
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Power factor < P >= grpmslyms COS @
R
Where,Cos ¢ = 7 = Powerfactor
Resonance X, =X¢ Xt = inductive reactance ; unit Q
condition  for WL = 1 X = capacitive reactance ; unit Q
- r -
series  LCR A O Capacitance ; Unit Farad (F)
circuit L = inductance ; unit is Henry (H)

ot = resonance frequency

Resonance W, = 21f,
frequency 1
VLC
Quality factor wr L
or Q — factor 2o R
_ 1
~ w,CR
Conservation
of energy in LC — l £
R.|C

circuit

Total energy| U =UE + UB |Ue=electrical energy
stored in series U - % _ % Us= magnetic energy

LC circuit 2C 2 |L = Inductance (unit : Henry)
gm = change amplitude

im=current amplitude

Transformer l Ns= number of secondary coil

|4
equation Ls Np = number of turns of primary coil
Vs=output voltage
Vp=input voltage
ls=output current
l,=input current

Po=output power

Pi=input power
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Equation  of|Vsls=Vplp

ideal

transformer

Efficiency of P Vs
=5 =V

transformer i p'p

Multiple choice questions
1 An electron moves on a straight line path XYas shown in the figure.The coil abcd is adjacent

to the path of the electron. What will be the direction of the current if any induced in the coil ?

a) The current reverse its direction as the electron goes past the coil
b) No current will be induced
c) abcd
d) adchb
Ans:  When electron moves towards the loop flux increases ,induced current is anti clock
wise (abcd)Away from the loop flux decreases induced current clockwise
(adcb]Ans(a)
2. A thin semi -circular conducting ring (PQR) of radius r is falling with its plane vertical in a

horizontal magnetic field B as show in the figure.

The potential difference developed across the ring when its speed v is

a) Zero
Bvnr?
b) >
c) nrBv and R is at a higher potential.

d) 2rBv and R is at a higher potential.
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Ans: &= B.leit.v=B.2r.v
=2rBv and R is higher potential [ans:- d]
3. The flux linked with a coil at instant t is given by ¢z = 10 t2 — 50t + 250. The induced emf
att=3sis
a)—190V b) — 10V C)10V d) 190V

2= - 2((10t2-50t+250)

&= -[20t:50]  t=3s
—-[(20.:3)-50]=-60+50

&=-10V [ans:-B]

4. When the current changes from +2A to — 2A in .05secs,an emf of 8V is induced in a coil , the

coefficient of self -induction of the coil is.
a) 0.2H b)0.4H ¢) 0.8H d) 0.1H

0.4

L=/ )= ﬁ =
L=0.1H [ans:- d]

5. The current i flowing in a coil varies with time as shown in the figure . The variation of induced

emf with tie would be

g=-di/ dt [ans:a]
otot/, ; 2—i:+ive : E=-ive

iii) t/2 to 3t/4 : di/dt: -ive ; E=+ive
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iv) 3¢/, 10T ; 4/ =0 &=0

6. A circular coil with a cross sectional area 4cm? has 10 turns . It is placed at the centre of a long
solenoid that has 15turns /cmand a cross sectional area of 10cm? .The axis of the coil coincides with
the axis of the solenoid .What is their mutual inductance ?

a) 7.54 pH b) 8.54 puH ¢)9.54 pHd) 10.54 pH

M:%f’“z =Ho n1N2 Az (Here n1- number of turns/Unit length )
Mo=4m X1077x —Zx10x4x10™*
=7.54x107°% H=7.54pH [ans :- a]
7. Inatransformer , the number of turns in the primary and secondary are 410 and1320
respectively.If the current in primary 6A, then that in secondary coil is
a)2A b)18A c)12A d) 1A
Is _Np sls = P |
Ip Ns Ns P
Is =2 x6=2A [Ans: a]
1230
7. A step-down transformer reduces the supply voltage from 220V to 11V and

increase the current from 6A to 100 A then its efficiency is
a) 1.2b)0.83¢)0.12d) 0.9

EsXIs 11x100
+f——= =0.83  [Ans: b]
EpxIp  220%6

8. In an electrical circuit R,L,C and AC voltage source are all connected series.

When L is removed from the circuit, the phase difference between the voltage and curret in the circuit

IS g . Instead if C is removed from the circuit, the phase difference is again g
The power factor of the circuit is

a)

Ans :The phase lead by removing the inductor = the phase lag by removing the capacitor

1

b)= )1 d) £

XL=Xc, Z=R; power factor Cos@zg [Ans :c]
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0. In a series RL circuit, the resistance and the inductive reactance are the same

.Then, the phase difference between the voltage and the current in the circuit is
s s s

a) " b) > C) - d) zero

R=X, tanQZ%:l

@=tan~11 =45° :%

[Ans:a]

10. In a series resonant RLC circuit , the voltage across 100 Q resistor is 40V . The
resonant frequency w is 250radian per second.If the value of C is 4 uF then the voltage across L is

a) 600V b) 4000V ¢)400V d)1 V

1 1
X, =X, Lor=—=—"—
cwy 4X1076x250

—1030 - =V /. =20 _
X, =10°Q ; 1=V [p === 0.4A
The voltage across L=I X, = 0.4x103 V,=400V [Ans:c]
11. An inductor 20mH, a capacitor 50 pF and a resistor 40 Q are connected in series

across a source of emf v=10sin340t.The power loss in AC circuit is

a) 0.76W b)0.89W ¢)0.46W d) 0.67W
L =20x1073x340=6.8 Q
-1 1
X T 50x340x10-6
X, X, =52 Q ; Z = \RZ+ (X, —X,)?

=v402 + 522 =/1600 + 2704

Z =6560
Erms? 7.072
Paw = Irms?R =( % )R = [65.621 x40
Pav = 0.46W [Ans : c]
12. The instantaneous values of alternating current and voltage in a circuit are

.1 .

== sin( 100xt) A and
1. n

V= 5 sin( 100nt+§)

The average power in watts consumed in the circuit is a) i b)\/Tr§ C) ; d) %

_ ok,
pav 2

cos@ =%><1/\/2 X 1/\/2 X cos%
1,11
Pay =3% 5 %3 =1/ 8 [Ans :d]
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13. In an oscillating LC circuit , the maximum charge on the capacitor, is Q. The

charge of the capacitor when the energy is stored equally between the electric and the magnetic field

is
Quy Q@  Q
2) 2b)=0)Lad)Q
2 ,2
C:Q_ ; Uc’ :Q_
2c 2¢
2
Energy stored equally Uc’ = 1/2 U.= 1/2[%]
e’_1, @ 2 _ @
2C | /2 2c Q - 2
0= Q/ [Ans : c]
V2
14, 2—2 H inductor is connected to capacitor of capacitance C.The value of C in order

to impart maximum power at 50 Hz is

a) 50 puF b) 0.5 pF ¢) 500 pFd) 5 pF
For Maximum power X;=X_

1 w2

Lwr = : c=
"™ cor Lwr2  20x4m2x2500

C=0.05x10"* =5uF [Ans : -d]

Very Short answer questions from text

What is meant by electromagnetic induction? (Page:210)

State Faraday’s laws of electromagnetic induction . (Page 212)

State Lenz’s law (Page 214)

State Fleming’s right hand rule. (Page 216)

How is eddy current produced? How do they flow in a conductor? (Page 221)
Mention the ways of producing induced emf. (Page 233)

What for is an inductor used ? Give examples. (Page 226)

What do you mean by self - induction ? (Page 225)

© 0 N o 0 bk~ w DN PE

What is meant by mutual induction? (Page 229)

[EEN
o

Give the principle of AC generator ? (Page 237)

[EEN
=

List out the advantages of stationery armature-rotating field system of AC generator.(240)

[EN
N

What are step-up and step-down transformers . (Page 245)

[EY
w

Define average value of alternating current (Page 250)
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14, How will you define RMS value of an alternating current. (Page 250)
15.  What are phasors ? (Page 253)
16. Define electric resonance. (Page 261)
17.  What do you mean by resonant frequency? (Page 261)
18. How will you define Q-factor? (Page 263)
19. What is meant by wattles current? (Page 265)
20.  Give one definition of power factor. (Page 266)
21.  What are LC oscillations . (Page 267)
Additional Questions
1. What is magnetic flux? (Page 207)
2. When would magnetic flux linked with an area be (a) Maximum (b) Minimum?

Answer: a); 7 in same direction b); , > are perpendicular.

3. Predict the direction of induced current in the following situations. (H)

« %A xq

B _
x b b

-
4 X~ B (L, ecupons)

C.circular loop into a wire
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Current (I) decreasing at
Solution : a steady rate

a) Circle has maximum area. Flux increases , Lenz law
(Current in anticlockwise direction)

b) Current from p to g, clockwise at the end p.

c) Area decreases. Flux decreases. Lenz law (Anticlockwise direction)

d) Area decreases. Flux decreases. Lenz law (clockwise direction)

e. Zero since 2 & — are at right angles)

4. If a conductor along east west direction is dropped vertically with it to be horizontal ,will there be
any induced emf in it? H)
Ans: Yes .There will be induced emf.It is moving perpendicular to horizontal component of earth’s

magnetic field.

5. Deflection is observed momentarily in Galvanometer only when Key K is closed or opened.
Why? (H)
v 'Wl
1
s K

Ans: When key K is closed or opened current increases or decreases. Magnetic flux lined

with the coil changes, induced current is produced.

6. What is the magnitude of induced emf.
according to Faraday's Il law of Electromagnetic induction.

7. Magnet is moved away from coil with ends P and Q. Which end would become North pole ?

(H)
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Ans. (Since North pole of magnet is moving away, End Q of coil should become South pole
to attract the magnet and oppose its motion

(Lenz Law) Therefore end P should be North pole.

8. If 1is decreasing, find the direction of induced current in square loop of conductor.
(H)
if L
Ans: Flux through the loop is decreasing Lenz law current in clockwise direction .
9. If a metal disc is made to oscillate between poles of electromagnet, what would happen to
number of oscillations made by it, when slots are cut in it. Why? (H)

Ans (With slots in disc, eddy current is reduced, no of oscillation is increased)
10.  Give one drawback of eddy current and hence one method to reduce eddy current.(P 222)
11. If a spherical stone and spherical metal ball of same size and mass are dropped from same
height, which would be reaching the earth's surface first? Why?
Ans: Stone would reach first. Eddy currents are produced in metal ball due to earth's magnetic
field which opposes its motion.
12.  Give two applications of eddy current (Page 223)
13.  How is eddy current testing done? (Page 224)
14, Explain the working of induction stove. (Page 223)
15.  Define self inductance (Page 226)
16. Define 1 Henry (Page 226)
17.  Give the dimensional formula of self-inductance. (Page 226)
18.  Which is the equivalent inertial factor of inductance in translational and rotational motion. 226)
19.  Why inductance is the inertial factor in electrical circuit? (Page 226)
20. Define Mutual inductance between the given pair of coils.
21.  What are the methods of producing induced emf. (Page 229)
22.  Show the graphical variation of emf induced in a coil with the change in the orientation O of

coil with magnetic field in which it is placed. (Page 235)
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23.  What is a stator? Mention its parts. (Page 238)

24.  What is a rotor? (Page 238)

25.  What is a salient pole rotor? (Page 238)

26.  What is a cylindrical pole rotor (Page 240)

27.  What is hysteresis loss? How can it be minimized? (Page 245)

28.  Why are the wires of larger diameter preferred for transformer windings? (Page 245)

29. How can we minimize the flux leakage in a transformer? (Page 245)

30.  Which important property of Alternating VVoltage is used in long distance power transmission?
How? (Page 246)

31.  What is an alternating Voltage? (Page 248)

32. Draw the phasor diagram and wave diagram for AC circuit with resistance. (Page 254)

33. Differentiate inductive reactance and capacitive reactance. (Page 255,257)

34. How does inductive reactance vary with frequency of applied A.C.? (Page 256)

35.  Capacitor blocks d.c. voltage, allows a.c. voltage. Why? (Page259)

36. Differentiate Active and Reactive components of Irms. (Page 265)

37.  Tabulate the growth and decay of charge in capacitor and current in inductor during Oscillation
in an LC circuit for every 1/8 th of time period T.

Answer:

0 T/8 3T/8 4T/8 5T/8 6T/8 | 7T/8 8T/8

Charge in | Qm | Qm~2 |0 Qmn2 | Qm Qmn2 |0 Qmn2 | Qm
a

capacitor

Current 0 Im 2 Im Im 2 0 Im N2 Im Im 2 0
in an

Inductor

38. Show the variation of Electrostatic potential energy and Magneto static potential energy
graphically in an LC circuit. (Page 271)
39. How can we find induced emf from magnetic flux -time graph. (H)

Ans: Negative slope.

40.  Arrange the regions of graph in ascending order of magnitude of induced emf.

(H)
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Ans: a, c,d,b.
(All the values of emf are with negative sign since flux is positive. Variation in flux in
decreasing order)
a>c>d>b
-a <-c <-d <0
41. Predict the direction of current in rings 1 & 2 if current is steadily
decreasing. (H)

-
-

O
O

Ring 1 — clockwise, ring-2 Anticlockwise (Lenz's Law)

42. Find the polarity of the capacitor on A and B. (H)

Ans: South pole is approaching the coil. Left side of coil should become South pole using

Cork Screw rule. Currentis from Ato B. Ais +ve

B is —ve.
43. I, 1l represent the variation of emf with rate of change of current for two inductances L1 and
L2. Compare L1 and L2. (H)
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Ans : Slope = e /d;/d = L Slope Il > Slope |
L2>L1

44. A metallic piece gets hot when surrounded by a coil carrying high frequency alternating
current. Why? (H)

Ans: Due to Joule's heating effect of eddy current produced in metal piece.
45.  Alight bulb and a solenoid are connected in series across an A.C. source or voltage. Explain,
how glow of light bulb will be affected when an iron rod is inserted in the Solenoid.

(H)

Ans: Brightness decreases. When arod is inserted, L increases, Z increases, Current decreases.
46.  Write any 4 factors on which the following depend: (Page 227)

a) Self inductance b) Mutual inductance.
47. Draw the phasor diagram to show the phase relationship between (H)

Voltage and current
it 1 EW

[8)

- |

ITTBT?.‘M‘ Ans

//.
L‘/

Fgqual length of phason

’-}u- Qfdrrers e

48. Show the graphical variation of X_ and Xc With frequency of applied AC voltage.

49. Discuss the frequency response curve of LCR circuit. (Page 262)
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50. In LCR resonance curve what does the sharpness of the curve indicate? (Page 262)

51. How is tuning achieved with LCR resonance circuit? (Page 262)

Short answer questions
1. Justify Lens Law is in accordance with Law of Conservation of energy for a system containing

magnet moving with respect to coil. (Page 215)

2. Obtain motional emf from Lorentz force. (Page 217)

3. Obtain motional emf from Faraday's law. (Page 219)

4. If the coil abcd is moved by force, F towards right in magnetic field B (inward)
find
) direction of induced current i

i) Magnitude of force F1 on side ad

iii) power exerted by F if R is the resistance of coil.

X X
X <« X a >
ST *F
X X
T

d C

X X X B X X
5. Copper rod of length 'I' is rotating with angular velocity w in magnetic field B~ (H)

Find the emf developed across the rod. (Page 221)

6. Obtain self inductance of solenoid. (Page 227)
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7. Obtain the mutual inductance of 2 long co-axial solenoids. (Page 230)

8. Obtain expression for instantaneous induced emf in a coil rotating in a magnetic field with

constant angular velocity. (Page 264)

9. List down the advantages of 3 phase Alternator. (Page 243)

10. Define average value of alternating current over positive or negative half cycle. Hence derive

an expression for it. (Page 250)

11.  Derive lms= Im /N2 (Page 251)

12.  Obtain expression for average power of AC over a cycle. Deduce its special cases. (P 264)

13.  When LC oscillations take place in an LC circuit, tabulate the values of electrical energy and

magnetic energy after every 1/8" of time period T, for 1 full oscillation.

Ans:
0 T/8 2T/8 3T/8 4T/8 5T/8 6T/8 | 7T/8 8T/8

Energy
In qm2/2¢ | Ya(qm/2¢) | o Yo(qm?/2c) | qm?2c | Yo(gm?/2C) | o Yo(qm?/2¢) | gm?/2c
capacito
r
Energy |0 Yo(YsLIm?) 0
in an Ya(Yolln?) | YeLlw? 0 Yo(Yelim?) | Yallm? | %(%LIn?)
Inductor

14, List down the various energy losses in transformer. Also suggest the methods to reduce them.

(Page 245)

15. Draw a diagram to show construction of 3 phase AC. Also give the variation of emfs with

orientation angle, graphically. (Page 243)

16.

Current flowing through an inductor of self-inductance L is continuously increasing plot a

graph to show the variation of

a) magnetic flux Vs current
b) Induced emf Vs di/dt
C) Magnetic potential energy Vs current
Ans :
a
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Ans. i) Magnetic flux svravs current |

.
|
Magnetc
Pux
|

Cupon —= 1

d emf al

{ii) Teduced emf venus i
4.

Incuied \
o
.

17. A lamp is connected in series with a capacitor . predict your observation for dc and ac connections.
What happens in each if the capacitance of the capacitor reduced ? (H)
Ans: dc source After changing no current flows .Lamp will not glow.

ac source Capacitance offers capacitive reactance. Current flows.

Bulb shines. Reducing C, X increases , brightness decreases.

Long Answer questions from text book

1. Establish the fact that the relative motion between the coil and the magnet induces an emf in
the coil of a closed circuit. (Page 209)

Give an illustration of determining direction of induced current by using Lenz’s law. (214)
Show that Lenz’s law is in accordance with the law of conservation of energy. (Page 215)
Obtain an expression for motional emf from Lorentz force. (Page 217)

Using Faraday’s law of electromagnetic induction, derive an equation for motional emf.

Give the uses of Foucault current. (Page 223)

Define self-inductance of a coil in terms of (i) magnetic flux and (ii) induced emf. ( 226)

How will you define the unit of inductance? (Page 2

© 0 N o g B~ wWw DN

What do you understand by self-inductance of a coil? Give its physical significance. ( 226)
10.  Assuming that the length of the solenoid is large when compared to its diameter, find the
equation for its inductance. (Page 227)

11.  An inductor of inductance L carries an electric current. i. How much energy is stored while
establishing the current in it? (Page 228)

12.  Show that the mutual inductance between a pair of coils is same (M12 = M21). (Page 231)
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13. How will you induce an emf by changing the area enclosed by the coil? (Page 233)

14.  Show that the rotation of a coil in a magnetic field over one rotation induces an alternating emf
of one cycle. (Page 235)

15. Elaborate the standard construction details of AC generator. (Page 237)

16. Explain the working of a single-phase AC generator with necessary diagram. (Page 240)

17. How are the three different emfs generated in a three-phase AC generator? Show

the graphical representation of these three emfs. (Page 243)

18. Explain the construction and working of transformer. (Page 244)

19. Mention the various energy loses in a transformer. (Page 245)

20.  Give the advantage of AC in long distance power transmission with an example. (Page 246)
21. Find out the phase relationship between voltage and current in a pure inductive circuit.(255
22.  Derive an expression for phase angle between the applied voltage and current in a series RLC
circuit. (Page 260)

23. Define inductive and capacitive reactance. Give their units. (Page 255,257)

Additional Long answer questions

1. A circuit contains a Capacitor connected across an alternating voltage source. Find an

expression for current in the circuit. Also draw phasor and wave diagram. (Page 256)

2. A circuit contains a resistor, inductor and a capacitor in series connected to an AC supply. Find
an expression for (Page 260)

a) Impedance of the circuit with special cases.

b) Phase angle between applied voltage and current
3. Derive instantaneous power in an LCR circuit connected to an AC

supply. Discuss its special cases. (Page 264)

Numerical problems:
1. A square coil of side 30 cm with 500 turns is kept in a uniform magnetic field of 0.4T. The place of
the coil is inclined at an angle of 30° to the field. Calculate the magnetic flux through the coil.

Given data:

Area A =30 x 30 x 10* m?

n =500

B =04T

6 =90-30 =60
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o =7
Solution: , =nBA cos 6
=500 x 30 x 30 x 10 x 0.4 x cos 60°
o =9wb
2. A straight metal wire crosses a magnetic field
of flux 4 m Wh in a time 0.4s. Find the
magnitude of the emf induced in the wire.
Given data:
de =4m Wb
=4 x10° Wb
dt =04s
Induced emf & =7?

Solution:

dg
E=T1T—
+dt

-7
e =210 x10x4x1074
0.4

€= 44—0><10_3
e =10 mV

3. The magnetic flux passing through a coil perpendicular to its place is a function of
time and is given by
®B= (2 t3 + 4 > + 8t + 8) Wh. If the resistance of the coil is
5Q determine the induced current through the coil at a time t= 3 second.

Given data:

OB = (2t% + 4t° + 8t + 8) wb

R =5Q

t =3second

induced currenti =?
Solution:

x| m

d

©

— B
e=

d
e =—(2t3 + 4t + 8t + 8)
dt. G
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e=6t2+8t+8

att=3second, e= 6 x 32 x 8 x 3+8

e=54+24+8

€ =86V

i=<=2=172A

i= 172A
4. A closely wound coil of radius 0.02 m is placed perpendicular to the magnetic
field.When the magnetic field is changed from 8000 T to 2000 T in 6s, an emf of 44 V is induced.

Calculate the number of turns in the coil. [Ans : 35 turns]
Given data:

Radiusr=0.02 m
Q=0
B1=8000T:B,=2000T
dt=6secs =68V
n =?
Solution:
€= nAcos@d—B
dt

44 =n x 1 % 0.02 x cos@ x 2220-2000

a=nx Z x4x10%4x1x 2%

7

44X7X6 7 70
n= = = —
22X4X107*X6000 2X 1071 2
=35 turns
5. A rectangular coil of area 6 cm? having 3500 turns is kept in a uniform magnetic field of 0.4 T.

Initially, the place of the coil is perpendicular to the field and is then rotated through an angle of 180°.
If the resistance of the coil of 35 find the amount of charge following through the coil.

Given data:

Area A =6 x 10* m?

n = 3500

o ]
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D=0

@, = 180°

R=35Q

Amount of charge Q = ?
Solution :

Q=edt = 4¢ xdt
R Rdt
_ NBA(cospy —cosepy)
R

Q= % [cosO — cos 1807]

3500 X 0.4 X 6 X 10™* (2)
35

Q:
=80 %6 x10*

=480 x 10" C= 48x103C

6. An induced current of 2.5 mA flows through a single conductor of resistance 100 Q. Find out the
rate at which the magnetic flux is cut by the conductor. Ans : (250 mWhs™?)

Given data:

Induced current i = 2.5 mA

i=25x10°A

Resistance R =100 Q

Solution :

—d¢s
dt

Where e = iR
998 — iR =25 x 103 x 100 =

dt
250 x 1073
=250 mWhbs™*
7.A fan of metal blades of length 0.4 m rotates normal to a magnetic field of 4 x 10 T. If the induced
emf between the centre and edge of the blade is 0.02 V, determine the rate of rotation of the blade.

[Ans : 9.95 revolutions / second]

Given data:
Length=0.4m
B=4x10?
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e=0.02V
The rate of rotation ® = ?

Solution:

¢ =1 Bol?
2

=2 (o=
=3 (0 =2mv)

2e
2ny = —
B2

€

" B2

0.02
4x1073X 04X 0.4 X 3.14

v=9.95 revolutions / second
8. A bicycle wheel with metal spokes of 1 m
long rotates in Earth’s magnetic field. The place of the wheel is perpendicular to the horizontal

component of Earth’s field of 4 x 10 T. If the emf induced across the spokes is 31.4 mV, calculate

the rate of revolution of the wheel.  [Ans : 250 revolutions / second]

Given data:
Lengthl=1m
B=4x10-5T
e= 3.14mV
=3.14 x 10-3V

The rate of revolution = ?
Solution:

e= % Bol?

2¢€

BI?
2¢€
275\; =

BI2

2 _ 2X314X1073
V= =
Bl22m 4x10-5X11 X2 X 3.14

_31.4X10% _ 10X 102

4% 3.14 4
1000 .
v=—r =250 revolutions / second

9. Determine the self-inductance of 4000 turn air — core solenoid of length 2m and diameter 0.04m.
[Ans : 12.62 mH]

Given data:
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n = 4000/2 =2000
I=2m
diameterd =0.04 m
radius r = 0.02 m
Self inductance L = ?
Solution:
L= pon? Al
L=4x x 107"x 2000 x2000x7 x 0.02 x0.02 x 2
L=16nx 10" x 8 x 10
L =1262 x 10°
L=1262x10°H
L=12.62mH
10 A coil of 200 turns carries a current of 4 A. If the magnetic flux through the coil is 6 x 10 Wb,
find the magnetic energy stored in the medium surrounding the coil. [Ans : 0.024]]
Given data:
N =200 turns
i =4A
®p=6x10°wb
Magnetic energy Ug = ?

Solution:

UB:%Liz

1 N .
0% UB:— i l2

2 i
1 .
UB:EN¢)B l
1

:5x200x6x10‘5><4

Ug =24 x 103
Ug = 0.024J
11. A 50 cm long solenoid has 400 turns per cm. The diameter of the solenoid is 0.04m. Find the ,
magnetic flux of a turn when it carries a current of A.
[Ans : 1.26 wb]
Given data:
I= 50 cm =50 x 102 m

n= 400 turns/cm
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50 x 102 m length lay = 400 turns
%N =800 turns / m
Diameter d = 0.04m Radius r =0.02 m
i=1A OB =?
Solution:
L = pon? Al
L =4nx 107 x 800 x800 x 7t x 4 x 10 x 50 x 102
L=4n x4 x 64 x 0.5 x 107
L =5048 x 107 =5.04 x 10 H

Ngp =Li  ¢5 = 5=2

_5.04X107%*X1 _ 5.048X107%
800x 50 X 10~2 400

=0.0126 x 10 wb

=1.26 x 108 wb = 1.26 wb

12. A coil of 200 turns carries a current of 0.4 A. If the magnetic flux of 4m Whb is linked with the coil,
find the inductance of the coil [Ans: 2H ]

nl

Given data:
Number of turns,N = 200; Current 1= 0.4A
Magnetic flux linked with the coil
¢ =4m Wb =4 x 10° Wb
SOLUTION

Induction of the coil L = Nép

_ 200x4x10-3 _
0.4

13. Two air core solenoids have the same length of 80cm and he same cross sectional area 5cm?. Find

2H

the mutual inductance between them if the number of turns in the first coil is 1200turns and that in the
second coil is 400 turns .

Given data:

Length of the solenoids | =80cm =80 x 102 m

Cross sectional area of the solenoid,

A=5cm? =5 x 10* m?

Number of turns in the 1% coil = 1200

Number of turns in the 2" coil = 400

Solution:
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Mutual inductance between the two coils

_ u0 Ny AN,

B 1

_ 4T X 10-7 X 1200 X400X 5 X 10—4
B 80Xx10—2

14. A long solenoid having 400 turns per cm carries a current 2A. A 100 turns coil of cross sectional

M

=0.38mH

area 4cm? is placed co- axially inside the solenoid so that the coil is in the field produced by the
solenoid .Find the emf induced in the coil if the current through the solenoid reverses its direction in
0.04 sec .

Given data:

400

Number of turns of long solenoid per cm = e

N1 = 400 x10?

Number of turns inside the solenoid =N, = 100
Cross sectional area of the coil A = 4cm?
current through the solenoid,l = 2A

time t = 0.04 sec

Solution

Mutual inductance of the coil =
_ UONINZ A
l

_ 41m X 10-7%X400X102X100X4Xx10—4
1

M

M

=2mH
Current reverses
Induced emf of the coil e = -M %

2—(-2)
0.04

=-2x103 x
e=-02.V
15. A 200 turn coil of radius2cmis placed co-axially within a solenoid of 3cm radius.If the turn density
of the solenoid is 90 turns per cm , calculate the mutual inductance of the coil.

Given data
Number of turns of solenoid,N> =200
Radius of the solenoid =r =2cm =2 x 102 m

Area of the solenoid ,A = nr?

=3.14 x (2 x10?)2=1.256 x 10° m?
Turn density of the solenoid per m =90x10%turns/m
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Solution

Mutual inductance of the coil =
_ UONIN2 A
B l
_ 41 x 1077%x90x10%2x200x1.256% 1073
1

=2.84 mH

16. The Solenoids Sz and S, are wound on an iron-core of relative permeability 900. The area of their
cross-section and their length are the same and are 4 cm? and 0.04 m respectively. If the number of
turns in Sy is 200 and that in Sz is 800, calculate the mutal inductance between the coils. The current in
solenoid 1 is increased from 2A to 8A in 0.04 second. Calculate the induced emf in solenoid 2.

[Ans : 1.81H; 271.5V]

Given data:
Hr= 900
A =4x10%m?
| =0.04m
n: = 5000, nz = 20,000
t1 =2Ato i, = 8A
dt =0.048
M=? e="?
Solution:
M = Ho Hr N1 N2 Az |
M = 4 x 107 x 900 x 5000 % 20000/ 4 x 104 x 0.04
M = 4g x 10'1x10x/9x4><10'2><4>< 104
M=4nx90 x4 x4x10*

M = 18086 x 10* H

M= 1.81H

Induced emf
di
€2 =M E

e =181(52)

_ 1.81X6
4x 10~2

€2
£2=271.5x 102V
€2=271.5V

148 |Page

Send Your Materials To : contactkalvipedia@gmail.com
Youtube / Techie Tamilan



tnl2thstudycollectionsontt.blogspot.com

17. A step-down transformer connected to main supply of 220 V is made to operate 11 V, 88W lamp.

Calculate (i) Transformation ratio and (ii) current in the primary [Ans : 1/20 and 0.4A]

Given data:
Vp=220V, Ps=88W,bV;=11V

Solution:

Transformation ratio
A '
=7
=—=—=1:20=—
220 20 20
Current in the primary Ip = ?
Ps=Vs s

Ps _ 88
ls=—=—=8A
Vs 11

oy

Is

lb=—x8=2=04
20 5
Ip = 0.4A
18. A 200V/120V step down transformer of 90% efficiency is connected to an induction stove of

resistance 40 Q . Find the current drawn by the primary of the transformer.

[Ans: 2A]
Given data:

Vp =200V Vs=120V

n=90% =—==0.9s
100

Solution:

__ output power
input power
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_ VsLs
" Vplp

0% Vs = Is Rs

0
oo

Vs 120
ls=—= —=3A
ST Rs 40

_120X3
7 200XIp

_120X3 _ 120X3
" 200X0.9 20X9

b= 2A

19. The 300 turn primary of a transformer has resistance 0.82€ and the resistance of its secondary of
1200 turns is 6.2Q. Find the voltage across the primary if the power output from the secondary at 1600
V is 32 kW. Calculate the power losses in both coils when the transformer efficienty is 80%..

[Ans : 8.2kW and 2.48kW]

Given data:
Np =300
Rp=0.82Q
Ns = 1200
Rs=6.2Q
Vs =1600 V, Ps = 32 KW
Solution:
i) Ps=Vs s
20

I _ Ps _ 320007
ST vs 1600

Vp _ Np
ID V;-_ N;
V= =2 %1600 = 4096 e

1200
Ps

iii) D= o
_120X3
7 200XIp
80 _ 32000
100  400XIp
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lp = 32000 ~
320 7
lb = 100A

iv) Power loss in primary
= |2p x Rp
=100 x 1000 x 0.82
=0.82 x 1000
=8.2000
=8.2 KW
V) Power loss in secondary
=% xRy
=20x20x6.2
=400 x 6.2

)

20. Calculate the instantaneous value at 60°, average value and RMS value of an alternating current
whose peak value is 20A
[Ans: 17.32A, 12.74A, 14.14A]

Given data:
Im = 20A
0 =60°

) Instantaneous value of current
i= Im Sin6
=20 x Sin60°

= =20x 8
2

=10 x/3=10 x 1.732
i =17.32A
ii)Average value lay = 0.637

2Im

Iav =
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- Z
lav=2 x 20 x ”

=12.72
lav = 12.74A
i) lms=0.707 Im
= 0.707 x 20
=7.07 x 2
lims = 14.14A
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CHAPTER 5
ELECTROMAGNETIC WAVES

Points to Ponder:

v Visible light is only a small portion of electromagnetic spectrum.
v Displacement current is the current which comes into play in the region in which the electric

field and the electric flux are changing with time.

4 Electromagnetic waves are produced by any accelerated charge.
v Electromagnetic waves are transverse in nature
v Electromagnetic waves are non-mechanical wave
v So electromagnetic waves do not require any medium for propagation
The average energy density <U> = goE? = 1“0 B?
v Intensity of electromagnetic wave
| = Power (P)
Surface area (4)
v Electromagnetic waves carry not only energy and momentum but also angular momentum
v The speed of electromagnetic wave is equal to t speed of light C
1
C=—"== 3X108

v The energy of electromagnetic waves comes from the energy of the oscillating charge.

v Electromagnetic spectrum is an orderly distribution of electromagnetic waves in terms of wave
length or frequency

v Types of spectrum — emission and absorption

v When the spectrum of self luminous source is taken, we get emission spectrum

v When light is allowed to pass through a medium or an absorbing substance then the spectrum
obtained is known as absorption spectrum.

v The dark lines in the solar spectrum are known as Fraunhofor lines.

Important formulas

1. Mathematical form of Faradays’ law
- —>_ ) % - i —_ —>

JE.dl=-—2=— [B.ds

2 According to Maxwell’s law of induction
- —>_ ) L% - _ i - —

JB.dl=-— — [B.ds
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dog

3. Displacement current Id = &g T
4. Maxwell modified Ampere’s law as
[B.di= o= o (Ic + la)
5. Modified Ampere’s circuited law known as Ampere — Maxwell’s law
[B.di=pol enclosed + Lo € % [E.dA
6. Velocity of light in vacuum or free space
C=—=—=3'x10ms?
€0po
7. The speed of electromagnetic wave in a medium
_c__¢C

V= [ VE rir

Where & = relative permittivity of the medium

W = relative permittivity of the medium
8. The energy density of the electromagnetic wave is
U = ¢ oE? = —B?
Ho

9. The average energy density for electric magnetic wave is

1 1 1
<U> == gE2=-—B?
2 uo

10. Intensity of electro magnetic wave is

__ total electromagnetic energy (U)

Surface area (A)x time (t)

Power (P)
Surface area (4)

11. Linear momentum of electromagnetic wave
_energy _ E

Speed C

12.  The momentum imparted on the surface if the electromagnetic wave is completely absorbed

13. If the electromagnetic wave is totally reflected from the surface
=Y (5H=oU
AP = = ( C) 2 c
14.  Pointing vector for electromagnetic waves:
§=2(Ex B)
no

=C2¢(E X B)
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15. Propagation of electromagnetic field along z direction, the electric field vector along Y axis
and magnetic field vector along x axis then the expression for electric field is
Ey = Eo sin (Kz — wt)
The expression for magnetic field is
B = Bo sin (Kz — wt)
Where Eo and Bo — amplitude of oscillating electric and magnetic field
K — wave number
W — angular frequency of the wave
16.  The speed of electromagnetic wave in free space is

c=Ee
By

Multiple choice question:

1. The dimension of —— is

Mo€o
Solution:
1
Jpoco '’
1

Ho€o

C=C=

C=velocity of light

C?=
- L2 T=2

Ans: (b) [L? T?]

2. If the amplitude of the magnetic field is 3 x 10 t, then amplitude of the electric field for a

electromagnetic waves is

Solution:

C=2

B,

Eo=CxBo

=3x108x3x10°

=900 vm*!
Ans : (d) 900 vm™?
3. Which of the following electromagnetic radiation is used for viewing objects through fog Ans:
(d) infrared
4. Which of the following are false for electromagnetic waves
Ans: (c) longitudinal (b) mechanical waves
5. Consider an oscillator which has a charged particle and oscillates about its mean position with
a frequency of 300 MHz. The wave length of electromagnetic waves produced by their oscillator is
Solution:
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C=vA
8
2\ = C_ — 3x10
v 300 x 10°
3x108
3x10°
=1m
Ans : (a) Im
6. The electric and the magnetic field, associated with an electromagnetic wave, propagating

along x axis can be represented by
Ans : (b) E =Eo”K and B = B/}
7. In an electromagnetic wave in free space the rms value of the electric field is 3vm™ . The peak
value of the magnetic field is
Solution:
E = Ems x V2

=342 Vm'

=\2x10%

=1.4114x 10T

Ans: (a) 1.4114 x 108T
8. During the propagation of electromagnetic waves in a medium:
Ans : (c) electric energy density is equal to the magnetic energy density
Ue=Us
9. If the magnetic monopole exists, then which of the Maxwell’s equation to be modified?
Ans : (b) [E.dA=0
10. A radiation of energy E falls normally on a perfectly reflecting surface. The momentum
transferred to the surface is
Ans : (b) 2 %

11.  Which of the following is an electromagnetic wave?
Ans : y-rays
12. Which one of them is used to produce a propagating electromagnetic wave?
Ans : (a) an accelerating charge
13. Let E = Eo sin [ 10® x - wt ] be the electric field of place electromagnetic wave, the value of w
Is;
Solution:
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E=Eosin[10°x - wt]

Ex =Eosin [ kx - wt]
_ 2T _ 16

K= a =10

106

C _ 3x108
V= =
A 2mx 1076

_ 3x108
2w x 1076

_1.5x10

[

H:

2mx 1.5 x1014
W=2np=——"-"—

=3x 10 rad S
Ans: (a) 3x 10 rad S*
14.  Which of the following is not true for electric magnetic waves?
Ans : (d) in vacuum, it travels with different speeds which depend on their frequency.
15.  The electric and magnetic fields of an electromagnetic wave are

Ans : (a) in phase and perpendicular to each other.

Very Short answer questions

1. What is displacement current?p286
2. Write down the mathematical statement of Faraday’s law?p288
3. Write down the integral form of modified Ampere’s circuital law.p286
4. Write down the equation of Ampere-Maxwell’s law p288
5. What are electromagnetic waves?p288
6. What is the energy density of electromagnetic waves p290
7. What is electromagnetic spectrum? P292
8. What is meant by Fraunhofer lines? 296
9. How is radio waves produced? P292
10. How is X-rays produced? P294
11. How is microwaves produced?P292
12.  What is the use of ozone layer in the atmosphere?p293
13.  Why is microwave used for long distance communication?p 292
mg vV
= ;B

Il Short Answer Questions
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1. Explain Maxwell’s law of induction? P285

2. What is intensity of electromagnetic wave?p290

3. What is radiation pressure?p291

4. What is pointing vector for electromagnetic waves? Give its unit. P291

5. List out the uses of ultraviolet radiations?p293

6. Write down the uses of microwaves? P292

7. What are the differences between radio waves and gamma rays?p292

8. The propagation of an electromagnetic wave is in the direction of Y p291
Find out

a. The ratio of the magnitudes of electric and magnetic fields

b. The direction of electric and magnetic field vectors

9. Light wave can travel in vacuum but sound wave cannot why? P291

10. How do you know that an electromagnetic wave carry energy and momentum? P291
11.  Write down any three properties of electromagnetic waves? P290

12.  What are emission and absorption spectra? P295

13.  What are the four Maxwell’s equations in electrodynamics?p287

14.  What are the uses of infra red radiations?p293

1. Long Answer guestions

1. Write down Maxwell’s equation in integral form p287

2. Explain the Maxwell’s modification of Ampere’s circuital law p286

3. Discuss briefly the experiment conducted by Hertz to produce and detect electromagnetic

spectrum p288

4.
5.
6.
a
7
8

Write down the properties of electromagnetic waves p288

Discuss the sources of electromagnetic waves p292

Write short notes on p293

Microwave b.X-ray c.Radio wave d.Infra red radiation e.Ultra violet radiation
What is emission spectra? Explain their typesp295

What is absorption spectra? Explain their types p296

Numerical problems:

1.Consider a parallel plate capacitor whose plates are closely spaced. Let R be the radius of plates and

the current in the wire connected to the plates is 5 A, calculate the displacement current through the

surface passing between the plates by directly calculating the rate of change of flux of electric field

through the surface.
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la= 5A
Answer : lg= Ic= 5A
2.A transmitter consists of LC circuit with an inductance of 1 pH and a capacitance of 1uF. What is

the wavelength of the electromagnetic waves it emits?

1
V= 2mxvVLC
C=vA
A C

v
=C x 21 xVLC

=3x108x6.28x+/10x 10°

=3 x 108 x 6.28 x10®

=18.84 x 10’ m

Answer : 18.84 x 10® m

3. A pulse of light of duration 10°s is absorbed completely by a small object initially at rest. If the

power of the pulse is 60 x 10 W, calculate the final momentum of the object.

p= U_ Pxt_60x10"3x107°

C C 3x10

=20 x 107 kf ms’?
Answer : 20 x 107" kf ms
4. Let an electromagnetic wave propagate along the X direction, the magnetic field oscillates at
a frequency of 10° Hz and has an amplitude of 10 T, acting along the Y — direction. Then,
compute the wavelength of the wave. Also write down the expression for electric field in this case.
Data: f=10°Hz
Bo=10°T
1.Wavelength A=?
2. Expression for electric field Ex=?
Solution:

o

Velocity of Electromagnetic wave is free space C = o

o

Eo=C xBg
=3x108x10°
Eo=3x10% Nc?
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Wave length A= %

=310 =3x10%m
i) wavelength of electromagnetic wave A=3x102m
i) Expression for electric field

E; = Eo Sin (Kz — wt)

21

2
Wave number K==2= —= =
A 3x 1072

0.66m x 102
K =66 nm™ =2.09 x 102
Angular frequency w=2 xf = 2 nx10'%rads™
=3 x 10%sin (2.09 x 102z —6.28 x 10%°t)
Answer: E(z,t) =3 x 103sin (2.09 x 102z —6.28 x 1019t ) I NC™
5. If the relative permeability and relative permittivity of the medium is 1.0 and 2.25, respectively.
Find the speed of the electromagnetic wave in this medium.
Given:
IIr=1.0, er=2.25
Velocity of electromagnetic wave in medium v = ?

Solution:

. . 4 . C
Velocity of electromagnetic wave in medium v = m

Refractive index p = Ver pir

3x108 3x108 s 1
V= == =2 x 10°ms’
V1x2.25 1.5

Answer : v =2 x 108ms!

Solution:

. q . . C
Velocity of electromagnetic wave in medium v = ”

Refractive index p = Ver Mr

3 x 108 3 x 108 8 1
v = == =2 x 10%ms’
V1x2.25 1.5

Answer : v =2 x 108ms?

160|Page

Send Your Materials To : contactkalvipedia@gmail.com
Youtube / Techie Tamilan





